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DESCRIPTION
Titleof Invention
POLISHING APPARATUS HAVING SURFACE-PROPERTY MEASURG DEVICE
OF POLISHING PAD AND POLISHING SYSTEM

Technical Field

[0001] The present invention relates to a polishapgaratus having a surface-property
measuring device for measuring surface propertiea polishing pad used to polish a
substrate, such as a semiconductor wafer, andshipgl system including such a polishing
apparatus.

Background Art

[0002] In recent years, high integration and highsity in semiconductor device demands
smaller and smaller wiring patterns or interconioest and also more and more
interconnection layers. Multilayer interconnectiom smaller circuits result in greater
steps which reflect surface irregularities on lowgerconnection layers. An increase in
the number of interconnection layers makes filmtingaperformance (step coverage) poor
over stepped configurations of thin films. Therefobetter multilayer interconnections
need to have the improved step coverage and psopfarce planarization.  Further, since
the depth of focus of a photolithographic optigatem is smaller with miniaturization of a
photolithographic process, a surface of the sendiactor device needs to be planarized such
that irregular steps on the surface of the semiactod device will fall within the depth of
focus.

[0003] Thus, in a manufacturing process of a sendaotor device, it increasingly
becomes important to planarize a surface of thecesmuauctor device. One of the most
important planarizing technologies is chemical naeatal polishing (CMP). In the
chemical mechanical polishing, using a polishingaaptus, while a polishing liquid is
supplied onto a polishing pad, a substrate such samiconductor wafer is brought into

sliding contact with the polishing pad, so thatghbstrate is polished. The polishing liquid
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is, for example, a slurry containing abrasive phsi such as silica (Sppor ceria (Ce@)
therein.

[0004] The polishing apparatus for performing theovee CMP process includes a
polishing table having a polishing pad, and a satesholding device, which is referred to as
a carrier or a top ring, for holding a semicondugtafer (i.e., substrate). By using such a
polishing apparatus, the substrate is held andsg@deagainst the polishing pad under a
predetermined pressure by the substrate holdingeajewereby polishing an insulating film
or a metal film on the substrate.

[0005] After one or more substrates have beentmdisabrasive particles in a polishing
liquid or ground-off particles of the substrate atached to the surface of the polishing pad,
and surface configuration or surface conditionhef polishing pad is changed, resulting in
deterioration in polishing performance. Therefa®{he substrates are repeatedly polished
by the same polishing pad, a polishing rate is ted&nd nonuniform polishing action is
caused. Thus, dressing (conditioning) of the poig pad is performed using a dresser to
regenerate the surface configuration or surfacaliton of the polishing pad which has
deteriorated.

[0006] A surface topography and condition of théghing pad, i.e., surface properties of
the polishing pad, are one of factors that detegrarCMP performance. Therefore, it is
preferred to directly measure the surface propedfethe polishing pad and to reflect the
measured data in dressing conditions. Thus, imreventional polishing apparatus, by
using a device for directly measuring the surfaagperties, the dressing conditions have
been determined. In the present specification, dbeice for measuring the surface
properties of the polishing pad is referred toasurface-property measuring device”.

[0007] Patent document 1 describes a surface-gyoperasuring device which applies a
laser beam to a polishing pad, and receive lightated by the polishing pad to obtain
reflection intensities at each reflection angle. pdlishing apparatus described in Patent
document 1 obtains surface properties of the polishad based on a reflection intensity

distribution obtained by the surface-property meagudevice, and determine dressing
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conditions based on the obtained reflection intgndistribution. According to this
polishing apparatus, dressing conditions are ctthdgeending on a change in the surface
properties of the polishing pad, enabling the serfaroperties of the polishing pad to be
kept in a state required to ensure CMP performanEerther, the surface properties of the
polishing pad can be directly measured, preven@\P process from performing in

abnormal conditions.

Citation List
Patent Literature

[0008] Patent document 1:  International Patent Publication No. 2016/111335

Summary of Invention

Technical Problem

[0009] However, in conventional polishing apparajsthe surface-property measuring
device has not been installed permanently. Inrotleeds, the surface-property measuring
device has been attached to the polishing appaeaitls time measurement of the surface
properties of the polishing pad is intended, anddaed after measurement of the surface
properties of the polishing pad.

[0010] FIG. 30 is a schematic view showing an eXanop a surface-property measuring
device attached to a conventional polishing apparatAs shown in FIG. 30, the polishing
apparatus has a holding plate 215 configured taldbe to attach and detach the surface-
property measuring device 230, and this holdingepkd5 is suspended from a frame (not
shown) of the polishing apparatus. When surfaopeities of a polishing pad 202 are
measured, an operator attaches the surface-prapegsyuring device 230 to a lower end of
the holding plate 215 after stopping operation bé tpolishing apparatus. After
measurement of the surface properties of the pofishad 202, the operator detaches the
surface-property measuring device from the holgifege 215, and then operation of the

polishing pad is started.
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[0011] In this manner, in the conventional polighapparatus, measurement of the surface
properties of the polishing pad 202 is performedaasindependent operation that is
separated from the operation of the polishing adpar Therefore, in order to measure the
surface properties of the polishing pad 202 in dbeventional polishing apparatus, it is
necessary to stop the operation of the polishinmpgius once, resulting in decreasing the
throughput of the polishing apparatus. Furtheg, dttaching and detaching operations of
the surface-property measuring device 230 are gemybersome and time-consuming for
the operator. Therefore, a polishing apparatusaldapof automatically measuring the
surface properties of the polishing pad 202 isrddsi

[0012] It is therefore an object of the presenteimion to provide a polishing apparatus
capable of automatically measuring surface pragertif a polishing pad to increase a
throughput of the polishing apparatus. Furtheg @lso an object of the present invention
to provide a polishing system including such aghatig apparatus.

Solution to Problem

[0013] In one embodiment of the present inventitdrere is a polishing apparatus,
comprising: a surface-property measuring devicdigored to measure surface properties of
a polishing pad; a support arm for supporting tiéase-property measuring device; and a
moving unit coupled to the support arm and conéduio automatically move the surface-
property measuring device from a retreat positioa tneasure position.

[0014] In a preferred embodiment of the presenemiion, the moving unit includes: a
fixed block which is fixed to the polishing appaisita pivot block which is coupled to the
support arm; a rotational shaft for pivotably cauglthe pivot block to fixed block; and a
pivot mechanism for pivoting the pivot block.

In a preferred embodiment of the present inventtbe pivot mechanism is a
piston-cylinder mechanism constructed of a pistmrpéed to the pivot block, and a cylinder
in which the piston is housed so as to be movadi& bnd forth.

In a preferred embodiment of the present inventioa rotational shaft is fixed to

the pivot block, and the moving mechanism is a mobopled to the rotational shatt.
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[0015] In a preferred embodiment of the presengmmion, the polishing apparatus further
comprises a position adjusting mechanism for autically adjusting an attitude of the
surface-property measuring device such that a losweface of the surface-property
measuring device moved to the measure positionnesdo be parallel to a surface of the
polishing pad, wherein the position adjusting megra has a support base disposed below
the support arm, and at least one adjustment piohwk fixed to an upper surface of the
surface-property measuring device, and extendsughra through-hole formed in the
support base, and the adjustment pin has a pin bading a diameter smaller than a
diameter of the through-hole, and a pin head ldcateove the through hole and having a
size larger than the diameter of the through-hole.

In a preferred embodiment of the present inventiom surface-property measuring
device includes a nozzle configured to eject aspmezed gas obliquely with respect to a
polishing surface of the polishing pad.

In a preferred embodiment of the present inventiom surface-property measuring
device has a casing in which a measuring struétureneasuring the surface properties of
the polishing pad is housed, the casing has a tcédomed in a bottom thereof, and the
nozzle is configured to eject the pressurized gasgo flow the pressurized
[0016] In a preferred embodiment of the presengmmtion, the polishing apparatus further
comprises a displacement mechanism for adjustingosition of the surface-property
measuring device with respect to the polishing phmhg the support arm, wherein the
displacement mechanism includes: a slotted hokndiig along the support arm; a support
shaft inserted into the slotted hole, and the sdpgiwaft has a shaft body coupled to the
surface-property measuring device, and a shaft gach is in contact with a stepped
portion formed inside the slotted hole to therebppert the surface-property measuring
device coupled to the shaft body.

In a preferred embodiment of the present inventiba displacement mechanism
further includes a piston coupled to the surfacgerty measuring device, and a cylinder in

which the piston is housed so as to be movable badkforth, and the cylinder of the
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displacement mechanism is fixed to the support arm.

In a preferred embodiment of the present inventioa pivot block is constructed

of a first plate coupled to the support arm andasd plate coupled to the fixed block, and
the second plate is pivotably coupled to the filate via a rotational pin.
[0017] In a preferred embodiment of the presengmiion, the polishing apparatus further
comprises a dresser configured to dress a surfabe polishing pad, wherein the surface-
property measuring device is mounted to the drefisersupport arm is a dresser arm for
rotatably supporting a dresser shaft coupled todiesser, and the moving mechanism
includes an elevating actuator for moving the dnesbkaft up and down with respect to the
dresser arm, and a rotational actuator for pivatiregrotational shaft coupled to the dresser
arm.

In a preferred embodiment of the present inventiom surface-property measuring
device measures the surface properties of thehpadipad in the middle of dressing process
of the polishing pad.

In a preferred embodiment of the present inventotressing member provided at
the dresser has a ring shape having a throughexdéending from an upper surface to a
lower surface thereof, and the surface-propertysomaay device measures the surface
properties of the polishing pad through the threhgle of the dressing member.

[0018] In a preferred embodiment of the presengition, the surface-property measuring
device comprises of a plurality of surface-propemgasuring devices mounted to the dresser.

In a preferred embodiment of the present inventsmme of the plurality of
surface-property measuring devices are surfacespgoneasuring devices configured to
apply a laser beam to the polishing pad and taveceflected light that is reflected by the
surface of the polishing pad, thereby measuringtinace properties of the pad.

In a preferred embodiment of the present inventsmme of the plurality of
surface-property measuring devices are surfacespgoneasuring devices configured to
measure the surface properties of the pad from emafprmation of a surface of the

polishing pad acquired by an imaging device.
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In a preferred embodiment of the present inventotressing member provided at
the dresser has a ring shape having a throughexbéending from an upper surface to a
lower surface thereof, and one of the plurality soirface-property measuring devices
measures the surface properties of the polishidglpaugh the through-hole of the dressing
member.

[0019] In one embodiment of the present inventitimere is a polishing system,
comprising: said polishing apparatus; and a prawgss/stem in which data of the surface
properties of the polishing pad obtained by usa sxirface-property measuring device of the
polishing apparatus is inputted, wherein the prgingssystem includes: an input section in
which the data of the surface properties of théspimig pad outputted from the polishing
apparatus is inputted; a processing section whatarohines dressing conditions based on
the data of the surface properties of the polisipiagd inputted to the input section; and an
output section which outputs the dressing conditi@termined by the processing section, to
the polishing apparatus, and the polishing appsiiataonfigured to dress the polishing pad
based on the dressing conditions outputted fronotitygut section.

[0020] In a preferred embodiment of the presenemtion, the processing system further
includes a storage section which stores in advesamher data for determining the dressing
conditions, and the processing section of the gging system determines the dressing
conditions of the polishing apparatus based onetheher data.

In a preferred embodiment of the present inventibre polishing apparatus
transmits data of the surface properties of thesipiolg pad, which is obtained after dressing
of the polishing pad, to the input section of thecpssing system, and the processing section
of the processing system determines necessityesiihg, necessity of additional dressing,
and replacement of a dresser, based on the dtita sfirface properties of the polishing pad
which is obtained after dressing.

In a preferred embodiment of the present inventibr®e polishing apparatus
transmits data of the surface properties of theslipoly pad, which is obtained during

dressing of the polishing pad, to the input sectdnthe processing system, and the
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processing section modifies, based on the dataeasurface properties of the polishing pad
during dressing, the dressing conditions in thedfeiaf dressing process of the polishing
pad.

In a preferred embodiment of the present inventibe processing system is
connected the polishing apparatus through network.
Advantageous Effects of Invention
[0021] According to the present invention, the aoefproperty measuring device can be
automatically moved to the measure position byrtfweing unit to measure the surface
properties of the polishing pad. Therefore, aughput of the polishing apparatus can be
increased. Further, an operator is not necessapetform operations of attaching and
detaching the surface-property measuring deviegelty resulting in reducing burden of the

operator.

Brief Description of Drawings
[0022] FIG. 1 is a schematic view showing a pohighiapparatus according to an
embodiment;

FIG. 2 is a schematic view showing the polishipgaatus according to another
embodiment;

FIG. 3 is a schematic view showing an examplenahternal structure (measuring
structure) of a surface-property measuring deviiosva in FIGS. 1 and 2;

FIG. 4 is a schematic view showing another exangbl¢he internal structure
(measuring structure) of the surface-property nraagaevice shown in FIGS. 1 and 2;

FIG. 5 is a schematic view showing still anothesireple of the internal structure
(measuring structure) of the surface-property nraagdevice shown in FIGS. 1 and 2;

FIG. 6 is a perspective view schematically showamgexample of the surface-
property measuring device located inside the polishpparatus;

FIG. 7A is a front view of the surface-propertyasering device shown in FIG. 6;

FIG. 7B is a bottom view of the surface-propertyasuring device shown in FIG.
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TA,

FIG. 8 is a cross-sectional view taken along Aré of FIG. 7A;

FIG. 9 is an enlarged schematic view showing digoraround the surface-
property measuring device shown in FIG. 6;

FIG. 10 is a view showing the surface-property sneag device moved to a
measure position by a pivot mechanism shown in B{G.

FIG. 11 is a view showing the surface-property sneag device moved to a
retreat position by the pivot mechanism shown @&.FH;

FIG. 12 is a schematic view showing another exarapthe pivot mechanism;

FIG. 13 is a schematic view showing the surfacgpg@rty measuring device moved
to a maintenance position;

FIG. 14A is a schematic front view of an attitiagustment mechanism according
to an embodiment;

FIG. 14B is a view as viewed from line B-B of FIGIA;

FIG. 15A is a cross-sectional view taken along (B+C of FIG. 14A,;

FIG. 15B is a cross-sectional view of a portion tbé attitude adjustment
mechanism corresponding to FIG. 15A, when the seffaoperty measuring device is
moved to the retreat position;

FIG. 16 is a perspective view schematically shgwandisplacement mechanism
shown in FIG. 9;

FIG. 17 is a cross-sectional view taken along DA of FIG. 16;

FIG. 18 is a schematic view showing another embedt of the displacement
mechanism;

FIG. 19 is a schematic view showing an exampleaof internal structure
(measuring structure) of an imaging device showri@ 5;

FIG. 20 is a schematic view showing another embedt of the surface-property
measuring device;

FIG. 21 is a schematic view showing the polishapgparatus according to still
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another embodiment;

FIG. 22 is an enlarged schematic view showingeassir shown in FIG. 21;

FIG. 23 is a plan view schematically showing aesta which the dresser shown in
FIG. 21 is oscillated on the polishing pad,;

FIG. 24A is a schematic view showing a modifie@raple of the dresser of the
polishing apparatus shown in FIG. 21,

FIG. 24B is a top view of the dresser shown in.RAEA;

FIG. 25 is a schematic view showing a modifiedneple of the dresser shown in
FIGS. 24A and 24B,;

FIG. 26 is a schematic view showing an embodinoéiat polishing system which
includes the polishing apparatus having the suf@operty measuring device;

FIG. 27A is a schematic view showing an exampla pfurality of measurement
points for the surface-property measuring device;

FIG. 27B is a conceptual view showing an overva@wwperation of the polishing
system when processing a plurality of image infdiomeof the polishing pad 2 measured at
each measurement point shown in FIG. 27A;

FIG. 28 is a schematic view showing another exangblthe polishing system
which is constructed as artificial intelligencengsa neural network form;

FIG. 29 is a schematic view showing an exampla obntroller of the polishing
apparatus having an artificial intelligence funetiand

FIG. 30 is a schematic view showing an exampla sfirface-property measuring

device attached to a conventional polishing apparat

Description of Embodiments
[0023] Embodiments according to the present ineentvill be described below with
reference to the drawings.

FIG. 1 is a schematic view showing a polishing aapfus according to an

embodiment. The polishing apparatus (CMP appgrabhewn in FIG. 1 includes a

10
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polishing table 1, and a carrier 10 for holdinguasirate W such as a semiconductor wafer
as an object to be polished and pressing the sitdbsigainst a polishing pad on the polishing
table. The polishing table 1 is coupled via adatiaft 1a to a polishing table rotating
motor (not shown) disposed below the polishingdgahl Thus, the polishing table 1 is
rotatable about the table shaft 1a. A polishing pas attached to an upper surface of the
polishing table 1. An upper surface of the polighpad 2 constitutes a polishing surface 2a
for polishing the substrate W. A polishing liquedpply nozzle (not shown) is provided
above the polishing table 1 to supply a polishiggitl (slurry) onto the polishing pad 2 on
the polishing table 1.

[0024] The carrier 10 is connected to a shaft adl,the shaft 11 is vertically movable with
respect to a carrier arm 12. When the shaft 1lesweertically, the carrier 10 is lifted and
lowered as a whole for positioning with respectte carrier arm 12. The shaft 11 is
configured to be rotated by driving a motor (natwh). The carrier 10 is rotated about an
axis of the shaft 11.

[0025] As shown in FIG. 1, the carrier 10 is configd to hold the substrate W such as a
semiconductor wafer on its lower surface. Thei@aarm 12 is configured to be pivotable,
and thus the carrier 10, which holds the substatn its lower surface, is movable from a
position at which the carrier 10 receives the sabesto a position above the polishing table
1 by pivotable movement of the carrier arm 12. nllie carrier 10 holds the substrate W
on its lower surface and presses the substrateaiisighe surface (polishing surface) of the
polishing pad 2. At this time, while the polishitadple 1 and the carrier 10 are respectively
rotated, a polishing liquid (slurry) is suppliedt@rthe polishing pad 2 from the polishing
liquid supply nozzle 3 provided above the polishitagple 1. The polishing liquid
containing silica (Sig) or ceria (Ce@) as abrasive patrticles is used. In this manniitew
the polishing liquid is supplied onto the polishipad 2, the substrate W is pressed against
the polishing pad 2 and is moved relative to tHespimg pad 2 to polish an insulating film, a
metal film or the like on the substrate. Exampméghe insulating film include Si§) and

examples of the metal film include a Cu film, a Manf a Ta film and a Ti film.
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[0026] As shown in FIG. 1, the polishing apparah&s a dressing apparatus 20 for
dressing the polishing pad 2. The dressing apma includes a dresser arm 21, and a
dresser 22 which is rotatably attached to the dremsn 21. The lower part of the dresser
22 comprises a dressing member 22a, and the dyes&mber 22a has a circular dressing
surface. Hard particles are fixed to the dressungace by electrodeposition or the like.
Examples of the hard particles include diamondges; ceramic particles and the like. A
motor (not shown) is provided in the dresser arma2td the dresser 22 is rotated by the
motor. The dresser arm 21 is coupled to a lifangl lowering mechanism (not shown),
and the dresser arm 21 is lowered by the lifting bwering mechanism to allow the
dressing member 22a to be pressed against theipglsurface 2a of the polishing pad 2.
[0027] The dressing apparatus 20 is connectedctmtioller 23, and dressing conditions
are controlled by the controller 23. In the présembodiment, this controller 23 is
configured to control an overall operation of tledighing apparatus including the dressing
apparatus 20.

[0028] As shown in FIG. 1, the polishing apparahas a surface-property measuring
device 30 of the polishing pad for measuring serfaperties such as surface topography
or surface condition of the polishing pad 2. I thresent embodiment, the surface-
property measuring device 30 is configured to applgser beam to the polishing pad 2 and
to receive reflected light that is reflected by theface of the polishing pad 2, thereby
measuring surface properties of the pad. The @#feoperty measuring device 30 of the
polishing pad is connected to a processor 40.

[0029] In the polishing apparatus configured aswshan FIG. 1, the distribution of
reflected light from the pad surface obtained m shrface-property measuring device 30 of
the polishing pad is arithmetically calculated bbain a surface property value of the pad in
the processor 40, and the calculated result issfeened to the controller 23. In the
controller 23, dressing conditions are determinageld on the received surface property
value of the pad. The dressing apparatus 20 pesfdhe operations according to the

dressing conditions determined by the controllertR8reby dressing the pad surface by the
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dresser 22.

[0030] FIG. 2 is a schematic view showing the putig apparatus according to another
embodiment. The polishing apparatus shown in RIGas a polishing unit including a
polishing table 1 to which a polishing pad 2 isaeltied, a carrier 10, and the like, and a
dressing apparatus 20, as with the polishing apgarshown in FIG. 1. Further, the
polishing apparatus shown in FIG. 2 has a surfaopgoty measuring device 30 and a
processor 40, as with the polishing apparatus showRIG. 1. The processor 40 is
connected to a display unit 41. Although, in FE&.the controller 23 is omitted from
illustration, the polishing apparatus shown in Rl@lso has the controller 23, as with the
polishing apparatus shown in FIG. 1.

[0031] In the polishing apparatus shown in FIGI® distribution of reflected light from
the pad surface obtained in the surface-propertgsorerg device 30 is arithmetically
calculated to obtain a surface property value @f plad in the processor 40, and the
calculated result is displayed in the display ddit

[0032] FIG. 3 is a schematic view showing an exangblan internal structure (measuring
structure) of the surface-property measuring de®tcshown in FIGS. 1 and 2. As shown
in FIG. 3, the surface-property measuring devicen8ludes a light source 31 for emitting a
laser beam, a light emitter 32 for leading therlé#sam emitted from the light source 31 to
the surface of the polishing pad 2 on the polishiaige 1, and a light receiver 33 for
receiving reflected light that is reflected by theface of the polishing pad 2. Therefore,
the laser beam emitted from the light source 3g&dgo the surface of the polishing pad 2
through the light emitter 32, and reflected lighatt is reflected by the surface of the
polishing pad 2 is received by the light receiv@r 3The light receiver 33 is connected to
the processor 40 (see FIGS. 1 and 2).

[0033] FIG. 4 is a schematic view showing anothesingple of the internal structure
(measuring structure) of the surface-property naaguaevice 30 shown in FIGS. 1 and 2.
As shown in FIG. 4, the surface-property measutliegjce 30 includes a light source 31 for

emitting a laser beam, a light emitter 32 for legdihe laser beam emitted from the light
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source 31 in a predetermined direction, and a igelaB5, an ND filter (neutral density
filter), and a mirror 37 which are arranged in egrlong an optical path of the laser beam
emitted from the light emitter 32. The mirror 37cbnfigured to allow an optical path to be
changeable by reflecting the laser beam emitteth ftioe light emitter 32 to adjust an
incident angle of the laser beam applied to thisipiolg pad 2.  Further, a bandpass filter 38
is disposed before the light receiver 33 on ancaptpath of the reflected light that is
reflected by the surface of the polishing pad 2her&fore, the laser beam emitted from the
light source 31 is s-polarized by the polarizera@%] is then adjusted in light quantity by the
ND filter 36 and applied to the mirror 37 whose larttas been adjusted in advance. Then,
the laser beam is reflected by the mirror 37 tangkats optical path and is then applied to
the surface of the polishing pad 2. The refletiggd that is reflected by the surface of the
polishing pad 2 enters the bandpass filter 38 walldws only the light having a particular
wavelength range to pass therethrough, and thectedl light having the particular
wavelength range is received by the light recedaer

[0034] The light receiver 33 shown in FIGS. 3 andofnprises, for example, a linear or
planar CCD element or CMOS element whose size ezgive fourth-order diffracted light
at the highest or seventh-order diffracted lighhathighest of the laser beam reflected from
the polishing pad 2. The laser beam that has applied to the surface of the polishing
pad 2 is reflected not only at a regular angleUl@greflection) but also at a wide angle
through diffraction phenomenon depending on thefasar properties of the pad.
Specifically, the light receiver 33 receives theelabeam that has not only a regular
reflection component but also reflection componeeftected at a wide angle, and the
received laser beam is analyzed to obtain infoomabif the surface properties of the pad.
A linear or planar light receiving element is neseey for receiving the laser beam reflected
at the wide angle. Because it is known that thdéase properties of the pad which
determine the CMP performance is included in, pablg seventh-order diffracted light at
the highest, practically fourth-order diffracteghit at the highest, the light receiving element

whose size can receive the diffracted light of tleiege is necessary. Therefore, it is
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preferable to use a light receiving element whase&an receive the diffraction light in this
range as the light receiver 33 of the surface-ptgmeeasuring device 30.

[0035] Although, in the present embodiment, thdama-property measuring device 30 is
configured to apply the laser beam to the polisipiad 2 and receive the reflected light that
is reflected by the surface of the polishing path@teby measuring surface properties of the
pad, the present invention is not limited to thxaraple. For example, the surface-property
measuring device 30 may include any imaging detviae acquires an image of the surface
of the polishing pad 2 (i.e., the polishing surf&sg, and be configured to measure the
surface properties of the pad from image infornmatxd the pad surface acquired by the
imaging device. Examples of the imaging device nmjude an imaging device with
CCD image sensor, an imaging device with CMOS imsagesor, and an imaging device
with TDI (time delay and integration) image sensoAlternatively, the imaging device may
be a video camera device that acquires continunagas (i.e., video) over time.

[0036] Next, operation of the polishing apparatasihg the surface-property measuring
device of the polishing pad configured as showRI@®S. 1 through 4 will be described. A
laser beam is emitted from the light source 31,thadaser beam is applied to the surface of
the polishing pad 2. By receiving the laser beafiected by the surface of the polishing
pad 2, information of the surface of the polishpay 2 is measured. The processor 40
converts a reflection intensity distribution obtdnn the surface-property measuring device
30 of the polishing pad to a spatial wavelengtlitspe of the surface of the polishing pad
by performing a Fourier transform. Further, thegassor 40 arithmetically calculates the
spatial wavelength spectrum to obtain a surfaceesty value of the pad. Here, this
calculation is performed by dividing a sum of refien intensity of a predetermined spatial
wavelength range by a sum of reflection intensitya avider spatial wavelength range to
obtain a surface property value of the pad.

[0037] Here, the reflection intensity distributiandefined as a distribution of the received
light intensity in each light receiving position tbie linear or planar light receiving element.

The linear or planar CMOS element or CCD elemenirsg as a light receiving element has
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a number of light receiving pixels, and can deteceived light intensity on a pixel to pixel
basis. The light receiving position is changedeteling on a reflection angle at the time
when the applied laser beam is reflected by thiaseirof the pad, and the received light
intensity is changed depending on the surface piepeof the pad. Specifically, a
characteristic reflection intensity distributionr@sponding to the surface properties of the
pad can be obtained by capturing reflection intessiwith respect to the respective
reflection angles depending on the surface praserif the pad. Further, the spatial
wavelength spectrum is defined as a spectrum @utddy performing a Fourier transform
on the reflection intensity distribution, and shadistribution of the received light intensity
in each spatial wavelength of the pad surface. ekample, in the case where the measured
pad surface has a configuration comprising a coatioin of a wavelength A and a
wavelength B primarily, the spatial wavelength $pen has main peaks at the wavelength
A and the wavelength B.

[0038] The spatial wavelength spectrum should behsthat a sufficiently wide
wavelength range is obtained with respect to ntleiodiffracted light at the highest which
includes the surface properties of the pad forrdeténg the CMP performance. It is
known that the nth-order diffracted light to beadbed is preferably seventh-order diffracted
light, practically fourth-order diffracted light.In the case where the surface properties of
the pad is evaluated, only the intensity of a pieyd@ned spatial wavelength range related to
the CMP performance should be extracted. Howemdhe obtained spatial wavelength
spectrum, generally, random noise with respedbeoentire wavelength range is contained.
Therefore, the following approach is taken: A radiban integrated value of reflection
intensity of a predetermined spatial wavelengtlgeato an integrated value of reflection
intensity of a wider spatial wavelength range i&ted to exclude an influence of the noise,
and only the reflection intensity of the predeteradi spatial wavelength range is evaluated.
[0039] As described above, the ratio of an integtatalue of reflection intensity of a
predetermined spatial wavelength range to an iatedrvalue of reflection intensity of a

wider spatial wavelength range is obtained, and thtio is defined as “wavelength
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constituent ratio” as an index for characterizing surface properties of the pad. It shows
that as the wavelength constituent ratio is lardper reflection intensity of the predetermined
spatial wavelength range is relatively larger. §htushows that the measured pad surface
contains more predetermined spatial wavelength ooewmt. Because it has been
examined in advance that the magnitude of the pradeed spatial wavelength component
has a strong connection with the CMP performamse(MP performance can be estimated
by the wavelength constituent ratio of the measpeetisurface.

[0040] The controller 23 obtains a surface propediue of the pad determined by the
processor 40, and calculates suitable dressingtmmrdby a closed-loop control based on
the obtained value. For example, the dressingitonsl are calculated so that the surface
property value of the pad remains within a presetigtermined range. In this case, the
controller 23 obtains a relational expression shgwa relation between the dressing
conditions and the surface property value of the ipaadvance, and determines suitable
dressing conditions by the above expression. Hleeedressing conditions mainly include
a polishing pad rotational speed, a dresser ro@ltispeed, a dressing load, a dresser
swinging speed, and the like. The determined ohgssonditions are transmitted to the
dressing apparatus 20, and the dressing appa@foesrdrms dressing of the polishing pad
2 by applying certain dressing conditions.

[0041] For example, in the case where the dredsanis an object to be controlled as one
of dressing conditions, the relationship betweendiessing load and the surface properties
of the pad is obtained in advance. Specificallyhe dressing load increases, how much
degree the surface property value increases oealses is obtained in advance. Then, a
preset ideal surface property value of the padia@adneasured surface property value of the
pad are compared, and if there is a differencesbieween, the dressing load is established
based on the above relationship so that the supiageerty value of the pad approaches the
ideal surface property value of the pad.

[0042] Further, the surface property value of thd pbtained by the processor 40 can be

used for detection of an abnormality. In this ¢#ise surface property value of the pad and
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its time-dependent change are measured, and & tredaes fall outside preset values, an
occurrence of an abnormality of the surface proggedf the pad is determined. Then, 1)
An alarm of the abnormality is issued. 2) An alaninthe necessity for replacing the
dresser is issued.

[0043] In one embodiment, the determination of dhessing conditions is as follows: A
difference between the measured surface propehte @ the pad and a preset desired
surface property value of the pad is obtained dssired surface property variation of the
pad, and the desired surface property variatidghepad is assigned to a regression equation
prepared by obtaining in advance the relationskigvéen a variation of at least one of a
dressing load, a dresser rotational speed, a puwighad rotational speed, and a dresser
swinging speed and a surface property variatioh®fpad to determine at least one of the
dressing load, the dresser rotational speed, thehpg pad rotational speed, and the dresser
swinging speed.

[0044] According to the above embodiment, the regjoa equation representing the
relationship between the dressing conditions (asilng load, a dresser rotational speed, a
polishing pad rotational speed, a dresser swingpeed, and the like) and the surface
property value of the pad (wavelength constituetioy is obtained in advance, and a
variation of the measured surface property valuthefpad is assigned to the regression
equation. Thus, optimum dressing conditions falaioing the desired surface property
value of the pad can be uniquely obtained.

[0045] The regression equation is expressed as AR €L + B, for example. Here, dR
represents a variation of a surface property vafube pad (wavelength constituent ratio),
dL represents a variation of a dressing load, arahd B are constant. According to the
above method for determining the dressing condifi@n effect of keeping the surface
properties of the pad constant from an initial stafjusage of the pad to a terminal stage of
usage of the pad can be achieved. The surfacentiegpof the pad are changed from an
initial stage of usage of the pad to a terminajestaf usage of the pad by an amount of wear

of the pad or a degree of sharpness of the dressithe CMP performance is also changed
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according to such change. To keep the surfacespifep of the pad constant leads to keep
the CMP performance constant.

[0046] Further, the display unit 41 is configureddisplay at least one of a state of the
dresser 22 and a state of the polishing pad 2 takeobtained surface property value of the
polishing pad 2 and the preset surface propertyevalf the pad are compared by the
processor 40. The display unit 41 may be confijtoedisplay at least one of the state of
the dresser 22 and the state of the polishing pads2d on the surface properties of the
polishing pad 2 obtained by the processor 40 wittimiabove comparison.

[0047] The polishing apparatus may have an abndagmatigement unit for judging an
abnormality of the surface properties of the patighpad when the obtained surface
property value of the polishing pad is comparedhwaitpreset range of the surface property
value of the pad in the processor 40 (see FIG®d12§ and falls outside the preset range.
When the abnormality is judged in the abnormalitygement unit, the display unit 41 (see
FIG. 2) issues an alarm of the abnormality.

The following is typical types of the abnormaldf the surface properties of the
pad.

1) There are abnormal spots (defects) in the cidhthe pad.

2) Dressing of the polishing pad is insufficient.

3) The dresser reaches the end of life.

4) The pad reaches the end of life.

In the case of 1), when the surface propertigheopad are measured at a plurality
of spots, if there is a spot where a great diffeeerccurs compared to other measuring spots,
then such spot is judged as an abnormality of fltegmd an alarm is issued.

In the case of 2), if the surface property valtighe polishing pad exceeds an upper
limit of the preset predetermined range, the pgddged to require an additional dressing
and an alarm is issued.

In the cases of 3) and 4), a change in the supfaapeerties of the pad with time (in

each of the number of the processed substratesgasured, and if the measurement falls
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outside the preset range, the pad (or the dresssgrlged to reach the end of life and an
alarm is issued.

[0048] As shown in FIG. 4, the surface-property suegg device 30 has the optical fiber
34, the polarizer 35, the ND filter 36, the mir@¥, the bandpass filter 38, and the like to
improve the measurement accuracy further and tarexehthe degree of freedom of
installation.  Further, by s-polarizing the laseaim emitted from the light source 31 with
the polarizer 35 and then applying the laser beathe polishing pad 2, the reflectance at
the surface of the polishing pad can be increasedrthermore, by using the ND filter 36,
the light quantity of the laser beam can be deeccasd adjusted to a desired value, and
then the laser beam of the desired light quandity ke applied to the polishing pad 2. On
the other hand, by providing the bandpass filteoB8he optical path of the reflected light
that is reflected by the surface of the polishiragl 2, only the reflected light having a
wavelength within £5 nm with respect to the wavgtarof the laser beam of the light source
31 can pass therethrough. In the present embotjiagea laser beam of the light source 31,
a laser beam whose wavelength is 635 nm is usedthid manner, by providing the
bandpass filter 38, only the reflected light havengravelength within £5 nm with respect to
the wavelength of the laser beam of the light so@&T can pass therethrough, and thus an
influence of the surrounding environment light whisiecomes noise can be reduced.

[0049] The internal structure (measuring structugenot limited to the embodiments
shown in FIGS. 3 and 4. For example, the surfaopgrty measuring device 30 may have
an optical fiber for leading the laser beam emiftedn the light source 31 in a desired
direction. With this structure, the degree of di@m of installation in the optical system of
the surface-property measuring device 30 of theslgoh pad can be enhanced. Further,
the mirror 37 of the surface-property measuringiaded0 may be configured to allow its
inclination angle to be changed. Changing of tleériation angle of the mirror 37 enables
an angle at which the laser beam enters the pujjgbéd 2 to be adjusted. Further, the
light source 31 and/or the light receiver 33 maycoafigured to be swingable. The

surface-property measuring device 30 may haveralijuof light sources 31, and may have
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a plurality of light receivers 33.

[0050] FIG. 5 is a schematic view showing still trew example of the internal structure
(measuring structure) of the surface-property maaguevice 30 shown in FIGS. 1 and 2.
The surface-property measuring device 30 showrl@ & has, instead of the light source
31 and the light receiver 33, an imaging devicdd3%acquiring image information of the
surface properties of the polishing pad 2. Thegingdevice 39 is, for example, a digital
camera with CCD image sensor, or with CMOS imags@e The imaging device 39 may
be a digital camera with TDI image sensor, or &@idamera for capturing video. The
imaging device 39 is connected to the controlleth28ugh the processor 40.

[0051] In the present embodiment, an imaging serfé@a of the imaging device 39 is
face-to-face with the polishing surface 2a of tioisping pad 2. More specifically, the
imaging surface 39a of the imaging device 39 islf®rto the polishing surface 2a of the
polishing pad 2. In one embodiment, the imagingiade39 may be disposed so as to
incline the imaging surface 39a thereof with resgecthe polishing surface 2a of the
polishing pad 2 (see an imaging device 39 illusttads double-dotted line in FIG. 5).
Although not shown, the surface-property measutiegjce 39 may have a light source for
illuminating the polishing surface 39 to be capiluog the imaging device 39.

[0052] The image information of the polishing padc@uired by the imaging device 39 is
sent to the processor 40, and then the processari#hnetically calculates the surface
property value of the pad. As described above, civaroller 23 obtains the surface
property value of the pad determined by the prare48, and calculates suitable dressing
conditions by a closed-loop control based on thaiokd value. The polishing apparatus
may be configured to issue an alarm when the sufaaperty value of the polishing pad,
obtained in the processor 40 (see FIGS. 1 ands 2pmpared with a preset range of the
surface property value of the pad in the proce$48pand falls outside the preset range.
[0053] The surface-property measuring device 30igored as described above is located
inside the polishing apparatus. FIG. 6 is a petsge view schematically showing an

example of the surface-property measuring deviclo@&ted inside the polishing apparatus.

21



10

15

20

25

FIG. 7A is a front view of the surface-property mgang device 30 shown in FIG. 6, and
FIG. 7B is a bottom view of the surface-propertyasweing device 30 shown in FIG. 7A.
Further, FIG. 8 is a cross-sectional view taken@line A-A of FIG. 7A.

[0054] As shown in FIGS. 6 and 7A, the surface-prop measuring device 30 has a
casing 43. This casing 43 houses therein a meagssitiucture for measuring the surface
properties of the polishing pad 2. The measuring&ire housed in the casing 43 has, for
example, the light source 31, light receiver 38, piblarizer 35, the ND filter 36, the mirror
37, the bandpass filter 38, the imaging device 39 the like, which are described with
reference to FIGS. 3 through 5.

[0055] As shown in FIG. 7A, a cutout 44 is formedai bottom of the casing 43. In the
present embodiment, the cutout 44 has a trapezsiidgde which is defined by two facing
inclined surfaces 44a, 44b and a connecting suddceconnecting these inclined surfaces
44a, 44b. As shown in FIG. 7B, one inclined swefdela has a translucent filter 47a
disposed therein, and a laser beam emitted fronfighesource 31 is applied through the
filter 47a onto the polishing pad 2. The othefiimed surface 44b also has a translucent
filter 47b disposed therein, and the light recei@8r receives the light reflected by the
polishing pad 2 through the filter 47b. Exampldstieese filters 47a, 47b includes a
transparent film or a transparent glass, for exampln the present embodiment, the
connecting surface 44c extends linearly from owéned surface 44a to the other inclined
surface 44b.

[0056] The surface-property measuring device 30pus#ioning plates 77, 78 which are
fixed to the side surfaces of the casing 43, résp@de When the surface-property
measuring device 30 is moved to a measure posgitibich will be described later) shown in
FIGS. 6 and 7A, the positioning plates 77, 78 amught into contact to the polishing
surface 2a of the polishing pad 2. The positiomtages 77, 78 allow a distance from the
polishing surface 2a of the polishing pad 2 tortteasuring structure of the surface-property
measurement device 30 in the vertical directiord an angle of the surface-property

measuring device 30 with respect to the polishurfpse 2a, to be kept constant at all times.
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[0057] As shown in FIGS. 7A, 7B, and 8, the surfpoaperty measuring device 30 may
have a nozzle 45 whose tip protrudes from the adimgesurface 44c. The nozzle 45 of
the surface-property measuring device 30 is coufaeal pressurized-gas supply line (not
shown), and is configured to blow a pressurized@as, pressurized nitrogen or pressurized
air) from the pressurized-gas supply line to thiispimg surface 2a of the polishing pad 2.
The pressurized gas blown from the nozzle 45 cdigged, such as the polishing liquid, and
the dressing liquid, on the polishing pad 2a todmeoved. Therefore, the surface-property
measuring device 30 can measure accurate surfagerpes of the polishing pad 2.

[0058] The nozzle 45 has an any shape. For exathgleozzle 45 may be a cylindrical
nozzle whose diameter of flow path is same fronp @otan end thereof, or a Laval nozzle
having a throat portion whose diameter of the flpath is gradually reduced, and an
enlarged portion whose diameter of flow path isdgedly enlarged, the enlarged portion
being disposed downward of the throat portion.

[0059] As shown in FIG. 8, the nozzle 45 is arrahg® be inclined with respect to a
polishing surface 2a of the polishing pad 2, amdptessurized gas ejected from the nozzle
45 obliquely collides with the polishing surfacedahe polishing pad 2. The nozzle 45 is
disposed at an inclined andlewith respect to a plane P parallel to the poliglsarface 2a

of the polishing pad 2, so that the pressurizedfigas toward an opening of the cutout 44
formed in the casing 43. Such configuration prévédiquid removed by the pressurized
gas which is ejected from the nozzle 45 from baitgching to the filters 47a, 47b which are
disposed in the inclined surfaces 44a, 44b of theut 44, respectively.

[0060] In this manner, the purpose of ejectinggiessurized gas from the inclined nozzle
45 is to remove liquid, such as polishing liquiddogssing liquid, on the polishing surface 2a,
while preventing the liquid removed by the presdigas from splashing around and
attaching to filters 47a, 47b, and the like. Thae the inclined angl® is set to an
optimum inclined angle for achieving the above psg The optimum inclined angle is,
for example, set based on a pressure and a flewofdhe pressurized gas. The optimum

inclined angle may be determined based on expetimeerformed while varying the
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pressure and/or the flow rate of the pressurized ga&his optimum inclined angle is, for
example, 60. In one embodiment, the nozzle 45 may be pivotatbunted to the casing
43. In this case, the inclined andlecan be changed to the optimum inclined angle
depending on the pressure and/or the flow rateeoptessurized gas.

[0061] FIG. 9 is an enlarged schematic view showengportion around the surface-
property measuring device 30 shown in FIG. 6. W@ in FIGS. 6 and 9, the surface-
property measuring device 30 for measuring theasarproperties of the polishing pad 2 is
supported by a support arm 50, and this supporérim coupled to a moving unit 53 fixed
to the polishing apparatus. The moving unit 5¥e®m@s a unit for moving the surface-
property measuring device 30 from a retreat pasitd a measure position, or from the
measure position to the retreat position. Spedificthe moving unit 53 allows a position
of the surface-property measuring device 30 to udenaatically changed from the retreat
position to the measure position, or from the miapasition to the retreat position.

[0062] In the present embodiment, the measureiposit the surface-property measuring
device 30 is defined as a position where the sesfmoperty measuring device 30 is
contacted to the polishing pad 2 for measuringstiréace properties of the polishing pad 2.
For example, the measure position of the surfacpguty measuring device 30 is a position
at which the positioning plates 77, 78 are brougiat contact with the polishing surface 2a
of the polishing pad 2 as shown in FIG. 7A. Furthiee retreat position of the surface-
property measuring device 30 is defined as a positihere the surface-property measuring
device 30 is separated from the polishing pad 2.

[0063] As shown in FIG. 9, the moving unit 53 isistvucted of a fixed block 55 fixed to
the polishing apparatus, a pivot block 56 couptethé support arm 50, a rotational shaft 58
for pivotably coupling the pivot block 56 to thedd block 55, and a pivot mechanism 60
for pivoting the pivot block 56 around the centgiseof the rotation axis 58. The fixed
block 55 is fixed to a frame 48 of the polishingpagatus by fixtures (not shown), such as
screws. The support arm 50 for supporting theaserproperty measuring device 30 is

connected to a support plate 52, which is fixetthéopivot block 56, by fixtures (not shown),
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and is coupled to the pivot block 56 via the suppdate 52. In one embodiment, the
support plate 52 and the pivot block 56 may be &atimtegrally. Further, the support arm
50 may be directly connected to the pivot block 5B this case, the support plate 52 is
omitted from the moving unit 53.

[0064] The pivot block 56 is coupled to the fixelbdk 55 via the rotational shaft 58.
More specifically, the fixed block 56 has a recesa formed therein, and the pivot block 56
has a protrusion 56a formed therein, which is tesgleinto the recess 55a of the fixed block
55a. The protrusion 56a has a through-hole (notvshformed therein, into which the
rotational shaft 58 is inserted. The fixed blodk Bas two through-holes (not shown)
formed on each side of the recess 55a of the fikeck 55. When the protrusion 56a of
the pivot block 56 is inserted into the recess&@3ae fixed block 55, the two through-holes
formed in the fixed block 55 can be aligned with through hole formed in the protrusion
56a of the pivot block 56. With the protrusion %ahe pivot block 56 inserted into the
recess 55a of the fixed block 55, the rotationaftshB is inserted into the two through-holes
formed on each side of the recess 55a of the fkack 55, and the through-hole formed in
the protrusion 56a. This operation causes thet flilack 56 to be pivotably coupled to
fixed block 55.

[0065] FIG. 10 is a view showing the surface-propeareasuring device 30 moved to the
measure position by the pivot mechanism 60 showf&l@® 9, and FIG. 11 is a view
showing the surface-property measuring device 3@eht¢o the retreat position by the pivot
mechanism 60 shown in FIG. 9.

[0066] As shown in FIGS. 10 and 11, the pivot meada 60 according to the present
embodiment is a piston-cylinder mechanism whicboisstructed of a piston 62 coupled to
the pivot block 56, and a cylinder 63 in which thiston 62 is housed so as to be movable
back and forth. A tip of the piston 62 is couptedhe pivot block 56 via a bracket 70,
which is fixed to a lower surface of the pivot ds6. The tip of the piston 62 has a
through-hole (not shown) formed therein, into whiechpin 67 can be inserted, and the

bracket 70 has through-holes 68 formed thereim, witich the pin 72 inserted into the
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through-hole of the piston 62 can be inserted. hWie through-hole formed in the tip of
the piston 62 aligned with the through-holes 6&efbracket, the pin 67 is inserted into the
through-hole of the piston 62 and the through-h6&sf the bracket, so that the piston 62 is
coupled to the pivot block 56 via the bracket 7The bracket 70 fixed to the lower surface
of the pivot block 56is pivotably coupled with respto the piston 62.

[0067] The cylinder 63 is supported by a pedestaéxtending from the frame 48 of the
polishing apparatus. A fluid supply line (not simvis coupled to the cylinder 63, and a
fluid (e.g., pressurized nitrogen or pressurizefligisupplied to the cylinder 63 via the fluid
supply line. The controller 23 (see FIG. 1) colsttbe supply of fluid to the cylinder 63 to
move the piston 62 up and down. For example, an/ojmse valve (not shown) is
arranged in the fluid supply line, and the conto®3 controls operation of this open/close
valve to move the piston 62 up and down. More ifipally, when raising the piston 62,
the controller 23 opens the open/close valve tplgupe fluid to the cylinder 63. When
lowering the piston 62, the controller 23 closesdpen/close valve to stop the supply of the
fluid to the cylinder 63.

[0068] When measuring the surface properties ofpibleshing pad 2, the controller 23
causes the piston 62 of the pivot mechanism 6@ tmwered. This operation causes the
pivot block 56 and the support arm 50 to be pivoted direction of moving the surface-
property measuring device 30 downward, and thetiposig plates 77, 78 are brought into
contact with the polishing pad 2. Thus, the cdigr@®3 can operate the pivot mechanism
60 to thereby move the surface-property measumnwicd 30 to the measure position shown
in FIG. 10. In this state, the measurement ofstiméace properties of the polishing pad 2
described above is performed to determine the idgessnditions. When the controller 23
detects the abnormality of the polishing pad 2 frosasured data for the surface properties
obtained by the surface-property measuring devigeh@ controller 30 may issue an alarm,
and stop operations of the polishing apparatus.

[0069] After the measurement of the surface proggedf the polishing pad 2 is completed,

and the dressing conditions are determined, thératlem 23 causes the piston 62 of the
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pivot mechanism 60 to be raised. This operatiasesi the pivot block 56 and the support
arm 50 to be pivoted in a direction of moving theface-property measuring device 30
upward, so that the surface-property measuringcde30 is separated from the polishing pad
(see FIG. 11). Thus, the controller 23 operatepitot mechanism 60 to thereby move the
surface-property measuring device 30 from the mreagasition shown in FIG. 10 to the
retreat position shown in FIG. 11. When measuttiegsurface properties of the polishing
pad 2 again, the controller 23 operates the piathanism 60 to thereby move the surface-
property measuring device 30 from the retreat posshown in FIG. 11 to the measure
position shown in FIG. 10.

[0070] FIG. 12 is a schematic view showing anotemmple of the pivot mechanism.
The pivot mechanism 60 shown in FIG. 12 has a niiiaroupled to the rotational shaft 58,
and this motor 59 is electrically connected todbetroller 23. The motor 59 is supported
by the pedestal 49 extending from the frame 4 @fpolishing apparatus. In the present
embodiment, the rotational shaft 58 is fixed to pheot block 56. For example, the
rotational shaft 58 has a key (not shown), angtb&usion 56a of the pivot block 56 has a
key groove formed therein, which is engaged withkly. The key of the rotational shaft
58 is inserted into the key groove of the pivotkl&6, thereby fixing the rotational shaft 58
to the pivot block 56 by the engagement of thedwy the key groove.

[0071] The controller 23 controls operation of thetor 59 to rotate the rotational shaft 58,
thereby rotating the pivot block 56 with respecthi® fixed block 55. The pivot block 56 is
coupled to the support arm 50 and the surface-pyopeeasuring device 30 via the support
plate 52, so that operations of the motor 59 esahke surface-property measuring device 30
to be moved from the retreat position (see FIG.tdIhe measure position (see FIG. 10) or
vice versa.

[0072] As shown in FIG. 9, the pivot block 56 mag bonstructed of a first plate 64
coupled to the support arm 50 via the support @ateand a second plate 65 coupled to the
fixed block 55 via the rotational shaft 58. Thestfiplate 64 is pivotably coupled to the

second plate 65 via a rotational pin 66. In théaitiment shown in FIG. 9, the first plate
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64 is coupled to the second plate 65 by a hingdarmesm 88 including the rotational pin 66.
The hinge mechanism 88 is constructed of a fiist 89 fixed to an upper surface of the
first plate 64, a second joint 90 fixed to an upparface of the second plate 65, and the
rotational pin 66 which pivotably couples the fjht 89 to the second joint 90.

[0073] FIG. 13 is a schematic view showing the arefproperty measuring device 30
moved to a maintenance position. The maintenanséign is a position in which the
surface-property measuring device 30 is moved ¥eayafrom the polishing pad 2 for
performing maintenance or replacement of the polispad 2. In the embodiment shown
in FIG. 13, the hinge mechanism 88 is operatechabthe support arm 50 extends in the
vertical direction. This operation causes theamfproperty measuring device 30 to be
positioned far away from the polishing pad 2, sat tmaintenance or replacement of the
polishing pad 2 can be performed easily.

[0074] Although not shown, the polishing apparaiteferably has a fixture for preventing
movement of the support arm 50 after the surfaopgsty measuring device 30 is moved to
the maintenance position. The fixture prevents spport arm 50 moved to the
maintenance position from being unintentionallyefalover. Examples of fixture include a
hook or a cramp which can be engaged with the stjppm 50 moved to the maintenance
position.

[0075] According to the present embodiment, theratier 23 can control the operation of
the pivot mechanism 60 in the moving unit 53 torébg move the surface-property
measuring device 30 from the retreat position ® rikeasure position, and further obtain
automatically the surface properties of the patighpad 2 by use of the surface-property
measuring device 30. The controller 23 can detestrtiie dressing conditions based on the
surface properties obtained. The controller 23 maye an alarm based on the surface
properties obtained. In this manner, the attachimd) detaching operations of the surface-
property measuring device 30, which is conventigrnaquired, is not necessary, and thus
throughput of the polishing apparatus can be ise@aand together burden of operators can

be reduced.
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[0076] The polishing apparatus may has an attit@dustment mechanism for
automatically adjusting attitude of the surfacegerty measuring device 30 such that a
lower surface of the surface-property measuringcde80 becomes to be parallel to the
surface of the polishing pad 2, when the surfaopgnty measuring device 30 is moved to
the measure position.

[0077] FIG. 14A is a schematic front view of thatatle adjustment mechanism according
to an embodiment, and FIG. 14B is a view as vieweah line B-B of FIG. 14A. FIG.
15A is a cross-sectional view taken along line @FEIG. 14A, and FIG. 15B is a cross-
sectional view of a portion of the attitude adjustinmechanism corresponding to FIG. 15A,
when the surface-property measuring device 30 igeohto the retreat position.

[0078] As shown in FIGS. 14A and 14B, the attitgustment mechanism 70 has a
support base 72 coupled to the support arm 50atl&hst one adjustment pin 73 which is
fixed to an upper surface of the surface-propeggsuring device 30, and extends through a
through-hole formed in the support base 72. Inpitesent embodiment, four adjustment
pins 73 are fixed to the upper surface of the sarfaoperty measuring device 30. The
support base 72 is directly fixed to the lower acef of the support arm 50. Further, the
support base 72 has a flange portion 72a at arbgitot thereof, and four through-holes 74
are formed at four corners of the flange portion, #8spectively. Each adjustment pin 73
extends through each through-hole 74 formed iffldimge portion 72a.

[0079] As shown in FIG. 15A, the adjustment pinh&3 a pin body 73a having a diameter
Da smaller than a diameter Dp of the through-hqglaid a pin head 73b formed at a top of
the pin body 73a. The pin head 73b is located akine through-hole 74. More
specifically, the pin head 73b is located betwéendupport arm 50 and the flange portion
72a of the support base 72 (see FIG. 14A). Théaeaa 73b has a diameter Db larger than
a diameter Dp of the through-hole 74.

[0080] As shown in FIG. 15B, when the controlleusas the surface-property measuring
device 30 to be moved to the retreat positionweetcsurface of the pin head 73b is brought

into contact with an upper surface of the flangdipo 72a of the support base 72, so that

29



10

15

20

25

the surface-property measuring device 30 is supgday the support arm 50 via the support
base 72. When the controller 23 causes the sypfagerty measuring device 30 to be
moved to the measure position to bring the positgpplates 77, 78 of the surface-property
measuring device 30 into contact with the polishsogface 2a of the polishing pad 2, a
lower surface of the pin head 73b is separated ff@rflange portion 72a of the support
base 72. Thus, the surface-property measuringcele30 is supported on the polishing
surface 2a of the polishing pad 2 by its own weightherefore, by the attitude adjustment
mechanism 70, the attitude of the surface-propasgsuring device 30 is adjusted so as to
become the lower surface thereof to be paralléhéopolishing surface 2a of the polishing
pad 2.

[0081] Further, as shown in FIG. 9, the polishipgpaatus may have a displacement
mechanism 80 for adjusting a position of the seda@perty measuring device 30 in a
horizontal direction, along the support arm 50. e @isplacement mechanism 80 serves as a
mechanism for moving the position of the surfaagpprty measuring device 30 in the
horizontal direction, along a longitudinal directiof the support arm 50.

[0082] FIG. 16 is a perspective view schematicslipwing the displacement mechanism
80 shown in FIG. 9. FIG. 17 is a cross-sectionaivwtaken along line D-D of FIG. 16.
As shown in FIGS. 16 and 17, the displacement nmestma 80 has a slotted hole 81
extending along the longitudinal direction of thepgort arm 50, and support shaft 82
inserted into the slotted hole 81. The slottece &1 has a stepped portion 8la formed
therein. The support shaft 82 has a shaft body @fgpled to the surface-property
measuring device 30, and a shaft head 82b whithadsntact with the stepped portion 81a
of the slotted hole 81. In the present embodintletsupport shaft 82 is a bolt which is
screwed into a threaded hole (not shown) formexhinpper surface of the support base 72,
and coupled to the surface-property measuring de8t via the support base 72 and the
attitude adjustment mechanism 70. Hereinafterstipgport shaft 82 will occasionally be
referred to as "the bolt 82", the shaft body 82hagcasionally be referred to as “bolt body

82a”, and the shaft head 82b will occasionallydferred to as “bolt head 82b”.
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[0083] The bolt body 82a of the bolt 82 has a dimmsmaller than a width of the stepped
portion 81a in a direction perpendicular to thegiturdinal direction of the slotted hole 81
and in the horizontal direction, and the bolt h&2kl of the bolt 82 has a diameter larger than
this width of the stepped portion 81a of the stbttele 81. Further, the diameter of the
bolt head 82b is smaller than a width of an uppetign of the long hole 81, where the
stepped portion 81a is not formed. Therefore, wherbolt 82 is inserted into the slotted
hole 81 from above the support arm 50, the bollyl®&®h pass through the slotted hole 81
without contacting the stepped portion 81a of floétesd hole 81. On the other hand, the
bolt head 82b is in contact with the stepped por8ta of the slotted hole 81, and cannot
pass through the stepped portion 81a.

[0084] When the surface-property measuring devités3o be supported on the support
arm 50, the bolt 82 is inserted into the slottetk 181 from above the support arm 50 in a
state where the support base 72 is in contact tivtHower surface of the support arm 50,
and is screwed into the threaded hole formed istipport base 72. The bolt 82 is screwed
into the threaded hole of the support base 72 thatibolt head 82b of the bolt 82 is brought
into contact with the stepped portion 81a, therstypling the surface-property measuring
device 30 to the support arm 50 via the suppor B&s By further screwing the bolt 82
into the threaded hole of the support base 72suipport base 72 is firmly secured to the
support arm 50, resulting in fixing the position tbke support base 72 (i.e., the surface-
property measuring device 30) in the horizontaation.

[0085] When the position of the surface-propertyasuging device 30 in the horizontal
direction is to be adjusted (i.e., changed), tHe&is loosen to move the support base 72
(i.e., the surface-property measuring device 30ha@lthe slotted hole 81 to a desired
position. Then, the bolt 82 is screwed in thedtlesl hole of the support base 72 again to
thereby fix the position of the surface-propertyasweing device 30 in the horizontal
direction.

[0086] According to the present embodiment, theldsement mechanism 80 enables the

position of the surface-property measuring devifeir8 the horizontal direction to be
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adjusted, so that the surface-property measuringce&le30 can measure the surface
properties at any position (i.e., a desired pagjtad the polishing pad 2.

[0087] FIG. 18 is a schematic view showing anothkebodiment of the displacement
mechanism 80. The configuration of the presentogtintbent which will not be particularly
described is the same as that of the displacemeciiamism 80 shown in FIGS. 16 and 17,
and thus a duplicate description thereof will bettam.

[0088] In the displacement mechanism 80 shown (. A8, the position of the support
base 72 is not fixed to the support arm 50 by thegpasrt shaft (i.e., bolt) 82. More
specifically, the shaft head 82b of the supporftsB is only in contact with the stepped
portion 81a, and thus the slotted hole 81 servesgasde hole for guiding the support base
72 (i.e., the surface-property measuring deviceaBig the support arm 50. Further, the
displacement mechanism 80 includes a piston-cylindeEhanism 83 which has a piston 85
coupled to the surface-property measuring devicea3@ a cylinder 86 in which the piston
85 is housed so as to be movable back and forththel present embodiment, a tip of the
piston 85 is connected to a side surface of thp@tipase 72, and the cylinder 86 is fixed to
the lower surface of the support arm 50. Furthie, cylinder 86 is coupled to a fluid
supply line (not shown).

[0089] A pressurized fluid (e.g., pressurizedagen or pressurized air) supplied from the
fluid supply line to the cylinder 86 enables thstq@n 85 to move back and forth along the
support arm 50. By moving the piston 85 back athfalong the support arm 50, the
position of the surface-property measuring devigevéhich is coupled to the piston 85 via
the support base 72, in the horizontal directionlmaadjusted. The controller 23 (see FIG.
1) controls the supply of the pressurized fluidpiga to the cylinder 86 to automatically
change the position of the surface-property meagutevice 30 in the horizontal direction.
In this manner, the displacement mechanism 80 ditpto the present embodiment can
adjust the position of the surface-property meagudevice 30 in the horizontal direction
automatically.

[0090] Although not shown, the displacement medran80 may have, instead of the
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piston-cylinder mechanism, a ball-screw mechanism dhanging the position of the
surface-property measuring device 30 in the hot&odirection. In this case also, the
controller 23 can control operation of the ballesermechanism to automatically adjust the
position of the surface-property measuring devité3he horizontal direction.

[0091] The controller 23 may move the surface-priypeneasuring device 30 to the
measure position during polishing of the subsivéifeor dressing of the polishing pad 2, to
measure the surface-properties of the rotatingsipioly pad 2. As described above, the
surface-property measuring device 30 has thedilteta, 47b (see FIG. 7B), which are
disposed in the inclined surfaces 44a, 44b of &sng 43, respectively. During polishing
of the substrate W, or dressing of the polishing) pathe fluid, such as polishing liquid (i.e.,
slurry), or the dressing liquid, is supplied orite polishing pad 2. However, the filters 47a,
47b prevent the liquid from entering in the caglBg Thus, the filters 47a, 47b can prevent
the fluid from contaminating the measuring strugtisuch as the light source 31 and the
light receiver 33. Further, in the case in which surface-property measuring device 30
has the nozzle 45 arranged to be inclined withedspmp a polishing surface 2a of the
polishing pad 2, the pressurized gas ejected fimennibzzle 45 blows the fluid on the
polishing surface 2a from the cutout 44 out ofddace-property measuring device30. As
a result, even during polishing the substrate Wressing, it is possible to more effectively
prevent the fluid from adhering to the filters 47&b, and it is possible to accurately
measure the surface properties of the polishing2pad

[0092] FIG. 19 is a schematic view showing an eXampf an internal structure
(measuring structure) of the imaging device 39 showFIG. 5. In FIG. 19, an portion of
the casing 43 housing the imaging device 39 thaseaitso illustrated. The portion of the
casing 43 shown in FIG. 19 illustrates a modifi@draple of the cutout 44 formed in the
bottom of the casing 43 in which the imaging de\d0eas housed.

[0093] As described above, the imaging device 3%iassed in the casing 43 of the
surface-property measuring device 30, and is corgijto acquire the image information of

the surface properties of the polishing pad 2. ifteging device 39 shown in FIG. 19 has
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an image sensor with an imaging area 39a, a leabansm 24 for forming the surface
image of the polishing pad 2 on the imaging area, 3hd an aperture 29. The lens
mechanism 24 includes a lens 25, and a focus misahgnot shown) for moving the lens
25 between the surface of the polishing pad 2 &edimaging area 39a. The focus
mechanism enables the lens 25 to be moved, thdoelnyng the surface image of the
polishing pad 2 on the imaging area 39a.

[0094] In the present embodiment, the apertures2®nanged between the imaging area
39a and the lens 25. The aperture 29 is usedjustaal size of a field of view of the
imaging device 39, and to remove noise from thé&dpacind.

[0095] Although not shown, an aperture 29 may bevided in the surface-property
measuring device 30 shown in FIGS. 3 and 4. Is thise, the aperture 29 is arranged
between the polishing surface 2a and the lighivec&3 on an optical path formed between
the light emitter 32 and the light receiver 33. eHperture 29 is used to adjust a diffraction
width (the order of diffracted light) of the lads#am reflected from the polishing pad 2, and
to remove noise from the background.

[0096] In the present embodiment, the cutout 4ééat in the bottom of the casing 43 of
the surface-property measuring device 30 has aeshdych is defined by two facing
inclined surfaces 44a, 44b, side surfaces 44dedtnding upward from each of inclined
surface 44a, 44b, and a connecting surface 44eecting these side surfaces 44d, 44e. In
the example illustrated, the side surfaces 44d, @&dend in the vertical direction.
Hereinafter, the side surfaces 44d, 44e, are eefeto as vertical surfaces 44d, 44e,
respectively.

[0097] If liquid, such as the polishing liquid dnet dressing liquid, is present on the
polishing surface 2a of the polishing pad 2 to dptared by the imaging device 39, the
imaging device 39 cannot acquire an accuracy inrdgemation of the surface properties of
the polishing pad 2. Therefore, the pressurizedigajected from the nozzle 45 described
above to thereby remove the liquid on the polisisimgace 2a to be captured by the imaging

device 39.
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[0098] In the present embodiment, the nozzle 45yies from one inclined surface 44a.
One vertical surface 44d has an opening 27 forimex@in, and the other vertical surface 44e
has another opening 28 formed therein. The openk¥y 28 are located between the
polishing surface 2a and the lens 25. The opefihgs configured to eject gas (for,
example CDA (clean dry air), dry air, or nitrogeasy toward the opening 28, and the
opening 28 is configured to allow the gas ejectethfthe opening 27 to flow into. Such
configuration enables a curtain of gas flowing fribva openings 27 towards the openings 28
to be formed. The curtain of gas formed betweenogbenings 27, 28 prevents the liquid,
which is splashed by the pressurized gas ejected fhe nozzle 45, from reaching to the
lens 25. Therefore, the imaging device 39 canieede accurate image information of
the polishing surface 2a of the polishing pad 2.

[0099] In the example shown in FIG. 19, the operfigis located on a vertical plane
being parallel to a plane of paper of FIG. 19 aaglspg through the nozzle 45. The gas
from the opening 27 and the pressurized gas fr@amdtzzle 45 are ejected in a direction
parallel to the plane of paper of FIG. 19. Howetlge opening 27 may be shifted from the
vertical plane, which is parallel to the plane aper of FIG. 19 and passes through the
nozzle 45, in the horizontal direction. Furthdre tgas from the opening 27 and the
pressurized gas from the nozzle 45 may be ejentadirection different from the direction
parallel to the plane of paper of FIG. 19.

[0100] Although not shown, a portion (for exampteyer portion) of the inclined surface
44b facing to the nozzle 45 may be formed in aetdishape. A surface of the portion of
the inclined surface 44b formed in a curved shapees as a guide surface for smoothly
discharging the liquid splashed from the polistsngface 2a by the pressurized gas ejected
from the nozzle 45, out of the casing 43 of thefagerproperty measuring device 30.
Alternatively, the inclined surface 44b facing e nozzle 45 may have, in the lower portion
thereof, a cutout for facilitating the dischargeted liquid out of the casing 43.

[0101] FIG. 20 is a schematic view showing ano#trabodiment of the surface-property

measuring device 30. The configuration of the gmesmbodiment which will not be
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particularly described is the same as that of tndase-property measuring device 30
according to the embodiments described above,hargda duplicate description thereof will
be omitted.

[0102] As shown in FIG. 20, the surface-propertyasuging device 30 has a barrier 69
coupled to a side surface of the casing 43. Inptlesent embodiment, the barrier 69 is
mounted to a side surface of the positioning pl&e A lower surface of the barrier 69 is
brought into contact with the polishing surfaceo2ahe polishing pad 2 when the surface-
property measuring device 30 is moved to the megsosition (see FIG. 10). The barrier
69 serves as a fence for preventing the fluid, saglthe polishing liquid or the dressing
liquid, supplied onto the polishing surface 2al# polishing pad 2 from reaching to the
surface-property measuring device 30. The ba@feaccording to the present embodiment
has an arc shape. The barrier 69 guides the filadjng on the polishing surface 2a
towards the surface-property measurement devical80g the arc shape of the barrier 69,
thereby preventing the fluid from reaching to theface-property measurement device 30.
Although not shown, the barrier 69 may be mourbeti¢ support arm 50.

[0103] FIG. 21 is a schematic view showing the gfohg apparatus according to still
another embodiment. FIG. 22 is an enlarged schematv showing the dresser shown in
FIG. 21, and FIG. 23 is a plan view schematicaligveing a state in which the dresser
shown in FIG. 21 is oscillated on the polishing .padhe configuration of the present
embodiment which will not be particularly describedhe same as that of the embodiments
described above. Thus identical or correspondarts@are denoted by identical reference
numerals and their repetitive explanations wilbbgtted.

[0104] The polishing apparatus shown in FIG. 21dpslishing unit including a polishing
table 1 to which a polishing pad 2 is attachedamier 10, and the like, and a dressing
apparatus 20, as with the polishing apparatus showiG. 1. The dressing apparatus 20
shown in FIG. 21 includes a dresser arm 21, a eiré&Xwhich is rotatably attached to the
dresser arm 21, a dresser shaft 91 coupled tordssat 21, and a pneumatic cylinder 93

provided at an upper end of the dresser shaft 9he dresser shaft 91 is rotatably supported
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by the dresser arm 21, and is rotated by a motdrsfrown) installed in the dresser arm 21.
Thus, the dresser 22 is rotated about its axi©éydtation of the dresser shaft 91. In the
present embodiment, the dressing member 22a pobadthe lower part of the dresser 22
has a ring shape. However, the dressing membeanagdnave a circular shape.

[0105] The pneumatic cylinder 93 is coupled to & gapply source (not shown), and
serves as a device which applies a dressing loatleopolishing pad 2 to the dresser 22.
The dressing load can be regulated by an air peessipplied to the pneumatic cylinder 93.
Further, the pneumatic cylinder 93 allows the dne22 to be separated from the polishing
surface 2a of the polishing pad 2. The pneumafioder 93 functions as an elevating
actuator to move the dresser shaft 91 and theeatr@@sup and down with respect to the
dresser arm 21. In one embodiment, a ball-scregharesm may be used as the elevating
actuator to move the dresser shaft 91 and theeattr@@sup and down with respect to the
dresser arm 21.

[0106] Further, the dressing apparatus 20 hasosughaft 98 coupled to the dresser arm
21, and a motor (rotating actuator) 96 to rotagesipport shaft 98. The dresser arm 21 is
configured so as to pivot on a support shaft 98dtyation of a motor 96.

[0107] Dressing of the polishing surface 2a offpibshing pad 2 is performed as follows.
The polishing table 1 and the polishing pad 2 atated by the polishing table rotating
motor (not shown), while a dressing liquid (e.gurepwater) is supplied from a dressing
liquid supply nozzle (not shown) onto the polishisigrface 2a of the polishing pad 2.
Further, the dresser 22 is rotated about its axifie dresser 22 is pressed against the
polishing surface 2a by the pneumatic cylinder ®3hsit the lower surface of the dressing
member 22a is brought into sliding contact with plaéishing surface 2a. In this state, the
dresser arm 21 pivots to move the dresser 22 opdlighing pad 2 in an approximately
radial direction of the polishing pad 2. As showHIG. 23, the polishing table 1 and the
polishing pad 2 thereon rotate about an origire(a@er point of the polishing pad 2) O. On
the other hand, the dresser 22 rotates througkdearmined angle about a point C whose

position corresponds to a central position of thgpsrt shaft 98 shown in FIG. 21 (i.e., the

37



10

15

20

25

dresser 50 pivots). The polishing pad 2 is scravealy by the rotating dresser 22, so that
dressing of the polishing surface 2a is performed.

[0108] As shown in FIGS. 21 and 22, the polishippaatus has the surface-property
measuring device 30 mounted to the dresser 22. sditfi@ce-property measuring device 30
shown in FIG. 22 is fixed to a tip of a sub-arm&ached to an outer peripheral surface of
the dresser 22. A terminal end of the sub-arnms3&ked to the outer peripheral surface of
the dresser 22. In the present embodiment, theseirearm 21 is used as the support arm
for supporting the surface-property measuring @e8i@, and the surface-property measuring
device 30 is supported by the dresser arm 21 wastib-arm 92, the dresser 22, and the
dresser shaft 91.

[0109] The surface-property measuring device 3@vshia FIG. 22 may have the internal
structure (measuring structure) described withregiee to FIGS. 3 and 4, or may have the
internal structure (measuring structure) describeth reference to FIGS. 5 and 19.
Hereinafter, the internal structure described wéference to FIG. 3and 4 may be simply
refer to as “said measuring structure”. Furthiee, $urface-property measuring device 30
may have the housing 43 in which said measuringctsire or the imaging device 39 is
housed. Although the housing 43 has any shapéyahging 43 described with reference
to FIGS. 7A and 7B may be used as this housing ABernatively, the housing 43 may
have a cylindrical shape.

[0110] In one embodiment, the surface-property mnéag device 30 may be housed
inside the sub-arm 95. In this case, said meagustinicture or the imaging device 39 is
disposed within the sub-arm 95, and the sub-arma85an opening formed at a tip thereof.
In the case where the surface-property measuriviged80 has said measuring structure, the
laser beam emitted by the light emitter 32 readbethe surface of the polishing pad 2
through the opening formed in the sub-arm 95, hadéflected light that is reflected by the
surface of the polishing pad 2 is received by ibghtlreceiver 33 through the opening
formed in the sub-arm 95. In the case where tHatproperty measuring device 30 has

the imaging device 39, the imaging device 39 aeguine image information of the surface
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of the polishing pad 2 through the opening formrethe sub-arm 95.

[0111] Further, the surface-property measuring aeVB0 may have the nozzle 45
described with reference to FIG. 8. As describedva, the nozzle 45 is configured to
blow a pressurized gas (e.g., pressurized nitroggmessurized air) to the polishing surface
2a of the polishing pad 2, so that the liquid, saslthe polishing liquid or the dressing liquid,
is removed by the pressurized gas blown from thezleod5. Although not shown, the
pressurized-gas supply line for supplying the pnessd gas to the nozzle 45 is coupled to
the dresser shaft 91 via a rotary joint or the, liike example, and the pressurized gas is
supplied to the surface-property measuring devicéhBugh flow-passages formed inside
the dresser shaft 91, the dresser 22, and thersub&a

[0112] As shown in FIG. 22, when the dressing memn2a of the dresser 22 is in contact
with the polishing surface 2a of the polishing Bathe surface-measuring device 30 is away
from the polishing surface 2a. In the present atimbent, a positon of the surface-property
measuring device 30 when the dressing member 2&ee afresser 22 is in contact with the
polishing surface 2a of the polishing pad 2 isrifeasure positon described above. Since
the surface-property measuring device 30 is fixethe tip of the sub-arm 95, a distance
between the surface-property measuring device 8eaneasure position and the polishing
surface 2a of the polishing pad2 is constant atirakts. Therefore, the surface-property
measuring device 30 can measure the accurate esymfaperties of the polishing surface 2a
of the polishing pad 2.

[0113] As described above, the pneumatic cylinagevating actuator) 93 allows the
dresser 22 to be moved above the polishing suacef the polishing pad 2. In the
present embodiment, a position where the dressiegibar 22a of the dresser 22 is
separated from polishing surface 2a of the polghpad 2 upward is the retreat position, and
the moving mechanism for moving the surface-prgpereasuring device 30 from the
measure position to the retreat position is theugaic cylinder 93. In one embodiment,
after the pneumatic cylinder 93 moves the dresgearitl the surface-property measuring

device 30 above the polishing surface 2a of thislaly pad 2, the motor (rotating actuator)
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96 may move the dresser 22 and the surface-propsggsuring device 30 to a lateral
position of the polishing pad 2 (see the dresagstibted as double-dotted line in FIG. 23).
In this case, the retreat position of the surfaopgrty measuring device 30 is the lateral
position of the polishing pad 2, and the moving Ina&ism is constructed of a combination
of the pneumatic cylinder 93 and the motor 96.

[0114] Although not shown, when the dressing men2erof the dresser 22 is brought in
contact with the polishing surface 2a of the patiglpad 2, the surface-property measuring
device 30 may be in contact with the polishing atef2a of the polishing pad 2. In this
case, a position where the surface-property mewputevice 30 is in contact with the
polishing pad 2 is the measure position of theaserproperty measuring device 30. The
surface-property measuring device 30 is preferatiypled to the sub-arm 95 via the attitude
adjustment mechanism 70 described with referen€E¢G&. 14A and 14B. By the attitude
adjustment mechanism 70, the attitude of the sexf@operty measuring device 30 to be in
contact with the polishing surface 2a is adjustedssto become the lower surface thereof to
be parallel to the polishing surface 2a of theghitig pad 2. The retreat position of the
surface-property measuring device 30 in this case position where the surface-property
measuring device 30 is separated from the poliskumtace 2a of the polishing pad 2, or a
position where the dresser 22 and the surface-fiyopeasuring device 30 is moved to the
lateral position of the polishing pad 2.

[0115] Measuring of the surface properties of tlael by use of the surface-property
measuring device 30 may, during polishing of thessate W, or dressing of the polishing
pad 2, move the surface-property measuring devicéo3the measure position and be
performed. In this case, the surface-property or@as device30 measures the surface
properties of the polishing pad 2 while being edaibgether with the dresser 22.

[0116] As shown in FIG. 21, the polishing apparatas a rotary encoder 92 capable of
measuring an angle of rotation of the dresser 22thé dresser shaft 91. The rotary
encoder 92 allows a relative position of the ratasurface-property measuring device 30

with respect to the polishing pad 2 to be detectddore specifically, during dressing of the
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polishing pad 2, the surface-property measuringcée80 is rotated together with the dresser
22. In this case, the surface-property measurgngcd 30 alternately passes above the
polishing pad 2 before being dressed by the dré&esind above the polishing pad 2 after
being dressed by the dresser 22. The surfacefpyapeasuring device 30 measures the
surface properties of the polishing pad 2 at perdehed time intervals, and transmits the
measured value to the controller 23 (see FIG. Eryetime the surface properties are
measured.

[0117] The rotary encoder 92 is also connectetieacontroller 23, and the rotary encoder
92 transmits the relative position of the surfacgpprty measuring device 30 with respect to
the polishing pad 2, to the controller 23. Thetamler 23 divides, based on the relative
position transmitted, a plurality of surface prapemalues of the pad obtained by the surface-
property measuring device 30 into surface propeatyes of the pad before dressing and
surface property values of the pad after dressikguther, the controller 23 compares the
surface property values of the pad after dressitig tve surface property values of the pad
before dressing, and then calculates suitableidgessnditions based on those comparisons.
For example, the dressing conditions are calculsieithat a difference between the surface
property values before and after dressing remaitisnaa preset predetermined range. In
this case, the controller 23 obtains a relatiomgression showing a relation between the
dressing conditions and the difference betweesuiiace property values of the pad before
and after dressing in advance, and determinesbiiithessing conditions by the above
expression.

[0118] In one embodiment, a position of the sudperty measuring device 30 when
the dressing member 22a is away from the surfatieegpolishing pad 2 upwardly may be
the measure position. In this case, the retresitipo of the surface-property measuring
device 30 is a position of the surface-proper tyasneng device 30 when the dressing
member 22a is further away from the surface opibleshing pad 2 upwardly, or a position
where the dresser 22 and the surface-property megsievice 30 are moved to the lateral

position of the polishing pad 2. In the presenbediment, with the dresser 22 and the
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surface-property measuring device 30 away frompbleshing pad 2, the dresser 22 is
moved from the periphery to the center of the poig pad 2 by use of the dresser arm 21
without rotating the dresser 22. The surface-ptgpmeasuring device 30 measures the
surface properties of the polishing pad 2 at pexdehed time intervals while moving from
the periphery to the center of the polishing padg&ther with the dresser 22, and transmits
the measured values to the controller 23. Theraltert 23 calculates suitable dressing
conditions based on the surface property valuethefpad transmitted from the surface-
property measuring device 30.

[0119] FIG. 24A is a schematic view showing a miedifexample of the dresser of the
polishing apparatus shown in FIG. 21, and FIG. &1B top view of the dresser shown in
FIG. 24A. The configuration of the present embaaimwhich will not be particularly
described is the same as that of the dresser 2&nshioFIG. 21, and thus a duplicate
description thereof will be omitted.

[0120] To the dresser 22 of the polishing apparatusvn in FIGS. 24A and 24B, a
plurality of (two in the illustrated example) swéaproperty measuring devices 30A, 30B
are mounted. The surface-property measuring devR®A, 30B are symmetrically
arranged with respect to the center of the dre&der The sub-arms 95 for coupling each
surface-property measuring device 30 to the dre82ehave a substantially J-shape,
respectively, and ends of each sub-arm 95 are foxtite upper surface of the dresser 22.
[0121] Although, in the present embodiment, the sudace-property measuring devices
30A, 30B are mounted on the dresser 22, three oe swface-property measuring devices
may be mounted on the dresser 22. For examplestotace-property measuring devices
may be arranged at 90° intervals along the outeplpsral surface of the dresser 22.
Hereinafter, the surface-property measuring dev8é#s 30B may be referred to simply as
“the surface-property measuring device 30" whemetlie no need to particularly distinguish
between them.

[0122] Each surface-property measuring device 3 Imae the same measuring structure,

or different measuring structures from each oth&or example, some (for example, the

42



10

15

20

25

surface-property measuring device 30A) of the filyraf surface-property measuring
devices 30 may be the surface-property measurivigegehaving the measuring structure
described with reference to FIG. 3 or 4, while thmaining surface-property measuring
devices 30 (for example, the surface-property nreasulevice 30B) may be the surface-
property measuring devices having the imaging @e8t described with reference to FIGS.
5 and 19.

[0123] As with the embodiments described above, pheality of surface-property
measuring devices 30 is being rotated together thighdresser 22 during dressing of the
polishing pad 2, and each surface-property meagudevices 30 measures the surface
properties of the polishing pad 2 at predetermineé intervals. Every time the surface
properties of the polishing pad 2 are measuredh saace-property measuring devices 30
transmits the measured values to the controller ZBe controller 23 divides, based on the
relative positions of each surface-property meaguievices 30 with respect to the
polishing pad 2, a plurality of surface propertyuea of the pad obtained by each surface-
property measuring devices 30 into surface propeatyes of the pad before dressing and
surface property values of the pad after dressikguther, the controller 23 compares the
surface property values of the pad before and dftessing, and then calculates suitable
dressing conditions based on those comparisonscording to the present embodiment,
since the plurality of surface-property measuriegices 30 are mounted to the dresser 22,
an amount of data on the difference of the sunfmoperty values before and after dressing
which are obtained in the controller 23 is gretitan the embodiment in which one surface-
property measuring device is mounted to the drez®er Therefore, the controller 23 can
calculate more suitable dressing conditions.

[0124] FIG. 25 is a schematic view showing a medifexample of the dresser shown in
FIGS. 24A and 24B. The configuration of the présembodiment which will not be
particularly described is the same as that of theogliment shown in FIGS. 24A and 24B,
and thus a duplicate description thereof will bettam.

[0125] To the dresser 22 shown in FIG. 25, thretasa-property measuring devices 30A,
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30b, 30C are mounted. The two surface-propertysmeay devices 30A, 30B are
mounted to the outer peripheral surface of thesere®2 via the sub-arms 95, respectively,
and the surface-property measuring device 30G®ded in the dresser 22.  In the present
embodiment, the dressing member 22a provided inlthgser 22 has a ring shape. More
specifically, the dressing member 22a has a thrtwadg 22b extending an upper surface to
a lower surface thereof. A recess is formed irign of the lower surface of the dresser
22 where the dressing member 22a is not providethé present embodiment, the center of
the lower surface of the dresser 22), and the ceufeoperty measuring device 30C is fitted
into the recess.

[0126] The surface-property measuring device 30§ Imave the measuring structure
described with reference to FIG. 3 or 4, or hawe ithaging device 39 described with
reference to FIGS. 5 and 19. In one embodimeatsthiface-property measuring device
30C may have a housing in which said measuringtsirel or the imaging device 39 is
housed. For example, the housing has a cylindsttgbe. In this case, a thread formed in
an outer peripheral surface of the housing is eedjagth a thread groove which is formed
in a wall surface of the recess formed in a lowefase of the dresser 22, thereby mounting
the surface-property measuring device 30C to tesser 22.

[0127] The surface-property measuring device 30@smes the surface properties of the
polishing pad 2 through the through-hole 22b ofdtessing member 22a. For example, in
the case where the surface-property measuringel8G@€ has said measuring structure, the
laser beam emitted by the light emitter 32 readbethe surface of the polishing pad 2
through the through-hole 22b formed in the dressiegnber 22a, and the reflected light that
is reflected by the surface of the polishing pasl i2ceived by the light receiver 33 through
the through-hole 22b. In the case where the seuaoperty measuring device 30C has the
imaging device 39, the imaging device 39 acquinesimage information of the surface of
the polishing pad 2 through the through-hole 22méa in the dressing member 22a.

[0128] As shown in FIG. 25, the surface-propertyaswging device 30C may have the

nozzle 45 described with reference to FIG. 8. A&scdbed above, the nozzle 45 is
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configured to blow a pressurized gas (e.g., pregsimitrogen or pressurized air) to the
polishing surface 2a of the polishing pad 2, and tthe pressurized gas blown from the
nozzle 45 causes the liquid, such as the polishingd, and the dressing liquid, on the
polishing pad 2a to be removed. Although not shatva pressurized-gas supply line for
supplying the pressurized gas to the nozzle 48upled to the dresser shaft 91 via the rotary
joint or the like, and the pressurized gas is sadb the surface-property measuring device
30C through flow-passages formed inside the dresedt 91, and the dresser 22.

[0129] In this manner, in the present embodimemg, surface-property measuring device
30C of the plurality of surface-property measuideyice 30A to 30C is disposed within the
dresser 22. This surface-property measuring dé&dtmeasures, for example, the surface
properties of the polishing pad 2currently beingsding by the dresser 22. The surface-
property measuring device 30C also is connectélietoontroller 23.  The surface-property
measuring device 30C measures, during dressindhefpblishing pad 2, the surface
properties of the polishing pad 2 at predetermitiste intervals, and transmits those
measured values (i.e., surface property valudsegbad) to the controller 23.

[0130] As described above, the surface-propertysomaay devices 30A, 30B measure the
surface property values of the pad before and dfesgsing, and transmits those measured
value to the controller 23. Therefore, the cotdgroR3 can obtain the surface property
values of the pad before and after dressing whiehobtained by the surface-property
measuring devices 30A, 30B, and the surface prppaities of the pad during dressing
which are obtained by the surface-property meagudavice 30C. As a result, the
controller 23 can calculate more suitable dressorglitions based on the surface property
values of the pad before and after dressing asaselhe surface property values of the pad
during dressing.

[0131] FIG. 26 is a schematic view showing an entbedt of a polishing system which
includes the polishing apparatus having the sufaoperty measuring device 30. The
polishing system shown in FIG. 26 includes thegbatig apparatus described with reference

to FIGS. 1 through 25, and a polishing-process rg¢ina system 101 in which the data of
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the surface properties of the polishing pad 2 abthiby use of the surface-property
measuring device 30 of the polishing apparatusnmutied. The polishing-process
generation system 101 shown in FIG. 26 includeslayrdevice 102 which is connected
with the polishing apparatus so as to be capabteantmitting and receiving information
with each other, and a processing system 105 whichnnected with the relay device 102
SO as to be capable of transmitting and receiumfigrination with each other. Thus, the
polishing apparatus is connected with the procgssystem 105 through the relay device
102 so as to be capable of transmitting and rawpiviformation with each other.

[0132] In the present embodiment, the polishingaagiois has an output section 15 which
outputs various information, such as data of théaese properties of the polishing pad 2.
As described above, the polishing apparatus obthmseflection intensity distribution of
the polishing pad 2 by use of the surface-propergasuring device 30. The polishing
apparatus outputs the reflection intensity distrdmuobtained from the output section 15 as
data representing the surface properties of thistpal) pad 2. In one embodiment, the
polishing apparatus may obtain the surface propaittyes of the polishing pad based on the
reflection intensity distribution obtained by theface-property measuring device 30, and
output those surface property values from the dauspation 15 as data representing the
surface properties of the polishing pad 2.

[0133] In the case where the surface-property meggdevice 30 has the imaging device
39 (see FIGS. 5 and 19), the polishing apparatiigutsithe image information of the
polishing pad 2 obtained by the imaging device &8nfthe output section 15 as data
representing the surface properties of the polishad 2. Examples of image data of the
polishing pad 2 acquired by the imaging devicer@uides frame image, TDI image, strobe
image, and video image. In one embodiment, a Igiuraf imaging devices 39 are
disposed within the casing 43 of the surface-ptgpaeasuring device 30 to capture three-
dimensional images of the polishing surface 2a.

[0134] The processing system 105 includes an irgagtion 107 in which various

information, such as data of the surface propediethe polishing pad 2 is inputted, a
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processing section 108 which determines dressimglittans of the polishing apparatus
based on data of the surface properties of thelpog pad 2 inputted to the input section
107, and an output section 110 which outputs varimformation, such as dressing
condition determined by the processing section 108he polishing apparatus. In the
present embodiment, the processing section 10% lr@msmitting and receiving section in
which the input section 107 and the output sectibh are integrally formed. Further, the
processing system 105 has a storage section ldllthanstorage section 111 can store
various data, such as data of the surface propesfi¢he polishing pad 2 inputted to the
input section 107.

[0135] The processing section 108 of the processysgem 105 calculates the surface
property values of the polishing pad 2, based enddta of the surface properties of the
polishing pad 2, such as the reflection intenggyritbution inputted to the input section 107,
and calculates suitable dressing conditions basethase values. In the case where the
surface property values of the polishing pad 2ctvlare obtained based on the reflection
intensity distribution obtained by the surface-mnyp measuring device 30, are inputted to
the input section 107, the processing section H)8ulates suitable dressing conditions
based on the surface property values of the potigbad 2 inputted to the input section 107.
In the case where the image information of thespolg pad 2 is inputted to the input
section 107 as data representing the surface piesgpef the polishing pad 2, the processing
section 108 calculates suitable dressing condit@sed on the image information of the
polishing pad 2 inputted to the input section 107.

[0136] The processing section 108 obtains, for gena relational expression showing a
relation between the dressing conditions and th&aeai property values of the pad in
advance, and determines suitable dressing conglittpn the above expression. As
described above, the dressing conditions mainlipdeca polishing pad rotational speed, a
dresser rotational speed, a dressing load, a dresseging speed, and the like. The
determined dressing conditions are transmitted fiteenoutput section 110 to the polishing

apparatus through the relay device 102.
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[0137] The polishing apparatus has an input sedt®to which various information, such
as the dressing conditions outputted from the @sing system 105, is inputted. In the
present embodiment, the polishing apparatus haananiitting and receiving section in
which the input section 16 and the output sectiorarke integrally formed. The controller
23 of the polishing apparatus performs the dregsitige polishing pad 2 in accordance with
the dressing conditions inputted to the input secti6.

[0138] In the present embodiment, the polishingepss generation system 101 has the
relay device 102 arranged between the processsigsyl05 and the polishing apparatus.
The relay device 102 serves as a gateway, suchr@agea, for example. The data of the
surface properties of the polishing pad 2 outpufredn the output section 15 of the
polishing apparatus is transmitted to the inputieeclO7 of the processing system 105
through the relay device 102. The dressing canditioutputted from the output section
110 of the processing system 105 is transmittedhéo input section of the polishing
apparatus through the relay device 102.

[0139] The relay device 102 has an input sectiowheh various information, such as
data of the surface properties of the polishing paditputted from the output section 15 of
the polishing apparatus, is inputted, and an ougmation 136 which outputs various
information, such as dressing conditions outpuftech the processing system 105, to the
input section 16 of the polishing apparatus. I pinesent embodiment, the relay device
102 has a transmitting and receiving section inctvithe input section 134 and the output
section 136 are integrally formed. Further, tHayrelevice 102 has an output section 139
which outputs various information, such as the datae surface properties of the polishing
pad 2 inputted from the input section 134, to tiput section 107 of the processing system
105, and an input section 138 to which variousrmétion, such as the dressing conditions
outputted from the output section 110 of the prsicgssystem, is inputted. The relay
device 102 has a processing section 140, and theegsing section 140 controls the
transmission and reception of information betwd®a polishing apparatus and the relay

device 102, and the transmission and receptionfofmation between the relay device 102

48



10

15

20

25

and the processing system 105.

[0140] The polishing apparatus can be connectel thi relay device 102 by wireless
communication (for example, high speed WiFi (reyestl trademark)) or wire
communication, and the relay device 102 can beeaxiad with the processing system 105
with the relay device 102 by wireless communicat{for example, high speed WiFi
(registered trademark)) or wire communication. the present embodiment, the polishing
apparatus is connected with the processing systénioyt a network (for example, Internet)
through the relay device 102.

[0141] The polishing system 100 may use the surfaoperty values of the pad, which are
obtained by the processing system 105, or inpuitethe processing system 105, for
detection of an abnormality. In this case, thecgssing section 108 of the processing
system 105 determines an occurrence of an abntyroélihe surface properties of the pad
if the surface property value of the pad and itsetdependent change fall outside preset
values (threshold values), and thus outputs anratality signal to the polishing apparatus.
When the abnormality signal is inputted to the tnpection 16, the polishing apparatus
issues an alarm. In this situation, operatiomefgdolishing apparatus may be stopped.
[0142] Further, the polishing system 100 may deiteembased on the surface property
values of the pad, which are obtained by the psicgssystem 105, or inputted to the
processing system 105, a necessity of dressinghwhfresents whether or not the dressing
of the polishing pad 2 is required, a necessityadditional dressing which represents
whether or not the additional dressing is requieed] a replacement of the dresser. In this
case, the processing system 105 outputs the rniyoafsdressing, the necessity of additional
dressing, and the replacement of the dresser, laadoolishing apparatus is operated
according to the inputted information.

[0143] For example, the polishing apparatus obtdata of the surface properties of the
polishing pad 2 after dressing of the polishing ga@nd outputs the data to the polishing
system 105. The polishing system 105 determinesther or not the dressing of the

polishing pad 2 is required (i.e., the necessitgreksing) based on the data of the surface
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properties after dressing. The processing sys@snolitputs the necessity of dressing to
the polishing apparatus, and the polishing appsu@tatrols operations of the dresser based
on the determined necessity of dressing. Speltyficahen information representing that
the dressing is required is inputted to the palighapparatus, the polishing apparatus
performs the dressing of the polishing pad. Ad time, the polishing apparatus dresses the
polishing pad under the suitable dressing conditiahich have been outputted from the
processing system 105. When information represgtitiat no dressing is required is input
to the polishing apparatus, the polishing apparatags polishing of next substrate W
without performing the dressing of the polishing pa

[0144] As described above, the surface-propertysomézg device 30 of the polishing
apparatus can obtain data of the surface propeiftid®e polishing pad 2 during polishing of
the substrate W, or dressing of the polishing padThus, the polishing apparatus transmits
data of the surface properties of the polishing2abtained during dressing of the polishing
pad 2, to the processing system 105, and processtigppn 108 of the processing system
105 modifies, during dressing of the polishing Radliressing conditions based on the data
of the surface properties of the polishing pad 2he middle of dressing process. The
modified dressing conditions are sent to the pmigshpparatus, and the polishing apparatus
performs dressing of the polishing pad accordintpéamodified dressing conditions.

[0145] As shown in FIG. 26, the processing seclid@ of the processing system 105 may
have an artificial intelligence (Al) function. this case, the processing section 108 utilizes
the artificial intelligence function to predict &ble dressing conditions, necessity of
dressing, necessity of additional dressing, andacement time of the dresser. The
processing 108 performs machine learning or despileg to evaluate surface properties of
the pad and surface conditions of the pad, whettebyrocessing system 105 predicts the
suitable dressing conditions, the necessity ofsilngs the necessity of additional dressing,
and the replacement time of the dresser and outipoe to the polishing apparatus. The
processing system 105 can continuously store inrdgemation acquired by the surface-

property measuring device 30 of the pad in theag®rsection 111, and use these stored
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image information as learning data, teacher dath/esarning data set.

[0146] Further, the processing system 105 may looad computing system or a fog
computing system constructed outside a factoryhichvthe polishing apparatus is installed,
or be a cloud computing system or a fog computysesn constructed inside a factory in
which the polishing apparatus is installed.

[0147] Such polishing system 100 is constructedalyeural network form or quantum
computing form as artificial intelligence. In thmolishing system 100, the data (for
example, the reflection intensity distribution amége information) representing the surface
properties of the polishing pad 2 obtained by tivase-property measuring device 30 of the
polishing apparatus is transmitted to the procgssystem 105 through the relay device 102,
such as a router. The processing system 105egtitize artificial intelligence function to
perform machine learning or deep learning, and pradicts and outputs to the polishing
apparatus the suitable dressing conditions, theesség of dressing, the necessity of
additional dressing.

[0148] Machine learning or deep learning uses tadhta. The processing system 105
includes the storage section 111, and this st@agion 111 stores in advance teacher data
to be compared with the data of the surface priggentf the polishing pad 2 inputted to the
input section 107. The teacher data includesgXample, data values of the polishing pad
2 for determining dressing conditions, thresholtlies of data of the polishing pad 2 that
requires the replacement of the polishing pad 2ageminformation of the polishing pad 2
that requires the additional polishing or the repiaent of the polishing pad, and the like.
The teacher data used for machine learning or leée@mng is normal data, abnormal data, or
reference data.

[0149] When normal data is used as the teachey haehine learning or deep learning is
performed using the normal data as teacher ddteteby construct a learned model. To
the processing section 108 of the processing sy&@@mthe data representing the surface
properties of the polishing pad 2 is inputted frdne polishing apparatus, and then

processing using this learned model is performethen, the processing section 108
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evaluates the surface properties of the pad. Tdweepsing section 108 accumulates data,
which is determined to be equivalent to the nordah, as additional teacher data in the
storage section 111. Further, the processingoset8 performs the learning based on the
teacher data and the additional teacher data tateigde learned model for predicting the
suitable dressing conditions, the necessity ofsilngs the necessity of additional dressing,
and the replacement time of the dresser. Thisdelamodel is utilized to make prediction
with respect to newly inputted data of the surfaicperties of the polishing pad 2.

[0150] When the data representing the surface piepeof the polishing pad 2 inputted
from the polishing apparatus fall outside a nortypaletermination condition of the learned
model obtained, the processing section 108 of theggsing system 105 determines that an
abnormality of the polishing pad 2 occurs, and oig@n abnormality information to the
polishing apparatus.

[0151] In this manner, inputting data representivggsurface properties of polishing pad 2,
such as the reflection intensity distribution, amége information, to the polishing system
100 constructed in the form of a neural networkbées diagnosis results of the pad surface,
such as the suitable dressing conditions, the siég@$ dressing, the necessity of additional
dressing, the replacement time of the dresserit@ndbnormality of polishing pad 2, to be
provided. In this case, the polishing system HdKegs the data representing the surface
properties of the polishing pad 2 as input, angutstthe diagnosis results of the pad surface.
In the learning, a combination of the data repri@sgrthe surface properties of the polishing
pad 2, and results of normal/ abnormal diagnosisbeaused as teacher data. As a result,
when there is an abnormal cause in the operatistiugtion from an operator of the
polishing apparatus, it is possible to provide @provement proposal for the operation.
Further, automatic dressing operation is possibthe polishing apparatus.

[0152] Even if the data representing the surfacpgmnties of the polishing pad 2 has a
relatively large volume, the polishing system l@hstructed as artificial intelligence by
neural network form or quantum computing form cescpss a large amount of information.

Therefore, the polishing apparatus utilizes thdaserproperty measuring device 30 to

52



10

15

20

25

acquire image information of the polishing pad 2 aturality of measurement points on the
Substrate W.

[0153] FIG. 27A is a schematic view showing an eglenof the plurality of measurement
points for the surface-property measuring devicea®@ FIG. 27B is a conceptual view
showing an overview of operation of the polishiyggtem when processing a plurality of
image information of the polishing pad 2 measuteshah measurement point shown in FIG.
27A. In the example shown in FIG. 27A, the surfpogperty measuring device 30
acquires the image information of the polishing [2adt thirteen measurement points S,
including a center CP of the substrate W.

[0154] As shown in FIG. 27B, the polishing appasatoputs the plurality of image
information of the polishing pad 2 acquired by theface-property measuring device 30,
and each coordinate of the substrate W from wiiiehrhage information has been acquired,
to the processing section 108. The processingosetd8 retrieves the learned model
stored in the storage section 111, processes piten image information of the polishing
pad 2 using the learned model, and diagnoses susfaperties of the pad corresponding to
each coordinate. Further, the processing secti@olitputs the diagnosis results of the
pad surface, such as the suitable dressing comglitibe necessity of dressing, the necessity
of additional dressing, the replacement time ofdfesser, and the abnormality of polishing
pad 2, to the polishing apparatus.

[0155] According to the polishing system 100 showi1G. 26, even when the plurality
of image information of the polishing pad 2is irtpdt the diagnosis results of the pad
surface can be outputted at a relatively high speédirther, the plurality of image
information is accumulated in the storage sectitihds the additional teacher data, and as a
result, the polishing system 100 can improve acguia the diagnosis results of the pad
surface in a relatively short period.

[0156] FIG. 28 is a schematic view showing anothemple of the polishing system 100
which is constructed as artificial intelligence ngsia neural network form (or quantum

computing form). The configuration of the presambodiment which will not be
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particularly described is the same as that of tislpng system 100 shown in FIG. 26, and
thus a duplicate description thereof will be onditte

[0157] In the polishing system 100 shown in FIG, && processing section 140 of the
relay device 102 has the artificial intelligencd)(function.  This relay device 102 further
has a storage section 142 in which various infaonasuch as teacher data, is stored. In
the polishing system 100 shown in FIG. 28, the dfaiaexample, the reflection intensity
distribution and image information) representing srface properties of the polishing pad 2
obtained by the surface-property measuring devicé3fe polishing apparatus is inputted
in the relay device 102. The relay device 102zefdl the artificial intelligence function to
perform machine learning or deep learning, and pradicts and outputs to the polishing
apparatus the suitable dressing conditions, theesség of dressing, the necessity of
additional dressing, and the replacement timeeftitiesser.

[0158] The relay device 102 located in vicinity tife polishing apparatus, and the
polishing system 100 is constructed as an edge wtimgpsystem. Therefore, in the
polishing system 100 according to the present eimimd, the relay device 102 can process
diagnosis results of the pad surface, such adiitable dressing conditions, the necessity of
dressing, the necessity of additional dressingrépéacement time of the dresser, and the
abnormality of polishing pad 2, at high speed, anput to the polishing apparatus. For
example, even when image information of the palighpad 2 at the plurality of
measurement points S as shown in FIG.27A is aajuaed the image information is
inputted in the relay device 102, the relay devi€2 of the polishing system 100 can
process the plurality of image information at hgpeed to quickly output the diagnosis
results of the pad surface to the polishing apparat Therefore, even if dressing conditions
are to be modified in the middle of dressing precdise relay device 102 can output the
suitable dressing conditions based on the imagention.

[0159] On the other hand, information that is required to be processed at high speed
(for example, status information of the polishingparatus) can be transmitted from the

polishing apparatus to the processing system I@&gh the relay device 102. As a result,
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the processing section 104 of the relay deviceid0t required to perform unnecessary
information processing, so that the plurality ohge information can be processed at higher
speed.

[0160] FIG. 29 is a schematic view showing an eXanop the controller of the polishing
apparatus having an artificial intelligence funetio As shown in FIG. 29, the controller 23
of the polishing apparatus may have the artifioklligence function. The polishing
apparatus has a storage section 7, and the s&eatjen 7 stores various information, such
as teacher data.

[0161] The data representing the surface propesfig®lishing pad 2, which is obtained
by the surface-property measuring device 30 (foangle, the reflection intensity
distribution, and image information) is inputted tine controller 23 of the polishing
apparatus. The controller 23 utilizes the artafiantelligence function to perform machine
learning or deep learning, and thus predicts titatda dressing conditions, the necessity of
dressing, the necessity of additional dressing, #wedreplacement time of the dresser.
Further, the controller 23 controls operations h@ polishing apparatus according to the
suitable dressing conditions, the necessity ofsilngs the necessity of additional dressing,
and the replacement time of the dresser, whicpradicted.

[0162] For example, when the controller 23 predictd the additional dressing is required,
the controller 23 further performs the additioneéss$ing after the dressing is completed.
The controller 23 predicts suitable dressing camust for the additional dressing, and
dresses the polishing pad 2 according to the deithbssing conditions.

[0163] The previous description of embodimentsr@vjgled to enable a person skilled in
the art to make and use the present invention. eda@r, various modifications to these
embodiments will be readily apparent to those eliih the art, and the generic principles
and specific examples defined herein may be apiether 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 limnitati the claims.

Industrial Applicability
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[0164] The present invention is applicable to aighohg apparatus having a surface-
property measuring device for measuring surfacpeastis of a polishing pad which is used
to polish a substrate, such as a semiconductor veafe a polishing system including such a
polishing apparatus.

Reference SignsList

[0165] 1 polishing table
2 polishing pad
15 output section
16 input section
20 dressing apparatus
22 dresser
23 controller
30 surface-property measuring device
40 processer
43 casing
44 cutout
45 nozzle
47 filter
48 frame
49 motor pedestal

50 support arm
52 support plate
53 moving unit
55 fixed block
56 pivot block

58 rotational shaft
59 motor
60 pivot mechanism
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62
63
64
65
66
67
68
69
70
72
73
74
77,78
80
81
82
83
85
86
89
90
91
92
93
95
96
98
100

piston

cylinder

first plate

second plate

rotational pin

pin

through-hole

barrier

attitude adjusting mechanism
support base

adjustment pin
through-hole

positioning plate
displacement mechanism
slotted hole

support shaft
piston-cylinder mechanism
piston

cylinder

first joint

second joint

dresser shaft

rotary encoder

pneumatic cylinder (elevating mechnism)
sub-arm

motor (rotating actuator)
support shaft

polishing system
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102
105
107
108
110
111

relay device

polishing-process generation system
input section

processing section

output section

storage section
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CLAIMS

[Claim 1] A polishing apparatus, comprising:

a surface-property measuring device configured to measure surface properties of a
polishing pad,;

a support arm for supporting the surface-property measuring device; and

a moving unit coupled to the support arm and configured to automatically move the
surface-property measuring device from a retreat position to a measure position and

a position adjusting mechanism for automatically adjusting an attitude of the
surface-property measuring device such that a lower surface of the surface-property
measuring device moved to the measure position becomes to be parallel to a surface of the
polishing pad,

wherein the position adjusting mechanism has a support base disposed below the
support arm, and at least one adjustment pin which is fixed to an upper surface of the
surface-property measuring device, and extends through a through-hole formed in the

support base.

[Claim 2] The polishing apparatus according to claim 1, wherein the moving unit
includes:

a fixed block which is fixed to the polishing apparatus;

a pivot block which is coupled to the support arm;

a rotational shaft for pivotably coupling the pivot block to fixed block; and

a pivot mechanism for pivoting the pivot block.

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

mechanism is a piston-cylinder mechanism constructed of a piston coupled to the pivot block,

and a cylinder in which the piston is housed so as to be movable back and forth.

[Claim 4] The polishing apparatus according to claim 2, wherein the rotational shaft
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is fixed to the pivot block, and

the pivot mechanism is a motor coupled to the rotational shaft.

[Claim 5] The polishing apparatus according to claim 1, wherein the adjustment pin
has a pin body having a diameter smaller than a diameter of the through-hole, and a pin head

located above the through hole and having a size larger than the diameter of the through-hole.

[Claim 6] The polishing apparatus according to any one of claims 1 through 5,
wherein the surface-property measuring device includes a nozzle configured to eject a

pressurized gas obliquely with respect to a polishing surface of the polishing pad.

[Claim 7] The polishing apparatus according to claim 6, wherein the surface-
property measuring device has a casing in which a measuring structure for measuring the
surface properties of the polishing pad is housed,

the casing has a cutout formed in a bottom thereof, and

the nozzle is configured to eject the pressurized gas so as to flow the pressurized

gas toward an opening of the cutout.

[Claim 8] The polishing apparatus according to any one of claims 1 through 7,
further comprising a displacement mechanism for adjusting a position of the surface-
property measuring device with respect to the polishing pad along the support arm,

wherein the displacement mechanism includes:

a slotted hole extending along the support arm;

a support shaft inserted into the slotted hole, and

the support shaft has a shaft body coupled to the surface-property measuring device,
and a shaft head which is in contact with a stepped portion formed inside the slotted hole to

thereby support the surface-property measuring device coupled to the shaft body.
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[Claim 9] The polishing apparatus according to claim 8, wherein the displacement
mechanism further includes a piston coupled to the surface-property measuring device, and a
cylinder in which the piston is housed so as to be movable back and forth, and

the cylinder of the displacement mechanism is fixed to the support arm.

[Claim 10] The polishing apparatus according to any one of claims 2 through 4,
wherein the pivot block is constructed of a first plate coupled to the support arm and a
second plate coupled to the fixed block, and

the second plate is pivotably coupled to the first plate via a rotational pin.

[Claim 11] A polishing apparatus, comprising:

a surface-property measuring device configured to measure surface properties of a
polishing pad;

a support arm for supporting the surface-property measuring device; and

a moving unit coupled to the support arm and configured to automatically move the
surface-property measuring device from a retreat position to a measure position,

wherein the surface-property measuring device includes a nozzle configured to
eject a pressurized gas obliquely with respect to a polishing surface of the polishing pad,
wherein the surface-property measuring device has a casing in which a measuring structure
for measuring the surface properties of the polishing pad is housed, and

positioning plates fixed to the casing, and

wherein the positioning plates keep a distance from the polishing pad to the
measuring structure in the vertical direction, and an angle of the surface-property measuring
device with respect to the polishing pad constant, when the positioning plates are brought

into contact to the polishing pad.

[Claim 12] The polishing apparatus according to claim 6, wherein the surface-

property measuring device has a casing in which a measuring structure for measuring the
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surface properties of the polishing pad is housed, and
two filters disposed in the casing and having a translucency, respectively, and
wherein the measuring structure includes at least light source and a light receiver,
a light emitted from the light source is applied through one of the two filters onto
the polishing pad, and
a light reflected by the polishing pad is received through the other of the two filters

to the light receiver.

[Claim 13] The polishing apparatus according to claim 1, further comprising a dresser
configured to dress a surface of the polishing pad,

wherein the surface-property measuring device is mounted to the dresser,

the support arm is a dresser arm for rotatably supporting a dresser shaft coupled to
the dresser, and

the moving unit mechanism includes an elevating actuator for moving the dresser
shaft up and down with respect to the dresser arm, and a rotational actuator for pivoting a

support shaft coupled to the dresser arm.

[Claim 14] The polishing apparatus according to claim 13, wherein a dressing
member provided at the dresser has a ring shape having a through-hole extending from an
upper surface to a lower surface thereof, and

the surface-property measuring device measures the surface properties of the

polishing pad through the through-hole of the dressing member.

[Claim 15] The polishing apparatus according to claim 13, wherein the surface-

property measuring device comprises of a plurality of surface-property measuring devices

mounted to the dresser.
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[Claim 16] The polishing apparatus according to claim 15, wherein some of the
plurality of surface-property measuring devices are surface-property measuring devices
configured to apply a laser beam to the polishing pad and to receive reflected light that is
reflected by the surface of the polishing pad, thereby measuring the surface properties of the

pad.

[Claim 17] The polishing apparatus according to claim 15 or 16, wherein some of the
plurality of surface-property measuring devices are surface-property measuring devices
configured to measure the surface properties of the pad from image information of a surface

of the polishing pad acquired by an imaging device.

[Claim 18] The polishing apparatus according to any one of claims 15 through 17,
wherein a dressing member provided at the dresser has a ring shape having a through-hole
extending from an upper surface to a lower surface thereof, and

one of the plurality of surface-property measuring devices measures the surface

properties of the polishing pad through the through-hole of the dressing member.

[Claim 19] A polishing system, comprising:
a polishing apparatus according to any one of claims 1 through 18; and
a processing system in which data of the surface properties of the polishing pad
obtained by use of a surface-property measuring device of the polishing apparatus is inputted,
wherein the processing system includes:
an input section in which the data of the surface properties of the polishing
pad outputted from the polishing apparatus is inputted;
a processing section which determines dressing conditions based on the
data of the surface properties of the polishing pad inputted to the input section; and
an output section which outputs the dressing condition, determined by the

processing section, to the polishing apparatus, and
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the polishing apparatus is configured to dress the polishing pad based on the

dressing conditions outputted from the output section.

[Claim 20] The polishing system according to claim 19, wherein the processing
system further includes a storage section which stores in advance teacher data for
determining the dressing conditions, and

the processing section of the processing system determines the dressing conditions

of the polishing apparatus based on the teacher data.

[Claim 21] The polishing system according to claim 19 or 20, wherein the polishing
apparatus transmits data of the surface properties of the polishing pad, which is obtained
after dressing of the polishing pad, to the input section of the processing system, and

the processing section of the processing system determines necessity of dressing,
necessity of additional dressing, and replacement of a dresser, based on the data of the

surface properties of the polishing pad which is obtained after dressing.

[Claim 22] The polishing system according to any one of claims 19 through 21,
wherein the polishing apparatus transmits data of the surface properties of the polishing pad,
which is obtained during dressing of the polishing pad, to the input section of the processing
system, and

the processing section modifies, based on the data of the surface properties of the
polishing pad during dressing, the dressing conditions in the middle of dressing process of

the polishing pad.

[Claim 23] The polishing system according to any one of claims 19 through 22,

wherein the processing system is connected the polishing apparatus through network.
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