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DESCRIPTION
Title of Invention
SURFACE PROPERTY MEASURING APPARATUS FOR POLISHINGAD,
SURFACE PROPERTY MEASURING METHOD FOR POLISHING PAIAND
SURFACE PROPERTY JUDGING METHOD FOR POLISHING PAD

Technical Field

[0001] The present invention relates to a surfacpgrty measuring apparatus for a
polishing pad used for polishing a substrate, sasta semiconductor wafer, a surface
property measuring method for a polishing pad, arslirface property judging method
for a polishing pad.

Background Art

[0002] With a recent trend toward higher integmati@nd higher density in
semiconductor devices, circuit interconnects bec@imer and finer and the number of
levels in multilayer interconnect is increasingn the process of achieving the multilayer
interconnect structure with finer interconnectéinficoverage of step geometry (or step
coverage) is lowered through thin film formation tae number of interconnect levels
increases, because surface steps grow while fallpwurface irregularities on a lower
layer. Therefore, in order to fabricate the maitédr interconnect structure, it is
necessary to improve the step coverage and plandne surface in an appropriate
process. Further, since finer optical lithogragmails shallower depth of focus, it is
necessary to planarize surfaces of semiconductocalso that irregularity steps formed
thereon fall within a depth of focus in opticahligraphy.

[0003] Accordingly, in a manufacturing process die tsemiconductor devices, a
planarization technique for a surface of the sendootor device is becoming more
important. The most important technique in thigfae planarization is chemical
mechanical polishing (CMP). This chemical mechalipolishing is a process of

polishing a substrate, such as a wafer, by plattiegsubstrate in sliding contact with a
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polishing surface of a polishing pad while suppdyapolishing liquid onto the polishing
surface. The polishing liquid is slurry containiagrasive grains, such as silica (8O
or ceria (Ce®.
[0004] A polishing apparatus for performing CMP @ofical Mechanical Polishing)
described above includes a polishing table havipglshing pad and a substrate holding
device called a polishing head for holding a semdcmtor wafer (substrate). The
polishing apparatus is configured to polish an latsng film, a metal film, or the like on
the substrate by pressing the substrate againgbdh&hing pad with a predetermined
pressure while holding the substrate by the sulestralding device.
[0005] When the substrate is polished, the abragiams and polishing debris adhere to
the surface of the polishing pad, and the surfae@e and condition of the polishing pad
change, resulting in deterioration of polishingfpenance. As a result, as polishing of
substrate is repeated, a polishing rate decreasksreeven polishing occurs. Therefore,
in order to repair the surface shape and conditibnhe deteriorated polishing pad,
dressing (conditioning) of the polishing pad isfpemed using a dresser.
[0006] The surface shape and condition of the pwits pad, i.e., a surface property of
the polishing pad is one of factors that deternieCMP performance. Therefore, it is
desirable to directly measure the surface propeftyhe polishing pad and reflect a
measured value of the polishing pad in the dressiagdition. Therefore, in a
conventional polishing apparatus, a device foraliyemeasuring the surface property of
the polishing pad is used to determine the dressomglition. In this specification, a
device for measuring a surface property of a pwoigipad is referred to as a “surface
property measuring apparatus”.
Citation List
Patent Literature
[0007] Patent document 1: International Patent ieatdbn No. WO 2016/111335
Patent document 2: Japanese laid-open patencptibii No. 2015-174156
Patent document 3: Japanese laid-open patencptibh No. 2019-19370
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Summary of Invention

Technical Problem

[0008] Recently, from a viewpoint of evaluatinguaface condition of the polishing pad
in more detail and optimizing the dressing conditithere is an increasing demand for
measuring the surface property of the polishing wél higher accuracy. In addition,
from a viewpoint of extending a life of the dresbgrpreventing excessive dressing and
reducing consumables, such as slurry used fortpoisa substrate, there is an increasing
demand for accurately judging the surface propefrthe polishing pad.

[0009] Accordingly, an object of the present inventis to provide a surface property
measuring apparatus for a polishing pad and a®ipaoperty measuring method for a
polishing pad capable of improving accuracy of rueag a surface property of a
polishing pad. An object of the present inventisrto provide a method capable of
accurately judging a surface property of a poligipad.

Solution to Problem

[0010] In an embodiment, there is provided a s@iamperty measuring apparatus for a
polishing pad used for polishing a substrate, caimy: a light-emitting structure
configured to irradiate the polishing pad with ligihom a plurality of directions as
viewed from a polishing-surface side of the polighpad; and a light-receiving structure
configured to receive reflected light travelingarplurality of directions from the surface
of the polishing pad.

[0011] In an embodiment, the surface property meaguapparatus further comprises
an irradiating-direction changing mechanism conguto change an irradiating direction
of the light.

In an embodiment, the irradiating-direction chaggmechanism comprises a
rotating motor configured to rotate the light-emijt structure and the light-receiving
structure, and a shaft coupled to the rotating moto

In an embodiment, the light-emitting structure luges a plurality of light

sources facing in different directions; and thétigeceiving structure includes a plurality
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of light-receiving elements facing in different elitions.

In an embodiment, the surface property measumppguatus further comprises a
data processing device electrically coupled to light-receiving structure, the data
processing device being configured to determineiralex value based on intensity
distributions of a plurality of reflected lightsoin the polishing pad corresponding to a
plurality of lights irradiating the polishing padom different directions, the index value
indirectly indicating a surface property of theipbing pad.

[0012] In an embodiment, there is provided a s@fpperty measuring method for a
polishing pad, comprising: irradiating the polishipad with a plurality of lights from
different irradiating directions as viewed from aliphing-surface side of the polishing
pad; receiving a plurality of reflected lights frothe polishing pad corresponding
respectively to the plurality of lights irradiatinge polishing pad; obtaining intensity
distributions of the plurality of reflected lightand determining an index value based on
the intensity distributions, the index value inditg indicating a surface property of the
polishing pad.

[0013] In an embodiment, irradiating the polishad with the plurality of lights from
the different irradiating directions comprises dligting the polishing pad with light while
changing an irradiating direction of the light; amedeiving the plurality of reflected lights
from the polishing pad comprises receiving the alty of reflected lights from the
polishing pad corresponding to lights irradiatinige tpolishing pad from different
irradiating directions.

In an embodiment, irradiating the polishing padhvhe plurality of lights from
the different irradiating directions comprises digting the polishing pad with the
plurality of lights from a plurality of irradiatinglirections, the plurality of lights being
emitted by a plurality of light sources; and reaaivthe plurality of reflected lights from
the polishing pad comprises receiving, by a pltyadif light-receiving elements, the
plurality of reflected lights from the polishing gpaorresponding to the plurality of lights

irradiating the polishing pad from the pluralityiofadiating directions.
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[0014] In an embodiment, there is provided a s@fpooperty judging method for a
polishing pad, comprising: irradiating a pluraliy points on a surface of the polishing
pad with laser light; receiving a plurality of refted lights from the surface of the
polishing pad; determining intensity distributiomisthe plurality of reflected lights at the
plurality of points on the surface of the polishipgd; calculating a wavelength
composition ratio from the intensity distributiotstermined at the plurality of points, the
wavelength composition ratio indirectly indicatimgsurface property of the polishing
pad; judging whether the surface property of thisshimg pad is good or not based on the
wavelength composition ratio.

[0015] In an embodiment, calculating the wavelengttimposition ratio from the
intensity distributions determined at the pluraliof points comprises calculating
wavelength composition ratios from the intensitstgibutions, respectively.

In an embodiment, calculating the wavelength casitpm ratio from the
intensity distributions determined at the pluralif points comprises: calculating an
average of the intensity distributions; and caltntathe wavelength composition ratio
from the average of the intensity distributions.

In an embodiment, judging whether the surface gnypof the polishing pad is
good or not based on the wavelength compositidn camprises: determining whether
the wavelength composition ratios are within a ptednined reference range; and
judging that the surface property of the polishiragl is good when all of the wavelength
composition ratios are within the predetermineénefice range.

In an embodiment, judging whether the surface gnypof the polishing pad is
good or not based on the wavelength compositioo caimprises: calculating an average
of the wavelength composition ratios; comparing theerage with a predetermined
threshold value; determining whether the wavelengimposition ratios are within a
predetermined reference range; and judging thasuhface property of the polishing pad
is good when the average is smaller than the tbreshalue and all of the wavelength

composition ratios are within the predetermineénefice range.
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In an embodiment, judging whether the surface gnypof the polishing pad is
good or not based on the wavelength compositioo caimprises: calculating an average
of the wavelength composition ratios; comparing theerage with a predetermined
threshold value; determining whether the wavelengimposition ratios are within a
predetermined reference range; and judging thasuhface property of the polishing pad
is good when the average is larger than the thléskedue and all of the wavelength
composition ratios are within the predetermineénefice range.

In an embodiment, the surface property judging hoet further comprises
terminating a break-in process of the polishing pdden the surface property of the
polishing pad is determined to be good.

Advantageous Effects of Invention

[0016] According to the present invention, the msigy distributions of the reflected
lights from the polishing pad corresponding to ligats directed to the polishing pad in
different directions can be obtained. As a resthle measurement accuracy of the
surface property of the polishing pad can be imedov Furthermore, according to the
present invention, the intensity distributions tué reflected lights from the polishing pad
at a plurality of points on the surface of the gliing pad are obtained. As a result, the
surface property of the polishing pad includingplane variations can be evaluated.
Accordingly, the surface property of the polishjpad can be judged with high accuracy.
Brief Description of Drawings

[0017]

[FIG. 1] FIG. 1 is a schematic diagram showing arbediment of a polishing apparatus
including a surface property measuring apparatua fmlishing pad;

[FIG. 2] FIG. 2 is a schematic diagram showing abediment of an internal structure
(measuring structure) of a measuring head;

[FIG. 3] FIG. 3 is a schematic diagram showing heotembodiment of the internal
structure of the measuring head;

[FIG. 4] FIG. 4 is a diagram explaining reflectéght from a polishing pad;
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[FIG. 5] FIG. 5 is a schematic diagram showing atispp wavelength spectrum of a

surface of the polishing pad;

[FIG. 6] FIG. 6 is a perspective view schematicaliywing an embodiment in which the
measuring head is arranged at a measuring position;

[FIG. 7A] FIG. 7A is a front view of the measurihgad;

[FIG. 7B] FIG. 7B is a bottom view of the measurimgad;

[FIG. 8] FIG. 8 is an enlarged schematic diagramowshg the measuring head and its
surroundings shown in FIG. 6;

[FIG. 9] FIG. 9 is a flow chart showing an embodithef a surface property judging

method;

[FIG. 10] FIG. 10 is a diagram showing an examgdlenaltiple measurement points on

the surface of the polishing pad;

[FIG. 11] FIG 11 is a graph showing an example af/@length composition ratios under
each processing condition of the polishing padrdubreak-in process;

[FIG. 12A] FIG. 12A is a diagram comparing the wiavgth composition ratios under a
condition 1 in FIG. 11 with a predetermined refemrange and a predetermined
threshold value;

[FIG. 12B] FIG. 12B is a diagram comparing the wamgth composition ratios under a
condition 6 in FIG. 11 with a predetermined refe®mrange and a predetermined
threshold value;

[FIG. 12C] FIG. 12C is a diagram comparing the wangth composition ratios under a
condition 10 in FIG. 11 with a predetermined refie range and a predetermined
threshold value;

[FIG. 13] FIG. 13 is a flow chart showing anothenldiment of a surface property
judging method;

[FIG. 14] FIG. 14 is a diagram showing results adasuring the surface property of the
polishing pad 2 after dressing of the polishing pggerformed under predetermined

dressing condition while the substrate W is polishend calculating the wavelength
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composition ratios;

[FIG. 15] FIG. 15 is a schematic diagram showingthar embodiment of the surface
property measuring apparatus;

[FIG. 16] FIG. 16 is a diagram showing a light-émi structure and a light-receiving
structure when rotating around an axis;

[FIG. 17] FIG. 17 is a flow chart showing an embuodnt of a surface property measuring
method for the polishing pad;

[FIG. 18] FIG. 18 is a graph showing an intensiistrbution of reflected light from the
polishing pad when an irradiating angle is 0°;

[FIG. 19] FIG. 19 is a graph showing an intensiistrbution of reflected light from the
polishing pad when the irradiating angle is 45°;

[FIG. 20] FIG. 20 is a graph showing the intensiistribution of reflected light from the
polishing pad when the irradiating angle is 90°;

[FIG. 21] FIG. 21 is a graph showing the intensliistribution of reflected light from the
polishing pad when the irradiating angle is 135°;

[FIG. 22] FIG. 22 is a graph showing the intensiistribution of reflected light from the
polishing pad when the irradiating angle is 180°;

[FIG. 23] FIG. 23 is a graph showing the intensiistribution of reflected light from the
polishing pad when the irradiating angle is 225°;

[FIG. 24] FIG. 24 is a graph showing the intensiistribution of reflected light from the
polishing pad when the irradiating angle is 270°;

[FIG. 25] FIG. 25 is a graph showing the intensiistribution of reflected light from the
polishing pad when the irradiating angle is 315°;

[FIG. 26] FIG. 26 is a schematic diagram showinljatother embodiment of the surface
property measuring apparatus; and

[FIG. 27] FIG. 27 is a top view of a measuring hehdwn in FIG. 26.

Description of Embodiments
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[0018] Hereinafter, embodiments of the present mio® will be described with
reference to the drawings. In the drawings desdritelow, the same or corresponding
components are denoted by the same reference nigmend repetitive descriptions are
omitted.

FIG. 1 is a schematic diagram showing an embodiraka polishing apparatus
including a surface property measuring apparatua fwlishing pad. As shown in FIG.
1, the polishing apparatus (CMP apparatus) incliadg®lishing table 1 configured to
support a polishing pad 2, a polishing head 10igaréd to hold a substrate W which is
an object to be polished (e.g., a semiconductoeryaind press the substrate W against
the polishing pad on the polishing table, a dregslavice 20 configured to dress the
polishing pad 2, a surface property measuring appar30 configured to measure a
surface property of the polishing pad 2, such asréace shape and a surface condition of
the polishing pad 2, and an operation controlleosfigured to control operations of each
component of the polishing apparatus.

[0019] The polishing table 1 is coupled via a tafihaft 4 to a table rotating motor 3
disposed below the polishing table 1. The polighimble 1 is rotatable about an axis
AX1 of the table shaft 4. The polishing pad 2 iehed to an upper surface of the
polishing table 1, and a surface of the polishiadg @ constitutes a polishing surface 2a
for polishing the substrate W. The polishing paid 2ttached to the polishing table 1
such that a center O of the polishing pad 2 isheraixis AX1. A polishing-liquid supply
nozzle (not shown) is installed above the polishaige 1, and a polishing liquid (slurry)
is supplied onto the polishing pad 2 on the patighable 1 by the polishing-liquid supply
nozzle.

[0020] The polishing head 10 is coupled to a patighhead shaft 11, and the polishing-
head shaft 11 is vertically movable with respec fmolishing-head oscillation arm 12 by
an elevating mechanism (not shown). The elevatmgchanism is coupled to the
polishing-head oscillation arm 12. When the patigkhead shaft 11 is moved up and

down, the entire polishing head 10 is moved up @man with respect to the polishing-
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head oscillation arm 12, and positioning of theigiohg head 10 is achieved. The
polishing-head shaft 11 is rotated by a polishieg¢hrotating motor (not shown), so that
the polishing head 10 rotates around an axis ofpthleshing-head shaft 11. In one
embodiment, the polishing-head rotating motor maydeated within the polishing-head
oscillation arm 12.

[0021] As shown in FIG. 1, the polishing head 1@amfigured to be able to hold the
substrate W, such as a semiconductor wafer, olower surface. The polishing-head
oscillation arm 12 is configured to swing, so thia¢ polishing head 10 holding the
substrate W on its lower surface can be moved faosubstrate receiving position to a
position above the polishing table 1 by the swingion of the polishing-head oscillation
arm 12. The polishing head 10, holding the subsi¥ on its lower surface, presses the
substrate W against the surface (polishing surf2ae of the polishing pad 2. The
polishing table 1 and the polishing head 10 arateot, and the polishing liquid (slurry) is
supplied onto the polishing pad 2 from the polighiquid supply nozzle (not shown)
provided above the polishing table 1. The polighilguid used in this embodiment
contains silica (Sig) or ceria (Ce® as abrasive grains. In this way, while the potig
liquid is being supplied onto the polishing padi# substrate W is pressed against the
polishing pad 2, and the substrate W and the polishad 2 are moved relative to each
other, so that an insulating film, a metal filmc.ebn the substrate is polished. An
example of the insulating film includes SiO Examples of the metal film include Cu
film, W film, Ta film, and Ti film.

[0022] The dressing device 20 includes a dressecd#figured to rub against the
polishing surface 2a of the polishing pad 2, a skeshaft 24 coupled to the dresser 22,
an air cylinder 23 provided at an upper end ofdhesser shaft 24, and a dresser arm 21
that rotatably supports the dresser shaft 24. wetqgoart of the dresser 22 is composed
of a dressing member 22a. The dressing membeh&2aa circular dressing surface,
and hard particles are fixed to the dressing sarflag electrodeposition or the like.

Examples of hard particles include diamond paicled ceramic particles.

10



10

15

20

25

[0023] A dresser rotating motor (not shown) is aged in the dresser arm 21. The
dresser shaft 24 is rotated by the dresser rotatior, so that the dresser 22 is rotated
around an axis of the dresser shaft 24 by theiootaif the dresser shaft 24. The air
cylinder 23 vertically moves the dresser shaft @d the dresser 22 together to press the
dressing member 22a against the polishing surfacef2the polishing pad 2 with a
predetermined pressing force.

[0024] The air cylinder 23 is coupled to a gas $ypource (not shown) and is
configured to apply a dressing load on the polghpad 2 to the dresser 22. The
dressing load can be regulated by air pressurelisdpnto the air cylinder 23.
Furthermore, the air cylinder 23 can move the @ne22 away from the polishing surface
2a of the polishing pad 2. The air cylinder 23dtimns as an elevating actuator that
vertically moves the dresser shaft 24 and the dre&relative to the dresser arm 21. In
one embodiment, a combination of a servomotor amdlbscrew mechanism may be
used as the elevating actuator that moves theairsbaft 24 and dresser 22 up and down
relative to the dresser arm 21.

[0025] The dressing device 20 further includes @psut shaft 26 coupled to the dresser
arm 21, and a support-shaft rotating motor (rotptiotuator) 27 configured to rotate the
support shaft 26. When the support-shaft rotatmegor 27 is in motion, the dresser arm
21 rotates about the support shaft 26.

[0026] The dressing of the polishing surface 2ahef polishing pad 2 is performed as
follows. The polishing table 1 and the polishirgd@ are rotated by the table rotating
motor 3, and a dressing liquid (for example, puegen) is supplied onto the polishing
surface 2a of the polishing pad 2 from a dressimgid supply nozzle (not shown). In
this state, the dresser 22 is rotated around tiseofixhe dresser shaft 24. The dresser 22
is pressed against the polishing surface 2a bgitheylinder 23, so that the lower surface
of the dressing member 22a is placed in slidingaminwith the polishing surface 2a in
the presence of the dressing liquid on the polglsurface 2a. While the dresser 22 is

rotating, the dresser arm 21 swings (or oscillaaesyind the support shaft 26 to move the

11
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dresser 22 in a radial direction of the polishingace 2a. In this manner, the polishing
pad 2 is scraped off by the dresser 22, and théshpofj surface 2a is dressed
(regenerated). The polishing pad 2 has a fine emestructure in its polishing surface
2a. As the polishing of the substrate W progressaised portions of the uneven
structure collapse. The dressing operation camrn@gte the raised portions in an
upright state.

[0027] The operation controller 9 includes a men@eystoring programs therein, and a
processor 9b configured to execute arithmetic dmera according to instructions

included in the programs. The processor 9b indw€PU (Central Processing Unit) or
GPU (Graphic Processing Unit) that performs arittieneperations according to the

instructions included in the programs stored in themory 9a. The memory 9a
comprises a main memory (e.g., random access mgraocgssible by the processor 9b
and an auxiliary memory (e.g., hard disk drive a@lidsstate drive) for storing data and
programs. The operation controller 9 is compodeat keast one computer.

[0028] The table rotating motor 3, the elevatingchanism (not shown), the polishing-
head rotating motor (not shown), the polishingdligsupply nozzle (not shown), the

dressing device 20, and the surface property miegs@apparatus 30 are electrically
coupled to the operation controller 9, and the afans of these components are
controlled by the operation controller 9.

[0029] The surface property measuring apparatu$oB@he polishing pad includes a

measuring head 31 and a data processing devicke&bdially coupled to the measuring

head 31. The surface property measuring appaBatis configured to measure the pad
surface property by irradiating the polishing padith light and receiving reflected light

from the surface (polishing surface 2a) of thegiofig pad 2.

[0030] The data processing device 50 includes a ongmOa storing programs therein,
and a processor 50b configured to execute aritlcnogigrations according to instructions
included in the programs. The processor 50b ireduel CPU (Central Processing Unit)

or GPU (Graphic Processing Unit) that performshanitic operations according to the
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instructions included in the programs stored in themory 50a. The memory 50a
includes a main memory (e.g., random access menaagssible by the processor 50b
and auxiliary memory (e.g., hard disk drive or dddtate drive) for storing data and the
programs. The data processing device 50 is cordpafsat least one computer. In one
embodiment, the operation controller 9 and the qaiteessing device 50 may be an
integrated structure.

[0031] FIG. 2 is a schematic diagram showing an afithent of internal structures
(measuring structures) of the measuring head 3k shwn in FIG. 2, the measuring
head 31 includes a light-emitting structure 32 mpkd to irradiate the polishing pad 2
with light, and a light-receiving structure 35 cignired to receive reflected light from the
surface (polishing surface 2a) of the polishing @2ad The light-emitting structure 32
includes a light source 33 configured to emit igatl An example of the light emitted
by the light source 33 is laser light. In this ediment, the light source 33 is a laser
light source configured to emit the laser light.heTlaser light is applied to an irradiation
position P on the polishing surface 2a.

[0032] The light-receiving structure 35 has a ligiteiving element 36. The light-
receiving element 36 may be a linear (one-dimerd)ocharge-coupled device (CCD)
having a dimension capable of receiving Oth-ordéragted light to n-order diffracted
light (e.g., 4th-order diffracted light or 7th-orddiffracted light) of the reflected light
from the polishing pad 2. Alternatively, the liglgceiving element 36 may be a
complementary metal oxide semiconductor (CMOS) aevi The light-receiving
element 36 has a large number of light-receivinglsi and is configured to be able to
detect an intensity of the reflected light at eackel. The light-emitting structure 32
and the light-receiving structure 35 are electlycabupled to the data processing device
50.

[0033] FIG. 3 is a schematic diagram showing ano@mabodiment of the internal
structures of the measuring head 31. Configuratiand operations of the present

embodiment, which are not specifically describede #he same as those of the
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embodiments described with reference to FIG. 2, rapeétitive descriptions thereof will
be omitted. As shown in FIG. 3, the measuring H&haf this embodiment includes a
polarizer 38, an ND filter (neutral density filteB9, and a mirror 40, which are
sequentially arranged along an optical path ofldser light emitted by the light-emitting
structure 32. The mirror 40 is configured to chleuige optical path by reflecting the
laser light emitted by the light-emitting structuB2. A light-reducing filter 41 is
arranged in front of the light-receiving structt8® in the optical path of the reflected
light from the surface of the polishing pad 2.

[0034] The laser light emitted by the light-emigistructure 32 is S-polarized by the
polarizer 38, and then a quantity of the lightagulated by the ND filter 39. The laser
light is then incident on the mirror 40 whose angleadjusted in advance. The laser
light is reflected by the mirror 40 to change ifgical path, and is incident on the surface
of the polishing pad 2. The reflected light frome tsurface of the polishing pad 2 passes
through the light-reducing filter 41 and is receiu®y the light-receiving structure 33. In
one embodiment, instead of the light-reducing rfilld, a bandpass filter that allows
transmission of only a specific wavelength band l@arranged.

[0035] According to this embodiment, a reflectancethe surface of the polishing pad
2 can be improved by causing the laser light enhitig the light source 33 to be S-
polarized by the polarizer 38 and then directirey $apolarized laser light to the polishing
pad 2. In one embodiment, a band-pass filter meprovided to pass only reflected
light having wavelength(s) within a range of +5 mith respect to a wavelength of the
laser light emitted by the light source 33. Thigkes it possible to reduce an influence
of ambient light that may cause noise. In this edmment, laser light having a
wavelength of 650 nm is used as the laser lighttethby the light source 33.

[0036] FIG. 4 is a diagram for explaining the reted light from the polishing pad 2.
As described above, the polishing pad 2 has finevem structures in the polishing
surface 2a, and the surface shape of the poligladg? can be regarded as a superposition

of simple (single-wavelength) spatial waveformsn the example shown in FIG. 4, the
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surface (polishing surface 2a) of the polishing fadas a spatial waveform of a
wavelengthé; and a spatial waveform of a wavelength The reflected light from the
polishing pad 2 includes scattered light from tkte @der diffracted light to the nth order
diffracted light according to the wavelength (sahktivavelength) of each spatial
waveform of the polishing surface 2a. The lighteiging element 36 acquires an
intensity distribution of the reflected light bycesving the reflected light including the
scattered light. The intensity distribution of theflected light is a distribution of
intensities of the received light at respectivehtigeceiving positions in the light-
receiving element 36. The light-receiving elem@@tis configured to receive lights of
spatial wavelengths that are different for pixelsThe spatial wavelength of light
received by each pixel can be calculated from thstijon of each pixel. Therefore, the
intensity distribution of the reflected light acoedl by the light-receiving element 36 can
be said to be an intensity distribution of the gpatavelength (or spatial frequency).
[0037] Next, a method of measuring the surface gntypof the polishing pad 2 will be
described. First, the surface of the polishing ga irradiated with the laser light
emitted by the light source 33. The light-recegvelement 36 measures information on
the surface of the polishing pad 2 by receivingltdser light reflected by the surface of
the polishing pad 2. Specifically, the light-rageg element 36 acquires the intensity
distribution of reflected light from the polishiq@ad 2.  The intensity distribution of the
reflected light is transmitted to the data proaegslevice 50. Next, the data processing
device 50 converts the intensity distribution of tleflected light into a spatial wavelength
spectrum of the surface of the polishing pad 2 esgfquming Fourier transform on the
intensity distribution of the reflected light. Foermore, the data processing device 50
calculates, from the spatial wavelength spectrumnéex value that indirectly indicates
the surface property of the polishing pad 2, aadgmits the calculated index value to the
operation controller 9. The operation controlled&ermines dressing condition and
judges the surface property of the polishing pd&ed on the index value received. In

one embodiment, the operation controller 9 may aetesufficient dressing or may
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determine an end of dressing by judging the sunf@operty of the polishing pad 2.

[0038] FIG. 5 is a schematic diagram showing thatiapwavelength spectrum of the
surface of the polishing pad 2. Vertical axis IGF5 represents intensity&)( of the
reflected light obtained by the light-receiving rekent 36, and horizontal axis represents
spatial frequency. Spatial frequencie$; 16 1€, are reciprocals of spatial wavelengths
&1 to&a.

[0039] As described above, the data processingcded calculates the index value that
indirectly indicates the surface property of theligfong pad 2 from the intensity
distribution of the reflected light from the polis pad 2. An example of the index
value is a wavelength composition ratio. In thigedfication, the wavelength
composition ratio is defined as a ratio of an ind¢gd value of intensities of the reflected
light (hereinafter which may be referred to aseaetibn intensities) in a predetermined
spatial wavelength region to an integrated valugetiéction intensities in a wider spatial
wavelength region including the predetermined spatiavelength region. The larger
the wavelength composition ratio, the greater thenisities of the reflected light in the
predetermined spatial wavelength region. This mdhat the measured surface of the
polishing pad 2 contains more predetermined spat@alelength components.  Since it
has been investigated in advance that the numbereafetermined spatial wavelength
components has a strong relationship with the CMiFfopmance, the wavelength
composition ratio enables the estimation of the Clgétformance. Selecting an
appropriate spatial wavelength region depending pnocess makes it possible to obtain
the wavelength composition ratio as the surfacegnty of the polishing pad 2 which has
a strong relationship with the CMP performance.

[0040] For example, in FIG. 5, the wavelength cosipon ratio of the reflection
intensities in the spatial wavelength region frdme spatial frequency g/ (i.e., spatial
wavelength&;) to the spatial frequency &/ (i.e., the spatial wavelengtfy) to the
reflection intensities in the spatial wavelengtgioa from the spatial frequencyéifi.e.,

spatial wavelengtlis) to the spatial frequency &/ (i.e., the spatial wavelengthy) is

16



10

15

20

25

determined by the following formula (1).
J, 1&ae

g x 100 [%] (1)
[ 1©as

[0041] When the surface property of the polishired @2 is to be evaluated, it is
desirable to extract only the intensities in thatsph wavelength region that is relevant to
the CMP performance (= “predetermined” spatial iewgth region). However, the
obtained spatial wavelength spectrum generallyanatrandom noises over the entire
wavelength range. The calculation of the wavelengbmposition ratio makes it
possible to exclude the influence of noises anduat& only the reflection intensities in
the predetermined spatial wavelength region.

[0042] In one embodiment, the operation controBercalculates dressing condition
suitable for a closed-loop control based on theelength composition ratio determined
by the data processing device 50. For exampledrbgsing condition is calculated such
that the wavelength composition ratio changes witlai preset range. In this
embodiment, the operation controller 9 obtains dvamce a relational expression
representing a relationship between the dressingditon and the wavelength
composition ratio, and determines a suitable dngssiondition from the relational
expression. Here, the dressing condition mainigluthes a rotation speed of the
polishing pad, a rotation speed of the dresserressihg load, a dresser oscillation
(swinging) speed, etc.

[0043] For example, when the dressing load is todrgrolled as the dressing condition,
a relationship between the dressing load and tltk spaface property is obtained in
advance, i.e., how much the wavelength compositio increases or decreases as the
dressing load increases. The calculated wavelermtiposition ratio is compared with
a predetermined ideal wavelength composition ratib.there is a difference between
these ratios, the dressing load is set so as toecdoser to the ideal wavelength
composition ratio based on the above relationship.

[0044] In one embodiment, a difference betweerctieulated wavelength composition
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ratio and a predetermined desired wavelength comiposatio may be determined to be
a desired amount of change in pad surface propefiiiis desired amount of change in
pad surface property may be substituted into aessgon equation, which has been
created in advance, to thereby determine at lg@stod a dressing load, a rotation speed
of the dresser, a rotation speed of the polishidy pnd a dresser oscillation (swinging)
speed. This regression equation is configured eforesent a relationship between
amount of change in pad surface property and amotichange in at least one of a
dressing load, a rotation speed of the dressertasion speed of the polishing pad, and a
dresser oscillation (swinging) speed.

[0045] According to the above embodiment, the regjon equation representing the
relationship between the dressing condition (dneskyad, rotation speed of the dresser,
rotation speed of the polishing pad, and dressallason speed, etc.) and the wavelength
composition ratio is determined in advance. Thewm of change in the wavelength
composition ratio is substituted into the regressquation, so that an optimum dressing
condition for obtaining the desired wavelength cosifion ratio can be uniquely
determined.

[0046] The regression equation can be expresserasxample, dR=AxdL+B, where
dR is amount of change in wavelength compositidiorallL is amount of change in
dressing load, and A and B are constants. Thihadetf determining the dressing
condition can obtain an effect that the surfaceerty of the polishing pad can be kept
constant from the beginning to the end of use efpblishing pad. The surface property
of the polishing pad changes depending on an anwfuméar of the polishing pad and a
sharpness of the dresser throughout a period frenbéginning to the end of use of the
polishing pad. The CMP performance also changesrdimg to the change in the
surface property of the polishing pad. Keepingdhwidace property of the polishing pad
constant allows for keeping the CMP performancestaont.

[0047] In one embodiment, the wavelength compasitiatio obtained by the data

processing device 50 may be used for abnormalitgctien. In this case, when the
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wavelength composition ratio deviates from a predeined value range, the operation
controller 9 determines that the pad surface ptgpsrabnormal, and emits an error
notification or a notification that the dresser d&& be replaced.

Types of abnormalities in the surface propertyttid polishing pad include
presence of abnormal points (defects) on the seirfdcthe polishing pad, insufficient
dressing of the polishing pad, the end of the senlife of the dresser, the end of the
service life of the polishing pad, and the like.

[0048] FIG. 6 is a perspective view schematicaligwsing an embodiment in which the
measuring head 31 is arranged at a measuring gasitiFIG. 7A is a front view of the
measuring head 31, and FIG. 7B is a bottom viethefmeasuring head 31. As shown
in FIGS. 6 and 7A, the measuring head 31 has angadB. The casing 43
accommodates therein a measuring structure for uriegsthe surface property of the
polishing pad 2. The measuring structure accommeddaside the casing 43 includes,
for example, the light-emitting structure 32, tight-receiving structure 35, the polarizer
38, the ND filter 39, the mirror 40, the light-regiog filter 41, etc., described with
reference to FIGS. 3 and 4.

[0049] As shown in FIG. 7A, a cut 44 is formed itower portion of the casing 43. In
this embodiment, the cut 44 has a trapezoidal shimie@ed by two opposing slope
surfaces 44a and 44b and a coupling surface 44dinguhe slope surfaces 44a and 44b.
As shown in FIG. 7B, a filter 47a having a ligh&stsmissive property is arranged on the
slope surface 44a. The laser light, emitted bylithe source 33, is directed through the
filter 47a to the polishing pad 2. A filter 47bvirag a light-transmissive property is also
arranged on the other slope surface 44b, so tealight-receiving structure 35 receives
the reflected light from the polishing pad 2 thrbutpe filter 47b. Examples of these
filters 47a and 47b include, for example, a transpafilm and transparent glass.

[0050] The measuring head 31 has positioning plaiesnd 78 fixed to sides of the
casing 43. When the measuring head 31 is moveéketoneasuring position shown in

FIGS. 6 and 7A, the positioning plates 77 and 7@eanto contact with the polishing
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surface 2a of the polishing pad 2. The positiomplages 77, 78 make it possible to keep
a constant vertical distance from the polishingasie 2a of the polishing pad 2 to the
measuring structure of the measuring head 31 aep &eonstant angle of the measuring
head 31 with respect to the polishing surface 2a.

[0051] In one embodiment, as shown in FIGS. 7A & the surface property
measuring apparatus 30 may include a nozzle 4sbavidistal end protruding from the
coupling surface 44c. The nozzle 45 is couplea foressurized-gas supply line (not
shown), and is configured to blow pressurized gasgxample, pressurized nitrogen or
pressurized air) supplied from the pressurizedsygeply line onto the polishing surface
2a of the polishing pad 2. The pressurized gasteanby the nozzle 45 can remove the
liquid, such as the polishing liquid or the dregdiigquid on the polishing surface 2a. As
a result, the surface property measuring appaiusan accurately measure the surface
property of the polishing pad 2.

[0052] FIG. 8 is an enlarged schematic diagram sigwhe measuring head 31 and its
surroundings shown in FIG. 6. As shown in FIGSand 8, the measuring head 31 is
supported by a support arm 51, and the support&rns coupled to a moving unit 53
fixed to a part of the polishing apparatus. Thevimg unit 53 is configured to move the
measuring head 31 from a retreated position tontleasuring position and from the
measuring position to the retreated position. easuring position of the measuring
head 31 is a position where the measuring head 8l dontact with the polishing pad 2
in order to measure the surface property of thespiolg pad 2. The retreated position is
a position where the measuring head 31 is away thenpolishing pad 2.

[0053] As shown in FIG. 8, the moving unit 53 imbks a fixed block 55 fixed to a part
of the polishing apparatus, a rotating block 56pted to the support arm 51, a rotating
shaft 58 rotatably couples the rotating block 56the fixed block 55, and a rotating
mechanism 60 configured to rotate the rotating bl66 around an axis of the rotating
shaft 58. The fixed block 55 is fixed to a fran® @ the polishing apparatus. The

support arm 51 is coupled to the rotating blockvE6a support plate 52. The rotating
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block 56 is coupled to the fixed block 55 via tb&ating shaft 58.

[0054] The rotating mechanism 60 is a piston-cydinchechanism that includes a piston
(not shown) coupled to the rotating block 56 andyinder 63 that accommodates the
piston therein such that the piston can move backfarth. An end of the piston is
coupled to the rotating block 56. A fluid suppipd (not shown) is coupled to the
cylinder 63, and a fluid (for example, pressuringtogen or pressurized air) is supplied
into the cylinder 63 through the fluid supply lineThe operation controller 9 controls the
supply of fluid to the cylinder 63 so that the prstmoves up and down. For example,
an on-off valve (not shown) is arranged in the dl@upply line, and the operation
controller 9 controls the operation of this on-adilve to cause the piston to move up and
down. More specifically, when the piston is to dlevated, the operation controller 9
opens the on-off valve to supply the fluid to thdirder 63. When the piston is to be
lowered, the operation controller 9 closes the finsalve to stop the supply of fluid to
the cylinder 63.

[0055] When the piston of the rotating mechanismis6élevated, the rotating block 56
and the support arm 51 are rotated in a direct®rioamove the measuring head 31
upward. When the piston is lowered, the rotatitagl 56 and the support arm 51 are
rotated in a direction as to move the measuringl fsdadownward. When the surface
property of the polishing pad 2 is to be measutied,operation controller 9 causes the
piston of the rotating mechanism 60 to move downdwarAs a result, the positioning
plates 77 and 78 of the measuring head 31 comecarttact with the polishing pad 2, so
that the measuring head 31 is located at the miegsposition. After the measuring of
the surface property of the polishing pad 2 is teated, the operation controller 9 causes
the piston of the rotating mechanism 60 to moveargw As a result, the measuring
head 31 is separated from the polishing pad 2 tla@dneasuring head 31 moves to the
retreated position.

[0056] As shown in FIG. 8, the rotating block 5@ludes a first plate 64 coupled to the

support plate 52 and a second plate 65 couplduketfixed block 55 via the rotating shaft
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58. The first plate 64 is rotatably coupled to sieeond plate 65 by a hinge mechanism
87. The hinge mechanism 87 includes a first j8#tfixed to an upper surface of the
first plate 64, a second joint 89 fixed to an uppearface of the second plate 65, and a
rotating pin 66 rotatably couples the first joid ® the second joint 89. When the hinge
mechanism 87 is operated, the support arm 51 caiftdzbfurther upward. As a result,
the measuring head 31 can be located farther aveay the polishing pad 2, so that
maintenance or replacement of the polishing paan2be easily conducted.

[0057] The polishing apparatus further includes astpre adjusting mechanism 70
configured to automatically adjust a posture of theasuring head 31. The posture
adjusting mechanism 70 includes a support basegled to the support arm 51 and a
plurality of adjustment pins 73 fixed to the upperface of the measuring head 31 and
extending through through-holes formed in the suppase 72. In this embodiment,
four adjustment pins 73 are fixed to the upperaagfof the measuring head 31. The
support base 72 has a column 72a coupled to tipodugrm 51 and a flange portion 72b
fixed to a lower portion of the column 72a. Fobrough-holes are formed in four
corners of the flange portion 72b. Each adjustnpam{73 extends through a respective
through-hole formed in the flange portion 72b.

[0058] An upper portion of each adjustment pin @3 h diameter larger than a diameter
of each through-hole, and a diameter of a portibaach adjustment pin 73 penetrating
the flange portion 72b is smaller than the diamefeihe through-hole. Therefore, the
measuring head 31 is movable toward the suppod Basand away from the support
base 72. When the positioning plates 77 and ABeinmeasuring head 31 are brought
into contact with the polishing surface 2a of tledighing pad 2, the measuring head 31 is
supported by the polishing surface 2a of the pwoiglpad 2 by own weight of the
measuring head 31. Therefore, the posture of thasaoring head 31 is adjusted such
that the lower surface of the measuring head 3fpamsllel to the surface (polishing
surface 2a) of the polishing pad 2.

[0059] The polishing apparatus further includes easuring-head moving mechanism
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83 as an actuator for moving the measuring heach 3 longitudinal direction of the
support arm 51. The support arm 51 is arrangezktend in the radial direction of the
polishing pad 2 when the measuring head 31 isamtbasuring position. Therefore, the
measuring-head moving mechanism 83 moves the megshead 31 in the radial
direction of the polishing pad 2. The measuringehenoving mechanism 83 includes a
ball screw mechanism 85 coupled to the support Basend a servomotor 84 coupled to
the ball screw mechanism 85. The servomotor 8dxexl to a lower surface of the
support arm 51.

[0060] The support arm 51 has an elongated holex@&nding along the longitudinal
direction of the support arm 51. A stepped portfpat shown) is formed inside the
elongated hole 80. A support shaft 81 is fixeariaupper end of the column 72a. The
support shaft 81 contacts the stepped portionettbngated hole 80 and is supported by
the stepped portion of the elongated hole 80 sdoakse movable in a longitudinal
direction of the elongated hole 80. With such @pmftions, the measuring head 31 and
the posture adjusting mechanism 70 are movabléenldngitudinal direction of the
support arm 51. Specifically, the elongated h@duhctions as a guide hole for moving
the posture adjusting mechanism 70 and the megsiieiad 31 along the support arm 50.
[0061] The measuring-head moving mechanism 83 ettally coupled to the
operation controller 9. The operation of the meagshead moving mechanism 83 is
controlled by the operation controller 9. When tperation controller 9 instructs the
servomotor 84 to drive the ball screw mechanisnti@® posture adjusting mechanism 70
and the measuring head 31 are moved in the lorigaldirection of the support arm 51
(i.e., in the radial direction of the polishing pad In one embodiment, the measuring-
head moving mechanism 83 may be a combination odiamrylinder and a pressure
regulator.

[0062] Next, an embodiment of the surface propgrtging method for the polishing
pad 2 using the surface property measuring apmarafu and the surface property

measuring method described above will be descrbtdreference to FIG. 9. FIG. 9 is
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a flow chart showing an example in which the swefacoperty judging method for the
polishing pad 2 is incorporated into a break-incess of the polishing pad 2.

[0063] First, an unused polishing pad 2 is placedh& polishing table 1, and the break-
in process of the polishing pad 2 is started (4tdp). The break-in process is a process
of making a surface (i.e., a polishing surface)anfunused polishing pad suitable for
polishing. The break-in process includes at lemgbrocess (seasoning process) of
performing only dressing of the polishing pad 2n dne embodiment, the break-in
process may further include a composite proceste cbmposite process is a process of
dressing the polishing pad 2 after polishing of dnenmy wafer on which an oxide film
(SiOy) or a metal film is formed. The composite proaess/ be repeated multiple times
with different dummy wafers to be polished. In oembodiment, a predetermined
number of composite processes may be performedtafieseasoning process.

[0064] During the break-in process, the surfaceperty of the polishing pad 2 is
measured (step 1-2). In one embodiment, the sunfmoperty of polishing pad 2 is
measured after dressing (seasoning process) oshpay pad 2 is performed for a
predetermined period of time or after a predeteeshinumber of composite processes are
performed.

[0065] In step 1-2, the surface property of theighwhg pad 2 is measured.
Specifically, a plurality of intensity distributigrof the reflected lights from the polishing
pad 2 are obtained (measured) at a plurality déhift points (measurement points) on
the surface of the polishing pad 2. Wavelength masition ratios indirectly indicating
the surface property of the polishing pad 2 areutated from the plurality of intensity
distributions obtained at the plurality of diffetggoints. The process of obtaining each
intensity distribution of the reflected light frothe polishing pad 2 is as follows. The
light-emitting structure 32 irradiates the surfat¢he polishing pad 2 with the laser light,
and the light-receiving structure 35 receives #iféected light from the polishing pad 2.
The light-receiving structure 35 acquires the istgndistribution of the reflected light

from the polishing pad 2 by receiving the refledigtit from the polishing pad 2.
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[0066] The process of calculating the wavelengtimposition ratios that indirectly
indicate the surface property of the polishing gadrom the plurality of intensity
distributions obtained at the plurality of diffetepoints is as follows. In this
embodiment, a wavelength composition ratio is dated from each of the plurality of
intensity distributions, so that the plurality ofawelength composition ratios are
calculated. Specifically, the intensity distritmrti of reflected light acquired at each
point is transmitted to the data processing devite The data processing device 50 then
calculates a wavelength composition ratio thatrexdly indicates the surface property of
the polishing pad 2 from the intensity distributiari the reflected light. More
specifically, the data processing device 50 comvéne intensity distribution of the
reflected light into a spatial wavelength spectminthe surface of the polishing pad 2 by
performing Fourier transform on the intensity disition of the reflected light, and
calculates the wavelength composition ratio frone @patial wavelength spectrum.
Specifically, in the present embodiment, the s@wfamperty measurement process for the
polishing pad 2 from the irradiation of the polistpipad 2 with the laser light to the
calculation of the wavelength composition ratioatdsed above is performed a plurality
of times while changing the irradiation positiontoé laser light.

[0067] In one embodiment, the data processing @ev may calculate an average of
the plurality of intensity distributions and mayaadate, from the average of the plurality
of intensity distributions, a wavelength compogsitiatio that indirectly indicates the
surface property of the polishing pad 2. Spediffcahe data processing device 50
determines the average of the plurality of intgndistributions by calculating an average
of intensities at each one of corresponding pigélhe plurality of intensity distributions.
After the average of the intensity distributionsc#éculated, the wavelength composition
ratio can be efficiently calculated.

[0068] The intensity distributions of the reflecteghts from the polishing pad 2 are
acquired (measured) at a plurality of points oleast one circle centered on the center O

of the polishing pad 2. In one embodiment, thengity distributions are measured at a
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plurality of points on a plurality of concentricrcies centered on the center O of the
polishing pad 2. FIG. 10 is a diagram showing amangple of a plurality of
measurement points on the surface of polishingZpadn the example shown in FIG. 10,
the intensity distributions are measured at a ptyraf measurement points P11 to P15,
P21 to P25, P31 to P35 on a plurality of concertnicles C1, C2, C3 centered on the
center O of the polishing pad 2. The number of sueEment points for the intensity
distributions is not limited to this example.

[0069] In one embodiment, measuring of the intgndistribution of reflected light
from the polishing pad 2 at multiple points on thaface of the polishing pad 2 is
performed as follows. First, the measuring headis3Inoved to a predetermined
position, and the intensity distribution is measureNext, the polishing table 1 is rotated
together with the polishing pad 2 by a predeterahiaegle, and the intensity distribution
of the reflected light from the polishing pad 2nsasured again. By repeating the
rotation of the polishing table 1 and the measughthe intensity distribution described
above while the position of the measuring heads3ixed, the measuring of the intensity
distribution is performed multiple times on the saaircle having a center on the center
O. After the intensity distribution of the reflect light from the polishing pad 2 is
measured a predetermined number of times, the megshead moving mechanism 83
moves the measuring head 31 in the radial direatfotme polishing pad 2. Similarly,
the intensity distribution of the reflected lighbim the polishing pad 2 is measured at a
plurality of points on the same circle which is tbéner one of the concentric circles
around the center O. The rotation of the polishaige 1, the measuring of the intensity
distribution, and the movement of the measuringdh@h in the radial direction of the
polishing pad 2 are repeated, so that the plurafiiptensity distributions of the reflected
lights from the polishing pad 2 can be measurednaltiple points on the multiple
concentric circles around the center O of the poiig pad 2.

[0070] In step 1-3, whether the surface propertthefpolishing pad 2 is good or not is

judged based on the wavelength composition raticutzied in the step 1-2. The data
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processing device 50 transmits the wavelength ceitipo ratio calculated in the step 1-
2 to the operation controller 9. The operationtecmler 9 then judges whether the
surface property of the polishing pad 2 is gooa@rbased on the calculated wavelength
composition ratio. When the operation controllgu@ges that the surface property of
the polishing pad 2 is good, the operation corgrdll instructs each component of the
polishing apparatus to end the break-in process.

[0071] In one embodiment in which the pluralitywévelength composition ratios are
calculated from the plurality of intensity distriibbans, respectively, the operation
controller 9 calculates an average of the pluraditycalculated wavelength composition
ratios, and compares the average with a predetednihreshold value. When the
average is smaller than the threshold value, tleeadipn controller 9 determines that the
surface property of the polishing pad 2 is gooe @hrface of the polishing pad 2 has
become suitable for polishing) and terminates ttealoin process (step 1-4). When the
average is larger than the threshold value, theatipa controller 9 determines that the
surface property of the polishing pad 2 is not g@ibé surface of the polishing pad 2 is
not suitable for polishing) and continues the breagrocess (step 1-5). The seasoning
process is performed for a predetermined time ercibmposite process is performed a
predetermined number of times, and then the st2jslexecuted again.

[0072] In one embodiment, the wavelength compasitratio calculated from the
average of the intensity distributions of the retibel lights may be compared with a
predetermined threshold value. In this embodimehien the wavelength composition
ratio is smaller than the threshold value, the ajp@n controller 9 determines that the
surface property of the polishing pad 2 is good] sarminates the break-in process.
When the wavelength composition ratio is largenthi@ threshold value, the operation
controller 9 determines that the surface propeftthe polishing pad 2 is not good, and
continues the break-in process. The seasoninggsds performed for a predetermined
time or the composite process is performed a peeaéted number of times, and then

the step 1-2 is executed again.
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[0073] In one embodiment, when the average (orwa®elength composition ratio
calculated from the average of the intensity disttions of the reflected light) is larger
than the threshold value, the operation contradlemay determine that the surface
property of the polishing pad 2 is good and maynieate the break-in process.
Depending on the spatial wavelength regions saleftie calculating the wavelength
composition ratio, the surface property of the giuthg pad 2 may be good when the
above average (or the wavelength composition @loulated from the average of the
intensity distributions of the reflected light)lasger than the threshold value.

[0074] In one embodiment, the operation contrdlenay determine whether or not the
calculated wavelength composition ratios are withipredetermined reference range.
When all of the calculated wavelength compositiatios are within the predetermined
range, the operation controller 9 may determing tthe surface property of the polishing
pad 2 is good and may terminate the break-in psoceff all of the wavelength
composition ratios are not within the predetermirreference range, the operation
controller 9 may determine that the surface prgpefithe polishing pad 2 is not good,
and continues the break-in process. The seasopingess is performed for a
predetermined time or the composite process isopaded a predetermined number of
times, and then the step 1-2 is executed again.

[0075] Furthermore, in one embodiment, the openationtroller 9 may calculate an
average of the calculated wavelength compositidingacompare the average with a
predetermined threshold value, and determine whethe calculated wavelength
composition ratios are within a predetermined eziee range. When the average is
smaller (or larger) than the threshold value, atido& the calculated wavelength
composition ratios are within the predetermine@nm&fice range, the operation controller
9 may determine that the surface property of thksipog pad 2 is good and may
terminate the break-in process. The thresholdevahd the reference range described
above can be determined from measurement data cuitiace property of the polishing

pad 2 obtained in advance after dressing or ditebteak-in process.
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[0076] When the dressing and the break-in procesgshe polishing pad 2 are
appropriately performed, the raised portions of timeven structure of the polishing
surface 2a stand, and an in-plane uniformity ofuiheven structure is improved. As a
result, the wavelength composition ratios at a giiyr of measurement points on the
surface of the polishing pad 2 and an in-planeatiam are reduced. In other words,
each wavelength composition ratio indirectly indésa the surface property of the
polishing pad 2. Therefore, the judgement of tméase property of the polishing pad 2
(for example, detection of insufficient dressingdetermination of dressing end) can be
performed based on the wavelength composition.ratio

[0077] In addition, by acquiring the intensity distutions of the reflected lights from
the polishing pad 2 at a plurality of points on theface of the polishing pad 2, an in-
plane variation in the surface property of the giuhg pad can be evaluated. In this
way, according to the embodiments in which thensitly distributions of the reflected
lights from the polishing pad 2 are obtained aluaghity of points instead of at one point,
the surface property of the polishing pad 2 (thdase property of the entire polishing
pad 2) can be accurately judged. As a result,sskee dressing and excessive break-in
can be prevented, and the service life of the dressincreased. Furthermore, this
contributes to process shortening and reductiawonumables, such as slurry. Further,
according to the surface property judging methagtdeed above, a break-in time can be
shortened for a polishing pad whose raised portgtaad quickly, while a sufficient
break-in process can be performed on a polishidgndese raised portions stand slowly.
In other words, the break-in time can be adjusizbm@ing to individual difference of
polishing pads.

[0078] In one embodiment, the above-described stepso 1-5 may be performed each
time a used polishing pad is replaced with a nelsipog pad (unused polishing pad),
and termination of the break-in process may beviddally determined. Furthermore,
in one embodiment, the steps 1-2 to 1-5 may beopegd once for a new polishing pad

to determine an appropriate break-in condition. ewh used polishing pad is replaced
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with a new polishing pad, the break-in process imayerformed under the determined
break-in condition. In one embodiment, a plurabfybreak-in termination conditions
may be determined by executing the steps 1-2 tdnlkiseak-in processes of a plurality
of brand-new polishing pads, and an upper limia dfreak-in termination condition may
be determined based on the plurality of break4imiteation conditions.

[0079] FIG. 11 is a graph showing an example of Waelength composition ratio
under each processing condition of the polishind) paluring a break-in process. FIG.
11 shows results which were obtained as followshe Polishing pad 2 was processed
under each processing condition, and the interthgributions of reflected lights from
the polishing pad 2 were then measured at a piyrafipoints on the polishing pad 2.
The wavelength composition ratios were calculateainf the intensity distributions,
respectively.  The measured values in FIG. 11 shosasured values (wavelength
composition ratios) obtained at respective meagupasitions on the polishing pad.
Examples of the processing conditions shown in AIGinclude seasoning time and the
number of composite processes. In FIG. 11, indbheditions 2 to 6, the larger the
condition number, the longer the seasoning time.th& conditions 7 to 10, the larger the
condition number, the greater the number of contpgsibcesses. In the conditions 2 to
6, only the seasoning process was performed. rditons 7 to 10, after the seasoning
process was performed for a predetermined periotivd, the composite process was
performed a predetermined number of times. Drgséines in the composite processes
of the conditions 7 to 10 were the same, and them®eng times of the conditions 7 to10
were the same. The measurement results of thatmmnd show measurement results
of an unused polishing pad before the break-ingsec

[0080] FIG. 12A is a diagram comparing the wavetbngpmposition ratios under the
condition 1 in FIG. 11 with a predetermined refemrange and a predetermined
threshold value, FIG. 12B is a diagram comparing Wavelength composition ratios
under the condition 6 in FIG. 11 with the predetewed reference range and the

predetermined threshold value, and FIG. 12C isagrdim comparing the wavelength
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composition ratios under the condition 10 in FIG. With the predetermined reference
range and the predetermined threshold value.

In FIG. 12A, the threshold value is not shown lseathe threshold value is
significantly below the measured values (calculatealues) of the wavelength
composition ratios.

[0081] As shown in FIG. 12A, under the conditionall, the measured values of the
wavelength composition ratios are within the refieee range, but the average of the
wavelength composition ratios is larger than theghold value. As shown in FIG. 12B,
under the condition 6, all the measured valuehefwavelength composition ratios are
not within the reference range, but the averagthefwavelength composition ratios is
smaller than the threshold value. As shown in AIBC, under the condition 10, all the
measured values of the wavelength compositiongatie within the reference range, and
the average of the wavelength composition ratiesnaller than the threshold value.
[0082] Therefore, by comparing the plurality of @dhted wavelength composition
ratios with the predetermined threshold value dmtking whether or not the plurality of
calculated wavelength composition ratios are withim predetermined reference range, a
more accurate break-in end determination can bieasth

[0083] As shown in FIG. 11, for example, in the sw@@ment after the condition 3, it
can be seen that some measured values are beldreésbold value (however, measured
values at other measurement points are significdatiger than the threshold value,
which means that the break-in process is insuffigie In the above-described
embodiment, since the wavelength composition ratioérectly indicating the surface
property of the polishing pad 2 are calculated fittwan plurality of intensity distributions
obtained at a plurality of different points, it cha determined whether or not the entire
polishing pad is in a state suitable for polishing.

[0084] Next, another embodiment of the surface ertypjudging method for the
polishing pad 2 using the surface property meagudpparatus 30 and the surface

property measuring method described above will dsxidbed with reference to FIG. 13.

31



10

15

20

25

FIG. 13 is a flow chart showing an example in whicé surface property judging method
for the polishing pad 2 is incorporated into théighong process of the substrate W. The
surface property judging method of this embodimevhjch will not specifically be
described, is the same as the steps 1-2 and Jd3gpatitive descriptions thereof will be
omitted.

[0085] In step 2-1, the substrate W is polishedh step 2-2, dressing of the polishing
pad 2 is performed. In one embodiment, the drgssinthe polishing pad 2 may be
performed at the same time as the substrate W lishpd. In one embodiment, the
dressing of the polishing pad 2 may be performeth ¢@ne a predetermined number of
substrates are polished. After dressing of thesiolg pad 2 for a predetermined period
of time, the surface property of the polishing 2ad measured in the same way as in the
step 1-2 (step 2-3). In one embodiment, the st8pnfay be performed at any timing
(e.g., after each dressing, each time one lot lo$tsates are polished, or after dressing is
performed after polishing of a predetermined numbgrsubstrates). In step 2-4,
whether the surface property of the polishing pad good or not is judged in the same
way as in the step 1-3. In one embodiment, thEaserproperty judging process (steps
2-3 to 2-5) may be performed simultaneously witksding of the polishing pad 2.

[0086] FIG. 14 shows the result of measuring of sheface property of the polishing
pad 2 after dressing of the polishing pad 2 isqrereéd under predetermined dressing
condition while the substrate W is polished, anidudating the wavelength composition
ratio. One example of the dressing condition showrlG. 14 is the number of scans of
the dresser arm 21. In FIG. 14, the number of scduthe dresser arm 21 decreases as
the condition number increases. Condition 11 8.F14 is a dressing condition when
the polishing pad 2 is appropriately dressed (méhen the surface property of the
polishing pad 2 is good). Conditions 12 to 15 I®F14 show measurement results of
the surface property of the polishing pad 2 after polishing pad 2 was dressed only
during polishing of the substrate W. The conditidnshows measurement results of the

surface property of the polishing pad 2 after dressof the polishing pad 2 was
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performed under predetermined condition duringgbatig of the substrate W and then
dressing of the polishing pad 2 was performed agtier polishing of the substrate W.
[0087] When the operation controller 9 judges thatsurface property of the polishing
pad 2 is good (i.e., the dressing is properly peréa), polishing of a new substrate is
started. When the operation controller 9 judges title surface property of the polishing
pad 2 is not good (insufficient dressing), the agtien controller 9 compares the number
of repetitions of additional dressing in step 2afhiich will be described later, with a
predetermined repetition reference value (step. 2-8)the number of repetitions is larger
than the predetermined repetition reference vdhepperation controller 9 generates an
alarm signal to prompt an operator to considera@pl consumables of the polishing
apparatus (step 2-7). Example of the consumalblgggolishing apparatus include the
polishing pad 2, the dressing member 22a, andyslurr

[0088] If the number of repetitions is less thae firedetermined repetition reference
value, additional dressing of the polishing pads2performed under predetermined
dressing condition (step 2-6). After the additiodi@ssing is performed, the step 2-3 is
performed again. In one embodiment, the dressomglition (e.g., dressing time) in the
step 2-6 may differ from the dressing conditiontle step 2-2. Also in the present
embodiment, the intensity distributions of reflecteghts from the polishing pad 2 are
obtained at a plurality of points. Therefore, theface property of the polishing pad 2
(the surface property of the entire polishing padah be accurately judged. According
to the present embodiment, the lack of dressindeigrmined, and if necessary, the
additional dressing is performed, and polishingasatinued. This makes it possible to
accurately determine whether a consumable (for pl@nthe dressing member) is to be
replaced based on the surface property of thetpogad.

[0089] In one embodiment, the steps 2-2 to 2-6 Imaya series of dressing processes
performed after (or during) polishing of the substrW, and the end of the dressing
processes may be determined in the step 2-4. f®adlgi when the operation controller

9 determines in the step 2-4 that the surface prpé the polishing pad 2 is good, the
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operation controller 9 instructs each componenthef polishing apparatus to terminate
the dressing processes. According to this embatintbe surface property of the
polishing pad 2 can be determined with high acgyrand excessive dressing can be
prevented.

[0090] FIG. 15 is a schematic diagram showing amo#mbodiment of the surface
property measuring apparatus 30. Configurationd aperations of the present
embodiment, which will not be specifically descdbare the same as those of the above-
discussed embodiments, and repetitive descriptiomiseof will be omitted. The light-
emitting structure 32 of the present embodimermoisfigured to be able to irradiate the
polishing pad 2 with light from a plurality of doions as viewed from the polishing-
surface-2a side of the polishing pad 2. The lrgloeiving structure 35 is configured to
be able to receive reflected lights in a pluratifydirections traveling from the polishing
surface of the polishing pad 2. In this specifarat irradiating direction of the laser
light means irradiating direction of the laser tighs viewed from the surface side
(polishing-surface-2a side) of the polishing pad 2.

[0091] The surface property measuring apparatusoBthis embodiment further
includes an irradiating-direction changing mechani80 configured to change the
irradiating direction of the laser light emitted bye light-emitting structure 32. The
irradiating-direction changing mechanism 90 is dedgo the measuring head 31. The
irradiating-direction changing mechanism 90 rothtatupports the measuring head 31
and is configured to change the irradiating dimcof the laser light emitted by the light-
emitting structure 32 by rotating the measuringdh&h

[0092] The irradiating-direction changing mechani8t includes a rotating motor 91
configured to rotate the measuring head 31, arttaft 92 coupled to the rotating motor
91. The measuring head 31 is coupled to the ngatiotor 91 via the shaft 92. The
rotating motor 91 rotates the measuring head 3Litado axis AX2 of the shaft 92 in
directions indicated by arrows. The rotating mo®dr includes an angle measuring

device 93 configured to measure a rotation angte@measuring head 31. The rotating
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motor 91 is configured to be able to control it¢atimn angle. An example of the
rotating motor 91 is a servomotor. An exampleh® angle measuring device 93 is a
rotary encoder.

[0093] The irradiating-direction changing mechani8tis electrically coupled to the
data processing device 50, and operation of theiating-direction changing mechanism
90 is controlled by the data processing device 5the irradiating-direction changing
mechanism 90 is fixed to a lower surface of theeljglate 74 and coupled to the posture
adjusting mechanism 70 via the base plate 74. hi;mmémbodiment, lower ends of the
adjustment pins 73 are fixed to the upper surfateghe base plate 74. In one
embodiment, the shaft 92 may be rotatably suppdoyea bearing (not shown) instead of
the rotating motor 91. In this case, the measungad 31 may be manually rotated, and
the irradiating-direction changing mechanism 90 may be electrically coupled to the
data processing device 50.

[0094] The light-emitting structure 32 and the tiglceiving structure 35 are rotated
about the axis AX2 of the shaft 93. In this emiboeint, the axis AX2 coincides with an
axis CP (see FIG. 2) which is a straight line pagshrough the irradiation position P of
the laser light and perpendicular to the polishsogface 2a. Therefore, as shown in
FIG. 16, the light-emitting structure 32 and thghtireceiving structure 35 are configured
to be rotatable about the axis CP. When the rgathotor 91 is in motion, the
measuring head 31, i.e., the light-emitting strtet82 and the light-receiving structure
35, is rotated about the axis CP. As a result,rfagliating direction of the laser light
emitted by the light-emitting structure 32 is chadg

[0095] In this embodiment, the irradiating directiof the laser light can also be said to
be an angle around the axis CP. In other wordsirtadiating angl® of the laser light

is an angle between a reference straight line RLthe laser light emitted by the light
source 33 of the light-emitting structure 32 asmad from a direction perpendicular to
the surface (polishing surface 2a) of the polistpad 2. The reference straight line RL

is a straight line passing through the irradiatmosition P and the center O of the
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polishing pad 2. In this embodiment, the irragigtdirection of the laser light can be
changed without moving the irradiation positiortlod laser light.

[0096] Next, one embodiment of the surface propertgasuring method for the
polishing pad 2 using the surface property meaguaoparatus 30 of this embodiment
will be described with reference to flow chart dGF17. In step 3-1, multidirectional
measuring of the surface property of the polishpag 2 (intensity distribution of
reflected light from the polishing pad 2) is penfmd. The multidirectional measuring
of the surface property of the polishing pad 2 esf@rmed by irradiating the polishing
pad 2 with laser lights from a plurality of differteirradiating directions, receiving
reflected lights from the polishing pad 2 by thghtireceiving structure 35 corresponding
to the laser lights irradiating the polishing padad obtaining intensity distributions of
the reflected lights. Specifically, the light-etimg structure 32 directs the laser light to
the polishing pad 2 while the irradiating directioithe laser light is being changed, and
the light-receiving structure 35 receives eachemfld light from the polishing pad 2 in
each irradiating direction, so that the intensistributions are obtained.

[0097] More specifically, the light-emitting struce 32 irradiates the polishing pad 2
with the laser light in a predetermined irradiatidgection, and the light-receiving
structure 35 receives the reflected light from padishing pad 2. The light-receiving
structure 35 obtains the intensity distributiorttod reflected light from the polishing pad
2 by receiving the reflected light from the polishipad 2. The irradiating direction of
the laser light is then changed by a predetermiaegle by the irradiating-direction
changing mechanism 90. The light-emitting struet82 irradiates the polishing pad 2
with the laser light in the changed irradiatingediron, and the light-receiving structure
35 receives the reflected light from the polishipgd 2 and obtains the intensity
distribution of the reflected light. The irradiagi direction of the laser light is further
changed by a predetermined angle, and the surfaeeny of the polishing pad 2 is
measured from the changed direction. In this manthe changing of the irradiating

direction of the laser light and the measuringhaf surface property of the polishing pad
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2 are repeated a predetermined number of timesefample, until the light source 33
makes one rotation around the axis CP).

[0098] The measuring position in the multidirecabmeasuring of the surface property
of the polishing pad 2 in this embodiment is a posion the polishing pad 2 at which the
central portion of the substrate W contacts thespwlg pad 2 during polishing of the
substrate W. Insufficient dressing may be likedyotcur in a portion of the polishing
pad 2 where the central portion of the substrateowtacts the polishing pad 2, and as a
result, the intensity of the reflected light mayrb&atively high. In one embodiment, the
surface property of the polishing pad 2 may be wmwess multiple times in each
irradiating direction, an average of the intenslistributions of multiple reflected lights
may be calculated, and the average of the intedsstyibutions may be used in step 3-2
which will be described later. Since the averafehe intensity distributions of the
reflected lights is calculated, the measuremenatian can be reduced and the accuracy
of the measurement result can be improved.

[0099] In steps 3-2 to 3-6, the data processingcge®0 obtains an index value that
indirectly indicates the surface property of thdigiong pad 2 using the plurality of
intensity distributions obtained in the multidinectal measuring in the step 3-1. The
data processing device 50 of the present embodim@&ainfigured to utilize the intensity
distributions of the plurality of reflected lightiiom the polishing pad 2 corresponding to
the plurality of lights directed to the polishingg 2 in multiple different directions to
determine the index value that indirectly indicaties surface property of the polishing
pad 2.

[0100] The specific details of the steps 3-2 to &€ as follows. In the step 3-2, the
data processing device 50 compares the intenstiilalitions of the reflected lights from
the polishing pad 2 with each other to determinéradiating direction of the laser light
that maximizes the intensity of the reflected lijftm the polishing pad 2 in a spatial
wavelength region. More specifically, the data gessing device 50 calculates an

average of intensities in a specific spatial wavglke region of each intensity distribution
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(i.e., an average of intensities in pixels withipradetermined range that receive reflected
light in a specific spatial wavelength region oé tiight-receiving element 36) to obtain
averages of the intensity distributions, compaftessé¢ averages with each other, and
determines an irradiating direction correspondmng targest one of the averages.

[0101] In one embodiment, the data processing @éesdicmay compare intensities of the
reflected lights at a predetermined pixel (pixekigon) in the respective irradiating
directions with each other and may determine adiating direction corresponding to a
highest one of the intensities of the reflectedhtég at the predetermined pixel.
Furthermore, in one embodiment, the data procesi@uge 50 may select a pixel that is
most susceptible to a change in irradiating dioec(i.e., a pixel that exhibits the largest
change in intensity depending on the irradiatimgation) as a pixel for use in comparing
the intensity of reflected light. Alternatively, pixel having a highest intensity of
reflected light among the plurality of intensitystlibutions of reflected lights may be
used as a pixel for comparing the intensity ofeettd light.

[0102] FIGS. 18 to 25 are graphs each showingritensity distribution of the reflected
light from the polishing pad 2 in each irradiatidgection. Horizontal axes of the
graphs of FIGS. 18 to 25 represent pixel (pixelitgms), and vertical axes represent the
intensity of the reflected light from the polishipgd 2 at each pixel. FIGS. 18 to 25
show the graphs of the intensity distributionsha teflected light from the polishing pad
2 when the irradiating angle® are 0°, 45°, 90°, 135°, 180°, 225°, 270° and 315°,
respectively.

[0103] In the examples shown in FIGS. 18 to 25,nges in intensity at a pixel
receiving the light of a spatial frequencysl{hereinafter simply referred to as pixets)/
and its neighboring pixels are relatively largen dddition, a maximum value of the
intensity at the pixel &4 (i.e., the intensity of the reflected light at {higel 1£5 when the
irradiating angled is 90°) is also relatively large. Therefore, e texamples shown in
FIGS. 18 to 25, the data processing device 50 maypare the intensity distributions of

the reflected lights with each other and may dei®enan irradiating direction that
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maximizes the intensity of the reflected light ke tpixel 1£s. Alternatively, the data
processing device 50 may compare the intensityiloligions of the reflected lights with
each other and may determine an irradiating doactorresponding to a largest average
of intensities at pixels (i.e., a spatial waveléngggion from a spatial frequenéy to a
spatial frequency;) in a range from a pixel 44 to a pixel 1¢; which are neighboring
pixels of the pixel X5 as shown in FIG. 20.

[0104] As shown in FIG. 20, the intensities arouhd pixel 1£5 are high. It can be
understood that this is because the raised portibtiee uneven structure of the polishing
surface 2a are tilted in a direction of 90°, and teflectance in the direction of 90° is
increased. In addition, since the raised portamestilted in the direction of 90°, it can
be understood that the uneven structure correspgrdia long spatial wavelength exists
in the direction of 90° on the surface of the guhg pad 2. Pixels in the left side of the
graphs in FIGS. 18 to 25, where the change in sittgim each irradiating angle is large,
correspond to long spatial wavelengths, while @ixelthe right side of the graphs, where
the change in intensity in each irradiating anglesmall, correspond to short spatial
wavelengths.

[0105] As shown in FIGS. 18 to 25, the measuredievalf the surface property of the
polishing pad 2 (the intensity of reflected lightrh the polishing pad 2) varies depending
on the irradiating direction. Specifically, in erto investigate the relationship between
the condition of the polishing pad 2 and polishipgrformance and to optimize the
dressing condition, it is beneficial to obtain imf@tion on unevenness in multiple
directions instead of information on unevennesrme direction. As in the present
embodiment, the surface properties of the polishpag 2 (intensity distributions of
reflected lights from the polishing pad 2) with pest to the plurality of irradiating
directions are measured, so that the surface ¢onditf the polishing pad 2 can be
evaluated in more detail, and the dressing condittan be optimized. In this
embodiment, the irradiating direction of the lafight is changed every 45°, but the

changing pitch of the irradiating direction is tiatited to this embodiment.
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[0106] In step 3-3, the irradiating direction ofethaser light is set such that the
irradiating direction of the laser light emitted the light source 33 of the light-emitting
structure 32 coincides with the irradiating direntidetermined in the step 3-2, i.e., the
irradiating direction that maximizes the intensfythe reflected light from the polishing
pad 2 in the specific spatial wavelength regionpecically, the irradiating-direction
changing mechanism 90 adjusts the angles of thediguitting structure 32 and the light-
receiving structure 35 to thereby set the irradatilirection of the laser light. As a
result, the irradiating direction of the laser ligh optimized for measuring the surface
property of the polishing pad 2. The surface priypef the polishing pad 2 (intensity
distribution of the reflected light from the polisy pad 2) is measured in the optimum
irradiating direction. Therefore, the measuremastduracy of the surface property of
the polishing pad 2 can be improved, resulting iarenprecise measurement of the
surface property of the polishing pad 2 and optidratsing condition.

[0107] The steps 3-1 to 3-3 (hereinafter referedg direction setting process) may be
performed each time the surface property of thespivlg pad 2 is to be measured, or may
be performed only once in order to determine thecesses of measuring the surface
property of the polishing pad. For example, theeation setting process may be
performed before measuring of the surface propartite polishing pad 2 in the step 1-2
described with reference to FIG. 9, or may be peréml before measuring of the surface
property of the polishing pad 2 in the step 2-Zdbsd with reference to FIG. 13.

[0108] In step 3-4, the surface property of theigimhg pad 2 is measured at multiple
points. Specifically, the intensity distributionéthe reflected lights from the polishing
pad 2 are measured at a plurality of different {goom the surface of the polishing pad 2.
The process of measuring of the intensity distidng at the multiple points on the
surface of the polishing pad 2 is the same astdpels?2.

[0109] In step 3-5, the data processing device &@dfutates an average of the intensity
distributions of the plurality of reflected lighéequired at the step 3-4. Specifically, the

data processing device 50 calculates an averamgeonisities at each corresponding pixel
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of the intensity distributions to thereby determihe average of the intensity distributions
of the plurality of reflected lights. Since step3which will be described later, is
performed after the average of the intensity distions is determined, the index value
that indirectly indicates the surface property loé fpolishing pad 2 can be efficiently
calculated.

[0110] In step 3-6, the data processing device aleutates the index value that
indirectly indicates the surface property of thdiggong pad 2 from the average of the
intensity distributions of the reflected lights rimothe polishing pad 2. In one
embodiment, the index value that indirectly indésathe surface property of the polishing
pad 2 is the wavelength composition ratio descridi@ove. The data processing device
50 performs Fourier transform on the intensityribsition of the reflected light to convert
the intensity distribution of the reflected lighto a spatial wavelength spectrum of the
surface of the polishing pad 2 and calculates theelength composition ratio from the
spatial wavelength spectrum. In this manner, @@ grocessing device 50 determines
the index value that indirectly indicates the scefgroperty of the polishing pad 2. In
one embodiment, in step 3-6, index values eachi@atly indicating the surface property
of the polishing pad 2 may be calculated from theghty of intensity distributions,
respectively, obtained in the step 3-4. In thisegcdhe step 3-5 is not performed.

[0111] In this embodiment, the intensity distritaunts of the plurality of reflected lights
from the polishing pad corresponding to the playadif lights directed to the polishing
pad in different directions can be obtained. A®sult, the accuracy of measuring the
surface property of the polishing pad 2 can be ongd.

[0112] FIG. 26 is a schematic diagram showing atibther embodiment of the surface
property measuring apparatus 30, and FIG. 27 paview of the measuring head 31
shown in FIG. 26. Configurations and operationthefpresent embodiment, which will
not be specifically described, are the same astbbthe embodiments described with
reference to FIGS. 15 to 17, and repetitive detonp thereof will be omitted.

[0113] The surface property measuring apparatusf3bis embodiment differs from
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the embodiment described with reference to FIG.irllhat it does not include the
irradiating-direction changing mechanism 90. Iis #mbodiment, the posture adjusting
mechanism 70 is coupled to the measuring headrgilthe adjustment pins 73 are fixed
to the upper surface of the measuring head 31nabke embodiment described with
reference to FIG. 8.

[0114] As shown in FIG. 27, in this embodiment, thght-emitting structure 32
includes a plurality of light sources 33a, 33b, &3d facing in different directions, and
the light-receiving structure 35 has a pluralitylight-receiving elements 36a, 36b, and
36¢ facing in different directions. Specificallje light sources 33a, 33b, and 33c are
arranged so as to face in different directionsiesed from the polishing-surface-2a side
of the polishing pad 2, and the light-receivingnedémts 36a, 36b, and 36¢ are arranged so
as to face in different directions as viewed frame polishing-surface-2a side of the
polishing pad 2. The light sources 33a, 33b, add&e arranged so as to irradiate the
same position (irradiation position P) with lasghts. The configurations of the light
sources 33a, 33b, 33c and the light-receiving efesngba, 36b, 36¢ are the same as those
of the light source 33 and the light-receiving edets 36. The light-receiving elements
36a, 36b, and 36¢ face the light sources 33a, 8BMO, 33c, respectively, and are
configured to receive reflected lights from theiglmhg pad 2 corresponding to the laser
lights emitted by the light sources 33a, 33b, aBel Bespectively.

[0115] With such configurations, the light-emittingtructure 32 of the present
embodiment can irradiate the polishing pad 2 witb lights from different irradiating
directions as viewed from the polishing-surfacesiie of the polishing pad 2, and the
light-receiving structure 35 receives the reflecligtits coming from the surface of the
polishing pad 2 in the plurality of directions. tims embodiment, the irradiating angle
of the laser light from the light source 33a istb¥ irradiating anglé1 of the laser light
from the light source 33b is 45°, and the irradigtangled2 of the laser light from the
light source 33c is 90°. The number and arrange¢muegles of the light sources are not

limited to those of this embodiment. According tllis embodiment, the surface
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properties of the polishing pad 2 (the intensitstrbutions of the reflected lights from
the polishing pad 2) with respect to the pluratifyrradiating directions can be measured
at one time.

[0116] Next, one embodiment of the surface propertgasuring method for the
polishing pad 2 using the surface property meaguapparatus 30 of the present
embodiment will be described. The surface propertgasuring method of this
embodiment, which will not be specifically descdbes the same as the method
described with reference to FIG. 17. In this emimaoht, instead of irradiating the
polishing pad 2 with the laser light while changithg irradiating direction of the laser
light in the step 3-1, the plurality of laser light the plurality of irradiating directions are
directed to the polishing pad 2 by the pluralitylight sources 33a, 33b, and 33c. The
plurality of reflected lights from the polishingg& corresponding to the plurality of laser
lights directed to the polishing pad 2 are receibgdthe plurality of light-receiving
elements 36a, 36b, and 36c¢, respectively.

[0117] In this embodiment, in step 3-3, instea@ddjisting the angles (directions) of the
light-emitting structure 32 and the light-receivisigucture 35 by the irradiating-direction
changing mechanism 90, the irradiating directionhef laser light is set by selecting one
of the light sources that emits the laser lighamirradiating direction that maximizes the
intensity of the reflected light from the polishipad 2 in a specific spatial wavelength
region. In subsequent processes, the selected $ighrce and the light-receiving
element facing the selected light source are useddasure the surface property of the
polishing pad 2 .

[0118] In one embodiment, the embodiments descntiddreference to FIGS. 15 to 25
may be combined with the embodiments described weitbrence to FIGS. 26 and 27.
As a result, the surface properties of the polighiad 2 (the intensity distributions of the
reflected lights from the polishing pad 2) with pest to the plurality of irradiating
directions can be measured at one time. Furtheynibie process of changing the

irradiating direction of the laser light in the [st&-1 can be shortened.
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[0119] In one embodiment, a two-dimensional CCD rhayused as the light-receiving

element 36. Using the two-dimensional CCD as ijitreceiving element 36 enables

the light-receiving element 36 to receive the e light without a need for adjustment
even when the laser light is shifted in the hortabdirection.

[0120] The above-described embodiments can alsauds®l to determine dressing

condition for each substrate processing. The pusvidescription of embodiments is

provided to enable a person skilled in the art @kenand use the present invention.
Moreover, various modifications to these embodimmentl be readily apparent to those

skilled in the art, and the generic principles apdcific examples defined herein may be
applied to other embodiments. Therefore, the pteseention is not intended to be

limited to the embodiments described herein bubibe accorded the widest scope as
defined by limitation of the claims.

Industrial Applicability

[0121] The present invention is applicable to dase property measuring apparatus for
a polishing pad used for polishing a substrateh agca semiconductor wafer, a surface
property measuring method for a polishing pad, arslirface property judging method

for a polishing pad.

Reference Signs List

[0122] 1 polishing table
2 polishing pad
3 table rotating motor
4 table shaft
9 operation controller

10 polishing head
11 polishing-head shaft

12 polishing-head oscillation arm
20 dressing device
21 dresser arm
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22
23
24
26
27
30
31
32
33

dresser

air cylinder

dresser shaft

support shaft

support-shaft rotating motor

surface property measuring apparatus
measuring head

light-emitting structure

light source

33a, 33b,33c  light source

35
36

light-receiving structure

light-receiving element

36a, 36b, 36c  light-receiving element

38 polarizer

39 ND filter

40 mirror

41 light-reducing filter
43 casing

44 cut

45 nozzle

47a, 47b filter

50 data processing device
51 support arm

52 support plate

53 moving unit

55 fixed block

56 rotating block

58 rotating shaft
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63
66
70
72
73
74
77,78
80
81
83
84
85
87
90
91
92
93

rotating mechanism

cylinder

rotating pin

posture adjusting mechanism
support base

adjustment pin

base plate

positioning plate

elongated hole

support shaft

measuring-head moving mechanism
servomotor

ball screw mechanism

hinge mechanism
irradiating-direction changing mechanism
rotating motor

shaft

angle measuring device
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CLAIMS
[Claim 1] A surface property measuring apparatusdqoolishing pad used for
polishing a substrate, comprising:
a light-emitting structure configured to irradigite polishing pad with light from
a plurality of directions as viewed from a polisipsurface side of the polishing pad; and
a light-receiving structure configured to receneflected light traveling in a

plurality of directions from the surface of the igbing pad.

[Claim 2] The surface property measuring apparatusrding to claim 1, further
comprising an irradiating-direction changing medban configured to change an

irradiating direction of the light.

[Claim 3] The surface property measuring apparatesrding to claim 2, wherein
the irradiating-direction changing mechanism cosgsia rotating motor configured to
rotate the light-emitting structure and the ligateiving structure, and a shaft coupled to

the rotating motor.

[Claim 4] The surface property measuring apparaosording to any one of
claims 1 to 3, wherein:

the light-emitting structure includes a pluralitfylight sources facing in different
directions; and

the light-receiving structure includes a pluralidy light-receiving elements

facing in different directions.

[Claim 5] The surface property measuring apparaosording to any one of
claims 1 to 4, further comprising a data processdiengjce electrically coupled to the light-
receiving structure, the data processing devicagoeonfigured to determine an index

value based on intensity distributions of a playadif reflected lights from the polishing
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pad corresponding to a plurality of lights irradigt the polishing pad from different

directions, the index value indirectly indicating@aface property of the polishing pad.

[Claim 6] A surface property measuring method f@oéishing pad, comprising:
irradiating the polishing pad with a plurality ghts from different irradiating
directions as viewed from a polishing-surface sifithe polishing pad;
receiving a plurality of reflected lights from thpolishing pad corresponding
respectively to the plurality of lights irradiatitige polishing pad;
obtaining intensity distributions of the pluraliwy reflected lights; and
determining an index value based on the interdigiributions, the index value

indirectly indicating a surface property of theipbing pad.

[Claim 7] The surface property measuring methoaetiog to claim 6, wherein:
irradiating the polishing pad with the plurality bghts from the different
irradiating directions comprises irradiating thdiglang pad with light while changing an
irradiating direction of the light; and
receiving the plurality of reflected lights fronmet polishing pad comprises
receiving the plurality of reflected lights fromettpolishing pad corresponding to lights

irradiating the polishing pad from different irrating directions.

[Claim 8] The surface property measuring methodoetiog to claim 6 or 7,
wherein:

irradiating the polishing pad with the pluralityf bghts from the different
irradiating directions comprises irradiating thdigling pad with the plurality of lights
from a plurality of irradiating directions, the pdlity of lights being emitted by a
plurality of light sources; and

receiving the plurality of reflected lights fronmet polishing pad comprises

receiving, by a plurality of light-receiving elementhe plurality of reflected lights from
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the polishing pad corresponding to the pluralitylights irradiating the polishing pad

from the plurality of irradiating directions.

[Claim 9] A surface property judging method foralighing pad, comprising:
irradiating a plurality of points on a surfacetloé polishing pad with laser light;
receiving a plurality of reflected lights from tearface of the polishing pad;
determining intensity distributions of the plutaliof reflected lights at the

plurality of points on the surface of the polishipagd;
calculating a wavelength composition ratio frome tintensity distributions

determined at the plurality of points, the wavelangomposition ratio indirectly
indicating a surface property of the polishing paaakl
judging whether the surface property of the patiglpad is good or not based on

the wavelength composition ratio.

[Claim 10] The surface property judging method adew to claim 9, wherein
calculating the wavelength composition ratio frame intensity distributions determined
at the plurality of points comprises calculatingvel@ngth composition ratios from the

intensity distributions, respectively.

[Claim 11] The surface property judging method adew to claim 9, wherein
calculating the wavelength composition ratio frame intensity distributions determined
at the plurality of points comprises:

calculating an average of the intensity distribog; and

calculating the wavelength composition ratio frtime average of the intensity

distributions.

[Claim 12] The surface property judging method adow to claim 10, wherein

judging whether the surface property of the pofighpad is good or not based on the
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wavelength composition ratio comprises:

determining whether the wavelength compositioniosatare within a
predetermined reference range; and

judging that the surface property of the polishpagl is good when all of the

wavelength composition ratios are within the predatned reference range.

[Claim 13] The surface property judging method adow to claim 10, wherein
judging whether the surface property of the pofighpad is good or not based on the
wavelength composition ratio comprises:

calculating an average of the wavelength compmositatios;

comparing the average with a predetermined thidstadue;

determining whether the wavelength compositioniosatare within a
predetermined reference range; and

judging that the surface property of the polishpagl is good when the average
is smaller than the threshold value and all ofwlagelength composition ratios are within

the predetermined reference range.

[Claim 14] The surface property judging method adow to claim 10, wherein
judging whether the surface property of the pofighpad is good or not based on the
wavelength composition ratio comprises:

calculating an average of the wavelength compmositatios;

comparing the average with a predetermined thidstadue;

determining whether the wavelength compositioniosatare within a
predetermined reference range; and

judging that the surface property of the polishpagl is good when the average
is larger than the threshold value and all of ttevelength composition ratios are within

the predetermined reference range.

50



[Claim 15] The surface property judging method adow to any one of claims 9
to 14, further comprising terminating a break-iroqass of the polishing pad when the

surface property of the polishing pad is determitzeble good.
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