1 DESCRI PTI ON POLI SHI NG PAD, PLATEN HOLE COVER, POLI SHI NG APPARATUS,
POLI SHI NG METHOD, AND METHOD FOR FABRI CATI NG SEM.CONDUCTOR DEVI CE
Technical Field The present invention relates to a wi ndowed polishing pad
which is suitable for use to formplanar surfaces in sem conductors,
dielectric/metal conposites, integrated circuits, etc.; a platen hole
cover; a polishing apparatus including the wi ndowed polishing pad or the
pl aten hole cover; and a nmethod for fabricating a sem conductor device
usi ng the polishing apparatus. Backgroand Art As the density of

sem conductor devices is increasing, multilevel interconnections and
techni ques associated therewith, for exanple, techniques for formng
interlayer insulating filnms and 5E§Eﬂ&9%§5Nfor form ng el ectrodes using
pl.ug processes, danascene processes, of the like are becom ng inportant.
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and netal fil el’ect’rodes are al'so becomng Inportant. As an efficient
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to as chemca ani cal ‘polishing ( 2 1s wdely used. As disclosed in
Japanese Unexam ned Pat ent DEVICE

Technical Field

" The present invention relates to a windoweq polishing
pad which is suitable foxr use to form planar surfaces in
semiconductors, dielectric/metal composites, integrated
circuits, eﬁc.; a platen hole cover; a polishing apparatus
including the windowed polishing pad or the platen hole
cover: and a method for fabricating a semiconductor device

using the polishing apparatus.

Background Art

As the density of semiconductor devices is increasing,
multilevel interconnections and techniques associated
therewith, for example, techniques for forming interlayer
insulating f£ilms and techniques for forming electrodes using
piug processes, damascene processes, or the like are
becoming important. Accordingly, planarization processes
for such interlayer insulating films and metal films of
electrodes are also becoming important. As an efficient
technique for the planarization processes, a polishing

technique referredito as chemical mechanical polishing (CMP)



Application Publication No. 9-7985, a polishing apparatus using CWP is
receiving attention as an inportant technique in which, while a substrate,
such as a wafer, is being polished, a |aser beamor visible light is
applied fromthe back side (platen side) of the polishing pad to a surface
of the substrate to be polished so that the polished state is mneasured.
As the polishing pad used for such a polishing apparatus, PCT Japanese
Transl ati on Patent Publication No. 11-512977 discloses a polishing pad
useful for the polishing of wafers pravi-ded with integrated circuits, at
least a portion of the pad being conposed of a solid uniformresin sheet
wWith no intrinsic ability to absorb or transport slurry particles, the
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be observed, and prevents- polishing slurry fromentering the platen hole
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using such a transparent solid - 3 uniformresin for the w ndow nenber,

since thgMNdQM BRI ten side) of the polishing pad to a surface of
the substrate to be polished so that the polished state is
measured. As the polishing pad used for such a polishing
apparatus, PCT Japanese Translation Patent Publication No.
11-512977 discloses a polishing pad useful for the polishing
of wafers provided with integrated circuits, at.least a
portion of the pad being composed of a solid uniform resin
sheet with no intrinsic ability to absorb or transport
slurry particles, the resin sheet being transparent to 1ight
having a wavelength within the range of 190 to 3,500
nanometers. The polishing pad includes a polishing layer
and a cushion layer laminated on the polishing layer with a
double-sided adhesive tape or the like therebetween. An
opening is formed at a predetermined position of the
polishing pad, and a window member composed of a transparent
solid uniform resin is fitted in the opening. The window
member transmits light so that the surface to be.polished
can be observed, and prevents polishing slurry from entering
the platen hole and getting behind the back of the platen.

However, in the polishing pad using such a transparent solid



comes into contact with the surface of the substrate, i.e., the surface to
be polished, scratches easily occur on the surface of the substrate, which
is problematic. Mdreover, since the wi ndow nenber does not uniformy cone

into contact wth the surface of the substrate, i.e., the surface to be
polished, the slurry is interposed between the wi ndow nenber and the
surface of the substrate. As a result, light reflected at the surface of

the substrate is scattered, and it is not possible to achieve satisfactory
nmeasurenent accuracy, which is also-pgobl ematic. Disclosure of Invention
It is an object of the present invention to provide a w ndowed polishing
pad or a platen hole cover which is used to formplanar surfaces in glass,
sem conduct or s, diele%tri%/netal onposi.t
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construcfi ons descCribed below. (1) pol i shi'ng pad i1 ncludes a polishing
layer angiice the window member does not uniformly come into contact
with the surface of the substrate, i.e., the surface to be
polished, the slurry is interposed between the window member
and the surface of the substrate. As a result, light
reflected at the surface of the substrate is scattered, and

it is not possible to achieve satisfactory measurement

accuracy, which is also problematic.

Disclosure of Invention

It is an object of the present invention to provide a
windowed polishing pad or a platen hole cover which is used
to form planar surfaces in glass, semiconductors,
dielectric/metal composites, integrated circuits, etc.; a
polishing apparatus including the windowed polishing pad or
the platen hole cover; a method for fabricating a
semiconductor device ﬁsing the polishing apparatus; and a
polishing method, in which the number of scratches occurring
on the surface of the substrate is small, and the polished
state can be optically measured satisfactorily during
polishing.

In order to achieve this object, the present invention



light-transm ssive w ndow nenber disposed in an opening . forned in a part
of the polishing |ayer, wherein the anount of indentation strain (SlI)
measured under a load Wapplied to the light-transm ssive w ndow nenber
having an upper area .A is larger than the anount of indentation strain
(S2) neasured under a load Wapplied to a region having the area A at any
position on the upper surface of. the polishing layer. (2) In the polishing
pad according to (1), S1/S2 z 1.5. (3) In the polishing pad according to
either (1) or (2), the light-transm-sgive wi ndow nenber is supported by a
hi ghly deformabl e nenber. (4) In the polishing pad according to (3), the
conpressi on nodul us of the highly deformable nmenber is 0.001 to 0.8 Mra.

(5) 1 he poli.sh g Al ASEH UG ARANLNG of (1) o (4), ai least a

part of i'g rransm ssive W I s di sposed at a position
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according to n | 1 ght-transm ssi've w ndow nenber
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formed in a part of the polishing layer, wherein the amount
of indentation strain (S1) measured under a load W applied
to the light-transmissive window member having an upper area
‘A is larger than the amount of indentation strain (S2)
measured under a load W applied to a region having the area
A at any position on the upper surface of the polishing
layer.

(2) In the polishing pad according to (1),
s1/s82 = 1.5.

(3) In the polishing pad according to either (1) oxr (2),
the light-transmissive window member is suppoxrted by a
highly deformable member.

(4) In the polishing pad according to (3), the
compression modulus of the highly deformable member is 0.001
to 0.8 MPa.

(5) In the polishing pad according to any one of (1) to
{4), at least a part of the light-transmissive window member
is disposed at a position higher than the surface of the
polishing layer.

(6) In the polishing pad according to any one of (1)} to
(5), the light-transmissive window member has a region

having a micro rubber A-type hardness of 60 degrees or less



(7) I'n the polishing pad according to any one of (1) to (6), the

| i ght-transm ssive wi ndow nenber has a phase separation structure. (8) A
pol i shing apparatus includes at |east the polishing pad according to any
one of (1) to (7), neans for supplying an abrasive material between the
polishing pad and a workpiece, neans for making the polishing pad abut on
the workpiece and relatively noving the polishing pad and the workpiece
to perform polishing, and neans for optically measuring the polished state
of the workpiece through the [|ight-tra&nsm ssive w ndow nenber. (9) A

met hod for fabricating a sem conductor device includes the step of
polishing a surface of a sem conductor substrate using the polishing
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togetherm é{h a polishing pad having an opening and fixed on a hole of a
platen in a polishing apparatus in which the polished state can be
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the anount "'of 1 ndentation strarn (S 2) neasured under a load W applied to

a regi on gy ithe ARstarélt any position on the upper surface of a
~polishing lNayer of the polishing pad used together. _

(8) A polishing apparatus includes at least the
polishing pad according to any one of (1) to (7), means for
supplying an abrasive material between the polishing pad and
a workpiece, means for making the polishing pad abut on the
workpiece and relatively moving the polishing pad and the
workpiece to perform polishing, and means for optically
measuring the polished state of the workpiece through the
light-transmissive window'member.

(9) A method for fabricating a semiconductor device
includes the step of polishing a surface of a semiconductor
substrate using the polishing apparatus according to (8).

(10) A platen hole cover includes a light-transmissive.
window member, the platen hole cover being used together
with a polishing pad having an opening and fixed on a hole
of a platen in a polishing apparatus in which the polished
state can be optically measured, wherein the amount of
indentation strain (S'l) measured under a load W' applied to
the upper surface of the light-transmissive window member

. having an upper area A' is larger than the amount of

indentation strain (5'2) measured under a load W' applied to



(11) In the platen hole cover according to (10), S 1 a S 2. (12) In the

pl aten hol e cover according to either (10) or (11), the light-transm ssive
wi ndow nmenber is supported by a highly deformable nmenber. (13) In the

pl aten hol e cover according to (12), the conpression nodulus of the highly
def ormabl e nenber is 0.001 to 0.8 MPa. (14) In the platen hole cover
according to any one of (10) to (13), at least a part of the upper surface
of the light-transm ssive w ndow nenber is disposed at a position higher
than the surface of the polishing | aye6 of the polishing pad before the
start of polishing. (15) In the platen hole cover according to any one of
(10) to (14), the light-transm ssive w ndow nenber has a region having a
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dom/ne hase separation struct pol i shi ng appar at us
|ncludes lLkaten hole - 7 cover according to any one of (10) to (16), a
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means for supphyhngnaphabpaakks HBLEM cBkeRebWRREdIRY to (10),
S'1 = S'2.
| (12) In the platen hole cover according to either (10)
or (11), tﬁe light—transmissive window member is supported
by a highly deformable member.

(13) In the platen hole cover according to (12), the
compression modulus of the highly deformable member is 0.001
to 0.8 MPa.

(14) In the platen hole cover according to any one of
(10) to (13), at least a part of the upper surface of the
light-transmissive window member is disposed at a position
higher than the surface of the polishing layer of the
polishing pad before the start of polishipg.

(15) In the platen hole cover according to any one of
{10) to (14), the light-transmissive window member has a
region having a micro rubber A-typé hardness of 60 degrees
or less and a region having a micro rubber A-type hardness
of 80 degrees or more.

(16) In the platen hole cover accordihg to any one of
(10) to (15), the light-transmissive window member has a
phase séparation structure.

(17) A polishing apparatus includes the platen hole



polishing pad and a surface to be polished, nmeans for making the polishing
pad abut on the surface to be polished and relatively noving the polishing
pad and the surface to be polished to perform polishing, and neans
for.optically neasuring the polished state of a workpiece through the
light-transm ssive w ndow nmenber. (18) A nethod for fabricating a

sem conduct or device includes the step of polishing a surface of a

sem conductor substrate using the polishing apparatus according to (17).
(19) A nethod for polishing a workpi ecd i-ncludes the steps of disposing a
polishing pad including a polishing l|ayer, a light-transm ssive w ndow
menber which constitutes a part of the polishing pad or which is
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pad; and supplying an abrasive nmaterial between the polishing pad and the
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measured through the 1ight-transm ssive wi ndow nmenber. In accordance with

the preseRtLativ@lly @ibviidg ithe polishing pad and the surface to be
polished to perform polishing, and means for optically
measuring the polished state of a workpiece through the
light-transmissive window member. |

(18) A method for fabricating a semiconductor device
includes the steﬁ of polishing a surface of a semiconductor -
substrate using the polishing apparatus according to (17).
{(19) A method for polishing a workpiece iﬁcludes the

steps of disposing a polishing pad including a polishing
1ayer, a light-transmissive window member which constitutes
a part of the polishing pad or which is independent of the
polishing pad on a platen so that the polishing pad and the
light-transmissive window member can abut against the
workpiece; setting the amount of indentation sﬁrain (S"1)
measured under a locad W' applied to the upper surface of the
light-transmissive window member having an upper area A" to
be larger than the amount of indentation strain (8"2)
measured under a load W" is applied to a region having the
area A" at any position on the surface of the polishing

layer of the polishing pad; and supplying an abrasive



possible to provide a wi ndowed polishing pad or a platen hole cover which
Is used to form planar surfaces in glass, sem conductors, dielectric/netal
conposites, integrated circuits, etc.; a polishing apparatus including the
wi ndowed polishing pad or the platen hole cover; a method for fabricating
a sem conductor device using the polishing apparatus; and a polishing

met hod, in which the nunber of scratches occurring on the surface of the
substrate is snall, and the polished state can be optically neasured
satisfactorily through the wi ndowed polBi shing pad or the platen hole cover
during polishing. Brief Description of the Drawings Fig. 1 is a plan view
whi ch shows a polishing pad including a Iight transm ssi ve w ndow nenber.

Fig. 2 S i.anal ture of .
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exanpl e a structure of a polishing pad including a I'tght- transm ssive
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whi ch shows another exanple of a structure of a polishing pad including a

l'ight- transnigshy¥govaafew werhernefl prageptesaientivant iianidig. 5 is a

cross-sectional view which shows another exanple of a structure of a

pol i shi ngopadbileckudipi®@vidd ghtwindowed polishing pad or a platen
hole cover which is used to form planar surfaces in glass,
semiconductors, dielectrié/metal composites, integrated
circuits, etc.; a polishing apparatus including the Windowed
polishing pad or the platen hole cover; a method for
fabricating a semiconductor device using the polishing
apparatus; and a polishing method, in which the number of
scratches occurring on the surface of the substrate is small,
and the polished state can be optically measured

satisfactorily through the windowed polishing pad or the

platen hole cover during polishing.

Brief Description of the Drawings

Fig. 1 is a plan view which shows a polishing pad
including a light-transmissive window member.

Fig. 2 is a cross-sectional view which shows an example
of a structure of a polishing pad including a light-
transmissive window member cof the present invention.

Fig. 3 is a cross-sectional view which shows another
example of a structure of a polishing pad including a light-

transmissive window member of the present invention.



transm ssi ve wi ndow nenber of the present invention. Fig. 6 is a
cross-sectional view which shows an exanple of a platen hole cover of the
present invention. Fig. 7 is a side view which shows an enbodi ment of a
pol i shing apparatus which is capable of optically nmeasuring the polished
state. Fig. 8 is a side view which shows anot her enbodi nent of a polishing
apparatus which is capable of optically neasuring the polished state. Fig.
9 shows an exanple of a shape of a light- transm ssive w ndow nenber of the
present invention. Reference Numeraks9l-polishing |ayer 2

l'ight-transm ssive w ndow nenber 3 polishing pad 4 adhesion layer 5
cushion | ayer 6 erxibIe | ight-transm ssive layer in light- transm ssive
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' example of a structure of a polishing pad including a light-

transmissive window member of the present invention.

Fig. 5 is a cross-sectional'view which shows another
example of a structure of a pelishing pad including a light-
transmissive window member of the present invention.

Fig. 6 is a cross-sectional view which shows an example
of a platen hole cover of the present invention.

Fig. 7 is a side view which shows an embodiment of a
‘polishing apparatus which is capable of optically measuring
the polished state.

Fig. 8 is a side view which shows another embodiment of
a polishing apparatus which is capable of optically
measuring the polished state.

Fig. 9 shows an example of a shape of a light-
transmissive window member of the present invention.
Reference Numerals

1 polishing layer

2 light-transmissive window member

3 polishing pad

4 adhesion layer
5 cushion layer
6 flexible light-transmissive layer in light-

transmissive window member

7 highly deformable member



13 Iight source 14 photodetector 15 incident light 16 reflected |ight

17 platen 18 platen hol e cover Best Mdde for Carrying Qut the Invention
Exanpl es of polishing pads of the present invention include a structure
including a polishing |layer and an adhesion nenber, and a | ayered
structure including a polishing |layer, a cushion |layer, and an adhesion
menber. Any polishing |ayer which is capable of polishing a workpiece and
hol ding a slurry during polishing may be used. Exanples include polishing
| ayers having rigid foanmed structur-esioneluding closed cells, such as the
ones disclosed in PCT Japanese Transl ation Patent Publication No.

8-500622 and PCT Publication No. 00/12262 panphlet; a polishing | ayer
havi ng an unfganed tructure including small channels provided on the
surface which[xﬂrﬁih?§ﬁ9Qr ?%%%rt - 11 of slurry, as disclosed in PCT :
Japanese Trangl ati Publ i cation No. 8-511210; and polishing |ayers
havi ng foan93§ strﬁﬁk%ﬁ%é?%ncluding open cells prepared by inpregnating

b L IR CS L ST R o
11 hole
12 beam splitter
13 light source
14 photodetector
15 incident light
16 reflected light
17 platen

18 platen hole cover

Best Mode for Carrying Out the Invention

Examples of polishing pads of the present invention
include a structure including a polishing layer and an
adhesion member, and a lavered structure including a
polishing layer, a cushion layer, and an adhesion member.

Any polishing layer which is capable of polishing a
workpiece and holding a slurry during polishing may be used.
Examples include polishing layers having rigid foamed
structures including closed'cells, such as the ones
disclosed in PCT Japanese Translation Patent Publication No.
8-500622 and PCT Publication No. 00/12262 pamphlet: a
polishing layer having an unfoamed structure including small

channels provided on the surface which permit the transport



a part of the polishing surface and constructed so that 1|ight can be
transmtted fromthe front surface to the back surface of the polishing
pad. The light-transm ssive wi ndow nenber is sufficiently transparent
to-.optical wavelengths in order to observe and neasure the surface of the
wor kpi ece with a haze value of 90%or |ess, preferably 70% or |ess, or
nore preferably 50% or | ess. The |ight-transm ssive wi ndow nenber used for
the platen hole cover of the present invention is fixed so as to cover an
opening of a platen in a polishing apparatus in which the polished state
can be optically neasured, and has a haze value of 90% or |ess,

preferably 70% or | ess, and nore preferably 50%or less. That is, the

| i ght-transnissive W ndow r.is [ Mmh a haze
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producti on. t aze value is defined by the follow ng

equat i ony Hazehalkuei%s wikd FHoisaddansidd tance/total transmittance) x
100. As Fﬁe hafé value i1s decrggségf the anmount of transmtted light is

i ncreased, angnhthe;ghpuRtafbmikadivat Wandel hegiblert @onlse itmtsinate is

i ncreased, which is™ desirable. The opening in the polishing | ayer

preferablyrt of the polishing pad is fitted in an opening formed in
a part of the polishing surface and constructed so that
light can be transmitted from the front surface to the back
surface of the polishing pad. The light-transmissive window
member is sufficiently transparent to_optical wavelengths in
order to observe and measure the surface of the workpiece
with a haze value of 90% or less, preferably 70% or less, or
more preferably 50% or less. The light-transmissive window
meﬁber used for the platen hole cover of the present
invention is fixed so as to cover an opening of a platen in
a polishing apparatus in which the polished state can be
optically measured, and has a haze value of 20% or less,
preferably 70% or less, and more preferably 503 of.less.
That is, the light-transmissive window member is defined as
a member which has a haze value of 90% or less, preferably
70% or less, and more preferably 50% or less. 'Although the
lower limit of the haze value is not particularly set,
light-transmissive window members with a haze wvalue of about
0.01% or more are usually advantageous in view of the

possibility of industrial production.



has a slightly larger area than that of the light- transm ssive w ndow
menber so that the light-transm ssive w ndow nenber can befitted into the
opening. Fig. 1 shows an exanple of a structure of a w ndowed poli shing
pad of the present invention which includes a polishing |layer and a

| ight-transm ssive w ndow. nenber fitted in an opening forned in a part of
the polishing layer in order to optically mneasure the polished state. In

t he wi ndowed polishing pad including the light- transm ssive w ndow nenber
of the present invention, the anout 1 4 ndentation strain (Si) neasured’
when a load Wis applied to the light-transm ssive w ndow nenber having an
upper area Ais Iarger than the amunt of indentation strain (S2) nmeasured

menber hat The upper area corresponds to the
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of the poF élng | ayer, “the |ight-transm ssive
desirable. The opening in the polishing layer preferably
has a slightly larger area than that of the light-
transmissive window member so that the light-transmissive
window member dan be fitted into the opening. Fig. 1 shows
an example of a structure of a windowed polishing pad of the
present invention which-includes a polishing layer and a
light-transmissive window member fitted in an opening formed
in a part of the polishing layer in oxder to optically
measure the polished state.

In the windowed polishing pad including the light-
transmissive window member of the present invention, the
amount of indentation strain (S1) measured when a load W is
applied to the light-transmissive window member having an
upper area A is larger than the amount of indentation strain
(s2) measured when a load W is applied to a region having
the area A at any position on the upper surface of the
polishing layer. Herein, the upper area corresponds to the
apparent area of the exposed light-transmissive window
member in the polishing layer. That is, the upper area

corresponds to the projected area of the exposed iegion when



wi ndow shoul d be considered as being substantially exposed. The reason for
this is that the filmdoes not substantially affect the anount of
indentation strain when the load is applied. Since the | oad Wnust be
uniformy applied to the region to be pressed, ideally, a constant
pressure is applied to substantially the entire surface of the region to
be pressed. However, when the light-transm ssive w ndow nenber has
sufficient rigidity, even if a constant pressure is not necessarily
applied to the entire surface, self--emvidently, the sane effect is achieved
as that yielded from the case when a constant pressure is applied to the
entire surface. Wen the load is applied, any appropriate nethod nay be

used. For . | e, [ ig.inclydi ' i_t h i.ch. .
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constituent of the polishing layer, the light-transmissive
window should be considered as being substantially exposed.
The reason for this is that the film does not substantially
affect the amount of indentation strain when the load is
applied.

Since the load W must be uniformly applied to the
region to be pressed, ideally, a constant pressure is
applied to substantially the entire surface of the region to
be pressed. However, when the light-transmissive window
member has sufficient rigidity, even if a constant pressure
is not necessarily applied to the entire surface, self-
evidently, the same effect is achieved as that yielded from
the case when a constant pressure is applied to the entire
surface. When the load is applied, any appropriate method
may be used. For example, a jig including a region with the
area A which is brought into contact with the polishing
layer or the light-transmissive window member may be used.

When the amount of indentation strain on the upper
surface of the polishing layer is measured, the region which

is affected by the light-transmissive window member should



strain at the light-transm ssive wi ndow nenber, using an indenter which
has substantially the sane shape as that of the upper surface of the

|l i ght-transm ssive w ndow nenber, an area of at |east 80% of the upper
area of the light- transm ssive w ndow nenber, and a substantially S|n1Iar
shape as that of the light-transm ssi ve mnndOM/nenber a c onstant
pressure is applied while the indenter is brought |nto contact with
substantially the entire upper surface of the light-transm ssive w ndow
nmenber so as not to be in contact wththe polishing layer. In order to
ideally neasure the anount of indentation strain at the surface of the
polishing layer, using the sane apparatus used for nmeasuring the amunt of

ndent a1 B el S Ul AT B GO T, e sar

re isap However, 1t the indenter
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which is used to nmeasure conpression strain, such as a
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In order to ideally measure the amount of indentation
strain at the light-transmissive window member, using an
indenter-which has substantially the same shape as that of
the upper surface of the light-transmissive window member,
an area of at least 80% of the upper area of the light-
transmissive window member, and a substantially similar
shape as that of the light—transmissive window member, a
constant pressure is applied while the indenter is broﬁght
into contact with substantially the entire upper surface of
the light-transmissive window member so as not to be in
contact with the polishing layer. In order to ideally
measure the amount of indentation strain at the surface of
the polishing layer, using the same apparatus used for
measuring the amount of indentation strain at the light-
transmissive window member and the same indenter, the same
constant pressure is applied. However, if the indenter used
for pressing the light-transmissive window member is not
flat, a flat indenter is used for the polishing layer.

As the method for measuring the amount of indentation

strain, a universal material testing machine which is



the pressure applied fromthe surface to be polished to the upper surface
of the light-transm ssive w ndow nenber or the upper surface of the

polishing layer during actual polishing. By selecting the pressure from
the sane range when the anpunt of indentation strain is neasured, a
suitable polishing pad is obtained under the actual polishing conditions.
The testing rate is set at 0.1 mmi mn. The anpunt of indentation strain is
defined as the difference between the strain generated when 10% of a
constant | oad (pressure) is applied.ansthe strain generated when the
constant pressure is applied. Briefly speaking, the-present invention is
characterized in that when the sane pressure is applied to the upper
surface of the Iiggt-transnissive-mﬁndom1ne er._.and the.u surface of
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or nore,
MPa is selected. Such a range corresponds to the. range of
the pressure applied from the surface to be pdlished to the
upper surface of the light-transmissive window member or the
upper surface of the polishing layer during actual polishing.
By éelecting the pressure from the same range when the
amount of indentation strain is measured, a suitable
polishing pad is obtained under the actual polishing
conditions. The testing rate is set at 0.1 mm/min.

The amount of indentation strain is defined as the
difference between the strain generated when 10% of a
constant load (pressure) is applied and the strain generated
when the constant pressure is applied.

Briefly speaking, the present invention is
characterized in that when the same pressure is applied to
the upper surface of the light-transmissive window member
and the upper surface of the polishing layer, the amount of
indentation strain of the light-transmissive window member
is larger than that-of the polishing layer. In such a
construction, even if an excessive pressure occurs locally,

it is possible to prevent scratches from occurring on the



preferably 2.5 tinmes or nore the anmpbunt of indentation strain (S2) at the
upper surface of the polishing layer. As the difference between the anpunt
of Indentation strain of the light-transm ssive w ndow nenber and the
amount of indentation strain of the polishing layer is increased, it 1is
possi ble to decrease the nunber of scratches occurring on the surface of
the workpi ece. Exanples of specific structures of the polishing pad which
is constructed so that the anmpbunt of indentation strain at the upper
surface of the |Ilight-transm ssive w niw menber is |arger than the anount
of indentation strain at the upper surface of the polishing |ayer are
descri bed below. Fig. 2 shows an exanple of a structure which includes a

doubl e- |
ayer aﬁ%%ﬁgotPanE#%s%%%ﬂﬂIé s QJfgé?JE o éE& TTen?

| ayer. sive ow ne I'S e pollshlng
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def or mab pose on"the cushion layer. In this structure, since
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I ndentation strain of the polishing layer. Fig. 3 shows an exanple of a
struct Ur?fd&b&*&bll&c|1Q@&1&1e51@tb|nﬂ:ﬁ@yeﬁoﬂwlpﬁﬂengamd i re| viihey @r cushi on
a

| ayer an
more, still more preferably 2.0 times or more, or most
preferably 2.5 times or more the amount of indentation
strain (S2) gt the upper surface of the polishing léyer. As
the difference between the amount of indentation strain of
the light-transmissive window member and the amount of
indentation strain of the polishing layer is increased, it
is possible to decrease the number of scratches occurring on
the surface of the workpiece. Examples of specific
structures of the polishing pad which is constructed so that
the amount of indentation strain at the upper surface of the
light-transmissive window member is larger than the amount
of indentation straiﬂ at the upper surface of the polishing
layer are described below.

Fig. 2 shows an example of a structure which includes a
double-layer polishing pad including a cushion layer and a
polishing layer. A light-transmissive window member is
provided on the polishing pad. The light-transmissive
window member is supported by a highly deformable member
disposed on the cushion layer. In this structure, since the

highly deformable member is easily deformed in response to



polishing layer. A light-transm ssive w ndow menmber is provided on the
polishing pad. The light-transm ssive w ndow nenber is supported by a

hi ghly deformabl e nenber disposed on an adhesive |ayer disposed on the
bottom Since the thickness of the highly deformable nmenber is [arger than
that of the highly deformable nenber shown in Fig. 2, it is possible to
set the anount of indentation strain of the light-transm ssive w ndow
nmenber to be nuch larger than the amount of indentation strain of the
polishing layer. Fig. 4 shows an exangl® -of a structure which includes a
doubl e-1 ayer polishing pad including a cushion layer and a polishing

| ayer. A light-transm ssive wi ndow nenber is provided on the polishing

pad. The_ t hi cknes f the cushi N th ' '
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double-layer polishing pad including a cushion layer and a

polishing layer. A light-transmissive window member is

- provided on the polishing pad. The light-transmissive
window membef is supported by a highly deformable member
disposed on an adhesive layer disposed on the bottom. Since
the thickness of the highly deformable member is larger than
that of the highly deformable member shown in Fig. 2, it is
possible to set the amount of indentation strain of the
light-transmissive window member to be much larger than the
amount of indentation strain of the bolishing layer.

Fig. 4 shows an example of a structure which includes a
double-layer polishing pad including a cushion layer and a
polishing layer. A light-transmissive window membexr is
provided on the polishing pad. The thickness of the cushion
layer at the portion supporting the light-transmissive
window member is larger than the thickness of the cushion
layer at the portion supporting the polishing layer. In
this structure, it is possibie to set the amount of
indentation strain of the light-transmissive window member

to be larger than the amount of indentation strain of the



the bottom It is possible to set the anbunt of indentation strain of the
|l i ght-transm ssive wi ndow nenber to be l|arger than the anount of

i ndentation strain of the polishing |layer. The highly defornable nmenber is
defined as a nenber which is nore easily defornmed conpared with the
polishing Ilayer or the cushion |layer. Being easily deformed nmeans having
a large deformation in the sane shape (in which additive properties,
linearity, etc., may al so be considered, if necessary) under the sane
conpressive stress (pressure). As suchga-nenber, a foanmed sheet is
preferably used because of its |large deformation and high deformation
regorery f Preferably a hi ghly def ormabl e menber having a conpression
nmodul us of .Q. 0Q1 t MPa is used. By using such a highl def or mabl e
menber, PH&15%é§§u Yié}rporarlly applied to the [ight- ?raxsn133|ve W ndow

menber can begg %flglgﬂéh¥rogsgkgﬁ le. @eregqﬁﬁcfﬁyé E?lt%%ﬂaaes a

substantlally préeven m occarring on the surface e workpi ece.
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transm ssiv mtype adhesive tape in - 19 which a
foamed sheghd:S iSRS RPIE HY psihesion |Puer s Tivd eLpgioyi ded on bot h

sides of the base i's preferably used. SpeC|f|c exanpl es thereof include

acrylic Qamshildati #in®RANefEntied aRF SSuprPBtha b Bohigh#p20, Y-4914.

Y-4627, Y- 4630F, Y-4609, Y-4615, Y-4604, Y-4608, Y-4612, Y-4620, etc.

manuf act WegdrimabIdneaiber3Mildgbse@nsh dmiidhes Dedl 1apes disposed at
the bottom. It is possible tb set the amount of indentation
strain of the light-transmissive window member to be iarger
than the amount of indentation strain of the polishing layer.

The highly deformable member is defined as a member

which is more easily deformed compared with the polishing
layer oi the cushion layer. Being easily deformed means
having a large deformation in the same shape (in which
additive properties, linearity, etc., may also be considered,
if necessary) under the same compressive stress (pressure).
As such a member, a foamed sheet is preferably used because
of its large deformation and high deformation recovery.
Preferably, a highly deformable member having a compression
modulus of 0.001 to 0.8 MPa is used. By using such a highly
deformabie member, the pressure temporarily applied to the
light-transmissive window member can be efficiently absorbed.
Therefore, scratches can be substantially prevented from
occurring on the surface of the workpiece. Since the highly
deformable member must be firmly bonded to the light-

transmissive window member, a foam-type adhesive tape in



7840 (0.4 white), 7840 (0.6 white), 782 (0.8), etc., manufactured by

Ter aoka Sei sakusho Co., Ltd. The foanmed sheet is preferably conposed of

cl osed cells because it nust prevent the entry of polishing slurry.
Preferred exanples of such a foaned sheet include EPT sponge manufactured
by Daiwabo Co., Ltd., such as EPT#120, EPT#140, EPT#300, EPT#310,

EPT#320, and EPT#450. The thi ckness and shape of the highly deformable
menber may be adjusted appropriately depending on the hardness and
.deformability of the polishing | ayers 1%e- cushion layer, or the

|l ight-transm ssive w ndow nenber. The platen hole cover of the present

I nvention includes a light-transm ssive w ndow nenber fixed on a hole of a

platen in,a Li shi t [ i_.ch t | J it

op;i)cal | YOS gﬁlr iaz?%gd?r%%%ree% ossr Ius%t?\ggl(?%t iangl’%t%g &ﬁgﬁﬁ%aoﬁg% &% W ndow
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pl at en. %%(% gﬁgﬁ%geﬁhgﬁ)ﬁgg\%eylﬁlse%'%ﬁ%g “Whi c%%czg%eér,*s the entire gzr}age
of the gag&%&%naﬁﬁgg,l%@e tRleeRE %ﬁxctﬂ?ﬁe ld3hf1 1A din s BictdAIs M Tt ed,

which is t oget wth a polishing pad having an openi ng, which

prevent s e s8Rk" ¥ aRksP@I-149Y0Ng y-SoHg Y v arbovhixedyansyi 4gp Trpagur i ng
l.ight. The platen ol e cover of the present invention is characterized in

that the smeEnt vofygiondetaldisn strajon (I 9somaswasl when- geimacetdV, is
applied to the light-transm ssive wi ndow nenber havi ng
manufactured by Sumitomo 3M Ltd., and double-sided tapes
7840 (0.4 white), 7840 (0.6 white), 782 (0.8), etc.,
manufactured by Teraocka Seisakusho Co., Ltd. The foamed
sheet is preferably composed of closed cells because it must
prevent the entry of polishing slurry. Preferred examples
of such a foamed sheet include EPT sponge manufactured by
Daiwabo Co., Ltd., such as EPT#120, EPT#140, EPT#300,
EPT#310, EPT#320, and EPT#450.

The thickness and shape of the highly deformable member
may be adjusted appropfiately depending on the hardness and
deformability of the polishing layer, the cushion layer, or
the light-transmissive window member.

The platen hole cover of the present invention includes
a light-transmissive window member fixed on a hole of a
platen in a polishing apparatus in which the polished state
can be optically measured; a member for supporting the
light-transmissive window member; and means for fixing the
light-transmissive window member on the platen. The platen
hole cover is a member which covers the entire surface of

the hole opened in the platen so that light can be



an upper area A' is larger than the amount of indentation strain (S 2)
measured when a load W is applied to a region having the area A' at any
position on the upper surface of the polishing |ayer of the polishing pad
used together. Herein, the upper area A° of the light-transm ssive w ndow
menber is defined as in the upper area Ain the polishing pad of the
present invention described above. The upper area corresponds to the
apparent area of the light- transm ssive w ndow nenber when viewed fromthe
top. That s, the upper area corresp@us to the projected area when '
viewed fromthe top. The load W, application of the |oad, neasurenent of
the anbunts of indentation strain (SI, S 2), and other preferred
constructions can he consjidered as in

C h l.i,shi '
'n'the pFESSRESEhodn FEHC e HAdHnE® PeRsEeReA o DBRriRE ] Coner
surface e Light-transm ssi |
![ﬁ Iarﬁggaf’ﬁaﬁ ngoglﬁﬁl&ﬁ‘tg%of” Si:"ﬁgé’ﬁd{eg% ?l\gr? g?l ;ggl%:?tg{y HW)E: pljﬂ&g%asﬁls r:‘:cgogf r
e polishing - ) A [ ' [
br eseur c238EaYs ABgaMRYEN cragiiile’ ppadty Ml PIS RRETRS! Ve

occurring _on ur 0 rkpi eG i ts {5 gi
wi now nERBE: CRTeE e e e e At Bow be. dscr bed

bel ow. TR, LARdnaPRle 9%ttt obl 3ked 1h0!(& a0V Heddittdaliviged he 1dat -

W' is applied to the light-transmissive window member having
an upper area A' is larger than the amount of indentation
strain (S'2) measured when a load W' is applied to a region
having the area A' at any position on the upper surface of
the polishing layer of the polishing pad.uséd together.

“Herein, the upper area A' of the light-tfansmissive
window member is defined as in the upper area A in the
polishing pad of the present invention described above. The
upper area corresponds to the apparent area of the light-
transmissive window member when viewed from the top. That
is, the upper area corresponds to the projected area when
viewed from the top.

The load W', application of the load, measurement of
the amounts of indentation strain (S'l, S'2), and other
preferred cénstructions can be considered as in the
polishing pad described above.

In the present invention, the amcunt of indentation
strain at the upper surface of the light-transmissive window
member of the platen hole cover is larger than the amount of

indentation strain at the upper surface of the polishing



transm ssive wi ndow nenber is preferably in the range of 100 to 8,000 g.
Such a range corresponds to the range of the constant |oad applied from
the surface to be polished to the upper surface of the Iight-transm ssive
wi ndow menber or the upper surface of the polishing layer during actual
polishing. By selecting the constant |oad fromthe same range when the
anount of indentation strain is measured, a suitable platen hole cover is
obt ai ned under the actual polishing conditions, which is desirable. In the
pl aten hol e cover of the present inveaxi-on, under the constant | oad

sel ected fromthe range of 100 to 8,000 g, the ampunt of indentation strain
at the upper surface of the light-transm ssive w ndow nenber is

preferably 1.5 ti nes ot nore, nore referabl re, or nost
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pol i shed a specific exanple of.the structure of the platen
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of ‘the light- transn1SS|ve w ndow nenber is larger than the anmount of

i ndent at hgR SN e & nePRAtEY 108 cover including the light-
fransmissive window member is preferably in the range of 100
to 8,000 g. Such a range corresponds to the rahge of the
constant load applied from the surface to be polished to the
upper surface of the light-transmissive window member or the
upper surface of the polishing layer during actuél polishing.
By selecting the constant load from the same range when the
amount of indentation strain is measured, a suitable platen
hole cover is obtained under the actual polishing conditions,
which is desirable. In the platen hole cover of the present
invention, under the constant load selected from the range
of 100 to 8,000 g, the amount of indentation strain at the
upper surface of the light-transmissive wihdow member is
preferably 1.5 times or more, more preferably 2.0 times or
more, or most preferably 2.5 times or more the amount of
indentation strain at the upper surface of the polishing
layer. As the diifefence between the amount of indentation
strain at the upper surface of the light-transmissive window
member of the platen hole cover and the amount of

indentation strain at the upper surface of the polishing



of the polishing layer. In this structure, the light- transm ssive w ndow
i s supported by a highly deformable nenber. The highly defornable nenber
has a hole in the center and can be bonded to the platen so as to cover
the platen hole, thereby preventing a polishing slurry from entering the
platen hole. The platen hole cover can be bonded to the platen

i ndependently of the polishing pad. Wen the polishing pad is replaced at
the end of its life, if the platen hole cover is not damaged, the platen
hol e cover can be used continuously 2ghi<h i s advantageous. As the highly
def or mabl e member, the sane materials described above nay be used. The

| i ght-transm ssive wi ndow nenber will be described in nore detail bel ow.
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since a slurry is not intérposed
than the amount of indentation strain at the upper surface
of the polishing layer. In this structure., the light-
transmissive window is supported by a highly deformable
member. The highly deformable member has a hole in the
center and can be bonded to the platen so as to cover the
platen hole, thereby preventing a polishing siurry from
entering the platen hole. The platen hole cover éan be
bonded to the platen independentlf of the polishing pad.
When the polishing pad is replaced at the end of its life,
if the platen hole cover is not damaged, the platen hole
cover can be used continuously, which is advantageous. As
the highly deformable member, the same materials described
above may be used.

The light-transmissive window member will be described
in more detail below. The light-transmissive window member
of the windowed polishing pad and the light-transmissive
window member of the platen hole cover can be composed of
the same material and can have the same characteristics.

The light-transmissive window member used in the

present invention preferably has a region having a micro



bet ween the surface of the |light-transm ssive wi ndow nenber and the
surface to be polished during polishing, the polished state can be

optically neasured satisfactorily. The flexible light-transm ssive layer is
preferably provided in the outernost region of the polishing Iayer,

in the

outernost region on the surface to be polished. The flexible

light-transm ssive layer and the rigid |ight- transm ssive |ayer may
| am nat ed on each other. Alternatively, a structure whose hardness
gradual ly changes or a structure in v#8 ¢h domai ns of individual regi
are distributed may be acceptable. Herein, the mcro rubber A-type
hardness will be described. This hardness is defined as a val ue neas
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from occurring and that, since a slurry is not interposed

between the surface of the light-transmissive window member
and the.surface to be polished during polishing, the
polished state can be optically measured satisfactorily.

The flexible light-transmissive layer is preferably provided
in the outermost region of the polishing layer, i.e., in the
outermost region on the surface to be polished. The
flexible light-transmissive layer and the rigid light-
transmissive layer may be laminated on each other.

Alternatively, a structure whose hardness gradually changes

or a structure in which domains of individual regions are

distributed may be acceptable.

Herein, the micro rubber A-type hardness will be
described. This hardness is defined as a value measured
with a rubber microhardness durometer MD—1 manufactured by
Kobunshi Keiki.Co., Ltd. The rubber microhardness durometer
MD-1 can measure the hardness of thin/small specimens that
are difficult to measure with conventional hardness
ldurometers. The rubber microhardness durometer MD-1 is

designed and manufactured as a model reduced to about 1/5 of

ﬂ!@ﬂa ﬁg;wt&%&%@ﬁ:ﬁuts%ﬁ%e aFnNesin "easHreed with the

of



performed with a cantilever leaf spring, and the spring load is 2.24 nN at
0 point and 33.85 nmN at 100 point. The indenter point is controlled with a
stepping notor at a descending rate of 10 to 30 mm sec to perform
measurenent. Each of the flexible light-transm ssive |ayer and the rigid
i ght-transm ssive |ayer has a thickness of less than 5 nm which is too
thin to be evaluated with the spring-system rubber hardness duroneter A
Therefore, the rubber mcrohardness duroneter MD-1 is used for eval uation.
The m cro rubber A-type hardness of -ttmt f4exible |light- transm ssive |ayer
Is preferably 50 degrees or less and nore preferably 40 degrees or |ess.

Al t hough the lower Iimt is not particularly set, a flexible
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cont act surface of the substrate. The slurry interposed
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satisfactorily. Since the | exi bl e light-transm ssive |ayer is soft,

scratcheg;5a8tB® of 0.16 mm and a height of 0.5 mm. Loading is
performed with a cantilever leaf spring, and the spring load
is 2.24 mN at 0 point and 33.85 mN at 100 point. The
indenter point is controlled with a stepping motor at a
descending rate of 10 to 30 mm/sec to perform measurement.
Each of the flexible light-transmissive layer and the rigid
light-transmissive layer has a thickness of less than 5 mm,
which is too thin to be evaluated with the spring-system
rubber hardness durometer A. Therefore, the rubber
microhardness durometer MD-1 is used for evaluation.

The micro rubber A-type hardness of the flexible light-
transmissive layer is preferably 50 degrees or less and more
preferably 40 degrees or less. Although the lower limit is
not particularly set, a flexible light-transmissive layer
with a micro rubber A-type hardness of about 10 degrees or
more is preferably used from a practical standpoint. When
the flexible light-transmissive layer is brought into
contact with a substrate, it is deformed at the surface of
the substrate because of its softness, and a wide-region of

the flexible light-transmissive layer is in contact with the



prevented fromoccurring on the surface of the substrate. By conbining the
flexible light-transm ssive layer wwth the rigid |ight-transm ssive |ayer,
when the flexible light- transm ssive layer is brought into contact with
the substrate, the back of the flexible Iight-transm ssive |layer is
supported by the rigid light-transm ssive layer, and the surface of the

| i ght-transm ssive wi ndow nenber is easily pressed against the surface of
the substrate. The surface of the flexible light-transm ssive |layer is
deformed, and a wder region of the fdgxible |ight-transm ssive |ayer is
in contact wwth the surface of the substrate. The slurry interposed
between the flexible light-transm ssive |ayer and the substrate is easily

di sch q , . .
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def or ned rn-con wi th the substrate, and thereby the slurry
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transparent rubbers T'nclude silicone rubbers and flexible polyurethane
_rubbers. Ay 3 $hbiaC ARG teURRR beS mRaRdeed datilFaditiold. 1. Paltiareity | sil oxane

main chain wth a silane crosslinking
flexible light-transmissive layer is soft, scratches can be
prevented from occurring on the surface of the substrate.

By combining the flexible light-transmissive layer with
the rigid light-transmissive layer, when the flexible light-
transmissive layer is brought into contact with the
substrate, the back of the flexible light-transmissive layer
is supported by the rigid light-transmissive layer, and the
surface of the light-transmissive window member is easily
pressed against the surface of the substrate. The surface
of the flexible light-transmissive layer is deformed, and a
wider region of the flexible light-transmissive layer is in
contact with the surface of the substrate. The slurry
interposed between the flexible light-transmissive layer and
the substrate is easily dischargéd from the contact area,
and scattering of light does not easily occur. Consequently,
measurement can be performed more satisfactorily.

Specific examples of materials for the flexible light-
transmissive layer include transparent rubbers and
transparent gels. By using such materials, the surface of

the flexible light-transmissive layer is very rapidly



agent or the like. It is possible to freely control the mcro rubber
A-type hardness dependi ng on the nol ecular weight of the main chain and

t he amount of the crosslinking agent added. It is possible to easily form
a flexible light-transm ssive layer with a mcro rubber A-type hardness

of 60 degrees or less on arigid light-transm ssive |layer. Specific
exanpl es of silicone rubbers include SE9185, SE9186, SE9186L, SE9187L,
etc., manufactured by Toray-Dow Corning Silicone Co., Ltd. A polyurethane
rubber is prepared by reacting a carliéol -term nated pol yether, such as
pol yet hyl ene glycol, with an isocyanate crosslinking agent. By controlling
t he nol ecul ar wei ght of the polyether and the anount of the crosslinking

t, it i ible to .relatiyvel Al '
Pgnt - r anERFRSR,ReR, aF 15 o SOReEeE Mt R HINE TR CA %t 60 degrees
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hydr ogel s 1 nclude synthetic polyner gel's, 'such as three- dinensionally

crosslinkeq;p8LK( HuBkerakeobelepardd ie retic@mry @nal |y crosslinked

pol y(hydroxyet hyl nethacrylate), three-dinensionally crosslinked

pol y(acr ybh¢adethy1aidoxane main chain with a silane crosslinking
agent or the like. It is possible to freely control the
micro rubber A-type hardness depending on the molecular
-weight of the main chain and the amount of the crosslinking
agent added. It is possible to easily form a flexible
light-transmissive layer with a micro rubber A-type hardness
of 60 degrees or less on a rigid light-transmissive layer.
Specific examples of silicone rubbers include SE9185, SE9186,
SE9186L, SE9187L, etc., manufactured by Toray-Dow Corning
Silicone Co., Ltd. A polyurethane rubber is prepared by
reacting a carbinol-terminated polyether, such as
polyethylene glycol, with an isocyanate crosslinking agent.
By controlling the molecular weight of the polyether and the
amount of the crosslinking agent, it is possible to
relatively easily form a flexible light-transmissive layer
with a micro rubber A-type hardness of 60 degrees or less on
a rigid light-transmissive layer. A gel is defined as a
polymer having a three-dimensional network structure which
is insoluble in all liquids or a swollen body of such a

polymer. Gels are classified into hydrogels which are



t hree-di nensional |l y crosslinked sodi um pol yacryl ate; and natural polyner
gel s, such as agar, gelatin, agarose, and carageenan. Specific exanpl es of
organogel s include silicone gels in which silicone rubbers are swollen
with silicone oligoners; and pol yurethane gels in which polyurethane
rubbers are swollen with ethylene glycol oligoners or the |Iike. Anong
these gels, silicone gels are preferred because a flexible

light-transm ssive layer is relatively easily formed on arigid
light-transm ssive | ayer. Exanples of amterials for the rigid

light-transm ssive |ayer with a mcro rubber A-type hardness of 80 degrees
or nore include transparent rigid polyners, such as rigid polyurethanes,

I t hyl th | at I bonat I t .
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| ayer an evri ht-tran vel ayer are preferably bonded to
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transmttiing properties are not | npaired. e conbination of the nmaterial

for the bifiknaliBnhnaf! orbagainkele/ o1 eiydrdg oty hithddighlatapnsm ssi ve
yer is preferably “determi ned in“consideration of adhesive properties of
the three-dimensionally crosslinked poly(acrylic acid)., and
| three—dimensionally crosslinked sodium polyacrylate; and
natural polymer gels, such as agar, gelatin, agarose, and
carageenan. Specific examples of organogels include
gsilicone gels in which silicone rubbers are swollen with‘
silicone oligomers; and polyurethane gels in which |
polyurethane rubbers are swdllen with ethylene glycol
oligomers or the like. Among these gels, silicone gels are
preferred because a flexible light-transmissive layer is
relatively easily formed on a rigid light-transmissive layer.
Examples of materials for the rigid light-transmissive
layer with a micro rubber A-type hardness of 80 degrees or
more include transparent rigid polymers, such as rigid
polyurethanes, poly(methyl methécrylate), polycarbonate,
nylons, polyesters, transparent ABS, poly(vinyl chloride),
poly(vinylidene fluoride), polyether sulfones, polystyrene,
polyethylene, polypropylene, and poly(vinyl alcohol)s; and
transparent inorganic materials, such as glass, rock crystal,
transparent aiuminum oxide, and indium titanium oxide.

The flexible light-transmissive layer and the rigid



respective materials. For exanple, when glass is selected for the rigid
| ight-transm ssive layer, the flexible |ight- transm ssive |ayer is
preferably conposed of a flexible polyurethane rubber, silicone rubber,
silicone gel, polyurethane gel, or the like because of satisfactory
adhesi ve properties. Wien a rigid polyurethane is selected for the rigid
light-transm ssive layer, the flexible |ight- transm ssive |layer is
preferably conposed of a flexible polyurethane rubber, polyurethane gel,
or the Iike because of satisfactory athesive properties. Wien a nylon is
sel ected for the rigid light-transm ssive |ayer, the flexible

| ight-transm ssive |ayer is preferably conposed of a synthetic polyner
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pol ymers or (co)polynmers is preferred. A
determined in consideration of adhesive properties of the
respective materials. For exaﬁple, when glass is selected
for the rigid light-transmissive layer, the flexible light-
transmissive layer is preferébly composed of a flexible
polyurethane rubber, silicone rdbber, silicone gel,
poljurethane gel, or the like because of satisfactory
adhesive properties. When a rigid polyuréthane is selecte&
for the rigid light-transmissive layer, the fle%ible light-
transmissive layer is preferably composed of a flexible
polyurethane rubber, polyurethane gel, or the like because
of satisfactory adhesive properties. When a nylon is
selected for the rigid light-transmissive layer, the
flexible light-transmissive layer is preferably composed of
a synthetic polymer gel, such as three-dimensionally
. crosslinked poly(vinyl alcohol)s and three-dimensionally
crosslinked poly(hydroxyethyl methacrylate) because of
satisfactory adhesive properties.
In another preferred example, the light-transmissive
window member has a phase separation structure. Such a

construction can be prepared using a transparent resin



transparent resin conposition prepared by nelt-kneading at |east two

pol ymers or (co)polynmers is nore preferred. Above all, use of a
transparent resin conposition containing a rubber is preferable in view of
the fact that occurrence of scratches due to the light-transm ssive w ndow
menber can be prevented. In the light-transm ssive w ndow nmenber of the
present invention, a transparent resin conposition having a heterogenous
structure in which rubber and a transparent resin form separate phases is
preferably used. Exanples of the nmo+pwlogy thereof include a dispersed
domain. structure in which rubber particles forma dispersed phase in a
transparent resin matrix, and a lanellar structure including a transparent

resin |layer .and a_tubbe
i n whi ch¥’la1Y P& it Pﬁ’@@&srﬁ?fégtloélny Stk scn:o 8aat rgslnspargﬁ% resin rrat:luf(t 2;13
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the rubb&f respon B A po ymer (co) poly containing a

rubber polyter cq,,cm Sqrelre,ql g‘a.JVJ] e e?q%ouég%tﬁf@ﬁ&é)flﬂ Renatbber

particleS 1S nhot artlcula I's preferably globular or oval.
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nunber-average par e size of the rubber particles is preferably 0.1 to

i—\ggl {T]I on B ﬁrﬁnfeifcﬁn‘%r%e%e%ﬂrp cHhg8sidibnd Qe gl E AP I pLehBin® St M
least two polymers or {(co)polymers is preferred. A
transparent resin composition prepared by melt-kneading at
least two polymers or (co)polymers is more preferred. Above
all, use of a transparent resin composition containing a
rubber is preferable in view of the fact that occurrence of
scratches due to the light-transmissive window member can be
prevented.

" In the light-transmissive window member of the present
invention, a transparent resin composition having a
heterogenous structure in which rubber and a transparent
resin form separate phases is preferably used. Examples of
the morphology thereof include a dispersed domain. structure
in which rubber particles form a dispersed phase in a
transparent resin matrix, and a lamellar structure including
a transparent resin layer and a rubber layer. Among them, a
dispersed domain structure in which the continuous phase
consists of a transparent resin matrix and the dispersed
phase consists of rubber particles is preferable. Herein,
the rubber particles correspond to a polymer or (co)polymer

containing a rubber polymer as a principal component. The



average particle size of the rubber particles is determined by digital

I mge anal ysis of imges observed with an optical mcroscope, transm ssion
el ectron m croscope, scanning electron mcroscope, phase-contrast

m croscope, or the like. Preferably, the rubber used in the present

I nvention has a glass transition tenperature of 0OC or |ess. Specific
exanpl es thereof include diene rubbers, such as butadi ene rubber,

st yrene- but adi ene copol yners, acrylonitrile- butadi ene copol yners,

st yr ene- but adi ene bl ock copol yners, - @&t -butyl acryl at e- but adi ene
copolynmers; acrylic rubbers, such as poly(butyl acrylate); and other
rubbers, such as natural rubber, grafted natural rubber, natural trans-
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copolyner, ne- propy i'ene fernary copolyners, yl ene-acrylic
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epi chl or rin-et e copol yners, polyether- urethane rubber
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and fl uororubbers. ove all, 31 i ene rubbers, such as butadi ene rubber

and but adi,6Re r-aRHaYEe bartard 0l JURRY Tubbesh me-tetdndLnes propyl ene
copol yners and et hyl éne-propyl ene-di ene ternary copol yners, are preferable
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i spersed uniformy in the transparent resin matrix which is the

conti nuow®st preferably 0.2 to 5 um. Additionally, the number-
average particle size of the rubber particles is determined
by digital image anaiysis of images observed with an optical
microscope, transmission electron microscoﬁe; scanning
electron microscope, phase-contrast microscope, or the like.

Preferébly, the rubber used in the present invention

has a glass transition temperature of 0°C or less. Specific
-examples thereof include diene rubbers, such as butadiene
rubber, styrene-butadiene copolymers, acrylonitrile-
butadiene copolymers, styrene-butadiene block copolymers,
and butyl acryiate—butadiene copolymers; acrylic rubbers,
'such as poly(butyl acrylate); and other rubbers, such as
natural rubber, grafted natural rubber, natural trans-
polyisoprene, chloroprene rubber, polyisoprene rubber,
ethylene-propylene copolymers, ethylene-propylene-diene
ternary copolymers, ethylene—acrylié copolymers,
chlorosulfonated rubber, epichlorohydrin rubber,
epichlorohydrin-ethyleﬁe oxide copolymers, polyether-
urethane rubber, polyester-urethane rubber, nitrile rubber,

butyl rubber, silicone rubber, and fluororubbers. Above all,



phase. For that purpose, the rubber polyner is preferably grafted with a

nononer
nononer,

rubber polymer is preferably nodified with a nononmer containing at |east

constituting the transparent resin- matrix, a polyner of the
or a (co)polymer containing the nononer. Alternatively, the

one functional group, such as an epoxy group, isocyanate group, acid

hal i de,
group, i

carboxylic acid group, acid anhydride group, am de group, am no
m no group, nitrile group, aldehyde group, hydroxyl group, or

ester group. The transparent resin corgaosition usually contains a
transparent resin besides the rubber. As such a transparent resin, either

a thernoplastic resin or a thernosetting resin may be used., Above all,
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pol ytetra

resins;

in the transparent resin matrix which is the continuous
phase. For that purpose, the rubber polymer is preferably
grafted with a monomer constituting the transparent resin -
matrix, a polymer of the monomer, or a (co)polymer
containing the monomer; Alternatively, the rubber polymer
is preferably modified with a monomer containing at least
one functional group, such as an epoxy Qroup, isocyanate
group, acid halide, carboxylic acid group, acid anhydride
group, amide group, amino group, imino group, nitrile group,
aldehyde .group, hydroxyl group, or ester group.

The transparent resin composition usually contains a
transparent resin besides the rubber. As such a transparent
resin, either a thermoplastic resin or a thermosetting resin
may be used. Above all, in view of moldability of the
light-transmissive window member, thermoplastic resins are
preferable. Specific examples of transparent thermoplastic
resins include polyolefin resins; polystyrene resins;
polyacrylic resins, such as poly(methyl methacrylate) and
polyacrylonitrile; poly(vinyl halide} resins, such as

poly(vinyl chloride); poly(vinylidene halide) resins, such

ene; pol yoxyal kyl ene resins, such as pol yoxynet hyl ene;

pol yani de restis; rPOb¥ESHEFLEBSE8SarsUaBsiaabhgl Nekprirena uaiephingl at e,
pol ybutyl ene terephthal ate, and pol yet hyl ene napht hal at e; pol ycarbonat e



pol y(vinyl alkyl ether) resins, such as poly(vinyl nethyl ether);

pol y(vinyl acetate) resins; polyurethane resins; polysul fone resins;

pol y(phenyl ene sulfide) resins; and polyarylate resins. Among them in

vi ew of transparency, polystyrene resins, polyam de resins, polyester
resins, and polyolefin resins are nore preferable in the present

i nvention. The transparent w ndow nenber of the present invention is
preferably conposed of a transparent resin conposition having a

het er ogenous structure in which rubber3particles are dispersed in the
matrix of the transparent resin. Any transparent resin conposition having
a heterogenous structure may be used without limtations. Specific

preferred I Il nclude t t ' istd |5 [
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transparent "reSin conpositions containing acrylonitrile-.

and polyethylene naphthalate:; polycarbonate resins;
poly(vinyl alkyl ether) resins, such as poly(vinyi methyl
ether): poly(vinyl acetate) resins; polyurethane resins;
polysulfone resins; poly(phenylene sulfide) reéins; and
polyarylate resins. Among them, in view of transparency,
polystyrene resins, polyamide resins, polyester resins, and
polyolefin resins are more preferable in the present
invention. |

The transparent window member of the present invention
is preferably composed of a transparent resin composition
having a heterogenous structure in which rubber particles
are dispersed in the matrix of the transparent resin. Any
transparent resin composition having a heterogenous
structure may be used without limitations. Specific
preferred examples include transparent resin compositions
having a matrix of a transparent resin prepared by
copolymerizing a styrene-based monomer with an unsaturated
carboxylic acid alkyl ester, and a dispersed phase of rubber
particles, such as transparent resin compositions containing

rubber-reinforced styrene-based resins. Examples thereof



et hyl ene propyl ene rubber-styrene copolyners (transparent AES resins),
transparent resin conpositions containing nethyl

nmet hacryl at e- but adi ene-styrene copol yners (transparent MBS resins), and
transparent resin conpositions containing acrylonitrile-chlorinated

pol yet hyl ene-styrene copolynmers (transparent ACS resins). Exanples of
transparent resin conpositions having a polyolefin resin matrix and a

di spersed phase of rubber particles include transparent resin conpositions
in which olefin rubbers are disperse®3 i pol yet hyl ene-contai ni ng resins,
transparent resin conpositions in which olefin rubbers are dispersed in
pol ypropyl ene-contai ning resins, and transparent resin . conpositions in

whi ch ol ef i ubbers _are dis ed | p e Lypethyl ene
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havi ng a polyester resin matrix and a di spersed phase of rubber particles
| nclude LEADIRAT eibobeskhyt@AROToho0Ymelis (WHatlspaaienal alisn dastihars,
nodified wih nethacrylates containing glycidyl groups are dispersed in
pol yest egransparent resin compositions containing acrylonitrile-

ethyléne propylene rubber-styrene copolymers (transparent
AES resins), transparent resin compositions containing
methyl methacrylate-butadiene-styrene copolymers
(transparent MBS resins), and transparent resin compositions
containing acrylonitrile-chlorinated polyethylene-styrene
copolymers (transparent ACS resins). Examples of
transparent resin compositions having a polyolefin resin
matrix and a dispersed phase of rubber particles include
transparent resin compositions in which olefin rubbers are
dispersed in polyethylene-containing resins, transparent

" resin compositions in which olefin rubbers are dispersed in
polypropflene-containing resins, and transparent resin
compositions in which olefin rubbers are dispersed in
polypropylene-polyethylene copolymer-containing resins.
Examples of transparent resin compositions having a
polyamide resin matrix and a dispersed phase of rubber
particles include transparent resin compositions in which
maleic anhydride-modified olefin rubbers are dispersed in

polyamide-containing resins. Examples of polyamides include



contai ning resins. Exanples of polyesters include polyethylene
terephthal ate) and poly(butylene terephthalate). Furthermore, transparent
resin conpositions in which acrylonitrile-butadiene copolyners are

di spersed in poly(vinyl chloride)-based resins, and transparent resin
conpositions in which butyl acryl ate-styrene copolynmers or butyl

acryl at e- but adi ene copol yners are dispersed in acrylic resins, such as
pol y(nethyl nethacrylate) may also be used. Anmpng these transparent resin
conposi tions, transparent resin compdsitions containing copolymers of
rubber- reinforced styrene-based resins and unsaturated carboxylic acid
al kyl esters are nore preferably used because they can substantially

prevent SeLBLOResLLIg BCCHLbAINd B8RRUSS  BLablok Ckgaldkems.
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unsaturated carboxylic acid alkyl ester nonomer, a vinyl cyanide nononer,

and anot pght¥ifAihg glycidyl groups are dispersed in polyester-
containing resins. Examples of polyesters include
poly({ethylene terephthalate) and poly(butylene |
terephthalate). Furthermore, transparent resin compositions
in which acrylonitrile-butadiene copolymers are dispersed in
poly{(vinyl chloride)-based resins, and transparenf resin
compositions in which butyl_acrylate—styrene copolymers or
butyl acrylate-butadiene copolymers are dispersed in acrylic
resins, such as poly(methyl methacrylate) may also be used.
Among these transparent resin compositions, transparent
resin compositions containing copolymers of rubber-
reinforced styrene-based resins and unsaturated carboxylic
acid alkyl esters are more preferably used because they can
substantially prevent scratches from occurring and because
of their excellent transparency.

Examples of a transparent resin composition (&) having

a matrix of a transparent resin prepared by copolymerizing a
styrene-based monomer with an unsaturated carboxylic acid
alkyl ester and a dispersed phase of rubber particles

include a structure in which a (co)polymer prepared from a



nmononer copol ynerizable with these nononers is not grafted to a rubber
polymer. Specifically, preferred is a transparent thernoplastic resin
including a graft copolyner (A) prepared by copolymerizing 20 to 90 parts
by wei ght of a nononer m xture of an unsaturated carboxylic acid al kyl
ester nononer (a), a styrene nononer (b), a vinyl cyanide nonomer (c), and
a vinyl nononer (d) copolynerizable with these nononers, under the
presence.of 10 to 80 parts by weight of a rubber polymer; and O to 90
parts by weight of a vinyl copolynmer 38B)- conposed of an unsaturated
carboxylic acid alkyl ester.nononer (a), a styrene nonomer (b), a vinyl
cyani de nononer (c), and a vinyl nononer (d) copol ynerizabl e mﬁth these
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copol ymers. Above al |, polybutadlene or butadi ene copolyners are
particul ask¥rpmehemal!,ea vinyl cyanide monomer, and another vinyl

monomer copolymerizable with these monomers is not grafted
to a rubber polymer. Specifically, éreferred is a
éransparent thermoplastic resin including'a graft copolymer
(A) prepared by copolymerizing 20 to 90 parts by weight of a
monomer mixture of an unsaturated carboxylic acid alkyl
ester monomer (a), é styrene monomer (b), a vinyl cyanide
monomer (c), and a vinyl monomer (d) copolymerizable with
these monomers, under the presence of 10 to 80 parts by
weight of a rubber polymer; and 0 to 90 parts by weighf of a
vinyl copolymer (B) composed of an unsaturated carboxylic
acid alkyl ester monomer (a), a styrene monomer (5), a vinyl
cyanide monomer (¢), and a vinyl monomer (4} copolymerizable
with these monomers, the rubber polymer content being 5 to
30 perceht by weight, in view of the fact that scratches are
prevented from occurring and high transparency is achieved.

As the rubber polymer (al), a rubber polymer having a
glass transition temperature of 0°C or less is suitable, and
diene rubbers are preferably used. Specific examples

include diene rubbers, such as polybutadiene, styrene-



The rubber particle size of the rubber polymer is not particularly
limted. The wei ght-average particle size of the rubber particles is
preferably 0.1 to 10 pmand nore preferably 0.2 to 5 um Additionally, the
wei ght -average particle size of rubber particles nmay be determ ned by a
sodi um al gi nate nethod described in "Rubber Age Vol. 88 p.484-490 (1960)
by E. Schmdt, P. H Biddison", in which using the phenonenon that the
particle size of cream ng polybutadiene particles varies depending on the
sodi um al ginate concentration, the pa@di<le size at an accunul ative
fraction of 50%is determ ned based on the wei ght percentage of the
creaned portion and the accunul ative weight fraction of the sodium
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‘the resin conp ion” and other resin or inorganic material may be used. A
copolymers are particularly preferable.

The rubber particle size of the rubber polymer is not
particularly limited. The weight-average particle size of
the rubbef particles is preferably 0.1 to 10 pm and more
preferably 0.2 to 5 pm. Additionally, the weight-average
particle size of rubber particles may be determined by a
sodium alginate method described in "Rubber Age Vol. 88
p.484-490 (1960) by E. Schmidt, P. H. Biddison", in which
using the phenomenon that the particle size of creaming
polybutadiene particles varies depending on the sodium
alginate coﬁcentration, the particle size at an accumulative
fraction of 50% is determined based on the weight percentage
of the creamed portion and the accumulative weight fraction
of the sodium alginate concentration. Furthermore, the
nﬁmber—average particle size of the rubber particles may be
detérmined by digital image analysis of images observed with
an optical microscope, transmission electron microscope,
scanning electron microscope, or phase-contrast microscope.

In the light-transmissive window member of the present

invention, the transparent resin composition having the



mat eri al having a conpositional gradient may al so be used. In the present

I nvention, the |ight-transm ssive wi ndow nenber may be fabricated by a
method in which a mxture of a transparent resin matri x and rubber
particles, a conposition obtained by nelt-kneading a material prepared by
pol ynmeri zation of a transparent resin in the presence of rubber particles
with a hot blender or extruder in advance, or a m xture prepared by m xing
a transparent resin matrix and rubber particles with a mll is forned into
a resin sheet using an injection noi @3nhg- machine, injection press, or
extruder; and as necessary, the resin sheet is cut into a predeterm ned
size. Preferably, at least a part of the |light-transm ssive w ndow nenber
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stress is easily concentrated at the
and other resin or inorganic material may be used. A
material having a compositional gradient may aléo be used.

In the present invention, the light-transmissive window
member may be fabricated by a method in which a mixture of a
transparent resin matrix and rubber particles, a composition
obtained by melt-kneading a material prepared by
polymerization of a transparent resin in the presence of
rubber particles with a hot blender or extruder in advance,
or a mixture prepared by mixing a transparent resin matrix
and rubber particles with a mill is formed into a resin
sheet using an injection molding machine, injection press,
or extruder; and as necessary, the resin sheet is éut into a
predetermined size.

Preferably, at least a part of the light-transmissive
window member is disposed at a position higher than the
surface of the polishing layer when the light-transmissive
window member is not in contact with the substrate. When
the region (the outermost surface, in particular) disposed
higher than the surface of the polishing layer is composed

of a flexible light-transmissive layer, a wide region of the



boundary between the |ight-transm ssive wi ndow nenber and
| ayer. Consequently,

‘pl aced hi gher than the surface of the polishing |ayer, the

light-tr
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surface to be polished, stress is easily concentrated at the
boundary between the light-transmissive window member and
the polishing layer. Consequently, if the end of the light-
transmissive window member is placed higher than the surfaqe
of the polishing layer, the light-transmissive window member
is susceptible to impact. Therefore, as shown in Figs. 2 to
6, by placing the center of the surface of the light-
transmissive window member higher than the surface of the
polishing layer, and by placing the edge of the light-
transmissive window member lower than the surface of the
polishing layer, the impact at the time of contact with the
workpiece is substantially reduced, and the contact area
with the substrate at the center though which light passes
can be increased, thus enabling satisfactory_polishing and
satisfactory measurement.

The thickness of the light-transmissive window member
is determined in consideration of the position at which the
light-transmissive window member is fixed and the pbsitional
relationship with the surface of the polishing layer.

Preferably, the flexible light-transmissive layer has a



of the fact that the rigid light-transm ssive |ayer can support the
flexible light-transm ssive |layer so that a sufficiently |large area of the
surface of the flexible [light-transm ssive |ayer is brought into contact
with the substrate. The size of the light-transm sslve w ndow menber is
determ ned depending on the apparatus in which, while a substrate, such as
a wafer, is being polished, a laser beam or visible light is applied from
the back side (platen side) of the polishing pad to a surface of the
substrate to be polished so that the 3mlished state is measured.
Preferably, a light-scattering |ayer or antireflection |layer is provided
on the back surface of the light- transm ssive w ndow menber of the present
i nvention so that measuring
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n order to formthe antireflection |ayer, for .exanple, a
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wet Coatkggnsmissive layér has a thickness of 0.1 mm or more in view
of the fact that the rigid light-transmissive layer can
support the flexible light-transmissive layer so that a
sufficiently large area of the surface of the flexible
light-transmissive layer is brought into contact with the
substrate. The size of the light-transmissive window member
is determined depending on the apparatus in which, while a
substrate, such as a wafer, is being polished, a laser beam
or visible light is applied from the back side (platen side)
of the polishing pad to a surface of the substrate to be

.‘polished so that the polished state is measured.

Preferably, a light-scattering layer or antireflection
layer is provided on the back surface of the light—.
transmissive window member of the present invention so that
measuring light from the back of the platen is not directly
reflected in view of satisfactory measurement. In order to
form the light-scattering layer, for example, a method in
which the back surface of the light-transmissive window
member is roughened by sandblasting, etching with an agent,

or the like, or a method in which the back surface of the



dry coating, such as vacuum deposition, or the |like so that the opti cal
thickness is 1/4 or an odd nmultiple of optical wavel engths, thereby
achieving the mnimumreflectance, i.e., the maximumtransmttance.
Herein, the optical thickness is defined as a product of the refractive
index of a filmand the thickness of the film The antireflection |ayer
may be single-layered or nmulti-layered. In view of the refractive' index,
antireflective properties, and adhesive properties of the back surface of
the light-transm ssive w ndow nmenber- 4m - opti mum conbi nation is
determned. By formng an antireflection |ayer, the nmeasurenent can be
carried out accurately, thus enabling highly accurate processing, which
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for formng a flexible light- transm ssive layer with a mcro rubber A-type
har dness19kh@0transmissive window member is formed by wet coating,

| dry coating, such as vacuum deposition, or the like so that
the optical thickness is 1/4 or an odd multiple of optical
wavelengths, thereby achieving the minimum reflectance, ji.e.,
the maximum transmittance. Herein, the optical thickness is
defined as a product of the refractive index of a film and
the thickness of the film. The antireflection layer may be
single-layered or multi—lafered. In view of the refractive
index, antireflective properties, and adhesive properties of
the back surface of the light-transmissive window member, an
optimum combination is determined. By forming an
antireflection layer, the measurement can be carried out
accurately, thus enabling highly accurate processing, which
is desirable.

In order to fabricate the light-transmissive window

member of the present invention, a method in Which forming
is carried out by pouring a thermosetting resin into a metal
mold, or a method in which a thermoplastic resin is formed
into a sheet with a predetermined thickness by extrusion may

be used. In order to fabricate a light-transmissive window



degrees or less is applied to the rigid light-transm ssive |ayer and
allowed to react on the rigid light-transm ssive |layer to formthe
flexible light-transm ssive layer, and then the resultant |am nate is cut
into a predetermned size; or a nethod in which a viscous precursor for
formng a flexible light-transm ssive layer is poured into a nold wth a
predeterm ned shape, and a sheet for formng a rigid light-transm ssive

| ayer is brought into contact with the viscous precursor at the opening of
the nold to cause a reaction nmay be ukled: The polishing apparatus of the
present invention includes at |east the polishing pad described above,
means for supplying a slurry between the polishing pad and a workpi ece,

means f offBKINInkAGaRRL! SNiEALAR] A0 GHAN diRoni IR A difd & | vel ¥
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transmissive layer with a micro rubber A-type hardness of 60
degrees or less is applied to the rigid light-transmissive
layer and allowed to react on the rigid light-transmissive
layer to form the flexible light-transmissive layer, and
then the-resultant laminate is cut into a predetermined
size; or a method in which a viscous precursor for forming
a flexible light-transmissive layer is poured into a mold
with a predetermined shape, and a sheet for forming a rigid
light-transmissive layer is brought into contact with the
viscous precursor at the opening of the mold to cause a
reaction may be used.

The polishing apparatus of the present invention

includes at least the polishing pad described above, means
for supplying a slurry between the polishing pad and a
workpiece, means for making the polishing pad abut on the
substrate and relatively moving the polishing pad and the
substrate to perform polishing, and means for optically
measuring the polished state through the light-transmissive

window member. The means other than the polishing pad may

be constructed by combining conventionally known means. By



measured. Specifically, Fig. 7 shows an exanple of a structure of an
apparatus including a wi ndowed polishing pad. A hole 11 is fornmed in a
platen 17, and the polishing pad is disposed so that a |light-transm ssive
wi ndow nenber 2 lies on the hole 11. The position of the hole 11 is
determ ned so that a workpiece 9 held by a polishing head A can be
observed while the platen 17 is rotated. A light source 13 is placed
bel ow the platen 17 and is fixed at a position which allows incident |ight
15 emtted fromthe Iight source 13 4otPass through the hole 11 of the
platen 17 and the wi ndow nenber 2 and hit the surface of the workpiece 9.
Reflected light 16 fromthe surface of the workpiece 9 is guided to a
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the polished state of the workﬁiece can be optically

measured.

Specifically, Fig. 7 shows an example of a structure of

an apparatus including a windowed polishing pad. A hole 11

is formed in a platen 17, and the polishing pad is disposed

so that a light-transmissive window member 2 lies on the

hole 11. The position of the hole .11 is determined so that

a workpiece 9 held by a polishing head A can be observed

while the platen 17 is rotated. A light source 13 is placed

below the platen 17 and is fixed at a position which allows

incident light 15 emitted from the light source 13 to pass

through the hole 11 of the blaten 17 and the window member 2

and hit the surface of the workpiece 9. Reflected light 16

from the surface of the workpiece 9 is guided to a

photodetector 14 by a beam splitter 12. By analyzing the

intensity waveform of the light detected by the

photodetector 14, the polished state of the surface of the

workpiece can be measured. Fig. 8 shows an example of a

strucfure of an apparatus including a platen hole cover. A

hole 11 is formed in a platen 17, and the platen hole 11 is



wi ndowed polishing pad or by using the platen hole cover and the polishing
pad, and by using an abrasive material (which is preferably a slurry), :
e.g., a silica-based slurry, alum num oxide-based slurry, or cerium

oxi de-based slurry, it is possible to locally planarize the insulating
films and metal interconnections on sem conductor wafers, to perform

- global leveling, or to prevent dishing. Specific exanples of the slurry
include, but are not limted to, CAB-O SPERSE SC-1 for CWP, CAB- O SPERSE
SC-112 for CWP, SEM - SPERSE AMLOO f-0r43CMP, SEM - SPERSE AMLOOO f or CMWP,
SEM - SPERSE 12 for CWP, SEM -SPERSE 25 for CMP, SEM - SPERSE W2000 for CWP,
and SEM - SPERSE W A400 for CVP manufactured by Cabot M croel ectronics
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In accordance with the present invention, by using the
windowed polishing pad or by using the platen hole cover and
the polishing pad, and by using an abrasive material (which
is preferably a slurry)., e.g.., a silica-based slurry.
aluminum oxide-based slurry, or cerium oxide-based slurry,
it is possible to locally planarize the insulating films and
metal interconnections on semiconductor wafers, to perform
global leveling, or to prevent dishing. Specific examples
of the slurry include, but are not limited to, CAB-0O-SPERSE
sc-1 for CMP, CAB-0O-SPERSE SC-112 for CMP, SEMI-SPERSE AMI100
for CMP, SEMI-SPERSE AM100C for CMP, SEMI-SPERSE 12 for CMP;
SEMI—SPERSE 25 for CMP, SEMI-SPERSE W2000 for CﬁP, and SEMI-
SPERSE W-A400 for CMP manufactured by Cabot Microelectronics
Corporation.

The windowed polishing pad or the combination of the
platen hole cover and the polishing pad of the present
invention is used, for example, for the surfaces of
insulating layers or metal interconnections formed on
semiconductor wafers. Examples of insulating layers include

shallow trench isolation structures used for interlayer



nmetal s, such as silicon nitride, are also subjected to polishing. Although
insulating films are currently predom nantly conposed of silicon oxide,
insulating films conposed of |owdielectric-constant materials are
becom ng to be used in view of delay time. In the polishing pad of - the
present invention, it is possible to measure the polished state
satisfactorily while preventing scratches from occurring during polishing.
The polishing pad can also be used for polishing magnetic heads, hard

di sks, sapphire, etc., besides sem-contluctor wafers. In order to prevent
hydr opl ani ng, the surface of the w ndowed polishing pad or the polishing
pad used together wth the platen hoIe cover of the present invention may
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conditioner. The flexible |ight-transm ssive layer is
When metal interconnections are composed of copper, barrier
metals, such as silicon nitride, are also subjected to
polishing. Although insulating films are currently
predominantly composed of silicon oxide, insulating films
composed of low-dielectric-constant materials are becoming
to be used in view of delay time. In the polishing pad of
the present invention, it is possible to measure the
polished state satisfactorily while preventing scratches
~from occurring during polishing. The polishing pad can also
be used for polishing magnetic heads, hard disks, sapphire,
etc., besides semiconductor wafers.

In order to prevent hydroplaning, the surface of the
windowed polishing pad or the polishing pad used together
with the pléten hole cover of the present invention may have
any shape applicable to conventional polishing pads, e.g., a
grooved, dimpled, spiral, or concentric shape.

In the windowed polishing pad or the combination of the
platen hole cover and the polishing pad of the present
invention, the surface of the polishing layer is usually

subjected to dressing with a conditioner on which diamond



preferably conposed of a material that has the sane grinding properties as
those of the polishing layer or that is less easily ground than the
polishing | ayer because a part of the surface of the flexible

light-transm ssive | ayer can be always placed at a position higher than
the surface of the polishing |ayer and brought into contact with the
surface of the substrate. It Is an object of the present Invention to
provide a polishing pad which is used to formplanar surfaces in glass,
sem conductors, dielectric/netal cormpostes, integrated circuits, etc.; a
pol i shing apparatus including the polishing pad; and a nethod for
fabricating a sem conductor device using the polishing apparatus, I n which
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pad, respectively. The polishing pads and |ight-transm ssive w ndow
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above are also applicable to the polishing
conditioner. The flexible light-transmissive layer is
preferably composed of a material that has the same grinding
properties as those of the polishing layer or that is less
easily ground than the polishing layer because a part of the
surface of the flexible light-transmissive layer can be
always placed at a position higher than the surface of the
polishing layer and brought into contact with the surface of
the substrate.

It is an object of the present invention to provide a
polishing pad which is used to form planar surfaces in glass,
semiconductors, dielectric/metal composites, integrated
circuits, etc.: a polishing apparatus including the
polishing pad; and a method for fabricating a semiconductor
device using the polishing apparatus, in which the number of
scratches occurring on the surface of the substrate is small,
and the polished state can be optically measured
satisfactorily during polishing.

In the polishing method of the present invention, the
upper area A", the load W", the amount of indentation strain

S"1, and the amount of indentation strain S"2 can be defined



met hod. EXAMPLES The present invention will be described in nore detai
based on the exanples below. In the exanples, individual properties were
determ ned by the methods described below. 1. Indentation strain neasuring
device: Universal Testing Machi ne Mbdel 1185 manufactured by Instron
Corporation (1) Measurenent nethod: Crosshead neasurenent (2) Indenter: An
I ndenter which had an area corresponding to 90% of the upper area of a

wi ndow nmenber conposed of al um num and whi ch had the sane shape as that of
t he wi ndow nmenber but was not in contadd wwith a polishing |ayer was
speci al ly manufactured and nounted on the Universal Testing Machine. (3)
Measurenment tenperature: 23C (4) Testing rate: 0.1 mimn (5) Data
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generate en a constant ~ wei'ght (1 oad) was applied and the strain
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as the anount i ndentation strain at the constant | oad.
respectively. The polishing pads and light-transmissive

window members suitable for use and the specific embodiments
of use described above are also applicable to the polishing

method.

EXAMPLES

The present invention will be described in mére detail
based on the examples below. In the examples, individual
properties were determined by the methods described below.

1. Indentation strain measuring device: Universal
Testing Machine Model 1185 manufactured by Instron
Corporation

(1) Measurement method: Crosshead measurement

(2) Indenter: An indenter which had an area
corresponding to 90% of the upper area of a window member
composed of aluminum and which had the same shape as ﬁhat of
the window member but was not in contact with a polishing
layer was specially manufactured and mounted on the
Universal Testing Machine.

{3) Measurement temperature: 23°C

(4) Testing rate: 0.1 mm/min

(5) Data processing: Data processiné system "Merlin”



(7) Amount of indentation strain at constant pressure: The indentation
strain at a constant pressure was cal culated based on the strain generated
when a constant |oad was applied and the contact area of the pressing jig,
and the difference between the indentation strain at the constant
pressure and the indentation strain generated when 10% of the constant
pressure was applied was defined as the anmount of indentation strain at
t he constant pressure. 2. Mcro rubber A-type hardness: Measured with a
rubber m crohardness duroneter "M>-1"4%renufactured by Kobunshi Kei ki Co.
Ltd. (address: Shinodachiuri Muromachi Nishiiri, Kam gyo-ku, Kyoto). The
gogsgruction of the rubber m crohardness duroneter "MD-1" is as follows:
.1 Sensor N ' : JLeaf: ispry r5 dpad: O
oi nt 1 2. JangFackieax: Ay tibn PRphPaELCR hd MR RARR L Oy
Indenteriqu?géhog§: 6yl adei cal with a dianeter of 0. 16 nmand a hei ght
of 0. 5 nun Di spﬁacenent detection system Strain gauge (6) Pressure

foot di mensi OFég bRt bAMRLEEN faflbn LPPRLndhANBLAELAnE NMBWA:2THeNsOr
driving unit (1) Driving system Vertically driven by a stepping

difference between the strain generated when a constant

weight (load) was applied and the strain generated when 102
of the constant weight (load) was applied was defined as the
amount of indentation strain at the constant lbad.

(7) Amount of indentation strain ‘at constant pressure:
The indentation strain at a constant pressure was calculated

_ based on the strain generated when a constant load was
applied and the éontact area of the pressing jig, and the
difference between the indentation strain at the constant
pressure and the_indentation strain generated when 10% of
the constant pressure was applied was defined as the amount
of indentation strain at the constant pressure.

2. Micro rubber A-type hardness: Measured wifh a rubber
microhardness durometer "MD-1" manufactured by Kobunshi
Keiki Co., Ltd. (address: Shimodachiuri Muromachi Nishiiri,
Kamigyo-ku, Kyoto).

The construction of the rubber microhardness durometer
"MD-1" is as follows:

2.1 Sensor

(1) Loading system: Cantilever leaf spring

(2) Spring load: 0 point/2.24 gf, 100 point/33.85 gf

(3) Spring load error: =0.32 gf



- nmotor. Descending rate controlled by an air danper. (2) Vertical stroke: 12
mnm (3) Descending rate: 10 to 30 nmsec (4) Height adjustnent range: 0 to
67 mm (di stance between sanple table and sensor pressure face) 2.3 Sanple
stand (1) Sanple stand di nensions: Dianeter 80 nm (2) Fine adjustnent
mechani sm Fine adjustnent by XY table and microneter head. Stroke: 15 mm
for each of X axis and Y axis (3) Level adjustnent nmechanism Min feet
for level adjustnent and round spirit |level 3. Test wafer for scratch

eval uation: 6-inch silicon wafer provdgled with oxide film (oxide film
thickness: | pm 4. Scratch evaluation: For the w ndowed polishing pad,
using a polishing apparatus shown in Fig. 6, polishing was carried out for
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MPa. After

inner diameter 1.5 mm

2.2 Sensor driving unit

(1) Driving system: Vertically driven by a stepping
motor. Descending rate controlled by an air damper.

(2} Vertical stroke: 12 mm

(3) Descending rate: 10 to 30 mm/sec

(4) Height adjustment range: 0 to 67 mm (distance
between sample table and sensor pressure face)

2.3 Sample stand

(1) Sample stand dimensions: Diameter 80 mm

(2) FPine adjustment mechanism: Fine adjustment by XY
table and micrometer head. Stroke: 15 mm for each of X axis
and ¥ axis

(3) Level adjustment mechanism: Main feet for level
adjustment and round spirit level

3. Test wafer for scratch evaluation: 6-inch silicon
wafer provided with oxide film (oxide f£ilm thickness: 1 pm)

4. Scratch evaluation: For the windowed polishing pad,
using a polishing apparatus shown in Fig. 6, polishing was
carried out for 2 minutes with a slurryISC-l manufactured by

Cabot Microelectronics Corporation being supplied at 200



.the polished 6-inch silicon wafer was washed thoroughly, the nunber of
scratches of 0.5 urn or - nore was neasured with a wafer dust inspection
system WM 3 nmanuf actured by Topcon Corporation. For the platen hole cover,
eval uation was performed using a polishing apparatus shown in Fig. 7 under
t he sane conditions as those described above. 5. Method for checking how
satisfactorily light- transm ssive w ndow nenber of w ndowed polishing pad
or light-transm ssive wi ndow nenber of platen hole cover enabled
measurenent of polished state: Using t4é® wafer polishing apparatus shown
in Fig. 6 or 7 and a | aser beamof 532 nm polishing was perfornmed while
In situ dressing was carried out using a conditioner "CMP-M manufactured

by " Asani. Dyauo0g:hadyst Lial, Gosditil Mid Rt SUPERS AR PI£SSUTe of 0.04

MPa and a-con I"oner rotationa requency ot 25 rpm e polishing
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of reflected Iight was
rotational frequency: 60 rpm, polishing head rotational
frequency: 60 rpm, and polishing pressure: 0¢.05 MPa. After
the polished 6-inch silicon wafer was washed thoroughly, the
number of scratches of 0.5 pm or more was measured with a
wafer dust inspection system WM-3 manufactured by Topcon
Corporation. For the platen hole cover, evaluation was
performed using a polishing apparatus shown in Fig. 7 under
the same conditions as those described above.

5. Method for checking how satisfactorily light-
transmissive window member of windowed polishing pad or
light-transmissive window member of platen hole cover
enabled measurement of polished state: Using the wafer
polishing apparatus shown in Fig. 6 or 7 and a laser beam of
532 nm, polishing was performed while in situ dressing was
carried out using a conditioner "CMP-M" manufactured by
Asahi Diamond Industrial Co., Ltd. with a compression
pressure of 0.04 MPa and at a conditioner rotational
frequency of 25 rpm. The polishing conditions were as
follows: platen diameter: 51 cm, platen rotational

frequency: 60 rpm, polishing head rotational frequency: 60



nmeasured. The ratio of the intensity of reflected light to the intensity
of incident light was defined as a blank reflectance. Wen polishing was
performed under the polishing conditions described above while supplying a
slurry SCG1 nanufactured by Cabot M croelectronics Corporation at 200
cc/mn, the reflected |aser light was detected by the photodetector, and
the intensity of reflected Iight was neasured. The ratio of the intensity
of reflected light to the intensity of incident |ight was ~defined as the
reflectance in the presence of slurry.5ddow satisfactorily the

i ght-transm ssive wi ndow nenber enabl ed the neasurenent of the polished
state was indicated by how close the reflectance in the presence of slurry
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200 cc/min, reflected laser light was detected by the
photbdetector, and the intensity of reflected light was
measured. The ratio of the intensity of reflected light to
the intensity of incident light was defined as a blank
reflectance. When polishing was performed under the
polishing conditions described above while supplying a
slurry SC-1 manufactured by Cabot Microelectronics
Corporation at 200 cc/min, the reflected laser light was
detected by the photodetector, and the intensity of
reflected light was measured. The ratio of the intensity of
reflected light to the intensity of incident light was
defined as the reflectance in the presence of slurry. How
‘satisfactorily the light-transmissive window member enabled
the measurement of the polished state was indicated by how
close the reflectance in the presence of slurry was to the
blank reflectance. As the amount of slurry interposed
between the surface of the window member and the surface of
the substrate increased, the reduction in the reflectance
increased.

6. Method for fabricating windowed polishing pad: An



sheet (mcro rubber A-type hardness: 50 degrees) with a predeterm ned

t hi ckness was attached to the polishing |ayer wwth a doubl e-si ded adhesi ve
tape, and anot her doubl e-si ded adhesive tape was attached to the back
surface of the rubber sheet. The rubber sheet at the opening of the
polishing |ayer was cut out, the area of the cut-out portion of the rubber
sheet being the sane as that of the opening of the polishing |ayer. A
doubl e- si ded adhesive tape was. attached to the back surface of the rubber
sheet, and a rectangular cutout of -13Xx 50 mMmwas forned in the
doubl e- si ded adhesive tape at the opening of the polishing |ayer/rubber
sheet lamnate. A light-transm ssive w ndow nenber which wll be

descri bed b i n.each_ex e was_ pr. I [ c [
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| i ght-transm 5sive w ndow nenber was fixed to a platen of the polishing
appar at us ghaun b aeith of S midatanidie Raldfof s @t em and the 1ight -
transm ssi ve wi ndow nenber of the polishing pad corresponded to each
other. yectangular opening of 19 x 57 mm was cut out at a

predetermined position of the polishing layer. A rubber
sheet (micro rubber A-type hardness: 50 degrees) with a
predeterminéd thickness was attached to the polishing layer
with a double-sided adhesive tape, and another double-sided
" adhesive tape was attached to the back surface of the rubber
sheet. The rubber sheet at the opening of the polishing
layer was cut out, the area of the cut-out portion of the
rubber sheet being the same as that of the opening of the
polishing layer. A double-sided adhesive tape was attached
to the back surface of the rubber sheet, and a rectangular
cutout of 13 x 50 mm was formed in the double-sided adhesive
tape at the opening of the polishing layer/rubber sheet
laminate. A light-transmissive window member which will be
described below in each example was prepared in advance. A
highly deformable member which will be described below in
each example was prepared, the highly deformable member
having an area of 18.5 x 56.5 mm and having a cutout of 13 x
50 mm in the center. The highly deformable member was

inserted in the opening of the polishing layer/rubber sheet



7. Method for fabricating platen hole cover and method for fabricating
pol i shing pad having opening which is used together with platen hole

cover: A light-transm ssive wi ndow nenber which will be described bel ow in
each exanple was prepared in advance. A highly defornable nmenber which
will be described belowin each exanple was prepared and adhesive |ayers

were formed on both sides of the highly defornmable nenber. A cutout of 13
x 50 mmwas forned in the center of the highly deformabl e nenber having an
area of 18.5 x 56.5 mm The |ight-t+&®sm ssive wi ndow nmenber and the

hi ghly defornmabl e nenber were conbined to produce a platen hole ‘cover

The platen hole cover was attached to the platen of the polishing
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A--type hardness: 50 degrees) with a predeterm ned thickness was attached
to the paly shi BachayeatWithl adodeulretided adliesine tapa.idgmg- anot her

doubl e- si déd adhesive tape was attached to the back surface of the rubber
sheet. A QRERIiIREGi%e Fhindowd mdMbaas of the polishing pad corresponded
to each other.

7. Method for fabricating platen hole cover and method
for fabricating polishing pad having opening which is used
together with platen hole cover: A light-transmissive window
member which will be described below in each example was
prepared in advance. A highly deformable member which will
be described below in each example was prepared and adhesive
layers were formed on both sides of the highly deformable
member. A cutout of 13 x 50 mm was formed in the center of
the highly deformable member having an area of 18.5 x 56.5
mm. The light-transmissive window member and the highly
deformable member were combined to produce a platen hole
cover. The platen hole cover was attached to the platen of
the polishing apparatus shown in Fig. 7 so as to cover the
entire platen hole. In order to fabricate the polishing pad
having an opening which was used together with the platen
hole cover, an IC-1000 polishing layer manufactured by Rodel
Inc. (1.25 mm thick, circular with a diameter of 51 cm) was

subjected to a so-called X-Y grooving process (process for



formed in the polishing pad at the position corresponding to the platen
hol e. The polishing pad was attached to the platen such that the platen
hol e cover was placed in the center of the opening of the polishing pad.
EXAMPLE 1 A transparent w ndow nenber conposed of transparent ABS .was
prepared by nol di ng Toyol ac 920 (transparent ABS resin)y manufactured by
Toray Industries, Inc. at a nolding tenperature of 60 to 80C. The
transparent w ndow nenber had a thickness of 0.4 nm a width of 18.5 nm
and a length of 56.5 nmm In the trangzarent w ndow nenber, four corners
and four edges of the upper surface were rounded with a radius of 0.4 mm
The m cro rubber A-type hardness of the |ight-transm ssive w ndow nenber
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y Dai wabo Co Ltd. with a thickness of 1.8

M was PpeRahedg Aaderblathl dedohdne -4AdtaRianaaGY &GPy, and
another double-sided adhesive tape was attached to the back
surface of the rubber sheet. An opening of 21 x 59 mm was
formed in the polishing pad at the position corresponding to
the platen hole. Thg polishing pad was attached to the
platen such that the platen hole cover was placed in the
center of the opening of the polishing pad.

EXAMPLE 1
A transparent window member composed of transparent ABS

_wés prepared by molding Toyolac 920 (transparent ABS resin)
manufactured by Toray Industries, Inc. at a molding
temperature of 60 to 80°C. The transparent window member
hadra thickness of 0.4 mm, a width of 18.5 mm, and a length
of 56.5 mm. In the transparent window member, four corners
and four edges of the upper surface were rounded with a
‘radius of 0.4 mm. The micro rubber A-type hardness of the
light-transmissive window member was 99 degrees. A
polishing pad was fabricated by bonding an NBR rubber sheet
with a thickness of 1 mm to a Rodel IC-1000. An opening of
19.5 x 57.5 mm was formed in the polishing pad at the

position corresponding to the platen hole. A double-sided



Sum tomp 3M Ltd. was attached to a surface of the highly defornmable menber
wth a size of 18.5 x 56.5 mm and a cutout of 13 x 50 M was forned in
the center. The cushioning nenber and the transparent w ndow nenber were

| ami nated on each other, and then the | am nate was bonded to the fillet of
the doubl e-sided tape at the back of the polishing pad having the opening.
Thereby, a w ndowed polishing pad was prepared. The upper surface of the

|l ight- transm ssive nenber of the w ndowed polishing pad protruded from
the upper surface of the polishing layst +n its periphery by about 0.2 mm
When a wei ght of 3,740 g was applied to the light-transm ssive w ndow
menber with a pressing jig having a contact area of 17 x 55 mm the anount
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t he aqueous sol ution of = xanthan gum was 60% The refl ectance during

pol i Shi g s L ety ol ahoREbT Nifforigs REEBFBEBE in the

reflectance was small. As is clear fromthis result, the slurry was not
manufactured by Daiwabo Co., Ltd. with a thickness of 1.8 mm
was prepared. A double-sided tape 442J manufactured by
Sumitomo 3M Ltd. was attached to a surface of the highly
deformable member with a size of 18.5 x 56.5 mm, and a
cutout of 13 x 50 mm was formed in the center. The
- cushioning member and the transparent window member were
laminated on each other, and then the laminate was bonded to
the fillet of the double-sided tape at the back of the
polishing pad having the opening. Thereby, a windowed
polishing pad was pfepared. The upper surface of the light-
transmissive member of the windowed polishing pad protruded
from the upper surface of the polishing layer in its
periphery by about 0.2 mm. When a weight of 3,740 g was
applied to the light-transmissive window member with a
pressing jig having a contact area of 17 x 55 mm, the amount
of indentation strain was 0.27 mm. When the same weight was
applied to the polishing layer with the same pressing jig,
the amount of indentation strain was 0.05 mm. Consequently,
the amount of indentation strain at the light-transmissive

window member was 5.4 times the amount of indentation strain



substantially interposed between the light-transm ssive w ndow nenber and
the wafer, and satisfactory observation was enabled. EXAMPLE 2 A
transparent w ndow nenber conposed of transparent ABS was prepared as in
Example 1. A highly deformabl e menber conposed of EPT sponge EPT#300

manuf actured by Daiwabo Co., Ltd. with a thickness of 1.7 nm was prepared.
Doubl e-si ded tapes 442J manufactured by Sumtono 3M Ltd. were attached to
both surfaces of the highly defornmable nmenber with a size of 18.5 x 56.5
nm and a cutout of 13 x 50 nmwas f-ord®d-in the center. The transparent

wi ndow nmenber and the cushioning nenber were | am nated on each other to
forma platen hole cover. A polishing pad was fabricated by bondi ng an NBR

rubber sheet.w th.a thick f . | G : [
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the slurry was 50%, and thus the decrease in the reflectance
was small. As is clear from this result, the slurry was not
substantially interposed between the light-transmissive
window member and the wafer, and satisfactory obsexrvation

" was enabled.

EXAMPLE 2

A transparent window member composed of transparent ABS
was prepared as in Example 1. A highly deformable'member
composed of EPT sponge EPT#300 manufactured by Daiwaboc Co.,
Ltd. with a thickness of 1.7 mm was prepared. Double-sided
tapes 442J manufactured by Sumitomo 3M Ltd. were attached to
both surfaces of the highly deformable member with a size of
18.5 x 56.5 mm, and a cutout of 13 x 50 mm was formed in the
center. The transparent window member and the cushioning
member were laminated on each other to form a platen hole
cover. A polishing pad was fabricated by bonding an NBR
rubber sheet with a thickness of 1 mm to a Rodel IC-1000 and
attaching a double-sided taﬁe 4423 manufactured by Sumitomo
3M Ltd. to the back surface of the rubber. An opening of 21

% 59 mm was formed in the polishing pad at the position



I ndentation strain at the light-transm ssive w ndow nmenber was 3.75 tines
the anobunt of indentation strain at the polishing |ayer. The platen hole
cover was attached to the platen,. and the polishing pad was al so attached
to the platen such that the platen hole cover was fitted in the opening.
The upper surface of the transparent wi ndow nenber of the platen hole
cover protruded fromthe upper surface of the polishing |ayer of the
polishing pad by about 0.1 nm A 6-inch silicon wafer provided with an
oxide filmwas polished with the podl ishing pad and the platen hol e cover.
The nunber of scratches was small at 10. The blank reflectance during
pol i shing using the aqueous solution of xanthan gumwas 55% The
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w ndow nenber e pla e cover the wafer, and satisfactory
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sheet w ness of 0.3 mmwas fornmed, and the PMVA sheet was coated

with onggpant (Skki ﬁﬁnetﬁé%ﬁéuﬁ%nu&aghuree&aﬂoﬁomm@@lwm .G ndi. i cone
Co., Ltd. af a thicknéss of 0.3 mm Thereby, a transparent w ndow nember
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The silicone rubber

the polishing pad with the same pressing jig, the amount of
indentation strain was 0.04 mm. Consequently, the amount of
indentation strain at the 1ight-t:ansmissive window member
was 3.75 times the amount of indentation-strain at the
pelishing layer. The platen hole cover was attached to the
platen, and the polishing pad was also attached to the
platen such that the platen hole cover was fitted in the
opening. The upper surface of the transparent window member
of the platen hole cover protruded from the upper surface of
the polishing layer of the polishing pad by about 0.1 mm.

A 6-inch silicon wafer provided with an oxide film was
polished with the polishing pad and the platen hole cover.
The number of scratches was small at 10. The blank
reflectance during polishing using the aqueous solution of
xanthan gum was 55%. The reflectance during polishing using
the s;urry was 48%, and thus the decrease in the reflectance
was small. As is clear from this result, the slurry was not
substantially interposed between the light-transmissive

window member of the platen hole cover and the wafer, and

satisfactory observation was enabled.



| ayer had a micro rubber A-type hardness of 50 degrees, and the PMVA |ayer
had a mcro rubber A-type hardness of 99 degrees. A polishing pad was '
fabricated by bonding a foamed polyurethane sheet with a thickness of 1 nm
and a density of 0.1 to a Rodel |G 1000. An opening of 19.5 x 57.5 nm was '
formed in the polishing pad at the position corresponding to the platen
hol e. A doubl e-sided tape 442J manufactured by Sumtono 3MLtd. was
attached to the foanmed pol yurethane side of the polishing pad having the
opening, and a cutout of 13 x 50 nm vEas fornmed in the doubl e-sided tape in
the center of the opening. A highly deformabl e nenber conposed of EPT
sponge #140 manuf actured by Daiwabo Co., Ltd. with a thickness of 1.6 nm

was prepared. ghgﬁgglg-sided tape 4423 manufactured by Sum tono 3M Ltd.
was attached ¥ rface of the highly deformable nmenber with a size of
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periphery by about 0.1 mm Wen a weight of 1,500 g was applied to the

l'i ght-traRaispairé@t window member with a thickness of 0.6 mm and a
size of 18.5 a 56.5 mm was fabricated. The silicone rubber
layer had a micro rubber A-type hardness of 50 degrees, and
the PMMA layer had a micro rubber A-type hardness of 99
degrees. A polishing pad was fabricated by bonding a foamed
polyurethane sheet with a thickness of 1 mm and a density of
0.1 to a Rodel IC-1000. An opening of 19.5 x 57.5 mm was
formed in the polishing pad at the position corresponding to
the platen hole. A double-sided tape 442J manufactured by
Sumitomo 3M I.td. was attached to the foamed polyurethane
side of the polishing pad paving the opening, and a cutout
of 13 x 50 mm was formed in the double-sided tape in the
center of the opening. A highly deformable member composed
of EPT sponge #140 manufactured by Daiwabo Co., Ltd. with a
thickness of 1.6 mm was prepared. A double-sided tape 442J
manufactured by Sumitomo 3M Ltd. was attached to a surface
of the highly deformable member with a size of 18.3 x 36.35
mm, and a cutout of 13 x 50 mm was formed in the center.
The cushioning member and the transparent window member were

laminated on each other, and the laminate was bonded to the



wi ndow nenber with a pressing jig having a contact area of 17 x 55 nm the
anount of indentation strain was 0.11 nm \Wen the sane wei ght was applied
to the polishing layer with the same pressing jig, the amunt of

i ndentation strain was 0.05 mm Consequently, the amount of indentation
strain at the light-transm ssive wi ndow nenber was 2.2 tines the anount
of indentation strain at the polishing layer. A 6- inch silicon wafer
provided with an oxide filmwas polished wth the wi ndowed polishing pad.
The nunber of scratches was small at 5E.- The blank reflectance during
polishing wusing the aqueous solution of xanthan gum was 45% The

refl ectance during polishing using the slurry was 38% and thus the

decrease ET%%@GO%GE gcb%gﬁﬁgw@?d%ga%hhe v£§t%_%a@%gaaygélggyﬂﬁ§ylt, t he

slurry S U Substantli nterposed between the 'l ight-transm ssive
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were attached to both surfaces of the highly defornmable nenber with a size
of  18. 5yt nAbwad Po 132t ik o Padlproftridied Frommues dppawdurEdde otent er .

The transparent w ndow nmenber and the cushioni ng
the polishing layer in its periphery by about 0.1 mm. When
a weight of 1,500 g was applied to the light—transmissive_
window member with a pressing jig having a contact area of
17 x 55 mm, the amount of indentation strain was 6.11 mm.
When the same weight was applied to the polishing layer with
the same pressing jig, the amount of indentation strain was
0.05 mm. Consequently, the amount of indentation strain at
the light-transmissive window member was 2.2 times the
amount of indentation strain at the polishing layer. A 6-
inch silicon wafer provided with an oxide film was polished
with the windowed polishing pad. The numbexr of scratches
was small at 15. The blank reflectance during polishing
using the aqueous solution of xanthan gum was 45%. The
reflectance during polishing using the slurry was 38%, and
thus the decrease in the reflectance was small. As is clear
from this result, the siurry was not substantially
interposed between the light-transmissive window member and
the wafer, and satisfactory observation was enabled.

EXAMPLE 4

A light-transmissive window member similar to that in



menber were | am nated on each other to forma platen hole cover. An
opening of 21 x 59 mmwas forned in a Rodel |G 1000/ Suba400 | am nat ed
polishing pad at the position corresponding to the platen hole. Wen a

wei ght of 2,000 g was applied to the |light-transm ssive w ndow nenber of
the platen hole cover with a pressing jig having a contact of 17 x 55 nmm
t he anobunt of indentation strain was 0.14 mm Wen the sane wei ght was
applied to the polishing |ayer of the polishing pad with the sanme pressing
jig, the amobunt of indentation stratm®as 0.02 nmm Consequently, the
anount of indentation strain at the light-transm ssive w ndow nenber was
7 times the anount of indentation strain at the polishing | ayer. The

pl aten hgle c er, was t he fggh AEdy ng pad was
al so attg aﬁb tﬁ@s gﬁggggﬁ% tﬁﬁgl The platen Zh#% @g%er was fitted in

the openin AR QY4 iRaRerco of the
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provi ded™w h an oxi mwas polished with the polishing pad and the
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reflectanc uring polishing using the agqueous solution of xanthan gum was
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the decrease in the reflectance was snmall. As is clear fromthis result,

the slurryg wasc m¥.5 mm, and a cutout of 13 x 50 mm was formed in the
center. The transparent window member and the cushioning
member were laminated on each other to form a platen hole
cover. An opening of 21 x 59 mm was formed in a Rodel IC-
1000/Subad400 laminated polishing pad at the position
corresponding to the platen hole. When a weight of 2,000 g
was applied to the light-transmissive window member of the
.platen hole cover with a pressing jig having a contact of 17
%x 55 mm, the amount of indentation strain was 0.14 mm. When
the same weight was applied to the polishing layer of the
polishing pad with the same pressing jig, the amount of
indentation strain was 0.02 mm. Consequently, the amount of
indentation strain at the light-transmissive window member
was 7 times the amount of indentation strain at the
poiishing layer. The platen hole cover was attached to the
platen, and the polishing pad was also attached to the
platen such that the platen hole cover was fitted in the
opening. The upper surface of the transparent window member
of the platen hole cover protruded from the upper surface of

the polishing layer of the polishing pad by about 0.2 mm. A



substantially interposed between the light-transm ssive w ndow nenber and
the wafer, and satisfactory observation was enabled. EXAMPLE 5 Arigid
pol yuret hane sheet with a thickness of 0.25 nm was fornmed by mixing 300 g
of Uniroyal Adiprene L-325, i.e., a polyether-based urethane polyner, and
76 g of 4,4'- nethyl ene-bis(2-chloroaniline) and pouring the mxture into
a nold. The rigid pol yurethane sheet had a mcro rubber A- type hardness of
95 degrees. A light-transm ssive wi ndow nenber was fabricated by cutting
the rigid pol yurethane sheet into & gitze- of 18.5 x 56.5 nm Using a
polishing pad prepared by bonding a rubber sheet wth a thickness of 1 mm
to an 1C 1000, the light-transm ssive w ndow nenber, and acrylic foam

s’ ve L3R s F020 TMUERRLUead oSy o o gl 0y

defornabpe pr OVi I ght-transm ssive
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I ndentation strain at the polishing layer. A 6-inch silicon wafer provided

with an Qéh@ﬁaﬁ'bﬁhwﬁﬁspgb%$h¢¢ﬂﬂ e fiketance during polishing using
the slurry was 48%, and thus the decrease in the reflectance
was small. As is cleér from this result, the slurry was not
substantially interposed between the light-transmissive
window member and the wafer, and satisfactory observation
was enabled.

EXAMPLE 5
A rigid polyurethane sheet with a thickness of .0.25 mm

was formed by mixing 300 g of Uniroyal Adiprene L-325, i.e.,
a polyether-based urethane polymer, and 76 g of 4,4"'-
ﬁethylene-bis(2—chloroaniline) and pouring the mixture into
a mold. The rigid polyurethane sheet had a micro rubber A-
type hardness of 95 degrees. A light-transmissive window
member was fabricated by cutting the rigid polyurethane
sheet into a size of 18.5 x 56.5 mm. Using a polishing pad
prepared by bonding a rubber sheet with a thickness of 1 mm
to an IC-1000, the light-transmissive window membér, and
acrylic foam adhesive tape Y-4620 manufactured by Sumitomo
3M Ltd. as a highly deformable member, a polishing pad
provided with the light-transmissive window member was

fabricated. When a pressure of 400 g was applied to the



pol i shing pad provided with the |ight-transm ssive wi ndow nenber. The
nunber of scratches was small at 20°. The blank reflectance during
pol i shing using the aqueous solution of xanthan gum was 50% The
reflectance during polishing using the slurry was 40% and thus the
decrease.in the reflectance was small. As is clear fromthis result, the
slurry was not substantially interposed between the light-transm ssive

wi ndow nmenber and the wafer, and satisfactory observation was enabl ed.
EXAMPLE 6 A gl ass sheet with a thicknesls of 0.5 nmwas prepared. A
single-layer antireflection filmwas fornmed by vapor deposition of
magnesi um fluoride on the back surface of the glass sheet. The glass sheet

had a b A-t h

(éo?tedm ;E rggggégwﬁs g%?c&ﬁé%g %ﬁ%ﬁuggggl lﬁﬁbraéég%aﬁﬁg%nrﬁz
ilicone

1 hour. ?W@uP§n1 a ghﬁggggh%QP%ﬁ%agké%?% - % %g}ligﬁgign%%ﬁgpgﬁ?aﬁﬁgcgfor

i amond (HbRiard0h HigS i0he HUINSHUAS efforthidl 3.8 L. KNI fe_ O

forma | ransnlsS|ve W n er mn h a shape shown in Fig. 7. The

flexibleg 'h%%gutem $9ieY Gl Jrd AR I peFahr dvpemdaritipess of 30

degr ees. a pof shlng pad prepared by bonding a rubber sheet with a
t hi cknesg Qf shi® el Fidtiow wmekiftd Wdie J.iimidangid sanotntvigtlow menber,

and an

indentation strain at the polishing layer. A 6-inch silicon
wafer provided with an oxide film was polished with the
polishing pad provided with the light—transmiésive window
member. The number of scratches was small at 20. The blank
reflectance during polishing ﬁsing the aqueous solution of
xanthan gum was 50%. The reflectance during polishing using
the slurry was 40%, and thus the decrease in the reflectance
was small. As is clear from this result, the slurry was not
substantially interposed between the light-transmissive
window member and the wafer, and satisfactory observation
was enabled.

EXAMPLE 6

A glass sheet with a thickness of 0.5 mm was prepared.
A single-layer antireflection film was formed by vapor
deposition of magnesium fluoride on the back surface of the
glass sheet. The glass sheet had a micro rubber A-type
hardness of 100 degrees. The glass sheet was coated with
one-part silicone SE9185 manufactured by Toray-Dow Corning
Silicone Co., Ltd. at a thickness of 0.3 mm, and left to

stand at 60°C for 1 hour. The laminate was cut into a size



acrylic foam adhesive tape Y-4620 nanufactured by Sumitonpo 3MLtd. as a

hi ghly deformabl e menber, a polishing pad provided wth t he

l'i ght-transm ssive w ndow nenber was fabricated. The anpunt of indentation

strain at the light- transm ssive wi ndow nenber of the polishing pad was

0.21 mm under a pressure of 400 g. The ampunt of indentation strain at

the polishing |ayer was 0.06 nmm Consequently, the amunt of indentation

strain at the light-transm ssive w ndow nmenber was 3.5 tines the anount of

indentation strain at the polishing l&er. A polishing pad provided with a

l'ight-transm ssive w ndow nenber was fabricated using the

Ilghtrérapsn1ssive m1ndﬁmhnenber, and a 6-inch silicon wafer provided with

an oxide fi S Lshe .ih t sl a id i he
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by bonding a rubber sheet with a thickness of 1.5 mm to an

TC-1000, the light-transmissive window member, and an
acrylic foam adhesive tape Y-4620 manufactured by Sumitomo
3M Ltd. as a highly deformable member, a polishiﬁg pad
provided with the light-transmissive window member was
fabricated. The amount of indentation strain at the light-
transmissive window member of the polishing pad was 0.21 mm
under a pressure of 400 g. The amount of indentation strain
at the polishing layer was 0.06 mm. Consequently, the
amount of indentation strain at the light-transmissive
window member was 3.5 times the amount of indentation strain
at the polishing layer. A polishing pad provided with a
light-transmissive window member was fabricated using the
light-transmissive window member, and a 6-inch silicon wafer
provided with an oxide film was polished with the polishing
pad provided with the light-transmissive window membexr. The
number of scratches was small at 5. The blank reflectance
during polishing using the agqueous solution of xanthan gum
was 60%. The reflectance during'polishing using the slurry

was 48%, and thus the decrease in the reflectance was small.



a pol yet her-based urethane polynmer, and 76 g of 4,4' -

nmet hyl ene--bi s(2-chloroaniline) and pouring the mxture into a nold. The
rigid pol yuret hane sheet had a m cro rubber A- type hardness of 95 degrees.
A light-transm ssive window nenber was forned by cutting the rigid

pol yur et hane sheet into a size of 18.5 x 56.5 nmm An opening of 19 x 57 mm
was formed in an | G 1000 and a rubber sheet wth a thickness of 1 nm was
bonded to the IC1000 with a doubl e-sided tape. A cutout of 13 x 50 mm was
formed in the rubber sheet at the podilion corresponding to the opening.
The light- transm ssive wi ndow nenber was inserted into the opening and
bonded to the fillet of the rubber sheet. A polishing pad provided with

the |ightt 5ansALssi (oo RAQY FRELAE VWate I1RAERY WaAbHgrated. The amount of

i ndentation strain at the transm ssive w ndow nenber of the polishing pad

was 0. 033, p0: 848 15 H&Q\S“e%%ro%e‘af r4een TR aNQHY- tfarigideniiaid on strain

at the polishing layer was 0.07 mm Consequently, the anmount of
i ndent at LA Flefibdlr R thehivaiflea)s BnTS iser: i-s ik t oMyh G amBrieiomas

smal | er than the anobunt of indentation strain at the polishing layer. A

6-1 nch sidasCemapaiear. provided with an oxide filmwas polished with the

polishing pad provided with the light-transm ssive w ndow nenber. The

nunber of scrabgbharAWavEl BRKgMPRE 110. The bl ank reflectance during

pol i shing using the aqueous solution of xanthan gum was 55% The

refl ectance darrhgifiopbdfurgthanegshketsiditihya thickness of 1.25 mm
was formed by mixing 300 g of Uniroyal Adiprene L-325, i.e.,
a polyether-based urethane polymer, and 76 g of 4,4'-
methylene-bis(2-chloroaniline) and pouring the mixture‘into
a mold. The rigid polyurethane sheet had a micro rubber A-
type hardness of 95 degrees. A light-transmissive window
member was formed by cutting the rigid polyurethane sheet
into a size of 18.5 x 56.5 mm. An opening of 19 x 57 mm was
formed in an IC-lOOb and a rubber sheet with a thickness of
1 mm was bonded to the IC-1000 with a double-sided tape. A
cutout of 13 x 50 mm was formed in the rubber sheet at the
position corresponding to the opening. The light-
transmissive window member was inserted into the opening and
bonded to the fillet of the rubber sheet. A polishing pad
provided with the light-transmissive window member was
thereby fabricated. The amount of indentation strain at the
transmissive window member of the polishing pad was 0.035 mm
under a pressure of 400 g. The amount of indentation strain

at the polishing layer was 0.07 mm. Consequently, the

amount of indentation strain at the light-transmissive



was 15% and thus the decrease in the reflectance was large. As is clear
fromthis result, a large amount of the slurry was interposed between the
l'i ght-transm ssive w ndow nenber and the wafer, and satisfactory
observation was not perfornmed. COVPARATI VE EXAMPLE 2 A light-transm ssive
wi ndow nenber conposed of transparent ABS was forned at a thickness of 1.3
mmand a size of 18.5 x 56.5 mm The light-transm ssive w ndow nenber had
a mcro rubber A-type hardness of 99 degrees. An opening of 19.5 x 57.5 nm
was formed in a Rodel 1CG 1000 at the g¢bsition corresponding to the platen
hol e. Doubl e-sided tapes 442J manufactured by Sumtono 3MLtd. were
attached to both surfaces of an NBR rubber sheet with a thickness of 1

mm The NBR rubbe;nr?%g_ %s“@?natigré%ﬁctﬁagl &%& Iaﬁjo%ﬁlgc(r) Jﬁ‘ﬁjr{%nﬁéﬁd}{)em ng. A
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i ght-trgnsm_ ssive w ndow menber of the wi ndowed polishing pad protruded
from t he jpgl ibsRiAGe@YAtH Rhd L1l -itRhalanine BRowidick Membden arwei ght

of 3,000"g was applied to the Iight-transm ssive w ndow nenber with a

pr essi NY pinfh e WG i a3V HAC vt @arefe bk X4 155, MThd helaourdflectance
during polishing using the aqueous solution of xanthan gum
was 55%. The reflectance during polishing using the slurry
was 15%, and thus the decrease in the reflectance was large.
As is clear from this result, a large amount of the slurry
was interposed between the light-transmissive window member
and the wafer, and satisfactory observation was not
performed.

COMPARATIVE EXAMPLE 2
A light-transmissive window member composed of

transparent ABS was formed at a thickness of 1.3 mm and a
size of 18.5 x 56.5 mm. The light-transmissive window
member had a m;cro rubber A-type hardness of 99 degrees. An
opening of 19.5 x 57.5 mm was formed in a Rodel IC-1000 at
the position corresponding to the platen hole. Double-sided
tapes 442J manufactured by Sumitomo 3M Ltd. were attached to
both surfaces of an NBR rubber sheet with é thickness‘of 1
mm. The NBR rubber sheet was bonded to the IC-1000 having
the opening. A cutout of 13 x 50 mm was formed in the NBR
rubber in the center of the opening. The light-transmissive

window member was fitted in the opening and bonded to the



of indentation strain was 0.05 mm When the sane weight was applied to the
polishing layer with the same pressing jig, the amunt of indentation
strain was 0.04 mm Consequently, the anpunt of indentation strain at the
i ght-transm ssive w ndow nenber was 1.25 tinmes the anount of indentation
strain at the polishing layer. A 6-inch silicon wafer provided with an
oxide filmwas polished with the-w ndowed polishing pad. The nunber of
scratches was significantly large at 300. The blank reflectance during.
polishing using the aqueous solutioné&d xanthan gum was 60% The

refl ectance during polishing using the slurry was 50% and thus the
decrease in the reflectance was snmall. As is clear fromthis result, the

slurry vasppet 358%@ 'mkg' Wt iRt %h@oﬁ%gxbti%t-‘éﬁﬁréglt e ot LysaRResi ve

W ndow r-an er, and satistactory observation was enabl ed.
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Sumitonp 3M Ltd. were attached to both surfaces of the NBR rubber sheet

With a spgeighihg Pall Phorrudilld #adme thid Y1 ieh by Na@rmanesd or med in
the center. The fransparent w ndow nenber and the cushi oning nenber were

| ami nat edepRphach ByN@bou@ foanmum.pl &hem koheigmtelof A, W ighiay pad was
fabricated by bonding an NBR rubber sheet

applied to the light-transmissive window member with a
pressing jig having a contact area of 17 x 55 mm, the amount
of indentation strain was 0.05 mm. When the same weight was
applied to the polishing layer with the same pressing jig,
fhe amount of'indentation strain was 0.04 mm. Consequently,
the amount of indentation strain at the light-transmissive
window member was 1.25 times the amount of indentation
strain at the polishing layer. A 6-inch silicon wafer
provided with an oxide film was polished with the-windowed
polishing pad. The number of scratches was significantly
large at 300. The blank reflectance during poiishing using
the aqueous solution of xanthan gum was 60%. The
reflectance during polishing using the slurry was 50%, and
thus the decrease in the reflectance was small. As is clear
from this result, the slurry was not substantially
interposed between the light-transmissive window member and
the wafer, and satisfactory observation was enabled.

COMPARATIVE EXAMPLE 3

A transparent window member composed of transparent ABS

was prepared as in Example 1. An NBR rubber sheet with a



with a thickness of 1 nmto a Rodel 1C 1000 and attaching a doubl e-sided
tape 4423 manufactured by Sumtono 3MLtd. to the back surface of the
rubber. An opening of 21 x 59 mm was formed in the polishing pad at the
position corresponding to the platen hole. Wen a weight of 3,000 g was
applied to the-light-transm ssive wi ndow nenber of the platen hole cover
wWth a pressing jig having a contact area of 17 x 55 nm the anount of

i ndentation strain was 0.05 mm \Wen the sane weight was applied to the
polishing layer of the polishing pad & t+h the sane pressing jig, the
amount of indentation strain was 0.04 mm Consequently, the anount of

I ndentation strain at the Iight transm ssive w ndow nenber was 1.25 tines

th . ' t I hol
cover ash3BlashEs B i W] pepdia DO DU LR, <P ALAIEY, Mohed
to the phabPAotued Bt il cohdl Ot HAIL SRUY Madidd &b hdthe openi ng.

The upper surtace of the transparent w ndow nenber of the platen hole

cover prghiededsf b@ﬂth%em%werﬂ R with & die R ihing Isyey of the
polishing pad by about 0.1 nm A 6-inch silicon wafer provided with an

oxi de fipf Wanarel icshefhtWdeh 1ishe& Bl mfhiveg FEdmad inheny detdol e cover.

The nunber of scratches was large at 260. The blank reflectance during
pol i shi nghesitRanparepe/ihal ienbeofan& atd afugiionian Mdhbdiherere

refl ectance during polishing using the slurry was 48% and thus the

decr easelafmihbe edefonc@andc@ther to form a platen hole cover. A
polishing pad was fabricated by bonding an NBR rubber sheet
with a thickness of 1 mm to a Rodel IC-1000 and attaching a
double-sided tape 442J manufactured by Sumitomo 3M Ltd. to
the back surface of the rubber. An opening of 21 x 59 mm
was formed in the polishing pad at the position
corresponding to the platen hole. When a weight of 3,000 g
was applied to the light-transmissive window member of the
platen hole cover with a pressing jig having a contact area
of 17 x 55 mm, the amount of indentation strain was 0.05 mm.
When the same weight was applied to the polishing layer of
‘the polishing pad with the same pressing jig, the amount of
indentation strain was 0.04 mm. Consequently, the amount of
indentation strain at the light-transmissive window member
was 1.25 times the amount of indentation strain at the
polishing layer. The platen hole cover was attached to the
platen, and the polishing pad was also attached to the
platen such that the platen hole cover was fitted in the
opening. The upper surface of the transparent window member

of the platen hole cover protruded from the upper surface of



was small. As is clear fromthis result, the slurry was not substantially
i nterposed between the light-transm ssive w ndow nenber of the platen hole
cover and the wafer, and satisfactory observation was enabled. - 6 8 -
CLAIM5S 1. A polishing pad conprising a polishing |ayer and a

| i ght-transm ssive w ndow nmenber disposed in an opening forned in a part
of the polishing llayer, wherein the anount of indentation'strain (Si)
nmeasured under a load Wapplied to the light-transm ssive w ndow nenber
havi ng an upper area A is larger than &he-anmount of indentation strain (S2)
measured under a load Wapplied to a region having the area A at any
position on the upper surface of the polishing layer. 2. A polishing pad
accordi ng,.to im.1, i 2.~ 5. i Sh ording to
-ei t her Clqglemp ?lgrs [HQ‘,}XQ %S{egr:: %ftshyg% ip&]t]l-%ﬁn}nspr%&sjﬁylve%mvﬁdmdlne er is

supported by A.aGb%i.ﬂghysgifi.eBHHQEEegeggﬁhd@d 41R8l bahibRd qRad ;AL el Ng to

Claim3, wherein conpression no us of the highly defornmabl e nenber

i's 0.0015089 hef MRAn TneApRAlisHAINY fRaf AL ¥l R d1@rANoBdcofer] ai N5 1
to 4, erein at least a part of the light-transm ssive w ndow - 69
The number of scratches was large at 260. The blank
reflectance during polishing using the aqueous solution of
xanthan gum was 55%. The reflectance during polishing using
the slurry was 48%, and thus the decrease in the reflectance
was small. As is clear from this result, the slurry was not
substantially interposed between the light-transmissive

window member of the platen hole cover and the wafer, and

satisfactory observation was enabled.



menber is disposed at a position higher than the surface of the polishing
| ayer. 6. A polishing pad according to any one of Clains 1 to 5, wherein
the light-transm ssive wi ndow nenber has a region having a mcro rubber
A-type hardness of 60 degrees or |less and a region having a rubber

m cr ohardness of 80 degrees or nore. 7. A polishing pad according to any
one of Clains 1 to 6, wherein the |light-transm ssive w ndow nenber has a
phase separation structure. 8. A polishing apparatus conprising at |east
the polishing pad according to any ore8of Clains 1 to 7, nmeans for

suppl ying an abrasive material between the polishing pad and a workpiece,
means for making the polishing pad abut on the workpiece and relatively

noving the polishing pad and the I%%ﬁ§e to perform polishing, and neans
for optically neasuring the pollsheJ‘ e of the workpiece through the

i ght-transm ssive wi ndow nenber. 9. A nethod for fabricating a

sem conduct or device conprising the step of polishing a surface of the

sem conduct or ing%’-&%E'ﬁ-n%Sb%% (1= Iéﬁ.@ rag@qﬁ%r}ﬁ;ﬂbs Traye® andcgording to

CaimsS. 1 ’ IFe“cover conprising a light-transm ssive w-ndow

menber, the,pl %E:%ﬂsth 'g QR i nffeh) Sh etk t&&ﬁidl%d M tdh petisdi ng pad
havi ng an penin xed on a hol e
formed in a part of the polishing layer, wherein the amount
of indentation strain (S1) measured under a load W applied
to the light-transmissive window member having an upper area
A is larger than the amount of indentation strain (S52)
measured under a load W applied to a region having the area

A at any position on the upper surface of the polishing

layer.

2. A polishing pad according to Claim 1, wherein

s1/82 = 1.5.

3. A polishing pad according to either Claim 1 or 2,
wherein the light-transmissive window member is supported by

a highly deformable member.

4. A polishing pad according to Claim 3, wherein the
compression modulus of the highly deformable member is 0.001

to 0.8 MPa.

5. A polishing pad according to any one of Claims 1 to 4,

wherein at least a part of the light-transmissive window



of a platen in a polishing apparatus in which the polished state can be
optically neasured, wherein the anount of indentation strain (S 1)
measured under a load W applied to the upper surface of the

|l i ght-transm ssive wi ndow nenber having an upper area A" is larger than

t he anpunt of

I ndentation strain (S 2) neasured under a load W applied to

.a region having the area A° at any position on the upper surface of a
polishing |layer of the polishing pad used together. 11. A platen hole
cover according to Caim 10, wherein &9 S 2. 12. A platen hole cover
according to either daim110 or 11, wherein the light-transm ssive w ndow
menber is supported by a highly deformable nenber. 13. A platen hole cover

according to Claim_12, wherein_ the.canpr ' of | y

def or mab Emﬁﬁi‘?béﬁ fislsbﬁ.sﬁgl at,3p PR Sﬁ%&%— %??h%rlh r@%ﬂp Il%jtee ns-%llolleaeé% g;\}ée r

according.to ag¥ gﬁg of, Claims 10 to 13, wherein at |east a part of the
PSCcBOOT-S

upper su

89 Fﬁaﬁ “transm ssive wi ndow nenber is disposed at a

position higher than the surface of the polishing | ayer of the polishing
pad before the start of polishing. 15. A platen hole cover according to any

one of O ajgns 30,49 J4n MeEidkddifinditls N Yis S M Ao nesbey has a

regi on having a croru r A-type hardness of 60 degrees
wherein the light-transmissive window member has a region

having a micro rubber A-type hardness of 60 degrees or less
and a region having a rubber microchardness of 80 degrees or

more.

7. A polishing pad according to any one of Claims 1 to 6,
wherein the light-transmissive window member has a phase

gseparation structure.

8. A polishing apparatus comprising at least the
polishing pad according to any one of Claims 1 to 7., means
for supplying an abrasive material between the polishing pad
and a workpiece, means for making the polishing pad abut on
the workpiece and relatively moving the polishing pad and
the workpiece to perform polishing, and means for optically
measuring the polished state of the wérkpiece through the

light-transmissive window member.

9. A method for fabricating a semiconductor device
comprising the step of polishing a surface of the

semiconductor substrate using the polishing apparatus



or less and a region having a mcro rubber A-type hardness of 80 degrees
or nore. 16. A platen hole cover according to any one of Cains 10 to 15,
wherein the light-transm ssive wi ndow nenber has a phase separation
structure. 17. A polishing apparatus conprising: the platen hole cover
according to any one of Clainms 10 to 16; a polishing pad having an opening
engageable with the platen hole cover; neans for supplying an abrasive

mat eri al between the polishing pad and a surface to be polished; neans for
maki ng the polishing pad abut on the sifrface - 72 to be polished and
relatively nmoving the polishing pad and the surface to be polished to
perform pol i shing; and means for optically nmeasuring the polished state of

a _morkpégggragﬁ g §1fpl ght-transm ssive w ndow menber. 18. A nethod for
fabricating a con £or “devi ce conprising the step of polishing a
surface of a sen1conductor substrate using the polishing apparatus
according to Claim17. 19. A nethod for polishing a workpiece conprising

the steps;gf: di waibaghawot:b%w@oﬂ@ch@_w laS1Ag A Rldnsdingsdvayer, a

Ilght transm ssive w ndow nenber which constitutes a part
window member, the platen hole cover being used together
with a polishing pad having an opening and fixed on a hole
of a platen in a polishing apparatus in which the polished
state can be optically measured, wherein the amouqt of
indentation strain (S'l) measured under a load W' applied to
the upper surface of the light-transmissive window member
having an upper area A' is larger than the amount of
indentation strain (S'2) measured under a load W' applied to
a region having the area A' at any position on the upper

surface of a polishing layer of the polishing pad used

together.

11. A platen hole cover according to Claim 10, wherein

S'l = 8'2.

12. A platen hole cover according to either Claim 10 or
11, wherein the'light—transmissive window member is

supported by a highly deformable member.

13. A platen hole cover according to Claim 12, wherein
the compression modulus of the highly deformable member is

0.001 to 0.8 MPa.



of the polishing pad or. which is independent of the polishing pad on a

pl aten so that the polishing pad and the |I|ight-transm ssive w ndow nenber
can abut agai nst the workpiece; setting the anount of indentation strain
(S"1) measured under a |oad W applied to the upper surface of the |ight-
transm ssi ve wi ndow nenber having an upper area A" to be larger than the
anount of indentation strain (S'2) nmeasured under a load W applied to a
region having the area A" at any position on the surface of the polishing
| ayer of the polishing pad; and - 73 7kuppl yi ng an abrasive materi al

bet ween the polishing pad and.the workpiece while the polished state of
the workpiece is being optically nmeasured through the Iight- transm ssive
w ndow nenber .

14. A platen hole cover according to any one of Claims 10
to 13, wherein at least a part of the upper surface of the
light-transmissive window member is disposed at a position
higher than the surface of the polishing layer of the

polishing pad before the start of polishing.

15. A platen hole cover according to any one of Claims 10
to 14, wherein the light-transmissive window member has a
region having a micro rubber A-type hardness of 60 degrees
or less and a region having a micro rubber A-type hardness

of 80 degrees or more.

16. A platen hole cover according to any one of Claims 10
to 15, wherein the light-transmissive window member has a

phase separation structure.

17. A polishing apparatus comprising:
the platen hole cover according to any one of Claims 10
to 16;
a polishing pad having an opening engageable with the
platen hole cover:
means for supplying an abrasive material between the
polishing pad and a surface to be polished;

means for making the polishing pad abut on the surface



!

to be polished and relatively moving the polishing pad and
the surface to be polished to perform poclishing; and
means for optically measuring the polished state of a

workpiece through the light-transmissive window member.

18. A method for fabricating a semiconductor device
comprising the step of polishing a surface of a
semiconductor substrate using the polishing apparatus

according to Claim 17.

19. A method for polishing a workpiece comprising the

steps of:

disposing a polishing pad comprising a polishing layer,
a light-transmissive window member which constitutes a part
of the polishing pad or which is indebendent of the
polishing pad on a platen so that the polishing pad aﬁd the
light-transmissive window member can abut against the
workpiece;

setting the amount of indentation strain (S"1l) measured
under a load W" applied to the upper surface of the light-
transmissive window member having an upper area A" to he
larger than the amount of indentation strain ({S"2) measured
qnder a load W" applied to a region having the area A" at
any position on the surface of the polishing layer of the

polishing pad; and



supplying an abrasive material between the polishing
pad and the workpiece while the polished state of the
workpiece is being optically measured through the light-

transmissive window member.



