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DESCRIPTION
POLISHING PAD, PLATEN HOLE COVER, POLISHING APPARATUS,
POLISHING METHOD, AND METHOD FOR FABRICATING SEMICONDUCTOR

DEVICE

Technical Field

The present invention relates to a windowed polishing
pad which is suitable for use to form planar surfaces 1n
semiconductors, dielectric/metal composites, integrated
circuits, etc.; 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 films 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 f£ilms of
electrodes are also becoming important. As an efficient
technique for the planarization processes, a polishing

technique referredﬂto as chemical mechanical polishing (CMP)



Background Art As the density of sem conductor devices is increasing,

mul til evel interconnections and techni ques associ ated therewith, for
exanpl e, techniques for formng interlayer insulating filnms and techni ques
for form ng el ectrodes using plug processes, damascene processes, or the

| i ke are becomi ng inportant. Accordingly, planarization processes for such
interlayer insulating filns and netal filnms of el ectrodes are al so becom ng
inmportant. As an efficient technique for the planarization processes, a
polishing technique referred to as chegical mechani cal polishing (CVP) -
2 is widely used. As disclosed in Japinese Unexami ned Patent Application
Publ i cati on No. 9-7985, a polishing apparatus using CMP is receivVing
attention as an inportant technique in which, while a substrate, such as a
waf er, issbeiaglpouselied, As Hiselosedmior Japsingse Ungxaninep@atentrom the
back side (platen side) of the polishing pad to a surface of the substrate
to be pohpphidasdonhBubllicapdbnsNed $t-Ft985.s anpeddisddnARRIAL IS shi ng pad
used for such a polishing apparatus, PCT Japanese Transl ati on Patent

Publ i cat ushndoCMP14i51 2ezeiuing essend issl jashiany Jgmenicurty| technigne
polishing of wafers provided with integrated circuits, at |east a portion
of the pin wbileh.coiideca substraitied $WGto@as Pediafedhedts WM %o intrinsic
ability to absorb or transport slurry particles, the resjn_sheet heing

t ranspar patisbed. gat lﬁ&@ifngeaWeWér@t}i%J{#ﬂW tife RRgedrEAYD tR° 3: 500

nanoneters. The polishin ad includes a polishing |l ayer and a_cushi gn
| ayer | ahRekt éédgn (Pﬁétﬁg‘l g"é-ﬁieﬁg qfpydie \qulﬁl'%‘id‘tﬁj&?aéf gﬁ‘ﬂe‘?ﬂ %%%??/eofape or

the |ike therebet . A [ is f d .at t.erm ned ti f

he pol | SHEnGORRITaERA 12 Hon @R LA S O b P I TR (AP EHE b1 1 d
i f inis fitt in_t ing. . Th ' ] |'i ght

S0t hat | PRESETERc N0 TE BONTHEREI G MR b R pa 2R haC | g
I f teri |_at tyd i S knQf th

ol at on. AOREYET T m 2T, JoeBeh AT ANE A AdEAE BRI NP o .

i f in f t i ' i hgt
Contact WL s RS T Fon S e AN ETORE poRIpIRG!

cont act e surface of t the surface to be

pol [ Shedo ¢S ¢aleies cAtiden YN Bhddiatid [aROfts Neagubshsat g, Which is

probl ematic. r, since the w ndow nenber does not uniformly conme into

contact w thithe FIREHR Hdihd Witgsdéd f &, sd DB Sthi{f6Emt Peben

polished, the slurry 1s’i nterposed between the w ndow nenber and the
surface ghddie witistHAlhtrAhsid eility i ebtabsdtwcoedtransporsur face of

the substrate is scattered, and it is not possible to achieve satisfactory
measur engnturabe Wasic MY Cltle mdsin pdivdbdenséing tianspanertotol hvghti on
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



It is an object of the present invention to provide a w ndowed

polishing _pad or a platen hole cover which is used to form planar surfaces
in glass, sem conductors, dielectric/metal conposites, integrated circuits,
etc.; a polishing apparatus including the windowed polishing pad or the

pl aten hole cover; a nethod for fabricating a sem conductor device using
the polishing apparatus; and a polishing nmethod, in which the nunber of
scratches occurring on the surface of the substrate is snall, and the
polished state can be optically nmeasurgd_ satisfactorily during polishing.
In order to achieve this ob,~ect, the gresent i nvention - 4 has the
constructions described below. (1) A polishing pad includes a polishing

| ayer and a light-transm ssive wi ndow nmenber di sposed in an opening fornmed
in a partinofotmerpsinshongthaywindolvememherhesincenthef windew memberst r ai n
(S1) neasured under a |load Wapplied to the light-transm ssive w ndow
menber hasmesg antappentacetawidthsther garfalkenofhshensuis tatenddnteat i on
strain (S2) neasured under a |load Wapplied to a region having the area A
at any pthetsonfacet he bpppplishedse seraticbesorasHilyy acaper on Hhe n the
pol i shing pad according to (1), S1/S2 a 1.5. (3) In the polishing pad
accor di nguraeet hér the) subs}cz)i}:et.h@mipghti& PERSAERGEIC i MRFF er is
supported by a highly defornmable nmenber. (4) In the polishin ad according
to (3), shaceokbeewdndavnBembeE gresnhaoki §Rf oFarsy ﬁ%’ﬂlee %Pe‘%fgé{?m}q%ﬂ“tc)t 001 to
0.8 MPa. (5) In the polishing pad according.to anyone of (1) to (;4), at

| east a }Sg?:{" &het RETERGRt Ofr H@msg&%%enddwenenﬁ’re iséniﬁ(as%eos%% B¢ a
p03|t|onp2i gggdﬁh%ﬂet2§u§%§f§%e£%¥é¥a%§£§'ﬁ% We Ai¥ﬁg'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 obJject 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 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 during
polishing.

In order to achieve this object, the present invention



(6) I'n the polishing pad according to any one of (1) to (5), the

| i ght-transm ssive wi ndow nenber has a region having a mcro rubber A-type
har dness of 60 degrees or |ess - 5 and a region having a rubber

m cr ohardness of 80 degrees or nore. (7) In the polishing pad according to
any one of (1) to (6), the light-transm ssive w ndow nenber has a phase
separation structure. (8) A polishing apparatus includes at |east the
pol i shing pad according to any one of (1) to (7), neans for supplying an
abrasive material between the polishing pad and a workpi ece, neans for
maki ng the polishing pad abut on the workpiece and rel atively noving the
pol i shing pad and the workpi ece to perform polishing, and neans for
optically neasuring the polished state of the workpiece through the

| i ght - t raasntkei gengtndokippsbdescrdped RedR¥d for fabricating a

sem conductor device includes the step_of polishing a surface qf
senlconductor(hhb%tF%le@%$ﬂgP§ﬁeibﬁinﬁFn@ Hﬁb&?ﬁgﬂg &EXSFdPﬁg fo (8).

(10) A platen hole cover includes a |ight-transm ssive. w ndow nmenber, the

pl at en hdightotEanpBlE§iVEecWingg¥: REM tﬁiépﬁﬁlqutﬁrh@“’pé??%ﬂ g an
opening and fixed on a hole of a pl.a in.a polis atus whi ch
tﬁe polgl £nemedt AneacRATEe Odptt F‘@aipl%g}%ﬁ”g‘g'&? é‘&yp Bﬁerf%jﬁgp%fﬁ) q;

i ndent ati on strai.n asur under a |l.oad VV a er
surface BF P—HQGPF@P’IS-WH §ﬁ§ﬁ11§’s|($g MEESH r?grrﬁlélrd%a nﬁjpﬁg aérﬁe)g A is

| arger t han the ling%mtransm 1A LA o Rlehre®: @am%f%ﬂwra@eé oad W

applled
A is larger than the amount of indentation strain (82)

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),
s1l/s2 = 1.5.
(3) In the polishing pad according to either (1) or (2),
the light-transmissive window member is supported 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



- 6 aregion having the area A at any position on the upper surface of a
polishing layer of the polishing pad used together. (11) In the platen hole
cover according to (10), S'1 s S'2. (12) In the platen hole cover according
to either (10) or (11), the light-transm ssive w ndow menber is supported
by a highly deformable nmenber. (13) In the platen hole cover according to
(12), the conpression nodulus of the highly defornable nenber is 0.001

and a region having a rubber microhardness of 80 degrees or
more.

(7) In the polishing pad according to any one of (1) to
(6), the light-transmissive window member has a phase
separation structure.

(8) A polishing apparétus 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 (Sfl) 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



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 |ight-transm ssive w ndow
menber is disposed at a position higher than the surface of the polishing

| ayer of the polishing pad before the start of polishing. (15) In the
platen hol e cover according to any one of (10) to (14), the

| i ght-transm ssive wi ndow nenber has a region having a mcro rubber A-type
har dness of 60 degrees or |less and a region having a mcro rubber A-type
hardness of 80 degrees or nore. (16)_lg the platen hole cover according to
any one of (10) to (15), the light-transm ssive w ndow nenber has a phase
separation structure. (17) A polishing apparatus includes the platen hole

a region having the area A' at any position on the upper
surface of a polishing layer of the polishing pad used
together.

(11) In the platen hole cover according to (10),

S'lL = S'2.

(12) In the platen hole cover according to either (10)
or (11), the 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 polishing.

(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-type 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



_ 7 _ cover according to any one of (10) to (16), a polishing pad having an
openi ng engageable with the platen hole cover, neans 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 nmoving the polishing pad and the surface to be polished to
perform polishing, and neans for optically neasuring the polished state of
a wor kpi ece through the light-transm ssive wi ndow nmenber. (18) A nethod for
fabricating a sem conductor device inc%uges the step of polishing a surface
of a sem conductor substrate using the”polishing apparatus according to
(17). (19) A nethod for polishing a workpiece includes the steps of

di sposing a polishing pad including a polishing layer, a light-transm ssive
wi ndow neebver abtobdtnpstt ahgsoaeparft (a0 )t ko [ddl6i)shiangoddehdmamvpach i s

i ndependent of the polishing pad on a platen so that the polishing pad and
t he |i ghhatingsansepeningndogageabde wiithalkle adfiten hoie \oveH ece;
setting the amount of indentation strain (S'1l) neasured under a |oad W
appl i ed meanhefoppenppiyinge apf abwasivghmattezdsadi Petwean v menber havi ng
an upper area A" to be larger than the amount of indentation strain (S"2)
measur edpahdehingl pad wnd & sypfiese tto Pe agldmhesyi Mpansk Lapfaking 4ny

position on the surface of the polishing |ayer of the polishin ad; and
suppl yi n§henpabigbing pad gbutyenethey SHRRAGE, t(°né’e'pcﬂ‘ﬁsj‘rﬂk}‘?g‘i p%b‘i)and t he

workp! ecge\iﬂh:ti.sre&gemggrliinggh%%estp%tl%.sgintgh%av&)rakrpci She issu:t.:bfeai.cneg £8 tti)ec ally
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 step of polishing a surface of a semiconductor
substrate using the' polishing apparatus according to (17).

(19) A method for polishing a workpilece ihcludes the
steps of disposing a polishing pad including a polishing
layer, 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 sfrain (s"1)
measured under a load 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 (S"2)
measured under a loéd 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



measured through the light-transm ssive w ndow nenber. In accordance with
the present invention, it is possible to provide a w 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
pol i shi ng apparatus including the wi ndowed polishing pad or the platen hol e
cover; a nethod for fabricating a sem conductor device using the polishing
apparatus; and a polishing nethod, in which the number of scratches
occurring on the surface of the substrgate is small, and the polished state
can be optically neasured satisfactorily through the w ndowed 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

li ght - t rmaterial veeivagowthenberlspigg pads agdc thes woRdmiseg "RieW? whi ch

shows an exanple of a structure of a polishing pad i ncludln a Ilght
transm stheepolhgbednehpte of the peekpdecendentbedng Enf gi

cross-sectional view which shoms anot her exanpl e of stru ur e of a
poI|sh|n@eﬁﬁﬂrﬁﬁthHPthathﬁgﬂﬂgpﬁéﬁ§ﬁp§§¥ﬁgﬂ% 4a¥ﬂﬂﬁm T+ he present

i nventi on.
In accordance with the present invention, it is

possible to provide a windowed polishing pad or a platen

hole cover which is used to form planar surfaces in glass,
semiconductors, dielectrid/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 1is small,
and the polished state can be optically measured
satisfaétorily 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 of 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.



_ g _ Fig. 4is a cross-sectional view which shows another exanple of a
structure of a polishing pad including a |ight transm ssive w ndow nenber
of the present invention. Fig. 5 is a cross-sectional view which shows
anot her exanple of a structure of a polishing pad including a |ight
transm ssive w ndow mermber 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 nent of a

-9 -

Fig. 4 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.

Fig. 5 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.

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



pol i shing apparatus which is capable of optically neasuring the polished
state. Fig. 8 is a side view which shows another enbodi nent of a polishing
apparatus which is capable of optically nmeasuring the polished state. Fig.
9 shows an exanple of a shape of a light transm ssive w ndow nenber of the
present invention. Reference Nunerals 1 pol i shing | ayer 2

| i ght-transm ssive wi ndow nenber 3 polishing pad 4 adhesion | ayer 5 cushion
| ayer 6 flexible Iight-transm ssive layer in |ight

- 10 -

8 adhesion layer
9 workpiece

10 polishing head
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 layered 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, sudh 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



transm ssi ve wi ndow nenber 7 highly defornmabl e nmenber - 10 8adhesion

| ayer 9wor kpi ecelOpol i shi ng headllhol el2beam spl atter 13l i ght

sour cel4phot odet ect or 15i nci dent |ight16refl ected |ightl7platenl8platen hole
cover Best Mode for Carrying Qut the Invention Exanples of polishing pads
of the present invention include a structure including a polishing |ayer
and an adhesi on nenber, and a |l ayered structure including a polishing

| ayer, a cushion |ayer, and an adhesion menber. Any polishing |ayer which
i s capable of polis$ing a workpiece and holding a slurry during polishing
may be used. Exanples include polishing |ayers having rigid foanmed
structures including closed cells; such as the ones disclosed in PCT
Japanese Transl ati on Patent Publication No. 8-500622 and PCT Publication
No. 00/ 18268lpanphl es; dispdbseli iy P&feJapaniess Tramsilediar Ratfhiture .

i ncluding small channel s provided on the surface which permit the transport
- 11 Publication No. 8-511210; and polishing layers having foamed

structures including open cells prepared bf impregnating
nonwoven fabrics with polyurethanes.

The light-transmissive window member constituting a
part 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
member 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 90% or less,
preferably 70% or less, and more preferably 50% or less.
That is, the light-transmissive window member is defihed 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 value of about
0.01% or more are usually advantageous in view of the

possibility of industrial production.



of slurry, as disclosed in PCT Japanese Transl ation Patent Publication No.
8-511210; and polishing |Iayers having foaned structures including open
cells prepared by inpregnating . nonwoven fabrics with pol yurethanes. The
| i ght-transm ssive w ndow nenber constituting a part of the polishing pad
is fitted in an opening forned in a part of the polishing surface and
constructed so that light can be transmtted fromthe front surface to the
back surface of the polishing pad. The light-transm ssive w ndow nmenber is
sufficiently transparent to__optical_ wavelengths in order to observe and
measure the surface of the workpiece wWi'th a haze value of 90% or |ess,
preferably 70% or | ess, or nore preferably 50% or |ess. The

| i ght-transm ssive wi ndow menber used for the pl aten hol e cover of the
present inverHémein s theduaze wslue tovéefinedpbyii Feofodlpwardn in a
pol i shing apparatus in which the polished state can be optically neasured,
and has eqhaztounal Hezef ved¥ueol ¥) ess (ApEEPSLaBIRANPIYESANCESS Ot nor e
preferably 50% or less. That is, the light-transm ssive w ndow menber is
defi ned tzansmbhbancedi ¥h1ffs aAﬁaiBevHP@r@ Hﬁlye%iér die€§§asﬁﬁef ly 70%
or less, and nore preferably 50% or |ess. Altho Igg | ower q%b f the
haze val amopstnef bappsEHtiedy light PFgHPcFPQﬁ 'sﬁ e B s wWith

a haze val ue of about 0.01% or nore %yall advant%ﬁgp%§¥% #éwvof t he
possi bi | FegiatiPRdast iliiahtpftadﬁétei Sh! stra i e is

def d by the foll t | f
t?ahgﬁlt@éﬁéggpégalO&h%%? Ehggf E%fgé%iéﬁaﬁﬁgtﬁﬁgé\uﬁlua|s dg%reased,
th t ft I t f di ati
ofelﬁgﬁ?nFﬁth§&§g§§9 ﬁgrgg i A :S s rea%EH%C&nq égﬁf' én Tﬁe ggeh?nbo?n
the poli %h' ng é;ei%e Eﬁw% n%&émrf)%i- Sl 1 x}elgﬁ’[ Q%q{t-a\_rz%xénh"ﬂbi\'f@t of the

Ilghttra SOt t ransm ssive w ndow

member CRinfel) Mefiflel! Al i3 2NN dm@cg the JPURLE. OEIP! €1 odhéws

structur ollshlng pad of the present invention which
| ncl udes o3 RelaPlinGd B Yratihd IdHla WARKNSSIYEL1KtN pagdET the L { ed

in an opéening f in a part of the polishing Iayer in order to optically

measure ?%s%%lt' i*ﬁ%nﬁﬂ%rﬁ whiltH leld’!dHBb’\E‘ad pslisling Deger nahddang the

I'ight transm ssive w ndow nenber of the present invention, the anmount of

i ndent at i)QyhH-3Hah smis INRASHIRTbWIRINIFe 1 otk 84/d sira pgm |m|emnng hformed
i ght-transm ssive w ndow nenber having an upper area A is larger than the

anount ofjn RO id 3 PoLisH)ngrEssedmhemier | tadodtbecalipplied to-a
region having the area A at any position on the upper surface of the

pol i shi nghdariyife Hies @olidHel uptpere area corresponds to the apparent area of
the exposed light-transm ssive w ndow nenber in the polishing | ayer. That

i s, the upper Iar éhecerindopeddPold shtiag mside dincd ustiag dthe hel@posed regi on
mhen

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
(82) 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. Hérein, the upper area corresponds to the
apparent area of the exposed light-transmissive window
memberkin the polishing layer. That is, the upper area

corresponds to the projected area of the exposed'region when



- 13 viewed fromthe top although the upper surface of the

| i ghttransm ssive wi ndow nenber may have various shapes, such as a planar
shape and a curved shape. Additionally, even if the light-transm ssive

w ndow is partially or entirely covered with a filmof another material,
such as a constituent of the polishing |layer, the light-transm ssive w ndow
shoul d be considered as being substantially exposed. The reason for this is
that the filmdoes not substantially affect the amobunt of indentation
strain when the load is applied. Siqc% he [ 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 wi ndow nenber has sufficient rigidity, even if a
const antvpewe8ufeoinsthet topcadshoigh &pel uppero suws aget ofe ther flaaht-
selfevidently, the same effect is achieved as that yielded fromthe case
when a ctnahsmispiveswisdoy mppberdmay hieyeeverieusyshapes WRIEH RS | oad i s
applied, any appropriate nethod may be used. For exanple, a jig including a
regi on watblaharasbapA anhidch curyedughepent o Adddttdemnadilth &¥ehaotd shing

| ayer or the light-transm ssive wi ndow nmenber may be used. Wen the anmount
of i ndenthei bhgbtr &ranspisgdveppdndoy: dgc Gt AL ST Ker is |
nmeasured, the region which is affected g%ﬁthe |.i ght -transm ssive w ndow

menber s@oupged With angdlpe ofepBOEETarSYEAAY v SUSR R5ugh the amount of
cal Ul at EOBRELEREREgE Lo HenBAIE IS AT ed ThE APt SIS, (e
| or der "eBOPHCRPRY e o FOREHERRBLAE. Gt iR (i {1 P | 8 fa ver.

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, ldeally, 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 vielded 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 1s measured, the region which

is affected by the light-transmissive window member should



strain at the light-transm ssive w ndow nenber, using an indenter which has
substantially the sane shape as that of the upper surface of the :
| i ght-transm ssive w ndow nenber, an area of at |east 80% of the upper area
of the lighttransm ssive wi ndow nenber, and a substantially simlar shape
as that of the light-transm ssive wi ndow nenber, a constant pressure is
applied while the indenter is brought into contact wth substantially the
entire upper surface of the light-transm ssive wi ndow nenber so as not to
be in contact with the polishing layer., In order to ideally neasure the
amount of indentation strain at the suﬁface of the polishing |ayer) using
the sane apparatus used for neasuring the anmount of indentation strain at
the lighttransm ssive wi ndow nenber and the sane indenter, the sane ‘
const antngt eseuselestafgparbiitrajpidyer , Althpnghi thenesounde®ff or pressing
the light-transm ssive wi ndow nmenber is not flat, a flat indenter is used
for the podeshahyohagtrainscanebgempagured ataddnyi PG sdftdommddt 5
indentation strain, a universal material testing nmachine which is - 15
cormmonl ypuepert toreadgndasenthes averager &tn they VR lye s, measied@est i ng
Machi ne Model 1185 or Mdel 5565 manufactured gy I nstrgon Cor.poration, may
be used.am¥ieteBaBoRitions| e&t &her Adker RE PakgRTEFeRIE Vo BIYIFY. and
usual ly, a | oad which generates a_pressure of 0.005 to 0.15 MPa is

sel ect edPrepeRty Pﬁné@ecépﬁé§ﬁoR&%RF§19ﬁéiF§F6é of the pressure applied

|1 ght -t ansri 98| 9B0GF nBB-HERDLY BPePHESLEDEr SaPRECSLof "R EEHBhi ng
| yer dug g, LRl oL DSl 0 NS R ® ey L Sor
Pesting rahentet, #h " §hs’ BBarelt AT Ry dehid Mbatiline e 987 ¢
const ant P8 d PR A B L A e 1 he
const ant pr g$3W & S t2ARERA 8 oRr I [theS RN Birddh o PrgseLigiyention is
transmissive window member, and a substantially similar
shape as that of the lighf—transmissive window member, a
constant pressure is applied while the indenter is brqught
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 aﬁount 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



characterized in that when the same pressure is applied to the upper
surface of the light-transm ssive w ndow nenber and the upper surface of
the polishing |ayer, the anount of indentation strain of the

|l i ght-transm ssive wi ndow nenber is larger than that of the polishing

| ayer. In such a construction, even if an excessive pressure occurs

|l ocally, it is possible to prevent scratches fromoccurring on the - 16
surface of the workpi ece because the light-transm ssive wi ndow nenber is
easily indented. The anount of indentg&;on strain (S1) at the upper surface

of the light-transm ssive w ndow menb is preferably 1.2 times or nore,

nore preferably 1.5 tinmes or nore, still nore preferably 2.0 tines or nore,
or nost preferably 2.5 tines or nore the amount of indentation strain (S2)

at the uppemosillyf asedotot mheapulreskcompriesgdon Atraia .disticdy @sc@ bet ween t he

anount of indentation strain of the |light-transm ssive w ndow nenber and

t he anouuhivoérsalleMeating MachimneoModed B43BSskrnYfodeler356H i ncreased, it is
possi bl e to decrease the nunber of scratches occurring on the surface of

t he wor kmapufactixedpbys IostrpaciCorporationur aayobe: msasbl | SHienglq¥H whi ch

I's constructed so that the amount of indentation strain at the upper

surf ace Wfisheelleghedt Exemniths ¥angen @fwlPdnigeto 8,004 &  1akth the anmount

of indentation strain at the upper surface of the poljshing |aye e
descri bedspaldy, a load which %%nerates a pressuré)oé 0.0é% tglJ.fg

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 windowvmember or the
upper surface of the polishing layer during actual polishing.
By selecting 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 1is
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



Fig. 2 shows an exanple of a structure which includes a double-|ayer
polishing pad including a cushion |ayer and a polishing |ayer. A

| i ght-transm ssive w ndow nenber is provided on the polishing pad. The

| i ght-transm ssive wi ndow nenber is supported by a highly deformabl e nenber
di sposed on the cushion layer. In this structure, since the highly

def ormabl e nenber is easily defornmed in response to - 17 the indentation
force; it is possible to set the anbunt of indentation strain of the
l'ight-transm ssive w ndow menber to be Jarger than the amunt of
indentation strain of the polishing |ayer. Fig. 3 shows an exanple of a
structure which includes a doubl e-layer polishing pad including a cushion

| ayer and a polishing layer. A light-transm ssive w ndow nenber is provided
on the psturgshcagopathe Tworkpdkcet begamisesithe Wilehdwtransslsssvipported by
a highly defornmabl e nmenber di sposed on an adhesive | ayer disposed on the
bottom windewt membbiclisesasdfiyt Hadendieidy def or mabl e nmenber is |arger than
that of the highly deformable nmenber shown in Fig. 2, it is possible to set
t he anount ofThmd@mQ@mtonfsindﬁntétipﬁeSFthP-ﬂﬁgﬁsﬁ¢s§P@e §&Fow menber to

be much larger than the anpbunt of indentation strain_of the polishing
| ayer. Feyrfacehofisthe dight-&renspissiye Wi@dRW APMHRY Jdts a doubl e- 1 ayer

(gt -t 1 BRORPSSPYE - RASIMABSE: TS by Lo BESE QTP LT ot TFFRET The
1 Gt -t 7 BREH s SF48 IRISWERERSEAR LY R dr Tt HE A Rhl2Sbe ¢ he
ctruct ur Breterab o2 BoltdnEy 3RS LAty W thddiBadd, T
B IR G R .
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 straiﬁ 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 1is 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



- 18 polishing layer. Fig. 5 shows an exanple of a structure which

i ncludes a single-layer polishing pad. A light-transm ssive w ndow nenber
is provided on the polishing pad. The |ighttransm ssive w ndow nmenber

i s~supported by a highly deformabl e nenber di sposed on an adhesive | ayer

di sposed at the bottom Lt is possible to set the amobunt of indentation
strain of the light-transm ssive w ndow nenber to be |arger than the anopunt
of indentation strain of the polishing |layer. The highly deformabl e nmenber
is defined as a nmenber which is nore egsLly def ormed conpared with the
polishing layer or the cushion |ayer. "Being easily defornmed neans having a
| arge deformation in the sane shape (in which additive properties,
linearity, etc., may al so be considered, if necessary) under the sane
conpr essthve smdensatponsﬁure¢ bi\3 $acpoa5hbhbet° getozhedanpuat pPf
preferably used because of its |arge deformati on and hi gh deformation
recoveryin&émteth@mystaahnghfythefbighbrérﬁﬁﬁméﬁsﬁgﬁlW§n§°HoWﬁW@§§'on
nodul us of 0.001 to 0.8 MPa is used. By using such a highly deformble
menber, theberkazaes tbﬁpothﬁrﬁWOHBBIPﬁdiﬂéepﬁétﬁp§thFPéﬁsH¢S§P@e wi ndow
menber can be efficiently absorbed. Therefore, scratches can be

subst antPelighprgvea¥es.from occurring on the surface of the workpiece.

Si nce the hi th defornable menber_nust be

i anem B S o R P g iar it et o
si des of dPRR1BaLBYPE BPEiéﬁ&BgigagegnciﬂgiP%.8 %&5#&6% ﬁ?&i&ééﬁ ngludeOt
Vb nalipRihghaner- U Ao Tathet FRBReN Saty Yithth, mipgR s’ 0N

;rgzgf ?gt B aé?sg'%%ﬁggpg)bﬂighgng i%gng?gﬂt ur e(?q’bq:d %&%%@&égkﬁsml tcg)
Ltd. The fﬁ?”ﬁdméﬂ'ﬁ?&y.ﬁ. BE@&)‘%&%@ ybgo'gp?ﬁ d‘éf‘?ﬁ:‘ﬁfatﬁ(’é InfenftRGaUSE it

must preve he~en ishin lurry Preferred exanpl es of such a

f d I P iy Lt h
EPT#120, EBRREAR “Eprﬁsés*‘%%%%%s %%Eﬁ?#%r e S TERTI50 he L Sness and

shape of tBBetBE&Rh)éséeB%r il & 1Ike qeTRitnd 130 mexiiead apanfdmtitian
dependi ng on the hardness and
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 indentatilon 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 member 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. 1In
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



deformability of the polishing | ayer, the cushion |layer, or the

I i ght-transm ssive wi ndow nenber. The platen hole cover of the present

i nvention includes a light-transm ssive wi ndow nenber fixed on a hole of a
platen in a polishing apparatus in which the polished state can be
optically neasured; a nmenber for supporting the light-transm ssive w ndow
menber; and neans for fixing the |ight-transm ssive w ndow nenber on the
pl aten. The platen hole cover is a nmenber which covers the entire surface
of the hole opened in the platen so t light can be - 20 transmtted,
which is used together with a polishing pad havi ng an openi ng, which
prevents the entry of polishing slurry, and which transmts neasuring
light. The platen hole cover of the present invention is characterized in
t hat t hepedbehtingf layeant ati on strain (S 1) neasured when a load W is

applied to the light-transm ssive w ndow nenber having an upper area A" is

| arger than tRiganbushows ﬂndéﬁﬁﬁpiénogtﬁaﬁﬁrPStEYenﬂgéGPe&nﬁH@ﬁe§ Boad W

is applied to a region having the area A at any posjition on the upper

surface &ingie-peveshpediskjiag PG -he XdiBhiiFanaifsiye WWRIW . Herein,

the upper area A" of the light-transm ssive MﬁndOM/qE? er i€ defined as in
o

t he uppemembes Asi RroNddss C&hithe PN Badsent n descri bed
[ ant i r aRERTEELF8 LiPn YoRr BERTRTo L SRR AUt THER et 15, the
e i SBshee R e, M S R, B AR T T,
AL (§£%’b%t%%m.athoﬁgﬁ%ossible to 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 or 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 1in



preferred constructions can be considered as in the polishing pad descri bed
above. In the present invention, the anpbunt of indentation strain at the
upper surface of the light-transm ssive wi ndow nenber of the platen hole
cover is larger than the anmount of indentation strain at the upper surface
of the polishing - 21 layer. In such a construction, even if an
excessive pressure occurs locally, it is possible to prevent scratches from
occurring on the surface of the workpiece because the |ight-transm ssive

wi ndow nmenber is easily indented. Speqh |c exanples will now be descri bed
“bel ow. The load applied to the platenHole cover including the

i ghttransm 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
t he surfahéchoabfopmedskbdetoishaesedpes aubhsee apd widbesigm lEyers ssive
wi ndow nenber or the upper surface of the l'i shing | ayer during actual

pol i shi ngreBprevidedi ag bhshcsidesnef] she gﬁéﬁiﬂﬁep§ naddde UARh t he
anount of indentation strain is neasured, a suitable platen hole cover is
obt ai nedSpAGaEichexanples pherenitndncdude: aeaylifhfoan §%&qﬁ%le. In the
pl aten hol e cover of the present |nvent|on under the constant ad

selectedaﬂhéﬁiVﬁetﬁﬁﬁﬁeYoﬁ9§@0 25433800 Yg 49@0 §hd@Ht'0#|ﬁﬁﬁ%ﬂ Jon strain
o e gBaPEn e A6R8ne Yorgnen iy ook U-Anosor YRt o iRl pefiEr anry )
the Lgﬁéﬁﬂhggﬁéﬁgtegenir ‘ﬁl&tiaa%fmoeﬁgﬁiﬁbéi’mﬁ!dﬁwﬁo%éﬁ% At ot fon
ol aten naPadcsYeR naEne Zadom e 'vﬁ@éé)&??f?r?s e Upper surf ace
of the po%h%@ac%ured by Teraoka Seisakusho Co., Ltd. The foamed
sheet is preferably composed of closed cells because 1t 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 appropriately 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



- 22 Jlayer is increased, it is possible to decrease the nunber of

scrat ches occurring on the surface to be polished. Fig. 6 shows a specific
exanple of .the structure of the platen hole cover in which the anount of
indentation strain at the upper surface of the light-transm ssive w ndow
menber is larger than the anmpbunt of indentation strain at the upper surface
of the polishing layer. In this structure, the lighttransm ssive wi ndow is
supported by a highly defornable nmenber. The highly deformabl e nmenber has a
hol e in the center and can be bonded t,g the platen so as to cover the

pl aten hole, thereby preventing a poli'shing slurry fromentering the platen
hol e. The pl aten hol e cover can be bonded to the platen i ndependently of

t he polishing pad. Wen- the polishing pad is replaced at the end of its
life, iftranspitted, hwhécboier usednbogeshayedithha poddshimg ®aover can be
used continuously, which is advantageous. As the highly deformabl e nenber,

t he sanehawirgi ahsopendnghewhibbypraugnts thedentry OfgRollsiNg ssive

wi ndow nenber will be described in nore detail _bel ow The

|i ght - t r shunr¥si apdwwhdsh teapsmiss praswrdasnedghdi-i shsy I&Fed the

| ight-transm ssive wi ndow nenber of the platen hogle caover, c be igqposed
of the shadenge¥erapfaithecRreRspt dR¥eRidon g shaqackerdsedry tha

| i ght-transm ssive w_ndow nenber used in

t t o ti f. bl
gL e oL ve vendou TRber sed Lt AR ST VSRl Brgler Y
I I f dt I i.b i ght-t i i | i
ARG R RS TOCIERIEN § SR Ng e
S NI D A R Y e Y e

can be 6m occurring an . since a slurry

menbor aRICPRE S8 PlcHorg Betarierh &g 15ad 0 P mn LA RES dRdydis

nmenber aff € pol1shed during polishing; e polished state

can be opt IP’%IIIgIr )aég{gi%%%e%.s tt:%f C Vdilthon! ¥ FlifidPperd | Aitrddanssm ssive

| ayer is provi de out ernost region of the polishing

| ayer, itﬁéﬁio&itsmn HYES loff RHL DAL SN YR GesdP tsgdrhdshed. The

flexible t-transm ssirve layer and the rigid |ighttransm ssive | ayer nmay
be | am nated gE-gah ehBelpplit 8LBA! AVELY, tAeslHyHt tTratkatsd1aredness

gradual |y changes or a structure in which domains of individual regions are
di stri butae geRY megECa ddfined 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 cdnstructions can be consldered as in the
polishing pad described abovef

In the present invention, the amount 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



Herein, the mcro rubber A-type hardness will be described. This hardness
is defined as a value nmeasured with a rubber m crohardness duroneter MD-1
manuf act ured by Kobunshi- Kei ki Co., Ltd. The rubber m crohardness duroneter
MD-1 can neasure the hardness of thin/small specinens that are difficult to
measure with conventional hardness duroneters. The rubber m crohardness
duroneter MD-1 is designed and nmanufactured as a nodel reduced to about 1/5
of - 24 a spring-systemrubber hardness duronmeter A. The val ue neasured
with the rubber nicrohardness duroneter, M>-1 corresponds to the hardness
measured with the spring-systen1rubber]hardness duroneter A) The rubber

m cr ohardness duroneter MD-1 includes a cylindrical indenter point with a
di aneter of 0.16 mmand a height of 0.5 mm Loading is performed with a
canti| evkayéeaf Iprengh andohbérupting.| exen 4£2an4exRessiyepoi nt and 33. 85
mM\ at 100 point. The indenter point is controlled with a stepping _notor at
a descenpregsuaeeocturs flocaldlin d&cisopPessible eaPrededtt SAAYCHAS t he
flexible light-transm ssive |layer and the rigid Light-transm ssiyve | ayer
has a t hEtkmeoscorriagsophihessunfaghi OF ither ¥OTKR °F0h&949ﬁ91ﬁh%xithh

t he spring-systemrubber hardness duroneter A Therefare, the rubber
nicrohar&g§b§‘ﬁﬁﬁ§ﬁ@@§FiNB-YingUSQ&mP@F é@MQiﬁﬁyﬁmlnﬁﬁPqﬁi;c)rubber

A-type hardness of the flexible [ight transn ssi l.,ayer is preferably 50
degrees or | e3Re@hflfop¥apPLes  ubt Eﬁwdgﬁrgé§°6¥%Pgs ?&ﬂrfho& the I ower
T oro T uBBBR APPY et o tbes I tan B Lt SeYstdt Do i S bl y used
br ought | FAABSESAEIE WPHOY BEBBEFads, BRoTS bk RS s Aol the
Lol SR BN T R, A el 60 e S 0

constant load applied from the surface to be polished to the

upper surface of fhe light-transmissive window member or the

upper surface of the polishing layer during actual 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. 1In 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 window 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 diffefence 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



- 25 surface of the substrate. The slurry interposed between the flexible
| ight-transm ssive |ayer and the substrate is easily discharged fromthe
contact area, and nmeasuring light is not easily scattered by the slurry.
Consequently, the polished state can be neasured satisfactorily. Since the
flexible light-transm ssive layer is soft, scratches can be prevented from
occurring on the surface of the substrate. By conbining the flexible
light-transm ssive layer with the rigid light-transm ssive |ayer, when the
flexible lighttransm ssive |layer is _brgught into contact with the
substrate, the back of the flexible light-transm ssive |ayer is supported
by the rigid light-transm ssive |layer, and the surface of the
~light-transm ssive wi ndow nenber'is easily pressed against the surface of
t he subslapeér.ifhtnesueased,oftt he ppegible kpgHecreafsnithe wambareof g

defornmed, and a wider region of the flexible light-transm ssive layer is in
cont act setatchessacéureing ohetbabsurfase tRebs| pPl)shfler pdddd et ween
the flexible light-transm ssive |ayer and the substrate is easilé&
di schar geliows om snecéfhcaekampaa, ofnghec ALEELtHEEOPT| thRr PddehMCeasi |y
occur. Cbnsequentlék measur enment can be per%%rned nngﬁ sati factoﬂé .
Speci fi ccexarplBswhichatbei ameupg, of hdndentakion SEkedfa fdn'hq WPRHSy er
i ncl ude transparent rubbers and transparent | s. By.uUsi terials,
t he surf&wefaeet Aé FhexiasétngﬁpﬁwaéﬁiﬁPs¥' °Wé??%bp§'3%%3&§gﬁggly - 26
defornmed when it is in contgct wth.the substrate n e ddle sl urry
i s di schiRgBdtRer PRPURAL 92 deptaption SHHRIN e end Gpbdy s

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 slurry from

entering the platen hole. The platen hole cover can be

bonded to the platen independently 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 detall 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



desirable. Specific exanples of transparent rubbers include silicone
rubbers and fl exi bl e pol yurethane rubbers. A silicone rubber is prepared by
reacting a pol ydi met hyl sil oxane main chain with a silane crosslinking agent
or the like. It is possible to freely control the mcro rubber A-type

har dness dependi ng on the nol ecul ar weight of the main chain and the anount
of the crosslinking agent added. It is possible to easily forma flexible
light-transm ssive |layer with a, mcro rubber A-type hardness of 60 degrees
or less on arigid light-transm ssiveJayer. Specific exanples 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-term nated pol yether, such as pol yethylene glycol, with
an i socynubbercAesybenkangnegencf BP desrees| ofglelss dAvileoumeLafdietht of

t he pol yether and the amount of the crosslinking agent, it is possible to
rel ativetg aasflexibim Aiph&xitsrasmigsiver dayerdsphd Rayegign hayiRE: o
rubber A-type hardness of 60 degrees or less on-a rigid light-transm ssive
| ayer. Aageicae gubbesdAadyRepbRFiBeskafitngOa degreesdiofe MATsh 211 wor k

structure which _is insoluble in all |i “iQ§ r _a_swollen body O&H$UCh a
pol yner . reEpEradete| 88srigdd #ﬁﬂ&tﬁ§ﬁﬁg§& ecHayer) in FAeW 9 en with

wat er and_ organogel s whi ch are swollen with organic l.vents o ,P(Qanic

ol i goner §heshagts thady SFFRLShEF GPdy g&el“‘?rienéll%&gs tipcrep‘{)%%/réer gel s,
h t hr eedi [ || | i nked | yvi | |

b ced nEREROREPR L Pde e e G0l RO R SR Uitk TR ed

t hree-di i I | i I | J (1o t - &l [ |
ree 'ggg%ggg.ﬁ&h%pglﬁ@%éﬁ“%%d t'?l{%né.(i o i A 1I{H&,?C,ﬂémas abgp? y

crosslin ate; atural pol'ymer gels, su

gel atin, a§ aq:%es\}%%%ﬁcégirﬁ%g%%n@%rl&b d fdur i l%.%lﬁfngﬁ,r gafwael s include

silicone | S™1'n I con ers are swollen wth silicone

ol'i gorrer B 1305 RO hARE HPlop iy iRl e radRoE sLf € swol | en
with eth¥lene glycol oligoners or the Iike. Among these gels, silicone gels
are pref q«h%egl%%%li%e ﬂdcirxl@ﬂﬂ%&xdils@“ﬂvé reRfdY S \rdfyeibly pedeideel y
easily fornmed on a rigid light-transm ssive |ayer. Exanples of materials
for the ningitfled icHterodts Beflio dfode WAlLshifd rXayebper . év | ype thedness
of 80°'degrees or nore include transparent rigid polyners, such as rigid

pol yur et besmod®d WHeRidl lonaitmaud fidd , tdde/ qgohixtedd, rphens,

pol yesters, transparent ABS, polyvinyl chloride), poly(vinylidene

f1uori de)1emalnes herghetH freresni, g0l wes thayee, anpb | thes lyd @hde, 1hgihypr opyl ene,
and pol yvinyl al cohol)s; and transparent inorganic materials, such as

gl ass, radansmisislve tIayesparagntbel laninatekicoke, eaghl ¢tlkOm tit ani um oxi de.

The flexible light-transm ssive |ayer and the rigid
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 wili be
described. This hardness is defined as a value measured
with a rubber microhardness durometer MD-; 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
'durometers. The rubber microhardness durometer MD-1 is

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



- 28 light-transm ssive |ayer are preferably bonded to each other w thout
an adhesi on | ayer therebetween because lighttransmtting properties are not
i npai red. The conbination of the material for the flexible

light-transm ssive layer and the rigid light-transm ssive |layer is
preferably determ ned in consideration of adhesive properties of the
respective materials. For exanple, when glass is selected for the rigid
light-transm ssive layer, the flexible Iighttransm ssive |ayer is
preferably conposed of a flexible polyyrethane 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 lighttransm ssive |ayer is

pr ef er ald ys poipseys bémarabesrbhargoesar dunametegbder , Thel yad¥€hane gel , or
the |li ke because of satisfactory adhesive properties. Wien a nylon is

sel ect edndéasuréed Wighdthﬁgﬁﬂbbﬁﬁnﬁﬁp§§h§€dpaﬁérduFﬁ@eFﬁéxNPIé

light-transm ssive layer is preferably conpgsed of a synt tlcap%2¥per gel,
such as Q¢W¥Qﬁnwméﬁst©nﬁhﬁyhéF6§§FFnWEGSH6P9vWH§P 5P€oﬁ8

Sat| of acraRyeRIRBSHOESE: GPEPRRESE fn afenELORRE BLFEIEEINAE (he
const &E@Q%%‘néi#ﬁ@“p#ebapiﬁggg. fig cxl#@a@%%&iﬁ?ﬁﬁ%%:e%” A
eparat | GLARRFEE 8 Hcigtmné\ﬁgﬁgﬁﬁ}ggliﬁ%f:ﬁ@éos?ﬁ ARSI  enous
mul t ftcgfrﬁs%ﬂﬂfmﬁéswﬂt@f)%% hERTSYEE, 1oat, Frbirly £ sheh HEESERAr ind 1 oM
pol'ymer Sigyz(ﬁg) 4E=0% g3t SHA 5805 SISV BlodkS1 N GRIPOSI €1 on

pr epar ed neadi n | east two polynmers or "(co)polyners is nore

preferreg § PblintUss Sont N3REPIALH o atdbpleRpPRPdomEEntalning 2

r ubber |s pre era e inviewo e fact that occurrence of scratches due

to the | aaQ&ehaiﬂam%'eV%fwmde ARTREH/ o) e pUrEoait etbadurdment .
l'ight-transm ssive w ndow nenber of the present invention, a transparent

resin coppefi birORnRa\i1Rekid1lee1aghaenah shiissaivg aayen/\mfrm thebbetgihd a
transparent resin form separate phases is preferably used. Exanples of the

nor phol ogy ghketeahsmi@site daierpeaset dimirikness raft tless ithawhi&immubber
particles ?orn1a di spersed phase in a transparent resin matrix, and a

| amel | ar wal BHUCHEr @ ciondhidi e det revedmartent widdi rtHeayspringrsystémer | ayer.
Anong them a dispersed domain structure in which the continuous phase
consi st srabbart harsmesentduresietemiy.i x Trerafarel s satbhprase consists of
rubber particles is preferable. Herein,

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 1s 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



t he rubber particles correspond to a polyner or (co)polyner containing a
rubber polynmer as a principal conponent. The - 30 shape of the rubber
particles is not particularly limted, but is preferably globular or oval.
Al t hough the size of the rubber particles is not particularly limted, the
nunber - average particle size of the rubber particles is preferably 0.1 to
100 ~,m nore preferably 0.1 to 10 Nm and nost preferably 0.2 to 5 hum
Addi tionally, the nunberaverage particle size of the rubber particles is
determ ned by digital inmage analysis ofy images observed with an optical

m croscope, transm ssion electron m croscope, scanning electron m croscope,
phase-contrast mcroscope, or the like. Preferably, the rubber used in the
present invention has a glass transition tenperature of 0C or |ess,

Speci fi csunBape coft hbeestibshtatide dTbaeSAUBEYr dNteypRSES Betadedndheubber
styrene-but adi ene copol yners, acrylonitril ebutadi ene_copol yners,

st yr ene-blextbbaeclbobtktrapsniasive ayesuepa §BPyF&P§t5@F§UFéhe

copol ymers; acrylic rubbers, such as pol y(butyl acrylate) nd qther
r ubbers, e%%thYaéiﬁﬁhéFapdrﬁBB@rth@r&PPééc%aPHPéh pRdpEeES Hﬁgﬁﬁh%' ght

t I hl bb bb
ct byl onelBraby| 6RELETpBFPREREScERy FBRe S35 on ”%é‘ége?x&eﬁar Fipol ymers,
et hyl ene-acrylic copol yners, chl orosul.fonate hIor dr|n
r ubber, Eﬁ?%ghﬁﬁoﬁ§gFﬁnc@PhPFeﬂgaﬁ?Fﬁg 8 &F%ﬁgi aﬂgi éV:re ane
bber, - h b t ,
TS R RPN L AR rubtgﬁh;ébsb%%%%é'c°“e
but adi b I f RS h
cthyl encEBrUByreRotesRoPORuFEiaRien, kIR nrdatallcl Whd wairanul” o

copolymers. . @¢ CcBhBlfi g %g?% 4zfp0h 108 -¢ ez—aﬁgmggﬁreaﬁa%&ewh The
rubber partic s are ra I spersed Un
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 discharged 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



in the transparent resin matrix which is the continuous phase. For that
pur pose, the rubber polynmer is preferably grafted with a nononer
constituting the transparent resin' nmatrix, a polyner of the nononer, or a
(co) polynmer containing the nononmer. Alternatively, the rubber polymner is
preferably nodified with a nononer containing at | east one functional
group, such as an epoxy group, isocyanate group, acid halide, carboxylic
acid group, acid anhydride group, am de group, amno group, imno group,
nitrile group, aldehyde. group, hydrqxg% group, or ester group. The
transparent resin conposition usually“ontains a transparent resin besides
the rubber. As such a transparent resin, either a thernoplastic resin or a
thernosetting resin may be used., Above all, in view of noldability of the
| i ght - t r@esormed vehen niibwisebbeconthetnwpthsthe substzaiee @ er abl e.
Speci fic exanples of transparent thernoplastic resins include polyolefin
resins; poéyebyrthe skurny; ipoflyschprigedr esfasientdl a¥hadshy dfet hyl

nmet hacryl ate) and pol yacrylonitrile: polyvinyl halide) resins, such as

pol yvi nyfleghrabiee) : SpecifirngkpmpAeshafi §EpNsparest Tybhers ipselude

pol y(vinylidene fluoride) and Eoly vi nyl i_dene chlorigggh

pol yt et r ahhiegaaaruvhbersypafefleginde POLNUZELRIRG: FUPREERSor 0ét hyl ene;
pol yoxyal kyl ene resins, such as polyoxynet hyl ene; pol yam de resins;
poIyesteﬁiiégpﬁg,rghEﬁraéspBF?BFﬁ?FeH@yF@FEéﬂPﬁaFate, pol ybut yl ene

t hthal ate, and pol yet hyl t hal ate. pol t i S:

bol yoi nyPoLFRymeEhREAL I Prahrcnedfa phaln, B A PLiaRs, CramNth )
t at ins: polyureth i ns: _polysyl f i ns:,.pol |

SOt ) abedtner BRa’YaRehr isl 13 BisslBug tl HRRAG bR Yphenyl ene

po1 yo of FACHRS EREVRFLATTRe, Pafapeht, Wering RS ekl AR RS, 0. and

polyolefw prefera resent 1nvention

tfanspaf%&gﬂitng%wtﬁgﬂma bnbis %&1]%8% MRt O itherd ey abink Gaymosed

0
n = .
of a transparent resin conposition having a heterogenous structure 1n which

rubber papbh! gaadke dniPels gl tildds11df ot W FBAWIY resin. Any

transpar €fit resin conposifion having a heterogenous structure nmay be used

W t hout hﬁg'httattﬂﬂ%mﬁﬁ%ief i1GyRrehArE Gt Gy eabbey Bledpartsandeses r esin
conpositions having a matrix of a transparent resin prepared by

copol ynegiezighd ga grlewsede- hased oibrommrgMi (1 ght insaiswiateive atdypeayl i ¢ aci d
al kyl ester, and a dispersed phase of rubber particles, such as transparent
resin cogpeyitfienexemiplaisniol) sibbesns erubberedistiudacSBI18s ,r &HANIS6,

33

Exanpl es ther eof -
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 layef
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



i ncl ude transparent high-inpact polystyrene (H -PS), transparent resin
conpositions containing acrylonitril ebutadi ene-styrene copol yners
(transparent ABS resins), transparent resin compositions containing
acrylonitrileacrylic rubber-styrene copolynmers (transparent AAS resins),
transparent resin conpositions containing acrylonitrileethyl ene propyl ene
rubber-styrene copol yners (transparent AES resins), transparent resin
conposi tions containing nmethyl methacryl ate-but adi ene-styrene copol yners
(transparent MBS resins), and transgargng resin conpositions containing
acrylonitrile-chlorinated pol yethyl ené-'styrene copol yners (transparent ACS
resins). Exanples of transparent resin conpositions having a pol yol efin
resin matrix and a di spersed phase of rubber particles include transparent
resin cospoklénowsthnwaherhaotiebrganobbdsswhiehdaggesyed liem with

pol yet hyl ene-contai ni ng resins, transparent resin conpositions _in which

ol efi n rabganscaseluenper oxdorgapdiy pLdgpmens-cofPeCiiflg e&smpdesyof
transparent resin conpositions in which olefin rubbers are dispersed in

pol ypr ophrénegpdsybntiidac syosbefier POSNMETN B8 SreSUSR S HREES of
transparent resin conpositions having a pol{anide resin matrix and a

di sper sedippnsiéonplivhpepspainkede Polndvdaglt AASOPRX % rdGS® conpositi ons
in which mal eic anhydride-nodified ol efin rubbefgg r%ﬁg{s erﬁgq i\n
pol yani d@imensépnﬁhéw EEPAS L1pkety POLYSPYISOFIRtAYS- | Yiatedr nylon
6, nylon 8, nylon 11, nylon 12, nyl.o 6 l.on _68,, and | o 0. Exanples
of transSHFéﬁrdF@§Pﬁ188ﬁﬁg§iFFSﬁéi%ﬁ% bgqééﬁﬁﬁgi S A ’nargfx and a

di spersed_phase of rubber . particles_inc] a £ N LRYposi tions
in whi chthPﬁéﬁéF‘leHSF'BBB&rlg OS5 é‘(ﬁ’k\ﬁ%t %%geﬁhhla%?’%%t%lcon ‘ai ning gl yci dyl
groups are_ dispersed in palyest ont ai_nj I esi-ns. Egﬁgg of | yesters
i ncl ude BBFVEFB[yP@ﬁ‘Wgr g&%‘t)éhalsacg’) rg‘a""n(il a%?,y 3ty erle terep t'ha?lgfe). |
Furthermore, tr par r.esl S it i i i

acryl oni leairﬁg_eggi g‘di e%gteg&g%lé;r?ers g’r%est (?:y;%efrdsag |eﬁlrkpollr§/?/3i'ur%/el

chi ori de).3aed e G318S 120 IR MIAARHe HAHTRIEOERAS dddFer NiddH Ch DUty
acryl ate-styrene copol yners or butyl acryl ate-butadi ene copol yners are

di sper sed s AGY 014 JoRldS, aHE DAY tHARS lyd1dethanisdiat e) may al so be
used. Anong these transparent resin conpositions, transparent resin

CONMposi t i ue@thind RabbaIY W Swiflldibharteietosate sglyenk- based resins
and unsaturated carboxylic acid alkyl esters are nore preferably used

because thayowdtss #3s it ilalkey. praeey tdosd deds f bl hoone rgels sace because
of their excellent transparency. Exanples of a transparent resin

conposi t ipieHefrdtnbetgumsarat ri dexafble tkigtsparmamnsmisssiverbayerdldy

copol yneri zing a styrene-based nononer with an unsaturated carboxylic acid
al kyl ~estrelanded yieger ke digimed of aupbgldpdighé-déransaisedve da¥ie& ure
in which a (co)polymer prepared froma - 35 styrene nononer, an

unsat urat ed cExbompyeisc ofcimateindplsediosy thenadgdd diahfintransifsithoner,
and anot her vinyl nononer copolynerizable wth these npnopers is grafted to
a rubber Jmuemerithom miane geakber & WRe hardreiH Rty nt? PPepsfEd®From a
styrene nononer, an unsaturated carboxylic acid al kyl. ester oner, a
vinyl cy®Rfe IsidAs  TEARSRATAMe T 1Y IP?&ﬂmﬁﬁﬁ’c%%%?yﬂﬁrfigg e with these

nDnonersééigﬁgeéﬂégéé¥ipolY(methYl methacrylate), 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



to a rubber polymer. Specifically, preferred is a transparent thernoplastic
resin including a graft copolyner (A) prepared by copolynerizing 20 to 90
parts by weight of a nmononer m xture of an unsaturated carboxylic acid

al kyl ester nononer (a), a styrene nononer (b), a vinyl cyanide nononer

(c), and a vinyl nononmer (d) copolynerizable with these nononers) under the
presence of 10 to 80 parts by weight of a rubber polyner; and 0 to 90 parts
by wei ght of a vinyl copolyner (B) conmposed of an unsaturated carboxylic
acid al kyl ester nononmer (a), a sty[e%% mononer (b), a vinyl cyanide
nmononer (c), and a vinyl nmononer (d) cCopol ynmerizable with these nononers,

t he rubber polynmer content being 5 to 30 percent by weight, in view of the
fact that scratches are prevented from occurring and high transparency is
achi evedlidgisttheansibesipel yager( aty, paefebbblypbopded Keyieagha ofhess
transition tenperature of OC or less is suitable, and di.ene rubbers are

pr ef er abwytheet. aspadhesionxdapers thasehatweeanbecamser 319bdch as

pol ybut adi ene, styrene - 36 butadi ene _copol yners,

acryl oni trahempbtingensopepsiohepse BoYr dRP2ATEAdi e enICOMPIRG diWPrers, and
butyl acryl at ebut adi ene copol yners; acrylic¢c rubbers, such as _pol y(butyl
‘acryl at e9f pheymaspriad; fandtbenflexdbieodobis tHadsissiye a¥&fol yier s.

Above al |, pol ybutadi ene or butadiene,copgl&ner are rti%:~ularly
pr ef er abpBd the rigid light-transmissive layer 1s preferably

determined in consideration of adhesive properties of the
respective maferials. For exahple, when glass is selected
for the rigid light-transmissive layer, the flexible light-
transmissive layer is preferébly composed of a flexible
polyurethane rubber, silicone rubber, silicone gel,
pol?urethane gel, or the like because of satisfactory
adhesive properties. When a rigid polyuréthane 1ls selected
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



The rubber particle size of the rubber polyner is not particularly [imted.
The wei ght-average particle size of the rubber particles is preferably 0.1
to 10 wn and nore preferably 0.2 to 5 ~.~m Additionally, the

wei ght - average particle size of rubber particles may be determ ned by a
sodi um al gi nate net hod 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 pol ybutadi ene particles varies depending on the
sodi um al gi nate concentration, the parjdcle size at an accunul ative
fraction of 50%is determ ned based on the wei ght percentage of the creaned
portion and the accunul ati ve wei ght fraction of the sodium al gi nate
concentration. Furthernore, the nunber-average particle size of the rubber
particl ebandpgbe vbaeensepdrofidingistauctiage ads yihies taranspayentobser ved
with an optical mcroscope, transm ssion electron m croscope, scanning

el ect r onressdnobeypag &r phasse separaidonistrystare. | tyamsparent

| i ght-transm ssive wi ndow nenber of the present invention, the transparent
resin coXpednt cORPREFtAGN having 37 heterogengus HLr3etune, dmymid di sposed
in the outernost region on the polishing surface. As |lo s the resin
conposi t Bdfferepits pedyners EREToMudtidde POGSGS (ﬁ?%%e%lﬁ%qw ng surface, a

single | ayer conposed of the resin osition or | aninat e i ncl.udi ng the
resin cof¥dSicraRoRed toR nré’é’l“ﬁ’oﬁfi %@Fgé’rﬁe@%irqyalrg WY #ed. A

mat eri al _having a conposi tional, gradi.ent nay al so sed. | n the present

i nvent i or]r,eatsljfe%iwlogll?f’- §m°§si(\%)\ﬁoﬁ'(¥g§ﬁrr§er?‘§erpsrr?a€e% ‘abrt cated by a

met hod in_which a m xture of t r.anspar, r.esq i :
particl eé","”aé‘s«?&ﬁﬁé‘rs{: ﬁegrq‘noﬁtog'%’r?es&acg'f% mﬂ%{L anrge:lddinD g aéln%t]éeiﬁjaac#ﬂ%gafotar ed by
pol ymeri zati_on { rent I < o er jcles
wth a hé%aﬁﬁéﬁgé??%?Eggﬁgﬁ gf(fﬁﬁzggghgg%ﬁgfpa m>£§%é¥?ﬁéﬁé§eaﬁ§%§%1xing

a transpgﬁﬁnt Js8S ik @@f&ﬁﬁg}g&@%@&ﬂp@dﬁ@sﬁwém_&I{ga{ini@ formed into

aresin €et using an Inje n no ng machine, injection press, or

ext ruder a3 N¢aREHAb1d N AW ciadie ifadtiitidd oW RSt & T & ned
size. Preferably, at least a part of the |ight-transm ssive w ndow nenber

i's di sposRE-aAlcred Gid it tHedhalgHtharddnis i fws eriadhamamés heay bayer
when the light-transm ssive wi ndow nenber is not in contact with the

subst r at ¢refegitddie region (the outernost surface, in particular) disposed
hi gher than the surface of the polishing |ayer is conposed of a flexible
| i ght -transm gai thel ayght -arandmissdiven wihdolwe 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 1ayer. 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



- 38 transparent w ndow nenber is brought into contact with the substrate,
and the slurry is easily discharged fromthe contact area, thereby
facilitating observation of the polished state. Since the surface of the
i ght-transm ssive w ndow nenber abuts agai nst and noves relatively to the
surface to be polished, stress is easily concentrated at the boundary
between the light-transm ssive w ndow nenber and the polishing |ayer.
Consequently, if the end of the lighttransm ssive w ndow nenber is placed
hi gher than the surface of the polishiqpg | ayer, the light-transm ssive

w ndow nenber is susceptible to inpact. Therefore, as shown in Figs. 2 to
6, by placing the center of the surface of the lighttransm ssive w ndow
menber hi gher than the surface of the polishing |layer, and _by placing the
edge of shaprei gt thansubbsrvpartigdasndfbBPt| BaEticHAAT e dMiftede of the
polishing | ayer, the ingact at the time of contact with the workpjece is
subst ant Pak| }sr pEaERFDARIILREUABR 98t O¥Rda whLAPONGDs Hhe SdZ8 Q&F t he
center though which Ii i ng

Cari of actbey THBPPENPAE LARAGH: 161 AOLoPPERIACHPETEN LT A it oss of i he
o t | o HRDART EHSFAES| PARELELaNEHEesPho RN BRERETBEY S0 el and the
Prof or abPFeLEREOEFORT Bl 501 1Ot b aReresBracrapay fad 40 LO4E. A iness
curf ace BPSEBEPESRARLE B gl pabli < A cRepRIIYy T bty 700 ©f 10

cont act %%gaggggggrgﬁgﬁ.% %fifzteh%ts LER%: ?‘o%.e@%aﬂ i gtcl%%r aleL Rk finitidq €asi |y

occur on't Prétferably, e rigi t transm ssive | ayer has

a thi Ckn%ﬁz %ﬁgi.ga}. ngf? ';e BRES yish sV 03 1fHa dlelde dafdrvd®iwiltie 4 Hptical

light-tra sive can Support the flexible Iight-transm ssive | ayer

so that g3i3bliebent k¥ahamiesad? fedtidns wilckes @pd hasddmidy e
i ght-transm ssive layer is brought into contact with the substrate. The

size of hadtrdhl mictesdops,V phesleyntaEsd nitrdeicpe Nask daperidike. on t he
apparatus in which, while a substrate, such as a wafer, is being polished,

a | aser beam pge¥bsable,! tubt rubbepphsed fihokhehereaehtsiitdwepianen side)
of the polishing pad to a surface 'of the substrate to be polished so that

the pol i slaed aSigafassi Tramadittied tamfearathing of l0°ghtorsclegser i rRpécific or

antireflection
~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,



| ayer is provided on the back surface of the lighttransm ssive w ndow
menber of the present invention so that neasuring light fromthe back of
the platen is not directly reflected in view of satisfactory neasurenent.
In order to formthe light-scattering |ayer, for exanple, a method in which
t he back surface of the light-transm ssive w ndow nenber is roughened by
sandbl asting; etching with an agent, or the like, or a nethod in which the
back surface of the - 40 light-transm ssive wi ndow nenber is coated with
a solution containing silica gel with,g particle size of about 1 to 30 ~.m
may be enployed. In order to formthe antireflection |ayer, for exanple, a
met hod may be enployed in which a filmhaving a | ower refractive i ndex

t han't he back surface of the light-transm ssive wi ndow nenber is formed by
wet coatdbene dryblbens i nguchual hutadienen dupbert pod, bytadiene ke so t hat
the optical thickness is 1/4 or an odd multiple of optical wavel engths,

t her eby cobobymenst handi ailedinr shbberanceuch, as, eth¥1RRRI-PEFPYL&RENi t t ance.
Herein, the optical thickness is defined as a product of the_refractive

i ndex of copelymenpdandeethvéRRESBrOPYLARE ALRNETRELRATY SPPOLYMENSirayer may
be single-layered or_nmufti-layered. In vieM/g the refractive index,

antirefIéE?iDEeﬁ?EﬁbiﬁiB§?aHﬁé Q8nERPYE BEEBEr-EREs LERISRETSREY ssur f ace of
By formng arBTaReEbRbR PLRrare I nEReb e Br e ERe B SRAF PR ot
' or der HhothenFFERPBRFREt PO PATSHs SPIC I o S S5 Yhe pr sent

thor moscPLRAG T cEPR FAES RORBORF mofa. Tepier Bopgfnm A Bty ) oy
my be a6ATPA Brad & BOfEhel £ind RTINS ErRC Lodt piEnR Hoattl 10! O

T ght - rAACHTES gappLghl? S (AR qohBRSE, SRS (A | e ssi ve

layer i Sct:?l'i:ggﬁiﬂﬁi RE e mondmeRar el teknaftivle 14, ke Mubter Wolsimek t ype
har dness of 80 degrees or nore, a viscous precursor for formng a flexible

l'i ght tr aggmpgair¥eabayemodilfl el Widho af wohomeh tatit diaridie et dfedik degr ees
or less is applied to the rigid light-transm ssive |ayer and allowed to

react onghle fuheitdohiagdhigriciy)sButs W lany epoxy forroug hel fdaydnsd e

| ight-transm ssive |layer, and then the resultant lamnate is cut into a

pr edet er giroeg,Shctd haldast etboxyitice lacd & iggmmys, e ragdrydwidd orming a
flexible light-transm ssive layer is poured into a nold with a

pr edet er groag,shajde arobu ,slaaEnd groug,niimine rgrpup | igitrike rgrouri ve

| ayer is brought into contact with the viscous precursor at the opening of
t he nol d alldebydee grougac thysirarid [graubod OITIRS YR iFHAYRY appar at us of the

present invention .
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



i ncludes at | east the polishing pad descri bed above, neans for supplying a
slurry between the polishing pad and a workpi ece, neans for making the
pol i shing pad abut on the substrate and relatively noving the polishing pad
and the substrate to perform polishing, and nmeans for optically neasuring
the polished state through the light-transm ssive w ndow nenber. The neans
ot her than the polishing pad may be constructed by conbi ning conventionally
known means. By - 42 using such an apparatus, applying a | oad between

t he polishing pad and the substrategmy56161slurry is interposed between

t he polishing pad and the substrate, and relatively noving the substrata
and the polishing pad, the workpiece can be polished. By irradiating the
wor kpi ece with |ight, the polished state of the workpiece can be optically
measur edas Spety{ viaylydeRegfliozhded andepedy|(¥inylddeneychdoaigie )an
apparatus including a wi ndowed polishing pad. A hole 11 is fornmed in a

pl at en 1folwyhetrabapobeshited pitiylengi rpsdas.séucha@sa |ight-transmi ssive
wi ndow nmenber 2 lies on the hole 11. The position of the hole.ll is

det er ni npdlybetnatluonoeikpyvdeney pelyoryadkydienenhresipsad SNa®S e observed
while the platen 17 is rotated. A light source _13 is placed bel ow the

pl at en 1Podwexymethydeng: Rogyamidsn TRALAS jaPOdWeSteE F&FLNS gIRuSS enitt ed
fromthe light source 13 to pass through th ol.e 11 of th |.aten 17 and
the wi nd@& Respethylene kerephibadeftsceP YmY\k&%it@Eé*P@@‘ tted Iight

16 fromthe surface of the rkpi.ece 9 i uided to a 'otbdetector 14 by a
bean1splFPFeP°i¥9tEy8§H§IFf&ﬁ&ﬁgﬁégﬁﬁtgﬁgﬂ%F S RS Yie 1 ght detec?ed
by the photodetector 14, t pql i shed st ate.,of_ t I ' wor kpi ece
can be nt&-X?X&:_nY i G.l}(glsﬁ%\%?rgn r@fi‘r‘?ﬁl’e%o h 3§ Eg’c%rvfeﬁgﬁ' gtrneéa par at ug

i ncludin lLat en.hol ver I iS f I I 7, and the
pl at en h%ltge%i’i EOlYRVi?gﬁc%\?gr e&'@a/i ?ﬁjszji'npﬁ%atp%%éﬁc%\?grgsﬁ%%’di ng a

gt eps L3Rl e QYR ARl L AN D YR A pOI I Shing

pad havi n-opening 1s attac e platen 17 'such that the platen

hol & OV, e rbh ale@d reh sl ORGRINY thidrt NAPY1ehidld tiathspataiisps dance

with the present 1 nvention, by using the
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



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 netal interconnections on sem conductor wafers, to perform gl obal
| eveling, 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
CWMP, SEM - SPERSE AMLOO for CWP, SEM_- §BRERSE AMLOOC for CWP, SEM - SPERSE 12
for CWP, SEM - SPERSE 25 for CWP, SENI-gPERSE W2000 for CWP, and SEM SPERSE
W A400 for CWMP manufactured by Cabot M croel ectronics Corporation. The

wi ndowed polishing pad or the conbination of the platen hole cover and the
pol i shi ntnphddef trarspacenht highetmpanati podysgyrese &RAnBFd for the
surfaces of insulating |ayers or nmetal interconnections fqrnmed on

sem condtcanspapert sreeknnpPEROsitinng gonkgirdpgr acrydraddrdds | ow trench
i solation structures used for interlayer - 44 insul ati % films for netal
intercohh@t@dbﬁ%eaﬂEYHﬁﬂérPQ?B#YWH§§IéFFﬁ@spPFﬁEtfépsnﬁF§B s},

i nterconnections, and used for isolation. Mtal intercqnnecti.qns are
conposedtBRRBPARERENTeFERgSPEROSLG SRR, coptafRing, acry ni&é STuctural Iy

f d, f I b | _d , (RI[o¥ . W

ot | RGFEShACERPBRE AU EDRBORA HFeE Ao CrBRAF IR AN e as

etal | neerEdh EFEEEBmESRETIPEsppct rEPSUEH as

are cur BRERIPRFEREnFRAHD FombRRoEdag CnRdsit, Are YR pe S P
e86nFRANT | i 5 [m

Vi ow of BEFEYSEPnEopYIEnE FABRER R TEERE Pobo\RedR RERRIR LR |

Possi bl e, MEashcs ! 4o ARkhehed $hals SAMREAURHY Lothidihpigyent i ng

scrat che om occurring ring polishing. "The polishing pad can al so be

used or BohlShhadnIRIYGIG BEANR AU G Yirdts coRitlnicts ot C1, besi des

sem conductor wafrfers. I'n order to prevent hydroplaning, the surface of the

w ndowed (eeh;bgph%nmam@r re2anR9l,i Shida Radpiseht eeriiiercoMpds ifioms aten
0

hol e cover he present invention nmay have any shape applicable to

convent i gaakaBalingiakeyRIHI t e 1@-chd ool b Iy tin;Leays sty rane
concentric shape. In the wi ndowed polishing pad or the conbination of the

pl at en heb@ol e said riahepedlenthiavs padiofs )t.ne Bweegdres iafventi on, the

surface of the polishing layer is usually subjected to dressing with a

condi t i ofeanepatenth rdéisdimdmpositions 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

polypropjlene-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 énd 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



- 45 abrasive grains are el ectro-deposited, before or during polishing.

Ei ther batch dressing perfornmed before polishing or in situ dressing
performed sinmultaneously with polishing nay be used. During dressing, the
flexible lighttransm ssive layer is also ground due to contact with the
conditioner. The flexible light-transm ssive |ayer is preferably conposed
of a material that has the. sanme grinding properties as those of the
polishing layer or that is |ess easily ground than the polishing |ayer
because, a part of the surface of the fjexible light-transm ssive |ayer can
be al ways placed at a position higher than the surface of the polishing

| ayer and brought into contact with the surface of the substrate. ' Tt is
an object of the present invention to provide a Rolishing pad which is used
to formmybomr6sunyherssi nnylansllsenvdondlidt on¥ LB EbechVLOPMEBal
conposites, integrated circuits, etc.; a polishing apparatus including the
pol i shi ngn@anylamdéh0 net Esampdest gbr tEaRFRGTENEe KPEIRIGOMBPSdEHOOE usi ng

t he polishing apparatus, in which the nunber of scratches_occurring on the
surface baving aupelyastersrefkn mairdx; pBdpd AdFPeTses Phase 9F optically

measured satisfactorily during _polishing. Tn the polishing nmethod of the
present FHDE%?iBﬂFt%ﬁéeﬁpbBPlEﬂéatRaPSP%€3P5aﬁeﬁﬁB Fﬁ@pgéiiﬁ9qﬁ(in

present 3 Wi Aeapier.y £ - CRBRRRICT
ot ned WhLcBePOLTOLAELEARHERETE BOIE AR P AATATERE IR (he ampunt of
indentati in S d.th t _of..i tati ' d i bed
W th T of EPBALALBO: REVEAYLNRG BRd A rPoSRsbaaet “TRE TYAESE g pads and
vi th ref BPBREENERS: “Fed g 1

erbodi meAPSUBLOEG HEGRREnca Ranbasy, PEopelvae g ARE IR FRUT L Chi ng

et hod.  EXNRLERy 18R ePt828Rh thR4RE)0Rnl Po13] 1iRSAMREd In nore detail

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 transpérent 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 scrﬁtches'from occurring and because
of their excellent transparency.

Examples of a transparent resin composition (A) 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



based on the exanples below. In the exanples, individual properties were
determ ned by the nmethods described below. 1. Indentation strain measuring
device: Universal Testing Machine Mdel 1185 manufactured by Instron
Corporation (1) Measurement method: Crosshead neasurenent (2) Indentere An
i ndenter which had an area corresponding to 90~ of the upper area of a
wi ndow menber conposed of al um num and which had the same shape as that of
the wi ndow member but was not in contact with a polishing layer was
speci al ly manufactured and nount ed Qn3%hg Uni versal Testing Machine. (3)
Measurenent tenperature: 23C (4) Testing rate: 0.1 mmmin (5) Data
processing: Data processing system"Merlin"

styrene monomer, an unsaturated carboxylic acid alkyl ester

monomer, a vinyl cyanide monomer, and another vinyl monomer

copolymerizable with these monomers is grafted to a rubber

polymer; and a structure in which a (co)polymer prepared

from a styrene monomer, an unsaturated carboxylic acid alkyl

ester monomer, a vinyl cyanide monomer, and another vinyl

monomer copolymerizable with these monomers is not grafted

to a rubber polymer. Specifically, preferred is a

transparent 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), a 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

welight of a rubber polymer; and 0 to 90 parts by weight of a

vinyl copolymer (B) composed of an unsaturated carboxylic

acid alkyl ester monomer (a), a styrene monomer (B), a vinyl

cyanide monomer (c), and a vinyl monomer (4) copolymerizable

with these monomers, the rubber polymer content being 5 to

30 percent 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 transifion temperature of 0°C or less is suitable, and

diene rubbers are preferably used. Specific examples

include diene rubbers, such as polybutadiene, styrene-



- 47 manufactured by Instron Corporation with a data acquisition interval
of 100 msec (6) Amount of indentation strain at constant |oad: The

di fference between the strain generated when a constant weight (load) was
applied and the strain generated when 10% of the constant weight (load) was
applied was defined as the ampbunt of indentation strain at the constant
load. (7) Anpunt of indentation strain'at constant pressure: The
indentation strain at a constant pressure was cal cul ated based on the
strain generated when a constant |oadiyas 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 _i ndentation
strai n dutadienascapnolpnessuracryloplErdlegbseprdAepgpEoRAYMESS:: Measur ed
with a rubber mcrohardness_duroneter "MD-1" manufactured hy Kobunshi Kei ki
Co., Ltdstynemieecbytadhenpdhinarkr FORDLINEER| RPéhPPFiY REFVAESKu, Kyot o).
The construction of the rubber m crohardness duro

f ol | ows: betadtengofoPe) YBEAF nBCEY 4L ENEUBRAT Al e PEF |é‘§f Pﬁﬁﬁ@% Spring

|l oad: O point/2.24 g 100
gcrylate) pOIYiSOngLQE/ggdBEtgglgne -p an eh%a%i%ﬁJor 0.32 gf

ternary copolymers. Above all, polybutadiene or butadiene
copolymers are particularly preferable.

The rubber particle size of the rubber polymer is not
particularly limited. The weight-average particle size of
the rubber particles is preferably 0.1 to 10 pm and more
preferably 0.2 to 5 uym. 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 concentration, the particle silze 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, oOr phase-contrast microscope.

In the light-transmissive window member of the present

invention, the transparent resin composition having the



- 48 (4) Indenter dinensions: Cylindrical with a diameter of 0.16 nmand a
hei ght of 0.5 mm (5) Di splacenent detection system Strain gauge (6)
Pressure foot dinensions: Quter dianeter 4 mm inner dianeter 1.5 nmm 2.2
Sensor driving unit (1) Driving system Vertically driven by a stepping
notor. Descending rate controlled by an air danper. (2) Vertical stroke: 12
mm (3) Descending rate: 10 to 30 mmi sec

- 37 -

phase separation structure is disposed in the outermost
region on the polishing surface. As long as the resin
composition is disposed in the outermost region on the
polishing surface, a single layer composed of the resin
composition or a laminate including thé resin composition
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 1s composed

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



(4) Height adjustnment range: 0 to 67 nm (distance between sanple table and
sensor pressure face) 2.3 Sanple stand (1) Sanple stand di nensions:

Dianeter 80 mm (2) Fine adjustnment mechanism Fine adjustment by XY table

and mcronmeter head. Stroke: 15 mmfor each of X axis and Y axis (3) Level
adj ust nent nechanism Min feet for |evel adjustnent and round spirit |evel
3. Test wafer for scratch evaluation: 6-inch silicon wafer. provided wth
oxide film (oxide filmthickness: 1 ~ ~m 4. Scratch eval uation: For the

wi ndowed polishing pad, using a poltsg%ng apparatus shown in Fig. 6,

pol i shi ng was
transparent window member is brought into contact with the
substrate, and the slurry is easily discharged from the
contact area, thereby facilitating observation of the
polished state. Since the surface of the light-transmissive
window member abuts against and moves relatively to the
surface to be polished, stress is easily concentrated at the
boundary between the light-transmissive window member and
the polishing layer. Consequently, 1f the end of the light-
transmissive window member is placed higher than the surface
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



carried out for 2 mnutes with a slurry SC1 manufactured by Cabot

M croel ectroni cs Corporation being supplied at 200 - 49 cc/mn while in
situ dressing was carried out using a conditioner "CVvP-M nanufactured by
Asahi Di anond Industrial Co., Ltd. with a conpression pressure of 0.04 MPa
and at a conditioner rotational frequency of 25 rpm The polishing
conditions were as follows: platen dianeter: 51 cm platen rotational
frequency: 60 rpm polishing head rotational frequency: 60 rpm and

pol i shing pressure: 0.05 MPa. After _t f}% pol i shed 6-inch silicon wafer was
washed thoroughly, the nunber of scratches of 0.5 E.imor nore was neasured
with a wafer dust inspection system W\ 3 manufactured by Topcon
Corporation. For the platen hole cover, evaluation was performed using a
pol i shi nghagkaeasuefshobnmnnofi gore dndwiewhefsihe &8 tbéi¥s @as t hose
descri bed above. 5. Method for checking how satisfactorily light

transmi ssuffieiedbbyndabee oteqi afokke gyrfasengipideof LedlS r ansni ssive
wi ndow nmenber of platen hole cover enabl ed neasurenent of paolished state:
Usi ng t htightetrposmdssayeappirat 63ns REWRTPNIP Ly ingoocontact ¥4tker beam
of 532 nm polishing was performed while in situ dressing was .carried out
usi ng a thadsur§ase ofvbher spRetrateursd Waﬂsét‘ﬁraﬁczlr?ﬁ’nglq MRfstrial Co.,

Ltd. with a conpression pressure of 0.04 Mg and .at condi t.ipner _
rot at i on@RSLLEQREREY R Xber §NPSERatsol | SHEAGT i'ti% 5 R%éjeé)rligrrbﬁ | ows:

Fotat| onfFaRFB4ABATS L882E hagne FCHARS S8 S g, i e A o8TR] "
i e” SUBBI PR LA R SRR 4 o it THO0 SRR IR S G hcchar | de) -
he. o1 ur PYPPRE CoG e AR D o e ena g iRen S AN 2 o™ ©

0 "t he 1 RREREELTIY Sl BT oy G (e (A cHE DA |1 oht vas

def i ned b f Ahen Rl Nt Rerd @ TRgtiineies T he
pol i shi ngiggﬁditﬁgé%ﬁéef'g%gga?eabove whi Igzﬂsuppl ying a slurry SC 1

manuf act Wrgd na yebotrrd Grioal el i os dier-nof e dibrs il OpLINE W membl
reflecte aser tI I ght was detected by the photodetector, and the intensity

of refl eqle@driciiiinis dapsidaty oiheHatdppafatie imtwinsh y whilefaect ed
light to the intensity of incident light was defined as the reflectance in

the presenpdtdfatsd Urduch Row Satddmctis ibeindiepolighied r amshaserveeamndow
menber enabl ed t he nmeasurenent of the polished state was indicated by how
cl ose t hex efilaBanceldht the gpmkient €dm sthe ryaclksside t elatenkside
refl ectance. As the anobunt of slurry interposed between the surface of the
wi ndow methetheamblishing fpad td a reuxface rof cthecsebgbmatentorB8uction in
the refl ectance increased. , '
' 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



6. Method for fabricating w ndowed polishing pad: An - 51 1C 1000
polishing | ayer manufactured by Rodel Inc. (1.25 mmthick, circu~.ar with a
di aneter of 51 cn) was subjected to a so-called X-Y grooving process
(process for formng grooves in a grid shape) in which grooves were forned
at a wdth of 2.0 nm a depth of 0.5 mm and a pitch of 45 ”TMm A
rectangul ar opening of 19 x 57 mmwas cut out at a predeterm ned position
of the polishing |layer. A rubber sheet (mcro rubber A-type hardness: 50
degrees) with a predeterm ned thickae§§ was attached to the polishing | ayer
wi th 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

t he opening of the polishing |ayer was cut out, the area of the cut-out
porti on bighhetrabsuissheet whaday mpebexndsasopksd withhe §9dMtd@Tof t he
pol i shing | ayer. A doubl e-sided adhesive tape was attached to the back
surface @ontatningheiligaegelandth AcPRAKdGLEr SdGL0OE 8POYF X 3@ AR was

formed in the doubl e-sided adhesive tape at the openingﬁ&f t pol i shi ng
| ayer / r udBERAE Rt eMBAPKERe. AR PHABT: FANSRAFTSERE APfd Bahi ch wil |

be d i bed bel [ h I d.i d < A highl
dof or mabt &Y RENDEPT WARERDRRY | SpBBHBER: MBYd PBorBRLPHeBadh SEAT & den
, & hi ghl y def bl hayi . d
Pavi ng. hRTLB: 2ofo¥sEy TRERAREENS: nadean et e Refh Porehshgs Shmper
i [ h ' f i.shi | - 52

‘G nat oL LR bbRABATLBSERE PPl BRRPRY 430 SeHEEY M 3 ng,
[ ant o rang PR8rEREl; UG S8 pRRRuC o R B0, B M AR T T ng
apparat Ug, 8GR s k81 tls cknBUGN 16N 4f Be: ol SR nflR RIA & Ak idiel

i ghttransm sSive W ndow nenber of the polishing pad corresponded to each

ot her. 7wa@gigﬁg§h9ﬁ frplare®Rt i IRhAIRN 158 emLRMREm 2PEE TBERAHCEOr 1. 6.,

fabricating po I ng pad having opening which is used together with platen

hol e covghe fakhmidin LransHittaneel NERWeTH b aheMopticall tHickinsas i hed
bel ow i n each exanpl e was prepared in advance. A highly defornabl e nenber

whi ch wi hbebaedesasr iab@ddaric@Wolfn thrc rePrativerdndexe pd el filin aalhiesi ve
| ayers were fornmed on both sides of the highly deformabl e nenber. A cutout

of 13 x BRemthweknkasmed ithet Fdlment @heofartthierafilgd by coeflayeab mayrender
having an area of 18.5 x 56.5 mm The |ight-transm ssive w ndow nenber and
t he hi ghkyndakelageredrerhaulwdr-d ayersided Iro vireod e theplxafaradivlee cover .
The platen hole cover was attached to the platen of the polishing apparatus
shown i niRdgx,7 andiaefflectdwver prepearitiiess @ngd adhasive Ipraperiies o
fabricate the polishing pad having an opening which was used together with
t he pl at hehbhaske erarfacen ofCtheod Lsht -SHanpmiaavaraiiidoy P ey, el

Inc. (1.25 mmthick, circular with a di aneter_ of 51.fH2 gyas subjected to a

so- cal | e@Pxinugy soMHG I ieds Gatedangdy By form n

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



- 53 formng grooves in a grid shape) in which grooves were forned at a
wdth of 2.0 mm a depth of 0.5 mm and a pitch of 45 nm A rubber sheet
(mcro rubber A-type hardness: 50 degrees) with a predeterm ned thickness
was attached to the polishing layer with a doubl e-si ded adhesive tape, and
anot her doubl e-si ded adhesi ve tape was attached to the back surface of the
rubber sheet. An opening of 21 x 59 mmwas fornmed in the polishing pad at
the position corresponding to the platen hole. The polishing pad was
attached to the platen such that the pljaten hole cover was placed in the
center of the opening of the polishing pad. EXAMPLE 1 A transparent w ndow
menber conposed of transparent ABS was prepared by nol di ng Toyol ac 920
(transparent ABS resin) manufactured by Toray Industries, Inc. at a nolding
t enper atmembefr B0cludgog. aThdexibiepadoht -kranshigsiner 1838 3 &ness of
0.4 mMm a wdth of 18.5 mm and . a length of 56.5 mm |n the transparent

wi ndow nehedd, light-t5rReMESaAYef daVeddges MetheRe 1pppbichud FddWkere
rounded with a radius of 0.4 mm The mcrq rubber A-type hardness of the

|i ght - t r hhghtssrapshiaadvedarer was fo5medynsdag & A&enSPateifad was
fabricated by bonding an NBR rubber sheet with a thickne %eel mmto a
Rodel | GI‘EBGGE'-aAnWB*p'gnP-nEiSF%§T‘15’b>?r5’?‘.'§ym %P&Sﬁed"r}i %%’t F5t9%hi ng pad
at the position corresponding to the plat hale. A daouhle-sided . - 54

t ape 4429rnﬂﬂﬁf’acPu?’gagﬂyssﬁﬁﬁf’b‘ﬁﬁ%ﬁﬂr %%\fé 3 taagﬂeeggtb‘é‘e[ hlg"‘:ﬂ’utbber sheet
side of {he polishin ad_having _th enj d u mm
was for HaPEmELHEJ'HBg Eg-egi Hé&p‘?gpéﬁlc%%t hryél%gyeer??e%r—t 1p%t E%%dﬁlégrﬁ%éf(A&ﬂi ghly

def bl [ FP ¥ i wab

oo O Lt qosqrEREC o TEBRoEE dprfiba dhe L T A S e 942)
f act b It 3. Ltd. LdpRC ; 13 il i ghl

ggpgrﬁgb#ésgg grﬁuvg\}l'%%wgdsyzoe%faéfg%ﬁx 56&%%#’:%) 12}?3#:; cut oﬁl%ﬁglg 5% mm

vas for Mgdybd &R O the cIRSAHITIAYMO LRHA A Naydansasd ent i ndow

nmenber wer m nat ed on each other, and then the | am nate was bonded to

the fill ghel thide rdevalant dahindte als tdift hatde &f priidxdrmwine® pad having
t he openi ng. Thereby, a w ndowed polishing pad was prepared. The upper
surface gfizkhe lorgh Wethod 99 whithervigicduie pratimed: o stvimyipad
protruded fromthe upper surface of the polishing layer in its periphery by
about 0.3 FTexdbae aiwritghiradfsni s&lifre) Ve ipeoired tieto a mold

| i ght-transm ssive wi ndow nenber with a pressing jig having a contact area
of 17 X HAthma tpredetenntineld isicypd atdmh stsheet Weor Eoxmimg avekgide sanme
wei ght was applied to the polishing layer with the same pressing jig, the
armount ofL iighttertrenisod sstiva Layesr 0L Prougldorigetuaranigct Hel taothe of

i ndentation strain at the light-transm ssive w ndow nenber was 5.4 tines

t he anouwds@buslnngﬂunﬁqn1aﬁrth61°Penin9 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
workplece, means for making the polishing pad abut on the
substrate and relatively moving the polishing pad and the
substrate to perform polishing, and means fo: 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



- 55 at the polishing layer. A 6-inch silicon wafer provided with an oxide
filmwas polished with the wi ndowed polishing pad. The nunber of scratches
was small at 17. The bl ank refl ectance during polishing using the agueous
solution of xanthan gumwas 60% The reflectance during polishing using the
slurry was 50% 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 w ndow nenber and the wafer, and satisfactory
observation was enabl ed. EXAMPLE 2 A transparent rniindow nmenber conposed
of transparent ABS was prepared as in anple 1. A highly deformabl e nenber
conposed of EPT sponge EPT#300 manufactured by Daiwabo Co., Ltd. with a

t hi ckness of 1.7 nmwas prepared. Doubl e-sided tapes 442J] manuf act ur ed by
Sumi t onoughngt suchean appavhéuStoaDDﬂHiQQrﬁaé@gdoge¢W@eﬁ|Gﬁﬁy def or mabl e
menber with a size of 18.5 x 56.5 nm and a_cutout of 13 x 50 mm was formed
in the cepldshingepadanngatbat sWPalsAteebdleand SINETYULS JMLSTDASer were
| am nat ed on each other to forma platen hole cover. A pollshln%_pad was
fabrlcatbﬁtﬁ9eﬁoﬁbﬁng°éﬁSNBR9rEﬁﬂeﬁnghééﬁ fRbrtEatsi.c BRds FedRrtivighY o a
Rodel 1C-1000 and attaching a dqubl e-si ded_tape 442J nufa tured by
SunitoanSK¢E9d?h?osPH§t5§gﬁ anfs 2be Berligbipgppad. €51 21 x 59

nmwas formed in the lishin t he Sltl - onding to
he pl at EARHBPEPONREREE - wePght %Pgéa%ée i&?et 8”‘[tt]i‘e Lgnt,

fiShP-?ﬁ sniseiv 2 o ggb ~of t Iaten hgf; qyg; W%}h a pressing

jig haviﬁg ape ﬁ@gﬁﬁ gggoP % g@r cﬁecgﬁbﬁﬁto et ation strain

was 0.15 mm Wien the sanme wei ght was applied to the pollshlng | ayer of the
pO|IShIﬂB 358 th the same pressing jig, the anount of indentation strain

vas 0-04 mn SPOSPANERIY, EiG. A70URbyE" oh"dRBRBELOBESL! ShBulutl® of

Ilght transm TVEe W n t1mes e anount i ndent ati on

strain ahn! BEpRAGA BAchaing HGuRladlR oA ANy oie atpté}fdl%i i the

pl at en, , e po ng pa | so at hed to the platen such t hat

the plateg RehkRe@OYE aV@3altieht qd I ranfthh@p%m.%nm@e pH s Adperedf the
transparent w ndow nenber of the platen hol' e cover protruded fromthe upper

surface gb thatral 19Gh#0 thanemi@ls e wisldow meghbead DV id®wn e M A
6-inch silicon.wafer provided with an oxide filmwas polished with

t he~pol i gbilag1pad and pPoeipisncvhahe i .11THs detmminfed watites was
smal | at 10. The bl ank refl ectance during polishing using the agueous

sol uti onaotvoxkpiieee Qummelds by>% phid shaingediemdc & char rp pabsetvedy usi ng t he
slurry was 48% and thus the decrease in the reflectance was small. As is
cl ear framiflei theepllatent 1 slsumotatesi.notA sulghtarstdutdey Ihties whaekdet ween
the light-transm ssive wi ndow nenber of the platen hole cover and the

waf er, aheloat ithieamilarbenoldFeaprat iioh fdxedemdblae@osition 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 exampie of a
strucfure of an apparatus including a platen hole cover. A

hole 11 is formed in a platen 17, and the platen hole 1l is



- 57 EXAMPLE 3 By polynerization of MVA, a PMVA sheet with a thickness of
0.3 mmwas forned, and the PMVA sheet was coated with one-part silicone
SE9185 nmnuf actured by Toray-Dow Corning Silicone Co., Ltd. at a thickness
of 0.3 mm Thereby, a transparent wi ndow nenber with a thickness of 0.6 mm
-and a size of 18.5,a 56.5 mmwas fabricated. The silicone rubber |ayer had
a mcro rubber A-type hardness of 50 degrees, and the PMVA | ayer had a
m cro rubber A-type hardness of 99 degrees. A polishing pad was fabricated
by bondi ng a foaned pol yuret hane sheet,.wi_th a thickness of 1 mmand a
density of 0.1 to a Rodel |1C- 1000. An oOpening of 19.5 x 57.5 mm was forned
in the polishing pad at the position corresponding to the platen hole. A
doubl e- si ded tape 442J nmanufactured by Sumtono 3M Ltd. was attached to the
f oaned pobdveredhwhthsadplatenhbopel coWengipaduddnong dA€hdpeni ng, and a
cutout of 13 x 50 mMmwas fornmed in the doubl e-sided tape_in the center of
the opentnansmissiveywinfiownmembereaddr achAgbd¥d dgf orpprbdsoMGEPRTL0
manuf act ured by Daiwabo Co., Ltd. with a thickness of 1.6 nmm was prepared.
A doubl eAspdbéishipg padihauAbgaahuPRENARISHS pdiechnd Q. tﬁés%gﬁﬁgwhed to a
surface of the highly deformable nenber with a _size of 18.5 x 56..5 nm and
a cut out 13f sughy tBatnihgaBlpsLReBOLR Fﬁéfec‘feﬂ'ﬁelfﬁ'tfﬁg &lﬁ’s&l iR H&her and
t he transparent mﬁndOM/nenbgr were | am nated on each other, and the
| ami nat elhatPBoRAA4SPINENRAD.. 58 fi|let of the doubl e-sided adhesive tape

di d he back f [ ishi i i .
heroby. o i TR RReoEarRes. Rothathe Boppahkn d0alciBh, ney! BS1RBCRNRD |

1 oht .} 1T ! ( uppe ded
from ¢ hewipperes. ppiuaRgfiol B o by Wb A bRt dd Hale Rl TP
m V\hentﬁﬁ\'\?oggtsh%ﬁl 1%(&0 S %@li'n%? ar0 dv1e d v tmd ted i SEiiesh Wi ndow

menber w pressing~dird having a contact area of 17 x 55 mm the anount

of ‘indenggt| | MM \When 4 ha 1S v i ts Masey@ppl i ed to the
polishingglgggF%%%?%gi%2§égﬁ%§afe§g¥*g di g, the amount of iggentation

strai n wa§ 0 Aom Bk 1GRNBRGeRN 1 ary e ATHEHI W RN dan stumty, at the
| i ght-transm ssive w ndow nenber was 2.2 tinmes the anmount of indentation

strain ati+t g RRHs3H1RY HAVoalAWiplehhiilde dhevafesu Pt gl efli g hadh oxi de
filmwas polished with the wi ndowed polishing pad. The nunber of scratches
was snal eala1ldntEiedindde ioifd ent avenel abrrdutqolwatemsy, use eexrfermqueous
sol ution of xanthan gum was 45% The reflectance during polishing using the
slurry we@ob3d lavelihgs, tdre teqmasnt Midhings | dpertblomexamples As is
clear fromthis result, the slurry was not substantially interposed between
t he |i ghioft raves lsaimwe dcldale mhierazenchathel Mpkted tod GARTQfIRERPY

observati on was enabl ed. EXAMPLE 4
SC-1 for CMP, CAB-O-SPERSE SC-112 for CMP, SEMI-~SPERSE AM100

for CMP, SEMI-SPERSE AM100C for CMP, SEMI-SPERSE 12 for CMP;
SEMI—SPERSE 25 for CMP, SEMI-SPERSE W2000 for CMP, 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 layérs include

shallow trench isolation structures used for interlayer



A light-transm ssive w ndow nenber simlar to that in - 59 Exanple 3 was
fabricated. A highly defornmabl e nenber conposed of EPT sponge EPT#140
manuf act ured by Daiwabo Co., Ltd. with a thickness of 1.7 mm was prepared.
Doubl e-si ded tapes 442J manufactured by Sumtono 3M Ltd. were attached to
both surfaces of the highly deformable nmenber with a size of 18.5 x 56.5
mm and a cutout of 13 x 50 mmwas fornmed in the center. The transparent

wi ndow nmenber and the cushi oning nenber were | am nated on each other to
forma platen hole cover. An opening gf, 21 x 59 mmwas formed in a Rodel

| C1000/ Suba400 | am nat ed polishing pad at the position corresponding to the
pl aten hole. Wien a weight of 2,000 g was applied to the light-transm ssive
wi ndow nmenber of the platen hole cover with a pressing dig having a contact
of 17 x SBsubmting &hduwat fof nateht Antemconngchipls @nfs URASTARY®L he same
wei ght was applied to the polishing | ayer of the polishing pad with the
same presséngatiing fhémanﬁgﬁtm@tainaeﬁpappﬁﬁegﬁﬁamﬁ'wégdo%@?Qnﬁ°r
Consequently, the anmount of indentation strain at the Ii%ﬂg-tra sm ssive

wi ndow mbABaAtHeB.7 MpRd LRECEFANAECHLONSIESFLACOBROSEd,OF &L Whi i shi ng
| ayer. The platen hole cover was attached to the platen nd t he | i shing
pad was HPBESEERacREBPEE-t RE ﬁpétéﬁk§ucﬁnphéfetﬁ@ﬁ&QQﬂﬁ?ﬁiﬁefo ’ was

fitted in the opening, The upper surface of the transparent w.n nber
of the pFaFeR*E8IPdecoPdr dﬁf‘@%ﬁf@& f‘{mt‘ﬁ@“%‘b@esﬁ aegugf \ﬁ%ﬁgg\ggglgs'hi ng
| ayer of the polishin ad b out 0.2 mm A__ - - 1.nc Ild4.con waf er
pr ovi dedwﬂﬁphg‘&ﬁaixijﬂgegflpﬁf‘égi B & SAMEPSETe o%glclo |énI[g1’ g')a ]'lain t he

pl at en hol over.. The n r, of ratghe I / bl ank

refl ect aﬁ'@gagﬁr'i ﬁ&c§0|alsS%Ig'ﬁ'g'cl?§I ﬁé%trﬁéedqéggﬁ?l?ﬁu%qﬁle 0 e%(-a[ér?han gum was

55% The_refleqtance Aﬁ.}éﬁéﬁ%hpq_lnismjéﬂﬂf: 'Q.III§1%1% ll&’d‘ﬁi—é/iﬁisll{m% and t hus

t he decrgase in the r cttance was smm As is clear fromthis result,

the S!UrbkofaimiRah cYbehfifiosdld e MiARATP G hride A ddiaditleAImaST Ssive

wi ndow nenber an and satisfactory observation was enabl ed.

EXAMPLE 3 Adds@iad g0l w-aliaane tsheelcdtdthrit it tdeiess drd. Bécomngs for med
by m xing 300 g of Uniroyal Adiprene L-325, i.e., a polyether-based

ur et hane ROl RIse NG A ety ¥f Aclaiptinmene-hi ik i Nistaingd iped ahd

pouring the mxture into a nold. The rigid pol yurethane sheet had a mcro
rubber Atpee gresdias Antfen?d ciggriaesis Adsgititd romameasine vhedow nenber was
fabricated by cutting the rigid pol yurethane sheet into a size of 18:5 x

56.5 nm pdiithedl prdatehiseat e qireapine dvioll e eriveptingbberattkes with a
thickness of 1 nmto an I C 1000, the light-transm ssive w ndow nenber, and
acrylic ffomm adesinind apheringldrd ismingct Fhel pylismnonpad\ear @lse a

hi ghly defornmabl e nenber, a polishing pad provided with the

| i ght - t r dres v Romipedeve it aragnat areads edhranh el shpr e33RPRIBE - 400 g

was applied to the
etc., besides semiconductor wafers.

In order to prevent hydroplaning, the surface of the
windowed polishing pad or the polishing pad used together
with the platen 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 fhe 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



61 Ilight-transm ssive w ndow nenber of the polishing pad, the amount of
indentation strain was 0.21 nmm The anount of indentation strain at the
polishing layer was 0.06 nm Consequently, the anmount of indentation strain
at the lighttransm ssive wi ndow nenber was 3.5 tines the anount of
indentation strain at the polishing layer. A 6-inch silicon wafer provided
with an oxide filmwas polished with the polishing pad provided with the

l'i ght-transm ssive wi ndow nenber. The nunber of scratches was small at 20'.
The bl ank reflectance during polishtngdngr@ t he agqueous sol ution of

xant han gum was 50% The refl ectance 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

| i ght - t rabsasssevgraindoarsesbectanddepeswirdn , bef@reaOrs METIeTy
observati on was enabl ed. EXAMPLE 6 A gl ass sheet with a thickness of 0.5 mm
was pr eppeddishingi ngEdthayebasshi dsessdngorerframesds bedored POy 1#
deposition of nagnesium fluoride on the back surface of the glass sheet.
The gl asorshBesifuddaefrdng pPebBEermad; FBURLARROYS 1at Widdh N9The

gl ass sheet was coated with one-part silicone SE9185 nanyfactured by
Toray-DomﬁEOPﬁiﬁﬁegbliEBH&“@D@FGE§&Pgattgetﬁﬁ€¥ﬁgé§ BT my and left to

stand at 60C for 1 hour. The | amgi nate wa ut i,nto a.,size - of 18.5 x
56.5 nmm WreRSBigsivNenda¥ett &, 4S9 tgﬁé’ué‘la ?ib‘(?né:or W%ﬁa?’ & %we[ h a

i Fig.  PonBREIARBT b The) GrEmaRe Mkt TR TRy, ek, 3000 Alype
Cheet w PRSSERFLInEouRgFo Stnd HscERA RiP HERE H Ranty Mg (00"
Sum o PEREEE L ke b g o A e abd

dent at FBRLaT: B EE R (o B A wber T & ho. pal shi ng

pad was Q2% 00 WEdehe? M8 PE 19 g4 rhn shiies AR Ntayr i dlerBert i on strain
at the polishing layer was 0.06 nm Consequently, the anmount of indentation

strain al1hagd ipahiced ASH pYsia W dowHEN Etan\ahe. sutfams dhettwsount of
indentation strain at the polishing |ayer. A polishing pad provided with a
|i ght -t r RANIsHSinge 1eyA0\Wnte Biugiets ifretly icmattebusitich titee surface of

| i ght-transm ssive wi ndow nenber, and a 6-inch silicon wafer provided with
an oxi de thd musdraie.shed with the polishing pad provided with the

i ght-transm ssive wi ndow nenber. The nunber of scratches was small at 5.
The bl ank reftectianaa dbdiecd pd ithiei preseintg invenddwsod® aaaniiden aof

xant han gum was 60~. The refl ectance during polishing using the slurry was
48~, and pdlushing deot edskch nis hesedf tecfarBephanagngrrfaces 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



- 63 As is clear fromthis result, the slurry was not. substantially

i nter posed between the light-transm ssive wi ndow nenber and the wafer, and
satisfactory observati on was enabl ed. COVPARATI VE EXAMPLE 1 A rigid

pol yur et hane sheet with a thickness of |.25 nmwas fornmed by m xing 300 g
of Uniroyal Adiprene L-325, i.e., a polyether-based urethane pol yner, and
76 g of 4,4 methyl ene-bis(2-chloroaniline) and pouring the mxture into a
nol d. The rigid pol yurethane sheet had a mcro rubber Atype hardness of 95
degrees. A light-transm ssive w ndow er was formed by cutting the rigid
pol yur et hane sheet into a size of 18.5 X 56.5 nm An opening of 19 x 57 mm
was fornmed in an | G 1000 and a rubber sheet with a' thickness of I mm was
bonded to the I CG1000 with a doubl e-sided tape. A cutout of 13 x 50 mm was
forned i Bst liber abier ash&be appemre agesi i otheodoashdhdithe @At Qfeni ng.
The lighttransm ssive wi ndow nenber was inserted into the opening and
bonded t dndmatatipst s¢raime SlubBad $heeamonndoofsHingeiatWodtddi™ith t he
| i ght-transm ssive w ndow nenber was thereby fabricated. The anount of

i ndent at B8ndsseaihed: wikk meferenss v WhRdSRISHIRI 29 he poli shing pad

was 0.035 mm under _a pressure of 400 g. -The nt of indentation strain at
t he pol i ¥8SRE LAy Ynas T@%P%%Shéé‘ﬁsg%nﬂ%%%‘rﬁﬁﬁﬂsr@fsﬁjﬁo%nt ation
strain at ;the light-transm ssive - 64 wi w nenber_ was | er than the
anount oF1PAQ¥NIEMPER SsSitRbde &0 M5 eﬁﬁ%%ﬁé’r‘%c’ﬁ i %W‘?r&to% waf er
provided with an oxi filmwas polished wt i Shl i ded
with t he°\lg: Giie- &e§ﬁ’§ﬂﬂ%§é F?W%@%ﬁ elﬁ.ppﬂﬁ'eé aRD(La]l'r%Ce%r(J’ (S#Hés]%)r a§ chl{e):{srp s

| ar ge at 1%%? The bl ank refl ectance during polishing using the aqueous

sol uti on™ St han gum was 55% The refl ectance during polishing using the
slurry was 15% and thus the decrease in the reflectance~was large. As is
clear fromthis result, a |large anount of the slurry was interposed between

the |ightpnbahdpsd ssive wi ndow nenber and the wafer, and satisfactory
observation was not perfornmed . COVPARATI VE EXAVPLE 2

The present invention will be described in more 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"



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

| i ght-transm ssive wi ndow nenber had a mcro rubber A-type hardness of 99
degrees. An opening of 19.5 x 57.5 mmwas forned in a Rodel |IC 1000 at the
position corresponding to the platen hole. Doubl e-sided tapes 442J

manuf actured by Sumtonmo 3M Ltd. were attached to both surfaces of an NBR
rubber sheet with a thickness of 1 nm The NBR rubber sheet was bonded to
the 1Ci000 having the opening. A cutqut of 13 x 50 mnmwas forned in the
NBR rubber in the center of the opening. The light-transm ssive w ndow
menber was fitted in the opening and bonded to the - 65 rubber and the
fillet of the double-sided tape. A w ndowed polishing pad was thereby

f abr i catmanufactupedr byulhatvonf Conporaghent Wakbnias dare RcAdd®litdPer of

t he wi ndowed polishing pad protruded fromthe polishing layer inits

peri pher ynbgrudduef0l100nmsephen a wei ght of 3,000 g was applied to the

|l i ght-transm ssive w ndow nenber with a Eressing jig havigg?a co&haot area
of 17 x 55 rmk 6} RmewRtinef oindemtatien oftseini ATWESRNBLEBt PaMe A Bhe sane
wei ght was applied to the polishing layer with the same pressing jig, the
anount o@lfﬁGEﬁPQPiBﬁtyFP&iﬁhﬁa§tﬁgéﬁ eé@%§gq&§ﬁplf;cgﬁgigﬁb nt of
indentation strain at the light-trangm _ssive_ w.ndow nenher 1. times
t he anouleigpt; hdeadd: Was ?ng'iiﬁdaﬁnahé%olsi%ﬁ?ijﬁg genrEAteR éiﬁ‘%ﬁchl silicon
waf er provided with an_ _oxide. .fil | i | t he~w | shing
pad. The°¥ugr§8r cgpstaplt; ¥ §%§T§:g§§i ?’::a) a%?’li)g'ﬁ\%fr ngsgﬁegd%g% E'ﬁ{aénk
refl ectance. during | i shi us) he ,aqueo j xant han gum was
60% * ThoaPBRREcP B asAt] SPor ety She s orshatly Medl. (o0 e e

the decrease g?%g?ﬁgﬁﬁ£lSftiﬂﬁgn%ﬁﬁiéﬂagkrgﬁﬁ'ﬁﬁ EBﬁ@EaBFPﬁkEQE%r@@SU|t,

the slurry wa ubstantially I nterpose etween the |ight-transm ssive

wi ndow e g e feRra 13N A 5 @l icondtaeity pHesuw il e et ed.
COVPARA‘T’? B&Vl\g/gﬁ% %OA trgr?spar ent w ndow nenber conposed of transparent

ABS was pLeRd 8% dhe BtPAMRnbraARd\BRdn b oAt Widdd avas - 66

t hi ckness of 1.9 nm was prepared. Doubl e-sided tapes 442J manufactured by
Sumi t onD a1kl AN &nd IREIREY Qdert bfs WHea g afindiej IBR andbehe sheet
with a size of 18.5 x 56.5 mm and a cutout of 13 x 50 mMmwas formed in the

center. Fi¢fleranteabitvedmdlik Mevdesrt svicr et malishianithe nenberamier e

| am nat ed on each other to forma platen hole cover. A polishing pad was
fabri cat dagurendindy the NBRlentatdrorns emtain tderendtekmdsn of0Y efnto a
Rodel 1C- 1000 and attaching a doubl e-sided tape 442J manufactured b

Suni t ono thd ldtoths ttam tt hperdeeniress wdsacpmifiathevasidafinah apcha@repury x 59
mmwas fornmed in the polishing pad at the position corresponding to the

pl at en helfe indentatios gitrain Atpohey Gans Pt iRELIH Ehe | i ght-transmi ssive

wi ndow nenber of the platen hole cover with a pressin dii% havi nqg .a cont act
area of 17 x 85 MCTOh&URREIHA -G Pen eFORESS Eﬁeraﬁud’ Fighps Bffen the

he. sam TRCERAAASS. AHOBARART M- ) b ARt Y, SeRrg o

wi nlow kAL VGRS 4951 | (RAMSE L n oS b e B AEPERL '

bol i shi nakepYa s S S ehonea 1o 1 he bl aten such that the praten hole
e s rbor THE br i RS e TS WRRRe S i hatlardles \daRr ey

wi ndow nenber ol'e cover protru om t he upper surface of
"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: x=0.32 gf



- 67 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 polishing
pad and the platen hole cover. The nunmber of scratches was |arge at 260.
The bl ank refl ectance during polishing using the aqueous sol uti on of

xant han gum was 55% The refl ectance during polishing using the slurry was
48% and thus the decrease in the reflectance was snmall. As is clear from
this result, the slurry was not substantially interposed between the

| i ght-transm ssive w ndow nenber of.;hﬁspjaten hol e cover and the wafer,
and satisfactory observation was enabl ed. - 68 CLAIM5S 1. A polishing pad
conprising a polishing layer and a |ight-transm ssive w ndow nenber

di sposed in an opening formed in a part of the polishing |ayer, wherein the
anount of indée#) aindenterafhmessionsastyddndndieplavishdavndippeted of t he

i ght-transm ssive wi ndow nenber having an upper area A is larger than the
anmount of .ladamt andoa bedght 20 -Fedured under a load Wapplied to a
region having the area A at any gosition on the upper surface of the

pol i shing | ayep) Pismlpeemsptngepagtiaeropyrhe™: oSEraim g2U8Rerein S1/S2 a
1.5. ?. A polishing pad according tg eithgr C%ain1% or 2, g@er%in t he
li ght-transmi §8) vBT@FAUES ARRbefimensdops:t QULEY F1AMGHEY defBrnabl e
menber. 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) Fine adjustment mechanism: Fine adjustment by XY
table and micrometer head. Stroke: 15 mm for each of X axis
and Y 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 film thickness: 1 um)
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 slurry SC-1 manufactured by

Cabot Microelectronics Corporation being supplied at 200



4. A polishing pad according to Claim3, wherein the conpression nodul us of
the highly deformable menber is 0.001 to 0.8 MPa. 5. A polishing pad
according to any one of Clainms 1 to 4, wherein at least a part of the
light-transm ssive window - 69 nenber is disposed at a position higher
than the surface of the polishing layer. 6. A polishing pad according to
any one of Claims 1 to 5 wherein the light-transm ssive w ndow nenber has
a region having a mcro rubber A-type hardness of 60 degrees or less and a
region having a rubber m crohardness qf 80 degrees or nore. 7. A polishing
pad according to any one of Claims 1 to 6, wherein the Iight-transm ssive
wi ndow menber has a phase separation structure. 8. A polishing apparatus
conprising at |east the polishing pad according to any one of Clains 1 to
7, nmeanscégmisupbliengnasisbr dsessingt waisalcas PUth&sddd $hi ng pad and a
wor kpi ece, neans for naklng t he polishing pad abut on the workpiece and
rel ati vebondbviagerhCYBHMShmagusastamed by hoakdi demoadydmdiishiicth shing,
and nmeans for optically nmeasuring the polished state of the workpi ece
through €Re.| L§ht - vikhsai sompregsdgawpressare of Q.04 ¥ A 2@ cating a
sem conduct or device conprising the step of | i shing surface .of the
seni condgepeitigper: ap&atdonglt fEeguersH RF &Fﬁfusﬁ%e polishing

conditions were as follows: platen diameter: 51 cm, platen

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 um 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



- 70 according to daim8. 10. A platen hole cover conprising a

| i ght-transm ssive wi ndow nenber, the platen hole cover being used together
with a polishing pad having an opening and fixed on a hole of a platen in a
pol i shing apparatus in which the polished state can be optically neasured,
wherein the anount of indentation strain (S 1) neasured under a | oad W
applied to the upper surface of the light-transm ssive wi ndow nenber havi ng
an upper area A" is larger than the amount of indentation strain (S 2)
measured under a load W applied to adgeqgion 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 Caim1l0, wherein S1 z
S 2. 12. A platen hole cover according to either Claiml0 or 11, wherein

t he |i ghtph; aas@i pelishingdpwessnper DsO0SuMpert cihigp DoRAGRLNII &S nabl e
menber. 13. A platen hole cover according to Claim12, wherein the

conpr esspenfovnefiusndert thehipghilghdatocondis Leash descyibedoahaye. 8 MPa.

- 71 14. A platen-hole cover according to any one of Clains 10 to 13,

wher ei n whileasupplping eh maegyFesoIGtigpe off %0h®DM Frntah GHS s ve

wi ndow nenber is di sposed at a position higher than the surface of the

pol i shi ngppayepceharidedol Wodichg Wagd thepsparend andk 2a% polishing. 15. A
pl aten hol e cover according to any one . of C ai 10t 11§ wherein the

|i ght - t r §ABAEBEIB LI FER o %séqyeéiso%h%vio%g tg’em T EEr A-type

horines=28 89/58, CEbeSeahiR b VR MR A SR B0 e
gﬂgsgf SSBEIPS?’P%%JS%P%; &\h\%e r1:‘?‘1ien itnll%nlsiiq;grt _otfr %ﬁeﬁe\/de lvfﬂd}fico‘%é? mber has ?‘
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 reflectcnce. 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



17. A polishing apparatus conprising: the platen hole cover according to
any one of Clains 10 to 16; a polishing pad having an openi ng engageabl e
with the platen hole cover; neans for supplying an abrasive materi al
between the polishing pad and a surface to be pol i shed; neans for making
the polishing pad abut on the surface - 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

wor kpi ece t hrough the Iight-transniQSGﬁg_MAndom1nenber.

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 forming grooves
in a grid shape) in which grooves were formed at a width of
2.0 mm, a depth of 0.5 mm, and a pitch of 45 mm. A
rectangular 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
predetermined thickness was attached to the polishing layer
with a double-sided adhesive taﬁe, 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 ad&ance. 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



18. A nethod for fabricating a sen conductor device conprising the step of
polishing a surface of a semi conductor substrate using the polishing
apparatus according to Claim17. 19. A method for polishing a workpiece
conprising the steps of disposing a polishing pad conprising a polishing
layer, a light-transm ssive w ndow nenber 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 |ight-transm ssive w ndow nenber can abut
agai nst the workpiece; setting the amunt_of indentation strain (S'1)
nmeasured under a |oad W applied to the upper surface of the
l'ighttransm ssive w ndow menmber having an upper area A" to be |arger than
t he amount gf i ndentation strain (S"2) nmeasured under a load W applied to
a regi onlaminaget Andabended &p &he [Fédietorfoihendoshlea&ddsd the pol i shing
| ayer of the polishing pad; and

adhesive tape disposed at the back surface. The resultant

polishihg pad including the light-transmissive window member

was fixed to a platen of the polishing apparatus shown in

Fig. 7 such that the hole of the platen and the light-

transmissive window member 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 exampie 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



- 73 supplying an abrasive material between the polishing pad and the
wor kpi ece while the polished state of the workpiece is being optically
measured through the |ight transm ssive w ndow nmenber.
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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. The 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

had'a 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
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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 prepared. The upper surface of the ligth

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 welght 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 welght 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
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at the polishing layer. A 6-inch silicon wafer provided
with an oxide film was polished with the windowed poliéhing
pad. The number of scratches was small at 17. The blank
reflectance during polishing using the aqueous solution of
xanthan gum was 60%. The reflectance during polishing using
the slurry was 50%, ahd 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 2

A transparent window member composed of transparent ABS
was prepared as in Example 1. A highly deforméble member
composed of EPT sponge EPT#300 manufactured by Daiwabo 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 tabe 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
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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 0.15 mm.
When the same welight 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 3.75 times the amount of indentationvstrain 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
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.
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EXAMPLE 3

By polymerization of MMA, a PMMA sheet with a thickness
of 0.3 mm was formed, and the PMMA sheet was coatéd with
one-part silicone SE9185 manufactured by Toray-Dow Corning
Silicone Co., Ltd. at a thickness of 0.3 mm. Thereby, a
transparent 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 Ltd. was attached to the foamed polyurethane
side of the polishing pad having 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 18.5 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 the laminate was bonded to the
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fillet of the double-sided adhesive tape disposed‘at the
back surface of the polishing pad having the opening.
Thereby, a windowed polishing pad was produced. The upper
surface of the light-transmissive window member of the
windowed polishing pad protruded from the upper surface of
the polishing layer in its periphery by about 0.1 mm. When
a weight of 1,500 g was applied to the 1ight-transmissivel
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 number 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
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Example 3 was fabricated. A highly deformable member
composed of EPT sponge EPT#140 manufactured by Daiwabo 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. An opening of 21 x 59 mm was formed in a Rodel IC-
1000/Suba400 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 welght was applied to the polishing laye¥ 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
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

the polishing layer of the polishing pad by about 0.2 mm. A
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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 17. 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 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'-
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 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
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light-transmissive window member of the polishing pad, the
amount of indentation strain was 0.21 mm. 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 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
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of 18.5 x 56.5 mm with a diamond cutter, and the silicone
rubber was cut with a cutter knife to form a light-
transmissive window member with a shape shown in Fig. 7.
The flexible light-transmissive layer had a micro rubber A-
type hardness of 30 degrees. Using a polishing pad prepared
by bonding a rubber sheet with a thickness of 1.5 mm to an
IC-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 polishihg 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 member. The
number of scratches was small at 5. The blank reflectance
during polishing using the aqueous solution of xanthan gum

was 60%. The reflectance during polishing using the slurry

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



@Cl CJCKCLCSC DvU4  s9110% K': & ()- s910% K': & () - 10M" MLOMM" MLOMM" M
S9! 109" M& ()- ss Y' 100" M& ()- ss Y' 109" M8 () - ~» DDaHHHHHHKY U4
SO#10% K': & ()- s&L0% K': & ()-10: :10: :10: : s SY'10% :& ()--#

S SY"10% K": & ()--# VO 109" & ()- KKKLYLLL|[:vU4 s sSLS, 10% K": & ()- s
s*s10% K': & ()- s( "10% K': & ()- s&810% K': & ()- s9$210% K": & () -
SO#10% : & ()- LONDNENFNMNNNNVU4A sl 10% 8"' & ()- sL 10% 8"' & () -

sL410% 8"' & ()- s&L0% 8"' & ()-10: K':10: K": 10: K": s3.!110% K": & () -sN
OHOOORTR| [ : vU4 63 -

As is clear from this result, the slurry was not.
substantially interposed between the light-transmissive
window member and the wafer, and satilsfactory observation
was enabled.

COMPARATIVE EXAMPLE 1

A rigid polyuréthane sheet with a 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-1oob 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. Consequentiy, the

amount of indentation strain at the light-transmissive
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strain at the polishing layer. A 6-inch silicon wafe
provided with an oxide film was polished with the pol

pad provided with the light-transmissive window membe

don

8" & ()-
r

ishing
r. The

number of scratches was large at 110. The blank reflectance

during polishing using the aqueous solution of xanthan gum

was 55%. The reflectance during polishing using the
was 15%, and thus the decrease in the reflectance was

As is clear from this result, a large amount of the s

slurry
large.

lurry

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 micro rubber A-type hardness of 99 degre

es. An

opening of 19.5 x 57.5 mm was formed in a Rodel IC-1000 at

the position corresponding to the platen hole. Doubl

e-sided

tapeé 442J manufactured by Sumitomo 3M Ltd. were attached to

both surfaces of an NBR rubber sheet with a 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
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the light-transmissive window member of the windowed
polishing pad protruded from the polishing layer in its
periphery by about 0.1 mm. When a weight of 3,000 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 0.05 mm. When the same welght was
applied to the polishing layer with the same pressing Jig,
the amount of indentation strain was 0.04 mm. Cdnsequently,
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 polishing 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
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mm, and a cutout of 13 x 50 mm was fornmed 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 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 indentatlion 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
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58 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 decreése in the reflectance
was small. As 1is clear from thils result, the slurry was not
substantially intérposed between the light-transmissive
window member of the platen hole cover and the wafer, and

satisfactory observation was enabled.
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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. A polishing pad according to Claim 1, wherein

s1/82 = 1.5.

3. A polishing pad according to either Claim 1l 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
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wherein the light-transmissive window member has a phase

separation 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 wqupiece 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
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10. A platen hole cover comprising 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 (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 = s'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.
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14. A platen hole cover according to any one of Claims 10
to 13, whereln 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 membeér has a
reglon 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
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to be polished and relatively moving the 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
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 independent 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 be
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 surface of the polishing layer of the

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

transmissive window member.



