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| nvent i onwbro2iohe®ot abri cati on of sem conductor devices, theca/uss2/eveneed to
perform chem cal nechanical planarization (CW) operations. Typically,
integrated circuit devices are in the-115 formof nulti-Ilevel structures.
At the substrate |evel, transistor devices having diffusion regions are
formed. In subsequent |evels, interconnect netallization |lines are
patterned and electrically connected to the transistor devices to define
the desired functional device. As is well known, patterned conductive
| ayers are insulated fromother conductive |layers by dielectric.
materials, such as silicon dioxide. As nore netallization |evels and
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mechani cal pl anarization (CW) systemis typically utilized to polish a
mafei as descri bed above. A CWP systemtypically includes system conponents
for %andllng and polishing the surface of a wafer. Such conponents can be,
for exanple, an orbital elt polishing pad. The
pad itself is typlcally : T X ital. In operation,
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regions are formed. In subsequent levels, interconnect metallization lines are patterned and

electrically connected to the transistor devices to define the desired functional device. As is
well known, patterned conductive layers are insulated from other conductive layers by
dielectric. materials, such as silicon dioxide. As more metallization levels and associated
20  dielectric layers are formed, the need to planarize the dielectric material grows. Without
planarization, fabrication of further metallization layers becomes substantially more difficult
due to the variations in the surface topography. In other applications, metallization line
patterns are formed in the dielectric material, and then, metal CMP operations are

performed to remove excess metallization.

25 A chemical mechanical planarization (CMP) system is typically utilized to polish a
wafer as described above. A CMP system typically includes system components for
handling and polishing the surface of a wafer. Such components can be, for example, an
orbital polishing pad, or a linear belt polishing pad. The pad itself is typically made of a
polyurethane material. In operation, the belt pad is put in motion and then a slurry material

30  is applied and spread over the surface of fhe belt pad. Once the belt pad having slurry on it
is moving at a desired rate, the wafer is lowered onto the surface of the belt pad. In this

manner, wafer surface that is desired to be planarized is substantially smoothed, much like



whi ch belts, pads, or brushes are used to scrub, buff, and polish one or
both sides of a wafer. 5 Slurry is used to facilitate and enhance the CW
oper at i orwOSRr8992 i s nost usually introduced onto a novi n@CEIESPAOBTF ON
surface, e.g., belt, pad, brush, and the like, and distributed over the
preparation surface as well as the surface of the seni conductor wafer

bei ng buffed, polished, or otherw se prepared by the CMP process. The
distribution is eneral | y acconpl.i shed a cqgnbination of th vement of
the prepdf BT T8 Pabied Prand viihrbsﬁ‘fat% R BB AGREB A b EATR t he
frictionheqated between the sem conductor wafer and the preparation
surface. Figure 1A shows a cross sectional view of a dielectric |ayer 2
undergoing a fabrication process that is common in constructing damascene
and dual danadcérepriomdre (QdRsgsttmetypadallyzatplenment ibaksorbifile odbekle statibns inayer
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fills thdissiRuied)oyedhe peaparationrurfaceerewel jag theygutaco of she sigpigondusios syaler
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(not shown), a chemical mechanical planarization (CVMP) operation is

per f &9 nednovagenippft therfemicandyeior water aubthepliicken sreafes keb&eaynibe sergicorMSIA t he

top netal | i.zati,on 25 erial fromover the dielectric layer 2. For
instance,wagte atgﬁgh\/\%pﬁeﬁarg%gr%ﬁue %, the overburden portion of the copper

| ayer 6 and the diffusion barrier |ayer 4 have been renoved. As is conmpn

in CVP oper at ifpfige TAG&hOWE DREG3! defonllStiew ObHt bNdiclebtiici layad R @dderddife a
overburden netallization and diffusion barrier material 4 is renoved from

over t he fahficaliett tprpeesk atjral 19 copuny dn , canstregtidgr dupassaruiraadt dual damaseens
di ffusion barrier | r 4 is WO Q2/ 078902 PCT/ 2/ 09675 .-3, renmoved from
over 't ho ipapRieet me oy gt e e ka2 My Gy bEFFRYSERd
process depdkited aRer iHecetsh-PhterRéd blieackaffahe wléAse 148F LNOThd 8iffd¥dn barrier
processing. This is commonly referred to as endpoint detection. Endpoint
det ect i ohayenrasae pysdlrkiowvmpeas fypiasdy tivenden gétride (TiN), tantalum (Ta), tantalum nitride
(TaN) or a combination of tantalum nitride (TaN) and tantalum (Ta). Once the diffusion
barrier layer 4 has been deposited to the desired thickness, a copper layer 6 is formed over
the diffusion barrier layer in a way that fills the etched features in the dielectric layer 2.
20  Some excessive diffusion barrier and metallization material is also inevitably deposited over
the field areas. In order to remove these overburden materials and to define the desired

interconnect metallization lines and associated vias (not shown), a chemical mechanical

planarization (CMP) operation is performed.

As mentioned above, the CMP operation is designed to remove the top metallization

25 material from over the dielectric layer 2. For instance, as shown in Figure 1B, the
overburden portion of the copper layer 6 and the diffusion barrier layer 4 have been
removed. As is common in CMP operations, the CMP operation must continue until all of

the overburden metallization and diffusion barrier material 4 is removed from over the

dielectric layer 2. However, in order to ensure that all the diffusion barrier layer 4 is



copper cannot be successfully polished using a tined nmethod. A tined polish
does not 5 work with copper because the renoval rate froma CVMP process is
not stablwoenowym for a tinmed polish of a copper |ayer. Poa/usernemsad rate
for copper froma CWP process varies greatly. Hence, nonitoring is needed
to determni ne when the endpoi nt has beeh reached. In nmnulti-step CW
operations there is a need to ascertain nultiple endpoints: (1) to ensure
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pol i shi n&ysl urry reacts selectively with the netal film being polished.

Anot Her &yapii vemoyed dom onemibe hbeleeia adelier.atléws t ¢nslpaind dstecidore techuiques are
resultin fromth rindjn rocess to yield.i.nformati on on the polishing
b ocess. daaete i a Pl Brel e Rt R SRR used to detect 1 he
nmetal endpoint. The nmethod nonitors the grinding action that takes place

during polishivigy appPiach@nhes %_eéﬁF&%@éefdi fonat @f{dga@in@ dedeh &l 1l R oftihstaBiNCe
fromthe wafer t0 sense acoustical waves generated when the depth of

mat er i al The ewiovart methoHe gevereldy tai he déseifini rabliecdind antiwct dgeqtidneof the
interface to thereb eperate oytput detection signals. Al these nethods
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fricti onnmaiter thg shegnak irernaléy gehesaerewithionthve tanl alue $o pbyssl onchdndcalrdiasgesy .
that occur naturally during the polishing process.
Indirect endpoint detection methods include monitoring: the temperature of the
polishing pad/wafer surface, vibration of polishing tool, frictional forces between the pad
20 and the polishing head, electrochemical potential of the slurry, and acoustic emission.

Temperature methods exploit the exothermic process reaction as the polishing slurry reacts

selectively with the metal film being polished.

Another endpoint detection method demodulates the acoustic emission resulting

from the grinding process to yield information on the polishing process. Acoustic emission

25  monitoring is generally used to detect the metal endpoint. The method monitors the grinding
action that takes place during polishing. A microphone is positioned at a predetermined
distance from the wafer to sense acoustical waves generated when the depth of material
removal reaches a certain determinable distance from the interface to thereby generate
output detection signals. All these methods provide a global measure of the polish state and

30 have a strong dependence on process parameter settings and the selection of consumables.



Direct endpoint detection nethods nonitor the wafer surface using acoustic
wave velocity, optical reflectance and interference,

i npedancewomadueddance, el ectrochemcal 5 potential chang@cCadusoreerhe
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detection. The change in the reflectivity as the polish transfers from one
met al  t otuhehaRes 1 he shea ferse gben Pplishigs ransHione from ongwmaicrighlaye|ty theneat.o5

single ' i e ' ver |
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consummabl es. In dielectric CVMP applications, such_single wavel ength
endpbl nt séacect Moreaves Hae qortBodiiss éestripied &0 @i linedy aptidye whigh tequisesnamairy
measur e nodi fference between the thickness of a wafer but typically
cannot mBasuUPe the actual 30 thickness of the wafer. WO 02/ 078902

PCT/ US02/ 09675 -5 Broad band nmethods rely on using information in rmultiple
wavel engt hs offhékéave been many proposals to detect the endpoint using the optical reflectance

from the wafer surface. They can be grouped into two categories: monitoring the reflected
optical signal at a single wavelength using a laser source (such as, for example, 600nm) or
20  using a broad band light (such as, for example, 255nm to 700nm) source covering the full
visible range of the electromagnetic spectrum. Another method uses a single wavelength in
which an optical signal from a laser source is impinged on the wafer surface and the
reflected signal is monitored for endpoint detection. The change in the reflectivity as the
polish transfers from one metal to another is used to detect the transition. Unfortunately, the
25  single wavelength endpoint detection has a problem of being overly sensitive to the absolute
intensity of the reflected light, which has a strong dependence on process parameter settings
and the selection of consummables. In dielectric CMP applications, such single wavelength
endpoint detection techniques also have a disadvantage that it can only measure the
difference between the thickness of a wafer but typically cannot measure the actual

30  thickness of the wafer.



el ectromagneti c spectrum where a spectroneter is used to acquire an
intensity spectrumof reflected light in the visible range of the optical
spect rumwbDm2oe96t CMP applications, the whole spectrum PETASEL046E5

cal culate the end point detection (EPD signal). Significant shifts 5 in
the detection signal indicate the trandition fromone netal to another. A
common problemw th current endpoint detection techniques is that sone

degree of over-etching is required to ensure that all of the caonductive
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order to acconplish optical end-point 25 detection, a pad slot 12a is
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WO 02/ 078902 begEresoshews agprior art belt CMP system 10 in which a pad 121s deSigned to

rotate around rollers 16. As is common in belt CMP systems, a platen 14 is positioned

under the pad 12 to provide a surface onto which a wafer will be applied using a carrier
20 18 (as shown in Figure 1D). The pad 12 also contains a pad slot 12a so end point
detection may be conducted as described in Figure 1D.

Figure 1D shows a typical way of performing end-point detection using an optical
detector 20 in which light is applied through the platen 14, through the pad 12 and onto
the surface of the wafer 24 being polished. In order to accomplish optical end-point

25  detection, a pad slot 12a is formed into the pad 12. In some embodiments, the pad 12
may include a number of pad slots 12a strategically placed in different locations of the
pad 12. Typically, the pad slot 12a is designed small enough to minimize the impact on
the polishing operation. In addition to the pad slot 12a, a platen slot 22 is defined in the
platen 14. The platen slot 22 is designed to allow the optical beam to be passed through

30 the platen 14, through the pad 12, and onto the desired surface of the wafer 24 during
polishing.



-6 By using the optical detector 20, it is possible to ascertain a |evel of
renoval of <certain filnms fromthe wafer surface. This detection technique
i s desi grwo oeo7svensure the thickness of the film by insp@cmiusg2odses
interference patterns received by the optical detector 20. Additionally,
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transmission through an optical window without any slurry on top of it. Unfortunately,

20  when the light is blocked by slurry as occurs in prior art flat optical window systems,
intensity of the light transmitted to the wafer and received back from the wafer by an optical
detection unit is decreased (signal/noise decreases) as shown by a curve 44 which is a
typical prior art profile curve. Therefore the curve 42 is not achieved by prior art systems
when slurry accumulates in the polishing window.

25 Once a fourier transform 50 is conducted, a peak 46 and a curve 48 are shown in a
lower graph 43 showing end point detection (EPD) intensity. The lower graph 43 has a
vertical axis of intensity and a horizontal axis of thickness. The peak 46 of the lower graph
43 is produced by way of the fourier transform 50 of the curve 42, and the curve 48 is
produced on the lower graph 43 by the fourier transform 50 of the curve 44. If an optical

30 signal received by the optical detection is weak, as shown by curve 44, then the curve 48 is

fuzzy and not as sharp as the peak 46 which results from reception of a strong optical signal
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uni t romth fer as shown in Figure 1E. Because the prlor art opti cal
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slurry f I'nto nor e
is creat eﬂvela'ﬁg'tﬁsﬂgnylsm gni fi cant I y reduce wafer poI ishing accuracy and
resul tant wafer production reliability. Such a decrease in wafer poI i shi ng

accuracy may GHpianate]y sheypripr aginethod ﬁ&fﬂ SHBUHE fob rengrRedRfcdstestiony i £MP
ConsequegﬁérXtiontsIﬁ%s&scnbed in reference to Figures 1A, 1B, 1C, 1D, 1E, and 1F have various

problems. The prior art apparatus also has problems with oxide removal where too much or
20  too little may be removed due to inaccurate readings in optical endpoint detection resulting
from accumulation of slurry in the flat optical window. Specifically, the accumulation of
slurry often decreases the intensity of optical signal received by the optical detection unit
from the wafer as shown in Figure 1E. Because the prior art optical windows are
configured to be flat in a polishing pad opening, slurry dispensed during CMP pools in the
25  polishing pad hole. As more and more slurry flows into the polishing pad hole, more
optical signal interference is created. This may significantly reduce wafer polishing
accuracy and resultant wafer production reliability. Such a decrease in wafer polishing
accuracy may serve to significantly increase wafer production costs. Consequently, these
problems arise due to the fact that the prior art polishing belt designs do not properly control

30  and reduce slurry accumulation on top of the optical window.



problens arise due to the fact that the prior art polishing belt designs do
not properly control 30 and reduce slurry accunul ation on top of the

opti cal vwodem7soVD 02/ 078902 PCT/ US02/ 09675 -8 Ther ef or e PCrhisn®09635 a need
for a nethod and an apparatus that overcones the problens of the prior art
by having a polishing pad structure th&t reduces slurry accunulation over
an opti cal mﬁndOM/that further enables nore consistent and effective end
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polishing 20 pad ring operation, and the shaped optical w ndow is
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polishing pad. that is 25 attached to a top surface of the support | ayer

and a flexibl g gpt L3l 1¥iteﬂﬂ%¥¥ op%@g \;Jﬁ'ﬁo ls(?t)ﬁ Qllrc?m Hd% I\Me% Quh1aling§St
dit1 ayer

partially protrudes In port
and the poldisbiingudsad prart aayer ﬂfaeﬁsm ﬁmmr@pmnt Ba@elt ihcﬁa bmltamm@ayéracm of

the Tl eXLctl)clligon, the optical windows structure has a polishing pad which is attached to a top

surface of the support layer. Furthermore, the optical window structure has an optical

window opening and a shaped optical window. The shaped optical window at least

partially protrudes into the optical window opening in the support layer and the polishing

20  pad during operation, and the shaped optical window is separated from a side wall of the
polishing pad

In another embodiment, an optical window structure is provided. The optical

window structure includes a support layer where the support layer has a reinforcement layer

and a cushioning layer. The optical window structure also includes a polishing pad. that is

25  attached to a top surface of the support layer and a flexible optical window, and the flexible

optical window at least partially protrudes into an optical window opening in the support

layer and the polishing pad when air pressure is applied to a bottom surface of the flexible

optical window. The flexible optical window, when partially protruded, is separated from a

side wall of the polishing pad.



optical wi ndow. The flexible optical w ndow, when partially protruded, is
separated froma side wall of the polishing pad. WD 02/ 078902

PCT/ US02/WOaZ578960 | n yet anot her enbodi nent, an optical WwCmUmA2/E%ruCt ure
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shaped optical w ndow. The shaped optfcal w ndowis configured to at |east
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pol i shing pad_during operatjon, and the shaped optical windowis 5
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shaped OBIahsﬁiach@)@gymhg (%gfaﬁbﬁé v HRFRr dHirftest (1o AMMMMALL artf oAk HifiaBG). t hat
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understood by the followi ng detailed description in conjunction wt e
acconpanttiengrestmawmvegtion Tuayf wdizkiat shiaped ids rajsed copitioali wimdow! tiokeep esfueryeirem
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signals through the shaped optical window to accurately determine the amount of polishing

that has been completed in a CMP process.

Other aspects and advantages of the present invention will become apparent from
the following detailed description, taken in conjunction with the accompanying drawings,

20  illustrating by way of example the principles of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be readily understood by the following detailed
description in conjunction with the accompanying drawings. To facilitate this description,

like reference numerals designate like structural elements.

25 Figure 1A shows a cross sectional view of a dielectric layer undergoing a fabrication
process that is common in constructing damascene and dual damascene interconnect
metallization lines.

Figure 1B shows a cross sectional view of a dielectric layer after an overburden

portion of the copper layer and a diffusion barrier layer have been removed



Figure 1B shows a cross sectional view of a dielectric |layer after an
overburden portion of the copper |ayer and a diffusion barrier |ayer have
been r enowed2MBB902/ 078902 PCT/ US02/ 09675 -10 Figure 1C siromaisa2/qmordr art
belt CWP systemin which a pad is desid%ned to rotate around rollers.
Figure 1D shows a typical way of perfot’m ng end-point detection using an
optical detector in which light is applied through the platen, through the
pad and onto the surface of . 5t er bein ol i shed. Figure | E shows a
Gl “oraph of T 5ishovaerer b AHARE SRR Mautrh bR demiznih 408 oad
spect r umyefinlii-@fis. end point detection that illustrates polishing distance
detection. Figure 1F illustrates a prior art flat optical w ndow system
for use duri nfigandlPchots a dgtieat iagof perfanifepl-passdetection ksigpgme opicdhows a
top view of a CVMP system accordjng tq one enpodi hrent of the resent

i nventi o H@teﬁpwr%hlgfﬁgwdﬁép%lw& thytigh thg Rletes, leipel {hetnamhand ogtoB 8F%E Ofi ¢ h
one eabodj esent invention. Figure 3 shows an optical w ndow
secti%ﬁ g*‘ﬂgﬁ%ro?e?é #ﬂghg%d in accordance with one 15 enbodi ment of the
present i nvenFigure 1Eswea dus lreaph of ead peiandgtesiotelaid ebtainéd iomapilizinga
detection area in accordance with one enbodi nent_of the present_ invention.
Fi gure 5DEREwReAHMbRE ligh endpaiabdetestiondhalilbusfjates palishing distaacofaiectian. wi ndow
in accordance: s ; ' j - ' e 6
Shove. & opt 1 o512 T ERRuFER 8 BHPERL AR odioR BERSE e RGN Wripe b bOMES

i n accor dasetonintaCPerecdaedi nent of the present invention. Figure 7
illustrates a_side view of an optical w ndow structure in accordance wth
one &rbodi nentigire 2Ashpve s &an vipwad a{GMR systerg aeeording [to org erabedimgntsifdke vi ew
of a opti ceal tv.vi ndﬁw structure with a flexible optical 25 wi ndow in

accor dan@& W N BH&"enbodi nent of the present invention. Figure 9

i1 Tustrates amigp2Bahowt AEiAWvisw HiCs OV Wkieh id aBEGdieREEh Sitapesbdanédtcal
wi ndow i n accordance with one enbodi nent "of the present invention.
of the present invention.
Figure 3 shows an optical window section of a polishing pad in accordance with one
15  embodiment of the present invention.
Figure 4 shows a cut-away side view of an optical detection area in accordance with
one embodiment of the present invention.
Figure 5 shows an optical window structure with a flexible optical window in
accordance with one embodiment of the present invention.
20 Figure 6 shows a optical window structure with a pre-formed shaped optical window
in accordance with one embodiment of the present invention.
Figure 7 illustrates a side view of an optical window structure in accordance with
one embodiment of the present invention.
Figure 8 illustrates a side view of a optical window structure with a flexible optical
25  window in accordance with one embodiment of the present invention.
Figure 9 illustrates an optical window structure with a pre-formed shaped optical
window in accordance with one embodiment of the present invention.
Figure 10A shows a magnified top view of an optical window structure in
accordance with one embodiment of the present invention.

30 Figure 10B shows a magnified view of the region of the optical window structure of

Figure 10A.



Fi gure 10A shows a magnified top view of an optical w ndow structure in
accordance with one enbodi nent of the present invention. 30 Figure | OB
shows a magreforsed2 vi ew of the region of the optical w ndorRCItusoroewsre of
Figure 10A. WD 02/078902 PCT/US02/ 09675 -11 Figure 11 shows an opti cal
wi ndow structure during CMP in accordalice with one enbodi ment of the
present inventi on Figure 12 shows an optical wi ndow structure with a

pre-forned sh cal w ndow during a CVP, process in accordance W th
one enbodi nent e?ﬁéh‘b‘?’%%rb?ﬁncﬁf)wf‘a@m%“@ﬁmﬂ NB 18 gecradanse st ang

W ndow s d shaped optical w ndow that has slanted
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the present i migureildshovEA bitichl WHICKI SBTEON With hipke-RirideERhiad bBeaDl VMENTS 10
An invention is disclosed for a nore efficient, inproved CMP pad and belt
st ruct ur &vindgy ﬁue%bga/f%aqcearm\ﬁr%mge Wﬁatonﬁﬁ@bﬁé’#@nrt akthstsgsentt o slurry
accunyl agﬁ‘% niigpd therefore increase reception of light intensity by an
opti cal tection unit due to less slurry in an optical w ndow hole. In
the fol | ow ng FigseB plidwan optivel wiiglowpaatticwille b rd-foraied sbaledopfitd i n

order to provide a thorough under st andi ng of the present invention. It wll
be under StiBeR}y thes hasoshensed sidesutiized dering I NVE? prosess in agaerdanee with onehat t he

pr esent | d wthout some or all of these specific
details. FI\B%H% Qopﬁ‘étpgeﬁsglg{ﬁ%ﬂt% known process operations have not been
described in detail pr esent

i nvention. In g 3 oward a

sha opt i caI -‘ﬂ. 2 ructure and thod for uctin d point
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The shaped optical "w ndow structure includes a polfshing pa a support
| ayer andlncmezfsbarprequnomtorf daght inteuekdow. byT e opticeh eldtcotidn ait druenﬁd»olcssrﬂyrrhen an
configured t sl.urry accumul ation on top of it., In this way, the
shaped oﬁprleairww? Ewem&g/ tfree'f&ﬁewnzfﬁeﬁqr@tlaﬁnlaﬂwerers wseificaletails arrsyet Eathoin

bl ocked Ryyd:hg p?cl\h'&é y tﬂd?oﬁgq’ldﬁ‘rﬁi%gt&ldfﬂgn& tgevlgresent invention. It will be understood,

15 however, by one of ordinary skill in the art, that the present invention may be practiced

in o der ssarrl

L -.r:

not to unnec obscure the

without some or all of these specific details. In other instances, well known process
operations have not been described in detail in order not to unnecessarily obscure the

present invention.

In general terms, the present invention is directed toward a shaped optical window

20  structure and method for conducting end point detection. It should be understood that the
shaped optical window structure may also be referred to herein as an optical window
structure. The shaped optical window structure includes a polishing pad with a support

layer and a shaped optical window. The shaped optical window may be configured to
reduce slurry accumulation on top of it. In this way, the shaped optical window may reduce

25 the amount of optical transmission blocked by the slurry introduced during CMP.
Consequently, the intensity of optical reflection received from the wafer surface through the
shaped optical window of the present invention may be stronger than if a prior art flat
optical window is utilized thereby optimizing determination of the amount of polishing that

has been completed in a CMP process. In this way, optical signals of optimal intensity may

30  be transmitted and received by an optical detection unit located below the shaped optical



Consequently, the intensity of optical reflection received fromthe wafer
surface through the shaped optical w ndow of the present invention may be
st ronger wban/orf0zn prior art flat optical w ndow is util iPpeedSthersedy
optim zing determ nation of the anmount of polishing that has been
conpleted in a CMP process. In this way; optical signals of optinal
intensity may 30 be transmitted and received by an optical detection unit

| ocat ed bel pw t he shaped tic WD. 02/ 078902 RCT/.US02/ 0967 -12 wi pdow
St ruct ur ST STGRSF 8RS 4 s BaEe LS SRBO! GPLTR LAl B bR PR Hoen
conpl et egy 4 CRR xsprocess. In a preferred enbodi nent, a polishing pad of
t he shaped optigal w ndow structure is designed and made as a conti guous
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adhesi ve al thou an vvaci/ of securing attachnment may be utilized. shaped
Cat
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in any iLch.enables the optical w.ndow.to reduce . the ampunt of slurry
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reduce the anount of optical transm ssion blocked by slurry introduced
during epdlighdigpaciest thetsupport lageniseanyeray yhichtesablas thesontigabivindpwi toakduce
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i nclude a polishing pad (or pad layer) in addition to any other structural
conponenambhit ofreptidak tuahsrhisgien bilocked yushaty arrodutéd timeng pod ipshit migteptidn.such

as, for anpl e, the .cushi oni ng. | r,.the support |layer, a_.reinforcenent
aver - ahpreRgl: Gl Riean oo gigal S iop oce AP e Elrb SOTE ST G

reinforcenenl JyaY "wirldSuBof il PGS iS¥eakhn tfﬁelgi be H}_@n%?'théh'ifng fla@@ﬁw in
t he shaped optrcal w ndow structure may 20 In elther a generic pad form

a belt f optigal eindowyisattiieed.f orm t hat may be utilized in a CMP process such
as, for exanple, a seam ess polyneric polishing pad, a seanl ess polyneric

pol i gfii ng bel trhe RRAPLARIPiBaIPRINISW SAdictadmaf ihdliRAE pOIRdhingPPA (R phd 18Rt ighi ng
pad, polyneric polishing belt, a polishing |layer, a polishing belt, etc.
The pol i sédifign padnyrephdsestmttugal monponentahet magrheeutilizelan qomgneriaibivith thel udes
a stainl %gﬁsh‘%gegalld sru%il %];,Otro% g}?&?ﬂ%le,l {¢ %lris'hianlfrrlg;E ae}}/er:rrjg{eedup{)gg layer, a reinforcement
layer, any shaped optical window, etc. In a preferred embodiment, the reinforcement layer
is a stainless steel belt. The polishing pad within the shaped optical window structure may
20  bein either a generic pad form, a belt form, or any other form that may be utilized in a CMP
process such as, for example, a seamless polymeric polishing pad, a seamless polymeric
polishing belt, polymeric polishing pad, a linear belt polymeric polishing pad, polymeric
polishing belt, a polishing layer, a polishing belt, etc. The polishing pad may be of a multi-
layer variety that preferably includes a stainless steel reinforcement layer. Furthermore, the
25  shaped optical window structure of the present invention may be utilized in any type of
operation which may require controlled, efficient, and accurate polishing of any surface of

any type of material.

One embodiment of the shaped optical window structure as described below
includes three basic structural components: a polymeric polishing pad, a support layer, and a

30  shaped optical window. The support layer, as used herein includes at least one of a



25 shaped optical wi ndow structure of the present invention nmay be utilized
in any type of operation which may require controlled, efficient, and
accur at e woloesbdony of any surface of any type of nmateri alPCT@se2/emsbddi ment
of the shaped optical w ndow structure as descri bed below includes three
basi ¢ structural conponents: a polyneri3c polishing pad, a support |ayer,
and a 30 shaped optical w ndow. The support |ayer, as used herein includes
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arouh@ rcorductedgitidizingstha epparatys effbe peeserd inieaiest ood t hat the polishing pad
102 may include a 15 polishing layer with a support |ayer which may include
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understood that the polishing pad 102 nmay nove at any speed to optimze the
reinforcement layer. The polishing layer may be secured to the support layer by using a any
type of glue or other adhesive material such as, for example a 3M 467 adhesive. In another
embodiment, the polishing layer may be secured to support layer through a direct casting of
polyurethane on top of the support layer. The polishing pad 102 preferably includes an

20 optical window 110 of the present invention through which end point detection may be

conducted.

The polishing pad 102 may rotate in a direction 112 indicated by the arrow. It
should be understood that the polishing pad 102 may move at any speed to optimize the
planarization process. In one embodiment, the polishing pad 102 may move at a speed of

25  about 400 feet per minute. As the belt rotates, a polishing slurry 109 may be applied and
spread over the surface of the polishing pad 102 by a slurry dispenser 111. The polishing
head 106 may then be used to lower the wafer 108 onto the surface of the polishing pad 102.
In this manner, the surface of the wafer 108 that is desired to be planarized is substantially

smoothed.



pl anari zation process. In one enbodi nent, the polishing pad 102 may nove at
a speed of 25 about 400 feet per mnute. As the belt rotates, a polishing
slurry 1080map749e2 appl i ed and spread over the surface of pChaSpwbdsshi ng pad
102 by a slurry dispenser 111. The polishing head 106 nmay then be used to
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Figure 2B shows a side view of a CMP system 100 in accordance with one

20  embodiment of the present invention. In this embodiment, the wafer 108 is lowered onto
the polishing pad 102 by polishing head 106. As this happens, the slurry 109 may be
applied to the polishing pad 102 by the slurry dispenser 111 to enhance the polishing of the
wafer 108. An optical detection area 116 may include an optical window structure
(described below in reference to Figures 3-13) where end point detection may be conducted.

25  Therefore, there may be a hole in the polishing pad 102 and the platen 118 through which
optical signals may be transmitted and reflected. By use of the CMP system 100, accurate
polishing results may be obtained due to more precise polishing distance readings.

Figure 3 shows an optical window section 200 of a polishing pad in accordance with
one embodiment of the present invention. In this embodiment, the optical window section

30 200 includes an optical window opening 206 with a shaped optical window 208. It should

be appreciated that other types of shaped optical windows may be utilized such as, for



(described below in reference to Figures 3-13) where end point detection
may be conducted. 25 Therefore, there may be a hole in the polishing pad
102 and twe oplozgoen 118 t hrough which optical signals nmayPog/usezmn tted
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In another embodiment when a pre-formed shaped window is utilized (as also
discussed below), the optical window opening 206 has a length dag, of about 0.5 inch to
20  about 1.7 inches. In this embodiment, a width dao4 of the optical window opening 206 may
be about 0.4 inch to about 1.3 inches. In a preferable embodiment when the pre-formed
shaped optical window is utilized, the length djo; can be about 1.1 inches and the width dao4
may be about 0.8 inch.
By use of the shaped optical window 208, slurry buildup may be kept to a minimum
25  and optical signal transmission through a shaped optical window structure may be kept at an
optimal level.

Figure 4 shows a cut-away side view of an optical detection area 116 in
accordance with one embodiment of the present invention. In one embodiment, the
polishing pad 102 has an optical window opening 206. The optical window opening 206

30 may contain a flexible optical window 254 that moves in a direction 255 to become a

shaped optical window 208 when air pressure 252 is applied from the platen 118.



shaped optical windowis utilized, the |length d202 can be about 1.1 inches
and the width d204 nmay be about 0.8 inch. By use of the shaped opti cal
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transm ssion through a shaped optical w ndow structure may be kept at an
optimal level. Figure 4 shows a cut-awdy side view of an optical detection
area 116 in accordance with one enbodi nent of the present invention. In
one enbodi nent, the polishing pad 102 has an optical w ndow gpeni ng 206.
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252 i s ntte fxppble edticdl vanddva @64 bequinies ahe shaped optical window 208. The thickness of
the flexible optical window 254 may be managed to determine the amount of bowing
depending on the air pressure from the platen. Once the optical window opening 260
finishes passing over the platen and the air pressure 252 is not applied, the shaped optical
20  window 208 becomes flat and reverts back to the optical window 254. The optical window
254 remains flat until that portion of the polishing pad 102 again rolls over the platen 118.
It should be appreciated that the flexible optical window 254 may be any type of transparent
or semi-transparent material that may be flexible and thin enough to controllably transform
into the shaped optical window with application of the air pressure 252 such as, for
25  example, mylar, polyurethane, any transmitting polymeric material, and the like. In one
embodiment, the flexible optical window is made from an polyurethane material enabling
optical signal transmission that may be between about 2 mils (0.002 inch) to about 14 mils
(0.014 inch) in thickness. The thickness may be varied depending on the amount of bowing
in desired. In another embodiment, the flexible optical window 254 can be about 6 mils

30  (0.006 inch) in thickness. By use of such flexible optical window that may transform into a

shaped optical window, the present invention reduces slurry buildup on a top surface of the
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(.050 inch) to about 150 mls (.15 inch) in thickness.” The 15 length of the
portion dexiblewindexi 2iemapbe etitchai holthe REighing padhd 02 ayd diild banble tadoinoig as
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under st 00g4 thatvd fitichtEW Bk SHoBRiihE Bhd WoDEPRy way such as, for example, by way of
any type of adhesive, pins, etc. In one embodiment, the flexible optical window 254 may be
20  attached to the polishing pad 102 over a distance dag3 of between 1/8 inch to 1.0 inch. In a
preferable embodiment, the distance d,s3 is about 0.5 inch.
When the flexible optical window 254 bubbles up, it moves in a director 255 to form
a shaped optical window 208. Therefore, as the polishing pad 102 is polishing the wafer,
the shaped optical window 208 forms and slurry that was located on top of the flexible
25  optical window 254 falls away thus increasing optical signal intensity through and from the
shaped optical window 208. It should be appreciated that the flexible optical window 254
may bubble up any amount of distance which would permit better slurry draining from the
surface of the shaped optical window 208 and permit optimal optical signal transmission to
and from an optical detection unit (which may be located below the shaped optical window

30 208). In this way, more accurate readings of CMP progress may be made.



254 may be attached to the polishing pad 102 in any way such as, for
exanpl e, by way of any type of adhesive, pins, etc. In one enbodi nent, the
fl exi bl e wptoozd9omi ndow 254 may be 20 attached to the pol iPshiusg2/psds 102
over a distance d283 of between 1/8 inch to 1.0 inch. In a preferable
enbodi nent, the distance d283 is aboutl®9.5 inch. Wen the flexible optical
w ndow 254 bubbles up, it noves in a director 255 to form a shaped opti cal
wi ndow 208. Therefaore, as the polishing pad 102 is polishing the_ wafer,
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be evacu%&&: (1102 ag' s tn 89*&%%@8 ﬁgoa wthhc% 185? be between about 0.010 inch to about 0.030

inch. In a preferable embodiment, the distance dzp4 can be about 0.020 inch. In one

20  embodiment slurry may be outputted into polishing pad grooves as discussed below in
reference to Figure 13. It should be appreciated that the pre-formed shaped optical window
may be any shape when seen from above such as, for example, an oval shape as described in
further detail in reference to Figure 3. Therefore, the optical window structure 300 reduces
slurry accumulation in an optical window opening and therefore maintains optimal optical

25  signal transmission and reception by an optical detection unit. This enables accurate
polishing utilizing advanced end point detection.

Figure 7 illustrates a side view of an optical window structure 320 in accordance
with one embodiment of the present invention. In this embodiment, the optical window
structure 320 includes a polishing pad 102, a support layer 330, and a flexible optical

30  window 254. The polishing pad 102 may be any type of pad with any type dimension that

would enable accurate and efficient polishing such as, for example, an IC 1000 pad made by



formed shaped optical w ndow 302a can be recessed bel ow the top surface of
the polishing pad 102 as shown by distance d304 which may be between about
0. 010 i ncwotoe/ozout 0. 030 inch. In a preferable enbodi nrelrCI/usShro®iIst ance
d304 can be about 0.020 inch. In one 20 enbodi nent slurry nmay be outputted
into polishing pad grooves as discussed-below in reference to Figure 13.
It should be appreciated that the pre-forned shaped optical w ndow nay be
any shape when seen from ahove such as, for_ exanple, an oval shape as,
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way, optical window 254 in accordance with one embodiment of the present invention. In this
embodiment, a polishing pad 102 is attached to a support layer 330 with the flexible optical

20  window 254 attached to the polishing pad 102 but not to the support layer 330. The support
layer 330 includes a cushioning layer 330a and a reinforcement layer 330b. In this
embodiment, the flexible optical window 254 is only attached to the polishing pad 102 and
is not attached or connected to another layer below it. It should be understood that the
flexible optical window 254 may be attached to the polishing pad 102 by any type of

25 adhesive or by way of any mechanical connection. As described in reference to Figure 7
above, when air pressure from an air platen pushes upward, the flexible optical window
bubbles upward in direction 255 to form a shaped optical window 208. Consequently,
whenever the optical window structure 340 moves over the platen during CMP (and under a
wafer), the shaped optical window 208 forms.

30 Figure 9 illustrates an optical window structure 370 with a pre-formed shaped

optical window 372 in accordance with one embodiment of the present invention. In this



15 slurry that may have accunul ated on the flexible optical w ndow 254 may
slide off thus optimzing optical signal transm ssion and reception in end
poi nt detwotoeorrooFi gure 8 illustrates a side view of a. opCiramsb2/ed6ntiow
structure 340 with a flexible optical w ndow 254 in accordance with one
enbodi nent of the present invention. I#-this enbodinment, a polishing pad
102 is attached to a support layer 330 with the flexible optical 20 w ndow

254 attached to the polishing pad 102 but not to the supcgort | ayer 330. The
support cmbpdimenshe qpticed adndow: sigyntye BAQ inclydes apotishing gad 10% jasrbparbleseh

| 33 . . L : . ) . |
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anot her lcagtgonibe layer B30a drd sietiibdetentunyte 330 odidhhat comrctetllt@xaddl @haiby cal

wi ndow 254 nmay be attached to the polishing pad 102 by any type of 25
adhesi ve 28Y tyg afaghesiveanfhaamrarilewsr 330 mas @lsodttaches tgdbe pplishing npdridR&rvence

to Figur g, fan POV ea AL & LanBLGSSHE AL SRMMAT S/ oM BL 8Rr PAS NSHmRYRLS, the
9 W u dD to

flexible optical wn es upward in dirrectron 2 orm-a Shaped

optical \ainstow, 208. ACensS30esilden thehaBeweied fpediopted] WndeWVE 7t T tHer €
340 noves over the glaten during CW (and under a wafer), the shaped

opti cal WoHshing pEB19Hmey beny mitiance soch a9, dent exampie, datvigeniabant Whihshes to

structure, 37 jth, a pre-fornmed sh d ical ,w, ndow 372 i or dance
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PCT/ US02/i#) 96difon,-id An6ikeP 8inBBdnent fedRpibedah g av-sl inUeferwite &/ Pighigligdes a
polishing pad 102, a support l|layer 330, and the pre-fornmed shaped opti cal

wi nddO 3722d 13Hbe tpmyolece phihe praBomed shapdeé eptical wirgdovoRTnpay by eaced8da and a
rei nforcenent J ayer. 330b. which are cqnnected.to.each. ot her any._type of
Cdhes: ve. The SEFoROF AP SR HepeREBILES SOREGES oA peFeas TP 102
by 5 an adhggiy %j@%@ﬂdq?%ie&u SRERIES ot pﬁbﬂiﬂ%oﬁ%éaﬂ%ndow ébﬁwpwa&lgte‘&i‘l?, a

rubber - based adhesive, e gap 382 between t pre-forned shape
optical wifhefahe piR2foamdd shapedppticahiindow 802 102 angrypotreormmpludilsy ahgwosescdf as,

for exampl e, betwee out. 0.02 inches to out Q.12 inches. Ina .

pr ef er ablie BrliBEREntL fi hg?ﬁ f%g‘ztoglé?lfﬁ‘&b%‘fb‘gatpi??%@é ?hgﬁ’?élr@wél wigdow
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described below.in reference to Figure 12, slurry which would typically
accumul afBd &srepiomenables Basier alishig distiace gagieeraei dpsplwipn thereby increasing

accuracy of CMP procedures. This in turn may then increase wafer yield and decrease
wafer production costs. In addition, the pre-formed optical window 372 may extend the
20  useful life of the polishing pad 102 and the support layer 330 because if for some reason, the
pre-formed optical window fails, then the pre-formed optical window may be replaced (by
re-adhesion) without disposing of the polishing pad 102 and the support layer 330.
Figure 10A shows a magnified top view of an optical window structure 400 in
accordance with one embodiment of the present invention. In this embodiment, the optical
25  window structure 400 includes a shaped optical window 208, a plurality of polishing pad
grooves 404, and a plurality of polishing pad surfaces 402. Region 406 is a section of the
optical window structure 400 that is discussed in reference to Figure 10B below.
Figure 10B shows a magnified view of the region 406 of the optical window
structure 400 of Figure 10A. In this embodiment, the region 406 illustrates one groove of
30 the plurality of polishing grooves 404. Tt should be understood that the groove may be any

size that would enable effective wafer polishing and good slurry evacuation from a top



off of the pre-formed shaped optical w ndow 372 into a groove or a
plurality of grooves of the polishing pad 102. Therefore, a top surface of
t he pre-fwormed7®baped optical wi ndow 15 372 may stay rel atcraisg2/edeeqr of
slurry thus enabling optinmal transm ssion and reception of optical signals
by an optical detection unit. Such optimization of optical signal

transm ssion and reception enabl es better polishing distance neasurenent

then | nopaied arbpdl T AT ReaR i ARE tmBes i, BeBr L pg petiepf bt ™
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present i'nvention. In this enbodinent, the optica 25 wi ndow structure 400
i ncludes a shﬁpsmuhbbe aaderstood dvat 208emboditnena| dessritetl ipdfipsis hY tpadglyddoves

404, and a I|t of., polishing pad surfaces 402. Region 406 i.s a section
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window 208 may be significantly reduced and therefore increase optical signal transmission

intensity thereby substantially optimizing accuracy of end point detection.

20 Figure 12 shows an optical window structure 600 with a pre-formed shaped optical
window 302b during a CMP process in accordance with one embodiment of the present
invention. In this embodiment, the pre-formed shaped optical window 302b can be attached
to a polishing pad 102 preferably by an adhesive. In one embodiment, during CMP, slurry
109 may be applied to the polishing pad 102. The slurry 109 may then enter into an optical

25  window opening where the pre-formed shaped optical window 302b resides. Because the
pre-formed shaped optical window 302b is raised to a small distance below a top surface of
the polishing pad 102, the slurry 109 does not accumulate on the top surface of the pre-
formed shaped optical window 302b. Instead, in one embodiment, the slurry 109 may flow
off of the pre-formed shaped optical window 302b into a plurality of polishing pad grooves

30 404 as shown by direction 616. The slurry 109 may also flow into a channel between the
pre-formed shaped optical window 302b and the polishing pad 102 as shown by direction



one enbodi nent of the present invention. In this enbodi nent, the optical
w ndow structure 500 includes a shaped polishing w ndow 208 that can be
att ached wo oaopgob: shi ng pad 102. \Wen the optical w ndowPsrruser/eases 500
rolls over an air platen, an air pressure 506 pushes up and forns the
shaped pol i shing wi ndow 208. When this2occurs a slurry 109 that was on 15
top of the shaped polishing wi ndow 208 falls to the side of the shaped

olishin i ndow 20 r flo into.a plurality.of groov 404 by flo
i rect | ofLes¢amseautiaty Bireuseaine ByF-{remBe ShaH abUF BRIV S Ha s BPOE (e
500, sl UEﬁQée%?“ﬂHH' S @M RN +d %Bc&ﬁulﬁtl%ewﬁi%ﬁpﬁﬂy Ocﬂbél@%'pti_céﬂ" 3 308emmabe
significantly reduced and therefore increase optical "signall transm ssion

i nt ensi t yigntieaethy axlithstedioreiindrbaseopplioad gigng teemsmisaion anfl recegtipmbpan dgtiedt i on.
20 Figure 12 shows an optical w ndow structure 600 with a pre-foaned. shaped
opti cal - SGPHTTD 2D BOE Sadgseon it e Bt shari: Sodeel iesea B GR: mon
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618. Consequently, because of the pre-fornmed shaped optical w ndow 302b,
t he anmoung, b prespridavénsionttndy grlableragcure® and eiiaeemh P MPenomttingsaynese ¢ERct

optical signals.is reduced signifjcant]ly and therefore increases;opti,cal
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be unsler dvagdydtlidfroditgioncBsts.or med shaped optical w ndow nmay be 5 any

t hi ckness that woul d reduce slurry accunul ati on conpared to a flat optical

wi ndow. In  offfeguesrbddhomshen optical prieddvostmedurs VAP evithoppreetormad stkped repticdave
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optical window 302c is attached to a polishing pad 102 by an adhesive. In one embodiment,

20  during CMP, slurry 109 is applied to the polishing pad 102. The slurry 109 may then enter

into an optical window opening. Because of the pre-formed shaped optical window 302c is

raised to a small distance away from a top surface of the polishing pad 302c, the slurry 109

does not accumulate on a top surface of the pre-formed shaped optical window 302c. The

pre-formed shaped optical window 302c has slanted sides 709 which enables the slurry 109

25  to slide off of the pre-formed shaped optical window 302c. In one embodiment, the slurry

109 may also flow into a plurality of polishing pad grooves 404. It should be understood

that a depth of the plurality of grooves 404 may be any distance as long as the groove may

effectively evacuate slurry from the pre-formed shaped optical window 302c.
Consequently, because of the pre-formed shaped optical window 302c, the amount
30 of space for the slurry 109 to accumulate which may block optical signals is reduced

significantly and therefore increases optical signal transmission and reception by an optical



bet ween the pre-formed shaped optical w ndow 302b and the polishing pad 102
may be 10 between about 0.02 inches to about 0.12 inches as shown by

di st ance w614/0749m a preferable enbodi nent, the distance @#6TASITI®mBOUL

0. 03937 inches. Consequently, through the slurry evacuati on nechani sm as
exenplified by Figure 12, the present®invention nmay enabl e accurate and
efficient CVP nonitoring so nore exact anounts of a wafer surface nay be
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during a process 1 n accordance with “one enbodi nent” of the present

i nvent i owindaw.t Ini sneemiiwdimeis the preefopmed loapee dpsded peadovoptay balbetweasd @hoB02c

is attach to a polishing pad 102 by an adhesive. In on nbodi ment, 20
during Cﬂéﬂoﬂ‘iﬁrt?;?g‘iﬁé)-éib lﬁgbg‘?l%ﬁat%f\’lts‘i’fgacﬁd? ?l?rﬁoi‘éhlﬁ&@a‘iggg The slurry 109
may tfen ent eRyyii e @b bedl @é&gﬂb&dﬂﬁ%ﬂﬁ!ﬁ @g{@&ﬁﬁﬁ&&é&%ﬂ&%&&gmd
shaped optical wndow 302c is ralsed to a sma i stahce away froma top
surface afwillhee gprécsdted thap dobs@8Ated irhthesrtmpon 1288ng deegrecmlingaspeifichtidrs on a

top surface of the pre-forned _shaped optical w ndow 302c. The pre-forned
shaped op#q sHidyipentswirapmeshidl sealize sHrigny dlieratgnsuAddHions o BFraHtatigs ngy r y
109 25 t i : d i.cak ol ne
embodi meafSi PR dpcredt, TG RbR B IARE hoRElAR moth e MAHES al Rcl®
grooves 4leratidds, additibgs, pernunateons] aablequi viddntaagiexlt Witk thé euplspifialahd ycapie
grooves 404 may be any distance as long as the groove may effectively
evaclt eokthgirientipbm t he pre-forned shaped optical w ndow 302c.
Consequent |y, because of the pre-forned shaped optical w ndow 302c, the
anount 30 of space for the slurry 109 to accunul ate which may bl ock
optical signals is reduced significantly and therefore increases optical
signal transm ssion and reception by an optical W 02/ 078902 PCT/ US02/ 09675
-23 detection unit. It should be understood that the pre-forned shaped
optical wi ndow 302c nmay be any thickness that woul d reduce slurry
accunul ati on conpared to a flat optical w ndow. In one enbodinent, the
pre-fornmed shaped optical w ndow nmay be between about 0.010 inch to about
0.030 inch below a top surface of the polishing pad 102. 5 While this

i nvention has been described in terns of several preferred enbodi nents, it
w Il be appreciated that those skilled in the art upon reading the
precedi ng specifications



and studying the drawings will realize various alterations, additions,
permutations and equivalents thereof. It is therefore intended that the
present iwoeabisIm i ncl udes all such alterations, additioR€T/yser/omsrati ons,
and equivalents as fall within the true spirit and scope 10 of the

i nvention. WD 02/ 078902 PCT/ US02/ 096754--24 CLAIMS 1. A shaped optical

w ndow structure, conprising: a support layer, the layer including a

rei nforcenent |ayer and a cushioning |ayer; a polishing pad, the polishing
pad being attached to a top surface &LA@@ support 5 layer; an opti cal

wi ndow openi ng; and a shaped optical w ndow, the shaped optical w ndow

bei ng confi guded t & shtaptdapfical pérdowadtivgtuse, sompdsingnt o t he optical wi ndow

opening in the support | r and,the polishin d dyring.operation, and
Lhe shaped op@iBBHOT o lerBIchdeliing ArednforeRnbiaty dad gefirhighng fivet 1

pol i shing pad lish eeheOpSlishils WAdEHANE StthdielUb S §efact o thdls gm 1,
wherein the sﬁal?pﬂelg nggfa?cal g\ﬁ ndov%ilé\ds reiggessed bet vveg% about 0.010®ip§ch to
about50. 08@r;i nch bel ow a top surface of the polishing pad. 3. A shaped
optical w ndow st r_%\it ure as reci_teg\ inclaiml, wherein the optical 15

wi ndow openi ng?{°8t éﬁm‘g‘ﬁ‘éﬁ%l.mgfl.an shaped optical w ndow structure as

recited in clai g\f)}gcr i Shi ng: - : | {2k, the
cushi oni ng | ageér%hd a pgflynn%(ﬁ'% tgwgag lehljrllf%l(‘glll 6}913&13@%%&?@? %g}r%fé lﬁn%dnr?(; ﬁ{a%/ég%t is
st ai nl esypasiabe prottnde Ants hixpepticaptvirclaly openihguin diersuppert tayasandethe pelishing gddai m
1, wherein the 2Q polishing pad is seanless. 6. A shaped optjcal _ w. ndow
st ruct ur §UHAS PReAtiey and Be & ?ﬁeﬂ,ORHﬁ%lr@}WOWh‘éel%éﬁ@éﬁtefg PP A s1dg; Wb R iﬂ@

conf &@ur@Qligh(?%ge | e slurry evacuation through a plurality of polishing

pad grooves. /2" A'shaped optical wi ndow structure as recited in claiml1,
wherein the shapedA apepoptiall wihdwogtriuratat aedied i 0ladm 1o tthersirs thefshagedof

one of tf(})e_pol i shing pad and the sugport . .
ptical window “is recessed between about 0.010 inch to about 0.030 inch below a top
surface of the polishing pad.

3. A shaped optical window structure as recited in claim 1, wherein the optical

15  window opening is oval shaped.

4. A shaped optical window structure as recited in claim 1, wherein the
polishing pad is a polymeric material, the cushioning layer is a polymeric material, and the
reinforcement layer is stainless steel.

5. A shaped optical window structure as recited in claim 1, wherein the

20  polishing pad is seamless.

6. A shaped optical window structure as recited in claim 1, wherein the shaped
optical window is configured to enable slurry evacuation through a plurality of polishing
pad grooves.

7. A shaped optical window structure as recited in claim 1, wherein the shaped

25  optical window is attached to a bottom surface of one of the polishing ﬁad and the support
layer.

8. A shaped optical window structure as recited in claim 1, wherein the shaped

optical window is configured to reduce slurry buildup on a top surface of the shaped optical

window.



| ayer. 8. A shaped optical w ndow structure as recited in claim1l1, wherein
the shaped optical window is configured to reduce slurry buildup on a top
surface oWotoke7shmaped optical w ndow. WO 02/ 078902 PCT/ UBQZB39BI®B75 - 25 9.
A shaped optical w ndow structure as recited in claim8, wherein the shaped
optical windowis configured to enabl €Fight transm ssion between a bottom
and a top portion of the optical w ndow structure. 10. A flexible optical

i nd t t , ising: . 5. t | ., . th t |
i'ncl udi ng a r etnf oftUHBRT OPRAbMIZIA ol b i1 SR S Wi BRshEPefad,
the pol i iy WRdowek NBnfibhRANS brlaBledli SR RHYIRRA GtwbbE aSWHBRT ind 122" ;

and a flexible optical wi ndow, the flexible optical w ndow bei ng configured
to at | epsttiont theaoptical Windpwotmctdes. i nt o an optical w ndow opening in the

support layer and th | i shi pad when air pressure is applied to a
bot t om surfacésof_ ﬁﬁﬁe’ag@ﬂpﬂf:g%gg‘?%éﬁm‘i}iﬁlrﬁd‘éﬂﬂl&%:t he flexible optical
wi ndoy, when Qas%%fxﬂ'{Ala}ﬂrleﬂrtﬂé Elgﬂ)gﬁ’ la%'iﬂ&u@iﬁ%adr@fn?&céﬂl&m 18yetiafl@ _a"@{éhi_oﬁifngt he

pol i shi ng pad. exi bl ptical w ndow structure as recited in Claim
10, wher é&ayar;the 15 flexible optical windowis attached to one of the

pol i shing pad and the support |ayer. 12. A flexible w ndow structure as
recited in cl am?ﬁjli@}lgmgr ﬁ}enpqlﬁgf/n&@diﬁql%g aliphed 4P anwioRaBNarS Ok Hif PRRPE t o
reduce sh&gg.;&ngui | dup on a top surface of the flexible optical w ndow 13.
A fl exi bl'€ Window structure as recited in claim12, wherein the flexible
20 optical w adaibls opticdl ivguded, the flRrid eptidad Minddvabsif Sehiigurbé tovaekast
bottomand a top portion of the optical w ndow structure. 14. A flexible

opti ¢8I wpRgBRPELTIde iRfPan LPliedcYindew iopeningitihe gupRiseleesindriee pelshingmadg pad
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flexible optical window, when partially protruded, being separated from a side wall of the
polishing pad.

11. A flexible optical window structure as recited in claim 10, wherein the

15 flexible optical window is attached to one of the polishing pad and the support layer.

12. A flexible window structure as recited in claim 10, wherein the flexible
optical window is configured to reduce slurry buildup on a top surface of the flexible optical
window.

13. A flexible window structure as recited in claim 12, wherein the flexible

20  optical window is configured to enable light transmission between a bottom and a top
portion of the optical window structure.

14. A flexible optical window structure as recited in claim 10, wherein the
polishing pad is a polymeric material.

15. A flexible optical window structure as recited in claim 10, wherein the

25  polishing pad is seamless.

16. A flexible optical window structure as recited in claim 10, wherein the
flexible optical window is configured to enable slurry evacuation through a plurality of
polishing pad grooves.

17. A flexible window structure as recited in claim 10, wherein the polishing pad

30  is a polymeric material, the cushioning layer is a polymeric material, and the reinforcement

layer is stainless steel.



16. A flexible optical wi ndow structure as recited in claim10, wherein the
flexible optical window is configured to enable slurry evacuation through a
pl ural i t ywofo2/ope9bi shi ng pad grooves. 17. A flexi bl e w ndoRrCItusazowsre as
recited in claim10, wherein the polishing pad 30 is a polyneric nmaterial,
the cushioning layer is a polymeric neferial, and the reinforcement |ayer
is stainless steel. WO 02/078902 PCT/US02/ 09675 -26 18. A shaped opti cal

wi ndow structyge, Go i | a ol.i shing pad; an opti cal

wi ndow openi nsg anésj}) ?‘fg@%a]oﬁ’ﬁd(?glsttwtﬁﬁ% mBﬂ% "8haped optical w ndow

bei ng confi gupeghifi9at pbBd$ig pad; Partially protrude into the optical w ndow
opening in the nmulti™-| ayer II)I shi ng pad during operation, and the shaped

optical wi ndo‘anbpmqayv&smmvapeadlg‘ podn a side wal | of the polishing pad. 19.
A shaped optic Wi ndow tur cited in im18, v\/n
Tl U ayer pOITERA AL N dBs SHnet QPHFHsendP ek R PRGN E Faer
the ShapBy oRpr 1 Ajde it At BN SHRNE ORETE 1f SR SERL oy Rsing Fad ERE! T
surf ace operhtien, fahé thebshapapoptzal windondissing separated from a 31de wall of the polishing

pad.

19. A shaped optical window structure as recited in claim 18, wherein the
multi-layer polishing pad includes a stainless steel reinforcement layer.
10 20. A shaped optical window structure as recited in claim 18, wherein the shaped
optical window is configured to reduce slurry buildup on a top surface of the flexible optical

window.



