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thickness for a deposited thin film layer on a wafer. Semiconductor wafers are planarized or

polished to achieve a smooth, flat finish before performing lithographic process steps that create
integrated circuitry or interconnects on the wafer. A considerable amount of effort in the
manufacturing of modern complex, high density multilevel interconnects is devoted to the

25  planarization of the individual layers of the interconnect structure. Nonplanar surfaces create
poor optical resolution of subsequent photolithographic processing steps. Poor optical
resolution prohibits the printing of high density features. Another problem with nonplanar
surface topography is the step coverage of subsequent metalization layers. If a step height is
too large there is a serious danger that open circuits will be created. Planar interconnect surface

30 layers are required in the fabrication of modern high-density integrated circuits. To this end,
CMP tools have been developed to provide controlled planarization of both structured and
unstructured wafers.

CMP consists of a chemical process and a mechanical process acting together, for
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surface of the wafer has reached a desired condition. However, several problems exist with
current window technology. One such problem is that separations start to form at the surfaces
between the window and the polishing pad when the polishing pad is stressed during the
25  planarization process of the wafer. Even extremely small separations are undesirable as
contamination can accumulate within the separations and scratch the front surface of the wafer
or cause optical interference. Scratching and optical interference can also result from abrasive
particles becoming trapped in the window material itself, or from the surface of the window
projecting above the surrounding pad material. Another problem is that the optical clarity of
30 the pad window can be degraded due to the presence of trapped gas bubbles within the window
material. Still other problems. include chemical degradation, staining, and poor optical clarity
of the window. In addition, some windows may undesirably absorb some of the UV light

spectra that offers the most ideal signal response in the monitoring process.
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20  working surface of the polishing pad over the hole. The first release film prevents the later
inserted optically clear window material from draining out the hole and forms a top surface for
the window.

If it is desired for the top surface of the window to be lower than the working surface of
the polishing pad, a plug may be placed into the hole. This prevents the window material from

25  becoming coplanar with the working surface of the polishing pad thereby recessing the top
surface of the window. This may be necessary if the window material would scratch or damage
the front surface of the wafer if the wafer touched the window.

The working surface of the polishing pad is preferably turned face down before the hole
is filled with an optically clear window material. With the working surface face down, bubbles

30  that form will travel away from the eventual top surface of the window and any adverse effects
will be minimized. The optically clear window material is preferably curable with UV light to
quickly set and bond the window into the hole.

Another improvement to the process is to position a second release film against the




is filled wwth an optically clear wi ndow material. Wth the working surface
face down, bubbles 30 that formwll travel away fromthe eventual top
surface oWovheiom ndow and any adverse effects will be m npai/wse/18Tive

i cal | i Lal i f | & Wi lj gh
ot ey Dt SR I R Bl e E0EREIRoT e SRR RE Vb AT e
pr ocess botorh Quiifesifdd 188 wind®e eadis'edpRasewith thenbagemsatfatd\6f the pdMShhh/F4074

PCT/ US01/ 18110 bottom surface of the polishing pad over the _hole. The
second r el eaddter ithariedoys bag bepns guied andybe tfgsh ansh pecond freleasenBlmg haiswbechat

|5 cOD! Aty sk Boldi BRULLAHELAGSBhed SRR UhaN) HhyPAcobldRla tORntiyAdOW

has been cured an he i secon ease ave been Trenoved as
needgd, ekdess tvardoandatbrilt dmadditibaciemaf; b ldesiwbiedio wondiyioh ¢hecwindotvi sasneftlcdsxo
renove 5 excess w ndow material. In achition, it may be desirable to

condi t i SRt {thEPPAPARSHPY YiipperieSORNNEEN the SopERoRARSHIRI B SUTiRIeHad baftem
copl ana%uﬁﬂc%@f%ﬂé%oﬁ iﬁ%?Q@'ndi ng working surface and bottom surface of the
pol i shing pad. A'polishing pad with a cured wi ndow cast in place may thus

be created. AlliBhingpadesibra piredwindbwidast iDplase ngy tHiscbef aybdtedsi ng dr awi ngs
are illustrative of particular enbodinents of the invention and therefore
do not Iimt the scope of the invention, but are presented to assist in

proypding a proper understg}fgfmsgﬁ%ﬁ&poﬂtﬂgm;,jﬁ@&s The drawi ngs are not to
scale (unless so stated) and are_ rntended for use In conjunction with the
expl anat i ons The falleaving drasvingyatgdtlegtiativie departipyean enbadimenistaf dike inverdioprandent
inventign wll.herei.nafter cribed.in,conjuncti ith.the a ded
dr awi ngﬂ}e’lrégallree%o, Sé%ien?%i ttr1]18|slc§ © %ﬁ%emr g]lvgrﬂgg h(t))flea]%ei ]E?<I(eéSeenl%ean%\)’1 n%gsglslé é%8¥§@H fes

|l a and bplopar endRrstdndafy GRbe ivRnant Phadrawimpy 26§ né tb ¥pile alnl@lsb Sfated) aidake
Figures 2a and 2b are a cross section and plan view of a polishing pad with
a hol e IHeRded Jor sk &1 capuastion wifh the cxplapgfionsgnpthe fplewing detiled flegpreption
cro section i : fi l.d Lo ki ng
cur 15ce apofy TR BrRLA VbR P Bh RS bo dendipl i cb Mol RE B i Mpatil
mat er i adrawit@figirbe wiekdn like gumemlsidenatediké blemeatsaand:0ss secti on and pl an

view of a hole in_the lishin ad fil d wth the wi ndow naterial: 25
oot Bt 13450 1D ot Beiomtnd i, vt < acigh PORBREDRE | pe

PO 273, P 84t kg e s b s
having a desired size and location;

20 Figures 3a and 3b are a cross section and plan view of a release film held in place on the
working surface of the polishing pad and an apparatus for injecting the window material into
the hole;

Figures 4a and 4b are a cross section and plan view of a hole in the polishing pad filled
with the window material,

25 Figures 5a and 5b are a cross section and plan view of a hole in the polishing pad filled
with window material with a release film held over the bottom of the hole and a release film
held over the top of the hole;

Figures 6a and 6b are a cross section and plan view of the hole in Figure 5a with a light
source that will cure the window material;

30 Figures 7a and 7b are a cross section and plan view of a polishing pad with a window
cast in place;

Figures 8a and 8b are a cross section and plan view of a light pipe that may be used to

transmit and receive light through the window that has been reflected off a wafer;
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The i nvention nmay be used for creating any nunber of w ndows 700 at any

nunber oifmore layers depending on the characteristics of the particular wafer 804 being planarized and

the desired results. For example, an IC1000 polishing pad 100 may be used alone or may be
laid over a Suba IV backing pad to create a single polishing pad 100. The IC1000 polishing
20 pad and Suba IV backing pad are made commercially available from Rodel Corporation
(Rodel) with offices in Phoenix, Arizona. Other types of polishing pads 100, as one skilled in
the art will recognize, may also be used with the invention.
The invention may be used for creating any number of windows 700 at any number of
different locations on the polishing pad 100. A hole 200 for each desired window 700 needs to
25  be created in the polishing pad 100 (step 1001). The particular method for creating the hole
200, e.g. punching or laser, is not critical as long as the method accurately positions the hole
200 and creates easily bonded to walls in the hole for the window material 400. The position
and number of holes 200 may be determined by the position and number of windows 700
needed by the metrology system in the CMP tool to be used.
30 Grooves (not shown) are conventionally cut into the polishing pad 100 to facilitate
slurry transportation during the planarization process, and in some cases it may be desirable to
position the window 700 relative to the grooves in a particular manner. For example, it may be

desirable to position the window across a slurry groove, at the intersection of two or more
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pl anari zati ophdRERF D01, 902 do not have to be cylindrical, as illustrated in Figures 9a and 9b.
While cylindrical holes are the easiest to manufacture, shapes other than cylindrical will have a
larger surface at the window-pad interface thereby improving the bonding of the window to the
polishing pad 100. In addition, applicants have discovered that most of the defects in the
25 window occur near the window-pad interface. Various cross sections for the hole(s) 901, 902
may thus be chosen that will allow the top of the window to remain small, thus minimizing the
impact the window has on the planarization process, while moving the window-pad interface
away from the central region 900 of the window used for optical communication. One skilled
in the art will recognize that the hole(s) 901, 902 may be as shown in Figures 9a and 9b, flipped

30 upside down or that other shapes for the holes may be used to practice the invention.
A non-sticking release film 300 may be placed against the working surface of the
polishing pad 100 to form the top surface for the mold of the window 700 (step 1002). An

adhesive may be used to hold the release film 300 in place during the casting process.




The hol e(s) 901, 902 do not have to be cylindrical, as illustrated in
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formthe side-walls and
conventional polishing pads 100. If the polishing pad 100 is softer than the window 700, the

polishing pad 100 will compress to a greater extent during the planarization process thereby
causing the window 700 to protrude above the polishing pad 100. The protruding window 700

25  might scratch or damage the wafer 804. In addition, a strain along the pad-window interface
will occur if the polishing pad 100 and window 700 compress differently. The strain over time
may weaken the bond between the polishing pad 100 and window 700 and cause imperfections
to develop along the interface. The hardness of the window 700 and polishing pad 100 are
preferably within about +/- 10 on the shore “D” gauge of each other.

30 The window material 400 is preferably selected to form a window 700 with about the
same wear ability as the polishing pad 100. Applicants have discovered that if the polishing
pad 100 wears faster than the window 700, the window 700 will eventually protrude and may
scratch the front face of the wafer 804. Applicants have also discovered that if the polishing




wi ndow 700 respectively. The nold is filled wth a w ndow nmaterial 400 that
when cured bonds to the polishing pad 100 and forns an optically clear
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instruments used to pass with minimal attenuation and distortion. However, a window 700 that

passes a broad spectrum of light will be the most versatile and function with metrology
instruments that require a wider light spectrum to operate. For the best transmission of optical
25  signals in the CMP environment, windows that readily transmit Ultra Violet are preferred.
Based upon the above factors identified by the inventors as being desirable for the
window 700, the inventors have discovered that the window material 400 preferably comprises
an optical grade acrylic-urethane oligomer. Suitable window materials 400 are sold under the
tradename OP29 or OP29V and are made commercially available from Dymax Corporation
30 located in Torrington, Connecticut. This material has the advantage of being easily and quickly
cured by UV or bright visible light 600 after about 5 seconds of exposure after being cast into
the hole 200 in the polishing pad 100.
After inserting the window material 400 into the mold (step 1003), the mold may then




15 pad 100. Therefore, the window nmaterial 400 is preferably sel ected that
has a strong bond with the desired polishing pad 100 once the w ndow
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excess window material 400 out of the hole 200, additional bubbles may be purged.

Another technique for reducing the gas in the window material 400 and the polishing

pad 100 requires storing the window material 400 and/or the polishing pad 100 in a vacuum
25  chamber prior to use. To further minimize the bubbles that form in the window 700, the entire
process for casting the window 700 may be performed in a vacuum.

The top and bottom release films 300, 500 may be removed after curing the window
material 400 thereby leaving the cast window 700 in the polishing pad 100 (step 1006). Excess
material from the casting process may be scraped or ground off. The top and bottom window

30  surface may be conditioned to leave a flat smooth surface that is preferably coplanar with the
top and bottom surfaces of the polishing pad 100 (step 1007). As a slight variation, a plug may
be inserted into the hole 200 near the working surface to prevent the window material 400 from

becoming coplanar with the working surface of the polishing pad 100. This allows the top
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softer than the top layer. One of ordinary skilled in the art will be able to determine other

methods of creating windows that vary in hardness along the length of the window to match the
hardness profile of the multilayer polishing pad.
The window 700 of the invention is very versatile and may be used in conjunction with
25  any number of different means for passing light to and from the window 700 and a metrology
instrument. One example of a means for passing light between the window 700 and a
metrology instrument is a fiber-optic cable 800. As a specific example, a fiber-optic cable 800
may be mounted to a polishing platen 802 (either rigid or flexible) with a fixture 801. When
the polishing pad 100 is mounted to the platen 802 with pressure sensitive adhesive, the
30 window 700 (without adhesive) is simply aligned to the fiber-optic cable 802.
An improvement is to use a small amount of optical coupling gel 803 between the
window 700 and the light pipe 800. A suitable gel 803 is manufactured by Nye Lubricants, Inc.
from New Bedford, Massachusetts under the name of Optical Gel - OCK-451. This gel is a soft
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from the spirit and scope of the invention. For example, one skilled in the art will realize the

process as described may be used for creating a window 700 in a variety of abrasive members

and is not limited to polishing pads 100 for CMP tools.
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As part of a conventional CMP process, a wafer 804 is pressed against the
polishing pad 100 while relative notion is created between the wafer 804
and the podospong pad 100. Slurry is conventionally i ntrpdhusad/Betoveen the
waf er 804 and the polishing pad 100 aiim@cr ease the renoval rate of
material fromthe front surface of t er 804. The invention allows the
front 1Wesidilmace of the wafer 804 to be interrogated through the polishing
pad 100 while the wafer 804 is . being planarized. Since the nunber and

pl aceneht of AtHiecess ARforrsatia windoys ih@| palishing neddhavingoa fepkips sufagq gud a
custom i Lan, i nvention may be used with a variety of
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t her ef O{Qe aﬁ?t be di s]%ussed in detail. Wiile the invention has been

descri b8 2T ¢ ROFUBSPH specific enbodiments, those 20 skilled in the art
Wi |19 recogni ze that changes can be nade in formand detail wthout
departing fromthe spirit and scope of the invention, For exanple, one
ski |1 ed2i n tHee methodjof|claimal WhereiniBe halede erestedsin deaspolishing padypynrunghiag of or
creati n&}'llﬂn i ndow 700 in a variety of abrasive nenbers and is not limted
to polishi n%n pads 100 for CWP tools. 11 WO 01/94074 PCT/US01/18110 d ains
We claim 1. A process for creating a window in a polishing pad having a
wor ki ng_surface and_a _ bottom surface conprising the steps of. 5 a)
creatingy a hbremethod Rf claum il SHiergn fediols is arqaéﬁéatl%w%ﬁﬁm@aém%wg pad
wheyg£ the window is desired; b) filling the hole with a wi ndow naterial;
and c¢) photo chemcally curing the window material to forma w ndow i nside
t he hol4 havllegmethod of claiml 1 duttlodr icompsising deestepldf: 2. The nethod of claim 1l

uher el g e 1016 SR il 1R S AT R R I L il o Tl

surface is face-down and the bottom surface is face-up.

20 5. The method of claim 1 further comprising the step of:
d) positioning a first release film against the working surface of the polishing pad covering

the hole prior to filling the hole with window material.

0. The method of claim 1 further comprising the step of:
25 d) positioning a second release film against the bottom surface of the polishing pad
covering the hole after filling the hole with window material but before curing the window

material.

7. The method of claim 1 further comprising the step of:
30 e after the window material has been cured, conditioning or grinding the top surface of the
window until the top surface is substantially coplanar with the corresponding working surface

of the polishing pad.
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3. The method of claim1l wherein the hole is created in the polishing pad
with a laser. 15 4. The nethod of claim 1 further conprising the step of
d) prior wooomorfag t he wi ndow rrateri al, turning the poli ShCTVgTS@]aBIHDO that

t he working _surf i.S face nd,.the bottom surface i

The method oFBcPaber f Fli‘I"PHe‘P’ ¢ WiV RateEekgonyrisgy 2 Bsgﬁ et A H@Hally. rst
rel easegfdlpty@gal nst the worKi ng surface of the polishing pad covering the
hole prior to filling the hole with window material. 6. The nethod of claim
1 furth®r coﬁhﬂ inethod of lekimstlewharéin tlzeswm)iopranauendmong)rmemn@mtalrgamylﬁq | m
agai nst_t ghtltom surface of the polishing pad covering the hole after
filling™f &'t h wi ndow naterial but before curing the w ndow

mategial. 7. The nmethod of claim1 further conprising the step of: 30 e)
after the wi ndow naterial has been cured, conditioning or grinding the top
sur f acel®bf tHee mgibed ofclamill whesein ttltmwmdowan@tetm:l couipsisesran epticyl grags amglic-wi t h
t he cor%)%ﬁ%%é grvvorkl ng surface of the polishing pad. 12 WO 01/94074
PCT/ USO B The nmethod of claim 1 wherein the wi ndow material
conprises a light curable opt| cally «clear acrylic. 9. The method of claim
1 wherein the window material conprises an optical grade acrylic- urethane
ol i gomell. 5 Wi methed pfclaby 1 Sprthar spppprisipg dresstep @fhe wi ndow material conpri ses
an fgptigal iThe nethod of claim1 further
conpri s(:Bng t %st%%ﬁ%bﬁs%g%iyégfé%gg@w en%ol i shing pad or the w ndow
material. 12. The nethod of claim1 wherein the wi ndow wears at

subst an 'aII t he s ate as the. palishing pad. 15 1 The net hod

ol ai m 1 hier B R st | HBerot the RAnIH QS & SBTURT U TS FRE 349 ki ng
surfacep(gi‘sh $af0! i shing pad. 14. A process for creating a windowin a
pol i shi'lng pa having a working surface and a

15 13.  The method of claim 1 wherein the top surface of the window is coplanar with the

working surface of the polishing pad.

14. A process for creating a window in a polishing pad having a working surface and a

bottom surface comprising the steps of:

20 a) creating a hole in a cake of polishing pad material at a location where the window is
desired;
b) filling the hole with a window material;
c) photochemically curing the window material; and
d) skiving the cake into individual polishing pads each having a window.
25

15. A process for creating a window in a polishing pad having a working surface and a
bottom surface comprising the steps of:
a) creating a hole in a cake of polishing pad material at a location where the window is
desired;

30 b) filling the hole with a window material;
c) endothermally or exothermally curing the window material; and

d) skiving the cake into individual polishing pads each having a window.
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bottom surface conprising the steps of. 20 a) creating a hole in a cake of
polishing pad material at a | ocation where the windowis desired; b)
filling veohologs with a wi ndow material; c) photo chem cabCyusarisny t he

wi ndow material ; and d) skiving the cake_ into indivyidual polishing pads
each half-ng AngbHEHRmEmher fo5 remoying saderial Siomea WatkpiRge SOMPHYBS i n a

(i shi h . ' o th
Cleps o) bye BYEHHLRA VREfSRARUSAERE A1C AR T W ar B ARapd e
| ocat i omswhepertedepansd ndow is desired; 30 b) filling the hole with a w ndow
terial, dot I X0t h | Ly. [ t he .wi nd terial,; d
By oki vPhg 1 ESRBTREDY P oTRGaY G50l Paim e ARMEISn i FENG A OE Acon,
13 WO Og/rRE04Ad PEdhéRAR110 16. An abrasive member for renoving material

froma workpiece conprising: a) a polishing pad with a working surface and
a bottom surface, wherein the polishing pad has an aperture; and b) a
phot ochejn ¢ ured window cast wi.thin the aperture, the w ndow havi.ng a
Pop 6 Chrt abhe sRESSe sBbmam ot o' Wherei 2R Somirie Aoptiiel BAeEe
wher ei nadifiec-iellAawoligsméd ses an optical grade acrylic-urethane oligoner.
10 18. The abrasive nenber of claim 16 wherein the w ndow conprises an
optical grade acrylic-epoxy oligoner. 19. The abrasive nenber of claiml16
wh i nd he ] t j S [ sane
oty aone SBP aBUENEiRo e Srolh 0 BRI 1R Ph Bl oI T Sl pERe
menber afylid-epoxyldigotver.ei n the top surface of the windowis coplanar wth
t he working surface of the polishing pad. 21. An abrasive nenber for
renoving material froma workpiece conprising: 20 a) a polishing pad with

an aper{gir €; TRgbrasive member of claim 16 wherein the top surface of the window wears away at

substantially the same rate as the working surface of the polishing pad.
15
20.  The abrasive member of claim 16 wherein the top surface of the window is coplanar

with the working surface of the polishing pad.

21.  An abrasive member for removing material from a workpiece comprising:
20 a) a polishing pad with an aperture; and
b) a window in the aperture, wherein the window comprises an optical grade acrylic-

urethane oligomer.

22.  An abrasive member for removing material from a workpiece comprising:

25 a) a polishing pad with an aperture; and

b) a window in the aperture, wherein the window comprises an optical grade acrylic-epoxy
oligomer.
23.  Anabrasive member for removing material from a workpiece comprising:

30 a) a polishing pad with an aperture; and

b) a window in the aperture, wherein the window comprises a UV curable material.

24.  An abrasive member for removing material from a workpiece comprising:
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b) a window in the aperture, wherein the wi ndow conprises an optical grade
acrylic- urethane oligoner. 22. An abrasive nenber for renoving naterial
froma wwapi/ewes conprising: 25 a) a polishing pad with paraperssure; and
b) a wipndow in the apert.ure erein the wi ndow conprises an optical grade
acryli cgbepox§/p016ﬁ%frt¥t¥%§rwlﬂjﬂi. ap\,gﬂ'l%ebr asi ve nenber for renoving material from
a wor kpbece g@mmiowsintiie apetfir@vharefOthie SVihd@v Pdrs\Wwiah) s@ButaReitiblly thie sand rixp a
wi ndow in the aperture, wherein the wi ndow conprises a Wcurable materi al .
24. An ¥thagplishinghader for renovi ng material froma workpiece conprising:
14 WO 01/94074 PCT/US01/ 18110 a) a polishing pad with an aperture; b) a
w ndow in the aperture wherein the wi ndow wears away at substantially the
sanes ra2%® aThd habrapiokimémbeg ¢faclaind 225whdiem ier wiideer comiedes in optiviamgele
wherein the w ndow conprises an optical grade acrylic-urethane oligoner.
26. The?ABHGuteigngg CTof claim 24 wherein the wi ndow conprises an optical
grade acrylic-epoxy oligoner. 10 27. An abrasive nenber for renoving
material froma workpiece conprising: a) a polishing pad with an aperture;
b) a wi delow The mhesixpen¢mbe othelnim 24t Whenaim tevwinslowi tdrprisel camt optik@l gradehe
shore "D’ .(?aqu& (1>.f t he polishing pad. 15 28. An abrasive nenber for

removi nYFHECERPIIOMBPO-a wor kpi ece conprising: a) a polishing pad having a
nongyl i ndrical aperture; and b) a cured wi ndow cast within the aperture.

15
27.  An abrasive member for removing material from a workpiece comprising:

a) a polishing pad with an aperture;
b) a window in the aperture wherein the window is within about +/- 10 on the shore “D”

gauge of the polishing pad.

15
28.  An abrasive member for removing material from a workpiece comprising:
a) a polishing pad having a noncylindrical aperture; and
b) a cured window cast within the aperture.
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