WO 2012/ 050952PCT/ US2011/ 053870 METHOD OF GROOVI NG A CHEM CAL- MECHANI CAL
PLANARI ZATI ON PAD FI ELD OF THE | NVENTI ON The present invention

rel at es twoaortshesd of form ng grooves on polishing padecrheskoansssasef ul in
chem cal - mechani cal pl anarization (CW) of sem conductor wafers. The

i ndi vidual 5 pads may optionally include an end point detection w ndow or a
grid network enbedded in a continuous polynmer matri x. BACKGROUND

Sem conduct or devices are fornmed froma flat, thin wafer of a sem conductor
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nanonet ers agents, such as surface acting agents, oxidizing
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al so be textured, such as with grBowveSrROUNperforations, to aid in the
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polishing a substrate in the presence of a slurry is disclosed, where t he
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t he wor
15  comprises abrasive particles, such as aluminum oxide, cerium oxide, or silica particles, dispersed

in an aqueous medium. The abrasive particles generally range in size from 20 to 200 nanometers

(nm). Other agents, such as surface acting agents, oxidizing agents, or pH regulators, are

typically present in the slurry. The pad may also be textured, such as with grooves or

perforations, to aid in the distribution of the slurry across the pad and wafer and removal of the
20  slurry and by products therefrom.

For example, in U.S. Patent No. 6,656,018, whose teachings are incorporated herein by
reference, a pad for polishing a substrate in the presence of a slurry is disclosed, where the slurry
may contain abrasive particles and a dispersive agent. The pad itself may include a work surface
and a backing surface. The pad may be formed from a two-component system, a first component

25  comprising a soluble component, a second component comprising a polymer matrix component,
where the soluble component is distributed throughout at least an upper portion of the working
structure and the soluble component may include fibrous materials soluble in the slurry to form a

void structure in the work surface.



WO 2012/ 050952PCT/ US2011/ 053870 It is useful to end the CVWP process
when the desired anmount of material has been renoved fromthe surface of

t he substwet2e12/dsmsgonme systens, the CVP process i s cont iPalAISRe11/48387¢ or ed
t hroughout in order to determ ne when the desired anount of material has
been renoved fromthe surface of the substrate, w thout stopping the
process. This is typically done 5 by in-situ optical end-point detection.
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grooves have a second width (W) wherein (W) < (X) (W2), wherein (X) has a
value in the range of 0.01 to 0.75, Anot her aspect of the present
disclosure relates to a method of PHMMARY cheni cal - mechani cal pl anari zation
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pad i ncl udixig agpesurdfathe, pwhar eappliciéonc hdntes ab- aembtand cafl fehdAanara zh¢émeal pad

is formed hy polynerizinpg polynmer precursors tq a sel ected degree qof
conver&e ?'Plcaf‘h%‘)l’r?@’c%oaa‘ﬂayﬁéﬂ éraﬂﬂ?%’g Int?éfeerngdﬁi AYYBREZIBE ST & JRYBVRRIYIAL o

the Sgﬁréc"i’tf;s%rsotm& H@rn@iﬁgfﬂ ChdmBChat bl Bla@\@ﬁidﬁ%ﬁt I'Ba‘?inirf&ﬁﬁhrég""ae&ﬁfa@e.t ehe
grooves have a first wdth (W) and a first depth (Dl1) and define | ands

bet weamethdte mgy adspesicluldn faaing igorgves hie thresitde malining dhudbebdtiwesntile] groovesat i ng
th hem cal.- 25 hani.cal pl i zati ith th f i
e ke M MR R
wher eiffont heird ﬂme@tﬁﬁ?lgtﬁf %%uﬁﬁ@eota% ééi:&iidhaﬁd/\}%h%ﬁqizﬁatsﬁ&gﬂﬁcé,am&eiﬁla?e) :
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Another aspect of the present disclosure relates to a method of forming chemical-

mechanical planarization pad. The method may include forming a chemical-mechanical

20  planarization pad including a surface, wherein the chemical-mechanical planarization pad is

formed by polymerizing polymer precursors to a selected degree of conversion. The method

may also include forming one or more grooves into the surface of the chemical-mechanical

planarization pad, wherein the grooves have a first width (W) and a first depth (D;) and define

lands between the grooves. In addition, the method may include thermally treating the chemical-

25 mechanical planarization pad with the grooves formed in the surface, increasing the degree of

conversion, and shrinking the lands wherein the grooves exhibit a second width (W;) and a

second depth (D,), wherein the second width (W,) is greater than the first width (Wy) and the
second depth (D) is greater than the first depth (Dy).
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BRI EF DESCRI PTI ON OF THE DRAW NGS The above-nentioned and ot her
features of this disclosure, and the manner of attaining them wll| becone
nore appawermi12zssket t er under st ood by reference to thePCOIUSOWILIOEES70
description of enbodi ments described herein taken in conjunction with the

acconpanyi ng drawi ngs, 5S5wherein: FIG 1 illustrates an exanple of a
polishing pad; FIG 2 illustrates an enbedded structure included in a
polishing pad; FIG 3 illustrates a top view of an exanple of a polishing
bad: Fl 4 BRITISDES R HON O g o DRAgHaoS  ow of t he ol T Shi g
pad of FIG and a

3, | ose- up .10t her eof ripr to thernal annealdng; .
PrG %5 11 SR P BEnEnip BRCdRo B MRS, ot Pl okt PRA TR PG Yt Mhinae o
and a tkdmseiiecbie heRé appidneand Bateiahd@masdbl fefereitGo the Fdllowshd adsesptidie
removal rate (RR) in Angstrons/mnute for the RR of SX1122-21; FIG 7

i || ustof agrekodimemsa rdeseieddherginy dkgn ditn §oRiHRCtOR] ¥2th  Bigd aeonagying- d@vengsand
155IGvﬁ§r&£Justrates an exanpl e of an enbedded structure portion of a pad
i ncorporating a three dinension structure within a given pad. DETAI LED

DESCRI PTI Oi!‘IG. 1 illustrates an example of a polishing pad;
FIG. 2 illustrates an embedded structure included in a polishing pad;
FIG. 3 illustrates a top view of an example of a polishing pad;
FIG. 4 illustrates a cross-sectional view of the polishing pad of FIG. 3, and a close-up
10  thereof, prior to thermal annealing;
FIG. 5 illustrates a cross-sectional view of the polishing pad of FIG. 3, and a close-up
thereof, after thermal annealing;
FIG. 6 illustrates the removal rate (RR) in Angstroms/minute for the RR of SX1122-21;
FIG. 7 illustrates comparative data regarding the SX1122 pad versus IC-1010; and
15 FIG. 8 illustrates an example of an embedded structure portion of a pad incorporating a

three dimension structure within a given pad.

DETAILED DESCRIPTION

The present application relates to a chemical-mechanical planarization (CMP) pad and a
method of forming a CMP pad. One example of a polishing pad herein is illustrated in FIG. 1.
20  As shown, the pad 10 may optionally include an embedded structure 12, discussed more fully
below, which structure may define a plurality of intersection locations 14, dispersed in a pad
polymer matrix. In addition, the embedded structure may be provided such that it includes one

or more window regions 16 where the embedded structure is not present.
The polymer matrix may be selected from a polymer resin that is capable of providing
25  optical end point detection via use of a laser or some other light through the window 16 that is
then reflected off of the polished surface of a substrate. Thus, the polymer matrix may be
capable of transmitting at least a portion of incident radiation, including optical radiation.
Incident radiation may be understood as radiation, such as light, which impinges on the surface

of the polymer matrix. At least 1 % or more of the radiation may be transmitted through a
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The present application relates to a chem cal - nechani cal planarization
(CWP) pad and a nethod of formng a CVWP pad. One exanple of a polishing pad
herei n i swol2begseeseed in FIG 1. 20 As shown, the pad l®Cwas2@piosisnal |y
i ncl ude an enbedded structure 12, discussed nore fully bel ow, which
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cont actlafiglyrisntptesl. net work or may be rel atively isol ated.

As may now be appreciated, by incorporating an embedded structure into the polymer

matrix that is used to form the pad, such that a window is provided that may be considered

25  integral to the pad structure (i.e. the pad being of unitary construction), one may avoid some of
the problems associated with separately installing a window into the pad after it has been formed.

For example, when manufacturing a pad to include a window, one may typically cut an opening

in the pad and install a transparent section of material. However, this may then lead to leakage

of the slurry due to improper installation around the edges of the window insert.



As may now be appreciated, by incorporating an enbedded structure into the
polymer matrix that is used to formthe pad, such that a wi ndow is provided
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25  99.9% upon formation of the overall pad shape. Once formed the surface of the CMP pads may
be buffed to remove extraneous surface features.
As illustrated in FIG. 3, the pads 10 herein may optionally include one or more grooves
20 on at least one surface 22, wherein the grooves 20 may define lands 24 therebetween at or
near the surface 22. For example, the grooves may be formed on the working surface of the pad,

30  which surface contacts the object to be polished or planarized. Such grooving may be applied to
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30whi ch surface contacts the object to be polished or planarized. Such
grooving may be applied to WD 2012/ 050952PCT/ US2011/ 053870 t he w ndow
based padsonot2zadosdove, and or even to pads that do not PCmalSeele/0sisch a

wi ndow configuration. A variety of groove patterns, such as concentric,
spiral, log positive and negative (counterclockw se and cl ockw se) and or
conbi nations thereof, nay be forned on the pads. The final groove
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provi de89 mils (1500Apooemdi thgR§) micronvieinelubogialteriyes gnd orangenesf theteen. CMP pad nay
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(el udi ng,1FaTeEREAB B rdafRn oGt A of dnomtsal 67 e bt AP0 OGP and
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exposure to the heated |iquid or gaseous nedium the CVP pad may undergo a

si ze dliapiseon Hesisdy Ehe dinphdimensions Zzvapftharhbe glepdoresl {(nddpst had bggguking ehd/ or
wi.dth), Cogling may.then fix such size change .such th t.he, pad .now
cont aphe GRS b VBRI Y B Pt S PRGN 0ElR iFERE ) W o

al so heamgdnedudth@at tthe dediza gHysigiefdatire be gt HRalr @9uvd wadthaaridiurtdegth and/or
pol ynmeri zati on of any 25 polynmer precursors utilized to formthe pad and/ or
t he silgethephgeritehyisseenpiavidedul t of a thermal contraction of the

conmponent s : f.or ; : frB 1) i

Chat after Aopntitdy @gR Lhbobfiin. groovind DEHE AP pab indiNcIB; AREREEIBVES, |
pad, tilte tGMDapalthvivey af@rscedt aft diiensings inclutlinign gord exdangee, Sdipith, alsn gth U tvédth,

| at he cutting blades, mllin utters or other cutting systens. The qverall
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di ametigfon kPb&hO&SHe helt&d 1if8d BPLARLoADAYEUmMORR (WIP pad may undergo a size change
thereby altering the size of the grooves (depth, length, and/or width). Cooling may then fix such
size change such that the pad now contains a final groove dimension for efficient CMP polishing.
It should also be noted that the size change may be the result of a further polymerization of any

25  polymer precursors utilized to form the pad and/or the size change may be the result of a thermal
contraction of the components used to form the pad.

Therefore, it may be appreciated that after forming and curing a CMP pad to provide an

overall shape to the pad, the CMP pad may be cut utilizing a cutting device such as routers, lathe

cutting blades, milling cutters or other cutting systems. The overall shape of the pad may include

30 the pad’s external dimensions, such as outer diameter, thickness, etc. As noted above, one or
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WO 2012/ 050952PCT/ US2011/ 053870 nore grooves of various geonetries nmay be

cut into a pad including criss-cross grooves, parallel |ine grooves or
concent r iwonrorgsgrseoves, such as illustrated in FIG 3. POrhsSeoigesssee ri es
may be provided as well, including spirals extending over a portion or the

entire pad surface, chevrons spaced in uniformor non-uniformrepeating
patterns, randonlpatterns or conbinations thereof. 5 An exanple of various
features of a groove is Iustratg igiFIG. 4 fdcross section of F

Upon BRGNS P aéloflﬁée‘tﬂ\lﬁ‘“%w% § cybintq f,3aq fpefidiie GREEUES SRy Y @ARTS! | | y
have ainwigddde¥br conc@pichidel %ﬁﬂﬁesasddﬁr&g'lﬂﬂsula@ed A GV OihMecBR¥ RS may be

under st ood as being the distance between the walls defining a groove at the
poi nt prévaded dsewelt, oovledlungtsexr@l@@wndme ayar aa@oetldzzor thhén@nqtpagrsotf\a@e mmrhnmy

be in _the.range of 1 m]| ] Jmto 762 |
val uespa0f8 11] xgl?o,rgln%renson néfiogln repeS UC gtg mt%attflals 0-[19 n?)rht) gons ta 254

pp, 6 M| Ad edadnple lo$ vaddD. fafrdh ¢f0a §%V8 1@H)ustr@t@d il FIG, l4s a(cZ&s% sl@ﬂﬂon et c.
In some enbodi nents, the width may vary al ong the groove depth D1, being

ei t het1GpPeUnar Peie 61t iffaide C%Mﬁémgcet thsopiteheopvenBay persvaly have agyidth
gr OOVGWf' e&’hﬁ%tﬁlof‘ﬁxd l&%ﬂ@ﬁlgré} oQfl QR *W aé{: BOGH érEt%Ha taQ%éﬂ%th%"%&e’anwe

groove to t wher e roove inté ts t e surfac roove
dept h beayeebehd Walﬂsho:fmmmgmbvaﬁl the psint that t:hE g8 vaiiht8rs¢ @5 thepurfntco22 032 cpn)

i ncluding all valu d ranges therejn ch as 30 'Is 762 .pm., 40 mls
(1016 H¥e Y66 NPy b b¢ i TBRYS “otck @il OBk Crbideh Heiedamy ﬁrﬁ%ﬁg o seves

dept h Ry, %Hé?elﬂ huEdad 9 nfiRGo N8 lnhilOf ¥ ﬂ?n {ooisl er)’i‘é hil QHPESE (158, Q‘Rl\fﬁto
| andi ngs L nay be understood as the di Stance between adjacent wal

ad j acéht.8gnnpves 18l wilg (2B usubstcaht sahé ytnmdmﬂldned the chﬂthefn@vpalpfadosgl rtlliface

I n addi n. overal | void vol une, or rQoMe | une be d ned by
the 20 rEcal Dy e TRt mol Bt of Hie B BT ERG e JPE S Sray
cut t ReoeQRYBSDY HlalbeViideRtdCdtthd BBtdALE ﬁﬁﬁpﬂ%ttfoltt@ﬁl sehbllobd V8 th hOpSIAYV ES
w th various shapes. In one enbodinment, the cutting bit may have a tapered

cut t ewhgrrdfhereredigfintersegts r’fhfn gprace \22. 's“h%lswvg depsh endyabd hgthe rmerqf dd mos tQ) m
| s an%b[]e:is gHOdI [mﬂ}?Q pm) 1nc?ucf1ng, i}P %l%_llésoz{]ngor];n tes%he(%fl:)i}lt %_Iurcl: rrﬁsy (r7 Eg Ve

fI"at hg~sur ace, ove W't

cor neus rails CONO@HS), b@mmqwazr @db Wsc. Il bme ehibedllaﬁatntso feQfut tgimovc lﬂ@lﬁthenz[ijabé be
flat, pointed, rounded or assune a nunber of other geonetries. Once the

initi @meélyfd & m@lgeﬁmwl pad thiekiess. &WP&%@@dI%StInemovbe paderstopd e pad
may b%lét/fgﬁ %We%ntag%?éelﬁgyfaﬂ%f%ﬁ lg!r(yovteg ? @%u%ntpﬂ%épa}ﬁﬁl ?@h Pagipray

be parti y or co y i nme in a envi ronment an
cool eghad Heethden2R. Mayaddur amtoveraﬁ wfoﬁd eblante mgmevqaeolatnermayahd dfeﬁnecaby the
sufficient duratiaqn t% ?I or the CVMP pad to cure and eventual ly
20  grooves In the surface 2 the
The cutting device may cut the grooves using various cutting bit geometries resulting in
grooves with various shapes. In one embodiment, the cutting bit may have a tapered cutter and/or
shaft, forming a “V” shaped groove having a pointed bottom. In another embodiment, at least a
portion of the cutting bit may have a flat cutting surface, forming a “U” shaped groove with
25  either sharp corners or corners having a radius. Thus, the bottom of the groove may be flat,
pointed, rounded or assume a number of other geometries.
Once the initial cut groove geometry has been fashioned in the CMP pad, the CMP pad
may be thermally treated. To thermally treat the CMP pad, the CMP pad may be partially or

completely immersed in a heated environment and then cooled. Heating may occur at a sufficient

30 temperature and for a sufficient duration to allow for the CMP pad to cure and eventually
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WO 2012/ 050952PCT/ US2011/ 053870 contract in size. Accordingly, in sone
enbodi nents, cooling may occur at a rate sufficient to allow for negative

t hermal ewpanpiwsmseor contraction) of the pol ymer matri PCTIUS2@i11083870

enbodi ments, cooling may occur at a rate sufficient to quench the CWP pad
in the thermally expanded state. 5In one enbodi nent, the CVP pad may be
placed into a liquid bath, such as a de-ionized water bath or oven, such as
a convection oven., The.bath or oven tenperature may be in the range of 110
o RB0HET IS At ORERE e TP b6 TP et AR STEER e e
160 Faliowl88 Redafive CiHenfl8 efpans®hC (or TBEtRRHoMBY bfie | meetndiBk. IR b@wrs or
nore, such as 10 hours to 120 hours including all values and ranges

t her eiembodimsntasodibnghogy cce Tk Fdwselficighetr quenchzhe§MB pad iovhmthermallcuum
may bexdqg%m gﬂélﬂ n the oven, or an inert gas or gas m xture may be
provi&e%amn?ﬁln'the oven. lnert gasses may include nitrogen, argon, etc.
Pressure may oat smbbéin@aRIthedMPpid@ahP pheed Wb heiduieb4VRuprds b Slehedtad.

For exanple, pressure nay be applied to the pad through the lLiquid in the

| i qui va¥dthath eHvERGHch a5 3 6ANYRFEPH pvean ThY Bath F ov4iy (§IAGR A He Migdedh the gpgss.
Press i i reu . oyt f i 0 e.
For - oxbapy et S0 LR CREad Ol 81 vBuROls BReck (rord ERY, MR

t he end0d6F (11HeC hegdi Mg ety Thepad may be Biimensedatl Omgurstdrendcd/Ruplads Maodreto

cool ed, oli.ng may occur sinply upon renoyving the CVMP pad fromthe heated
envir _ﬂ%ﬂgﬁtﬂsalﬂ “@?&@ﬁan’?%%éntﬁégheﬁma%h éﬁ36th8H{§etPa?tOJ%°é’§s.' Wherottiiging
enpodieslesi; aCRehIAINIR e &r8@n AFEHA thd FERI&ESan WREF 8hof R8s GYRRAtBY. be
hel d at one or nore internmedi ate tenperatures for a givefn tinme period. An

i nt er peaiidgdewitbmpibe atven.clnarygakres 2tyumdeds mitoreasargon estpelat uremag talwelre
anbi ent _tenpera and.th | heating_tenperature. Cooling e
per t oPRBL T BE I A R To Al B Pt SRR B Dl D g\ Bepponed 5 |
one e dBHueh LGRS A e 1H@MPBIIRL IR gBYssBEwitRint dheovieA dg enrBl gtB@e lsd 6f 150
F (26 Cto 661%5, including all values and increnents therein, such as 100

F to B30ess. Rzysue mey be n@jntaiged threyed) ally anpytiomeiethp heatmercyele1orraxample, oy
e, such.as in the range.of 1 i.nutes 10,120 .25 .m,nutes tc. The CW
oda iy ek plS B VRS Frao el ERY e shagy b Few B E 0% 25

O until usgte@hehtind ity CMP &S &iaRthe ddogedCiIBoRAE shafRycctiesigpPOsesh tednoving
addi tional annealing processes or thermal cycles as well, which may occur

bef or e Mt Radhfrem éhadnptag g virgnaentong dtorige desot MFopagas paybicnt Empsrairish el
o oS TR, LR RSO BRSO PRETBY e o
under @o niare ih@medBdt @hieOHABS RRATEIUSY Oihe/peh38 78n intermediate temperature may be
20 understood as a temperature between ambient temperature and the maximum heating
temperature. Cooling may be performed in a liquid bath or an oven, such as a convection oven.
In one embodiment, the cooling temperature may be in the range of 80° F to 150° F (26°
C to 66° C), including all values and increments therein, such as 100° F to 130° F (37° C to 55°
C), etc. Cooling may take place for 10 minute or more, such as in the range of 10 minutes to 120
25 minutes, etc. The CMP pad may then be exposed to ambient temperatures of 68° F to 77° F (20°
C to 25° C) until use or further processing. The CMP pads may be exposed to additional
annealing processes or thermal cycles as well, which may occur before or after the CMP pad is
allowed to cool to ambient temperatures.

During the thermal treatment and cooling processes, the CMP pad may undergo

30 contraction (negative thermal expansion) in addition, the CMP pad may undergo further
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conversion form ng polyner fromresidual polyner precursors and simlarly
contract. The additional degree of conversion if polynerization nay be at

| east 0. OWOIVOSeIseat er, such as in the range of 0.01 %PCEH/UB2@9/084870
including all values and ranges therein. After thermal treatnent, the
groove depth and groove w dth may expand the sane anount or different
anounts as S5illustrated in FIG 5. In the present disclosure, the
rel ati onshi ween the i tlal th dimension for the cu roove (W)
nd "t OMeHEr TRITBEE Py e dbistal e, P{eﬁgrsaﬁd?ﬁ ity PSR e e

be expungsiorsl cﬁt@refeQJﬂ c@lﬁ@ersﬂ)mf Sly ik M%h, m8é 8t 1ehe VG YeoObrehrX), suish blir he
range of 0.01 to O. in % increnments.” Preferably, the val ue of (X) is

i n théhe @ng@ow 00 ”76@10 tl<99(%,71501|Uﬂm@ afl Jvalyes rednsess thetean. Sifer theryal traatmend, case
of del%h tOQ,e tat I nShIV% wd{tween L hea LN t Is%lrne arg})@ntdol rrgl?fsel e%"? af OorunEshgs cut
groove e(%ﬁ ]ﬁ I]EHBZ)‘3 Iﬂ(ﬁl o curing and/ or “heat™ et nent)
may beu@g@feasﬁmGas foIIows. (D) < (Y)(D2), where the value of (Y) is in
the range of 0.80 to 0.95, in 0.01 increnents. In the case of |and | ength,
the rel ati ohdHi pewsaf diselosyrethe ﬁ‘?lﬁﬁl%smpd?%lw?f‘élﬁ@? pifiglpyidghdimension ifegthe cyhd

I t t

Fol Tom o TEIV S e "B Eng) (% hel ERil o BeERRNAaRr gy

i ncr errpitessed as followd€Mah ar(K,)(W@ oheregkanple of (Xgisiinithd anggpHOVE tde?tShiI( W)
b th mls t |, 127 p. 254 n. d aft

trrﬁ)ér R SARAS q’ﬁaff?ra@ish i Tl s obh ig isgabebi i i6 (W@YSE? By ens 20

mM1bS (ZRftaily, ThiRe 228 #kp thTﬁ‘?e ﬂelb!tlbhs%h;g BE%\éﬁ tl@@ﬂﬁt'i‘al (@hth dATB¥n6n 49 (KL lcae

(1016 p. m and after therrra treat nme exhi bit a second groove depth
(D2) @’rom@ (Bir) snd the4Bal 2@dth 4Bp). (dTkeo cwmiing aid/cbrdwdt treatgieht) (nhaly) benewprérecdds ni | s

to 12 413 048, p. an ter thernma n i bit
201 endtiE AP 68l SvEE ol P 8b 5 iy B SO YO DT Ml ¢
t he de@d@@fheﬁtbehcufe @O 6V Rind e@tidmh, (R YelattdnGhipitdBiech MBS irifdQ 1A Rh @I @QY SrdTBY

be, particularly at the intersection of the groove and the pad surface.

V\hl | e ﬂflﬁbﬁniﬁé@lﬁiglellgth(Lg)c{dp@thlgmnﬂ‘% b airtreaaymay he cxprernaks falkerbnt
Cefszo(rzg&%w St ?Zoﬁas L0 A8 rshr ']szi%ao%fl 4he lLands between the grooves.

There con groove di rmensi onsnctr%mengh, not only materi al

renoval , bquleﬁif@e fﬁthn@@gliknpié[ thekeigiel @botdwidias) hey be entheien @raroviasds td ess
mat er i aI may be renoved fromthe pad. This reduces the cost and

pr odudfi wilt Y13 oe@ele B¥ pmowndiafg fh?@n@\mf%@e%t HYY @zsh@érw%@n% §teVRgVidthades,
ext enQW-'? of lfbtrﬁlﬁgto%(ﬁlq‘ﬁs l(ﬁfif’ athSOrS f"[’ﬁg 191'%199}!1%0% l PI )rr?;l y BE 40 mils

appreciated that 1 n sone exa es, to achieve a speC| groove 30
vol ung]0l6gss) hdvhaftér@h&mat tréénmemarhey eﬂhbwalsmd@e@kebkpﬂe(rmv efl4$ moin (1 48 pad

" 36 rmagih SHEIE SRR () bt 4 TERAO 2R (A &g ROy and SHET°°
Angst iRl BHenf Rhy EQE%B% l‘éflgt@@;})zgf §51m11|§% 190 Inifs @1?9%1?%% o3y Q) 0%

m crons, a groove depth of mcrons, and a pitch m crons. As can
be s eelntedsthlah thzadeapha thxc ter g@pv‘t siepﬂlomld,edleawrd@r dWw ¢hy fhahlgerove emoy &k, r at e

as Conpl%cugrly at Ehrf]:%ntlgrl:\;egtfionl oq t f(:) é’g)ovg@ncf the pag sQfae20Ve
While not being limited to any particular theory, the thermal treatment process may result
25 in the shrinkage of the lands between the grooves. Therefore, by controlling groove dimensions
through, not only material removal, but also through shrinkage of the lands between the grooves,
less material may be removed from the pad. This reduces the cost and productivity losses of
providing the CMP pads by conserving cutting blades, extending cutting blade life, and reducing
groove time. It may be appreciated that in some examples, to achieve a specific final groove

30 volume, less than 50 % of the material volume need be removed from the pad surface.
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5 wdth of 508 microns, a groove depth of 762 mcrons, and a pitch of 2286
mcrons. In addition, it my be noted that SX1122-21 naintai ned a

non- uni f oWe2012/0503p of | ess than 6. 0% which is consi deP€l/useeiapsshe e f or
pad polishing. Reference to the paraneter NUis reference to a variation in
t hi ckness of the polished wafer. Attention is next directed to FIG 7 which
provi des further conparative data regarding 10 the SX1122 pad, noted above
(two pad sanpl es) vers | C-1010, avajl abl e from Roh Haas. Th aneters
vat unt ed WBRach fesbdh SfEreSe e ookl Ert el Tt t SREnel e RRRERT he
top ofaddi@ombBih@t ifidthe GOR @R SXN 12@-@1Pﬁﬂiﬁga?‘&)v@d\bﬂﬂﬂbf‘%@nﬁqr@hé} laOgtoove
conductive trace. As can be seen, |1Cl010 indicated this vertical

meas urdeptimt 1@ ecrdo0 apghggtiichrad, 2 lwh eniseenst hss SMILLQ seann dichapasidcharacearistiesl
measurenment . of . between 150-200 Angstrons. ,Th a f “Erosion” is
ipoa (R e SRt R NS S AT R T

of 5t hevitthsifl 5@8imvidrdndy L froofs d&@h ob @63 Bfdtond, GAQ A itbRdf 28emidredl. TaRdaitiogent
of about 175 Angstrons, whereas the SX1122 indicated vertical neasurenents
of abdumay be nakgshitons! 12820 MpnEHnesd den-EBERHESEYOheS lepadan p.0%rwhich is

bar Al iadla BEkeoBlhye FAOGP Bollin) OferkgfleoRl B AulElr QAL BRASHE SR
reflecting a non-effectiVe polishing area | ocated on the perineter of a

gi ven vpdsgtionAs thiakndie osthe polished @ddler20 had an ECE of about 425 Angstrons,

whereas the SX122.indi cat ed val s _of .apout .200-225 Angstrons _As
al | uded t o ‘His8ben it pext &htselad &ey Fﬁ{e-;r Jc\tfwﬁ Pﬁ%‘?%fisofﬁrt §r $MRPAALY CHA TG HRE be

unger s o9 | #5 bzﬂﬁ ALRATBHV AW ﬁaﬁrsﬁﬁr flisrea sk Ofral o 8 LHALME ot RonA & i8R, pad,
one exanpl e of which is shown in FI& 8. As can be seen, it may include

i nt er ddwrpecniaigs puilyaed werehiReress B0 athorigiswefehenae t@ Bieplistaadei teyweri theimert | on
| ocatigns .32.. Wthin the three-dinensional. structure (i.e. the inierstices)
may b SRR U P OB HE PTG O GUP TR G B o PHSeg Ve e SSFYRES Rt 11 x)
whi ch jcndeNinarRaRH Md vadtichl hBRufdMeAe tohd BITS A RS AonisNvAEC ARG SN 1192 RelivH@S

el enents 30, provide the polishi ng}@gad substrate. In addition, although the

net workvergcad aspsuiginent af betwgen Vé0s§llahegsspmsectimpuraeteyebideyjon’i i dley be
ager egh & £, FR T e Tl AU O REL i MBER: QL SLEHP LHIR s ARyl gy but
not linited 1o oval,w round, pol'yhedral, etc.

2012/ @b 96 28T IUBROIHAI063810al measureh@nBditiaBoudn75 Anksttdrhe vireeake SX1110 S
inventign is the use of multiple three-dinensional enbedded structural

net workdicHeb ey tigiltRcasaremspisgifabryt ¢} ABESTRHINKJIGRE WhioE RDPHE t M8 A ggmaf Pk t

differ ?.“‘rr@ By oﬁ%ﬁ%}e'ﬂﬁigé‘bﬂ @r&ﬂ&f’*i}édfé?ﬂ%@h ﬂﬁrig&ﬁiiin@ea%@m%ﬂﬁi%ﬂ%%g
Accordingly, one may vary t chem cal (‘polymeric) conposition noted“above
for t heneffbedidepblshingciren Ricated oal therpatise@0 oAnddicen pdaly SAs@hn beatdn, d610F0 such

el enent s. hysi c features nmay i ncl he spaci ng of the e S
369 ahad &P%‘ﬁg B\ibous 3553 RASHTYRS: ¢ r%ar%béa&g@?tlpﬁle?@ﬁma?l@ﬁ@ P 5@2-7%
expl aim%gtrgggg'e fully bel ow. It is worth noting that advanced

sem conduct or technol ogy requires packing a |large nunber of snuller devices
on the senm/soildded trabaaé.che e@bedded strdgviegmrigensi thy padherammaebgiiirdesstood

as incorporating a three-dimensional structure with a given pad, one example of which is shown
in FIG. 8. As can be seen, it may include interconnecting polymer elements 30 along with a
25  plurality of junction locations 32. Within the three-dimensional structure (i.e. the interstices)
may be a particular polymeric binder material 34 (i.e., the polymer matrix) which, when
combined with the three-dimensional interconnecting polymer elements 30, provide the
polishing pad substrate. In addition, although the network is shown with a relative square or
rectangular geometry, it may be appreciated that it may include other types of structures,

30 including, but not limited to oval, round, polyhedral, etc.
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10 greater degrees of local planarity and global uniformty over the wafer
for depth of focus reasons in photo |ithography. The three-di nensional

st ruct ur avorzetavisnds2zand wi ndow configuration in the pres@aT/USevansison nay

t heref ore enhance the nechani cal and di nensional stability of the CVWP pad
over conventional, non-network based CWP pad structures. The

t hr ee-di rrensi onal enbedded structure herei n with an integrally forned

wi ndow rray bet t er Wi t hst an mpr essi v d ,vi scous shear
stress o dRadgRRshitgcERh o b dnystiighR sl rhltp e T e

pl anarehib)éd@é@ldstﬂlcﬂﬁaﬂ nétiofiar Alohy vAgh %|1hteg§allkz%ﬂ&@d indSv e mervdek asdys, as
the surface defornmation of the pad is re As al |l uded to above,

t he actfaet diffieaephtiisimehaidoehemieatipeenety donraist witlkinwhe sanpe pase z?sq@r@aglyaolseo be
cust Om Zed fo{he C e%gllc!ﬂgl‘lpto m%t'\éﬁeadpng)posﬁ%tll R cl? ab\éae )%Iornght he teéfcpe% dtrucnlit)ral

var
pol yrrerr Yo Vit efi & nsions PRt er' Qoritect I'ng an edded

el emeriesnendN30 tﬁwoﬁﬁblz}eloanf&aﬁlh@pﬁ Sth thenedtse rmnhq)hyblaalatdﬁtutds Qhay Malude ise
chem cal ~agents incl udi ng, but not limted to, surfactants, stabilizers,

i nhi bisPiRg Oﬁtlrlebt}ftmetté 305404 08 S aveari shanenel theicnepeddehstiuctyak ePBeRBors and
di sper§§1gfn%d to the surface or bulk of the pad, so that they
can be ease |n a controlled or uncontrolled nmanner into an abrasive
slurry or polid shrthgndting that adembed cemchRdyes:f techraﬂc@r anpirgSphelbing iat jargeOne

exenpl ary enpodi nent of the present. inventio i ses_a pol yuret hane
subst élﬁeéeﬂggﬂer%fédie&was B R senpigonduciop et fgﬁt%r. CIV}CﬁgiePﬁEy g} SarEes of

aphr a@ér%@&k@@@l'oc&l%é’fﬁh@ zﬁﬁld@ol&h@ uﬁffoﬂ’ﬁ%%ve% AHeubher {2 dgpthFWfMéHé h¥ds8he)
enbedded and™i nterconnectirig and enbedded "structural el enents.

[ nt er cm phrao tlithgradhe ndibe shige-dihensidnel pad tanlchetivaiemnd edndaw tmﬁlgmatwmletﬂhmne

0% eGP onyBa Wit by s BB BT s i GF SRy

what Ry berdescendadl, aﬁo@n&t%nz%tei dmpgpt{u hetween. adiRe enke- d1mens1ona1
i nterconnecting junctures ranging fromO.1 mcrons and hi gher

- g.
j unct rdsddgdt ﬁnattﬁerhez@m\@th Iaengtegratlﬁeﬁoebect WERGPW andyi algo fhettm @/lthstﬁtld: rﬂtms to
2 incl udi n ues .and ts t er ej bet we

o caREcHPh 3% Sheol HbEP «POR o REATBNE 406 Jellend B BB WY BCh
local planarity and global umformlty as well as low Wafer scratching defects, as the surface
deformation of the pad is reduced.

As alluded to above, the actual three-dimensional embedded structure within the pad can
also be customized for a particular CMP application by varying the type of polymeric materials,

20 the dimensions of the interconnecting and embedded elements, and the size and shape of the
elements. In addition, various chemical agents including, but not limited to, surfactants,
stabilizers, inhibitors, pH buffers, anti-coagulants, chelating agents, accelerators and dispersants
may be added to the surface or bulk of the pad, so that they can be released in a controlled or
uncontrolled manner into an abrasive slurry or polishing fluid to enhance CMP performance and

25  stability.

One exemplary embodiment of the present invention comprises a polyurethane substance
dispersed and partially or completely filling the interstices of a three-dimensional network made
up of water-soluble (e.g. polyacrylate) embedded and interconnecting and embedded structural
elements. The interconnecting elements within the pad and dispersed in the polyurethane may

30 have a cylindrical shape with diameters from below 1 micron (e.g. 0.1 microns) to about 1000
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5 may be described as the vertical distance between interconnecting
junctures is shown as item"B" in FIG 8, and this may al so vary as desired
from 0. 1 woerosoemad hi gher (e.g., junctures having a vecTiusad11/083sge h

t her ebetween ranging fromO0.1 mcrons to 20 cm including all values and
increnents therein). Finally, in what nmay described as a depth distance

bet ween junctures is shown as iten1"C' in FIG 8, and again, this may also
vary as. desired

h t h
o Ry h Bhe e Bt e oty 05 pent SOSSL Fer e lth g
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the present invention conprises two or nore enbedded structures having

di f f emeitty andipie RisapsercentNetotPhB ddeate stohat angd pisferaly hefwegn 108 rt@rlé@(hﬁ@@rer rom
qu h ?rtlcrllles 1né'iucthn% Iagﬁ/pgss 01];1_|d Rlcreéﬂcg%sl tl?lﬁ <f d;%re[haflg E}eaf)oqedgrdlaux(f% vgthu% E:urmég ey
have & éﬂllrﬁi@ﬂﬁé sis@f tolfill Qh€ anérstidk et sh@vshbaddedcddturdMand the composite is then
2012/ %ﬁr%?iﬁﬁpagrévléiztg1016/n9p51§§7‘[1(1)6 curing reaction of the urethane pre-polymer. Typical curing
temperature ranges from room temperature to 800 deg F., and typical curing time ranges from as
little as under an hour to over 24 hours. The resulting composite is then converted into a CMP
20  pad using conventional pad converting processes such as buffing, skiving, laminating, grooving
and perforating.

The embedded structure may also be available in the form of a cylinder or rectangular
block in the above mentioned embodiment. It follows, then, that the composite comprising the
embedded structure herein filled with urethane pre-polymer mixed with curing agent may also be

25  cured in the form of a cylinder or rectangular block. In this case, the cured composite cylinder or
block may first be skived to yield individual pads before converting.

Another embodiment of the present invention comprises two or more embedded
structures having different thicknesses, the embedded structures further differentiated from each

other by the types of polymeric material contained therein. For example, one portion of the pad

30 included a first embedded structure may have a thickness of 1-20 centimeters and a second
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portion of the pad including a second enbedded structure nmay have a

t hi ckness of 1-20 cm each including all values and increnents therein. The
enbedded wWOr04030%8 Wi thin the same CVMP pad then nay defPcmaseéififosssent pad
domai ns havi ng different physical and chem cal properties, due to a
selected difference in the chem cal or physical properties of the enbedded
structures. For 5 exanple, the first enbedded structure may be sel ected

froma first. polyper and the second enmbedded structure b | ected from
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different IpHe Sbaht@duilinbabiehatMPRLAtRvEias Ked 20BN tidDRLIAN corhptisid,

the | ayer conprising the soluble polyacrylate fibrous el enents may be used
as t hempedeshitiugturaglerolubihpolyatrilareefifrst inaictayivelyes malleybindiicaligrmdl §Badroes i n
the agquedys slad ¥ fﬁﬂ&%r&‘ﬁ NG o G RLAT MR BAL 1 Gh&Ru. o 'a%f?f%'nﬁ%m ahd.y
spaces onh and under e Surt #e of tHe pa§ Creat | Ng m cron Sized channel s
and t ynnalse tompevesn sblgdstdr bbdrornnofhet héns|aytingridahrfotghaidt hbligg péd. sahie

| ayer containing the relatively insoluble palyester elenents, on the other
hand, dFE§NsHEsepPhhedsaid fifss @obiapiydate NAYIape Abers. Malisthans PReBAINAICE lixed

st abi | § £Seii - f t
crpodi' g SNl BRCURNIRAE Pl I MErsices of e stackel oA (BLATES B
ski | | edtiternconipesiag is @iredCAPmpatibred aibgrg. Thenuduttdgic@mposite apihleh cahveoteddato a

readi | ppr.eci.ate the . 2012/ 050952PCT/ US2011/ 053870 unexpected .
ptZBper(%YlgslpaGyusﬂ%C?rhV(?BPIB‘%/ﬂyl) é)&goq?n&?rtlp&é)rgeq%twé|as rFé’t%b%’kSki“ﬁ & mEgeingaq,

and C%@od\/ﬁ?gjiahd/ Ifé%fa\(i%g. bas @M@”pé&‘?naﬁé eaefs MR hQNhererolM! fid Hfiﬁn@cfy pad
designs using the same concept wth various types of network material s,

st r uctdiff@entaud apashydreriatursLibgeranelsed an ereensthee  radMiPo thedeyertchaprising the
requl rsgfa%{‘fl:t %og/];c@%rté Iffbl%gl?'sr elementy %llz{yc%tél Qsed as5 Vt%ea tpolhsshi(rzllgaiayerqI TR soluble

polyacrylate elements may dissolve in the aqueous slurry containing the abrasive particles,

25 leaving void spaces on and under the surface of the pad creating micron sized channels and
tunnels for even distribution of the slurry throughout the pad. The layer containing the relatively
insoluble polyester elements, on the other hand, may be employed as the supporting layer to
maintain mechanical stability and bulk pad properties in CMP.

The aforementioned embodiments notwithstanding, it is recognized herein that one who

30 is skilled in the art of CMP pad design, manufacture and application can readily appreciate the
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WO 2012/ 050952PCT/ US2011/ 053870 Clains 1. A nethod of formng a

chem cal - nmechani cal planarizati on pad, conprising: polynerizing one or nore
pol ymer pwecorasns2and form ng a chem cal - mechani cal pl 0&is2@tiosss7pad

i ncluding a surface; 5form ng grooves in said surface defining |ands

bet ween sai d grooves, wherein said grooves have a first wwdth (WO ; and
shrinking said lands froma first |and Iength (L1) at said surface to a

second land length.(L2) at. said n sald | a d | engt h
(5 "fogeisgsd s 6 frioftpBiRth oR i CRR LA EY Wt daBe lapel B
secongeail gtd@rl(/é/\%hsé&l \&f @k 'ﬂre(syﬂt)mxfenﬁ&l d M@Mtucﬂeod@': Eﬂﬂ@l’eﬂgl@ﬂ)sﬂ% e@aﬁ’l@k:b'&ebf‘ t he
range of 01 to 0.75. The nmethod of claim wherei n shrinking said

| ands vognpariove sypesof hetrwogb mpatastalsz istgctetgi @lnqomlymemc pulstanceoinsthefaee padini ng
grooves &stalqﬁ§%£k GE. i hr??g Hho of claim1l1, wherein said grooves
have & 11 rSt f iid RhIT I |ng have a second depth (D2)
wher ei n ( Diwhat i Mhinddd)isand (Y) has a value in the range of 0.80 15to 0. 95.
4. The method of claim1l, wherein said (L1) > (2)(L2) and (Z) has a val ue
inthe range of 1.1 to 1.4. 5. The nethod of claim1, wherein shrinking
said | ands conprises heating said chem cal - nechani cal planarization pad at
a tenperature in the range of 110 F to 400 F for a 20period of tine.
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6. The nethod of claim5, wherein shrinking said | ands further conprises
cool ing said chem cal - nechani cal planarization pad at a tenperature of 80 F
to 150 F woror/gseeseod of time. 7. The method of clai m 1PCRASREI1/0538a0 d

chem cal - mechani cal pl anarization pad includes at 25| east one enbedded
structure in a polynmer matrix. WD 2012/ 050952PCT/ US2011/ 053870 8. The

nmet hod of claim 7, wherein said enbedded structure is not present in at

| east a portion of said polymner mﬂjx and said chem cal - nechani cal

pl anari zation pad includes a w ndo lﬁ’(’@br al to said pad defined by said
portion of said pad where said enbedded structure is not present. 59.The

met hoq of CAﬂle oli'o £ A ahedrGRRL an‘fz‘g?i’ Igja%dc Lbighdir e i ncludes
[E0EG5% DeRh a4 cothpid

sol ubl'é materi a ormn pl anari zati on
pad, conpri sing pofymdﬁzng ane heiti mafe ROyt (padcurslomnamdzﬁdeg padchenttaldi ng
a surface, wherein sai d chem cal -mechani cal planarization pad is

formed by peAchrtieal Plangriggionhe Indhee 4Fe®is: t o a sel ect ed degree of

cogversi on; forming grooves in said surface defining lands between said grooves, wherein

said grooves have a first width (W) ; and
shrinking said lands from a first land length (L;) at said surface to a second land
length (L) at said surface, wherein said second land length (L) is less than said first land
length (L) and said grooves have a second width (W) wherein (Wy) < (X) (Wa),
10 wherein (X) has a value in the range of 0.01 to 0.75.

2. The method of claim 1, wherein shrinking said lands comprises further polymerizing said

polymer precursors after forming grooves in said surface.

3. The method of claim 1, wherein said grooves have a first depth (D;) and after shrinking
have a second depth (D») wherein (D;) < (Y)(D2) and (Y) has a value in the range of 0.80
15 to 0.95.

4, The method of claim 1, wherein said (L;) > (Z)(L») and (Z) has a value in the range of
1.1to 1.4.

5. The method of claim 1, wherein shrinking said lands comprises heating said chemical-
mechanical planarization pad at a temperature in the range of 110° F to 400° F for a

20 period of time.

6. The method of claim 5, wherein shrinking said lands further comprises cooling said
chemical-mechanical planarization pad at a temperature of 80° F to 150° F for a period of

time.

7. The method of claim 1, wherein said chemical-mechanical planarization pad includes at

25 least one embedded structure in a polymer matrix.
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form ng one or nore grooves into said surface of said chem cal - mechani cal
pl anari zati on pad, wherein said grooves have a first wwdth (W) and a first
dept h (Diwoant/dedsene | ands bet ween t he grooves; and th@Cwalske11/0838ae i ng

sai d chem cal - nechani cal planarization pad with said grooves 15 fornmed in
said surface, increasing said degree of conversion, and shrinking said

| ands wherein said grooves exhibit a second width (W) and a second depth
(D2), wherein said second width (W2). is qgr er than said first width (W)
tnd S8 d salBRtheneh Ths) ¥ Ehielu s ' FHBASEL fpdp de SRk gt & B3 e
nmet hod of gbﬁld’ﬁ\ H%ai BENMB A xdardaEts cht@yiBalanddhbsitall RS Ratidnlpadincrabd
surface an 20 after shrinking have a second length (L2) at said surface,
wher ei n saiadvgdewritteRrmhtp B@@@ﬁg defiid byssdi@pertiohand seil phdf whese shidrpantieddgst h
(L1) V\hereisﬂmélljrle)isﬁ t(ngs(eL ) and (Z) has a value in the range of 1.1 to 1.4.
12." The methBdYSHS P RCT , Wherein thermally treating said

chem cal - nechani cal planarization pad includes at |east partially imersing
sabd ©hem Jhk-maabdpi chlim 25 phianen isaialt atdbagp ade iembaddddastivdtdratificlodes anlubken.
13. The method of claim 10, wherein thermally treating said chem cal

mechani cal %art%{fff?é'ri zation pad includes heating said pad at a tenperature in
the range of 110 F to 400 F for a period of 10 hours or greater. WD

2012/ Q5095 2PEEHISRPRHHATSEININBLRRH PinafAigR 40, coMigisin thermal |y

treating said chem ca chani cal planarization pad includes heating said
pad at a tenper dowmieg ianchehscalangpbawifall@@ndFizaporl $ad Endloding apaniagd, vhekt
hours to 90 hours.. The t ho f cla.m 10, wherein, thernmally.treating said
chem cal - notRakrenic s Sh: loniRieh ot dbaognsl | Ny Wmerizng ol
chem cal - n%mfgomb aRkRORHIdE Atk ONcAR@drsddn;an i nternedi ate tenperature in the
range of 80 Cto 150 C for a period of 10 m nutes or greater. The method of

cl aim 10, wher eiformingrangl o1y more RPNGs saiod sudevieed ofreseith sharaicalphegtapicaht i on
3 includ ) "4 ehem pal - N | . )
P eSSBS e S PR} S PTG 3R By

m nut es t o dtfife Mhddbe@Seen the grooves; and

thermally treating said chemical-mechanical planarization pad with said grooves
15 formed in said surface, increasing said degree of conversion, and shrinking said lands
wherein said grooves exhibit a second width (W) and a second depth (D), wherein said
second width (W;) is greater than said first width (W) and said second depth (D) is
greater than said first depth (Dy).

11. The method of claim 10, wherein said lands have a first length (L) at said surface and
20 after shrinking have a second length (L) at said surface, wherein said second land length
(L») is less than said first land length (L;) wherein (L1) > (Z)(L;) and (Z) has a value in

the range of 1.1 to 1.4.

12. The method of claim 10, wherein thermally treating said chemical-mechanical
planarization pad includes at least partially immersing said chemical-mechanical

25 planarization pad in a liquid bath or an oven.

13. The method of claim 10, wherein thermally treating said chemical mechanical
planarization pad includes heating said pad at a temperature in the range of 110° F to 400

°F for a period of 10 hours or greater.
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The net hod of claim 10, wherein said chem cal -nmechani cal planarization pad
I ncl udes at | east one enbedded structure in a polynmer matrix. The nethod of
cl ai m 17, wothergismsgai d enbedded structure is not presenPCriuSan11/083s3e a
portion of said polynmer matri x and said chem cal - nechani cal planarization

pad i ncludes a w ndow i ntegral
pad where said enbedded structure is not present.

wher ei
nmet ho

10

15

20

1ot

15.

16.

17.

18.

19.

20.

Sal

to said pad defined by said portion of said
The nmethod of claim10,

A0 et ol L R e e Bl Sl et iR dbes

sol ubl e rmtp@d’n'aﬁkatlon pad includes heating said pad at a temperature in the range of 160° F to

190° F for a period of 16 hours to 90 hours.

The method of claim 10, wherein thermally treating said chemical-mechanical
planarization pad includes cooling said chemical-mechanical planarization pad at an
intermediate temperature in the range of 80° C to 150° C for a period of 10 minutes or

greater.

The method of claim 10, wherein thermally treating said chemical-mechanical
planarization pad includes cooling said chemical-mechanical planarization pad at an
intermediate temperature in the range of 100° F to 130° F for a period of 10 minutes to

120 minutes.

The method of claim 10, wherein said chemical-mechanical planarization pad includes at

least one embedded structure in a polymer matrix.

The method of claim 17, wherein said embedded structure is not present in at least a
portion of said polymer matrix and said chemical-mechanical planarization pad includes
a window integral to said pad defined by said portion of said pad where said embedded

structure is not present.

The method of claim 10, wherein said embedded structure comprises one or a plurality of

fibers.

The method of claim 10, wherein said at least one embedded structure includes soluble

material.
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