POLI SHI NG PAD BACKGROUND COF THE | NVENTI ON [ 0001] Chemi cal - mechani ca
polishing ("CMP") processes are used in the manufacturing of

m croel ectronic devices to formflat surfaces on sem conduct or

waf ers, field em ssion displays, and nany other m croel ectronic
substrates. For exanple, the manufacture of sem conductor devices
generally involves the formation of various process |ayers, selective
renmoval or patterning of portions_of those |ayers, and deposition of
yet additional process |ayers abRQLISHENG R4 Bce of a sem conduct i ng
substrate to forma sem conductor wafer. The process |ayers can

i ncl ude, by way of exanpl gacREROUNDOH FMETRVESEtIONOXi de | ayers,
conductive |l ayers, layers of netal or glass, etc. It is generally
desirable in certain steps of the wafer process that the uppernost |
surface H00the (rhsmied-meghanical palishing{a¢MR”) processesre ugedin fhiggmanufacturing
deposi t mﬁm?&oaét@@ﬁ&ta%pfceé VB Mol Qfrb oﬁ%@&&ﬁd@t&%ﬁ%ﬁﬁ&& BEESRn

| ayers ereln a deposited material, such as a conductive or

i nsul at i digplapd, end alany bthepmidredientronis spbsiratasi Fer fampla thermamufacture of

subsequent .progcess ,st.eps. [0002]In a.typi cal rocess, & wafer .is

rount ed SERPUREGRA T EeRsrpy Broled e gy bt aBhE peg s Bell il 2

carrier gdbviahér patt@ingdshavieing of tiosd Ryérs ol idspusitnpdgetluditanl procesand
the wafer are rotated above the rotatin ol i shing pad on the

tool's p_lﬂYF@ﬁP?l‘(f the piréace gf bé?m‘éﬂ'i‘%“% 6EaE f ”Pélsﬁﬁ‘lqoéﬁ%??re‘ﬁggg%
a pol i shingehYeryoan dhededby Wal Bt bRnipdE UeRhiBE 1MBRNe A 6x O 13ksNT
Wwaf er and the rotating pofl i'shi ng fad during the polgshlng process.
The pol i stridugtivedaysssilayeorofinggialoaiglags, stontihisgeneralbhdasiratdp in ¢ritain steps of the
i nt eract it.h 1.SS0Ol V. [ f r S)
andan B ple i PR kR SRR 31 e ot NES BE Bl DE &7 gl e

| ayer (s) depbbitionaf subseqent lagerpoCMhis ngedita ghlanarizeygocess hlyerd wherdihe dspossed
direction or. jn ogpposite directiaons, whichever .i.s desjrable for_the
par t i cul BPiega] Sl 43¢ ORoiebye SEEFHg MRl BapLsAdS Blahffieine st B
osciIIatgﬂﬁgﬁggﬁxbag59@¢ishing pad on the polishing table. [0003]In
polishing“%he surface of _a wafer, it is often advantageous to nonitor

the poli §M0AL ploeéwical KMF processna WA gaowtedpside dPVAGDARTEIN & Mg
process &d?)l.sh_tﬂ)'r&% gll\.fﬁll.er-ﬁﬁl% hftfer Hﬁ@th@fwﬂerﬁgwnwm%ﬁﬂa $EhAG paA The carrier

aperture or win e aperture or w ndow provides a portal through
whi ch | i gint the safqyassrotatedadboveitetretating pelishingipad tn theeCMEfteo!’ spalishiog table.

during the l.i shin rocess. Lol ishin ds. havin

W ndows. ATETRHBAAC AR EVERE st B0 Ao e PR e

t he surf peeeaf ths estoneaet aid We vitawsy pdhieling yah@iring the folishihgadesd. The
5, 605, 760 provides a .pad haying a trapsparent w ndow.formed from

sol i d, URPHHIESSBIPPRHIPT tXREfEEN ChRIgIng g © s bR MR qrglissplyes porfipns
t ranspor b @l U{)ﬁéhnoy-vﬁafeﬁaﬁé?w) amdl A3sbrse HhiSRAIIRA PhsiRMirshbi@ poAtbns of

wherein a portion of the pad has been renoved to provide an aperture
t hr ough Wisileyer(s). ghhe wafer gddbe pelisBingpad efn ke Bigghinfiyssagidliscten opiaz

di scl ose i - : | - D i=S hi QY| e
and bl acP PR P BrE RitsctR0e s BBl LD HafEtles SRR AN bl bR
t o provi det. &hercamiepalseodn osciiieacrass thegrtishingpal gothe polishofg table. backi ng

of a pol ishi ad to.provide a transl ucen in the pad. U.S. Patents
o 15176 I0A0% 6 IR Boishu GF 5ifast oF h Sler L Riemen pvutso PR iar BBy ont
region t E@ﬁshin% Ifr&feg?ﬁz s@%. Sk ingHiiod d’fgn@ﬁtfohﬂ%\ﬁﬁgn@li%ﬁgﬁﬂoaéss (@5 involves
pol yuret hane) at a rapid rate of cooling. [0004] A problem often

encount ethedselof 3 pelishingrpad Hrving ep apareiss opwindaw; Aje preriufror window provides a
portal through which light can pass to allow the inspection of the wafer surface during the

polishing process. Polishing pads having apertures and windows are known and have been

used to polish substrates, such as the surface of semiconductor devices. For example, U.S.



tendency for the polishing conmposition and the resulting polishing
debris to accunulate at the polishing pad wi ndow. The accunul at ed
pol i shing conposition and polishing debris can obstruct transm ssion
of light through the wi ndow thereby reducing the sensitivity of the
opti cal endpoint detection nethod. [0005] Al though several of the
above-descri bed polishing pads are suitable for their intended |
pur pose, Patentehel) 5 WRwirend désar padthiaeing g diapsiareng Wiy foraed Hewna sglid, uniform
effective B ' . A | | ca '

det oot 1 ofc PR SRR iR, S bidn St Bkt Bkl ARG Busy 651
subst r at @isclbsesagdiithiingpad Wk¢reiniapoatianasfdhd prd lae besiremgvahbidprindde ag

acr oss. aRer vk R i gohal S PleferledF e Sobh it st
etChantSren@d’bﬁ'{ﬁ[%&ﬁbﬂ &4 pelisHidsipad B prvvidEan apdritre iddfILIhSa Bafpeni OF

pol i shing pads that can be produced using. relatively | ow cost nethods
and whi cholyegthiapeor quagte plugrin His apsridede BIPVHlS adransparery window, BRropoving a

SUMVARY OF.: : ' ' ' iS5k d
compr 1 i Roriphpt EYEinERY s AL BR | JMERKL 3RaRREEPT, B DAL 59 PlchS
?:orrpr i si ad7(,181 g?qﬁ,ﬂ&b}IiZt?isaichetgnmbvlesg_ padsipoggn t:mmrente:lgmg ﬂ'@hlsggl:’r;]ed
ayer a asur e gde rom e pojJl.snln urrage,, a - a pat her
oyt on' t PEeSIEh S Biech HEEiete et H) - R EePE) & Hrptisue AP SliBh, " n g
sur round Fai;oby t Peploblef &fenl ed@baitered Bi@ririguhemidabmethunidabpolphingiisite a

met hod of polishing a substrate conprising (i) provi '
F Rfmllé@g ol

, S ing a workpiece
Co o Stenbensy oy e poisineoTPAT I om T g SRUNS &1 PSR AL e

of the i pVERIHeGAd wihvk| The accdmalfcdPolshifl cdn@RSition aR@pblishihgiehtil 8an
surface of the.workpiece with the polishing systemto polish the

wor kpi ecebstiBRI tRRsDESCRCPTElaNog!T e vEmgritierepy Fucs the-rensiaity REhs)

[ 0007] Fi | .S: | op viewillustrating a polishing pad
of the i ﬁé}ﬁecﬁl%’éfﬁg‘r%’gei&%gﬁ’%% (I)&S'hi ng layer (10) conprising a polishing
surface (WB¥] wi tAlthoogh sevemlisf the abwesdeseHbed antishit gspads ererdaide frralmies

(50) 2N, g LSt oL, LLanSr SOl 0800 CA5) SRR Auravaion
coupled with effective optical endpoint detection, particularly in the chemical-mechanical
polishing of a substrate. In addition, there is a need for polishing pads having safisfactory
features such as polishing efficiency, slurry flow acrdss and within the polishing pad,
resistance to corrosive etchants, and/or polishing uniformity. Finally, there is a need for
polishing pads that can be produced using relatively low cost methods and which require little

or no conditioning prior to use.
BRIEF SUMMARY OF THE INVENTION

[0006] The invention provides a polishing pad comprising (a) a polishing layer having a
polishing surface comprising (1) a plurality of grooves disposed into the polishing layer a
measurable depth from the polishing surface, and (2) a barrier region free of grooves, and (b)
a transparent window disposed in and surrounded by the barrier region. The invention further
provides a method of polishing a substrate comprising (i) providing a workpiece to be

polished, (ii) contacting the workpiece with the polishing pad of the invention, and (iii)



[0008] Figure 2 is a fragnentary, partially cross-sectional
perspective view depicting a polishing pad of the invention having a
polishing | ayer (10) conprising a polishing surface (12) with

conti nuous grooves (40) and discontinugys grooves (50) disposed into
the polishing layer (10) a nmeasurable depth fromthe polishing
surface and a substantially transparent w ndow (15) disposed in a
barrier elrgiliogaf 2yt apomafithedurfpcs oighe whrkpraso vaid. th palbinEisysiem t@ poksh
a fragnmept partially cross-sectional perspective view depicting a
polishinngQ%k%Q&%he i nvention having a polishing | ayer (10)
conprising a polishing surface (12) with continuous grooves (40) and
di scont i nuous BRIBB VESQREDTIQIN 0B SEMER A TIHWIS GRITEE DBRASYING(S)
nmeasur abl e depth fromthe polishing surface and a substantially

t ranspar i ndow (15 i ed ip a.barrier regi.on fr f

o ooves, (UORZY e! He FRa iR RRE e i DU BRH B BT BRpe K pe SR,
from a nmaxingapyisshitg lhver 7)) @ompfixingapelishing duefaba(lz) edthrcegimous 2dpves

[ 0010] Fi is a fragnenta rtiall ross-secti.onal

per spect %’igﬁ GifP BB RUS ERePVES %) ?Efﬂ? ﬁlej)sr&aéal trangparent YRGS AL ) dippagpddn

pol i shi ngphkefeofochQR0PRsEntSl) Hea%EErdodEy) , Wherein the sub-layer has
an aperture (35) substantially aligned with the transparent w ndow

(15). DEMSOBED HESTRP #ra OrRemmmtarMEpF (/T SISe¢ IO N eTspsclipisew depicting 2
directed i-Gal.- i P shi isi LA

ol 1 ahi nEp e A TEOR i EREBARAAA, o PNk BIY 1k PR BT Bl B hing curfce
@ol i shi n@l23 withaoatinanp groeves(4pndalisgbutimlont groofexi5S0pdigmsed siwthe gholishing
t he polishin ayer a b barrier. reqgiaon free of qgrogves. The

tr anopar BtEr OPHaGRR Sk dspb Borhihe ianiog Shedfhe st Sofeu Bk RRuspirt
region. Wrido® (19} didpcsbd s bRriereion (2h) sebstYiaPpfitd 60drasvesheory, it is
believed that the presence of a 4 barrier region substantially free

of gr oovE¥0RLr r Sligiae Ads @ Hasmeniarypeacaly GRPsSTREHHORA] Rerspseiicey 1o A RifiNE#

of pol i spLing; GRS iHelifkntiBA haviBERbAFLAR 18¥er (1d) RbMpHiRe b hBRIRRY Siface

wi ndow. [ 0012)'The polishing pad can have any suit aBI e %il mensi ons.

Typi cal | {12) whid cootinusns grpopes40) and discontinuous grooves (50) disposed into the polishing
layer a measurable depth from the polishing surface and a substantially transparent window
(15) disposed in a barrier region {(20) free of grooves, wherein the depth of the discontinuous
grooves (transition from a maximum value to zero proximate to the barrier region (20).
{0010] Figure 4 is a fragmentary, partially cross-sectional perspective view depicting a
polishing pad of the invention having a polishing layer (10} and a sub-layer (30), wherein the

sub-layer has an aperture (35) substantially aligned with the transparent window (15).

DETAILED DESCRIPTION OF THE INVENTION

[c011) The invention is directed to a chemical-mechanical polishing pad comprising a
polishing layer and a transparent window. The polishing layer has a polishing surface
comprising (a) a plurality of grooves disposed into the polishing layer and (b) a barrier region
free of grooves. The transparent window is disposed in and surrounded by the barrier region.

While not wishing to be bound to any particular theory, it is believed that the presence of a



will be circular in shape (as is used in rotary polishing tools) or
wi |l be produced as a | ooped linear belt (as is used in linear
polishing tools). Preferably, the polishing pad is circular.

[0013] Figure 1 depicts a circular poligshing pad of the invention
conprising a polishing |ayer (10) conprising a polishing surface
(12), continuous grooves (40) and discontinuous grooves (50), and a
t r anspabamier wgm(wbs(taﬁl)allgl frcp 06 grdoves sarrbundingthe traggperen{ widow will reduce

subst ant,i al | rooves i
oSt s richaf iy ShipEEOBH G ior] BRTFRAAE oL RORER il FREBEE nbllF
ct:)orrpom {00a0F acmmqﬁ)hﬂhﬂg patr éag@ﬁveﬁnytdniaamaﬂmsdmsmgs p’am%a‘ﬂyethglpom)mgmln
e |1 n any. Sulta att rn. Qr, exanp ooV e I.n
of sl anPalb 5%%5%@ happ 3 18 PSR ARIRY, PoRHRE0LS BT 63 gducg miwp%
gr ooves jinfRAHER as Q&H%hn% pSYsHA LB SR IEBreRBlY, BebolifiiRg Béﬂ is%'ﬂ'bﬁlﬁr pad

can have two or nore differeéent groove patterns or exanp
pol i shi [\Qj)lﬁhd dhgurhé\deplatsmwwhaw@lurmfpaéQﬁ&@mvmaorgﬁmgmpplrsh@gal

grooves 0, t S

o1 oves S BPEC N £RoiBhisE AR GO RN BN hd SR0B Bl
can be gm@tresrmoyand a tramspaent witidow (A8y disestdie adurdaceziof (20heulptahtighi ng
pad. Alternatively, the grooves can be di sconti nuous across the
surface 6% 1 #8°BEd wherein each di scontinuous groove has a first end
and a seaaf enthe grébvenQispHEe i 18 Ppblishasy ldﬁdilfﬂﬁl@tﬁteltﬂe fategalt@ndporeof
portlon of t he grooves, i.e., one or_nore grooves, are continuous
(40), an@lhsénmomp@ﬁtl@ms aoress dregwipiase ofj thepolishing pad. Whe &FogYSnB & iy

di scont | as a
reacur aby Lo BltRY For BHPERARRL At o senya B & Op AR 0
sui t abl grodeq:st, honclémnchmpst epualrmoqueptr#dld@odwes br A enosshe@h pater8. he or
| ess,

072 o BRSPEEPad 6B Bive i B PPe QUL s flsPis. 50h Sxagi s R o
di scont pidlicinhage @oyabidatiorbef dbﬁﬂéhh&?d’lgroﬂ%s@ﬁdﬂradwl grovvedng d dvenienighlof or
the circunference of HHﬁ)ngr oove In on % nt as shown in

Fi gure SONCPHECEEMRVES dir%sélbarﬁ | HOOYRS: SF felia=a4 FmPP’ SHEF CPHHETECr om a

nexi m”r[(ﬂﬁ h IheZBdres barfbe cohhﬁucgfs(i’tpt\!&nta@%&%cfo@s ihB @uiEleicF M lishing

surface (12 at at” | east one end of the discontinuous groove

Pr ef er abidy, Altéraatively, Fhetgreqiss carobe diseonkiBuqys aerass thy surfacg of theynad wherein

| engt h ggchﬁﬁgﬁtngmﬁs %‘o% h ﬁ“rst éndrgﬁhg sedBAl &nd aﬂptgfe e?nb%H]n?Jnt n.ig'ii 1cted
about 37 nm or ou more, or about mm or nore.

enbodi nmmgmtchea@epioh off tlwgowes,n ef mananmg’mwvs;ﬂpbtbntmuouse(ﬂ@) @nd:alr s

proxinmate to arrier re 0017 olis g pad further
conpr i sB%ﬁlﬁnt{i‘l’d‘lgé?o"F%@ Co ™ f%‘ﬂr %"‘g"ﬁﬁs"{ﬁ? P@oLFRg@ of grooves or
desir abloowﬁr el As depReedah FnREYedch bivood BaservhedimbRidepisfrah CD}W'pdhshmg
Figure 1 e barrier region i s disposed betwee theflrst

second @H%eoaﬂh%é‘?%lé%b%myﬁééﬁﬁﬁ?%of&r crgBigetbe depyh can be 1 mm or 55

0.8 mm or less, 0.6 mm or less, 0.5 mm or less, 0.4 mm or less, 0.3 mm or less, 0.2 mm or

less, or 0.1 mm or less. The depth of each continuous and/or discontinuous groove can be
constant or can vary along the length or the circumference of the grooves. In one
embodiment, as shown in Figure 3, the depth of a discontinuous groove (50) transitions from
a maximum depth to zero, i.e., the groove tapers to the polishing surface (12} at at least one
end of the discontinuous groove. Preferably, the depth transition occurs gradually, i.e., over a
length of about 0.5 mm or more, I mm or more, about 2 mm or more, about 3 mm or more,
about 4 mm or more, or about 5 mm or more. In one embodiment, the depth transition from a

maximum depth to zero occurs proximate to the barrier region.



[ 0018) The bat her region can have any suitabl e di nensi ons and any
sui t abl e shape. The perineter of the bather region, defined by

adj acent continuous and/or discontinuous grooves, can be any suitable
shape (e.g., round, oval, square, rectapgular, triangular, and so

on). Wen the bather region is oval or Ttectangular in shape, the

bat her region typically has a long dianeter axis or |length of about 2
cm or nor[8017%. g. Thegmdishing peqlrﬁmhenmr@nsabmhamm TSENOD m'tmhrle sulprtantiaBy ¢ of
or nore, about nor,e ur 7 c

Sbout o TSP p STl pfphy srof R doovsst Ih O GRSt m A nByf FLPlayf e
about 12 pafriep kgt @) am@lspase%ltm\treeditmttsemdaget:@dmdwmdncatmabﬁmbnthuom
or nore (e'g"Eﬁ$OUt 2 cmor nore, about 3 cmor nore, about 4 cmor
nmore, abd&R°VSSeor nore, about 6 cmor nore, about 7 cmor nore, or
about 8 GPA@] err?e)bareﬂltee Btﬂemn@év@%y EREbRYihEnstdrs GHA aﬁy SitaSRUBAR. IThe
shape, the perineter of %' barrier region typically has a dianeter

or wi dt h pefimgisoof thg belmeoregnm defined by admpent comingpusoandias disconiyigus grogyss,
or nore, ab r t c r
about & At oF e EEHR Ge. B ol 3L, SRkt R heuter Bl i When
[ 0019] As titelpirdéradgibn isdvglibieredtangular it sleapsthe bmiemiegitm\hn(ldzﬁby Has a long

di sposed and surrounded b he barrier reqi 20). Th

Lt ahspar AR S TPt B e DR Frb P Gogrige s et pimet
t he bar rizgbui’saGh 8Nmole) R ke drf rﬁtﬁt%%bﬁm ciMoR HRYE, Whddt IRy 6r Rore, about 9
Perlneter that defines the transparent window in the barrier regjon.
Each poi fm @memeabgat 1 them oF meFe. @ tt1|1 SPSPARERLOTAPPHI I O 91 TRy @nida short
short est. @ dr viBihdr 508k 1 UPLSmAAYE B! 60t 9 A & HOSHHOF Y or mare,

t hereby providing a series rtest drstances or spacings fromthe
per i met erabadt 4tdneot mares gEoue fcmgrmaiew atbout fhengr umveesbt(ut 7e;m on_mpreLQr about 8

1.3, the f
series ofc%?td??fsgs‘k’ht%{"ﬁﬁé&efé‘{%&°’b‘)é cgﬁ |Sf1 aﬁf’e ﬁ ep fl)-lj}_e)tée}fgnp

Li m can bagieabpitin t9pi2aliyhRra dimhete & vjidth cahautt 2lent 61 mbrer(arge abaliGudm dr 5
cm or nore, about 2 cmor about 3 cbéno nore, or g.lll)Q}Jt 4 cm or

more) . | MEBEPHSHCM §F mr% 3?%#.%?5;“0% 63 Of FioxPnaBPUY 768 Oof O,

about 8 GEyAR dn%tsmoéb%tiut@cﬁmrqﬁorlaee%saboah@%n&rﬁ@eer | ess, about 5
cmor |less, or about cmor less). L. can be inde endently about 0.5

cm or rrm{@l)l(% g.As dﬂmﬁltﬁdm%ﬁ’@féﬂ %ﬂ@ns}f&ﬁﬁ?ﬁt’vl@oy(& igdisppsed in akbut 2
cm or dition,
or alter naltrl ve?%?yghqﬁh%r réE? ?1202‘5?‘%‘3%{68% eﬁl y V{1;(‘(%&{(-::‘%? Cgrgﬁ]isg&;s (e.qg.,

about 8 Gmmretriceﬂysoraslynmeﬂcan@mthedmniasgiorabout 6 cmor |ess, about

5 cmor | or,..about n be the Sa

or di ffer@@] Wi twert@ﬁ%a(f?n %ﬂéﬁ%aﬁéﬁv&@mwe 56Wn§ﬁ%§5§h P BSRAENt Y, jow
di scont i RwtHéDafied Bdpish. BRR @01E bn tHeiRriaRtdr @ theftragdpardne sindbwetdhiees al |
L2, L3, etc. need not be the same _such that there |t% eglfornéﬂg Wg
bet ween sheriast diFaprerleln  SANGABAYSANE OF ABCQRIGNSLOYYSoBeIPH BT TY ef
w ndow C%Horuﬁf/@ﬁ(ﬁﬁ%s SHbdR ?ﬂ%@ﬁéﬂﬁ@teﬂﬁ tHe trads ﬁgﬁth.vm bWltdthe grooves

di anet er ness and any suitabl e shape ., round, oval,

squar e, t(eeaﬂangullaf Ot Thasmallest valag o anhthe lmhvalhe(ltnraén%fbaﬁw of

w ndow i S, 0 or 1 a I e,

o cal | PR o8Pl SR BE R Bl IR ok SFrtdIP T By bR bm or more
(e.g., abegtatbutcororihdre, abdbolb cth amat, ﬂhsomf2 cralbomiore} abcmtdrcnnmrmore or

about 5 crn bout 6 c r re, out .7 c bo

more) andogut gtﬁf)‘? pr @P?geﬁ’e?dgg ‘E?Htetiﬁaﬂt’ Hy "act?g&?‘ig %rral ﬁ&? & (’EOLH% cm

about 1 GMeRE aBBtS cnBPkks, Qbo'ilt%r&rpér]%%r@oouﬂb@ﬁitorzes@ MBr Qbow¥l @ oPREN! L3,

cmor nore, or about 4 cmor nore). Wen the transparent W ndow i s

ci rcul ar car beimdepeadenilysthapied-5 emeorimain éhar Erout hem s Warg e 1-3 crps mere,

di amet er a%ut\yc%ghggrea % i%mcdprﬁgrerg}raﬁou&ec or m@%?ufn eﬁid?tmn% or €,

about 3 cmor nore, out cmor nofe
alternatively, the Lmax can be independently 10 cm or less (e.g., about 8 cm or less about 7



[ 0022] The transparent wi ndow (15) conprises an optically transm ssive
material. The presence of the transparent w ndow enabl es the
polishing pad to be used in conjunction with an in situ CMP process
nonitoring technique. Typically, the %Eti cally transm ssive materi al
has a |ight transm ssion of at |east about 10% or nore (e.g., about
20% or nore, about 30% or nore, or about 40% or nore) at one or nore
wavel enginhs lest, dbooint e outess 3boutrh anporlges. or ARuDHeMondesge Lgnn andlewtcango
nmto abo

to abou? %d;g%g%rﬁ ere%l?% Cgﬁ%?ot t{) ;%%e Fnl?&s%glﬁ%’ cl)ggx?u o%%e%@%sc%ﬁ&lfoh@
sui t abl grddiﬁéserMaﬂepvéi‘ﬁmy saies\miﬁslﬂditealrchstkrmml,lha ]L;l;letcamded notiee thpsmnakdch
transm ssive material can be the sane i .ferent, than the materi al
1 e, MekiberR RS smaoPRuiseR eRasr s aERE e BBOYER i cal | y

transm §gi2yp MetiRitaAlpasi waRidW & Hale dnyiduateble AimRINER.g PRAESE, Wddg
that is inserted in an aperture of the polishing pad or can corrprlse

t he sanézap@tey;@mthmm@ramdmnﬂ@e@bleﬁh@ e1go FeHgeYal UURCTeRBREEM) ng
ad. ar f; lsiy d
by any SEPELRF shd 80587l tt RARMARA\RRoDHL bk iciah Rt chie 8 P

af f i xedtramsptieet woldowhypigaljydths hhorgutiimetheaxiser leigtianf et cmenr more (e.g.,

Deot 2P S0P o BRI 5o {1 55k MG B8, AR Y

the trappegRBait WneOmboasr AbaVES afiYor fldrd)aht @ shért diaindter axie ofwidth of about
crystallinity), densi t%/ and porosity._For exarrpL the transgar eg
Wi ndow BArPTEROTE 6.5 daoR! hERABEITE BOUL T SSBBIBH SOV 2 SR e 04 g

an 7 ayprdfe PHGt S bdtr Fﬂoré)e SFhél e trlnﬁhféhpm?ndowﬁr@&%uﬁ?loy sqidR€in

transparent wi ndow i S so or is nearly solid % has a void
vol ume dfapaitbetra3paront winday tyficdydane dipepsitestos svi tho afgcmté cm onTpge, (e.g.,

Ly AnSDaL e I tbouf S0 drt ol iy LU GROL ARG AU RS (12

of the B ow SuTface i's
subst an{002R] y CRrepladsiakeniiisdolsh@ SDCﬂm]S‘i‘Hemg'n sptichiy eansAlisstverastesial The

he poi PEReIEE Of By RAsDB B b e et P g P B peied Sdamps e it
opt i onakj ¥ A8 e dr@e)é@srm@ﬁn@;n@uéquhaywpplsﬂ@@ hﬁ%pﬁ@dlly&{funemls@@é mat®ial
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sub- | ayéﬁ 00(361)1 (elgambous 180 bsttarabblal3l590 oweRaah 200/emyip abpput ﬂa@OQJmm @mbngt

2T oSBT (TR RS o b B R0 BB R s A
of the prRhishivhigh |a&yl&fown[1ﬁ(ﬂ&6drtThprIplt1bslly thghsirgise madtdrinl bar bd the same or
Cegion, d;[ft%?entt Eh%?lstl?earrnaetg;lalvyn Iﬁleor\évmagl gr (;[ the po Lilshljng){)a& For example, the optically
transmissive material can consist of a glass or polymer-based plug that is inserted in an
aperture of the polishing pad or can comprise the same polymeric material used in the
remainder of the polishing pad.
{0023] The transparent window can be affixed to the polishing pad by any suitable
means. For example, the transparent window can be affixed to the polishing pad through the
use of an adhesive. Desirably, the transparent window is affixed to the polishing layer
without the use of an adhesive, for example by welding. Similarly, the transparent window

can have any suitable structure (e.g., crystallinity), density, and porosity. For example, the

transparent window can be solid or porous {e.g., microporous or nanoporous having an



of the polishing pad can conprise any suitable material, which can be
the sane or different. Desirably, the polishing |layer, the barrier
region, the transparent wi ndow, and the sub-layer of the polishing
pad each independently conprise a pol yper resin. The polyner resin
can be any suitable polynmer resin. Typically, the polymer resinis
sel ected fromthe group consisting of thernoplastic elastoners,

t her mos everpesl posesige oflesstharet higren). (Recfgrably, Hertvepgrazest wendow is solid or is
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sub- Il a h Iy A
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9 conposition optionally further conprises oxidizing agents, organic
aci ds, conpl exing agents, pH buffers, surfactants, corrosion
inhibitors, anti-foam ng agents, and the |ike. The CWP apparatus can
be any suitable CVP apparatus, many of gwhich are known in the art.
The polishing pad of the invention also can be used with |inear
polishing tools. [0030] Desirably, the CVP apparatus further conprlses
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describing the invention (especially in the context of the follow ng
clainms) are to be construed to cover both the singular and the
plural, unless otherw se indicated herein or clearly contradicted by
context. The ternms "conprising," "having," "including," and
"containing" are to be construed as open-ended terns (i.e., neaning
"including, but not limted to,") unless otherwi se noted. Recitation
of r angesomposytmnmmonelbeﬁmhar@mmeﬁl oxidiping peknds, pegapisrapils gepmplexing agents,

Fari i ng RRRe Al bEb bR Bt SR ARRRIANE, et |

falli ran é erein
separ at e apdrates ¢ bermprsmwm emm apparatus cmapedf ilictadre dnows in theiatt. Waee
i ndi vi dual I _reci tstgck her ei n. thogs1 scrib d hereiin can be

per f or maB‘“ e&BY"é‘“GP&@P CEmPes¥ Sh‘&Sé%f’c'Sed herein or
otherw s ‘POUBbFar |Uesﬁ‘915!5/rlﬁg W%M&t@@ﬁhﬁéﬁconfﬁﬁ@es%ﬁn Ofru pOV¥chipknapdint

exanpl es, or exenplary |anguage (e.g., "such '), provided herein, is
i nt ended detestiansystempmenypf Whlc aferienowntip & aghy éﬁﬁh’@ﬂueérfﬁf igeRestingIndyose

a limtaglaf, 81% ﬁg‘ﬁgﬁ%)g@f? BLesk gﬁ aﬁﬂ%ﬁﬁ%h ot BlhES St Qﬁféﬂeﬁ%d(ﬁloﬁi I face

No | anguage 1 n e construed as I ndi cat I ng
any non- ofﬁnewaﬂk;ﬁémkncam msthemtl Stchtroethdwds ape destmlesd, &t exdvaple, in UL S

dosor | bedHBr B mbr LA PG PR BOE SRtk RSP Lh U Re Aty a4 4
carryi ngpeght 4,658,183 €8 iratent ¥280,841, U1S. Fatent B3384p7,61 8/ PA¢ht SBIQEBBEDSS
may becone apgarent to those of ordi naUy%s kill _in e ar

T i me Prenr DR 16l T SOMBHET, TG UG, Fatenbs 2648 doectrab )y e
artisansfg 'o%oﬁﬂslhhg/@fthgf,fo%r@s 86th8 PR ARIp b &ess @nﬁ rdspEetitd'y AL e

intend for't invention to be practiced otherw se than as
speci fi chting pdle@md ehabdiestthe é@tmmmimrqﬁ ithegtojishing prd-peink e the defremingden of

al | m)dlflcalons ted in

t he cl ai H@' E1 t“'%‘é‘a © }é‘:‘r@tﬁls}h %%ecr%?rsl ltt}]i gég%e%v a1&1-111(51??'&0 a‘f)f‘é‘gfé

Mor eover j003ny COFH&Ipa;abhlﬁglpﬂf oﬂthelrﬁrbmmnel aatzblelfeduselm aendtisod of pahkhmg

possi bl e vari ati ereof is enconpassed by th anentio | ess

ot her wi sélaPM&YPééPg‘HO +e@%{°&r saﬁﬁ@fq%%wa%r@%ﬂ L ﬁaﬁ%%ﬂmple

cont ext . helRliGhifg Flﬁcﬁ)an b ueecpﬂJ potish %rl@?&e@ﬁmain@rﬁ@norg@ioaagwiemm Rlhss
|

| ayer haV|ng a polishing surface, wherein the polishing surface
conpri se gubstrates, memory or rigid disks, metals (e.g., noble metals), magnetic heads, inter-layer

dielectric (ILD) layers, polymeric films, low and high dielectric constant films, ferroelectrics,
micro-electro-mechanical systems (MEMS), semiconductor wafers, field emission displays,
and other microelectronic substrates, especially microelectronic substrates comprising
insulating layers (e.g., metal oxide, silicon nitride, or low dielectric materials) and/or metal-
containing layers (e.g., copper, tantajum, tungsten, aluminum, nickel, titanium, platinum,
ruthenium, rhodium, iridium, alloys thereof, and mixtures thereof). The term “memory or
rigid disk’” refers to any magnetic disk, hard disk, rigid disk, or memory disk for retaining
information in electromagnetic form. Memory or rigid disks typically have a surface that
comprises nickel-phosphorus, but the surface can comprise any other suitable material.
Suitable metal oxide insulating layers include, for example, alumina, silica, titania, ceria,
zirconia, germania, magnesia, and combinations thereof. In addition, the workpiece can
comprise, consist essentially of, or consist of any suitable metal composite. Suitable metal
composites include, for example, metal nitrides (e.g., tantalum nitride, titanium nitride, and

tungsten nitride), metal carbides (e.g., silicon carbide and tungsten carbide), nickel-



(1) a plurality of grooves disposed into the polishing |ayer a
measur abl e depth fromthe polishing surface, and (2) a bather region
free of grooves, and (9)a transparent w ndow di sposed in and
surrounded by the barrier region. 2. Thge polishing pad of claim 1,
wherein the depth transitions froma maxi rumvalue to zero proxi mate
to the barrier region. 3.The polishing pad of claim2, wherein the
dept h t plaspharhsplunginerberdgiicatedborpsiligatd glassi physphegilispte@lass BIH3), wher ei n
t he pol | shi ] ' r 1.G: by

pol 1 oni hECRREP AR i) T8E 80 SMRolaEmBhRRY AR vEl A RRGERE Ay oHiEn
gr oovesaliye. Ths ooriipistdalss camdothpriee, conkist sstendinllly af) dr eorsist ofwhyesnitabland

b LBt B oLen Lo eaed RelyRen e Lok S2E

fol I ow gfcon, poly-crystalline silicon, amorphous silicon, silicon-on-insulator, and gallium
arsenide.
[0032] All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in
its entirety herein.

( [0033] The use of the terms “a” and “an” and “the” and similar referents in the context of

\ describing the invention {especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The terms “comprnising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e., meaning *“including, but not
limited to,”) unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate value
falling within the range, unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually recited herein. All methods
described herein can be performed in any suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any and all examples, or exemplary
language (e.g., “such as”) provided herein, is intended merely to better illuminate the

. invention and does not pose a limitation on the scope of the invention unless otherwise
claimed. No language in the specification should be construed as indicating any non-claimed
element as essential to the practice of the invention.
[0034] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and

equivalents of the subject matter recited in the claims appended hereto as permitted by



applies, (a) the transparent w ndow has an upper npbst w ndow surface
substantially co-planar wwth the polishing surface; (b) the polishing
| ayer conprises pol yurethane; (c) the transparent w ndow conpri ses

t her nopl asti ¢ pol yuret hane; (d) the poHLshing pad further conprises a
sub-layer. 7. A nethod of polishing a substrate conmprising (i)

provi ding a workpi ece to be polished, (ii) contacting the workpiece
Wi t h t heapdichisthilawy Jad:ovér, ahypcomifinatmndf he dbpvabesadbarelemente astl] gossible

portion of .the surface of the rkpiece.with th al i shin ad.to
Dol | sh ¢ HedisRa(Piecb R pSamisiaal e b erich et SffeBRst ROIABRERRLG
further gfh@ﬁii§§ﬁ§mwghdiaﬁdiby cohtkkt, @ polishing endpoint. 9. The
nmet hod of claim 7, wherein the worl kpiece is contacted with a



chem cal

-mechani cal polishing conposition | ocated between the

wor kpi ece and the polishing pad. 10. The nethod of claim?7, wherein
the depth transitions froma nmaxi mumvalue to zero proxinate to the
bat her region. 13 11. The method of claim 10, wherein the
depth transition is gradual. 12y, The et hod of claim 11,

wherein the polishing pad is circular and the grooves are concentric.

13. The nethod of claim 12, wherein one or nore of the concentric

grooves arrealdisgonti nuous and have a first end and a second end,

wherein the bather region is disposed between the first and second

ends.

14, The paishied pod ceth@ishg/, Wherein any one or nore of the

foll owi ng applies, zﬁa) EBShﬁ&ﬁﬂﬁﬂﬁ%ﬁﬂhgﬁﬁHHQM%?&&&?Quﬁﬁﬁﬁ{mgﬁéhﬂnng

wi ndow surf ace substant a# nar with t

e polI'shing surface;

(b) the polishing Iayer Oﬁpagﬁl’é ;59%%?{%\%5%%%@(1&&& D& LADSRAL Nt

wi ndow conpri ses thernD astl

méa DS the polishing surface, and
(2} a barrier region free of grooves, and

(c) a transparent window disposed in and surrounded by the barrier
region.
2. The polishing pad of claim 1, wherein the depth transitions from a

maximum value to zero proximate to the barrier region.
3. The polishing pad of claim 2, wherein the depth transition is gradual.

4. The polishing pad of claim 3, wherein the polishing pad is circular and the
grooves are concentric.

5. The polishing pad of claim 4, wherein one or more of the concentric
grooves are discontinuous and have a first end and a second end, and wherein the barrier
region is disposed between the first and second ends.

6. The polishing pad of claim 1, wherein any one or more of the following
applies,
(a) the transparent window has an upper most window surface
substantially co-planar with the polishing surface;
(b) the polishing layer comprises polyurethane;
(c) the transparent window comprises thermoplastic polyurethane;
(d) the polishing pad further comprises a sub-layer.
7. A method of polishing a substrate comprising
(i) providing a workpiece to be polished,
(ii)  contacting the workpiece with the polishing pad of claim 1, and
(iii)  abrading at least a portion of the surface of the workpiece with the
polishing pad to polish the workpiece.
8. The method of claim 7, wherein the method further comprises detecting in

situ a polishing endpoint.

0. The method of claim 7, wherein the workpiece is contacted with a
chemical-mechanical polishing composition located between the workpiece and the
polishing pad.

10.  The method of claim 7, wherein the depth transitions from a maximum
value to zero proximate to the barrier region.

and



(d) the polishing pad further conprises a subl ayer.

13

11.  The method of claim 10, wherein the depth transition is gradual.

12.  The method of claim 11, wherein the polishing pad is circular and the
grooves are concentric.

13.  The method of claim 12, wherein one or more of the concentric grooves
are discontinuous and have a first end and a second end, and wherein the barrier region is
disposed between the first and second ends.

14.  The method of claim 7, wherein any one or more of the following applies,
(a)  the transparent window has an upper most window surface
substantially co-planar with the polishing surface;
(b) the polishing layer comprises polyurethane;
() the transparent window comprises thermoplastic polyurethane;
(d) the polishing pad further comprises a sublayer.



