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FIELD

[0002]  We describe polishing pads suitable for the chemical mechanical planarization
(CMP) of semiconductor wafers. I particular, our description relates to polishing paﬂs
synthesized to give spatial grading in material/tribological properties. These differential
gradings may be used to achieve custom polishing of various dielectric and metal films during

silicon integrated circuit (IC) processing.

BACKGROUND

[0003]  Chemical mechanical planarization (CMP) is used to planarize individual layers
(dielectric or metal layers) during integrated circuit (IC) fabrication on a semiconductor wafer.
CMP removes undesirable topographical features of the IC on the wafer, such as metal deposits

subsequent to damascene processes. CMD may be used to remove excess oxide produced



dielectrics (IMD) including those having

| ow-dielectric constant (lowk) materials. [0004] CwP
typically uses the conbination of a reactive liquid
medi um and a polishing pad surface to provide the
mechani cal and chem cal control appropriate in
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liquid and the polishing surface of the pad nay
contain inorganic particles, often nano-size in
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system all play significant roles during any CMP process.
[0007]  Asa way of quantifying the role of these factors in a CMP process, a Stribeck curve
may be employed. By way of background, the Stribeck-curve is a plot of the average coefficient

of friction “f” vs. Sommerfield number, So [So=nV/p*d.s] and shows the extent of contact -



of friction "P vs. Sommerfield nunber, So [So =
p. V/ pdefr] and shows the extent of contact 2 anongst
the wafer, the rotating pad, and the encased abrasive
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polish since it is comparatively more compressed and thus creates a barrier that the wafer must
continuously overcome during the wafer’s motion. On a micro-scale, the pad asperifies at the

wafer/pad interface are collapsed thereby increasing the shear force, components of both f and 5.
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conformations (e.g., perforated, K-groove, X-Y groove, and K-groove/X-Y groove

combinations) have not specifically addressed the impact that chip pattern density, chip size,
complexity of architecture, and dielectric/metal process flow have on ultimate chip yield, device

performance, and reliability of integrated circuits.



[ 00151 Various attenpts to change pad thickness
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[0020] Inagraded pad, the key pad mechanical properties like hardness, modulus amongst
other and physical properties like porosity are varied spatially. Several types of grading can be
conceived of which include patterns that can be classified as annular grading, island grading and
step grading. Many other grading patterns are possible depending on the type of operation. The
most appropriate pad grading for a particular operation is developed using simulation methods
based on parameters which include the wafer sweep and it's residence time distribution during

CMP, coefficient of friction and other physical properties.



constituent polyneric conposition in the bl ock
copol ynmer over distance. [0020] In a graded pad, the
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[0029] Fig 9 depicts schemagca?ly aphase diagram (T emperature Composition) of block

copolymers with different equilibrium structures (bee, hep ana lamellae).

DETAILED DESCRIPTION
Functionally Graded Polishing Pads
[0030]  Described below are polishing pads suitable for use in the CMP procedure for

polishing silicon-containing wafers mentioned above. These pads having at least ftwo areas on
the polishing surface adjacent the polished silicon wafer, having differing maternal
characteristics. The areas may be discrete and well-defined with clear borders. The areas may
be of a type wherein the material characteristics vary over a distance. Our polishing pads

comprise one or more polymeric materials that each may comprise one or more of the following:



texture using injection of a block or grafted
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be substgsiialtyrfiptafies compiktjoresfahofynthesis QepsTREGIVRA BEIeE %o@aﬂ and hilled
e

' 0a.pol rs of ., two or nore species.
surfaces g%ﬁ@%%hr%i%gfé‘é‘ﬁﬂn%ﬁ P?ts(?\h%y_be fill Qd with other
[0032] paVigeriseuitiblefanthepIBSYBRI CODBIIRAIE pds fﬁcllgde a wide variety of

ol ric fibers, natural fibers, particulat
P°‘ym‘3fs?r§%%‘}'$‘é$ Yieg Gpigrsg Bolymserastrolyvrethanepeely ek, polyparbeiate, the

Nylons, viRio@s beeSpolPdsters, bO9Rtond, Q@d&érﬂoﬁ&geg&fs, a?nldrthéjl%? Cly ped
1 _Eol i shi ng &gd ad] acent the pol'i shed water surface may
poiymeng materiad puth i5 chgmicaitrelged brethsompidenip be wdedtfdvahe fabrication of

the CMPHAL B@SE Sol ' 00 and.bil | ed
_ z)u rface sﬁohg%i&%mgﬁ%fe% h%?gocfggér?%th%ge&/n g:fq}é“&'ﬂﬁtéqné o ' usmng these
materialsgomsarilynveliesbwe snfdrsimiding drthe heattbaskips besteMR: structure of

i shir Lhel ude a wide variety of polyners, .
e poyafigle i A8 BEGR "HOTLID Rl bibinl S Bidpanie mimetaisios o
the vatioysaiopsiiteent apdtompushe matesials tdye, infdy boer ¥ethp BYFicPbddben

Ee
. est.ers, pol ysul fone, various polyacetals, "and the
vanous a'l%lg‘%{éea ‘H‘é%-émﬁ)ﬁ‘&f\‘/v Tic material and their chemcally
(0033]  r Enatpethukreidae Bavinga FRYABM 858 Ot diherh 2 dhi E&QJ;pQIQiaI
historv is f éhe%l\/P pad. O her polynmer chem stries may, O _
ry is s p ireang AR polspesa chemier HRsicor. Thvn golymesgroducts often
comprise (Rt frla s SpIMRAE PSR Athinks IcRYR LVBn HOITE U [ a.n?i 0980, <
h . the relati onsh?ps bet ween t’%e StT Gt u@ogmﬁ e %%J%amg’ more
an 9()/0&8 psyﬁmag:s et @,lqeg&damﬁy@la@; (TB8uirtdipignplayianakiiisocyanate
(MDD an@§t9BEAS 48 Ss. r ng, gharagterist.ics of the
K vari ous o n &%ﬁ%ﬁ@%ﬁ%&%@gﬁ ?Oéy@éf%]r‘?%y@?atee@@ﬂ) -
Isocyanat¢ fitnetiondity isempatamp ad it Biads tb yro9€ink@eMnd therefore hardness as well as
other pad compliances. The size and molecular weight of the polyamines/polyols reactants
contribute to the flexibility, low temperature properties, hydrophilicity, light stability and
processing characteristics of the resulting polymer.
[0034]} Chain extenders are often low molecular weight diamines or diols used to increase
urea/urethane content in the final polymer. They react with the isocyanate and become part of
the “hard segment” in the resultant polymer and often substantially influence the hardness as -

well as the elastic compliance. Many available chain extenders will also modify process



vari ous areas, reactivity, and viscosity. [0033] One
pol ymer system having a significant scientific,

engi neering, and comrercial history is the

pol yuret hane and pol yurea chem stry system These
pol ynmer products often conprise isocyanates,

pol yol s, pol yam nes, chain extenders, etc.

Commerci ally speaking, nore than 90% of isocyanates
are tol uene-diisocyanate (TDl) or

diphenyhnethane di i socyanate (MDJ) and its

character%ﬁ%sicsgl;uglh é\%/ g? @'&[gp? v1sccrsnc%|(t’)$1g§ ggo IT}(‘[E,TE%?%%W}E‘P? ft%gart]ee Iry%duct is

also ofterl ATROfH AlosAmkérk ateBaiSclcfzQY WsBbictihmgei gitchnt h’ﬁﬁ(ﬂfoﬁﬁlﬁy. Low
hardness as well _as other pad conpliances. The size
moleculapyefshignelethieraraefichye 6tf°f?9ﬁB“16‘BE {PRrAORE BB PR a molar basis

and effecf RACiRALSistfRPd dvhiitR fR Eeprﬁ)efzﬂnﬁé 'ﬂ@iit)llitt&’ 'anh %\%cessmg kinetics.
enmperat ure properties, hydrophilicity,

{0035} stThbrralaqrettyvoaml Japrocapssiackesdhn pbﬂn&p@lme@/powthanes They
. f
e o G5 AL M e TS 200 5 GPASHR B v

schematid MhmmhomdﬂmmeManmnmnﬂembmpmdntﬁefg Mbn@dl@umﬁml a

.. They react wth the is anat.e
disocynctndy &iredtl 8hM SX LT BUCH AN Gy RE IR OBy Fch o
process iISHUHRLBE totldo), 1dthl ¢oRB&ERIAIBEs besnatsSinake reabidn @&k nirBand
el asti c conpliance. Many. avallable chai n extenders

random thgnppl conel spaglimgs frdbBskidely aAng plyReRreduct Ghyragteristics.

[6036] 9 @imﬂ'é TBhoARG: MhSEAR deYichbh bEmbBwo TR te%flﬁlﬁﬁ&t Phofsoly2Bate is
ul t1 nat e product is also often affected

pre-reactetkip 8 irst sleprvathathe lask shaindiamine/diob io forn edighanolgenighweight
. . i A | ecUlar e ,
sy DL U el ﬁ%y%“%%hg%ev@ﬁ%‘?ﬁ%ﬁi%maﬁﬂm
reacted with Id'mnﬁm&iblchIMS ef ¢hat extenciersds edmpletsithe polyercafpolyurethane

.oswellin ow { enper a exi bi and eSS|n
fomaron s phcbs s R EMER@LNED bRkl bl eber BB 5o
often in tﬁ@{e,ghemiub@bf my)Ogol yur ea/ pol yur et hanes. They are

‘one shot" technique, and the (ii)

(i)
[0037} ¢ F\t@bwlﬂ é'é ARG thaFpyg Rolisbing Radiemay coppmissameat R?ﬂymﬁéuch as
the polyufé'ﬁ ran§ onﬁolﬁﬁ'&h&hﬂﬁgls d sBus%HJ']Tﬁf dbovt Blemﬁf"[imﬂﬁ@éyt%o(& nibre

chal'n dii socyanat e, and, as needed a
different @hhctﬂaremzelat@muchp@mwe@bsm solyaecas miterialydn M different areas on
the polishilG¥&Le: such a process is difficult to control.

C concentratlons of reactants in the reaction

[0038]  niThis explasanidn of apdionf ththodwfor ponbucvl pelymethaveor pebutda

del. n ol uct hara teristics.
materisls b itwif ot B RIS efsnaishte GER BRI 34 fhin cxamplc
for placiniy\WEheSPSTYmbRGH teGythesTNES $ra@@yRaatRch 8n e 1€ el @ ot b2
a first step with the Iong chai n diam ne/diol to.form
Cm““mﬁﬂaﬁ?bﬁ“ﬁﬁﬁé@h@ﬁﬁmﬂEPﬁﬂF’1$%§@thate typical ly known
as the "prepolynmer."” This functionalized prepol yner

is then further
Multiple Injection Molding

[6039]  Another vanation of the process for making functionally graded' pads comprises a
process known as multiple point injection molding (also called coinjection sandwich molding).

Multiple injection molding is a sequential process in which two or more polymeric materials are



reacted with diam ne/diol curatives or chain
extenders to conpl ete the pol yureal pol yur et hane
formation. This process is nore easily controlled but
requires higher processing tenperatures often in the
nei ghbor hood of 100C. [00371 It shoul d be apparent
that our polishing pads may conprise a neat pol yner
such as the pol yurethane or polyurea nmaterials

di scussed just above or may conprise two or nore
different nol ecul ar wei ght product pol yurethanes or

- yur ea terials jn the differen
wilized, B3y dighich j gﬁiﬂf%@ﬁf GRS TR smlé\ﬁ%ﬁﬁ? Bhregtiingt Bfg'r‘srpmcess
is differeRf fr&ﬁtﬂ@ﬁ%ﬁ ﬁ{uxcgﬂeﬂyé‘clueﬁneml ©bdaaescabedsdlpnr ea :
- materials should be viewed both as an exanpl e of

[0040]  priveicrcimpde efrorrecqsiyrs/fvb pathenidings BHe-Exagpie paf gyhere two

different gh%ﬁleﬁ% g&tzcﬁﬁlay L8 o fSEcn YR NSRS A si9kAdRHigure 4, 2
an exanpl e 'shoul d not be considered as a

first outelr amvlatringnf g nalies moblpé um‘ng arhreu Qﬂng@ H@ﬁ]ﬂ&PmWB tThglcempleted

cti,on .Mol din
outer ""% PJ& eplageg Jo Pnﬁ??oﬂ% L‘P a4 ona y gr ade agtﬂng sﬁ)1£Il ﬁﬁ@d wiha
second palynjefio eRi&kiak rsaithaﬁa fht fipdt mdsmcuﬁd mn}dmg stepa, ml diffasrgut

(al so called nj ection
materaly iy Bsa g G A0 2oL o Gries Bqng oppet i diferent
(mechanfc%nﬁﬁ:h?ﬁéﬁ%ﬂ@#éfﬁ@d’ PRopRBbRIding! 8 (S ifterBcd i éehBk two materials
however the materials is i :ected int.o_the

may requigs|sglegfioneofgnaierialethat a¢ gempanfieswith srebstber; Suckipfogpalinn is

c ! A12b Bﬂdﬁﬂt BRlvtich Sw hOGRSS |
readily R B Qe e P R R B D RO AeS
ummﬂygswmthe5|2|ng a two-area graded pad where two

too41y TS EERba BRHIRELFio BHR ARl PR xR Snbi®Gfn BB Erdihnd with
more thaﬁ e Btepd) rHﬂr&lEr, this gaetlfodtnivsr beaded ® mhﬂedemmevprgatang pattern from

thcsampiené ecti 0%1 %%J' d'!l_r;ﬁ ‘h&ﬂe co et ed ntjer Pf?%ems

10042) PaEiglireny ahd6 tshew nﬁd;rb b&ﬂpm phikteans mﬁ@ﬁﬁb m@dewmfgl this process
material. Said again: in the first and s gond
ﬁngw? rssothat

The crosses shawn g gerers a5 Esion Rydredena Dy £ eang

neither pbRRaek BRHdS hotBads YALS hl‘ll'ba}?oésy&aﬁﬂdiﬁélﬂ:ﬁ&r foREH £8 Fenftived from
areas of different (nechanical "and ¥S| cal)

the partigliyopelded pasl afler Bysemneiopthgiothsr af the Fi%“i’fﬁtl‘é ifebe bet ween
[0043] : @ WO HABEL hah SoeulB Xt 204 ELrﬁs S bﬁ’Q c@fm?ﬁ s?ﬁﬁgaﬁa% (200),

are conpat ther.” Such 1 nformation
a varietyio$‘ chasemaiehy oanlai(202Pe3, 204} dnd fagdP0T)i freeagh of the noted areas, the

respectwﬁ ga&xr{e%g Ilag}l:) agc%%%t Aiﬁ'lerleiltt ﬁf)l)pn%r Wehls t&p"‘% d?schysng 51?0\)& r at least two

differing ones. Again, such patterns may be achieved by using appropriate mold geometries.

Multiple live-feed for in gite) injection molding

{0044]  Molds including multiple in-situ injection ports may be used to make a graded pad. In
this method a mold is selected at least two ports, generally independent, for injection of polymer.
At least two different polymers are injected through the ports during the same injection step,
often at the same time, to fill the mold. Depending on the grading requirements needed for the

pad, the usuai polymer engineering calculations may be used to calculate the fluid flow and heat



100411 This nethod may be used to form graded pads

with nore than two areas and with nore than two

steps. Further, this nethod may be used to achieve

any step grading pattern from the sinplest, nost

wel | defined annul ar patterns to the nost conpl ex and

random of patterns. 100421 Figures 5 and 6 show nore

conpl ex patterns as may be nade using this process.

The crosses shown in Figure 5 (as region 2) are

fenced by cross shaped forns or dividers so that.
e L P B ol hao R 4 S Honr Iy e forthe
dlffereﬂtpafmeﬁbqnmﬁﬂd@dtmowter the one or the other of

t 4 u ho
[0045] rﬁgérgg’lusﬁtg\rﬁs é é?l(t O’Squ( Eggn(g’po&gflgr g é?l()iﬂl&@’s < PSS this process by
inj ectmgpdlrsts;imbnger;f&ﬁn (hZQﬁl)ar pedpheay (2¢2)ofafmadh osBasian@ascously injecting

e fn n&zoz fgr and flag (205). In each of the
a second palymerit maliia ﬂglt ®ctive polynmers may each be a

di fferent pol yner of the types di scussed above or at

| east two differing ones. Again, such patterns may
Block copelymers eved by using appropriate nold geonetri es.

I

100461 73 Rk Sateder g iab Aty ddlsfd throd Bt SRAB IR 1D shows
phase diageam Bonﬁaymb,em @d:edctmam%e thy I@mﬂm&p [baidveelt the bideksopolymer

compes 51 (8 e MR sERAEERD By Mo B0 s BREG Jic ce g e

final prothasTo atvain @l pfaileti@nin poajeytiea) the adsiﬁptisnjoﬁ @f&ﬂ bﬂch.k@dﬂflylhbﬁs
gradually] %? Sﬁé'cg tz{éﬁltﬁs%ﬂ 1}?115%6 tr!er%gblitg'% °f ! %ME‘; hlgek
copolymér&@%pﬁlﬁﬂ@ﬁﬁzﬁm&@ﬂﬁdseﬁﬂé gdo®tryRadtheher GAS&% P ehatER

g} eering cal cul ations_may be_used to cal cuI ate the
spatially,@p Hel] 2 FRSAAEHEERtH 310 B a7 e inife o deschF 3Fce e e dssiaggmadation
in physmgfpr@lm&%eﬁmaxﬁe% toh SRR Y IR Sty A oftioh BB Sl 8P k%&v

rates for the fferent -pol ymefs being fed into t
mughﬂesﬁs@ﬂéasi{evu%l Fi gure 7 shows a conti nuousl y gr aded

‘ |
[0047] i S é%ﬁ?ar%gﬂgar?%érsgkﬂggﬁy ﬁelﬁ?d))f'i% oa%nﬁt ﬁedﬁ% %gl%f% g cor}gi-,entratlon of
the molec(lmz)ntméf tae hivickl cogriljreesiveullistaneciet yheitwp mzﬂe:qugm umts AandB

t
w38 BB O4 EBE S e LR, AR e B m vt
structure pmadcetdms rarrasﬂllltaﬂ'tlﬁ?e gastetiopd delatnghip @h&rsthi\gurw cRARSE

. I agr r i.n in a functional way, the
addmomf%q%éiofl ﬂ@?ﬂ' aﬁé‘f\ﬂg%ﬂ RiygcH PgERtEHol yner  conposi ti on
[0048] ( %I&di&arﬁﬁitﬁdﬂéﬁle%ﬁ@ﬁ%ﬂr&é&%% )nv@ﬁ%gtﬂ&k%myﬁl&s include

structure (BCC, HCP, etc.) final product
such mategialsasstiaengs Eﬁaﬂe%rbuitadlqypwetbmeé’mat Ineg-chwirpdiolstand diapfines,

ete. the bl ock copolyner is

(ias assisted injection molding

[0049} A method to produce a graded pad having included microporosity would be to
include a gas during the injection molding step to achieve functional grading of porosity in the

polymer polishing pad. Gas may be dispersed into and injected into the mold from different

10



gradual ly. Hence, in a controlled fashion, the
difference in geonetry is achieved in the bl ock

copol ymer by spatial variance. Because the geonetry
and the % of (A or B) is changing spatially, as well
as ‘the fact that A and B are different units - the
vari ance provides a gradation in physical properties
such as hardness, nodul us, porosity (by solution
renmoval of A or B), roughness, and asperity (0047]

Specifically, hardness gradations may be achi eved by
nmol ecul ar _units of

[gAVA! he concentratiogn of ..th )
ports wJ{f KRS ORI inc 00 P amE T srbleing R Bbeomam differing
amountyDf Bclukied gasnit H¥feAndBoinB and 96levet dTHkKEndNR hRQH ok Ry,

of different hardness val ues. Furthernore, the
variation in crystal structure produced as a result
ReactidfinbfiRnGst@Rs kiMapal rel ati onship shown in Figure 9
creates addirtional and controllable variations in
[0050] ph Perticaiar palymeeie eystemy GEAPDLNDIEDEY) are amminpbleselinbhtit@steps
ing e . I ;n k .copol yners i
i 30 R R BER VLA M DS SORTATRI s s
polymepsythe dpestigjentumetdraebshaterals ahbapgraphiaierrabisiidngadnts (e. %
i.am .et.c. Ga Lsted injecti | dj 004
glycero 'aﬁg}'teﬁ %%tbte 61%%%%%%%11%%%{1 gl&gja e%%ﬁi%%&%ﬁo%e ﬁl&dlr {!}lg ééfulting}mixmre
is polymdrized phile fioldingVl rilakee grﬂledipﬁ_@hhﬂﬁ]?l@ pBRSard Usddng ijb& two or -
more tvh il ction woldlqﬁgstep to achi eve functional grading
ore B “3 SIBEFYC Pits (ed corpspershingsdrinienderpta acldaes sradation in
chemicdlis§Rire €Gral i i@ RMerhRh BB rd Wil edull8n BRI &The mecajanical and
. flffe[ent 10 ports with different flow rates in order
physical yopgrties n gradi ng. The resul ting pad will contain
0051} di ffyRfifrBnriA bl il I
H00S1] C AR AT AMEE (X bRt RO RRI i bl T b vsea o
producecpiapegraded padieasovélbes thegatiniors padd disasssed Rbde. [ 00501
Particul ar polyneric systens (e.g., polyurethanes)
are anenable to nolding steps using the RIM

Lameliar gridetipguedding n t hi s nol di ng process, instead of
i njyecting .previ qus] y synt hesi zed ol ymers, _the .
100521 R B RE ST ey & o <o Berhaps in layers,
. inan injectasholdisg PEHcAYEBLEH L those dishHEPIRYY, pBBsHIES pad@hatilSine
ded dpiLtlatlng agents and chain extenders are added an
graded ghpraciepistios maa%em%ﬁ% Thig way piprefyoisimpicinbysiedl shintyres of
polymerd & dRKEaR A5RIBHIBRA chakkihs fﬁ&ﬁarﬁg %{Jﬁll zgﬁrgd&%g d{lgegrgsulting

.inject two or "nore types of nono units
gradatiop gf propertigsvHbbearapidinedy dhromedipnicd and physioal graagtédristes of the
individuhholyrd@i cal structure. Gradation in chenical
structure will result in gradation of the mechanica
{0053] andhis methad can lead to microdomain gradation.

Microcelinlar (Mucell molding)

[0054]  In this technique the polymer fluid being molded is mixed with gas in order to form a
solution mixture. Utilizing two or more such solutions with different chemistries will lead to a

gradation of both the mechanical properties and the porosity.
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physi cal properties. 100511 By differentially adding
the nmononers to the nold, this nmethod nay be used to
produce step graded pads as well as the continuous
pads di scussed above. Lamellar injection nolding
- [ 00521 By using m xtures of polymers that have been
previ ously extruded, perhaps in layers, in-an
i njection nolding procedure such as those di scussed
above, polishing pads having the graded
characteristics may be produced Thi s way of
[0055] flgggcola Ss{é]gg:%r;vf) g é:rc]e-zgsl 1gfto férgrjaé‘n gglreﬁt ﬂegtons of the
wafer bemqumteﬁ to E&te;pbeﬁub tllﬂﬁgcnt gh@s&atm gixrns@fftharpogaidr Ipeé im kdlected
be according to,the chapi cal and
manner. FREEREPLT TRIYDOS bsrwftqu@ for; theyPUPTREEE %r(@?f‘& peafer{p§g gpposed to
the soﬁeﬂ%‘gﬁmﬁrﬁf ﬁl@ ?a@ﬁﬂerla ﬂ@%"&:ﬁoﬁﬂl SHeaf PR B high@dRid 88 harder regions of
M Crocel Micel | nolding) [00541 In this
the pad; rrewmaqm it may b@b@xﬁrﬁrﬂat fomihe 1pRar Fegions|of the waderip bg gxposed to
’ f bib R th& Both the wafer and
the hard ;%$o&ﬁ§ﬂkgﬁ§t%%%ﬁ%?gtggﬁkﬁ ?Pons Wt h dlffergr;\t’aeran
the pad ;whanmstian (miatwnl bscillagidn} dnrimg agy GYER propesofisingthese graded polymer

pads in cgeaﬁlgc S algl} %&18%108 1%%2%%% { h%l(pd% Sd?}ﬁﬂg ?0(1)1(1:%6 Eggtﬁ%gdrtﬂqocal.

and glnb@i piaviridhtfdheTRNhatefgiromsvalfratt) h!cfecmi}& rerdsa;nngidphihnsgteﬁhe

be_exposed to. different osen regi ons of s
wafer g Qhs HB LRI icedragh ahn CRARRBFE=* Bt up i Ty rbolosy
[hardnesgﬂibnﬁrﬁa&%ﬂ%ﬂ chtlical propbhRs B:l&@ﬁz@&rdcﬂ@?ﬁyeispaﬁndsh ef the pad

wafer to be exposed to the softer re I ons oa%% %
,matemlw@rr@mq&remrlbr géqqeématls@%mdsper@bch%cem dpcal pach okl physioat

pad par. E 5110 \% enf HEMPREMP @h&i‘%@ﬂﬁ‘ﬁ%}son it may be
ICI e inner regions of the wafer to be

exposed to the harder regions of the pad to achieve
a higher planarization | ength. Since both the wafer
and the pad are in notion (rotation, oscillation)
during any CMP process using these graded pol yner
pads in conjunction with residence tine distribution
nodel s woul d achi eve sinultaneous |ocal and gl oba
pl anarization. The material renoval rate,
defectivity, erosion, and dishing of the wafer and
the effective planarization | ength of a CVP process
depends upon the local tribology [hardness,
conpl i ances] and physical properties [pore size &
density, asperities] of the pad material. Qur
functionally graded polishing pads permt choice of
the | ocal and gl obal physica



pad paraneters all ow ng inprovenent of these CW

shortcom ngs. 12 WE CLAIM AS OUR I NVENTION: 1. A

functionally graded polishing pad for a CWVP process

conprising a polishing pad having a polishing

surface for polishing a silicon-containing wafer and

configured for use in a CWMP procedure, wherein the

polishing surface is one piece, substantially flat,

and conprises at |east two areas having differing

physi cal characteristics. 2. The functionally graded

icshi ' ~Wherein at |east two areas
ﬁgg(ﬁﬂ& AB . 3. The functionally graded
pol i shing pad of claim1l wherein the at |east two
reas ach c rise a conpositionally different

30| ymér “BCW‘&HE%@ Dlisting ped, e i QYR IPkgcesy embetising a polishing
pad haying h phlishtiepaa®f fofhtish i sj .t :
aCMParea§ eagh_conprige gh ﬁ??g?gﬁ??%§§§ﬁ%?%§gﬁ%(@ﬁ%ngﬁ”““”n

RIRFEHYe-dYhordnr Siptpoliping sufacp i enegi@e ssubstantiigr it land @omprises at

feast twoRkkaQ .. ses m xtures of the
conpogfﬁﬁ%ﬁgﬁﬁﬁéE?%?%f@%?ﬁﬁ%ﬁéﬁ%ric mat eri als. 5.
The functionally graded polishing pad of claiml
er ei | t one,of.the a |l east two areas is
, gﬂ nul e Rt Gy el P%ﬁhﬂ“ﬂyaé phefain pBitezin pigessttwaireas have
discretedfomipdnries.wher ei n at | east one of the at |east two
areas is an island. 7. The functionally graded
pol i shing pad of claim| wherein the at |east two

ar easThesfandtioaMPE8&! polidhihh pheBf ciRal Y%%:le\%h!g%ta€ %és%ltt‘ﬁ% areas

each condyving different £h si cal paraneters an ere
Co’@ﬁﬁﬁag”g"qnﬁ’oé’é?ﬁ%?l iffgpeninolympenic mpferialt | east two areas
- is a step change. 13 8. The functionally graded
olishing pad of claiml| wherein the at |east two
r easihe opdhpgraded mlighifnig paccof clygol 3 whereth (HBEEE R bwo areas

ich comaNdengd 4 i G arangters and wherein the
o _CO C ﬁg n ge d?%;%lgg‘%g%ﬁegp }oﬁ%{&ge ]%é’gfg %ﬁlgmﬁtt pPhygsisal Pargypeters @nd wherein
A reglonbgtvecen Hivtdrens caspo s mgeturd. of TecolnpdskibRNBI divteBhasiAneric
Hmmﬁdgolishing pad of claim 1l wherein the at | east two

areas each conprise a different polyneric materia
having different physical paraneters and wherein

5. The functionally graded polishing pad of claim 1 wherein at least one of the at
least two areas is anhular. |

6. The functionally graded polishing pad of claim 1 wherein at least one of the at

least two areas is an island.

7. The functionally graded polishing pad of claim 1 wherein the at least two areas
each comprise a different polymeric material having different physical parameters and wherein

the change in composition between the at least two areas is a step change.
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the pad is circular with an edge and a center and the
edge conprises one area and the center conprises
anot her area and wherein the change in conposition
bet ween the edge and the center is a continuous
change. 10. The functionally graded polishing pad of
claiml produced by the process of sequentia
injection nmolding of at |east two polynmeric
conpositions to formsaid at |east two areas. 11

The functionally graded polishing pad of claiml

produced by the process of sinultaneous.ipjecti
8nol dihgfussticelly gaded PoSbIg Rﬁﬁ@%&l% b wg\a@}ﬂttﬂ%ﬁée?sggm areas
: JBaSHc hi¥Brial Ha6RS diffedent ThRichuned @aslahy wherein
emm‘”“g?%gégﬂ%%F@?ﬁ?ng pad o#aclai%1l,mheFé?n g?QIeast one
the changsfin thapasditiorn teiweent tp atJeasy e Rigasip ApeRfinEPusEaR%npr i ses
a bl ock copolyner. 13. The functionally graded
pol i shing pad of claim1l wherein at |east one of the
gat  freafinctionallp gtaded polishingpdifciaom$ wherepr the atlesst two areas
bl ock I havi .di [ i .
cchconeps bR R A BB s nt whori
the pad i§lLifduBR At sh’dge and a center and the edge comprises one area and the center
comprises another area and wherein the change in composition between the edge and the center

is a continuous change.

10.  The functionally graded polishing pad of claim 1 produced by the process of
sequential injection molding of at least two polymeric compositions to form said at least two

arcas.

11.  The functionally graded polishing pad of claim 1 produced by the process of
simultaneous injection molding of at least two polymeric compositions to form said at least two

arcas.

12.  The functionally graded polishing pad of claim 1 wherein at least one of the at

least two polymeric compositions comprises a block copolymer.
13.  The functionally graded polishing pad of claim 1 wherein at least one of the at

least two polymeric compositions comprises a block copolymer having differing constituent

polymeric composition in the block copolymer over distance.
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