SYNTHESIS OF A FUNCTIONALLY GRADED PAD FOR CHEMICAL MECHANICAL
PLANARIZATION [0001]This claims the benefit under 35 U.S.C. 119 of a) U.S. Provisional
Application No. 60/475,305, entitted MODULATION OF POLISH PAD PROPERTIES THROUGH A
RAMIFIED ALKYL AND ARYL FUNCTIONAL GROUP OF PRECURSORS, filed June 3, 2003,
(57718-30003.00); b) U.S. Provisional Application No. 60/475,374, entitled SYNTHESIS OF A
GRADED PAD STRUCTURE FOR CHEMICAL-MECHANICAL PLANARIZATION USING REACTIVE
INJECTION MOLBIKRS Mk 9 e FROUZ G XL B0G0MBY, PAD FORLEEMBUIsIonal Application
No0.60/475,283, entitled REINFORGRR-GEHRGY $T QNIZER FABR FOR CHEMICAL-MECHANICAL
PLANARIZATION PROCESSES, filed June 3, 2003, (57718-30005.00); and d) U.S. Provisional
Application N0.60/475,307, entitled INCORPORATION OF MULTI-FUNCTIONAL CURATIVE
AGENTS IN.PADS USED FOR A CHEMICAL-MECHANICAL PLANARIZATION PROCESS, filed June
3, 2003, (513130008083 mdhe bersEomtsnis BiSthitkPE incorporated herein by reference. FIELD
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BACKGROUND 10@93;@_@@;;@@%%%]3 @ggwwm’(g{wﬁgdigwﬁﬁg@g@%ze individual
14Ye1S  GRADED PAD STRUCTURE FOR CHEMICAL-MECHANICAL, PLANARIZATION USING
REACTIVE INJECTION MOLDING, filed June 3, 2003, (57718-30004,00);
. ¢) U.S. Provisional Application No.60/473,283, entitled REINFORCED CHIP- .
CUSTOMIZED PADS FOR CHEMICAL-MECHANICAL PLANARIZATION PROCESSES,
filed June 3, 2003, (57718-30005.00); and
d} U.8. Provisional Application No.60/475,307, entitled INCORPORATION OF
MULTI-FUNCTIONAL CURATIVE AGENTS IN PADS USED FOR A CHEMICAL-
MECHANICAL PLANARIZATION PROCESS, filed June 3, 2003, (57718-30006.00), F;h@

entire contents of which are incorporated herein by reference.

FIELD
{0002} . We describe polishing pads suitable for the chemical mechanical planarization
. (CMP) of semiconductor wafers. In parficular, our description relates to polishing pads
synthesized to give spatial grading in material/tribological properties. These differential
.gradings may be used fo achieve custom poﬁshing of various dielectrc and metal films during

silicon integrated circuit (¥C) processing.

BACKGROUND
10063}  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. CMID may be used to remove excess oxide produced



(dielectric or metal layers) during integrated circuit (IC) fabrication on a semiconductor wafer. CIMP
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 during
shallow trench isolation steps and to planarize inter-level dielectrics (ILD) & inter-metal dielectrics
(IMD) including those having low-dielectric constant (low-k) materialsééQOOMCMP It}){%oically uses the

combinatiBias aPrEREtitFeRs e AieBitifR AT L BLRATIAG DA S ‘bﬁ%ggd%)yﬁé Ed&fiical and
chemical aanéealappvapyiateutiiqchieving planaritiickither ambati @fwhe reaetivi.liquid and the
polishing e of ad contain inorganic particles, often. nang-size in di ion, to enhance
the chemii%{)%efacti\/cfgﬁa%@}%lrﬁééﬁsgn ica Hell% ?\%@%E ﬁaer%l(\ﬁ%eplt} %ggségggﬁl%%%aﬁ%%?{%ﬁ%%ads in
common usdaodayanddsitenmectmiop efdobamdtahtiziiyd grprenitis Parduerpuiplrehgine material
selected tgiachigue. igsiUIRNEOHS AMNGHARS RfiREaNIdINera TP SHarRY i 3SR nSfprayiding for

the distribution and removal of the resulting particulate products, and of providing uniform distribution

of applied BFESEH e 5RO HE WL ISR RHI0BS I FTAABRIA B S R iR IR FRHRATBFbf the slurry
fluid with theivigfer HRITID i tbesfamaationvefia cliemicalymeonifien dayerday the fatishinty spirface.
Simultaneogusly, the ahrasives in the slurry mechanically. in it ' - ified surface
ayers el A B Ao Pt S ML e el AR e
mechanic&tuisicasiofiie tisbnstopiofmaiteriair rarneniab missiiie e thadiffe s sedlEmeeé the kinetics

of the formatina.af.anddhe subsedrantseneyabalithe thitosyriaceiansl ocappirbthecidv?? output, that

is to say, the removal rate (RR), the surface planarity, the surface defecfivity, and the slurry selectivity.
Therefore,a?Ffé“pt&a‘l“@é%Hfmaterialltribologicallmechanic,al properties are important to both local and
global plan@itzFationid uriig a2 pbe elssnikQDEE Ttieomaf driadivem Oval vate R Ry fer eGP process

i & funcion 8t HAHMSELPL I:%%%g{éﬂ\g,%(’cﬁﬁé%&'ggy Iz &\ dunstion of the sluiny Alrasive, qaacentration

and of the average coefficient of friction ("P’) in t eé;gd/s urry/wafer interfacial region. The extent of
normal andb&ss 1Brisesiaumimrecrmcaliyimig art Hithhtberdeperids Bt i aveirsdebolBgs End on the

slurry thealggyiRecantstudiasdvef. AikAbiadicaterthatihecomphanterefpac mattsatathe area of
contact between wafer and the sluyry abrasjve particles, and the extent of lupricity. of the system all
play signifi%%éﬁ?%llé‘sﬁﬁusﬁﬁgo W %?88%%%%6%%? 39\%/1391 0 a%%?\%fgﬁ%iﬁ%% gso?ft &se factors

in a CMP fvooess) of Strdtieckubsryem ayrioer 2 witloy8dn By fes/lofb sk trriCHIB Stisbdketurve is a
plot of the gyg E%Qﬁh%%ﬁﬁ&iﬁma%_ {ﬁﬁﬁ%élgg}fﬁc@‘ﬁ%@%[%%%@ﬁc&%%aﬁy {pedaffl,and shows

the extent of contac o . _ . )
selectivity. Therefore, the pad local material/tribological/mechanical properties are important to

both Iocal and global planarization during a CMF process.

[0006) The material removal rate (RR) in 2 CMP process is a function of a number of
factors, but particularly is a function of the slurry abrasive concentration and of the average
coefficient of friction (“f?) in the pad/slurry/wafer interfacial region. The extent of normal and
shear forces during CMP and the ‘real-time f* depends both on the pad tribology and on the
shury rheology. Recent studies (ref. 1&2.) indicate that the compliance of pad material, the area
of contact between wafer and the slurry abrasive particles, and the extent of lubricity of the
systern all play significant roles during any CMP process.

[0007]  As a 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 frction “f’ vs. Sommerfield number, So {So = uV/ped.s] and shows the exient of contact



amongst the wafer, the rotating pad, and the encased abrasive particles. (where = slurry viscosity, V=
the relative pad-wafer velocity and duff = ceRa+[1.- al.dgraava), where Ra is the average pad
roughness, dgmove is the pad groove depth, and ‘et(dimensionless area parameter to scale the wafer
pressure)=Aup-feararea/Anat pad; Peff = p/oz. [0008]The generic Stribeck-curve provided in Figure 1
depicts three distinct regimes: a "boundary lubrication regime,” a "transition regime,"” and a
"hydrodynamimpsbticatider régimietihErst, indites boundbayrisbricationereqitree dlFsbiidibodies are in
intimate coMael Wi Sineahasie pRcles AKhE Hepaiis consipal Wit wa-iaiegime, larger

values of T and 'RR' occur. [00091Secondly, af intermediate *So’ values or in a "partial Iul%)rication
regime” or 2YFEREHIGA FetpisFe Gime it the BBAFERY L HEN YA AP HBERT ATEET EEHEIRRTES the
presence ofa fluid Jilmaxenenperhaps.dug in;narttethe roughness of the pad. In this transition
regime, the slope of T is negative, [0010]Finally,.in the.. hydrodynamic lubricafion” regime or at the at
larger valué%ogg o, thE pFé cn%’elboLflé'?H|cﬁgﬁ%{ﬁ?ﬁﬁéﬁ%ﬁ%&ﬁ?ﬁ%ﬁgﬁg? léé%ﬁ%%qgf values. Any slight
increase in“BavithaidrbasitignSegiveiild Tkalyibendesty thmdechidndwsniduissIHahemmg flow field ( f

IcSos, whege k i, a consiantpre: R dsdhe trihologicalinsshanismdndicater-ehiheurication regime).
For j3 >0, the boundary lubrication mechanism dominates..For neg?tlve values gtgo,%‘tlgeg%rtlal
lubrication FEEFE RETHCESIRISE A aHES S9BM RIR:PER I Kt BERY TAEB RE %% h&Préston's

constant thedcglepends on the chemo-mechanical aspects of the process). [00111The partial lubrication

regime (or tion.regian regime) offers.increas life, | : ?ggn in the boundary
lubrication E&%@?Ae of eercsg I(};ﬁrﬂgafferns a ?éfésc%t%ﬁ?uﬁdg%%g%i tgg%ﬁ;{ﬁﬁ%ﬁgggg Wafeé)?uniformity. Both T
& "i3' have HrinstionetatiomagiteR greand #isibe WHERR IRRidTad st Sisdeibs RS hsiad:
storage maghlyg slhys, sofickRassaith higherrorentassibiinmeimdde ageniRRiandtiakgercpads with
lower compressibility provide lower RR. A softer pad experiences a greater shear force at the leading
edge of the® BB dirifig3581Eh since it is comparatively more compressed and thus creates a barrier

that the wafeornpst ceintiiyously dydredmenduhihg thdonwaferimemotiv he@naawisr staiSwitepad
asperities af the wafer/pad Inierfags ate.cRUapsadihereby.nerpasioss thensheanfargeasamponents of
both land OF ?6(5113] he compliance, rnicrotribology, and nanotribology of the pad terifllalong with
the slurry rRé8idag esarpBs o tdikrbyibriuaie Eomrgarsion Brdrssihboipedsr (%‘?s( he

keSo”, where k is a constant and § is the tribological mechanism indicator of the lubrication
regime). For § >0, the boundary Jubrication mechanism dominatas.‘ For negative values of §, the-
" partial lubrication regime is in evideéncc and a lower RR (RR= Kp; *per*V, where Kp, is the
Preston’s constant that depends on the chemo-mechanical aspects of the process).
{0011} The partial lubrication regime (o1 transition region regime) offers increased pad life.
However, operation in the boundary lubrication regime offers greater stability, Ecntr’ol, and
predictability in RR and wafer uniformity. Both °f” & ‘5’ have a linear relation with Kp, and
hence with RR. Ky is inversely proportional to the pad storage modulus. Thus softer pads with
higher compressibility provide larger RR and harder pads with lower compressibility provide
lower RR. A softer pad experiences a greater shear force at the leading edge of the wafer during
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 asperities at the

wafer/pad interface are collapsed thereby increasing the shear force, components of both £ and 3.



abrasive concentration, the pH, and the temperature each may alter the shape of a specific . _
Stribeck curve, may alter the relative extent of different lubrication regimes, and the values of f and
[0013]The pads that we describe herein, may have differing regions of pad tribology. By modulating
pad tribology and choosing appropriate operating regimes of Stribeck curve lubricity for those
modulated or differing regions, simultaneous local and global planarization may be attained even for
wafers haviogxgissimilatsmptesiab siaeks(suiygamayetsiogyinfithetadbarterlovde ritide

constructs,as found in shallow. trench isplation (3 L1\ @5thase. having ihe materials plied,for sub-90nm
technologl%lg ?Isuﬁ%raesoﬁ?@”lg\%ﬁﬁ%&d%ﬁ%ﬁgf@%ﬁmg%a&%nd silicor%-ingula?or (SOD_constructs), and

those havatgesomplesedestios.desigh andithedrmeereiias aehimay missdeddentii 58§€fm-on a-chip"

(SoC) andyygions yeHicalaale: SEUCIHSS £8:8h: ra;ifrnkbd TubQunisnedulatechal funeianally graded
pads may be designed for wafers having a wide range of varying pattern densities and chip sizes.

[00141C0|Iﬂ?er§t?8 &t open-pore and closed-pore polymeric pads with substantially homogeneous
tribologicajpetmmicalhapsidrictionatichatactersticanaverbddfesuiatiofoclisel imBiy. THe

IntroguCton A FrRd WRI TGS P ERNIRg DANSYSHaR BREGH e Uipite ol b aRe RAUR S HROHLY. For

sub-250 nm tec ndigc?ély, or instance, tecr Ies having increased complexities of design (e.g.,
SoC), proées@ee@gn,ogm,eﬁiwmiff@},nsrr%m%ia@‘(lé?@ﬁoeﬁi%?ﬁio%%lﬁ%?g{%%}ﬂemﬁﬂ?“when
coupled with, suhstantiad aratians:Hy cippateneensiycradinareasedehipusizie, use of those

conventional open-pore and closed-pore homgogeneous polymeric pads h om %nied
deterioratiB"r?tB?EWbCSIiBTHg‘?” BEURSS & 8%%\% gl'é%fl?:‘éyrg; Paﬁg i %9%18037?”? pf)igfed %o St‘ln‘le_ same
measures linwaglie: gensratiphsidbrate 9fo0dShvdripes(atthmptsalyehamryespaig-fhielesd (stacked
and anstakadland fad, SHITREREANOIAIRNS A5 SroEHRRRIRShATBIORR e g qgye, and

K-groove/X-Y groove combinations) have not specificallﬁj%g ressed the impact that chip pattern
density, cHifFiEEEB B RO R LIRS ir S YaARE R REHR/ RGP BRICEEHOFHEVEER ultimate chip
yield, devigapetferaanag. ang ratiakiity:eédotegiaiedinittitdly [RodaiTade faydtichalpgtéded pads
described here, having spatial variations of the pad.tribological/material properties, are suitable for OW
processes“c’)#fiﬁe@é“ﬁg\?v‘%é Eﬁ’f"i‘gl%‘?g?gé’,“@@el%%?trt%ﬁlo%%ﬁ%%ﬁ%%ug-??ﬂn_fn technolo%/ nodes.

Y

{0014] Conventional open-pore and closed-pore polymeric pads with substantia
homogeneous tribological, chemical, and frictional characteristics have been suitable for use in
CMP. The infroduction of 250 nm CMOS tpchnology, however, probed the limits of those
pads’ suitai)ility. For sub-250 nm technology, for instance, technologies having increased
complexities of design (e.g., S0C), process {e.g., SOL FInFETs), or materials (e.g., Cu or low-k
materials) particularly when coupled with substantial variations in chip pattern density and
increased chip size, use of those conventional open-pore and closed-pore homogeneous
polymeric pads has accompanied deterioration of chip yields, device performance, and device
relisbility as compared to the same measures in earlier generations of wafers.

[0015]  Various attempts to change pad thickness (stacked and unstacked) and pad surface
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 infegrated circuits.



SUMMARY [0016alln a first aspect, there is provided a functionally graded polishing pad for a CMP
process comprising a polishing pad having a polishing surface for polishing a silicon-containing wafer
and configpuss] for Usefimai MR pravadue, dsheikeia tae-polishingh stufactadsoonef pieped substantially
flat, and camprises at |east two different areas havi iffering_physical characteristics, and wherein
the differg% Oﬁ?@é{? é%?#%?%@r?\ﬁ’/conbers Tﬁ‘&é‘*&%‘%‘?gﬁ\{%o elUTar E\;l%eégléjJ é? %%ﬁ/%er‘gtﬁegcfﬁ%%?gfd&l%%j\ln a second
aspect, tHerdhissproviged d Hethodiobmgking @.functionally graded polishing pad for a CMP process
having a one-piece polishing surface comprising forming the pad by injecting two or more polymeric
materials into a mold at different times. [0017dDeasgrred is a functionally graded polishing pad for a
CMP process made up of a polishing pad having a polishing surface for polishing a siléc n-containing

wafer that08 Wemfiguredtarfirskarpact Merpis auetined tdvesH e oradrb RAUISLES RABAY Siece,
SUbSta”ti@Mﬁaﬁr&%‘ésCB&%{}%‘?ﬁ _E'%%M?ﬁ@%@@)ﬂggad%fﬁmﬂ% hysiealecharaeledistigs: The at
e

least two areas may have have discrete boundaries or boundaries that are founed of mixtures of
constituentlpolywersinthe atafaseadocardtETady @R toih phiseM i gRssStthay Gt polymeric

material 005 HPRRENIGED H1e:2/2as MakAARLSC Y bRl mpasianalydieren
polymericpmasterlgls. 18]The shape of at least one of the at least two areas may be annular, an

island., ormoasheidng shifpenpehasied sthvacirasiceatrcohmprde heakEr et BRAN EIERS erial having
different Q%s&%g}ag%%@ﬁi&g%m%w N cempesitien between the at least two areas may be a

step change, a continuous change., or a combination. The pad may have an edge and a center and
the edge §dBphises ondnareacand tryewntbewoinprieddehatmstbed LhmpIRRCAARYE M E mposition

between the&%@&%ﬁf}%&h& center, mayphe Caninnays QrLSeR; ek ApIRH o MR8 ke functionally
graded po%lrs%lng paél ma %e made by the process of sequential or_ i
forming the pad by injecting two or more polymeric materials into a mold at different

fimes.

{6017]  Described is a functionalty graded polis’ning pad for 2 CMP process made up of 2
polishing pad having a polishing surface for polishing a silicon-containing wafer that is
configured for use in a CMP procedure, wherein the polishing surface is one piece, substantially
fiat, and comprises at least two areas baving differing physical characteristics. The at least two
areas may have have discrete boundaries or boundaries that are formed of mixtures of
constituent polymers. The at least two areas may each comprise a compositionally differenf;
polymeric material and the region between the areas may comprise mixtures of the
compositionally different polymeric materials.

[0018] The shape of at least one of the at ieast two areas may be annutar, an island.zugr of
random shape. The at least two areas each comprise a different polymeric material having
different physical parameters and the change in composition between the at least two areas may
be a step change, a continuous change., or 2 combination. The pad may have an cc_lge and a
center and the edge comprises one area and the center comprises another area and the change n
composition between the edge and the center may be continuous or step or another form.
[0019]  The functionally graded polishing pad may be made by the process of sequential or
sirnultaneous injection molding of at least two polymeric compositions to form said at Jeast two
arcas. The functionally graded polishing pad may have at least one of the at least two polymeric
| compositions comprising a block copolymer, perthaps where the block cépolymer has differing

“constituent polymeric composition in the block copolymer over distance.



simultaneous injection molding of at least two polymeric compositions to form said at least two areas.
The functionally graded polishing pad may have at least one of the at least two polymeric compositions
comprising a block copolymer, perhaps where the block copolymer has differing constituent polymeric

compositiéfZi#] the Inlagkzéapplpmes b&/ﬁpﬂﬁ&t&ﬂ&&ﬁcﬂ)@&ﬁﬁhﬂia gr@dadmad, dhekeypadgrechanical
propertieg dike hardness, modulus.amongst other and operties lik Slt are varied
spatially. SeveralL%y;%%sgg?mlp dtllﬁalgémp be Scit nceive d?\kyﬁ pgfluvp teesr{l;‘?gg’ztrﬁa]tn a¥n %classﬁled as

annular drRigedstandgraetihyg apmdisteptoptadmbs Marmjhes gmadhﬁwémmﬁéaadgpd@m@dependmg
on the ty{@%;%ﬁ@%@@&ﬂdﬁﬁeﬁﬁﬁﬁge%@r@%gfﬁg'ngfz%ﬂag%“tﬁb' 3 opesation s dgyeloped

using simulation methods based on parameters which include the wafer swee&and it's residence time

distributiGR AR ENE P&%&?ﬁéiaﬂf%fafﬁeﬂtsﬁ’%%fﬁa%F@é?&/&i%@p@ﬂééms IEFHESERIPTION
OF THE BRANGSn&8021Hidgndudepiets darexersplary genesiccntsbackituiyetodidating the extent
of contac rotating wafer her Iln d the encased abrasive patrticles in various
|ubrlcat|0§i?g1gvl\én§§%é 0%28;% %ge%%% af'sd % ggc orl{%enshot technique for producing graded
polishing pads where isocyanate, polymnines/polyols, chain extenders, and other additives are all
blended together. 10023]Fig. 3 depicts a schematic prepolymer or "two-shot" technique for producing
graded polishing pads.

5a



[0024]Fig. 4 depicts a schematic step-graded pad having an outer ring of one formulation and an inner
region of a second formulation having different tribolog,ical properties. [0025]Fig. 5 depicts a
step-graded pad having islands of one polymeric formulation and a surrounding region of a polymeric
matrix having a different tribology [0026]Fig 6 depicts a graded pad having a complex grading with

graded pad where the center cofy Ate and the edge comprises a

second fogggeationgn thig, ?J@Hﬁ’etﬁg %E@i@?ﬂ@k&ﬂ@&& aﬁeveemalateg/tmeismaieoteﬁﬂ&ﬂg 8 shows a

graded pad where the grading is a micro-domain E?P hologdcaj tex"t’gre ing. |nJJect|9§1 of a block or
grafted coBEIATTERIRI2 8] ga%é‘iﬁeté%t}%ﬁﬁiaﬁ% y Roram (l'emperature - Composition)

& p ase diagra
of block capelymetsapitheslifferent equilibrium structures (Inc, hcp and lamellae)

[0022] Fig. 2 depicts a schematic one-shot technique for producing graded polishing pads
where isocyanate, polyamines/polyols, chain extenders, and other additives are all blended -
together.

{0023]  Fig. 3 depicts a schematic prepolymer or “two-shot” technique for producing graded
polishing pads.

[0024]  Fig. 4 depicts a schematic step-graded pad having an outer ring of one formulation
and an inner region of a second formulation having different tribological properties.

{0025] Fig. 5 depicts a step-graded pad having islands of one polymeric formulation and 2
surrounding region of a polymeric matrix having a different tribology.

[0026]  Fig. 6 depicts a graded pad having a complex grading with varying shapes, sizes, and
materials with tribological properties.

[6027}  Fig. 7 shows a continuously graded pad where the center comprises a first
formmlation at the center and the edge comprises a second formulation.. In this variation, the t\rm
formulations are completely miscible.

[0628] Fig. 8 shows a graded pad where the grading 1s a micro- -domain morphological
texture using injection of a block or grafted copolymer.

[6029] Fig. 9 depicts schematically a phase diagram (Temperature — Compositton) of block
copolymers with different equilibrinm structures (bee, hep and lamellae).

DETAILED DESCRIPTION
Functionally Graded Polishing Pads

[0030]  Described below are polishing pads suitable for use in the CMP procedure for
polishing siiicon—containing wafers mentioned above. These pads having at least two areas on
the polishing surface adjacent the polished silicon wafer, having differing material
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:



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 two areas on the polishing surface adjacent the polished silicon wafer,
having differing material 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 péasPebrmsriskepng orpmofie polymerivdaterials hate achomay: eDmMprisaRA Qlsmore of the

following: deat BODBI R ASDeallG MOlCHAL St L ISlecUlBl NEIO, Ao, Mixures
or al-Li:is of one or more polymers, co-polymers of two or morepspeéles, and bioER E@F& ers of two

or more sPEGIEE PPRRSBEHfhetkecoHMISERIRATRIAY terite afitlebwidr pblymérioaicrongelymeric

materials, eympalymeitafipers, payratdibess, pariguistesmatarialssuchasdisereta;grumbs” of
polymeric‘tpl%gggls,fetocl. Oon%llThe urface of our described polishing pad adjacent the polished
wafer surface may be’subs anfpé’ﬁefﬁ t Sfter completion of the synthesis steps described here.

Grooved aRePhiled Shefaederhafing drerdivdrpaieristipadwtaddnere: joAaREMatarials.seiialyle for the
describecicMBDosNpaRats DA e GHIEROLRBTAM Jaclding Sueh diersp polymers as:
polyurethane olﬁurea, t[?)%J'charbor_late, the Nylons, various other polyesters, poEiyg,u one, various
polyacetafS™ $hE e it Abvacisishsneriedhierial and their chemically related brethren and may be

used for tifié0fNricationsoiztheP pPach-QthapotymeHenisties ManaohcaHEsasbs ysed.
some understanding of the relationships

Formulatiggg, of Usi ese materials necessarily involv
between %egé%ﬁ%?l%%@]{ﬁg po )&%gﬁ%pr%%f%?%f%ﬁé‘l %’r‘féeﬁé%rfﬁt% BB RA BB & ®The processing
characteriSiitePsf theoya fdigs Royestisept andionmposite pbteras, end thintike poheer compatibility

between yaigisgatraasi b anchiianosii PAREIONS BONME AYSBMNRING A slapificant
scientific, t%g%é;gg,@%jﬁcommermal history is the polyuretharie and polyurea chemistry system.
CE

These polymer pr BR OB BRI GRS B RIS PEIG oe usety BRTRAt ereef wsias Herses, etc.
Commerciediiprigeakingsanigietbian 9ot wniisseytnatesiasedalusnrisbisasyan alesRDebs
diphenylmgihang:dilsocy &R its derivatives, Others include polymethylene polyphenyl
isocyanate (EAE )). |s§§y§§§%e fungt%%}ﬁﬁf i 8: _Sif)ao{fl 5‘%&“3&&%@5‘&’ 8°8%§§I| ﬁﬁ%ﬁt&cﬁw‘éfrefore
hardness B8 WEIPAscomERsaEBo piRmste s1amals 2 adonsibouar waighitibhthenpatyamines/polyols

reactants eaitttibaredortbaifiexipilityideywitgmperature properties, hydrophilicity, light stability and

processinﬁ)gﬁraCtghgtigaﬁgép SGythe%J tgg%gglgégl?é cant scientific, engineering, and commercial
history is the polyurethane and polyurea chemistry system. These poiyn;er pmdﬁcts often
comprise isocyanates, polyols, polyamines, chain extenders, etc. Commercially speaking, more
than 90% of isocyanates are toluene-diisocyanate (TDI) or diphenylmethane-diisocyanate
{(MDI) and its derivatives. Others include polymethylene polyphenyl isocyanate (PAPI).
Isocyanate functionality is important as it leads to crosslinking and therefore hardness as well as
other pad compliances. The size and molecular wei ght of the polyamines/polyols reactants
contribute to the flexibility, low temperature properties, hydrophilicity, light stability and
processing characteristics of the resulting polymer.
10634) Chain extenders are often low molecular weight diamines or diols used to increase
urea/urethane content in the final polymer. They react with the 1socyanate 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



[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 characteristics such as
gel time and viscosity build-up. The strength of the ultimate product is also often affected. Crosslinkers

are charattenseasmsioetest Weight atgIeibchsiany. Lo sFromboribfelgnensredines are effective

at crossllmh@ﬂgﬁaeaﬁe&ym%ﬁ@t{ﬁ&@%@@ﬂcm@m@mm@mﬁd@mw swelling, low
temperature erX|b|I| essm F£<|r1et|cs 1 :Wi re etwo WelI known %roaches for
g it

formulating o%‘r ﬁéﬂée RGO LROPEE AR B ahd the (i) "two

¢hnigue, an
shot" techmidjeffedFigures2dshawsnat seheeiatic Wh@m&h@ﬂ@nﬁh’rﬂmd pogessnarintiiescomponents

(e.0., a lopgy efain igl.a, ASEGYANALS, 2D %%&%‘é‘?&dfoﬂrﬁﬂéﬁﬂgeﬁﬁ denh afgned.ang feacted

together. Howéver, such a process Is difficult to control. Local concentrations of reactants in the

reaction KK R fan BW@HErmmrﬂ%&ﬁe&i%‘é‘évPeﬁﬁﬁ’lﬁmﬁ VRIS ZoBRRE product

characteristiemalRQQ3E]Eigrens: &t&ﬁrﬁm Sﬁhﬁiﬁﬁﬁ&i—jﬂ&ﬁﬂtﬁﬂp@fzéhﬁ @wg: ehi@hgemmm, dhe isocyanate
is pre- reagted ina flrst tesp Wlt chal amlne/d form gﬁ cular we ht

isocyanaté. ty ‘E?’a%ﬁy ﬁrﬁc‘)w nﬁs prepofi’)“/mer i Turctiona i5ae olyrmer 1S then r?her reacted
with diamineddielciifativet @m@ﬁ@rnlmndemﬂmabomp}éteanﬁ@pow@maﬁgb%mﬁmeﬁérmatlon. This

process ismoie a3y contpler bl seauiies-nighar RIRCESSNg IempsRIgRQleR R the
neighborhood of 100C. 100371It should be apparent that our thshln pads may co a‘[E)rlse a neat

polymer Sf8R8s thEPERA RIS IS TERBRRAS 1&93{&?%1%6&@8& YU o VR IR EDIprise two or
more d|ffqm%ﬁn&t9mwarweﬂghﬁ/nmdumrrgaiymheﬂﬁaﬁﬁﬁzm&%ymmﬁshmghtemﬁemnﬂh&gﬁferent areas on

the polishipg SUITRCS OB TATHE S RLRL0N. 8 Palisl FISas B RIgENAng Rl thare o
reacted with diamine/diol curatives or chain extenders to complete the polyurea/polyurethane
formation. This process is more easily controlled but requires higher processing temperatures
often in the neighborhood of 100°C.

[0037} It should be apparent that our polishing pads may comprise a neat polymer such as
the polyurethane or polyurea materials discussed just above or may comprise two or more
different molecular weight product polyurethanes or polyureas materials in the different areas on
the polishing surface. _

[6038]  This explanation of a pair of methods for producing polyurethane or polyurea
materials should be viewed both as an example of producing those polymers and as an example

for placing other polymers in the synthesis of graded pads. Such an example should not be

considered as a limitation on the scope of the disclosure.

Muliipte Injection Molding

[0039] Another variation 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 polymeéric materials are



materials should be viewed both as an example of producing those polymers and as an example for
placing other polymers in the synthesis of graded pads. Such an example should not be considered as
a limitation on the scope of the disclosure. Multiple Injection Molding [0039]Another variation of the
process for making functionally graded pads comprises a process blown as multiple point injection
molding (also called coinjection sandwich molding). Multiple injection molding is a sequential process
in which tidliardvisraeselyassmd hrmeiensiare it A diFavRGh e SRR Hitte FERPRETATR cted into
the mold a a glifterantime 7 tils RROGERS is-iferapldiapithesndsitrpultipiednjection molding process

described below. [0040]An example of a procedure for synthesizing a two-area gr dgd pad where two
different pBiyiikric EOHiBRRIBREERE ‘ﬁ%%b% %ﬁé%r%é%ﬁ%%a? igr?ﬁ%ai%g aovvﬁe?r? ?:»Ygure 4, a first outer

annular rintffdhe pamhiscroldpdtisimpansaje otiofomaidingeprisdaiss. FhbevwipBigdobter ring is then
placed in cond m r ing is; thes, filled:with-a.second pealymedic material.
Said agair?%r%lrt? %ﬁé‘dﬁfgt%g%%%%é%%nhg %%%i%%{%ﬁ%gggvo dﬂi%erent mate[iga s are used so %at in the

resulting prdcwHIshsHha it eldiiceranions )6 Aad S SrEH tEad Soganitat AHEpHisftal) properties.
Proper bopding abihgierasehemeanthedwe mateitblisdnaymenliiesaple ciodidkmaterials that are

compatible with each other. Such information is.readily. available.in the open literature; tfacial
compatibilW‘B%%%@léenu %SB%H%FE‘??&%%‘%W Eé%‘g .C%Bﬁﬁ%%%nr%cgtﬁglgg r?wggl%ea%ubsjfe%%%rm graded
pads with tmerbattiert snbphrers apneiticsmne thhpodiee siehs irterre b ehisdhBthber MalFBdsused to

achieve any.step aradingpattetn.omdhasimelestamastisidsiined annulaipatiedisifo the most
complex and random of patterns. 1(_)0421Fig[$res  and 6 show n:]?re co%x %%ltlterns as may be
made usintfii protddeiniie SR ELT SRS WIRRR AP BRARYEH OR DT A &R RRETEY Eross shaped

forms or dvgeersgadhat neither polymer invades the other's space. The cross-shaped molds or forms
are removeg igm Uhe partialy maved.pagflenie ane Qidbaethsk aldbe ealonsds Hied
[00431Figure 6’shows a non-regLHar set of patteriis defining, on a CMD polishing pad (200),
more than two steps. Further, this method may be used to achieve any step grading pattern from
the simplest, most well defined annular patterns to the most complex and random of patterns.
[0042] Figures 5 and 6 show more complex patterns as niay be made using this process.
The crosses shown in Figure 5 (as region 2) are fenced by cross shaped forms or dividers so that
neither polymer in{rades the other’s space. The cross-shaped molds or forms are removed from
the partially molded pad after the one or the other of the regions is filled.
[0043]  Figure 6 shows a non-regular set of patterns defining, on a CMD pohishing pad (200),
a variety of chosen areas: ovals (202, 203, 204) and flag (205). In each of the noted areas, the
respective polymers may each be a different polymer of the types discussed above or at {east two

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

Multiple live-feed {or in sitn) 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 duzing the same injection step,
often at the same time, to fill the mold. Depending on the grading requirements needed for the

pad, the usual polymer engineering calculations may be used to caleulate the fluid fow and heat



a variety of chosen areas: ovals (202, 203, 204) and flag (205). In each of the noted areas, the
respective polymers may each be a different polymer of the types discussed above or at least two
differing ones. Again, such patterns may be achieved by using appropriate mold geometries. Multiple
live-feed (or in situ) injection molding 100441Molds 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
independémnnsfer pdetidhr ot soipmer apitaaistewoediifarprinpolyhed g entéoinfectadithfoudh the ports
during thess@ene iRiecHRn MeR. aften:atitbe.same time, to fill the mold. Depending on the grading
requirements needed for the pad, the usual polymer engineering calculations may be used to calculate

the fluid ITAhd h&BEEraheel ha SoRiProN Ea geH6R R BB BRI Miatt B ot HrassPijection flow
rates for theedifferentnolymess heing fedinte-thamold JPEALIKELIGIE shawsnacentinketsly graded
polymer p?gde%g%(pgb épadgﬁg%q rtgisﬁ%rogges%g%gnjecting a first polymer from the outer periphery (212)
of a mold While. simulaneous y |njecﬁrﬁg a second polymeric material from the center. Block
copolymers [0046]A block copolymer system may be used to produce a graded pad. Figure 8 shows a
phase diagia RRIA¥AY. in a functional way, the relationship between the block copolymer
composition, (as the relative % constituents) and the ¢rystal structure (BCC, HCP, etc.) of the final
product. T8%Hhin a’yPAREHTR I BYSSETHER Mme oo TSREI G h& BIBLR o poRIE RoGieRiually.
Hence, inpheentiofied tashiomdhia differtncs inagetmetsyisddhienedintthsléibeckedpabrmer by spatial
variance. Begause e geemety and (062 58&5%%&52& é%&%’f‘%%@r%@?ﬁéﬂ%@é Well gsyhe fact that A

and B are different units the variance provides-a gradation in physical propertiés such as hardness,

modulus, PerbeTtiEply Jolatien raridebroirPmPBYiao tyrrearRosHine aspehtydoorrispecifically,
hardness graslations éasy, hesachieved bRy ing Je-cansaNHAtQR-Of achieved in the block

copolymer 'ny spatial variance. Because the geometry and the % of (A or B) is changing

spatially, as well as the fact that A and B are different units - the variance provides a gradation
in physical properties such as hardness, modulus, porosity (by solution removal of A or B),
roughness, and asperity | |

[0047] Specifically, hardness gradations may be achieved by varying the concentration of
the molecular units of the block copolymer over distance since the twe molecular units A and B
used to make the pad will be of different hardness values. Furthermore, the variation in crystal
structure produced as a result of the compositional relationship shown in Figure 9 creates
additional and controllable variations in physical parameters.

[6048] Molecular units suitable for these procedures involvihg block copolymers include
such materials as styrene, isoprene, butadiene, urethanes/urea, long-chain diols and diamines,

efc.

(iag 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



the molecular units of the block copolymer over distance since the two molecular units A and B used to
make the pad will be of different hardness values. Furthermore, the variation in crystal structure
produced as a result of the compositional relationship shown in Figure 9 creates additional and
controllable variations in physical parameters. [0048]Molecular units suitable for these procedures
involving block copolymers include such materials as styrene, isoprene, butadiene, urethanes/urea,
long-chain riivksvahdidiemingsy ette Gasdssistethinjgetivg. mokina fOoAA Wi etbuditaliffatyce a
graded pad-hayving included microperasity wawd-netaincludera gas dyringthe.injsctign 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 ports with different flow rates in order to attain grading. The
resulting padasvibeontaiordiffarng ampunts of included gas at differing points and achieve a difference
in hardness,qL density. Reaction injection mol ingéI IM)_[005Q]Particul lymeric systems (e.g.,
polyurethaiﬁe%@re gr%%%%%rlg %gqrnn%)rll&i%mg%sbg’ﬁﬁ {g}ﬁ% iR eaéﬁ%%ngé? ?Ptﬁfif r%lgl%leﬁé’ process,
instead of itjeetihglidd vichsigusyrith dsived! poly mers; thestod sfitnitinganovivesly swettasilsl and

appropriatg,sxRsliNG AGER (o dRerRl AR Rl 35 06 U liRg AARD S andichain extenders are
added and the resultlngpmlxture is polymerized while molding. To make a géade%]‘Paof, multiple ports

are used tSTER KOG ATIRE HHRLDE ASEHS AT REAIRiTS eaRT=B R A4E I e aRT B IBHUFS) to
achieve gradadlgndrizeth efiieah SkiugiUTe. eadafianah eidenitilistsuatme witiesujtdngeasdation of the
mechaniod) And B SIRbRIRAY 5 {Rrd dR SUIRERY Lol 3R % DANQI R AR AN, mold. this
method may be Used to

chemical structure. Gradation in chemical structure will result in gradation of the mechanical and

physical properties.
[0051] By differentially adding the monomers to the mold, this method may be used to

produce step graded pads as well as the continuous pads discussed above.

Lamellar injiection molding

{0052] By using mixtures of polymers that have been previously extruded, perhaps in layers,
In an injection molding procedure such as those discussed above, polishing pads having the
graded characteristics may be produced. This Way of producing simpie physical mixtures of
polymers is direct and easily applied to changing demands upon a producer. The resﬁlting
gradation of properties will be according to the mechanical and physical characteristics of the
individual polymers.

10053} This method can lead to microdomain gradation.

Microcellular (Mucell molding)

[0054]  Io 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,

11



produce step graded pads as well as the continuous pads discussed above. Lamellar injection molding
[0052]By using mixtures of polymers that have been previously extruded, perhaps in layers, in an
injection molding procedure such as those discussed above, polishing pads having the graded
characteristics may be produced. This way of producing simple physical mixtures of polymers is direct
and easily applied to changing demands upon a producer. The resulting gradation of properties will be
according {Eosag mecﬂsagﬂaa;lfamd:@hgsidadl phaifactetisticrof ¢k d et al fiotyrhezopee3 81T his method
can lead to mistedomain aradaton, Mieraoalhlar Micel, maldingl L Q05 sechilaup he

polymer fitid Bein |s mix Wlth gas In order to form a solution'mixture. Utilizing two or more

such solutmws’nwnﬁomﬁemm eh@m’éﬁrié@%ﬁﬁ%ﬁﬂ t@&%@ﬁﬂéﬁ%‘fﬁdﬂ‘? SR ATRRE S Gperties and

the porosity,. {08931dihG 9pakohysingaey @H&%QQQH@&WB pEeeesadsHoalow different regions of
the wafer being polished to be exposed to rengl(%hosen reglon sﬁ[f the ?&/géergad&r} a selected

manner. FOFER&nThaMPHisRP ﬁé‘ﬁéﬁ@ﬁé&ﬁ ’f‘B &P ehietE SRR exposed to the
softer reg|ﬂﬂ&1@fd&iea@&(ﬁmhefcepﬁaﬁcfracnmmala3hglmr foncerisatighlengtiafitice brahdée redfiorisdf the pad;

in comparigon it, may be benefici Ifog i Apg@rdﬁ%ggﬁ}p&%ﬂgg%@gg@géppggqg@ﬁgg,rg@rder

regions of he paa[%o ieve a higher planarizationlength. Since both the wafer and the pad are in

motion (rowsderm @sumaﬁ@n)vahmpﬁgdamﬁﬁ @Wﬁr‘@é%@%m&%‘é@é‘%%ﬁ FERMRREREHS SR conjunction

with residenge fing istkibeHon m@@@i&m%%@@h@{@ gimuitangeusiasakdnidspiopat lanarization. The
material remaoval rate, defectl\elgf?/ erosion, an 8? Qﬁfgf thew era dthe ffegtl & rng jzation
0 o

length of a‘tﬁ‘l(?l?’“ﬁ‘?élﬁ%%@eﬁtéﬁ Wﬁ?ﬂ?% BES mp lances] and p yS|caI
properties [potasizednpiensity), agpbsities] mbﬂae‘.&paﬂ)msmaﬁc @ummﬁ@nmbﬁ grétattpolishing pads
permit choige, of.thedacal. anghaiRhal RIYSiGah RAd ARARBIEL RN mar%@@m phikrap CMP

shortcomings.
pad parameters aljowing improvement of thege CMP shortcomngs.



CLAIMS: 1. A functionally graded polishing pad for a CMP process comprising a polishing pad
having a polishing surface for polishing a silicon-containing wafer and configured for use in a CMP
procedure, wherein the polishing surface is one piece, substantially flat, and comprises at least two
different areas having differing physical characteristics, and wherein the different areas comprise two
or more different molecular weight polyurethanes. 2. The functionally graded polishing pad of
claim 1 whékeidlthe polishing pad further comprises polyurea. 3. The functionally graded polishing
pad of claim 1 or claim 2 wherein the polishing pad further comprises a chain extender. 4. The

functionally graded polis mgg%gﬁ%%}msﬁiﬁﬁg@@%}myﬁwﬁﬂ%wwg thatisimagte by a process

wherein the isocyanate is reacted with long chajn diol and diamine to.form a prepolymer that is
subsequeniiyiaaaRining EiinErRolLirg °8?’8ﬁ‘§‘ﬁ‘§’}é’§&%a§%‘raf}oé 5 Pr;gﬁgt‘ﬁ%di%fy Urethane-urea).

5. The functianaliyei@dedspelishingpotiching amf=0¢ tlaimpited, whetrelinty fbsiodreraftiins #t least two
areas comprises a hlock copolymer c rsin [ ' Iy geaded
polishing p FEY a?ﬁ%%ev%zg%lyng%ﬁg %{Eﬁarls!jtgt\%fﬁér%lagsg %ﬁ‘ﬁ%@ﬁ?ﬁe@%@%&ggﬁ%ﬁf (ﬁfferent
polymeric neatesiss twopr Fiees fliffotohameerat e P8I RAHEEHaRFdT claim 6 wherein the at least two
areas each comprise a different polymeric material having different physical parameters and wherein a
region between the anessuesimpiisesteikpalissinf the domapoditidwely Hifferlishinsatydieribematerials.

8. The functcizgnall_%egra@qﬁ?quolishing pad of any of claims 5-7 wherein at least one of the at least two
areas is annular. o 8. The functionally graded polishing pad of any of claims 5-8 wherein the at least

two areas each comprise a different J meric material having different ph i({gg &(@Hﬁ; 5 and
wherein the change ?ﬂ%é?ﬁﬁb@?i@n%%%gé’g%h%g??e%?sctnﬁlf%la?'?lé%%lﬁ%e‘{]a“ﬁ%%%han%e. %1&[10. The
functionally firgicte dopalislkingcpatd ofiandyrof claims 5-8 wherein the at least two areas each comprise a

different polymeric material having different physical parameters and wherein the change in

composition betwegnical-lRast wadieadiihiacamlisutaim changeising poly(urethane-urea) that
is made by a process wherein the isocyanate is reacted with long chain dio] and diamine to form

a prepolymer that is subsequently reacted with diamine/diol curatives or chain extender to form

the poly(urethane-urea).

5. The functionally graded poiishing pad of any of claims 1-4 whetein at least one of the

at least two areas comprises a block copolymer comprising said polyurethane.

6. The functionally graded polishing pad of claim 5 wherein the at least two areas each

comprise a compositionally different polymeric material.

7. The functionally graded polishing pad of claim 6 wherein the af least two areas each
comgprise a different potymeric material having different physical parameters and wherein a
region between the areas comprises mixtures of the compositionally different polymeric

materials,

8. The functionally graded polishing pad of any of claims 5-7 wherein at least one of the

at least two areas is annular.

9. The functionally graded polishing pad of any of claims 5-8 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.

i3



11. The functionally graded polishing pad of any of claims 1-10 wherein the at least two areas each
comprise a different polymeric material having different physical parameters and wherein the pad is
circular with an edge 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.
12. The functionally graded polishing pad of any claim above produced by the process of sequential
injection molding of at least two polymeric compositions to form said at least two areas. 13. The
functionally graded polishing pad of any of claims 1-11 produced by the process of simultaneous
injection molding af atieastcwesfiolymedpdshippsitioristy O rnivaittbrhesss horbl@sst™® 14, The
functionally graded polisaa.nag oAk dai aboxe wheteln el lsaskana ghilieatdaast wo polymeric
: composmoﬁ aCgomprlse a block cop yr‘}\er aving differing constituent polymerjc composition in the
block copolyirerioterchisgaisaompositon pravtan BicHARF FPHIBT S SR ARGHEE SFARY claim above
wherein the graded pad has hardness gradations. 16. The functionally graded polishing pad of
claim 15 where injtherhafinessgragatiohshesisi frshefay irfgEascont elFatoRor eTedRar units of a

block copolymer over distances. «....1 lsibnmethpgatmakingsrinationaliy gradedepolishing pad for a.
CMP processahavmg a one-piece polishing surface comprising forming the adarb Injeeting two or
more polymieireeinabe malsissersianvith a7 e AR AHETNE 2nc BEg ﬁ%oxﬁgé}?% '6f'craim 17 wherein at
least one of the.Nolwmess materiaks miovmesydissbrgnitiomnansisochemnats hithdadend Bhain diol to
form a high molecular weight ist(x)c anate prepolymer, and reacting the isocyanate prepolymer with
didol curati\?%?réﬁ%ﬁ‘ég&g?ﬁé}r %%Fdrm a polymer suitable for CMP. 19. The method of claim 17

wherein at least one of the polymeric materials,is formed by first reacting .an isocyanate with long chain
diamine and diol té%ﬁf"r‘l“é“ﬁﬁjﬁ‘?ﬂm@&ﬁﬁ%g?ﬁﬁﬁgﬁ%zﬁ@é{ﬁ?gﬁg?% rgdg%e rgac%iﬁ%évslgéwggiamine

and/or diol gdkatives piehaimeiienddes iadommo achatyriecsuablenfop Gapsaid at least two

arcas,

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

W0 areas.

14. The functionally graded polishing pad of any claim above whercin 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.

15, The functionally graded polishing pad of any ¢laim above wherein the graded pad

hazs hardness gradations.

16. The functionally graded poiishing pad of claim 15 where in the hardness gradations

result from varving the concentration of molecular units of block copolymer over distance.

17. A method of making a functionally graded polishing pad for & CMP process having a
one-piece polishing surface comprising forming the pad by injecting two or more polymeric

materials into a mold at different times.

18, The method of claim 17 wherein at least one of the polymeric materials is formed by

first reacting an isocyanate with a long chain diol to form a high molecular weight isocyanate

14



20. The method of claim 18 or claim 19 wherein the isocyanate comprises a block copolymer. 21.
The method of claim 20 wherein the block copolymer has different constituent polymeric composition

over distance. 22. The method of claim 20 wherein the concentration of the molecular units of the
block copolymer of the pad varies over distance. 23. The method of claim 22 wherein the variation

in concentration of the molecular units of the block copolymer over distance provides hardness
gradations in the pad.

prepolymer, and reacting the isocyanaie prepolymer with diol curative or chain extender 1o form

a polymer suitable for CMP.

19. The method of claim 17 wherein at least one of the polymeric materials is formed by
first reacting an isocyanate with long chain diamine and diol to form a high molecular weight
jsocyanate prepolymer, and reacting with diamine and/or diol curatives or chain extenders to

form a polymer suitable for CMP.

20. The method of claim 18 or claim 19 wherein the isocyanate comprises a block

copolymer.

21. The method of claim 20 wherein the biock copolymer has different constituent

polymeric composition over disiance.

79, The method of claim 20 wherein the concentration of the molecular wnits of the

block copolymer of the pad varies over distance.

73 The method of claim 22 wherein the variation in concentration of the molecular units

of the block copolymer over distance provides hardness gradations in the pad.



