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polyurethane, and perform several functions including providing uniform sluiry transport,
distribution and removal of the reacted products, and uniform distribution of applied pressure
across the wafer. At the nano to micron-scale, the interaction of the pad and sluiry in the
formation and removal of the thin surface layer determine the removal rate (RR), surface
planarity, surface non-uniformities, surface defects, and seleciivity of material removal. In that
regard, the pad local material/tribological/mechanical properties are critical to both local and

global planarization during the CMP process.
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For example, pattern density is correlated with chip size, so that a lower pattern density is
correlated with smaller chip size, and conversely, a higher pattern density exists for larger chip
size. It is desired to vary pad features, such as hardness, surface architecture, and surface

texturing, as a function of variation of pattern density. Further complexities arise since the
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[0019] REALEBROPEH 90O Itric formulation several properties of the polymer pad, such as

the storage modulus (E') of the polymer, loss modulus (E") of thie polymer can be increased
while the glass transition temperature (Ty) of the pad polymer, the ratio (tand) of E” to E' of the
pad, KEL (tand*10"3(E'(1+tan®8))), surface tension, compressibility, thermal transient, AE' as a
function of temperature, and the compressibility can be decreased and the surface tension can be

modulated.

2) Controlled porosity



[0020] Control of pad porosity; i.e. in controlling
the size, density, and shape of pores can have an
WQ%‘?%Q?I?Z%n factors such as the slurry transpo®€CI/US2006/006176
m crotexture and abrasive distribution, which in turn
can have inpact on key netrics of uniform per f or mance
of CWP, such as renoval rate (RR), and the nunber of
[6020] @bxﬁthilmaf vad @dﬁxoﬁwﬁ-imninfd@hﬁbﬂxing?ehd M sityAskeli slhifmpélaﬂ pores can have
further ?erved that pads fabricated w.thout
an 1mpa€,bqﬁ ;%@wxwucb@p Hig o YT BASP At SBICHORBHILAHT draFasiversaspbution, which in
r
R R R i e e e
(RR), ampt the asmbelao@ezthﬁh’eafmumnumﬁounmﬁ yWawstie atddﬁtmmﬂy,h as further
metrics of

dditi
obsewea 3;@'{ g‘gﬁﬁaﬁ[@g@cat#\gﬁg qtlcgnté daf@gfcggy CH ¢apse F@g@ﬂnfq}gn sheag force on
the subs.%ﬁet 1B0th 295k DR IE%B hogE e, dhg %e‘?éi%fé J‘E&ﬁhxﬂf&ﬂﬁd@? over the entive
fabricated so t orosity formed In the subject
process pargs. Thse mrgtnmlforzmmqf @hdned’om his areigprct ort wroeidisginalmetrics of
and pore density, and the
v o Bl S PSP BERTE: 3) Functional G ading o
mechani cal properties [0022] Function gradi ng of

[0021] mﬁ@Isi @hf&nﬁﬁfd@fﬁshmg phdd Gs@oded R0 B Wf&@ﬁ&iﬁﬁﬁd tﬁat the porosity
erial al ong pol i shi na surface whi.ch may

formed Hbf%w b e dads 18911%13}wﬁ@ttrq11§d vethEsReshig PYPHL: 1y p@fe S@%Foand shape
ical used to nodul ate pad
t ; . . .
andpm‘tg??r@gp’o%@ %ﬁgggg{‘&‘b ng pr perties in a pre- defined
systemati ¢ manner and can lead to an increase in the
3) Funcpbrzah &rading bOmetemipahpiapdities f i ci ency.  Functi onal
gradi ng can al so be useful for overcom ng outer edge

(00221 rifo i U bl T RD S el Eeriy atons the
polishing 8erfaddywhibR e R indlUidt BE radid1By Sk &b NMBinRfi 668 $Padink & pad
uneven distribution of pressure fromthe center to the

mechanisghropertich prsy knsed fompHelateaipditibolaaf apd paishingirerfrisgs in a pre-
defined ggsgelgﬁ d dl?lglllr{ég aul?c? 9&91 le%g nggx%aéerlngﬂ? %lg#%@é%cﬁrgggg%' aﬁh %fﬁcxency.

ecrease I1nt
Functiowd hireeglcdrf alscelsh ey fsyoveadoniiag buee Edgmaéidgm@iuﬁgg CMP. One
fj sused o ¢ n?ensa e for the uneven pressur
reason (B QHiFY BIGEIRIY [BALDP GETOn AP PG PEEWAIE geqn by the wafer during

the poliﬁﬁxé%’;?&&és@sf e @d0e &ﬁtnb%ﬂHR 'b?ﬁl%'sé:ﬂré k‘rbbbz the Qérﬁmstb 4§e &M is inherent

bution) can be used to conpensate for
to the wap theurdtkbors mmcuyxtedmrptﬂle polislengihepidr Rbdiciion in the outer edge yield and a

Sur.face- Engi rin 002 r.f ace: engi neeri.n ad
decreasq e b B R Rl ER ot FEeRial SOHFETF doR BhREsdng
isused t@B6HOEnsae ThYHHE ih&vehHREGRMiSriWhtl dH. PuhdiRnRBgadi®N 6Amechanical

met hods of surface-engi neering through | ubr i cant

propertiedirdness, eempisesibididn pere wet andedisiribetiang gai be vend to compensate for
any non&%?fofﬂafi& ‘ﬁ{‘{)reSer%&;s&%thQ While maintaining the desired
renoval " rate. ese pads

can be used for nost
pol i shing applications, since a | ower COF 6
4) Surface-Engineering

[0023] Surface-engineering of pads is achieved through the addition of solid lubricants and/or
polymeric lubricants within the pad. Such methods of surface-engineering through lubricant

addition can be used effectively to reduce the coefficient of friction while maintaining the

desired removal rate. These pads can be used for most polishing applications, since a lower COF

6



WD 2006/ 089293 PCT/ US2006/ 006176 can be desirable for

nost applications. In particular, these surface
WOHEHMYeYed pads can be used for all the prod€3gisige/006176

steps in copper CWMP, which include the bulk, the soft

| andi ng and the barrier renoval steps, elimnating

the need for three different pads for each of the

can be qus08ES Shingost abSRStion) Tlpmiskea lfher@&Lﬁgfca kngacksed ?Qﬁ%]an be used
Low shear integral pads have at |east ogne inter

for all thg-propessing sps prapereet MPe wire: ivslupe Hierylk, iy sodiclandizgpgd the
fa, I
barrier ﬂeH{og-%i £ %ﬁﬂuﬁﬁnéﬁ&eﬁ%éd F/oﬁ gé{l eé gﬁef%?églri 'pgclisfSJJToIé ?%c%tec}f\@f‘?eeﬁocessmg
steps. propertles and can lead to a reduction of the shear
force at the pad/substrate boundary. Reduction of
5L Eear fori:wfr\llomsfor the reduction of COF during
) Low-5a¢3t dpfegg! pRls mai ntai ni ng the desired renoval rate.
A schematic of a | owshear pad is shown in Figure 11
[0024] E@W@Be&hﬁt&%ra@@adisﬂfa% hieiesst BaE ﬁitél@e{cetﬁﬂnéﬂkﬁln%'ﬂa&meﬁﬁ) the polishing
surface. 6) Enbedded abrasive pad [0025] Enbedded
surface.gifraditaéacpads baagledivclystanesin sig deporariaieidphag eigher the

same 012&6%%1.16@% ﬁ'loﬁg%eg gﬁd &ag Iea%atg n’gﬁ]&%ﬁ%ﬁto? b ?X’lrtfgl%g 't &%gﬁ&d/ substrate

boundasi, Reéldtivg oafrsﬁem cfdsxbe ak‘sowsme tim’ee@:tﬁxed oﬁb)(&sm hepadishig@nivhile
have t he advant%ge of elimnating the need for the
maintainigdiths dasitgd repediaied schemaic ef g she@yp%ﬁ, iSPheva e & Figure 11

which sfl § 6n BRERRIMBRIENGAHO ERG RAPRCOMPOSI tion.  Enbedded
ggj% I Se |g%§

rasive pa can conp i vi dual abrasive
partlcles and al so bl ock copolyners, where the bl ock
6) Embedsiedlaprasivelpad a di ffering constituent abrasive
pol yneric conposition in the block copolyner over
7 si.tu,groov eral .
00251 Eirg e kS bl bR R g e BT RR 2 e gine
pad mat&thcﬁﬁiley tpetidiQidRisich & ligaid ct@ﬁﬁglﬂoﬂdihglgnje@th@pﬂnﬁghﬁ @intering and
licone lining in, or on, a nold, adding

others. ”ﬁl%& eppedded @btaﬁ@e pads) Gas b themdﬁ@ﬁa%ﬁﬂf eaml@wrxadﬁ@ peeddipthe
additior (ﬁdabtré?si@eglté) qgegurr dgy?%@dlﬁg g Ehﬁqﬁve# e hltﬁecfs)eﬂf’ é)i’nposmon

I'ng can rom a“silicone ast
Embed@dr%lasa,rel ailkls oa&scomi;ﬁtst-: edividgaltabesssiel pact e dndmldcbgalock copolymers,

where iﬁé‘tﬁﬁr@l{: E(i%{sqﬁgglg%l%{%gl déf&el g}%@éagp ats eqﬁqqlﬁgigaﬁ:?gleve%k)}{%%g:e@};ﬂp%sﬂ%n in the

bbokci@ﬁ@@&hﬂglﬁﬁﬁﬁkéu grooves may further conprise the
tep of adhering the silicone lining to the nold, for

exanpl e, using glue, tape, clanps, pressure flttlng
7) InsitveRshovefuees's or mixtures thereof. 7

[0026] In general, the methods for producing in-situ grooves comprise the steps of patteming a
silicone lining, placing the silicone lining in, or on, 2 mold, adding CMP pad material to the
silicone lining, and allowing the CMP pad to solidify. In some variations, the silicone lining can
be made from a silicone elastomer, and in some variations, patterning the silicone lining
comprises the step of patterning the silicone lining using lithography or embossing. The
methods of producing in-situ grooves may further comprise the step of adhering the silicone
lining to the mold, for example, using glne, tape, clamps, pressure fitting techniques, or mixtures

thereof.



WO 2006/ 089293 PCT/ US2006/ 006176 [0027] In some
variations, the nold is netallic. For exanple, the
WOhadPeos328? be nade froma material sel ected f PEFUSAE/006176
group consisting of almnum steel, ultranold
material, and m xtures thereof. In sonme variations,
the nold is patterned, in addition to the patterning
[0027] Df solueyagialibg Be: mbldik B@tallic. eFor@xEAPRI MBLAAN n@f be made from a

_patterning is used). In sone variations, the CMP pad
mateﬂaﬁ@ﬂ@éiéqdérom dehgrions eansistig of plypliawni deakatlspmald matprigdt aemixtures
o VRS S r C ri.Ses. .a. 1
thereoty B doBhs o HOIaE A, P oG S e gl silicone
lining (g aebindination pd byttsreinb anesed]. GB28meCRapaR sthe AINIP pad N@terial
.novel groove designs are al so, described. For ex?nple,
comprigge & Rl S P aeH b Teyobhes yaaatiannpne SMHG PRepatesal comprises a
thermodeP@@fekib %%oﬂfé%ﬁ%@ns?@l@mf’ :g'a& ko Ao Akaayes and
axially curved grooves. In one variation,” the axially
curved grooves are discontinuous. The concentric
[0028] cMItpddacogposingoselgrodie dexigas by abwrdesdilygio eestampye, described
hmeanﬂ% thersect. L0029] TQ& roogves proq%%gd Ih?rein d
B8R R 1 T SR R TR WP SO s P frpves an
axially @irbéCoa6vdsl R dnERMEHTRE, the ASRILy Wil REoveRE@IdidcBhtinuous. The
cutting, 3-D printing, thernn?orn1ng, vacuum form ng,
concentif grelaogoaras 3uithe PAgLY Hevedsgaapisiaay dsmintrsactr es
thereof 8) Pads with a transparent w ndow for endpoi nt
| . . g
100291 $C BEbLAbrb ARG i) PtnRRe Yy BB BB roup conssting of
siliconermed baddivg) lagpr sutngpadeer j6f bettingds Depranting ethatmaefiorming, vacuum
formi met hods of.detectin t he end poi nt og a .substrate
orming, B GISHCAG L HE s POSAAPIRG BABHBIEITEFSEE wher ei n
optical neasurenents are used to assess the surface
8) Pads QJithtJ@arﬁ?&%ﬁﬂ@irﬁow%%hd@@ﬁﬁ @adkctigasur ements can
measure the light transmtted through the polishing
ad, either froma |light source to the substrate
(0030 g‘ﬂﬁhﬁ@éﬁa@ﬁ aerpHded PURPSnbhe ransperrat sgistandtectBedstdce,
T C t I I
manufaffuin Afealy SHRTHLELE SHL! AFeRhu (MDA BlatingohR Pl
substrats polshindigrot ¢sansph ke AICME graeBsspivhthtn polchshbngrgadghtd Se used to

sufficiently trans§a ent, Qver a spectrumor a ) )
assess t agchai? é;e@pbqtqa&q.lt _uc%lo@p%q, 5@3911116@6;1@ can pepsire Hﬁlgght transmitted
hroughlt t - £ b f -
et SRRk S0} olCFBLa0R 1 JRLEARNEL PABL e i
below thgrabstrade swhnk, asfrofiigsubefatemutfae by GOM thieslurifieelow the substrate

ra rent, regi,on ne ot be transparent .across.the.. .
surtace [ ERIBE B no F A8 B Fihena o, SREHBI LRI BFRa R e Sioiently
transparBRt & MR YRlcB0EE fiSa WhidMiSHCIR BERAbPReCiuffcich®PBddsparent to at

Optical transparency is achieved by reducing
least ong prnpwer Wanglenathserfdighhfiowdghe pléwuistorisibte anddnisarsd spectra, such as
. I t L,nstance, . | | shi ad, conpr.i ses.
rors 1000 00 4, 95 cRBHAE el L1 008, SRR i
spectra, POT @81lG Be Aandpardpetosatelor ghc@atvayelen@ns pah@duch @ beoad spectra.

desi red wavel ength or wavel engths of |ight and a

I croporous region thay is sufficiently |ess X
[0031] ﬁ)%ﬁg B‘gxilsgﬁrfenrg% 1gsagwgg§rpq1 {g}ﬂ reducing scattering o%/ntez's through reduction of
porous elements. In one instance, the polishing pad comprises a polymer having a transparent
region that lacks pores so as to be sufficiently transparent to a desired wavelength or

wavelengths of light and a microporous region that is sufficiently less transparent to a desired

8



8 WO 2006/ 089293 PCT/ US2006/ 006176 wavel ength or
wavel engt hs of |ight than the transparent region. The
WQ ¥eg082Bnsparent region is sufficiently por ®GT/EReN/006176
that it has a desired conpressibility or hardness.
[0032] In one instance, the transparent region is
sufficiently transparent to |Iight conprising
wavelensaly of eagdififuid dihight thbe tieaGepRtniabarh. TROILOrdnPRRNt region is
_run, also about 200 to 800 DM or about 250 to 700
sufficiepthnporpys girl thadt as aglosiraecosumessiiilitror paydasss.
transparent region conprises the sane nmaterials as
: a ' [ B b I . o
0032 B R B i PR Rk 7 R mising
wavelengils wrisihdneenge beattona ¥ p@r et megilenaboatPed we¥d0aut i arebout 250
ol ymer .and sufficjently. |acks ores.and the | ess .
to 700 1{}?.61?./]%?}%18%?119%6}66]#@% iless dragspa %%ﬁqu%qm}seaﬁ@ spmie materials
as the t@bdpRatAN tdodld ¥herBinGhORRY @Miparkht I2RG Hi %l?e‘i 8B&Rity han the transparent
_ transparent region conprising a first polymer and
region. Jufohi gistmee.yihe iraskineg! 1giossonprisesra ghpdgmpyanl fudGeently lacks

M T O T
microp@dek. SRGR8 thapalcy el shspdrentrBgios aEBBpHGhY A8Trst polyin@NAd sufficiently

. instance, the pore density of the | ess transparent )
lacking paggs dhsugroagded b2 [oae FeupaEnHSSIRCOmPEsiRg dsccandaml yner that is

st AEDSRERALL AL INERE SRl BRI 968 sgmopoyo

In one ipstahdesthatpony daneity of the lavaxhnypareporezichegrsduayly indresses as the distance
noti ceabl e variation in the, pore depsity y be found

from the raRsRaret he StHHRLEAER HP 1¢ BSHILIE Rere drasigy o e B R 1S

instanc< BosBbS@e pYd st Br AP Wle thaiugi ]i)cﬁ’@ Bﬂe@ét?ﬂ#,n@%ﬁé Htict D% variation in

transparent region. I'n one instance the pore structure
the pord densitpmag de dsimigrons! the trampergpbregidng surhrg vagemelsout 2 cm, also

within, %gl}uf f tcrgdq %éggﬁ%tﬂieéﬁgwﬁg g%%%%?xge%%nggp %gﬁe mls %E%%%i p%re structure
is forme@NRMLRHe Rlneik PEredBfiing aBedts §8E1& frdm thé GORQL MBS Fan

_ a porogen material and a m croball oon CRI PTI ON O
morganrpHEltiﬁwmwge@o I pEryinad I, asientRal Howinsasept, angicelle, a

Lt I r.t ] nderlying | ayer.
block C(f%mﬁ%r’ ?8@"&5?@’&‘@5‘%% rglécﬁl catlféagshi ng and erosion in

a metal deposited within a trench in a dielectric
| ayer. [0035] BEPAREPBION GF SHEADRAWINGS t he el enent s
of a CVMP apparatus. [0036] Figure 4 is an exanple of

10033 gl Ui A Scerty o, Chpt bG8 40 Bedt wesbbBIDuBE 8o

[0034] Figure 2A and 2B depict dishing and erosion in a metal deposited within a trench in a

dielectric layer.
[0035] Figure 3 is a schematic of the elements of a CMP apparatus,
[0036] Figure 4 is an example of a Stribeck Curve,

[0037] Figure 5 is an example of a Prestonian plot.



[0038] Figure 6 is a schematic of how the pore-formng
materi al or agent can be used to create uniform pore
WOs109@0898r e density, and distribution in a maPETRIS2006/006176

[0039] Figure 7 is a schematic of discontinuous
radially symetric functionally graded pad. [0040]
Figure 8 is a schematic of conbining porosity with a
[0038] Flenftd BRddchym@icadedwnd porelBOAkl: dritgtidler Agéis cin be used to create
schematic of a non-radially symetric functionally
uniformgrosel gge.paee dqneity 2nd disgilgionn pgnairischemat i ¢ of
continuous radially symmetric functionally graded pad.

{0039] }[T%BrA&SI] isc '&H%ﬁﬁgc\]ﬁ%ﬁgﬁcgﬁ%ﬁto% pﬁ'ﬁ%ﬁnﬁ‘%@ft&Qﬁgﬁhgﬁiﬂy graded pad.

|nterfaces wi th grooves on the surface. [0044] Figure
00407 ngunbaoismtsshaﬁit'ﬁmf cofnbanng ptresitawehasuactsnalkds gradedpad or
CWP. [0045] Figure 13 depicts the stress-strain

n I f I tall
oot} ERfEts asbem sl B GE Fpmel G FEOR Pty e dpapea.
nongr ooved (14A) and grooved (143) pads [ 0047]

[0042] Fc@is 1) i§ 3 sPhaYAtART cntelu@uS rfiegly YRahetMt EWwcabnAly graded pad.
IIustratlve silicone lined nold. [0048] Figures

A- 16C depi ct. novel groove designs for, 20(16

[0043] El&{%léy\ Baﬁasgi@plf@e)of Q7E heap HHiegea méd@ylnguogeﬁég qrmpiipe (B)

terf: ésC b&velfs Wg of possible geonetries for the
interfac tfans areﬁ} reglona 10050] Figure 18 shows a

transparent base with less transparent grooves. [0051]
{0044] Figyrer sdepictaeltec20f dembnrface as & siessanpikdsr WhBt.e t he
wi ndow i s the same thickness as the remainder of the

ad (,49), . s, thi Jqner a r,:0f the pad
100451 P38 Sl o Bytrb B bR Ral SRR B U o
process which can be used to nmake transparent regions
[0046) Figua 1QVRBpRGictd D08} pfesgite erofide 8 ndngeyaspl1dAdtnd grooved (14B)
conpensation grading to nullify any adverse effects
pads. due to the changed hardness in the transparent
region. 10 WD 2006/ 089293 PCT/ US2006/ 006176 [ 0054]

[0047] lElng‘é" ] lﬁ'gvﬂdx%s @cn%hsﬁgéé[i&lﬁfvi@v Baﬁpﬁﬁl‘g‘ﬁﬁ% Padne i88Pmb14.

gure 24 1s a schematic e multiple steps In
co per CMP. [0056] Figure 25 is a thermal transient
{0048] El@nrwarl P gl Govbeped mreelred vepledigna i 200160, AH\1EB). Nasgad 6C) inch
pads. [0057] Figures 26a-26d are prestonian plots for

pads. two custom zed pads (26a-26b) and two

[0049] Figure 17 is a schematic of examples of possible geometries for the transparent region.
[0050] Figure 18 shows a transparent base with less transparent grooves.

[0051] Figures 19 and 20 demonstrate examples where the window is the same thickness as the

remainder of the pad (19), or is thinner than the remainder of the pad (20).

[0052] Figure 21 is a schematic of a manufacture process which can be used to male transparent

regions in a CMP pad.

{0053} Figure 22 is an example of compensation grading to nullify any adverse effects due to the

changed hardness in the transparent region.
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commerci al pads (26c¢-26d). [0058] Figures 27a-27d are
Stribeck curves for two custom zed pads (27a-27b) and
WQ 286/0898er ci al pads (27c-27d). [0059] Fi gur @CI8/R20BM06176
shows the di e neasurenent plan where 9 dies are chosen
per wafer neasurenent (28A) and depicts the
structural elenments wthin each of the individual dies
[0054] Xi28R) 23 is[a0060ke dfiagrunepa2higaapar es the oxi de thicl uiess
as a function of the |ayout pattern density within
ne dies for three polishing tinmes (30s, 60s, and
[0055] Y 24 512 SEB?H%%‘FCCCP%QC Balwle HepsincopRa (S of  pressure
and velocity. [0061] Figure 30 conpares the oxide
0 .6 K . r
00561 EREEHAPRS gl B Bl Sy RARAR S Aol e
pads. tinmes (30s, 60s, and 120s), for comercial pads.
[ 0062] Figure 31 conpares the oxide thickness as a

o057) BB 8 LS shPYBRoBP FACo LSBT MLl B aagy oo
commerc pediseei2zey] pads, as a function of pressure and

velocity. [0063] Figure 32 conpares the oxide
ness_as a_function of the [ayoqut pattern densi

hi ck t
(0058] R%aglflfﬁsr?faﬁﬂ atp Jfrieecs Guryss g v omiatazed tids €2 190t 103 And 5*\50

commeﬂbia‘ifgé {39s078Ps, and 120s), for custom zed pads.
[ 00 4? (Fi gure 33 depicts XRD data. [0065] Figure 34

conpares the lattice constants generated fromthe XRD
[0059] Kigure 26i‘e28Bmhawe thefdoy measneenuamp phoodwed? sk ere ¢Bulig)er wafer

o995 o U SRR, 85Dt S o e s oo,
t he unprocessed wafer (BULK). 11 WD 2006/ 089293

{0060] B ALLNGIHAGRT Oxidk BR8NEsFAsGifubctEmh sfapd i/Suttdd@erm density within
. Stribeck curve data, and the Prestonian plot for two
one diesfigphues PYEIDS ey PH 008 pHdROON dravnergias padsgas a function of

d 4brd and are not a | ow shear integral pads.
pmssur[%%%e% rgure 37 depicts pad break in analysis for a

Neopad and comrerci al pad. [00691 Figure 38 depicts
{0061] Figwrsdi(adonmreoesabs ositlabiitlineys @rafuystes dfdhe myomeractal dgpaidy within

. A.apnd no d C...[[00701 Fjqure 39 depicts Stribec
a1l 9 diog PP A i Hﬂ’é%[fﬂs?é’aﬁlw (s Pseang 150ss R SARATGR pads.
pad C. (00711 Figure 40a-40b depicts copper dishing

[0062] Kidfh@)3 [adehpefRBE o SHO HHidmetsH) @il df¥he [1QOADhtiEInMNESy within
. 4la-41c conpare polishing performance of a commerci al
one diesdhptirespelishag tmes38s, 60s, and 120s) for customized pads, as a function of

pressure and velocity.

[0063] Figure 32 compares the oxide thickness as a function of the layout pattern density within

all 9 dies in Figure 28 A for three polishing times (30s, 60s, and 120s), for customized pads.
10064] Figure 33 depicts XRD data.

{0065] Figure 34 compares the lattice constants generated from the XRD data are compared for

the unprocessed wafer (BULK).

[0066] Iigure 35 compares the full width at half maximum height (FWHM) of the 222 peak is
compared for the unprocessed wafer (BULIK).
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sub-surface engi neered pad, a subsurface engi neered

and | ow shear integral pad, and a | ow shear integra
WOHE/488293pol i shing oxide (41a), for polishi ngPRTTSRHE006176

(41 b), and for selectively renoving nitride and

oxi de (41c). f00731 Figures 42a-42c conpare polishing

performance of a comercial one |ayer pad with a

{0067] Bigbreslﬂcfe@ﬁﬁs g guieRk ethRada, anbtbPusstana F00I0neRs etbject pads
and | ow shear |ntegral pad, and a | ow shear integral

used foigopperdy MEdIavEs sefd Sxrigants apd e mos 1gy6 Fhagh inteetal Raldﬁ de

(42b), and for selectively renoving nitride and oxide

onsn $450 5 AP ST PRERh o S et 0

aspects of the substrate to be polished including
(0069] E]}gute Fodeplataietrpdra] pyocekmstatitychelyess fmatcemnzrgialared A and novel
C characteristics of the substrate have been taken into
pad C. consideration in the custom zed design of the
pol i shing pad. Pads are then fabricated using
[0070] Figlrd Beddp@ils SRSk tiiaés ORYE dmihBRiNIvaReililepaddfant Mevel pad C.
pad accordlng to the custom zed design, producing
l e unified custom zed pads thereby 007(% VWhat is
(0071) Frgaira sy sgicrsctopppisisinge HbeLicHoner! esipe E0dFesilt.ch
a polishing process such as CMP is indicated, In this
[0072] F%QFE% di1a MBE b&HﬁarE g%hﬁ{ﬂlgﬁéifd%%i1§é‘wgco%ﬁ§rcﬂl@ ks la%%ad with a
herei n may be for processing various typeés of
sub- sur&g@sugxmeegi padne buhﬁmfgce( dngineast ani dow elkear o)tegral pad and a low shear

‘“teg‘al&&fi %?rlﬂ?ll Sli%ggﬁi i (gg%géon?%wwfs@ ‘I?_)g%gq' r&@ﬁ%&“ fggmoving

nitride Aid ox@feqcyon wafers formed in sem conduct or

processi ng, such as reduci ng topography across a 12 WO

2006/ 089293 PCT/ US2006/ 006176 dielectric region,
[0073] Ejeneps |4ﬁ@-489< P%Fépﬁ’fﬁ pahs@n&mlmaﬂ@’cwmwewmg% kaprer pad with a

[ n
sub-sur%gf? (réllf‘ér zeyed ot g@) gﬁ%msecn %@1%?1 é}.glgsl’é\/g gf'?fpd? rmig%lgil élagl, 5 M1 shear
integralqblaﬁ [i{0) rpmﬂlanmgeiudes{ula}pfou pe]sshntg julitic (ngb)sam fhe veleadehoremoving
(i(g %xcess oxide in STl steps. 3.) R gid disks

1nnmwz@géglef £%)st or age medi a, such as nickel pl ated

al um num gl ass, and other magnetic materials

typically used i pmgtamags pedieerdoN Ootical devices

used for the internet and digital optical networks,

such as fiber optic cables and optical interconnects.
[0074] B’al)louvmo@shugg @adsgﬁ@gioyé hﬁ@grame@ﬁés wavhigh cetain pgpects of the substrate
to be po?&%e%%&ﬁdmgg&gt%%@ 13131'6,(1 rt)oﬂ tﬁgﬁﬁ%gg g,{)rﬁ)ﬁ}én?laﬁlfcgclfa?z{c?&ﬁtlgs ofthe

substratt hevd hdég tal@n)thcﬁﬁﬂderaﬂ‘kﬁh manecmctrnuecﬂ tesien aditle @ehshcb@pad Pads
created i merous materials using mcro hi ni n

are thewféwequgglg PrAFALQE MeaR Bigk aHI ﬂ%@e&fﬁmf&}%@ﬁﬁ a%iwcordmg to the
custonm@ﬁl @ésicv‘i’ln rola%m i?%%ﬁilﬂ&i ct@%l%&ﬁmh&hl 3 etc.

rlous ect custom zed polis pads are

{0075] What is meant by substrate is any material or device for which a polishing process such

as CMP is indicated. In this regard, various customized polishing pads described herein may be
useful for processing various types of substrates, including (but not limited to): 1.) Wafers, such
as silicon, quartz, silicon carbide, gallium arsenide, and germanium, 2.) Layers deposited or

grown on wafers formed in semiconductor processing, such as reducing topography across a

12



useful for a variety of materials, devices and systens
where the requirenents of surfaces are precisionin
WQ 1086/88929%venness, flatness and | ess def ecti viRGI/US2006/006176

(0076] It is contenplated t hat various subject

custom zed polishing pads disclosed herein may be

custom zed for use in the sem conductor industry for
dielectrichegicVRlefiingrixedr iata@ dlehingil tt&hmo oGy MafRscene Pﬁfc@ﬁs clearing metal

substrate. For such a use, a polishing pad for CWP of
depositgeoprergpd (foialye haewé%ﬂ SHRLABEAGENE PICEFSSF IO GIsengoniform FinFet

sttuctu@?rg??dﬁtg?lg%te&éhv? r91fni3%lﬂg ek&s? Bhﬂ %ﬁjé”?l %@Jntsira]ﬁ 35{,1g1ii 8131{3 used

suc ern
for stor@gechedie,cshch a5 nitkdl Ipiiamat zﬁnmahun,fgldsm dnd pdgt apiyictiamdictihle typically
. Like. one or re characterjstics of the
used in p@r@er; ng gqicafwsppeéis gl'ﬁ:dﬁtegget digital optical networks, such

as ﬁberg)gﬁé’c%lé%ﬁlﬂ'pﬁcﬂ'lﬁt@#o Shts. 5aNARANG s%lamg kR ﬂg 1&*1 Aeferials,

materi al "type ness,” porosity, toughn
cer amicasoiulprgsss,lpoﬂqurs, epsuy baed canbohlftbel:ctamn;e;;sﬂsamfdataeo -composite
t ext yri .addi tion of bricants, the formation
substeatgy ke .3 S ) s SRS ot g 3 g pnerous
materiaBRisa% HRomRhidile bRt ghd, SRhaS ‘llﬁ%ora%ﬁme%c‘j&@ 1Q§‘e'§ h8Rtion, hot
and in situ fabrication of asmgeunlfled can
embossingaghd Bicuselda, oiei nobaitperiovs sehied chgpmided Iﬂg pads are

useful fg 29 ?%%eﬁ%ﬁ%g%epglgsdev&f}%%@ gz\gems exren?l&reﬂug %nt% Sf Wliaﬁes are

precisioa in fintshesveahess/ flitessk and has defastiig, used to assess the
quality of the process including, but are not I|limted
mai nt ai a.renoval rate whjch is Presto i an,

0, n
[0076] fﬁé%%ﬂ%vlefa@ R4 SRS SPIort SuetorERectRlishineine R GRalpsriberein may
be cust&n‘iﬁ%s@ﬁh‘ ‘i‘[g@irnYthE %'Qﬁfc@ﬁ&dc@d} hA8 Y Sor 8O @Wh?%@éﬁ?ﬁt@@cncuﬁs (ICs) on

uni f orm pol i shing perfornmance” across d
a wafer lsel@tnat@s Forf suche use bgtaliabieg pah éordtMPexfiao iC Gfqutofa is biigtgmized by
r manc

obtainisy i DR o e e a1 TG QBB By S hsbrvatebe e 1Gsize

pattern &rfs@ ¢ T1EhrEMtcBtud) mrm&érlalaﬁﬁﬁ EcHod Fﬁﬂ qan@QH@h‘lE@%z%ed on the one
par anet ers. Exanpl es of pad properties, such

or moxe@é}ﬁm@gsﬁtqsuqf |theyl siewuw: zabme@@eeum ma@zemafsag@mmathh long
range a (‘Pgh%‘?tj 1513( e 01? %t% mf %Lf@hdneg?iﬁo?ogﬁ Bugsq ars %?Igplﬁﬁ?lblhty,

ranspor

surface Arbitbeire cm@eé te@ﬂll’ﬁif : @1@|aﬂ§ﬂﬁ1bﬁ@f R@ﬁiﬁ&lﬁtﬁ&ﬁ@ &ringtion of interfaces
ubstrate planarity, so that occurrences of dishing

within thepadeirgldhe pldidere it Aasareschiche ad Isclvgieas P upanessiand in
situ f’lbﬁéa%%h 095 skleAmi b R0 16 d B IRk lun%Fxh%gl f@{lﬁ%&@ ggr CF1e CMP

pol i shing process, are mnimzed or e
processingodiéss, toughness and porosity, are exanpl es of
pad properti es that have an inpact on substrate

0077 B Earbipn B8R g Rmanee Y GMICroB RS oty Bha b vy »

number 0f cIRFig $ha8 Bsh BH Sdekiitd His’e%h@ﬁu:ﬂﬁy @?thte)f)al o&8DinRRULEY but are not
pl anari ze the substrate. The nunmber of substrate

limited thwoﬁmumm@gﬁqrpm@gal(l N@gryhlclg;@éhe@@ngr@rhaw@g@g:oafﬁg:mﬂﬁ pp&iction which
is const.in% i Ihielblom?cﬂt% ﬂ%&c&ﬁé& 1%%{11%3 a% maintaining uniform polishing performance
across diffevent regions of the substrate. One criterion of polishing performance is removal rate
(RR). As will be discussed in more detail subsequently, removal rate is affected by a number of

apparatus and consumable parameters. Examples of pad properties, such as compressibility,
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pol i shing performance. Exanpl es of pad properties that
i npact the nunber of NUs include hardness, and
WOHO$/BR9% ext ure, which inpacts slurry transp®CI/US2006/006176

Finally, defectivity is yet another <criterion by

whi ch the polishing process is evaluated. The CW

process is harsh, both chem cally and nechanically,
porosxt;a Add §Lﬁrlfzft§ $e*dul{1€ uﬁgﬁuﬁﬁfceﬁmﬁ y iandost, FedeRpRewhi iy teh thay

exa of a roperty that affects defectivity
lmp'lctsﬁ%Rpé@ vaﬁ@s@w o highiggPefaanangg i sueriptgslaplyastairt y
occmreﬁ‘ées o*[‘ﬁ sﬁ&%%ﬂ&%m@ n ﬂ&ﬁl%g%?ﬁze?e%ﬁfc%hﬂé k¥ m%] ‘S?Fé‘taﬁ{or ofa
il ve nen d

dzelectrﬁ:anatalfzilehnt ing heo@mﬂl ppbsﬂflmg PRDESS, ar EMm'.@maftbdneahrﬂnaEﬂed fad hardness,

control of pad por result in non-uniform
toughneshif PPESLES A FEEW ?@ P&gﬁ’ﬂ%ﬂﬁj thafhpye & oapagt on substrate
planarzt?%?éilgégg Oge eégppétﬂ{ag’s u Gﬁha(q?& &[0?&%:‘3&1 d, Qont olled size and
density of h@tles patkdipiaibatiet @fhz:rcsa‘ty c:tuel&ditet pladaggedtiatibst aﬂenTIptamhmber of

e er simlar to.the d r f or mance
sustratP Gonde R Cen Ny TaERo ot op o o i BB cHtoron of
polishire ek @irhancel ERMhiIshd ﬂﬁdﬁﬁéﬁe@t‘i&%ﬁﬁ%mpgﬁ {hS$ HRBb &I Us include
pllanarity, incidence of NUs, and defects are exanples
hardnesafanérsutf@cm taxttmrawhlqlmmtaots Rleutydemsefrt. Guwilys B fpetofity iCxee another
CI‘ltGI’lOIﬁBg%V?%C?lqﬁ%élg)g?r%#l chi\ég é?é%svlafg{l {Bga'gﬂlee él\’gi l‘t()ge I%SCi'IaZ“S%‘lS lbgﬁ]]

ChelnICEQB_/f eflﬂrﬁiﬁ&ma@cal@ﬂ @ncSMﬂd@s@ldaaéd adtbes ﬁfﬁICSh@dﬁd&&iepﬁlzfety&ﬂdl An example
he pattern denS| ty can have

ity an.
ofa padaar%w féﬂﬁt %fﬁ@tsﬂequvxéww bardgpi A bederad reofield ghed planarity
ye I
ot the R Dol iR cé%é*%fﬁééﬁﬁﬁm P o e pad
p10pe1113:é2¢axsafﬁﬂ0t s paepaffortianes, For whimleclatk of @ate! bf g porosity may
ions 16 an Iowrelons g | heto phy of the

result 1 1 lolél}l oLt sppqr%)lfg acrop thﬁaplopglgag syrfa cph'@dt‘cg%g&r%ﬁ% rupigorm COY,
which n%yr 1‘89.9! ¥ 1A PRBEBNECNHP BB N8 BBE ] Bf Gﬁepﬁ eﬁgﬁﬁgers can

damascene structures because of the nat
lead to @g@@iﬁh@plmmadmgrfpnnmcenn hesnnasimflave ©e piepafiimantaisines caused

rossach str ssoci a i th the .
by tack ERTBR e taba T He APERTep bt R e o ripsthi g plinary,
inciden@bedTead, antl defcts @& xAtmpld df Bnﬁdﬂﬁ thRARRGEARRY c O bF Shnership of

faster than the |ow regions 18. As depicted in Figure

CMP prpgessegn initial step height 20 is associated with
deposited fil m 14 before 14 WO 2006/ 089293

[0078] ?%E{egﬁ%?%% 23 ep d&‘? tﬁ@f%ﬁ nnﬁ'g%t%?@gtﬁ dgg\%ﬂh {eli}](i: bAWofishing
performdego @inb gcklfd Vanabid caafbt:ehe pateirs ﬁnmgy oT he 1@ Tifegratint &hsity can

have an; aﬁ@o t@a? nS}gn?cF]\@? éq%flgpléq, gqu@lq o1e nqd gué ovflg{ztgf Vi n$ @%?C Q]@)ﬁi aCr0Ss

a wafer. aIﬁ‘i?lédré‘ @lanstan blaﬁigqmm@a%ed e tﬁidéﬂl}ﬂﬂé Gea@lircdT®S ishclfl & metal lines,
pl anarization. The larger this différence, the better

which cather epﬂeé;ua@megynai@ end tover e@ms;jﬁon d@gopcpg)@ﬁlgq ofAhgdmslted film 14.
of a,var] abl ati,on.that ha

In partlcuﬁab,a e ?o(;)r?g{ﬁ;‘)m/ bsrsﬁ]ioagﬁr iqﬁ)elh(gn o1l pat% etn densify in copper based dual

damascene structures because of the nature of electroplating in trenches that have different

widths across a chip and the chemistry associated with the additives used in the electroplating

process. In general, high regions 16 in the topography polish faster than the low regions 18, As

depicted in Figure 1A, an initial step height 20 is associated with deposited fihm 14 before
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performance within an I C and across the wafer is the
filmmaterial. In particular, dishing and erosion can
W82 a CMP process involving nmultiple fi PRIT/US2006/006176
materials, due to the fact that different materials
frequently have different polishing rates. In. Figure
2A is a schematic of an |1C being fabricated 30, which
pohshnfgaséxéﬂdapﬁdtai inl Fip@r 6323 dé’m@Bé,té}ﬁﬁle@hﬂﬁll i agotin@aGfith ctepasﬁ:ed film 14
? lectric, |layer 4. In Figure 2B, dishing of neta
after pojiskipg.33he gli“@éeﬂn@{ Jézglc)é(gl lélt?dfévh@i’qr@g-m]ﬂs‘nl Q@Irdglmv I8gOBY 18 indicated
r
by the d%ﬁ&%)&?é 11?&%1?%8856% ﬁ&g}t@(?azﬂwlﬂ i }f/?t\é\f) fxager 3 Jfl %?%1?215&1
planarizasion THelargdrition differtreiegtht bBBercthe mae&ﬁghﬂmcthh el pBiess.
fromits int ended hei ght Di shing and erosion can

[6079] g.'nagml cla;%ar? g gk a Hgll?éf’ ﬁg %gl at | onlfag? it L"LQ C%nggrgﬁ)rm polishing

perfornlalESH AN Sand W Ets BRPPAE: i 3hd B8R maftiapdgli ﬂattQﬂﬁlr distlify and
material is used as a barrier |layer between the

erosioncap pesur am e MR pmce$seuwlvmg metlépliedilm ipgead;, dae be tsdpgtyhat

dlffezen? nattehmargéoégcfue\'\@gﬁ Hspcﬁ{;ﬁﬁltg.?%tgg Oty pﬁ‘lgux{erﬁ% RYR8 L Mic of an

IC bemg @'aﬂﬁ*lchtséd@@ ﬁ)ﬁic\h&@@ a &mtlm@ 32 A% editell h@thﬁl@ﬁ tLSﬂIUhﬁﬁ am&kﬂecmc layer
ore densi nonpor ous ad may. not

al
34. In E Ie\fu eéip% @1%}%@1@%1%312@@%9@ RE A éﬁﬁﬁeon ndwaeht 86 of metal line 32
Lo a r |
from pIBEERY S diflod BOTR 34 8ol 06 BF likieckR 1By 5% Ihictod as 0
deviatiohOnieigho B8 oﬁélhlebmotlhlﬁrdésﬁdneds mtar&ieﬂ deigho d[dts}mag and erosion can

If s reduction
exist in SEISY REmpriseiebarosdt), Betes 8 phigy P Byl BeroBiseri Grogees Fpgpoper
based IIQ@I‘CHI%%T,S AV ﬁérgaﬁfpepﬁ ru@ctf lag Gadttibha fﬁﬁ%étgﬁalqpﬁ&d%@ 'afbgﬁmr layer
renoval rate | over pore size can be used whe
bdﬂwenﬂecgpmﬂﬁwdﬂhmmwkatﬁIuﬁsdﬂct|on is required. [0081]
Yet another property of the pad that can be sel ected

[0080] g?pggeer?y tl tg ga iy rl%u%l& Eg e:ijerc?eﬁ or 1 rtf:ea g%@?ﬁf {}% Il)onrg glze

densitypdht Itﬁﬁ&a’:l ﬁaore&idﬂb@ﬁﬁﬂaeﬁ)@%%ouﬁ > GEBREHd dolixhygad. ke pore
for larger 1C size and higher _density than for smaller

density j.¢; ngnparoys gad gspgiof go W gy shrrst fesg and therefore leads to
problen%ﬁglgérgb{%g%tg 'ﬁﬁﬂ& r?g%to{?;sgfe 0y gt%%?gfr{\‘%lﬁque%tg{aﬁ é}grfommnce.
Approxp4d imsdreds cefnd:re thel ﬁe@ﬁmmztaeﬁnhgmnldq:gd@srfbhma If slmry reduction isnota
bi deteeri H]rggl ons becorre ex | ex. %g s[
1g concird JhRIgHERPIE RZE> SHCOl 3% P’FFI ﬁ%’ﬁn@ﬁ ’«‘sg"‘f’ép%sm will
prowde@ﬁ&@/ugﬁgﬁﬁ gelﬁ’ga/l %@%ﬁé QQ@»@-Jr&\pmé H%@czﬁh%lﬁseg Q¥eh $he slurry flow rate
ypical for smaller IC size, e a pattern density
reductlcmflsammdSO% is typical for I ar ger |C size.
Therefore, a higher pattern density is correlated with
(00813 gg n,%xrogn \Mgl"o%;??t %%‘tlbel epoggée%tro\%ﬁsg s&eétgc? b%qe Hglfgeéz%% urface

architechgesuek p Qfo@@hrigpar&i Aefaye tdx[ﬁlingdozeasbaﬁﬁy LPpgtticular, alucrhel degree

englneerlng general terns, can be described_ as The
of asperity may be use f01 1a1 ger IC size and higher density than for smaller IC size and

density. While many of these determnations can be made based on knowledge of IC sizes,
pattern densities, and the materials being polished, for sub 90nm technologies these

determinations become extremely complex. It should also be noted that a pattern density of less
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use of fundanental materials along with scientific

concepts, both at the nano and micron length scale as
WORNH/0EI% he macro, 1 cm and above, |ength scdG8/4s3006/006176

selectively control and individually tune the various

aspects of the polishing process; for exanple control

of lubricity, uniformty in renoval rate, thernal

than abHe Ba%‘ 10 Ity f@iéheﬁl%x COBikz€,0bhileGoveht dal o DERIUt PO es typical for
and cl osed- pore meric, pads used in the industry

larger It stray ravlercs apiaal pqtt it Hecowielakec WED il meeaiG B
becom ng prom nent at the | ower technol ogy nodes.
0082] REMA d L ”
o052 FEHES B Flo BASNS, LU L 000 D el S0 bty
been exp}w@‘tblav@r)dhmntgah sxtane Peki smgilmadg, imgeeeal 1arms can be described as the

use of fw%&@ I ?ﬁn@& ad m érépqt 5:uq%fqgc%)g%§vot nct 1§ﬁaanlotq%ﬁgg8}?g length

scale astvl%?l AAEL £12019, Ptsmseﬁl!d' e@)obé’ k?&ig@rﬁ%i% to RBREE ALY b:Rr P hnd RWividually
shear i ntegral pads have multiple polymeric | ayers

tunte thaptsitiohs fspeets ahthemodsiiag erasitsshion ezmeplpaggn@glrcg]1111@1101wgu111fp@m1ty in

removafxgtte @%ﬁg%‘tqﬁ% ‘étf%ac s\clg\%ssc pog Bgt Ofye utbog]ei]ncgpebl oqmg%%d closed-pore
polymeﬁﬂb&(idﬁéd inohE afhvey pRES hat eﬂse%rﬁl»ﬂnﬁ[t@@é&%dmﬂ@ﬂfs lin@Egions becoming
ds contai ning transparent regions for. endpoi nt

promm%%@@.%m teosl gy Pades §eivceal 9f Tapse BdlalpRsBdy Be pY@equahby novel
“pad en fue&’ﬁy ”%&?@d}% &6@0})&??%@ @%ﬁﬁggﬂ%nége Hésﬂ%%‘f\@dlsolg&ﬁ molecular

ens via a
engineetng pﬁp&htmcﬁd-smmmret Rectiodal gmdmg qfaddS6urfase elghmmng m pads
ter lve t he sl 5
design, EE?HL%PW#N e %?@ B‘]PIy 1 GHiSomag é"%%/?o"f%{-}w S%ﬁ@é Igfgpyabpads have
muluplén’%olgnlil@l iPBYelshElieh foRhCHGRter ﬂ;&ewﬂﬁxln' tﬁ@? 152:@ tHeSolishing
unted oh a rotateable platen 5 ch a

surface moichtoaalbbes {hk affeet csfhadttcn@h@xlteandls a stleﬁel am}:hmxug palsh@b embedded
r at

sbrasivi GG e PR B SRt aRLE oG SRS PRt

detectiodl rection of vector forces which act to rotate the
polishing pad 56 and the substrate chuck 62, and hence
he substrate (not shown A down force is

[0083] @o@iﬁ»ﬂ@ﬁb aBPIFYéHﬁﬂldéﬁmfl@ pheyslpseTapta EMR roBPatys 5 1sihown.
I I

The siuity32 1 SbEafy ensfd Hata iy BEOULE DoARR RutBleded 36,00
shown iﬁﬁ?lgur{; B%h@lﬂiﬂmvalmdm ﬂtlagw dZ sydeafelivéred et thedottom of the pad to

ctin roce in ..an un standi ng of Fi
the Suff%ﬁéhesﬁ%ﬂa@e (ohgy dTheg H%‘E%Pﬂdd §45 TRPYHERRA eqlpable platen 58,
from wlﬁbl? QE&XT:%&BIE&%@E&‘?J Abit %@%ﬂleﬁd@ﬁ‘hﬁa @ﬁbs‘ﬁ%?ef &d ﬁ'h%m b}% substmte chuck 62,

friction Sommerfeld nunmber (So

from whipiea @@Sttaﬁq@h@@k @m@ €gh q;@wdbyThele@'oM@ sh@%h@&gecg@n of veotoz forces

176

which a tc’glré{s%aqgcf RS H&ﬁadf%g:a@él t{:t?:sug),st,rz}t? gﬂc%fc?é?t %é& Hgl}%ﬁe substrate (not

shown)f RHERN f&8e [s0éhirbl1F8Y Ghpled)io the substrate chuck 62 via the substrate chuck

shaft 64, providing controllable contact between the polishing pad 56 and the substrate 66.

[0084] To understand some of the factors affecting CMP processing, an understanding of Figure
4 the Stribeck curve is useful. The Stribeck curve displays the relationship of the coefficient of

friction (COF) vs. the Sommerfeld number (So) where the COF and So are given by:
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where p. = slurry viscosity, V= the relative pad-wafer
velocity, p = pressure; and S eff = aR +[|-a] 5groove
WO BG83 = aver age pad roughness, Sgroo"e = p&d/USRe(ac176
depth, and a, a scaling factor, is given by
=Aup-reatures/ Atl as pad where A is the correspondi ng
area. [0085] There are three regions indicated on the
COF = ggner.al zed)Stri beck-curve shown in Figure 4 In the
regi on indicated as "boundary |ubrication", both the
ol i shi d and the ubstr e are in intimte
where B it SRoF FIetdprys SPGSTVE BAFS | ol eo, and GOF
remai ns constant with increasing values of So. In
Of:“¢§%§e§ﬁfi | arger val ues of both the COF and renoval
rate e obtained. Such constancy is desirable
for process stability. Any drift in the boundary
where | abhiryatiscosity, G e reletive padewafet vabcibapi=aictsutey i n
waf er/slurry/pad interface during the CWP process, In
the partial lubrication reginme, the substrate and pad
and&eﬁf@“@%ﬁ%ﬁi@ﬁ@“by a fluid filmlayer that has a P
t hi ckness approxi mately the roughness of the pad.
where @'Q%laﬁ%a@f&éﬁ%rﬁmﬂw%aﬁ g&&gﬂe%{ﬂlh an in the
oundary | ubricati on regi me, pad fe is increased in
the partial l|ubrication regine. However, the rate of
and «, acdsakimgfaoior.tihgiver st i ve sl ope indicates for the partia
Iubrication reginme there is less stability, contro
=A ﬁﬁ?dlctabl|lty than in the boundary | ubrication
m”“F@ “ I'n the hydrodynamc |ubrication reginme, an
even larger fluid l[ayer results in even | ower RRs.
where A @086Fortaspbiding ered, an i dealized Prestonian plot is
shown, mhere the renmoval rate (RR) is given as: RR =

{0085] {X/ﬁ@pé'u ekrgxree 1ng g% 5%117 Zoﬁf? {ggrga? Igzgétsgg ec I%ggfgiﬁ g\x@i}zﬁﬁgure 4 In
the regiB€ h\’éﬁ(%%dtdﬁe‘bgﬁﬁha@@ ﬁlbh@@tuﬁi" b§<§tf1 @ﬁeﬁpolﬁﬁfﬂm p¥d and Bledlibit@ite are in
d-substrate velocity. al | the Prestoni an

mtunatcpt:a:ttaqt withishegyr atassvae mﬁ@ht%$,@tnd (Q‘OE rf@lm%%@atﬁ@t Willimsrepplag values

of So. ]\é[\,b }SIB%}%gdarﬁgl I[}I S (g/ boﬁl (l)lle (%%;fjba !élhddre e%i[{ﬂs iﬁ%@a%gf cﬁ)%ﬁnpc? Such

const”mt:fr ik RMe fdrPhodestiabitiey. AdyCRITPAIths Beuthy )dllufniﬁ@meﬂtreglme isa
urries under constant conditions has shown

result of wrabeiK itbve sy  miofaet Grimgthe SHER Porest Inﬁhgﬂmal
tubricatIER ML e sat§hhts b pdLse Hfardi&d 67 b 8id RinPBiyer that has a thickness

approximately the roughness of the pad. Since RRs are lower in this regime than in the boundary
lubrication regime, pad life is increased in the partial lubrication regime. However, the rate of
change of the negative slope indicates for the partial lubrication regime there is less stability,
control, and predictability than in the boundary lubrication regime. In the hydrodynamic

lubrication regime, an even larger fluid layer results in even lower RRs.

[0086] In Figure 5, an idealized Prestonian plot is shown, where the removal rate (RR) is given

as;

R.R.‘—_‘kpr X pX V (3)

17



pressure-sensitive slurries. Additionally, polishing
(gad tri bol ogy, which is influenced by variables such
OB 2Mar dness, thickness, conpressibility, BSSYERPEGN06176

and surface texture may also contribute to non-idea

Prestoni an behavi or. [0088] Through several of the

Neopad desi gns which include sub surface engi neering
where lgnd Hresen she@ant; desi gn of the pads, a CVP pad with a

| ow COF can be manufactured. The uniformty of the

can be controll.ed t ad _m crostructure,
= st P DR G e ARG UL e Sl | - hard Segrent s
di stri buted throughout the matrix of the urethane.
V = rel XNl QBstRfe YdsciBoundary [ ubrication regine al so
correl ates directly to the pad microstructure. [0089]
custom zation can be systematically carried out
[0087] %Fs’l@a, tHp Prastong| nlafte Hgeasae e danption gf Hieegresguretipes thepelocity.
[
Deviatig o 13 TREEYBL AR o SN IR AEEL AN AR pac
tribologshiFohirafahes b cbﬂ@ax@ﬂo@ﬁﬁﬁferbmtshﬁd& aciep cehstgt tonditkens has shown

materjal to pol i shed as as the
that sorpp S’FIH{%&* éPal-&qaﬁﬁreﬁtawaﬁ &ah%@tagﬁ*g wr?%ﬁrear%waé%weféafeferred to as
plessurp ShRYY; WG Res. Qi RBalls, %I@Bﬁﬁ% ?E@Eﬂﬁ)%qﬁy w'hfbh% fjr?f[uehc%d by
desi gn pads accordi ng to spedific reduirements.
variableumsitops pat hapdneshitichlciess, caspdssibilppl gpmtn@ttyh&n:bsdrface iexture may also

whi ch al | f trol of
ot 2L B BERESE L0l ol pw for control of

storage nodulus (E'), mecrotexture (also called as

[0088] Mhedu@hSEVeISLAfMIR) Nedad ¥8sikhanBich iiudMBeLBEAH dgitafifk and low
segnment and soft se(gmsnt di stribution, and mcropore

shear degigieotihe paiss & GMR PRI MO AEE ahbewenippiasd. Ehntpisirgity of
the CO% IEELI? Hcg onﬁr%ﬂ@&#)&fﬂﬂ: d IP ﬁ&ueagkﬁ'o%ﬁ{ b u@é 3t 1%9@10115 and small
use o clali zed rang ing proce
hard Seg@@ﬂ@ﬁlstnbul%ﬂi tjafm:rghcfmrmmiratnxocrf thotrefahy. @srtem’.‘slq}ﬂﬁﬁhws@dldiry
i.n chem cal ?hanlcal pl anarization and control of
lubricatiohyegites Y80 Futdpeliwtives S50e auorssueet US2006/ 006176

[0091] A variety of nmaterials are contenplated for use

[0089] 'Pﬁd EE@O:E%QMI?@&' B@:"by@ctemtaﬁ@alﬁftbkﬁh’ﬁﬂtout SHSLIH tﬁ@ﬁohshmg DIOCESS.
pol i shing pads. Though the pads are substantially

Since tigo faylr’w’r@lfﬁci\ﬂénwom ecvtendl peragubie s, 2estoprithiide e tcybe()ffarlhﬁalr @lt in
ntive i ment s

acoordatnﬁe to tﬁt{: &mn?ﬁsg%’tso\]yfncﬁ,g{fga { ﬁ:glocgﬁajeﬂlté odﬁ S%Gé)lcihgg gﬁ 1:’,#15 material to

be polidhed as W@ll%.s a0 dhatadREk GO s pacesRRAEeS i Abiradbiteibe @BEoR fwhich
nore layers normal to the polishing surface to

can be yssfl jspspemaliqally sn ondar i) dogizgmedy esording|loaspesidia s prariements. Our
customigzgtgclt)rp@ﬁlchfléjﬁas?ﬁ‘gﬁgb%geglgatn% @8’3@5@ ngﬁe%f}%ev?hibﬂgﬁo&/ If’c?r control of

I nuous he”su

critical pmhﬁfﬁriﬁlﬁh ta0s, | 16RINGidRAE " dseorhgamncahihy (Efﬁdﬁcfdt@Mre (also called
| ymers. Exanples of polynmers contenpl ated for

po
as micre-gHnGtuEe). Bs W%lﬂ@n {eapnesnieechard spamerd apd po S pEgmRenh dlibution, and
mlclopaje%i:?]eglﬁg 9isBEAER. We have achieved these controls through selection of

appropriate materials and through use of specialized manufacturing process.

[0090] 1. Polymer formulation for polymeric pads used in chentical mechanical planarization

and control of pad microstructure
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are drawn from cl asses of pol yurethanes, pol yureas,
oxi de polyners phenol i ¢ pol yners, polycarbonates,
W@bg Hes, pol yi mides, polyesters, polysul f 86&4S2006/006176
polyacetals, pol yacryl ates, pol ystryrenes,
pol yar| yet her ket ones, pol yet hyl enet er epht hl at es,
pol yvi nyl s, pol ypropyl enes, polyethyl enes,
10091] Ro\lfa&‘i%hl @%ﬁﬁenﬁﬁ dr PV J12¥ANL Sise ﬁluthé ricatial MIT‘E& Subject
sui tabl e for various custom zed polishing, p

customiged polosémg treals T pughyheyeads @muymmtsaﬂymoam@ﬂc zélérl*arf%%lgfcd size
and deqs% \é?ﬁ%a Pré ﬁ%n@agfntal 3 0t19rr erng%e %ﬁgo%@;@n&%@gd% gglstltolaﬁctlon of

materia@f suddl a¢ @Bfesfonngé‘hﬁﬁteﬂ@llsyﬂmm}ulﬁ lahie derfiordded ebrasivp ads or more
may be used, as would be clear to gne of skill in th
layers ngpmal to lonmgishgr et gL S RY- IHBerpRieer g adt ggiont regions

hi ps
o nch ORGSR S SRR i b BT DS
resul ting physical properties of the polynmer materi al

[0092] The dubjmttchﬂommbd pBXalipg esdsofre Hpihllpnomde fonepolymetsudgamples of

re no ardness t ou
polymegt TG £ i GRa B ae SRt B o HERedscised berein
are draWf |ﬁ)6ﬁf—‘£l§ss@§¥f ;Iﬂﬂyﬁ cBla88Y, hbicarhs, $6bEAE bblyters PBINDEE bbRhers,
and commerci a hi story for CWP pol i shi ng pads i ncl ude

polycarb@w@m polyamides, poViitesanylyeriers.aohoiiiraes Peliieicess pokgetplates,

polystrﬁgn%( gﬁé@gzi%q%%ﬁetg ?sp§§1§gtllgl% aa ﬁﬁtﬁfatt gol%hgfsv\@l?prﬁg\ﬁgnes
polyeth§lEaks) pekigndeS ad Iﬁﬂjﬁsﬂ@ka&s | Hm}thlef] @o&gmk suizbz fol harious customzzed
reaction of an alcohol with an__i socyanaite functi ona

polishing pasls disslasgd her@%ﬂemﬁ?ah%mmﬁ%@é B lte G ppposites.
grafts, grﬁ{ MhEethang th?q 1 iem J&?seﬁ@@ﬂfﬁ £68 8 ¢ ﬂ‘y'&?aswsto@ polymers.

I Socyahat e Gnct i onal group forns a ure I i nkage
Other pofynedrs B&leedkfasu@ ihpadpahy te esedpad yoeldde chaar to one of skzll in the art.
polyurethanes mnimlly diol and diisocyanate

{0093] 0{1@\1 ‘é%qs\e}urg%grt?\%é L gtgggl%z}rtbﬁlﬁglgpg £ ugﬁerstalécggé §[§‘ t%tte ir&inonships

betweel RS Iche 8f 1R hyRkoRbleQAbYArIQRY ﬂi@@&l@% ﬁ:ﬂ?ﬂ@zﬁ E)td{ﬁi'tlés of the polymer
provi de reactive sites for «crosslin For ur ea

mateﬂﬂ*mﬁﬁdnalth@/mi Eﬁﬂmlea@ﬁswhupgmta%aﬂ@u%rb@ pgloTahI@Ite to hardness,
toughngg oy Ey,f/"xﬁlg}efﬁbﬂ R0 \MERId Al | on reaction,

'oF rfore am ne or isocyanate groups
in a polyam ne 19 WO 2006/ 089293 PCT/ US2006/ 006176 or

[0094] m@l jtisency gobineers asyieg hisigalficanipcontifie, crgaeeiing agdd tagmercial

oGSl R 5 B R o

polyméiié uen gll%g% g{}g% giiaiétﬂiﬁ%?teﬁé@ BuddSis isocyanates, polyols, and polyamines,

as welidus phmn ykmmﬂda sreaddirossbulyng ageaty #OI he raediopoff 9ﬁﬁichm1é’ﬁ§1 an

RSN R TR TSN

polym&@THRRYR18A ol AR afinORi LR ﬁ;bt;@dua@rfﬁﬁ?&fdnhﬁﬁouﬁ ﬂﬁfms aSn ea linkage
har dness, toughness, and porosity, for exanple

which & besiafef pebiteernelymasi Brrpabyurethandsyaispially diol ped @wpé@m@

monorrllelrskaere required for the polymerization reaction, alternatively three or more hydroxyl or
isocyanate groups in a polyol or polyisocyanate respectively, provide reactive sites for
crosslinking. For polyurea minimaity diamine and diisocyanate monomers are required for the

polymerization reaction, alternatively three or more amine or isocyanate groups in a polyamine
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pol yam nes and pol yol s inpact material properties such
as flexibility, nelt tenperature, and surface energy.
WO B8983°2%%]| yur et hanes and pol yureas whi ch can PAITYESROG6E06176

the control of the hardness and nechanical

properties, which have a high storage (E') and | oss

nmodul us (E") and which have |ow thermal transients,

or poly@baaaatt respsétivichn ptenperaticesey b rosiikinal Eb&&lpl@shﬁmgﬁslnﬂcmg
or ag nodul us as a function of tenperature

agents W@Eﬁfeac&‘efﬁﬁ PO 91 agne gioyps mlidg drigeryakaln crpsslipdee such as
f
ot R o TRON, b Rt sl MDD, g il

polyphm$ sbeygnared PABHA The taee f appsiofurgadgent omd dxbmt of crosshnkmg of
r.ication of. various customn zed lishin
polymeg FRpan e AR irEDAck AR (AL PoRRE G égofsW@%é%P%ﬁbyess and
porosity, q&r @RI The TBERAE S Q%16 a4t dHREF @aedlyampﬁuﬁgn&@&m&dwmm
pads as a single, unitary structure, "which fabrication
polyamenst hadisoladdiimpariandtgria prapertfes sudihaes féq@:aluhm melnempérapfe, and
sical features designed into the pads, are
‘Biided in the fol | ow ng di scussion. Liquid Casting
of polynmers [0097] Liquid casting of polyners can be
[0095] BeBUrdigmneRked pagechowhiClRan Mlau ot thasdnitng of Ble&hardness and

manuf act uri ng techni que which can be suitable for '
mecham(‘a%pw@ameﬁgwgéh Piea wﬂhﬁ@ragedﬁ])taﬁé laggs mgicadus (Eof and which have

low thegrgi'ﬁ' i%§1eé@ élgés t%a%@lbfm Qé?xa%enﬁ[ue@ g’f%)sliﬂﬁ%ﬂl% Jhwgge in stod age

tec

modulu'@ @Q@%Iﬁ@bﬁ € tenfRetBuleQREQ eIt S-adsitiBS Al @Ad values can be used for pad

pl anari zation can be fabricated wusing liquid casting.
manufafiugui d casting allows for spatial control of the pad

materi al properties during fabrication and hence it

» | pads for CVP. In

Casung‘lj/g\?cr)llgdﬁﬁ?a@%?égg% ﬁh?\g)ﬁﬁo‘%hﬁ&u{&c yngr bad for WP, a

nold with the appropriate dinensions is first made.
[0096] Bevardiencthodstfor chstiag bhdigrobhiyg e appiopiie fouthe tfabrivatien bfrearious

c:ustom%p{?l&%m% ity h %? '}o% e V\ngl'(ltlaygf sl?qealc%&ea b oirgg tp)?p?nléiri_ygt%?ruoation
methodg &‘&C&\éﬁuf nﬁ%bl@ﬂlc' polkMRL SQt!ls % a%%éi@t%ﬁ@@/s@t%gt@@@ which fabrication
CT/ US2006/ 006176 " used in the industry. However, this

methodﬁeddib@nalls' a}I@wfoe sheenstial eontral-of physiepl cfwuu*ngdttmedmm@ the pads, are

. n ted to _provide grooves in the pad once the
mdmeé%wl cr’u%u ISCPSSlgf)l difies. Depending on whether or

not the polyner Is being cured in situ, the

Liquid @ppingpifipalymenmt eri al s are poured inside the nold. In
the case where the polynmer is not already cured, the

rlate nonmers, . crosslinkin ents,. .. . o
(0097) Bl $asiifs REPlyRAran pa it ip srake it B3ty shiguig qgsting s a
manufa8He88 tdcBniqhe wiRlntaA B shifdle for fabricating polymer parts from the simplest

of designs to intricate polymer parts. Shapes like polymer disks can be made using this

surface! eﬂ%

technique, and hence polymer pads for chemical mechanical planarization can be fabricated
using liquid casting. Liquid casting allows for spatial control of the pad material properiies
during fabrication and hence it can be an appropriate chotce to make pads for CMP. In using this
process to make a polymer pad for CMP, a mold with the appropriate dimensions is first made.
Further, liquid casting may be carried out to make the CMP pad in which grooves would be

fabricated using the two possible options: ex-situ or in-situ. Ex-situ groove formation is typically
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reaction taken to conpletion after reaching a certain

tenperature. Using liquid casting, once a first |ayer
WO0E®E30n is poured cured, a second | ayer ofCIABLI06-06176

can be poured if desired. Also in the liquid casting

met hods, enbedded abrasives as well as solid

| ubricants can be added to the polyner m xture in

used in Heddustrg. MSRERY &hs Hehbd deppiiehiing Ipalth gromigahamold can be
wi Il be subsequently discussed. Multiple Lnjection

adapted\p prAvidy grovas 10 Krdtadencaiemedy e curssiol aefiditist Bisperlipg on

e | s ULt Rle ROk, i h eGHd Qe iR LA .y
Whe{hell\}ﬁﬁ%F %ﬁ% g%l[}g:}(\% é?lﬁ%lﬁg Iﬁ%}{eg inﬁ%ﬂ? éﬂ}ztaapggé S%IH 1ﬁglﬁer1%?g%' eﬂngrcid nlllSlde the
mold. Ivihic chsetwigere thenpul emaak ynedlieady owteérthabsprapeaterionomed,
crosslininEPaT PO TR AR e SEror ) B HSate 465 Bt wold Hd he
reactionct%énqm%ﬁgle@i@g_Sa}’t\@f NG o QErATR k&)l BUEHS Usﬁat%_h‘éﬁidl ca@$ng, once a

pads havi nhg ifferent areas across the en irety of '

first layeihe spatthn iFpotded cpredhi secord ydr arespctien emdn povreddhilesued. Also in

the liqxlg:]%ﬁqxfﬁagt@‘%%?éggyggé%g@?a 2t |ta§ %}gﬁ é@gja%ﬁﬁ?% 'S cgl%tbeerefdgéd to the
polymePRii @RS ordeP td NP R L 4RI Q6hRRG fRAHAT: 0 wiidbé QiREquently
either in a single layer or multiple layers. Miltiple

discuss¢d. ve-feed (or in situ) injection nolding (0099) Ml ds
including multiple in-situ injection ports may be used
¥ - 78y m zed pads. In this nmethod a nold is
Dduhqﬂé&p%%@é&ﬁﬁ@%@hg at |l east two ports, generally
i ndependent, for injection of polyner. At |least two
[0098} dinbthermeihop fhrynansg ansomizpé pedsds khowu ghmmbiplppritismjection

oo S A B ALt 30 Bra 2L B 1 SATE ety
materialéabd @120 WRS bi@h f thOmaldtBlsGHRERNT 6 thdRERL at b laurdleiftltione. This
and heat transfer cal culations are carried out and

method appriepsedteefonpmusioniizn ppds il twadr imjre btyesnas Wehas pads faving

. f he diff d hal [ ed ..
it gt D55 4 SEE0 FSLYER! 8405, B L L0919 B0 s

spatiall PO&SdRE Batidn fdBbiveakR wAet AMrgedh@aepH1da \vharg weldeffied annular
nore | ayers, as well as having different areas of

paiternsps erosiceonenler pad mndemas atieas.gilhsren rsmgie laper orgagtiple layers.
Reaction injection nolding (RIM 21 WO 2006/ 089293

Muuipi%’g%_h%%agglﬁé‘épcﬁjﬁagecﬁb }QkinFar ticul ar pol ymeric systems

ure nes) are anenable to nol ding steps
using the RIMtechniques. In this nolding process,
(0099} Mudtsencludibg immjltpleiingitp inedtiongloyts syaytisespd wanalsoiupierrized pads.

.. the constjtuent nomner i terials and.appropria o
i s i R TN Rl 8 AW G PP SRR AR ef Rdreston
of poly@8d A¢ Rakinwexdi FBLaT Soldersasld Bfecittihtdi@h rIespdrtsl dW@ing the same

m xture is polynerized while i ) o i
injection step, often at the saine time, to fill the mold. Depending on the spatial variation desired
for the customized pads, fluid flow and heat transfer calculations are carried out and appropriafe
injection points and injection flow rates for the different polymers and materials being fed into
the mold are selected. In this fashion, it is possible to fabricate customized pads having two of

more layers, as well as having different areas of polymeric materials across the diameter of the

pad.

Reaction injection molding (RIM)
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nol di ng. To make custom zed pads with a variation in
chem cal structure throughout different regions of
WQHECHHEI nul tiple ports can be used to injectPCIES286/006176
nore types of nononeric units (and correspondi ng
chain extenders), as well as other selected materials,
such as pore-formng agents, solid lubricants, and
[0100] endiedidedolatieas syseans (B, spadpnethesy) treiameheirie to Iméxling steps using
r tion of the chem cal. conposition of th
the RINg e P’%‘@B%HI‘ g 1118‘4@%9%@%&]“%%2?@?@5 prg\i}ouﬁy syntﬁesmed

polymepsi, fif %%ﬁ%}‘ithé\h'rb{ nogﬁﬁ'c N d e éﬁﬁrd gk{gm’%ﬁet &bdsaheink ‘élg&ﬂ? as well as the
nolg, t % be Used to produce custontzed
initiatingagsnts iand whdic hxtpndnnemb iaddedvandyths tessltiap tmaﬂuqunsmoarmmmd while

| ion to the next .or.gradua fro
molding /el s Gehia 10 D akiSf PG syt Lo ierent
regions@ SR PR, Beahid poﬁgaésﬁ HeWREPI iARE: ALY bk Bypey Bfﬁﬁ)'hmnemc units
properties in a plane across the dianmeter of the pad
(and coa‘qu’ogdmg@h@@@xtméeiah P$ webfas pﬁp@l @@‘;ted haisaplisaguch as pme formmg

agents, tscalgcf Icuh c%lt%mégg m&xﬁg&ﬂo é &é}aﬁlvé% 1s re% gtrmg%g:?r%) 191 1011 of the

chemichlay@ip®sitioh Bf 812 Joljredth h@d‘nﬂéﬂizﬁid’z\garﬁ SISeTUT BoBeItiBs. EBy differentially
t hose di scussed above, custom zed polishing pads

adding Hgvistgusipaterials t tei ra@lﬁoﬁhlsdfletbp@g@yﬂapé@ew 1ce customized pads
- F
in Vvillcﬁ]liapﬂalér&geg vg{;hémﬁ)fst\ﬁﬁ%lfsv iq#:' gi xgcns‘xJ EE) ég? Fﬁyr%'ég?x grgdually from one
layer orxahgingitm med&bmmdﬂamfa@lnoa, }h]ﬁ\xbdu@elﬂso BEhaed teemulkd ¢ustpmized pads with
atial variation of 5@%3 ertl e accordi

| (0]
uniforim ﬁ@p?ré\emm Rlane agsepsshy diops ero ﬁ)&é@%&/%mle%s tg? H?FHE of the pad.

i ndi vi dual polynmers, as well as other selected
Lamella[f%j%ém@lrh%old% h as solid [lubricants or enbedded
abrai si ves, at may be added to the continuous
yner phase This nethod can be used to create
[0101] Ewmémnﬁeaﬁfawéw@ﬁ thay heye besp phoieusbhdiuded, eexangae in layers,
in an mLe%g%l? %lﬁn%lglo%gcﬂré Sucll'lnds%ﬁc%se%%cﬂ%ggélg% OELls{E‘oxg]t%%d églflshmg pads

m cropores

having gfa0dLirigos b$ pepbdies magdﬁ phaiticed Thie eP@f@sodudingemple physical
nore sections of the ¥ |nclude i njecting a gas

mixtureg @f Pﬂ‘g“‘t@h%‘sldﬁf%t@t“ﬂ@ﬁﬂhﬂﬁﬁ ipdylosqhapeing ﬁ@ﬁ?@é’%é‘rﬁla yosh The
1esulungfép%fﬁ?(fﬁ‘?‘dt df ﬁt ﬁl Qﬁh%@aéggdllﬂglté gl rﬁ&hgﬁlgal ﬁ?}ﬁ%)ﬁ&l

| sper se I nj ect to the no
charactelistiteo£iht nphmkisal\poi}lmm“s fasevedints oflhapweleclte satariady, desh asgolid

ibricarg 0% B RZUAN BORLYB ) L0 BRIl PADR e, This

methonQﬁ‘ be m b @Sdhkd 15’1[190@@1%11@ ahdeQ @l ditheh Adreloh Y oAMEMIBA! Segions or
included gas at differing points; hence a

layers. systematl c variation in hardness and/or density can be
achi eved, Mcrocellular (Micell nolding) [01031 In

Injectio%ﬂhidi&%@??xigggfo r?c%%c%%}fag?%%ﬂé Hliicg"olpo%glg mol ded is m xed

[0102] One methoed for producing customized pads having micropores in one or more sections
of the pad may include injecting a gas during the injection molding step to achieve variation of
porosity in the customized polishing pad. Gas may be dispersed into and injected into the mold

from different ports with different flow rates in order to attain spatial disiribution of the gaseous
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solution mxture. Utilizing two or nore such sol utions
wth different chem stries (i.e. different starting
WOHRMGSEHE materials, such as two different poP§Hisa)06/606176
will lead to a spatial variation of physical
properties. One-shot and two-shot polyneric synthesis
techni ques [01041 The manner in which the polyner is
componpfiePiaiie thedfd O Tht eestltihgipad car cavasit idifferimayntame dmeluded gas at

., inmpact on the polishin ad_properties, and the .
differing Bgics hensey Syremai varagph é&gﬁtﬁp S apg{QF densfty offhg® achieved,
wel | -1 ui own approaches for fornulating pol yureas and
- : own as the one-shot and the two-shot
M1cmcé?@!(l3%ﬁlf/%&§?ﬁ% %mg)ﬂe one-shot technique, all the
reacti on conponents (e. % nmononers, chain extenders,
[0103] Lrtbsgtdnkjueghapems) flodbelve melded sdnixed stithaas rsudpr tg form a

. _process,.is. difficult to cqontrol...d to,fact.or ICR: o
sohuior a8 yeing s OE Btz SAPAHE v ik D Sy P Hiseren
starting YREYRAL mhiefidls, $BLEBIo GrREIEPOSmerd)ival 1&dno hesatlal viuation of

- wdely varying polymer product characteristics. In
physical prepenies-shot techni que, the isocyanate is pre-reacted

inafirst step with a polyarnine or polyol chain
) RO | r wei ght prepol yner.
One Sh‘ﬁ)r%'it“g (Srﬁ%(%tﬁog%)gfl %ﬁs&lﬂ glr%ggo Ii}rﬁ}gl:dlsl?s then finther
reacted with polyam ne or polyol curatives and/or
[0104] Theaimaresx tie merhsthe polymeplsetrepardrbprigrdb ynnldiag or casting may have an

impact @'gh])é %éﬁ%iggg g erroga ‘!eg glgd jﬁ%ﬁel 2 @Eirs e%?\gﬁlglgeéf;%)rr %xa?nqglie,l there are two
weli—im%ﬁﬁﬁﬁﬁ@ﬁélfe@ %Ioffohﬁﬁ‘}aﬁl?g hdiouRed abiheethands, B asMheBn@shot and
I gnty

consistent material is required, a process
the two{sheldeehgriquese bif theongwdt tedmiiust dhthg reastign spnpeRentNP-pad

monom%% ,n %q%ﬁlsclgﬁ%%d%%sgg ossléi?nsllcfm%iaﬁgrrﬂt%i gaglt %%S}e#‘%éf{% toggﬁr%gy.lli' %1&95 HM@XSS is
difficulf tBlrcopghotte fohectolRuplast €afinh Som bécahtr&ttbut br tragiantshend uneven

sel ection of the appropriate relative concentrations .
local theymap gragiipngs WAHDCaaRepulan Fiddn yaiving pRYPPRPdyst eprageristics. In
t0- . L.e ' 2 . et q Ay polvol
o tvol M5 S L AU e B8y T L Sho ey po
chain exgymdeh esfonad ideh nelecabi aicighd pfapotpneercBinmbrctiahalized depolymer is

then furﬁge% :gcig;xg%@g%t ! éclélg%{li}]%gf bg]gapglrntg‘%@%f%g%lggc% gygtpw:grs gohc%mplete the
polyuredbd %{/Flggrgﬁﬂa% Fhtish Z8hi ObroRedsds HRIBERTy bHRRURABUE reddindigher

200 293 PCT/ US2006/ 006176 thecgad when desired. .
processing tethpergucasrdiostie phet teeghbpriond sif 2 80 Co Wiasraiglly gbhsistent material

. .oht al ned i.socyana r.epol r..of ;about 60 - 80 wt %
18 leque?’ ?B@S?Séde%%'g%ﬁ%‘aﬁftﬂéﬁc%ﬁo S')eol9 5 C%(%SHP% of pol yani ne

and polyol chain extenders of about 1 - 15 w % and
CMP p@NSnesi@ M xture of pol yam ne and polyol curatives of

about 5 - 25w %to conplete the

ol yur ea/ pol yuret hane forpation. Also, in th .

{0105] ﬁx th>e/ presentpstuc%/ , the un?formlty oi'nf%e S1Ze, den31sty, and type 0% hard domains
throughout the CMP pad can be controlled through the selection of the appropriate relative
concentrations of potyurethanes and polyureas in the final product. A two-shot technique can be
used. In the first step a poly or di funcitonal isocyanate prepolymer is either synthesized or is
obtained from a commercial vendor. A tight distribution in the molecular weight of the

isocyanate prepolymer can allow for a uniform distribution and size of hard domains throughout
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second step stabilizers of about.1-3 wt % can added to
prevent U. V. degradations, porosity agents of about
WOR0§6/0898930t 05 can be added to create m cropor & T/EHAG6/006176
solid lubricant of about 0.1 - 20 Wt % and enbedded
abrasives of about 0.1 - 10 wt % can be added for
desired polishing performance. In sone cases the
the pad GMeftiedtede Q{Tﬂh@%bdoln@ Rtepfthd f@tRelzydby ¢£81ﬁ’dexﬁﬁi11@ obhwiheal isocyanate
extender is ame or siml|ar to the ghép sed in
prepolyEBo S50y Bnasl Wi e FOFSAIE WSy AURESTS Of { GHBBIS Sepabamine And
d 4 [
polyol d gﬁfjﬁlxttend@]f L’cﬁ'aﬁagﬂt?o nfaﬁ:sxtfr»{g A}Eigln 091@ oPh gﬁlglﬁlh é‘e%izigitl}f%%lg@ and Bgiyol
curativeg ai @bmtcﬁr@m e A totosgadte ihe'lﬁmn exdpoliydathland finohat omed Ias, 1n the

1 th bout t th .
scond SRR QR 1SR o0 e AR porsts
agents cff%'bmﬁl @il 9q¥t %,85RP 66 hdaealy cr e-z[féeml*ﬁ?ffgfélégoﬁﬂ! s%ﬁd%{f}:ld@tﬁt of about 0.1

rised of one or nore of the individual hard

~20 wt&%a gmé anbeddBdebtagpes of attone0 har ) wbhedan beaddeibfye desitpd polishing

perfoméﬂ%éﬁ{s@rh%%gﬁ %bec(ﬁnt ] at%ogggc%féhcﬁlg ?1&?1 usgér%s o 1a1n extender is

the sam@hr Biithr GO TR oSyt akeddf tNEkbeyahRBhEol yoibr ushthesia ver y
syst emati c process control. For exanple, the | engt h

d functionality of the prepolyner can . a

(0106] BEASFINE BRnHaFH (HbHAAS Of FRE ) Boe P REs Farhes Agapns can be
obtameg gt 1919 Ve G crofNeddie stf‘ejh Fhi ﬁﬁiuﬁ&‘?ﬁr’l nlt’.ll?_il_ 4 n%ﬂﬁ | RtstcBmprise the

becausé ur ethane has a sin e urea
region zh)aat thewpethhizomrdseaalikagaim the puhykxmtlgme abdl pc]lygraaffommldtxon

se by, hydrogen bondi.n o0 ot her regjons t
respeotyF g KHm g oRIads AU S0BP LI SRS PhEor b put Rt
segnell%oﬁb ﬂg)semﬁhégzﬁﬁ dQﬁmfnh%n'd@ﬁén}&' cﬁﬁutﬁla relfetoB &GIRAbN OF urea and

nprise the hard donmai n can be
methane ecgmeam 'efﬁldhwoobmmedh{i harg doein. Sihealeositst ¢fdhard @@r}zarﬁat:@l be well

] oner use ntheS|ze t 1. SOC Y
contlollgg P W}ésys em rpéaécres%%ﬁqﬂ %o& Sﬁ’ﬂ%{@?%&g lc‘]%gﬁpeg}d i{{ggtionahty of
the preffhNTBEICaRQGFRRNhe ABKLI /MRl CRFHM ) afH e eff tlheadicgﬁﬁmﬂ eall‘ﬁlbeﬂ governed
segnents can fonn | arger domain. The t errper ature

by the ihigh amhents of yrﬁéhanz é@ hush bpesaes ke 8ot dsinglghl éP%behﬂe urea has

)

about aG@dTRIHRSOrGRER Ilﬂ{algb ancreggng the sitk of e domaim dhease dfiihd mdividual
density of the_  donmains and V|ge ver sa ous

hard sogrmgel s SeamED MO I GE INatd Gmen conbe Gy Y tontolling the
size of &%@ﬁ:{cﬁf%%ﬁ% 1rnoﬁlgﬁxfef‘@1{$g + S QPR 357 ¢ GRDY D&y 2R &8 1B R Th rh &Y Pb‘xg&ample,

ecu ar wei ght dlstrlbutlons of
larger mdmmmlcymﬁmma bogp dnmatrlssecmcgthstllddbmﬂ 4 mmblflatmeof largel domain
enper at redtrb n the, react] ves
segment PR T G A o b b BTN ah 6 BT SOR L P ocous
can alséjhﬁter 'inklalfféc@Gn afc sif28ms 'déﬁs@rtﬁ tRleRsH HMm@fnS Afgghaidaction
domai ns, because of the effects that the te per at ur e

temperatares fravales dompims spy Srairradichie ressh 4 y inppagyDt @éﬁW@?ﬁéﬁe

s G0 SRR OG0, P ST IXRGEELF0 3, densi o

the hard@3nains can be achieved through tight control of the molecular weight distributions of
the polymeric components. Tight control of the temperature distribution in the reaction vessel
and in the mold can also be important to achieve a uniform distribution of the size and density of

the hard domains, because of the effects that the temperature can have on the size and the density
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pol yam ne to about 60% - 80% pol yol. Typically the

nunber of hard chain segnents per domain can be
WOR06#883% from about 1 to 20. Such a di stri buPCBSYFO6/006176

the size and density of hard domains allows for a

flat and extended Stribeck curve in the boundary

| ubrication region. Accordingly, the density and size

of hard @(ﬁmlulﬁ@ ’ﬁ}@idiﬂsi(tﬁakaﬁﬁ) di@f@l}kaﬂnﬁéﬁ to @yl i@ u@h@.&hb&uﬁf)% e40%
ions of th )3 rder to achi eve custom ze

polyamw@ ¢ ahuh§0%ouridth BRaPt t’l‘ypwfﬂdmtmmmesofc%@, p&%ﬁ%%mw per domain
A

can be 'ﬁlﬁ?fh@é?g:;m QI%J(%II? g? %O?@Lﬂ:ﬁ' c%{ﬂﬁt)bﬁ@ﬁo ﬂﬁ% glg? flfﬁggé}ﬁl.}.g gf]lrlr%r%i éiomams

allows foon ﬂas;hﬁrﬁxtaddd Sﬂﬁieclabmiye unthfa@mnmddnyskdbyxpﬁ;olsﬂegmnahcbordincly,

the denséénr@?llgtélzg Q& H}fﬂﬁl c? a&%glgg g%lr lggyzg ‘[ﬂ% t{uﬁog glgcg{tﬁ ?Qnsf: Ilt%lgr?scglf the pad in
cs can be better
order mg‘)g%?? J(:) I&I‘Sé%rﬁlt%&rg& é&hm%%ﬁﬁ%h? uniformy spaced
al ternate bl ocks of pol yam nes/pol yols whereas random
{0107] ‘Hhis condiericynn Wimllme lsezadnd dehsoiyalf thedidrd domning atsaliaw for
aniform 0 Ry PPrbist S o BB by S Rl gy ioe and
density bh@ie haathomdiey drkise @b dnvik@es tmtie sTe@@mttﬁé Gritﬂﬁogﬂdl @roperties.
first batch of the raw materials contains

For examglse {heraelehprelsostostan bedpitersioptglieq Umtigaélaﬂ @'seaﬁ guiformly
spaced g%gx?a%ér%ﬁéclgsgcfc igin g%bﬁﬂgszﬁoﬁ%olg g’?‘%&eﬁ ag'dgx&?g% Lélgc%?%v?}ﬁﬂ lead to local
differenstlatu hé¢atimgs, and a m xture of polyol and pol yam ne

chain extenders. Batch 1 is first blended in a vacuum

101081 Bt IS caia Garg VA EHAEC - B L5 Bppledr o ll e

pad matbAgls Bediiied 8o vo bakEst TRE fifdh 8adE dF tHe @Ry Matdrfis contains the
porosity agents. Batch | then is heated to the

isocyanate @mmémmearhmmmsuh@m@és okprrabuforngreaasRucBag wiroballoons

or gas. i B MR R AR TR SRR MR salyahone

polyamin® @ﬁilh%ktehﬂlelh IEato1 FLGist BIeRAHALiS a vab@ih 8 £&sipeR@ude Detween about
. used to nold the pad. Accordingly, the material, after

80°F &(}QoE ELASHIGNP RPRIggereaty 98 raBo GGl (BAt may botrarreAdn sl mixture as a

result olml}i% %Hdl'tlglil 8F th% p'i)ﬁc[ﬁ@r g&l{{g %f{?&t Y\ﬁl%p ?ﬁ%%r%ﬂyg& ﬁ&‘?ﬁ tempe; ature

orm nperature o

betweerf doual ED‘TFJB@()?E tRasthrd s epiors abf)ut‘try@a tempa&tumﬂmdiﬂﬁsieﬂfor about 15
he, .h

min. Bafc@flt ‘Lﬂ%l l*a?;:b?ﬁ '[ug% nl Efnq?t 1t gqi g Herrjp %@@gqq%ilsn lggq}u(g gastmg is

used to Ha@cmhte 555& U@Jooﬁcﬁﬁé‘[‘?dth@fnﬁédﬂh ek Qﬁ’&?g%%hi‘k?ngc waulrémop ofa

casting, the vaculmformng o pressure formng
rotatingmed i edschdiest 2 tdnm&r&ie#edwiwamz(bmt Wﬂzaﬁ‘ﬁ r Bagfouraity in the

cmper GRS 5 SRS B DS 8L S Dy o

domain$ihk OL@ﬁGuﬂ Lﬁ@?&d biQF cARPILOX o MBS Yni B oF tbEIBERSL propdrBEs. The pad is
that the no Is covered by a flat stainless steel

then furfien faymga &y sither oempressivgrcesisifes! srstidenge verminrming or the
pressulecf%%{n% siét%‘ds GReribed below.

[0109] For compressive centrifugal casting, after the mixture of batch 1 and 2 is poured on fo the
mold. The mixture is allowed to sit and react for approximately 2-3 minutes. After that the mold

is covered by a flat stainless steel plate and put in a compression molding machine. Compression
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WO 2006/ 089293 PCT/ US2006/ 006176 takes pl ace at
approx. 100,000 psig and about 200F- 300F. After about
WOIsI3es of conpression, the pad i s denol @#€H/USLEFH06176
the nold. The pad is then cured for approximtely 6-12
hours at about 100F-200F. Uniformty in tenperature of
t he conpression nol di ng machine can allow for
takes plﬁ@:‘ e[ﬂtaﬁlbtréknﬁ)(ﬂomsfﬁﬂ@ Mot 1dobeB oo, aftet YRR 18 hﬁﬁut@sndf
densi th domai ns throughout the pad an
COMPregsam, ﬁtel ow i§ demolded G thy miokd. (Thietpetl sgihearupd &5 @@Ptoé%mateiy 6-12

ours 5 BEETRYS: By Db RSO D 5P 0B

allow fdmxhthtlt@hﬂ@@a ahif@nC@Rsbandn s BHPE silewnd defdty WFkhe hard domains
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. t
it 3o 83T 25E ROAERACHY 0RO B 08800k HDUR M
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surface, and has an aspect ratio of at |east about

0 one ar,_.ev n evenl di stribute
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oncnted\iﬁr@@trﬁgst SUF &6 oBM%uFiﬁ? Bbl fEnNAtAnAY otWiRE ﬂieﬂvl@ed t®introduce
I nproves the conditioning efficiency (i
higher gre@m@gtsxtm@etqugmglemam) is coplanaywpb M@spoéllsbf@gééltfa% and has an
aspect IF%% Pf‘@t lgzi{ r ¥1|?%}Sg OI resdgle\\’r\grkﬁtﬁ & R@é@tﬂé&rg{“ﬂ d[té’t@{)t?tgd tftco g%long pores

act as peli@WclAdRatin] ﬁb§mh§<§pdlﬁﬁm@@\d&ﬁ&eﬂ:@ﬁs Otfeaﬂingjtb.atlliﬂabmtcmcf)texture which
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i
mico- slﬁ‘l‘ii &g% s @h{cﬁ%ﬁv@{ﬁ thIQ ﬂ/at elmr e%gv 19‘§p&lﬁ” | nts%lln , even at
lower smtgrffﬁfw reed Talks Hatie/ advﬁtttaigcﬂclif 1’eduratbhe>f Blﬂamy\latlger at Bynamgtances,
coefficient, of fri t|o 0111{ﬁ For the gl lﬂg
by overbP Lo PRAREER i IRRCHFA Sp REENTT. ARRICS AP FaG.a et pRAne
shaped th&%P&%s 8!11?%1%9 e%’r daiR: %/foﬁ‘ SR n‘?walt e (ﬁﬁ’iﬂtﬁiﬁs ek defhoval rate/
nsi osed cha The cl osed chanber is
and or ttthlfﬁ]‘le bmoarghtateindd cowvificisunel ﬁtt@tnappr oxi mately 10- 30% of
at nospheric pressure and the tenperature of the nold

[0111] gf)]l @1\%%‘?%&111 cgﬁnga}hgzﬁtrﬁgt@sdgg%%ﬁ % H’\.ﬁ%? Egtgl%gggd 2-5 111¥ﬁﬁuﬁﬁg]mlxtute

is pourXBR) the eaoldfthe Entap RIcdX ispak &lsitlelr GodtdniitigBerWil hdﬂ tlosdchehamber is
vacuum t he vacuumis broken and the mold is taken
then broyght umcfet FRCHBBLP NBORIIRIES 03080 plagimogphegs patsadd e G

temper]t%tht%r ! aet P ol & uﬁ@‘g)bl'ﬁ;l?' ngﬂgt@n%?‘ %ﬁ%ﬁ){ut’ LO(?P?E@W AL QL fa Hows for

out e pressure
any air fr@;ﬁp‘ﬁdn@ttlﬂﬁtt]hmphd gonnrechead gl ed A fer apm)xhndtelaridS ﬁmart@ within the
m xed, t he xture

vacuum e Bl 8 DT ERe THiGH S oK PoBE A EREHBE 15 PHAE Be g i
demold‘e‘f!i1 ABhehe 1ﬁ§1fitﬁ%'balar19t¥ﬁﬂhu‘ézﬁqgf ap%@éﬁx‘dfe@y 6419 hours at about 100°F-

pr oxi mat e 10 tinmes the atnospheric pressure and
200°F. the

[0112] For the pressure forming method, immediately after batch 1 and 2 are mixed, the mixture
is poured into the mold and the entire mold is put inside a closed chamber. The closed chamber
is then brought under pressure, to approximately 3-10 times the atmospheric pressure and the

temperature of the mold is uniformly maintained at about 150°F-220°F. The pressure allows for
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tenperature of the nold is uniformy maintained at
about 150F-220F. The pressure allows for 26 WO
wRDoeMIZB293 PCT/ US2006/ 006176 any air trapp@dTusSeensmnos17s
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i nportant for protecting the pad surface from danage
[0113] DaHSE theiiiind @ f hangdiviigalot MPhedEMPskpatisthe Pirigo bf blgoutid@s than 2
the pads need to be conditioned (break |n) whi ch can
wM is fyanafionethg §uxr£@cea>f @hmﬁ@ng oadi Thippen can he gmtaah@e@ Alprding the
ak [

pad smfaﬁc-é %ngda&qggrcalttsgg &8 1%%andémc fo? tlhee&g/l'l’ aPt“é)r ) St?lq&%’{ds need to

be condi@iRd Pbrehid eh)RERH cal e ddirtusaipen disgdnd Génd;)k?@hm In some cases the
fabrication are di scussed below. The mterials fall

skin is fesrt thaw el 311N foreafBeipridreainasd thapadguior 850 Haingdd the substrate.
isocyanate prepol yners and nononer, polyol and
e [ s e
1101 B8BTS AR B SR s AR Y BB S
materiaiahil datb Wbvdrglantegori@nThald rca&'gma&; 1n[316mé_5$oclyamﬁymgds lgmers and
nmonomer and prepol ymers whj ch cheﬁuse for th

monompR PP POk IR RPN @10&38@1 anf} EPadf, SRR EHS PHIBHES qgenislgposslinking
Nurmber Trade
eB Ny S B es a0 B0 20%
m xture of 2,4 and 2,6 isoners of toluene diisocyanate
[0115] naommmmmm(mc)x 18 @&pﬁr}%@s%mlmnw be wedFoutha figbrzagon of the pads
H n@ @eqf tol uene diisocyanate 3 Trixene(r) SC 7700
aes OYVBII% A% ‘di i socyanat e of functional isocyanates 4
Isofam(r) RM and SS 2 conponent pol yether systens
Table RASRYGa @il RLBYERNAd @idpbBRYdrs di 1 socyanate 5 Adi
rene(r) BL16 Bl ocked polyether/ toluene diisocyanate

uret hane pre.po

Number T@ﬁdiegv@m@anate Do CB@WQ?“%‘FSSUBHP%WN 7 AdL rene(r) L0330

1

Luphogn® 0 socyhsiie-S0dmaixiniemzt 4 endiz.pssseyainat eluege didgocyanate

2 Lugnedie® 150850 PpTseties mivesmsdidl,4 sioty &namesrpofloblependitsocyanate

3 TExABPEETT 0@ LFPoh28e BiitdchRblte pbR@mchioga] pokymares 10

4 Isb’féi’ﬁ@tm NEEKEI3640ohpdneat Rlydhas atktéas B8R on methylene-diphenyl di
di | socyanate pr e@g&%{m@

5 Adiprene® BL16 Blocked polyether/ toluene diisocyanate urethane prepolymer

6 Adiprene® L-0311 foluene diisocyanate polyether pre-polymer

7 Adiprene® L0330 toluene diisocyanate and aliphatic diisocyanate

8 Adiprene® LW750 Polyether based diisocyanate prepolymer

9 Adiprene® LFP 590 D | LFPPDI ether prepolymer

10 Vibrathane® B640 Polyether based toluene diisocyanate prepolymer

11 Vibrathane® B876 Polyether based toluene diisocyanate prepolymer

12 Airthane® PET-75D | Polyether based toluene diisocyanate prepolymer

13 Airthane® PHP-75D | Polyether toluene diisocyanate prepolymer

14 Alrthane® PHP-70D | Polyether toluene diisocyanate prepolymer

15 Airthane® PET-70D | Polyether toluene diisocyanate prepolymer

16 Adrthane® PET-60D | Polyether toluene diisocyanate prepolymer

17 Airthane® PET-95A | Polyether toluene diisocyanate prepolymer
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11 Vi brathane g B876 Pol yet her based tol uene
di i socyanate pre polynmer 12 Airthane(r) PET-75D
WOREPG/ R based tol uene diisocyanate prepol yREA/USE6/006176
Ai rt hane @ PHP- 75D Pol yet her tol uene diisocyanate pre
pol ymer 14 Airthane(r) PHP-70D Pol yet her tol uene
di i socyanate pre olyner 15 Airthane(r) PET-70D
Pol yet her tol uene diisocyanate prepolynmer 16
Al rthane(r) PET- 60D Pol yet her tol uene diisocyanate pre
17 Airthane @ PET-95A Pol yet her. t o] u? e .
[0116] Bp%’f begasues apd epan piisaders whigh oy g9 Seyghe fabrication of the pads
6/ 006176 [0116] Pol yol nononmers and chain
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pads are shown in Table 2. Table 2: Pol yol nononers
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pr ofpiy® B30 pohwol (| PolRadpyahctbPod yet her/ pol yester 7

Pl inasgldi®)2201040 Deélyadbi gl Pol yol 8 Fonrez(r)

102 f&zﬁaﬁrol@mgﬂr Y1 Ol TOkOpan bEAepay et hyl ene

gl) GO LR e TR T O T AGL DAE S, of SR €2(T) 20T1-54B

T:Jo? ST If‘il;lﬂ ®%ﬁ#p”cu phflﬁ‘:‘)‘f%b o'ly_ﬁely;?gngﬁlagd:jfet“h)yl ene

GOl ~I[ChiLl B W N

ol Y elnragid pate56[ Ol TrieRoly prapage bhaticdextgacesiscautanediol
nononers which may; pgppsed for the fabrication of the

P &G IIMIHE | q%n > brhAlled et IehY AP dIGa[ADTET S

=i\D

5 gﬁu Jg"ﬁﬁl.l "@. g,lm::fc% IF\!‘EL lm‘(ﬁf}tgb]éﬁ edlkdiga{ﬂlﬁﬁ 1%1001 adipate

e+ ot R Oy OXY Kyrene—amnti

Dow chem cal (D DEH Triethyl triamne

[0117] Polyamine chain extenders and monomers which may be used for the fabrication of the

pads are shown in Table 3.

Table 3: Polyamine monomers and chain extenders.

Number | Trade name Chemical Description
1 Jeffamines® Polyoxylalkylene amines
2 Dow chemical® DEH Triethyl {riamine
24
3 Versalink® P-1000 Oligomeric diaminePolytetramethylene oxide — di —
p — amino benzoate
4 Veralink® P-650 Oligomeric diaminePolytetramethylene oxide — di —

p — amino benzoate

Orthotoluene diamine
3,4 diamino foluene
2,3 diamino toluene

Tetramethyl propane diamine
Tetramethyl butane diamine

=D OO =3O Lh

0 Tetraethyl diamine

[0118] Curative agents which may be used for the fabrication of the pads are shown in Table 4.
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24 3 Versalink(r) P-1000 digoneric

di am nePol yt et r anet hyl ene oxi de -
WORNEPRRINI ¢ O P-650 A igoneric

di am nePol yt et r anet hyl ene oxi de -
benzoate 5 Orthotol uene di am ne
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Table 4Teiu&aa{{1%ta§wﬂts but ane di ami ne
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di - am no benzoate
PCT/US2006/006176
di - p - amno

6 3,4 diam no tol uene
propane diamne 9
10 Tetraethyl diam ne

Number

TR GahleOn of The

"ﬁ‘Lcﬁ’L ]

Cﬁ}égﬁcﬁrif‘eséﬂ"&m I'n Tabl e 4.

28 WO

R0,

e 4 Curative

(Ol

b~ " " T
' dyg

e Tah

g

otiene wmme, ptiom-

-E @WF?R 100D

s

L GoRagre®rd0n e 1 1
@gnmu@@mﬁm

éfrfédn%thvlﬁée 4 bLsdﬁz alelproet, mdmi

LL
ﬁ
ul,u.lll LEA>Y ) l ou..\.u

\"1
H\V

A

1. 4' nethylene - H

iMethglene Hlaoime2, 6 di ani li ne)

&) ;/ ~ b
N AN

Vet hyl ene dianilin

el 6 rctiylenebiybelrehhirsaniline)

arghagghl oroani Tin

&) 4 MetBabbis(2-chloroaniline)

GO~ Nt Bl iing e

4 -NeThyT enebi s{

2r Sy R pdoRE)TMB) 171 et hyT ol

O

pr-oparre \||vr') ) |r

VT 38 pr

)

Pimfd (T

)|:/-\) 10

._4
<

LR i [*Y

}'l“ralaé;hylé %8

)--1_

TIIU

yeoldP paniing bezpdte,

JU

jaory
—

T £ AT AT G

D@?Q@/Il%p/pdl am_ns E

thyepg

BYBeN e RIe]

—
[\

biakee® BEIO Comtigy

eéhylé;zﬁfiaanﬁne

Suhbilenediels whi ch may be used for

the fabrication of the pads are shown in Table 5.
Table 5: Stabilizers

[0119] Stabilizers which may be used for the fabrication of the pads are shown in Table 5.

Table 5: Stabilizers

Number | Trade name Chemical Description

1 Univul® 3039 2-ethyihexyl-2-cyano-3,3-diphenyl acrylate

2 Univul® 3050 2,27,4,4°- tetrahydroxy benzophenone

3 Univul® 3027 Methanon

4 Univul® 3000 2.4 dihydroxybenzophenone

5 Unival® 3030 1,3-bis-[2"~cyano-3,3’ «(diphenylacryoljoxyj-
2,2"-bis-{[2cyano-3,3"--(diphenyl
acryolloxylmethyl} propane

6 Benzophenone

7 Benzotriazole

8 Tinuvin® 234 2-(2H-benzotriazol-2-y1)-4,6-bis-(1-methyl-1
phenylether)phenol

9 Tinuvin® 329 2-(2H-benzotriazol-2-yl)-4-(1,1,3,3-tetramethyl
butyl) phenol

10 Tinuvin® 360 2,2’ -methylene-bis-(6-2H-benzotriazol-2-yl)-4-
(1,1,3,3-tetra methyl butyl) phenol

11 2-chloro-4’-fluorbenzophenone

12 3,4’ dimethyl benzophenone

13 Hydroxyl phenyl triazine

14 2,5-dimethyl benzothiazole

15 Tinuvin® 213 Reaction products of methyl 3-(3-(2H-
benzotriazole-2-y1)-5-t-butyl-4-hydroxyphenyl)
propionate / PEG 300

16 Tinuvin® 765 Bis(1,2,2,6,6-pentamethyl-4-piperidyl)sebacate +
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Nunmber
2- et hyl hexyl -

Trade nane Chem cal

WORRP/ARO) 3050 2,2', 4, 4" -
Uni vul (c) 3027 Met hanon 4 Univul (r) 3000 2,4
di hydr oxybenzophenone 5 Uni vul (r) 3030

Des

2- cyano- 3, 3- di phenyl
ahydr oxy benzoB&&AHA&6806176

tetr

cription 1 Univul OO 3039
acrylate 2

1,3-bis-[2'-cyan-3, 3' - (di phenyl acryol ) oxy] -

2|27 -bi's-{[Zcyano- 3, 3" - - (di pb@pyl,2, 2a%6-ypehthouhl etper iyl
propane 6 Benzophenone 7 Bepz&ldi azole 8 Tinuvin(r)
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ptrenytet-her)ypheno—9Trnovin{c) 329

2- (2H benzotriazol -2-yl)-4-(1,1, 3, 3-tetranet hyl

butyl) phenol

10 Tinuvin(r) 360

[0120] PodsityrRiday wiieh biag be@s@Hoheatotaidragmbs duydg) pad-fabrication are

shown 1(2%]—@%16&

benzophenone 13 Hydr oxyl

3,3-tetra nethyl
0-4' -fl uorbenzophen

butyl) phenol

one

phenyl

11
12 3,4" di et hyl
triazine 14

Table @P%ld%it?ﬁéélﬁé benzot hi azol e 15 Tinuvin O 213 Reaction
product s of nethyl 3-(3-(2H benzotri azo
le-2-yl)-5-t-butyl-4-hydroxyphenyl) _propionate [ PEG

Numbes0@rad iiimsuvi n(r) 765 Chemical Description

1 Bl sSpIrMViZr6spheRENIS3OESIWY/ | - 4- pii gerp j-dysl)higebacat e+ 29 VO

) 20067 089293 PLI/UbZUUBCUUpl/b.(ﬂ@@@%bemﬂﬂumomnpmm

s LB Rypentanet yl —wptpeTi ey J3pRacarg, LO1o0T

T QUPPREFHA ORARE S8R on are  sh Olfﬁﬂ e

1 chlorodifluoromethane
2-2, 1,1 difluoroethane

5 Sodium bicarbonate

6 Phenoset® microspheres Phenolic resin based

7 Hydrocerol

8 Azodicarbomide

9 Oxybisenzenesulphonylhydrazide

10 Dodecylphophocholine, CsSO3Na

11 Supercritcal Gas

12 Polystyrene

13 Expancel® 091 dE8O d30 ~75um

14 Expancel® 091 dU40 ~15um

15 Expancel® 091 dUSO ~20pm

16 3MT™ Microspheres S32, ~80um

17 3IM™ Microspheres 538, ~85 um

[0121] Solid lubricants which may be used for pad fabrication are shown in Table 7.

Table 7: Solid Lubricants

Number | Trade name Chemical Description
1 From GE® — NX1 Boron nitride (particle size of below 1 micron)
2 From Dupont® -- MP Teflon®
1100
3. Cerium fluoride
4. Polyhalogenated hydrocarbons:

PTTFE
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Tabl e 6: Porosity agents Nunmber Trade nanme Chem cal
Description 1 3MIM M crospheres, , 532, S38 522, -75

WQ W00/089293% 3, 3) peniafl uoro ro ane 3 ExpancelPGTYUSBHB/006176
dE40 d30 -451m 4 Fornacel ( bl owi ng agents
Chl or odi fl uromet hane D chl orodi fl uoronet hane 2-2,
1,1 difluoroethane 5 Sodi um bi carbonate 6 Phenoset QO

3. m erospheres Phenol i ¢ | peglamidased 7 Hydrocerol 8
Azpdi carbom de 9 Oxybi seﬂﬁ,ﬁwl honyl hydrazi de 10

6 |D.0) ELyI pllUpllULllUl | ne, T Dupemlrlbdl \.:Ulb 12
Pol ystyrene 13 Expan( IflL E§ O -75tm 14
Expancel (¢) 091 dU40 :L5m eélcefﬁ 1 dUsO 20m
16{ 3SMIM M cr ospheres $32, > crospheres

538, -85 un [01211 Soli d P%%Ku(ew?@ewheélwt be used

fof pad fabrication afe QIW@B!I@EOZIGKGfWI e 7:

Solid Lubricants Nunber 'I?ET@EI%?@Y@!@I@MBE:W@IKHO1161{@10118)

7 Descri ption 1 From GECBordwditdte eriymetsr i de (particle
sige of below 1 micron) PBE(gstyDpontylch))Tefl on @
1100 3. Ceriumfluoride BVZRebIy Gl RgRA R, ylene))

8 nygrocarbons: PTFE " Carbon Nanospheres (Buckyballs)

9 Molybdenum sulfide

10 Tungsten sulfide

11 Graphite

12 Graphite fluoride

13 Niobium sulfide

14 Tantalum sulfide

15 Magnesium silicate hydroxide (talc)

[0122] Embedded abrasive which may be used for pad fabrication are shown in Table 8.

Table 8: Embedded abrasives

Number | Chemical Description

I. Cerium Oxide, 100mm ~ 30 um

2 Silicon Oxide, 100nm — 30 um

3. Aluminum oxide, 100nm — 30 pm
4 Zirconium oxide, 100nm — 30 pm

01237 A non limiting description of some of the possible combinations of the materials
described above that can be used for pad fabrication are shown in table 9. All the customized
pads using the combination of materials in table 9 can be cast using the liquid casting technique

and can bee further formed using compressive centrifugal casting

Table 9. Exemplary combination of materials used for pad fabrication. The first number is
representative of the number of the compound in the respective table as displayed above. Values

in parentheses correspond to the wt % of each material,
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30 WD 2006/ 089293 PCT/ US2006/ 006176 5. Pol yat ni des:
Nyl on 6,6 6 Pol yaryl ketones PEK(pol yet her ketone)
WTﬁEK”Wﬁéﬁyether ket one) PEEK. (pol yet her et he@KatEaen/006176
y pol her| cet oneket one)
1. % gKk{pﬁﬁaeﬁhePﬂcetoneetherl(etoneketone) 7 Boron
nitride polyners PBZ (poly (p-borazylene)) PVZ
(on( V|nyI eneborazylene)) 8 Carbon hbnospheres

kybal ut-fide Frrgsten—sul-de
Isocyanate F:%yﬁ h: : Ibé_{&r 1 S | |1§P 6t {jnr%%rfgl ne Abrasives
(Tabie 1) :@a g 1] ¢ r{%h: pRuKE ré\/ﬁy é’uiaue 'é_g) (Table VIII)
13 (77) )a,{é;{glgt : _ 3 g L(2) .
1470) g g%l}m m:@@@)m. n 425) 1 (1)

17 (78) r3|(?n§90,«|dé(1}10drrn3(13§0 M6 ) silli cdfdoxide, 2@bnm

16(80) 4 302®3| Al uninum 8Xide, | 100} 30 | uh(6M4. Zi AddBiZim -
3(67) _oxi té} 100ni(s) 30 p7rif)01231 SAlhon |l i M £§)ng 3 (4) 2 (2)
1{70) des&(d)ptilorP Bf5)sanelfl4l he p@&d$) bl € codtii)nati onsl (8f 3(1)
6(79) the mmtenial(s(3)descri hed above(ihhat| canfile used for 4(2.5)
4(65) padstabrijcabipn dreizsheyn 1 n13abl e 19. 241y t hie - -
7(30) tusbeyized 1(12) 2(1) 5(1.6) 3(2) 4(1.5)
11 (30) 6(2) - 5 (13) 13 (1) 1(1.8) 1(2) -

II. Controlled porosity pads

[0124] As has been previousiy discussed, one exemplary property having an impact on the
performance of CMP in the processing of semiconductor wafers is porosity. Control of porosity
can be achieved by carefully controlling the distribution of the porosity agents within the
polymer material and carefully controlling the uniformity of the temperature during the
manufacture process. Lack of control of pad porosity; i.e. in controlling the size and density of
pores, and distribution of pore size and density within a pad, can have an impact on factors such
as the slurry transport, and abrasive distribution, which in turn can have an impact on the
performance of CMP pad, such as the removal rate (RR), and the number of within wafer non-
uniformities (WIWNU). Additionally, it is further observed that pads fabricated without control
of porosity can have a non-uniform shear force across the polishing surface, and therefore a non-
uniform COF over the entire process range. The non-uniformity of the shear force can affect the
planarization efficiency, and introduce defects on the substrate leading to a decrease in the

product yield.

[0125] Various customized polishing pads disclosed herein are fabricated so that the porosity
formed in the subject pads is uniform with respect to porosity, i.e. pore size, and pore density,
and the distribution of porosity. Figure 6 is a schematic of how the pore-forming material or
agent can be used to create uniform pore size, pore density, and distribution in a matrix. In these
examples, the pore-forming materials or agents have diffevent properties under different external

conditions, such as temperature or pressure. Initially, the pore-forming material or agent is added
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pads using the conbination of materials in table 9 can
be cast using the liquid casting technique and can
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casting Table 9. Exenplary conbi nation of materials
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di st tion € porosity a
the totalgeldynmer material and carefully controlling the
uniformty of the tenperature during the

[O127] It is contemplated that a variety of materials may be useful for generating pores in a
controlled fashion within the polymer matrix during fabrication. Some exemplary materials
include foaming agents, chemical blowing agents, supercritical fluids, block copolymers,

micelles, and porogen materials, are discussed below.
A. Polymeric hollow micro-elements (microballoons)

{0128] Polymeric hollow micro-elements materials are usually spherical balls in the size range
0f10-100 pum made from polymers. For example materials such as Expancel, PVDF, phenolic
resin and inorganic materials such as silicates and zirconates which have gas, for example such
as iso-butane gas, encapsulated within the sphere can be used, When these materials are added to
the polymer melt prior to molding, the gas within expands to a desirable size through the
controlled application of heat. Such hollow microelements are available both in expanded and
unexpanded versions and either of these versions can be used for pad formation. In the expanded
version the hollow microelements are pre-expanded and do not undergo size change during the
eventual polymer processing operation. In the unexpanded version the hollow microelements

expand during the pad fabrication process. There is a great deal of control of pore size using
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vari ation of subj ect custom zed polishing pads is
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0132 L G0 F0 Y §riRO :
0152 AR Bl AL S0 BB B RO s g
materialpag.made of another polymer for example polystyrene which has a low degradation
temperature, After the desired amount of the porogen materjal is added to the polyurethane
matrix and after the pad is formed, the porogen material can be removed by heat treatment of the

entire pad.

[II. Functionally Graded Pads
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which is harder than the outer layer can be advantageous when the polishing head (retaining
ring) applies more pressure on the outer region of the polishing pad than on the inner region
causing high removal rates in area polished by the outer edge. Reduction in the outer edge yield
loss and minimization of pattern density effects can be achieved by this method which
compensates for the uneven pressure distribution. Functional grading of polymeric material can
lead to the grading of mechanical properties (hardness, compressibility, pore size and pore

distribution) and can be used to equalize any non-uniformity in pressure distribution.
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[0139] Likewise, a graded pad may have polymers and/or formulation selected to provide
different values for the compressibility in different areas of the pad. An outer annulus or an
outer ring of the polishing surface of a circular pad may have a higher compressibility than an
inner portion of the pad in order to provide more uniform wafer polishing. The outer annulus
may be formed by increasing the amount of curative and/or changing the chemical composition

of the polymer formulation compared to the formulation for the inner portion of the pad (for
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be the shMB&} uﬁfe@édtyAﬂ Exﬂ&&%&:eﬁ@fd;&@& ﬁ&ng ag fw@;@@auo‘ﬁ'*?ﬁé’cﬂods%r@wously

continuously graded pad, made Using a fabrication

describgst ensenighatriaysins ofmatefitlase poyed yneat a time.n Betpedring i fitkelayer of
ter  per.i r 12 of. a i mul t ane
materiaf' e S ARG oS PP E i Sp A SRR pgprc. Tois
is 1epea?e1514f @ iiSlaybrs et oir BB h R Ynd e la?@f WRIScdanE Qe %)ad is
formul ation selected to provide different val ues

compregsaé wewnniferneast orgressestipmiad aspreaoerly descehed. ar eas of

the pad. An outer annulus or an outer ring of the

[ Y

[0142] P&{sfl%b f’ﬁgﬁﬂ if{e"’}?geéﬂnta tb? 8?1 thﬁz{ry‘a@gstﬂﬂﬁoﬁﬁl \%hﬁhlﬁjxémﬁftlple layers
are covalently bonded to one another through an integral interface, or pads may be formed by

calendering or adhering precured layers to one another. Many pads as disclosed herein are
unitary and therefore have an integral interface through which layers are covalently bonded to

one another. A unitary pad may have additional layers that are added to it, such as a double-
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i nner portion of the pad in order to provide nore
uni f orm waf er polishing. The outer annulus may be
WO WPed2By i ncreasi ng the ampunt of curative &ZRA/USR006/006176
changi ng the chem cal conposition of the polymer
formul ati on conpared to the fornmulation for the inner
portion of the pad (for instance, by changing the
sided mpry Qﬁadﬁlﬁre&heﬁ afided @ad mhﬁplafeﬁ rofarfehial utienicaniyllsks) butaBese
i scussed_ | ater. hi s manner, the hardness of
additlmtah@ygr@ dp 3wt At wﬁ%%y H9a © PERITRANSE Bt aieTshins 9L e pad in use.
essentially unaltered, but the pad may provide
[0143] 1:1 BrOM dlsed @fﬁadafom%qa}éo%\&gteﬁu%dqw sﬁéa%@lés'a%ad\f@é Having
I C e pad acts ficient of restitutl
layers 16&ancb éOﬁew1thnataeﬂc©§103‘rE¢asmtagn@ padivngp onBasthidce WRetid hamb two

al ashor e, rebound for olis
layers, it P Pirb e Batoce: Dt 1§78 v Nanp A e P soRayers
would 1258 NOBdt@fhcef,. the coefficient of restitution can be
done using a conpression set test at about 22 hrs and

158F (70C). Again the value obtained from conpression
[0144] Thip ig addent b1 threbhiaet padycisPagshowe in Blssip | 1. dsthipegmplary pad
500, SHESh AR B8 950,000, I 1845, DL MR 0000, 05,
307, and B&O. T PER&S Diyletst 302, BIOACiBM 8@ ndnda¥l@asandfe rhite fpad theName or

ciszeleng glfafeeré@gn n;il ]éxsf% Foh,re&glgg,or éggerrﬁ{;;)?l%ggafé pgcrh%rtgq% l@iflg rclllaagEtctens‘ac such as

pmoszty%?ﬁ@i%%bg' b Yok BB FMLs BP@,nﬁTS 9?7 ah@@@@ffmtntﬂs% tﬂ%@bj{ Bt as a
det to provide nore uniformwafer poli’shing. The
stress smm end affentlvaly lowaythbehéayford, 4y hencr hasiiy t he anount
of curative and/or changi ng the chem cal conposi ti on
ation 0 the for

[0145] flgift B.e cé%%:%ﬁ & eg%q%{%nﬁﬂg g a Flheéss gg% Ii fqa@t'\wélé a\ﬁﬂlema 1c i tJlgure 12. In

schema@Zd 06 B8 I3 fREed/ W%@a@ﬁﬁﬂsﬁﬁte horstia 20 204, Byor@idas B@ the applied
the type of curative, when formn e outer annul us) .

normal fged, A opihe Hibstrated ARdrecayshén Hrerss wmfpasiri@%fbmeémm gpterface
I I

seiectedatﬁ aF‘IaHer ez.gl% S {ﬁl?% Eci%ﬂpagl%%%b t% 8)511%{111%6 3&7@@&15 gb yth% ge}(} ltlfi,/vmg

layers 386 dﬁcDBOBj ey/dieabenet elith 1ﬁfe®[m:é Bl(ﬁﬂ wetfeed thy Bﬁkfhr ‘fvhb@ﬁZ tdzelis @Lﬂﬁe

) a npressibility is defined as_the inyerse of th
interfacg, 34575 %@%@fm@aﬁ@aﬁpé B0 o 1 5B e ! HEdICaROTPHE2 e Hitertce

307 oftﬁé }ow &ﬁé%@éﬁ%@@@' L0388 IAGs1RROH X Iuﬂ'tlb B6rdtB interface
ade pads as di scussed In
304 is rcxhuccxhsaﬂmt(i@euqusmrabé)slees uanacross a radius of t he
pad drawn froman axis of rotation of the pad, often
V. S bhaég ﬁt | eas pd out 75% of the inner surface area of
- SUPERECH P%‘Eﬁ?lﬁé &l face or vol ume of the pad formed to
have one val ue and the remaining anount of the

[01406] Stilf fragieerdanady of cidiemiped bshitng: sdds icagemp ateddicwi® inhe ttheily of
pad to have a second value. Wile not being limted
Subsurchs epgiacaf PeRs N@ﬂ@%%wlrfacp engmpapy @Meﬁwdthﬁ@% eEs

d 1l ks & £
p1ope:’ugs?%.lﬂtalc@%g}r?ﬁ%}g? c01 ?1%5!!1«%2 d[ptg? 39 rl%ttfute&?%%g&% s é%%éd ‘?ﬁto he polymer
pad, in dondrmaiog.with the dispersion of a solid lubricant within at least about 1 % of the pad

depth from the polishing surface. The use of pads with solid lubricants dispersed throughout the

polymer matrix effectively minimizes the COF, without sacrificing RR.

38



equi pnent vi bration, edge effects, higher torque,
etc., and grading accommdat es the unequal forces
WORPOHY2M ong the surface of the pad 1V. Low FKEAFS2006/006176

i ntegral pads [0141] Another fam |y of custom zed
pol i shing pads contenplated herein is the fam |y of
| ow shear integral pads. Custom zed | ow shear

[0147] pobiig himgwmada raateriafsuth heypowdar ok ttiedilal whiatds tddtio provide

at least two materjals.so that the

protectfh Pt LB b g AN TR B oAt S Ao PrstniauersTaRe
piefeueHQ:haiﬁt@t@HQ@csth%oﬁgﬁbﬁEarR@ﬁe ﬂ?z@/ciféy’*bﬁé figkRal W&M@rcﬁem}%ﬁy inert,

materials on either side of the interface can
and notnyaltileg pndiinetlemerily sahlel ttdefiage Hasdrfesy midzxusadng etbbet S on the
f abrdi on net hods previ d exce
Mobs 515 Sp B iatE e i T TP St o na 0 ey g bgrobes of
lubucarf@@hﬁ’dcﬁgiytch@ tb efater leB¥@ivedss aMBER IdaAb ahd@cI0BLIBE, nddh deSistance to
alTowed to cure fromO0.5-2 minutes before a second
deteriorpiigie pnq Bighotabdlity imRkisem empeisbie, e?deasmenmdtatzpneaﬂdaylemgeacuve
e AL E T ' ured
cnvuon@lﬁtﬁtls.r ’glgegé g&qna@ &%’seé (;Skgsg ﬂ@:gg!llﬁt%{n a6 Ix,rhétgjo 6?01}%?%1% §?}}CE" polymers,

soft metisr iﬁ&ﬁccﬁnqusftawmﬂmsﬂeﬂald @@Gsbﬂite&i in (HQdARRssBa s rhay buturface
. &ﬁltigle | ayers may be of a unitar construction in
engmeeiRgi Al t#e wefiﬂw@ﬂbla%qns\wtlaxaeww deneiipdppdiogallvgraded,

orosit em@fp(g; hett ngﬁg% n integral interface, or pads may
ptom}Q% for med VA ggrlng or adhering precured | ayers
o one another Many pads as di sclosed herein are
[0148] Taridtldion tafekse Bereilgrepaninseavlid begams piemtoasfyacetioned, solid
onde

tabricarl oAb MR B L BYS T8 b eSS DBl =t gl T of

betweerddb@uedldedtd &dut 0.55
e BCTI US2006/ 006176 h&g%%%c@sa%gy%&gg&e%u? @gﬁg&% eg% o pm- Ltis

further qoptemnpittad éwt piricuschieiringzed paefcmmhdcbal fahzrmatesiﬁeuv;ngbmieast one solid
ddj tlon ers add appr.eci a
ubvicas ARG i Teb A UeRET sae EEeRs BB oph 5 sRBBHRE hEBeY. pSeipbnaton of

lubricants @HIbe ubed ﬁsteﬁd@f§§11ﬁgléﬂ%r&aﬁﬂ( a two |ayer custom zed
| ow shear stress pad 100, having layers 102 and 104,

with interface 103. An integral pad with one interface
(0149] FagsedestfvBoEaRic splg Bibgcanfinavingathe dasividiopanes recited above
nclude (Rl SRS, N R b S o A R 2R T B S,
molybdmnd@ﬂtﬂide mrtgsEn$ulﬁdepmmgr@miuﬁi eﬁb&&e hattosido\iald) rhekhgiabboron
s B. hi s, e qplarﬁ 9 300, there are five | ayers,
nitride, 1 @ USRI (90 08112308 S eSO I hICK G Sheets, in

which sl 1968 §Lol§3t 3&511 R, d f
ﬂéﬂ)‘iylg Ii Yoy o W s h o 5 s OB i@&g%g 4 1d§%% ah?g'mtable as solid

Iubx!C’lIltSheclg@m@l@rlln f&;cﬁfder e eidealesd anm{ehaxde!edlmmiﬁm‘rﬁ‘hongh not

et B RSO FE ShE SE AL St
moleculsﬁf()ével A0debRPELARORg [hRToABEh AhRE BRYIAGIpiAR VAl

[0150] Examples of polymeric solid lubricants inctude: 1.) Polyhalogenated hydrocarbons, such
as PTRE, and related members. 2.) Polyamides, such as nylon 6,6 and related members. 3.)
Polyaryllketones, such as PEK (polyether ketone), PEEK (polyetheretherketone), PEKK
(polyetherketoneketone) and PEKEKK (polyetherketoneetherketoneketone). 4.) Boron nitride
potymers, such as PBZ (poly (p-borazylene)) or PVZ (poly(p-vinyleneborazylene)). Such
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stress sinks, and effectively |ower the shear force,

and hence the COF. [0145] This effect of an interface
WO 2Hs a stress sink is shown in a schemattiCd/isao06/006176

figure 12. In schematic 100 the shear force, S, at

t he pad/ substrate boundary, 104, is orthogonal to the

applied normal force, N, on the substrate 102,

polymebie @abtsﬁtbllﬁnﬂil ert gl Rve ayeiunPRd ch88y, 4rBehBleias uﬂ@occulatcd
i nterface el ected to act as a stress sink.

dispersiganEYa Ik Ge%f@meﬂﬁ@f pottiosnnhars dssmely @n@,cizemzt:'ﬁb/ qbaéde For
examplg,gﬁf’fg\%ﬂgrsgg}%%e1a%ﬁ§m‘3ﬂ ta%ggn%ﬁmq&%' g@ﬁ% Wts t 6 DR 368t 0.04,

shear force resul

is knowinrlb oe tharic3ly ifeeat nekl spalt tb ayent26806. alid tBO&lcid® fRuoride family
esul f t he shear force S? at the interface 307 of

of inoregie i MicaRts; e @almeuséfah%% ARl e swies Higkslip easily over

one andizce S 1 at the pad/substrate interface 304 is

reduced, so that Si is considerably less than S. V.

Subsur f ace Engi neered Pads [0146] Still another famly
[0151] Efhes a@nbhﬂ)me@ntpmnt@hpln@d perdsse amﬁumvwa@ofﬁeat@mﬁs wgth suitable

ubsurfac eng eer ed
properler Pl - Bhorolen - Sl BRCBR vEPRE B aton for
hlbmcatEUnO PehhieREmpRPAICh @EndsBhavObf @b Maiowa s OhckRisterfullerenes, or
tructural properties designed into the pol ymer pad,

“buckypaise dhistiasy 6RO i prieané ngiesislss &r@ﬁamplean@gmu@s, such as
molybd%f}dgﬁmlsﬁﬁﬂé t{’m‘ﬂxé IE%%{ELL%@S?UH?%&I%L%Q!?#L)&%EIH S %ucth g FEQ %ggqni r&tude

poiymefsu b !minadae 1dtc8m1bstad3mrb3‘ xm@hexu tgohdh fubr uamits/ Baceyat w(uctm es
ectivel m.ni m zes wi t hout sacrificing

general Gy anspeloa99s salmlxu@ssz%w@mmmfﬂ bbavnincsenRgsold
1ubrlcaﬂté1‘9fth %%ﬁeﬂ%ﬁof? é':?%t(t?ers' ﬁhdltléh'éigfé%hc?lugﬁmg n19<§ fr&'ng)o r%fanerlc

sed to provi protection Trom

blends, d@tmori@, c@ehpsites and geatene!l mﬂyinelomdeld)pobqrfer irofdcates an d.rell as
er.red char&cterl stic

Composv%easo%qdﬁﬁf?{n‘%&’eE‘PW&POI@M ) Eo]tymwpfgl ?@gmt\%gte also possible.

chemcally inert, and nonvolatile, and nechanically

[0152] Thahlsemibed sihavimng cApihesdd 9ags MRy beXSRER NYpRBAMYINeRDR in Cu
Mobs scale. Solrd lubricants neeting ﬁese

CMP; H&Crlﬁil%& ihﬁ brls Enha 998 larping padydedagicr setheval t‘-‘»%%?aﬁfcu arly, the impact
of the Slhgfg% &l ﬁorg? g{: 19:1!(2 1s edﬁﬁtl,gg%actog{ oiec B&%ab¥%n%sz§s tg malke the

S an ST'stanc

cost of aheteeshi foartpir mgs:ﬂgldlehub@{)sﬁmwchjmiygﬂem agpatiene

tenperature, pressure, radiation, and other reactive

h f id

01531 R LR 3 S T B8 00 T g, Adaicionaity
copper Lﬁﬁ[@igﬁ@@&@s&nu@ﬂﬂaﬁ@ MRRIEES: BlfofPd Al B heRI:E3e E‘t'i ﬁg-l 1duced

in these classes. Further, subsurface engineered
defects efielpetrios et Ratubbdyiding ¢haraopiristic off 81ei roaisiial lehels 6o inbtele fmcuu e

s 1G0T 9 B9 RPN, BPRBLLT APl Wi
plasticitpoOp@ipler, 88vehl i80lkd Hoddub bk @aniss=ReVCOERY TR EORRE is the
seleotives glml';gation of the material in the regions which are stressed leading to plastic
deformation. As such this induced plastic deformation is a permanent deformation leading to
long-term stress. Under conditions where selective elongation occurs due to the contact of
regions of copper with the polishing pad, such regions will be plastically deformed and will have

properties different from the inner copper regions. The second issue is the localized strain
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| ubricants contenplated for use in the subject pads

typically have a coefficient of friction of between
WOa%’BU?”@”OOl to about 0.5, and particle size GCTHEZNS&N6176

about 10 nmto about 50 m It is further contenpl ated

that various custom zed pads woul d be fabricated

having at |east one solid lubricant within at |east

hardenna@@inopj)el‘ymﬁcﬁ resulpddst deprdirhdtom Ahehpehdsaly dfgzoﬁidéife@&%ahon and
qnbi nati on of | ubricants can be used instead of

strain h%i?fa}l% e spamied dyRdn conbamypioldhe savppyEtiies eI agohes.

Fmally,ldB Ad% 1§hmmeﬂgxdt L%I QE:S\WE £ e%&%‘? il e?ss c5§p%'1 ?& u@%)éﬂ)ealso be
ude 'ar® so suc

left behlfnlduﬁm GMP mloohlplimttc‘sarldf uademzdcﬁnt éebfam; &ub ihecmlbstrate bemg polished.
bdenum sul fi de, sul fide,.

Minimigfg Ve SR (e AT e NSRS BT R Ok by tpyrging the

effectivefitka ﬁfrbélﬁﬁtfn@é@fﬂe%felﬁ&li‘y/bmltérﬁ%e Q) icdap & genm al, uniformity of
crystalline solids layered in sheets, in

pad Pm}sﬁ!ﬁl?ﬁp B ’plp@dé@dﬁb@upom siradistrilnitionsheishs chdmlhelrstmctme of the
ds_ that are

matecal {0 BP oMb M 2l G b 5o ™S 0Bl in iy oot

boundarlyealsticaxbal esgiandA d@aensul i deer td ROV RRformi@ T} CRCNP
stricture, such solid lubricants have surfaces that

processag) {hgresls §itpquiEemsig fas senaficenisAuciiontn shearrfitee it aidel tleveduce or
ehmmat](e I@&E%Qﬁ?\@d'fggl%féé%gﬂ EII 1,8 du% A shte!i}efo ?%ﬁsgu%bcr%:ggeae r?tf éubmcatlon

es o ynerlc SO
uniformitpdd aiskereqhiryd. Pok ylmabtmgﬁmatrﬁcédhyﬁdwﬁm‘ bnfiscer&UEdlishg pads

describeglyjesin g sy Hedh MBI e HbsEeles g%gi?%oﬁ% pekErbRelx wittin o
least abrﬁiﬂqr%%? 1l E depal ek hes p(hf%tlﬁ’l@%iﬁ’f&%o o tively minimizes sheas force,

fyet her'et her ket one) , er két onel cet one
without amil PEKERRKandonhyediver fetlipniest lbiz&rdtﬂtmkm&@nmgl e} coppe) thereby.
Boron nitride polyners, such as PBZ (poly

-bprazyl ene r P ol y(p-vi nyl eneborazyl ene)).
V1 Bt AP AR COR b Sl oY VD 06 D061 56 pol yrer i ¢
solid lubricants generally have | ow surface energy,

[0154] Tamldcesdoahecaly uniil ot @t @brasitle PRES S thebrAABME il BWembedded
coeffjcients of frictjion, and are thermally and

abraswedﬁgﬁfihs opg;{ Lgreigage dzﬁt&buteg)glgﬁﬁg wut fippplyper matrix and not only at the
surface. ?iu?l%tu?t & ﬁb/lﬂy a%l@'dl:sn%&%é &n@%ﬂe@Xﬂ%mﬂg Qﬁ&f h)%gﬁpg e @ltributed
a , s Known t C

fricti em c
in all of thredryers. élﬁnb adyalﬁu@)dﬂe‘mt antzddert al2fvdpadaieea tiixed abxiamw prd is the

e, £ ride fam nor d lubricants, .the
stabilitjp H3rashies Sridhos PR BEE, fapat ¥ aubariitis Oy fubedded

abr aswe%ﬁ&é |te QeS con@ﬁ%n@%@?@l@h cah @ééﬁﬂecgdrb%cestﬁ’é htthasive distribution
ubricants conte for use include a variety of

within tlwaie@f-h afitge w&d hanslm wvelbilesignsd apé contadleflodmeentiagt, the commercially

avaﬂabl@ﬁ?éddsc @%EJI 3 °£§ ﬁual \9%1{; OI}): elrs%?rijaeno aélrthc %ﬁt@% 811 density as the

polish piUeR pﬂ@gl@é‘sﬁé‘l eTkﬁS r@hitear Llﬂ@:ﬂen gél%hi?ﬂt@%n@%l of the process and therefore
buckm nsterful | erenes clcyballs.” A variety of
high coskef ¢yngreip dea i thewert f%lﬁ’@quﬁfr’é P%Wfﬁ@?@eﬁltnor gani cs,

such as
[0155] Pads for CMP can be embedded with ceramic or glass particles (alwmina, silica, ceria).

These particles can be between about 100nm ~ 30 pm in size, depending on the desired
performance. In some cases the adhesion between the particles and the pad matrix would be at a

minimum. This could allow the particles incorporated throughout the pad to be uncovered and
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nmol ybdenum sul fi de, tungsten sulfide, or polyneric
materials, such as PTFE or boron nitride polyners,
WQ 2M6H¥2hde i nto nanostructures useful as solHGI/US2006/006176

| ubricants. Since such structures generally have

nanopores, they can include other solid or liquid

| ubricants, creating solid Ilubricants with a variety

1eleasectbfmq9 rlmmﬁntjr &sich Aﬂdiiytxieopal wyuldsdloivdiol Nlhﬁél@@ﬁﬂtﬁnlm%ut the use of a
yneric gﬁ net wor ks, conposites
e

slury C@Pt&ff’tl "llffls%ﬁl %@Pt BogPyTe Fatkbe P aeinganitiligd water and
the emH‘eQH&P@lﬁ&%ﬁg[&j grafts made frominorgani c and

polymeric solid lubricants are al so possible. [0152]

The custon zed subsurface engi neered pads may be used
{0156} f%orev\a:bllassmf@bmsmengatswéqo@lhed n@ue-2BNFye paticles hag tebanily been

t he d . the barrier renoval st
develondlios Faoibin 1 et PhisHp Gy Aot Ra SCieighes fraacdoy ddrgh
nanomdi@t td M fMP00 Bardodn k@8 PeBThdrea8984n 0 AGORMTHATER W3k si8:D Bfio-
to make the cost of ownership for processln t he
abrasive glgugaiichestychernpagiiesing theaets disectyonBr]thedbsbasion methods
prev10u%:ng11'§crﬁses%§C%%\r%pﬁ %l g‘t%f @%n\éf{ﬁ{alg E grclieun gﬁ@fézed including
ceramics ubd ghnidsdilcepirasiib,Gilttef eimahi enebahosalllechitoe nahdtubes
. the cgse o{ strai n-induced defects of dielectrics,
(fullerepgyangs) o3, pval! a8 SHePAGIclRar act eri stic of the material
| eads to brittle fracture. Such brittle fracture
[0157] ‘PE@ éi‘s&bﬁhoﬁ %T Eﬂnﬁedd%&’a&taﬁl%ﬁn\%ﬁ& g@@canf ﬁch@?&ﬁH’i@dﬁo agc/z‘h density
he high plasticity of copper, several
of the ch@@gﬁ th@w}aéel ammglg gmqtlmtaui g@dlr@\ﬁf thebedf ihramfesus élfﬁmtﬂ 1eg1011s on
the ohl I uga {3 e on gf ma}egj yi)
polipiiie sB Rk Graifng Al i, S bR bustiafn it Factipd of asive
charact&telios, RBEH &the ATe T4 tbuhhh Sdenbigeead s]@ip@ﬁif kige AMedsArlBINiOBan be
i s a_ permanent deformation | eading to | ong-term
done indgneadently\gdie corbinatian with ollise msareios grading (6b dhgusd oliifferent pad
ue to the contact of regions of copper with
ma&na@ﬁ@ﬁ allshing pad, such regions will be plastically
deforned and will have properties different fromthe
[0158] Bothehe moppescalegidiolss ankhensetontydssidtassed abdie may be added to the
cal i,zed strai.n 40 V[)E EP/089293 PCT/ US2006/ 006176
PO*YYH%%M& i Ay 2O p Bfuid RIVE LS Sugk g & golverdt These patigles may optionally
have guftfp@%ﬁéﬂ & olgollnctn*a%?ﬁoﬂyﬁl%ﬁ@%l A sc@cgﬂ 4 t@ 'tlféﬂg;ﬂﬁ'a% BRdid the
strain hardening are’accentu
IMCOrpoxsHiaf |0ﬁearr@nles @élettth@ yooppelerantially ago &wd:oﬁyr&mmm ese of the polymer

h
phases iE SR aGERGRE B8 s e e iy naseienEer i bt B Hipse

polymef the rgmt@%oh@ecp@m@lﬁ&%%@ a8Réele€ athic @hﬁ@&éﬂ eepaatrRs hiyivat 0
the substrate being polished. M nimzing stress

sufficienthcompar *@tqr@mhewnwénsh thay neden andouicisndletissimilarie tioarher

phase th\?g%hlg% rsiv%?m%t Tes %‘3 }ie LY %eﬁ%%%%%@g)?ag tlgeg%ogﬁgpr?ﬁleﬂ Q&idiﬁes. The

r/siur ace

groups hmﬁé@bmdiwaﬁf to ppaitlquuefessthes ‘1186 be Belagepathemishithla: to the
di stribution, and the chem cal structure of

polmnerfiﬁéﬁn ﬁeVlaﬁq plagde This gids 1?1835'15’é’f iAReVE Ratticlas fampihemglymer as the
pad weatMB RpOGERSPFAPREALI NG i n the highly stable

Block copolymets to make self abrasive pads
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boundary | ubrication regine. Additionally, in order to

achieve uniformty for Cu CWP processes, there is a
““?gﬂﬂﬁ?gﬁ%nt for significant reduction in shedlCH$28¢5/006176

in order to reduce or elimnate stress-induced

defects. In order to reduce the shear force, a high

degree of lubrication wuniformty is also required.

[0159] Potibipak copsdymastamrticamek Euhslwée’ﬁf@ﬁrz@% gﬂ@@ﬁvﬁ%epﬁxleibg@kﬁﬁn act as
Wt SOl |

| descr |? erejn, e use of
o matcf B g SEGU G %“g(eﬁﬂgéla* Famneh ESPB YAt nRterhiRe iipicrmpeieeded to provide
the desik @ﬁﬁﬁmﬁ@&mphhse/"a&fasﬁv@ %hzﬁ%%dalﬁelﬁﬁllﬁ &Bfﬂ& goht%atpt% a§ ﬂ’g & phase forms

surface, effectivel y mnimzes
within tbaé@mtfmr@umglma Iaprek eralrodipehictis parﬂ cal mdmsmadifd*ugl‘nﬁ perceniage (co-
.Embed

continug tlSrlgéTil‘l\?lcg gﬁfepilgag{evbt}#%g@tﬁgﬁ%c rlaqﬁbi (le({_(]ﬁl IRQNS. %ﬁe discontinuous

block cAOFEISEREICH (Bl dcddhstn dhiXRE BPH3SANGipads: abr%cﬁ}% In order to
abrasives in the enbedded abrasive pads disclosed

make thsgpend rhpge dirasiys, biaraenie hrrf@@tghwtlclﬁmﬂnpmtlynﬁty bagdded into the

st I 0 S AL AU R e

molecukds at thie kiscentinuons ahdseof tIIeﬂﬂodlc&}b@b@nleTh@xe@Q\@ e e aa}ﬂtd or
edded abrasive pad . over a fixed abrasive pad is th

"bIaSWf‘sEHB?IP? TP PR REPPRIGE S8 swralympiraclt ﬁh@uahfgaswﬁmagmle&h@ée one or
S

o RS Ml LSS R 8 e

abraSiVEt fheeticlbs bsny predq:rsmmaibunccuporammitb ont bétlﬂ@rhhdfes Olf*“oztihﬁ:amdabraswe

i 8 T B S S Dy SN
discontifli@BURhsd\BAg i1l ﬂhehbﬁt11§iﬂ)ﬁ9§has§ | B adl ofiékﬁﬁsﬁ{/éﬁ%rhf?@s may also be

density as the @Eo i sh process progresses
used. [nsaiglipgarons, waely hp oies bf ataegye potickeoln tbe rrtmtmqsns) femd in greater

concent?xﬂgnﬁzbgﬁe 19 & th tﬁ e%ﬁ?’l (Fgﬁ%ﬁ@gmgié n,ygggusg HE‘&%‘ particles

may insteed Bﬂbﬁdtdaﬂsd\thfahth@ﬁaf B RIhEcHRF c@lcamPatRANh kifd c%%tlﬁ%&érﬁhﬁ%)
Sili ceria) These particles can be between about

However,g@ﬁ.ﬁqlss gﬁpqm@lﬁg Mgy b selectebpreihat onp wmarhéypde of paticles are found
in h1ghepg6lfc% ofn élk@%ﬁ@c!ﬁ% c}ﬁ %ﬁfw%(eh\%ggglgl%ér'e nltuebseotf pmethd%ﬁ{ound in

artlc es an
higher Ca'zlmeatramﬂ oh thé bcmmmtbes plaist,i st @8 ohd 610HPaY (e &b A @Iaho distributed
ad to, be red and 41 WO 2006/ 089293
RPWDXHB@?Y%gﬁgbgﬁgygﬁ %%P%ﬁg%d into the slurry. Such a

pol ynmer pad would allow for abrasive action w thout

[0160] It ﬁh@y WS EhdhecBssaby 1N ih¥orB SRS AR A Mﬁasoneldg Itlfle,aﬁfal'ses since one

he entire process can be carri ed out usi ng
of the bl@\%[‘tSéﬁasaﬁwf berrbrasitse Geudinaticast Yechadn edd&hpovatademwpart of a

terj al no abra \
copolymEl B e R BTGB Budn SBa it 28 Rt freiigher
perceutagh mafdrial.dy hé’ﬁlﬂ'ﬁ@aﬂw thde@ lf@SpoNaNifg ah8 biZiBoteARSEL f thO PbBmer can be
few 10's of nanoneters to a few 100 nanonet ers.

exposed pagl GHpRct 38aR 20aR Y Bel e Akas vhERicrienalle ot ofetsilivapelymer can be
tailored to have a consistency similar to that of silica particles which are currently being used as

abrasive particles in several technologies.

[0161] The potymer which incorporaies the previously discussed embedded and nano-abrasive

particles may be a polymer that forms one continuous phase, or alternatively the polymer may be
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abrasive slurry particles by incorporation into the
ads directly using the fabrication nethods
W@%O@(»/P?i?&%ﬁﬂ y di scussed. Several classes of PCT/US2006/006176

nano- abr ai si ve particles can be utilized including

ceram cs and gl asses like zirconia, silica, ceria and

even materials |ike carbon nanotubes (fullerene
a specializad)spclasopirheashich &ympaidebatifius pRAsed hs dB&issed above. The

distrib thn of enbedded abrasives in the pad can be
ﬂaﬂopafé’&@'?‘is G Pedfledehatreife wafany dispestion hrprefirpntishagcheulation in
“ther i : j ' t. el f ,abrasives .
St e L e Ao B D o i B ey (B B " Fcrived
above. @ adi ng may al so be achi eved through the grading of

abrasi ve characteristics, such as the size
Flame&%iﬁst.ribution, density, and shape of the abrasives.

{94 % an be done i ndependently or in conbination with

ot her nmeans for grading (i.e. the use of different pad
[0162] Fredceitioal t uéi}ﬂg hesidugly difhadl Maidiibh %ecmlﬁlge@an%%r ®chnique which

particles and nano-abrasives discussed above nmay be
can be poifasiglly Bsadre proyadsampelishing sorfasaisdie Sppe epeiiag techiigue dsed to

Gl : veat .. Th particles may .

make 8 K e B a8 RS e P R SR e eromic o glas
particlepinbymperaa igriouipsteatl Acketint of thebhtisufhaees i@ht Adetk abrasive

th i nco ration of particles selectively or .
surface ﬁﬁ"g?ee‘%DHH?J gfq%le?aii AR 3 dhepPurgimed asporBRaLES titiesipobaytides may be
i f
{lame spge esfllel(jfg’%g‘illi}%‘% b@g@@f%%ﬁ%g ?‘tspogﬁr 12?%%%2%%0}}%&%%@5}% ’that has no

discontipaisphassfs. Bongsidnay booteahui Iwe anithsree dwotthmossphiaces
simlar to one p

. af particl.e .be syffjcientl hase
describel s FE4iFRD, Hpisregenta i i ﬁpas@éﬂmowré@rwea\?wr gears first,
and oncé Nes RiAETas WIASE, 1hEhd e baRLMENLR %Blf}&l‘élﬁﬁxiagﬁ% irllcgfgr $8ars,

. the desired phase(s) as the polyner frel't so
This typgeé conshrg el Han bedsedr foadistaned, to abpale tileyee os unfeedhatiny

ol Hesel el . di ssim | pol [
partiou S RBYATEAED LR Rt QhulbrbPies B (RRFGR phter lover

or layerspiarttei abl-gisd br ofredeha ipiEhYARisi @Sratd @ hePaEn MBRMHRA LR BXBRRE from a
new particles. Block copolyners to nmake self abrasive

later abrgsiopsrale WD 2006/ 089293 PCT/ US2006/ 006176 [ 0159] A
di bl ock copol yner can be used to nmake self abrasive

VIL In@iﬁdéro%&f&a&ne bl ock can act as a matrix and the
second bl ock can act as an abrasive nmaterial. The
bl ocks are selected to provide the desired continuous

[0163] Gyhases, in ABAR ohdscarp Hioseht tapetvientisiroplaking pf o witat betiepolished
across th% %[éﬁgér%ogf dﬁ%@%ﬁ tcg ﬁ%g%bog\é%%&ﬁt?@hﬁ% g{) t?%%s%%é%bcfsg %?eeﬁadlsﬂrface; to
help enspenkariAgent 6lorry ¢oRhe MO Ul AR itk waferoB el QakoMotRized

o the other bl ock being discontinuous. e di'sconti nuous
stiffness gpd epmpligncp of Bisarad in gidentor geatrol polishing wsfoamitylbndsiivenize edge

effects; dnBlto bRS i IBLGRAH £ ?hebl%m%%l%%%ﬁsllﬁﬂg B8 682 the pad surface in order
to reduce defectivity. Figs. 14a and 14b provide a schematic representation of the impact of
grooving on the hydrodynamic pressure generated around the pad/wafer region. For example,
Figure 14a, depicts a wafer pressure profile (indicated by the diagonally striped triangular
regions) when a non-grooved polishing pad is used. Figure 14b illustrates how the pressure

around the periphery of the wafer is released along the grooves. That is, the grooves conform to
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make the second phase abrasive, inorganic or netal
(garticles can optionally be added into the block. For
WQRIAH9893 abrasi ve materials may be cheni cal | PCEOHGeN$/006176
to sone or all of the nononer nolecules in the
di sconti nuous phase of the bl ock copolyner when it is
formed into a pad or abrasive particles nay be
the presbute @EpRtRY adeveny SrobhepRel MW helpBhdvidelhefaRArARt Y istribution along
particles have one or nore properties (for exanple
the wafg (il g88o1nt er act i ons and t her nodynani ¢ condi ti ons)
that favor the abrasive particles being
r L Lalkyd I i nt . the ,
O R b Bl A BBl B ERAS Ry be voca.
Unlike thhatrrenthinghets of ereeneratviiog whichadre asinle rpahioiell @sndtsre, the in-

. ound in the discontinuous, phase than in the o
st met g Pt 5P BY PRTSeUF 8L R BBt oy &< EPE: P iy of in-sit
groovin@ldeQriped haused)l t?rﬂ'iceﬁg/rﬂ% &SLABER, ta‘?(_@@é&lg: Ahnel AR LY R8S rlfer

abrasive particlles i'n the nmixturés is found in dreater
manufagiuiesicpat ixedditinnghe mstiasie dedvaibed here otehigpicipy efoes adefiyl in

S ' i hyous phas al t hgugh ticles. may .
wchiovif oI5 BAMALHRYR LS5, 4Bl UL RELLE R A oty
to produ@@ UM hadd h:dthg BetiehBiGamics (P USetRIaERNe defiaVaY §r |

m xtures of particles may be selected so that one or

re types of particles are found in higher - .
[0165] Besiveantaden ot rbesioy FSEBhEIPALIBE SOPABLEC Yol silpng lining

placed 11}1%@(?% offia. PEEd ﬁlﬁidelﬁa}iﬁﬁe FQu0gr cjrg/rsuﬂialgg et %ﬁﬁ{}fﬁ%@ts i 1 example,

e continuous phase, and one oF nore
the moldpmmay bemnegaliis, radstirarb ahednuapgedyxilrameldmatessk Ye.g., 2 metal/metal
t hr qughout bat h, phases... [,016 [t may, not be necessar
alloy hayie Hir SEPARL-a8t 4 V}@U%aling%rle@n%%tf@ TBplg g g deatied),
mixturePIMBERS, an8tACED MBhe 1861dHS B alﬁﬁfksztitﬂﬁbf drh&8ldh AR the dimension of

abrasive. Certain silicorne blocks can be incorporated
the moldyis tppieallipdepandesd pdry e dimsnsidreof theveMIbpadcterbeageduced, for example

. ek er i;al a.carbgn.backbone c t .as e .hi gh
for .20 BBt sy B AP 22 R PR S R Y B r ok Do e pac
dimensi®®, istimGue tyPRady HegeanentR@bh 1ef sitd e tROWNREfo KAPoIRBed. For
osed and can act as an abrasive. This abrasive

exposec ! Ve :
exampleaHivspptiye tﬁ:ﬁﬁgSl.@l@ﬁ fopMP _§?1€_isi f@ap@gsﬂwzi, Eab (p’el.Z ingl wefcsthay be
about 14 @ohav e, §0%}?gﬁ§g§§g&i@wnl ar to that of silica

partiéles cur tly being used as abrasive
particles in several technol ogies. [0161] The pol ymner
[0166] Nitei stliconn ¢ioingds gipesuly meaderedisditehy cldsismus sed sdrbad pelgmer, but
..and .nano-abrasi v tj.cl es may. be a pol ynmer that
any suitgble HC I ENATRK Re 45 e Tivgne It Aaishaeymiggsed or otched
with a pReIY, BEicHBYedBlerAsht 0 18 m&§8@§%ofgitg§?&0@s%ﬁ T 1irfng can

speci al i zed bl'ock copol yner which fors di scontl nuous
then be giheesotherwdsesasisisd do.aavteined e thavanipd shoslddse waed thet the lining

S ed t r.OM]| ni.f orm di sper sion or, ef erenti al.
iy L 5 RORR AT 8R HET BR LT s
etch patte@s tinto Ukelsiliphias Ruingindy Nedptpis E8e PEYer Beuk&Sdn @8Boove size. See, c.g.,
descri bed above. . . _
C. Deklker, Stereolithography tooling for silicone molding, Advanced Materials & Processes,
vol.161 (1), pp. 59-61, Jan.2003; and D. Smock, Modern Plastics, vol.75(4), pp. 64-65, April
1998, which pages are hereby incorporated by reference in their entirety. For example, grooves
in the micron to sub micron range may be obtained. Large dimensions in the millimeter range

may also be obtained with relative ease. In this way, the silicone lining serves as the “molding
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Fl anme Spraying [0162] In addition to using previously
di scussed fabrication techni ques anot her techni que
WQHICEPE?2Ban be potentially used to provide a p&ITERIGGI6176
surface is the flame spraying technique used to nake
a polynmer coating on a pad. Such a flanme sprayed
pol ynmer can have ceram c or glass particles
pattern,T riorper,dh ecine naddiensahemnohl may bt patdrnaew il ath@plementary groove
n
design. J0 ik Dot B Tl it Lot @ﬁﬂlgg{{)@?g@%ﬂ&g@&g;{ggﬂi‘gﬁg@% the CMP
pad gro®R @3ioe particles may be flame sprayed will
typically be a polyner such as a pol yurethane or
ol ycarbonate that has no discontinuous phase(s). The
[0167] I%adrefﬁyprb@dom crobmtechamal yiew efat illusteativiestmone Hussold (200) as

. d ri bed above i,f S| 4. In thi ev
describe 15 Ao 0F DL AE S FOR Il PEF (0% tgup: Rl Tty ana
siliconedicheO08), tTHeSsilicane [iniﬁ%ﬁ(ﬂl@ s @hbosst@er BRBed ;5?1‘@61‘1\@@%08) thereimn. It
beneath the p Yner/a rasive | ayer wears. his type

|
should bsruressaod ibat verle s sibeongdidne £05) fsispwindin Figirabs aldes e upper
. . i, . i,CL I i ffj |t ) )
mold pliBY R alkd R BE, LB o o PRI LABOY) ok blsB e balted to, o

otherwiderretmimadah the 1dvadt @iold platd @P&Y. STHemksi @nabinagdadapbe MiRf to, or
. an_initjal abrasion rate when using the pad _shoul d,
retained jp f:l?eelpo#:lr;g%p Asing gupsuigpleqastipd r Bereexagpfe, thesikgang lining may be

glued, t e@%ﬁﬂp&ﬁg&sgﬁgé %3 lor @ﬁ%?%éﬁg aé\glefr%, BAASAL ngﬁ;ggxgcﬂa phafe.

revent hydropl ani'ng o er being poli
across the surface of the pad; to help provide
[0168] dsing tupmethod, & GMR psd carlye faoned §otrhethpadogesticar e tharmoset
._he| nsur et hat fficient .slurry.reaches th
materialy i Bp FE B RE s aberog e el oo B uyormed and
injected Sitb fth 8 ESorRNthed AL | RNGE ce dfRehRARDsENMAEHE! a Fctive mixture is
control polishing uniformty and mnim ze edge

typicalbefeddaiodhe gifigonedingd vilde Thhemapersmpdarethay b dfo &P mold in one
. .S rd ] d f - kn._order. .t
sp, o BEL I, B0, SE0l L2 5RO SHL A D g el
to attainsHambthape bepetase e phi amtafal the, tomactnPdr otBEr0RE sBOUPES a solid,
the hydrodynam c pressure generated around the

before being)t Fregrarld rByonexanplien. themgisrial sralyvaeping 31d
lyuretWaEadR" I @bf Lenddhady ' '

po s BEERRSIE R 201 LonLEAL D0 ALS Bt pce

into the pbikpmhlimeg meld. The sidiedne Feguneld tdbbe blclisd witheke tamived bad pattern

as descr&rgi? zﬂ;(gvréag "_lg)laer owﬁﬁgrgarig g@%\ggf {?%lﬁgg[, iatgg ?s( %ﬁ gnﬁcsxib\glétsof the mold. The
. pad thendQRHafEMSE Borddkp¥kAiRORBHORIAIR: HEI41dI20A6/HA6176 the

pressure generated at every groove pitch and, help
rovide uniformslurry distribution aLon%‘ t he o
[0169] Wogrnotnsiabadvagiages of[zch}elw]ngl If-sefe rsp e vaing g sifigencelining method

are sevex%g.t E{glge&c%fnpﬁ’é', thﬂ&)'r fﬁgvfd@ 'fc?lj 4 Hng&q% o7 tl%%&d%aﬁ@qle%}{cone lining
can be replaced eastly if it breaks or if there is any wear or tear, and the silicone lining itself
typically has a very long lifetime. Similarly, it is easier to remove the pad from the silicone
lined mold as compared to a mold where the patterns are engraved therein. Hence, grooves
produced using silicone lined molds may be more accurate, and damage to the pads during
removal may be minimized. In a like manner, the groove sizes produced using silicone lined

molds may be better controlled and better defined. For example, very small dimensions (e.g.,
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Unl i ke the current nethods of ex-situ grooving, which

are nalnly mechanical in nature, the in- situ nethods
WQENEP¥BEY here may have several advantages. R&/US2006/006176

exanpl e, the nmethods of in-situ grooving described

here will typically be | ess expensive, take |ess tine,

and require fewer manufacturing steps. In addition,

lateral atnldéaombﬂmﬁgodﬁamﬁ ktadidiar ® @bmctlysprmgéd)y}qme%cuﬁaeédll Better
achi eving conpl ex groove designs. Lastly, the

control g brlfq dyErig @f BR9P KBRASKBF E124 OF P piticular ylt@mteu peds for
r (
el PEPRUEEL T DR, DR ERTh b SC S5 B e
the nethods for in-situ grooving conprise the use of a
{0170 Novtlgpnevd dasigng arepllsocdedcriiresl lnkee. allrst doveT oo Kdsi grywdre largely

dovetof RSl St Dl TR, DL TR0 L0 SXBRBL o ot
of the sHinfyr HRp A ¢ Hﬁt;ﬁﬂé airﬁth(sew%' deﬁl afRd t@d taidtalo f {1/ éx@&vé@%’é@g
‘ultra" snooth edges and "ultra" |gh tol erances for

caloulatgd) Figvigs f6AckOU pravideesynlimiting exeres! aftyhén%adhonmﬁsmthble groove

e i,t abl e, di na
desigos b 30 0o P 0 W b AT B BBy S BT ERe B e mmer
portion @F FRNBILON g@bv&shﬁm%e@l@ded ﬁltﬁ Qocaglc@ulal OfooR¥aad Serlapping

for a 20 inch have a 22 inch di ameter

linear gegpyepvpjchsitepd |1<’|‘f5ﬁ113( 5 @i&ﬁ@é&@ idepieligsidpw gathasps | Hhligheradius
e
values QiNg Hear Qﬁee%ﬁt&%&c{iﬁ&kéff fie %@éﬂ @EB( L Mﬂ@g; é@ﬁdﬁgﬁaﬁvé%qch were
initialiydimnmao tte ifvoer p@kﬁbm@ﬁihe f)axt cqmjei @ibveadgo ardenttthe Slungrirabi? flowing
i nc fer may be abput 12, 20, 24, or 30.5 jnches , . |
off of tf}ﬂé&“ﬂ&“’? o119 Mepepan B SrUNG? e gioe VA ale.x@ﬂp%wc%hlq gjstribution
of groof@;%% tRé p&liskidd SPRse @d@eﬁE@@@ﬁsed% c@htﬁﬂ ltl%a‘%ﬁ&ﬁbﬁ’t%ry wiry over the
any sui table silicone |lining e used
POllshir@ ﬂul feeneudhi av m@n@anng heondant ehhtyslsesitmeetimn@ﬁshmg sinfave. The

inoreas bR b ERFisy St SPRB TR G Eah o EG CpRH Gt Giproximatcly
constanD ReryiaRitadneELte holisihg siatRE RatcH din beR@pRAE 1ol ﬁqamtanung
ould be noted that the lining nmay also be placed in

umfomltltbfén poldhing peformenee adsessiile wfat:@ pﬁ@a pad‘tie sorwe C@ses as depicted In
o kit i, G: ' t -
s 16K 0Bl SETLAERS B IR LEERd Bt s ot

pad in ogdao O maditZzie.a cBagantagrgoye deﬁsxt)D&kkﬁﬁhe @ilﬁhﬁtg shi-far0 IT AW groove
tooling, for silicone nolding, Advanced Naterials &
widths qsp sange abqy|104g fb?tﬂ:)SGOF;%lcrogg,_\g@ie typisalapoave ¢epdhsman ranges

ﬁomab&@@ktoaygﬁelrdﬁopluﬁ%tnbcs vol . 75(4), pp. 64-65, April

, Which pages are hereby incorporated by reference
|n their entirety. For exanple, grooves in the mcron
[0171] Tlesg nbvehgmcmq desiggeman e peodbedbne suifablgendhork ngirersmple, they

may be bRl P R - PSR 4P R AL A e e TR ot e
producedSisinR@x sl ol ni@harfal WREARCLREAL %eﬁ@rﬂn&%&o&@ﬁ%} &bl éet cutting,

pattern. However, in sonme variations
3-D pnn&;@gt Geraeforing and yorpIe feRtRg, ymgrioo@m@ct forming, hot stampmg or
printing, and the like.

A. Laser Writing (Laser Cutting)
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design In this way, the nold and the lining, or the
itself, may be used to produce the CW ’Pad
““byBQV%uﬁ%S|gns [0167] Figure 15 provi des a PCT/USZ006/006176
cross-sectional view of an illustrative silicone |ined
nol d (200) as described herein. Shown there are an
upper nold plate (202), |ower nold plate (204) and

[0172) Shder corimglor pinigg Q}ﬁ@ﬁ))e usdd® aaltd the nevéligncbcn@ deZi0f9 dRashed herein.
It should

sed,or etch patter 2 erein.
Laser o5 MaGRLY SO RA IARRPET HEEHES) ISP LeheE) meghanically
IQ % re o
control 8 %bﬁf@ﬁlg Elgghcgllrﬂ]%lt? é@h gféa:tjéfﬁdti %g{lﬁtg sgg {?c!eﬁtuﬁdel the working
area of (@d@%@l mwh%msm) Be ttedhser e@tettpra bacle ancblfohteromesmerpeﬂ aumﬁae:d the laser
The, sili con

vaporizitheiionl KRR o Bl Shab LAY A (B SPHOR & AP Fr hits the
surface UShB gesarﬂﬁfwsg%év@g)’ b&s Hﬁttpﬁgael fﬁcm%’f@m Becibdland 'réq'fuﬁ@ RE sur face

l'ining my be glued cl anped, pressure
finishingt dapigpde eetvéreel any paﬁemrreayalpemeagnammdwmtmﬁabdiaspt ratttezg
mflchlll% Oﬂ"ﬁ)%é mtlfiljl‘lﬂ%()}l %H%se \R’ 8r1%1’l’{’1ﬁ ull(l{)lnqr%é[né?tlb 1 Jf 88?,61 t he

ernoplastic or
Apphczﬂtmkgvon 15(4)hgp zases@m\roaz 1008 ;rwmai@h pabdsréBERhLY aicorp@wnai By
typically formed and injected into the silicone

fefem“qe ‘Hé%mh?ﬂ“detyl n the case of a thernoset material, a

reactive mxture is typically fed into the silicone
B. va&ynegu&g{d The reactive mxture may be added to the

nmold in one step, or two steps, or nore. However,

[ rrespect ive of the material used,. the pad can be
{0173] A atyueicutting raas abmbe peedfto pmdusmﬁnpexobgl gretitd degignhdespabied herein.

mois pe B HE BB R 2L SRR ERE S e ot
make gmamsah itipadt MEtdRERN A ik Snial With b ABfASive emel garnet, which

yur et hane pads are _produced. For exanF
facﬂlfﬂtﬁ?ohm’;ﬂ@r eleratres.parisepd edgryfiehing | trewdarta ¢ aa@eelooivwg@f a desired

pattern, glghe%/%gbe?g vﬁ% hﬁlpﬁﬂe—?&éﬁq‘ %1@8 éé k! 'ug gg% com; geaescfg I%%gesued

geomeuaxtrd)peth Thkdltmhy(wsatﬂtame)ﬂv@at@ j btmm@hg @agbelfoundngd I PSDuarte et al,

en taken. out of the nold. The ad then has patterns
Abrasiv S dSloR i De SISO YO R 7R §LORE MAGADRBIAPS, which pages

are hereb 1R3poMN6s POIERELA méﬂé{@é}{tﬁggs of producing in-situ

grooves using this silicone Irning method are

several. For exanple, it may provide for a longer life
C.3-D Byintige nol d because the silicone lining can be

replaced easily if it breaks or if there is any wear

[0174] ﬂlh \c;ee rﬁ)‘ﬁl}x ns‘?c{ﬁq ' %@n(lg 5%51%1{1%%) ri]sgal}otthse?lé)fl%cgg%/ @:&f 1?311'83'/ ¥e Qs%%l to
produoen:bmml gi’aaev@aeblgxfsmmrhﬁd&lefd deneD phihfeg P8k dradsuilt in layers. A

d where the patterns are engraved
Compmftrﬁ%)ﬁlwc{ﬂgﬂ@%e IggEd eart Ispﬁréa@@é@a%ﬁhﬁ@ aglifing gleerifinh aps the
mformag&l; 13 0B I%r WP(/%'E%P c@HE prrdfith Qﬂ'{ﬂ?gﬁtrﬁﬂﬁoﬁ%f ﬁg\gﬁm spread over

I ng m ninzed
the surfachef grpowd@ lseldz @sclmsmlblmdeh wmsierigl then satensrelyijord partipled Svhere the

r contr ol and better defined. For
object lsgaﬁﬁgprgle%véﬁ 1 @ bigton Wl FEPRYRES tﬁleep(gv_v’ erfpgd and the pat‘t—m-progress is
lowered in order for the next powder layer to be formed. After each layer, the same process is
repeated followed by a final heat treatment to malke the part. Since 3-D printing can exercise

local control over the material composition, microstructure, and surface texture, many new (and
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WD 2006/ 089293 PCT/ US2006/ 006176 | ateral and
hori zontal grooves in the mcron to subm cron ranges)
WHHYBR2%chi eved. Better control and better &ETIUSZG6HAGIT6
of groove di nensions may be of particular interest in
pads for specialized purposes such as lowIC
di el ectrics, Cu renoval, STI, SoC, and the |ike.
pr eku{sl@ 1R} edibis | grgiveeeemdeis any tarehieb sbwie a6s ikeddhel e
ese vel groove designs were |argely devel oped
mfmmaﬂ% 88 0 PHPE0E Gk bs Pk P diogeiah ad) pritingespsedscireiotype dev.,

Mold f&ds LRLk f4.41N§obg O -
o 111%@&/ s, V%l @t@f‘é)'p 4?()n41t,ﬁ92§!§ Whﬁﬁ&vﬁgés %Iilfggl%j} PL%%I P%}J@é&@?&f@mnce
1nthm1@ﬂﬂthe grooves wer e calculated Fi gures 16A—16C
provides nonlirniting exenplary illustrations of
abl e signs for a 20, 24, and 30 inch
D. ““ﬁ%%%%nﬁgg&gg%@€%ﬂn?QPngﬁh||er radi us values (i.e., near
the inner portion of the pads), grooves can be

[0175] Ost groecssed bt @ONBENRILI t6 pddues HRMFEIORYSS RBEns described here are
overl apping |inear grooves which extend radially to

thermofpgnipgang practuaelornimsze dl yplably thatetispersses Anlshweplvelor hateastic
terial¥ 3} n ds
ma er1a1¥ gx ?1@6%@ n’nrgi dz?l;’l}ﬁt sﬁarggtoovéﬁa% mﬁ?s%%g\éﬁl cf:onnact? vﬁ&l yrhbld N,
heating hssmg ancunenpretsoee mnﬂcﬁﬂmmnn px@ﬁuﬂ:f THRenPREnBaNDRimds Wp@bally
event the sl ur r){l@Er omf)]owing off of the pad and

producegRgBhESE raddabit i lgbhiepiogtom e ghamsin fida rapne desien.
Indeed, BREMORSMYA pfﬂ%%@hsﬁ&ﬂ& QH&EQL@MG% &g%gx‘f@ﬁmgye%px%eﬁm in quality

pol i shing Surface can al be Use cont r ol
than, injg¢teanriplded piscest whllacostingwenchtlhss. l\@mielusﬂmmglcsmzf taciepoforming

al n sta | ur ens ver th
may bo RYAR 4 FRUH Y LR o Wi Bheaio R iRt BBl
M10101n@d?ﬁQM§§11@%610&1&@1}&@1&2%@%(93& Re-[ang1d 2 0mal ﬁ}hﬁh Baé& are
appr oxi mat el const ant groove densify across
hereby ipetpamicdgyseiereaee v lenteaty.be i nportant for
mai ntaining uniformty in polishing performance

s@s._as
e S 3
warmed lpmsaci det avhbldh \ﬂ@uﬂﬁﬁtfoﬁ%lh@lmﬁh}d betiRed REmbIAtspedi At (Qkiicb®Rs of
in a constant groove density

. i n _order [ nt
plastic, "5’6 PHEPIER émﬁoh“é g FRinesTR eabe graRis SrafvaPREerns, may

be achieG@wItRRGKk! mecﬁi@%ﬁh }0afi¢ @eut 500 microns, while
typical groove depths can ranges from about 10 to
about 1000 m crons. [01711 These novel groove designs

E. Micrgrgouiget psivdidiced by any suitabl e nethod. For exanpl e,
they nay be produced using the in-situ nmethods

[0177] M{ﬁ?ér:lédrf?&q Bﬂpt‘ﬁyoel’s A ge%'oful Il Lpﬁ%%%%Mgg@%ingvghiplgrglg)?}%secan be

an ca

embossewron pnn@d@n tod 4 OYIP pal €Thip Btsofistitned gharadleriZellas MEbMT,
f.orm n and vacuum form n m cr o- cont act

Litho grap]&r m“ﬁ@s mgo ‘ts%ﬁﬁ?i q%@t@pembﬁtpwp %(héanséﬁdl naarn eite the CMP pad.
This meth88 & a WivEhiBS, (hAS&%, B IHA helaphic method for the formation and

manufacturing of microstructures that can be used as grooves. These methods may be used to
generate patterns and structures having feature sizes in the nanometer and micrometer (e.g., 0.1

to 1 micron) range.
F. Hot Stamping, Printing
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WO 2006/ 089293 PCT/ US2006/ 006176 [0172] Laser witing
or cuttlng may be used to make the novel groove
WOV M2%3descri bed herein. Laser cutters typiPE3IYS006/606176
consi st of a downward-facing |aser, which is nounted
on a nmechanically controlled positioning nmechanism A
sheet of material, e.g., plastic, is placed under the
[0178] Mot kimgingateBhe odeditb@ehage the@ebiogtbss dsighd@edcdBehere as well. In
. sweeps back and forth over the pad surface, the |aser
this Pm?ﬁé&@ﬁ?‘?@%"l’ﬂiﬁ@c Relyarr B1ay e Rt #1g %S%%qlmg & haidepsiese.g., 2 piece of
metal oC@M LA atdli ttﬂﬁ 2P Qﬁmt'té]n BRLGRed ﬂfﬂ: | c%ﬁ%\hﬂﬁ’ta%nﬁ el efi temperatures,
surface. he resufting grooves/cuts are plca y
and has seffgieat g gaitel tqn nlboi He, poay‘lﬂerrpaq W becone sulsdsaeewhen pressed into the
e e B b e e S
After conSrBfiR@dd 198 r Gy
iR Lage?pﬁﬁﬁgﬁlﬁgﬁ% #Slﬂgyo g@bfalﬁ&eﬁwt% gg%ﬂeigw%@gms
r aﬂSIUONdva@B@IG vﬁiroohln;gaxgésmapédllﬁ@r@bwfpm mamb@raahedecblyy varying the

erence in their Lbrety, ttin _
il pfEeS b Wil SF JRAHG iy et ool BF ssoBien ot
nanostridi@es) MLth HEPOY ﬁap(ﬁ@a&bcg B8 lAes ek bechseS BbMing Jth8rmoplastic
process uses ajet of pressurlzed water (e.g., as high
materialg e 80P DoBkpaiEnp aithaquspecirichyctus). Fakes grsovastiramay be
water is mxed with an abrasive
Lmedu}]BEggggﬁggk&mﬂy%ﬁgﬁ?%ciIitates better tol erances, and
good edge finishing. In order to achi eve grooving of a
VI Intdgsiadegpticpldtangpansnt tisdovatf@renjipding detdcyiph cakiny CMP
pre-programed (e.g., using a conputer) to follow
[0179] lﬂg}% ﬁl%%gﬁsg%gg)ﬁvrﬁ%e% n%éltg]l%z@%{etrﬁﬁgg lpyhi S]%[S{,l cl(i__\et?ﬂgﬁlfansparent to
one or nﬁh’é a&bé’i@ngg@i S lidh tisedRbY br éﬁm@@etw&'icﬁi M&h@tﬁoﬂ'@&f n?lél&gg), such
217-21 Mar-April 19 whi ch pages are hereb
POhShmE ﬁé@)‘-‘r pBteatalighing préfranehe asednvithaiticakdrteationyr m@mf@uﬁ’g methods in
any sulteﬁ{lé E‘I%énﬁgﬁl[rgécﬁ% nl(% I rhn%B%D%tgozlns?stgﬁlglt\f\fﬁ%%}g%wlegﬁléséwgtp&d 1s mounted on

a rotateapteqﬂwegast dvecritedefor gkaeMe, e st dPGed @athbIeth J0e180- heldby
@E pr| ting, parts are built in |layers. A conputer
111001901(1 SEECC.dF a {1 pgar ,d@éfgxp plesgt, Fg&fl@scnbedﬂfpg@mm@ i RS Patent

Numbertg\r/‘?r@‘y’ﬁ)ﬁglfgéﬁﬂ%ﬁé&g{e 2 fsgfeg?f? ?sfsfohﬁ:f L?Lh otn;{: gmfa%n it can be

modifiedibg methods Df)themrﬁvqntlmd&?rlnsmde adkangparent td’@mstlraf aitvewofor aptical
materi.al then sel ectjvel

det%tm‘f)sﬁmﬂ?dﬁ A e AR A © SUBBe peipg PpEshisd- {Btitglcletection and
momtorfﬁ@ et dRIasd QRN 6 ﬁ&iﬂﬂ%&ﬁnﬁﬁi‘%m?ﬁfeﬁ gshrﬁfgdof{l%ﬁt reflected

art-in-progress is |owered in order
off of th@@mgﬁtelsagf@qe Cf@éCIﬁEde@ thﬁe‘idbovaﬂxﬁteehomlqmmmgzeﬁ is albepasailie to

d f ol | owed b f.ina
mositor FGEFRRA R FRET LT Rs bR e BBt ARt prigetgurtece
Optical rﬁmufﬁlﬁ@ts heeed Mo bl Mis ledor! 8 RN, & mEeBOGk i@ibytion of
ncrostructure, and surface texture, many new (and

the shurry layer between the substrate surface and polishing pf\d as described m U.S. Patent
Number 6,657,726 hereby incorporated by reference. This solution might also contain a
luminescent material that is sensitive to the localized concentration of material being released by
the substrate surface, such that detecting the light emitted by the luminescent material as a

function of position below the substrate surface provides a map of the substrate surface
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48 WD 2006/ 089293 PCT/ US2006/ 006176 previously

i naccessi bl e) groove geonetries may be achieved with
WQRRPE8EPhod. More information on 3-D printi R§THESHI0EE06176

found in Anon at al, 3-D printing speeds prototype

dcv., Mol ding Systens, vol.56(5), pp 40-41, 1998 ,

whi ch pages are hereby incorporated by reference in

compositioai thatent be etad to lﬂsteﬂnﬁfd’fﬁé eﬂidTpdilgt Snt?h ?ﬁ‘stwﬁmsﬁiégéﬂtﬁ@tn% U.S.
o produce the

processes that nmay be
pmw{%ﬁ@?é% i oG G Caed 03 b By et REPHETSERFMGAL of
eas:h viag I |4 %o
e o 300 8 WIS o PUPIGRL Xk IP5R I ORRERRT PR oyt
tr mspalfehiablﬂﬁﬂecepaseﬂz ght fsiacligls sburoe Qinthughrlh@ pat @Ct subktidle Surface or the
.nol.d_af t i

stuey B o 1580 s 45 DS EREL 3504 51 Sl tough e pad 02
detectod ¥Ph&RRI |y pr oduce pads having good tol erances, ti ght

specifications, and sharp details in groove deS|gn

| ndeed, thernofornmed pads are usually conpar abl e to,
[0180] hypmedwtigicemssy mothwdbitclule a4 moepsald myke 1 }maarhzed pjeadtangrarency
pad. THEQ#(%?%&@H lvglﬁlgsf‘)%le\g’ﬂfe{{rog% 9?1:%4)&180 P%os@eb)f 1658\,1%115; fr not adding porosity

formingMgtlets ketigg fife pali fabrRevon pfbohés(iﬁ %M&Mliﬁh ®beds to be made
ic Polyners, J. . Mcronechanics and

transpar-ﬁwtg{zvgg%laﬁe%gélﬂyﬁ:@senv@]ﬂy mp@glnmgﬁhqthemml (pgymer) gomposition the
same tlﬁ’éﬁgﬁ t RROER - &b 4. T*g?s;lgiﬁw LAGAR aﬂ n%da lggwl{ g& gfeﬁ%ﬁspapem window

ir entiret Vacuum orm
allows fpt mgth greatm pachhﬂeaﬁd sestatiafle itbrooug bom(mgm&mhm@mf ®\fmdowed
rmng

B T PG T S
such as Eﬁi@ﬁ@%ls %e@wé‘@ﬁ‘ th&dkd o mﬂgéd ) @kﬁﬁ]?le tl?cgk‘éwrrf&?ﬁl(iﬁ 1’1‘11010%01"68 from

rrg@ groove patterns be achi eve vacu
a regionpg| the payl f\msﬂfﬁqi@ith‘tmmeamyelspﬁendm for qatmahttmlqiounrdetwimgcan make

nt act r| nt [ I on
the less %)%%}1&7 %eﬁg 11?1@%(}1% eEU]'l 1n %rpé%og%n ﬁtela Ca@#ﬁé@%ﬁ:}& the less
porous 1@fioPtd Mcethiab: fhefndbased %u@s@di‘hfg b Bipb 2 SOHBON RS more
characterized as "Soft Lithography.” This nethod uses

COHWOH%HNémﬁéﬂﬁﬁéhﬁéﬁgﬁ%ﬁw‘Y%bﬁransfer a pattern onto the
CWP pad. This nmethod is a convenient, |ow cost,

0 i DAL . _
o1 5 B LT PP e e
domainsgrition ¢w. CNRgse. heighosdsechiryd demasededtier ligignad &g make the pad less

t st t h f eat
transpar%g%%ﬁél?c egﬂ)a emrléjog o 10?2 k@ugs a %g[elé{gete 188%, eZ :fe-];%illrginijle number of
the hard a8 within'eé pad ARPHE Fequiteh M hdlfeve sufficient transparency for endpoint

detection.

[0182] This concept of ‘local area transparency’ can be easily implemented to form multiple
windows during pad fabrication, such as by liquid casting or reaction injection molding, to
provide suitable pads for the optical paths of multiple detector assemblies on a polishing
platform. Such multiple window schemes can be used to provide accurate end point detection

and instantaneous wafer polished surface profiles.
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49 WO 2006/ 089293 PCT/ US2006/ 006176 [0178] Hot
rrP 9 can be used to generate the novel grooves
W%%@f@ﬁ%" Hescribe here as well. In this proces/UR06/006176
t her nopl astic polymer may be hot enbossed using a hard
master (e.g., a piece of netal or other material that
has a pattern enbossed in it, can wthstand el evated

{0183] ﬁ"h@rpellmlmy els pro&[ttd:dfw@dé‘sti}ﬁlﬁédcmQéﬂnsrdfgd tehirkYarb:Q 1?151@%1‘{& a less
into

ad to becone enbossed en presse
tanspaieforeBiasy QT RAE e PR oA RS [FORYRER, 1 s dabmbloginte the
transpatél 1t51%9{1'§13 &ﬁk%%a%txaw la gﬁg 0@%1’(:%@ %E 5901#)“9 S{ru&@%ﬁgi}}re&ous@ de€libed.

conformng to t
As suchh §maels dhdoyaddos Itnan@abﬁﬂt oopidrRevigliade ledslttamSpdre@iPortion, which is

s RGeSt BT ol Ferent it Tl
used. FIBSE €7 i RABmatkdoAURLELRRe ekgkhﬁlvﬁgf E&?{a b@é %&\Pﬁe‘afl oo 01

generation of nanostractires e rep i'ca ed
transparght llealrogewﬁum thedess fulssmgemrmmm gviefe thheegroplasld o/lindrical (102),

rcns B (0P BSGTohMRR BS) et SR 00h he
directiop bﬁkhedﬁnﬁm alaydeadiiod/ OuRE¥bITuMtohs ¢ 'Ii'(inélﬁg%(%%l%% such as a
optical transparent w ndow for endpoint detection

tfanspalalatrhaﬁﬁ pedvmith d)eﬁv Ypagperens ﬁﬁoggesw@bow & Pravwd ted hhdwinmgion of
ns
glooves% dfs&%gédo@rkg%tgoglgvv\g\r}%\é@ﬁﬁ? L8d ?t‘“ %ﬁaﬁ*&&raﬂ%%@ \ﬁbeb%ﬁwtwmdow
is the sadetthmknﬂa aatid miamlfldeiSonﬁe pml bt RGhidHethap Qlel SRbRGeRFdSe pad.
The tre ﬁsgo' i.shin s may be used with optical detection
1o rangpA RO .frh'% i ous e Anc By st blodal cremaga e may be

%: mlwhel‘ﬁgﬂ@rl'og% offl 1@&5@2{1 'p%@ttfe‘anarﬁmﬂ ailwgsts Qﬁe[n tﬁ Po%i' ltcé's% tr %spal ent
i's nounted on rot at ea
area, i. chhou@beaq-,queﬁf)%mf lﬂleS:othateemIn Nund‘aapeﬁts,&ﬁ@ xaﬁlﬁidmepsgém area is

about lessnt g@%?%bg;glt P%%EI gg%"g ?ﬂgout !1q.°|.s %ng 26%;[”@%{&' lg%ghégf{)%/o or about
less than65 %m,ﬂ?@t&aﬁﬂ 8Fe8 DY h PERIHRYY @Jderga}bﬂa\fe%ﬁﬁg [%qgmsl%gexﬁsf%é&ﬁe where
ot her_ configuration, it can b

the tOt""‘Itah@ ¢ m&lémlsment@eglma laébeolwllvrlwsslmrthnttotamemf thb] &fss transparent
at or,

region of éﬁ? 2 o 1@ 9 e}}pécaggto?lg%xgn B]éloHsngs 1q1§ﬁggnt 1@{0}1(%{ h ontg: or more

uansparef&treglbmmltlaﬁdaltlmgh b bingoeidiesisediEibaeddild HRiRNG: pad into
]{) t determ natjon, such as neasuring of |ight
two or njog¢ |os HaRPasht Iegotfhe subst rate surface described in

t he above-nenti oned patents. |s al so possible to
[0184] Nﬂﬁlhstpgfexﬁ ﬁ%lcﬁl% Hﬁétﬂ@n& 't1bl§oﬂrhe Ha@ﬁsegufl"%?ntgﬂ é{‘ESﬂ ent to
ol i shing pa strate

light of degzggcﬁwgv@mtghmaﬂlebedmahesmﬁfncmﬂ[ﬂ)stl -ABbukhion lightok transmitted through
trlbutlon of t he slurry

. [ di
the pad ‘?é&%#ﬂ BopRae T Suteardy Bosierraeg OpHER| JOPHEAGT fstaction
describe@Be1@@s CT Heh@ﬁﬁs%yeﬂﬂ rSeiofat&Niot b[a\"e'mﬁfete@y @%ﬁsmz&ﬁt E‘xﬂ[ SNe scattering

i ncor por at ed reference. This solution
or absorptiprtofiipcident light ia eecepinblardireferaly, Imtevlcm t&mﬂmuts liglet d:ver a broad
range of mgeleﬁgtﬂé aﬁﬁgug%ocﬂg r%s%%sh&p m% vrariﬁyt asa ulnct?oen olvave exelgt 1ea%ross the
desired 1ange When desired, the region may also transmit only a single wavelength, Light
comprising a spectrum of wavelengths is not necessarily transmitted at all wavelengths, but only
as needed to use the appropriate optical detection methods. As such, the transparent region is

suffictently transparent to some or all of the wavelengths from ultra-violet to infrared. For

52



the substrate surface, such that detecting the |ight
emtted by the um nescent material as a function of
WOHHEsP5981 bel ow t he substrate surface provi dePCa/URagsHH6176
t he substrate surface 50 WO 2006/ 089293
PCT/ US2006/ 006176 conposition that can be used to
determ ne the end point. Such a systemis described in
examplé) tfe trafdp@¥hSie@idalis Naticivht pRRAyGRNI @%om-orﬁp/& ﬁé’%iencths in
and i s hereby |ncor€orated by reference. | of thes&
the ranga\odt18fdo AAAO s Aisels ¢1é@Q9ﬂté8é/@wam, ot aboeta10 ta 708 ginpmwhefe in one

¥ ..hoki shing. L€l transparent, either
opee, WIRCOR) PILIBRATEHE UK SLETIY, wld ATSRATSTL s o B
about 75ubstight & sgivtrawevdingiing tranbiufited thithigh filRGegioQr tO pass
light fromthe substrate surface or slurry interface

0 &Hr qu%h the pad to a detector, or both. (0180] In one
[0185] Thi FaFearentyedlomsP RBESSS hKial tErnppasei e st nikare fie region
suffic rar : - AR\ P

kAL A SR RS B0 TS R AR . o
the lightid geatgresiomdshd segionds nbingffgenttystraupimg. tihe raasinder of the pad is

o BRSPS B et B Sy EatLE Pl B REE Te
remaindeP B 16ReAGRIer: BOE BRI 16 8 FRR chbi®PsdcA8hat %l‘aﬂz’B%fres scatter the

_ _throughout the entire pad. This riew nethod of naking a
incomingdief pudkiduamake theapsipatasatrandpacioi [n aht owknéo thenasshransparent

: e Li.fe and substantially inprove li.shing .
portion B 88 Ren BBy RouBi ARk RaanbotsTBrrd o iR G s
than abom0tealsatdssidad aboutdorpensats thet addhesadidrflas epaanvbi 1% of light

. _properties, such as hardness, between the w ndow and
that is trapanifigd by fisytragspaipiiaceine LBppowIdepsitimay P nerss Wersss a
et Sy ettt Bifobt S AR Baron of g e not
block the lsemé emswpardight, begilbreghms darckishafviena ighttdudso shespEday, as

Hseu EB I%(msri c material can be used in the Iess porous
aIscuss Z’ﬁeé% to account for the increased hardness. This
conpensation provides nore controlled or uniform
[0186] TR oBB G RbumbRE s¥abRR celQegxlr@%ﬂm@@QBﬂ%w p&IARE XsMH&Pthods of
. can affect the transparency is the size and density o
making $y¢d pagf-d  donmi ns within the CWP pad. Larger sized
hard domai ns scatter |ight and thus nake the pad | ess

Exmlplil[gg}g%g ?&tfofnﬁ’in%ia%hhdﬁ&ﬂ%i or endpoi nt detection. Thus

crease In the size a he nunber of the
har d-domain within the pad may be required to achieve

[0187] Awsifu wirdntv forarspanandyctiitng podaeinnty bedgtd CThomanufacturing
“l.ocal area transparency' can

) 0182] Thi s concept, of ,
provess gz SR Y G1ROVRL 0P PGS SHEATF 10 B8 B rfBmEr R gy, and

icrobaRéshsfaabiddeabiifatci§ 46 i cBStidibuk Ayl | R Ofhis i
ere ai nj escati on rml%i neg? toc p#%itldg%éﬁ%tlgﬁgé g‘g‘&?‘ﬁgéﬁﬁﬁ%%m e
demonstfﬂ@@q whtmpatally loFigws 21 plengistcbetomudsseity iresssgroaeh of the
required R@éd’ s%x@hlﬂg can be casily controlled to deliver the desired amount of curing agent, diol,

pre-polymer, and microballoons.

[0188] While this process provides remarkable tunability and flexibility, one of the other goals
which can be achieved using such a manufacturing process is the formation of a window in-situ.
During the manufacturing process, each part of the mold which needs to be filled in order to

make the pad can be traversed by the insertion nozzle at a pre-defined speed. In order to achieve
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platform Such nmultiple w ndow schenes can be used to
provi de accurate end point detection and

WQ Wae/eieneous waf er polished surface profil e®CTRIS2ZWB006176
2006/ 089293 PCT/ US2006/ 006176 [01831 The pol i shing
pads provided are described in terns of a transparent
region and a less transparent region. Wile the

transpar@idy fof aRadaiTBYcaP R ol dra RRAL Ao RIsEedd clpn??? ﬁ %ifl{(cﬂ%@ﬂow rate
since the transpar ent regi ons substantia

1educedpyl@@ethp ifeedeipif i@vg@n@m@ltmﬁ@ghur@1m maespamnsy j6 achieved since the
par ent

inborer 3R AR O e Corael® P B Ra o G rBR o the

curing algeztt ﬂllol‘r’(dx echihe) a@ﬂ}bugﬁcﬂ?ﬁkf ¥s trdr@par8sa niMep ath}F @E tﬁe @ftd is due 1o
ircul ar _pad, "a vari et geonetries may be

the muqﬂiu@@‘?l“ef’flt?e pgcrabalideandt fi%/lé llélﬁ"“ﬁ@diilw ragian. ng exarrpl es of
possi bl e geonetries for the transparent region w t hi n

0151 Aot RRSRSE LS 81 LHDBLSEAIEA L0 A E QR s

possiblef $10h)a trégparherpaduhdshnoa haeputhe dedifed fRQILAMYUbEHo I WhRGDNposss. The

e o O LIE AN T D6 v e AR,

to maketlb@lﬂ %I%Qiang’ﬁ‘a?&@@xden‘@' ﬂcfhtld%‘?e%u&ﬁ i ?Q?Brs%ﬂ& HEh QYRS aS

shown 1 n Figure 18. formation o grooves 1S
compengition gsakeg saiemiedol bn p&ﬂ In orﬁmgtu megifg anamﬂveE@ effects due to the

Le.§ anp wher e
shanged TR LS o R Rl it SRSl Ot aghd e gfeure 22,
Such coinlpaﬁlsatibﬁ Ofaﬂf@ \ﬂ&ﬁﬂ b@fvelt}hﬁﬁﬂ@ﬂly ac-ﬁhﬁlﬁﬂ Rﬁﬂﬁﬁﬁfd%ﬁﬁed £9h98

e o any size and ape, and t
schemes; r%ﬁg cﬁp@gs %ybebe’@hlegﬁybmg]eéuwmw ail_lowed of the tmgmufactuun g
process Péeyi:ﬁ{)ecpﬁlqhﬁr&%n{a%nﬁoﬂ e‘?aﬁ%f’é ﬁl%gxlo% J{Ggﬁslzlstéhﬁ E%S%Q%& /regfon can be

Ss transparen area,
accommbhisted dtrathcrlﬂlhe addilion sogreofas peed sl the 4 ehalfatwman ?ﬂfc@ﬁtcan also

b dg’ofﬁ%f out | ess than 40% about |ess than 3
cuse e’i“@’s?st Wihale YospWabetRcfless t han 10% or about
| ess than 5% of the total area. The polishing pad may

Exampl&2V8opaititd @mhfsﬁlﬂgga@mﬁatwﬂa&&b %ﬁ e ﬁ;ﬁbelﬂ%ﬁt al

area of all ‘transparent reglions P typlc Ss than
he total area of the |ess transparent region or
[0190] A%@ aspler ey rejant fcymutﬁéllonys reificd fivti maldos 2 lgesisd CMP

polwretﬁér@%ﬁ@&%%hnd%g«' %Qi[ ns1 %23‘27650 g?%?@e%gg ar S hing the wafers.

A polymreelgnelpshﬂﬁng Padlisvihadie Wlhﬁprﬁ&ﬂeﬂnﬂhé& hdrdges® rpoﬁ'@éige h&BSorosity. The
HS parent regions. ({0184% A transparent region is a
pad hasa‘@éﬁ B9 $p18 BPBAbERL 43 1@ aDtamlthasgpgm dengiteranging from about

25 % to iff @’néfp[ﬂé EQ& m;ﬁ%rial gsp%ctgjelf\?ﬁf} 'Ehegm% §1Fe ?? ghtunil S-que hardness vaiue

1on | transpar
for the pﬁd anmaltm th iSOG D Eﬂlhﬁ? Rathds€Ginge dnfl iRBn@IMKREE is preferably

t to allow the necessary optical nonitoring
*Ppwmeﬂtela ﬁbagr BAVInGRsS Y Beer tREPIFYE i Hesitadansbal epitcal e tomt
detection R ORLBRIGOIBLANSEL ks aﬂ@gaﬁ%lﬁpﬁgeg&? s R0y AHRARLLN

or absorption I NCl ccepta
transparc®t &f wsihld ight tdnecerdégblonight @msed tsuth Gcttéctﬁ)\ﬂesfohanbd’. QEigure 23

shows a fully fransparent pad.

[0191] Aspects of the characteristics, described in sections II-VIII of the customized pads for

CMP, which can be made by the process described and materials described in section [ can be
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range of wavel engths, although the transm ssion may
vary as a function of wavel ength across the desired
Wq?&ﬁ@@m%en desired, the region may al so traRSHUS2MY6176

a single wavel ength. Light conprising a spectrum of
wavel engths is not necessarily transmtted at all
wavel engt hs, but only as needed to use the

combin@phGpe e desapd hepkitdgbest fp@ﬂl T{!’E[BIBsthsts/bﬁe ﬁ&é?ztbteﬁsh@s described
transparent region is sufficiently transparent to

in sectiai§ VA - al | of the wavel engths fromultra-violet to
infrared. For 52 WD 2006/ 089293 PCT/ US2006/ 006176

Table 1@@5@&& actdiBiibd ARSRALLRL F{tﬁ% enyip sufficiently
transparent to sone or a t hé 'wavel engths in the
range of 100 to 1,000 nm also about 200 to 800 nn, or
abolllw2B& [t o 700 nu, wher eCharagpssticaspect ,
suffficiently transpar eql,,F5aRSP&bsil£ARE about 20%

al soag " Tgast about SO Dhio i1y GPREd PR Uut 75%of

li g Té}l G gl Vernm—wavel CIIULII :,ﬁ F-af St Lst ed-t+hr eﬂg%‘r he
r egi-on- [0185]--The—transp ?‘bﬁ@ n.conprises a

suilt nh‘ﬁ’\/ thr anqnar ent M%ﬁlﬁe Bjgweered Rady egi on
sufficiently I acks por osInSytu Crhevagdiegs scatter |ight
so that if the pore deBgbtydddsstegvepgly, nuch of the
light 75 SPPstt\@ftl@@aﬁé?ﬂzehh@/n{d%w F&?oBﬁg@ﬁ]gﬂd solbf ddcBR] v

transSparent. Tne rermarnder of —the €SS
transparent and may sufficiently transmt i ght useful
for optical end point detection. The remainder is
[0192] Inedditipn imthpaodntetfonauisgoistdehaibed ipesction & tei dhyrasieeiftics listed in
scatter | nc m ng |ight and thus

table IOtﬁglﬁfée %@18%%f S@zmézggtomx%eﬂgmﬁg 1 coptlziol(lﬁglén;cp@{rgﬁg@ alqz}gethh the
additionhi@$8rablcABSRAIEA in tRAE 1D O3S Rhant blﬁlradPé?fsﬁF% W¥ich Qi be

I s substantially mcro-porous, such tha
combinadrvafsip contealied mivsrstubou alQGQ/fothMQtHeeBmuehmprcﬂbmgl the

cnchp R PRSI sopu 2005 109,00 2P 908l o

2&6, 2&171@@&993&5 B0, 18y7, RS, \4&{6)/4&0f5>&§ e 1@@%3 1@!2@5115 R&DEt
i on, such that different %&ons of | ess

1&2,&6¢ ]r‘g%%a @ﬁ&"pé%ﬁ@nlﬁﬁ@hé&éﬁﬂ \}‘&501&4&4601:&4&%1&%6
18587, %W 5@3814 9 3’&5*3%53%1& 2&%@2709%4&50%4%% ﬁ'szgi&ﬁ”ﬁ&s&fs, 285&7,

tét i'scusse
3&A&S [.’)6&]58&7], 3FE&R 6&!6&/\] 4&5&6&4&5&37 881685706887 &ARD &4, 1&2&3 &5,

o G IBERL QRS (ELBeER0 AN, TRLISER MhoadBeetoss,

18384884 &3[89%’7]1&3’&@&? w&wg&w f & &B‘&WOP&%@%&P&H&B&Q 1848547,
ocess may e USG he rranu act uri ng DFOC

1&4&%@%&&@&@6&%@&8&#@ zeeaiﬂqat&ﬁ Z&b&@&@dl&ﬁ&§&6em&s&mi&@&6&7

s QR0 2 PSRRI Touedhl SR Bloia bl HiSusar,

485868 x&z&s@t&s 1@2&&@@681&@&9&4&%@&@&3@@&@ 1&0&*'3'893&78

21 % a manuf acturi ng pr ocess, each of the
1&2&3&6&7 1&2 4&5&6 1&2&4&5&7, 1&2&A&687, 1&2&5&6&7 1&3&4&58&6,
18&3&A&KS&T, 1&3&A&0O&T, 1&3&5&6&7, 1 &A4&S&6&7, 2&3&4&586, 2&3&A&5&T,
283&A&6&T, 2&3&5&6&T, 284&5&6& 7, 3&4&5&6&T, 1&28&3&4858&6,
182&3&A&S&T, 1 &2&38&A&68&7, 1 &2&3&58&6&7, 18&28&4&5&6& 7, [1&3&A4A&58&6&7,

2&38A4&S58&68&7T, 1 &2&3&A&586&7.
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required feed streans can be easily controlled to
deliver the desired anount of curing agent, diol,
W8/ H9Ser, and microbal | oons. [0188] Wi | e PCATUES2006/006176
process provides remarkable tunability and
flexibility, one of the other goals which can be
achi eved using such a manufacturing process is the
IX. Methotdritk icofo@izadomd ndow in-situ. During the
manuf acturing process, each part of the nold which
eeds to be fi|lled in order to .malice the pad can be
[0193] EH%@@#Z%@H B Padsean ke pser on Thpgesied apd awprnéy der exaaple, creation of

urethang H%‘a%g%loﬁ 6579]81%25%%190@”}1@%{5% o?‘?’ll e%‘&Q 98P fl%lg’s%m c%lgaﬁhe use of a

ansparency certa
TDI ba%égyfﬂem indendnifdvibbahd hense st sheany pcﬂpolbﬁd@blﬁanﬂxﬁe‘ ciins. Lower
owrate reduc ile the feeder is traversing

t he.
glass tffion PEPPTEF Hpads £a7 i 4B AP RES havelre Pudesiades the
size and 1'?1@1@3%1{1‘? ﬁfe“iﬂﬁnb‘%%wﬁ@ ﬂlaf@eélhéntchﬁ I@vdlﬁnﬁ:‘?&%ﬁ%@ﬁ s&fanﬁh can be

pol yur et hane fornmed by the reaction of curi
made u%@mlyeaﬂ@mol}(o@ Tazmsp@)entamds prebpohyerey jncirasing the 11umbcl of hard
aC|t

Th
segments; ENRRLAL o SR AR Viptohifa el B8 B0 e S efan Bt th sizeof
the pore(e egipoll61d 39h lééstat’&ﬂﬁtblﬁyhﬁlcﬂ%@rfgqﬁle@ﬁtﬂ1Qﬁ@ﬁ@ie’c@l‘é@ﬁ e. the

to achieve transparency in the entire pad
stolchlowgg,sbplgd bg geproxupatalysiisdrenkilip padnenp moﬁac}q‘:ah@ugh ghe addition of

select hﬁg'éféﬁlﬁg aﬁ# R4 Rlolde dbﬁ?é} f;v%{ehpg&kéllgl ng purposes. The

nce of mcro 00IsS i ncrease the hardness by
about 5-10 shore D. It is thus preferable to nake
A. Mettods &lr cueginorisg padsnspadentio imteren tb popsitsheet ect i on
pur poses and then create a conpensatlon gradi ng schene

101941 tyffsnind BRG ek iuf TS e R i G of Smbedded

abr. aswe[s eﬁilcﬁ Rs SAD, (RMAIRY witgh t@{d’lyﬁeﬂ?@&atém@@ﬁﬁ@ pblﬁ’sh’fﬂg%&'de
Such conpensatl on gradi ng woul d be very

eff| ci ently achi eved with pre-defined grading
[0193) Gennsrpelishairinvelvaur Mycestenapreacss dfighies ?daha@wma@y of Hes copper

pohslzmg gs s ébggéé Ifggt tsﬁa:fﬁgbulp cgﬁgex o?&a@%ﬂlﬁe{) 'eggnq sﬁcégoﬁgtﬁ% F]eéréoval of the

low K biumiet héidhraansaaiernbw raﬂ@@@rmﬁﬂry e tmaca@mmﬂafmvhhmm h

st e o soer el S i
steps. Wlt'ﬁ%ﬂnﬁ"lﬁl\\’&ogg@!\’phés Q@&ééEﬁﬁjed Gl lczpad%fn?&%ﬁl%ﬁ t‘g%'lﬂfbe achieved

pol i shing pad om1transpar nt to vis
(i.e a snnglg had caif iﬁhll%}l fgrallthreexstapp). Ehistdae bomelsiendd thomigh ltiset adelition of

eci for. hane
solid el kst PR il e EraT Glone” csisasd s datog sy pads.
Low She@pinlteEghddr}ﬁd@ Ehfd 5 @btainidy RAIYUERLABNGIPH B&%b@ﬁhﬁ@gz‘ Teflon®,
made wit h et erm ned hardness, pore size and

which candregisaligl Iu h@m fagopias palishing nlew foam tivreg GO Whinhoan be desired
ﬂ”*h60§§“§?§§ﬂﬁééﬁ%§§g has a pore density ranging from about

the pad material, respectively with
the pore size 35-55 m The hardness val ue
{8196] STI (nitride and oxide stack) can be polished through the addition of embedded abrasives

such as cerium oxide as well as by the use of low shear integral pads. The cerium oxide can
allow for selectivity in the polishing process, because cerium oxide can selectively polish nitride.
The interfaces in the low shear integral pads can allow for lower COF. Functional grading of the

abrasives can also be used to polish STIs.
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for the pad is typically in the 45D 75D shore hardness
range, and in one instance is preferably

W83 ¥Mat el y 70D for a window. In order to #EHIER2E06/006176
the desired goal of optical end point detection using
commercially avail abl e CMP equi pnent, the pad w ndow
is preferably transparent to visible light, since

[0197] W ifte} fad WHRE highet! 1%&11?114\8/"%115&%}%%5@@%}?%?5&8? oxide can be used

Figure 23 shows a fully transparent pa
to polishdipegstes, which hea mfabta;ﬂt ordtetal cHie rddstion kmeplad mrdiest CoNs: achieved

by wsing st b Bhe Pt 0k PRI BR i innth oral G Bl and by
increasing (seRiroOty th tlﬁi@imdbe 54 WD 2006/ 089293
PCT/ US2006/ 006176 conbi ned achi eve the desired

%Op@jrtles of the pad. Table 10 |ists the
(0198) Bilieal aaseriab o hish e rIely Drittie SeskeargRaUiaeta om temovaibicecan

desire 114(9110&3 ad, Pﬁa\[fﬁﬁ &roll §ﬁ1lsfe§ @ﬁ{%\pﬁ]@h 3 G& 'i %;gg% TY1520'111 be

nber Characteristi or O
aGhleVCﬁlbm(tltlﬂ aidaidnyofGohd di[ﬂn}]@aro:ts ancB’oiﬁWu%éﬁlbw%@ﬁ iﬂt@@&b vads with
tin] gﬂe Engi neered Pads 5 In Situ G ooved Pads %
fup GEWB% &% Abrasive Pads 7 Pads with transparent w ndow
for o tical end point detection (0192] In addition to

[0199] AB%tlﬂQJp}iHﬁfmeft@iﬁzﬂ}lﬂt@lﬂeﬁ@ﬁm‘%ﬁs@éﬂi@ﬁ atiel) ﬁﬁﬁét QR reE SOIs,
characteristics listed in l'e T0 can be co to

present fipthgsehpbpis iy eefraeats bthemnd@nn ragjuired low cerostal um u:rae desire

mtiodf e Yol 1, AL BRRL STPLRSL S B0 B 18LEE Hoin

by the addiniobef selpribbredsinihr theueetiswlhed u{fb% RIOSE WethUhitiple

..o are as follows (the nunber represents the

nterfacehar acteristic in table 10): 1, 2, 3, 4, 5, 6, 7, 1&2,
1&3, 1&4, 1&5, 1&6, 1&7, 2&3, 28&4, 2&5,

) S8y 5 0 B« s

as Boror] 8385 o1/ RefRB® AelABGscl&AEW, shadf58Bgral pA&B&FTunctional gr ading may be

needed i%‘%g'&?pa%%?n&éénzsﬁ?e%gfezggsgégt 2838&7, 28485, 28486, 2&4 &7, 28586,

3&4&5, 3&5&6, 385&7, 3&6&7, 48586, 4&5&7, 4&6&7, 5&6&7, 1&2&3&

B. Methddsl®2 &ktomizing pads according to IC characteristics to be polished
1&2&3&6, 18&28&3&7, 1&2848&5, 1&2&48&6, 1&28&4&7, 1&2&5&6 1&2&5&

(0201} P70r a%%g% ﬁ?pattem density, greater than 70 %, on the substrate, a tighter control of the
pad properties, such as long range order, pore size, and distribution, is desired. Tighter control
of these properties can be achieved through control of the pad fabrication process, such as
controlling the uniformity of the temperature during the manufacture process and having

homogenized mixtures of the polymeric starting components.

{0202} For a high IC pattern density range on the substrate, functional grading of the pads can be
desired to accommodate the density range. For a high pattern density range, such as about 50%-
100% of the substrate, continuous or discontinuous radially symmetric functional grading, as
schematically depicted in figures 7 and 10 respectively, can be used. For an even higher pattern

density range, such as about §0%-100% of the substrate, non-radially symmetric grading, as
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1&38&48&5, 1&3&4&6, 1&384&7, 1&3&586, 1&385&7, 1&38&6&7, 1848&5&
6, 1&48&5&7,
WO RNEBEPI31 8586 &7, 2838485, 2838486, 2&3848&7, 283 8BEH/UBBEHB176
7, 2&38&6&7,
2848586, 28485&7, 28486&7, 28586&7, 3848586, 38&4&5&7, 384 86&
7, 385&6&7,

schematgdggl@@éﬂict%&g&@i@%, 142 638480, L5288 b 528 §mén I B bpad

propertigsepeBepelisisR anEnes 182848587, 182848687, 182858687, 183&
48586,

[0203] @ggggk@%%%ﬁ%%&é?g%%ﬁ%? CHEPEE i8R e 5 B e

achieve R RBRAGOHKIA] 2R BEERGE TulR %45 &6, $84E5E86&H: 41&21&3&?&5 g@ds'
182&38485&7, 1&2838&48&68&7, 1&2&3&58&6&7, 1&2&485&6&7, 1&38&4&
&6&7, . 2&3848&586&7, 18&2&3848&5&86&7. 55 WD 2006/ 089293 ,
[0204] ﬁ@f UksisveroisarrEne fhy deyred peersriies ol CMR pask Fona large the chip,

such as %&@’%%n%a@ g}a%iﬁ{é QR bR imPAT ‘g%{heiggc : gir?a%.on t he

esired pad property. For exa C t1on of
uret hane hard pads is achieved through the use of a
[0205] Hiegrerofdesimety gymodewn siwhi an reisigiprstand rugel lofes,aan BBlermine the

desied 858 YO RO R S 536 bR S e woor
solid lubtrienipeVigtit hed pagsiCand ey sRde iﬂﬂ?grgquara@ b¥EbN@ i RObAhS they
and by decreasing the size and increasing the nunber

provide o & o do¥ Egepnsbe piigal Drdersq svpiveeestashemelier dirgeiances
. - WS N e [..DO Tr aren ads

ey R8s PRSI LY 5B Kl BogTLRRSIR S0 80P

Neopad’s pgireninshe designed toomicogplishrhighie vptfase pskgaiapdrnmahcd hall the

shorter ft chains, b educj ng the size of the
technology fﬂséffs %2’5@&1 g,rgf ROVE At o BEAICp BB BUS asAFcRhd iy, 32 nin
and lowdsd Nnearity in the nolecules (i.e. the stoichionetry
shoul d be approxi mately. Hydrophilic pads can be nade
through the addition of select hydrophilic and | ow
C . The Propertios of Cugpginedgolly foir MR, Met hods for custom zi ng
pads according to material to be polished [0194]

L+ shing. L. des, such as Si 02, can be achieved

HDOGIPﬁﬁﬂgﬁgﬁﬂ%ﬁgggggp??@%a§¥eg%ﬁ&@@ed abrasi ves, such as

S102 particles within the polyneric material of the
[0207] Theltérspdraigrepashsidnd #854g Coglpaingaglktasiboh rgn kifvaliesolBhing

t hr ste rocess.. Fi urﬁ 24 is a schematic of the
performapge e eBeAuRF Hanprs dBemds T e ersl prigtiepy PishpRals the shury
. - Iy \ ) 0
o BORG  BERARIn AR BOFOR S B B BB 0L o
temperattutei trasiehes desirdfie sinesditadtuafontihehe fdrh@lusthpaniued ¢omlead to a

st A A2 SRELST ety sl by Clnge Al erent pads .

of the prORSP 3 SxRAUS, it A% KRS %ﬁ%@?@ah@ EiginBe $i BOESrRADolishing temperature
functionality can be achieved
can lead to change in approximately 20% in the removal rate. In this invention, new methods are

developed to reduce the temperature transient during polishing. A low temperature transient can
be maintained by maintaining a uniform distribution of the type, size and density of hard
domains within the polymeric matrix of the pad, having high B’ and E'" values, having a small

loss in storage modulus AE'(20°C-40°C), which should be about less than 20%, smaller tand

58



(i.e. a single pad can be used for all three steps).
This can be achi eved through the addition of solid
WO YDA s, such as boron nitride and/ or Tef |IPERN@ED2&NGH6176
the use of | ow shear integral pads. Low shear
I ntegral pads and pads containing solid l[ubricants
such as Boron nitride or Tefl on@) whi ch can be a
vajues, §ﬁ><i HSbrd gl
i 1@@ Vt\g?gﬁe {):gi{n’u@ﬁ @gxglls r@tgtll R a@tgﬂ ﬂ%g’Jf‘?l'érc?domams {can
Causelrwmas@rﬁ’mgdﬁramém) [0196] STI (nltrl de and oxi de
stack) can be polished through the addition of

s B 40 ol i
the com@@cialdad® WadOf th%ﬁﬁﬁcfhhé’ileﬁ%lﬁieh 'ié“%eﬂ&l t‘hng pflﬁcc&gém ature as a

because cerium oxi de can sel ect Ishnitr

functionrpe px Yitferr hrgsey stomizaddNdopad s ipeds andril\/@gmalmqsraldhpa:h mre shown in
| ow for |Iower COF. Functional grading of the

abrasives can al so be used to polish STIs. 56 WO
2006/ 089293 PCT/ US2006/ 006176 [01971 A softer pad
DMA/TMLA Iprapeltiggher conpressibility than pads used for

pol i shing oxide can be used to polish tungsten whi ch

[ soft b |ttle mat er i The reduction in
(0209 ‘i firaaesmeshmigal amﬁﬁk?éa?fh&ya%ﬂ%ee %mrtq@éfcymaohsbup@h
erform@SceITehd@ N UTigdc Hed NP9
P mat eri al , an%ﬁgy [ ne?ﬁjéglgalingéﬁ p%?%gaﬁma?%%ﬂlﬁ)emmrg (Tg), the
loss mo{hﬂiig(g‘]”) (nbe poEdge mmdatusa(E’) tbitatd @' BREErRbY1 BPE-en®s))), the
e %B can re lbre a ermval rate, can desire
surtace faEGoneouSy g S e ratinu ptorsr e iera A cbayonts:
iniformp¥ & oy B X Hprin T oS 1 LY "
unirermean Fﬁ‘ Bbrl g:llagnt é{) 8‘.3?] g;}lgp ﬁ‘a sgt%&{stgﬂlggraﬁx&s C%Sﬁlgbq .Fh%HGI'E and

E’ alues lat@lsmdad lp)&i:dﬁse\/ﬂlé)hieam”td &d mb@aée’hh%foh@lﬁﬁg pelf&tdR3te Al gher B and
with optical material, strained silicon, vertical
Valueg 5eele aghiqyRd by sehigtnglbesize and BCressing theedmsity ofhartdomains within

e o REVA B IE BAETRLY UL PR RO LS e 2 Lot

because Gdwigtvalucp allbws Hbrnglowt hgasu@ t¥@E¥nl ow COF. This can
be achieved by the addition of solid lubricants

R and/or the use of |ow shear integral pads wth
[0210] The IpMgy EMA. propexiise e ShPWE@ID]l able 1SEle starage mce@lmt(ll ) is greater

than aboﬁphd)ﬁbﬁ’q%lcﬁgo lig sahcob/ Q)HHZ%C{]}? ?@.dg%gﬁlz%%ggllwg I@S tﬁal J{aﬁOe MPa for

I cants as Ol' on

commeruslépadfs Tiwlwo@dlﬁadiu}umﬁ'gﬁ Sbrepafighan EHRALIS0NAD, ﬂ)ﬁ'@ﬂzb{%ﬂ YRYvel
needed if |large pattern densities are presen

CUStoml%‘@étH%%%Omﬁﬂw%wstbé?ﬁﬁ zh%ﬁg%;@é{&@ fat contierngaltpads. CThe novel pads have a
hed 1
Tq belowg!i%rug‘r}o’tr(]) é{%%é}l‘ééﬂ%&’ F()gfgl o'tfal 09%%9}%31 pa q%hvgn%}hfggl ’fgeqf greater

the -20°@ A laydr 6, i< desirable befaukb@hen T, is further away from the working

temperature, the effect of the temperaure, on the pad properties is reduced. At or near T, the

Figure

polymer properties undergo drastic changes and have a large temperature dependence.

[0211] Further, the lowering of the change in storage modulus (AE') as function of temperature
can be important. Lower values can suggest the change in the properties of the polymer is at a
minimum (ie. that the material properties remain the same and clearly this property is destrable).

A smaller change in storage modulus between 40°C and 20°C is obtained for the Neopad pads
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pad properties, such as |long range order, pore size,
and distribution, is desired. Tighter control of
WQ Hegespoperti es can be achi eved through conttCalusedos/006176
the pad fabrication process, such as controlling the
uniformty of the tenperature during the manufacture
process and havi ng honogenized m xtures of the
0 I
(19%) ﬂé’&%@?i& i I@n;;lhinr%g;ﬁﬁ %ﬂ‘eﬁgdu%@%?ils s'ﬁ%%g% Ii*a%l% 1 1 Clhe
1educt10g iratherstprade mhnﬁﬂmadm tﬂa&mhbeed desiaimédning cacdomudataitiohef the

1ge. For .a high pattern.densijt e, such
SR S R R ) e AP SR Er A HURRS or
di scontinuous radially symretric functi onal gradlng,

Table 1BPadSeHRIBd cal |y depicted in figures 7 and 10
respectively, can be used. For an even higher pattern
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tand 2080(EaE8. [0203] For o0&, spdalio Fine widihiaf the I1C a

AR (R IHNC Sl 0T EDS0hEmidally SASY B0 TS Sha0 ¢
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| Comprageibdity| j nes, caré¥t ermine the desire 1-1;§r°/0perties of

the polishing pads. For |ower technol ogy nodes, bel ow
90 run, the use of solid lubricant within pad
{0212} %g{jlggéxp%{;mw&ia\ﬁbgg%{gh}ldgfl\;e}g%fvln&ad3 e%y gntkétéldgoaut T for
Neopad’ QRh&é &R o1 e'R&Ctﬂé‘r??f Scoﬂrﬁﬁ&tayélé%ﬁ @L(ﬁﬂ@l 1% BY(D8an?5)), which is
ances t ey may break during po I shi ng |ncreases
less thanamsbut €@ €1 /Ba)l foniNEGFaapadsend emgta |ﬁ&¢h I(EDh@]Oofbr cchianmaﬂélgaads, the

surtace Befon G S A Sinven 2 PR Tor bl TRt st eisolthag o mNin

for comx%& -clay ﬁ'uﬁn ﬂl@t‘ﬁ@%@mﬁﬁes%hity a%iches tb‘QQ{lﬁQ )éb&ﬁq% 5t 0eddpaSs pads and
rim nm nm and lower. C . The Properties of

ranges b@u@@@ r}r?/tze‘é% Fﬁald@mrcmocawadq 020 83si:pa gharaeensics pf Spardliskisg pads
ure transient) [0207] The tenperature
aleSho"JtngZs% " during a polishing operation can affect the
polishing performance. The tenperature transient
[0213] Thepent Doited pubtidkacvaistiadl es which include the slurry
flowrate as well as the | oss nodulus (E') and storage

madulals /l:' ee.of tha nad A _crpllar
Pad custonnzahon?or 7 T Achieved By T
Uniform removal rate (i.e. a. Uniform distribution of the type, size and density of hard domains
that a Prestonian behavioris | with the polymeric matrix of the pad.
achieved with minimal b. Having a low temperature transient
deviation of K} c. Uniform size and distribution of asperities on the polishing surface

d. Uniform groove density on the polishing surface

e. Punctional grading of pad

f.  Tighter molecular weight distribution and uniformity of polymeric
starting material

g. Higher value of E’ and E” {can be achieved by adjusting

_polyurethane/polyureas ratio)
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polishing rate
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ansient is desirable since a fluctuation
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rate and consequently affect tPgd/US2006/006176
and hence the uniformty of the

xample, it has been shown that a change

pol i shing tenperature can lead to

| Pad custo@BANGe fdrn appr
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Stable coetfmlts;m' JTEREdON
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e of hard domains |
b L HE%d by At

%flﬁii@lﬁ oEpadhd E" val ues,
c.| ghghdarE’ &t 40@dyfpaproad EU$>AEOI)(/I2®)®&41&§ 0,

ef. allogitted reslscitlianeigBOissitmtibetind @n®nb8y of individual
ROPhEIS2 0a6nAR6hABneal ues, and

pxV for three
commer ci al pad
properties [02

Low coeffitggfteasi ng t hel gi Zﬂﬁldﬁfonhﬁfsgh@m"@!cﬂﬁs hfhin e é)%ﬂz%%rfc'hgaterial
friction(Cdensi ty of harblb dqgw sl 15%%1a1%g&gse [ ncreases 'J an
Low temp&atu\f aFier él%tr gu é’“Un'ﬂ%ﬁ %’stﬁ%L 1 f tﬁé* '"'“ quélpc%t{%g/ﬂo?%ﬁrd domains
cormer cial pads %gg;epé’ N IINC : vvh| chis
greater than 10t. rat ure as a function of

cus Lo insthragopadilys (k3 skavdd bavsss (< 20%)
sd.allscrehepmizd and Hicgrase H2SlenWN v domains within the
O2udi(ckheatRenatoecsbchaddcRl vasaperties of

Low slurrt iewpad dagdng be
polishing per f or mance of
the gl ass tran
nodul es (E"),

d. mﬁﬁ)ﬁﬁtdﬁt_@ﬂiutm%m@é 1y9B) 4k and density of hard domains
He VMBI RAG T mit& 13( gf(ppertl es are
UipBR dhePP&A 95810 g the |oss
§o

anefﬁ%’%% el JS BB Sngat e pac

because they |
perfornmance. H

(En/E) KEL(t hili L r~|fh fh

Uniform Sj ’lblg;ﬁﬁtré]%ui]&éls

of asperitisso| i shing a | ov&é‘rt PRy MMIEBMEIKA theepgser at ure s
desirable. H ¢

£s pal-transient
@'ébfoaa Jirlributisn of fs e rrizsrad dapyiovdgard domains

Her TEht distiibution & prepslyaras chigsilensth and molecular
ewdgltto an i ncrease in polishing
fi og hEini fBt'm dizttibuonwikize sné aluphef aeli eved

QOuter edgdoyicldanktieisag t h
hard donmmai ns W

&. SR aBP eyhmerRAGhAGH D aeﬁa@%f ¥d Bhterial across the
i dolikMng blgaceMP pad. Further ower

Defectivityf ans val'ue 1S
range becaussg

tenperature tr
are shown in T
greater than
custonm zed pad
commer ci al pad
about 250 MPa

ns
':ub é}[ 101}1§ Ipadful us (E') is

&botit 14 R[e a@&ge W@g@pt of dishing and
5?1%9 ared with Iess t han 300 MPa for

GESULBRIY dlsth % 1%‘? 'tlheﬁ%)é‘ Zle% {H AT hard domains

vlufﬁ"ﬁ% Btﬁ%

VA pr opertl es

¢ Gpestand§OModul us (E') is greater than
feor AN@itipadf soliblubticantaist oni zed pads

Planarizaticroeff@aieady Wi t h
The novel padg

lae SEnithandidbBan bO theagparelz6laad dBRds of hard domains
wi8M@e Bolymeric matrix of the pad.

b. Low compressibility

¢. Functional grading of polymeric material and/or embedded
abrasives in the pads

d. Higher value of B and B”

Local area transparency

No phase separation should take place, with shorter soft chain.
Small hard domains.

o e

Reduction in pore size or removal of pores from window region.
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T5 bel ow about -30C as conpared to the T. of the

comerci al pads which have a T. of greater the -20C.
WOQ0HGRRIIT. | s desirabl e because when Td is f RGTHER006/006176

away fromthe working tenperature, the effect of the

tenperaure, on the pad properties is reduced. At or

near Ts, the polyner properties undergo drastic

Padcustonﬁf@{dﬁ%l and th[j@Ch@evle&B 3] terrper at ure oepenoence

[02T11T Further;

rodul us (A ) |d HEITON O R At ety e drmane
F-aft——tO0 m t@ A‘q 18t he change-in the
Padbrealc | ||PU| C u.IIL . U .
W‘r operties of fahPCB’@iM)@@ﬁkméhlﬁ s (PR Miium (I e, that

Increase pagiide mmt er i al ﬁ)raopblntfmesdlrsarﬁmlmnbﬁmwm siananccd@aity pf hard domains
this property ivatidiepoyhleg)y matéx sfidlelpad. change in
st or age nodul us$. bEtiveer QG and;e50C i s obtained for

Step hexghttaaﬁtrbl%@ﬁég) pads, BRI, RURLHEREP e'f' U HE%%\ f/ﬂéﬁggfr 6Phard domains

(19% as conpar
hi gher) as sho “ﬁ%ﬁlgﬁl& ) eﬁlﬂ?ﬁiﬁ uct| on in the

st orage nodul Us %hgr gf%lﬁ mai nt ai ni ng
vni-form..di SfJ:l lQnt K@lmt

HR-f-or-m-oi *ﬁ‘iﬁﬁu&%ﬂ@ﬁeémm ﬁhﬁpﬁ&ﬁﬁi’wlﬂﬂﬂ pad

hard domai ns vvlthln t he pol ymsrlc matri x of the pad
Tabl e 11: Pad properties Property Typical Value

I
10 oo Teal g Yol O 8o A, MR

polishing psecenn depending Gn Bie)slur yzmthp aurf&oppelmahi of the ﬁﬂDcaM lmazdj usted

o secorfingeila i ysd R Best st L st vty Ksvimockiog ve

wetting @)op‘értfé@@an be b@AbY HOIBONR usd Qf:pol!y&@%& t{aBadht ﬁhi]c@LQS more miscible
100- 1000 Ther nal Transi ent (O 5C, typically ?8
with thefgpe ofglprnbang apash Hmscauszsj,mﬁwpm wqgnmupnd Wl can aliow for greater

Siurryle'fe%gﬁhghh a%gﬁ;zt(oé%sg%{m#?%f% e Qther properties shown in

e “Thél is typically I ess than about
.7 f.or Neopad's pads and greater than 1 for

[0215] ’Eimmmrpcm@it ppadsn ohGELi¢H priShinglddburs(Chh AbdEABA B custhiehtion.
ess than about, 100 ad' s pads and

f
Differeny S%Em?%%ﬁf Gers1be oMy oL %@ﬂ&?@il@‘{%lffsﬁ gstestona of dgrppdesposed to
d1ffelentt 1@ Dho Bf AR E8 fos dﬂﬁ%?@nt taf% t@%@ H#noz%uﬂa!mﬁaf é}%fimg%gﬁge tsed to

s and greater than r comerc
”lCCOHlmaﬁ@S ﬁtféeladnpglesssm Hiigher ytnd\,mm p[rasmesesutth@rﬁahmlm dilfpent
eqmpmeﬁ%lah‘er%q Cﬁﬁe Fgiazesof %he pad may also be adjusted to accommodate different

equipment platforms.
X. Exemplary Pad Performance

[0216] A description of non limiting exemplary methods of fabrication and comparison of some
key aspects of CMP performance for the subject pads compared to commercially available pads

is provided below.
Example 1:

10217} Customized pad A, designed for polishing oxides, contains a urethane with 70D
hardness. Pads are molded using liquid casting and are formulated using methods previously
described. Amongst the components a 70D isocyanate, a polyol chain extender, a curative agent,
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ranges between 1% - 5% for commercial pads. The
desired characteristics of the polishing pads are

W HENASRP t abl e 12. (02131 Table 12. Desired F&F/US2006/006176
characteristics Pad custom zation for JAchi eved by
Uni formrenoval rate (i.e. a. Uniformdistribution of
the type, size and density of hard domains that a

a Stablhﬁéieﬁﬁddrﬂoﬁwjﬁ%‘éh@{ ah@ aWoHélt? E§en@ %{éﬁ[ﬁ@& iy ﬁér?ﬁf&f[me The pour
achieved with mnina . Havi ng

is Camc“idéi% é‘r "%hodlf BSG-Fehdi adfler Hewioat il mmmﬁocﬁna{)s aﬂlo“tdmh tt:@ctmte s eure for

I\t h
approxiBif LT R Bt B B8RS rh R epfybe BRen e i agen fr
apploxmlatdi}a@féheuls Forneki-anak: ghddi R0ebeRabde bethegRtBSut 100°F-200°F. The

di stribution and uniformty of

thwimewfwf‘ew%es %%Eﬁﬂlﬁ dhedipmeteapt e pril @t?é}lnv%ﬁSué defiblE sidertape is

w5, e, e s D A, ELUAE IR Wl

customigedpashd Zateron of frmAGdn evtebe hyrdSisa by lowepgf4d50i.ent  of
friction a. Uniformdistribution of the type, size and

[0218] ldl%%]fﬁ 1lt'l?iI é)?f ?q%l :Qgersdon&gql the vgcf gt{l‘)%é;? oggdcfle'rscé leﬁ.élr Ig%c%%ﬁgur}es 26a and
26b), anﬁ&bﬁﬂ%\dj S@nrhBeially aARHLNG, Als | Btk 268! tz@g)t gﬁgﬁ&g%@hmn%of the

ubrication regine c. nlform3|ze an i but
lﬂteﬂay%is%@wtfip EyeontheiR pokias hifmgtisuof a@mng(memgnﬂheIocxty is

obtunecﬁ&sﬁ@ﬁ@s&ﬁ%@% r%g %.: &gct I ?l%llgl%gglggbgjgljs ?cggifafr ideal Prestonian

behaviof i(Gintperingoheae ploty fonetieghbjedi st (ighiconcaAREH 2666 FHH do¥hmercially
ymeric starting conponents Low

svailabIg B EeR A6 A SSRATILGA T R raiily GawlebTabchida not show
e high e B YRl P Bl o S R G B3R betwoen the

subject whds tanql stdonmepéiain evm})abb padis Behanbe st bydsdre haedin a fashion
hL [lcmatlxofthepad b. High
that con%glng}he051@, \anens ity, an% s% 3/ gF the pores via fabrication methods previously

discussed.

[0219] Stribeck curves for two examples of customized pads in comparison with two
conmumercially available pads are presented in Figures 27a-27d. As previously discussed, a
constant relationship is obtained in the desired boundary lubrication regime. For the customized
pads it can be seen from these graphs that highly uniform boundary {ubrication behavior is
obtained. In comparison, the commercially available pads (Figures 27¢c-27d), show deviation
from the ideal boundary lubrication behavior, As noted above in the discussion of the data for
the Prestonian plots, the major difference between the subject pads and the commercially
available pads is that the subject pads are made in a fashion that controls the porosity of these

pads
Example 2:

[0220] Pads for polishing oxides are manufactured in a similar fashion as described in example

L. Further, the pads have been functionally graded to improve polishing performance. In Figures
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C. Loss in storage nodulus (AE") should be less (<

209% d. Decrease size and increase the density of hard
Whded393*3wi t hin the ad can cause increases i RCEUSAME/006176

E" values) Low slurry flowrate during a. Uniform

di stribution of the type, size and density of hard

domains polishing with the polyneric matri x of the

28 - 32 paghriZaioPeificisbBAPENSMGI’ 88,50 &gatﬁ(ﬂl’ﬁ iz#tion length comparisons
ghout the

Approxi mat el y constant groove density throu
are madp 38 g PAilBIhY Siesse Fanide 884 shavputhe di raeashh‘anfemt pian where 9 dies are

osen S LB B, L YO 4 0020 SSBP B b ot

111d1v1dut1h@:e$) aksulks ard slgh?tm B Biiideb 00 had3 wa[ﬂ&?@&lﬁgﬂf@g the %Eid@_thwknms as
h and nol ecular weight. c. Unif di stribution
a functl%vf ofgfl% ByaHPalipmgtensty w&h@son@sﬂ@@rfme@g@ priliehid gitinos €35e60s, and
I L] r.adi ng: of .pad . . _.
200 o B ks AR L LR L0k B A0 2y 0 e 2
and 31 igforlgoliftongniatiestsrai fﬂucttlcmlrbf@ﬁ essie ahisl Pelocity. 28 2nd cﬂ%@ﬁ bﬁlge it is in

the mxdﬁge o{ﬁgd e%ﬂag@gg%é\gﬁ}f eﬁ{ lgg}ln gqorrbigng f@lugar gﬁe&{ﬁbé{am{;@e\@gl & the
inner ed@@f e phdl ePﬁ@siéﬁe ﬁ@?%ﬁl kllﬂit?]?'(}sﬁb ggff)?@g cm%'h?e%mglngadg and is

Const ant on o
approxivpptakyd:2- ,@étfpoNequfdl’s:uBtmmzed pddaj fdivatig Ntspgadty pads hefe a larger

planar 122“21% 1,%%%% (}SGIEL%B%H% gtglgagé‘ ﬁ%‘ﬁ?{ \3{18%%1%%3@:%%}32@? fignction of

the layOLElpﬁQéﬂnQi&ﬁélt%@ﬁieQﬁll ¢ dRQ |an"E§ﬁ1h ré@ﬂﬁe@lﬁlan@%’n{ n%tP f<'1:1 Neopad®s
nbedded abrasives in the E . Hgher va
C“Stomlzéﬁc&“@ed Poda ligned2 1 azapanehbighar thivo fpiths eormeypara phdm Figure

I h sho oft. chain. b. Snmall
30:¢ qswﬁar%l%é%ra%?l%%éhﬁ)%%ﬁé% neplwﬁ(’pa 1P ze or renmoval of
pores from w ndow regi on.

Example 3:

[0221]} Three pads are fabricated for copper CMP. All three novel pads have anovel micro-
structure, are radially graded, can be are sub surface engineered with boron nitride as the solid
lubricant, and can be low shear integral pads. (The three novel pads are: 1) a surface engineered
pad (novel pad A), 2) a low-shear pad (novel pad B) and 3) a low-shear surface-engineered pad
(novel pad C).

[0222] Additionally, copper lines in wafers subjected to the performance testing were analyzed
using x-ray diffraction (XRD) and compared to unprocessed wafers to monitor whether or not

substantial changes in the copper had occurred, due to stress.

{0223] In Figure 33 XRD data are displayed. Lattice constant measurements are carried out on
wafers polished using each of the {ive experimental pads (commercial A and B) and novel pads
(A, B, and C) and compared to measurements obtained from an unpolished wafer. The lattice
constant of the unpolished copper films is 3.6086 A. The measured lattice constant for wafers
polished using the Fujimi slurry and Cabot slury are presented atongside. The measurement

error range for all XRD experiments is approximately £0.0001 A. To compare experimentation
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61 WD 2006/ 089293 PCT/ US2006/ 006176 Pad custom zati on
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WHHIGB8%%ed, since aromatic materials | ead t®CIUEHA06/006176

scattering Pad break-in a. Control of skin thickness

(< 2m) Increase pad life a. Uniformdistribution of

the type, size and density of hard donalps MAtD t he
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[0224] Ml%‘a{ ] Err e%nlﬂe Eleflsui%d‘ﬁgﬁwei%%qar{sgame ét%g]coppel 1lms pohshed using

I'ze an
commelﬁa.‘s pam azatnuoh] hizaer ialcs@phesdise thd eaefRURtick ebnddie of Re
. of urry used during the polishing process.
unpolisisd ﬁﬁﬁ’d iTH@ slyff dingetiogy lei%ﬁﬁeﬁ 8 kapsile pleess. Lﬁlf%tu@asu@ﬁé ptbee @mstant

values of hﬁnpgghs@l@@ uggg aindstigfds 1% 1?&81 Y btem Rg% 1@61& g@ﬂ%ﬂohshed

properti es and vi sScosity

using copfmerhim! pm Fonfgnp lpohﬂfetllwaﬂl el Pl AGhirérvednbREGY@NhE fh%asmed
Wi

value OH@%I@W&OB%&@P%‘%F% ﬁébh%oth\ﬁiégggp; gsqurll@ﬁ%ﬁke)lgghls obtained for
films poliSKHdl dsthot RBLHAMH, §3; GBS Atk S‘HW} P%ﬁ% %@c@%ﬁ{l gr(% )f’ éé%é]and surface

retention and a pad that" I1s s
engineerpih tegubpneadtlatbacdnstant G508 b itk icste H’lgm@l(BdlUTﬁls Ql@fﬂ’l matches
Different equip

the lattlc%lc%&t%tt velﬁ%c: &P f‘:f‘le iﬁi\&}%{%% gfné% hapge ndigafing spss Jre@gqogﬁgn%fWhen

Cabot SItuh@ ipagéd&m}ﬂﬂﬁtﬁfél & Caht hRRaDE] vags Qﬁﬁle%ttl&é‘&m‘éﬁﬁﬁfogﬁ%r polished
ferent anounts of tine. Functional grading can

films 1s }Jgg%o f\o o e FEE ML @diafipe latige goagianireswfs difgme pohshad using

novel pah Qj’\%r -apwgﬁgf% Z)acg ﬁirg)lvgff};@hﬁ écéteﬁ%}% 3[1%% rgcgg %Erag%§1gg5n§egng and
use of 1oamtmmmtbgtzé padd frenentireceq udcﬂETEeEltl\Id}ieﬂiefdéé MMoth Mese design
d Performance [0216] A description of non

techniqupg iﬂ‘glﬁ%g axssrsrearirested ARl vosharn prdscaniiedepamdently lower process
induced SRIEPA LRy @MI—S A Rher e Wﬁfq@@s o p%PB%IL&nQ%%%q%ggs induced

t he subject pads conpare OMTEr<CI a AVATY
stress whgadsnplé wdpndviddeldy @Iallawynﬁga;trp feshikon for design of pads

[0225} In Figure 34, the laitice constants generated from the XRD data are compared for the
unprocessed water (BULK), and for wafers processed using the commercially available pads A
and B, as well as for a low shear integral pad (Novel Pad A), a low shear ntegral pad in
combination with a pads having solid lubricants (Novel Pad B), and a pad having solid
lubricants and is not a low shear integral pad (Novel Pad C). The data is presented for both
commercially available slurry A (fujimi) and commercially available sturry B (cabot). The
lattice constant is a fundamental property that gives the average distance between atoms in
crystalline arrangements. If a material is fundamentally altered at the atomic or molecular level,
shifts in lattice constant can be detected. It is clear from the lattice constant data that the copper
in the wafer processed with the subject customized pads is comparable to the copper in the
unprocessed waler, indicating 1o substantial changes in the copper in wafers processed with the

subject customized subsurface engineered pad have occurred. In contrast, the wafers processed
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[0217] Custom zed pad A, designed for polishing
oxi des, contains a urethane with 70D hardness. Pads
WOL088ked using |iquid casting and are for mECAUBE06/006176
usi ng nmet hods previously described. Anobngst the
conmponents a 70D i socyanate, a polyol chain extender
a curative agent, 62 WO 2006/ 089293 PCT/ US2006/ 006176
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behavi or.. Conpari ng t hese plots for the subject pads

ﬂhvmn?&ﬁ@h?%gnmﬁﬂ%ﬂﬁﬂ@@B?Tto the commercially available
pads (Figures 26¢c and 26d) one finds that the

{0227} 1§ @[g!i?é 86, é}hé YirB%al Labt B ads tﬂé’PHz‘&{ Pl ﬁ]i‘ét a'ié‘goag%z?ed fo dwo

degree of linearify In compari son
subject p}{ﬁ%uﬂtﬁj for ccqblpérf EVPniceidpetolid dubridaats agdhjoaet aﬂ@d% héan G’nt&ﬁlﬁl pads.

| I h h
et S S e RS S F 5
wit% bor&e Ay hasdaeh ﬁﬁﬁ%d@ﬁ tfe?ﬁsse éﬁﬁ 1y ﬁga} ﬁgtﬁdf g mon mtude has

met hods previously dis ’ Curv
been incluged indhe @g@ﬁml@ggtabe@q}meMe dlepaﬂist liath pmmme D@V ﬂnl’the

boundar M ARIIELRLOH I aBG) WlittuPoa: B fedhiesitognBouner. in e

chstomanqﬂaﬂ; tershifg the pabhaineshs or SbmIL@%@éu{tQ@s@ﬁﬁ@ﬂﬁl’yygreatel than for
brication regine. For the custom zed pads it can be

the pad hé?é‘é‘ﬁ 5t ehck 1%%%‘11@ raphelettiatermongtipips baivftos mcbmm@f&r%bhd
tubricant! i Bfd S8 Bﬁhé‘ﬁaaf fllll Ther: %@é %QSI%PVJLIQ%%% gql)“lasrr?tglhw a low

conmer cl a y avail
cocfficientenfi fatﬂlctm Takcm)mth ﬁ&: XEDaiatéQ ochictaguypbitdthuCied §i8ificant damage has
above in the discussion of the data

occurred E%Bw Gpﬂ}éel B r@gtpgﬁlnéﬂwp}y%fprs thig H@ngﬁt}@pes dhg desiralle deatures of the
subject p@(ﬁtd/é@&ﬂaeﬁh@xéﬂbﬁlﬁ% RALSs 11"}5‘1%%'?2%(:?8&%3{&%&' th low shear, and high

avai l abl e pads is t at the su
removal fageshallowing éll et ntqgirscassing pﬁﬁoﬁm \mlﬂhdth ﬁﬁaamdesnable st1 ess-

induced damage to the copper structures in the wafer,

[0228] In Figure 37, a quantitative analysis of pad break-in is presented which compares
commercial pad A vis-a-vis novel pad C. The normalized removal rate is monitored as a function

of time. It takes commercial pad A about 30 minutes to achieve steady state. In comparison,
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pads Exanple 2: [0220] Pads for polishing oxides are

manuf actured in a simlar fashion as described in
WQRRUMHIPEIS 1. Further, the pads have been functBR@HES2096/006176

graded to inprove polishing performance. In Figures

63 WD 2006/ 089293 PCT/ US2006/ 006176 28 - 32

pl anari zation efficiency of Neopad s custom zed and

novel pptl dhavhiewag stemlyl S&m@ﬂfﬁigﬁﬁ%ﬂ Kﬁ@ﬁ& tnﬁé %Hﬁdﬁ) YS Efhtes. Thzs result is
gure 28A shows e di e nmeasurene

ed wafers.
duectl}ge%%w R‘ﬁg@P dhegoag né‘§r0§P éCt”’@h dsehelpaed Viaf éﬁ umeasu raedranmlelous hard
segmenktd ﬂ!ﬁv@th%%o%ﬁi%ﬁ 955’1‘! 'ishﬁltgttzreiﬁ%rléélgliﬁ ?%lre te%eﬁ\émﬁo-}%ervons are

each of di vi
created i g meletgvezgslmﬁduﬂd spantind rCsyP ar@svidb e coxdit®ub @hﬁﬁ? @?ﬁuzry once
the 'u‘e]??m function of the layout pattern density wth

ye & S?es for three polishing tinmes (30s, 60s, and
120s) for comrercial and Neopad's custom zed pads

[0229] 'ﬁ‘e&%@@l preees¥ stablIRy GhARak a@%e?fohﬂed: b U(?rﬁﬁ 1efiial d)%.ﬁq\ 3 bdl novel pad C

or_polishing done as a function o ress
for threg, ghugi floyv I3E3e4@ccrrsmct¢oé@nhsumtaeuudtsOr:e/mlmte (OsborsRigh® The

paramel.@és &ﬁ‘cﬁ?d\@eg&sg\gﬁq € @F«g e (;{)ﬁ ad eﬁhgp%éeg”%g (g}e) 13 Hgﬁ r vafer run
of 150 sEhandsl Biperehovallple@ficiRhIYa a'{:l AQ e)@nf)i@sr ali opagﬁ@%hﬁh& with time.

. ds.and . is .approxi matel .
Sp e"lﬁ"g‘a& %anﬁ%loﬁé%l Qveriarfastentl %@ aNélé MSS slpa@I dlomanags @Occ/mmute)

I ari,n re
Novel Ph@t?ﬁ&%fggﬂé%ﬂzdaﬁﬁig ggllclfx ﬁ’?@&éﬁ: 151& rnsgl()\gllflgtﬁ ﬂg?]ugi;ftge t/fﬁéatlon is
about a fagjay ot 2p°alt 1 érmry (ﬂlewschfttg@ detrhinufee falthe hiBBerdi@ Sy ﬁB@ rates the variation
mlemo‘%gn?ar ed f g i zation length for Neopa
Prlich 1}1 g %gﬂ)g:[ gasupqn@qﬂt%( Lre ﬁg(bé)g@dwambﬁ commercial pad
A exhibhi Q'ﬁﬁfahlhzgﬂr fatatbh %1 @r@ﬁ"(‘%gﬁc% @O?sonfpﬁj%s?cf OQH% @plsl\yeagbeg Sogained

refl ecte a snal
from thepgays! p@@ﬁ%ﬁ@ @). Timmlsfﬁhr getipadshanetefiaiysiagatied fi®im

three ads  haye a_novel m cro-
removal FRBR: ol pg € ol el g BB e P Sis s e pad solid
lubricanngi neered with boron nitride as the solid [ubricant,
and can be | ow shear integral pads. (The three novel

are: 1) a rface engi neered ad (novel pad A
[0230] Ig%d %11-13 6%@%%&#}6%%@11’6’%@8}?4}% f(B)Lwangmgjegaa]i:owag]abhrp)ads Aand
B, and ni%a@l fage: ?8191551%? ﬁij Hﬁﬁl omh I H%Y%at\ngfab Ihgwghgf céaéfnéfad,tlgdlpﬁglg

di'tionally, pper nes 1 n
operatiopar the ﬂnamdeboum v ng;rmmm @aahy 28 dompsidde, theS®WYbeck curves for the

di ct npared tao unprocessed waf er s
two comyx er%%‘ﬁ‘f tgHe %8@%‘% *83 Bifh hotg b pdienar enshramgeisd Fox petfermance

in the deSieRPRIunBAY 195 5AHEEFboi b EhE o
23 MR da?a R E guaye d ﬂ]jc% td?if%e%%ﬂgeﬁ%%n e sulgect customized
pad usedfpnaeneevinatlke dateshoan indigoutsand the commercially available pads is the

difference in the uniformity of pore sizes, and the addition of a solid Iubricant in the subsurface

region of the pads. The combination of the pad properties, and the solid Iubricant provides a
smaller and more uniform COF, which provides a desirable result, as shown in the Stribeck

curves.

[0231] In Figure 40, bulk copper polishing results on 854 mask patterned copper wafers are
presented for commercial pad A and novel pad C using commercial sharry (JSR sturry). Within

die uniformity is studied through quantitative characterization of dishing and erosion. To
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waf ers polished using each of the five experinental

ads (commercial A and B) and novel pads (A B, and

Mg 2Bonpar ed to nmeasurenents obt ai ned fr oMCAAIS2006/006176
unpol i shed wafer. The lattice constant of the
unpol i shed copper filnms is 3.6086 A The neasured
|attice constant for wafers polished using the Fujim

understaldugiohal affebtGabatireshdhty ¥1e%ﬁoﬁﬁ&§ﬁ?ﬁ eehiad QB98I A8ulaT B8 and an
measurenent. error. range for all XRD experinents is

edge dicy ¥ 6%}%%‘%(& SProcndighing resnéts @mmaseeteéipxear 1 (fipt HDé giructiid of the
error the
o St R
60% ova*pblushe’l‘hé ofshiag nambblacfeﬂthe 26¢4 engp&ish 32 Albt i tﬁﬁiglko1n11161c1al

slurries, asured | attice constant val ues of
pad Carg jn piest 2] ‘}-PB %g ﬂilﬁbffe@ﬁsn i C%’élﬁﬁfe regiiléd Obé%ld@i uieg Immhpad A

show sigthBHRHy 1 & & GonsLaN
1o SIS un(ir)rolligﬁ)l e@elﬁbeltrp( 1!(Ib% &gl {Fogt(t:t% n/ PRUPRLigyater
mdlcatlr@ Stuemscm weitlgt d&}smlfoﬁ'hEy r&q&ubedhshlag beEeneads tambyel pads is
t he novel pads are

es of . fi ol i shed
directly f"‘g B e Wﬁ@m S%‘ttahengaﬂﬂ’rﬁﬂm RmpBInesHeing wanhgs for the
three die QMRS WoRbvRpslsn v’/:éﬁ& Ad1lsHBd 19&1[1$ 2oRg 83!4 £y ﬁo&{ﬁ rv&?ﬂmﬁhe die to

surface-engi neered) the neas

die Vanailﬁflﬂﬁ Tegheg ﬁﬁ%dﬁlﬂﬂﬁ (1083 sTheharpr GveﬁﬁﬁﬁteAecﬂgmqietfmmance isa
I m.l.ar, Sult i films
oonsequc—élé:lléi é‘ lﬁlge dl%%lgf& %etvg |furbc§ 8n§ grgﬁp Wag éﬁgahw}tﬁdmg of the
pad is sofiey gen figdinfer (ﬂoavms Beailaideh (p%k%[tfv@?%uii@ &%'dﬁ@ﬁﬂ%z disH®g numbers
meas1 red lattice constant , In the case
on wafergij1ig0% PM?i‘P?Ilﬁhsh?L@@Hm Ffib caresion rasalts aepiesented fmtadiit pm feature

within th\é%ééﬁsgt 0@01 cBﬁuﬂé‘? %lhfgad%g 101gﬁumggxg ?ZSd o gg«%gé\; s{fmﬁw# Biained

free polishing. urry-i
are si gmﬁaam@ higlive (mm@e donmplatee 10fthd Sesibahidbas @&mamadf@ (<150 A).

olished. films is 3.6090 A. For Cabot slurry,
Erosion %ﬁ’b‘gf’ PRRYY PaKleT cumpBARtltnds daifbe §0%roveimolish pefar shedll

using novel pad C vis-a-vis novel pad A/ novel pad B

[0232] I Tahie QB ecﬁm‘iﬂh@eltw% hengs fo?%&@e: il rft@&lﬁalﬁ@%‘z%}fo% éJC ?@n&&g including

USGO |0WS ear |ntegra paas
dishing, eraeipni and. plamn@atm affsiengyointichedbe tiesivghpad @qnhﬁbmpeuor to

ce-engi.neer ed W shear ads ca
the "m”n% 8‘5@@“3% nl?‘ f {1807 nghdé%l&éﬁe bﬁﬁ@ﬁh@ﬂﬂ% braes e@g}am
parameteﬁl\,ﬁe obtairtciegsr ﬂd@eﬁ@.d € aRNEHRSeL @r}:oﬁﬁﬁ&bllaidly hded @I‘F]@JEI%I&I pad C
stress when enpl oyed i ndi vi dual

ocess_induced
fs the indtp 1pir,stayded aqrst,&nt%HmA@M@riaye@rpoaéyn@ rRasﬁlthIadwat[GOMEtpvetlrpad C
performs '%éngéﬂlg@ng‘l‘lto chidfhek@hil rﬂeag% b tLﬂQErm&? nﬁé%iz%gxo{;\égrgplepezs These

ata are conp unp r8
results indiBaikckhat thmbvk:bpad/\mhéfe&\spd ﬁcﬁ‘&ﬁ}ﬁeﬁum Polhidd®; well as barrier layer

rciall able pads A and B, as well as for a
polishing b’@;@ﬁ@a%mg‘%i’%%«%%ﬁ%@w NGFBIcVPd® A), a | ow shear

integral pad in combination with a pads having solid

Table 13 Dard sanhsry((9velvePadd B) ’an@rb@nﬁlné?a SQlik lishi
mﬁﬁg{) T e%l}glp\)/er polishing

(platform! PO 1(CRARLSe] ESaliPt g
(}I;latform é y The. dggia i 5 pr %@éne? ééi’%ls %? %%1 I polishing
B Metric Novel pad C Commercial Metri Novel pad C Commercial

: pad A etric ovel pa pad C

P1RR ~5,500 ~6,000 P3 CuRR 0 ~1006

P1 WIWNU 2.5% ~5% P3 TaRR 350 ~500
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commercially available slurry A (fujim) and
commercially available Slurry B (cabot). The Ilattice

WO YRR i s a fundamental property that gi vePGTHES2006/006176
aver age di stance between atonms in crystalline
arrangenments. If a material is fundanentally altered
at the atomc or nolecular level, shifts in lattice

nt can,be detected.—1 romi e tattice
| pioceRgl it cAh o THOSRE gt o it acedsea 700
PIDW@Rast { he sdBf ect | custlgpbozed radsCOsPwonpar adsise to|thesqn
P I'n ihe upprocegssed i catTm
1 DNOTRR el jes | ﬁ&? BS%‘PVQ% S\ﬂf er sﬁ%&r ocessed 347

Planaripgtidn { he bj ect cu pm ze rface engj neered pad
Efficibage Jccurgr%gd | h co%b fast | tpﬁﬁ}éf procé¥sed 65 WHO16
100}5 06/ P89293PCT/ rJ§AUUOI 00617 gl t-h—the—correr-ct a! -y
dishaval | abl e~pags A} and~By@o n3t d ﬁtﬁ%’re favorghl y vvlth ~250
1%e control wafef. indicat{ngdeh8g" malerial” changes
10um d gl.coaper in thejwafers protcesseg,ysi ng t he
WM G e Ci aI"I7§ avpi | attd pads h@j]gﬁngﬁ red. 4130226] | n~250
90% Frourg—34; the—fFHH-—wi—dt h_ ab—hRat-FraxdmHn-hel
o CPENETM _of2Phe 222 pedls s 9@%@@%@& for tI98 ~300
* post bepjer ocessed wafer (BULK), the wafers processed using
commercially available pads A and B, as well as for
Novel Pad A, Novel Pad B, and Novel Pad C. In Figure
34, commercially available slurries A and B. It is
rocess. in .
(02331 FEOAE 4 Bkl a8 ST BB PRPRE s Gt s sonn be
obtamec’mtsnhgmadelm;ngeqlugs@nF\AHM is an | nd| cation of whether
or not copper has undergone non-uniform strain during
the polishing process. It can be seen in Figure 34
Gecc=£/(+hat both the | ow shear c{fétoni zed pad in conbination
with solid lubricants (Novel Pad B), a and a pad
where g‘@yﬂdaghé%lf %%I cants and is not a | ow shear
i ntegral vel Pad C) conpare very favorable,
regardl ess of the type of slurry with respect to
v =Poisgin/ erpkiat i ng non-uniformstrain in copper. [0227] In
Figure 36, the Stribeck curve data, and the Prestonian
= I are conpared for two subject pads used for
¢ IatucQs{}tun CWP having solid lubricants and are not a | ow
shear integral pads. The difference between the two
[0234] Ils Eh}lﬁﬂiﬂ épaidﬁlattﬁ;e sthein adeiknilated adPRLAN Ik 'nijﬁdtlc%(%lﬁtﬁﬁ based on
wt % boron nitride has been included in
a mfmen‘?% galﬁgﬁn tléﬁhli’} eﬁm tHelgimsnide p‘aﬁfﬂl%e@vﬁ% kb@rl@moqmlsitmi gheves as the

referencd)@%in gbﬁftﬁubﬁ‘ aly gﬁguihtﬁ tﬂglgpcﬁﬂ’quiaiécf]snﬁeg%e (o, jr 8 ]tIH%C%’HUS of elasticity

it i1s ear that S are ope

(E= 120BéRmderyPoissbm’ss cattd (wn= 0. ég) foe copgpee :apRESS: oﬁanbb@t 25MPa to about
n that resent ati on. However, in the

50MPa 1 %L{ 1 Ieg e}
FravBhi her W olsind Rreerurel me gheasramieeg syt isogrifoantly
lower wilhuBE IRt vilge siHISVel itGantily p&%&%@& @ 111%'3%‘»\/]c REar s[t{}?ceoe%%meered

having 5% solid | ubricant I'S c rli'y denons
vad (Tec FowMPD . Badharj the nmgmambcﬂf tlik accumulated stress as measured for

commercial pads (04 > 25MPa) is high and can affect mechanical integrity as well as electrical

properties of copper films.

[0235] The DMA properties of pads used for copper CMP are shown in table 14. Neopad’s

customized pads have both a larger loss and storage modulus at 20°C and 40°C, a much lower
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| ubricant in the subsurface of the pad can increase
the renoval rate while nmaintaining a low coefficient
WQH006/p39%8%3 on. Taken with the XRD data, which PEERSRE06/006176

that no significant damage has occurred to the copper
structures in the wafer, this denonstrates the
desirable features of the subject pads descri bed

change hﬁh@ btor 'xg@hﬁﬁi@hfs%ﬁ\%cﬁ%@"@ %(f;‘ 96 8 2 RAFeRBES %"aﬂlg& WdpBrature and
| ow shear renoval rates, aliow ng for

greater Welf3belie i d@@@@éé@ghémmn@ut @R without the
undesirabl e stress- induced danage to the copper
t puct ur bn the water. [0228] In Figure 37, a

Table lgugﬂwef ﬁ%?%éﬂrm@sof pad break-in is presented

nad A al Jng_r

Wi Cll L?Mp CONMMET Tl a: at—rx YV+-S—a-v-S—Rov-et
PR

Pad C zgé%}ag%%’@ BlusyIiecayiia Staspga (0P kgs "ﬁlgmatlon
f“”“'@@@ of LI ddeytakep compngial pag.puabpul |
3 Et ate Ho86 \

mnutes to achli eve steady n conpari 48 \D

out 3oContact Angle

D06/ U ,006[L 76 el pad C VES 0
Neopad?‘ ea g\t%gi?e in s%(g | cant ly | 2§)§er tiime %gu 10415 &9

nut I'sjfres rect attribute g-the "
IClOld“ nﬁrl\gisii rucit ur JMPSEH s bel i e%oc/ﬂ that thef%h @orm 85
a ushard et attow - the—formati-on—of
ISR cpnsmg si Ze ml:)cr/? FPesel voi r&”%Thesd — 25.0°C N/A
al +1 al chaort

Cro-TEServorrs are cre etr—a-rel tHvet-y—-SHert
time span and are able to provide a continuous supply

Example#: slurry once they are formed. [0229] Tenpor al
process st abi I|ty anal yses are perforned on commerci al

6 BB AP i e e ettt o
two layes lnﬂégiM)pdaiiﬁl subQr&lBLe 1§eé&d’ﬂiﬁ1§gg%lﬁl LEAYA in 091519111211:1011 with a

(Figure 38( @a};g and (Figure inasin
two Iayewgqt@ralrggﬁ usest o1 SOT pelidwsis Cmalreéri@v abmrr&tcealb,f avaﬂable single

Bl ant variation_wth
layer paf PR ATl At PR RGN AR AR S g0
commeuﬁalﬂiy ataxltﬂlsie sltmkluﬁﬂy% (BlghieoW bah and éiQﬁ?"B"TGI” 4189 42 a-c), were

d vel pad C Exhl bits significant YF er variation
used in ti,CORBTAES 7R, oI BHOLGIRFEL (P STADD Bhissstomsbayn n Figures
f f for th
402 and fl% tﬁ]g{t F%Ifuh c%rél}}‘él %‘\é}vﬂ% g’h{e%(h %Itogy\[t\}% o1 %@%%c{nr@m e%’ reSioll constant, as

an mdzcatca*toé RRs vsi ﬁﬁlelﬁﬂ}f" TheecoQQkris@Bis ldbﬂd&rﬁﬁtb@ﬂ( &1@314’4&213&{ )39) and
ad _A exhibits a _nuch higher

uifride (4\}§ g%é@n v o%\frléfl 18|C%I§lp%11§d gbtptgg &e pefs(Fes cp 'mg 42c).
val ues obt ai ned fromthe novel pad C (0.5-0.65). The

(0237 IrCEIgﬁicﬁﬂ@ﬂt udiid Gtd-pnakt 1§ Qﬁv@?ﬂﬁf RS Mgk e L8k ?fc@ pads is
noval rates for novel pad C are characteristic o

close to lﬁé@hﬁﬁ it osypiinpbesl whybssdbe sdneel rae isindinfaoadtsabout the
same 1ev£1qgr?’9>91d o@hgi‘g 8in gl\?;%ﬂ)} llﬂg“léh 42§ C\%(S\mc é}\lloevsés t%gﬁﬁﬁﬁ%%plmde

pmcesszqgadm@O}Fof tlmguﬁbmp&d p@dyi’slaf)@tﬁﬂﬂjw sk aahithg oP8RAYI lal&: pad
erve i ndi catin
whereas t%_e removal rate 1s 1pp10x1mgtely the same for each pad. Figure 41c demonstrates that

the selectivity of the customized pad is comparable to the conventional pad.

[0238] Similarly, in Figures 422 and 42b, using shurry B, it is shown that the COF for the

polishing of both the oxide and the nitride using the customized pads is about 20% less than that
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operation in the desired boundary |ubrication regine.
I n conparison, the Stribeck curves for the two
WhHheesei3al | y avail abl e pads A and B do not sREWR/WS2006/006176
i near trend expected for performance in the desired
boundary | ubrication reginme The major difference
bet ween the subject custom zed pad used for
of the c@@RAakd] PEd Wﬁ@re@@t!@ I@Et‘%"% ra%ié? Efg@lré”@loa&lgnéﬂgﬁates thaht e
comercially avail abl e pa difference in
selectivifpof melstynmedpmde xssqomgx abgmd tmmnaemmabpacbf a solid
Iubrlcant in the subsurface region of the pads. The

0251 B8 81 60, 05 B RS Sl B

and testedhhﬂ:hng)atdvasd esc mtateshb ﬁabioasra%ﬁiéést suﬂ@l%dﬁéwne ODH, kile
ribec curves. [02311 I'n Figure 40, bulls copper
mamtm%ﬁﬁéw g ¥esul ts on 854 mask patterned copper wafers
are presented for comercial pad A and novel pad C
[0240] jgfsbl&:@ecpm hed @110%&: ?éa&bfe&tﬂ&@g%} W &}fﬂbmyg H% fhe (61 I&wing examples
uniformity is studied through ‘quantitat
of varioghdevaess end metlicoly, whichisshiylgs MLlEHGGBppiBmef[ﬁhé @isV¥Bsure and do not
293 PCT/ 0S2006/ 006176 wunderstand gl oba
lunnthégggégﬁgﬁgéfﬂ @hents are performed for a center die,
an annul ar die and an edge die. In Figure 39(a),
}p}ger di shing results are presented for a 100mline
¥iglesopprishe a yaencendishingwed Sutpslighingessbsteatee stid pad
] waf er at 20% ov ol i sh and anot her wafer at
compt 138@0/% @WB&M‘W 2 pivReidy WRt iilﬁfgﬁu%@&té‘nfl é@cmﬁée&@% within the pad,
are

said pad ‘48@8@3 ggcxngseﬂ @%@nﬁrz%yoc}l yéef Ti ?qrhv,pgiét gm’re L klﬁl’l EYRP3: gg foa

comparﬁrtﬁé% t%ﬂy%% ?Ih&&‘q n%h;tr 4 pg}i J&g K H%HO%ﬁ f?iatalls élgifglgllp ErI{ J%gl%tgﬁ%
correspoRd ng@ |Sé1§|3h{’f@'f3§crl 10995}9@%1!(1%91@%3}?}51’3 %?‘a& P{u“is g{h%re»iuse identical to

uniformty. Super

said unifa@gigolishing@aiect |y attrlbuted to the pad
mcro-structure. Furthernore, conparing dishing

nunbers for the three dies of the 20% overpoli sh
Anafrerriigle hthéids us bnggap € lwiRadn Gid ptopesiy@Psgbvied t hat
the die to die variation is rather |nS|gn|f|cant
(-10A). The inproved center-edge performance is a
5%éﬂﬁ@ﬁ@éﬂ@éw®ﬁgthwﬂgﬁthvdynnmsmdpohmnmhammakmgdpdmﬁgyHnt
t he pad in which the outer ling of the pad is
differs 1%%7#1‘1(1@&“ O FeH®E ARG paid second aropsityid ardresapar at i ve
results are obtained for dishing nunbers on wafers
MAth 6@@6ove 0|ISh In Fi gure 40(h) erosion results
e i SATRPEdINE 5 D@ iy PSR &1 %Ht P thirferegigek agtthe same
on nunbers (20% over polish

region, a'r:lafsalﬁ fi a'Elllln g%LP%M,egiogl'sa #1? SHRT IS W gher (300- 500A)

corrpared to the erosion nurrbers for novel pad C (<150

58 aﬂ%l@%c%ﬁhﬂ% }%{1 §%r%}lﬁp W@e@ﬂ &ia ﬁ%%@:?{s%‘{ﬁﬁﬁﬁggf e

for the 60% ov er as we
13, conparative trends for several critical

cphangiidie addoiin® &) RS EHSS WhelUld\pad has a circular profile and an axis
of rotation, wherein the first region has a circular profile about the axis of rotation, wherein the
second region has a ring profile and adjoins the first region, and wherein the first region has a

hardness greater than a hardness of the second region.
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di shing, erosion, and planarization efficiency
i ndi cate that the novel pad C perforns superior to
WQ HEo/8aer ci al pad A In addition to studyi nd@CTHE20G0R6176
pol i shing, barrier layer polishing paraneters are
obtai ned for novel pad C are conpared to commercia
pad C. Commercial pad C is the industry standard for
tantal um barrjer |ayer polishing. Results indicate
{-Hai 2itgleaAccerdmade ppeetaph feviicaeinsupbEeicote indhearimss phthe first
. d Cfor_al] the critical planarization paraneters.
reglon #ﬁé%@esecw&ﬁfﬁtog 1§ ﬁtd%sét‘@lttﬁa(ﬁloﬁa novel pad can be used
for both bulk polishing as well as barrier |ayer
ol | shi and. hence single pad functjonality is
Gkt 0aBRetng e b dudll 1Sl s bRt it ebenid Showe
D. comercial pad A for bulk copper polishing (platform

P1). (2) Novel pad C and comercial pad C (Politex)
for barrier layer polishing (platformP3). Metric

NV LA 1iBR G CorHRTTE %jagﬂgg%tvme?eiggﬁ’%m%%q 8%{%%{3%{ has an area

pad A pad C P1"RR 5, 6, 000

measurd/\id4i @ B repi P d8p i bRatRRsB B0burt 75000 : :
s ot 73 5??&1 0 2008083898 roular

profile @6&dp200 P1 DWO Post -100 1,000 P3 DCO Post 698 5,411
P1 DNO Post -35 -600 P3 DWD Post 502 5, 347
Pl anari zati on Efficiency 87% 80% P3 DNO Post 266 3,016
Hodnaktide déeohding (RF02GeTh 8liwdlkiang$aid 3doRs BegidiDmddinshiehgce
-75 -250 10m 44 -250 dishing* 90% erosion :25 -275
betweenggigh fplgidgseoniggsiospeccupy pud rethainirigared 0288fe dfuld iemular profile
i quantitative measure of the accunul ated stress
OrIMePady ., ,) within the filmcan be obtained using the

foll ow ng equation: aacc=E/ (1l.v, e (4)
11. An article according to paragraph 5 wherein said polymer has a second property that

differs in third and fourth regions, and said second property is continuity of said polymer.

12. An article according to paragraph 11 wherein said third region includes an interface

within said unitary polishing pad and said fourth region is located away from said interface.

13. An article according to paragraph 12 containing a solid lubricant in a polishing

surface of said pad.

14. An article according to paragraph 13 wherein the solid Iubricant has a coefficient of

friction between about 0.0001 and about 0.5.

15. An article according to paragraph 13 wherein said pad contains greater than about 5%

by weight of said solid lubricant.

16. An article according to paragraph 1 wherein said first and second regions are located

within said unitary polishing pad.
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where E = nodul us of elasticity v = Poisson's ratio

c- = lattice strain [0234] In Equation 4, the lattice
WOR0PEP§9293s cal cul ated as a unit change in | at PCTEIS2006/006176

constant based on a reference value. In the present

cal cul ations, the unpolished filmlattice constant

serves as the reference. Using Equation 4 to

cal cul ate the accunul ated stress (o-,ee), wth nodul us

bf- Ad) Hlele@regrdingro parpg@pviba wharrn Rod Sisonhd sacand cegions=are
.. 0 )3(’& fgr copfer_, a range from about 25MPa to about

additiongfjysicaied apppaiiviies surfice pf saidupty spledlingsiadg novel

pads, the accunul ated stress is significantly | ower

W th ,grggl I oweat val ue acgi Zv d for .a filmpolished

usi NG AT SRS REATC BHPEERR LR HgerdetadPropsdy (sRasosity.

<-2MPa). Further, the nagnitude of the accunul ated
; : Qr. i al d > 2SNP,
B 8 SR bR TR Wbty TPyt Yo SRR Brggery e
differs i@ HB&E dddGBhrth IR raﬁﬂ%éi&%%oo‘fl gygﬁ;{)eét&' i%:ﬁ}%dnésg.zss] The DMA

properties of “pads use or are shown in
tabl e 14. Neopad's customn zed pads have both a | arger

1oes ande a&wr@mg t@gﬁc@%%h aY wABLPRGd ARFertRisTsdhekover
69 WO 2006/ 089293 PCT/ US2006/ 006176 ' change i n the

storage nodul us between 40C and 20C, a |ower gl ass
4lr dAnsirti¢lo acdoedipe taparngrapind wheredatad fiveehdicbhy regdss are located
determ ned by the contact angle. Table 14: Copper CW

at a polighpg prépeef sad usitay pglishibgipddis St or age Modul us Decay
in Storage d ass Transition Pad Contact Angle (200

2&43@ I_\/tfdul us Tenperature Neopad 666 MPa 540 MPa 19%
23dngriclgaccording i parogrgpivb WhsGInvREL BOPSILINS HBrdDess 0
JSR 875 MPa 127 MPa 86% 25.0 C NNA Exanple 4: [02361

Zgh i%uit'f'c{l}% ?gcgrcﬁgg)tgﬁagégrgﬁlﬂ%\dgg@é;n;tga ?tgljéelu(}jf | sbf{ulég,gfpc% ;aid first
L T

outer ed MREhd Hd wihbreRRd 4551 FS; e%- to
B el iy STLsALSBLO00! 816 RIBRE R gy ot s of
said firstlr@yieh. i ntegral pads have one interface acting as a

stress sink. Two

24. An article according to paragraph 1 wherein said property is compressibility.
25. An article according to paragraph 1 wherein said property is coefficient of restitution.

26. An article comprising a polishing pad having a first nonuniform property along a
radius normal to a rotational axis of the pad, whetein said polishing pad provides improved
planarization for a semiconductor wafer due to a difference in values of said first nonuniform

property along the radius.

27. An article according to paragraph 26 wherein the difference in values is determined

by a device density on said substrate.
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commercially available slurries, slurry A (Figures 41
a-c) and slurry B (Figures 42 a-c), were wused in the
WO B %Sons. These results are conpared for S€I/US2006/006176

pol i shing steps shown in Figures 40a and 40b, and

Fi gures 41a and 41b, which show the conparison for the

Preston constant, as an indicator of RRs vs. the COCF.

The conparison is done for both oxide (41 a and 42a)

ahdn #iickiageordippro anasweh L7 vdwtkin Hee diékeotd vitajuck & additionally
determiS9 ar ed fﬁr the two pads (Figs. 41c and 42c). [0237]
etermip yiire ohisalnalenngpdes o pgid Aubsimats. s shown t hat t he

COF for the three custom zed pads is close to half

1990, O L0 SO0 DR, MIET R0 e Ll (20

- POkFL.Sh R i larl.y i.n, Flgure 42b, which shows the
byam?gg{?ﬁ@{sd%rl%rﬁ% P]ila%lx Slpl)brsgtf:‘ §sing, the COF of the
customnmi zed pads is about 33% | ess than that of the

$0.7gl ﬁti&l@é@éor@i%% eto lgﬁakﬁn@% 526 Be e?xgg%:%r&#;egﬁre% Hnirilgess.

approxi mately t or eac

denonstrates that the selectivity of the custom zed
Padu sticlonperielk ¢ bAabiash SOMRRLL 98 - osity differ
Simlarly, in FFgu?eSEA a and 42b, ﬁ%?ﬁgﬁﬁFﬁggggﬁ?“F%&ﬂhw
along a pesoghoriustthatis QifkraOfobosr thbeme el ihsirfida@fis bot h the
oxi de and the nitride using the custom zed pads is
about 20% Il ess than that 70 WO 2006/ 089293
Fetmasrde 67 0odng & pohgeble2¢ vheent thenabpapads phesieas t he
RR i s conparable. Figure 42c denonstrates that the
fﬁleCtL ity of the custom zed pads is conparable to
ENAEIR ATOEHES tha ofthonyperpssibove sonEwingemlid dwkatcent in a
. . T hat. ex lLes of the subject integral pad that were
pohﬂnn%g%$$%5$g§dpgﬂd tested having at |east one interface
acting as a stress sink reduced the COF, while
WA t.at ni Lre .. [.0240], Di,scl osed.aboye are
TR, B8ORSy P P B et s Rt R BroDerty is nor
&mwpmégb]omﬁng exanpl es of various devices and net hods,
whi ch exanpl es of course suppl enent the disclosure and
do not limt the scope of the invention: 1. An
330 AhehRlCaprdusd RO Bad il B WhBeld S el KRGy has an area that is
pol i shing a substrate, said pad conprising a po?yner
less opaqumvhangueadpsioperasa. t hat differs at first and second
regions within the pad, said pad providing increased
planarity or yield for said substrate when conpared to
38 A evijséar zpchvlengitei namyprageeghubdes wheeit ihe atopepetapdragensity.
conditions that is uniformin regions corresponding
o,said different regions for said unitary polishing
3gafé|ﬂ BUiClS accoidifes (pi ¥ PRderPhehpve whetshl de arpedy ys pore size.
polishing pad. 2. An article according to paragraph

rejin,said property is rosit
3‘@'.h£n article accord?ng R any aragra%ﬁ above v\«//herein the property is selected based

on the material to be polished.
39. An article according to paragraph 38 wherein the material COMPIISES COppeEr.

40. An article according to any paragraph above wherein the property is selected based

on a shurry used in conjunction with the article.
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3. An article according to paragraph 2 wherein said
oI}/msr has a second property that differs in third
HAOPYE h regi ons and sai d second property PET/US2006/006176
hardness, 4. An article according to paragraph 3
wherein said first and third regions are the sane
region, and said second and fourth regions are the
\ﬁn)nme region. 5, An article according to paragraph I
e#IEWHG%C'éOfB%FS@ Ry PREgiaak dhasovhebein A @ppéro) i@ sclected based
T 3§cord|n ($ara raph. 5 wherein said pad has a
Ot POUSAE I HY ep’iB? |'B ¢ W&“%FPna‘%’iﬂ%the@Fﬂqlpt ation, wherein the

flrst region has a circular proflle about the axis of
on has a ring

erne the secaon
pro rﬁ&gﬁgﬁggmg hELY RERSEP %XP@ Irein gHd sultsbipisiinat he
Semlconfd 15t§ w@?eg'aﬁcﬁ] GJI&%@%HS@%Q%? (21-8 ?rﬁgglggggp pﬁna?f‘zgg&eﬁfd

e secon
PCT/U82006/006176 7. An article according to

RaREMBR 0B p RS AL a@aﬂkgf fééﬁﬂ&ﬁ‘xdu@m} U»%feix G dxﬁgﬂ%gté%rped features

the first +tegion and ‘the second region
that causedaglh azaSher @wer ai8as Ma! hiG! |

7 wherei n sald d111erence 1S %%@%22159 RO e eyer
with a p@lishéng pad hawtriged orasig o hatidngss! @ rRBERMBH Nl MSERict Bp B

circular profile of said pad has an area neasure,
1est1tut1cgvaqh@¢ Yaries tlong ghonr mocupil$roat a fe@iinapbeuss tF5%e0fng @la@kmzmg
ea neasure of the circular profile of said pad.

the layel,a@{ thg fqn@p@lc@@% MR virempaing deafakierdn wiecigh aresaaidh rate th’zt is
nd region and an interface between said first and

faster th@’e%@ﬁf‘datr FloHe Robshipg Padraneventlierdayry imthedowerasemse of
the circul ar proflle of the pad. 11. An article
5 wherein said mer has a

h
ACRAGLDI R0 E{?{Z?I R e QP b P e B He P afPried foatures

secon
of

that causk %94&102[%%}3)/2@”@?0\? e eigg{ﬁg %{ Op?&@:%?thgq] é(?l?ltglllglgé fcica}t%wgﬂe layer
with an a@(‘h&é @bdbr&ﬁ & EIW 5% E‘%ﬁﬂ LpELY 51}3@%1@%% a&%ﬁft h

hi n sal unitary Shing p
regl on is located anay fromsaid interface. 13. An

48 Aip6lygn e gRlighing Iph@ [RHAQF Q@?ﬂtﬂ[&l 1%1 nﬁ%&%n%%ln infegral

| ubricant in a polishing surtace
interface detweche fasiqolghag hyePauagkanty ﬂ&yﬂ&é}% fa L& &ffeﬁe Sl 1 d

I ubri cant has a coefficient of " fricti on bet ween about
0001 and about 0.5. 15. An article according to
@, agt agshrdine whearegrapls4f dhpth ihe i@ ipoBmgrRdiws ahd a8k second

pout 5%
polymeric layer are the same polymer.

47. A pad according to paragraph 46 wherein the first polymeric layer has a first
porosity, the second polymeric layer has a second porosity, and the first porosity and the second

porosity are not identical.

48. A pad according to paragraph 46 wherein the first polymeric layer has a first
porosity, the second polymeric layer has a second porosity, and the first porosity and the second

porosity are identical.
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by wei ght of said solid [ubricant. 16. An article
according to paragraph 1 wherein said first and second
WQ WY/8113%3are | ocated within said unitary pol iPEATU$3006/006176
pad. 72 WD 2006/ 089293 PCT/ US2006/ 006176 17. An
article according to paragraph 16 wherein said first
and second regions are additionally |l ocated at a
pol i shing surface of said unitary polishing pad. 18.
48n Agradiact e dagaordy nhparagrpesadrdpihdrginihe fiedt poBaietic layer and the
property is porosity. 19. An article according to
second godvmgricalprereee hieeevhiheane pultcipntsrbuh as raagetontr different
.. property that differs in third and fourth regions and
conditiogyioPrawide Ao pelriers & thakihaaksecond palymaric layiers.
according to paragraph 17 wherein said property is
ardness. 21. An arficle accarding to paragraph | .
ﬁmérp& RS Eperto pay Oéﬁwﬂ%@?&ﬁ* '%eﬁg?fﬁ’él fg? @acrq %ﬁtﬂwﬂm@mpmm a
solid luld ‘ch?c! i shing surface of said unitary polishing pad. 22.

article according to paragraph 21 wherein said
property is hardness. 23. An article according to

a b o : Lishi i
AGAPL RSP et SO POLSIL Bt By
unitary polishing pad and said second region is near

52NA éﬁdh@éor@ﬂg% ey SBifapasths 4300 WAGER shilEnRAGRADRSSROve to

said second region is l'ess than the hardness of said
reduce afcbefivienegf HivtioR 41 sbdhpar 4si Ohpaneiao radﬂoﬁ@)aia@ivegﬁ@@m@ﬁ’ﬂselidentical
~Wwherein said property is conpressibility. 25. An
to said pelytrieci @olgdog pidoptiakparagramhfate.wher ei n sai d property
is coefficient of restitution. 26. A article
conprising a polishing pad having a first nonuniform
Sr dpebiyeriy dhegicn! meglinical plenarigation pad conptisionapolykiethane

. of e .pad, rein said polishing pad provides
tllelmosqtﬁﬁﬁag%‘@ggaﬁl’ﬁ%gﬁaﬁ%sétﬂiaﬁr?bﬁ%trl% semi conduct or waf er due
to a difference in values of said first nonuniform

S 058 L0, DA BT Rl BeSBGRI0 4

determined by a device density on said substrate. 73

y
5%\ g 1! )0f An. ALt o
YOLFOUELORTEES, PETLARRORS QOEHS, o7l BELURLE e ot
greater thodl 868 409 Mgg_i tionally determ ned by a size of
t echnol ogy nodes on sai d substrate.

56. A pad according to any of paragraphs 53-55 wherein the pad has a value of B/

greater than about 250 Mpa,

57. A pad according to any of paragraphs 53-56 wherein the polyurethane has a value of

Tg less than about -30°C.

58. A pad according to any of paragraphs 53-57 wherein the polyurethane additionally

has urea linkages.

59. A pad according to any of paragraphs 53-58 wherein the pad has a AE’ (20°C-40°C)

of less than about 20%.
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29. An article according to paragraph 26 wherein the
difference in values is determned by a size of
WQ HYARH128hy nodes on said substrate. 30. An arRGTEPR006/006176

according to paragraph 26 wherein the property is
hardness. 31. An article according to paragraph 30
wherein a second property of porosity differs along a
second radius that is different fromor the same as
GOh& piil nstordiadite sny @2pardmapistidel Sewbaeiartod payt ltas a compressibility of
par agraph 26 wherein the property is porosity. 33. An

less thangabtitic]%. accordi ng to any of the paragraphs above
containing a solid lubricant in a polishing surface
of said pad. 34. An_article accordlng to any

op %@@ﬁéﬁmd@géq anyyparasrgiarhsiSg- (kprgb@ pﬁ;hqz gacm_ats a sur ace tension of

35. An article according to paragraph 34
kESﬁmnﬁﬁ %ﬁﬁmE@Wd pad additionally has an area that is
| ess opaque than an adjoining area. 36. An article

c in ra 0 r r
6% }i a éfm%é%%lrgt o) ¥m§) %@&Qﬁgg}sﬁ%c(?/ % ﬁ%rglgscg@%}icf‘l?as% VRE I BT tess
Hnnabo&?ﬂﬂgraph above wherein the property is pore S|ze 38.
article according to any paragraph above wherein
the property is selected based on the material to be
6RO Ipaneteri3therthl didchalienl pReernighng pho c&ﬁ%@ﬂﬁg’l@ho@&rethane
mhereln the material conprises copper An article
thermosAQaOhaving atvah@y B arags dph sbbov@Owigs.ei n t he property
IS selected based on a slurry used in conjunction
with the article. 74 WD 2006/ 089293 PCT/ US2006/ 006176
6414 paiyreerid dlegied oorbimenl pomanyatipapad caphrisibpe golyurethane
wherein the property is selected based on polishing
thermose@ goé pAERE ao@g@ qfrE”chﬁt@rfbm dwudthMme article. 42. An
article accordlng to any par agr aph above wherein said

substrate.i or .waf er nd sai.d pad
S H%?ﬁ Sanechirg aiahnew‘zangﬁ EomaT iR b gglyuriane

A ad of f a sem conduct or
thmnwa%gﬁ%&wgggpﬁa é?%%# gﬁﬂegpﬁgg%)ethat cause hi gh areas
and Iomer areas in said |layer, said nethod conprising

689&3}3 ; y 1&&9%%011&1%41 la%argg tioﬁg)ia@ 9 ﬁqsﬂ?@c{ LB8mBethane

ESS

thermos@ 384 hhahe Btcoﬁﬁn esﬁ::%ﬁ&%/ BPI&%Q{&&E hesutMa4.i es al ong one or
nore radii froma rotational axis of the pad, and

planarizing the |ayer of the sem conductor wafer by
67 el yrgeridhelaye imdchaitife phinghizAicgasd abmarisiag @ pphatethae

thermoset and having a surface tension of less than about 25 mN/m.

68. A polymeric chemical mechanical planarization pad comprising a polyurethane

thermoset and having a value of KEL less than about 100,
69. A pad according to any of paragraphs 53-68 wherein said pad confains an interface.

70. A pad according to paragraph 69 wherein said interface is an integral interface.
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faster than a rate at which the polishing pad renoves
the layer in the | ower areas. 44. A nethod of
WOTMHETE% ng a | ayer of a seni conductor waf er PEEVISAEH6/006176
patterned features that cause high areas and | ower
areas in said layer, said nmethod conprising contacting
the layer wth an article according to any of
par agr aphs 1-37 and planarizing the |layer. 45. A
Thoh e p¢arpog iehivng peegrdpbs A2 d Uofheaeis padipatiicontaois wrselid
and having an integral interface between a first
lubricantgp layelislieg pujase odpald aadecond pol ymeric | ayer of the
pad. 46. A pad according to paragraph 45 wherein the
7fai%st pol ymeric | ayer andt econd ynmeric | ayer
r

PP ACCOEHBS &rlvr&frpa%raphr\?ﬁgﬁ IR d lﬁg)afié%ar 357 apA

polishinggHOF pE3d il Lechsia Bordap iRy ar 1S Aot v same
property‘?n ggi%eﬁé/ﬂt a?endogg%rﬁ P&%%@}l%g‘ﬁ%"%ﬁl ty and t he second

8. A pad according to
paragraph 46 wherein the first polyneric |ayer has a

7hi Ai)tad aBREAFE b anst chgv QJEQ 5POLYIRILIG shr@ﬁ%ﬁ p@ﬂﬁm@ an areg that is

second porosTty, flrst porosity secon
more traR@iiSFtd i 1Bhethad Rkieadnt 3176§ WO 2006/ 089293
PCT/ US2006/ 006176 '49. A pad according to any of
par agr aphs 45-48 wherein the first polymeric |ayer and
Tt hen see el symer irdta-pyiemiedl endchamed polisitihg psdfemed of a
reactants but are reacted under different conditions
thermosettgngopadyincie wiiefciresaath papodnparey saril pohnerici C’rostaitamhdg;eﬁqmmnez ic
pol ynmeric layers. 50. A pad according to any of
domains piat agliptesstaBeaof sebpash, whetedn gadivelduicr roraing pard segments and
onprlses a solid lubricant. 51. A pad_accordin

soft segmgiis, By E&F%ﬁ‘@ﬁ?&%fok{gmséhmwphﬂt%fé Hissang thpalh nents

ad according to a ra hs 45- 51
forming g elf olaeRE Apars seet Putigs ukvhvelt it padueecanpies
Ol(me%gefirzrent of friction of said pad as conpared to a
poty ¥4t i ve pad otherw se identical to said polyneric
pollshlng pad but |acking said interface. 53. A

7BOA ¥ IR 6%08&%511&% Lpr f %%WAC@IE r&!n%gﬁrﬂa%@%&ﬂﬁng’ ﬁgve a sue of less

conprising a p er noset avl ng
than abostelot#a ! €ss than about 1.0. 54. A pad according to

par agr aph 53 wherein the tan delta is | ess than about

0.5. 55. A pad according to paragraph 53 or paragraph

T6AA nheicR dechiingagatugsanh Madrparagfaph 75 Whaathesid lnlomains have
about 400 Ma.
a size of less than about 100 nm.

77. An article according to any of paragraphs 74-76 wherein said soft donains have a

size greater than 10 nm.

78. An article according to any of paragraphs 74-77 wherein satd soft domains are larger

than said hard domains.

79. An article according to any of paragraphs 74-78 wherein said hard domains have a

total of between one and about twenty urethane and urea groups.
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56. A pad according to any of paragraphs 53-55 wherein
the pad has a value of B" greater than about 250 Ma.
WORpO6/RIBEd according to any of paragraphs 53- BETMS&HENHH176
t he pol yurethane has a value of Tg |ess than about
-30C. 58. A pad according to any of paragraphs 53-57
wherein the pol yurethane additionally has urea
I i nkages. 59. A pad according to any of paragraphs

883Ah rtiskeercebrilindie paagrdphsy SavidiBbin (2AQ4DG)maind hivesstotal of
t han about 20% 76 WD 2006/ 089293 PCT/ US2006/ 006176
between 600 aidl paoht sizcwettiegpnd airemgrowfs. par agr aphs 53-59 wherein
the pad has a conpressibility of [|ess than about 1%
61. A pad according to any of paragraphs 53-60 wherein
81 han gy iglanesonling fofaiy o f paiBiaphs 24-80 [réigtein spahpbis Grunpary

I\ 62. A pad di to. f hs 53-61
chemicakgtiapisa s 38 PRI XY RASHS Kea BB e on e efronctants

o o B AR A S N SR BT E3t BREERLUFRY Bomice
mechanié/ﬁl gﬁsh% 15 greater t han .abOUt 400 Mpa. 64. A
polpyrrerl% cdhem cal mechani cal planarization pad

conprising a polyurethane thernpbset and having a

gyahpepde £00%mﬁ{nﬁt§?ﬁ&a%§#§ 7289 wWRfkin 834 pM has first and second

pol ynmeric chemTa ani c pl anari zat i on” pad

polymeri€ @8R6hSdGe PoRSHiNHELTRBBLetAE! B TR 20 6kcBAY e including
val ue of Tg | ess than about -30C. 66. A polyneric

both saiddiedaedsaidechdnnegiak, apt arrrdiz aiid dinst paglo hasr hrepargy laving a value
pol yur et hane thernpbset and having a conpressibility
different dfonh e gslut Harsaabpuperly Sosaisecdudookipmeri ¢ cheni cal
mechani cal planari zati on pad conprising a pol yurethane
t hernoset and having a surface tension of |ess than
83pduertEh s Iding®. paR gy ievherciatseld prapertyee hap pdegted from
pl anari zati on pad conpri sing. a pol yuret hane _ thernpset
hardness gpRYOFEX PR % SPHRresHOREL CP%%IBP oA dbonsguity
pad according to any of paragraphs 53-68 wherein said
ad contains an jinterface. 70 pad accordj to .
o i Bs fe bdind o B Gernfer B2 SR RRN Rpdiplins an integral

interface nterface.

85. An article according to any of paragraphs 74-84 wherein said pad contains a solid

Iubricant.

86. An article according to any of paragraphs 74-85 wherein said pad contains an

abrasive.

87. A method of making a chemical mechanical polishing pad comprising forming a
polymer melt or mixture of reactants that form a polymer, placing said melt or mixture into said
mold, and curing said melt or mixture fo form said chemical mechanical polishing pad having

hard polymeric domains and soft polymeric domains.
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77 WD 2006/ 089293 PCT/ US2006/ 006176 71. A pad
according to any of paragraphs 53-70 wherein said pad
WOHRESRE a solid lubricant in a polishing s®CTEEaME006176
said pad. 72. A pad according to any of paragraphs
53-71 wherein said pad has an area on a polishing
surface of said pad that has a property that differs
in value froma value of the sane property in a
88i Afpelieining anéfrokd shi gonpos tlobddneelisunlfraereand 1B ving agadishing
according to any of paragraphs 53-72 wherein said pad
surface of gpidaiaddn adicdranaiphtolitee porsy arctclanssieilas i diettion paghite! to the
than an adjacent area. 74. An article conprising a
polishing girfagepl eMdmptal mechani cal polishing pad formed of a
thernDsettlng pol ymer, wherein said pad contains hard

o Tige ggﬁggn@%&g%@g@g&%@;@ SHISE t b6l gitGeel porous
olymer ?1 nél 1%%’1%8(? Al ddnegtg%%%m%}e? the%%néhm% L S%tl%ego%ghﬁag
sof t segments f orm ng sai d sof t polyneric domains

9Up¢@x o@ﬁ's’l'izhg g%de %&gr&{wheﬂ'ogﬂapaﬁ%zﬁih% PR e i Cgﬁx ha@ﬁl cells of said

ur et ur ea articl'e

closed- caﬁp&ﬁ[@ﬁ@ﬂﬂer%%rﬁié& oml@rohan&orgorral ns have a SI ze of
| ess an about 20 mm. 76. An article according to

par agraph 74 or paragraph 75 wherein said soft domains
Shadeolghiag ped afcofddssiotangm f abagtaphod 83 -BMwhérein Auid aldnigatee pores
according to any of paragraphs 74-76 wherein said soft

have a leggidlorveidtiaatio grealsi hengbedt?er than 10 nm 78. An
article according to any of paragraphs 74-77 wherein
sai d soft domains are |arger _than said hard donmains.

9?9A nagthed of wpldnge e@mﬁmlrﬁgpaddwaﬁgg ?b(floi%lr(’&&rp@W§ PPy comprising
wherein said hard domai ns have.a total of n one
incorporaiing MisEeRa ?lp%%tlgp RSP REaeh Al ﬁrls%%egﬁs gt i & polymer,
d 2006/ 089 PCT/ US2006/ 006176 30. d
ald ComyreEBPHM S‘?P%S%%P‘a? PLER T VST RPITSRAP erﬁﬁg’rea QoGS sal

a total of betvveen two and about six urethane
mlcrOballi]Oabgﬁurea groups. 81. An article according to any of
par agr aphs 74-80 wherein said pad is a unitary

93. An article comprising a chemical mechanical polishing pad formed of a
thermosetting polymer, wherein said pad contains hard polymeric domains and soft polymeric
domains in a polishing surface of said pad, wherein said polymer contains hard segments and
soft segments, the hard segments forming the hard polymeric domains and the soft segments
forming said soft polymeric domains upon curing, and wherein said polymer comprises

poly(urethaneurea) containing repeating alkoxy units.

94. An article according to paragraph 93 wherein said hard domains have a width of less

than about 100 nm in any direction.

95. An article according to paragraph 94 wherein said hard domains have a width of less

than about 20 nm.
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chem cal mechani cal polishing pad fornmed by placing a
olynmer melt or mxture of reactants that forma
““ﬁ%WéW@#Bor both in a nold having di mensi ons GiTtERHE/006176
to formsaid unitary chem cal nechanical polishing
pad. 82. An article according to any of paragraphs
74-81 wherein said pad has first and second polyneric
regions on the polishing surface of the pad, the first
Sandn sgisbnetcorigipiosiny o€ pacigrighb 8385 sdieckihsaidl sefhdomaing are larger
soft domai ns, and wherein said first region has a
than aboply Wiet®y having a value different froma val ue for
said property in said second region. 83. An article
according to paragraph 82 wherein said, property, i s, one
9L KBTI 1 BIANH A S @?ra]s&iﬂg% 5%—9? VEigredn &q14 ard domains have 2
C ressibility, coefficient ,of restitution, and
total of bERfker iR A4 et VAT PEIRATE RULEAEME o any. of
par agr aphs 74-83 wherein said pad contains an integra

o8 TARELRICacolimind W ALLEL Gl %g&%@iﬁ% Py BWaiRE have.a otal of

paragrap I'n sal contal ns

between tWOEAE Y ut si8Grrehifhehidl fbL£oBREOT di Ng to any of
par agr aphs 74-85 wherein 3aid pad contains an

abrasive. 87. A nethod of making a chem cal nechanica
9pohh shidgadRali SOl Dif Egrafg%m; AY-98 wheediy Sid paeista @fitary
m xture of reactants that forma polyner, placing said
chemicalmatdhaoicahpolishing phd fonsditby plaghgla pelychec el g nsaiuek afbkictants
or mxture to formsaid chem cal nmechanical polishing
that fornyapolhenet pigboth ar empdd yaveng dinthoseinstiable te &frtn ol ymgary chemical
.dormai ns. 79 WD 2006/ 089293 PCT/ US2006/ 006176 88. A
mechanigpd ppEHiirgPasad for med of a porous closed-cell pol yner
and having a polishing surface of said pad in which a

R B B o oSSR b S e
s 00 S S 8 B P LS
o ARl B e BRL DR R PR g

having 2 R2RBY @R Lo cebd i d. -cel | porous
Wm""apgllru)/rr1=.~r aﬁgﬂ?%gﬁégmg?lﬁ?c?%@g??ggﬁgi&%%&ﬁ%ggglishing
pad according to any of paragraphs 88-90 wherein said

I {eihongagie;éta@g@ramg thdygeaphematwhckdn Wid biopeal Lol KRR from
an abou .
hardness, porosity, pore size, compressibility, coefficient of restitution, and continuity,

102. An article according to any of paragraphs 93-101 wherein said pad contains an

ntegral interface.

103, An article according to any of paragraphs 93-102 wherein said pad contains a solid

lubricant.

104. An article according to any of paragraphs 93-103 wherein said pad contains an

abrasive.
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92. A nethod of meking a polishing pad having a
cl osed-cel | porous polymer conprising incorporating
WORWPBANM oons into a polymer nelt or nixture PET/US2006/006176
reactants that forma polyner, and conpression
nol ding said nmelt or mxture using a pressure
sufficient to conpress said mcroballoons. 93. An
article conprising a chem cal mechanical polishing pad
1 bpravesttafe @cotihenovaakidphd wiehyinelc umbey poltshan hdpad first
contains hard polyneric domains and soft polyneric
region is choaed msationaleagod fissili imifasupdlabegehd aad shipastond wheeeismear an
said polymer contains hard segnents and soft
outer edgsagiwerdtisd. t he hard segnents forning the hard pol yneric
donains and the soft segnents forning sai d soft
nmerj ¢ domai ns upon curing, wher ei n sai
1 @n heticleprgdo PHaRRAPhier ﬁ%é@iﬁé’a% S‘%’é‘ﬁtﬂé}ﬂ?ﬁ’ﬁh@ the polishing
repeating al koxy units. 94. An article according to
par agr aph 93 wherein said hard domai ns have a wi dth of
| ess than about 100 mm in any direction. 95. An
t r e e
G HEo R Lo DR I0R Wiy MEERY MR R OB g e
2006/ 089293 PCT/ US2006/ 006176 96. An article

1@@9@:{ g '{0901‘3 19haRgf a%ﬁﬁ@@ REn @320 WREI e By SahtGeSi8h in the
domai ns are er - tRan about 100 G nn. 97. An article

polishin ok 6hic R & do%ﬁgﬁbéd@cﬁn Papsiar anb&iod3- 96 wherein said hard
mai ns have a total of between one and about twenty
uret hane and urea groups. 98. An article according to
1paraguaiple @dordherte prragaiptl 1ahdvidgmmeinsgiaves a thepalishirig
bet ween two and about six urethane and urea groups.
surface. 99. An article according to any of paragraphs 93-98
wherein said pad is a unitary chem caI mschani caI
ol i shing pad forned by placing a poly
Shrpckracradedn paragiapitl OF oriweEn gt %@f@séw%ﬁwwgm range
hléﬂ]hawng di mensions suitable to formsaid unitary
of 10pm &1 GH mechani cal polishing pad.. 100. An article
according to any of paragraphs 93-99 wherein said pad

E?SAI'I %ﬁmcge a%ur g%etg ?1%5%@131% ]}eﬁern? g{ergg?o&es gee a dep ge &h in the range

ofzs,.unf%' s including both said hard and said soft
ins, and wherein said first region has a property
haV| ng a value different froma value for said

| PY.QRekikile Rcsiding t6 86APFAPHEYD @fherein the grooves have a width in the range

surface.

of 10pm — 100 pm.

113. An article according to paragraph 109 wherein the grooves have a width in the range

of 25pm ~ 40 pum.

114. An article according to paragraph 109 wherein the grooves near the rotational axis
are concentric circular grooves and overlapping linear grooves which extend radially wherein the

grooves which ave linear near the rotational axis, away from the rotational axis and near the



101. An article according to paragraph 100 wherein
said property is one selected from hardness,
WHPEEtY, pore size, conpressibility, coeffi @CEAS2¢H/006176
restitution, and continuity. 102. An article according
to any of paragraphs 93-101 wherein said pad contains
an integral interface. 103. An article according to
any of paragraphs 93-102 wherein said pad contains a
outer edgodf thle pblidhingqandf are t0&ed Anharin the ewraed grodivdsgniecseaitite ofncentric
par agr aphs 93-103 wherein said pad contains an
circular gigpagsi ve. 81 WD 2006/ 089293 PCT/ US2006/ 006176 105. An
article according to paragraph | wherein the unitary
pol i shi pad said first region is near a rotationa
13Ri 4n éftlcgeamonsﬂm&tawz aygeaﬁhsﬂ fgnisEEn St WEebagoves away
on i s, near_ an . qQuter f. said pad. 106. An
ﬁonlmﬁéP%1€¥‘aé@éﬁﬁ&“ﬁamf eEéPQ@FQBHS&@%m% t-ai ning a solid
| ubricant in the polishing surface. 107. An artlcle

lﬁ‘écz%%?%??ge'\f?c?:% A" a ) 8 1 8 12?6‘[ §1 Wh!é]lg%ftg? ﬁ]é)o%/%s e cm%gm red {o
have a c:{lﬁgﬁgg%be é%lt?%&%@mﬂz@%h&l %&ﬂ#ﬂ Lransparent region in

oli shing gured for endpoi nt
detection. 109. An article according to paragraph 105

1NAVARGrtich Kb BPUBS s 1L P14 RLBEH 1S Ef(}foagsem e 2dMigured to
An article according to paragraph 109 wheréin

maintaingl @OVRSt NAYE dersdeptidsd MetpbBsiiangefacefl 10m - 100 m
11. An article according to paragraph 109 wherein the

grooves have a depth in the range of 25 Nun - 40 pm
113.24An Artichr accaldengao poragiaph 105 vperag tlzpind koStawdseneiapotdsehrough
grooves have a width in the range of 10}un - 100 }Lm

out the pelighing\pacar ti cl e according to paragraph 109 wherein the
grooves have a wdth in the range of 25Epm - 40 pm

1%4. An, ??Lﬂtgl cle according to paragraph 109 wherein the
1& oo BRICHARFORING P GREBTBNal L Sakiisge Mg densHy @pfHgiepores is

roq ves and overlapplng | i near grooves which

dlfferent é?( Ig#lbrs{lgg Lo, 1351/,1 SFREIACRINN o

120. An article according to paragraph 105 wherein the hardness of said second region is

less than the hardness of said first region.

121. An article according to paragraph 105 wherein the pad contains an integral interface

normal to the polishing surface wherein the interface is between two polymeric layers.

122. An article according to paragraph 121 where the first polymeric layer and the

second polymeric layer are the same polymer.

123. An article according to paragraph 121 where the first polymeric layer and the

second polymeric layer are different polymers.

124. The article according to paragraph 105 wherein the polymer is formed from

thermoset materials.
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grooves which are |inear near the rotational axis,
away fromthe rotational axis and near the 82 WO
WOHYEPE389293 PCT/ US2006/ 006176 outer edge of PCHEIS2006/006176

pol i shing pad, are curved, wherein the curved grooves

intersect the concentric «circular grooves. 115. An

article according to paragraph 114 contai ni ng

addi tional curved grooves away fromthe rotationa

axi s near the periphery of the polishing surface. 116.

An article according to paragraphs 114 or 115 wherein
[0241) Ahﬁ}%f%é%\é@é cBHEmERHs B4 &hotifke hRRY £hy2o AR SRl Bhe@UAL, and/or

dénsity across the polishing surface. 117. ‘An article

DMA proseioesdlismyssed apareagr aphs 114 or 115 wherein the grooves

are configured to naintain a constant slurry density
[0242] Ag 8ug %Sje%egr? I%y afglr lad 10r1 25 ﬁg‘i{@ﬁ v\,ﬁd %%ﬁshn@ﬂpa%g tl%{;éclger?%l é:lle%%nbed,

various mddifiCRRHE ST tli&rsﬁlbjg&‘t paayﬂesbhﬁcdmﬂnllﬁhnza@ wm&tbut dd{ﬂutnﬁg]ﬂom the
article accordlng to paragraph 118 where in
scope or gaifié PE Yhais fiseloapidiesdn; Etsc F‘ffF ef &%ﬁowwuftﬁ@%dd@%whm“ pads
herein Shtoﬁgf bR ﬁx@%% nﬁgé@ gemf@ eAIhHIE6d SBGERILs rcigscrlbed
aragra ereln ardness ‘of sald second
above. Moegiven dos of kiedisn tl’m&mt wmeld Inadun essiidf egaivalehi sustomized polishing
Al ord n aragraph 105
pads thal R PR HFTE AP oA R e L PR EGRaF FRort ace nor mal
to the polishing surface wherein the interface is
between two polyneric layers. 122. An article
according to paragraph 121 where the first polyneric
| ayer and the second polyneric |layer are the sane
pol ymer. 123. An article according to paragraph 121
where the first polymeric |ayer and the second
polyneric |layer are different polyners. 124. The
article according to paragraph 105 wherein the pol yner
is formed from thernoset materials. 83 WO 2006/ 089293
PCT/ US2006/ 006176 [0241] Any of the above
conbi nati ons nmay of course have any of the physical,
chem cal, and/or DVA properties discussed above.
[0242] Al though exenplary variations of custom zed
pol i shing pads have been descri bed,
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various nodifications of the subject pads described
can be nade w thout departing fromthe scope or
spirit of what is disclosed herein. D sclosure of
vari ous custom zed polishing pads herein should not
be construed to be Iimted by the specific exanples
and draw ngs descri bed above. Moreover, one of skill
in the art would realize a variety equival ent
Claustom zed polishing pads that can be taken from such
exanpl es and drawi ngs there from. 84 CLAIMS: |. An

arti.cle ri sing a conpressi ded nitar L

L o P R R TR ieh R 08 B e et saptor rolishing o
sutﬁ&dteh@ﬁex@m%hxﬂ%ﬂ ahs apélﬂfulld[ SrdANEaindXiso rebiati @t adill 95'@1 comprising

sai d pad conpri sing ol yner having a property t hat

a pglypiesPaving = plopety Ak Setents 8yl srendipgingivithe tiaend, said first

regd® ithsh 'c'fr%&[eu $81B l!?CQEe AqChF OLkiah w@flﬁfshlld%ec%lﬂg% &hﬁas a ring
axis of rotation Il'st sal dl secon has ga

prqcﬁ‘ﬂmrudl aglj camdtha dj o ragsont, kead pad lslt)vndeg lmﬂeass@mdbsqnadplananty or yield

i ncreased substra | [
whBE LA S BERES SHPCL b o Rical dhstnt e s
uniéper atredignscondigonding ¢ fad diferent FgfodE Mriskid LATAQ I'p%llshmg pad but
nding to said different regions for sa

. corresp
18 QE]FﬁrWéSFﬁeﬁBFEII hiHGUHEEY Bitshingdadt ner wi se i dent | caI to

said unitary polishing pad. 2. An article accordlng to

2. ¢l apMadiclaMiRE i} 15 dlathn F! [ RREE IS aldrORHIRESRdneds. AN
article according to claim2, wherein the first region

has a hardness greater than a hardness of the second
- 1 egfBAHCE acaprdigiert glaum Zowberainile fiet wrign hasa haipegssigrpatgr than a

hmgwgggfﬁgggxm@[&gg% hardness of the first region and
the second region is at |east about 5 Shore D. 5. An

article according to claim3, wherein said difference
4. i s Apartislsaceangtio tinsRowkerpin a differapeeadn thedlasinagsoditlati fugt

1eg¥09 aﬂHYheoéggon%f:eft Qr? ES%;I ?eégt?aigg%ascéfﬂoa% wherein the

rcul ar profi S an area neasure, and
sald flrst reglon occupi es at | east about 75% of said
5. ar eAn arisbsgc@dofg to bieine By wikrein spidaliffdrencefis & ddad: gbadt 107Shore D.
An article according to claim®6, wherein said second

6. TEOAP Qlt@[édac%dingttg énﬁ)ﬁgnec ok%‘%ﬁerrmﬁg@edné%laqmg W}%Eedl? ﬂ%ﬁi{%ul% profile

regi ons occu area nmeasure
of sa|dr[:tadlha$ arpmei mleﬂsu&f and h&ﬁéd ﬁ&dmg&m oRbupAdstat Gast aBE@OTSH Bkaid area
to c 5ﬁlﬂ 7 mher in.s flrst and second regions are
megsyegldle diculpr Pk?éi‘?%frﬁa durface of said unitary
polishing pad. 9. An article according to claim8,
7. wheAghibictehecqan ghaitibiies, WRirehiss8Sed kdpi @G lan interface between

said first and second regions occupy said remaining area measure of the circular profile of

the pad.

8. An article according to claim 7, wherein said first and second regions are located at a

polishing surface of said unitary polishing pad.

9. An article according to claim 8, wherein the pad further comprises an integral

interface within the pad, wherein the interface is parallel to the polishing surface and the
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interface within the pad, wherein the interface is

parallel to the polishing surface and the 85

interface is forned fromat |east two polyneric

| ayers, such that one of the layers forns the

polishing surface. 10. An article according to claim

9, wherein the layers are covalently attached across

the integral interface. 11. An article according to
intentace dnforoéd frhe apicacedd polyalcat Myersydieh eanogasthofy&aidms the

first %gion and second region has a porosity. 12. An
po%ﬁfﬁéwgg ccording to claim 11, wherein the second

region has a greater porosity than the first region.
1013. AAartidld aoebR1igts Qlatth 9gwh&eil thd Ry drs aMNBL AR SAdabhed across the
. _property is conpressibility. 14. An article according
intpggeldpigitage | wherein said property is coefficient of

restitution. 15. An article according to claim 2,
I 1 whepgiaRidd @ cbidint o hRP! ' id fir

har dness of théﬁggg@%gﬁﬁggﬁigéa%g@H%§§§}%ﬁ%ﬁg%gﬁﬂﬁ%amfhg
regivce e dpeagd tesiathiasarperasfty.cl ai s 8- 15, wherein the pad

contains a solid lubricant in the polishing surface

of 4: el : i to -clal et
2 er Ao ingdP Bl 1 PR o0 it BT der porosiy
thafi thedirstongibet ween about 0. 0001 and about 0.5. 18. An

article according to claim16 or 17, wherein said pad

~ CoNnj Al [ r.an f ,about. 0.1 - 10%Db i.ght of
15 gor R el GERRR PR Rt e
of clains 3-18, further conprising a transparent
l4.r eghoarticeracemdpgitotiachel eetdrein said ropArty & doefflctent of restitution.
according to any one of clainms 3-19, further

' h li shi sur f .. 21, An
5 SO LIRSS e DO A G s
hardrencefithe seond repidnar grooves 86 and radi ati ng grooves,

wherein the radiating grooves are linear in a first

gropve reqgion of the radiating grooves and are . ,
167 g8 i RISESTm S EBNE OGP BT Sgt BieIbE% e cPainag ol
lub@ea@oOMale p@[kﬂit}g%ﬂﬁ&idftﬂd'@dponcem ric circular grooves

and the radiating grooves intersect. 22. An article

according to claim?2l, wherein the first groove region
}’7.i S %ql HEIElC acepriimg toyglpign 16, wherein the solid lubricant has a coefficient of

friction between about 0.0001 and about 0.5.

8. Anarticle according to claim 16 or 17, wherein said pad contains in the range of

about 0.1 — 10% by weight of solid tubricant.

9. Anarticle according to any one of claims 3-18, further comprising a transparent

region for endpoint detection.

20. Anarticle according to any one of claims 3-19, further comprising grooves on the

polishing surfaces,

21. Anarticle according to claim 20, wherein the grooves are concentric circular grooves
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of rotation than the second groove region. 23. A
nmet hod of planarizing a | ayer of a sem conduct or wafer
havi ng patterned features that cause high areas and
| ower areas in said |layer, said nmethod conprising
contacting the layer with a conpression-nol ded,
unitary polishing pad, wherein said pad has a circul ar
profile and an axis of rotation, said pad conprising a

ang aidyenieg gheves) gvharepr thp esdiaying adovds &k einsar il fifsk pSbvargion of the

) cond regions within.the pad,, wherein the first,
RO HER T HP QAT Ng 6o LBBRNS B RO Sk Eadging grooves, and

whic@iithk @BrceWhR IRt Mat 160" GRN thel 8@ A é?@@ve?irﬁérg%t. profile
and adjoins the first region, said pad providing

i ncreased substrate planarity or yield when conpared
22 o ANEHIRpRREETAAS tO&#ﬁaﬂéﬂbefa‘éiﬂdh%élf’st graeyR egian s closer to the axis

ofRﬂﬁhﬂ%&ﬁQh&Qﬁg&iggﬂﬁzk@@h.iS uniformin regions
corresponding to” said different regions for said

unitary polishing pad but is otherwi se identical to
2sai & wethecheiplangsiking dilsigr phaisentigondbler wefehba imoraied geatures
i i 0. ty. i s rdness. 25. The
et e el R0 B el o ALl L LR P g0 e
layhagitaa hanpiresen-goklad emitatyhyiishihg psk copein @i g3 .ha2B circular
@hﬂe net hod according to, any one of clains 23-25, _
ProfFier 4R SR SOl 25 SRR SePO L YREt Yl A poperty that differs
at fiiroit i fsa@ad W dibHsnvithie (R ged, WRIREIR Y fibiGekiDh 84S AGRulaP profile about
parallel to a polishing surface of the pad and the

thejax sy Fofptéon, wheisivibe sqcprrhieator| hea s ting weo fifoingdregidins the first region,
Y . 2 h . 1he |.ay 0 t :

sl BB Ol o LSRRG o pyppece

unipgy pashundei idetival gterdting sondithonspbdtyserifoemliayegichs as@esponding to

o ATl SO ST B Dl B Bl G0 i
polish@geud t he pad further conprises a solid l[ubricant.

87 29. An article according to claim 28, wherein the
cant al boron nitrjide. 88

sol.id | ubri .1's hexagagn
24. +he metEoé according to ¢ alm%%, wherein the property is hardness.
25. The method according to claim 24, wherein the first region has a hardness greater

than the second region.,

26.  The method according to any one of claims 23-25, wherein the pad further comprises
an integral interface within the pad, wherein the interface is parallel to a polishing surface of
the pad and the interface is formed from at least two polymeric layers, such that one of the

layers forms the polishing surface.

27.  The method according to claim 26, wherein the at least two polymeric layers are

covalently attached across the integral interface.

28.  The method according to any one of claims 23-27, wherein the pad further comprises

a solid tubricant.
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29.  Anarticle according to claim 28, wherein the solid lubricant is hexagonal boron

nitride.
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