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as a reactive liquid medium in conjunction with a
pol i shing pad to provide the chem cal and nechani cal
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Pohshmg pads are typically made o a rigid, miicro-porous polymeric material, such as
polyurethane, and perform several functions including providing uniform slurry 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 slurry in the
formation and removal of the thin surface layer determine the removal rate (RR), surface
planarity, surface non-uniformities, surface defects, and selectivity 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.



chem cal and frictional characteristics. Although,
such pads maybe suitable for the processing of
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CMCS technol ogi es, high yields are not obtained with
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pattern densities within a single chip typically vary
[0014]a4s wedther eXhmpRoiarstiongf pattandtesity mesehtsaballenges for the CMP of ICs.

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



renmoval rate are dependent on the chip pattern
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transparent region 1 the pagf for endpoint detection. Various customized polishing pads
disclosed herein address the need in the art for such pads having customized design, as well as

fabrication control in implementing such customized design. Such customized design and



fabrication control produce a single unified pad
thereby specifically suited to provide superior
w@esbosarahce of CVP of the targeted substrate. P¢DO3BP6/006176

In general, for CWP, uniformty of pad properties,

such as pad nodulus, pore size distribution and the

chem cal structure of the material are known to be
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[0019]Pg h %é?%ﬁ%%@@ﬁéi}&enc formulation several properties of the polymer pad, such as
the storage modulus (E') of the polymer, loss modulus (E') of the polymer can be increased

while the glass transition temperature (Tg) of the pad polymer, the ratio (tand) of E" to E' of the
pad, KEL (tand*10'*(E'(1+tan’s))), 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
WO paos2en factors such as the slurry transporPCT/US2006/006176

m crotexture and abrasive distribution, which in turn

can have inpact on key netrics of uniform performance

of CWP, such as renoval rate (RR), and the nunber of
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any nopAeEPItY 4t RresspredieiBaHet-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



WO 2006/ 089293 PCT/ US2006/ 006176 can be desirable for
nost applications. In particular, these surface
wengongesrd pads can be used for all the prockPEEUA06/006176
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 @é's% Sfbf‘&ostcﬁg)gﬁéatloﬁg Th 9@Ft§hﬁ@ rthéﬁtsﬁﬁﬁ&’zl m%ﬁﬁ%reh%aéf&an be used
ear Int have at | east one’interface
for all t\hhpmemrg s*.jepspa rcappes ICMB whieh polidstthebulksihe foit dandifig and the

barrier Fﬁg}éiv::a]fl aq%gs ﬁ 1n§%iare]1gqtﬁld\%ﬁrle I'Cgé{lrggrgptl 1%2?1(1? :f(tglrjeé o%e processmg
steps. properties and can |lead to a reduction of the shear
P

force at the pad/substrate boundary. Reduction of

shear force allows for the reduction of COF during
5) LowpbeprsintostplWads e nmi ntai ning the desired renoval rate.

A schematic of a | owshear pad is shown in Figure 11

Hx\ggr f Ok 1890 the polishi
[0024] \Sﬂ‘&'r\x?g}%eép %&gﬂggﬁfg a@gr gtg(?}{;a‘gh Sgﬂ cs% 8 g aﬂﬁ%%%ﬁl gl o the polishing
surfaceafh@antesfagacis hmyleb&verm&&nhyl in sicobgerat mla@naksr}mmngesther the
in a pad.duri factu

h
same og g]]é%r%{g pr atll% aggggri }%g ﬁtloq tgg ?]Xe&ﬁ for natﬁﬁapad/ substrate
boundaﬂf M &iubfch @f‘sqlealofoﬁ%ra?lowyf& geherdesh abresivenp @gﬁslﬁﬁg]whﬂe

have the advantage of elimnating the need for
maintagie thee dasiofd ratmoysl mt@sAtsohml@f@rlpv shipgr mldos/slmmgm Figure 11

t.hese ab ves e conp03|t|on Enbedded
which shes an g e%%&%%%@é%ﬁ%& Oi‘% g &4 Gual  abr asi ve
particles and al so bl ock copolyners, where the bl ock
6) Emteaped siedivégsl a differing constituent abrasive
polyneric conposition in the block copol ymer over
i st ance. itu groo ed pads [ 0026 [ra
100251 bR abradivg Pa%%ra%m‘a? mgds By §1cPPoips \ngasz:vg?ra'ﬂ&géa ppybduring
pad meﬁ‘ﬁl ERAOby @é'é'h}l 1B 8%h "Els l1§i11|d'c‘é§’cﬂ%|/llnbﬂ'1r%9 inj wtﬁﬁ'rﬂﬁdfnﬁesmtermg and
Icone’ lining In, CWP pad
others. fﬂEmtaﬂdQCbah:rbmve p;a,dls |camha/ o thaadigntagadf alninmmng themeeCpr the
... pa 0 soI di n Some. var at i | l,con "
aciiof 5 phigsiian o e naeo s SO I S i Ao B % T ompositon.
FmbeddCABbM&kE ﬁ&ds‘:%ﬁ’coﬁ@hﬁ@fnﬂi\ﬂ&aﬂ BBrasilvk be@idRs lahdbRE block copolymers,
conprises the step of patterning the silicone linin
where thsibherll dophbegrea by 2 diffeamis sonitiigent Toresivapelysisic gpmposition in the
uci.n |tu grooves may further conprise the
MOdiy ﬁmg¥ ggﬂ§r|%§ the silicone lining to the nold, for
exanple usi ng glue, tape, clanps, pressure fitting
7) In ditecheuvgdeads or m xtures thereof. 7

[0026] In general, the methods for producing in-situ grooves comprise the steps of patterning a
silicone lining, placing the silicone lining in, or on, a 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 glue, tape, clamps, pressure fitting techniques, or mixtures

thereof.



WD 2006/ 089293 PCT/ US2006/ 006176 [00271 In some
variations, the nold is netallic. For exanple, the
wordod/osRy3 be made froma nmaterial sel ected frpoT/UB®06/006176
group consisting of alum num steel, ultranold
material, and m xtures thereof. In sonme variations,
the nold is patterned, in addition to the patterning
[0027] 9 s&hE VR F£ONBe rrrdl@isriﬁetrﬂ'hce FoPe:LoMRE, IRt B Bhy be made from a
patterning 1s used). In sone variations, the ad
materiahatlested Ifrontﬂimgrcp@e@nalsmgawﬁm‘phamm, steahubranzild niaterisd, ed mixtures
riations

ereoty s sfhot sy o i relRct rafitihe BEbafemipggne sticone
lining (%8} @édzﬁﬂ)mhﬁmp@ﬁ pastealiheR @sed) 002 (mEVR: iRdES 1EOTME Sdd@laterial

novel groove designs are also described. For exanple,.
comprigessicihpiveepladiiemeateiad. GvpthpavsiasionspthasC Mg nagvastgiaal comprises a
c c and
thermog A ATHE o859 B R1onE T CRIE b it SRoSLRONES, 2T,
curved grooves are discontinuous. The concentric
[0028] CIVIP ads c@nprisies naved gtdoee dudigld are also dedtrigedobersexanmyle, described

al so intersect. [0029]. The_ gr.ooves produced therein
here arg 3R g RSP ing TR Rl SR REoGF G oG SR g Egpoves and
axiaﬂy?bl%\}teﬁ%?gode‘snﬁgoﬂ@\ragiaﬁgm th@éﬁﬁll}y‘&rr‘i/écr‘gpoo\’f‘@stﬁé dis8éntinuous. The

D printing, thernoformng, vacuum

concenfrar mqm@qr grvaes aud Hieaatallyrcurted rgyooves tmaytadaeptegsectand

m xtures thereof 8) Pads with a transparent w ndow for
[0029]%3‘1}?%??@\}68 %?otacfe %%%ﬁ]%ﬁ%]? g%g/]bF Pga%dg h' 2 et'BS‘? ?]ro%rt%e och\f) c%%gistmg of
siliconsBined @oldifig, Neses Weilinpaslster J@h@tﬁﬂ@l% Br}ﬁmdﬁg,ftldd:rnidiormmg, vacuum

nmet hods of detecting the end point of a substrate
formingonjcsprioppfaghmyitias, haf stamping, én%wtﬁfeé deeof. wher ei n

optical neasurenents are used to assess the surface

surenents can

) Pad%%gé 562%&9‘%?% Edmﬂ@r%l r}r)rlr ggéteaﬁ?ough t he polishing

pad, either fron1a | ight source to the substrate
[0030] siwlifshimg peds gre préradesd Qmmgrisiﬂga tvamsphrentgpionrad mathndade,

he.suybstrate sur he slurry belo
manuf Rl Pt 1T GPRugE T nant bR TelF pD e ot B
substraddlfRlishilpSrbé ARk 804 CMVEBPRBeRf whbteinPhicslth&uRAtntsSare used to
sufficiently transparent over a spectrumor a

assess {hp\sutfaeryeihe subsirger Suph eplegad Blogsurempris syt m,e@qug@]mexhght transmitted
throug,fl rh%rﬁo?%fu%ﬁlptaa @)I%{ fr’rgl\ff;l?ailﬁ%}{? Q&{/r?é ‘Icqg?lg Gs‘ulﬂ%\é ﬁﬁ%@é the slurry

below gReeabsteate Sit€dveas frdm o shBSirate surfae by 606 the Blurrhtielow the substrate
transparent ?tglon need not be transparent
¢

C
surfaceeliord dedecteipethth, A§gtchs in ERSRATERIARSINA PEHe nojskine s Wufficiently
transp@{tl v Sl AN AU dhg 1g‘ﬁt qfl Qi%pab%pﬁg &@ficibQ®BPdnsparent to at

transparency 'S a i eved red uci ng
least oscait herd wayetethsre light ﬁtoughhfr eldwtoﬂemnvmble aod nofigred spectra such as

ements. In o I nst an the ad co
fiom 150 G5y priafOt 0T M HPCHERSDLRA RO g B EHa R P LRGeS e enire
specnngﬁﬁc%u%)b@ﬁraﬁs%aféﬁt Wl 'rrﬁﬁé Iw)évéléﬁgiﬁﬁﬁ[tﬁiﬁt suk® a®road spectra.
desired wavel ength or wavel engths of |ight and a

m croporous region that is sufficiently |ess
[0031]t @gmgga@pgrepgy i aghisive@ by reducing scattering centers 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
wo e@s/osnansparent region is sufficiently poroRPSI/E8N6/006176
that it has a desired conpressibility or hardness.
[0032] In one instance, the transparent region is
sufficiently transparent to Iight conprising
wavele W WEE§ e Bf‘héhttﬂlih% tﬁé‘&gﬁsp‘afen@ﬁ%%n QR ke tﬂan@}%?ex{i%glon is
so about OO to nm or about 250 to 700 run.
sufﬁcmmle ponsisandethat thasmdésucd eompyessibdisy orkandirsg.ent regi on
conpri ses the sane naterials as the transparent

[0032] 6888% r{s}lanf%gllﬁ Erﬂgp%rf o }8%@%%‘ 1{;%9&\6&%%?%@9{ %hl?ght comprising

waveleh Bk aihen the h@qgteroarasmrleotto 1 ©00 &h, GRERbLSER)0ao BDO sin, or about 250
pol ynmer and sufficiently |acks pores and the | ess

to 700 tlmarlg;@ae grtance ghoniBeRpiy estranspaicahigeion| opmpriserige sgne materials

tial

o e FHRRLA AR TR B 9L DAL Py o e

region.SUf cﬁneanﬁamdeytheltankpam@lt PEYi@S COTBPISLLS rad'ustdmdiylbgr aadlsefgiently lacks
transparent region conpri.sing a sec

pores a5 §a5 & AP o RGP 6P BRESCS soEE ik %’él ety

micr op@%ss &€ 0RinBahydT8 rtlsctnﬁfa?er& ?@gl&?gﬂ?nﬁ@s!ﬂ B Lirst pbmRP8nd sufficiently
i nstance, the pore density of the less transparen

lacking pagyeois sgrram@ti [by ai lnssrtmsmrelaseglm coliptising e sedondpotymecr that is

st S RIE o S G OGRS FR PR R IR i e pomer.

In one RAhncSs tAS p&e defaty dfiiee BirMspaRAl R eidaSadudlly \Mb@éa@es as the distance
noti ceabl e variation in the pore en&% maﬁ f ound

from tlmmﬁnarpwéeglpaﬁw@wp foetgiaRimus pere sensiiyt fer wat@éutln this

1nstanc%mno§t ot th nft{gdt 1@ apor%g the }n%ﬁ{nt}goﬁ% SQ}%ﬁg d\@ﬁé?e %B 1&4&3%&3 variation in

transpare n one 1 ns pore S ruc

the poreSiehsitynmgly bléfdmgd @ftﬁmﬁ thewarsppenitrekonuey aag&mtlsabout 2 cm, also
sel ected fromthe roup consi sting of _an jnorganic
within ghpyt 1 g b b@négéfmf e frgspaeatiegioaaln P ingiange the pore structure

is fomﬁeﬁ%gh %%Ine bl &W’r@?%rlgggi%ngaﬁ]éﬂté@élé ‘?&fd flom l?llléé%é é@@ﬁg@f@r@f an

en nater crobal l oon DE
1norgaﬂibll§a1[f}m1ﬁd(ﬁ 4003 3 pupergritical fltidaadhdénBcaldblawaeergphtar ynicelle, a

tlonla er farnmed on. an underlying | ayer.
block ‘[O@@gﬂerﬁ BRIPE @Ratﬁﬂalei‘%ad@lﬁf@{ YIBP’%hl ng and erosion in
a metal deposited within a trench in a dielectric

layer. [0035] FDESCRIBTIGN ®FSTHETAWMGY he el enents

of a CVMP apparatus. [0036] Figure 4 is an exanple of

a Stribeck Curve. [0037] Figure 5 is an exanple of a
[0033]Rrigutedrt @l 1B ista exempigny Sepesiitaolzge framed sspabwidsosinedayer.

[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
W@ 2we/ 08203 e density, and distribution in a matPCRUS2006/006176

[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] fP&‘Cﬁﬁé 'quggé}%éng{i@gﬁﬂo@g% cir[z Q%illll FlagiiHaoPadeit @an be used to create
schématic of a non-ra éﬁ y sy tr|c functional ly

uniforng pedetizep poke e 2ind-digmibetidin smatrschemat i ¢ of
continuous radially symmetric functionally graded pad.

0043 1A

[0039] Fﬁ%%% ds a r ?nﬁ epﬁglscé%m@%ls I&HH hﬁ%yl?lf&legl V\@jslctlonally graded pad.

|nterfaces wi th grooves on the surface. [0044] Figure

0040 @l@h@h%c&ﬁﬂaﬁ@bf edmBiRirg Yoesdigositlas fithcibhiaBsgraddkpddor
[ ]gﬁg 0045] Figure 13 dep%q%ts the stress-st ral n

characterlstlcs of polycrystalline copper. aé@%
[0041] Figpre & i3 2 ACBIHES O £ SORTHEHRIEF ssﬁl@@@@l&rf@%wa?ibr grapig pad.

nongrooved (14A) and grooved (14B) pads. [0047]
[0042] @1@&1{3%0%§a RERMIHES £ Borft géﬁs' 81% lg%??heYﬂ@full@ﬁorﬁtﬂy graded pad.

strative silicone line 0048] Fi gures
16A- 16C depi ct novel groove deS|gns for 20(16A),
[0043] Rigwr6 B) A-Rngla sm]@mam) of lewhshepriniécerdl pod dpving gne EANLGr maltigle (B)

f schempatic of e nﬁfes of possible geonetries for the
inter a?‘?saW S ENES PRYIPOH™2°S 0050] Fi gure 18 shows a

transparent base with | ess transparent grooves. [0051]

[0044] Frigteq9 deBictddfedfotipnBisiat@hia sxaspingsomtieiPe t he
WI ndow | s the sane thickness as the rerral nder of the
is thinner than the re nder t he
[0045] (Fzsl}re 1[36%%%}8 the gigFse-stram; charRclersiRRtipe Y&FYSEP ‘iﬁPQE ur e
process which can be used to nmake transparent regions

[0046]icffol MR BQﬂ icl soa0\5§ﬂer %):r'egéﬂfr@Pl%%lé for ABn&¥aved @4@? and grooved (14B)

ensatlon grading to nultify any adverse ef
pads. due to the changed hardness in the transparent
region. 10 mo 2006/ 089293 PCT/ US2006/ 006176 [ 0054]

[0047]F]1<' g\.}ﬁﬁg 5%94{0}71 esaa grgct ol f Plgafl V?GV\% éfa Al R@Ft?ﬁf\fe%ﬁ ong ggédﬂnold

copper CMP. [0056] Figure 25 is a thernal tran3|ent

[0048]CRIEDEE i1 64- 16Wdpiiniiey €ligadoveatisigan brido(EA)n24@ bBNenp 36(16C) inch
pads. [0057] Figures 26a-26d are prestonian plots for
pads. two custoni 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 make 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
w0 e6/08npdrer ci al pads (27c-27d). [0059] Fi gur ePCBBSA8E006176
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
00541 FZ8BL 23 id D960 BF 9¥h 822 Lopar es the oxi de thickness
[ ] %ﬁﬁ upctﬁpn %E thé payguﬁﬂppattern density within
one dles for three polishing tinmes (30s, 60s, and
[0055] F2pu} 2 o a echematic phihe padpleatspa i cappet OMPof  pressure
and velocity. [0061] Figure 30 conpares the oxide
[0056] ﬁ' Ckgg 1$3 Ség%adlftgaglglltehtocnﬁng%lptggSsglg\c%gl?r}e{cﬁg@t QIFCP ﬁ]ﬁé ﬁo\(/el Neopad
pads. tinmes (30s, 60s, and 120s), for conmerci al pads
[0062] Figure 31 conpares the oxide thickness as a
unction of the layout pattern density mnthlnj%%ge
[0057] Jf.l%geﬁf a6t ue pﬁ%rqnm R%@tStf?rnt@@ slogrizesirads 43-20py and two
efréll §$%EZ&§ pads, as a function of pressure and
COmm Poﬁd 3] Figure 32 conpares the oxide
thlckness as a function of the |ayout pattern density
[0058] Wiigihven272aR Td gre ditrgtgeck nuiieg foréwa 8astbmuzet ipade(Jet A7 hiuntwo
ti.nes and 120s), for custom zed pads.
Commef%]ﬁ?ﬂd iﬁg“u%%ss depicts XRD data. [0065] Figure 34
conpares the lattice constants generated fromthe XRD

[0059] d?q‘tgL&e asa-TsBwedht ol mddeerethept siee sset gikte are(cﬁb&dﬁ)per wafer
[ 0066] Fi gure 35 conpares the full w dth at hal f

measurﬁﬁlﬁn éng Aepieteivrusturliciemons within sach obbaprdividuslgiies (28B).
t he unprocessed wafer (BULK). 11 WD 2006/ 089293

[0060] 193 Q:Qﬁ(g%@ HSoxid ORR gillei s'ad lé@ﬁné%@n%?’%&ﬂa?oﬁt?y%ttem density within

I beck curve dat a, e Prestonian plot for
one d1% lﬂnj thode odidsing tised (3(13[ 6@ ppe i 2@E)VRoriravinmgcisbpadd, as a function of
br i Cfmts and are not a |ow shear integral pads.
pressurf(ﬁ‘ﬁéé’ioﬁ’rﬁure 37 depicts pad break in analysis for a
Neopad and commrerci al pad. [00691 Figure 38 depicts

00611 tregie BalcoRipafs Sk @h@@ﬂhﬁdm!ssaa@ alfs@pnfPtheia ttédn deaélty within
[ : gaﬂr?g novel pad C. [00701 Figure 39 dep |c?dé,m£ﬁr| beck g

alt 9 dl@mmflaguﬁeﬁﬁmﬂerm@rsbmmwesd 9$,I6leaédp88%) o gomeiesgial pads.
pad C. [00711 Figure 40a-40b depicts copper di shi ng

[0062] Eﬁg\_ﬁ'ﬁ f@r&g RE%e 1?@%@3@%@ f{u?&ﬁl)hto%t 1993&3%1€éﬁ%ﬁ§ity within

C colpare po or mance O a co
one dies fer thageqrolyshid g winiel (20s, 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.
[0064] 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] Figure 35 compares the full width at half maximum height (FWHM) of the 222 peak is
compared for the unprocessed wafer (BULK).
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sub-surface engi neered pad, a subsurface engi neered
and | ow shear integral pad, and a | ow shear integra
w@awengm9pol i shing oxide (41 a), for polishi ngPel/UR200€006176
(41 b), and for selectively renoving nitride and
oxi de (41c). [0073] Figures 42a-42c conpare polishing
performance of a comercial one |ayer pad with a
[0067] %‘i‘@fré 46 ﬁ@ﬁ@ts%S@i@@&@&r@@@Ma aan%%f?é?fegt%ﬁﬁm‘i)‘?&' fﬂﬁﬁﬁoeﬁlbf ect pads
and ear I ntegral pad, and | ow shear inte

used fop adplfeo CMi haghg sgidoabdeantsi@al) are ﬁoira lowl shetni intpendlprdsde
(42b), and for sel ectively renoving nltrlde and oxi de

oos 525037 Bk R BT TS bl P U

aspects of the substrate to be polished |nclud|ng
[0069] (Fagiire BRdepictti té:@foraDprobdke seibilitg bkl gses i@t esrhakrcidpdd A and novel
characteristics of the substrate have been taken into
pad C.consi deration in the custoni zed design of the
polishing pad. Pads are then fabricated using
[007 O]fﬁ%{rb 8914 %ter%ﬁBéc (hcjﬁ?\;es ?&WWOQJOI%H&CEH? B%ﬁa!bfesdpa‘alfs ah&Bovel pad C.
accor custom zed desi gn, producing
S|ngle unlfled custon1zed pads thereby. [00751 What is
[0071] Fegne 4By-46bidspictatceppes dashynentdd@randlcopperdensiae(40b) rerlis h
a polishing process such as CMP is indicated. In this
rd I QU [ j .
[0072] hl"e g\ges 4%&'{ cbcorﬁpa%l ?(t)l?ﬁ]ixé,p%rﬁ%{r:xé@% oﬁ% c@%?&eg%é??ﬂéplggg &)fad with a

sub- suﬁhkibsdnfgﬁiee&d paticd ud)smadelwgmea’ed hncﬂﬂdvedqehﬂbn‘teg]:al)pad and a low shear
Wafers, such as silicon, .Silicon carbid

integraypad fon pphshivmpride (Hiad f@%ﬂhﬁ mnarﬁltnﬁe)@ b3 a%f‘d%féw?]é/&emovmg

d o8 n wafers formed in sem conduct or
nnnde%ﬁ 8e§sx%é$ such as reduci ng topography across a 12 WO

2006/ 089293 PCT/ US2006/ 006176 dielectric region,
[0073]Higaes A2p-6%¢ cenpare pnh@lmgmmfwmnawmfal Qogyn@anhgmﬁehﬁer pad with a
ess, cl.ear,i

eposi,t nd tanta
si-suf s g0 e AU SR e R LEC TGy G A fow shear
integrall Phd R PolisMifEbxide (4249, HF FSlishiMpQfitiEe rwzb':}%ddx@v ls&@éhve@rremovmg
renovi ng excess oxide in STI steps. 3.) Rigid disks
nitrideygédxide¢#2xdt or age nmedi a, such as nickel plated
al um num gl ass, and ot her nagnetic material s

typically wused in NOptical devices
used for the inter r@'ﬁéﬁgﬁﬂ gl thef [ cal net wor ks,
such as fiber optic cables and optlcal i nt erconnects.
[0074]5V aridvatpetittdhg padsutitviessd hretead drapgd<ialwinelt esrizah sspects of the substrate
ceram.cs, .1 norganicgcs, yrer s sed carbon. .
to be pE TR IGOHPBERPESo R O BT b eRE P et P B lghes ofthe
substratt@ﬁa\}e' %@n tdkeh i €bRsid @MEbITIANRe citdHicbd i ESePE¥the BYHHAS: pad. Pads
created in nunerous nmaterials using m cronmachihing
are thendalinmatpdasingslabitcagion inaahs thatiphitie! ﬂt@dﬁﬁp%ﬁ@sqf theged according to the

custorrgﬁ%fcﬁemg&apﬁogﬂglnenbo Climgﬁis(flg%m%%d % D th re A S;gs Lpe

[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
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useful for a variety of materials, devices and systens
where the requirenents of surfaces are precision in
wo 200689298 venness, flatness and | ess def ecti vi PET/US2006/006176
[0076] It is contenplated that various subject
custom zed polishing pads disclosed herein may be
custom zed f or use in the sem conductor industry for
dielectﬁ@%ggxpcl%nﬂ [ £h1Gh teéhl(dl%) da‘?ﬁ‘ascéleviﬁff)@é'ss clearing metal
trate or su a use, a polishing pad for of
deposita I(ICdpﬁeISEmdUmttallluﬂl besncus);mcduat éztm&syenazhba@smm pr odnemg uniform FinFet

seuon 35T AEH LS, S e L C AU SN 1t o

for sto@g@ metaﬁcwéﬁ s ntckarpwt@a @lungthumf 51h88 LAPOUEARRYtd 'ﬁﬁ’atérih@s typlcally
ke. Base on th one oOr nore cﬁar acteristics of

used 1n| s@)rgger mediardk) @gﬂcqb ﬂgyjeq:st ysed forsthe mt«a*getpa@d digital optical networks such

as ﬁbergtgog n%f)%uct ort?tys mte{%??xgaggtg & ?%ga}egts stt]c rds nrlf%{[t]l §1%51d1%atbna1s
cerami&) Wrgﬁﬁdsbﬁ)élzﬁﬂé a:tﬁ?dyﬁﬁgﬁi @Htm ﬁl@&tcdﬁl@osﬁds faﬁd@@no -composite
iti

texturln% on of lubricants, the formation
substragsfs, fus the i kodo er@mrﬁi e PawtEpRndEvicgarepish 1o pumerous

e QRGAFL RS0 B0 LG By STUER Slop L RALAT 9831 M.
embosdig@dnt eniciesiol &g, etd. To&norp %flﬁllisfmlh_&ﬁt ém;tornilzed EdIRhing pads are

ocessin [0077], What i s by uni form
useful g’é@fV@Pﬁté( énaé?mr%sa devieps etdosafé%mfvuﬁrq & el ghpes are
precisién rf%ﬁg?re 8‘fne§sr ﬂtaﬁlrebsaarfdh%s RARtHRyUsed to assess the
qua Ity o? the process 1 ncl uding, but are not limted
mai ntai ning a renoval rate which is Prestonian,

[0076] Haw cagtennpbadet thacvasions efibjéeticostpmizedipotbhing padsghistlensd hﬁlﬁm may

s AR h B A P P g 00 cie o on
a wafef QUSONS. [r stidlfa 836D8 pbAEHERg FAEf0E OMBHE @rm@)fstrmmeihttmgamlzed by
performance is rempval rate (RR). As w ||

obtainigp o8e sEwETS harpsicaisten of the Ky pauciemn the S‘tbé%f\?gt‘lch as e 1g size,
patternac{egl? :t_:l)é?é a@ﬁﬂ%(t #gﬁﬁﬁ n%{tenaq‘giﬂ gggrfa?@j afi§ ﬂ?ﬁﬂ%bllﬁased on the one

suc
or mor€ enaaasﬁs;tbs bf thy IC]sﬁuWDre?MﬁirGﬁéiﬂgs'S sERBTdsa2 ARhH6 806 TE with long
porosity, surface texture may i npact slurry

range IsRTERIEe OFdSE. RRARTIFEA! B, BRI ATRSS B?rHS%youahﬁﬁ%tct%n@embﬂﬂya
surfacéaé[}%lltk%furg I h{fgtfé t@ﬂuﬁﬁg,ﬁﬁ& hﬁcﬂ{;&g oPRbHRIIR rt‘l?@fo'rﬁatlon of interfaces

substrat e anarity occurrences of dishing
within dmjpaelramﬂutlmeraddsttmmfaaerasfved; lteepad is selatted.i Saich costomrdeSiEh and in

sitn iy P%Slts%l%&l@ﬂ’@' s iy e g PRy G by the CMP
mnuﬁﬁagg t oughness, and porosity, are exanpl es of

propertles t hat have an inpact on substrate

arity. It has been observed that pads which have
[0077) cwmtrl@ meaat porsrmyperformaneod thot Medrrersss feml§s h@%FPs(ilCt yith a

numbe? f 9r?t’é8§ tlﬁpgan%es%seil %Jéésgﬁ_ltﬁé qtpaqllr‘rgéf fn¥ ]pl& %ﬁgﬂﬁiﬁ‘fg but are not

nari ze
hmltedﬁtﬁnmlaﬁitaﬁmhglatretﬁmz(l ki JwhiduisPresorsar, ateing s casffictent pSiriction which

is still anpother criterion of
is constant in the boundary Iubrication regime, and maintaining uniform polishing performance
across different 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
W@ 00bage9s ext ure, which inpacts slurry transpoP€T/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,

69 i8Bh&GHRrY PadsbSrt M BELGRSIE VI I6EEN W @hPma

ponmﬁ?%%d%hﬁgﬁﬁa&ﬂgp Qadgﬁgggegiy fﬁ§?j§ffec€g défect|V|?§ Y
impact$ RRpaOchdnlam dnigsion oAphlhshies pgyéutmange zyusebsﬁragﬁjddnqmtmarthaty

TR T M N L e
dlelectﬁ@ﬁlaﬁsﬁ1a?§ftﬁllﬂé1£cdf>@gr REThRIHREESs, afdhignesdal o2 elingked Pad hardness,
control of pad porosity may result in non-uniform
touglmsdseard faesity, arrcaswplenef pal pronptigs that hawean igpget on substrate
plananfyn itr § %bgsgrv%n I’t}{a(t) Qasc\%lrcP ﬁl%é c?ql}ltfgggd F&%Qllrt])% ilen conftrolled size and

IVI

densitySfiRkesad dRATRAIRLTPoLity, dagddttérplaegizadat slubﬁtratm Techumber of
performance in a nmanner sim/lar to the %1? for mance
substrafeseanewnifamsiéas (NBlp). Isaelk aptergehes apd ghipsis B aﬂ@lfﬁ%r criterion of
potsiff b A00 L. AR BB R RPN,
hardneﬁ;‘ and SlIl‘ﬁEfCB aextiraf whith &rpadihdwep stnsportoWimel g heghectifvity G\Rt another

crlterlngé%g\sglz??}?pr%&g}ig pgg:\éses{jlg lgv%lﬁarttl g}k%?p@hﬁrg%s%g h%?s% g(g]th
chemlo‘aﬁgfaﬁ& %@Hﬁnca@?%ﬁ%@s@m\ﬁ%é@@f@c@ﬁq@ @edR® dBdikt 1. An example

sity of an he pattern density can have an
ofa padfpﬁmcﬁycma’ctaﬁ%ctﬁ dbﬁwm‘etws aad Aamlness, Adndler ed afagryecld lgeod planarity

ot he e dbinghedi oo o o PRH RERTTR i T rndu bt pac

properfies caf Weficfie PRI ?érfdrhﬁﬁ@e Fol\bi kb 16,a8ckCo fRah&ohdfad porosity may
regions 16 and low regions 18 in the topo hy of the

result 1ueposamfeanfsh¢aqume acrpss tha pph@xym%ﬁ*urfapheanﬂ6‘%@@%&%@-}1@]50“ COF,

which g{ﬁtg?e y An K easgc? d%fe@tﬂllt&r g lél%gerll 1‘3819 §f é%tﬂogof&ﬂgﬁ{adq&fﬁ%ters can

scene siruct etause

lead toRlegidbieH @itpad et formb 48 ¢i e sahhat sifiiletodhd pat arformandtiksies caused
across .a chip and the chem stry associ at e i

th th X
by laclagkparpydsoontel hacrisat eekveRd RATTHERangs Bg%ggbsﬁiaw planarity,
1nc1dexg:%%?ﬁ\ﬂhs H&l g&eét? e Bl c{il%?iat/ggaq Q%gétﬁ e RRL bF&ynership of

Aster th oW regl ons picted in Figure
CMP phégesses. | Ni t| aI st ep height 20 is associated with
deposited film 14 before 14 WO 2006/ 089293

[0078] %T /e]gl %fgrﬁo /leosoogilb(slr?e O| | S]?Ealé/n %g ngg%cg ((’)BI Ct e%vgl? ﬁrllzcll gy’ poh'shing
perforfl @RS OLE dudhl d Varihle d&fﬂb@ thPpdttesdi ity -'65 én UT fTieremtinadensity can

renoval rate for high regions 16 and | ow regi ons 18
have ap pffeeiandle fiby remeval pmpenie prkiiereiomithg wifosmaly widiigar 1 gnd across
t
a Wafelb. :}g #ag,lp § g taisi oﬁq O?n% r%%rgézrte asaﬂngél?#iflg g%f(t:uerg?f% su%}g%st %1?‘[&1 lines,
which thi€criehtehagh fegions t € and hﬁv fRmRr8de sk topOB TRy Hitbt Heposited film 14.

exanpl e of a variable in IC fabricati that h
In paﬁ;ch%,c@e &epogrrhy pqﬁt@@lg}ysciﬁpﬁ@dent on pattern %gnsnyain cogpser%ased 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 film 14 before
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performance within an I C and across the wafer is the
filmmaterial. In particular, dishing and erosion can
Wo@e@084203 a CVP process involving rmultiple filPCT/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
pollslllﬁﬁ‘SA@ d@@(:t%h ih ng%reg?B d&@ﬁﬁ’eﬁ 's{ gq’rei’ﬁ}ﬁ b 1 ﬁs&di&@&@lthrdeﬁosned film 14
di el ect I ayer ure 2B, dishin met al
after polishing3 Thiesliffepnigal edna‘sal aatd éom hagh mgidng 1heing EQW 3@1@?5 18, indicated

by the §FTeRaeg T SioBr BT o) B i eien Ml 23S dhag PRt for
planan@alcﬁl TRVbak 8 diffeRatghte Biepthedlflagief aftdt tha@RIP Bécess.
fromits intended height. Dishing and erosion can

exist in shallow trench isolation (STI), tungsten
[0079] phaggherzpmamalef aduwableandC phsisatien e hasspjepactoagwiform polishing
perforrhgic%rv& ﬂpﬂ Gqie- an%\ggr'assct‘ﬁ REkFeriS trrléstﬁﬁir m?i%n@id %hhﬁr‘ﬁﬁ ar,[didhfg and
I's"used as a ar rier layer et wee

erosiorC eaR®cufinch CREP stbedse tvolingratitiplailm ﬁﬁl{ﬁf&fh]ls Auptothe faoy that
ads whji ch can__be selected for

differegﬁf mtétr(]z?iﬁg Aeequsntly havg drfgeéﬁglgowhmg-@éest )15 &%ﬂre gér%ra%gﬂetn}/aﬁc of an
IC bei%ﬂrﬁh&é‘ce& 80 Q%l%ﬁﬁ‘s %@fﬁ line e sﬁémﬁﬁﬁ’ﬂ 4 $81cA%n RAfblectric layer

ore ‘densit . €. nonporous pad nmay not allow
34, Ianmgura ZBndn‘sblrngro§ Imﬂtzrlylnf: B3vis depictedhar efotigidneadsighd36 of metal line 32

ens. i.n.renova uni form Por
from PP S HATCHs o bt BT e SAapBlcied a2
deviatidf IThELRITR SRdlelBErit B/ cH €5 bRt SintRdEOheigtO (Dlﬁlﬂﬁg and erosion can
performance. If slurry reduction is not a ig
exist 11@ grdlewrirench mlaﬁogr(gﬂ)ptbmestgm plag, andcdpahdarsEreiacRIopess ferycopper
based e{g%%%ctl;sgt\f\léhe\%ﬂcopg r1s %sesdl gn a%&rlielensall @grﬁ‘é%agg%ﬁ% Lgsgg Q\N% g%mer layer
betwedntBe Sbper ¥ind ﬂ@vmélaétﬁc rrra&dm;t ion is required. [0081]
Yet another property of the pad that can be sel ected
(0080l 6Ra<Ag, TP wr'e@@@?a%é%‘séle orge TaEPRE o Rt 128 and
a fs SPReFt g3l
S 8 BTSSR 08 gt
density Ce. sionpomusipacﬁmag nbtyallowhfor @ umsfoym sfurtyhéaye and therefore leads to
b det.erm nati ons . an .ge made hased..on kng ﬁd%e g [,C f ce
problegys BesmOVRL e PPESTZAnlsYH rRePe g o R Performance.
ApproR940 #i88ns §a8beIHbdNEN si76 Fh o Pal petfth@Sdice. If slurr Iyreduc‘uon isnot a
determ nati ons becone extrenely conplex. It shou
big congesn, then Migherdorhsize suphats & micem snaybegisefl el highsr peye size will

2006/ 089293 P 006/ 7
o S0RA SRR ST DR EIERS308 P RSB0 e oy v
reductih i8BQuire80% i s typical for larger | C si ze.
Therefore a hi gher pattern density is correlated with
rger | C size. [0082 in_the
10081 (g i PEPSHH L HE RIS iR ae %le@t‘ffh%a-%éﬂarlﬂééneﬁ@pa%%gface

archlt&‘?\frg SR %ﬁgvfn% Qld"sea?ﬁécé {ethRe, 6dspity. PaParticular, ahl%her degree

gineerin in genera terns, can be descrlbed as
of aspenty may be used for larger IC size and hi gher density than for smaller IC size and

density. While many of these determinations 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
Woedi0k/08R293 he macro, 1 cm and above, | ength scaP@r/uUs82006/006176

selectively control and individually tune the various
aspects of the polishing process; for exanple control
of lubrici ty uniformty in renoval rate, thernal

than abgﬁzﬁ) 4 %rt sk o 5rﬁ§151"erqgrﬁ{eolwlnlé\@ BYedh ideRddy &@saum/&s typical for

cl os -pore polymeric pads used in the I ndustry

larger ICouizey Thearefors eMegladr patterntdansitonis coirelhtetivath 4 largeadCotrs.

becom ng -prom nent at the |ower technol ogy nodes.

005 S45h B, PSR AR Y BB SEERTSAB B b

been edpliedid ¥ PerdeimhigiaSextdng. Tidsab@dsslig, DE@e] &rms, can be descnbed as the
i neering of pad m cro-structure, functi onal gr adi

use of ﬁmgm@gal meaipriale aloag gyithessianigc congsatisboth @ hgmane H‘F‘B%CHOH length
scale a§ gll aggletmz%?o Olf crﬁ gh& gbcl\}ébfe tﬁ%&lls td8 ti@% 0?1 9f aﬂdq}’iﬁlwdually
I'ntegr al e polyneric aye
tune thé\ﬁvatﬁdusfaqﬁmsadf thmp@llshmg@mdsku for é}hﬁlmadorpa:ﬂ afhfblrlcitp, unlfermity in
polishing_  surface which can Eave the effect of

removyl gtipaegIA BENHE AR 5% Colal AREPnEiantlgPRRPPEHAEY closed-pore
polym&ﬂ;gfaqgﬁgsd iR ARG gﬂggil hdvR sSidrid 1852ANRE vRBARe 1ifbtions becoming

S contalning transparent regions for endpoi nt
prommebeit a ¢ltd lower fe0DBIPg3 modes giaveraBof me@elmartaﬂlqm_s e@hydamv@rqom by novel

“pad elgg%ereF g’%é}%ﬂ%ﬁﬁ%}l{f@% g?al\cllgqng ﬁrélé%llfl]\%//fﬂélvg %ISW? §re d1scTosed molecular

engmeéiﬁﬁg‘lﬁ'ﬁﬁ fmietb-QRicirk nfRnaBihigg RaFadd sur@ﬁ:e eﬁ@ﬁ%ﬁlﬂgﬁn pads

Fi gure 3. Alternatlvel , the slurry 52

designdbfaugh thecpdditinm Qfﬁ@h@ &Wmt@,fmwéaoﬁm of éow ﬁlﬁftﬂf gipgralgads have

mult1p)?T€8§%néeaRﬂ%yegg r%o 1ntFr-E?c% &@gh?ﬁ%ﬁ% r@aﬂle?ﬁo ’l!h§ polishing

surfacd Whieh @ﬂbhaﬁveﬁh@éﬂ"ébt SJH &fd&lcﬁ@ tiexdhends a Ftstratebeinggiodiskdl, embedded
is held by a substrate chuck 62, fromwhich a

abrasivgisgs, i i g1eared Rass andeade cPimaing PREPHPRIGREIOBHE cRfRoint

demcugﬁreCt'on of vector forces which act to rotate the
pol i shing pad 56 and the substrate chuck 62, and hence
the substrate (not shown). A down force is

[0083]dafigwt Babsneagiakil depitiport dsfekewmﬂrm ef aaﬁh&a@mam@ O iwghown.

substrate ft 64, .ovi di bl e
The SHg his O BETREGRP RS PP LIRS GG HepeiERpE ppast, o
shown 88 Figutd9 Silerdfivend efesdiamd 53 e vefdetii@ed a6hoths bottom of the pad to
affecting CVP processing, an understanding of Fig

the surface hétt@mad llessk theawshe Ths paBging padTifels Spquniscen %mwéable platen 58,
from vquvc R4 T aﬁea(b?ijg)ageln%héﬁ ﬁé Ig%ﬂ%n&f T?xlé] ?lgacsgrgt%:,géécls gfg)b%f V%seurbatrate chuck 62,

from wiHiéh £&dbsane cﬁtibl@dh@ftw\@fbnby Thk&rM@s%ﬁ%/tE@&Z&fﬁlon of vector forces
PCT/ US2006/ 006176 = Fshear/ Fnor mal

which pefjto gepteithe polish g]gé)él{:i Sﬁoe\né dhe gobgirate phyck Q2h én(}]gq,% |the substrate (not
showng.% §6wn Fcd 1s\é/o£1f}oﬁ§of1§/ L]])pl{ea)to 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 = slurry viscosity, V= the relative pad-wafer
velocity, p = pressure; and 8 eff = ctRa+][ 1-a]
wogrenseInhere Ra = average pad roughness, 6grpOIES2006/006176
pad groove depth, and a, a scaling factor, is given
by =Aup-features/Atlat pad where Ais the
correspondi ng area. [0085] There are three regions
—imdi gat ed the generalized Stribeck-curve shown in
COF é?aﬂ?gmw ISH the region indicated as "boundary
| ubrication", both the polishing pad and the substrate
where By ib e shearifomeel contiade naima# 81grry abr asi ve
particles, and COF remains constant with increasing
_ of .S0. In this reginme |arger values of both
SO[““&@%%%%E an&ﬁiennval rate (RR) are obtained. Such
constancy is desirable for process stability. Any
where @ dllirry Visédigy bos Riskafeyative ad-eaiférorldc@tg] pre prasare; r esul t
of vartability in wafer/slurry/pad interface during
the CWP process. In the partial |ubrication regine,
and & affye oRybldt®kdeovand pad are separated by a fluid film
| ayer that has a thickness approximately the

oughness of the . Sin ower in this
“dwﬁaﬁéﬁgﬁ%ﬂ%%%i]PHgPﬁggg@ﬂﬁﬂaﬁéiEgéﬁgﬁggkion regi ne, pad

life is increased in the partial |ubrication regine.
and o HQuEMerfactéh & dgiadebpf  change of the negative slope

indicates for the partial lubrication regine there is

| ess stability, control, and predictability than in
;Awﬁﬂhéwwgundary | ubrication regine. In the hydrodynam c

| ubrication regine, an even larger fluid |layer results

where A s SYEOMRIGidRTea [ 0086] I n Figure 5 an idealized
Prestonian plot is shown, where the renoval rate (RR

is given as: RR=Kkp,. x p x V (3) 17 WO 2006/ 089293 |
[0085]FTRreUs200GE: Oasamandighied en ks genpradigehPirvssiseume shqynin Figure 4 In

act ual pressur t he . . .
e L B8 S ABER 0 R N G BB B s
intimatd ®@nRices B Bluady MtBive utidlew aid @9Faefaisiconstamfwitthi@creasing values

pressure tinmes the velocity. Deviation from.ideal .
of So. Inribiareaan K7 E@Tabis o Eomthy PO w0 TEwoRR griey RN A dhggined. Such

constaﬁ%}gjis%giga%m f&? pgﬁg?s didiRe! ydriﬁqﬁ thd ShRAALE luication regime is a
conpari son o | erent “slurries under constant .

result 6Ovidiabilion watsr/showpad titetfacoheingtid GMP propess dedhe partial
1ubrica§{ogtsi'}z é?r{g?ﬁ%@ g&‘gsgr\ggf‘ggnda ptadhalréJ ergrra%gdsbuyr £ ﬁhid%%tha%rl'{ﬁe{tlh%g’ 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:

RR=kp, x p x V (3)
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pressure-sensitive slurries. Additionally, polishing
pad tribol ogy, which is influenced by variables such
w@goopash2bar dness, thickness, conpressibility, POF/OSi00§006176
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
whmegpdqgggbnég%@&tde5|gn of the pads, a CWP pad with a
can be ‘'manufactured. The uniformty of the
CCF can be controlled by the pad m crostructure,
p = acttplpoerghrettistvepsdhopadanddhe sebskiple; 8kl | hard segments
di stri buted throughout the nmatrix of the urethane.
_ on undary lubrication regine also
v re%ﬁ%r%?%?ﬂmg%ﬁrec ﬁg to the pad mcrostructure. [0089]
Pad custom zation can be systematically carried out
[0087] kias:ﬂby tie Trbsgoriod pbhlsrigleplr ocefisctiorSifitbe ptesgirt eintes thefvelocity.

i ny Ives S veral ters sto tion.ha
Deviatih i fq<@ULBRIE OF I i cBoPA AR e S 7Y AP B AU BELHLnE pad
tnbolo%g ] 11?sftz(n%9ta Ed?ﬁpa?ffs&? §53iffeldt ﬂﬁﬁ?es%@&f &Un@tﬂntt @nti®ns has shown
terial be polished as well as the
that somaanchxbutemms&ﬂcai ?refsomnqmlubh@u@t @tnhlglapre@wra? éudeslemeb @tk referred to as
ow.whi.ch

ste r o

pressuigPR paiiscRuP Ry b oL PRl e Red by
variableH SE s Zal herinehl GickinSssDasapreibife), purRitfand sirface texture may also

pol yur eas engi neerin \M?‘II ch allow for control of
contrilpitg toi noatidpra Papbaresbabakiert ans, | oss nodul us (E"),

storage nodulus (E' ), mecrotexture (also called as
[0083ICLELBEIPLL UES BE Bl T B R BB IR S i Ba g and low
shear cteis@e odtigk pﬂadster Chik paalmith/\& ldva@é)fmdm bse\mmttfmged cﬁrﬁtmﬂ‘osrmty of

o O S e B B Gt sy lrons nd st
hard ség%%@s] dlgtﬂbP &HXEE%ﬁgﬁd%lrt P rﬁﬁthﬂ"bf HY urB @b sRAGT tHbS&andary
I'n chem cal nechani cal planarization and control
lubricgiimd regioreedtorapceiaste decDi(o pad 8908 ROTEUS2006/ 006176
100911 A variety of naterials are contenpl at ed for use
[ he, fabr.ication of t he
100391 JFjon2pisheh BTl Ot T ouPLERETh R gy ims process
Since #Rl“4AEbf CVEMiGhvBRESsdvaial phrathefers, @ustamilzation Sid 1 lﬁzfcah&fdd)ut in

and soft domains, other inventive enbodinents inclu
accordange (orihe BRREAERFCSAVhIRR EErG Ahesprogese MERoPHREOTBRHINGe ¢ material o

be pol%é&é 5 \?é:l? as the lIC ‘%hgri‘ipfeh&ﬁ%tfér ppﬁ%'@lﬁ%ﬂﬁgat%ra?é HdEribQWel@W which

ayers norna ing surface to
can bengkd ey/seensattrceﬂﬁ in érderstotdesign pedescorlip @ speafis payuarments. Our

custor%léﬁfqonﬂxglgﬁlg %&tﬂ%gfﬁ&? | &%ﬁ%ﬁﬁ%ﬁ%b&%}l&% gggﬁ%]g%?whl% z%lcgvab ?or control of
cntlcaf:gfrﬁﬁgt]e?sqgﬁﬁgﬁ $6Us %d?l"l’tgs(lEa)' St ¥ 1h8d lﬁfs }j%u&ro@emture (also called

es of ners contenpl a

as mlcﬁ‘@-bﬂi @), @hase ﬁrahh&on/wrnpcmsum;ﬂsmd) segrecht pod scsfh sa@nq@adstnbutlon and
|
mlcrogolrg cs:lzg?u? dllgg‘lrb?lltlon We have achieved these controls through selection of

appropriate materials and through use of specialized manufacturing process.

[0090] I. Polymer formulation for polymeric pads used in chemical mechanical planarization

and control of pad microstructure
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polyvinyls pol ypropyl enes, pol yet hyl enes,
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matenglfs s%glgxgg&g fonﬁlggﬂe]t%y @Ech?lu%Hb&rﬁQ eﬁr@fed&’&iealﬂrzﬁblm@ﬁe or more

ear to one of skill in the
layers ﬁmtmal td QeP3]istng Bmﬂfaiemm rﬁsheus strgystiheie groves, jaafl § teggparent regions

i nyol ve some u der%i ? of .the rel ati naSsQ' ps
for enqponjdlstpciomay bg A HHW” AYHRCPHREYRELP¥E and t he

resul ting physical properties of the polynmer material
[0092]@@5%513& a.?std}ﬁf%ed E&ﬁdﬁﬂ%ﬁd@ﬁre&%ﬁa@f fpee ﬁbﬁﬁpdlmémd@xamples of

are not limted to dness toughness rg%é Hosed h
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rs havi n| fi n
are Sy e o Sh R rfo‘?ftﬂ%:ﬁp%&??és%&%ae%a%@?ﬁ%FS%T“@“
polycd?@éﬂé%seﬁcfl%}ﬁﬁles iyt da Spol pasckrs; ppDisyiferes, pdigscetis, pSedrylates,
pol ynmers can be prepared u5|6%asta ting nateria

polystagenesops)uahictherkssensy gpalyetbylenshapphihietrsspe Y‘QEYMQ%Y%{%PQG“GS
polyetﬁh@h éf}lgm Sa'n]d?aﬁ' le %]'Pﬂk‘t'h&g p89aISsifaBle fdfarious customized

an |1 socyanate functional
pohshg{gopaﬂs tiptlsedhareiatrhaniee ctcmnlya@s wiindb, domptlexes esverks,gromposites,

I

Other}giﬁ ﬁxlﬂaré Elﬁte@é}éﬂ Ssefif ba@ﬁh%ﬁﬁ@@seﬂ%%&ﬂ& bek®ar to one of skill in the art.
urethanes, mninally diol and diisocyanate

nDnoners are required for the polynerlzatlon reag{h8 q,. h
[0093};1Fbmﬁatmmelsmgth@sggn@pn%p@ my@wgﬁgﬁpe port erﬁtglggyéﬂ relationships

betweg? %ﬁpzréll {J]Jéea%f t?xv acr mol ({%ér‘s a?@ﬁ%ss ?ﬁ Qg ﬁﬁ?ﬁ%ﬂ :chgJe}‘tles of the polymer

[ yurea
materf8l QidBh hive ﬁﬁdaﬂkﬁlﬁpﬁ@ df dlich poapeatieatinclnds) cbmears nat Bmited to hardness,
required for the _ pol ymerlzatlon reaction,
toughnesseparagiiy é‘l’lyplteﬁl@él% angdedieni ne or i socyanate groups
in a polyam ne 19 WO 2006/ 089293 PCT/ US2006/ 006176 or
[0094? Yo irﬁ&%}ff‘ 'f)%bﬁ‘nér@ ﬁ%ﬁé h‘é%lnirﬁcaﬁ’tr Ritnfiéc SdsideMBe, Sintl @ mmercial

Cross I es of crossllnklng agents
h1stoM01C@MPe[aﬂﬂshmgtphdhm1mix}bblygretlmneﬁ@o@ﬁ@@pgsaqdrmpgb@ers thereof. Such
polyngegql; oA aﬁ%}w&s& £}§ﬁ§{sl kn%h%&tenaﬁs sith as isocyanates, polyols, and polyamines,

as welll a@ Iaﬁél}ile%haéﬁs‘ el drSQENanaLLent\MY.) Theawsktionl of lmtamohelmmth an
pol yphenyl isocyanate (PAPI). The type of crossl |£{§
1socya@$mﬁmah@haégt®mfoms @p@ﬁg\pp ikkagg YOECh pohg hesis retitane

polyni]]eﬁ O’.ﬂ]gsrgac%tog Sgﬁ.ﬂ %t éne \gln dgu? fso@éranﬁ{e%ﬁ&dn%?%roﬁg %hrfésa urea linkage
wh1ck§ th%%aéi@ dor Pl paed polymeisgRor @flyirbthatasimogiialliy (dlo‘rmhé du$ce“ganate

monomers are 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 minimally 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 0085%92P| yur et hanes and pol yureas whi ch can BECT/08200€006176
the control of the hardness and nechanica
properties, which have a high storage (E') and | oss
nmodul us (E") and which have |ow thermal transients,
I ) | E‘Gf‘%sshnkm
or POl e A S RRE bRk [ g il gt e
agents @whEih)rﬁaat ovithrlgsisail bi tpineagnoupsandudadiirosyanate dyessligksts such as

oluenesBoRy e e ST DB D08 by ey e

polyph@ﬁsatlédagar?a@ (PRl t?ﬁ@oﬁﬂ@isﬁﬂlﬁlhgtageﬁt%hd thent of orosshnkmg of
rication of various custom zed polishing pads in

polymei ohaunasarahasaemgl1mpa@tmntraatyﬂ§tmm&u%esuoscﬂﬁél $fp foaglness, and
fabricati net ho

porosi n geéagn}geg}“}h si%e and m {) ‘Lﬂ%li\?%l goufﬁgghgﬁkg% ﬂg gg)?éégge{glhgl%

polyaniiBés@d poRbil ﬁmphﬂﬁinb’genal ﬂ)r@p}brﬁ@s“ suiches sleaibilal, rmelntenglerafire, and
physi cal features designed into the pads, are

surfacq ¢fierglded in the fol | owi ng di scussion. Liquid Casting
of polyners [0097] Liquid casting of polymers can be

[0095] Lisoqﬂ%r LR mk&a ﬁ’)%g% dQ rwh@‘l‘l:> canl-a!llgw r 4RhAG! dfSh&hardness and

acturing-t ﬁnl gue wh can be suitable for
mechaﬁﬁb)lrprqaﬁmdﬂg wihidhyimee apaglt ﬂorfage(ﬁ b ed MSmmodB]nls (E{f) and which have

s.to intricate pol ynmer pa a
low thﬁa}a;/%eww% jedasg gﬁﬂ%@ﬂhﬁ&@%\flﬁ@{ﬁ ahi 195'3 WE‘&%. B%ré%e 1 figrage
ce d ft d
o O BRSO DAL ARRAPRE yofusca b o oo
1nmnﬁhnﬂﬁld casting allows for spatial control of the pad
materi al properties during fabrication and hence it

. ca a roprj at hoi ce to ke, pads for CVP. In
CaStlnﬁé%‘%Pﬁﬂr}%a%%@?@gég §n$5/ﬁﬁrt9§t§”%mﬁ&fm } pad for oW, a
nold with the appropriate dinensions is first made.
[0096]F$‘Jvtefh? fetlddd Yok aS@sd éﬂ&ﬁnﬂﬂﬁlg't%g bﬁfrb?ﬁﬁe Feitthé eabikigort d¥evarious
e

i n which grooves wou abricated usi n% o
custormh@l pthmgg)gdmnesl‘r@msmmle aritaiytstrueitirg. iSogng gxenmplaryitghyication

ethog,t%ov et n’% 6@?5}1&@ pogé‘gﬁgﬁ: ﬁad[ Vs %gm\é%%g %998&%%8&3% Wh%cﬁl fabrication

methoﬂ@icfé@tﬁbriaﬂy WR6Y fexMeRpatied corlttl SF phiysiad Gatures ddiznedldo the pads, are
adapted to provide grooves in the pad once the
mcmdp‘bﬂsﬁh@fdml@%d@ﬂ@m di fi es. Depending on whether or
not the polynmer is being cured in situ, the
L . gmgpsterials are poured inside the nold. In
quul(fa?&hﬁggh% ere the polyner is not already cured, the
appropriate nonomers, crosslinking ag;nts

[0097pbigeidf castiigef radeners can he tesktomenka pade b AINBtIsiquidecasting is a
manui%gtunng Eechmque ml)nc?x can %e sm?able for fabricating polymer parts from the simplest

of designs to intricate polymer parts. Shapes like polymer disks can be made using this
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 properties
during fabrication and hence it can be an appropriate choice 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
wW@roosm8N2dHN i s poured cured, a second | ayer orPGEHUB1006/006176

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
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polym%%n%ﬁﬁgﬁf ori& LIOQ%P%Q? b dQQfEB %ﬁsl?ﬂ?g ﬁ&g%%? és Rt ﬁf?gd?)%eqeuently
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om zed pads. In this nmethod a nold is
BMﬂ“pggmng@H§#§§Pﬁg at | east two ports, generally
i ndependent, for injection of polynmer. At |east two

[0098] dA £ fiedremdthePloy MRken R tdnilz&CH R 1§ oty rhlileipRaydis injection
during the same injection ste often at the sane

molding} Multipls ipjeption mélcha@g Jd; a Q%WMQ{JWQC% ;) W@lc@ﬁgploa[more polymeric
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ranst er ca |on are carrie
metho@BRK B k&t 1© fohﬂjcﬁﬂbmﬁm:d paddivih andl of njoechian, efslvmdl zrsqiads having

¢ ) .
differepipress 1SS il g oL 1T CBLIIcR (rree POD RS RE Upd paetieve any
sp atlal%éﬁ gltﬂ %tganfi @Pf)d\)ﬂgﬁt&ﬁ &P ! t&%"b’ LRt Y@ a8fined annular

aV|n e nt areas of
patterrppﬂoytl‘mmst avhipdei aldsrandone$ pattﬁeensd |eahm1ne p siigle lager quawhltiple layers.
Reaction injection nolding (RIM 21 WO 2006/ 089293

/ 6/.00 0100] ..Particul ar polyneric systens
NMRWECF u? g Iyﬁﬁgﬁﬁgﬁﬁb?ng} Y% enabl e to mol ding steps
using the RIMtechniques. In this nolding process,

[0099] MBiRaskIAdink Ri@Edle MeHsii BYdcRds pyrtsyat e Sllsédet@ mikel Cjamm’rﬁzed pads.
the constituent nononeric materials and appropriat

In this graskaes # rRidg S@@@*ﬁﬂ §2¥BE felepst 440 PRES, GERFIE lmndﬁ@erélg%‘ﬁ fog injection
of pol;ﬁ’?& &halg t@)étq? st Zcﬁg[ﬂ V\%%F@ije%ﬂs‘él thidgh 8R4I drisRBring the same

xture 1s po
injection step, often at the same 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 appropriate
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 Jayers, 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
WO b@ofsat93 mul tiple ports can be used to injectPCHOSING/006176
nore types of nononeric units (and correspondi ng
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uniforppeopretidsaniagddneantbsp theslisatter efthe aad erd/at doress dic dapéh of the pad.
i ndi vi dual polynmers, as well as other selected
terials yuch as solid |lubricants or enbedded
Lmnd%%?%?%?@égﬂagﬁat may be added to the continuous
pol ymer phase. This nmethod can be used to create
[0101 B¢ 1660 Ak Mragrodgalyiens that kivelbeen pewvionsiyteatruded, Y@rdxamale in layers,
. .regions or layers. | jectioa,nnlq% g of a asﬁ%g L d
in an IFEGHICEO FHESTAERAVHGE I f B1987 disCisy Aoverd RGP shing pads
i i AuEE. MTi5E RRPEBrddliciBB 8inY¥le physical
raind 3OS 5 AL L R DRUADEL, 1 AR0C8 B S s
mixturdsiof pugymbes s dirext tid pasiiylagpingl totcbpnging dehimlsaiponripaeduger. The

.of orosity in the custom zed polishin ad. G
resliB snstE R EUNR PRPGHE 1 Bt Faa™TRE S P GGsBr e R gp e
characfifsfi&y SMhe PRI SuatlpbRmetrd fag k@ Ntas blRWséladted materi@lsgQichtad solid

attain spatial distribution of the gaseous 22 WO

lubricG0®/088aas Ferisyss (ivs ngoeikralded snihe seninugus pplymeRphase. This
ad., The .resul tin C | i ] .
metof i T NG 4l AR LR AL b0 ARG egins o
layersSystemati c variation in hardness and/or density can be
achieved. Mcrocellular (Micell nolding) [0103] In
this technique the polyner fluid beigg nol ded is m xed

Injectign pldjag Of A 28t WerodisePafnfaying micropor

[0102] One method 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 distribution of the gaseous
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solution mxture. Utilizing two or nore such sol utions
wth different chem stries (i.e. different starting

w@e b@aiogebs mat eri al s, such as two different polpaEUSI006/006176
will lead to a spatial variation of physical
properties. One-shot and two-shot polyneric synthesis
techni ques [0104] The manner in which the polyner is

compofi® RALEHHR P8 THO ARkt fidl Qb oGk MgFeRY afdi@s Pincluded gas at
I mpact on h d
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reacti on conponents (e.g., nononers, chain extenders,
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i t ifg h G 528 16 £8tal V&iation of
sarind D4 L5 10 oA ) ol B ¢ S8 ion
physicdlipeopeniesshot techni que, the isocyanate is pre-reacted
inafirst step with a polyam ne or polyol chain
extender to forma high.nplecul ar weight prepol yner.
One-shpf, p W@iﬁBﬂ@W?@&%‘ﬁ@%ﬁW%fluﬁ’% then further
reacted with polyam ne or polyol curatives and/or

[0104] CNRI Rarfiet BNERICH thePp PP i@ beephfed priveky obHn@br casting may have an
pol yuret hane formation. This process is nore easily

impactmrfﬁvz pplishingopad mepwtiese sndibgisensisigreycthsigphdor example, there are two
{e [ f f j ' .

et cl RS OISRl SBRYEARRL Bl 0 D0 oo
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monor R A PP PR AR SEST TG BERFSuch & probess s

difﬁcu&t% QUERRUdu B %ﬁ% R CAR RS 1AM drRbAteRiohH b LHER AR and uneven
selectioh of the appropriate relative concentrations

local tiefrmpbgipdicatsheheh can despl iy wideds vargingelymergirogich deasacteristics. In
two-shot . techni.que can be wused. In the fi.rst step.a

the twisBy Teiset HRGTE SR DGEVARG & prEBOIgEl ] eSefRgerpolvo

chain SY&HdBLR) BeH 201 %H folRRlaAiveRet fvfe?&yﬁie?.ol‘ﬁi? fificBbnaAlBd prepolymer is
A tight distribution in the nolecul ar weight of the

then fiirthor yeantad avifhr ppwinyine or pelsolauragives end/ar ehiif eftprders to complete the

di stri.bution and size.of hard. I 0S; ! -
polyuS SR oS CtoRRasrs 1 R G50 SRR Bl fdu nigher
proceskiflg 48 G ARG feh &P tHehri By bitloes b2 £00°Qr WienmEfighlglcbysistent material
. obt ai ned i socyanate prepol yner of b,o%{ 60 - 80 m %
is requited RrOERS 164 %@@ﬁ{éﬁu%wteﬂcﬁ%@% -of pol yani ne

and polyol chain extenders of about | - 15 w % and

f.e@sM xture of polyam ne and polyol curatives of
CMP%@%&’?? : 25wt %to conplete the

pol yur ea/ pol yurethane formation. Also, in the _
[0105] In the present study, the uniformity of the size, density, and type of hard domains

throughout the CMP pad can be controlled through the selection of the appropriate relative
concentrations of polyurethanes 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 w % can added

to prevent U.V. degradations, porosity agents of
W@bwasR9d - 5 w % can be added to create m cPOPUSHS6/006176

and 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
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nment’'s can form errperature at
by theWklait¥e etrﬂ@urm@bﬁ/mﬂ]laﬁatd wha beactd wntheochass: sigla Habergl while urea has

have an effect on t e SI nd densi t f the hard :
two Hewrds #iyl canifopn ézﬁg?r %%{@ gﬁr% spgﬁ\ﬁ]ét's bylyﬁllyggoge% ﬁglpcf g to other regions

about %‘aﬁ%aﬂé of ?f’saﬁﬁﬂcﬁ%@ ek rERMhg" tﬁ§ sibd of theAOniallt MBBSRe 0 tHiBdividual
ensity o omai ns and vi ce versa. As previousl

y
hard selirsat 95 scgnzentmvhish wouipsse fhb baidodpredin chmbe pondrodigd by controlling the

nsit the hard rmlnscnbea
size of (g RO AT P O e HORBLOT 4% (ke GWETal BYBE Bt o byprapte,
larger HR0RRE YARfor LIAFERP A6MLS. sedin@fittand GisrdonWindtid of Iarger domain
tenperature distribution in the reaction vessel . and

segmqnﬁ qah domb lagg® et ole%temn?ﬁ@ﬂtra At whish deapelyerizaiianagichipn ocours
can al%o ﬁaé/r | bU fogponotflletsﬂg ﬁ?‘ égns PeC t's &MO&EIHS.':MIEEJI q‘eactlon

ecause O at the tenperature
tempe€aitet) %}t&ll@ﬂddrhﬁn§ t:airefoﬁﬁdmtl loen chenis it yn éred® 20616889 98 the

PCT/ US2006/ 006176 _of hard d i.cal .t he )
domaipg pncyvige VEISRyATPIGESUELY %P%E a ulngf oy éﬁ*?rab‘%%&tf thyggge and density of

the ha?’cp(%?mams 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 donmain can be
wa@poosiogn2e3 from about 1 to 20. Such a di stri but P@IUSL006/006176

the size and density of hard domains allows for a

flat and extended Stribeck curve in the boundary

l'ubrication region. Accordingly, the density and size

of hardeorrIali‘& @21?1@211@39 @@aﬁﬁo %@Bol?@m‘ﬁé"s k&Ho gglrs QUABRM avtiuk ﬁ@%ento%

I eve custom zed
polyammd ‘nosafblomgﬁ(i%l Héﬂ%cmdj/olt VypifQihanE ninber afdrasi @tagnsggmqnts per domain

can be apngv ? g'P ) Zef g?cg%(? ;ﬂ H%ht Yii 1113&%% og?%d %de? ?r%@l c{]e%%l‘ﬁpéo%a]r% domains

allows @m&taﬁﬂ text%ﬁ&’ecﬁiﬁﬁ%é@d dutvdil thebouddaey fupheationirég@oanklccordingly,
density of the hard domains are the nore consistenc

cy
the densiy abésigeefithic hardhdomainbhesindiyi veeied propghont didferentagions of the pad in
t | cs can be better
‘Hdmt%aﬂgg%ﬁ?ﬁngﬁggﬁaﬁﬂ 3ﬁﬁ§@no Yuniformy spaced

al ternate bl ocks of pol yam nes/pol yols whereas random
[0107]ditS$ Edridtstdnen indigltgbd, siad abdddsaglof tidilfaf ed@ntinaban allow for

heat i ng 108] .Polishing pads for CMP
uniformigyinibg @a{h gron%masr aEHUPeE. comﬁﬁewgan&a%aa@é@rq“@%mahe Hipp» size and
densﬁ}l Mne cﬁﬁ{ ﬁi d a@%} ﬁle%gre@'oﬂélggﬁjcf OhPels¥h ﬁ&%ﬁ@{}%logﬂh@ properties.
I rst atc 0 e raw material’s contains
For exarﬁpleymﬁﬁm:ﬂ charapt@hytmman abbettircestrolladghiongh ttlzﬁ @n@f uniformly

spaced g tlou B Rg BT R IR HE e G AT YD YPd lead o local

dlffereﬁttlﬁp;r{hgaﬁhg and a m xture of polyol and pol yam ne
c al n extenders. Batch 1 is first blended in a vacuum

a tenperature between about 80F -100F to achjeve
[01 OS]rR;qhgg@g@adg/fog KMP epmbeinsliwidually fﬂﬁ&'tfaoﬁﬁ\?d H%urﬂ%rg?&efabwtmn all the
pad mat%naéén a Xe;dj \gggﬁ fht(?tvg% ?Stﬁlk % '?l{)] eﬁgfgﬁ \f t!hg '?%\79 tfr%a]t't]&faals contains the

1socyaﬁﬁé] Etdjp@@ni@ raessias] Rbribettsaeip@abiut fofRidE-a26ME, suBatcmi@oballoons
ept at about roon1tenperature and bl ended for

or gas.SBeuseCas! DA CONEERTHC SUERe Sl ¢ Aabl ’é?ré INB od@abg! and
polyanhlgg gﬁ{lﬁ xfep%érp%ﬁa{ { s %EQHJHd%P aLt)a a?@t%ﬂﬁ%%tﬁ& between about

he pad. Accordi ng e material, after
80°F —t106fTotegirhiwv homogereityand esmave etnypurcthatana)r o ‘aapmg inthegmixture as a

A 8 R0 T IR O

betweénoiboﬁt wirioF 90 ipakdhl Dl tidepit @bodtHBEm tehp&amblaritierlshded for about 15
he hard domains throughout the pad and can all qw

min. Bamh Tuaridftotehi 2 gaedhent bath @d@fgh togthysrin e qorisst anmpienty ddqyig casting is

used t%gjgrq {‘% rpta{l] € cc“?g{;gglpﬁ ?% In%%t ha raﬂce rc?t?ﬁffll IM%II?%H%%AL&&Q&& top of a

rotatin@®i 1@ Skhi €IS @ b E@ﬁbd@ﬁh&%eﬂiz&h%buFD&WEQBmFEBJ$1!1f\bﬁn1ty 1n the
centrifugal casting, after the m xture_ of batch 1
temperatyrg of Bimaeld san ebov fer a wfom drpigbiiion Gl e Su75 G s the hard

domai %%‘{&P%%g{lﬁfg?gaé 9id SRRIRY hﬁ féﬁ{pﬁ fof'ﬂlﬂb% lsﬁgﬁ)&ﬁes The pad is

I'S covere staln

then fipliet €orard bgLeﬁthB}fbompresmpxe&sﬂlm‘mgmhsﬂmggthmahmme forming or the

Conpr essi on
pressure forming methods descrlbed below.

[0109] For compressive centrifugal casting, after the mixture of batch 1 and 2 is poured on to 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
wdaoomiosazpes of conpression, the pad is denol dedr/ig2me/006176

the nold. The pad is then cured for approximtely 6-12

hours at about 100F-200F. Uniformty in tenperature of

the conpression nolding machine can allow for

takes pgxgé ot @y%#] 9 Oﬁ Ob'ﬂ g&g bR bk LhSL Aer oA fidyBut B 1¥1§uﬁ’&de

domai ns t hroughout the pad and
complasaﬁn aht pud fsatemobhdefldram the moldt Thdpidigitieel cum eppreximately 6-12

Ore exa % nformte er at rTHln
F it

hours %qu}gﬁpgg QUMY de :EtH%e ‘#%F%CWWI‘?SSA o1 jno. c@rllg? r%g.chine can

allow fgﬂnﬁin@élﬂﬁg adkniBrf @ﬁ%ﬁlﬁﬂfonto? AR Skl kRl ddr@ikyt Bf the hard domains
Conpressi Ve centrifugal casting causes the pores to

througlicak éhegradeand obh althgyv @nameforrmjy onigibolngicsh pregeriss d&reaprample a

N crogr ooves. d 0|IS
anifore FR R RO SRIEET T GRBr by Do Lol Ro Rl fuia
mamtaﬁf%h%f‘gc&{ﬁﬁﬁt@ﬁpe@ﬂuﬂes COp| anar with the polishing
surface, and has an aspect ratio of at | east about
two to one or even npre. Wien evenly distribuyted,
(0110 $Eiromgsshot esBiriiagel CayimgERnealee RTSTEHETAN £ @ Offh g Oblong

onente\a%l&%r&'aﬁ QoA %1%&%}}5&%5‘ d ﬁ?ﬁdl&ﬂlﬂéaaﬁlﬁrtﬁlts cmv?aft@{h%)ﬂeb'd ® introduce

roves e con oning efficiency (i.
higher rgﬁﬂisl/e elsmatyn @h¢ bolohg gnentamc)n is @oplan:g vpith te pallslung@wrf@@, and has an
rry reservo r,om

aspeet PR gt LR AOPULHaT RGBT U SUER AEnY Fondrig gy gplone pores

act as é}aﬁ’é%f: aleSntinlities i@ Polihiad ‘éﬁ'ﬂo@gEuﬁreitﬁ@iﬁhirﬂr}nf@f‘otexture which
urry usage, In some instances, by over 40%in

1mpr0\®s tihpeaacingGroning efisigher (i.catedpess sosditipiipgitime) Aplongpores also act as

i LSSy SO B 0 Mo v
lower Qhﬂ? elow @RV Ehis had Bé adﬁ{ﬂl@ag@rofﬁ shiahbbe of suly alsageatnes)orrwndstances

coefficient of friction, [0111] For the vacuumform(ﬂg
by ovemdbHoa, Comm@ﬁrbtpé‘l Sph%lﬁaépmﬁéiféﬁ“&e Angther agdwanipeg dyjthat prlong

xture e 1 rate/

shape DG et REHEE Ry BBk AP 3 o SR e hE Bp el emoval rte
and orttixemdxealsght ratth ded cocdficiein oftfnctacppr oxi mately 10-30% of
at nospheric pressure and the tenperature of the nold

PEATRARIAR7A. TR B TN e R T

is om%%‘l@ﬁtloltﬁ‘éjnﬁ RS erRPPRON IIBLEINYIdE a 168 eh&BbdM THY Elotdiechamber is
vacuum e 'vacuum i s broken and the nmold is taken

then bruight \Afdeewacalbuu to agprovimatedy 19-R8%pefchtingsphgappragate pRdHie

th
mpebie TP T B30kt OGRS E AL PP e Bions o
any aif ﬁ’ﬁyﬂﬂeﬂ Qvifeh fiRchad lpﬁmi‘@l Rtabyllal. Adter b@ireimniatapd -Pmamges within the
m Xed, the m xture poured into the nold

vacuuesp theracwh ds brokerugnd th% méd 1 talresud féﬁ%rrﬁ?éPt 15?1%&“%?5&9% gadis
oo S8 LRI BEETRASEY ot o e

200°Ft he

[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
wQo@6/08r9293 PCT/ US2006/ 006176 any air trappeBCmsIne006176
the pad pour to be expelled. After approximtely 2-5
m nutes the pressure chanber is depressurized and the
nold is taken out. After about 15 mnutes the pad is
. . f P i : -
ony ain QOB O PR R TRL T croL e R DSR2 e the pressure
chambdis deygredshdz@lurdte ofold iséakienaiut.i Altralab@NA Spatisites dheskddnis demolded
in the range of about.|ess than.2 is for o o
from the Rl BR ORI R PRy & liohra Sa0gg 180260,
i mportant for protecting the pad surface from damage
[0113] SRHHRALE o NA0 ldingu R CNIP addVR sRAAS theah &4 of dbousRss than 2
the pads need to be conditioned (break in), which can
pM is foemedne thesiunfpcao titha podhingpedi. Thisrséin canrbegmpertariderprofsting the

skin is | ess than, about, 2 for.efficient. . break in,of
pad swiiags fom dpmags C%L‘aeép@m}f@maﬂaﬁﬂ%% 858 OB orTapEo B bads need t
be conABBRe LloréfREnTBHESH GhDelddpt using aWeBeoriddonBAdner. In some cases the
abrication are di scussed below. The nmterials fal

skin is et thasebenil (vhfoe giitdieans bretk és of haped pripet folishingef the substrate.
i socyanate prepol yners and nononer, polyol and

e
materif® Fl10intHRvE &R BAtEgorRBATIRRE ok ilddddeb]sob gp@peaprapstymers and

nmonomer and prepol yners which may be used for the .
mononfiexhpdlyeltandrpobifantinemeaerser adehamowerndarsTepidve agenigpigsslinking

: ocyanat e. - . DI Nurmber Trade
seents, o R 5T BB i e A Ao Bty sd 0 "B 006 2006
m xture of 2,4 and 2,6 isoners of toluene diisocyanate
[0115] Asbdspnae at@lomer b prepoiym2idt/hick tmeyebeafse@ fot thmthbRic@ion of the pads
i soners of toluene diisocyanate 3 Trixene(r) SC 7700
are shqvg) nekadléll i socyanat e pol yfunctional isocyanates 4
Isofam(r) RM and SS 2 conponent pol yether systens
Table B 2508y A1 RbANh &S éndhRPEHHlerdi 1 sOCyanate S
Adi prene(r) BL16 Bl ocked pol yet her/ tol uene
dii socyanate urethane pre polyner 6 Adiprene(r)

Number | Tra@8adme ol uene di CleodgalReseripinyet her pre- pol yner 7

1 TAdiraraes@ (I8) L 0330062 0%meixtitesdylsardi k6 sothesd dfghenediisocyanate
2 Mipreags@nsts 8 |Ati%-2enahixture\0F 30! &l yeisoaterdeitetiene diisocyanate
3 TilSeeVanase pr : Blueh&8iis oy AP AURNE orlaF Bobalds
L e
5 Adiprene® BL16 Blocked polyether/ toluene diisocyanate urethane prepolymer

6 Adiprene® L-0311 toluene 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 Airthane® PHP-70D | Polyether toluene diisocyanate prepolymer

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

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

17 Airthane® PET-95A | Polyether toluene diisocyanate prepolymer
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11 Vi brathane(r) B876 Pol yet her based tol uene
di i socyanate prepolyner 12 Airthane(r) PET-75D
woelogeses based tol uene dii socyanate prepol yneCT/U$B06/006176

Ai rthane 1Z PHP-75D Pol yet her tol uene diisocyanate
prepol ynmer 14 Airthane(c) PHP-70D Pol yet her tol uene
di i socyanate pre polynmer 15 Airthane(r) PET-70D
Pol yet her tol uene diisocyanate prepolynmer 16
Ai rthane(r) PET-60D Pol yet her tol uene diisocyanate pre
polymer 17 Airthane(r) PET-95A Pol yether toluene

[0116] cHoilygt aymoatees prieheinyaande@ NG 200 b 088DH3 the fabrication of the pads
PCT/ 06/ 006176 [0116] Pol yol nononers and chain

are shogya 18 -whi ch maybe used for the fabrication of the
pads are shown in Table 2. Table 2: Pol yol nononers

Table 20hL160@h8n @48 BREEISiMNBRIers r ade nai ve Chem cal

Description 1 Sorbitol hexane-1,2,3,4,5, 6-hexaol 2
Ter at hane(c) T2000 Poly

NumbgroxlyTredanene anedi v Chatgd DsseripioBy dr oxy 3 Tone(r)

0230S@bitybol Pol ycaphekarst ohs, 445, bewavdl (1) 220- 094

Pol yBérhend® IT2ob0 5 | Qoadioaly{ir)-bRahgtiy!) Pehydrog - Wypgrmxy

1
2
3 prOlw&ﬂq@@zjmp&ﬁ)Poﬁcﬁa*mﬂacf@ﬂeyet herl olyester 7
4 FHQhbIE 230890 D URet pPRLI PoT yoI' 8 Fonr ez(r)

02 RS di@ BENBY T Ol L GREG A RLATEER erhyene
o

o
g C Ul auul LU

© Foliol ned ﬁ?eﬂiﬁ%ﬁge £l ol adioate 10

5
6 ] 'p' T T ATTOTTICO N L " ALl 1
7 Fory BRacpl®BI4TG et iJifuctinnal bg ©l br anched di et hyl ene
O YCR el 5d O rSydButanediol
B T

aAr A HEEY eﬁ T
' PaUS AT T I I 9
19 o Fomrer o4l

O g oL R g ity T U 0Y BRI TeT S
10 DeskFomiez@ifto Jef f 4rirHBERACEIORARANT yool gaipats

Dow chem cal (r) DEH Triethyl triam ne

[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 triamine
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 toluene

2,3 diamino toluene

Tetramethyl propane diamine

Tetramethyl butane diamine

=IO 100~ | O\

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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able 5: Stabilizers

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

Table 3: Stabilizers

Number | Trade name Chemical Description

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

2 Univul® 3050 2,2’ .44’ tetrahydroxy benzophenone

3 Univul® 3027 Methanon

4 Univul® 3000 2.4 dihydroxybenzophenone

5 Univul® 3030 1,3-bis-[2’-cyano-3,3’-(diphenylacryol)oxy]-
2,2’-bis-{[2cyano-3,3’--(diphenyl
acryol)oxy]methyl} propane

6 Benzophenone

7 Benzotriazole

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

9 Tinuvin® 329 2-(2H-benzotriazol-2-y1)-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-yl)-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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Nurmber Trade name Chem cal Description 1 Univul (r)

3039 2-ethyl hexyl - 2-cyano- 3, 3-di phenyl acrylate 2
wQios892pd 3050 2,2',4,4' - tetrahydroxy benzopP€nORm®08006176

Uni vul (r) 3027 Met hanon 4 Univul (r) 3000 2,4

di hydr oxybenzophenone 5 Uni vul (r) 3030

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

2cyano-3;, 3 == (di phenyl l%é(ﬁ’ylh@&’,b%M&rﬁetﬁ*}l@ﬁﬂ)‘éﬂ@ﬂ

Behzophenone 7 Benzotri azol g%c te Tinuvin(r)

2-(2H—benzotriazol-2-y|)-4 I's-(1- rrethyl
nhienv! et her\ hhﬂnrﬂ O Ti nintt rl 2920
oy ISt I TS PrieTio 4 BLELELIL 1 I } [® yapv

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

butyl) phenol 10 Tinuvin(r) 36-0
[0120] %o%(')s'i %Qﬁ(tls YAEchh Sy Ecﬁnéh"t@ @féé&tlﬁic%es%hﬁflﬁl)g'pﬁd fabrication are

1,1, 3,3-tetra net'hyl butyl) phenol

shown 2z Thibleo- 4' - f| uor benzophenone 12 3, 4' di net hyl

benzophenone 13 Hydroxyl phenyl triazine 14

| benzot hi azol e 15 Tinuvin(r) 213 Reaction

’FMMeé %ﬂ §?e£§¥ Smethyl 3-(3-(2H b enzo tri azo | e-2

-yl )-5 -t-butyl - 4- hydroxyphenyl) propionate / PEG 300

Numbekb| THa@bi¥hREr) 765 Chemical Description

I Drstlnd g R pipel ST - 4 D pegi dyk)sgbacate ¥ 29

L e o oo 005TrR 15 wxﬂtggmpg%e
3 POI-E&E’B!D\(}G ents which may be ||\é§>{1dﬁ ‘ﬁ’p E%rgp& es
4 dufFornasel® blapingagenisn ar e sho@hloif‘?filﬁhawt@ne

Di chlorodifluoromethane
2-2, 1,1 difluoroethane

5 Sodium bicarbonate

6 Phenoset® microspheres Phenolic resin based

7 Hydrocerol

8 Azodicarbomide

9 Oxybisenzenesulphonylhydrazide
10 Dodecylphophocholine, C1SO3Na
11 Supercritcal Gas

12 Polystyrene

13 Expancel® 091 dE80 d30 ~75pm

14 Expancel® 091 dU40 ~15pum

15 Expancel® 091 dUS0 ~20pm

16 3M™ Microspheres S32, ~80um

17 3M™ Microspheres S38, ~85 pm

[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:
PTFE
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Tabl e 6: Porosity agents Nunmber Trade nanme Chem cal

Description 1 3MIM M crospheres, , S32, S38 S22, -75
WO-R00a/ 029203, 1, 3, 3) pent af |l uoropropane 3 ExpanceCT/D$2000006176

dE40 d30 45m 4 Fornmacel (c) bl ow ng agents

Chl orodi fl uromet hane D chl orodi fl uoronet hane 2-2,

1,1 difluoroethane 5 Sodi um bi carbonate 6 Phenoset(r)

5 m ¢rospheres Phenof T ¢ el jdgsed 7 Hydrocerol 8

) Azpdi carbom de 9 ()<yh| se (ﬁ}eégl honyl hydra2| de 10
Nadeevl nhanhaehal f"‘lf‘ gl ae 19

6 LJU,JCL;T PTTOPTTOCTTOT i IIC, J.J. OL] CITI 1 Lbal COAS 14
Pol ystyrene 13 Expanc §n8 80 d30 75 m 14
Expancel (r) 091 du40 15 %rllett‘ﬂne@% dus0 20m

16} 3MI'M M cr ospher es d32 ®1 cr ospher es
S38, -85 m[0121] Solifd |@EEKcﬁwh@ﬂwn¢tb¢rkntaye)be used

for pad fabrication arle sROERK (polycildrkctFuekeimb) e 7:

Solid Lubricants Nunber TPEREKIR(elEtiemtaaleetherketoneketone)

7 Description 1 From GE(rBoronMitidBaoRmend tri de (part| cle
size of below 1 micron) g7 @81 RpPRIMhAIdne))
Teflon(r) 1100 nﬁ;_'_Cerl U”TPfVlZJ@)rolﬂﬁ V4ny1 r@b%?&%&zl@ﬂ&?‘at ed

8 HYPTOLAr oS, P 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

1. Cerium Oxide, 100nm — 30 pum

2 Silicon Oxide, 100nm — 30 pm

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

[0123] 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 yam des:
Nyl on 6,6 6 Pol yaryl ketones PEK(pol yet her ketone)
W@RM6gby et her ket one) PEEK (pol yet her et her kKB€DO83006/006176
... PEKK (pol yetherketoneket one)
P T PREHRKG of Méh Het et oneet her ket oneket one) 7 Boron
nitride polyners PBZ (poly (p-borazylene)) PVZ

(pol y(p-vinyl eneborazyl ene)) 8 Carbon Nanospheres
/Rur-lz\/h gr) 9 M \Ihr{cnum stH-fi-de 10 _Tunastensul-fide

11 Graph| te 12 Gaphite fil uo de LSPRITOéEYum sul f.i de ,
Isocyanate 14 Hedpelal LiRlxamips g&Msivemd né i cAZRIy dr dbeant Abrasives
(Table 1) ( 1 diable D@ ZPle#H}, PHF‘Pcb}P I;/ﬂr a&TQbrLeﬁﬁl P(TﬁIﬂJ@V uskagles\ g | (Table VIID)

13(77) _pad %@brication ate s@én |18 B41.8) 8. 3fdhle (s 1(2) -
14 (70) Enbddded abrd@ves Nu@Ber |ChedilBal Desér(iopti on B (2.5) 1 (1)
17 (78) Qer3 (M)Ox| del (1200 3-(13D p. m16Z1) Sili cAnlDxi de, 2@9ni n -
16 (80) -| 3®@5mM B. Al um num @x) de, 190Nm - | 303m6)4. |Zi teeh2um -
3(67) axidgs) 100nm e5)30| m71Q3R3]| A aon |1 m tisng)degcri pt4jon 2 (2)
1(70) Adf sqog of pmgspossubl(p;)cqnbl pani ons ofg he mateniyl s 3 (1)
6(79) escribedalgys Thafieay Qe USqe) Tor pag 5abii cation 4(2.5)
4(65) e ppwi| T @Eﬁbl € 9 ()1 [TNe Gy T oI Z8¢ 4 N ;

7 (80) 9(2) 1(12) 2(1) 5(1.6) 3(2) 4(1.5)
11 (80) 6 (2) - 5 (13) 13 (1) 1(1.8) 1(2)

IL. Controlled porosity pads

[0124] As has been previously 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; 1.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 different properties under different external

conditions, such as temperature or pressure. Initially, the pore-forming material or agent is added
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A. Polymeric hollow micro-elements (microballoons)

[0128] Polymeric hollow micro-elements materials are usually spherical balls in the size range
0f 10-100 pm 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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(iaui 0§ U i e AP B TG Tt Sp DI PR BG sehvraghich is
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[0132] Porogen materials can be used to create pores in the polymer matrix. These porogen
materials are made of another polymer for example polystyrene which has a low degradation
temperature. After the desired amount of the porogen material 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.

I1I. Functionally Graded Pads
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e in Bk TRy AR B el SO BB ot Rl RGP qpativte
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usi ng. solvents after nolding of the lymer. C.
[0135151@;9@13@.%@ baing @%ﬁ@@alﬂm@@ﬁf VREAH9ES Bt g%lcFl%arlb’c%%%e,d pads can
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prepolyts. ?‘?%g@glz W 4 fihBmbhe IR N EBIat bFREer kiz8 %B}es 24 Be formed in the

~~ mcel ~(liquids or solids) can then be | eached out
differeptiegipnseitietheiseme poradsnkity Figist 8¢ isa saewehie slhiiag thas same sized

pores cfsaglgo\%cfﬁliaﬁ/egdo% 6@62 h#geb?elléfﬁé)grl%} ?ﬁp n%t?%leenlxtggolr@ %eén?it%g. ”h%xa% ast two areas
may each compromise a compositionally different polymeric material. Having an inner layer
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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compression set test at about 22 hrs and 158°F (70°C). Again the value obtained from

compression set test for Neopad pads is between about 0.05 -0.6

[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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coefficient "of restitution than an inner portion of

materigitfbe platﬁrnahls atlgeed tocye Sipiye Sriominiesi Hedrprsegaad layer is poured. This
is repegtﬁc / erguf] %le 1{1}2 g}étr%@tu?erap %lftléis t eqﬁ%l a‘J %gﬁx%d k?lXe entlr% Rad is

e anou cura Ive a angi n

compré‘d@@dnv@alulﬁ apediok pessurefforiited ap pkevimrsiyf dusoibet i on
conpared to the fornmulation for the inner portlon of
ad (for . instance, chan |n t he .t

[0142]Cliﬁdétlp1p‘(}@g mphiEe dayEr rﬁéy pchéf 3R ﬁ§§1¥ gaaxghlplé the multiple layers
are co@heﬁﬁ%ﬁged to one another through an integ‘ral 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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later. In this manner, the hardness of the polishing
surface may remain substantially or essentially
waie@bgrexl, but the pad nay provide inproved pPEIEF200§006176
and/ or device yield fromthe wafer upon which the pad
acts. Coefficient of restitution can be estimted by
nmeasuring using Bashore Rebound % typically the
I
sided tz@@é@ Q&lfee‘)é g@%&% ’é g 6% pgég%rg S Aﬁ%tnﬁ%? nﬁé%{lflﬁr%%ﬁ nglr'% {o% ake 'Eﬁese
additionad édyfeircdemdt adfl apprstiablyttd dire praforipencoreragiirisgesaf the pad in use.
conpressi on set test at about 22 hrs and 158F (70C).
e val ue ined.from . col SSi et te :
101431 £ b Gor BeEroRE oha PRI ERSERGROBY §o8r {asbge 100, having
layers Mzkﬁw 192, with $hedad WadAREMeRAVFadRltY BBE Bt &ould have two
formul ation selected to provide different values for
layers, whéle e pap vathstiv interfacsivelild haveshiayaiseans! ¥ intageal pad of Ndayers
‘Nmﬂdgg%%g apnul us or an outer ring of the polishing
urf &é SH&¢i r cul ar pad may have a hi gher
conpressibility than an inner portion of the pad in
[0144]) cmbelrs etfﬁleﬁilf iavhelsubjet ®wistkdseo pad siafar infifirs il Bgin thiveexemplary pad
er _.anpu

300, thee SEeiiek [VES D a}aé?mih%% ﬁ%39€é0é ra 2 rgdof?ﬁb ulertashe. 303, 305,
307, algifBOQQhﬁh@&lam{ 1a! g&rs b 2dJ401h 6C P %ﬁ%g 18 Qzaﬁ lB@ nf2QE Mdn@theQBme or

e | nner rtion of 'thée pad
dlfferemoﬁﬁbﬁag a@cshaa@wﬂwmev ddeEn6physst pmpettlebynctﬁaamgqtﬂ@tlc such as

porosity 5 BB L 0 LR, S O S TR s

stress sStlsf AL RN VEIONEWE 1B DSkt lahd heiccaBs e al |y
unal tered, but the pad nay provide inproved planarlty

and/ or devi ce yield fromthe wafer upon which the
[0145] Jlrisseffacy phrmidsrice petjng a5 agfephupk Hshowa 1p fyeicgpatigfin ﬁﬁére 12. In
II u
schemQ)Fé OrO etlslggl%él‘ ?bZCeu B ; th:}h?ggcgf Lﬁf)%ttht% ggﬁ%&aﬁlﬁ d10.4 #PS éﬁﬁ? Wihe applied

normaM@kdélTE, ol &ﬂs‘bﬁl]astﬁtéiﬂ@lj bpedise ﬁsthd isiglesia gt pab a0e, thena 1s no interface
a property_varies e,

selecteéé@actaﬁ ARHCTSIHHh- éms%%n@tle;ég(? shepslimingrsup éa%é@{ tht Wé%havmg
layers Q(Zé/ﬁnglf%l a&glgﬂp@?ﬁthzéte/?f%e id’i’ew’h&%Q:Be Stiaf ﬁﬁ'@e 4 ?@ulté’&t the

|ng surface or vol ufne of the pad fornmed
interfatea3 bmeearqbadelamsi 30hend MIAmarrgsulmﬁihﬁ sheaf farbeS2 at the interface

surfac area of t urf qu
307 of ifopndhata suo i o T MR USRS S i Pradid ftertace
304 is Iréeiu&éaﬁsct Bt 9M§&n%iaie%yylegsttha§sbel i eved that the outer
perlp ery of circular pad or the outer edges of
. a belt pollshlng pad are nmore prone to novenent
V. Slllfslubﬁav%E%me@@bewﬁent vi bration, edge effects, higher
torque, etc., and grading acconnndates t he unequa

[0146]2%(1?&%&% g%?g gk 8%%% 2% w&%ﬁg‘% P%@Eg}h\éreiﬁ%"fhe family of
subsurfids engihaeeed palsi Yhiiog pasisface nngnp&racn pmﬂshbscaihﬁ:dihsrdim dave

fam |y of |ow
properties 1mp¥1rte through a combination of the structural properties designed into the polymer

pad, in combination with the dispersion of a solid Iubricant 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.
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shear integral pads. Custom zed | ow shear polishing
pads are nultilayer or integral pads that are nmade of
wW@rookesep3 t wo materials so that the interface PEI/MEING6/006176
the two |ayers acts as a stress sink to reduce the
COF at the pad/substrate boundary. The materials on
either side of the interface can be the sane or
[0147] d&l §Jlﬂrlﬁ9ﬁcan€‘ﬁ d Iﬁléﬂ%flglag&‘,hl a8 afp‘éWﬂ%fjoMﬁlrﬂﬂlrﬁ Réhich is used to provide
fabrication methods previously described except that
protectionyfenmg d@magfadtarmgmlaawen]@@@med apddo sgduge friatien aAfl tvenr. Some

f er, of erial,the rra
preferr§HsitfbristEnof T G X tATFL et niBruT LR, ShehiSaty inert
and noh@Y&1le, ahd RRseh s calliNdtsole, ibsit h@ﬂ@%aﬁ BkdinssHok Ekd@:k@in% V&S on the

are reqU|red After the fin ayer i s poured

Mobhs se#le; Sceildriablrlqzaglt&:mﬁmstb@@ Crl‘éﬁé@dl?ﬁ? theradwantage pres other &ypes of
lubncafltg gtlergerﬁg fhpg foud &ngl é{fge%ﬁi??%reé?ﬁ%%}{ I%M'szzlndp%ﬁjocntl Qv 11g9 resistance to

COﬂSt ruc

deteriowiiog fhrfdhﬁgﬁmhlbﬂhw & dx&yﬁié $em}§?errﬁuﬁs;>‘pﬁds§iﬁb | dip o6 %dd bther reactive
one anot her througag an integral interface, or pads _ nay

environgeents ligts a5y magy cBRers of Fefidbeeamst ihaginplude m%%?%wdg polymers,

soft mettﬁs ong c@ﬁﬁgﬁf‘er of itk E’sﬁg re@éltéa 1?1‘%1195%%% Qe%r ?u e?rs%bsurface
ni'tary a erefore e an I ntegral interfac

engmedzrhal padyltantbe aked myenhigation cothapreviblisly ldesvdided lﬁmchom}ly graded,

anot h nit d may have additional |ayers that
POTOS]%F%““&‘%S&“FE OV sheat ghth as & doubl & 37 WO 2006/ 089293
PCT/ US2006/ 006176 sided tape to adhere the cured pad

[0148] UR addiRbRt LM gchefil BrpeRies H?ﬁ]ﬂﬂhEﬁéan@s%rbﬁBﬁ ?/njfbﬂhoned solid
these additional |ayers do not add appreciably to the

lubricapie cpaterptated fonapaint the et Qadﬁftypmllph@fq aeagéfecient pf fiagdipn of

tlc a r custoniz
vetweef g IP o Pall T AR R I e PP S S T i 50 . 10
further\6bAtBmip k&Y thaCeuribis cudbnized ggdsaboma%\md@aee @al Mk Qf fed&ne solid
woul d have two Iﬁyers while a pad with
lubricapvshihae b@swguﬁl avidhgprdgentls frognite aﬁhﬂme@n&lce pagdombination of
: interfaces. [0144] This is
1“"“°a"§{\§|°89{8 Tq'erﬁ1 P Sads asmé}e#ubv\}c Ii”tr ess pad shown in Figure
11B. In this exenplary pad 300, there are five |ayers
[0149] tfxanpled rof ad B g2 solBDMIb3ED]s 130 Ghg tha deﬁf’eﬁ,pr@ﬁdtléscwcmed above
i i nterfaces, 303, 305, 307, . and 309. The materia
mcludq lggghiar 8685 suehisgepliisp Braphifiiiaarle, biokige SHAGE tﬁretéwm sulfide,
IybdelBrnSAMRIO funobtbh S@IHABIMAREST
oS AIRS oo REL LA 0 DB ) 00 ) o
nitride,zmd cpowndivoyidar$hchriadelidr colidsTre cfystatliierspbd$ hgesd &()Q),eets n

N L Y o
lubricah@ ReQudd @&k filoPilid Harihbi Sudideerehd 6kid8NarddnbL&l id&&. Though not
acting as a stress sink is shown in a schematic in

lamellarjigygirusturg, such solsd h@ﬂﬁ@n‘t%ham@@utfheess;hzéahp ﬁ@qib/ealoxg ongtanother at the
molemﬁar%&?%ﬁ&%ﬁfhﬁ%{l 111?%&90 i at]tB%mams <O p1c hoggnal to the

€ subs e 102,
because in the single Iayer pad 106, there IS no
[0150] ilxtepiea @€ polymeric solid lubricants include: 1.) Polyhalogenated hydrocarbons, such

as PTFE, and related members. 2.) Polyamides, such as nylon 6,6 and related members. 3.)
Polyarylketones, such as PEK (polyether ketone), PEEK (polyetheretherketone), PEKK
(polyetherketoneketone) and PEKEKK (polyetherketoneetherketoneketone). 4.) Boron nitride
polymers, such as PBZ (poly (p-borazylene)) or PVZ (poly(p-vinyleneborazylene)). Such

39



selected to act as a stress sink. In schematic 300,
the polishing substrate 302; the pad having |ayers
WQ@cast9B08, is designed with interface 307, MIEUS2006/606176

shear force S2 results at the interface 307 between

pad | ayers 306 and 308. As a result of the shear force

S2 at the interface 307 of the |ow shear integral pad

f gy

POy e e S erdy S g gt
dispersiies batenlaw cSefﬁmelﬁw‘éﬂmctlam;emElaga ﬂhelemaéky Rddbehiaig lstable For

t ] not he f_custom zed shin ads
examnpfEgh PR ARG AR D e Lot etk g oo it B B0 ot about 0.04,
is lmov@ﬁ‘gi negkescaFdaert, Yl iOHSH1S HPHuE 26E°E@NYLE ﬁﬁrcﬁﬁlﬁﬁ@ﬁlonde family
descri bed herein, have properties inparted throu?
of morgmmﬁaﬂﬂu@ncamﬁs tleepcdymerixt solidisupfacpats hresssuafsesghalcdipreagily over
one anoins: pol ymer pad, in conmbination with the dispersion
% 4 solid lubricant within at | east about 1 % of the
pad depth fromthe polishing surface. The use of pads
[0151]Vdthbr bl ilebridabtsi coatrirdlded foe nseihclude aughetytoftinterials with suitable
propeﬂé_)olpner matri x effectively mnimzes the COF, w thout

nmdcm%nmsplsﬂsewr@@&@ﬁw@i@x NEEONALIEIO HEI 6L 1 i for
1ubricak19 \Aﬂﬁgsg'arig? tﬂm #Hf’ﬁén%?\#}l?er ssbf%afmheér'e fhows ug Bucﬁémﬁstel fullerenes, or

I's used to provid
“buck}ﬂ»ah:st e At vapiet yf ofoswlid alnutag:anﬂuatlengjs rfel exdmyde mwmmst swhast o

ed t
molybosa ot il SineSEn SHTEr ot ot b1 e G iar Woh AP TR sy baop nitride

polymér@ e Bk vade i Al RnoGhe il &alskl bO &I lubAckhtd) SIHekadt difictures
nd mechanically stable, but havin rdness not

ha
generaklx beediangpersathercagringlhée otmllém?@uldsgbm@nm bﬁea@wwsl,ld

1ubrlcat1r1r§sevtglth %/5.1‘1?% %F‘ ﬁ{olg:] { Isg%(? ?%{H& sd)ﬁgvla% ga%esame/(fe r&h p%{ymerlc
blends&idt@6ilis MNgSited, ahd ghfk Qﬁtﬂ)‘élﬁlﬁkﬁ an@lcegdlimesmoldcgles as well as
resistance to deterioration, and high stability in

compogifasraashgrafisredediioin dnorpanee and polymste selibhbriggids s iase possible.
reactive environnents. There are many cl asses of

[0152]Sﬂ+eJ AstotfddcR o?%tﬁrfre%tg gfm%ﬁlg&géjgﬁis'rﬂ 68 f?loéli &gcess n§ steps in Cu

ners, and” conposites
CMP; metmiﬁ@:he bdlki, thetshédendihgariethe buret hengvas st Phacelarly, the impact

of the gk PELST) I GoLE G eM T OF B §Og A duB bl o o make the
cost of“c@ﬂ{efs‘ﬁkﬂ R pAdsdinneREBUO0 Rafig chil Adgi&lattActaddi tion to

t hese general properties of solid Tubricants
previously nentioned, solid [|ubricants contenpl ated
[0153]f A% shose ipdiguie 1§u¥§j9@@1t hasagsry Yigh sapinybefye dailure occurs. Additionally

coppergglgéltgog% %{%&tgﬁ%al éérs;l:llgl fbn%gtlolpl?%fw%ef?acmg Ul th ?a%% 8? ?}t}ﬁn{lgnduced

e SIze 0O ween ‘abou
defectadfali¢ledflcanthd fatial bondingearaetnisdepl ﬂie&ﬂatéﬂ’tﬂtleada té bitisle fracture.
custonm zed pads §QU|d be fabricated havij

Such BRI GRLAEG OCPUBRI SR 10 TFRTVARCS ERSEIRBI 2. O ‘gf%o thyigh
plastlcl%‘gf chﬁ')%taﬂ sES R iEN8s R 5 BE D9drSLeh 3GEcu AP MR 19%he S the
selective elongation 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 can be used instead of a single |ubricant.
[0149] Exanples of inorganic solid |ubricants having

wo b@onigepds ed properties recited above incl udePCEHIBL006006176
solids, such as graphite, graphite fluoride, niobium
sul fide, tantalum sul fide, nolybdenum sulfide,
tungsten sul fide, magnesiumsilicate hydr oxide (talc),

hardemﬁg)é?G%k‘ WPAERResufld fubi %%@refffa@uﬁ@ rAlF‘ng #El{e's de co@é? Blongation and

r 'solids are crystalline so ayer ed
strain hgivesing,ar¢ accemfuaich dsé kqibie mgnmmamm oﬁﬂlewopmnmma andh grenches.

FinallySGRPEREIog GB P EARE G0 FTCRlo VA EY SHRDFT 8P choPPBRiEF i may also be
left be}ﬁlﬁdJﬂ’fér@\/IP lieashP¥icd and @Mll]kl@@ﬁce&wfédtﬁﬁto thB QUiHralMeing polished.

in structure, such solid lubricants have
Mmlmlzmgfséree%mtmam agibp panabe itfamegl thragigh rh@verm the CQ4t by lpavering the

effectl\posileags 1Ce. alct%i\{%?l tPé Qﬁf?{}%‘f% guc Ie{e}gceo gﬁ/ﬁJ niél reg%?}jltuggonnity of

pad propeiiek, Qs&ﬂh 8s patcinudeiis, boye ed dﬁbtaﬂbﬁg@lﬂ@h@ @hwﬁﬁ@@a’ﬁ@@@d’tﬁre of the
such as PTFE, and rel ated nenbers. 2.) Polyam des

matenag,&éell%wmlyq lgﬁ]mgoogtagm veyiag EY Parasesses og:rgtmg in the highly stable
o R AP EL RS RHERE. EEl PRIS BT S

procesﬁsgdh@EKEKKeq(mah&yﬁtfbemgmﬁomﬂeemrlbﬁumﬂmmmeeﬁl order Yo reduce or

ehmma%egsrtgege grg{wr I@tﬂ&ef)egarl}{ ngées (%Bq%g;gep&\e ﬁ é’é]rgs,o%l }ggg; |d8gfge ))f Iubrication
unlform?i%{spﬁ a%% ¥0i#R066:089:293 cﬂ?ﬂﬁfﬂ&? 9@&41&9 indRRIBBERiGe pads

solid lubricants generally have | ow surface energy,
describad berstra Bleansa of padd widle sd 1 ak @wlcmsgcpspg?,ednn thepadymegnatrix within at

least ab%ﬁgm’)é §f ?{]et S{l g%ﬁ’% fro |Gt *,h% pé)}g nd éur h fe%ﬁlgel)_{/ rr?iﬂgmizes shear force,
withouBsHefitigint IRR, |lid SaRtddusdsadriclinnde thenamintheaaidd 6f @Fper tBéreby.
friction at about 0.04, is known to be chem cal

inert, and is stable to apout 260 C. Like the caIC|um

VI Eﬁ@P@%ﬁﬁ@émﬁﬁﬁﬁﬂymmﬁﬁnﬁﬁ%P@En|c solid lubricants, the
polyneric solid surfactants have surfaces that slip

[0154]I ﬁde%oﬁ%%rma& a?ﬁrdat e?kfd Bt gash‘jt'ge SBtakFes i in the e?qbedded

ricants con se Pnclude a vari et y O
abrasivanpbds diadlesedilicteis aretcm:thbuteqb ttopeghoutthefpolymest mhaitin and not only at the

surfacenffn F@P%‘S}%}ﬁ%{ |1s b?l%d It}}?[ﬁn%%?gfe{?% arg eas&helqgs)(rgﬁﬁy Bot be distributed

in all oSthehaad a3RRY 8%aforGa reﬁ%@ddé%lrﬁ)rﬁ'ﬂ\ﬁé’}ﬁdaﬁfer a fixed abrasive pad is the
buckm nsterful | erenes, or "buckyballs." A variety of

stability &5} the Prassed even timeatlaring polish.éhe pachwpare oih dngasd efghe embedded
abrasive g)giﬁl ?I?e sggpnea ggﬁ%ﬁ%fﬁgl L%gn bé,%%% e%réb cléltlflé %%%151% distribution

eria oron ni

within nﬁldﬁm&th@pm e bradd! datmed and sérittidledr escaiﬁefsu kheaf@mmercxany
solid lubricants. Since such structures genera

avaﬂabka%dr%%‘@r@éi Se%%égraé% WeRE I e Seanserze 91d @S%l?outl% gengity as the
| i t
pi, 0L G20 s LA e bR, oLt e YREE S ot

high cokst effnvpedrshipdiaeio the need for frequent pad replacement.

[0155] Pads for CMP can be embedded with ceramic or glass particles (alumina, 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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bl ends, networks, conposites, and grafts, of polyner
and copol yner nol ecules as well as conposites and
w@re@bng92emnde from inorgani c and pol ynmeri c sol i PICT/US2006/006176
| ubricants are al so possible. [0152] The custom zed
subsurface engi neered pads may be used for al
processing steps in Cu CWM; including the bulk, the
1elease§ ahd tﬂeas‘i‘ﬂjry( FBudf q pbBnd Phd 'W%'hlcf zﬁWﬁ)lr a§1ta§19§ ctior on without the use of a
Parti cul ar the i'npact of the single pa ut1on
slurry cootair@ug &mt@swss o fack thecantirhprogesstcanbe camisd lQﬂ'alhﬂH@diS’S'kb‘id water and
i 1g§' % make th cost of ownership for processing the
e emRedAeePIATHE Beinol ogi es attractive. [0153] As shown in
Figure 13, copper has a very high strain before

[0156] faghdwi ERsPECAbT SsiveAelftefialo Dall ddyhan6 APRLTve WAL GARSe recently been
substantial plastic deformation before fracture. In

developadeas kngwndn the field nlhiepriprrBeles Bafeectize ighediframecter K8s of
ronor 0% 04 Gho R AR CRRLA! S s R Q5P i Ghen rane

abrasive €luiySpapticléby Ingodpoitish fietd mhevgddy @irectiyousigxmemhtgicatid¥methods
Due_to the high plasti CI ty of copper, several, issue

previots lyedisqisSesle SEFRIF e asans R CADEi/E ewasles qagibe wiliged fngluding
ceramlésrh%d &%ﬂs&cﬁl£evﬁrc%hﬁngﬁ5d QQnePgncf a%n MR &5 di 11ké b Aenanotubes
are stressed leading to plastic
(fulleredefmgsiyuislwnﬂ asAgapeeticlehi s i nduced pl astic deformation
is a permanent deformation |leading to Iong term

o157 306 PR AR 0B eSS P DT Bl aensis

of the dhijEoP QleivedTeGirQad. finsdteRall @ 8difE 6 f Welskif BBrapivasin dgklet regions on
defornmed and will have properties different fromthe

the POHShWérSUtfé‘Eﬁp Enagiag g glsotwechisreshiiroushibe grdingef abrasive
I [ 0 9

charactﬁfg%tg ﬁﬁg a%#ﬁe?&%pcggn%ﬂgﬁé ggxésgtguﬁ%sshgg {)Hgg%g élggés ]1%(?‘3 can be
done inldepeidenty oinl colnitesetioh Sattesthafmenp par grading giad. Itlfmlsal’a)d different pad

strain_hardening are accentuated due to the
materiglpporgsEifent of the copper in vias and trenches.

Finally, depending on how the pad interacts with the
[0158] %@tﬁ)ﬁfe thRY&! s%ale?%ﬂ@ﬁés @AY Eb BN e S 01sBE! atlo®E tnaRalti daded to the

after. CWP iIs conpleted and can i ntroduce defects into

polymeu hley smnanra@pmpmlatmlglupbwlsﬁe duch a¢l arsiotvent. ifpest pazgeles may optionally

t tt d t
rave 05T BRB P AU SORETE arroitinr e BGnt ARBPL I BEF Frdtat M g the
incorpoiai &1 éisﬂah"tﬁdlw m&tﬂvéﬂy%& begErenttaly i6MRhE PolgRIRE bAbre of the polymer
uniformty of roperties, such as pad nodul us,
phases MI%C@FIB@O%I&WQSW ed Hride selected poivegr. Bor fyiet Qfrmeoigfphase
polymeé{,/ghepg?ugé f%(ggdeg%; ?g{éﬂ? 1y a(ﬁl% (%Jgto t@ﬁ{r%a%@% aﬁbﬂ@&%‘é’aﬁ be

sufficidntprsirgiddritoone pham wAdﬂalu theppnardrymd smff ofefldy diseinaitAn |t@the other
uni formty for, Cu CWP é%gess s, there.is

phase thigdh¢ HeTAsiKE PRGEISS egheFind e pbseis ¢ tegwbancrrpple olidifies. The
groups EB};@&F&I adh&eﬁqgg%cf%rsurfﬁéés PARRTELES lﬁet srae?e%?ed' B QI?QMmIar to the

ects. In order to reduce the she orce,
polymedégwhechdhey eiorpilazti Bs aidsidleasmiof ybmsvab&uclee dmm @d polymer as the

padweggég\é%cgs%lﬂséwcﬁja?ttlc m m zed subsurface engi neered polishing

Block copolymers to make self abrasive pads

42



descri bed herein, the use of pads with solid
| ubricants dispersed in the polynmer matrix within at
wo easosebbut 1 % of the pad depth from the pol PENURY06/006176
surface, effectively mnimzes shear force, wthout
sacrificing RR, and can reduces or elimnate the
strai n hardeni ng of copper thereby. VI. Enbedded
O P B P o bty Pk dfere ppplockc can actas
a matrizlend diewesondblotiecaardst eckbrasvycashteealp Tts biticke hieseldcted to provide

herein. are distributed,throughout the polyner trix
the desifid CoriinTgh WP DRI S au tyiisgity iy op gHad The gégetysase forms
within ii® «dB8hIRE phhR. SBREERHoARIEAS KVSSadRY cOhisi FTRY hider P&centage (co-
. distributed in all of the |layers. The advantage of an
continughh BWtied cdlonablogl witidhe vder blotk keiag discartinneup alcheidiscohdnuous
R ER he.. pr.ocess .over_Li e, -' ol i sh he
ot 3 B8LhLY iy AR BEGRERS M LT RIS 1B Sba0y e o
make thd&cS@dBh 30 Abliabive G o@bnip Ok hithal @anichs cex ppeéedybendeed into the
the abrasive distribution wthin the depth of the &gd
block. Befrxgmipife RPragiys et lamay be ptepicrlbubondsd goramest all efike monomer

i
abrasive @agiciep nasy hdi@corpotatshintorthe pslyner agite$hesbradihe particles have one or

results.in uneven polish rate, contro] of the process
more PgRITI oE CRBP ISP BTeeH P LSRR 5B EBI G iendBe favor the
abrasiv% %ﬁﬁ%&%gﬁtpr%ﬁnﬁﬁmf ﬁ{é@fﬂ%ﬁitecll {#d erd o e ?h§£§. FMihs&Re, abrasive

~ be enbedd with ceramc or glass particles (almna,
particlesinhdycle, setastddanch thphe Sighpaeancetteionat abesive padtietesabimnd in the

. 100nm : 30 m.n size, depending on t desired.
discontiRE biashdut® inn Sl BRERs, MBRes o BB e ypmey oo be
used. P 8drhé Hs@AcENBadhi tRaEp 8RS abiasivRaetid)es iatth@miithids BHund in greater
This could allow the particles incorporated throughout

concenfrpgorpPredhpee e Bigerted (prgterably Wip diowsliogapgdase, although particles

may in%%‘%%%i&fe@e%g%ps\?ﬁ%%ﬁgh%r% I%o gv Rl%ﬁg‘ ciog&gnt}atﬁgn '?l’ll 1.|re :S;éntvi\ﬁ%ij(%g Bf}ase).

or abrasive ac
Howevet) enintgesadf particddsiundybe sldctddvortatalie @8 imoes typeflof paticles are found
. ... the entire prqocess can be carried out using distilled .
in highgjgopendragionim hechisentiaipuaphassi o Pamore[tpes e partiisyis found in
higher EérﬁéﬁtrﬁforﬁE S Lot Bin B sGHa gl Sn et &?éj?ﬂﬂ{)‘%t B gé{ﬁicles is distributed
particl es have recentl’y béen devel ope S known in
approxivhaclfyiesbmdly throegleupbothiphlhes. have a size range froma
few 10's of nanoneters to a few 100 nanoneters.
RPol yner, .pads can be functionalized wth such no- .
101601 Je i Fop eS8 o R e B E SRS S @y PRe ol igses, since one
of the HIGS neyrieelfile AbEdsRE. CBRaih 8llicbEeblotks dMIRAASrporated as part of a
previ ously di scussed. Several classes of

copolymghs- the la gipgeceptage matesial aathe parbor badkpert ¢ancctias thg higher

1 C [ i F-con| bl i C cerja _and
pecen LRI, AR LB AN s S oS0 e
exposed bn@sIn &s avveh hbrasve lys gaidiveiatrial made out of a silica polymer 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 polymer which incorporates 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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[0157] The distribution of enbedded abrasives in the
pad can be custom zed to pattern density of the chip
woroobiogo2omf er t hrough functional gradi ng of theCEHEE1006/006176

abrasives in different regions on the polishing

surface. Grading may al so be achi eved through the

gradi ng of abrasive characteristics, such as the size

f

s pesiEAAN RO AROSI A S 0 e ARNESYESooye, e
nanopatidiesrcanbanslettod tgpmeidegn{forre disphesicnse poéfectinfiflecemhulation in

03|t 0158 oth the mcron scale .
cither 1508 orfsRo S ieRa o 6 Har b Diis G Argu ey By s descrived
above. @added to the polyner dry or |n an appropriate liquid

vehi cl e such as a solvent. These particles may
optionally have groups such as oligoineric or
Flame Ppyieyisri ¢ groups attached to their surfaces that aid
the incorporation of particles sel ectively or
[0162] rl’r?} %rﬁﬁ #d 2&112% 11601{09818 tEl‘f‘scff eéf ricio feghrﬁ uéshc\%oﬁﬁr %@B{lque which
ases are
can be peﬂeﬁm:dl@dlspd) Itqmremdeliqrohkhﬁﬁg sifadeis ﬂreﬁtm&&sprmﬂlg/fmhmque used to
rougs bonded erw se adhe ed to {he surfaces

make ad%"%ﬁ’g 908 “é%mh%?a%gu‘:% Afkams seried pe ey a0 Y CHTETHA QS 8lass

particlds @n@&?{%&ﬂteﬁ he Mw%ﬁ&@eﬂ a@ﬂfé tﬁh’é b @b epdil fgfrﬁﬁdi@ soacﬁatta%elf abrasive
the o phase that the abrasive particles gather |

surfacetdai bd derinresld Thhpakds hizh polyenqraing meconmmsntyingaibirati el peistrcles may be

Th : ded dhered t t rf
fame spiiGgd JAR MR ealP s Aoy Tl Eh i PRRREG bR PRSPy RERe A bas no
discontthtionB phdzel).are jakl agsthe olfithatdiad ¢ gt 0as als@éntaﬂbassw&ee as

particl es fronrthe pol ymer as the pad wears to expose
descrlbﬁeﬁbfp\arlf fesired. Inpthis ekertothe flpmersprayed pakeesabrasiybdayst wears first,

ot o, 3 Y SOOPLRRER TLASRARSIHEA G O3Bl e v

This typadﬁcomb'en@cmrrﬁa;bb@@ded cfR ikeinc@ o aBratf@h ldyer and wWdf& that is
econd bl ock can act. as an abrasive material. The

pamcu’@rldak@wak &0 algpdeeienhich hay symgether rrrep@@srhﬁ%rfféerﬁqrﬁ gaefher layer
or layefsl'lé%@ 'abﬁg&ﬁéf b(/ﬁ?@ Qﬁ?ﬁha%ﬁaﬁﬂﬁ}a%ﬁéﬂ ﬁl@ ptaﬁ @ﬁorﬁﬁ‘ ?1ffer from a
abrasi ve phase forns w't e continuo
later abomseorerszodi nent, the pad can consi st of hrgher
percentage (co- continuous matrix) of one block with
t ot her, bl.ock bei ng di sconti nuous. The di sconti nuous
VIL hﬁ%ﬁb%38gﬁgﬁﬁg Schosen such that it acts as an abrasive
for the material to be abraded. In order to neke the

[0163] SHEOV iplaase Fadz;reas theRght t6 @ @nt l@yc@bﬁﬂmﬁhgbf prRrvAfet 1933ng polished
can optionally be added . into the ock., For exanp

across s suefpsreofrihe 234; & Belpmyovide dinlsibintian plthy éh@ré/oacrcafsélm@daurface to
help en te 104t S\%rﬁfche!ﬁ? g]]ﬂﬂlgl IreaclBl fﬁ% %’c@ﬁ%& tﬁ@%aﬁe’rs@ %’%’Lﬁ%? 1oca11zed

ase 0 copol ymer
stlffnesp add oomp Bdrrca oif te pdrih oalee so coayrob polishiry yafoninés anthhﬁmmlze edge
effects;t a%% tg %lroX/?Ee chragrlléls fo-lr-t‘g}?e rarle?nro%sai er po’fiaslﬁltnig %lel?l?s rgr\{lethg BaGd s(,)urrface 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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nore properties (for exanple surface interactions and
t hernmodynam ¢ conditions) that favor the abrasive
W@ a00bi08426% bei ng preferentially incorporated i PECDUSI086/006176
of the phases. For instance, abrasive particles nay
be sel ected such that a hi gher concentration of
abrasive particles is found in the discontinuous
the presfggés%ﬁl%ﬁ% dt Qyérp %‘&Rf@&)‘it@# S, &l?ﬁ%vi&%ﬁﬁgﬁﬁ Sl distribution along
abrasive particlfés may al so ‘be” used. In sone
the waferipadaregem, each of the types of abrasive particles in
the m xtures is found in greater concentration in one

hase than t he .ot her ef erably the disconti us
01641 i ESRr DG i tact Hago R Hrad i B ST QP B gy be voea
Unlike tHdurieRefiethods 8f di-ahegro6@ng ahich bicdRainly hbehaGRAL inHaaks, the in-
phase). However, m xtures of particles may b

e
situ megheide dessdibsdherh anaydee eeveral advanjpses. §pr panile [thamgtheds of in-situ
. found., in hi c ration. 4in e di [ .
ol 4 ML GTPLp BN BEILE AR SR SRETLUAHR rove

manufddhugiherstepentemidiadn, e methbiedoribddheptisrepiisisaly o \Geful in
. one or nore types of_ particles is distributed .
achievipy 6PERIcHE IV devight yL4sHY ollig Hutits BsthedpAessEsed hggat typically able

to prod{l& chs %egﬁ fhgf%%g %%ﬁ%r%oltepanic&c@ggp,q{eﬂgle%?g?ftzé.p\élﬁoC Ay € icles

I'nto one o ses, since one S may
itself be abrasive. Certain silicone blocks can be '
[0165] ilmone paiaioadthasugiiznds fof inesitugppoliygreamyprisettheudeovfersilicone lining

ercent age teri.al gnd a, carbon kbo can .act
placed FRUEETBAET THReROlTraad HaE 0 R FeRL i e, Egeramote
the mofdahaPBé hietHING madb Erosi AluE@Ren Rddel, 10frarh 18 rRALYATE (e. € 20 mRerl/metal
exposed and can act as an abrasive. This abrasive

alloy haidngwlae” madethedgesomdaubira ikégh iodargnnss faancldig fingr fesiwes),
mixturés(%h%]r%3$ afid \?&%ﬂﬁﬁs t’[%@ tYo1d 'rﬂghflq%ran&%uﬁ&% dﬁ%nﬁoh'aﬁg the dimension of
parti cres ich are currently berng used as abrasive

the moldlaik typit 85 depersRMElipn the dindisiogi Fshe CRPEIA td e ppaluyedifor example
[ i ncorporates the previously discussed enbedde

whi ch dded
for a 2, gh a3 TR BGH Vave pad iPkIesmsieAgavill Hso) gk igiinges. The pad

i il el % ished. F
amens 8 AT NN PS8 BBl IR MR e o
examplepinstativeetimbhoals fooPMB/pats fadhpadishingrards 6d8.sedtincueakr may be

hases as_discussed above. The nanoparticles can be
Emout@%?@é%%ar%gsﬁg%@?ﬂﬁpﬂﬂWﬁarn1dispersion or preferential
accunul ation in either the discontinuous phase or the

[0166] CQRIsil¥sAH ﬁnﬁl%ass@picangi niid% ol h 8BicBBY elaGomSE @r @Silicone polymer, but
descri bed above. Flame Spraying [01621 In addition to

any suitphlmglippredingegsingy B yeads g stletone Eningean thesrhe eprossed or etched
with a %ﬁ%‘iﬁgﬁhi&? %hﬁ%&n € e‘:’f{%rg I?? th%ad%si?g(} %%Ef{%ﬁt%% S &‘e%?% Tfhe lining can
rovi’de a polishing surface 1s the me sprayihg

then be gadthdiopiRersd@chdhered 1@ ke rétaiped yehie moRY iInghooid e psted that the lining
Such a flane sprayed polyper can have cera .f or gIan,

may also be placed in the mold prior to it being patterned. The use of lithographic techniques to

etch patterns into the silicone lining may help provide better accuracy in groove size. See, e.g.,

C. Dekker, 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

45



particles incorporated in the material at the tinme of
the coating formation so that a self abrasive surface
w@anweiog2pdr ned. The pad on which pol ymer and PCT/US2006/006176
acconpanyi ng abrasive particles may be flane sprayed
will typically be a polyner such as a pol yurethane or
pol ycarbonate that has no discontinuous phase(s). The
pattern PaloWBYerPR BRR Vafl@odiade dotk %@a%%e%ﬁeﬁb& Q\Qﬁxtd M%Hémentary groove
phase as escri bed above if désired. I's event
design. tlhleth'fslveerye tiepmeldedd piod e, /ca bheamokdetsleh”ymay neasel thipratuce the CMP
and . once this |layer has worn off, the pad that was
pad groggh deyi#NSt he pol ymer/ abrasi ve |ayer wears. This type
of construction nay be used, for instance, to abrade a

[0167] Fayies 19ProvidehaiossRadtidng] vieaIdfia6 dihakdaiyeéifitbreUided nfold (200) as
abrade or which has sone ot her (ggz)rt y that differs

describeq berein sthesm therpare angippeayeidplp alsesd @epld plajh0d) and

silicone 11}1#1% Siqﬁ? oTﬁQ Eﬁ?&?e%m@%fzg\g? g%’ #ﬁ%&gec{)ﬁ}l et&%g p%&? lﬂg ?208) therein. It

should B¢ ondestopdttat WAle Bk stiooay ﬁﬁmlgr(ZQﬁ\}F?s passica ﬁlﬁFighmJUhﬁloﬁg)the upper
event  hydr opl ani ngq of the. wafer bel(g% pol i she

mold pgger(ggg) itieed upk bee dndged; the sﬂlazene hping & ﬁwl%be adhered to, or
otherwﬁ Fétélh@&‘h‘l AR 1Bkvet ﬁ@dﬁh%f(iozé}c 93 SitdcBfe R ﬁﬁg ‘Tﬁ‘r%}rf 1RCRheled to, or

p ensure that sufficient ‘'slurry reac
retained it the mnid pfatd ingrafyewujtathlo nmthqal. damterkahplepihalsilzede lining may be

SS and conp |iance af the din or
stued, Bt EBRRg PRy PO ES ALERLE it e Seg dpycfe mold plate.
effects; and to provide channels for the renoval of

[0168] miﬂg&hisrfﬁetﬁs@ rth§cMm15Fadt 4238 RIS 6 Q thenWpULfic of @ thermoset

reduce defectivit 14a and 14b provide a

materiag o dhelike Ipdpe ease ﬁf athe@ﬁbblfasttqw@aﬁeﬁ@la@ medifis tyjriesdlyi fagmeshand
nj ecte&p gxg? ﬁ?é%l?c%g ﬁﬂé& mlg[fies[ﬁlﬁlie ca%? g WQ&E %%ﬁeg‘}atl,gaerg?cé; Vse Hélxture is

ure

typical et @ int@ ﬂfbssﬂuabﬁae pied inlo&d. (Tlmjﬂeﬁc&hedmhylré hﬁydieatgdéhaiol t#ie mold in one
striped trianguylar regions) when a naon-g

step, OXHI0jSEWSief TRRIY- IHOWFR B ITeSPERIHvE of A Tpperiak Wagdbe ﬁ%‘\‘/\F%fhlé? allowed
to attanﬁ’ ft FinHr a%?ong ! tﬁ@ Qc?fn'a i) uerqoBh&\W?fo‘? oteSwise set up as a solid,

ease ooves I's, th€ grooves
before bmng talkem Dot c4lf4hé’/\lﬁ02cD Ofﬁ/cﬁlﬂ Qﬁﬁﬁtlcﬁ’ﬂlﬂeu&é’t@ﬂﬂ/ 13 ﬁﬁﬂzﬁfﬁthanheand

ressur,e gene d_.at eve oove plt and,
polyurd i paEs RPTOITEC! Fi oML PP GRESF iy Tayips Mclled and placed

into the\@fi&IeRREd hRIE OThe §i0d&11iden nRAERbe ctBRY With Hﬁbde@lred pad pattern
nmet hod of producing in-situ grooves on a CVP pad na

as desciibedjgtmye. Thalpokaratimme dualierad trmephbd@d wfthentakéen gut of the mold. The
oVvi which a nlc i ture, the
- pad thofl 80K ing AMER RS AL ATREURME ok Bl U1 &

advant ages. For exanple, the nethods of in-situ
[0169] ghe piengaldrivaiith geschf pesducintgl ih-sity Rravaks ysﬂmg tHlﬁﬁﬁcone lining method
ensi ve, takelesstlrfre and require fe
are sevg—;paﬁ uﬁ%&xﬁmﬂ?g 1t§1@aérpp§ov1fiﬁ (gcpdllopggmfe pﬁgleﬁ%qlﬁ (ljvagause the silicone lining

can be FHEREH BEFVNE BrdkE of ¥RAGRY My TPLaL o REE Yhd HfY 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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achi eving conpl ex groove designs. Lastly, the in-situ
nmet hods descri bed here are typically able to produce
W@MP6/081293 havi ng better tol erances (e.g., bettRCT/YRWOV@6176
depth, etc.) [0165] In one variation, the nethods for
in-situ grooving conprise the use of a silicone lining
pl aced inside a nold. The nold may be nmade of any
. I
lateral %H! ]%?3 afl g'goﬁlves{jlg t?%rfgllﬁ]&gll‘ﬂ gw nﬁuﬁgfrﬁr%ét e?y naf\}% Pg %%fﬁéx%d M®¥tter
controlratl deited ckﬁ(lmog of gaoavetdahémseamsimayahd afypaln@nlargntedst ingdads for

Spemalﬁn&QPWPé%ﬁS&FIéananﬁ%{l%}F‘ﬁgcﬁ %ﬂ‘rltgg’llo%ggﬁf%ﬁgo R leq] ng

nol d may be any suitabl e di nension and the dlnen5|on
[0170] Novet Q@oﬂ@héjslgtﬁ akd/ D6 AbMbSEREBATREScUROB grB@veddég%ﬂ§ Weft largely

CWP pad to be produced, for exanple for a
developqdcb@sgh@n Hovwplighaligationtsindéesa Thesq Hedicthelpesdt toridemiy wal ﬂlow patterns
ch S ons n_turn
of the e R bt B AT i B RRGraf FEGRRRZ (P e o8

calculapsdl ngﬁl&ﬁ; 16Bo16C Fmﬁﬁﬁs @onhlhlitii@tdkaﬁ”lbl/a@y diugB AR T shi@dble groove
pads for |sh|ng a or 12 inch wafer ma

designspir aa?Qo%fl a8 30 3e51 1, s eptstel, pmaLeT FSFOAAP & 5. noar the imner
portlon[ &Jtﬁcﬁ% , &Neb E'6e hésf%‘@@ with Jo\llgén(fﬁ{: ke o@fesnd overlapping
si |1 cone | ut any

as oner, sil'i'cone pol yner,
linear guo\tea M}ﬂclse)ltemimaélallym figlonethe iéentisied flowherttsirsi cﬁarh@her radius

nin n then be d _or etched th a
values Wﬁ Ié’r‘?g‘i @e OYEH PEHORCL S r%bﬁ e)p ragtgﬁy satea 158 FEOY R é were

1n1t1all§9 ﬁnéjd@ $ik&the *A€r pdbAGS BRPad tcﬁl? Be Q@rvgdl H)eﬂe%nt @ﬁé‘s@ﬁx’{’ﬂl $6m flowing
hered to, or retained in, the nold. It should be

off of th@p@i:laltdﬂso tohacteiseithgdensdy 0ét1®cgrma/ep newdble perigtheey. bk distribution

rior,.to i.t. .bein atterned. The use of Li
of groc s B8 gk B e LByt iB s oTel b lsbgREoR R ey over e
pollshlﬂyyurﬁféleﬁsu@h QY hidehtHBIner coRSabl ReYy Héhsay @Qé’l&hé?éﬁshl@eﬁrfaoe The
C.. Dekker, Stereolithography tooling.

mcreasg i t}@&@éswbcp@rﬁ@ves Rd¥dhe perimigrepandiosdoge e rayaiasn approximately

constalﬁ(gmcgv%]deggl \yo'c}c?gs'g (l% oqflshln‘é%ﬂr geo\§gpﬁ‘%?n Qi@%a@‘,} fowqgaei‘ntalmng

umforrp@;gﬂﬁpcﬂfsﬂm@@l‘eﬁbgmame @ty ik edrfine crfeﬁeepeeh G€sdrie Ei?se&, &is deplcted in
irety. For exanmple, grooves .in the mcron to

S
figure }ﬁf% Additipnal gadiskegiodyes 6 By arsded vhislydo aptaxtriddnts thﬁ u{tjwr of the
pad in Bidet doRAiR i Qe%tan'irgﬁog@é Iﬂ?ns}?tg agmsé‘ﬂ{éﬁfémﬁlh@ strfAl | 'Tﬁ/glcal groove

ease. In this wa 1 ni serves as
widths ‘tamtaghiga frofbabox 2@0:6:&@89 2@BmRCTHIL, SO 67;0&6 Bv¥®ve depths can ranges

a rn." in some variations, the nold may be
ﬁDnldgﬁﬁﬁﬁ?%éﬁlkqﬁﬁygu%Bﬂ%lenentary groove design. In this
way, the nold and the lining, or the nold itself, nmay

[0171] i@ettssl el Bropt @ detegnstigy KdMRodRad ter D9\LRItARS hiid. (o4 8xdmple, they

Figure 15 provides a cross-sectional view of an
may bq prpduced asingdhain-sitgrethpdsdegerisidebo o F agditiopalcthphagy be

producPc? [m%é‘ EX- %?@?m{e%{ngzgggn%th%g s, 4BPFLs lqge!r%r%n%t St C(,lag@ Wwater jet cutting,

3-D printing, thermoformmg and vacuum forming, micro-contact forming, hot stamping or

printing, and the like.

A. Laser Writing (Laser Cutting)
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silicone lining (206). The silicone |lining (206) has
enbossed or etched patterns (208) therein. It should
wheoognsesst ood that while the silicone |ining PCDEF2006006176
depicted in Figure 15 along the upper nold plate
(202), it need not be. Indeed, the silicone |ining
(206) may al so be adhered to, or otherw se retained
[ t [
[0172] L%ser Mn{ﬁcwgﬁégﬂg rga}gllf‘,@tt\s%gt(tg Iggﬂeig th}%ﬁ)ﬁ%érbsfé]@es} éag d8&tribed herein.
Laser custens gyracall yswinsistl fex dmtﬂmdd—fﬁmmg laxcanwhle:h 1§ meusuetl ion@meechanically

controlLﬁdf%)ls Oglgl)éélgq%g | ue% P 9&1%6“@33 plats{vg%?rg aaecL %Eftebﬁle working
area of[tl%lﬁgér n&hRgsthhisg HB1hedwdepEbdeVRnB a6kE 8Bk HRF ﬁ?ﬂce the laser

froma thernoplastic or a thernoset material, or
vaporiges ke, mitprialfernciage sofallachamml nnpavatmt thersppeimi valiuch eheri@det hits the

surfacel Sq]g)é’g%lgal l %\9({5{%1 Scaég gypbcfa%%?it;}g? né?)rér%bsteee?sr}dlal‘leCNIéG no surface
ﬁmshlr[ge )gjldéﬁlyr@r?ébv{hg of Bny patRing lak We peshramine@d ihe t15d lab&@DRIng
['1ne The reactive m xture may be added to the

machingp More ﬁnféﬁéatl%lt@plas% VIES rg}lieb%,fouaﬁ b Kan haladlegser
Aok F83REMLY 5y2551 28, KB S0 s ARPAN 00 B

referent@iretheidkentiretye, cool down, or otherw se set up as a
solid, before being taken out of the nold. In one
ion, the material is polyurethane, and
B. ‘Naﬁﬁl?ﬁbglﬁ%ne pads are produced. For exanpl e,
pol yur et hane pellets nmay be nelted and placed into
[0173] t\h@teﬁje& E@ARE nlalyARE UERIsEd to dﬁl@d@del th€ 861 tddRd den bk &B8ibed herein.
be etched wth the desire attern as described
This prapesy asesehet palragpazadatater - al 48&1@&&69 Q,Qﬁmounéﬁneru square inch) to
make %goves ma%fl% ac? ub Il thhgvape? ftsd T S kpgn abra Plasgm ae%}t Shilg
or respon 0se 0 16 s Eohe i heéd

facilitaled bedr tfﬂéfanb@i, @ﬁkl bedd edpediages Iaforduraslbciiog grbowhg Uf a desired
grooves using.this silicone lining method are
patterngilg ayaigr jetpy fypisalpreprogramyagd (F Hvides # spmauEpig &llaw desired

geomeﬁ’fca{ }bﬁh r@h&ﬁtlBﬁﬁ%?&lptﬂ%E oi’kAJake?Z&%u{; % % becﬁ)ﬂnﬁ)?n J P. Dual“te etal,

aced easi reaks 'S any
Abrasiog Wheafel Iandtatlhcel\/mtdlungmmaroll quzr),@p 2 19e2 19, Meypékpral 1I998,h\a1$10h pages

ver ong lifetine., Simlarl IS easier to

are hef%@méw%ed&y&%r@?ﬁeﬂﬂ S e | ned mol d as

conpared to a nold where the patterns are engraved
C.3-Difgii@n. Hence, grooves produced using silicone Iined

nol ds nmay be nore accurate, and danage to the pads

renoval may be nminimzed. In a |ike manner,
[0174] tﬂ’ée@]gbmi@m@?ljé@t@@d@u%&m@ﬁl% issanothes Reocessriba mabajesed to
r t

producggﬁ/ae n%%gpgj\i/aéf{/ degS%llfs ldgécﬁrﬁgcrl] g?%hlsig%-eﬁ gngﬁ‘xg% 'ibg\%s ateYuilt in layers. A

compuiP QCADG 92131 HER¢ LGAD6E HAD GLTEt mbdd Aldathedn dhdflﬁg h%ﬁﬂﬂﬁh maps the
grooves in_the nlcrgﬁﬁto subpi cron _ranges)

informlien oy BYFTY BT oFVerE ST SRTaAl "B BEn deFtion aﬁp@rfder spread over
the surfc® 9Y$ 8?&/5&%[19 ScHiRY n Y BRa& mBRfiky tﬁﬁ{ &‘iecltl%@r&gﬁl% phiticles where the

pads specli al 1 zed purposes suc
object Witebe ftmieds Th€ua pestavahich SUpporSdke; p@ndertbleé ahd K. part-in-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 make 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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[0170] Novel groove designs are also described here.
These novel groove designs were |argely devel oped
whamensuns f | ow vi sual i zati on studi es. These stRdI/8S52006/006176

hel ped to identify the flow patterns of the slurry on

top of the pads. In this way, desirable trajectories

of the grooves were cal cul ated. Figures 16A-16C
preVIOLEW%ﬂg%%gSlg?g%bMé %r!e&%y T r’f?i&}f‘ﬁéé adhké’\}éﬁerlﬂl th%qg%tﬁlg%clhflore
informataah. on/% Do@piting exehy teet fosndaid Anorr etdil, Ui Dyl ntieg spd:ede protowpe dev.,

Mot SRS o BRELboBu 108 S e QNS Bt by eerenc

mthelr%ylﬁfét}appl ng |inear grooves which extend radially to
low the identified flow patterns. At higher radius
values (i.e., near the outer portion of the pads), the
D. Thermefainiyg @}d%mlllﬂgFmes which were initially
| i near near the inner portion of the pad can be curved
[0175] tﬁh&rp?xge@gestﬂ%% n’?ayuti;]ar%gcﬁ t P o&ﬁ&%?ﬁove‘?f oonfe d%ﬁ & ﬁr%]e‘iji here are
to I ncrease-the dens ooves ne&ar
thermofretiighaid/vaching foinsihig.i Eypﬂcﬁ)lﬁy tlodse gravesses oy wdik for thermoplastic
I|sh|ng surface_can al ed to. control
materialy. ooy BTGB 204 PRSet aég%astf%é lﬁﬁ# %“rﬁoﬁb%%‘dﬂtilé’ééom after

[ I
heatmg;%éﬁgs i ng ﬁés hiRioR %e@h&ﬁ%%%gué T[léﬁ%ﬂgxgxzxggﬁcﬂﬂﬁ#ﬁeg Bfically

ace. The rease int
pnxhwgpm@Mewhmﬁamde@apemgp@ﬁmpanﬁmﬁhmsdmdehMpchmnMngmmamdemgn

Indeed,gtgg C}yﬁ)]ﬂl& t(g%)é]s gc qpsaﬂf%ﬁorg ) oﬁﬁg tqd %ﬁi %ﬁt?rﬁefgsg%séntbeﬁer in quality

than, inj&itidh dhdlHEDpiedtR] WRIlEEdsYink BB st NiMtde REGIRATRRN T hermoforming
across the surface of the pad. In sone cases as

may bedfephd tnelM.- flerkelkejefy kR eve An Aigio Mokhng @J%\Bliteamoglra@m%ymam :

Mlcron?ecgar%ﬁse %r%déﬁbflcr?en%ré%%l% Q6L ?E@&L})&i anﬁagr %/%f/e g{]vsvﬁltc%}tpggees are

hereby@ﬁdo@;&ﬁaﬂ'eﬂ@y@ﬁbﬂeﬁm mghsiveh@es. Typical groove wi dths
can range from about 10 to about 500 microns, while

t\égl cal _groove depths can .ranges. from about 10 to )
[0176] fscuvm foppingimal Gridiect asperintoreleairstbihepe rowsfevaggumgstion of the

Warmeﬁrﬁ}és@@oﬁ%%qﬂ(‘}lgd '\}%Xu X‘or?rﬂh% ﬂﬂk%e%&bﬁ%olﬁ e&ﬁ@'ﬁﬂh&esses of

may be produced usin in-situ ne
plastic,des @rarmnid 5 albov Eairlyrcoaghdiéx mokialgsyartdiepceraymplex gprovd peteins, may

itu o .mechani.cal met hods, such as | aser
be achipad i Vit i B R St s i B B pr teti ng.
t her nof orm ng and vacuum form ng, m cro-contact

E. Midr&Lohag rh@fhgst anping or printing, and the |ike. A

Laser Wpl ting (Laser Cutting) 47 WD 2006/ 089293

PCT/ US2006/ 006176 [0172] Laser, witing or cutting may
[0177] pdicpes eantach PHARE 8 RdghbiesPluges @vatné&&%rﬁguﬁ@s‘ewb éEPOVGS can be

embos%ﬁ §R§n§d#og@% of:ergﬁsx/g{ 1§a A Cﬁﬁl sé%ﬁggfﬁgg a(%nf’ed as “Soft
thhogna‘phjflﬁﬁl‘}nalﬂeﬂlodamm amélhs&oinﬂmsstamp o l'rgnsfﬁmtm‘hiemnté\ the CMP pad.
This m%gsg Ilsrégonr\r/%&eerrltl ?ow cost, non—lﬂmot(ﬁ thograplnc gle& %dfor ‘Hle%rmatlon 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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area of the | aser nechanism As the | aser sweeps back
and forth over the pad surface, the | aser vaporizes
wo b@oms2es i al formng a small channel or cavi t pPCHUS100€006176
spot in which the laser hits the surface. The
resulting grooves/cuts are typically accurate and
preci se, and require no surface finishing Typi cal |y,

[0178] ?%ggi?éh@%gto{aggy%ﬁggdgﬁ gr&{'h@m Ye ngxr/]e? §9nat iz %é1 rl%e@cﬁﬂ?:%ere as well. In

this prosedst & l’f@lm‘ap'lahe: ﬁod)yrnef may Ye Mtrméiosald ,usihg d lmgémaster (e.g., a piece of
icati o

Vol | ch
metal % 88\% mg{.eéla }Eﬁf g %%p{)%?@?sé WE c?%fv'é\t?l%tﬁ% e]leﬁat%%p}peratures
and hasSiifiiBAdtigiBey MI%W e bo%&%{e? bROtd RESRE MBo8EedivRien pressed into the

cutting may "al so be use 0 produce the novel groove
hard mmi)gﬁﬁledelsa:pol‘@edr héededto a Thpcslsptab@ ésmay beshapeql sndeyfpressure.

st oBYEERY T ABEEp Fol) a 20eRRLRS

transitid@teipetfudl XRoWhg Patbin S BEbat ﬂypgﬁnﬂﬁbé‘ 8thieWdi Byarying the
facilitates better tol erances,

initial afteimsdyi the master sleier v additipn.dlis r@ﬁfbﬁsgalivgv%ﬁor thecsnprptaen of
nanostr?igirui‘e%r thwill?l?a}yi?etr épéa?éd (% ]talgéépshftﬁéés% gﬂ%r oplastic

materialile@E st mallzmg atshimpﬂwidh tinanakel € smidtm’e}. OSiudhfa abedtrukidie may be
cutting may be ound in J.P. Duarte et al, Abrasive

used to\l?é?iéije? lgrpahyggf%pv&g Met al urgi ca, vol . 34(2), pp
217-219, Mar-April 1998, which pages are hereby

VIIL hité’é%%@%ﬁ&a@@aﬁébafc%ft QLERGE %n&ﬁb%'ltrde?é&hbﬁ @hdng @MP"3 D
Printing [0174] Three Di nensional printing (or 3-

printing) is anot her process that may be used to
[0179] é’iob@iune padﬁ;earmmidegdn@m atil-;e@istgmg regiee Mibidds Refifieiently transparent to

one or 1(1& )P’a‘ﬁg%} é!‘i c}fqigheusree é’ﬁ ;0 aowap%ec!:tgc)ﬁfe ar\ﬁsr{lé%ﬂa%eo@m%cmg such

polishifieatisa Tok ip6lisin@p SR mhdybe weap SVlﬂi@twhll’ﬁd@édﬂiBhlo@ ﬁmfnﬁbrmg methods in
every |layer. Every layer starts off with a th

any suitfbly ghepgal ériﬁcbim%\iiéﬁélﬁn%m@éasté% rWhether asmkSh@é pgfl igmounted on

a rotateiﬁgil@ﬁyg&g gar%:hesﬁib%ﬁ REk ez&?;ﬂg Sh LE? ténfi‘ INI{TAK\?EE 65#%'8%%5 éa%?éb}&

incorpofhted bg refesnos) isdniindnr ﬂupﬁm sHest, tah desiaabete rfotoechaohe] i hIeS Patent
part-in-progress is wered in order for the_nex

Numbep §,473,70p E}ﬁa%yelawﬁéorﬁfeil IR 0r GLrOH Ay coniRE g can be

modifif BF@stholis of the E’i%hﬁgn fooﬂnkl‘?i\ﬁ@g s gﬁ rdnt Pe’glorhﬁﬁ{ allows for optical

treatnment to make the part. Sinc D printing can
detectigxmethiodeat droeal the swifacs|of theesubsthase heine pohshedo fpdisalt detasfion and

monitO{TEg oSt uc%@%f%%?g@ tgcfeg text %ae%i.ié:g%s%réqa?urm(g oqqlgﬁ§ reflected

off of th'QERESIsfE)e QML if ﬂ%@b%@ﬁenﬂﬁﬂe%ﬁt@ﬁ@l Ryseﬂsd\pcsdglbie to
this nmethod. More information on 3 printing na

be
monitof BigrsglutienAlrad s dttheinterBiepbgivosn thegpadiskiag ap rad élikgﬁtréte surface.

Optlcalq%é(asurements may be made on this solution, for example, to measure the distribution of
the shurry layer between the substrate surface and polishing pad as described in 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

50



Mol di ng Systens, vol.56(5), pp 40-41, 1998 , which
pages are hereby incorporated by reference in their
wenioegr2y3 D. Ther nof or mi ng and Vacuum For m ngp¢DUFH6/006176
O her processes that may be used to produce the novel
groove designs described here are thernoformng and
vacuum form ng. Typically, these processes only work
I t t
com e B A8 o B L LR RO SRl i deachlbd B U's,
p1‘oV1SlaIﬁ2tl @atenmilcatg)nlﬁd) r@/é/jeﬂclmmnﬁneh@abselmorpmém eefidrence. All of

[
these s RS HeAOGBau T el SresLs el b oel e et inenty
transpa‘%éiﬁ réi’thglelto%iakﬁl fﬂ)‘h‘?@‘l’l%h%%f&ﬁhlouél@ 8R85hq 15 BRLPRLAY Bkce or the

ds are usualTy conparable to, aRd sonetines even

slurry lb@rﬁaefr, of tp ppsalight/from amsubstnite suifans omsludednisieetirough the pad to a
detectovmd I e, costing much less. Mdre information on

t ér?ﬁr?l’ ormng may be found in M Heckele et al., Rev.

on Mcro Mlding of Thernoplastic Polyners, J.
[0180] vh Gﬁ@ﬁﬁﬁh&r} ne® ragtodd iaEREN G bRResd tdGnaké@l lodAiz8d areRBransparency

Mar. 2004, which pages are_  hereby

pad. T h?@@ﬁ}?éﬂ%‘f%}ﬂ%ﬁ?e Piffigieatremoval afiner 981%{rbwr¢@¢cyng 910107 @dding porosity
formin BS80S S5 el By 851 e
transpamﬂt,mhilambﬁbrab‘léae&wmtﬁélb#mmgummgtﬁa&hemﬁdl (p@l)mi)demi composmon the

same t@ﬁ&éﬁi y @aﬁg{%@naﬁofﬁf m%hgff bfulsng émagn%%rswénsparem window
allows @&trﬁ@hrﬁeat&%éd IH§ aﬁ(‘l: E\h&i’a%ﬁal\l‘ﬁ/ ¥ RGNS [ggi:w? i riicB of windowed

rel ative ease. E. Mcro-contact printing cro
pads. gdditienilypmiethods glab/sbeanﬂu@ﬁd tp egmpamsamfopthermffﬂgnce in propertles
sed or

such a¢ 5 SFmic il FikgPh R SR BREe: RN AR Grmey Rt pltyBores from

a regiod%n tHRAFAd to hﬁﬂﬂ&%ﬂ? @Iﬁbfease Thhsareh sk ap3e8l 4 point detection can make
el astonmeric stanp to transfer a pattern onto the CWP

the lesgppgous region bagdehBunj anddhapn @mr @atymerigwngesal can be used in the less
0 or mat i on
pOl’OUSE’Eéil I?H) e{c8$ﬁrﬁl}819t$19 I?nlbgér:ag %l%g GL’ISrS gi;hl% %naS%thBlepl’Ogl S OI'G
controlipdanvieiornd belwlm@ctﬁ’thdszafay be used t 0 generate
patterns and structur es havi ng f eat ur e si zes in the
nangl? net er and rome m cron)

[0181] AJoHiEr, Reopig; wise cot i ‘i‘i‘"tqsﬂﬁeﬁ@ eSO Fb of the hard
domaiBGH{HHPARA PR 7J§arg£108126%]hal’&35101ﬁ51ﬁ5rﬁ’daﬂ9r il agﬁ 388k Qhe pad less

generate the novel "grooves designs describe here as
transpepgsit to light usedhfos emlummsbtecaom Hérnwepleastsecinpiad simeandthy nbmber of

the harg-%%m%{lrlb &ﬁl%%‘?he“ﬁ’a{d“ I%a}z;l bQ faerqulrre@% acrhle(ve ‘sifflcicht Pransparengy 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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nmetal or other material that has a pattern enbossed in
it, can withstand el evated tenperatures, and has
waedobiogi2ent rigidity to allow the pol yner pad POI/DS06r@6176
enbossed when pressed into the hard master.) \Wen the
polymer is heated to a viscous state, it may be shaped
under pressure. After conformng to the shape of the
0183 R B B O D R oo s
transpateppegiamayWhee thelenueaghdoyawbe ransgarehie this i3 ledsalesipatid €nee the
on the master stanmp, In addition, this nethod allows .
transpagegf rqgipus @%@?&ﬂ&@ﬁ}s Ck ProneaRs A A RESSEUCFR a3PrREgughy described.
i f " 1 . . -
e suof SR BRI e U R g g i
not limaehtmreamygedinetty.sFoumtampdd, witire b cacrianmds t vaddty o gemmyetiies may be

sed.to provide |ocal,.gradi ng/ grooving.VIII. .
used. ffiE 4y & Lir bt e ol Sev e BRpTIR ot o seiapen for te
transpafb@it RGidrORitiEH khd1gsMhshAdrtIdoi0a] Whétt Ak Ra1% @k Be cylindrical (102),
provi ded having at |east one region which is _
rectangylaf {§Q4) enting shapsd § P e urthes, wishe sararpor ecolpngilae gndesy, the
recticfafit poi ti-on. .an h of
et SRR [ (EIAE Bl ASEERAIBN, BDLTSLARS gl o
transpatenietlassiphd wahtlesatandeirettdgrarved s st iarH fige M8t Niedrftion of
any.suitabl e chem cal mechanical planarization system
groovegrhiscupsed iptciiamivil Fpgtes 1 #suat daneitraty exapales A#i9p¥ the window
s the s Sl uoE TSR o UAIDL0ubls M o ERL e o
The trassplarene eagichrmaebe sfrent sizeamddbsey, abdthe tbal trencpaehigrea may be

US. P t .. Numb 6,179, 709 h by i db
v g DB HIREL B (05 ety L pectpOr e by
area, 1.4T8hft1&d thy 518t hogs tﬁcﬁl eir@elﬁ | I.(r)l\r,\b’\sbﬁ%tdsﬁébtst, end AEh Hgﬁsp%rent area is

transparent region that a or  optical detéction
about lgse thiodd)ateboyt leasdhant Ho sahofibless than 20%, shiys lasathend@lngr about
L) shed. tic detection.and . nonitoring nethods.
less thagg e)o 8€§F Eﬁt% aﬁea.en ep%qlﬁﬁmg é)félg Fqﬁy%v? HHI?U%IE gﬁnﬁ)é'lren?reglons, where
the totalBR8 Bf hi Gapatehfieidnefid §pically 1686 thaffihd ©eal SHRATIHIA 18ss transparent
surface described in the above-nentioned patents. It

region QIgegiony herse isgypiceldy onmefintigpoystessduingraret regien with oge or more

o RS AGE REHEED 58 8 A 0 BRRL T

two or miotalitssarnspaaentexgom.e, to neasure the distribution of
the slurry |layer between the substrate surface and

[ ishi d d i bed.in U S. b
oo I Bk s et bn b S, Palent RO
light offiﬁgirgd WiveBngits, ahe Qegfx@lﬂ Is%:uﬁi(ﬁ*lsndﬂfﬂngﬁﬁ&ﬁrif LgmLe frhx%%nitted through

il 1S sensi tive !ZO the localized conc_ent raty o_n 0 i
the pad regien imadn dyedung suficieas toalloyw the mecesedys bptitad nyumitbrog or detection

. h th etecting the li,ght,.emtt geﬁb t he .
describ el b EShERET Sy iEnec HPL RE T DS Kb facnt o soatering
or absofpiienofieident Belus haeptapleO Prefefb ,meglfonttﬁﬁsrﬁubﬁgﬁt@w@r a broad

surface 50 WO 2006/ 089293 PCT/ US2006/ 006176
range of wavelengths, although the transmission may vary as a function of wavelength across the
desired range. 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

sufficiently transparent to some or all of the wavelengths from ultra-violet to infrared. For
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conposition that can be used to determ ne the end
point. Such a systemis described in U S. provisiona
w@adoess929ppl i cati on No. 60/ 654,173 and i s her ebgT/US2006/006176

i ncorporated by reference. All of these systens and

met hods require that at |east a region of the

pol i shing pad be sufficiently transparent, either to

e

exampl@aigms ttﬂﬁg%}esr’lg ?%’f@r@s g?ﬂ?&enﬁ? agé:pra}eg{t g(? %ﬂ?% glealpgfrjlh% gvagelengths m
the rangé ght00fto dpA00hen, Sadﬂmsetbpat ﬁ)(BtU rSIOécnm ot asdut2sy to f?l(D@Bﬁlﬁlawhere in one

the pad to a r pboth, [0180] one
aspect SHEARY {ra PR ot It gl 20% 386 8blcpss a4 of o Teas
bout 75 li AR 4Af RLRRAn W ABRAKHEEY nvol ves
: Ou’quagdgflC|§ntnrenovg?hof 63?%2?%3J€§¥g§%5%gﬁ5 or not
addi ng porosity formng agents during the pad
[0185] fIde i aumaqu rm@tmpmws 2 [9eitable angparsit mienbsr tvdhebethraeigon

sufﬁc1etnﬁlgn§'c%§ rog ty 8)? E} % iega 8%%% 59 %k&ﬁirgthg lp!)}ééﬁ,gm 3}1% Itclgo hlgh much of

the liglit by @dgdredtnd fh% régibh iLnRIGEACTIALS A RET N PHe AfmiBkdr BY (1R pad is
| ocal i zed area_transparent w ndow allows for nuch

less traggnagané pnchagy syffisieaty Ranset aﬁhﬁ useliy forpptisylemdpornt shiepigon. The
[ t
remamﬁ%{/lg Barg : %gs?)u glt }X!tcgﬁis%\gﬁgaesn 1@%97 #ﬁ)gﬁ# '{h% o{%% SQ&%% the
incomipg ﬁg]&treln'dekms makecthe &glchﬁlkemparbﬁtt heere 1hl§tencw, ﬂﬁdWsafadsparent
r exanple the renoval of mcropores fro

portlonr}@é @ths aélltlla fogo%‘ald of {5 subiantially RRIFTPPIEY S g4 that 1t W111 transm1t less
than abblEIPRAILIEYs her iRk 1 66 aRH kP &lAlLIRL £ C{i}toh s G 2 rq% of light

the 1'ess porous region harder than, us a so
that is {paisyntéed lry tratenipatent sagide Thegubre |:1ertsltt5r nhaas@ry p@DMe less
on. to account..for the | hardn
transpef G p@ioh o B T Bl rhelpes ClaBR IS et Ritipd Phibe pad may no
block tRO$dnSd U@ bf kg, ¥af@rregibAdSIbLK é\[ﬂl%féﬁf JigRdAR &S the paisd. as
can affect the transparency is the size and denS|ty 0

discussetbelglix d  dommins within the CMP pad. Larger sized
hard domai ns scatter |ight and thus nmake the pad | ess

[0186] g[rhg rfélﬁ’cﬂzl;lﬁg bx J{lﬁ}glﬁé QQ tord? gg’t&lﬁl? %Xa%ﬁ)q%géfq{ewd}%l{%ﬁltn'g%gds EHHJﬁSlethods of

ecreas e size an
makingsachpddsrai n wi t hin the pad may be required to achieve
sufficient transparency for endpoint det ecti on.

ks conce 0 area transparency' can
Examplg, 113‘2&1‘«6? Fipindhe bt m c ple wi ndows during
pad fabrlcatlon such as by liquid casting or reaction

[0187] A% sﬁﬁlthﬁﬂoWbﬁiﬂldﬁﬁ)n rhfhuffhaiigdRosdds haklne Red STROhat T eturing
optical paths of multiple detector assenblies on a

processys dpg gnadguctp that eashraf ﬂsumﬁdwﬁ streganss cuiing agens.chieliprs-rodymer, and
mlcrobgl?oolﬁ % IRk E%Mh?&y% & %xﬁ%ﬂ%&ﬁgg of% ' nt 109j ??t & C&ur&%ﬁ% This is

nstant aneous "wa pro
demons?fw L8928 3aRCTH E@ﬁm QGrdgrdnch a manufacturing process, each of the

required feed streams can be easily 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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[01831 The polishing pads provided are described in
terns of a transparent region and a |l ess transparent
WO e@b089293Mi | e the entire pad may be transpar ePCT/UBI006006176

is |l ess desirable since the transparent regions

substantially lack properties of a porous structure as

previously described. As such, typically the pad has
transpai'é'n@? ha! cee\?\tﬁun 1%9}51%@01‘{\” tﬁ«?fn%r%)lgagloltoﬁé gtﬁ%/aﬁgée%%{s%ﬂ{ offor the flow rate
reducedewhﬁ@t]rﬁe feedet e thavarsing el gartiqQéat, reglonaﬂ"lraiisyaleiﬁcy is achieved since the

tr| es.may .be. used. Fi IS schemati ¢ of

inhererf GRSk aF iy V\é&%}haceglpefed&égﬁogwet&%@w%gy fhisrregqyign of the

i [ t r t
curing V\%ﬁf‘?ﬁ’(ﬁ (&nimﬁ?g%ﬂg%f\r%‘ ﬂgg}ngbﬁ 1It§ ﬁrgrlﬁ%gentt @%é BREEH o iR AN due to
the introdustian g tlarm](cncﬂm)loms lmtlmgnqsh‘ap@dW(I’b@ﬁ)l Fur ther, with

a squar e or rectangul ar wi ndow, the direction of the
o191 S0 FRpRGee BERTGoplohh cr e B e Bt ool paci
possiblt,lsubls R &iafdpardht POV ESy ASt BVe e ddirkd AekiBilkP for-lﬂb‘ﬁshmg purposes. The

formati on of grooves is discussed in section

absencgpigupaeballgongenipcrgeseohehardnass by aheptds Ghere Dt Hgs thus preferable
to makgvloggloﬁé’gloh§ tr%%?) g‘gf‘%rﬁg% %?ﬁlgag‘tg%gontr#&ﬁ?és%g%cg%%ﬁ c daatet al?_ﬁe

compeﬁsa’ams padmatschagd i theyadie oeder anyuldify enyoadVessbapfects dnelto the
e total transparent area nmay be anywhere up to.100%
Changeé fraxgdnessiip hy traaﬁgala?‘efagman Ao Lappls; Sy padis Shawp if Figare 22.
Such C&Hﬁéﬂsaﬁ %?a&lﬁg R ﬁé]l%ery 3FRFent] a%hle@QcEWith g?ec‘ ﬁeﬁm%récg?@
he to area. In sonme aspécts

schemelsr Sndpgnaémg selp@aesi ®n babohltvddéssthb hmbﬂﬁy/@llta\bmm thessnufacturing

t han. about t han | ess t han 10% or
proces i 3ftioed h 0B e Bo e ERe, G 4 i T EBegreRgn can be
accomiRédhtédBthrdtauenditdifict 6f 4 SRR RAlLRAL. SRY &ﬁ&aufﬁ‘tfiﬁﬁ% prloB&ss can also

total area of all transparent regions is typical
be used tegnakefagrethrm anstvaindew ebdestred-he | ess transpar ent

reglon or regions. There is typically one continuous

j rent

Examp eezS §’r6 e?t@e?sQﬁrp‘Sﬁghl{ ? ﬁ%ﬁ&ﬁ%@d&{] ﬁ*al%li)apg{ fo V1§1‘b%r1?é?1?

reglons coul d divide the pad into two or nore |ess
[0190] tAsensmameple; theegesensionhOh8d) 1sAcpbanﬁe$ parealting & gradad CH/RA

on_or, portlon of thep i.,s sufficiently.

polyurdFfl 2ag P ngo® ot GhproronB 095 b4 abe Aiier Pofping the wafers
A polytir@@aREpbBshitd fddCk %Yh'dle)évﬂhﬁﬁ@c?e@éﬁﬁﬂéd herdhdsgHord §ze and porosity. The

transmtted through pad region In an anount
pad hass figrilugise mngmg @m@hpmtfﬁé ]héﬂ:%%Eaﬁ‘njﬂ hapiposd demsity tamginggfrom about

o/ 2.0 et 0 descr be rein, The tra r ent
25 % o L B O BT maER L reP S P RO O A Sog FeLa( e ppigess value
for the PAd @kﬂﬁﬁ&my' if mhélﬁfS]Dn’@Dds%BPe Ha'r(ﬂ{étss fa%g@%@ﬁﬁ 8R¢ Brstance is preferably
r ef erafy the region transmts |ight over a broad
PRy

approxinzgteji 76D @411@1113’1 hIsn ordgrtth @qlghvet ﬂhe desizadsgriabef epticalegnd point
f
cecericf e pftun R P Bls LR 2R e S Sy

transpagenfion@hibleviehe| sei@tvisibleilight is uﬁétmﬁrsluélh B&e@hoﬂb@ﬁéﬁﬁé’dﬂ Bbure 23
wavel engths is not necessarily transmtted at al

shows 3\l teEaEeit Bt only as needed to use the
appropriate optical detection nethods. As such, the

[0191] Wsﬁ&ﬁ?@f tﬁ@(:héfrgcglal‘micg,sdescﬁbed in sections II-VIII of the customized pads for

CMP, which can be made by the process described and materials described in section I can be
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sufficiently transparent to sone or all of the
wavel engths fromultra-violet to infrared. For 52 WD
wWQe®608RIP93 PCT/ US2006/ 006176 exanpl e, the PCT/US2006/006176
transparent region is sufficiently transparent to sone
or all of the wavelengths in the range of 100 to
1,000 nm al so about 200 to 800 nm or about 250 to
combi O S S B TRRS Al "I} LR L AR & tecoribed
in sectiaps Ileddk. about 75% of |ight of a given wavelength is
transmtted through the region. [0185] The transparent

Yol r.i ses, a suitabl rent pol yner, where

Table [(ﬁgjagéa?%ﬁengttﬁsfqeﬁ(frg’ﬁfill?s‘?cﬁS r@?@& ty. The pores
scatter light so that if the pore density is too high,
much Nefmbekhe 1 ght is scatt@ga@gct@m,@lct he region is nof

suf fi f:ilenn y T anspar en&nt%&ledﬁ%@@%& of —the padi

| ransparent—arnd L Ct Fansa-—H-aht
ug:f J for mﬁLr\gl nndﬁﬁn‘!& ‘Pna,lllA’f(g'ﬁIa?g\RadSThe pen:a‘ﬁ nder
is llesdtr sparent becausleOWJShﬁfﬁSPa}ésnore density such
that] t e pores scat t erSublferfacmBoginerged Pedst  and t hus
make the region | ess transpak SadoveliPaghe i nstance, the
| esg tr@ansparent por tTgRphRRd SUPsiAbIRI porosity, pr
::fa gIDHS}t a| t%iSIV?i%"u;g ls@%‘d trL] 79 Wa If‘;g tlécz‘llg‘ésnd I:?"?él:\i?l "e‘ge(‘(r:'\t‘}gn
10% also less than about 5% or |ess than about | % of
light that is transmtted by the transparent region.

[0192] Theddifsetids %bI}hhdf&NnﬂLﬂﬁt&bn@‘aéﬁﬁ%e& Resdc868] tHel-ARSBREISHs listed in
rtion, such that different regions of the |ess

table 15 30 lzepwmtw dioriorm sugpmized ps%w%yomlledﬁn@mtmﬁ@resaém with the
addltloﬁmﬁ%ctgﬁst dsq Le’d 19 "fﬁbl@!\{) ’Irh%g: ﬂl%gza%logg gf 631% aclce(ffs? Qst which can be

usse erel

combn{eﬂ 13861] thd hmtfaileldommg;traquﬂre 8s Rllowks Qﬂiehluﬁﬂbl’ef ﬂipfbsents the
new. pol i @ads and net hods of

charac G LRSI BRAnD o 15 Prioblas Korlirbraing 46, WAdOBLA, 2625
286, 283938k 0387 ]3&°6‘ ¥4, 3&%’5‘ NEBW & 61 SR | Y W?‘QW&N&MS

process nwy uséd. The manufact’'uriig pradcess
1&2 &d,elszmg&gdl&a&zi | A8 Se A&H & I&B&7pt&d&6t 1&&&651%4&@%5@:6,

saf 45, Bl BESHE NS, 2R TLGRAPILLANNS 68, B9 sisar
3&A&IT3RISRE, 3&BisE, Ba6 s URARLY, aksd. 75 aherBt 5&%@7%1&@&6@&“&&2&3&5
21 Usi ng such a manufact uri ng process, eac

1&28& 38y d&%@ﬁ&'éé&%%&énh%&ﬁ&éel &A&HEY], LHREHSI0) BR2ESET, 1&28&6&7,
a0 XA 0R ERIAES, AIRURLolsSHL19 90RK:, ks, s

1&4&6&@&6&&6&’&@%4&9,%3@@&6, 18PR0EL7] 283 &BE6, 2&3&5&7 283&6&7,
erX|b|I|t one of the other %gals whi ch can

AR DB E AT SR, ST ARG BROBSSS. FEARRE, 3X5K6&T,
485 &G LT, TRISOIR £ 5 21 4% HIQWeIeN1 8b kY& 487, 182838586, 182&385&7,

1&2&38&6&7, 1&2&A&5&6, 1&2&4&5&7, 1&2&4&6&T, 1&2&5&6&7, 1&3&48&5&6,
1&3&4&5&7, 1&3&4&6&7, 1&3&5&6&7, 1&48&5&6&7, 2&3&A&5&6, 2&3&4&5&7,
2&3&A&6&T, 2&3&58&6&T, 2&4&5&6&T, 3&A&S5&6&T, 1 &2&3&4&5&6,
1&2&384&5&7, 1&2&3&4&6&7, 1&2&3&5&6&7, 1&2&4&5&6&7, 1&3&4&S586&7,
2&3&4&5&6&7, 1&2&3&4&S5&6&7.
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During the manufacturing process, each part of the
nol d which needs to be filled in order to nake the
w@aweosandbe traversed by the insertion nozzl e BECT/ES2006/006176
pre-defined speed. In order to achieve 53 WO
2006/ 089293 PCT/ US2006/ 006176 transparency for a
certain local region, the mcroball oons stream can be
IX'N&%QMEﬁgQ%ggﬁnﬁﬁﬁmflOMIrate reduced while the feeder is
traversing that particular region. Transparency is
achi eved since the inherent polymer matrix, which is
[0193) &lﬁtms'ea:tiomfofa)a@@¢ayld:red1ahai1m ﬂmrdmidedmadtmepmafab“bﬁ enmple, creation of

the . cu a di,o yner, is
wrethari e G4 i PR g g B of ek et G R i Rg e Sse ora
TDI bakét §ye@utinkiend of M‘Iﬁ%nﬁ‘ﬂ%&*%@f lseaRs polbol B&d ﬁ&?aﬂﬁ’ n’éd:ﬁ!‘fns Lower
region. [0189] Al though the absence "'of m croball oons

glass tragsiagrhicaperatyra pedraraarheymide ushng redydthe pplwla, gnd by decreasing the
size ang 9r§c§éa§ %fqlé HL% b?ar otf ik n%a?g rﬁ%%e %‘GHH %}tB 6%18%0%6 Eeé\r gtrength can be

eX| |ty
made u@hhg@bbﬁst@f p 6k Obahimnedns p@@"bahmférrﬁzﬁﬁﬂ)ytﬁi@ cha S8 $8nid¥r of hard
about 5- ore D. It is thus preferable to nmake

segmeniy dgf al}%@nsﬁ%r the phesp aprationgt ﬂ@%alop@r prft efesinse by Bglucing the size of
e e PARTEESNSH ARGS, SR SRAAEAL A0, 9100, DA,SHO e
stoichigluetry shonhibe appamg&ﬂteﬂbalﬁmleqﬂnlnmpatdsaaﬁ bansgdartiedigh the addition of

exanmpl e _of such ad is shown in Figure
select k?'ggc’p%gifc@g& n‘ﬂg%\il? eléli‘t Swoul d be very

efficiently achl eved with pre-defined grading
A. MetB6eRPsustsPHighoaas bt b rEaH B BatcsialohR Rutheved by the
tunablllty all'owed in the nanufacturlng process

ribed in this exanple. For exa t he hardness
[0194] |P|5?11§1H@g of aidera peahtasiSeg. oAl baaciheve ngmﬁhﬁmdédmmf@mdded
0 f,
araivEE A0 0PSB0 B PRSI S U . s
than one w ndow if desired. Exanple 2: Properties of
[0195) yﬂmlpp&’rporhighipgdh\xm‘tds avﬂnl‘ed(BWptpﬂ‘meS& Fi@nt 2t 6s ¥ chiehilagc of the copper
exarrpl e, th(Ia resent. forrmul ation

pohshlal%grgﬁ%% el PP i lingorpepteinygl e sesryispedn H%Témﬁé(al of the
low K Wrﬁ@r \Wn@ﬁi Qéﬁ'l fét]uf;é B2 'CQﬁS F@naﬁ?f the n%gs,tég‘? RESeHRGE d

pol i shing the wafers. A polyuret han i shing pa
tantalupydejetaknint mtrgﬁeém@n@rlmqneﬁymgalkyrtbms diffoeet pidz ereamed for the 1nd1vidua1

05|t The has, a ness .r fron1 bout
steps. B Bt boNdoSag Eas BeSortah GRRES vl R Fnlc BT S echioved
(i.e. a sﬂ@le%dd‘l:aﬂl@e%s@f for AR thad stepd)eThidlcan b@§@ﬁ@\te'd\fﬁllo)llgﬂ\&ﬂerhdd1tlon of
pore size 35-55 m The hardness value for the pad

solid lwb@C%ryﬁa iseell asybaren piédesmd/orsioflondrandtibe ireafdow ahepe intggral pads.
Low she{& g{é%ral Pﬁas%gzarahis & 1&%\%8 %(I!]u@gzgntg )é\l.l gsgéa(%{rorg gl:t)nde or f‘eﬂon@,

n or 0 ac
which amptble(zlsdohé ibripaninfor cejglee pblishing ailevg fEMIBIE CAH Which can be desired
avai | abl e. CVP equi pent, the pad wi ndow is preferably
ﬁ”whe?ﬂgﬁgﬁgf MS R8CsFsi bl e |ight, since visible light is

used in such detection schenes. Figure 23
[0196] 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 mterfaces in the low shear integral pads can allow for lower COF. Functional grading of the

abrasives can also be used to polish STIs.

56



shows a fully transparent pad. [0191] Aspects of the
characteristics, described in sections II-VIIl of the

weo®boss22ed pads for CMP, which can be nade bRCT/HB82006/006176
process described and naterials described in section |
can be 54 WD 2006/ 089293 PCT/ US2006/ 006176 comnbi ned
achi eve the desired properties of the pad. Table 10

01571 4 bAP AT BBL 3, AEPBEA TR 1 5, A o con e e

to polishaangstams which\ik klsoft bitttdieatestiaThetednétsdn i& pad hexintssalah @6 achieved
. Por gsi Pads = 2 Functignally Graded Pads . 3 Low Shear
by usingag pa TSRS SHFH ACUAERUIBHEN UPHAS 108t frisn pal> e} BelFel and by

i Radse SoEakpedoge LAPr asi ve Pads 7 Pads with transparent
mcreasvﬁﬁd%?vofg?ﬁopti gal” end poi nt detection [0192] In

addition to the polymer formulations described in
[0198] $ydichlonaterialhwhaharaettemiady bitleland cen réquire b eerhOvad ate, can

desire 1}%@%&252%%:(:8 %g avtlhgspgf %rnm(:él(\: Si::p??ﬁ%l?z.}gg nggcgﬁ%aivg%\;vgr}g Por\g &8'1«" !la"gis can be
achieve 8 186 heditish b€ Solld 1668chntshndAR ge ds3-of The sk RitBah] A8 with
_ of characteristics which can be conbined with the
multiplg gfeifeAched nicrostructure are as fol l ows (the nunber
represents the characteristic in table 10): 1, 2, 3,

[0199] gﬁigszifléﬁhz%étlc%l mjate‘?‘i%l, sé'rai{gfg’d sﬂicéﬁ'ﬂ 'Veljticg.‘ngatgs, %Fegstﬁ%ttlrgsg‘%l' SOIs,
presentA86he 2 Bs1BEA pRE5 180161 yIR (14 & dalibreddive HRAY fefbvall@Pi3an desire
method%%é%;rés V?f[gzaég:or féﬁég g‘gl”isé}i;%%\fv 1%@(@%%2 é‘é‘ry&é@%&‘ﬁ T]1§§ é&a?l be achieved
by the %(%gtg%m F3BA 125350 AABEPR SIS REASRPEALEN FRAST i RIAplc

interfa®848&5, 38586, 38587, 3&6&7, 48586, 48587, 486&7, 5&6&7,
1&2&3&4, 1&2&3&5,

[0200] %@%@%ﬁr@%@%ﬁg‘&%ﬁ%ﬁﬁ% ’b:el'%gl(lgfé\(lg‘eﬁd’ Wll%% %&aéd&%zn%é%gﬁ& u (r%gz%ts such

as Boroé&iji_%ﬁ%g)g %I‘&ﬁ&ﬂ@@m& B84b8 6. 1653 e int &3 8155085 B80Sl Bdi&Smay be

needed { Rlaggs prtie ke sitico A3 QARSI 838486 2838487, 2838586, 28385&
7, 2838687,

B. Met%é%%ﬁ%gsﬁcﬁ‘ﬁ%ﬁ%aa§‘a4é%@i%zn§%%&%ra%@é‘%f%ﬁé@to%%%‘ggeds &A&6&

4858687, 182&38&48&5, 18&28&38486, 18&28&384&7, 182838586, 1&28&3&
[0201] Fara high IC pattern 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 80%-100% of the substrate, non-radially symmetric grading, as
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182&38&6&7, 182848586, 1828A4&5&7, 1828486&7, 1&2858&6&7, 1&3&
48586,

WA EZBEARBREY , 1&3&4&6&7, 1&38586&7, 184 8&5&6&7, 28&3 &ABERIESDEEBEI6176
485&7,
2&38486&7, 2&385&6&7, 2848586&7, 384858647, 1&2&3 848586,
1&2&38&485&7, 1828&3848&6&7, 1&28&385&6&7, 18&28&4858&6&7, 1&38&4&

oS RS d EORASAL RlO HRFepo

propert]e® A Fje galshmyisnakton of pads can be based on the
desired pad property For exanple, creation of

th d Chl eyed t se of _a
102031 B SR ed B GhbS I Frverlg: CORTiBtref SoiSshey. Bhsean be
achwve%%ﬁﬁ?!ﬁb'aﬁ@ﬁtl%ﬁ@f @(‘Shd\@bn@eﬁfés ﬁﬂ?l%lucﬁgug oﬁ@@rsh@c{r iRekMPhads.

and po yam ne chains. Lower gI ass transition

tenperature pads can be nmade using polyether polyols,
[0204] Fhe chip strscesslsicnginctibe désed aragpeities 0é thsi Gy Ptriad- Farreerge the chip,

Pads w ved. tear strength

such as o S aulBeHa GRIRE Ly o BB B LAl orr nt Spad

can be nade by |ncrea5|ng t he nunber of hard
[0205] Q“hg geabS techndlogy h@stn@\cﬁ af trividistR ase ne dined, ican dét%rnﬁllﬁe the

horter soft chains, du0|n the size of th

deswed@éfer@gﬂesl&f P Ui z@dw*tora qoess S APBIoRY mefesy! belg i Orvwi thguse of
solid lubhaﬁﬁ W1ﬁ1¥n HAY HheaD |a§cf3 H)Iwes%eﬁ illiﬁds ecé?itﬁgpéé'clﬁase they

shoul d be approxi mately I'i'c pads can be nade
providet aﬁlow@ﬁFt Heload O @an b@fcntlsél lmcaushr)asi sopétittes getsnaallepwhe chances

| e ar_ wei.ght pol yol s. stom z
they mi G B g et e and b 1961 7 QR sart poaiuyed. Yome of
NeopadP@padshtafl Be @E& |8 Siccsiisiiih &S hbl Qﬁhfo&x@ﬁolpsﬁlr%ﬁiyrﬁhﬁgnce at all the
through the addition of enbedded abrasives, such
technolsgmocgs‘é et P& pesangi abRv mas Well polegimalogy radee suchi as@b rtrm;eﬁ nm, 32 nm
andlov{%:gl i shing pad. [0195] Copper polishing involves a
Tee step process. Figure 24 is a schematic of the
copper polishing process. The first step is bulk
C . Theduppeties @fiwadmizéh@adefooiiBst ep in the renoval of the
| ow K barrier V\,hi ch can require low a COF. Finally the
% rd step is renoval of  t tant al um tant al um
[0206] P%FFHEa PP?E?S Q?@?m”¥yﬁﬁEﬁmFy three different pads
are used for the individual steps. Wth some of
[0207] a6 RashepatBRASansRSt S8SE 4 RAMKAS o?)bﬂm%h _ad §ffé@%e polishing
functionality can be achleved . a sing pad can
perforrr@éC@sTéi@ tmperatulre trhnseent denspdy on el yanalijes \ahllqh enddetle the slurry
eaddtl dlublca

flow ra s S 98 o B (Rerrdmerseeaiba RETE Bar B¥ B g smaller

temperﬁﬁ%&fanblﬁhﬁg dasirdddsince 4Ot SARANN ki ROTsRIng RGHSeraet RAdSad to a
contai ning solid |ubricants such as Boron nitride or

variationgp therrempyal rgfei an conseqbently aftsict dhelpabishinarate st h@@p geruniformity
of the ppoocJeEss.' E‘ P&an?ﬂlg,o%is% eft sho%{hapogha\ﬂﬁl ?1{] 25@¢ 91 pO?lS nng gemperatme

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 E’ and E"” values, having a small

loss in storage modulus AE'(20°C-40°C), which should be about less than 20%, smaller tand
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for the copper polishing process. [01961 STI (nitride
and oxi de stack) can be polished through the addition
wo@tooemkedsled abrasives such as cerium oxi de aBCTEB100&806176

by the use of |ow shear integral pads. The cerium

oxide can allow for selectivity in the polishing

process, because cerium oxi de can selectively polish

. . : . I .

vl A i B8 PGt b OBl B e
cawmimhameﬁETaﬁkWeﬁdﬁaﬂ.also be used to polish STIs. 56 WD

2006/ 089293 PCT/ US2006/ 006176 [0197] A softer pad

ith hi gher conpreSS|b|I|tK t han pads used for
[0208] &90?%4?? REVDehelemiEsA pads havsd themah aﬁnwttvaﬂ@%a%%{m@mm@m) while
the con‘rl]rgerngia§ I{&s Lo %ttlll Sl It whﬁlﬁs ﬁleeqlré? ?I#a(ﬁnl Ob@ E‘ﬁg temsper%ture asa

S can be ac |eve g so pol ynmers
functionsf pn® foathréacistoretcted Nen@das ﬂ)zmis gﬁd ted aomnmﬁhg/lqiads are shown in
Fi terial, and by increasing the porosity in the pad.
18UC EH198] ptical material, which are extrenely brittle
and can require a low renoval rate, can desire

DMA/TRNSEseEBeh as whi sper or cluster polishing which has
a very low COF. This can be achieved by the addition

of solid lubricants and/or the use of | ow shear

[0209] {The drpreaip-1perhanifpk properties ofifhe pacheasy iedowertapioeotie padishing
perfonﬂﬂg{cggf)ﬁ% (ﬁ@b tp'm% ?Elg?ilg}/ grc‘otpreﬂ %% tﬁél a%? ﬁans‘ft?d’r} éeﬁ@ﬁrature (Ty), the

loss mtﬁimtest(E’a); cheast@agxinoaiimb YE'Drthé tane (B'ry@')cmmaﬂm 108%(B (1-2080%5))), the
rempval rate, can desire nethods such as whi sper or
surfacedpnyiqne porppressipilifganhine themasl tﬁarxs@nypm@wt@@ﬂescmheé alpag. For

umfomp gnqp?l%r?% ecfjpolf%ﬁmg}]elo%gr assotran%]ttlga ?%Hl deglgtﬁgg %%Fﬂrasnle Higher E’" and

e ‘use ow S ear

E’ valuBArk dpdiRd bebAiRE tiasasad QA QRdredsk 1§9§§stﬁ{§peﬁ‘f&§ﬁﬁée ngher E"” and
pol i shing can be achieved with the addition of solid

E' valupadsmibeawhisvedichredasinBdlpconzaartdrindeasing thefdeasi(yr of tantidémhains within

se of_ | ear | ral pad ct| onal gradi ng may
the CMYFac curiB: OW%&@I&I Ve {ehSbmdh cRolihinesPppentite guiee
becausé\'%Wé?QﬁuEQQM’W%r%%%b%nﬁ@%lr@%ﬁé%tng to 1C

haracteristics to be polished [0201] For a high IC

pattern density, greater than 70 % on the substrate,
[0210] ghe I@ﬁA&Méqvmp@ﬂlemretSh@wn padatge dpEhd jtemge modhluagEl) dngreater

n , Si zZ nd .di str.ibution
than a0 0P B e s of Rlsu B0 s £ ARG pETIER ThYEA0 MPa for
cornrnef'(ﬂzﬁl‘?J\figé1 ’I‘h‘é%gs%o&flust e ﬁaﬁezttéqhhﬁ: Qﬁdu@ B5QVASERS NeSptds novel
controlling the uniformty of the tenperature
Customnmd pads conepanadreithddses t@n@SGbﬁ’asfomtdnmamm gadd drtegeivezieadls have a

T beloW LU 5@ ];s <t:ohn?p recli Y0 the LFC oﬂha rcto brcial pads %Vri‘llal have a Ty of greater

the -20°C. A lower Ty is desirable because when T, is further away from the working
temperature, the effect of the temperaure, on the pad properties is reduced. At or near T, the

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 desirable).

A smaller change in storage modulus between 40°C and 20°C is obtained for the Neopad pads
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[0202] For a high IC pattern density range on the
substrate, functional grading of the pads can be
wale@ciogt9s o accommodat e the density range. ForP@r/szphe/006176
pattern density range, such as about 50% 100% of the
substrate, continuous or discontinuous radially
symmetric functional grading, as schenatically
depicted.ip fi
19%) 8BiguEa S e oA TRE Gkl L FRASH K b SETaRE L, e
reductichSinARkOstbra8O Yol BRXch bé Aehi e tyr rﬁﬁlﬁtalmﬁ@a Uﬁlﬂﬂ)lﬁ’l tigtribution of the
symmetric grading, as 57 WD 2006/ 089293
type, sm@n/dtdszsamfd@ecw@m@& Wtk the apiwnaie gt af ihs Bdgure o,
can be used for a nore custom zed distribution of the

i 1@‘?‘ 1S ies on the polishing surface. [02031 For a
Table gﬁ?goglglﬁlﬁge width of the IC, a snmaller COF of the

ads—TsdesiTel:

PrOpe addi-ti-op-—of —soli ,TYPJQQL‘&?‘ LP&O

ﬁ I eved

F;harl‘cal %,hw ugCommermal)

shear inte a>d§OOWOWP°?FWrTQ pl ”Dze can
Storagg &M ey s’ EQd 2MPed properties of thel TREONER For a

Loss Medugss 205€ (Eh) p, >32£©Mgs, tﬁmﬁﬁlky > A0DdAaona RS M ng can

tans 20% {E’Wﬂant For ohi ahsclybay €l d- [ 02050~ The size of

0 (g T30 o0 e s 20 &m@ﬁp&m J‘i'c:!'s?fi
| T(°C)pads. For Lower | cedfialimsaliog 35°Chal aw. S020%. 1 he

KEL(MB® of solid |ubriggant within pad nateri@l-10nd | ow

Therm%ﬁ"?%ieﬂg(e@f al” padscCan; g, ord- cal becaugeed hey

ptoviae—<a TOoOW- CoO——canmbe —Trt %ggl because
Surfacﬁg‘eaﬂfnﬂmt ures get %ﬁw@r_t,h.e_@hapf‘ﬂc Vi break

T T T

Comprusibilidy pol i shi nd < Hér eases, and hence a 1-8% COF can be

requi red. Some of Neopad' s pads can be designed to
accorrpl i sh highly uniform polishing performance at all

he technolo nodes at. 90 nm and .above as
[0212] (e RoPsa OGS 18 1Dk RS1085 (R ST G PSS pfiabout . for

NeopacJ[ %a?)c%fn %eag%gfrle%i f?o?rcgm?r?ergig Sﬁzﬁt R'E&%%?Ef gﬂii?ggﬁm which is

less thah 00} 16@@@@@16N%paﬁ% padaasd emige dmm n@) 20(9ofol Sdsrnﬂgrmal pads, the
operation can affect the polishing perfarnmance.

surfacetienppen avtmﬁhels {esahgnahevidepands o Gerlredy 474 gtsniss tham 34 m/m
for con%él Sﬂ 5 %getbégﬁlgiegﬁﬁﬂﬁy WhRWiE grgf (aB‘@)W 19 %rtﬁl%gads pads and

storage no
ranges Betsmﬂl L% - 5% dompenahercial padsnThedesied cblmsctmamoe of ilregmlighing pads
Iuct tlon in the polishing tenperature can lead to a
are shoy/gp Li1 Dh%in the renoval rate and consequently affect
the polishing rate and hence the uniformty of the
[0213]! ﬁfa%@@ﬁﬁ DedsREd faPdRkRteristichas been shown that a change

C of the polishing tenperature can lead to
rhanm: in approxinmately 20%in the renpv

Pad custophizasiondoent i on,

ArbigvesPhods ar e

Uniform removal rate (i.e.
that a Prestonian behavior is
achieved with minimal
deviation of K;)

a. Uniform distribution of the type, size and density of hard domains

with the polymeric matrix of the pad.

b. Having a low temperature transient

c. Uniform size and distribution of asperities on the polishing surface

d. Uniform groove density on the polishing surface

e. Functional 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)

60



devel oped to reduce the tenperature transient during

polishing. A low tenperature transient can

be

woradoansg2aed by mai ntai ning a uni form di stri but POTUSI006/006176

the type, size
polymeric matri
val ues, haV|ng

and density of hard domains within the
x of the pad, having high E and E"
a snall loss in storage nodul us

Pad custoﬁﬁz'ftﬁi%zwb) ,

o C—0¢e am +ess—ttan LUW

Y
E}’ngoono

Stable co of fricuo
in the bﬂge&yg %éﬁltég%g?

regime andisxfeadugdhe g4
boundary dulicahip exgipady
(Tuning teraibasiniCunte) | ¢
transi ent which
as a function

pads and two c@

-.thﬁu o7 lgtrgqufjgn 8}{ ﬂ}? JVRF> §6aD gelghta of hard domains

’t e SPLymEHg eRdRRch e ®4n  cause
(9’ Efaving aday . ;Q‘ABQIGIB] Neopad' s novel
chaleifern #iee ped dishnspe mpevwl‘:mmﬂ@@ohshmg surface
 d. t Fenctionaterading oflis have a t herma
| el SHigheaE'e> 40taipdéad Fhe- 2150M0e0) dalike
af PigMiek olédMBQyeasia lipMiFadnNea Qlﬁﬁ!oﬁmty of individual
%E&fférﬁ' Steﬁ}ﬁﬂéc(ﬁﬁﬁo&hl%m in Fi gure .

Low coef?@fj h @? \ properti

eﬂ%llﬁgff bf %}(ﬁﬁl lluBﬁ&e%Ht’s Wl{ﬁaﬂl% H&&merlc material

surface tension
transi ent prope
I mpr oved pollsr

ﬁ'lCthH(C@ pertl es SLE

Low temg5fy i 860 o | e UBoEE ”dléirﬂfw&ml o C{14pfp &P Borsiyof hard domains
the 1oss noduld$ hﬁ% yolypsicanagiingéthedddl us (E'), the
tans (E'/E), Kbi(Highg®p0od¥'E' (1+tan28))), the

c. chogliesisirdyelmddulan@d B febotitdererteds (< 20%)
Idt | Becrégscidebadl nbeye: thE@Ensitfiolf @k dmthins within the

Low slurry ${5RET 8
o u&gey f ed sé
polishing

performance Hi

by reduci ng the
hard donmi ns w
tans value is

“pﬁ@(c@n l:"Rnig@ En&&a%égft%’%ﬂ&' ”I\%ﬁle}S{)
is ofthe size a F&ﬁ%ty%’fﬁard domains

Vhﬁlﬁgpggﬁlgéépﬁn P%ggfmgnlgepgchleved
of

\ € e

esi rahl e in the DOL[ shi ng termerature

Uniform $izpged dissihatice )
of asperitieenper ature tr

QO

are shown in T

lagwEnifgmm distribaitibnwl ﬂ@rtylae sigwend density of hard domains
ivgthethe polydRti0makhie oDV/PENA properti es
ibl eTikht dibibation aferepoighiet ShaifciengthSand molecular

when Tg is furt
the effect of f
reduced. At or
under go drasti ¢

greater t han ak@idht400 MPa for Neopad' s novel
cust oni zed pgg cC OB didtriutibe 38 sikd @i 38 MPBokor
pads. T |

Outer edg‘é il %%QS%P o f 011 §d151 W%ﬁ%&%ﬂ O%§d19% g?g%[ m‘a{é?igl across the
——-——cofrpaﬁed—whh He .. COMTEr e
Defectivitye"novel pads | A DQ'EP E gW§ﬁP8 YP%G@FégdgﬂﬁﬁéPéBMddmnmns

to the T. of th H’ ave a Tg of

greater the -20C ﬁ‘P@Wé(rSh 1P@g@é§ﬂ4sabl e because

lse r Heghawplifes OﬁEf el B (decregse areompe oA tishing and
emstomper aure, on the pad properties is
deaCorktpnt OJOF pol ymer properties

| eChaagieisn ansblliAMBricantaAr ge t enperature

Planariza@RPERERAEE -

a. Uniform distribution of the type, size and density of hard domains
with the polymeric matrix of the pad.

b. Low compressibility

c. Functional grading of polymeric material and/or embedded
abrasives in the pads

d. Higher value of E' and E"'

Local area transparency

a. No phase separation should take place, with shorter soft chain.
b. Small hard domains.
c. Reduction in pore size or removal of pores from window region.
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[0211] Further, the lowering of the change in storage
nmodul us (AE') as function of tenperature can be

w0 pguessens . Lower val ues can suggest the changkCT/nS10b&006176
properties of the polymer is at a mninmum (ie. that
the material properties remain the sane and clearly
this property is desirable). A smaller change in

nan— AN and - 200 ¢ (S H £ 4
d IIUUUI etV [T=oCant—zZo0C TS5 00t arrmeu 101
Pad custo@kéﬂ QU A@ HEY

nnl nn

1TC |\|\4U

(19% as conparbd €S TpBIEHERS BYYRSHRCIP BB a GO aromatic
higher) as shouf?ieraiyagsido kight spaderingedyct i on in t he

Pad break-5t or age nodul usa. c flontrel efchirethidtnbss (rliunt)ai ni ng a

Increase padiiifeor m di st ri bt tnfoah diskebutionpd thsiype, saiethndeiRasityofard domains
hard domai ns Wi Wth thetpd® R VB IxCOMRE pddx of the pad
Tabl e 11: Pad O@ﬁéﬁeh %Safcfﬁp%fu}é Typi cal Val ue

Step helgh% é;%?ca 1ydé¥p' (’ le‘dgn ‘dﬁr&'ﬁ(ﬁf&‘ﬂcﬁ e,qs‘ff%‘é 'Vg‘ﬁ’gaﬁtyl\ﬁ; Jhard domains
Loss Mbdul us O‘@ 16)p tﬁ‘é“’ inal ly > 400 Mpa
< 250 Mpa tane® E'E/E1 EoVBJueso 8 dgsu cally <.7 >
1.0 AE (% ( o Un @dkstmontqféhg:%m sndshapopEp@e yithin pad

To(0C) < -30C, typi cal | y < -35C > -20C KEL(1l/Pa) <
100 100-1000 Thermal Transient (C) < 5C, typically
ce Jension
02141 et cr o B God B3 Pt 41 e NP oF dfar er b odnei
pohshmg’\pma&ls eDbpthﬁ@Q)nttﬁél Slurghtis€d) theSsulr§pé eoabiod off ﬁfeﬁsaﬁfb@ﬂ be adjusted
about .7 for, Neopad's pads and greater than 1 for
to accopigasitectha WeH ORGP @ﬁgmscwt}z@gehe slyn A8yymmaAtiay qféhe

i 55 RS0 SR 0 G R S

with th¢ gpsiod BI,umMﬁeh’rg ussd | éssouss Bamryadaautquitte apddnvhioh ciNealped f& greater
ads an e n.34 "MV m for comercial pads,

r.tn
Sluﬂyrgtr‘?ﬂtl?rh@ SIS ShetiNsoflfi ch is | ess than about 1%
for Neopads pads and ranges between 1% - 5% for

[0215] ‘I‘BE"@E&lﬁhﬁh‘t Pagdsm dh th%%ﬂo‘h@lﬁn% Ba& RS AT 4183 E@&t Be LB®mization.
pol i shi ng Eﬁds are shown in table 12. [02131 Table
leferemzequmw othtivans Cireardd A&y Elsara)clsave Mifflerentgeginny af thepad exposed to
different %eglce)‘ns gf tgé( wafer for different amounts of time. Functional grading can be used to
accommodate different regions of higher and lower pressure resulting from the different
equipment platforms. The size of the 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:

[0217] 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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Uniformrenoval rate (i.e. a. Uniformdistribution of
the type, size and density of hard domains that a
woe@ssmdrn behavior is with the pol ynmeric matPCRUSL006/006176
the pad. achieved with mnimal b. Having a | ow
tenperature transient deviation of Kp) c. Uniformsize
and distribution of asperities on the polishing
Ly ; oI
S U PO ehban§ B Yo BRY B lure. The pour
is carrierbdwe @b hlaorut We0-g 50 °dissftar |tlwpc'mmheamdterial' ik anewed toodettie and cure for
tin eri al her value of E and

approxga{t%lggﬁ'n%gufgg fg\l}é@e E&tlga?lgg‘fq rf” m e mold and put in an oven for

| °F.
oA Bl 6 o S SROSLGRSER s iy 2007 e

’fhlckneSt @’fbthe pedisfI0inilemd e dfaniattri dfitheapaduis 26 dndiesli A tiomBjel mlde ltape is

s R B PSR S GBI By b
custom{PRd pad AdinFBmaYE Mo RO tHeRrdhesd RYOWG R~

transi ent boundary lubrication regine c. Uniform size
and dlstrlbutlon asperities on the polishing surface

[0218] Prestnig: nlats ast pregrstad fonhpdy ogubireimads Seratibed abiiviegFigtures 262 and

2, o S IR RO M B 7 APRIA

interlayen difemmdlyyeﬁﬁ thenBRvdattuad a fm@dlqm@‘i’ vagyifif prdskurg and velocity is

f solid
obtamegulg? p{ég{iq:{ug ybg?%l\rlﬁfo%gc% {g;s%r;g&% rll‘g; F%at}@g}g\&)fll%lggpegtedsfor 1deal Prestonian

behavidr! Cohp MR HlotsLOVnS Q@@Ect'p?%sreg %lr Sp?qjtf)ut | orll)) ta the the commer01a11y

t errper ature transient a. Uni
ava11ab1qmés (S wmes 2peanfbsi) oye Ghdhthetthd (onmmesmal\hy ml'm]lahks pads do not show

e niglP e FE0 b o optse™ B uPiechulie Tee fllosgigfégnos Bebveen the

subject Padd £RASBe SbafeAislly HGI1SHE Baddie L AR duyjeef pel?ﬁraije HQMBINSashion
within the pad(can cause increases in E

that confegly s pizeolgnsituirang shanswfitl orauvip rﬂ@matlwmmedmds previously

stribution of the type, size and density of hard

omai ns

discuss

[0219] Stribeck curves for two examples of customized pads in comparison with two
commercially 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 lubrication behavior is
obtained. In comparison, the commercially available pads (Figures 27c-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

1. Further, the pads have been functionally graded to improve polishing performance. In Figures
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polishing wwth the polyneric matrix of the pad. b.
Pore shape such as obl ong pores. c. Approxi mately

W@ owsi8a2b3 gr oove density throughout the pad UnCT/O82006/006176
Size and distribution a. Uniformdistribution of the
type, size and density of hard domains of asperities
wth the polynmeric matrix of the pad. b. Tight

28 - 32 %@éﬁ%ﬁﬁ%%@%ﬁﬁcg%rfgge%g¥ «?1%#%8 fangl] g agar% oggclé %eucqmpansons
are madearsesg fAteRed eddes )Fllgllud 2I8ACstha/s ghédie Mstﬂbﬂnyrrl]ﬁﬂmhéﬂe(D dies are
across the

functjonal gradi ad materj al
chosen pej ‘P’%’flﬁf W@a%lgf‘rf? &gg‘@@ﬂ%& AeRIEs the stusireralerarnss within qagh of the
1nd1v1d19cﬁ dﬁé‘s‘eREs)ﬁE’c? areShéfnan ¢ %‘?&529 hdof1, Ba fc%scq)ﬂ%k{gsthe 1HQ th1ckness as
the polymeric matrix of the pad. ’b.
a functipmpéthedhyquadsttarn défsgly withinese dies Eor thired thsh(mlgﬁmea(iﬁ)s 60s, and
and . er.osj o

+ ' di shi
Y A O T O
and 31 ﬁ foH%lfsﬁfr@ ddinshs h mﬂch@ﬁ‘ 0Phr eﬁﬁf?e hYPelodtyZ 91@@?3 &ﬁ)@&i §1 ce it is in

hard domains wth the polyneric matrix o
the mldéle afhe wafep ﬂl@dsmeb Ialll bffsﬁtbotmﬁlmtth@ﬂ‘abr gizadif g pza‘d as well as the

inner e%% é%' 'ﬁgﬁrﬁﬁ Ine e s O\Pallil r%%é)gr@a eﬁ@%rﬁ 8 1[: g(%'pé%?mél%a&s and is
approxiifagdlg Dar @B gyr Iﬁeopw’sF@hé‘t&ﬁnﬁﬂ&ﬁtﬂ@hh@iﬁ&tﬁ@%&dﬂmﬁ@%ﬁd@h%% larger
with shorter soft_chain. b. Small hard donains.

planarizgtigy dengdh QOﬁlp@gpg Figusgs @rame}}dyayhlgf the gids thycbn«?swaq}]@{@wctlon of
the layog@gét%ln der%}t R tﬁggg/ﬂﬁ@cg\g/sg% %{gyéﬁlg%@ 9&91@1]123?1011 Igggth for Neopad’s

uStom zati8n for ss Par 6ra
customizbe gpdby pads, Benre 2y &etgalrsmnc}eh@hmhm for the commercial pads, Figure

30, as reflected by a smaller slope of the line for Neopad’s pads.
Example 3:

[0221] Three pads are fabricated for copper CMP. All three novel pads have a novel 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 five 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 slurry are presented alongside. The measurement

error range for all XRD experiments is approximately £0.0001 A. To compare experimentation
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materials lead to light scattering Pad break-in a.

Control of skin thickness (< 2m Increase pad life a.
wQiobos9e3li stri bution of the type, size and dePGI/U$2008/006176

hard domains wth the polyneric matrix of the pad. b.

H gher E' and E' val ues Step hei ght control (oxide) a.

Uni formdistribution of the type, size and density of

e, OB B Sk SN TROLE TR S 3o

rectanghd ze and shape of pore within pad [0214]
Custom zation can al so be used to account for the type
pol i shi_.ng process.

d h . .
[0224] %@ﬁoé?fﬁ [ﬁéﬂ H]ééjﬂé}llﬁgg #ﬂiﬂvﬁe&%lstaph‘éalﬁwfé%%cqp@ﬁlsﬁ%mﬁ Reflished using
commetd1 RS ae 3 dhGi gtk st arfan e 'Hi@gﬁ’lre& 14 h& c‘f@l'é{'ia 1ﬂ9f the

properties and Vviscosity of the slurry. cconnn
unpolishéd filve Theeshift digeqbion p@@a’tw teasilentresc Ahe vedsirhd dmngm dolna;ant
e.mscible

vales &@‘@{Pﬁ@oﬂb n@?f't%ft}ﬂ?rfg‘tae ésuag%ﬁuowe\’f@%‘ﬁ atdy prtatped Gftts potshed
using cér@fékdifl AP Fbr \ﬁl}h§ﬁol§s§8d @lltthiUvélq%’adgf( ?s%h%ﬁe eﬁélHéJré’d the measured
retention and a pad that ISSI? ly softer. [0
15

value offthe lagng: mrémlt sl legs flepord .- 6@91 i(eoth sbiriiedi Angnmd.:amﬁssdtoanbtamed for
ff
films p&*sﬁgﬁj ﬁg n‘g ﬁ%vel ggd %I\/ﬁ Oini'gg g%ﬁehd l%fgl%rilq%][e&aedné%f @Rfr%ﬁg argjr surface

engmedrétb madneaxmes efdtideconstahif @16086 A)ewi tbdsasefFufihe sl&@tfy% uddl matches
di fferent ampunts of tine. Functional grading can be

the Tattige gepsiast valug Sribearolighd Eimshenpedsagns iress épobﬁ@mg When
Cabot §1ﬁ‘f’? Is REESIWRVEGRHIE 'tﬂgwfgﬁﬁ%éf \hﬁuéjdvq theig [ 56 c %P@F Pme polished

forns. The si'ze
films is eﬁc@ﬁﬂ%cﬂm €atiof flexre ra:bmpeqnlg bnmmmtcopktamf remm of Xﬂms polished using

novel p%( E:]nip - gﬁ%bgﬁé?nﬁgﬁ %Aﬁl deSqC%#%grfgl?fagg enng?r?eenng and
use of 16\9@@&'11@@&&9{)3&%@&'&?%0@5Qcﬁﬁﬁﬁa @fon%e@se AN tﬂ?{%QﬁsJ r

t he subj eCt pads conpared to comerci a aval
techmqp@dﬁ malkénpswircelengibedredandommrpicer gads[caR ixﬂep%hﬁmm process

N I T e Y —

stress whiefl @@ SR8 ihdIGdai Gk afsOndralsat eMdhien BPdRINGTRds
previously described. Anongst the conponents 'a 70D

[0225] ngl(:g%genﬂt ?he lattlch;e lc())/r?sltan(‘[:shgaelnrcgra?c;(dt f?c?ncqi eﬂge X?{Dccllje{te? tarlevc%map%re;c]lt for the
unprocessed wafer (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 integral 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 shury 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 wafer, indicating no 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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WD 2006/ 089293 PCT/ US2006/ 006176 a stabilizer, used

for UV protection, and a porosity agent are used for
w@awesnes acture. The pour (s carried out at BEDUB2006/006176

150- 160 IF. After the pour the material is allowed to

settle and cure for approximtely 15 mnutes. Then

the pad is renoved fromthe nold and put in an oven

. ' s, for post-cure at a.uniform
wit o Qo SRBAEY IR, Yo 20 N 00, BB LSl A OGP v,
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non-unifesy stran shicpries, thg pealt @thef parrdvaeer breadsss,onidan FWHM is an

TR Kok . Conparing.thes | ats for.the subject pads...

incicaipERTY Bl TR0 by FR Ee R BBl g P B dining

processpRdan bEsguiriaFidhe antatdfe) thenew shets suitbalizelpad in combination with
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comer c avar'l abl e su
alleviatangmomadeform saafnaskbpper. t hat control s the si ze,
density, and shape of the pores via fabrication

10227 BERRR{Es E R e ork it mod i Biacenon PigsaraHedoE o

subject E\i\@s use@ moﬁgé}l dVPaRideaBlie nRlen8 hEd RIeSReRUSH shdkr integral pads.
igures 27a-27d. As préeviously discussed, a constant

The diffesgnge bereten the svootbicheatlsiinthe heodetd fedobotmdaPer the first pad, 5

N ication regime. . For the cystgm zed ds i}, can be.
with bk SR BreC e Rt RO eaT S GhAAF G BR Bolibfiyy iide he
been intlubéd @ahé pad. be fir\tAbedkScur@bitaé Piesk: thhtbotld PREI drs BPeratid}Ein the

comercially avail abl e pads (Figures 27c-27d), show

boundageiibgeation regimsniidhpreardalbelsauivelentin thijrpriaganeriion. However, in the
peson 1, L 6 BIE O RSB 8o
the pad hevine &b sdisl lablxﬁ)g'taatt’l"himdSarmmmnmﬁ H&Wd Qh@hdcﬁtican of a solid

. vai,l abl e pads_i.s that the subject pads are nade in a
tubrica 48 fieGRbTRIEEE 6B rai Coe Here3st @gir@lmﬁ it adule paggining a low
coefficiEXATH 8. ThPEARh BRASRDA AP W#icﬁmuggo%’g(ﬂlqleﬁ%%gﬁilﬁrc]ant damage has

manuf actured in a simlar fashion escri

occurreg saihglcepper stricintdsen thet waferp dds dbravmstiates nhd desotblerfedtlings of the

subject ggf?sdcﬁegcrﬁb%dlhgperilgﬁegg %elafc'u?ésr}gclagé 2 85&18&%%1111'1; w'i:tlhqgvrvesﬁear, and high
removal rates, allowing for efficient processing of Cu CMP, without the undesirable stress-

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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63 WD 2006/ 089293 PCT/ US2006/ 006176 28 - 32
pl anari zation efficiency of Neopad s custom zed and
w@b@aas2gat i on | ength conpari sons are nade usPELUS2006/006176
patterned wafers. Figure 28A shows the die neasurenent
pl an where 9 dies are chosen per wafer measurenent.
Figure 28 B depicts the structural elenents within
novel p%é @u?cggevggﬁg% g"k@z{té’ h&ﬂ §1111|§ gélﬁ%pleggtsﬁﬁ%x& eab%)((lf }_j(z h ? ﬁfﬂn{l(t@s This result is
dlrectl}a@trﬂaltédun ¢he joad mifcrashrectuey diLis bpldyied thmt dﬁﬂﬁhfcmnvmnﬂhiumerous hard

or .t hr ollshlng times (30s, 60s,  and
Segme“%zg%‘jw ﬁ“&#{’%arﬂ%rc Carsisiiy SKECPE-ESe e fbesumargeservoirs are
createdrlﬁ %ﬁ@lﬁﬁ‘lfélﬁ kort TA8 splORRAl ar8XhIS td ﬂro'\:z%cﬁ%ceo%tlﬁgousasﬂgp&]of sRirry once
for polishing done as a functioh of pressure a

they arg&lrmieflty. Die 2 is chosen since it is in the niddle
of the wafer and sees an effect both fromthe outer

as th i nner _edge of t d.
[0229] ?@gl%o?afl B}eolg:gss',s%gd%ﬁ}rﬂg a\rll\gl lale Bergmgleg op &Prr{n&egc%[)m{{;/g @F g povel pad C
for threp atigryafingly i Res: apwmmmtéebdm%x&e ShBgdcemMarn@dbst slurry). The
custoni zed pads,, i ndicati ng Neopad' shgads have a

paramefely ygdied pred AP SariedR SEnGHA) 0B (o (RGP bi Ponglnafer run
of 150 é}é%oh&b Wi G dae: ‘93(6 rﬁx?éx%hl?ﬁgdsA%?(h I;]tfs %g?%uﬁ)can? ariattilgrel with time.

ayout pattern ensit
Specificadlyp theedriatidreis plvelrmfalcmbf 213 dt drgbivetaiurNeNp@adats (40cc/m1nute)

R PR T T O
about alfRftbEEA 2k R¥ Iy beLo 8L/8RSe fof fE hhéﬂéf a{l)lﬂ{yc o e%?% the variation

pads. Exanple 3: [02211 Three pads are
in remoyalyjgter is aNmmah Thet GOE enqaswemepia dBighenA8 (b)) mediedte that canmercial pad

et B B Bl B 590 s SPR B UL Ao
from tha ndvél@;ﬁd kIB(OISO@V6Sj'1 Ak chmdifaftdichRAAs cha(rﬂ_dﬂﬁisttllaﬁ Qﬁd ﬁ@%ﬁiform
ads are: 1) a surface engineered pad (novel

pad
removagsat%% fophRvehpat C sl chvevieristisanf ap)addating)subsir e sn@aq:ered solid
lubnca,%yrface engi neered pad (novel pad C). [02221
dditionally, copper lines in wafers subj ected to the

performance testing were analyzed using x-ray

[0230] Hl Figneecl9, dre SRk aunebseongiamadiol oveoahoersaBravaihie ﬁads A and
ubstantjal changes in t

whet h
B, and %06’621)?‘1 {%%Ofaleg%}rn%rééf) Uit Ly aisgdeh haiois popgrved, ggieating
operatichin ¥t &at@baifiaf) fBliayes: re%ﬁ’ﬁet hP@o I%Bﬁ‘ f'x hnbgck curves for the

measurenents are carried ou e s poli
two corgmgtiadly avhidabilé pasisek ped Briomtoa lshcpmdiméﬂdrmxdrexpaite&foa pelrformance

d d d, t
in the dm%%gﬂ?&gg?é hl a'fltZ?%x%Ainﬁeng}m gﬁ]oa Iqﬁg r}?lgc% ar elé]:le suﬂswg:t customized

pad useﬂ dbrt de@Cratif® ﬂﬁ:tcﬁfbl sholvntinFi ¢ I8 bsd 8 CRRRGEIally bR 1dbR pads is the
6086 A, The neasured lattice constant for Wwafers

dlfferenﬁ% 1 g élglfglgmﬁgoﬁme FJ@j:q, gid memdﬂyloamﬁ a@gb@ﬂubgnogmrly tlzer sibsurface
region PRSI OFh Al NGRS ofTHeepe{{iepa}%Hérﬁgs? hd 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 shurry (JSR slurry). Within

die uniformity is studied through quantitative characterization of dishing and erosion. To
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error range for all XRD experinents is approxi mately
0. 0001 A To conpare experinentation 64 WO 2006/ 089293
wEAN68R0D6/ 006176 error, the error range forPCHEsS2006/006176
unpol i shed filmis | abeled across the entire plot as a
shaded rectangle. [0224] For both slurries, the
nmeasured | attice constant val ues of the copper filns
e .
e e S OO Gl Dt PR 20 TSP 4% S e and an
edge dlctrIptﬂlgLEh éﬂ(aﬁ icopper Thehisdiekiltstire eedséraed fordi I0@Leslire structure of the
ress. The nmeasyred ] attice constant val ues

maskseé e[n“fq i€ ﬁ]&?alsgrﬁg’&nﬁsalr?@" fre Sg,ég|20p/(a%|‘ger%q1§h|a@@,@potpﬁra\ﬁafer at
60% ov‘éﬂﬁ)‘hsﬂl ST Hébﬁs?ﬁﬁgeﬂlm%ﬁ Ydrpfﬁe @@’J’o'o% ?@ 1sﬂj§fbfé9 oGRSl commercial

pads. For fil pol i shed with
pad C a(@mrdxa@e@o§ Ao Aefer eld }hreh éleﬂelamnteajst maﬂts @btaﬁnekihmmg novel pad A
ons

show sghiopte YRR B e pRmof St 08 M Sl feda’ Br20% preseoish water
indicatipg kiysehied within Wle 08MEIMiBAGuferidrhishidd ﬁ@ifdi’ﬂlahc?é"i%g n&wl Egds is

novel pad C (|l ow shear and surface  engi neered
dlrectl}’r?éfé@u?édo frstrar geictossche- Rts’th@oaﬁrewompammgidesmmlmbers for the

v S L AUl P B G 5 DL e e

die varifiti@eis rmihBISllns1gg1ﬁcMh€{nl 0£nM0t 1Bbrivey cérBerusig ﬁé‘rfbﬁnﬂ@é ®a
t he._measured value of the lattice constant for

conseafifige Bofhe stlial sypmstEe fucBomd gtrdie Hdhe pabisywiichtheouter ring of the
C I
pd e SEAERAEL 06 s R0y ORSTUE ML el M IR Al e
on waferniwith H0esovdupdlish hia Iéguiree‘lﬂéo)msﬁmmﬁtsgim pmsemgd ﬂﬁd 9/1pm feature
shear |%‘ raI ads are n i rect

within (1255l FORERBRRE HB Aot MR Ee R 0gh OV TR e obtained
are sign@ficafBi ﬁﬁ@@b%@]&? Egﬂnﬂ%ﬁ%j ttﬁ@o&&i"ﬁﬁﬂ@ég fRARYGAR C (<150 A).

i ndepende | owef process 1nduced stress in copper
Erosmlmmlbeﬁﬁhommﬂhle@mmae@m trpnds faydhne §8% sivbitppligh vafenas well.
process induced stress when enployed |nd|V|duaIIy or

0232 e Y S L0 B LR PR R B i

dlshmg)@&ﬂd@,taad @leﬁaaﬁmmﬁre@ﬂmé@fy ihftieate WD ﬁﬁ&@ﬁ@?ﬁad’@ﬁa@fforms superior to
ULK), apd for, wafers processed using

the comé%%ﬁm% 11 aadzlélpn &% Pt@d}i&a herbully ﬁ@lll@m&bawr laygs pelishing
pnch 4 Bl p o o 4Bl BB ooyt ot
is the mkiuiztry gamiasd foh&lmmdlmﬁéﬂm@r layem gho Astimg) Heawhtﬂgdﬁseﬂeltﬂat novel pad C

£ g ricants and is gl &I ows ear |gtegral pad (Novel
performpldf BpCrioFg Cogeryt BRELANS Gitosbp Ra EHRG Peiegiefeys. These
results ARkt ARt BhShdbel acﬁ:a@foéJ ds@ﬂ Yordath ﬁﬁﬁ?gﬁé}hﬁé hyway 8 bRl Sayer

... Slurry B (cabot The Ilattice cons IS a
polishing sid deres anglpp @m@tyoltdha! isgicliesaliihe aver age di stance

bet ween at orrs in cryst alline arr angerrent s. If a

Table f})a fa mlln %@ l(y an htcgged aital T per polishing
H @5‘ LA oulls o

(platforff V? P G s Cf”?“&ﬁl?lﬁep"l‘ f diirigiapyer polishing
(platforp a?t the copper
Metrie Novel pad C Commercial Metric Novel pad C Commercial
pad A pad C
P1 RR ~5,500 ~6,000 P3 CuRR 0 ~100
P1 WIWNU 2.5% ~5% P3 TaRR 350 ~500
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in the wafer processed with the subject custom zed

pads is conparable to the copper in the unprocessed
word0e/08920hdi cati ng no substantial changes in tPET/TSIPE006176

in wafers processed with the subject custom zed

subsurface engi neered pad have occurred. In contrast,

the waf er s processed 65 WD 2006/ 089293

UQLUUOI Q0617

6—wi-th—t-he i
PlINZQ 'A and’BVdo dot thiBdre [fBYSEDSIBRW t h £Ae conj r ol ~700

P1DW@Peit,| 1 ndogating thapogat erpﬁbc@?@aesl : ngogpper

ﬁﬁﬁﬁﬁﬁﬁﬁ a\\]Lai T a
P1 DN

Yhave Bturred. [296] IHX?PEUP€0§4, t ha0Z ul | 5,347
Iﬁﬁcgggpaned 170 t he {unpr¥¥essed LK), £he waflers 3,016

nnnnn dcepod 1ol nea A el al |y ﬁ_\lﬁl |Qh|e nnrlc A Q_hd R
rJ

VVcI er S ULE‘DEU“uol g~ e~ CotmeET—Ca
st
Planarih@éh |at hal f nHX|nun1he|ght:é£ é&% the 222 peak is
fey

IJI Ul T DCU ST Im\]‘nllbl oI ari AT T T

10045 wel|l  as, Ndvel A |NovEi0mmad 1| Pad
-her Navel _Rag v B, an vel| Pa
<hﬂnng| n|Figure 34, |comercial l|y alishingibl e sIuS??gs A and 2>

It Jis known that if the pollqg ng process i nducEes

1ouﬂlﬁ@mnEM|forﬂﬁ%train ongéﬁpper, %W§§ ei t het4 narrjows ~250
or_broadens._and!so EVWHM is 5 catli on of whetlher

90% emnsiamot copﬂki hag undéfi§one nﬂnéanmﬁmmn1strabﬁ durfi ng ~300

= olishing process. It can be seen I Figure 34
p0$ﬂ%ﬁﬁ?pboth the | ow shear custom zed pad i n conbination
with solid lubricants (Novel Pad B), a and a pad

having solid lubricants and is not a | ow shear

nt e pad (Novel Pad C) conpare very favorable,
102351 B R e b e v b fim ca b

I [ rmstrain in copper. [0227] In
Obwnwaﬁ%ﬁ%eﬁ%%mgtﬂg éﬁ'h%Pck curve data, and the Prestonian
' pl ot are conpared for two subject pads used for
Oacc=£/QQpPEr CMP having solid |u@yicants and are not a | ow

shear integral pads. The difference between the two

ubj ect. pa i s.the amount of boron nitride. For the
where EF?%?gﬂﬁg?Péaﬁﬁﬁybboron nitri de has been included in
the pad, and in the second pad, 8 w % boron nitride
y=Poiftas’s rkgen included in the pad. In the Stribeck curve,
it is clear that both pads are operating in the
boundary | ubrication regine, and appear to be

¢ =lattiggsffa/al ent in that representation. However, in the
Prestonian plot, the RR for the pad having 8% of solid

[0234] EIPE{]L'IEE%}%HQI {h% It 9«‘? Et& i %ahc)ﬁl cf"?st :f{mlf &?a?lgg R 1asefc %O{P&Qﬁlt based on

havi ng 5% sol | ricant. |s clear denonstra
a referchoaw alive Iatidi réesent cflcudatims) tﬁe uh}bﬂi'rshediﬁtm lati¢en@nstant serves as the
ur f ace,.of an incrfase t he renoval rat

r‘ifere“‘iﬂnﬁs B %E%‘@al ‘ﬁ‘%s © GRS deTiEs D0 b Ry leﬂdulus of elasticity
(E=120 Mper) andl PRisk A s %9 (E&I@M)%f sébp%fl raegﬁ% Sibl@boft B 5MPa to about

qglflcant damage occurred to the copper
50MPa ¢ ghieinet eBori fims pelisleedarsingtiioivel pidrths bearesatedetress is significantly

tower w{ih6 G LEE #0804 e BRBEE BE B ¥Rt g peincered

pad (0,4 ew23egr Furéied thé efagnitude of the 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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nitride (?}

ad C. For
b apd &), insdthe seleeityitydp epraparedh farrhe tveo pasksi(Figd. 41c and 42c).
boundary | ubrication regine.

(0237 RS B
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ng behavi or

t he
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|near tren

expecte
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?«?{e C lé)tlfoglrized pads is

close topmiffthat wetieeconventidnel ptelsiheehshbergiarwil tawbising#ihiatid at about the

same le&«gglég%i eggolrggx(gr

diff

rence b

LR Fyane

tween the

subj ect
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whereas the removal rate is approximately 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 42a and 42b, using slurry 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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difference in the uniformty of pore sizes, and the
addition of a solid lubricant in the subsurface
WO e@o089208 t he pads. The conbi nati on of the paPBCT/US2006/006176

properties, and the solid l[ubricant provides a

smal l er and nore uni form COF, which provides a

desirabl e result as shown in the Stri beck curves.

[ k co [
of the (%)gggﬁ]t onélrl) e?%gglq Rﬁl{ 3, ForiiD: gbfls Iﬂgﬁlle pr glgrénﬁﬁsctgﬂt ssthﬁr{he

selectlmtgmfeh@d:@tmmaeﬁ ﬁachﬁdccﬁﬁp’z&hbl@&dth@ cuBvengioagirpagr ci al
slurry (JSR slurry). Wthin die uniformty is st udi ed

o 1o L b SR8 Sl B8 02 v
and testHAdR% Rzan a8l PR @ﬁteﬁﬁ&e&hﬁ% HERAIMWES t1§%lﬁ,reﬁ élp@égﬁr White

for a center an annu die an
malntamﬂ@ﬁﬁlr@g}@a}, copper dishing results are presented for
a 100mline structure of the maskset. Two sets of

s..at waf.er at ,20% qver,po
102401 FRETHATRRN S8 L iSRS F R PR S ORI B Al Bripg examptes
of Varlch&rdet/i?nes 2moenedy sHidhevaipdds oFlebarse Qﬁ)plléihé}ﬁ tEPMBRESIr@hnd do not
are in excess of 400 A for all three dies. In
limit th@éﬁ‘i’ﬁeaf’s.ftt © P¥efions obt ai ned using novel pad A show
significantly | ower dishing nunbers (<100 A) on all
dies for the 20% overpolish wafer indicating superior
Vi Abnianticdé eoropii fing amniyaryﬁuhsiﬁng)padjfos pblighimes fubrstratecenid pad
for novel pads is direct attributed to the pad
COMPIigiIg RPOLrY DRVING 2 pFWQTWéhmgﬁers @bfiparihgpcdnd highgps within the pad,
nunbers for the three dies of the 20% overpolish
said pag\gresidipg mcgfr@é%fl m@nfﬁgy ReViEld {95 gaid subsirateswhenseqnyeated toz

&e dl%é ri.ation i.s rg{tg{;u insignificant H
compa )’euqi yp ? é e@@ﬁ%lQPe‘@Hﬁ%c #de updorgn m reglons
sequen f the.ra mTetrl f.unct
comesp§RABE R BRERRroahero e i ¥y gl el S o fsd Renticat o
he inner portion. Simlar conparative
Saldunﬁgé'tlﬂ% ISﬁIH %bt ai ned for dishing nunbers on wafers
with 60% over polish. In Figure 40(b) erosion results

ar AnREESE Ettcgﬁlnfxé)f Oﬁar@ér%pm HeRtedt Sid pfotp?ftg 3/% lgt\%eﬂ%g kset .

For commerci al pad A,~ erosion nunbe l'ish
waf er) obtained are significantly higher (300-500A)

Gorparitde idoidify & RELAEH Wbefem §0d pHIgHRY h@saaiseeoﬁcfﬂl%geny that

A). FErosion nunbers show simlar conparative trends
differs fnothirtl hed 688thavgivpolndsinidedcend poper) is hadr@2321 | n Tabl e
13, conparative trends for several critical
pl anari zation paranmeters including dishing, erosion,
énén Qﬁ%&qczﬂlﬁlgnw nerdgrephehvireteirdiand fisst andithitdregiooy e ‘the same
, g perfornms superior to the conmercial pad A In
region, 44 P"’Piié?f’OPé agq Ry H@gl{oﬁ%aﬂ%hksw je8iiing, barrier |ayer
polishing paraneters are obtained for novel pad C are

oppar.e toc rcial is the
SoAbare (et wsttedn afersbmg P@Pewt&@?ar&es
pol i shing. Results indicate that novel pad C
6. An article according to paragraph 5 wherein said 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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perfornms far superior to commercial pad C for all the
critical planarization paraneters. These results
w0 naoos2e3 t hat t he novel pad can be used for bpCTUB200&006176
polishing as well as barrier |ayer polishing and
hence single pad functionality is achievable. Table 13
Data summary (1) Novel pad C and commercial pad A for
bul k copper polishing (platformPl). (2) Novel pad C
angneaikeiwbading@cthaadrii 6 WB¥dei odiffeadice & theayRIness of the first
polishing (platformP3). Metric Novel pad C
region Quitire sexoall région isat NastedbopagiSEbr€@mer ci al  pad A pad C
P1 RR -5,500 6,000 P3 Cu RR 0O -100 PI WWANU 2.5% -5%
P3 Ta RR 350 -500 68 WO 2006/ 089293 PCT/ US2006/ 006176
ﬁlA@@@qb@mcordlqg)tOJpaImapiW vhosiiRRIBdEferenge is gieastgbout 10 Shore
Post -100 1,000 P3 DCO Post 698 5,411 P1 DNO Post -35
-600 P3 DWD Post 502 5,347 Planarization Effici ency
87% 80% P3 DI\IO Post 266 3,016 | 270 500 di shing* 137
250 .. 9

R Rrslekertey wie e hgar ROBUERE i paddps an area
measur{e Oa%ﬁ%gﬁd':f#'étyéglton occlﬂj éinatt ll%a‘gtt Abv ﬁt grs%eld%{;ﬁag%?ftsgre of the circular

acc ress aacc

proﬁle@ma?dvﬁzﬁﬁ using the foll ow ng equat| on: facc=E/(l-v) e
(4) ere E = nodulus of elasticity v = Poisson's

ratio E = lattice strain [02341 In Equation 4, the

et Ah eRickd do@bﬂlﬂgsto%kéég%;ﬂlt RHh@SinkalNddcofRBEM dnld an interface
| atti ce constant base a reference value. In the

betweeps#id €indt anad kedonatrégions odctigy suipanishieg afdalm@dsadetdf ¢l circular profile
constant serves as the reference. Using Equation 4 to

of the pedl cul ate the accunul ated stress (Qacc), w th nodul us
of elasticity

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 lubricant 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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(E = 120 MPa) and Poisson's ratio (v = 0.34) for
copper, a range from about 25MPa to about 50MPa is
wobdoaioseeds For filnms polished using novel padsPCT/H82006/006176

accunul ated stress is significantly lower with the

| onest val ue achieved for a filmpolished using a

| ow- shear surface engi neered pad (Uacc < -2MrPa).

Further, the magnitude of the accumul ated stress as

& asu ngttld acordingrogracd gadphplaeds héramcsai P bividegecdinl dagi@hs are

and can affect nmechanical integrity as well as
additiopdlbydpedtethat 2 pnlishiogtsingsceaff seidppéaryf pdlisking[p@@351 The DVA

properties of pads used for copper CVP are shown in

tabl e 14. Neopad's custom zed pads have both a | arger

I18s4n aﬂwleszt%ia@g@ toutaenephal 7 wiiaeiarsdidgooperty iswetpsitpwer

69 WD 2006/ 089293 PCT/ US2006/ 006176 change in the

ora duI us between 40 d 20C, a | ower gl ass

ﬁg’afag %‘fe’f actﬂ@ﬁ%%& @tﬂﬁaegr@%dl% \@ﬂ@ameﬁalm 1y sy segand property that
: det erm contact an . Copper CWP
differs ank“% FE@@W&%@@P&% i e&ﬂ?(ggrogf‘%}( étsg@r(%?c?aill us Decay

in Storage d ass Transition Pad Contact Angle (200

N R T R T
JSR 875 MPa 127 MPa 86% 25.0 C NV A Exanple 4: [0236]
A1 sAR sHiclateg o aRFRHphaty BE¥ING i B Blst thd éé%&&é@lo%s are located

and is not a |low shear integral pad, a two |ayer

at a polishir@giuatcpaitkaidindtagy pslishirpgRdengi neer ed having solid
| ubricants in conbination with a two |ayer integral

pad used for STl polishing is conpared to a

edndve pidictd doporaineg fogiakamrapihit]| wherbimyserd prapertyBio hhrdness.

| ayer integral pads have one interface acting as a

stress sink. Two commercially available slurries,

2B upp prtigly ﬁc@nﬁﬂr&tomrw@m Znvhespigrthy vt Fpglivhing peel said first

: were use qt e conparisons. These results are
region 156‘1’?%3‘:% Ofptiogrl aig 0*%6} WHiaRPishipE ReA G SPid seragdregion iear an

i ch sh w t he

d Fi 41
outer e@%ﬁs&? Pt asl o B3t el St dhend iegiondn on tieg dpeparcess of

sa1dﬁr§% vs. the C(]: The conparison is done for both
e (41 a and 42a) and nitride (4/b and 42b), and
the selectivity is conpared for the tw pads (Figs.

Acm@&%cfe?&):ordn{gott%ﬁé}agj@hﬁ' \gHér@mAst pr‘dﬁé 15%%&?5%516‘%%%

it is shown that for the t sto

'S

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, wherein 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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close to half that of the conventional pad whereas the
renoval rate is maintained at about the sane |evel
wo evosox28® pol i shing. Simlarly in Figure 42b, PahiUusivos/006176
shows the results for nitride processing, the COF of
the custom zed pads is about 33% | ess than that of the
single layer pad whereas the renoval rate is
approxi mately the sane for each pad. Figure 41c
d8nmansatticid sxotdiag to paregragt ZTvh¥elrythediffdtenceus bolikzRAdditionally
ad is conparable to the conventional pad. [0238]
detennﬁembb/arshz;e ofitechBblpgy @sdes2m saitsubatateusi ng slurry B, it
is shown that the COF for the polishing of both the
oxide and the nitride using the custom zed pads is
éll% ot aptpls reserlingmparsgreph ZOwinDez0De H0BIR8B in values is determined
f/U 2006/ 006176 of the conventional pad whereas the
by a sizgrefitechnglogy nafgseon seidsnbetrdoc denonstrates that the
selectrvrty of the custom zed pads is conparable to

A AT s e Rratsigiont iR grap sty H A r e

fabrloated and tested having at | east one |nterfaoe

O
20 WS Sl fe D Pl B R g nprasty diftrs
along a}’s@édlﬂ%dﬁ@ Ayl 'Ise(ﬁffElréﬁ{ ﬁaﬁyorl?f?e ?r?lelsr{ﬁg ﬁ&s@? ifshe

| owi ng exanpl es various devices an met hods
whi ch exanpl es of course suppl enent the drsclosure and
3. Antrticld a8cbrdifetoseRNgas 26 WRereMMBB bt PRty Is po‘f'ﬂsny
article conprising a unitary polishing pad f
polishing a substrate, said pad conprising a pol ymer
Ravingrtmlqaoopetingtot dngtof didf faeagzagits dbovs tommdingecotid lubricant in a
regions wthin the pad, said pad providing increased
POhﬁnﬁg%ﬁﬁ@¢P§%@¢P@deld for said substrate when conpared to
conparative unitary pad under identical operating
gg itions that is uniformin regions corresponding
PICH 3ocarding toraayiod e AR TR DaH VAespip6id RiRPeIgy is not
transpal8 but is otherwise identical to said unitary
p B@FYShlng pad. 2. An article according to paragraph 1
wherein said property is porosrty 3. An article

c ' n. sa ol r a .

IS R o Ry U R LR TR B e e thatis
kﬁsop&ﬁgﬂgasmaﬂ Iﬁgngépoond property |s hardness 4. An
article according to paragraph 3 wherein said first

and third regions are the same region, and said

secamatianchct Otdiddtor g ipaRgrphAbbewh e the gty % pd8 densr[y
article according to paragraph 1 wherein said property

is hardness. 6. An article according to paragraph 5
Whekeanickaicdolaty toasy parigrapiilabovewbérelnethaptbparty éxpde size.

38. An article according to any paragraph above wherein the property is selected based

on the material to be polished.
39. An article according to paragraph 38 wherein the material comprises copper.

40. An article according to any paragraph above wherein the property is selected based

on a slurry used in conjunction with the article.
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of rotation, wherein the first region has a circul ar
profile about the axis of rotation, wherein the
W@ ewo/08P2pegi on has a ring profile and adj oi ns PEEUSI006006176
region, and wherein the first region has a hardness
greater than a hardness of the second region. 71 WO
2006/ 089293 PCT/ US2006/ 006176 7. An article according
to paragraph 6 wherein a difference in the hardness of
#heAfiartgie accegiimgtoamy phateraphcbode wWBgieRNthe préfferty @@sdlected based
.about 5 Shore D. 8. An article according to paragraph
on polighipgequapmeriaised i fompmeticewith the arttiekst about 10 Shore
D. 9. An article according to paragraph 6 wherein the
circular profile of said pad has an area neasure, and
&4 a0 prticly aceaiginhtogey waragiphtabpeawtershouid st ot isai d
. area negsure of the circular profile of said pad. 10.
Sem1°°‘/l§+‘cg‘?1tW%?rea SESFRAATE P SEA chmip neeclipreiealiphangriration pad.
second region and an interface between said first and
sai d remain asure of

PR e AP o5 o 1B e o YRloa g Bt emed featurs
that caiRE ' . in.said,polyner ha
o coBE AN 1005005 MIBES, D A POl o e e
with a f2@hiaBped ARnS BlpdrBEang Li$; i {
Ii;ai d gz)layrrer].nglg ' An9’ar tcll C %&g{g }(;ersgl Hgﬁtr%d%gfé%fpglﬁﬁt ﬂfl
restitutioh el ivBriadlehd Mo o Q8 f&el Ud8sioAR A §HaSH iz
within said unitary poIishingapad_gndEgafgfﬁﬁﬁrfﬁndphnaumng
the layer efiherseinscdndoabeda ey réri@ihs tiedayod i€ fifedteh ardd atAtate that is
article according to paragraph 12 containing a solid
faster thantyratsaat tvhich the polishsig pegl resiorésibie lofer Fathe 1pad.arded. An
article according to paragraph 13 wherein the solid
| ubricant has a coefficient of friction between about
L onoethad pLptmatizings. layia of Agemiconduatorarator kiving paterned features
aragraph 13 wherein said pad contains greater than
that Ca“g%é’@g apg Iqpat gfres &t saidijayes sridanethest ¢qmprising @ntatting the layer
: article cording to paragraph 1 wherein sajd first
with an dieleaceording é)galné’ %% pagagrqug é%%&nﬁ\ﬂl‘%lﬁﬂﬁmgéh%la&f?ﬁ- tary
pol i shing pad. 72 WO 2006/ 089293 PCT/ US2006/ 006176
%i rﬁg ?f)‘lgﬁ'{ghg é!aﬁshgl‘fg é:!cfj foﬁ%eégfeg 9}%1 rtl%%%lylrgervgﬁg rhg{fi?lgség I1'1(1jte§:§ral

con gl ons
interface between a first polymeric layer and a second polymeric layer of the pad.

46. A pad according to paragraph 45 wherein the first polymeric layer and the second

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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additionally | ocated at a polishing surface of said
unitary polishing pad. 18. An article according to
waragseph 17 wherein said property i s porositRCT/LIS2004006176
article according to paragraph 18 wherein said pol yner
has a second property that differs in third and
fourth regi ons and said second property is hardness.
20. An article according to paragraph 17 wherein said
#9.Q0p4d Nccbfdi%fodd@%? parkraphi4 8B iviefeiR @08 flyhbric layer and the
par agraph 1 erein sai irst and second regions aré
second peigmkad layat ai@ fodhddsdTithgsBnt feacentobuisat eeadtrdtuatyr different
polishing pad. 22. An article according to paragraph
conditicd tovhewelerdi fededt il gpenstiy tHedirbieandrsessid [@3ymdit laytscl e
according to paragraph 22 wherein the unitary
ggczl i shing pad said first region is near a rotational )
(A5 st aceardingiei anarof ppiieiabhs Adr4P adhezainl theagtad additionally comprises a
... region is near an outer edge of said pad, and where
solid lubm@nhar dness of said second region is less than the
hardness of said first region. 24. An article

e RO B T e e
1 wherein said property is coefficient of restitution.
72 80 Ll b2 R Lo B0 1000 BT B

reduce 4 QRidiONAr AXlich %ff salddR@Bomphieh 84 B cSabataPd hatbthewia dentical

i
provi des i nprove planari zation for a sem conduct or

to said prBEriElpElishthgdadivhf RERING 8aildintéghstes of said first
nonuni form property along the radius. 27. An article

according to paragraph 26 wherein the difference in

YalAipslyirerid ehenithhadchabicabplaearizagolpaseonyprisings@pal yurethane

substrate. 73 WD 2006/ 089293 PCT/ US2006/ 006176 28. An
thermosgt anidchayinge bndichig lasothgnpbgutdpgh 27 wherein the

difference in values is additionally determ ned by a

size of technol ogy nodes on said substrate.

29. An
-t padacgerbrglioRragaa hyhesh the tagfielta inlesyikan about 0.5.

difference in values is determined by a size of
chnol o odes on said substrate, 30. An article
P OB ShOPEHGR HhEni G bE Py s value of B

eater@ﬁﬁgﬁc%ﬁﬁooﬂ'am article according to paragraph 30
&t erein a second property of porosity differs along a

second radius that is different fromor the sane as

69 P o ey W 59 REBE Ui v o

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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33. An article according to any of the paragraphs
above containing a solid lubricant in a polishing

W@ 0bageIdf said pad. 34. An article accordi ngp€DUS2¥96/006176
of the paragraphs above wherein said property is not
transparency. 35. An article according to paragraph 34
wherein said pad additionally has an area that is
| ess opaque than an adjoining area. 36. An article

GRC BYaHiaBeLrHR A ¥nP @iﬁﬁ@@@s&oﬂwmefrﬁﬂh_@ phdBagds @pepreysibility of
IS pore density. “37. An article according to any
less thardoagr®aph above wherein the property is pore size. 38.
An article according to any paragraph above wherein
the property is selected based on the material to be
ol sidedcor@hhg tdnnpof pakeaplectr-60 ngetes fharadhaphsigéice tension of
wherein the material conprises copper. 40. An article
less tharpaboot 8% md¥/tre any par agr aph above wherein the property
is selected based on a slurry used in conjunction
with the article. 74 WD 2006/.089293 PCT/ US2006/ 00617
621 A ped ageeridaecto suY 8?8%%”?‘&? éﬁ@ P B’Z’F’é’?@‘iﬂ’ﬁﬁ’a g&%%vgl“e SPEL tess
wherein the property is selected based on polishing
thm}mx%ﬁgé%nent used in conjunction with the article. 42. An
article according to any paragraph above wherein said

e
thermos®t %ﬁtﬂggl\%oi vadheoed gt tRar] AR 468 MBaSeM conduct or
waf er ha

Ing patterned features that cause high areas
and | ower areas in said |layer, said nethod conprising

€O FEYnREc thémicali@kchamichlplandpizhiishpaicopasisimyd pgyarethane
porosity, hardness, conpressibility, and/or
thermose0@fd iavir@rd vafie of B'S tictitat than abbwat250dvipes al ong one or
nore radii froma rotational axis of the pad, and
pl anarizing the layer of the sem conductor wafer by
6 fopolygretin eh¢migel miehapive! pihpphizaiiempadaeonzprisitees pofyurefhane
faster than a rate at which the polishing pad renpves
thermosehand hayéne 3 valupe! Toigss thap gheut -AAC- A et hod of

pl anari zing a | ayer of a sem conductor wafer having
erned feature

h . hi.gh d |
B b0l ess chermisy bnedical AER CORBI TOTNY ohPapPTfne
L ith an .arti - i ;
ermosg g P Fee Sorap ST SR BELETNA e 5! A

pol ymeric polishing pad forned of a synthetic polymer

gﬂ' % Egl:ﬁzlh‘%gtlc %ﬂeﬂﬁga?g[e@{aniéapﬁlgﬁ&%ﬁoﬁ’ BhNERApAsihgd ? §§1ﬁrgrethane

ayer and a seco pol yneric | ayer 0
thermod2fhd 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 contains an interface.

70. A pad according to paragraph 69 wherein said interface is an integral interface.
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46. A pad according to paragraph 45 wherein the first
polyneric | ayer and the second polyneric |ayer are
w0 bwe®sares pol yner. 47. A pad according to par aRCHpRRLME006176
wherein the first polyneric layer has a first
porosity, the second polyneric |ayer has a second
porosity, and the first porosity and the second
porosity are not identical. 48. A pad according to
Ran3GaAREordfgWh h e bNpdrhgapis B 7P ahyeT a6d bayamtdiasa solid
first porosity, the second polyneric |ayer has a
lubricanSBGORdispRIE @8t thdk ofaald gadde first porosity and the second
porosity are identical. 75 WD 2006/ 089293
PCT/ US2006/ 006176 49. A pad according to any of
Taragdapbsdit-td8unhEpengraplsed X7 1 sthersl sadpidhdsaparcagrda
the second polyneric layer are formed of the sane
polishing ewrfacamt said pad dkas haeaproparty e A Meradie frome grigiue g jae same
to provide different polynmers in the first and second
propertyyg |aydvierept argy et said selishingsyesecor ding to any of
par agr aphs 45-49 wherein the pad additionally

i _solid Lubrj . d. di _
e o s B R o1 B FEREL A o

ad, 52. accor.di any of paragraphs 45-51
more tr%?’vﬁrél%scselgﬁ t%gglgt%ﬂ%r% er égéeeﬂ?%r%%f fective to reduce a

coefficient of friction of said pad as conpared to a
' bySiemite e Rdnical QoRdi | emed 6f
R ComR AR BT icBRiniod By P §

thermosB@hY FBlyinter ChB&emadai ARt G habd polgeAaibMBinpadd soft polymeric
conprising a polyurethane thernpbset and having a tan
domaingl@l o polisking stffade dheidipall, Gherbh saf e gmacaotanaigarti eegments and
par agraph 53 wherein the tan delta is | ess than about
soft segflefits, thS harl spgntents camdig thetlmrdpolagresp dom3ing rng dreagiisggaments
54 wherein the pad has a value of E' greater than .
formingabisoft400yMri: d@sainpupedcuangoidl whereio saifypadfmer comprises
par agr aphs 53-55 wherein the pad has a val ue of E'
poly(urgfpangiesp).t han about 250 Mpa. 57. A pad according to any
of paragraphs 53-56 wherein the pol yurethane has a

2L B, L SO 000 R B R 1

than aboauq%tnlmqnal Iy has urea |inkages.

76. An article according to paragraph 74 or paragraph 75 wherein said soft domains have

a size of less than about 100 nm.

77. An article according to any of paragraphs 74-76 wherein said soft domains have a

size greater than 10 nm.

78. An article according to any of paragraphs 74-77 wherein said 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.

78



59. A pad according to any of paragraphs 53-58 wherein
the pad has a AE' (20C-40C) of |ess than about 20%
wQ@ 2000BR0D6/ 089293 PCT/ US2006/ 006176 60. A papriCT/US2006/006176
according to any of paragraphs 53-59 wherein the pad
has a conpressibility of Iess than about 1 % 61. A
pad according to any of paragraphs 53-60 wherein the
pad has a surface tension of 1|ess than about 25 nlN'm
&2 Arfariad aéé‘&@lhg i) 9arta$r 2BAY9 heRa 898 ARSI oARIRThaB QrtetaNof
the pad has a value o EL | ess than about 100. 63. A
betweerP® oA ab6uicde Hefahe BREC hrBige@lpspl anari zati on pad
conprising a polyurethane thernoset and having a
value of E greater than about 400 Mpa. 64. A
Polamatitle actdingad ampchzmagraphspidatiawhaain s jpeslds a unitary
conprising a pol yurethane thernoset and having a
chemical atagbaméal Boligienpat fmh@bgpbtgmg;aa@lwpq mel or m1xture of reactants
ol ymeric chem cal nechanical planarization
that fOﬂ@@m@ﬂmﬁﬁg bﬂﬂbléil ainpldtaamg dimpeyiorssBitala o fPaw %%ji gpitary chemical
val ue, of | ess than about -30C. 66. A polyneric
mechan&qb]ﬁqlzﬁ,sg}ng,p@éham cal planarization pad conprising a
pol yur et hane thernDset and having a conpressibility

| . th
gé e%%ff Ia%g‘? § Pf‘%‘&’? ar%%apﬁ%onprmﬁqﬁ%l ;“barﬁ?{'})é:uraestfhrSt and second

polymeﬁ% ?{%@%gﬁnﬁ?%ﬂﬂgyé%r é/'f r;cé??&d ttﬁ%ﬁ#sg gﬁl(f)gechxﬁcg%lgg&? ncluding

both salal ﬂﬁﬁa dZald Ok &ﬁl%lﬁ@ ﬁH(‘i ’wﬁbﬁﬁl i aky ¥, agg% TRA% D rbp&f g a value

ving a val ue of KEL less than

dlfferenpﬁ@rrﬁé?%lﬁéifcﬁ@affd%r@ﬁﬁtyqﬁ s@idlsagnARbsioh3- 68 Wner i n sai d
pad contains an interface. 70. A pad according to

par agr aph 69 wherein said interface is an integral

BRt A& fudick. ac?drdN 13 paeRHa BA3vIRGCIiH ISBGR6BGE6L F8e scldctedirom

pad according to any of paragraphs 53-70 wherein said
hardnespaebrosity, pomesize, swhprdssibility beaficientrofaegitutiosh prdcaniinpiire

of said pad. 72. A pad according to any of paragraphs

53-71 wherein said pad has an area on a

8durdum augiclss a@@rdwadadmy RAPaRgEPhs (-85 sbetein Fﬁé‘{l Pﬁﬁ ?qngﬁugs an integral

i in value froma val ue of the sane
interface.

85. An article according to any of paragraphs 74-84 wherein said pad contains a solid

lubricant.

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 to form said chemical mechanical polishing pad having

hard polymeric domains and soft polymeric domains.
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property in a different area of said polishing
surface. 73. A pad according to any of paragraphs
WG 3006A8%2hkr ei N sai d pad contains an area that PGI/URIN&006176

transm ssive to light than an adjacent area. 74. An

article conprising a unitary chem cal nechanica

polishing pad fornmed of a thernosetting polyner,

wherei n said pad contains hard pol yneric donai ns and

SO TAL pdlRhitFRyad GorneanEianoroud cospdlceB Polythes und BsEngh psRsitng

pad, wherein said polyner contains hard segnents and
surface 60dald papinBaiiish a hfagorhaodiisgynesnirs elbogatedi 4 diecchian garallel to the

pol ymeri c domains and the soft segnents forning said
polishingafitfaqeodfigaklpad. domai ns upon curing, and wherein said

pol ynmer conprises poly(urethaneurea). 75. An article

according to paragraph 74 wherein said hard domai ns

$favepalishingepadfaceading to Rairepb 38 vdwreincelisnt sall deserlel porous

accordi ng to paragraph 74 o ragraph_ 75 erein said
polymercige elopga 2 HRR@On g sbioghe belisheaaasgplite 286 nm

77. An article according to any of paragraphs 74-76

At S e S e B ta e O Rl A

14-7 ' ' f ' I th id
closed- ot fop IR SO RO L i GPBILRNE 8, L0 00 oy ot

par agr aphs 74-78 wherein said hard donai ns have a

b o dhiles R ANE t8RHy 8PRMhE OO BERANG @BRngated
%fggb%lrélb%? R B e i@ Bengated pores

have a 18RS WvidiB r@tr@eslbingat eb@aragr aph 79 wherein said hard
donmai ns have a total of between two and about siXx

uret hane and urea groups. 81. An article according to
om\A afethpalrefanapipsa FelisBhgwhd hevingsailokepadll ipsroas polyngar gomprising
chem cal nechani cal polishing pad forned by placing a
incorpopating meicrapelloonsrintaiaxtolimeerohelt enmidwmeof reagtantsftbpinform a polymer,
pol ymer or both in a nold having dinensigns suitable |
and compyefstnmelsing wifl Wak pr BIERTeCSING IREHIFT REcse) tp SAMpEPSS said
. pad. 82. An article according to any of paragraphs
microbalposs. wherei n sai d pad has first and second polyneric
regi ons on the polishing surface of the pad, the first

T5 e B soe ey Sarur i ma ot pa g Aot P4
themo&[tﬁ%eﬂ'oﬁ%ngﬁ\{‘jh@girﬁsa\{c%éjcfscontains 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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different froma value for said property in said
second region. 83. An article according to paragraph
wW@20064089283 N sai d property is one sel ected fronPCT/US2006/006176
har dness, porosity, pore size, conpressibility,
coefficient of restitution, and continuity. 84. An
article according to any of paragraphs 74-83 wherein
said pad contains an integral interface. 85. An
B, WCdrecle G680 ding Go by epPariraftardey aphereifdsaisoftidneiins are larger
said pad contains a solid lubricant. 86. An article
than abc®€¢00 dinng to any of paragraphs 74-85 wherein said pad
contains an abrasive. 87. A nethod of making a
chem cal nechani cal polishing pad conprising formng a
Yo lAmaticlemktording o suuekpaigramudBaift wherhiat safdolrand domains have a
olymer, placing said nelt or mxture into said nold,
total of bgtereeupnaandsabiodt frshty wethgik i} weg 8rqupe.m sai d cheni cal
mechani cal polishing pad having hard polyneric
domai ns and soft pol yner| [ 2006 089%8%10f

] dqmai.ns.. 79
Bepnsioseretanesd Puseraah S3I SRR 59 fard BR e
vetweero T S5 528 S h RIS ) or Lty of the por es
are elongated in a direction parallel to the
Li Shi. . 9 e ' _
S0 LGFHO 40463, by Al Poos 0yl 50 0 R iy
chemicag heseghics lp'oliﬁlﬁfl?gel?d foPRLY BB DRI £ Rgat At bflm?Xt?ﬁeOf reactants

I rection paral to the’ polishing surface o

that forfB@thol@fer o HO@ inSt Bl HaghcalifiehdbmGsuitgblpds agfmaphl ©8tady chemical
par agraph 89 wherein cells of said closed-cell porous

mechanfeal pethirgrpadf or med of microbal l oons. 91. A polishing
pad according to any of paragraphs 88-90 wherein said
el ongated pores have a length to wwdth ratio greater
t0taredtele ageorddg thampofwdagraphsedd- Ry whengol saghpasidhag ddst and
having a cl osed-cel| porous polynmer conprising .
second pelymepo regiowigPmihe polbdinonnics af Beaapdhy Fest apgpacopd regions
m xture of reactants that form

I : d
includingdadh said nad %gl Sﬁidﬁ@ﬁﬁfrﬂmﬁe pad wﬁer%%a%ﬂf érshgq%?p@ has a property
vvins BRI R kSR 18 ST PO b

polishing pad fornmed of a thernosetting polyner,

ggr;? ;&L%Tig%??%%g%%ﬁm?h hah 4 HReLY URE bfopd R &k @ted from

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

integral 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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domains in a polishing surface of said pad, wherein
sai d polynmer contains hard segnents and soft

wGewaws283 the hard segnents form ng the hard pol/ysm®né/e6176
domai ns and the soft segnments formng said soft
pol yneric domai ns upon curing, and wherein said
pol ymer conprises poly(urethaneurea) containing
repeati ng al koxy units. 94. An article according to

h
1PSr &g Eﬁﬁgbn&ggﬁr?g" t% 6% %?né ? @hgregpt‘f{@hﬂﬁar?%%ﬁs}ﬁng‘béﬁ Si®first

I'ess I'n any direction.
region 153Hetaif glRadfraPhdl Bgsa’icpmﬁ?di %mﬁhiﬁedﬁ?ﬁ%@id&e&%d@ ehiands near an
domai ns have a width ess an about 20 run. 80 WD
outer ed 20893 PCT/U82006/006176 96. An article
according to any of paragraphs 93-95 wherein said soft
domai ns are larger than about 100 nm 97. An article
186 cAn ditivie sconiiyg ofpaprgrair Hfhononigs awhid bibnicaiin thegrodishing
domai ns have a total of between one and about twenty
surface. ur et hane and urea groups. 98. An article according to
paragraph 97 wherein said hard domai ns have a total of

ween. two and about SI ane and u
195 Ananis FoPElIBE CarERSARP gefsrnt Bl Wpging i Zsron Nitride.

wherein said pad is a unltary chem cal nechanlca

A PR
polishmgﬁléc?nwca '1@?&%&%@&? ngd&%&ﬂttd%gcﬁoﬁ o formsaid unitary

shi'n ad. 100. An article
according to any of paragraphs 93-99 wherein said pad

'@@SAB'aFt%tle adraise Wa%%ly[@ff hevik £B P SréVet BR the polishing

polishing surface of the pad, the first and second
mnﬁc&reglons i ncludi ng both said hard and sai d soft
domai ns, and wherein said first region has a property
having a value different froma value for said
n0operttyclé accoaditg eroagtaplefdOwherkBilthe Arocars bavea depth in the range
according to paragraph 100 wherein said property is
of 10pmoné0&pinect ed from hardness, porosity, pore size,
conpressibility, coefficient of restitution, and
continuity. 102. An article acgprdlng to any of )
Par Agraite acpording oprarennn L84 whst! 85 8toavRshays a depth in the range
ral interface. 103. An article according to any
°f25“”bT4§§thraphs 93-102 wherein said pad contains a solid
| ubricant.

112. An article according to paragraph 109 wherein the grooves have a width in the range

of 10pm — 100 pm.

113. An article according to paragraph 109 wherein the grooves have a width in the range
of 25pum — 40 pm.

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 are linear near the rotational axis, away from the rotational axis and near the
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104. An article according to any of paragraphs 93-103
wherein said pad contains an abrasive. 81 WO
wQo@6/08R29293 PCT/ US2006/ 006176 105. An arti cl BCT/US2006/006176
according to paragraph |I wherein the unitary polishing
pad said first region is near a rotational axis of
said unitary polishing pad and said second region is
near an outer edge of said pad. 106. An article
outer ed?@ SO Jolishifg ?le,%@ir ARl dl Khetmtirl diivd gros@k fiflersect the concentric
ubricant in the polishing surface. 107. An article
cﬁcumr@@ﬁg@ging to paragraph 106 wherein the solid | ubricant
is Boron Nitride. 108. An article according to
par agraph 105 containing a |local transparent region in
t e Anparticls hbeugdipgdo paregdaph $ 14 onrftaigingedditonalendypai grooves away
detection. 109. An article according to paragraph 105
from théveptatragal axisneay thppeoipberyod thaeolisbingshifaee:- surface. 110.
An article according to paragraph 109 wherein the

rooves have a depth in the range of 10m- 100 m
oy Angitigleprearding e BHaeight bl%%f?léér%ﬁﬁe%@e FREY i 4e perdigured to

rooves have a . depth jn the.ran of 26m- 40 m 112.
have a GRSIH, §TEPYE SROSISF GRS HOPRAFTIRE UMASH00 wher ei n t he
grooves have a width in the range of 10m- 100 m
. art : ' r - i
L v REL LS ASF AR L P28 0 AR OR MRS As Ll o
maintaif¥d Bhthfsh &gy Mosfs_cfh@gfl?s@ﬁ@pﬁrégg wherein the

grooves near the rotation axi's are concentric
circul ar grooves and overl apping |inear grooves which

€18 eGfartiadiadkdriinghe p&iaBrabh @ 05 Siefe the\Wat €bntaire rhitf@afes through
near the rotational axis, away fromthe rotationa

out the pishirgnghdnear the 82 WO 2006/ 089293 PCT/ US2006/ 006176
outer edge of the polishing pad, are curved, wherein
the curved grooves intersect the concentric circular
frdbvesticleBscordmgde pirepephdd d mdierryintthe gensy ohphcronaeyes is

. contai ni ng addi ti onal curved grooves away
different in the first region than second region.

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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fromthe rotational axis near the periphery of the
pol i shing surface. 116. An article according to
waragsephs 114 or 115 wherein the grooves ar ePCT/US2006/006176
configured to have a constant groove density across
the polishing surface. 117. An article according to
par agraphs 114 or 115 wherein the grooves are
configured to maintain a constant slurry density
across the polishing surface. 118. An article
according to paragraph 105 wherein the pad contains
ClLAPROr€ | al, and/or
02411 A oRERES BB enPly BOSUER A ol oP B piiRal. el

DMAprdpé}&bé&xs@fssmzﬁfoopor es is different in the first
reglon than second region. 120. An article according

par agraph 105, mher n the SS Q ai d seco
10242] Aigh RemblsbETiafahs THEsRATer e BT S e g0 et bed
various ﬁégffﬁg’tlor}.‘s?dlf theAﬁlb?er& t)é‘dseae@&%ﬂ dhiBe hRdP ¥imehERPadDY from the
erein the pad tontains an integral interface norma
scope ottspirithe wiok isshsoheped beferc @mh@meq Viangus puséymiged pplishing pads

herein s]g%ﬁ&ﬁa#gcqnagbeéﬁggv% IA%H t\g\% g?ﬁ}%&ap%r% taﬁh %irawmgs described

above. V86V erdbek kil OGO RE vRRIY FRliZCa Taley e@nealé}tte:‘ustaﬂﬁzed polishing
pol ymer. 123. An article accordln%HB o paragraph 121

pads thaphet lee taken fromstucipexappiips #1d dywingg Hfre H8M- second
polynmeric layer are different polyners. 124. The
article according to paragraph 105 wherein the pol yner
is formed from thernoset materials. 83 WD 2006/ 089293
PCT/ US2006/ 006176 [0241) Any of the above
conbi nati ons may of course have any of the physical,
chem cal, and/or DVA properties di scussed above.
[ 02421 Al t hough exenplary variations of custom zed
pol i shi ng pads have been described, various
nodi fications of the subject pads descri bed can be
made w t hout departing fromthe scope or spirit of
what is disclosed herein. Disclosure of various
custoni zed polishing pads herein should not be
construed to be limted by the specific exanples and
drawi ngs descri bed above. Mreover, one of skill in
the art would realize a variety equival ent custom zed
polishing pads that can be taken from such exanpl es
and drawi ngs there from 84
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WO 2006/ 089293 PCT/ US2006/ 006176 CLAIMS What is
clainmed is: 1. An article conprising a unitary
w@eiosesu2ay) pad for polishing a substrate, sai dPEEUS2006/006176
conprising a polynmer having a property that differs at
first and second regions within the pad, said pad
provi ding increased planarity or yield for said
substrate when conpared P @W conparative unitary pad
under identi cal operating é‘ §itions that is uniform
in regions corresponding to said different regions
What is E@Im&gdsd uni tary polishing pad but is otherw se
identical to said unitary polishing pad. 2. An
artlcle according to claim1 wherein said property is
PAOaiitl copriding antnitatyepodiskiog ghd fpripolishiag msbsntate; edid pad
sai d polymer has a second property that differs in
compristrigiargblpmer Kaving hpropgitpthet difi¢rssaifistsad seapngregiens yithis the pad,
hardness. 4. An article according to claim3 wherein
said padgapddinigrisereaned plamarity orofle Ay saidsubpieate e cpmgsH to %m d
said second and fourth regions 3!6 the sane_ region. 5.
compara&ﬂeamttaranr@d&@é@rléfﬁrﬁ@ak Yeedtmgrordiines Grhis IRy {?@iocﬂy?
i s. har dnes

comesppepedp 5 e et N A DR o R A iy fential t

- ) erein the first region has a circul ar
sal um%%?‘? f i the axis of rotation, wherein the
second region has a ring profile and adjoins the first
glefilnevhdblaligabfdposithar dness
g?ggggﬁwgﬁ gfdﬁess or]tﬁg econ rgglonp . An

article accordl ng to claim®6 wherein a dlfference in

1 e hacrnRssrdafs th R&il X $hert@Ghpolanel Had@ ssesanstoperty that differs
region is at |east about 5 Shore D. 8. An article

in third aed Rrugthegibes sldadaid secoteprepartsBitdrdbiesd. er ence is at
| east about 10 Shore D. 85 WD 2006/ 089293
PCT/ US2006/ 006176 9. An article according to claim®6
Ahven eitinlet dveordingoiolchaimp whetkis sofd el ehdghird megionsrarahegame
nmeasure, and said first region occupies at |east about
region, Z8headd sesandiand Gartheegionerefha BECAPEeM ar  profile of
said pad. 10. An article according to claim9 wherein

sa d se regi on, and a I nterface bet sai d
f?oa°§%‘@8%ﬁjt rcéad’fnoh‘é’ ve R8P Wéﬁgf‘ﬂ\eﬁsg ar ea
pI easure of the circular profile of the pad.

6. An article according to claim 5 wherein said 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.

7. An article according to claim 6 wherein a difference in the hardness of the first region

and the second region is at least about 5 Shore D.

8. An article according to claim 7 wherein said difference is at least about 10 Shore D.
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11. An article according to claim5 wherein said
pol yner has a second property that differs in third
w@naeNgm2e3 h regi ons, and said second property PGI/US2006/006176
continuity of said polyner. 12. An article according
to claim 1l wherein said third region includes an
interface within said unitary polishing pad and said
fourth region is |ocated away fromsaid interface. 13.
Q.A'Aglaaﬁ’ltiélg h&RERL SR b iktdh MeldcGRRbAIME BPsAd P hat an area
[ubricant in a polishing surface of said pad. 14. An
measuredfild GlEARERRIGH dtBupies & 18dsfmBsht TR i shidt € Sehdugle of the circular
lubricant has a coefficient of friction between about
profile 0@ s88@4dd.and about 0.5. 15. An article according to
claim 13 wherein said pad contains greater than about
5% by weight of said solid lubricant. 16. An article
14k Aoradiicig accordihg inelainnB evheram saifl dedoind segiamand e gt face between
) regions are |ocated wthin said unitary_ polishing
said firspandl seqond Tagiony pequby Saldaemaining aer BRASURS AbhasBrdprPrediepf the
first and second regions are additionally |ocated at
pad. g pol i shing surface of said unitary polishing pad. 18.
An article according to claim17 wherein said property

.S ,porosity. ..86 200Q6/,089293 . PCT/ U /.00 .
i AR B2 RtBR N Y o 1ok 0 PGB A LA g gl
s By R B 2 Ao 8 popyner
20. An article according to claim17 wherein said
P oRehtiMe b RGN BE 8Bim 21 whBRbiRbdil elifl REAiHE0gest® interface
claim1 wherein said first and second regions are
within shidGaited plisking padl abd bAg fauhfragien of losatkd away fidkysaid interface.
polishing pad. 22. An article according to claim 21
wherein said property is hardness. 23. An article
i ¢or aiiclg ata@rdingitorc2in WA epeiaiminghesalii whrisanp ol 4 polishipg surface of
pad said first region is near a rotational axis of
said padsai d unitary polishing pad and said second region is
near an outer edge of said pad, and where the
har dness of said second _regiaqn i

Haruriasele gecasding o plagp 13 dgron ezl prighot ks coefficient of
oy ccordi n ai erein said property is
friction S%tf?ﬁ?‘ééléci%ﬁbﬁo%.angﬁgéow'%rti cle according to claim1

wherein said property is coefficient of restitution.

f? rﬁg{'\ﬂtﬁglrﬁ t&icr;]%‘rgirn%?%faiirﬁ i 1? gvlr?elrégfr?] éﬁig tb'aﬁ' gorﬂgﬁixs I%?éﬁké?gh& about 5% by

properfy a
weight of said solid lubricant.

16. An article according to claim 1 wherein said first and second regions are located

within said unitary polishing pad.

17. An article according to claim 16 wherein said first and second regions are

additionally located at a polishing surface of said unitary polishing pad.

18. An article according to claim 17 wherein said property is porosity.
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radius normal to a rotational axis of the pad, wherein
sai d polishing pad provides inproved planarization
wo oro6aseedri conduct or wafer due to a differencePCTUS2006/006176
val ues of said first nonuniform property along the
radius. 27. An article according to claim26 wherein
the difference in values is determ ned by a device
density on said substrate. 28. An article according to
dbahmaticlodreorting fohgaith 1§ Whasiesal poldhbeSasi sSsecond property that
additionally determ ned by a size of technol ogy nodes
differs onthgdiadd Subdtregives aPsaidsecand pipertadiondidig to claim
26 wherein the difference in values is determ ned by a
si ze of technol ogy nodes on said substrate. 87 WO
20061 e830zcpdiaIs2i08Y TDGhtein 80l praperdy isibatdness.
according to claim26 wherein the property is
g?rgnessl 31l. An article according to claim30 wherein
sel B pispeing tostaipol wherein s#id fust andisesagy eegiaseomigeated at a
..fadigs that.is different fromor the sane as the first
pOhﬂu?%ﬂFE§?Ogﬁgdﬁ@ﬁ%ﬁp?%$¥9%ﬁ%%rding to claim26 wherein
the property is porosity. 33. An article according to
y b ve,,.cont ai nj a solid |ubricant
2R AR IR R OO B Bhuo SR, Rt 1
according to any of the clains above wherein said

B OREEEId RcHBing thBRSPA GRGYin tﬁégnigg% ﬂg%%?\lg%e%%daﬁaiidyﬁrst region is

according to clalm34 wherein sa

near a o@siond] aRlsed shidahithsy JoBSEing PRAAMEsHid 8t oAl r&Hb:01sHe%n outer edge
area. 36. An article according to any claimabove

of said pink med wheteehphaeess pf ssidpedoad densn iless tBfn thAhaRinkésCdRaid first
~according to any clai mabove wherein the property is
region.pore size. 38. An article according to any cl ai mabove
wherein the property is sel ected based on the
material to be polished. 39. An article according to
et irrBlagcesrding toaimel whergin seishprpesiscoppesssibddy. An
article according to any cl ai mabove wherein the
slurry used in

g%o ert% IS aﬁlecte .based on a, | L
U ALCleATeRimg 1P vl WRerein said praperk isices icisat of gptitgtion.
to any clai mabove wherein the property is selected

?ﬁ:ﬁg ?1?51@1& c@%p'n%@gna%o?ﬂﬁfng %?15] Ela\%fcig g ﬂr?{ n%%ﬂhililgr?nt Igr%}r)]er\g/ gllgng a
radius normal to a rotational axis of the pad, wherein 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 claim 26 wherein the difference in values is determined by a

device density on said substrate.

28. An article according to claim 27 wherein the difference in values is additionally

determined by a size of technology nodes on said substrate.

29. An article according to claim 26 wherein the difference in values is determined by a

size of technology nodes on said substrate.
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42. An article according to any clai mabove wherein
said substrate is a sem conductor wafer and said pad
w@oimpsees a chem cal mechani cal pl anari zat i onP@EUS2088006176

WO 2006/ 089293 PCT/ US2006/ 006176 43. A nethod of

pl anari zing a | ayer of a sem conductor wafer having

patterned features that cause high areas and | ower

areas in said |ayer, said method conprising contacting

BheAh agtele aosbtdingtopddiins?d WherpRcthd proipBly & ROTASEL Y,

har dness, conpressibility, and/or coef?icient of

restitution that varies along one or nore radii froma

Bt Aniagivdd acaridngfo didim Jaeheramc yebambpiopeitgof pdresityediers along a

of the sem conductor wafer by renoving the layer in
second rausthghis diféaentdrona or hesampas thedirstfradiver than a rate

at which the polishing pad renoves the layer in the

égﬁgﬁ areas. 44. A nethod of planarizing a |ayer of a
BHFRCASSPrdiRg torclHmAnyheinithe Progert 28 paresity. t hat

cause high areas and |l ower areas in said |ayer, said

TR b Bl g e splet AP mipiniin ofid ubricant in
polishirFé poTal-198 gg&gd éﬁ; | ayer. 45. A polymeric polishing pad

formed of a Synthetic polyner and having an integra

interface between a first polyneric |ayer and a second

RO AiivBitict dcB¥®lin ifhe- carfl -

cl ai m 45 mhereiﬁgﬁﬁgvsfPg?ﬂ%§$;ﬁﬁ???ﬂ?g§g%£§%§g?ﬁgsnOt
transpasgacpand pol yneric | ayer are the sane polyner. 47. A

pad according to claim46 wherein the first polyneric

| ayer has a first porosity, the second polyneric

Bayse aigls mcemomtd chdndel whereianaidtpgad afliiti®halpoli@Sintayea that is less

and the second porosity are not identical. 48. A pad
qﬁﬂueﬂéﬁdmdﬂngnm636Main146 wherein the first polyneric

| ayer has a first porosity, the second polyneric

%ﬁyer haé a second porosity, and the first porosity
o\ pEckacendsdp g8y £ipim rRove Weweindhe property 75 psael density.

according to any of clains 45-48 wherein the first

PO TR Ryl SRk T ek i

different conditions to provide different polymers in

j ' ers, 89 .
Yo B A A B AR kBl s on e
materiaPYbe@oliShedl M5 45-49 wherein the pad additionally
conprises a solid lubricant.

39. An article according to claim 38 wherein the material comprises copper.

40. An article according to any claim above wherein the property is selected based on a

slurry used in conjunction with the article.

41. An article according to any claim above wherein the property is selected based on

polishing equipment used in conjunction with the article.

42. An article according to any claim above wherein said substrate is a semiconductor

wafer and said pad comprises a chemical mechanical planarization pad.
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51. A pad according to any of clains 45-50 wherein the
pad is a unitary pad. 52. A pad according to any of
W@ L@i6089245- 51 wherein said interface is effectPOBHUB06/006176
reduce a coefficient of friction of said pad as
conpared to a conparative pad otherw se identical to
said polyneric polishing pad but |acking said
interface. 53. A polyneric chem cal mechanica
BB AN dhdtERL b QYlamadir VérgfRGeidabydth ek MR Ravih HBLIBSE features
and having a tan delta | ess than about 1.0. 547" A pad
that ca€ Gighdiredq dnd leWed Aeds3n whiengien shidanétbod 86hpAasihg cbiR&Sing the layer
t han about 0.5. 55. A pad according to claimb53 or
with a jpdlshimg p4d hheing iapot dséty pizedditeas campadssibilaf, dnd/agrceatffietent of
_ than about 400 Mpa. 56. A pad according to any of
restitutiohdhatyafes Angviey @i moretredipidmirarotagionall axés efthEpadyeedplanarizing
t han about 250 Mpa. 57. A pad according to any of )
the layer|ofiihigssesBeasiugior afas by iempung thedeYrine thedu gl angas afen refe that is
Tg less than about -30C. 58. A pad according to any
faster th ool a5 9 PRHEYEE R WEIONBH e Sich i BedRP 8al | y
has urea linkages. 59. A pad according to any of

(EUEAT IR TG o .

that ca@é 215 atrﬁ%;]aﬁg kl)%?rr a%}gé ig gge\%%%b ggxﬁdgeétggg%%ﬁﬁé& lcé)ﬁtgctl%fg the layer

with an%g{ély%gﬁhg%ér?}ﬁof &éﬁsg_%dﬁg%&h{%ﬁj&%ﬁ?y of

clainms 53-60 wherein s as ensi on of
| ess than about 25 mMNVm 62. A pad according to any

ab. &lpaiyigere3robishing 8&@ fdtnieb ®f Raghthasc Foly@dbtghdtavitslan integral
| ess than about 100. 63. A polyneric chem ca

interfaceetvasvnadirsppdpactia byboamdpadceahpulisenglagepof the pat. hane
t hernoset and having a value of E greater than about
400 Mpa. 64. A polyneric chem cal nmechanica
B ah@ed 2eqording padlave Ap mihsienythe five ppliyretrivalager andeharsend
and having a value of E'" greater than about 250 Ma.
POBmKBEJQ%F96ﬂ3ﬁﬁ@ﬁ%F@Wﬁﬁ$cal nmechani cal planarization pad
conpri sing a pol yurethane

47. A pad according to claim 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 claim 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.

49. A pad according to any of claims 45-48 wherein the first polymeric layer and the
second polymeric layer are formed of the same reactants but are reacted under different

conditions to provide different polymers in the first and second polymeric layers.
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t hernoset and having a value of Tg | ess than about
-30C. 66. A polyneric chem cal nechani cal
wW@bk@aas2gat i on pad conprising a pol yurethane POPURISE006176
and having a conpressibility of |ess than about |%
67. A polyneric chem cal nechanical planarization pad
conprising a polyurethane thernposet and having a
surface tension of |ess than about 25 mM'm 68. A
50l X ped becocdingtCaly dRdaRIAcA9 Whasarthe pid &MiRAMILy comprises a
conprising a pol yurethane thernoset and having a
solid lubaitare. of KEL | ess than about 100. 69. A pad according
to any of clainms 53-68 wherein said pad contains an
interface. 70. A pad according to claim69 wherein
Sai 4 Pedheeacrding ta snyeef dlaime g0 Wintreinfthe pad 12 b.uniapyashd.
according to any of clains 53-70 wherein said pad
olid lubricant in a polishing surface of

ntains a s ) . .
§§i %pﬁgaqcoging@ P00 BT 93-PovhuEPces) ipEsRysis ef2ctive to reduce a
a cording.to any of clainms 53-71 wherein said pad )
Coefﬁc‘%a‘go@cc%%%p S%H{ %ﬁd%aﬁogwmg 3 dremparagie sad ethpangse iantical to said
- e that differs in value froma val ue of
pob’me?l ﬁi’ogﬁﬁ‘é&%ar%‘%%r‘%%ﬂ%saﬁln |r§31c%r ent area of said
pol i shing surface. 73. A pad according to any of

65 ap %Iyﬁ;?:'nz %h%%a?h‘%a}?%%% ﬂ?ﬂar%ﬂglqggtjf cd egl?ﬁlﬁ?&é gg@g.}ﬁai.thsane

nmore transm ssive to an an

thermod¥ a@d hd GhLa BRAMHRth dsB¢had MBiitA0Y chem cal nechani cal
pol i shing pad fornmed of a thernosetting pol yner,

wherein said pad contains hard pol yneric domai ns and
§6fA ppbhoconiing to daimmbh s/hirirathp @dr &dianglessthaeboafy. sai d
pad, wherein said pol yner contains hard segnents and
soft segnents, the hard segnents formng the hard
pol 4 et dcsoiimgiongaiantB thaaisof4 whegirethte pad has arivalge sAE dgreater
soft pol ymeric domai ns upon curing, and wherein said

than 2beyg|40RBPE onpri ses  pol y(ur et haneurea). 75. An article
according to claim 74 wherein said hard domai ns have a

géég 84 Iesdgnthan O?b?ut 20 nm_ 76. An article .
COPYT HGOIBRE0AT OF #Ladms e P-ap i heseipiles Radrhas 4ivalus oEE" greater
' have a size of |ess than about 100 nm 77. An
ﬂwnabaﬂgggﬁéxbccording to any of clainms 74-76 wherein said
soft domai ns have a size greater than 10 nm

57. A pad according to any of claims 53-56 wherein the polyurethane has a value of Tg

less than about -30°C.

58. A pad according to any of claims 53-57 wherein the polyurethane additionally has

urea linkages.

59. A pad according to any of claims 53-58 wherein the pad has a AE’ (20°C-40°C) of

less than about 20%.

60. A pad according to any of claims 53-59 wherein the pad has a compressibility of less

than about 1%.
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78. An article according to any of clains 74-77
wherein said soft donains are |larger than said hard
walorveios93 79. An article according to any of cPEI/Ig2006/006176
74-78 wherein said hard domai ns have a total of
bet ween one and about twenty urethane and urea groups.
80. An article according to claim79 wherein said hard
domai ns have a total of between two and about six
61l eA pad ec@pding teayds fulkims 5950Whe2RGhOBAPAA a surface tension of less
PCT/ US2006/ 006176 81. An article according to any of
than aboltedSneNA- 80 wherein said pad is a unitary chenica
nmechani cal polishing pad fornmed by placing a pol yner
nelt or mxture of reactants that forma polynmer or
63 A PRt ageordingltohanyi afglaingd A<l omlsersinithapddehdsa abremfdaiidless than
itary chem cal nechanical polishing pad. 82. An
abou”ﬁ&-ticle according to any of clainms 74-81 wherein said
pad has first and second polyneric regions on the
Bgl:shgﬂﬁ.suhfacelof t he g d, the first and second
gﬁ& BRYITHE cheieg! medharicelpianaizatonpad sxmprisieg ¢ polyurethane

| NS, & erein said first reqgion has a property
thermofiE U Bin L FOSEE, Befih ot phi 400HGR Tor oal
property in said second region. 83. An article
64 COLE it n&hAl ' r [isidSa SNG
sel egt gd fn r or%&ha?{j?r?gélsamgf %Igeglﬁzt%gn g%ér)goer%}? %Sél,lg a polyurethane

thermoe0BRY 1858 DA VAl of B08fehiet HNbOht F5@SYhiution, and
continuity. 84. An article according to any of clains

74-83 wherein said pad contains an integra

bhtlepblgmeric 8hemidnl 1aedlanlcal HesaIAlcEpAdc@HHis £l MBtha

74-84 wherein said pad contains a solid Iubrg’zlc{':ln?d.ﬁ!é e
thermosgbandirvirg 4 vilee eicEpleds thgn tbowny0°6f. cl ai ms 74- 85

wherein said pad contains an abrasive. 87. A nethod

of making a chem cal nechanical polishing pad

o bPelymsgC Fleamicalgnechapishlntenarizetion pad erinxtrisives @polyurethane

reactants that forma polyner, placing said nelt or
thermosgi and ffayingf sonpzessibility of less apncaborhfésai d nelt or

m xture to formsaid chem cal mechani cal polishing pad

vy har ol yneric d ins. and soft polyneric

Pty Sn R PR eroF R ot o s fpolyurethane

th e vGel - ing. a palishing surface of
B i R
elongated in a direction parallel to the polishing
68N BASmefic SitintcAdRechanical planarization pad comprising a polyurethane

thermoset and having a value of KEL less than about 100.
69. A pad according to any of claims 53-68 wherein said pad contains an interface.
70. A pad according to claim 69 wherein said interface is an integral interface.

71. A pad according to any of claims 53-70 wherein said pad contains a solid lubricant in

a polishing surface of said pad.
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93 WD 2006/ 089293 PCT/ US2006/ 006176 89. A polishing
pad according to claim88 wherein cells of said

W@ bwsosb2ee! | porous pol yner are el ongated in aPCT/US2006/006176
direction parallel to the polishing surface of the
pad. 90. A polishing pad according to claim88 or
claim89 wherein cells of said closed-cell porous
pol ymer are formed of microballoons. 91. A polishing

pPRdy p&E Mcdidifg tParBBY cRfim§ b 7T8vIRSeiA QaithRl BhdaS Akt on a polishing
el ongated pores have a length to width ratio greater

surface bl gdid pROtHat Ras zg&opékty'lﬁabhﬁﬂfeﬂfin vl Febn@ a Rk SPtHRGal8e roperty in a
havi ng a cl osed-cell porous pol ymer conprising
differenit aarof osid polighing surfdoal | oons into a polymer nelt or
m xture of reactants that forma polyner, and
coggression.nnlding said nmelt or mxture using a
p¥-es padt ecoording ti amtofictnime Apr78sheseindaidrpad cottaink eorassa that is
93. An article conprising a chem cal nechanica
more transpisshieig lightthes eradjagit areat her noset ti ng pol yner,
wherein said pad contains hard pol yneric domai ns and
f | ynmeric. .domai.ns i.n a polishi.ng surface sai d
3 o B R ECis BN Ge E B B o Le e AR ozad ofa
soft segnents, the.hard s nts formng the hard .
theomo Rl B RerehL S Be 5B BT T mg Rt Yo g “agipglymerie
. u .
domin PRI S 0PI DR 081 00 D10k v an

a ' ] BrAGRoA
soft seghfRBBS fﬂeﬁrﬁégﬂﬂts%hﬁdﬁﬁ él?eghaéé‘ﬁ_oa@ﬁ{érﬁ d%n?aﬁ%%ﬁ é%sogf?segments

claim93 wherei n sai i'ns. have

formingd £86sdMEslymahO UbmaR0 upsh J:Lﬁ"lr%fﬂ ¥ndHvh&@td S pAPme¥omprises
article according to claim94 wherein said hard

poly(urethamaurs).have a w dth of |ess than about 20 nm 96. An
article according to any of clains 93-95 wherein said
soft dommins are larger than about 100 rim 94 WO
29061 a8oRIRcACTIIS2T0OB/B06IT6Nn 87id hand derhaios bawccoradiigss than
to any of clainms 93-96 wherein said hard domai ns have
about 2@ nfit al of between one and about twenty urethane and
urea groups. 98. An article according to claim 97

in said d donmi h total of, bet t
ﬁgifglglﬂglﬁfeaelgpe(r%&%gpﬁ malﬁr?ﬂfc Vlgl SQ\fz]gqggl_sgid S0 td\lc\)%%?ns ha\ega size of

less than about 100 nm.

77. An article according to any of claims 74-76 wherein said soft domains have a size

greater than 10 nm.

78. An article according to any of claims 74-77 wherein said soft domains are larger than

said hard domains.

79. An article according to any of claims 74-78 wherein said hard domains have a total of

between one and about twenty urethane and urea groups.

80. An article according to claim 79 wherein said hard domains have a total of between

two and about six urethane and urea groups.
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99. An article according to any of clains 93-98
wherein said pad is a unitary chem cal nechanica
w@ioc®8a208) pad fornmed by placing a pol yner mel PCDUS2006/006176
m xture of reactants that forma polyner or both in a
nol d havi ng di nensions suitable to formsaid unitary
chem cal nechanical polishing pad. 100. An article
according to any of clainms 93-99 wherein said pad has
BLrAf adidlt £LORINEL 0ROl WIERISs 7280 WHrdN sdifd BadPRld #iaRSchemical
surface of the pad, the first and second regions
mechanicat poliEhivgs palofohmsdib @ phsihg agiothnsairtle]s of hi-A@BRIF AsctadfRdhat form a
wherein said first region has a property having a
polymey at bash inlp frfcdd bating diomensiousbuimbieon fsmh saip hopestchemital mechanical
.. .said second region. 101. An article according to claim
polishingamdwher ei n sai d property is one selected from
har dness, porosity, pore size, conpressibility,
.restitution, and continuity. 102. An

gf%Laicjgg% of I .Ul
4 PECIACE P HgorlY #hGlans '¢4-81 ierean 323d Podhlasdlirat analsgcond
ad contains an.integral interface. 103. An article
polymel}E Fegigr o 13 palishing S ady A8 2ad.0be ffss Aud feoer Fpeend including
artﬂcle accordin

' hd .lubri t. 104. An :
both saff3AEAUME R R Ayt 04 SRR 0 B G B S P S e vetue
. : . icl. ing t laim1
dﬂﬂﬂﬁﬁ?@?ﬁ?ﬁg?%gﬁgﬁwﬂﬁgygégkﬁéﬁfgg%%ggéggidoffrzln}egion i's

near a rotational axis of said unitary polishing pad

8B10As5 @tid]eRESMAtho BRI 2SvINSAN & i '
pad. 95 WD 2006/ 089293 PCT/ 7l sHR AUIEL 1889 scl UePRbrl hardness,

porositygipbiecdize, aciprediibiity, @oetfidicmt diostifbRiand BentAuH9! i d
| ubricant in the polishing surface. 107. An article
according to claim 106 wherein the solid lubricant is
BbrAmarticlerdcderdingt0@ny Aficlaints -83 abewimiaitipidcmitansmanldbegral
. containing a local transparent region in the
interfacgo| i shi ng pad which is configured for endpoi nt
detection. 109. An article according to claim 105
gﬁving.if situ. grooves on the golishlng_surfacen 110.
At Tfiglegoerediedp aBy phelaims th-dbwharser sidpadronipiesoyedid
lubricarlhave a depth in the range of 10~Lm- 100 m 111. An
brticle according to claim 109 wherein the grooves
have a depth in the range of 25m- 40 m

86. An article according to any of claims 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 to form said chemical mechanical polishing pad havin g

hard polymeric domains and soft polymeric domains.

88. A polishing pad formed of a porous closed-cell polymer and having a polishing
surface of said pad in which a majority of the pores are elongated in a direction parallel to the

polishing surface of said pad.
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112. An article according to claim 109 wherein the
grooves have a wdth in the range of 10m 100 m 113.
w@\n00a1089283 e according to claim109 wherein thePQros2086006176
have a width in the range of 25m- 40 m 114. An
article according to claim109 wherein the grooves
near the rotational axis are concentric circular
grooves and overl apping |inear grooves which extend
Badi, pblishingeideicBordhy to Gl20'\08Sy NGRS 6f dal 8% d &/ porons
the rotational axis, away fromthe rotational axis an
polymenemreldrigeted b d[recﬁdij@a@aﬂlel hethpeblisingirpad of le§agUr ved,
wherein the curved grooves intersect the concentric
circul ar grooves. 115. An article according to claim
0.4 polishirigadgceatding tonklimdSror ethigréSoviesciawalls b aid closed-cell
the rotational axis near the periphery of the
porous pejymehirg gorsiadiafaeicrobsllwms2006/ 089293 PCT/ US2006/ 006176
116. An article according to clalns 114 or 115 wherein
pves e configured to ave a_ constant groove

bha R 15%%&?3360’9%@1%P By Dot Sage Vhorm saclanErio sores have

CCOor, or 115 wherein the grooves are
alengthat&wldtg‘ g’EeG erﬁ};]ﬂﬁ?g}l ‘a constant slurry density

across the pollshlng surface. 118. An article

&£ GOLAAg o a‘fc ?m %ﬁ%aolln%, Ileck?saeg ce rﬁto%)lfﬁ pol'é(}per comprising

m cropores t shi ng

incorpofdifnb %1&0@51@&{11@ '11?[9 atpglﬁhéllﬁ%ﬁl&lsm% of kélc{aﬂﬁ tﬁi%rf&nrl ¥ pgfymer

mcropores is different in the
and congReR1vE riA8in@vaidkdOlt oM hdel &l zﬁﬁ@%ﬁgﬂ' éﬁ%él@ﬂt% %blﬂgljegésald

wherei n the hardness of said second region is
microbailoams. t he hardness of said first region. 121. An

article according to claim105 wherein the pad

contains an integral interface normal to the

PolAnsditielg cempfising awhem@ahmetiemniaat polishie pasl fbehaeein t Wo

pol yneric layers. 122. An article according to claim
thermosgtzmgmbm@rm erpinyssid el Opﬁ’élmsrharday@liymand doineins @sdseft polymeric
123. An article

C Iayer are the sane pol
domam@e&vﬁg@?#l&gt%f et ﬁ?lﬂ?ﬁdm@?’r@nﬁq@y nqlmwr rofaimreliard s¢gments and
and the cond neric | ayer are dlfferent
soft Seg'ESP%E b enR dorkiy e oS Re)y BiEFiG paies apdihepsft segments
formmgvé‘gﬁrs%k‘t'}aoﬁ}t}&erpc%c)fnams 1|1psonfc%§f1rr{§,danfdrw @rélrr}esgﬁ%o?ymer comprises

poly(urethaneurea) containing repeating alkoxy units.

94. An article according to claim 93 wherein said hard domains. have a width of less than

about 100 nm in any direction.

95. An article according to claim 94 wherein said hard domains have a width of less than

about 20 nm.

96. An article according to any of claims 93-95 wherein said soft domains are larger than

about 100 nm.
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97. An article according to any of claims 93-96 wherein said hard domains have a total of

between one and about twenty urethane and urea groups.

98. An article according to claim 97 wherein said hard domains have a total of between

two and about six urethane and urea groups.

99. An article according to any of claims 93-98 wherein said pad is a unitary chemical
mechanical polishing pad formed by placing a polymer melt or mixture of reactants that form a
polymer or both in a mold having dimensions suitable to form said unitary chemical mechanical

polishing pad.

100. An article according to any of claims 93-99 wherein said pad has first and second
polymeric regions on the polishing surface of the pad, the first and second regions including
both said hard and said soft domains, and wherein said first region has a property having a value

different from a value for said property in said second region.

101. An article according to claim 100 wherein said property is one selected from

hardness, porosity, pore size, compressibility, coefficient of restitution, and continuity.

102. An article according to any of claims 93-101 wherein said pad contains an integral

interface.

103. An article according to any of claims 93-102 wherein said pad contains a solid

lubricant.
104. An article according to any of claims 93-103 wherein said pad contains an abrasive.

105. An article according to claim 1 wherein the unitary polishing pad said first region is
near a rotational axis of said unitary polishing pad and said second region is near an outer edge

of said pad.
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106. An article according to claim 105 containing a solid lubricant in the polishing

surface.
107. An article according to claim 106 wherein the solid lubricant is Boron Nitride.

108. An article according to claim 105 containing a local transparent region in the

polishing pad which is configured for endpoint detection.
109. An article according to claim 105 having in situ grooves on the polishing surface.

110. An article according to claim 109 wherein the grooves have a depth in the range of

10pm — 100 pm.

111. An article according to claim 109 wherein the grooves have a depth in the range of

25pm — 40 pm.

112. An article according to claim 109 wherein the grooves have a width in the range of

10pm ~ 100 pm.

113. An article according to claim 109 wherein the grooves have a width in the range of

25um — 40 pm.

114. An article according to claim 109 wherein the grooves near the rotational axis are
concentric circular grooves and overlapping linear grooves which extend fadially wherein the
grooves which are linear near the rotational axis, away from the rotational axis and near the
outer edge of the polishing pad, are curved, wherein the curved grooves intersect the concentric

circular grooves.

115. An article according to claim 114 containing additional curved grooves away from

the rotational axis near the periphery of the polishing surface.
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116. An article according to claims 114 or 115 wherein the grooves are configured to

have a constant groove density across the polishing surface.

117. An article according to claims 114 or 115 wherein the grooves are configured to

maintain a constant slurry density across the polishing surface.

118. An article according to claim 105 wherein the pad contains micropores through out

the polishing pad.

119. An article according to claim 118 where in the density of micropores is different in

the first region than second region.

120. An article according to claim 105 wherein the hardness of said second region is less

than the hardness of said first region.

121. An article according to claim 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 claim 121 where the first polymeric layer and the second

polymeric layer are the same polymer.

123. An article according to claim 121 where the first polymeric layer and the second

polymeric layer are different polymers.

124. The article according to claim 105 wherein the polymer is formed from thermoset

materials.
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