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[0001) This invention pertainsto a polishing pad for

wo M Gads- mechani cal polishing. BACKGROUND f¥rddsesiesonst
I NVENTI ON [ 0002] Chem cal - nechani cal polishing

("CWP") processes are used in the manufacturing of

m croel ectronic devices to formflat surfaces on

sem conductor wafers, field em ssion displays, and

many ot her m croel ectronic substrates. For exanpl e,

the manufacture of sem conductor devices generally

i nvol ves the formation of vhrious process |ayers,
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pol i shi ng pads contain a cl osed ceII structure t hat
is randomy and uniformy distributed in all three
di mensi ons. Non- porous pol yner sheet polishing pads
include a polishing surface made from solid pol yner
sheets, which have no intrinsic ability to transport
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purportedly to provide channels for the passage of

slurry during chem cal -nechani cal polishing. Such a

non- por ous polymer polishing pad is disclosed in U S.

Pat ent 6, 203,407, wherein the polishing surface of

the polishing pad conprises grooves that are oriented

in such a way that purport%dly i mproves selectivity
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reped p genFhY Pigl OfL-1s¥iPFace features. U S Patent
Application Publication 2003/0060151 Al discl oses a
pol i shing pad having isolated regions of continuous
voi d vol unme, which are separated by a non-porous
matri x. [00061 Polishing pads having a m croporous
foam structure are commonly known in the art. For
exanple, U S. Patent 4,138,228 discloses a polishing
article that is mcroporous and hydrophilic. U S
Pat ent 4,239,567 discloses a flat mcrocellular

pol yur et hane polishing pad for polishing silicon
wafers. U S. Patent 6,120,353 discloses a polishing
met hod using a




suede-| i ke foam pol yur et hane polishing pad having a
conpressibility lower than 9% and a high pore
density of 150 pores/cnR or higher. EP 1 108 500 A]
di scl oses a polishing pad of mcro- rubber A-type
har dness of at |east 80 having closed cells of
average dianeter less than 1000 mand a density of
0.4 to 1.1 g/m. 3 [0007] A3though several of the
above-descri bed polishing pads are suitable for their
I ntended purpose, a need remains for other polishing
[DBY$ t hbitough eavedbofalid abotd-descrled nairshizapidsnte, suitable for their
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[ 0009] According to a first aspect, there is provided
a polishing pad BREF SHeRNLGRY -OmBidhARYBRTI(Bol i shi ng
conprising a pad body conprising a porous polyneric
1988%r | Absordihgtopdist abredy thhgvd gy igftﬁ q I@é@‘tmﬁmé fgrjcherpical-
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I'rst region he at " | east one second regi on have

fett onreeong ot gjorneiave Be pasheaobhorer famalatieon andié) hapadfedy does not
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etween the at |east onhe first regi on and

jecemitregiore  second regi on. [0009a] The dlsclosure

herei n provides a polishing pad for

el cal he m@ﬁme@m Pmﬁé%l&gﬁ e red fp chesiiprimechsgicaipglishing
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a second aspect, there is prOV|ded a polishin
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n-porous region and at | east one second porous
region adjacent to the at | east one first non-porous
3a region, the pad body including pores in the at
| east one first and second region wherein the



pores in the at | east one second region have an
average pore size of 50 mor less, the polyneric
material in the at | east one first region and second
regi ons have the sanme polynmer fornulation, and the
pad body does not have a structurally distinct
boundary between the at |east one first regi on and
the at | east one second regi 8d and wherein the at
- I east one first non- porous region and at |east one
second porous region conprises 5% or nore closed
©e@bh,ghe pafl 000edludihepatésst thostlewt bsrigitand sacotvirgion wherein the
REQYh 5 1’%99& U, geopog%a&eom%a%eg&r&ﬁ%x of less, the
irst non ous regl

mdeond npmrmu@ threexg ieast opalfimicegion 419 stdved fagtogs have the same polymer

or ous e
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posttaton of the substrate with the polishing systen1to
polish the substrate. &g0111. According to a fourthh
d@8Hict The HesleuiedicpimoliitoRe dreaicret ModobFL RobHlinst wstate comprising
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poltrishia gelsa;z%@ﬁé @ﬁihmmr@%lﬁfg andrepopdlinastonmgsipae andrcl qhending at
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ing at least a portion of the substrate with the
ﬁ@ﬁ ishi 1% 3i¥ g {G%Blgi dsBcht 'ﬂ%@e fs?ﬁwﬁé@§ tLahe of ée@n‘i@z{ substrate
According to aspect, there is provid
sretrhedscR) e céﬁag P ﬁéﬂ?@"ﬁ%‘mﬁ@lppéﬁ?% ébﬁsiﬁm%ﬁa ﬁ@fﬁ%ﬁﬁé@ﬂ with a
éagsl%kq aé@%%m%gam ing b@igsmn% @;@ RV dinR g5 Rk é%&kg@ﬂa
nateri a onprising a polymer resin and havin
mﬂm@@mve iead Vo labreging pidyassabjrect ATHy subreraisoTiingh MS@%@»}'&M fo
fenl.alydQ.a supercritical gas at an el evated
pressure, and (c) selectively foaning one or nore
P@EI ongQfink e Al Asﬁéu Rihre @E‘%M £hlc@ba B¥prb a8 881 AGshing
fenperature of the polishing pad material to a
tenperature above the glass transition tenperature
(T5) of the polishing pad material, wherein the
sel ected portions of the polishing pad material have
a second void volune that is greater than the first
voi d vol une.



[0011b] The disclosure herein al so provides a nethod

of producing a polishing pad of the invention

conprising (i) providing a polishing pad materi al
conprising a polynmer resin and having a first void
volume, (ii) covering one or nore portions of the
polishing pad material wth a secondary material -

havi ng a desired shape or pa?gern (ii1) subjecting

the polishing pad material t0 a supercritical gas at

an el evated pressure, (iv) foam ng the uncovered

portions of the polishing pad material by subjecting
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ghéewniead. - mechani cal polishing conprising a polyneric
material conprising two or nore adjacent regions,

mﬁ el | E]EM dleziqsexgllwl‘a@ aldma)v@zdeh e ngte ombguéng a pohshm g pad of the .
11 i@ﬁﬁ@ﬁ & mprlsm gg f()‘!f%.inqraan I t I oral. H]%% % COEH ﬁfgei r&e VEB&SI‘ r&%m and
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Wi%l?a S(.‘?ens al'ggi%l’% oer%‘ 1 %E{/Vléﬁrgg& Qg:%i?e% 3 rr%r()i” ?agern {H su%ec%;g [gtp& § Sgﬂg pad
:sae@eﬂ @b aiiapacleumai ggae gt miev‘ata@ pnag;uaa, gedomdnybk duovetradportions of
iﬁ‘% ﬁohsé lrgs tgad\(/ rgaterla\f % éetc? 1 t%l“ 191%, %%3 n‘%jaf;%/{zoa ‘?3 a{}ﬁ%&turg %.Qeve the
yiads traesiton dnlssatirh aﬁ;) thbe s{exssangpadonr{demb laoh®y; refheing the secondary
first and second regions of the polishing pad can

have any suitable non-zero void volunme. For exanple,

the void volune of the first and second regi ons can

be 5% to 80% (e.g., 10%to 75% - or 15%to 70% of

the vol une of the respective regions. Preferably, the
void volunme of the first regionis 5%to 50% (e.g.

10% to 40% of the volune of the first region
Preferably,the void volume of the second region is
20%to 80% (e.g., 25%to 75% of the volune of the

second region. 100141 The first and second regions of

the polishing pad can have any suitable volune. For
exanpl e, the volunme of each of the first and second
regions typically is 5%or nore of the total volune

of the polishing pad. Preferably, the volume of each

of the first and second regions is 10% or nore

(e.g., 15 %or nore) of the total volune of the

pol i shing pad. The first and second regions can have
the same volume or a different volune. Typically, the
first and second regions will have a different

vol une. 10015] The first and second regions of the
pol i shing pad can have any suitable average pore

si ze. For exanple, the first or second region can

have an average pore size of 500 gmor less (e.qg.,

300 .un or less, or 200 gmor less). In one preferred
enbodi nent, the first or second region has an

average pore size of 50 Fun or less (e.g., 40 pmor

| ess, or 30 pun or less). In another preferred

enbodi ment, the first or second regi on has an average
pore size of 1 Fun to 20 pm(e.g., 1 pin to 15 pm

or 1 gmto 10 gm. In yet another preferred

enbodi nent, the first



regi on has an average pore size of 50 pin or |ess,

and the second regi on has an average pore size of |

pmto 20 gm (0016] The first and second regions of
wbBR7BNstsshi ng pad can have any suitabl e por gcigRosnsees:

(i.e., cell size) distribution. Typically 20% or nore

(e.g., 30%or nore, 40%or nore, or 50% or nore) of

t he pores (i.e., cells) inthe first or second

regi ons have a pore size distribution of -!-100 gm

or less (e.g., 50 gmor less) of the average pore

size. Preferably, the first or second region has a

hi ghl'y uniformdi stribution4of pore sizes. For
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seppndyegip@ OvilPhave e diffsseyt (odgg. . 10 Fun or less, 5 pmor
jobERS, e fir2 abdRcoR réghss pf tbé: péihEnapercageavp aneuiibiesverage
pc{reoﬁﬂes Folddinbiconatitsyor skdda felgiod barOiav6 QCABEed R 82 8500 pm or

le%rtg ﬁ IQ({;}' b Y8ks pc@%()& th Qp @:ys? 5 ogyjpxtefeng@gﬁdnodmem the first or second

reglﬁg tﬂﬁ Vf: oﬁn (?OITU SiZE 0 nut?]orelcss?e %i_ OI‘ 1838,(101'%% lpmbod?elss In
AORHPFIETH dw&a%gl e 3irsh P e *’(gé" d“"m’sﬂ"s‘"ﬁg‘?ﬂ?ﬁeﬁz‘%’féfm fo
2 €801 B IET MG B 1TDP &Y LIBdr e Yeisingthonprsti e smbodiment, the first
refipp hasahlayerbgreorsivb ef SIofm polks, Sidzie sawni ngion S sgerage pore

sibEFS nfoQoumld or less). A pore size maximumis
uﬂﬁi' neﬂwqﬁsﬁmp%@&d' rggl&ig B @0 amﬁﬂngrgaddaa§wa*awgu%m{sm§gm
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= Fifeinmer) fess (0. BP0 1ither lesell of thepyetage Rotsrsizes Pregerably, the first or second

reof thid dRigtlpmniban deaibetiquaf gors sizes. Faxdxamplal 758y more (e.g.. 80% or

oy L-a@ly,&- RPNHer £k 486:=y Alaegst AF%O@@&[@J @we b P@e size distribotion of

S5 pRdak. DAY 51 8, 4 Gn%t. bi 104! 42 58 xag\emawrsg%tm size.
pore si'ze — haxi num o m or | ess :

Iess 30 pmor less, or 20 pun or Iess) and a second
pore size maxi mum of 50 pmor nore (e.g., 70 pm or

nore, 90 gmor nore, or even 120 pmor nore). The

mul ti-nodal pore size distribution alternatively can

have a first pore size maxi mumof 20 gm or |ess

(e.g., 10 pmor less, or 5 p.mor less) and a second
pore size maximumof 20 gmor nore (e.g., 35 pmor

nore, 50 gmor nore, or even 75 pmor nore).



[0020] Typically, the first or second region
conprises predom nantly closed cells (i.e., pores);
however, the first or second region can also conprise
‘V@Eﬁﬁmgﬁhis Preferably, the first or secondctg®g8disosi
conprises 5%or nore (e.g., 10% or nore) closed cells
based on the total void volunme. Mre preferably, the
first or second region conprises 20% or nore (e.g
30% or nore, 40% or nore, or 50% or nore) closed
cells. 10021) The first or second region typically
has a density of 0.5 g/cnB8 or greater (e.g., 0.7
g/cnB or greater, or even 059 g/cnB or greater) and a
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Blefi| CORERSFICP Ea) b Ty SR 1P ‘&5%‘%?*’ Zithos 1 %.‘?’1%@5“’ or
I4sf. mesven §¥4cns lesgo Armienly ithe Tirgior tebasd regioy hey Hedsigsiy of 10
cSipicid bsgregitr (@t he’ cgictnd pngedioypiTha bdiydensdan e determined by
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unes are expected to have increased polishing pad
life conpared to polishing pads patterned with
conventional grooves. [00261 The polishing pad of the
first and second enbodi nents optionally further
conpri ses



athird region having a third void volunme. The third
regi on can have any suitable volune, void vol une,
average pore size, pore size distribution, or pore
wdlShshiysas di scussed above with respect topéf,gsjﬁbg,go%l
and second regions. In addition, the third region can
be non-porous. [00271 The polishing pad of the first
and second enbodi ments conprises a polynmeric
material. The polyneric material can conprise any
sui tabl e polyner resin. The polyneric materi al
preferably conprises a polyner resin selected from
the -group consisting of tHhernoplastic el astoners,
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ﬂﬁ}é&i%“r@ﬂraﬁ:?%@Bﬁﬁﬁ&%mﬁ?ﬁx@ﬁn&p&k& péSathEnd/i SCOSi ty at
different tenperatures, the relationship between the
viscosity and tenperature can be determ ned. The

Rheol ogy Processing Index (RPlI) is a paraneter that
identifies the critical range of the polymer resin.

The RPI is the ratio of the viscosity at a reference
tenperature to the viscosity after a change in
tenperature equal to 20C for a fixed shear rate.

When the polyner resin is thernoplastic polyurethane,
the RPI  preferably is 2 to 10 (e.g., 3 to 8) when
nmeasured at a shear rate of 150 Us and a tenperature



205C. [00301 Anot her polyner viscosity nmeasurenent is

the Melt Flow Index (MFI) which records the anount

of nolten polyner (in grans) that is extruded froma

e??d%'%%s@'ysy at a given tenperature and presspgEpu@eeiosdost

I xed amount of time. For exanple, when the polyner

resin is thernoplastic polyurethane or pol yurethane

copol yner (e.g., a polycarbonate silicone-based

copol ynmer, a pol yurethane fl uorine-based copol yners,

or a pol-yurethane sil oxane-segnented copolyner), the

MFI preferably is 20 or less (e.g., 15 or |less) over

10 mnutes at a tenperature? of 210C and a | oad of
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z&ﬁ aver age @6conpreSS|b|I|ty is 7 or less, the

average % rebound is 35 or greater, and/or the Shore

D hardness (ASTM 02240-95) is 40 to 90 (e.g., 50 to

80). [00331 The polyneric material optionally further

conprises a water absorbent polyner-




The wat er absorbent polyner desirably is sel ected
fromthe group consisting of anorphous, crystalline,
or cross-linked pol yacryl am de, polyacrylic acid,
w(pgﬂﬁy,ggsg%l al cohol, salts thereof, and conbi patissozoest
thereof. Preferably, the water absorbent polyners are
sel ected fromthe group consisting of cross-1linked
pol yacryl am de, cross-I|inked polyacrylic acid,
cross-1linked polyvinylalcohol, and m xtures thereof.
Such cross-linked polynmers desirably are water-
absorbent but will not nelt or dissolve in common
organi ¢ solvents. Rather, tlge water- absorbent
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particles can be any suitable water- sol uble
particles, such as particles of materials sel ected
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or translucent regions (e.g., w ndows as described in

U S. Patent 5,893,796). The inclusion of such

apertures or translucent regions is desirable when

the polishing pad is to be used in conjunction with

an in situ CMP process nonitoring technique. The

aperture can have any suitable shape and may be used

in conbination with drainage channels for m nim zi ng

or elimnating excess polishing conposition on the
pol i shing surface.



The translucent region or w ndow can be any suitable
wi ndow, many of which are known in the art. For
exanpl e, the translucent region can conprise a gl ass
w@boP@dsysger - based plug that is inserted in adyws2005030951
aperture of the polishing pad or nmay conprise the
sane polyneric material used in the remainder of the
polishing pad. [00411 In a third enbodi nent, the
polymeric material conprises (a) an optically
transm ssive region, (b) a first porous region, and
optionally (c) a second porous region, wherein at
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the optically transm ssive region has a highly

uni formdistribution of pore sizes. Typically, 75%

or nore (e.g., 80%or nore, or 85%or nore) of the
pores in the optl cally transm ssive regi on have a

pore size distribution of +0.5 pmor less (e.g., 0.3
pmor less, or 0.2 pmor less) of the average pore

si ze. Preferably, 90% or nore (e.g., 93%or nore, or
95% or nore) of the pores in the optically

transm ssive regi on have a pore size distribution



of :W5 pmor less (e.g., 0.3 mor less, or +0.2 pm
or less) of the average pore size. [00451 The
optically transm ssive regi on can have any suitable
wdbiBhsisans (i.e., length, wdth, and thickpepgkafehes:
any suitable shape (e.g., can be round, oval, square,
rectangular, triangular, and so on). The optically
transm ssive region can be flush with the polishing
surface of the polishing pad, or can be recessed from
t he polishing surface of the polishing pad.
Preferably, the optically transm ssive region is
recessed fromthe surface dft the polishing pad.
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can be produced using any suitable technique, many
of which are known in the art. Preferably, the
pol i shing pads are produced by a pressurized gas

i njection method conprising (i) providing apolishing
pad material conprising a polynmer resin and having a
first void volune, (ii) subjecting the polishing pad
material to a supercritical gas at an el evated
pressure, and (iii) selectively foam ng one or nore
portions of the polishing pad material by increasing
the tenperature of the polishing pad material to a



tenperature above the glass transition tenperature

(Tg) of the polishing pad material, wherein the

sel ected portions of the polishing pad materi al have
w@ 200968888 void volune that is greater than pagukienSéseos:
. void volunme. [0050] Mre preferably, the polishing

pads are produced by a pressurized gas injection

nmet hod conprising (i) providing a polishing pad

mat erial conprising a polynmer resin and having a

first void volunme, (ii) covering one or nore portions

of the polishing pad material wth a secondary

mat eri al having a desired sBape or pattern, (iii)
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sles GBI SPsHEEf R ‘éﬁih'-‘t TRLISIRA RaS FHE ?:P&d Yiepefipg e secondary
niatesialpo ki tiveg i veret mrticab, Whersindhmpyneereradgrtiopeor the polishing
pRNB&&tH haed sseesselid vdiimaiesiis gehertie theffotiveldivaigmpad

d@i er i flerebAR, A€ plitthink byt rﬁaﬁéﬁa@@ plaQedtut Sk teARE Ok into a pressure

Vﬁs e[ ?Qe s% g&r?hcglo ap ¥s gﬁ&h? tﬁglzéss‘ﬂ r&H&ih@ @lské? %r;?%k?tngé@% havel

rature
%’?‘E éé%a:e % PFLoPrigts ﬂmo Lot atbf %as%ltg %le ;rﬁe v urﬁe of t%j hg'ﬁng pa;d
“taﬁ’éals dhegpe ?'Eﬁ‘?g’a%i“ﬁm@‘ Fote R SRS B o
tiR @O0 HEETS: Wmmmwsihe 2 Bi]'!-‘é‘é‘i will degeri @ he type of
pbly@Blic makridl picseasi@Mierpolshiizgmd mbteSsl aittthe hps cGsud8R{tRE Zas.

: I&Péis;ég 68 bnBBnaesSid fRashitzas farhd intdbdsitenak of @ftsitnes the
Mﬁe Jufpnrid %80 9Rsisd EUGI%QJ&& e aBBtQE 858s tHaDAAR dlssolR8n the

g ggﬂglps%%stg%ge GALRES S Dl @9) mclgﬁ@sga@am the polishing
Pt 7o HAL R PSR BT S (6 PR A S B | desire, he
pplighipgwed watsd! orn Bl quickiprhedizskiap lsagﬁenf% ﬂg%fgn $tafe o repRyetfll
rGaEd0n el il e ThoEmpergonif haboishing haimesidrial ddybe increased using
agf ﬁﬁt@il@%ﬁi‘nqtﬂz heor QaRpiE WHRELS&QByorithns bSthe AkiGNpad can be

I oxi de. Desirably, the supercritical gas has a
solubility of at least O.1 ng/g (e.g., 1 ng/g, or 10
nmg/ g) in the polyneric material under the conditions.
[ 0053] The tenperature and pressure can be any
suitabl e tenperature and pressure. The optim
tenperature and pressure will depend on the gas being
used. The foam ng tenperature wll depend, at |east
in part, on the Tg of the polishing pad naterial .
Typically, the foam ng tenperature is above the Tg
of the polishing pad material For exanple, the




tenperature preferably is between the Tg and the

melting tenperature (Tm) of the polishing pad

material, although a foam ng tenperature that is
wehRYesskfe T. of the polynmeric material al Sopcf@tobosoos:

used. Typically, the supercritical gas absorption

step is conducted at a tenperature of 20C to 300C

(e.g., 150Cto 250 C) and a pressure of 1 MPa (-150

psi) to 40 MPa (-6000 psi) (e.g., 5 MPa (-800 psi)

to 35 MPa (-5000 psi), or 19 MPa (-2800 psi) to 26

MPa (-3800 psi)). [0054) The secondary material can

conpri se any suitable materldal. For exanple, the
suBREEMAE, 1AL, OF hitksoiathef@ OIS, Bterfts )TH2)B0E EdCS,688J06F dedribe
thésqu& aliofa @Eﬂs'o@lh& péssﬁﬁfe@ BAsGnjBRbR ploddss. Or a

ﬁt' Ogm%!] SLe ok b ofﬁg%%g @Jr i.@%&;,b@d LGAN ave

an S e.
gt iia %?%Eéwr%r ol B By o, S“‘“%lﬁéf L1k Bvmpgric sppteral
Prsferaplys e 5?@%*@%%%%““‘38? figrids Woarcﬂaﬁm%w“é’i‘%%% %?erfe'ably the
g abmETsas. of i, cotbhe floxish detisimblnt the suphwsridasbens Heprapolvhitipraf g least
o.paRfeeabl yg/d, sr 10mgg)dSiap goljraaricmeptalisnevigitensnditinsabl e
(0088 aANTHRRdchdednre AdRRishke QB be&lyisGitibRMipershORa]preffiee. The

O,R%_z éﬁwm%&m pRGSEIR B oA kol eI f@hﬂ%@er@(feramre
Wg[)%g'f{{é}dat %Ft|lSF]| hon &Sg BpDPShlﬁU a ma‘rfrﬁal & rxri;ajgﬁlthe f%%

tewagmteaﬁa%e the &g o ‘?ﬁ!’% mfPfranm BhsEgEmith o
tespbpat rezierable isheieanibe ?ﬁbané ﬂ@lw&aﬁ enggiepatTe) ibpatiging pad
miatedhl ididoyed layfomet dramnperitoa thabis bipad e Te ofjthe peﬁlvamcsmﬂgqmrak:héso
cdn R Mdd0 AOFiBalGOthP Qipark @A) gas absOPlicaGip iv@ndelet asdtbppityre of
259&5 9&9& QUS P_@Ld b z%b*@;r&ﬁd §b&@£@r@ $f1 p@a &1@@ 846 40 MPa (~6000

it Lgﬁg ?ﬁ%g z%h% dS 1o 35-5?19 ﬁg), LYRIGAl Jgd&%aé%fis%ﬁpa (~3800

|ng a I'nvention a therefore
P§I3- nor e conpreSS|bIe and has a | ower Share hardness
[04flue Thrarcmbey PlTiRRpHEMBHE 28T SHRRIS PAGEHL Foifxaniip fhe
sexail egterishensulppésd 2palmbramatgiabh ol nivtaridn e sgangf m3Erial,
ot Hcabinalith HEEFE. THDLEINIRRA rGteridiRen haseliyaditbl shaedBrspme S
clngécﬁm&f?ﬁ% @&%ﬁ&%ﬁ%@p@ﬁﬁb@ i th R QhapObO&iR PALRREESHIric

c:rct:les ar %Y%Qelsglé&lh SRR qn oth%t}%b E}ﬁ’sd ﬂlggééogﬁajl Ajé‘tenal preferably
conpr i

SEs . gr oo n

S A SRR e H%é"'r“f‘?ﬂs@ s S“a%ge fe]t PP mgp‘W{c dcw%tﬁm POl i shi ng

19048k oFhe pedishing et Festrivad ercin ey OF g, BT HAPRH e e

osellpadf & muligicasthoced prdistend red apr iexpmiay thd ipalishing gede ieangpe vsed

u|1 ayiinatisi e Afibpadp Ahy ebbaflceniet ey efibbibalbatde Stidbiy subpads
E%@btﬁ&e%&nhsu@ﬁﬂs [} Bei R4t e ResdrSTUpgarayd and

n.tn g @Qtdsub;‘éld %M@;Eoka@ Laiyurétme b N eﬂteraga%ﬂah $Buds.

”Ilgxe g a]cgtmnf;agﬁ & sogia L{ﬁagxhl e rPohsz}nrr& pa@%q LG ci‘e?g}c I pc
PSS FREFgBE Sha% guSEyp e mc’g e gapedee gyenton.
Rohexainpleetht $ubnedznee hayg p Shere P dptdyess o 35e) 54 Jp sqmeembgdiments, the
soipajl ibatdb0 B leswbdripressibla ol bl 2-higbert fhnicdatdngpo thias fie pejishing pad.
FoeMDpa G RiBhAb USmpriyPir6dvkd, Yhanhdhe h@ARRBE AL LS WRTEPY, hS@Sres and
@&e R he: Q‘hsh% %Qis oﬁthle’ $Rentib arle DseBR dopfbindfish VA@Sa s@bpad,
i/lrt‘neXa i an it mtermesc'i Hie b%f i ﬁ%@ﬂp r 9!1 oi %1 ?eggtere%rtha.iatc film,

ot il o e e - plfmabypid g fting
nak efihe mvension ean,be gerd aae BRPA; 1@?‘“‘!‘%‘}%&0“ %ﬂhﬁoafe%lﬁ%ltm%@g pad.
to be polished by contacting and noving relative to

he surface of the polishing pad intended to contact a
substrate to be polished. The polishing of the
substrate takes place by the substrate being placed

in contact wth the polishing pad and then the
pol i shing pad noving relative to the substrate,
typically wth a polishing conposition therebetween,

so as to abrade at least a portion of the substrate

to polish the substrate. The CVMP apparatus can be

any suitable CWP apparatus, many of which




are known in the art. The polishing pad of the

i nvention also can be used with |inear polishing

tools. 100571 Desirably, the CVP apparatus further
w&PhisgRS an in situ polishing endpoint depegibMhsnsesst

system many of which are known in the art.

Techni ques for inspecting and nonitoring the

pol i shing process by analyzing |ight or other

radi ation reflected froma surface of the workpiece

are known in the art. Such nethods are described, for

exanple, in U S Patent 5,196,353, U S Patent 5;

433,651, U.S. Patent 5,609,611, U.S. Patent
(085654 3, The Bolisyngpads pibie iyetion 58 parggiiarly ssited fuapin conjunction
wilh, a/36midi2necthrBal Reislong (CH8 3Bpardig, Tihi®lly Flag apparatus comprises a
plRerd WRicR 3hen W wBe, is IMAMABBA arfl, BO3velddby thbl résuitPRb:R Bibital, linear, or
cirdatdiiotion, a cﬁ%éﬁa@of B@‘n@é}kmﬁ in20faf 43 1HOPEkInARA YaovihHRith the

%gsl geﬁlt I on on andqpchl'rt tqgidg stts]tﬁzteﬂog% Eﬁad%é cb ting and

oS AN e ﬁaﬁv%%c ¥ s PR T S o1 PR e E? b
podishgd pSgolistjingof therspstrafe takesries £Y BR sm@p&Wg nlgged in contact
wittetherpslabieg pshi@nptﬂen thipolpbipe oobseving relhtiveds he agbstrae, gypically
wiad ﬁdliﬁlﬁih@éon%ﬁlﬁ(ﬂi tﬁeﬁ"a)etvﬁdaﬂl 583s td Aeaqecit lesdn b pgtipraaShe substrate to
oGSk 5&%@ efRicMPIRariih b2 Bk Gnyf QitablSEVP Borahis SHAR GF whick
arg OrI;chn u¥ D&3rt rl’t( Sf)llj’gﬁﬁﬁ%’ ﬁ%ﬁ %?thé‘[};@ HP&LJ %B e @& ﬁfﬁtﬁ ﬂl}ér polishing

xanple e po I'ng pa s can be used to polish
togls. variety of substrates including nenory staorage
[08%R}i c dResiraldyithe ST erreRug %@Frrcgfnggsss ana s:ézf %i:gxghmo endpoint
dsasbist syabmsmarSuil alsh eregnbwt indicas. mhnp@%lf@h??ﬁ?g‘»f\ﬂs gl
mbRR iRtk iRt padss bpalaydeag BN ythadkiletion reflbqiddrom a surface
oft}.é%&-k PRRALLE: hAACS: MEMVRcEEMIRARscris@I R eRsliped BrU.S.
paL €15 ¢ 353' 8|SdPa%Ht§§-§§)&1db§pi>a%ﬁ§5 600214 ©5NRfent 5,643,046, US.

P@gﬁﬁﬁ%eﬁf th’shgﬁ?xggt}%gﬁaﬁé pi SnP?%gaJat'?yU ﬁ"x%?enE 9&%3&33 U.

PaHILD&Bh T 1S, B 6901 511 S1°1 OIS 64061 | DR Gy g rgpéction
oredraoriaetttad mbgngss bEtpepddisifies process WEP®ESt 1q aMerapPiawm deing
phieRGShQiks (B A BiaRondE Gk @bijshing baRgaig i.ephatibtamnination of when
td M&Jﬂé tH oifsEAREtbrd s Wit AkgdBato QEarﬁ’ctukhBi?voﬂk@iBbee netal s).
[Gé}gii} lélhm %ﬁ?&m&ﬁw&émge flabie I?cﬁ'%qu bolﬁﬁﬁg ﬁﬁh%es of
LS gﬁ isg tFﬁr Q ap tg %aloixchu\lr}%p pads cap %F Qse.?J ;%'I’Sﬁl a

vmemqf sv@gpwnépmnwmr%&ms%mgse TP Y SYP ST ass
stietrdtése Sattablesgbdrasnior pilisking Wity fhe polishine pasia enclygelpemory disks,
riciaGHisit ] infgndtio hefs, WA §evaceh. istBondv@biOvaiiod, Gnlg emissiph disglays.
a{u?@cﬁér &&S&é&n&é& kRS QNesBRIP OSSR AV AGing EaRAnljead E.g.,
S%{Iﬁﬁn tmf%mile sili o?l n%txdelf 8&%&! dféﬁk@mc%&ﬂ% aﬁ@gﬂ &&al-c@ﬂ@iﬁﬁzk rﬁm {e.g.,

oo AP S P, T R, RS R ASpun bium
oy et ngbiF meilshnd second voi d vol ume are non-zero, (b)
the first void volune is |less than the second void
vol ume, (c) the porous polymeric material in the at

| east one first region and the at |east one second
regi on have the sane polyner formulation, and (d) the
pad body does not have a structurally distinct
boundary between the at |east one first region and
the at | east one second region. 2. The polishing pad
of claim1l, wherein the pores in the at |east one
first region have a void volune of 5%to 50% and

the pores in the at | east one second region have a
voi d vol une of



20%to 80% 3. The polishing pad of claim1, wherein
the pores in the at |east one first or second region
have an average pore size of 50 pmor |ess. 4. The
pol i shing pad of claim3, wherein 75% or nore of the
pores in the at |east one first or second region
have a pore size within 20ljomor |ess of the average
pore size. 5. The poli Sftiglﬂzgﬂ\ff@d of claim3, wherein
the pores in the at | east one first or second region
have an average pore size of 1 pmto 20 m 6. The
bol i shipolgghipgghadfor cheanipal-ByechnaabpariisBogsanprivmge pad bodye
comprisipg r@srounpttmerat mitedsthopel bofiy hatingnt legeoatirst egiooand at least one
second rh@veadaceirte theiaz Bassiohdifint 12@ioprthopad| beds inoludinp poraveavage: first
void volpioe & the Ztdeasone The rgddr @ilipngs padngd secdradi vandlvolunkeein gherat Ieast one
‘second ré@bn, rherair the af iedshenefosi@s sdchnd Reicatorh@dsd 5% pemofeicdl@td cells, and
whereinf egi on have a pore size within 20 m or Iess of the
E}’er age fH%%r\igldSVlo e sé@’gl?c[ ?duﬁ]vé 2 nor?%% the
ores I n the at Teast one secon ion have a pore
P ze thietlisit yoldoopmeds lepsatban the sqcprd WgY(d‘gée .pore size.

ﬁq Theye e@}du§ PhipeRasatefial ¢4 @b B 1dast WRETQIrEiSEd IR £ abtBne
second Gnﬁéveﬂ?easﬁh 9G@mfef foﬁhul@ﬂion?econd region has a

nul timodal pore’size distribution, wherein the

mul ti-nodal distribution has 20 or fewer pore size

(@RXi Mehe ped bddyelopohdt 8iNengstpadrdly didiattiboBndamtetvaien tielae least one
ﬁrstregnulaﬁdtheadadst mrseccﬁaﬁz@udi stribution is a binodal pore

Zc' | ze 'Pﬂe Bo IShtl)I'llJ t;') e Clll(I)n 1 -(:v re?ne'\ %I(;]l!esn 2 RES Ie%gt o%e %rsglre lon have &

and

;8:;1 :01%@% g? ‘%to G’ agd ttfee?’pﬁ%es (1)1% t%a ra%e 15 eone siionﬁ.ﬁ?eon gea}f]md Vo ume of
o & of cIa|m1 ‘wherein the at | east oneflrst or
Secontherpebiomg. pad@ﬁphams bovigein the poms B thd wdeadt coefirss or second
region hi®: anEveragoparssitng SPauk ofless] ai m 1, wherein the at

heasty lifSEad U cRRE P Wher DY PR oPRASred s 1 Shies HEAS hl¥ast one
first or <8 onaQeg% E/ IZ.OSIS dsﬁ%w@&ﬁﬁ%i&%oﬁg’ss off @apéglgeg lfl'erl:&epadI : fSIE

one first T ion and
% econdhe @fé}s@ﬁg P?ﬁa‘?félaémét Whespia e ROBiTR B8 81 isﬁtsr preyfirstpg second
region ¥y Pghraysipaef lofm B2 HAtl, wherein the polishing

pad fTHdfEERIROPHAIIE SIBEn & WiHkdiglon% 886 JASipdas & thdht'16hst one

' first or S4QInd rdeMHRe 2 pbre sﬂséwnﬁﬁi@ﬂ@@i brSbds REthP @G’erﬂge p@}e%ﬁz@'l 1
IISGS a ur al

?A,her ehmmgg ol OE %bﬂw e 3[’?181‘ gieio meﬁ) r tleastone
first regiop é 311 TS e\?l $ larg ?eis%ft) t];lee Ve](fﬂg B §51§ee @ or less of
the porefy éWg e gf leds; ?"Fé‘?cé’ﬁ‘il Te@&%‘u“‘é%%?%? F‘?‘? yyiihig g HRe eﬁ%?‘%%?"ﬁ@age pore
size. pad of claim 16, wherein the first and second regi ons

are aht psiizhing pgl ofbdhim Thehgeihitishpong ipthe aoBase bl firstbr second
region hahemeitioldhieotd sigtdiamiditise oairebin the natbmada distibutken hak Q6 BY fewer
pore siz@fmagikiaer nating | i nes or concentric cir cI es. 19. The

9 ol i Sth Ifgﬁlﬂ oefld 0 z{nrrp 81Whe\:/1\!{é]ﬁrt§el lﬂuﬁlqn pro% sﬁaenéd stribution is a
bimodal} pore size dis u%

10. The polishing pad of claim 1, wherein the at least one first or second region has a
density of 0.5 g/em® or greater.

_ 11. The polishing pad of claim 1, wherein the af least one first or second region
comprises 30% or more closed cells.

12. The polishing pad of claim 1, wherein the at least one first (=)r second region has a
cell density of 10° cells/cm” or greater.

13. The polishing pad of claim 1, wherein the at least one first region and second region
have a different compressibility.

14. The polishing pad of claim I, wherein the polishing pad further comprises a third
region having a third void volume.



pol ymer resin selected fromthe group consisting of
t hernopl astic el astoners, polyolefins, -

pol ycar bonat es, pol yvi nyl al cohol s, nyl ons,

el astoneric rubbers, styrenic polyners,

pol yaromatics, fluoropolyners, polyimdes,
cross-linked pol yurethanes, cross-I|inked

pol yol ef i ns, pol yet hers, 5iyesters pol yacryl at es,

eﬂsast qKE bbEshR peRtoTYa8R @ Swherb@ i iRk b pad @&ﬁ;!’)’ﬁ’de?ﬁl BRirality of

eth enet erapht hal ates, polyim des, pol yaram des,
fist a“géf’%’gf‘ (,TY pol yst yrenes, pol ynet hyI met hacryl at es,

dépol mhm sdoié laro p 1 wheseia thefepigisgion gpdisecond region have a
differefii cobipk@Sibaig bl ends thereof. 20. The polishing pad of

fllh :' mﬂ’i? gsmﬁe{{geﬁa%l o;fggnrﬁ %\Qﬁerr?ﬁ ?hc'aI%sﬂ a%g%ec%nd r%gxons §7e¢

alternafipgi m 20 wherei n the thernopl astic pol yuret hane has
as. MelThe boiidingofad2F claim 18 ssherein thei firbt and\setomg@egions are in the

form o@{e%‘lfa%h@'hg&eér%lafl %\M@mﬁi 20, 000 g/ ol to 300, 000

erS|r i hdex DI) of 1.1 to 6.
g‘? TH&® ﬁBll“ihérHiR?&Dﬁ& gl ﬁP%tWKSM%FWdtrﬁ%‘OUS comprise a
polymédrhesinrmpdcsesit fram el growpetdnaisinheahamoplasad &igéyorﬁbrath,@ilafgs
polycafﬂég&és %byﬁtﬁcoﬁofsonﬁ&saélaﬁorﬁ%bﬁﬁé Qrykdhlic PltydeR, 1/s

ature i shin f
polyar ipsice, SETORa G oo B Eer s ke I?"i“ﬁ%‘h‘@‘l?ﬁe‘?ﬁﬁﬂlé’g‘ﬁ‘g
polyolefins Rodyetiread, phlydstengspadfacpigedyPastomerio poydiplents, 30C.

olytet?sfﬂuo@éﬁlyﬁﬂké %B]y@ﬂly%gteﬁﬁhtﬁhlﬁtemp%QumMé@ rp%'lﬁr:lrﬁi@es polyarylenes,

[asti.c ret hane has. ran
polystm%&%%ﬁ?@ﬂs’ﬁg%%% e B I T
mixturessanddlendathereof. 120C to  250C. 25. The polishing pad

@fo cl gipgpdRshindyideiilaih @ 9PohdrsihitiGpdbAer gk hﬁithermoplastw
olvur %H%rl ses a vvat er absorbent polyner. 26. T e
p yupo shlng of claim 25, wherein the wate
2dsor HER rg&md q §la§a|28cwwemﬁb&‘othﬁwlagtﬂ%@yurﬂhane has a
Melt hzleR sf 3@ mnlgssoﬁ welghs Svdrag&kﬁdecmﬁﬁry\aﬁ:ghyt}am) de 50,000 g/mol to 300,000

Cross- I|nked
g/mol, %({Pﬁ éallvﬁ?lg gglpﬂklé@gﬁ? t ons t her (ﬁ
p'%r i sﬁhﬁg gHadq amlf@ WiER b eTReD P'fg W@iﬁ%‘ha”
Rheoldgy Prévessimgoinges §85) ofiatat i0cit eshepe ke (ve df f Foh's tulnka gmpegature of -
205°C.CoNnsi stl ng of abr aS| ve partl cles, polyner particles,
&g:?lo hgg articl g ﬁlglrt}réel fr:m_PPSO asg%polwgthane hasa
Flexurépidﬂb@thmsr\t?g”ZﬁaMRa‘tOdIZQO M@M 30\ﬁ€er ein the polishing pad

fur € herhe QoMo (ﬁ‘l@[a%%@@esfvﬁéélh o] @SR RGY ﬁ&iyﬁr@ﬂhﬁhe hasa
I1].ca um.na, ceria o
oo s YRaRBREHEMLER Tt e AP PiDeBEc o

250°C.conprising a pad body conprising a polyneric
Bt er itk poliftendnd dIetym 10awhdtein e p@iBBihg PAE furfhESdomprises a

watera%g&bgnq 85% J.egion and at | east one second por ous
acent to the at |east one first non-porous

r?égu orT eﬁ’ﬁ]éswfﬁdﬁflﬁﬂﬁ@ﬁuﬂh%@né‘&?r‘é%teli Fpspipentgoinges ét selected
from tiengody ¢dbisimitbisecnAthkedpoloaerythaide] drodshitnkpd pelyadrilid dvid, cross-

linked E?lygi‘é?ﬁ‘mﬁ&e?lﬁﬁ@%@ﬁ&ﬁﬁ% f}\@ret]?ve an average pore size

neric materjal in_the at

m o,
| dast Tg‘ﬁéol‘l?fil%ﬁpadr‘% Ign\g <eia ShoPatishing rad fislher qomprises
particlssaaiecpd pmethe Eonpubadistiog of amdsivdhparpalds, polgdyned pasiclag tcomposite
parmcl&aM&m@ cﬁﬁéﬂ&ﬁﬁﬁlé‘?éﬂmﬂé Shil BGhbinRRAe %ébfb etween the at
' east one first region and the at |east one second
regi on and wherein the at |east one first non-porous
region and at | east one second porous region
conprises 5% or nore closed cells.



30. The polishing pad of claim29, wherein 75% or
nore of the pores in the at | east one second region
have a pore size within 20 pmor |ess of the average
pore size. 31: The polishing pad of claim 29, wherein
t he polishing pad furtherﬁ@pnprises a third region
having a third void volu 32. The polishing pad of
claim?29, wherein the polishing pad conprises a

2@' ur a’h]e'i)yhsﬁlfl C}Im!l (;f%i;am@ﬁ dwké%ﬁl%%ohsﬁlﬁgﬁag ﬁﬁher giﬁrpns-gpﬁaraswe pa;rt}cles

oI|S|n claim3 wherein t first and

selected ﬁ’é’%‘é}&ﬁﬂ’“ﬁ’ @@%‘SBFFsOfﬂPCé’ %Wﬁi’ F“ﬂgj"mbé‘&t“’"ﬁ'il@mﬁol i shing pad
Rf clai, sﬁ%pﬁmﬁﬁé Db fineha pgfbtodmgprﬁﬁs%we%%% AL £ body

|nthe ternating |ines or concentric
having at @FsF e @g;t No-HOrouF ff"é‘o'ﬁ) md Iafslﬁlptﬁ)@e Efﬁ(a]d 8o reajioizﬁxd@gent thlf'é ?tétfaﬁ one first
- non-porotls e@ioh, ithehd AN SEDmE pdleshirelé O Ie8st QR P dns @cad polblyWierein tﬁSjofes in the
st least or Jc&l%& Q,n Engm ) !;%I - EOUR o%w o2 fekse RfyrbSEIMRLARL d Rast one first

ast o efins, ycar bonat' es
region an‘b%??%‘?i‘/ 738119‘!5 51“’6 81% 31“’5? polympgy Foé‘ﬁ'ga“"'é Iméiélfet?ﬁ%kf"%d"?ﬁ}’ﬁﬁ’é?? structurally distinct
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d " Wher ei n t he polynmer resin is a thernoplastic
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conprising: (a) providing a substrate to be polished,
(b) contacting the substrate with a polishing system
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lines or cdd@dntrs Birdle substrate. 38. A nethod of polishing a

substrate conprising: (a) providing a substrate to be
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38. A method of polishing a substrate comprising:

regions,

(a) providing a substrate to be polished,

{b) contacting the substrate with a polishing system comprising the polishing pad in claim 29 and

a polishing composition, and



greater than the first void volune. 40. The nethod of

claim 39, wherein the gas does not contain C H bonds.

41. The net hod of claim40, wherein the gas conprises
whbdor@gRfs carbon di oxi de, or conbi nati ons phemeabsqzoes:

42. The nethod of claim4l, wherein the gas is carbon

di oxi de, the tenperature is O0OC to the nelting

tenperature of the polyner resin, and the pressure is

| MPa to 35 MPa.. 43. The nethod of claim 39,

wherein the polynmer resin is selected fromthe group
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winR&OoRd %Iéétem%&%ﬁbsajf teDolidhideped SHRRE hafe 200G Nd 96id WBILRe that is

%ﬁn%ggh‘rel < GLiEGLESe. 46. The met hod of ﬁl ai hm 39, f
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cogwingigdpls thefeof. an optical endpoint detection port. 48.

The4met hog mdthodlofibiBim3a, witdreit eieryad i earb@gliond:, Ok tdiperature is
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polb@ieliing) PSlyethers, polyesters, polyacrylates, elastomeric polyethylenes,
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polystyrenes, polymethylmethacrylates, copolymers and block copotymers thereof, and
mixtures and blends thereofl

44, The method of claim 39, wherein the polymer resin ts 2 thermoplastic
polyurethane.

45, The method of claim 39, wherein the secondary material is in the shape of one
OF more concentric circles,

46.  The method of claim 3%, wherein the secondary material is in the shape of an
XY crosshatch pattern.

47, The method of claim 39, wherein the secondary material has dimensions
suitable for an optical endpoint detsction port.

48. The method of claim 39, wherein the regions of the polishing pad are selectively
foamed by covering the one or more selected poriions of the polishing pad material with 2
secondary material having a desired shape or pattern, foaming the uncovered portions of the
polishing pad material, and removing the secondary material so as to reveal the selected
portions.



