; | me3eY, V46T, <D¥2'5 SEP 2003 -1 5 7. O TITLE OF THE | NVENTI ON Pol i shi ng
'Pads Useful in Chem cal Mechanical Polishing of Substrates in thg5PSE®Eapge
of a Slurry Containing Abrasive Particles CROSS REFERENCE TO RELATED

APPLI CATI ONS This application clains the benefit under 35 U . S.C. S 112(e)
of U.S. Provisional Application No. 60/129,6048, filed April 13, 1999, the
entire disclosure of which is incorporatéd herein by reference. STATEMENT

REGARDI NG FEDERALLY SPONSCORED SEMEEGF - NA 15 20 25 30
BACKGROUND OF THE | NVENTI ON Seﬁﬁgﬁﬁt@ evi cesf@g formed froma flat,
thin wafer of @oc3ephéagdeatierusareli ah, Csacicas Nethambealho Medhedmgrust be
polished to achieve a fsuffi ciently flat surface w tl} nogﬁ_r m ni mal defects.
A variety of chenical® eﬁ‘&ﬁtr‘i?&%'lf’alt,heaﬁ(fe@ﬁé’rﬁecéﬁ fechaft¢al pol i shing
techni ques are enpl oyed to gydShhithe Aive IPAxGITezal nechani cal

polishing ("CMP"), a polishing pad made of a urethane material is used in
conjunctidson with a slurry to polish the wafers. The slurry conprises

abrasi ve particles, suciods lumawe % drgeer Weddardys sili ca

particles, dispersed in an aqueous ne e abrasive particles generally
range in size frofthi®0appl268thon Clabmsatkatbenedth usdeyr BacH.&ecfin§

agent s, oxidjsing, agent or pH requlators e | cal pras IR ot he
slurry. The tf%é%%&%ﬁw% t ff)ﬁrf‘"gél?nggchA%%aiWc%%P%%arﬁlge'l s 620)(/35‘9,'0'38,
perforationsgii@daingrin ti®, distpi bwheonewiitdedialpbgure of which is

10 incorporated herein by reference,

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT
- N/A -
15
BACKGROUND OF THE INVENTION
Semiconductor devices are formed from a £lat, thin
wafer of a semiconductor material, such as silicon. The
wafer must be polished to achieve a sufficiently £lat
20 surface with no or minimal defects. A variety of chemical,
electrochemical, and chemical mechanical polishing
technigues are employed to polish the wafers.
In chemical mechanical polishing ("CMP"), a polishing
pad made of a urethane material is used in conjunction
25 with a slurry to polish the wafers. The slurry comprises
abrasive particles, such as aluminum oxide, cerium oxide,
or silica particles, dispersed in an agueocus medium. The
abrasive particles generally range in size from 100 to
200 nm. Other agents, such as surface acting agents,
30 oxidizing agents, or pH regulators, are typically present
in the sliurry.
The urethane pad 1s textured, such as with channels

or perforations, to aid in the distribution of the slurzry
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2 5 SEP 2003.-2 across the pad and wafer and renoval of the slurry and
.grindings therefrom In one type of polishing pad, hollow, spheri &l SEP 2003
m croel ements are distributed throughout the urethane material. As the
surface of the pad, is worn away 5 through use, the m croel enents provide a
Continual ly renewabl e surface texture. S&MNVARY OF THE | NVENTI ON The present
invention relates to a polishing pad for 10 polishing a substrate in the
presence of agrskdr roheCOpRAI HN) ARE&ST wWaidpardnadt£ls afd tthedi spersyveanagent .
The polishing pad uses_a conponent, preferably fibrous, wthin_a_polyner
matrix conp8AdAingRe thRprELSMeodpoRBRt tvPes §fuBICd 1SR 1 Fe rrhsp,lqﬂﬁ%h t hat
fibers presgphealchie 43cP0L)SALAGSs SUfaCeapltiNfuial dibaAlgHbuhORIRON! act
with the slufry to provi 8e a vold structure on the polishing surface. The
voi d struct uretproei tesepdrds Hsatthenhawetaaeheopothehbag . it @oxnd avay
uniformiy [ eas] t moby.l | f abr asj. payti e Y At
slurry il 2%58Q§edu?ﬁs% sg-'?‘aet cﬁrlllréd:t%fl%tn}'netgr&%ol %ﬁ?&%ur%ce&ﬁé{%&rl s act
as tenporar yestzadie auedsckotekherabrasive particles, thus reducing highly
frictional contact between the abrasive particles and the polished surface.
More particularly, the polishing pad conprises a 25 first |layer having a
polishing surface and a backigwnmpry aoe. THEhaNVENSIONayer is fornmed of the

fibrous conponent in the polynmer matrix conponent. The fibrous co nent
conpri ses fibers H§ @SN t HVIEASY B3T3 kPl § PBlﬁlsg&PHe péc{jpoﬁoc&‘

structuje iggﬁtﬂ%h& g Shi NG5 30 StUdace; n Thengol yeBkeRRY berel thersidiery

di spersive ase of “the abrasive particles or another material added to the
slurry duri rprpalissimanpbREwL Yol pattigleadantiss cdFperséyea agely ngthe

structure cQnuri Si. | V. I 003; 1344 | xed
to the back%%is%‘r cg%o(fq‘tt]%zg fifré%xfcé%%#’ ?o%ﬁ%ﬁat e %b%{%%ng pad may be
affixed to & t galymEre matturie ofcompeneanitd sThect fitleronst heoqppdnemt ngls

surface of th lishin ad_is_deter ed paJt. ter h_as rate
of di ssol ut (BHIHLS heht 1B s SERTFHe ssorqé\}lean# PR Brop il ot e [ X,
the shape anblNistdiref sheficbers tie pudentiasadiveofupbe fdomgast tiwbth

density of the fibers both in ar(gea and vo] une,. and the Hﬁasené:\g. aﬂgnarmunt
of any i nsoltlt eS+PHEYs FOSPTAR *F f Phets o?tji‘é)crs"é?ﬁc8ﬂd SorPYateP e
pol i shing, whixdusde REUBIGLA NsBRuAEHLEUDITWIES oSty dehRe) yahhyhce

al cohol and naleic acid and their derivatives or copolynmers. Additives that
further enhdidte RAILFhHIRG areits aRd stuRhfeRRLERNRNGl ~ HRCFRAFIR@Es the

generat ed dufdiig ¢ PRI SPADO AL NGel NEREPALALLT 4N £hE Tdibidys gRIpEnent
or be applied as a topographic coating to the ti1brous conponent. These
addi tivéd armedetiomsescmtchionntodl tieel polibshied i srgrHate shing. PIH@s pdFFshi ng

bad appli es 10 3 Jiarsif yoehr-20.anld£at s tRe! uding sem candyetas, vaf er

pol i shi ng known as“chem-ca anical polishing ( er polishing
appl i cati onstws meedhcingr amiighlyl ads;iakdfomed, heomtaditsksbeltween t hhe use

a liquid medium {0, &30 % AL I SRPMGG L0 AR INBRYLT ¢l es. 25

More particularly, the polishing pad comprises a

25 first layer having a polishing surface and a backing
surface. The first layer is formed of the £fibrous

component in the polymer matrxix component. The fibrous

component comprises fibers soluble in the slurry
sufficiently to provide a void structure in the polishing

30 surface. The solvent may be either the dispersive phase of

the abrasive particles or another material added to the

slurry during polishing. The polishing pad also comprises

a backing structure comprising an adhesive layer or layers



DESCRI PTI ON OF THE DRAW NGS The invention will be nore fully und3 Ssgglg%lﬁy
reference to .the follow ng detail ed description when consi dered

conj unction with the acconpanyi ng drawings, 30 in which: Fig. 1 |s a
partial cross-sectional view of a polishing pad in accordance with the

i nvention; 2 5 SEP 2003 -4 Fig. 2 is azpartial top view at the polishing
pad of Fig. 1 during use; Fig. 31s a parti al cross-sectional view al ong
line B-B of &he p S g i i rtd.al
Cross-secti ongfedv?éec%/v %Qabgggﬁ' ér él%‘;)fogl ment g?gagjﬁg Fsﬁia geEgacﬁ?nthat
accor dance wieh paid sihdwenpiadnmagntheDETALKED DESERLSFLON OF THE | NVENTI O\I 10
The present inver&gql on_r Iatesosqto ﬁ pO|I.S mg g 10 that th uté%
conjunction with cpoflla HFﬁg uf ? co% ﬁg Y qu?%l i AT THAT c rr| es
and di sper semraicRsi ¥£ paet Igdl%hh@ﬁ;\/\@ﬁdtﬂs Id@ltlei-hxla.ngdpasy apgrahet suisf ace

being polished. Referring to Fig the preferred 15 enbodi nent of the
pol i shi ng P& cBPpothe egat s a9§r CiL LU 1 QhpsSi tBhpolIfiRasTy At eFhel

conpri sing &aQldH e NS £ WP L4 SHeApSiUt atege osn Subegdeds | P a

pol ynmeric matrix comoonent 16. The fibrous conponent is soluble in water or
anot her sol whtthe eEtersn the 20ipobrShpngesl ey Ehbersattheufieneitit to
| eave voi ds i rfac £t e % e

di spersive p as%ll?%f E?kﬁ)kg%gb;}g)s%e%ﬁo%rg %gj anotﬁ;@ n%?llgr?%}f a %%%g?{:)gt he
slurry. I n sen condustorofnairy p@lsmnbﬂ.g fdwersd ur Syli:sbiiyplﬂ:\é;ielxsﬁ afor

aqueous BEdI caqu%{?cf;cl t]_he ?rpl ven ]_ﬁ g@ W@, 8len UQELUI “—%/H?;:l po?ymers

materi a X cOfpone conmbn
such as poI qumdmeslumyyaﬁznylaﬁespomglvyayyrajimhonolandn:daselqsohgzam des,

pol ycar bonat es nd epoxi es Oc her rs that have a rigidity sufficient
to 30 suppori™ qtf&’q%l ﬁ&i’@é’“\%@d An adhesi ve backi ng
structure 1$ is Qid&ﬂ’ﬂﬁ%éo EH&tun‘fﬁﬁhQQ Oreri?f%z(ﬂﬁeng &Iié&?ﬁx%9 Qﬁdybﬁ
conposi te polishing materjal 2 5 SEP Zpp3 -5 | ayer so that the

pol i shi ng patF et belaf f Fhed £6m8vedol oBefTAEldnas tgeneTRtede 9BX6RIthe -
polishing MyLridlide fAPObE. iA%okbbiiated! &8 Ithd Sibrdoud\ LoAYGNeAE DEES are

be applied as a topographic coating to the fibrous
component. These additives are released at a controlled
rate during polishing. .
The polishing pad applles to a diversity of
20 applications including semiconductor wafer polishing known
as chemical mechanical polishing (CMP) and other polishing
applications for metal, ceramic, glass, waferé, hard disks
etc., that use a liquid medium to carry and disperse the
abrasive particles.
25
DESCRIPTICON OF THE DRAWINGS
The invention will be more fully understood by
reference to .the following detailed description when
considered in conjunction with the accompanying drawings,
30 in which:
Fig. 1 1is a partial cross-sectional view of a

polishing pad in accordance with the invention;



5 exposed at:the surface, no dissolution has occurred to roughenytheep 2003
'surface. Once the solwvent '‘contacts the fibrous conponent at the surface,

t he fi btrous conmponent begins to dissolve, formng a void structure of pores
22 in the surface, as illustrated schematically in Figs. 2 and 3. 10 The
pores on the surface of the polishing substance enhance the polishing rate
and uniformty by increasing the nobility of the abrasives while reducing
scratching of . the pgl ished ;l%'f'éféﬁ-tJﬁ'evPQ&eéfaﬁheaéotl%BQh%r Yadl yrage
areas for the abrasive particles, thus reducing highly 15 frictional.
contact bet kéén theduzBngsiseiparticles and.the polished surface. The

fi brous conponent..nmay pe.for -111Y | L ble.fib ter. gl ,
such as pol yvi nyIF:L I'coﬁo%g(ﬁ\r}%glﬁ% e?%g%%?%%%ﬁl%crg#% g(ﬁﬁogﬁ \eil'éLrn?eous
pol ysacchar iBdds cdndh20 pgdashiog dedi vét Fiigs 2f &hdse materials. Copol yners
of these,polyners,.may al.so be used.. The particul ar .fi Qher erial_is

sel ect ed® dependi Ag%n 4 He faRdTciidr ERAVBRE G0 Beud (Twaﬁ%t t%eﬁﬁﬁhe%ded
pol i shing apglbocdient, bl s&mEEINKIGhRF wWalder ipol aebbAgantde WwitH I the
typically uses 25 an aqueous nedi um as the di spersive phase for the

abrasi ve parfiVE@é¢sPihEdd water is typically the preferred solvent for this
application, and PVAc, copolyners .of PVAc, naleic acid, and derivatives of

these materials are suitable for the fibrous conponent. O her solvents and
fiber materials 30 mayDBEAGEER, DREGRYEBT IONeRENBRRgINYENTEOMppl i cati on. For

sem conglgct or waf. 1 shing I ber LI [ y 0 such
t hat thgyrate of llg{esg%lf-%§%@n %?;’gﬁ’éi#"?brr&%rt%%n?@ne%t B{S% ?{%gpél Eggl \Sﬂ'ﬁg
medi umis ashfedstis RLEISERA20p8 casjpostibhewilhefzr pbllyshihg félherry

conponent di ssol vwes_as soon, as. it contacts.the dissolvin di . so_ 1 hat
no el ay i s TASEAT B ofe PHATLRT MECHAT bagiAt. FoFtaRimptad FYRPHER Tl of c
acid and t heitrrageiviev atpared cdiess obeewberui thbl ypauiskliygi noadit eand Thehe at e
of dissolution can he contralled by the particul material chosen, For
xanp! o, ¢ he AR eI MAAARR S AR Toh b drfgburia e s weed

hydr ol yzabl erihsdifmertu U HE H3lMs g BRId ZaldHbdrdited 20 Igydised tex
control the dissolution rate, Fox exanple, 10 increasing the nolecular

wei ght can € oF¥MRCFHE® oPOH SR3H1QL i BAterighe CORPSUSIRGL ed al SHP IR
prepared by @yl t abiig HAReSS14 SU@HCﬁ?S\EYaQQ@m)S?n f ibgg@auaae&iﬁ Ory

exanpl e, chem cal, nechanical, or thermal bonding o rs or the 15

| ayi ng down Rsflyandrmissemphrinf dompeonendr 16} afdwt sfilsowe| compobgnfieais ng or.
kni tting te%Hl'&B&%S’ 35 Rl be, Knawn, i & Ne afdan A 3%{8’%%‘4{3&" "ifﬁerér?é IS
usual |y preferred, because it gives a nore random ori entati on of pore
struct uge. Tl ichieng aslonrpf athe f rbees sudifdcieatt d:d hkepoki hiikg 26n

surface may .he ¢ led to affect _t size, of .t he res,on_th ol,l shi ng
surface. If the ﬁ?%%%llﬁ?eg%F?%ﬁ?eapr orﬁ%%‘nt?@epﬁsgV?léF 6% eepsf[f??ace,
t he resul tinbispEnkiste ugthase widfl kaee abtesdckasnebrshaped lo¢ ehnmgased
pores. If the fibers ar%c%i ented. predom nantlin25 orthoggnal ly to the

surface, th&@FeEH ng S udhr e SHUATEYhay EmoP BMbGPRAUGEOS SRt %8s

di ameter. ApgyEamdEensid Ysohrperes eyenche yPeln b usUdaetusana e
achieved_with an orthogonal orientation of the fibers. Continuous fibers or
cut fibérs, i Flvert bef FBH§t Waser30 Ussinh rpldnanic mateiakediorut

fibers provigg mngcfiker c8REsneheSUlhicAgdaen o4 d bl LY PhiHaaR] €
hol es. The di ameters of tﬁe ?i Bgrs arle sel ect e(? such t hat thgtpore g?ze
after di ssolRRIBIESy conplusient ady t o Préyurethanes, polyacrylates,

polystyrenes, polyimides, polyamides, polycarbonates, and
epoxies. Other polymers that have a rigidity sufficient to
30 support the fibrous component may be used. An adhesive
backing structure 18 is attached to the underside or

backing surface 19 of the composite polishing material



2 S SEP 2003 particle size of the abrasive particles in the slurryg g@pi@ﬁi
‘typically range in size from1100 to 200 nm |If the pores are too large, e
slurry particles may stagnate in the pores, resulting in loss of their
polishing effect. 5 Also the |ocation of the particles cannot be adequately
controlled, leading to nonuniformties Lp-polishing. If the pores are too
smal |, the particles may becone stuck in the pores, |eading to scratching
of the substhgke 11y bespokhaRedne fdPesnh@BhE" madnase OhEE0xéQ@ 200 1M
and 10 preferably 30 to 100 um has been found to provi de a suitable range
of pore siz&9%lor the typical range of abrasive particles used in CWP

slurries. The raty t fi Nt At Q at I Can vary
from90% fi ber/ 1(?‘%%%%{% id}.ee't otbr%%gﬁgp‘??%e?PQ%% %%J%féh&&gﬁemf Ca:ﬂjigher

fi ber conpodentsmoaihls assaflflestrabed donpriessi bl eApohpshhnd livetrer izate t hat
is nore suitable fox polishin ofter features ch as alumnu t yngsten,
or coppel WErPRS S edEntth ?ﬂE%QE%Strrhcfefj'iﬂs%}l?gﬁpng"%t SFFSF%\Pt ﬁ:cg
fiber conteriovahe0 dheghsrE 30 A ttad ysd Ivrouscditaeidirehe Wirduders
that are inconpletely coated with the natrix material. A higher matrix

conponent yi%“@?nﬁnﬁgrﬂertlb%l PURFAGE matBRi HPERNE ICOMPONETISY eI R

pol i shing adiaydarsSUbgbiai By HICKoRE asS-hd6OFe OXrdepbayer 227 pal igdd ng
material with a fiber 25 con?ent as little as 10a is very solid and |ess

conpr essi bl éurfigeeoonpdsiltdushreced JdyRmatimpldisolnardiss | ayerdd ‘3.
Structufg, shich g5,an URREr chayel ayiag %58' ??%;rééiiQhQ{L?{' dfcdmatrix

and a | ower |aye aving a lower ratio of to m X. e upper
| ayer provideshargds | the goltilsdisiour rgtearanid| esibormiiey s byf atmcydd $ing he

| ower | ayer _provide reater_.rigidity, to enhance anarity. In.a_z SEP
Zo0s o varen iR A R i Sshads vde SHEDS TrRed0Re, demdtiufng TP
enbodi ment . the gpelibshedd ehirfheel atihe abofédbesastt asmtidnpordryof sodhege

ti b i ded f t.h | i shi f t o the backj
CirTace, 5 PRPTH bEGRs EotmAveRo Ty BRERLFAEP add i “RALOLDR) & HORLY

materials ThHaridisddl ecdnhst a6stwadsn athveBbrasiVeatgdi: ildleshaili sthié ace
of the matrix conponent from scratching the substrate to be polished. The
amount of | RSPILBIeE W92 S%ay rrange up to 90% by mass. 10 In anot her

embodi ment , the Sﬂ{é’bffbi‘@\t.l@\rﬂg%h\pg%n?en%g}tB&“E@Eﬁe&”o@atéﬂﬁséi‘@é!bf‘é a
powder. In this case, the powder di ssolves at the surface upon contact with
t he sol vent s utgren &iket dmstentals esorht s wokwciayl mieshalt éPVAE) of t he

pad, the po r.proyvides i 5 structure.. The thi e yer
12 of the c\gprﬁe)loesll eé/%%ﬁ'l s%f J?Pgéénlg[’felr? a%é}%hg‘égr%;%gn b g%)gg?‘g%ﬁagodé%@}’?nch.
The t hi 2@nespuincf, t e | dgeivaeteesi res theski freaéridies padopbigrierishi eéRness

Cayer 1 s st TGS akg WOPESr CBTEL A1°F 0 MontPRY: T aPRTR A AECKAERES
sel ect ed depeigaricil t he pallbctedardapmdogy i on. thee backidglaf rsoLuert 18
provi des. o Ml oL o3t ach ng e poLell 1o, Pad 10, @ Logl and ods, 25
semiconductor wafer polishing, the slurry typically uses
25 an aqueous medium as the dispersive phase for the abrasive
particles. Thus, water is typically the preferred solvent
for this application, and PVAc, copolymers of PVAc, maleic
acid, and derivatives of these materials are suitable for
the fibrous component. Other solvents and fiber materials
30 may be used, however, depending on the applicafion.
For semiconductor wafer polishing, the fiber material
is preferably chosen such that the rate of dissolution of

the fibrous component in the dissolving medium is as fast



conposite naterial layer. The rigidity of the conposite materi al rg g}ﬁgr
‘provides planarity on a snmall scale, that is, over a small regi K
substrat'e to be polished. The conpressi bi I|ty of the backing structure
provides 30 uniformty of pressure over the entire substrate surface, for
exanpl e over the 8 inch or 12 inch diangger of a . sem conductor wafer.
This ensures uniformty of polishing 2 5 SEP 2003 g_if, for exanple,

t he substra [ vel o SOMEXI u Seysidy. rae I N
one enbodi ntgﬁt p%is%ﬁgeckl%g@étructlﬁr Mi% F%g udes91 e ayglssrsfg'g’lélfg aos
adhesi ve wi tskroa c@srpr:ézssr:bheastst rihot uldé.lsSbéyengzanedhsmbetamehhatrhmo

t hi ckness of backi ng es fro 0 0..070 The
first adhesiV g‘g] aylesf Pe ond % £ tl?goq%oﬁn%(gg '?eég%oggg%ﬁng E%é:t e%%a Jarfd is
sel ected topmmevi ded agiledrg kotid t arddie toposideridteived | dyesolvihe
second adhesive | ayer allaows . 10 the enti re Ead to he f|>§)§g_ to a tgg)l and

i s sel ecPed 95TV FBRUFIDY cohedrtrr - shhehaRrtehOT A SRS %rom

the tool w td%‘?iﬁr&l@.%\& ot %H@%ﬁﬂ&dﬂléﬂ‘%é&&aﬁ%&é&r{ abt&r ashash Ve,
material may be used, such as acrylic or butyl rubber types, a hot mel t

adhesi ve corittdl nEajgt taRfl5e ageypeendpataret ﬁ?béﬁé el quﬁlyPun‘éoFVéﬁ % or
nylon, or ajgod Yed&fAhe b ear? é&n‘.’nﬁnl 38{1&? é‘éf&& egh by a

releasellner 30 t"That 1I's renov priof to af |X|ngt Ing pad to a
tool, The stalsst Jrealuden ego mm@mw@fqulmﬂ@ 2@%& eral exampheas a

film ofgol ye a t e S e vat g ves
or copo yrrergﬁzl‘%arseio &th%ep}ngi gg#%? Wéu@ﬁtag’qéit trsu S'Q 58%ye?§£{aeﬁ%for
pol ystyrene chfm:thxtmora nonwoven poI yrrer | ayer, may be used. The thickness

f the structural i 05 to 0.100,inch. | ur th
embodi ment i | Uiy EpF Rt SR RE T el BRng SeATEt Y | S B ERL ¢

singl e adheg xs:dsyer s3naf hsxegyt qlémwe&%c@&l@fue@he E@!rl séxém?na;eri al
| ayer. For exanple, if the conposite material |ayer has i ber
content, a SHRFHCHdhdRFGRAN SRR/ ney pRevmad §>QﬂfiF89eﬁ’t cﬁﬁﬁre%sqlbﬁ’ﬂ?y f or

the pady SThQLan'}E& gD est vie i@a/@é thet CO¥ F-B6e PY @rrﬁif&ﬁ@ntsneas%eu Z5

SEP 2003 -10 ring polishing of sem conduct or wafer, poI ymeric
mat eri al of qméomea‘kl%@mnbmt‘@im@e@pnmm af W@«#l}% laefkmwr@vaa t he

surface of tg}gap,ﬁqi ‘p(g% ngdg dj, o3, 9 Ber-pg! i shkRg
effectiveness of t 'ecé pad. %us, a ?féarfp lﬂ; %a?k IQ e sur a?:% of
the pad is cidnhdgivemed wmorer m@@nbp:diealrmmdoymolqﬁmwge Eheuc‘a\ueem The

di ssol ution of. the fi brous conpone pr eat te of
wear of the c?1’1":11t"?h%<tcloorpponen Tse hr’)éé? hlgeg?ggé%n %tegﬁe §81%Pﬁiﬁ

sur f ace2is lﬂlfﬁwaﬂa:{rEEea&dntebeméd 285 Hicommt rtlhxa corgenent the ﬂépést ed
or wears down, bhecause _new.areas of the flﬁ S conponent ' are ex ﬁ‘ﬁd and

di ssol ved, tHus T nifRg4s or 88°f8Fenhi “?)ol 5%y &6 oRT
addi tives, speduaeisaniiBetpatslped tenpuer Ssdﬁa]é_é,eni}@émee&ﬁ@tﬁﬁ@bkrbh.ﬁy of

the resi due galgt.tlclz‘gllu?es avl;lgl re}\{g‘l;lé more channel-sha

ped or elongated
pores. If the fibers are oriented predominantly
25 orthogonally to the surface, the resulting void structure
will have more pores of a smaller diameter. A greater
density of pores over the polishing surface can be
achieved with an orthogonal orientation of the fibers.
Continuous fibers or cut fibers, having a fiber length of
30 .5 mm to 15 mm, may be used. Cut fibers provide more fiber

ends, resulting in a void structure with more holes.

The diameters of the fibers are selected such that

the pore size after dissolution is complementary to the



them fromredepositing onto the polished surface of the ' substrate, may be
‘included in the conposite'material |ayer. These additives may be 25 SEP 2003

i ncorpotated into the fibrous conponent, for exanple, by doping the
polynmeric 20 material of the fiber before the fiber is extruded, or may be
applied as a topographic coating to the,fibers, In this way, the additives
are released at a controlled rate during polishing. Typical additives

contain,. for_ex le, siligon,ail_or fluorocarhbon type release,agents or
Coher b5 adR ety 5578 Kbt P raatys o SRaAeReRy 6 L EPES L eV,
polishing patied tieiPaBeentahge¥enhi @izes M i TOO atdy2980i inahl e if othé he
chem cal nechani cal polishingﬁof sem conduct or wafers, The polishing pad

may, howeveRCTr®e B5dEPBr L36RRshithE e Ys RFTHIGALES T hs LRI et |

ceram c, gl@ss, pweber s rHulaidl digksodsh $O! LHBERY RPRIdIGRJ casrébet use a
liquid mediumto carry and disperse abrasive particles between the
pol i shi g paE@anéhehelacdsiomt efbdihgg PRrtEpRs RavnA§ dscripgdapeiYerred
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polishing pad of claim1, wherein the slurry is an aqueous slurry and the
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is more suitable for polishing softer features, such as
aluminum, <tungsten, or copper wiring present on the
substrate. A polishing material with a fiber content as
20 high as 90% has a very fibrous structure, with fibers that
are incompletely coated with the matrix material. A higher
matrix component yields a harder polishing material that
is more suitable for polishing a harder substrate, such as
a silicon oxide layer. A polishing material with a fiber
25 content as little as 10% is wvery solid and less
compressible.

The composite material layer may also have a layered
structure, such as an upper layer having a higher ratio of
fibers to matrix and a lower layer having a lower ratio of

30 fibers to matrix., The upper layer provides mobility of the
slurry particles on the surface while the lower layer

provides greater rigidity to enhance planarity. In a



25 5. The polishing pad of claim1l, wherein the soluble. fibers have a
‘diameter ranging from20 to 200 um 6. The polishing pad of claiyngIspeheggi n
t he sol uble 30 fibers are nmade of polyvinyl alcohol, polyacrylic acid,

pol ysacchari des, guns, maleic acid, or derivatives or copol yners of

pol yvi nyl al cohol, polyacrylic acid, polysaccharides, guns, and naleic

aci d. 2 5 SEP 2003 -13~ ' 7. The polréﬁing pad of claim7., wherein said
fibrous structure is a nonwoven material, a woven nmaterial,_or a knit
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10 9, The polishing pad of claiml1, erein the fibers are oriented with a
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polishing p f . claim,l erein th gluble 7.5 fibers are cut fibers. 11.
The poli shi%grg%%e or° cﬁl'éef \;ﬁ]afrkmrs&%ﬁ%eé sol ubl e fibers are continuous
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10 In another embodiment, the soluble material may be
particulate in nature, such as a powder. In this case, the
powder dissolves at the surface upon contact with the
solvent to form a vold structure on the surface. In the
interior of the pad, the powder provides a solid
15 structure. .

The thickness of the layer 12 of the composite
polishing material ranges from .005 inch to .150 inch. The
thickness of the layer determines the life of the pad. The
thickness also determines physical properties of the pad.

20 For example, a thicker layer is stiffer and more resistant
to bending. The actual thickness selected depends on the
particular application.

The backing structure 18 provides a medium for
attaching the @polishing pad to a tool and adds

25 compressibility to complement the rigidity of the
composite material layer. The rigidity of the composite
material layer provides planarity on a small scale, that
is, over a small region of the substrate to be polished.
The compressibility of the backing structure provides

30 uniformity of pressure over the entire substrate surface,
for example over the 8 inch or 12 inch diameter of a

semiconductor wafer. This ensures uniformity of polishing



-14 15. The polishing pad of claim1, wherein the first layer has a ratio
‘of fibrous conmponent to matrix conponent of 100% 90% to 90% 10% A5 WEPu283
5 16. The polishing pad of claim1, wherein the first |ayer has a thickness
rangi ng from0.005 inch to 0.150 inch. 17. The polishing pad of claiml1,
wherein the first layer further includeg.a surfactant or renoval additive.
10 18. The polishing pad of claim 17, wherein, the additive is incorporated
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provide good cohesion, so that the pad may be removed from
the tool without leaving a residue on the tool. Any
suitable adhesive material may be used, such as acrylic or
butyl rubber types, a hot melt adhesive containing an
15 acrylic, polyethylene, polyvinyl, polyester, or nylon, or
a mixture thereof. The second adhesive layer is protected
by a release liner 30 that is removed prior to affixing
the polishing pad to a tool. )
The structural layer 28 is made qf polymeric
20 materials such as a film of polyester, or a foam of
polyethylene, polystyrene, or derivatives or copolymers
thereof, Other materials, such as extruded polyethylene or
polystyrene sheets or a nonwoven polymer layer, may be
used. The thickness of the structural layer is nominally
25 0.005 to 0.100 inch.
In a further embodiment, illustrated in Fig. 4, the
backing structure is composed of a single adhesive layer
32 arffixed to the underside of the polishing material
layer. For example, if the composite material layer has a
30 high fiber content, a single =2dhesive layer may provide
sufficient compressibility for the pad. The single

adhesive layer is covered by a release liner 34.
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10[ | fibrous component, for example, by doping the polymeric

20 material of the fiber before the fiber is extruded, or may
be applied as a topographic coating to the fibers. In this
way, the additives are released at a controlled rate
during polishing. Typical additives contain, for example,
silicon oil or fluorocarbon type release agents ox other

25 agents that are known additives to polishing slurries.

The polishing pad of the present invention is
particularly  suitable for the chemical mechanical
polishing of semiconductor wafers., The polishing pad may, -
however, be used for polishing other substrates, such as

30 metal, ceramic, glass, wafers, or hard disks, in polishing
applications that use a liquid medium to carry and
disperse abrasive particles between the polishing pad and
the substrate being volished. Having described preferred
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invention may be used. Accordingly, it is submitted that

5 the invention should not be limited by the described
embodiments but rather should only be limited by the
spirit and scope of the appended claims.
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5 dispersive agent, comprilsing:

a first layer having a polishing surface and a
backing surface, the first layer formed of a fibrous
componant in a polymer matrix component, the fibrous
component comprising fibers soluble in the slurry

10 sufficiently to provide a wvoid structure in the polishing
surface; and

a backing structure comprising an adhesive layer

fixed to the backing surface of the first layer.

15 2. The polishing pad of c¢laim 1, wherein the soluble

fibers are soluble in the dispersive agent of the slurry.

3. The polishing pad of c¢laim 1, wherein the slurry is
an agueous slurry and the soluble fibers are soluble in
20 water.

4. The polishing pad of claim 1, wherein the soluble
fibers have a diameter selected to allow mobility to
particles of the abrasive within the void structure.

25
5. The polishing pad of claim 1, wherein the soluble.
fibers have a diameter ranging from 20 to 200 um.

6. The polishing pad of claim 1 wherein the soluble

30 fibers are made of polyvinyl alcohol, polyacrylic acid,
polysaccharides, gums, maleic acid, or derivatives or
copolymers of polyvinyl alcohol, polyacrylic acid,
polysaccharides, gums, and maleic acid.
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structure is a nonwoven material, a woven material, or a

knit material.

5
8. The polishing pad of claim 1, wherein the fibers are
oriented with a plurality of the fibers parallel to the
polishing surface.
10 9, The polishing pad of claim 1, wherein the fibers are

oriented with a plurality of the fibers orthogonal to the

polishing surface.

10. The polishing pad of claim 1 wherein the soluble

15 fibers are cut fibers.

11. The polishing pad of claim 1, wherein the soluble
fibers are continuous fibers.

20 12. The polishing pad of claim 1, wherein the soluble
fibers dissolve at a rate greater than a rate of wearing

down of the matrix component.

13. The polishing pad of claim 1, wherein the polymeric
25 matrix component is made of a polymer having sufficient
rigidity to support the fibrous component.

14. The polishing pad of claim 1 wherein the polymeric
matrix component is made of a polyurethane, a

30 polyacrylate, a polystyrene, a polyimide, a polyamide, a
polycarbonate, or an epoxy.
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10%/90% to 90%/10% by volume.

5 16. The polishing pad of claim 1, wherein the flrst layer
has a thickness ranging from 0.005 inch to 0,130 inch.

17. The polishing pad of claim 1, wherein the first layer

further includes a surfactant or removal additive.

10
18. The polishing pad of claim 17, wherein the additive
is incorporated within the fibers of the flbrous component
or topographically coated onto the fibers of the fibrous
component.

15

19. The polishing pad of claim 1, wherein the £ibrous

component further includes fibers insoluble in the slurry.

20. The polishing pad of c¢laim 19, wherein the insoluble
20 fibers comprise up to 90% by mass of the flbrous

component.

21. The polishing pad of claim 1, wherein the backing
structure further comprises two layers of adhesive with a

25 compressible structural layer therebetween.

22. A process oFf polishing a substrate using the
polishing pad of c¢laim 1, comprising:
providing a substrate to be polished;
30 providing the slurry comprising abrasive particles
and a dispersive agent; and
polishing the substrate with the slurry using the
polishing pad of claim 1.
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25. A polishing pad for polishing a substrate in the
presence of a slurry comprising abrasive particles and a
dispersive agent, comprising:

10 a first layer having a polishing surface and a backing
surface, the first layer formed of a soluble component in
a polymer matrix component, the soluble component
comprising a fibrous material soluble in the slurry
sufficiently to form a void structure in the polishing

15 surface, the soluble component providing a solid structure
in the interior of the first layer; and

a backing structure comprising an adhesive layer fixed

to the backing surface of the first layer.

20 26, The polishing pad of claim 25, wherein the slurxy is
an agueous slurry and the soluble component is soluble in

water.



