16

15

- 20

POLI SHI NG PAD CROSS REFERENCE To RELATED APPLI CATI ONS
The present application clains the benefit of the
filing date of U S. Uility Patent .5 Application
Serial No. 10/843, 111 filed May 11, 2004, the

teachi ngs of which are incorporated herein by
reference. - FIELD OF THE I NVENTI ON . The present
invention relates to polishin ails and nore
particularly to a novel?@©ﬁ§ﬂg%£%$9ion and net hod for
form ng polishing pads. The polishing pads of the
present invention are especially -useful in

chemi cal - nechani cal planarizati on of substrates
during the mivossBERRNGE Te BRLATONACIomasd rel at ed
devi ces. The |nvent|on relates to pads conprising a

needhgg gfé@%‘ﬂ n\%}fﬁ}hé tibat'oPine %hﬂ%&&té ?{]U ? %WPatmt

entiret npri se bl conmpodnen

émhcewal Segial ¥t é@f&@alltlrﬁiei Mot Y2004 cthp feachings offwhicdpads
cihthd RRLA b) RserdmeCheni cal - mechani cal pol i shing,

e|t er wth or wthout a need for abrasives to be

included in the polishing slurry. The pads forned

fromthe needl e- punched non-woven textil e and

optional polyneric binder e processed in a

manner to supply padgﬂ%3VFﬁ§&aﬁWEﬁe Mar dness

characteristics dimhave been found nore suitable for

the pgb¢ Pt gnespiiera rlaes. tol polisidel pmbmndtrhete padiulafy the novel

u%@d. |%§¥@%%%g%50 gmﬁggdﬂigg cess @%ﬁﬁﬁﬁdﬁﬁbmgﬁﬁpﬁﬂam

iﬂ'ﬂﬁ‘l’m@b@uy useful nF@GM@@B@W&% plangrizitionl of Iselntaes during the

B o e

ﬁBﬁﬁhﬁmm@mﬂaxmbeﬂﬁnﬁgﬁkb@mwﬂwmﬂﬂﬁbm@ﬁm#YZSWmmh1mm'ammnﬁ=.

L0 et HGLIA Gl L PSR, O B SOt
qhqyeﬂsn@phm@ﬂ gbhm,egthatmﬂl giwithgitta whed farebrasizestth by incladed in
e | e Fo sg%% S‘ﬂ%’e he gr o}fbﬁﬁ&l BORShe 9&%0%15&5&%%@&& textile and

I con

| qph@ul pplymeto hindet mey bh Tiivessed frea mpper: btmlpplmeds befving unigue

steps corresp%%%ing |ﬁ&% el g %m%%ga&ﬁgﬁﬂp%-%@%hgg%@@&mm In

additlon; | ¢ pgdsmof dhe preset Gureniat may be. produch exsing pinduncomplicated

d%$ﬁﬁ%gﬁé Jefk sem conductor technol ogy has seen the
advent very large scale integration (VLSI). and
ultra large scale integration (ULSI) circuits
resulting in the packing of very maay nore devices in’

-smaller areas in enlconductor Substrate. The

greater device de HP8r degrees of
planarity to permt the hlgher resolution 5

Iitlﬂhﬁﬂwﬂyymmma@ﬁQSQmm&%uﬁxmmmnhm&ﬁmnm&hémgraﬂhqmﬁﬂmdby

(ﬁumbgaﬁ%tg?%qné | ces ?&8%@;& featglesegemmﬁsammof

phmmﬂmgenmﬁanBﬁkﬁmknehysﬁaﬁmmamiEwMMeuadsbnghmwhgnmgmmm:ﬁ

R SRRt PR B o e . o

selnttatean ok atamipls Elrcbﬂbﬁ&l iaiyttwémheqn dietideahsy covtrad 19etal interconnect

o d&sthatta% e for 1,I %%dxant&e‘ous Rr ang ey;%'é%? V\A}ef@npﬁnarsteps

S
cansmaﬂkglnhmgﬁehdvﬂﬂmimmMumMﬂﬁngnmudnﬁabmnmds
cheni cal - nechani-cal . polishing (CVP). Typi cal ly,

the various netal interconnects are formed through

l'i t hographi c or damascene processes. For exanple, in

a lithographic process, a that blanket netal |ayer is -
deposited on a first insulating |layer, follow ng

which electrical lines are framed by subtractive
etching -through a first ‘mast A second insulating

| ayer is placed over the first 15 netallized |ayer,

and holes are patterned into the second i'nsul ating
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Presently, VLSI uses alum numfor the wring and

tungsten for the plugs because of their

susceptibility to etching. However, the resistivity

of copper is superior to either alum num or tungsten,

maki ng- its use desirabl e, -however copper does not

have desirable properties wth respect to etching.

25Variations in the heights of the upper surface of

t he iTht epideadssmoss W semicenducion {reinoligy dias espa itlal advent of very large

sHAE &S ragt Eﬁy [ ﬂﬁ%ﬁ'

g? g%%%gguentQ%ﬁ%?d@%%%%%ﬁ%%ﬁlc d?%%éggF g-s t%d#hﬁa in the
PREkiRgoef YRIv EnaBY ROsH dpvicen dp sepller aeey jic 2 semicosiogor ubsimte. The

gﬁ%&@Ekﬁ&ﬁ&mﬁﬁ&QEﬁhhgﬂmmbWE&&%QE %Fh&ﬂﬁnﬂéhﬁﬂ&%&mmuml

nes may be printe reover ere

hopwnbic porosssgs gequiredie forovibe rgetergrmberef devieks m sujafgrefpatures
iR loratdiCind bRbeRE (dbdifns! AWRLeoPirdYoRfr; &%atﬁg tseto% resistance, is

Ieadlng to open circuits. In view o

ciogassoasIirERpEntsEe rCanyeitigadlly: ecking rﬁahwes ﬂﬁeused to
pﬁﬁ&ﬁkc&&ﬁﬁ@ﬁﬁﬁmﬁﬁzﬁﬁ%mﬂﬁh?hmﬁﬁ% Iﬂhﬁ%ﬁc&&kﬁjh&M§Q§mnﬁmaﬁn

~.One such technlque i s chem cal - mechani cal pol i shi ng

thegsplvantagepisgPraperits Wagny Reop 6F IRPORRICRY éht: A {8 g ok readily

'aﬁlaﬁﬁidt@&dﬁ@ﬂnﬁﬂiélﬂééﬂﬁ%heﬁﬁﬁfﬁéﬁhﬁﬁ&lﬁ&is gr ret hod

i's described in United St.at es Pat ent , 836,
entional poli ads e ,
o Thly, e ayaright SRS DieEEhers gp LR ithoggptic or
dﬁﬁasﬁ@ﬁ\pﬁ)(:&@esf i Ihﬁfeﬁamplé,eﬁ a GaRpRpkie grotag et ﬁefblmker&netal layer is

reI |ve y.smal |- of ..a pol uret ne .adhesiv
g@é ﬁ%yn%‘m g, élmrar EF 4 Y 2o foomed by
d:tﬁrblcwﬁﬁlg @hrofdty S fiBAnah( Q@%ﬂ&ﬁsﬁl&t&@uw Wi pldch® over the first

AR, o A G i o

- nﬁm fi¥ietal oohintis Ieﬁblugslzﬁa' mmsa\@ ﬁhﬁg 6 Bl @Bh inegl. CA SesbeEblanket

ersr to. be, re .
S S PV R S G bt Blugh Gl pornecting the
ﬁisdﬁﬁl derymdhfeﬁsl RBY.eTE seamnmdme@ememsﬁ%d a:lldfmut totfBded #gecond
ates S nust esol ve two:
s 58 Sl Ty oPE0 et & TPpBIe e gt o Apaie g dore devi
Thedahiasend mctmmt: adesotibbdinthR Pat blSM 796548 Qo 0Bowa @t dlshed
must be somewhat resilient: O - particular rel evance

over S TER o MR Ble e tpuRlad Yoty e Al pogaseof

n

' ﬁwmemaﬁmﬁﬂﬂywewﬂﬁmgblEnwmendhum@mﬁumw'dﬂpmngrﬁmﬁmeﬁntn either

pr even?r%?é&f” rs ng Ir Zﬁ%lﬁ%zéé %la S E?ﬁpﬂr dl)ﬁg %ltOt have desirsble

prbpankissovith resped to eithdak. Wi t h stiffer pads i's the fendency-
towards an increased nunber -and density of surface

o L el AP L o

sevgraleendptitabls shergtteristies. f’ﬁhe optieal frepolution n@s‘&)eﬁrﬁuer&@h@td@h@smphc _

R L

. r&mhéiwdgwga@cr resabulinn g frbish Ly Yo prnteds eh@mowmblm the step -

%%gtﬂé) eﬂ :ngr% %%én?r%ﬁgl a?%{;l(;j%?/ﬂ%é; requr ri ngtmay be

ﬁnﬂwﬂﬁa@éndmgﬂaﬂmﬂﬂﬂgm$lsh|ng about 50 wafers, and

excessi ve dishing of the polished wafer because of
the pad softness. Also, for a netal damascene CWP
process, soft pad usually causes nmuch nore di shing 25
conpared with a hard padi It is generally known that
prevention of dishing requieres a stiffer pad. Thus, a
hard polishing pad usually has better planatization
capabi'lity than a soft pad. However, the defvets
‘Count is nuch higher than with the soft pad and the
wi't hi n-wafer -uniformty is usually much worse. In
~addition, bard pads may. be conditionable, which neans

- that‘the'pad surface'SO'cdndition'can be tc8euerated
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- whegiveebindenonvmer wozamse dethiept
- @fo%gwe giaﬂu@ﬁﬁ& SfhSghal rddta ?&tp@@@%eo%ﬁrf‘h feksib t@;ponshmg

that a hard pad may | ast nuch [onger than a soft pad.

Such reconditioning in situ also neans that polishing

tool down-tinme for pad replacenent is greatly

reduced. Currently, these problens are handl ed

using multi-step techniques wherein initial polishing

is effected at a high rate using one set of pads and

abrasive conpounds, followed by a second polishing

ste p Tn memg)fshes@mbﬂ@ns@temﬂs b%’ééeﬁm'olaﬁfa@ aize the upper surfaces
{% g ofs. OBt WidChkc u%qyaﬁhhéPﬂléﬁmEﬁ%xmémng

[ rst set.

ti me-consum n process an

mi@omg anj abraalvs nolgbmg agent werkad hy arottiseped. 4 cheiedlarechanical
%F@tuhg ,ﬁéaﬁnéiﬁea%wﬁe&qﬁ Qo " RAtbs @azé?% ﬁ@ra,émss to Beyer, e al.
anari zat1 on s are critic are as

'gﬂ%@m@%wﬁP@ﬁﬁm@ﬂﬁﬂabﬁa@ﬂvefgt@ﬁqﬂﬂysqﬁgmkﬁm@ﬁeqw@mdﬁgghasnmn-

%#??f i n&gﬂk %%%al AR VRS GhbRE oft £ Polyurethane

t oo s egood planari zati on,

ypes Wb pighons of ghysical properties

ormance. However, thin (5 t hi ck)
Erﬁbwégdbﬁﬂ&@ﬁaﬁéﬁﬁﬁﬂmﬁﬁ@h sufficiently durable and

do not survive the CVR process. Accordingly, the ,
need iGN aft%mbﬁi@d 1Y Sickntiddd eQUSrsRAl of Blei si@acp d8r tofbe removed,

%@%& e By b e Prodi UL s FaYFISs gRdictis
$o8] ﬁ&dﬁ&ﬁx@ !zligﬁ POBSHingGRes CCMR amahsfr@m ﬂwombﬁshaiﬁg réledht to the

lgé%%ﬁggl |OM/erOSIQH of onlaae g su W@ﬂﬂmgggegpummﬁ :

feliBesfe X Of bﬁﬁmﬁéxl &Ievﬁbé MR I&a@ﬁt ﬁﬁmﬂaﬁ eﬁ tt@l frotéin tolfdsel oves-

regU|éene ts mhlc , are_needed for the flxture

A48 &xone of fhe key proplems cnepptared dyripg CMP

f&fftﬁétafs%m&eedteﬂ ¥h B preRetifioh @fBiElifg requires a stiffer pad.

articul ar|y-ong na act ured an uncqgnpli.cated .
v roersadiorts SRR Prnl PROANR efreSed munber snd

deisiBCTedan M&M&f@w @ath @ffedidRrraie s@thlow yields of product.
invention, there i's provi ded a process of polishing a

o i Bt M s SO g s oo

dhiirssdre aOrepP mfoann ios arsgit anonovover fiber Ifadbeﬁm Werbnt@ge ef a soft

l%’gi%{sﬂ%ﬁﬁig %"ﬁ'ﬁ?ff’@%%é’%l‘g& )?%régl m/a“g]f.e?ggdc nponent saﬁnﬁfmmm

-mmwakx@ﬂﬁﬁ%ﬂhmmsdﬂﬁiﬁmhuﬁgdhmhpaﬂﬂﬁngmhmn@mmmmmm@mupdxmmg

GORLAD B o S SRR Blishe Pl PO P 288 oftns.

Alsd,hon aanaalng&ms&ené aNEnproceasych sdﬁepm usuéim @ugen dwipls more dishing

char%ﬁteéiﬁediaa{haV|ng a Shore D hardness of between
 said fiber web present at a | evel

of about 10-90 % (wt): prOV|d|ng a substrate to be

poI|dhmdxmgﬁ%ﬁh@meMﬁpgwgnmyo alishing spquises gyfifferpad. Thm&ahmﬂ

ARSI ) A b B o, .

- defictshronntiisoiseishighted tay with fheseft pad andithe within-yaleepnitegnity is vsually

By &”ﬁﬁ%&%ﬁ‘ﬁaﬂé gggﬁfﬁﬁ} %&%&iﬂdﬂ&ié %cmﬂe!ahstd&% the pad surface

acconpanyl ng l1is. a
@mﬁwmmmndmnﬁﬁmnamﬂnsn&aﬁsum#hh@ﬂaéﬂdmwﬂ?@#@g§§§mdmmnﬁw9mi

R Bl B B S B i il bty s

and advantages of the present invention will becone - -
readily apparent to those skilled in the art fromthe
foll owi ng detail ed descriptizon, wherein preferred- 10
enbodi ments of the invention are shown and descri bed,

. and as illustration of the best node cont enpl at ed

of carrying out the invention. As will be realized by
the stalled person; the invention is capable of other
and di fferent enbodiments, and its details are

capabl e of nodifications in various respects, wthout



25The fibers and matrix polymers together typically
forma pad, oi the fibers alone may formthe pad,
which in either case has a hardness of about 10 Shore
D to about 70 Shore D, and preferably about 30 Shore
Dto about 70 Shore D, as neasured by Duroneter
%Ebﬁf Sitfad. kicrAeetinkiteRing # ditu also means
har dnhe é ra 1es MAtﬁm%§§§%§@range§ﬂ%ay 6gienp oyed
mllﬂang)ﬁoelpgwatHI@fOWadt%ﬂﬂﬁ@PﬁltéW??élyﬁ%ja‘ge - di scl osed
herei n. Accordingly, hardness 30 values. of 10D, 11D,

12D epgknd ? BBse HidbleMs dard fhﬁlﬁcﬂécf asind evet- st@;ﬁ t&ﬁﬁ)qusewherem initial
cont enpl a

ed _her t|on ch orte
PoBGE RSy Bt e e sing ap Lot SHb AR E PR AR followed
6P RSEonE bb@d&ng%[ep%sﬁig@ﬁseb@ncﬁ%d&f cds fmcg sisradiveorompsnods differently

g;at?lé%%i e. ?c n ’l_n% %_\1/ Sgg tﬁ%%'fe-] §et§§§}s 5@ u?%eh%orﬂgﬁglglgtpfo%gss%?a NWioreover, it

the shEsmarort Wigh adttai daﬁsiuemdﬁehe) meew ofgtvandifierant pgds. For Cu

p[ocess. er atlve
P{anéiZﬁ QRN @rg a% aéth%oalgha?ig$ E}lwiry The prior art
Whd Rigaedibbthann gmg&f 1atyemi ndtveas esthercton etiditor tro tshié to obtam good

plebgphdh, SfFDro s A ofF) S PO, e BREBMy bl ied n an
@ftenhﬁ:btm@ bb’t@ln bettane@VIP troeforfmanes. $1cavestert thén (ﬁol()y%emﬂ el fibrous pads
RBOnh RS o gt Rl QR EBE TR piBiect |

hereln a.sheat h-core constructlon i S not the onl
for rerchrtbnglnrth@mﬁérwaStﬂ foeimeproved fibrausipeliding pads. h%lhﬁhrﬂuahty pad

SRUEHR H&\Q]ng it Qﬁg b RE E)?tre%{elypiolafdefects counts on polished

cons ructlons S|ca bl and

s conse extremelisetall dbpI ek GoHRLY kP SPS0p B Plifsd surfaces, and
?l%rey aﬁ%ﬁg gﬁ% Elrlf’g ég%ﬁﬂgﬁﬁﬁ%cdnﬂﬁﬂoﬂﬁg WHRLoGRNE@ing prior art CMP pads

er nop ernnsettlng pol

pmygmdaﬂlﬁ%ﬂm$%ﬁﬁwﬁ@§m§ éé?%ﬁﬁﬂ*%ﬁﬂg%PMMmlafCNﬂ’
§9cgeg%§ P Jl%\woﬁfgt e e no aipisuﬂlbl%ﬁﬁe 3R toPhe€: thes RFuirements,

I 'nclu I|n1 ted to polyners such as
petigularbtong mesufagierd e anmserarlicalse PoNEpUQUE REACCSS.
pol yanai des, polycarbonates 15 and epoxies. O her
polymers that have a rigidity sufficient to support
the fibrous conponent may al so be used. In this
regard, it can be appreciated that .such polyner
matri x conponents thensel ves may have a nelting point
(in the case of crystalline polyners), softening
tenperature (in the case of anorphous polyners),
and/or curing tenperature (in the case of thernoset
pol ynmers) which allows such polynmer matrix conponent
to be processed with the -20 above referenced fibrous
conponent to formthe polishing pads of the present
i nvention. The fibrous conponent is preferably in the
forth of a non-woven web or mat, which has
preferably been needl e-ranthed to a basis weight of
about 100 to about 2509 granms per square neter, and
at any:value or any range therebetween. For exanple,
the range nmay be between about 300-1500 grans per
square nel er. The optional biconmponent fibers or
bi nder 25 fibers may be conbined with the preferably
non-woven pol yner at any desired proportion, or the
bi conponent fibers may conpl etely replace the
non-woven pol ymer conponent The cheni cal - physi ca
properties, hence the polishing performance, of the
fi ber and pol ymer conposite are goi vened by the types
and sizes of the fibers, the types and hardness of
the polyners, the fib al to pol ynmer ratio, the
friability of the polyners, and the |ocal and 30
global distribution of the polymer raatriir within
the fiber mat. For exanpl e purposes, enploying a
| arger denier fiber (thus with fewer fibers for a



and the use of a high fiber:polyner ratio wl|l

typically iesult in a pad structure having a | ower.
overal |l density and surface hardness, and a hi gher
conpressibility as conpared to the .use of smaller

denier fiber. In addition, and by way of exanple, if

fiber denier is held constant, the polyner matrix

mat erial can be altered to influence density and

har dness characteristics of the final pad product.

5As al luded to aboVe, the optional [,conponent
fibers as a porti orSIBﬂMABY?OEéFH%MﬁIrQNpr esent

i nvention provides some uni que properties to the
pol i shing surfaee of the polishing pad. Bi conponent )
fibers are produaes LecestimdisisRe bwri@othyres gofidabn process of
the -same"spli nnerette. with both pol yners contai ned

Wi iy b gbstaRRishik | aagtaistind/\had, eomprising: arosidinerupselomgd from 2
constructions of biconponent fibers (S'de'b¥éﬁ'dﬁagofatmﬁs
Metotdopbhdat kystenpiackirpeeponend CoTBRrisHg Sy BaYOVEY Py Va

sheath/ core construction is preferred.i . r matrix
o poomnBREVLHE art SARY HETSRasCATB AT ST B
conprises ol yner having l; ] b4 RGtrix component, wherein
t@%ﬁ%?ﬁ?u?@l@ﬁgﬁmgﬁ%m%é%ﬁﬁ%%dégwﬁgEH§%re port[oﬁ. As

n teegoﬁ%mmp Qb tRmpRES SEIBsmonste nfitiern comprisiimbwe spelymers
abou to about 100 percent by wei ght of the . Sh

f LM RIPOaRanE filaest, 4GI0WFesie et padayearapigrigsidias Ry g Shore

that oPtional 15 enbodi nent where th ad is 90
et iardeys affbetvaen ftiopt HUstociiip %czﬁl?e’r W, ﬁ (BP i ot a %Qc{fﬁggb%qt 10

nunbers | ess than 100, percent : &tine the substrate
OBt (BN o T RERE® GAE BH T R PSS L ot a1l ing
conponent Accordi ngly, in the event that the fibrous
cdﬁ%&ﬁ@ﬂ?nagggﬂgﬂggbonprise 100 percent of the pad,
and a pol yneric conponent is _enployed, such

pol ymeri c conponent nay. be present at any.
corresponding | evel _ to make-up for the reduction
fromi 20 100% for the fibrous conponent However, in
preferred enbodi nent, the polyneric conponent nmay be
present at |evels of *out 10-90 percent, or at any

ot her individual percentage or range, e.g., at a

| evel of about 40 percent to 60 percent by weight In
addi ti on, the pads of any of the enbodi nents of the
present invention may have a preferred thickness
range of about 0.5 mmto 5.0 nun, and at any val ue or
range 25 therebetween. Accordingly, e.g,, the

t hi ckness range may be between atiout 0.5 mmto 3.0 .
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To preferably devel op a desired hardness | athe pad,
the fibrous conponent preferably conprises a
relatively tense network.of fibers and this network
is substantially conpletely filled with the

pol yneri ebnatfix binder- material to forma conposite
in which the fibrous 30 conponent becones enbedded
afiet the polyner is solidified. The solidified

pol ymer pref er abl y DEscrigTiaNOerae PrawyNGsar d but
friable matrix. Alter the sheet has been pressed to ‘
the Tprayenkon iendsirthesamdepoast by referensedp thehdetalyd dlescription

Ww&ﬁeﬁﬁ%ﬂ#ﬂcﬁ&?%@&ek& RginldAind, diapgnd di sk or

opposi ng ithine abrasive I Ters to Tenove the

Sklnﬂ#ﬁéﬂﬁ80|yner s rfa%%ﬁgggﬁﬁéggggﬁabout a1l té@f&gp&smﬁ

‘-kmmﬁhmthereby creates about al. to 2 ml thick flber

surface layer containing fibers that are partially
free. The creation of 5 this surface layer results
fromthe fdable nature of the cured polymer matrix.

I n ot her vvord &QET ?RM%ERH% arT

stronger .t hat fﬁ ger of polyner HH?TIX mat eri al

such that, during buffing, the binder is rendved at

the Stllrotkes qirciscandheivaningen b the pesant ieyeation i Sewomy readily

dparbdi€ thbRAkilRAGh BR it TR HOTBEW Ik Yetaildd fir Wwherein preferred:
buffing, a small” thlckness of . dq&ﬁg of sur ace

FOr§ReHts |°§ﬂxeé¥m€al%%¢t@@ dgscyi g af theohest mode
 dofembialR@ 08 ¢ atlRe Rivedion! QASHiN BRI By &Q s@{ued person, the

eddel .in the adjacent conp05|te bod

- whi ¢gh rema
igyention Wﬂgﬁd’ fothsg agd disfrent gmbapmgts adsis detgily @e Spible of

thodM@HShs POVArRE REpecs! %Tﬂfbﬁﬁiebﬁhﬁ?ﬁﬂxﬁ’ﬁfe%ﬁm he

defects count caused by wusing a conventlonal har d
SRR ERE NPT, N A—
abefddata heosl pomxef el {birded) rceﬁ@aﬁmt heyphal daeesvenfiexiiles
A R AN XK T M ——
golyesier ‘attiough golybiopsiend, wﬁﬂmﬁ ac:irmae poiyEhgless, ‘celhlntc afaterials,
shaleas\l\g;o%[ %ntpgtl)ﬂlﬁngn%né g WI tttbets may et &s%d In. particelar, bicomponent .
fibers, wherein, éhe core and sheath matma!s may be different from one another, or in a side-
by side configuration, mayl be preferably used as at least a portion of the-fibrous component
or as the entife fibrous component. The listed fibets are meant to be illustrative of the types
that may be used, but the inveation is not thereby limited to the enumerated types The fiber

* component may be: preferably present at levels betwecn 10-90 % (wi) m’ch rcspect to the

polyma: mattix {bmder) componenf.

The fibers and matrix. polymers iogether typically form a pad, or the fibers alone may
form the pad, which in either case has a hardness of abowut 10 Shore D to about 70 Shore D,

. and preferably about 30 Shore D to about 70 Shore D, as measured by Durometer Hardness

30

test method ASTM D2240. In addition, all hardness ranges within said ramges may be
employed for the preparation of the polishing pads disclosed herein. Accordingly, hardness
values of 10D, 11D, 12D and so on, up to a preférred level of 70D are conterplated herein. -
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hard stiff body results in reuch I ess dishing of the
pol i shed wafer surface. As a result, netal . dishing
can be mnimnd., In addition, erosion of the wafer

surface is reduced. In addition, the top |ayer

surface of the pads herein Sy be reconditioned after
pol i shing one or nore wafers to maintain a hlgh

per f qumance |evel.. .This_nmakes th ad. 20 ser CE [ife
much Y5ngfentl RS e SPPIQ oy, herpipepeofpablsy of qgheat-core

Mﬁbﬁﬂﬁil dri DEHOBy-F16O 66FEmendh, ad Yavidy «h aar@akeons H@tme as the
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Bemepiasitrani ﬂwmsefpngsdmas o @y plipsicad fiminsachsa bwlo'mmshsmrsm '

agfdfow@n ?ﬁ%a? ! %:J}l% &g‘?%ﬁs,%hd 11 B{k are not mited to
aneter o Se con or I'S ensures
mn&ﬁrmcm mtdlyasqfolspwh@m, rpglygcmam epolpsprenss, phlyamidbs tpolycabonates,

| | r r %g}tﬁhéf P%m%%;ﬁ{ ter na?}%&iﬁ%ﬁ%&%a%é@gﬂ% fibrous component

maﬁv@m lhegrsedy elmehln ragmdt éngl M@Mﬁ@d thstemdi polgneg matrgy components

BB bl £0hRI R, B S50ULE GToOPLCpATRED) Vining

tenperatine (wo'fhﬂ a(qqsqu mowhwmbfhmhtand/gr epring tempefatnce (i the case of

L ) s SRR A ks Bl Lokl
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the pad to the tooI for effective polishing. In
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‘pollshln ' slurry such that. fibers or. Bartlc
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.and the solvent is typicallY water. Such additi onal
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of mal eic acid, or copolyners-4 tnaleic acid. Such
fibrous or particle coni pongnt is also preferably
.prepared by any snitable process, such as be nonwoven
techni ques, for exanple -
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chem cal, nmechanical er thermal bonding of fibers or
the laying clown of a |loose mat of fibers 20 or
filaments as well as by +reeving or knitting
techniques. In addition, the orientation ofthese
optional fibers relative to the polishing .surface
may be controlled, e.g., such fibers may be
0f|entated predon1nant|y parallel to the surface, or

a@meﬂﬁmiwebmﬂhwgcméhhuiﬁﬁ@qymnaﬁbiﬁyasﬁhepﬁw&nuﬁﬁtmeof
P
S, S A TV LA e,

. Inhepe metsy altepiehendieAliciod tcz:mfﬂpmcprémsar ynd barfiskees characteristics of

pakh I%&ﬁﬁ of an abrasive particle 25 that nay be
Inth urry.: .Such abrasive particles typically
range |n glze fron1100 200 an1Accord|neg a fiber

di ametsetlirdsddle aBpvep e optigneal wieiof bispapeeab Pt RoyHoR of tho fber
Wi Flih R Sschisiafention fbvides BR\infiRe pRPaBR! fo M otkER: fefice of the

i nteract with the particles ? e slurry to
g b vRipepgen e orpeph B B g e relyErs g the same

%&em@m otk IpoBieR EdnR@ied vithind Mt ékdeCHlanBlte dmb@wﬁm are a
e polishinipad_ herein at |evels

present, in
%@%‘\ﬁe £ cpesigictighs) o {gw@@%ﬂm& fibers dyfiesbysPige cuaiix Pril, pie-wedge,
#lakddsag eRI)Ea ﬁm&bﬁ%ﬁm@&mﬁz@ Ride® Bi 16 pRAsh: Bifvertib® wherein the

pr esent nventlon i.e. dlnEnt That conbi nes
Srravdingsheatt, PR PPEERES R Pp@aﬂ% lojygt pelfing temperaturo than the
ﬂﬂﬁ@@ﬁﬁ@bcmﬂbﬁﬁmﬁOMIbe described. Wth attention

directed to HG 1, the non-woven fibers, optionally

L RS B el S 59ty 110 shovt 10

pammﬁmmamgﬁmﬂ&dﬁbﬂdﬁnqmwwm@mmmmnmm@mukmwﬁﬁmtmy&nh@oymmﬂ

SRERREEC Ty s 150 in SR g &3t Bons BhbbABH gnd wherein the

suibetsdedsi thdd Y00 ﬁércﬁhabmetsbﬁdﬁﬁtthaﬂ dptiorel Iedmbbdlmé'ﬁlﬁvlﬁiﬂt includes a
is then heated. Wt conponent
sefyoienf (ko BBROET  Atebinell 18 e e SRL the* AR SRRt Cdoes not

‘amﬂpamiﬁﬂ)ﬂanannﬁfhapagamShgd@nmﬂ&ummmam&ﬁésmhﬂaﬁﬂngmhgobmmmm

as, not above. the pnicess . s, followe Vi
Sinbothe B 1° PR ob) Sl PR Joft o meliie 6P o ogagtion from
MﬁﬁiﬂmnheHﬂmamdmmMmmkmesEhwéWmkmﬁpm@mﬁaumme&nmuyﬁm polymeric

Et%%lg’ res aI l 9{1% e ; OF rgg%l?)}()%g %Gﬁcegg oidlgdnybgﬁleraﬂ&w&ual

_pwwaﬁmnmthagﬁangﬂﬁmkwdhﬁdhmﬁﬁnxﬁﬁﬂﬂoﬁsmmnﬁhbyv@hﬂet SO

formed is then buffed to renove polyner mat Fi x skin

'sheg?}carﬁﬁltnh P&em{:io g%@g%‘?%%ts{’ lg%gg %ﬁmm&yhavea

mfap@ ﬂmmnangg/ of zbowr 0.5 uhfy tﬁgﬂhmdmm/@uy aglae or range

f%%"tel ng |%cg&§m 5| P’etgélaﬁape q?l%g%&qﬁtﬁ%h%gdlwsmm?'o

8. converted in Aany conventional manner,. such.as the
i ncor Poration of other physical features into the pad

(e. 9o PrepRMty Govelop a Hoditcl Bhirdhd PN EpAAOE FbloAYcomponent preferably
Performance.” 151n an alternative process one can

“cqpprises grelatiedy Kose nEwerk| of e and iy pstwetinis Siskptially rgmpletely

iﬂﬁ&@nﬂ&ﬁe9&¥ﬁﬁﬁbﬂﬁﬁmﬂﬁ&ﬁﬂnﬁ&ﬁﬂﬂBQ$ﬁﬁEﬂ&hﬁﬁﬁélﬂﬁ&&hﬂﬁrﬂwmm
si-t uat i on non-woven is_cut jntg sheet

cpepensHt heromss sadedied plish they pibymaer i ofdifiad ’ﬁ!ec%@é%d polymer
PRFTIR fdohs & lrelRinREEh A € But RISt Afer &k sAROHs b8 hréssed to the
‘550F and pressurg€s up to-about 2000 psi, and cut into

a desired shape, and al so optionally converted as

not ed above. 20Table | bel ogv stnnmari zes the working
exanpl es of the pads that were nmanufactured according

to the general nethods of the present invention.

"TABLE | Padl Conposition '
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Pad Conposition Pad Conposition Physical Property ,
15% Bico .15% Bico 75% Rico 75% Bi conponent/ Two
Pads Pressed Toget her - Bi nder- 1.10220 [404303t,
wt.] Binderl. 049C

final thickness, the top surface of the sheet may be conditioned by buffing with a diamond

 disk or opposing inline abrasive rollers to remove the skin-Jike polymer surface and expose

about a 1 to 2 mil ﬂlickaess-({')._()zs to 0.052nm) of the fiber mat, which thereby creates about ‘
a 110 2 mil thick fiber sotface layer containing fibers that are partially free. The creation of
this surface layer resulis from the frisble natore of the cured polymer matrix. In other words,
the strength of the fiber i stronger than the binder of polymer mairix material such ﬁ_mf,
during buffing, the binder is removed at the surface while the surface fibers remain attached
to the fiber and polymer composite. Thus, after buffing, 2 smafl thickness of depth of surface
polymer is removed to leave a thin sarface layer of free fibers, segments of af least a portion
of which rémain anbeddéd in the adjacent composite body of polymer and fibers. During
CMP processes, this fibrous pohshngsurface helps to reduce the defects count cansed by

wsing a conventional hard pad. In addition, the solid matrix formed by the polymer densely

filling the fiber mat or fibrous component herein preferably increases the hardness of the pad.

Acoordinglj;, the thin fibrous surface layer of the prefemred pad of the present
invention significanily reduces the defects ‘count of the wafers polished therewith, and the
hard stiff body results in nch less dishing of the polished wafer surface. As a result, metal

. dishing can be minimized. Tn addition, erosion of fe wafer surface is reduced.

n addiﬁori, the t6p layer surface of the pads herein may be reconditioned after

‘polishing one or more wafers to maintain a high performance level. This makes the pad

service life much-fonger than conventional soft fiber-based pads. The conditioning process
can actually recreate the thin (about 1 to 2 mils) fibrous surface layer which continues lo help

.' reduce the defects count, wﬁﬂe the underlying hard fiber and polymer body suﬁicxenﬂy fixes
- and supporis ﬂae fiber layer fo rednoe the dishing phenommon_

Optionally, to form a polishing pad, an adhesive-backed siructnre may be aitached to .
the backing surface of the composite as an alternate means to affix the pad to a tool. The
backing structure may provide a medium for attaching the polishing pad to 2 tool and add
compressibility to complement he rigidity of the composite matesil fayer. The rigidity of

~ the composite material layer provides planarity on a small scale, that is, over a small region

of the substrate o be pohshed. “The oempressibmty of the backing structure provides
umﬁ}rmzty of pressure over the entire subsirate sm'face, for example over the 8 inch or 12
inch dismeter of 2 semi-conductor waier. This ensures uniformity of polishing if, for
example, the s’ubsimte is concavely or convqﬂy ourved or otherwise irregular.

9
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[40-60 %wt.] . Binder UD220 [40-60 %wt..] . 60%
Bi nder UCR20 (40% -60% (40% (60% . (40% (60%

éltel.-naﬁvely, the-present inveption berein contemplates the use of, e.g., a Mylar™
film, confaining pressure ‘sensitive adhesive {PSA) on both sides of the polymeric filn
utilized thereir to faciitate attachment to a tool. -In this situation, it is contemplated that such
Mylar™ film will pmvidé more of ap incompressible layer, but still efficiently serve as a
means of attachment of the pad to the ool for effective polishing.

In addition, in yet:f another firther optioﬁai embodiment, the polishing pads of the
present invention may include a fibrous or particle (e.z. pcwder) component that is soluble or
swellable in the polishing’ shurry, such that bets or parficles of the present invention may
dissolve upon contact with the slurry, including shurries fhat are cither water based or non-
water-based. In semmonductor water pohshmg the shury is typmally an agueous medium, -
and the solvent is typically water.

Such additional ﬁbrous ot particle component may therefore be formed of vazious
switable polymer materials, preferably including poly(vinyl alcohol), derivaﬁves of poly{vinyl
alcohol), oopolymers of poly(vinyl aloohel), polyacrylic acid, derivatives of polyacryhc add,

_copolymm's of polyacrylic acid, polysacchandes, derivatives of potysaccharides, copnlymers

of polysaccharides, gums,- dmvahves of gums, copolymers of gums, maleic acid, derivatives

“of maleic acid, or copolymers of maleic acid.  Such fibrous or particle coniponent is also

preferably prepared by any stitable process, such as be nonwoven iechniques, for example
chemical, mechanical-or thermal bonding of fibers or the laying down of a loose mat of fibers
or filaments as well as byl éveaving or knitting techniques. In addition, the oﬁgztatimi ofthese .
optional fibers relative to the polishing surface may be controlled, e.g., such fibers may be

“orientated predominantly parallel to the s_urfac_:e, or preferably in an orthogonal configuration.

The fibers or particles, bejng soluble, may also be selected such that after dissolutton, a pore

s formed, wherein such pore size is coinplimentaiy to the particle size of an abrasive particle

that may be i the slurry. : Such abrasive patticles typically range in size from 100-200 nio.
Accordingly, a fiber diaméter rage of 20 — 200 i is preferably employed, which has beea
found to provide the optimum size for inferacting with the particles of fhe shurry fo optimize
wafer polishing. Furthermore, the optional soluble or sweliable fibers of particles noted

- dbove may be present in the polishing pad herein at levels between 10 % (wi) to 90% (wi).

The process for ﬁ)mng one embod1ment of the pohshmg pad of the present

- invention, i.e. that embodiment that combines the fiber component with the polymer matrix

component, will now be deseribed. With attention directed to FXG. 1, the non-woven fibers,

10
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Thi ckness (mrn) 5 - 1.5 .5- 1,5 .5- 1.5 1.0 - 2.0
Wei ght (g/ nR) 400 - 700 400 7 750 350-750 -

optionally including the bicomponent fibers, can be needle-punched to form a mat. This is
followed by impregnation with the polymer mafrix component ﬁsing a process such as, but
not limited to, spraying, dipping, knife-over-roll, or transfer coating to substantially safurate
the mat with binder. Thé mat is then heated‘ with the polymer matriz component fo an

effectively dry condition. “Then, the dried material is cut faio a sheet. Then, after heating to

dry as noted above, the process is followed by application of heat and pressure to the sheet to
set the density and thickness. Such temperatures may preferably fall in the range of about

200 - 550 °F, and the pressures may be preferably be up to 2000 psi, or within the range of

about 500-2000 psi. The sheet so formed is then buffed to remove polymer matrix skin
material to form the poﬁsh;ng surface, and the sheef can then be conveniently cut to a desired:
shape. Optionally, after buffing, an adhesive layer may be applied to the sheet. In addition, -
after cuifing into a desired shape, the polishing pad may be converted in any conventional

-manner, such as the mcorporatmn of other physical featores info the pad (e.g. groovmg) to
. farther unprove polishing perfuunance

In an alternative pmccss one can avoid the use of the polymeric mainx component,
and make use of the non-woven component. In this situation, the non-woven is cut into
sheet, and lLieated and pressed to set the density and thickness, similarly at preferred

“temperatures of about 209';;- 550 °F and pressures up to about 2000 psi, and cut into a desired

shape, and also optionally converted as noted above,

~ Table I below smn;:naxizw the working examples of the pads that were manufactured
accoxling to the general methods of the present invention. '

11



700 - 1400 Density (g/cc) .4 - 1.0 .4 - 1.0.
.5-1.0 .6 - 1.0 .

TABLE I
Pad Pad
Composition ) Pad Composition Composition
T 175%
: ' BicomponentTwo
Physical ‘ : 7 Pads Pressed
‘Property 15% Bico 15% Bico 75% Bico 1 | Together*
T ' Binder: )
Up220 Binder1049C Binder UD220 60% Binder-
-| [40-60% wt] | [40-60 % wt] | |[40-60 %wt] " uD220
| (40% -60%) | (40%) (60%) | | (40%) {60%)
Thickness (mm) 5-1.5 5-15 - |1.8-16 L1 1.0-20
Weight (g/m2) 400 - 700 400 - 750 350 -750 - — 700 - 1400
Density {gfcc) 4-10  [4-10 5-1.0° « 6-10
| Hardness < . : .
{Shore D) 30670 30-70 3070 30-70
{ Compressibity . : )
(%) _ 10140 |4.0-40 10-40 - §5-20

 All data in Table I applies to buffed dnd pressed pads _

Bondthano UD220 (Bond Adhesives & Coatings Corg) (aliphatic polyester urefhanc
dispersion) o
Sancure 1049C (Noveon, Speciaity Chenucals) (aliphatic waterborne méthane polymer)
*Two pads pressed together were 60% binder and 75% bicomponent, pressed together at

- sbout 20,000 Ibs. at 300 °F -

In adﬂiﬁon, it can be scen from the above. that in yet another preferred embodiment of

7 the present invention, two pads may be pressed/bonded together. In such case, thickness

naturally increases, and :comprmsibﬂity decreases. Accordingly, the present invention
contemplates one or a phurality of pad Iayers for a polishing pad application. ‘ ‘

iz
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Har dness (Shore D) 30-70 30 - 70 30-70 30 - 70
Corripnssibility ek) '

Farthermore, as noted herein, the present invention contemplates the use of a needle
punched non-woven fiber web, without a polymer mairix component, at a basis weight of .

 1000g/m® Such product is contemnplated as havmg a thiqkness of 1.5 ~ 2.5 rn, a density of -

0.5~ 1.0 g/oc, a hardness of 30D —~ 70D, and a compressibility of 0.5 —2.0 %.
Tn addition, # should be noted that “Compressibility” in Table I is established by the

' following procedure: Test: samples are specified. Test equipment is an Ames gages (Model
- BG2600-1-04). First one determines the initial thickness using one specified Ames gage
* which has a 287 gram loading, 2 “diameter anvil and 3/8” diameter foot (plunger). Ope then

randomly selects one spot on the sample which is marked with an “X”, This is followed by -

- gently placing the “X” spot betwsen the foot and anvil of he gage and one records the
_ thickness reading as it appears on the digital readout afier it becomes stable. One then
- determines the final thickness using another specified Ames gage with has a 795 gram

loading, %" diameter anvil and 3/16” diameter foot (phwnger) as foﬁows One genﬂy places
an “X™ spot between the foot and anvil of the gage and records the thickness reading as it

~ appears on the digital readout when it becomes stable. All thickness data are recorded. One
: calmﬂa:tes the % compressibility b}r using the follovmng formula: % Compressibility = (Initial
: Readmg -~ Final Readmg/!mtxal Readmg) x 100%.

It should be clear from the above description and comparison of properhes that the

. present invention pmmdes a process for prodacing a polishing pad in'an uncomphcated '

contimwus manner. The. pads formed by this process may provide a wide latitude of

" properties due to the-combinations of compositions that are possible. Further, a nove_ﬂ means

- for ﬁr’oviding improved fiber to binder adhesion is provided through the use of bicomponent

25

fibers and matching the molding conditions of the top layer to the melting point of the sheath “
compogent of the bicomponent fibers used. ‘

. The polishing pad-of tho-present invention is patiioularly suitble for the chemical
mechanical polishing of semi-conductor wafess. The polishing pad may, however, be used

-~ for polishing other substrates, such as metal, ceramic, glass, wafers, or hard disks, in

E polishing appﬁcaﬁons ﬂmt use a liquid medivm to ca:ry and disperse abrasive pasticles

)

between the polishing pa_ii and the subsirate being polished. Having descrbed prefermred

embodiments of the invention it will now become apparent to those of ordinary skill in the art

that other embodiments incorporating the concepts of the present invention may be used.
Accordingly, it is submiited that the invention should not be limited by ﬂlﬁ described



1.014.01 .0 - 4.0 1.0-4.0 5i 2.0. Al'l data in
Table | applies to buffed find pressed pads

Bondt hane UD220 (Bond Adhesi ves & Coatings Corp)

(ali phatic polyester urethane 5 dispersion) Sancar e
1049C (Nov:eon Specialty Chem cals) (aliphatic

wat er bor ne uret hane pol yner) 4:1'wo pads pressed

i R L

athfthd i on, it can be seen fromthe above that in yet
anot her preferred enbodi nent of the present ‘
i nvention, two pads rmay be pressed/ bonded toget her.
I'n such case, thickness naturally increases, and
Conpressi bffity decreases. Accordingly, the present

i nventi oncontenpl ates one or a plurality of pad

| ayers for a polishing pad application.

Furthernore, as noted herein, the present invention
contenpl ates the use of a needl e punched non-woven
fiber web, without a polyner nmatrix conponent,. at a
basis we of . 1000g/nR2: Such product is contenplated.
as having a thickness of 13-2.5 nm a density of ‘0.5
- 1.0 glee, a hardness of 3013 - 70D, and a
conpressibility of 0.5 - 2.0 % 5In addition, it
should be noted that "Conpressibility" in Table | is
-established by the foll ow ng procedure: Test sanples
are specified. Test equipnent is an Anes gages (Mode
B02600-1-04). First one determnes the initia

t hi ckness using one specified Ares gage which has a
287- gam | oading,- 1/2 "dianeter anvil and 318"

~di aneter foot (plunger). One then randomy -selects
one spot on the sanple which is marked with an "X"
This is followed by "10 gently placing the "T spot
bet ween the foot and anvil of the gage and one
records the thickness reading as it appears on the
digital readout after it becones stable. One then

14



- determ nes the final thickness using another
specified Anes gage with has a 795 gram | oadi ng, W
di aneter anvll and 3116" di ameter foot (plunger) as
follows: One gently places au-"X" spot between the
foot and anvil of the gage and records the thickness
reading as it 15 appears on the digital readout when
it becones stable. Al thickness data are recorded.
One -calculates the %conpressibility by using the
fallowi ng formula: % Conpressibility = (Initia
What Recddimmgyd i nal Reading/Initial Reading) x 100% It

shoul d be clear fromthe above description and
conpari son of properties that the present invention

provi des -QC r IC] IL.Shi - o0
L B BESS 7 PRLREAR SRRl T hafR i OofaSiny
gﬁavﬁﬁ’ngxa bga SfoPi@a eE S TRY (W6 R¥hienents fchatd Firde cofponent
ropertt¥es*due to the conbinations of conpositions )
compriidiab aanen-pasehblilser. webiofhebasia weighe! ofnalang 10892500 g/m” and a
: providing inproved fiber to binder adhesion is
secongbreovisgnT igonpgisinghe pekynst BaomseRaencat, said fiay component
mat chi ng,t conditigns "of the top layer to

L he nol di n
distribuge wetaid Hggﬁb‘?lﬁpa%g( ¢HBPeREt h  conponent of the

hi.conponent fi ‘ 5 i §hi ' o
SUBBEREIEbob DS, 158y ATDRRRRL FEBERRE B, comprsing
) Haniiasle AR 4 of sem - conduct or :
tw“‘“&2§§?§$&$%2k38yﬁghing %ad may, however, be used for
pohdrehi pgidopdikeis sheraticaized asshivfings Sedrel D kadaesscof between
glass, waf ers, or hard di sks, in.polishng o
about ApP! oK. onsd fiher web @resant ghia devebaf aboutol 9P P9 (ki
er.se abrasive Eartbple_ bet ween the poli shing

di s
ﬁ%ﬂe%HEB?ﬁgggﬁﬁgﬁq £ Rofjsh pol i shed. having
I pbe .erried 30 enbodi nents of the invention
g§8§%¥$§%3§ﬁ§é%%ﬁe apparent to those of ordinary
lishigtht REbatdte W8t tHet d1eFryaRadihegsads | ncor por at i ng
he concepts of the present invention may be -used.
Accordingly, it is submtted That the invention
should not be Iimted by the described enbodinents
2. phe pradess ofhelaita bnwheksan| thei TytBle eHEPEISPT Bt SERyconductor
scope of the pencled clains. Wat is clained is: 1.
‘A process of polishing a substrate using a polishing
pad, conprising: providing a pad formed froma
t wo- conponent system a first conponent conprising a
3. NG WO 4ff dlgimyVer Of whebdaithe web@hite GOmPHSER metal.
100-2500 g/ nm2 and a second component conprising a
pol ymer matrix conponent, said first conmponent
distributed in said mer, matrix, co

ol nent ,
4. Jiher prageshel ﬁl:%m\ﬂdve?g()f Boavheren wotpp sfggtﬁsﬁ ashpdssenpolymer
which i} ggq 1§ ST TA1E 16 SR aRRNIRISifigy! & ned within a

wafer

5. The process of claim 4, wherein said soluble polymer, upon solubilizing in

said slurry, provides a void in the pad.
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wherein said pad is characterized as having a Shore D
har dness of between about 10D to 70D, said fiber web
present at a |evel of about 10-90 % (wt); providing a .
substrate to be polished; providing a slurry; and
polishing the substrate with the slurry using the pad
2. The process of claim1l, wherein the substrate
conprises a sen -conductor wafer. 3. The process of
claims 1 or 2, wherein the substrate conprises netal
4. The process of clainms 1, 2 or 3, wherein said pad

6.  flihet prrcesnaifuates oae pf theepraskilong Plaims) wheeeinrthe bicomponent
swel labl e in i d pol i shi slurry. 5. The process

fibers 6@%0&?#15&1?&“%9@ $P %aﬁg‘f"ubl e pol ymer, upon
solubilizing in said slurry, provides a void in the
pad. 6. The process of any one of the preceding

7. qgﬁ' ﬁ%cew%f eldint BEwhepdfiRAR&IEombbRES BBEMIdré &ommprised of at

- shealth/core configuration. 7. The process of claim

least 6ne Wfepelyethylend)i polvetndate ftetephthadate, pohyssiaedadyamide, and
| east one of pol yethylene, polyethylene

polypropylepkit hal at e, pol yester, pol yan de, and
pol ypropyl ene. 8. The process of any one of clains 1
to 5, wherein the biconponent fibers conprise a

8. FlCHRYR 9t SRNMonBUS AL Ms 1 to 5, wherein the bicomponent fibers

comprise a side-by-side configuration.
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