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PCT/ US98/ 07908 TI TLE POLI SH NG PAD FOR A SEM CONDUCTOR SUBSTRATE 5
BACKGROUNRy&bs/47d62 | NVENTI ON 1. Field of the Invention. Far8SpsHrest’i on
relates to a polishing pad used for the grinding, |apping, shaping and

pol i shing of sem conductor substrates, wafers, netallurgical sanples,
menory di sk surfaces, 10 optical conponent, |enses, wafer masks and the
| i ke. More particularly, the present invention relates to polishing pads
used in the chem cal nechanical poli shi wa sem conductor substrate and
net hods for their use. 2. Di scussion of the Related Art. 15 A
sem conduct or waf er ' i MICONDUTTORCSUBSTRATE ! con or
gal | i um ar seni de mrm&bﬁu\%r&%gﬁl}ra Ity of i ntTegr at egsci rcuits have
been fornmed. Integrated circuits are chem cally and physically integrated
into agubstrate by patternBg : G INVENRIONNd | ayers on the
substrate. The layers are generally fornmed of various materials having

ei ther a conductive, insulating or sem conducting nature. In order for a
devi ce tolhave id o LI , It is crucial to start with a flat

sem conduct or I I iahtdo 4 inp! §mbing and
sem conduct or ﬁ{“g r“.“aelrﬂﬁmt1 2213'%? g?:a,gg&lgsthiengsb%df g%ég\?fi% ég&? gﬁ?iﬁg%’t %agﬁlﬂg’rgﬁb 2
perforned gelishingedtesemicontinctor stisstrates, mafers| metallurgical sooglep roemerysdisl sudeessr
which may result in a l.arge nunber ?{Q i ogei. bl e _devi ces) Fo%exagﬁ*ev i.n
fabri cH i ngptirstermPoneRt, daREk CYBPT MAY g’l"gtt ¢ like. . More Partjcplasly, the present fnvenion
form conductive,li . Ly St filc H ' i st
St Ut ur e. T5ED e PN, PAE qsBl B, 4T b Ea S Anfial pollHffef e SR

t opogr aphy gi¥strate\4ad adethdg Horytheir uegul ar, wi th bunps, areas of unequal

el evation, troughs, trenches and other simlar types of surface
irregularities. dobal planarization of such surfaces is necessary to

ensure adeguate deBth oLfI CﬂélaﬂeWA phot ol i t hography, as well as renoving
any irregufari tm%m%ce—rwpﬁections during the sequential stages
of theqf abri cat p0BendiBonduBtorcwafer tfpitdllyuipclusley ar substratehmichues aesilisin oo gallium
ensure wafer surface planarity, processes enpl oyi ngs hem,cal chani_cal

pl anari zat xsenide waeri oni which < piraligsofh mbesrated | dxrulls Jiaye bsen gdntegrated

planarize (¢S Urd Bhniely"HlehRystiliy Bebrifod BHd £'43bstHaB065 pahefifiel Rions i¥'e.

-2 - fabri gasiroR 4nd 1yéiSiont the isubstaie ViRl Myerpard gemerallyefoxmed rofl vasioin intayerialsn
general , chem cal . . . . )
having either a conductive, insulating or semiconducting nature. In order for a device to have

20 high yields, it is crucial to start with a flat semiconductor wafer and, as a result, it is often
necessary to polish a semiconductor wafer. If the process steps of device fabrication are
performed on a wafer surface that is not planar, various problems can occur which may result
in a large number of inoperable devices. For example, in fabricating modern semiconductor
integrated circuits, it is necessary to form conductive lines or similar structures above a

25  previously formed structure. However, prior surface formation often leaves the top surface
topography of a wafer highly irregular, with bumps, areas of imequal elevation, troughs,
trenches and other similar types of surface irregularities. Global planarization of such surfaces
is necessary to ensure adequate depth of focus during photolithography, as well as removing
any irregularities and surface imperfections during the sequential stages of the fabrication

30 process. |

Although several techniques exist to ensure wafer surface planarity, processes
employing chemical mechanical planarization or polishing techniques have achieved
widespread usage to planarize the surface of wafers during the various stages of device

»-



mechani cal polishing ("CVM") involves the circular notion of a wafer under
a controlled dowmmward pressure with a polishing pad saturated with a . .
convent i op@logubeeRi cal |y chem cal ly- active, polishing slurpgrnisesorss

Typi cal polishing pads avail able for polishing applications, such as CWP,
are manufactured using both soft and rig2é¢ pad materials and nmay be
classified in three groups: polyner-inpregnated fabrics; mcroporous filns
and cellular polynmer foans. For exanple, a pad containing a polyurethane
resin i npfabgicationdini atder atopimproed gield)operfurmance’ and irelidbility) | Iis t general,e chemicdle

first group. Such pads, illusirated in Figures 1.and.2, are comonly 1
manuf act Lmé@‘awalpl?‘élﬁg’f“gnt;cﬁk%én‘f‘l’ Vs Eney gqu%rm%‘b“ Of 3 Wgfer cundep 3 Eé'ﬁ‘aqq‘eﬂg
the fabri ' I L, . W o) e
and catt 1 St pRési UK o ndiRi B Kalidd Wi 0GR bRl ypaLp ehuifiRaly

| at er al dictweSiolisking Blatryshi ng pads of the second group, are shown in

Figures 3 and 4 and consj st of m croporous IIU’ et hane fi|ns coa}tled onto a
base raterial hrnieah palishmgepads aivﬂfﬁ%@grf%éﬂ’*@ﬂﬁi@f’é"ﬁatﬂ‘s’ tIHE f?'srs‘sl\ér oilB.
These por Al . 2S5 ' lyent o

end cyloi n@#@cfga#u%g rd(?i:){sn(.‘?g ﬁﬁﬁgﬁ?‘ggqﬁ%%g §§fdl at?%’eé?{ ﬁledraﬁfa g(r}jc?uégxsg?{gdgﬁo@fekg %@Pﬁ?
pol yner fgulymeritnpréghatedofiblicsp aticraponpusiilmrand cellubnt guiymanidamsi fRorrdxgmple, a

distributed in all three dinensions., An exanple of sych a pad is L.
representRad icantmning @spolyurethape resia YRNTESALSSL IS B PRIYestsro ap- Ve stabHE yiser
foans is . 1 ypiccal l [ ti t b Bl 1L g I u
transport'.ﬁgv\’ha ‘5’% ostC%Fr%rsﬁggn por%aldﬁlsj‘?agg’m r(Eatgm('(t1 ﬁ‘gl’%gﬁ skg‘lr gngr%(’i %Ji?czl:'(g?ﬁp?my

t ext weed whidfadtirad bg|pepaging @\coatituous ¢oll or aieb @f fabiric; intpregnating ahe fabkic SWithr thy
transport during polishing. For a nore detailed discussion of the three

mai n gr oupymeer, generallyi palyusethane; cwring ths palymer;sand cyttings slising andfadiing the pad to

I nternati leeﬁxl:éﬂ%ikﬁ%js%Wemlmg{s@%m’ the specification of which is
e re

i ncor poraté rern erence. er 25 representative exanpl es of

pol i shing pads PpdlihidgSsads ifdhé Beddnd. grbap,care shoemn i, Figded 32 and! A84d 68ddist of
4,927,432, 4,954,141, 5,020,283, 5,197,999, 5,212,910, 5,297,364, 5,394,655
and 5, 489mizgmoreyscurgibang filmspopted ontg a hpseanaterial whichyis o8en an impregnstad &bric of

Cechriiquats A il (LB pdtods RS REE Eomdhe oR 'sot® of AN 3ienfl Joich 3 "

di st ri butdylifidrical péres.pol i shing surface becones inportant. For nany
pol i shing processes, especially those operating at high rotational speeds
or pressures, iRPelishiggpads of the third group gee dasedicnl pplymes framys hayingabullyipprosity se

Subst r at avhiEh eERAdndY B bkl gl s et Biferiiy b ASRBRof i o pad

is represented in Figures 5 and 6. The volume porosity of closed cells polymer foams is

N R T TR

20 typically discontinuous, thereby inhibiting bulk slurry transport. Where slurry transport is
desired, the pads are artificially textured with channels, grooves or perforations to improve
lateral slurry transport during polishing. For a more detailed discussion of the three main
groups of polishing pads, their benefits and disadvantages, see International Publication No.
W096/15887, the specification of which is incorporated herein by reference.  Other

25 representative examples of polishing pads are described in U.S. Patent Nos. 4,728,552,

4,841,680, 4,927,432, 4,954,141, 5,020,283, 5,197,999, 5,212,910, 5,297,364, 5,394,655 and
5,489,233, the specifications of which are also each incorporated herein in their entirety by

- reference. “
In order for CMP and other polishing techniques to provide effective planarization,

30 slurry delivery and distribution to the polishing surface becomes important. For many
polishing processes, especially those operating at high rotational speeds or pressures,

inadequate slurry flow across the polishing pad may give rise to non-uniform polishing rates,



SS——meazir -

pad. As a result, various efforts have been nade to inprove slurry
delivery. For 5 exanple, U S. Patent No. 5,489,233 to Cook et al

di scl oseswdngs/ans& of | arge and small flow channel s to perm PCTUSPRGT808 ~ of
slurry across the surface of a solid pol i_s;u_i ng pad. U. S. Patent No.
5,533,923 to Shanpuillian et al discloses a polishing pad constructed to
I ncl ude conduits which pass through at | east a portion of the polishing pad

7584, D64 B amrsnsyalbotcrar b sivafalelor Hulle, BEtkmdtan BEUEMoipBpg eng 452

spaced ap 4$ hivePbded Madd {0/ infiTb08 Slubiydelvély S Woragample, U.S. Patent
Al ternati \%e%li}eq}ﬁﬁgug ggg‘léﬂ‘ﬂm 5,562, 536ﬁ‘tﬁ.o Rurlllnlgl S g?yal di scl gsed a

pul sed- f oreds#89,28mtbAsokket alvdiscloses ke usavof fasge andsmall iflpve charingls tonpermit
pad to cycle periaqdjcally betwee

bet ween th'éa%_ﬁ#“ér‘)fé]r‘l’dfyp%ﬂ?s g s IRy %ﬁ%{h@?%yg%%%%tf%?% g
for the ab%@gﬁo;lggm%{‘%gg)&%%%é%at 54?1(@%% pad BorMdificlel StoVRicRIde SeUNdRRE )whiblS pass

Patents 5, and 5,562,530 are each i ncorporated
herein by thedughenteast 4/patioh oEdie pdlishkingeiadita permit flowsofithe polishingsshirng Hisnilarly,
Foughness. Ush@aisatps 55064 10 preiae ef Ao desciiel Hopeuoe Pad couminiig Raced spart
appl yi ng sur ) Lot QR : t |

Fonper at ur IBE, Sufiby iy debr R pal RrALE; RitcRdnicly U FARIRES, 22,850 1o,

resin. JP-Ruthzfos abYistlosed apaised-foreed systay tiatchllbws fierdthb dosinnfoesei hudding a wafer
thernosetting resin under pressure. The [esug{/\ﬁnt {‘ojad IS a,sintered
structif e qutors pad toeyaleBedadieally betwari BHERIMBUA.-o SUIRYHHONS PiaSPaTeebeweem B

for their inten . | s . | Sh
pad wni ch B0 RHEBedl 4o 3B mnt Gies Qlurry GfFBLARE < al3ids B P el Retor
especi al | ythe gfaduge eioteQHe wafee ansface). | V. 8.dBatenzns,uB2L33,i §,5a3,9¢8d 5{56#,064 and
pol i shi ng pads having i nproved polishing efficiency (i.e. increased renoval
rates), inpPo%830 arepaclyingernopateq hereincby fefefBNGend uni f or m degree of

perneability of urny, . thro | ' I ' v .
resi stance to céﬁ*%wog{"cﬁ‘g%@ E P%ﬁg a{'fgsu?tla#lgg'g{ ﬁlg}éd&gﬁ%efdoé@{)%’ gg‘re (e)% e
subst rat e. fof harifptdvedl polisliing ad wiich prividesi efgcivgplahdridatiomacives anridi subsinate,
by nmultiple pad conditioning nethods and_that can be reconditjoned nan

times bef ovspesially fog use b CMEmraessses. Svaiditionortheres paefpORolishing pads having
opent el | PRt ling StidiEy, e nbRate ey idhell fichol B MG ReRery G ih
The por ousarulisifdrit degrée of Peétmeability of slurry throughout pad in all directions), improved
resistance to corrosive etchants, and localized uniformity across the substrate. There is also a

20 need for polishing pads that can be conditioned by multiple pad conditioning methods and that

can be reconditioned many times before having to be replaced.

SUMMARY OF THE INVENTION

25 The present invention relates to a polishing pad which includes an open-celled, porous
substrate having sintered particles of synthetic resin. The porous substrate is characterized by
a uniform, continuous and tortuous, interconnected network of capillary passages.
The present invention also relates to a polishing pad having a top surface and a bottom
surface and which is open celled and which has a skin layer on the bottom surface but not on
30 the top surface wherein the cells are connected throughout the pad from the top surface until

they reach the bottom surface skin layer.
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characterized by a uniform continuous and tortuous, interconnected net work '
of -capillary passages.Th e epl Vbntion also relates to a polishjng
pad havi nw(ﬁggmpszsurfaci H surface and whi ch i s rqyeUsesedoed and
whi ch has a skin | ayer su;rf?ce but not on the top surface
wherein the cells are connected througholUf "the pad fromthe top surface
until they reach the bottom surface skin |ayer. WO 98147662 .

PCTI US9S8 ' 908 -4- The present invention also relates to a polishi.n ad
that does not SWhelnresent mmentioncalsofe t‘?§f"°\ﬁ8&°é‘§'%“&(??‘% 2 dogs R%ﬁqwe!\‘ﬂﬁ t%g@g%qnﬁe
the pad top sur v i t top 2élirfate Wah 5Dl hderell fo B¢ MALARiL
t he preser?? ‘T’#\e/{é% | gn&?gﬁgl Sg{fﬂe?%'g‘ tgzeagﬁﬁav?ng a %ottom surface that Is %
essenti al lyyettaleer meabl e to polishing slurries. The polishing pad of the

present invention is useful in a wde variety of poJjshing, applications .
and. in parti custhermorenthezpresest HysnQn ’Sﬁop?‘ﬁl}%&&}pi&‘ﬁ%gibqu’“h aGe 66?%1%5

ef fectiLve poli.shi.n | ) .NJ hi ng and defects. Unlike
conventL-’i or?g enb%&l Fﬁ%é%ée?s?m@#em%glpﬁﬁ% ng pad may be used on a variety of

pol i shing pl at fEHenBolishing Up#dS of ¢ttt prekémtiheensionris yuséfll in motvide vatietprod polishing
provides quantifiable attributes directly affecting polishing perfaqrmance
and cont r gipplidations asdiie pastiewlasy  ohemiseh dneshanigalpp @pplicafiens fapd provides

applications..In Licular,.th | L1 ) f ' ey y
e used drery nsths iy YR LB Rl BaC; Uiife BoEREend BRI Padk
convent i ongé pBlshing PaA0may be hb&ﬁoﬁlad/aﬁ_e?i dipolishiRg PlaRemp) eurds Sontrolbablesslimy
mai ntaining a slurry flow which is uniform across the surface of 15 t he

pad. hA omeohilithodndrprovides quantifishlei atributesa diseqtlys pffergingapolishingt perfarmanees and

pol i shi ng pad trat.e includ i [ ' s opl astic resin.
The pol i srﬂgﬂﬁog‘ggggm%@g%ﬁgng?atcgfﬁﬁgﬁ’??%gge%é%hg%ﬁ%%?él%fgﬁ&&sﬂt}'r face skin
layer. and the 1padrtichRr,Sthe pahshipoadost the presentinidntitn mayf tRossetd dugihg eifesvariaas
is greater than the nean unbuffed surface roughness of the pad skin 20

| ayer. | n stages lnACefsbricitionnin. canjunstipmwath conventional qiolishing slunries prth equipmert-
pol i shi ng .,gad subst.rate havi a.top. surface, a botiom surface havi nge.a
skin | ayerﬁeapaalﬂrewﬂ%ss% mgfmsrﬁg mab‘?“}‘gl“gé sty flow ‘H@ﬁé ?s[gpl ﬁcg?ﬁssg%ﬁﬂfage of
0.95 ggf CGhe pa0r € vol ume of from 15-70% a mean top surface roughness of
from4-50 [err] and a nean bottom surface skin |ayer roughness of 2'5 |ess
than 20 [err] In aticcerabodimprt thisinventidmisea rpnlighing padcsubstiateh oThe polishing, pad

skin | AY €l subgirate includes sintered particles of thermoplastic resin. The polishing pad substrate has a

top surface and a bottom surface skin layer, and the pad top surface has an mean unbuffed
surface roughness that is greater than the mean unbuffed surface roughness of the pad skin
20 layer.

In another embodiment, this invention is a sintered urethane resin polishing pad
substrate having a top surface, a bottom surface having a skin layer, a thickness of from 30-
125 mils, a density of from 0.60 to 0.95 gm/cc, a pore volume of from 15-70%, a mean top
surface roughness of from 4-50 microns and a mean bottom surface skin layer roughness of

25 less than 20 microns wherein the mean surface roughness of the bottom surface skin layer is
less than the mean surface roughness of the top surface.

In still another embodiment, this invention is a polishing pad. The polishing pad
includes a polishing pad substrate that includes sintered particles of thermoplastic resin. The
polishing pad substrate has a top surface and a bottom surface skin layer, and the pad iop

30  surface has an mean unbuffed surface roughness that is greater than the mean unbuffed surface
roughness of the pad bottom surface. The polishing pad also includes a backing sheet, and an

adhesive located between the backing sheet and the bottom surface skin layer.
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| ess than the nean surface roughness of the top surface. In still another
enbodi nent, this invention is a polishing pad. The polishing pad includes a
pol i shi ng weds™rdsst rate that includes sintered particles of PCTAISBPTN8t I C
resin. The polishing pad substrate has a tgp surface and a bottom surface
skin layer, and the pad top 30 surface has an nean unbuffed surface
roughness that is greater than the nean unbuffed surface roughness of the
pad bottom surface. The pglishing_ pad alsq i & L3Gkidg sheet, and an
adhesi ve | ocated between BRIEEDESLRIBIION O Saiciall rface skin

| ayer. W 98/ 47662

PCTI US9807908 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a scanning

el ect ron m cr ogFEph] (iSeNcamfing klectrop micemgraph SEM)nof the top yieww af hadvinenercially
pol ymer - i npregnat ed pol.ishin ad qof the Lor ,art at_ 100x magnification. 5
PG o i s avalshieeplyme-imprrgasted ool Shthe prigr %ﬁﬁwﬁ‘i‘& magRHticaion ap) e

pol ymer- i npreg ed :pql &R _ ' kbl [ .
PP 58 s o Senio- 2% SEM B Bt S debiorl vithy B8 EbmubbfalFPAVABIE oy
filmtype papregditdtDpdlstingfpat lof iy privr ary 4t 190x hiMgxifiemgon.fi cation. FIG 4 is a
SEM of the cross-sectional view of a_comg:erci al Iy, avai Ifil e m croporoys 10
filmtype polisHiGg3 pna SMiofcths top view of & cqm@m@y AVAHRDAE YFFOPRIQES tHMrtype,

SEM of the_t.0p. Vi 0 el | l:abl e cel lular pol yner foamtype
pol i shi ng B‘éllf%'é p[%ﬁ/eo %}?ela%r?é aﬂrg&gf[@%d%@rrfgéa{ﬁl ‘ication. FIG 6 is a SEM of
the cross-secti Br@l 4 Y§ £\8EM of the tives-secdtionyl viswaidf abtammedclallly aavaibabley microporous

foamtype Eol i shing pad of the prior art at 100x pagnification. 15
FIG 71¢ s Hinstpe pohishing padpf thedfopartat I00x magwifieationnop| astic resin

o 5170 P TR S50 P g G A v i

Cross- sectbgmnggjag\@feﬁ%%ﬂi@- dPPAt 100Kk Magdéfitatibn.Fi gure 7 at 35x magnification.
20 FI G is a SEM of the top view of another enbodinent of a
pol i shing pad oFI@hé srasEM oftheneiossrseationgloyiewaghiaf cemametsinlly-available gelulgr

SEM vi ew of .a crpss sectipen.of a. S . kSt this invention

that was nﬁ?’ﬁf’gﬁ F’é@ple Igogsﬂ% Bads&ntﬁéﬁlﬁga‘g%%@;’g‘gwﬁ%nﬁbét hane resin

havi ng1@2 parti CERGS778 4 SEM Nsf fheotdpabiewt of A0sinRedd thermbslasticl ékinTpelishing pad
top of the pad is shown in the top of 25 the mcrograph while the bottom

skin surf amenyfaeturednwith 12d4pmil urethane cvesiat tnheras inha meld: sintesing: processt 35x

m crographma‘gfrrﬁgcg%l}l/l. m crograph was taken at 60x magnification.

FIG. 8 is a SEM of the cross-sectional view of the polishing pad of Figure 7 at 35x
magnification.

20 FIG. 9 is a SEM of the top view of another embodiment of a polishing pad of the
present invention at 100x magnification.

FIG. 10 is a SEM view of a cross section of a sintered polishing pad of this invention
that was manufactured in a mold sintering process using urethane resin having a particle size
ranging from about 200 rhesh to about 100 mesh. The top of the pad is shown in the top of

25  the micrograph while the bottom skin surface portion of the pad is orientated in the bottom of
the SEM micrograph. The SEM micrograph was taken at 60x magnification.

FIG. 11 is an SEM of a cross section view of a sintered urethane resin polishing pad of
this invention that was manufactured by a belt sintering process using urethane particles having
a particle size range of from less than 200 mesh to greater than 50 mesh wherein the SEM was

30 taken at a 50x magnification.
FIGS. 12A and 12B are side cross section views of the top portion of sintered urethane

thermoplastic polishing pads of this invention which have had their top surfaces buffed. The
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FIG 11 is an SEM of a cross section view of a sintered urethane resin
potishing pad of this invention that was manufactured by a belt sintering
process usid9s/ktss hane particles having a particle size rangerososioras | ess'
than 200 nmesh to greater than 50 nmesh wherein the SEMwas 30 taken at a
50x magni fication. FIGS. 12A and 12B are -fide cross section views of the
top portion of sintered urethane thernoplastic polishing pads of this

i nvention which have had their top surfaces buffed. The WO 98/ 47662 )
PCTLVS98. ' SERDE a6 }SOSEnngmﬁeatlthOXThmg:ads |shawnom FIGSe 138Adend hi2Bh were Foatls
12A and 12B were E) nuf act ur ed by, nter| n rreth d,usi ng

ur et hane tManufassnrgd S E“%mﬁg\?ﬁ ing u(; Slfm‘ml ﬁ‘&ﬂn% izl
to great erfr&ﬂ%@ﬁsﬁﬂmgb mesH® 15 rdafGanad Sbhﬁedﬂo"rﬁé”'btﬁﬁc%ﬂ?th fishity! pRd were
using a wide belt san using a less than Am grit po yester-backed
abr asi ve baiffed usingfa hde wsmﬁfmg@leiﬂmmmm Bhie pplyesteribacked @btasive
relates to a polishing pad which includes an open-celled. porous 10
substré& e l&E‘r-'rpri sing sintered particles of synthetic resin. The pores of
the substrate are characterized as having a uniform conti nuous and
tortuous, interconnected netvvork of capillary passages By "continuous" it
is meant that the por esDEIAILED DESCRIREION Q) JIE INVENIEON oxcept at the
bottom surface where an essent [ aI I y | mper vi ous bot t om skin | ayer forns
during the | ow pressure sintering process. The porous polishing pad
substrate i s m ThoOpREEN Snvehtion relgtes foa polishing pai whith lindhides ahhopgn-celied) poromen
only with the aid of a mcroscope., In additian. the Jlgores are_distributed

t hr ou@reoutsszmtpec@mmlsmm Slﬂﬁef@ct’%ﬁlﬁs of ssynthetig tresip.e gThe, ppre§uele thezsupstrate are

Fur t her nor rface t n n r ed
out of a &’(S‘f"(gp‘?ﬂég‘? ﬁ'“?é e "r’r‘t')‘ﬁil é@?&hox‘? \r@h p%ﬂugﬁeng“ paE %ﬁﬂg{gﬁoﬁé&g |°(ri:g
in the pregg }39: ?issd@%efo &Sb'ndﬁucﬁfs" ¥ #ghdant that shexpsres Rfecinfirédihettod throlighdudd
be manuf act ure oma single material so that it is 20 honogeneous 1 n

conposi t i cthe @ad exeept Abthecbattom swifacsi wheip pe geseatielympapinushatienpslde laysoforms

COMPOUNCS o R o e RTS8 15 gy BLSRL pl SRERER, Boporys

or no 1 esjsdl erelaav&msraalmphﬁy icin Bé S&calinly withakdaid \of atnierodespe a6 adaitien, the
S|ze porosity, density and thickness of the substrate. The 25 term

" i ni mal oporpm apar dzsmhuéed ﬁh;rang Qlés@etwéinlfb all cdivestions, [asriflpsteated i &Figuresp(7yl2.

Iessthan rr re t at. th

resinis s fheé% §éﬂ% c§ '%'%%ﬁi’h‘?’ %%bgé alire con ?agﬁquci g\?tﬁ%f rﬁf‘érred

dependent &Bthhﬁ@tﬂe)&ﬁ@pl@ﬂd:, 2he (poﬁihm‘g/ pad ¥ hénsieiling Mstﬁé presence of water, acids or
alkali. It is also preferred that the pad be manufactured from a single material so that it is

D

20 homogeneous in composition and it should not contain unreacted thermoplastic precursor
compounds.

The polishing pad sﬁbstrates of the present invention are prepared utilizing a
thermoplastic sintering process that applies minimal or no pressure beyond atmospheric
pressure to achieve the desired pore size, porosity, density and thickness of the substrate. The

25 term "minimal or no pressure" means less than or equal to 90 psi and preferably less than or
equal to 10 psi. It is most preferred that the thermoplastic resin is sintered at essentially
ambient pressure conditions. Although dependent on the type and size of synthetic resin used,
the polishing pad substrate can have an average pore size between lum and 1000 pum.
Typically, the average pore size of the polishing pad substrate will range from about 1 to about

30 150 um. More preferably, the average pore size will be between 3 and 50 and most preferably

between 5-35 pm. In addition, a porosity, i.e. pore volume, between about 15% and about
> km. n addition, a porosit
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t he polishing pad substrate can have an average pore size between 1[err]
and 1000 [err]. Tvpically, the average pore size of the polishing pad

subst r at ey 9g/47662nge from about 1 to about 30 150 [err] MEEBUSYSATE08aDI v,
t he average pore size will be between 3 and 50 and nost preferably between
5-35 [err] In addition, a porosity, i.e. ‘ﬂo’re vol une, between about 15% and
about WD 98/ 47662

PCT1US98/ 07908 -7- 70% preferably between 25% and 50%, . has been fqund to
yield acceiPhbpretepaily drRpniats AHs:%.hatbeeRclonad 48 SAdlg acreptnbie pofighing, pads -

durability in use., A w elj ' t hernopl astic resins may be
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t hernopl astic resin include, for exanple, polyvinyl cal oride, ... i
pol yvi ny! fprowided éhatnheotesins fmayo be farmesh #1to ;n ppen-trlled wbstiase ilizing a sintering

pol yacryl ate, polyether ol vet e ' Q@m& . :
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restn Is dHsal iYoro¥atbem)i polcibohdte  apsipéseerof pbigadrglates ngelyethel)y golyethylene,
with the addition of a surfactant, dispersing aid qr other suitable neans.
It is prefpolyauide,hpolyntethane, poiustysens, apalyrropisne, andcthec ke ands mixtyesst thereof:

of a ther l,agtic resin | yur et hane,. r t |
s Texin uFBiADee e AR, SRRRe A Fb RS BEpdhe beaaed RECRRlcAG the
Pr ef er abl v, dditfonT 8K laNsutaRidnBN@ishIShETHM asrt bthet S6itable enchaxi Mt g Oprefefrod thawihe
950u. Using particular sizes (e.g. ultrafine, fine, nedium coarse, etc.)

and shapestheemaplastic resiulised conpists esseatially of mthermoplpstic resin pplyurgthaneg Ay preferred

conbi nati ons .t hereof) of.the.ther | astic 15 .. resi rticl 8S, iar_t.
sinteri ng, utethane HE%‘I"BPIO 1st35e%lug§$w @ﬁg?%pi?séllc i @%?u&&'grfeht%'eﬁ%%ﬁr&e noerﬁorah&.
mat ri x. Wenehhay el SRPhRilahe thfmbplalid Gde!afS TakiR 9706, 30d Tk F50ul | Cl es may
be ground to a powder of the desired particle size range using suitable

si ze reducti on Usioprpaytiadar sigeh (g uhofine &ine, medivan, neparseeteten |andnghapes (e.g.
ball-m|ling, screening, classifying.and the |ike. \Wen a e 0 .
t her mopl as¥icgulre $p gnqag rﬂgﬁ‘g, ake; Qf ﬁ?x éesaaﬁ'gr %oé’i‘liﬂ?aé{?nﬁgh?ﬁ%é e°?3’£2‘? Fl}eé'aoi’]ﬁsuc
the arfs t hakint Dendéd ipfioP ko 2fhterig)8s G,Qiﬂéﬁﬂ%rystd)@artyhﬂe tihardterBlicsO6f &) potyReh
to achieve a desired pore structure in the finishéd product. For exanple,
an i ncr easmadtrizer Wheh ahe thdrmoplasti¢ resin pertislescare largg, the pasticles mayrhgdgroundito a
product having a smaller pore. size. Blendi.ng aof .the resin..co nents camn be
achi eved ul9W °Zi9fgth804ﬁ?é‘?‘£ PAHCE S8 M85 ‘és"?ﬁqﬁ‘él?asbﬁe Rl chloarr?gay?qﬂep,afuc as
equi prent . ~ hiflirigh ki ingbiaghi ¢ ilRd. When a bl
properti es?gﬂag{cglg%q@gglj%@gldgf B?Iﬂgﬁnzlgg%cm%bg?% igaraggiﬁn used |err11 at heéld
si nteri ng qfthermssplastie nesirisds nsadg@ will e appraciatédby those skilél inghg aghairthe ratie of

200, TR0 8RB oL RE Bk RS NG b SAeBRE e B
particles Haugc:d 1ok éRahAB % ihidhsed percentage of the first component may be used to produce
a product having a smaller pore size. Blending of the resin components can be achieved
utilizing commercially available mixers, blenders and similar equipment. |
In order to obtain the desired polishing pad physical properties, the particle size of the
25  thermoplastic resin used in the sintering processes should range from about less than 50 to
greater than 200 mesh, and more preferably between less than 80 and greater than 200 mesh.
It is most preferred that essentially all of the thermoplastic resin particles have a size range that
is less than 100 mesh and greater than 200 mesh. By "essentially all" it is meant that 95 wt %
of the thermoplastic resin particles fall within a size range and most preferably 99% or more of
30 the thermoplastic resin particles fall within the most preferred size range.
In one embodiment, when a lower density, less rigid substrate is desired, the synthetic

resin particles chosen are highly irregular in shape. The use of irregularly shaped particles is
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Is less than 100 nmesh and greater than 200 nesh. By "essentially all™ it is
nmeant that 95 wt % of the thernoplastic resin particles fall within a size
range and yw@ssreef erably 99% or nore of 30 t he t her nopl asdi0s98®3908 -
particles fall within the nost preferred size range. In one enbodi nent,
when a |l ower density, less rigid substrat€84s desired, the synthetic resin
particles chosen are highly irregular in shape. The use of irregularly
shaped particles is WO 98/ 47662
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prepared util1zing conventional sintering techniques known to those skilled
in the artflowi thyoughc vatticalu pegnéability @nd cthe sambund| af polishing sslurdn eresmaining: loo sthel
nol d technique,is described ip U.S. ,Patent No. 4,708, 839, the, spegcification
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sintering : , ;ncgg,g | Is ;
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The polishing pads of the present inventions may be prepared utilizing conventional

+

sintering techniques known to those skilled in the art using a continuous belt or closed mold
process. One such closed mold technique is described in U.S. Patent No. 4,708,839, the
specification of which is incorporated herein by reference. Using a closed mold. sintering
25  process, a thermoplastic resin, such as polyurethane thermoplastic resin having the desired
particle size (e.g. screened mesh size) and preferably a particle size of from less than 80 mesh
to gréater than 200 mesh, is placed in the bottom of a pre-shaped two piece mold cavity to the
desired level. The thermoplastic resin may be optionally mixeﬂ or blended with a powdered
surfactant prior to incorporation into the mold to itﬁprove the free-flow characteristics of the
30 resin. The mold is closed and then vibrated to evenly spread the resin throughout the mold
cavity. The mold cavity is then heated to sinter the particles together. The heat cycle for

sintering the particles involves heating the mold evenly up to a pre-determined temperature



-
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below in the context of using the preferred urethane thernoplastic in't
si nt er i ng sBbstratgsrhayingsan optsiderdigmater iof sbeutd? inehesoelessine are typical ly

supplied as pel]et Th ferred urethane thernopl asti,c.. as .supplied.
Cyblcally nas dbef ths pels B Gisrihriiom S Ptk Bk Prefpam et 3o B et
(3/16") Priphe diteftfg mbehbds astd t6 mantifactuté Poliging Fé@&i&ff&fes lof thik dMRALGNill be
preferably crvoground to a nean particle size of fromless than 50 nesh and

great er t hdescrit®0 belayh imthe cmtext wf afsingatbeypreferrad maethane] themmoplastia rig itheysintering
about | ess than 80 nesh to greater than 200 nmesh. Once the desired particle
size P t FEOERS&t hane t her nopol yner is obtained, the particles may

Thermoplastics such as urethane are typically supplied as pellets. The preferred

urethane thermoplastic, as supplied, typically has a pellet size ranging from about 1/8" to
about 3/16". Prior to pad manufacture, the urethane elastomer is ground and preferably
cryoground to a mean particle size of from less than 50 mesh and greater than 200 mesh and
25 preferably to a particle size ranging from about less than 80 mesh to greater than 200 mesh.
Once the desired particle size of the urethane thermopolymer is obtained, the particles may
processed further by drying, by polishing or by any other method known to one of ordinary

skill in the art. |
It is preferred that the sized urethane resin particles are dried until they contain less
30 than 1.0 wt % moisture and preferably until they contain less than about 0.05 wt % moisture
prior to sintering for the manufacture of both large and small polishing pad substrates. For

large pad manufacturing, it is also preferred that the ground particles are polished to remove
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processed further by drying, by polishing or by any other nethod known to
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sufficient to create a propetl(ﬁ sintered polishing pad substrate. The nold
shoul d be Iwilitheavibrated fosrapperia p%nmsdmln&&mhm&%mmdsﬂesmug Raminutes or
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20 approaches and possibly slightly exceeds the thermoplastic resin melting point. It is preferred
that the mold be heated to a temperature of between 20°F below to about 20°F above the
melting point of the thermoplastic resin used. Most preferably the mold should be heated to a
temperature of from 20°F below to a temperature about equivalent to the melting point
temperature of the thermoplastic resin used in the sintering process.

25 The actual temperature chosen will, of course, depend upon the thermoplastic resin
used. For example, with Texin 970u, the mold should be heated to and maintained at a
temperature of from about 372°F to about 412°F, and preferably from about 385°F to about
392°F. 1t is also preferred that polishing pads manufactured according to this invention are
sintered at ambient pressures. In other words, no gaseous or mechanical methods need to be

30 used to increase the pressure within the mold cavity to increase the density of the sintered

thermoplastic product. -
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time ranging from about 5
20 In the belt line sintering method, the properly sized and dried thermoplastic is charged

DS

evenly onto a smooth steel belt heated to a temperature of from about 40 to about 80°F above
the melting point temperature of the thermoplastic resin. The powder is unconfined on the
plate and a belt holding the plate is drawn through a convection oven at a set rate which allows
the polymer to be exposed to the target temperature for a period of time ranging from about 5
25 minutes to about 25 minutes or more and preferably for a period of timé ranging from about 5
to 15 minutes. The resulting sintered polymer sheet is quickly cooled to room temperature and
preferably reaches room temperature within from about 2 minutes to 7 minutes after exiting the

oven. _
Table 1 below summarizes the physical properties of sintered polishing pad substrates

30  ofthis invention manufactured by the above-described sintering processes.
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t han. 10 Taber Abrasion (loss 0;5 7 R ugnniﬁs TP sooVEasyred Uy L IR PRot 8ot €
profil onet ef.

mg/1000 cycles)

Compression Modulus - psi 250-11,000 7000-11,000

Peak Stress — psi 500-2,500 750-2000

Air permeability - f/hr 100-800 100-300

Compressibility - % 0-10 0-10

Rebound % 25-100 50-85

Mean Top Surface Roughness*

(um) (Unbuffed) 4-50 4-20

Mean Top Surface Roughness*

(um) Post-Buffing 4-50 1-15

Average Bottom Skin Less than 10 5-7

Roughness* (um)

*Measured using a portable profilometer.
5 The sintered polishing pad substrates of this invention have an unbuffed open pored top

surface and a bottom surface skin layer. The bottom surface skin layer is less porous and as a
result, smoother (less rough) than the unbuffed top surface. It is preferred that the polishing
pad bottom surface skin layer has a surface porosity (i.e., the area of openings to the interior of
the sintered pad on the unbuffed top pad surface), that is at least 25% less than the unbuffed
10  pad top surface porosity. More preferably, the polishing pad bottom skin surface should have
a surface porosity that is at least 50% less than the polishing pad top surface porosity. It is
most preferred that the polishing pad bottom surface skin layer have essentially no surface
porosity, i.e., less than 10% of the area of the polishing pad bottom skin consist of openings

or pores that extend into the interior of the polishing pad substrate.
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5 The sintered polishing pad substrates of this invention have an
unbuf fed open pored top surface and a bottom surface skin | Iﬂ@ bot t om
surface sH9¥47§& s | ess porous and as a result. snoothe W Eugh)
than the unbuffed top surface. It is prefggred that the polishing pad
bottom surface skin |layer has a surface porosity (i.e., the area of
openings to the interior of the sintered pad on the unbuffed top pad

surface), that |s at,l.east 25% . n : r
porosity. More tgf‘ﬁfpéfi A’Bﬁ;‘?m ?%éc%)g?‘lﬁsl ngs %&gt%o%%e@ﬁ ijsﬁlt%an%fagrgg&ghazlglgé
have a sur{feR ROLAShine diidmérscontackemetbotiafh inekissurface) The skin laybi fogmptaah is
top surface porosity. It is nost preferred that the polishing gﬁd botto

surface skinost likebr diratocthe bigher logalizpd sistesingrtemperpire at thy bottogs mold sugfag or

10% of the  area,of fhe polishin | ' NS It ' .
pores that dus fo:the qfﬁpbofﬂ@ﬁ%%?ﬁl%ﬁgt&?% #agag§4<+)gh§tﬁg% e%E%?? reag% g&%s QE%n
98/ 476 ; d pads of this invention, each including an essentially clé¥ed/pored bottom
S98. 0-6%085%\1%8 %%ﬂnﬁggttgmss%rfascle skin layer is cgr eated during the

sintering purfuceskindayeroccurs where the urethane el astoner contacts the

bottom nol d surface, The ski.n,layer,.formation is. . |i kel

hi gher | ocal i zea‘%ﬁ ‘HY%‘}qoﬂg‘n‘flg‘?ﬁﬂéi@F]b‘P% Pag s ﬁféraﬁ%tlfq%iﬁﬁhﬂ% Iat,}J oé%ar"g g‘grgécgnsgﬁglra yer
due o the,gf LR6! pdlfsniaid iRtatel In SULERRE! bBAGH irfale GindRYlr ¥ guticved. A
10-12 are Cross s%ctlo S

EMs of sintered pads of this invention, each
i ncl udi ng polishirgepdd sibistratel thateidclpdeseal bbtsom oe Skin dayekiinusefylefor samicongductor

polishing pad substrates.of  this_invention ar nuf act ured intaq useful

pol i shitg paagfastynrlarﬁeﬂﬂfﬂ%& 3 polishing pad W %$°{I§mt%’f At B5FFY a‘E’é’e@ﬁéﬁa‘ﬁ'e
| ayer of the: lﬁﬁ'E trate. The lam nate preferably includes an adhesive
and a -rermggltl)&fﬂgr%oa (?shg. When the pad is associated 1 5 wth an adhesive

| ami nate. the pathetpaflisiing fpad subsratespafsthis, invéntioadive sansfactyed inte usefob pplishing
with the pad bottom surface skin | ayer, .and the,adhesive sgparate h

backi ng maPads by laminating ga agnesivg 3‘[35¥H oLiom wirfage Qﬁ?{ y@rqﬁ el&’&é I%\?t??&fa{ee' The
mat eri al /| rdRLe | hkinks Etvile itﬁhgmgmigya
with an ad es.?@tg?)?%’%}aﬁgfﬁga{l%%%l |§és‘%‘?n%fé"ﬁ"2§%§?a%§3er. rp%ol ymer coat gd

paper . 1gnd withdy dihesion mmindte,ithe padtopsueface isentposed; thetadhésivei layards sssociated svithf
a backin

20 material covered by an, adhesive |ayer, followed k
Myl ar [ er ?] the pad hottpm suiface ﬁl_(lnﬁqyef,ylﬁnﬁ_thq gcn\ggy% separaiss the g%cgcg}ﬁjmgﬁﬁélﬁ% the pad

| ayer. The 4 a @?{mﬁ% : PEfrieKi i i
nost pref erb r3§§ﬁln§1nr?4 gg? %h:/lgyéiﬁ%{é or 3%%%%%?1!&?%2%ur e byét he %hﬁt&@%t i
Cor por at i ogeflihin pehjundtiongwithcan adhesive laminatevincludingt pelymentsbests, veapes prolymer

I h dhesive. ,Th f h | | shi d i

ol [ Shi ng" SRERE BePwy 364 CORPRETR. 1 Rhas Tt P IRCHLI dEP PRI SR g & BIokes
ol i shing_#aeRd pepe et

ki n P8er ebaREREED} Bhndhtle BB, Tion R IBAT W BB Bred

t hrough by a second adhesive layer. The second adhesive layer abuts the pad bottom surface skin layer.

A most preferred laminate is 444PC or 443PC manufactured by the 3M Corporation.
The polishing pad is used by removing the protective paper layer to expose the
adhesive. Thereafter the polishing pad is attached to a polishing machine by associating the
25  exposed adhesive onto the surface of a polishing machine table or platen. The polishing pad
bottom surface skin layer prevents polishing slurries and other liquids from permeating through
the pad and contacting the adhesive layer thereby inhibiting disruption of the adhesive bond
between the polishing pad and the polishing machine surface.
Polishing pads of this invention may be associated With a polishing machine with or
30 without the use of a sub-pad. A sub-pad is typically used in conjunction with a polishing pad

to promote uniformity of contact between a polishing pad and an integrated circuit wafer that
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the pad and contacting the adhesive | ayer thereby inhibiting disruption of
t he adhesi ve bond between the polishing pad and the polishing nachine
surface. WO94T662g pads of this invention may be associ at e§CR{USPB/E708 -
polishing machine with or 30  without tbg use of a sub-pad. A sub-pad-is
typically used in conjunction with a poli ‘hl ng pad to pronote uniformty of
contact between a polishing pad and an integrated circuit wafer that WO
08147662 , . . ‘.

PCT. TSOS! G-@dsftmhﬁg CM:_S Ko éPB‘cB’zﬁ tds gﬁﬁs" ’f ft lﬁ?ﬁipﬁ‘aﬂg“f f,th?’ ?8??1“1% Py tab;e or
ocat ed be hisdbi@ pad table or platen an e polishing pad.
Bef ore usel.gmféﬁgmgl nt‘g*rﬂed %gl I'shing pad may undergo additional conversion
and or conditi oBefore asethe sintered ofishing padx anayl aindpigenadditionaly comnsrsien lsnd/pr
surfaces of the substrate ritical cleaning.o renmove contamn S

de- ski nni ngPALORINgG SRS, H??!P‘ﬁ?&\ ‘T:’@BW"H’ d’ﬁ]’é’?gﬁ'%me t°6\ﬁ%lb§'é&§cﬁ M?Eﬁe Sybstrats,
art forg co ' %nsa L EofihEnd3 Cde-iitg, R&GSring Aid Gé& Btihiquel Rnown t
pol i shisng %@&%ﬁ% norg@??%g&?g%%ﬁncl’ude at | @ast o%ge: macroscopi% Feature
sgg_h as chﬂaﬁ@ekﬁ}lgdaﬁfﬂmratijfonson?tedn%md_ctomrlhidm‘ug. pdigbﬁngdyds.s Hayi ugml ple, rtheh
addition. the polishing pa y, further include an abrasiyve material, su
2. al Ui naposking pad gui mediief to Jaclids pLiRRst Ong PASERTCRPIS SHAUIFOSUCh 76 GhARES,
thereof for. enhance ' {498 sipthel SR Wlitiod thé BoRBlaesddelay Ath
smal | pol ié%r?dr;llg pat gﬁﬁ%‘?ﬂ?@?k,iﬁglégggsﬁa ﬁ'el s\éorllugn’t at 28 inga‘i‘5 2y o
](c:hec ker boaihdlugé aqt dbeasiveamiaterial, ssucloss aliming,aderiap pefraanta, hsilica ditania)i Ztcamag and
rom one anot her ranging from aboyt 0.32 cm (1/8" 01.9 cm(3/4") and

gr eI ﬁr@ol ymO‘l.t'G'&&ﬂie(eP%@)' e%\‘f?'_ﬁff’?da ﬁ“ﬁéiﬁﬂ’&?ltqcﬂg’,‘ aé‘éé"“l‘;‘?%{nfel S t};‘ houl chave{eg

ept h equi val en{, | el 2 aﬁ’xgeﬂ’& .
polishing pad 1 1%‘@8%21{%?%2 angﬁi’o\%glctﬁ prg_nsgl %lg’;gt?ro_r%ug_l%put ._5198@%rrmein 2
( 20- ]’:%Smt I Sdl?a{cderbdizﬁ*fi edradithyr lpziltdr:‘h adrosd e ()ﬁdi![mﬂ féce lﬁ?intgﬁm ldrsgmpa(ftﬂ)_m one another
manuf actured fromlarge polishjing pad substrates o i 'S invention nay

opt i onal | yrapging iy akoutddt tioed” and aregerr_e@v &', an3ey 18 @Qﬂ*‘&ﬁs‘hﬁﬁ-ﬁa@&gfsbg‘?lﬁ.have
pad mor o b SRRABAE BT bty loGa daad haf ché dphAlier B FRliidg Bad
met hods gus eghbbtratt ad & widtk Ganginy fomaabous R0FISnils dndeprefetablyl sbomt 25miler Radishing

buffing nmethod. the polishing pads aof this jnvention, ate nmechanical]y
buf f ed usi PR§iSamasitactured feom Jargs Rolighing mﬁwhsjmaeSg?ﬁo this; fnygntign may Apsionglly be

about 100 r rs . I to give a polishing pad
havi ng a s%‘ﬁagéem"ragﬁgmgisé{’?%%/p%?&?{é%@%%flé }(l)'ut 12 [err] and preferably
from about 9 t oBefofaiuse] 2h¢ aop [padsarfacel ist typically baffed fniotdengoi makes theel pad more
performed on a polishing pad substrate prior, to 25 adhesi ve | am nati on.

Fol | owi ng #hsprbentyto & olisEng shirtyy Fhe Pady eay| keabiftedoy v methognused by those o
(non- Rl | S Bashafy b the af. 'ThaPrBfbeld bl méiRS Ve p&iMlink'pifis BPEHAPHSedtioh%re

to [annating _
mechanically buffed using a belt sander with a belt having a grit size of from 25 to about 100

microns and preferably about 60 microns to give a polishing pad having a surface roughness
(Ra) of less than about 12 pm and preferably from about 9 to about 12 um.
The pad top surface buffing is usually performed on a polishing pad substrate prior to
25 adhesive lamination. Following buffing, the polishing pads are cleaned of debris and the
bottom (non-polished surface) is treated by heat, corona, and like methods prior to laminating
the pad bottom to a pressure sensitive adhesive laminate. The adhesive laminated pads may
then be immediately used in a polishing machine or they may then be grooved or patterned as
described above if they have not already been modified. Once the grooving and/or patterning
30 processes, if any are undertaken, are complete, the pad is once again cleaned of debris and

packaged in a clean package such as a plastic bag and stored for later use.
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the pad bottomto a pressure sensitive adhesive | am nate. The adhesive

| am nat ed pads nay then be i mediately used in a polishing nmachi ne or they
may then Rgoedeeeyrd or patterned as descri bed above if theyPQRAUSE98/0C208 °

al ready been nodified. Once the grooving and/or patterning 30 processes,
I f any are undertaken. are conplete, the~ dd is once agai n cl eaned of
debris and packaged in a cl ean package such as a plastic bag and stored for
| at er use. WO 98147662 . . . . .
PCTI US98/ 07908 Immediatelyrpriar s usg GMPopolishingpads @i typisally hrakensin by applying a

i cal | i | yi - .

e gt RS Shiiryitg Bie PRI hl WerBatdxBadiy the rd] RFpelffing MR *Bldrflles of

break-in ”%Eﬁﬁldﬁoli%hﬁl &L brdakdni Metbods aRadesuribbibin .56 Phtént MNonns|611,943, and
e

5, 216, 843, t Specifications of which are incorporated herein by
ref er ence. 5216,843, the sperificationsof whigh areipcarpertgslessin byEsfR®HSe. or ~ pol i shi ng

th f f ap.articl i ch i . of t :
bne. pol Ban ng. pasanventisn A8 SflpBRd BZhodd TorbORRing e SitERGI A dficts St
in the pr e%gfﬁgﬂségfth@ siapb 0 BomactilgUtiIvast ble polditiggadiofitheipresénpinveition with the

said surfa y noving said pad in relation to sald surface, or alternative
movi ng t he sarfidecdfethglaidleimtherpressnee pHa polishing slye andiTempwing ohderyed peatiqe of

t he present invention may be.used.durin 0 .thevari e I :

fabri cati ofeiffupass bnaa %“f ﬂa‘gb'h(/%?ﬂ o aTa“{)B'I"'if%cﬁi ﬂgglz?rﬁ%t?\%eé‘ogihﬁ the artice
equi pnent . hiiHigid . aPhe/pdliRhihg paBslof the presertdaventionnidy betuaed!durth
techni_ques,plﬁgﬁ?ﬁ;t%ﬂnﬁoﬁﬁgg? desc?i bedgrpor CNP?pl n additi gn, aJ'?he 5

pol i shijog plel saricag steges aof] 16} Edbricatiquoini ednjunction  witly comventipnal edishing slyariesgand
netal |ayers,, oxide | rs,.rigid agr hard di,sks, ceramic_layer pd
|Tke. 15 equipment. asPollshing’ it ?"aﬁﬁep?}'é‘?ff‘?ﬁi Hiy 2pepidagice Wgﬁpgtéi%aﬁ? tebfques,

| nvention f&%‘cﬁﬁﬂg%fééé'dehaib%ﬂ?xd@mrm%mh 2! JolHiRg pATRRhAYCES iailofedad Golish
parti cul ar, chem cal mechani ca pol ishing applications to provide effective
pol i shi ng i vakietyiofisurfaces inchidityg metahlaylers ctxide pyerssrigidh on hardrdisksi ¢esamis layers and
conventi onal ﬁlgri shing pads, the polishing pad of the present invention may
be used on the & | ety of polishing platfornms, assures controllable slurry

mobi | i 4y and pr oy f&sd GHA, ithd g@ksﬁinéopad Gt the i fReleRiSindirtRAt iy 86 ussrhi #0a wide
pol i shi'ng performance and contr of "t'he manufacturing process for specific
appl i cat i onarietyhuf polishing applicdtiemsrandj inoparticular, ehemicalomechanigalnpolishing fapplications
i nvention has been esented, for rposes of il lustratjon and descyipt.ion

1t TS not ftAtRsAYied ohiscthe Balishing: vIFR i mgn Sorgtehing, and deerts; /sy By alrermative o

prect se T 0 hfHniiGhs SfitishiP had® ! s 'gggpaansif HR' prabdn tivehtibn RSSO Se®Bn a

in |light of e a tea ngs, or na e acquired frompractice of the
i nventi on. viHetyesfhyadishing tplatfurms, assores rcoatrollabls slnity avobilityp aukk providesxquantifinble

the principles of the iarkyentior]

d .
20 attributes directly affecting po isﬂi?xg performance and control of the manufacturing process for

specific applications.

The foregoing description of preferred embodiments of the invention has been
presented for purposes of illustration and description. It is not intended to be exhaustive or to
limit the invention to the precise form disclosed, and modifications and variations are possible

25 in light of the above teachings, or may be acquired from practice of the invention. The
embodiments were chosen and described in order to explain the principles of the invention and
its practical application to enable one skilled in the art to utilize the invention in various
embodiments and with various modifications as are suited to the particular use contemplated.
It is intended that the scope of the invention be defined by the claims appended hereto, and

30 their equivalents.



Its practical application to enable one skilled in the art to utilize the
i nvéention in various enbodi nents and with various nodifications as are

sui ted tovg.@gs,ﬁﬁgi i cular use contenplated. It is intended tpgajudoberoegope of
the invention be defined by the clains appended hereto, and 30 their

equi val ent s. WD 98147662 -16 -
PCT | S98: O-90S - 16- EXAMPLES The foll owi ng procedures were used to
determ ne polishing pad properties throughout the Exanples 5 Fl ow

Through Vertical Perneability Slurry HXAMPBLESthrough a polishing pad was
measured using a vacuum filtration apparatus avail able from Fi scher

Cor por ati on The appar,atus consi sted of an upper |i.quid reservair,, a neck
for attaching aThafellawing peocedurgs wergused tp %ﬁfﬂ&‘?é’é’b%?ﬁ PaCFBchSWeéé}l‘mPﬁﬁwt
liquid. i Fhe&aﬂ{ o and was used without any vacuum The di ameter of the
upper and ['OWEr reservoirs was about 9cm (3.55") A0.95cm ([err])hol e was

drilledsin the 1@low Chréuph VértichlePdrateblility: Slurfyaflewaftet theoughpe polishing pad rwas
To nmeasure the slurry flowrate, a polishing p supstrate haying a

di anet er omesslU%dT('-\Sl.ﬂB"9M§“‘HPa§1&?rU% apREaARSt %‘@ﬂgﬁ? o8 ﬁﬁ%@i’ a&gggy%pr e
an Oring was _pla . RS L s I :
cylindri caf‘p‘ﬁﬁ@gf %@%‘/@%&gfgﬂé‘g’gﬁ g@ﬂ%ggﬁ endgd. ne\rlr\:ngS{ \égaéhg(%%e‘af ‘f‘%llye’oﬁm% ﬁe
top of thedwad igRidreseresit taolidet theiliuid; e shaeyiand was aisedi witheutpay wowdrac dhe

Approxi mately 100 granms of |iquid was poured 1 intq t cylindri.cal .
vessel at diametes ofithe gpparsandslgwver reserveifs vas phaut Dot Ao?’)gl?ihﬁ{ﬁ wag Gﬂﬁ%‘Jc insthe

by the, | ower .reser.voi S | - f 1 b
di vi di 1, FEPtaP ERE B coublEh aB the Uppert g, ; 8 Bl B3 Sy Y Tote
Slurry Capaglishing Tt subktratePRavingd)iandlatedr ©61353" aae phebd abithg betton pf cepappdry
was determ ned by the dynamic slurry capacity test, which is perfornmed hy

pl acing a pesdrvoir and 28 Quing(wasplacedrRetweenopadaand; the ugperaessryeir wadlsp A sylindgical

di t f 8.6 .3.4") T ' ' t

of a | ar gePIagTIC Rt ol SR RS 3 R BICE By 't Bp BF B b I el
of a Hyprefhqhill fh k&piig 4roand ticpad anfaoy. ApprexihaieROIGU grans. of Tiquideas peutede
slurry remaining on the polishing pad, liquid was distributed onto the to

sur f ac#s of inthy @}wﬁ?ti!ﬁﬂah‘gesg@l@,t afr @F&E A gmét fog 4peeands.c The ﬁ@@“@tp?féﬂlui‘h?oqef@d bI?’
s det or i RUSWBC et At o R sy AP ied S RRIarE by, ot U AU

t hrough t heneddllledtbd hguid d¢ time(300/sevopls)t he pad” was the amount of |iquid
that swept over the pad and was collected in the I;ruger open cont ai ner. The

“amount of sl ur r Pynamiei Slurry Gapacitie Tesi Thepelishingcradawbetrasg polishing Sumi FapHay
wei ght of twre]lg d%&egmﬁlrec'l %ry the dglgaemf%qsijdr}y' gﬂ)a?&y {ege whit f/ performed by placing a pad of

20  3.5" diameter on a liquid reservoir cup having a diameter of 3.4". The pad and reservoir cup

was placed.in the center of a larger open container which, in turn, was placed on top of the
platen of a Hyprez II polisher (manufactured by Engis Corporation). To measure the slurry
remaining on the polishing pad, liquid was distributed onto the top surface of the polishing pad,
rotating at a predetermined speed, at its center at varying flow rates using a peristaltic pump.

26 "Flow through" was determined by measuring the amount of liquid that actually permeated
through the polishing pad. "Flow over the pad" was the amount of liquid that swept over the
pad and was collected in the larger open container. The "amount of slurry remaining on the
pad" was calculated by subtracting the weight of the pad p.rior to the addition of the slurry
from the weight of the pad after the addition of the slurry.

30 Pore Size Measurements: The pore size measurements were determined using a

ruler or by using a mercury porosimeter.
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fromthe weight of the pad after the addition of the slurry. 30

Pore Size Measurenents: The pore size neasurenents were determ ned using a
ruler or Ryobsid7gée @ nercury porosineter. WO 98147662 PCT/US98/07908 -
PCT.t' SOSP' 07908 Shore D and Shore A Measurenents Shore D and

Shore A nardness nmeasurenents were madel¥n accordance with the procedures
set forth in ASTM No D2240 Slurry Capacity Method. The slurry capacity

nmet hod consi sts of i mrersing 1x 10 2cm (4inch) sanples of a pad substrate
in a bath of CVPShonerdd gndiShore AdMeasurementsr e ( Bhjose r 1) andr  Shoreouds

| - hed dry. bef h d
S €5 Ve G G Y A A S, P
slurry on the Sugf!@ﬁ&ﬁacﬁﬂﬂeﬂﬁﬂ VPife ShaPYAsAciy metheididongsts bP Bnmading AP esch

again

wer e then wei ghe eterm ne the we: weight of the pad. The
di f f er encesdmplercefn pinbsubstratedi gthatin o CMR slrry arepomttemperatusel (3y/C) far 1 hours.

wei ght vields the slurr aci f.or he,sl ur aC|
val ue i% 1dhe pad,samples w et?flg ¢ dgi l?fgalfeﬁg%bgfa éﬂ%)cegllﬁ?i} ﬁ(?
98/ 47662 Ltgkef t of the slurry bath after 12 hours and the excess slurry on ﬂfé‘ﬁ(rfa@@ 8f tHe a8

- 18 - Exaf arrp es commerci al Texin pol yurethane materials having
varyi ng bukas wnoedmmbloﬁmgs s Thepad samples overe dhen weighed lagain Zosdasermine thezwet

to brittleness and cryo i ound i nto and I

cl assi fi edwWsight ef g@rﬁﬂggﬁ? ‘fﬁJFF@X?Feéﬂ“’F?'} amﬁf%’aa'ﬂ ‘?fteé’ﬁ "(SFM V'ded by the
pol yur et ha f t

gr ound. Th(E:-,“%'g&\{?é 4‘@‘?2‘% !E)lrﬁ‘gﬁ 8§&f)lrarf(glgu aﬁads:gﬁgﬁﬂlgcglq‘ 151@osg"%yub air;tgl‘éa]lllleyls
flat Sh@peehmipliéeby 100 ke giive ties peradnt §la)ryicapadityr act eri zed as having a mesh

size finer than 100 nesh, the nedium nmesh (M particles are * -~ defined
as having a nmesh size finer than 50 and coarser thailﬂnssﬂﬁtmsabgnmﬁlhde@ the

course nesh 10 material is characterized as havi ng oar ser
t han 50 nesh. The pol yuret hane having a Shore D Hard
Texin[err]970[err] and the pol yurethane material having Har dness

of 50 was Texin[err] 950[err] - The screened pomders wer:e

pl aced in the bottomof a two-piece nold. The anobunt of powder on the
bottom of the nold was not critical, but was sufficient to conpletely cover
the 15 bottom of the nold cavity. The cavity was then vibrated to spread
t he powders evenly over
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thé”l;btmtom surface and ensure conplete coverage of the cavity. The nold was
then heated utilizing a conventional sintering process, typically to a

t enper at the Texin glass transition tenperature (pEpAises/n7908 -
O[err]C(3 ?@?@? ) but below the nelting point of the pol yurethane (about
200[err] C(392[err]F))to sinter the partiel®&s. The actual sintering

condi t i onmisWRécEHASE T IARG separately for 20 each |l ot of thernoplastic
resin sinc JIng point tenperatures varied fromlot to lot. After
sinteri ng,ﬂl “m lJCOOl ed and t hEXAMBPLE Lubstrate was renoved from
the nold-f g cessing and conversion into a polishing pad. The
sulbztrates had a bottom surface skin | ayer forned fromthe bottom of the
nol d, any varyi ver IW' e ; dﬁ;ﬁ,ﬁ,}

The porous subsgl%é‘f &% oﬁgsggrgéﬁgalls#’gﬁ |rl Ctﬁ af%epg@}egﬁ{sngp ags 3 .g%ﬁr%nss(hloé’g)li)n
di aneter. phgndy psla&eandrst aahyﬁ%( ffests sisesswerefrozen tmbrttlenéss Bhd rerydgedigaliyegroupnd .
The pads top surfaces were buf

i f fed using a coqmmerci ally .avaj.l abl e hand .

sander 5wi tintolpaticlesand later classified By serepming as fing megh, @) randm '“‘F‘ngﬁho@%pa’gexm
surface was ,parallel to,th t ur f f o} S
were then B rg%“ﬂ%baﬂt a5 ?%&es(%v\’[g)ee@t“gba?%?? ?I%sﬁgbz%?\% i onal hcl)ér %Iﬂ 3 g‘lﬁg

hand sandegeh Eiﬂdﬁee@ixﬂe"gglag,r spheRéhl, orffub@@itiaig it shabeé pooidersm Thy fine mesti (F)is
pad was attached to the lip of the liquid reservoir that cap t he

ture
slurry t hathapectesized mhhavig armeshysize finer than HOGmesh, the megdiug mesh 6&“5 POftElesAre

444PC adhesive., The.flow through verti.cal Ll

pol i shi ng sfined g5 B%‘ﬂﬁg ﬁi"hedngﬁ‘egﬁgr g‘gé 56%9%8@@?@:%%3% m%@ﬂ! Wit BhERiHse Hhesh
PCT/ USQP 18}.8&%@& Ohar¥QESzciRANMVIAE adhesh Azt @ofrsér thin JO fleshy Tht palyutethanaihaging
the procedures set forth in the anpl e introduction. The test results and

ot her pol i s!Shop Padardhess oft76r wes Texin H76u sad the pelurethang mmaterjal having a2 FagredD 2

Sanmpl e Shqre, D I ze* . . Por e Slurry Verti cal Liquid

Har dness ardnes.s of 5O wag Rexip,250u. ¢ o Perneabi | ity Remmining of Syntheti
Si ze (ft/ MR screened powders wéde ptidd BegheBottom of a two-piece mold. €Thd aghount of
Particles 1 70 F 50 1.8 5.6

18.6 1 powdd on the bottompof the mold wag@ot critical, bgt was sufficignt tp completely cpgersthe
|7:O 15 bcgtgam of the mfgif)%avity. ok 1157éa§/ity was tﬁéniyibra&pd to sprga%étgxe jpowders e\@z& over
100 the- Yottom surfice and ensure cohipléde coverage of the cavity. The mold was then heated
utilizing a conventional sintering process, typically to a temperature above the Texin glass
transition temperature (about 32°F) but below the melting point of the polyurethane (about
392°F), to sinter the particies. The actual sintering conditions were determined separately for

20  each lot of thermoplastic resin since Tg and melting point temperatures varied from lot to lot.
After sintering, the mold was cooled and the porous substrate was removed from the mold for
further processing and conversion into a polishing pad. The substrates had a bottom surface
skin layer formed from the bottom of the mold, any varying average pore sizes and Shore A
hardness values.

25 The porous substrates were cut into circular polishing pads 12" in diameter. The
average pad thickness was approximately 0.061". The pads top surfaces were buffed using a
commercially available hand sander with 150 micron grit particle belt to ensure that the top pad
surface was parallel to the bottom surface. The bottom surfaces of the pads were then de-
skinned to improve wettability using a conventional orbital hand sander having a 150 grit

30 Aly0; paper. The bottom surface of the pad was attached to the lip of the liquid reservoir that
captures the slurry that passes through the pad with a 1/8” strip of 3M Brand 444PC adhesive.
The flow through vertical permeability and the amount of polishing slurry remaining on the pad
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As indicated in Table 2, synthetic resins of varying bulk Shore D hardness and mesh
sizes may be used to yield useful polishing pad substrates. It is contemplated within the scope
of the invention that the polishing pad properties may be tailored depending on the particular
polishing platform, the wafer/substrate being polished, and the type of polishing slurry being

10 used. In addition, it is recognized that additional macroscopic features, such as perforations,
channels or grooves, may be necessary to achieve a polishing pad possessing the desired flow
through permeability.

Preliminary polishing studies using the polishing pad Samples 2 and 3 were performed
on a Struers Roto-Force 3 Table-Top Polisher (available from Struers Division, Radiometer
15  America Inc., Westlake, Ohio) to simulate actual industry polishing conditions. The polishing
pad was affixed onto the polisher with the double-sided adhesive. The surface of the pad was

wet with deionized water to start the wet conditioning process and, thereafter, the surface of

’.



T, e .y

avai |l abl e polishing pads were also used to polish the tungsten | ayer over
t hermal oxi de under the sane polishing conditions set forth above. The

tungsten r, ate and ot her relevant 10 properties ar forth
3704’ Fedisues

in Table 3 Polishing Pad Tungst en te
(AAmn) Sanmple 2 -20- 5694 Sanpl e
3 4862 Conparative Pad -
Thomas West P777 6805 Conparative Pad - Freudenberg
Pan W %Pi@@ﬁ@ﬁﬂo\éfn ffadrhe gMdiihg £ihe Jpré¥eht invention

ted gt 4h
1224 (Enbostgggfdgg?rﬁaat}xgat?ve Pad" - Rode Pol i tex[err

4559 (Enboswerd)ustd toothethicallyFodvhaniGallyt pelishod tunigsieg baader layex oo pveafembhaving a
i nvention provided.consi t d ble t I t whi

i i 21 g BREstE HiCENSUoF SRReRRHAE SPUOK e S perseB P ASs, 2 i bised
pol i shing g@&iﬁhiﬂ iy P lBVEPIEAHBt ACdrpYtation, AMPoral Miirdks. Of TRE\RIrA)} was

pad physic properties related to pad polishing performance incl udi ng
pol i shi my pdulivered vinta h ap arsimgi & peristdltic pymp | (evailable ffom Masterfaxcvlodel 7518-60) to

skt s £ o 10 A i g
ool 2ol AR ACHRpeRIR AR SRS ftbid 5 Lot ARR purglsds X el

Further representativ I'es “of anot her enbodi ment” o hi ng pads of
t he presentavallasé polishingepads veera falsotused do polidhi the nengstea lpyerapeu tiermel oXide uhder

in the specification and in_ 25 anpl.e 2. i n EX I , the starti
synt het i (F:) r@§:sﬁm53’ﬂl$@¥%§ém'\?#§?‘ﬁg})§?ﬂwe ﬁqﬁgﬁﬁ@?g’aﬁ@fﬁ%wgﬁ%@é relevant

gglli\;gglt? paﬂgﬁ@%@?%}gﬁlgéEét?értﬁ‘ﬂﬁ‘%l@?.ert i es were neasured at three WO

PCTJUS9810' 908 - 21- intervals - before Mabledrg, follow ng buffing and

after break-in The pad characteristics—arg—se—Forth—in—TFables—4—5—6—F
and 8. TABLUE 4 Pad Pr Belishing Pad pre_Riff |condTungsten BRemoval RatetA/min) op
Post - Br eak-{ISamighe 2kness (i nch) nm [err] 5694

Sample 3 _ 4862

Comparative Pad — Thomas West P777 6805

Comparative Pad — Freudenberg Pan W 3292

Comparative Pad — Rode! Suba™ 500 1224

(Embossed)

Comparative Pad - Rodel Politex® 4559

(Embossed)

As noted in Table 3, the polishing pads of the present invention provided consistent and
acceptable tungsten removal rates while minimizing pad induced defects and scratches. In
15  addition, the polishing pads of the present invention allow for the control of several pad
physical properties related to pad polishing performance including polishing pad substrate
porosity, slurry flow, surface roughness, mechanicals and the like. As a result, the polishing
pads of this invention provided an effective alternative to commercially available pads by
offering acceptable CMP removal rates and finished surfaces.
20
EXAMPLE 2

Further representative examples of another embodiment of polishing pads of the
present invention were manufactured utilizing the procedure set forth in the specification and in
25 Example 2. As in Example 2, the starting synthetic resin particles had varying Shore D

Hardness and mesh sizes. Relevant pad characteristics and properties were measured at three

*.




| Shore Hardness A 90 1.04 89 [err] 1.09 90
[err]3.01 Density [err] 0.78 0.042 0.76 [err]0.04

0.69 0.038o%guREessi bility (9 4.7 1.7 2 pl1rshodboos

4.1 [err]0.71 Rebound (% 54 15.7 54.8[err] 16 64
39 [err]7.97 COFk 0.4 {Zr+] 0.02 0. 44 =0.009
0.58 0.015 Mean Top Surface 15.6 1.3 16.1 1.8 ]

6.8 0.82 Roughness ([err]m Pore Size [err] 32.65 1.71 Pore

Vol ume (%) intervals —aihfeﬂre[baﬂir]gS fle)wing buffing and after break-in. AThe pad Pharaetafistics tage set
(216.67 [err]. 49.67) J Jg 6.13[err] 1.4 Elongation to Break
93.5 Peak &HRitlinskabids) |§Pé 7and 8991 5)6835 5

*Pad made from Texi n 950u urethane thernoplastic having a Shore D Har dness
of 50 and- Fine Mesh Size. TABLE 5 Pad Property Pre-Buff Condition
Post - Buf f Condi ti on Post - Break | n ThTABIEd (i nch) nmm

E 8 8;:23% :; : % %)‘08@”’1 gq}l’rrp-ﬁgf Emdiéom Pést-Bu# qudxltipnq _Post-Break-In
77[ err] 2.9 | Thickness (inch) 84. P[ e0r050.420.082si tly (40423 0.002 008553 4rQ.0026 040
0.63 [err] |OSHdfe Hardness A | 0. 61gd-enro 0. 006 Copprepedbi lify (%0 +3.01
;éO[_erzg] 4 ‘Density (%i‘zc)l - U 078 + 0. 042‘_4 , ‘. ib‘téfib]fpl oY REDREYL o33
0.47 [err] |dCempressibility ol ¢ saredZppldy | (2d50.80 n“ 03 fekhOs |
Surface ~ |Reboupd(¥)[err]|4 654157 33 65483664 393t 89err] 2. 3
Roughness (|[@@Fkm Pore Sige( pdo0r]0.02) 86.43 + d.009 Poir e \isHe.01%
46.7 = 1.8 \iedn T rsmalgpé |ty156£§438 3 [err]?gl_}ll)g(’rt rrj6r§),o%2err]
21.1[err]O. 7}qu: ggé(% tp Break Peak Sress (psi
kP[err] : S = ) o+ X-et II%U!_CI | tH-et-hare
t her mopl astli IR e,{nng@aﬁ)n, ﬁzﬁﬁ&eﬁs_oiio_and_mw__—msh&m.

Pore Volume (%) 344+3.12

Air Permeability 216.67 £ 49.67

(f/hr)

Elongation to Break 93.5

(%)

Peak Stress (psi) 991.5

5  *Pad made from Texin 950u urethane thermoplastic having a Shore D Hardness of 50 and Fine Mesh
Size.
TABLE §
Pad Property* Pre-Buff Condition | Post-Buff Condition Post-Break In

Thickness (inch) 0.073 £ 0.002 0.070 + 0.007 0.072 £ 0.0007

Shore Hardness A 76 £2.3 77+2.9 842+1.2

Density (g/cc) 0.61 +0.040 0.63 + 0.02 0.61 £ 0.006

Compressibility (%) 7.0+3.8 3.5+£0.74 2.4+0.69

Rebound (%) 73£29.4 67.4+7.74 59+ 14.54

COFk 0.47 £ 0.02 0.63 £ 0.01 0.53 £0.003 .

Mean Top Surface 293 +46 33.6+3.64 23.5+23

Roughness (um)

Pore Size (microns) 83.5+4.59

Pore Volume (%) 46.7 £1.85

Air Permeability 748.3 £27.1

(f%/hr)

Elongation to Break 28.2

(%) |

Peak Stress (psi) 187.4

*Pad made from Texin 950u urethane thermoplastlc having a Shore D Hardness of 50 and Medium
10 Mesh Size.
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WO 98147662

PCT/ Ul S98/ 07908 TABLE 6 Pad Property* Pr e- Buf f

Post - Buf f Post -Break I n Condition Condj 1.1 Lckness .
(i nch) m WeP2476&hor e Har dness A 93 [err] 0.84 i’&'}’%g@}b@ko. 74
94.6[err] 0.69 Density (g/cc) 0§§6 0. 60 0.87 = 0.06
0.89 = 0.059 Conpressibility (% 4 0.79 3.2= 1.5
6.5= 1.5 Rebound (% 77 [err]8.3 46 [err] 203

35 = 8.67 COFk 0. 26 0.01 0.46[err]0.009

0.71 0.091 Mean Top Surface 6 11 0.0

4.0 0.69 Roughness ([err]) Pore Si ze( ‘?‘QP}‘]E 22.05[err ] 2.47 Pore

Vol UITE(% 40 7r C”'r.l 2—-4—Aq fred& 233—3f{-ert 57 n'_\
[err] Padgr‘ﬂ’efﬁ'rr] 1.6 Iﬂ"&ﬂyﬂl on fo B:#é’ékmlff ' ?F’egﬁeakf
Stress(psijlerr] (503 4) onditiond np p_fmmmn[prr] az0[err]

ur et hane t hFhickydsaincl) hayi ng).645h@@03D Har dAédd 100.00D and FD.1040 MG 0027

Si ze. TABL gﬁogmﬂl_j’,{égpgrt)* 93 +0.84 Pref Buffg7+0.74 Posi4-a3H 069

Post - Br eak TSR 0T | 0 852 0%d T ON TT §RAGS§ k! NCT) M 89 + 0,059

0. 063 err ALY O 1 1 U, UUJ . JO] CY 1 U. L BL .
R 1o e 2 Al AP TSR
E S 6D 02

88 [err] 0| Bébound (%) )2 er 11T 83 Dens| ty (40293 & :
(2)' ;9 8- 82 COFk 0. 7§ e?rcﬂz&i@mm[)esﬂdbiq;awo(@m 6. 6.7ﬂetr(v.!)92.73.
.9 = 0. eboup = .
65 [err]- pMpen Top Surfacs || £1113,0:461 72 2 11 100 0. 505982,
0.46 0. o2 Roughness (um) o g f~v1 055 .v.s f—TFop—Stt-face 38—F—7
31 [err] 4, 4P°re Size(microngj 15 2205jhzﬂ?’zlmh 8ss [ err } Pore lSize (m hrnnc\
61.73= 5. 1RPowrolvme(¥® (99 40.7+2.18 56| 1.85 Air Pdr neabi lity
(518. 3[ err| Airl 74 .¥eymeédbilitgn r 1 /493)3 #{59185] / ht 14.7 [lerr]4.9
(&/hr)
Elongation to Break 77.8
(%)
Peak Stress (psi) 503.4
*Pad made from Texin 970u urethane thermoplastic having a Shore D Hardness of 70 and Fine Mesh
5 Size.
TABLE 7
Pad Property* Pre-Buff Post-Buff Post-Break In
Condition Condition
Thickness (inch) 0.063 £ 0.002 0.058 + 0.004 0.058 + 0.0017
Shore Hardness A 81+1.5 88 £ 0.54 92 +0.77
Density (g/cc) 0.74 +£0.02 0.79 £ 0.02 0.78 £ 0.023
Compressibility (%) 6.5+2.3 2.9 +£0.05 35+£22
Rebound (%) 77£12.7 65 + 14.0 65 +26.52
COFk 0.61 +0.03 0.46 £ 0.02 0.61 £0.55
Mean Top Surface 387+74 31+44 15.7+£2.8
Roughness (um)
Pore Size (microns) 61.73 £5.13
Pore Volume (%) 33.56 + 1.85
Air Permeability 518311742
(ft*/hr)
Elongation to Break 50.5
(%)
Peak Stress (psi) 572.1

*Pad made from Texin 970u urethane thermoplastic having a Shore D Hardness of 70 and Medium
10 Mesh Size. BN
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El ongation to Break ' 50.5 Peak Stress (psi)[err](572.1)13945 *Pad
made from Texin[err] [err] urethane thernoplastic having a Shore D Hardness

of 70 and ' 10 Mesh Si ze. WO 98147662 PCT/US98/07908 -
%%%3

PCTf US98
Pr e- Buf f

TABLE 8 | Properties Pr e- Buf f Post - Buf f
Post - Buf f (Avg. val ues)23- Condition Condi ti on

Condi ti on Condi ti on PadA* Pad A* PadB*
Pad B* Thi ckness (inches) 0.13[err]0.0008 0.13[err]0.01 0.14[err]

0.01

0.13[err] 0. 0008 Density (g/'BABLE&. 7753 [err] 0.0037 0.7887

[err] 0.0060 0.7857 =0.0061 0. 7909 0. 0045 Surface Roughness 11.3

[err]1.3614 7.8 =0.0381 1195
A Hardnesls Eropjestiey 0 OOd"’e‘B‘yf[er o
[err]O. OIOOQAFg)walm)ze Conditiopm g | = Condition onditio 2@@@ g?r]
| Pore Vo idl

(942.59)
71.2
Conpr essi

157.7) ot B

63721[ err
241. 698)
1666

0. 1917
Texin[err
and Fi ne

r oughness| Break apr oved BY1BUTfi ng andsxhen by brpé&lin. 68.1

10

15

sty oXTP 0.[p77kostBull o,

-
[a—

une (% 35/8 Pad A* Pad A* 3oPad BYak St res P ]
ékness (ﬁ&ﬁ@) B9 053 b899007 0523 HEE  { 453585090455 2/10. 6523 2k0.6003
o 7753 + 0. 00313 .07887 + 0.0060 | 0.6857% 0.6661N0j20. 7909 K 09045

355 53, 7 =
3%3«? J‘T’g% 0938P 711 62593%4?3 ) 5@%5 +0(896P

372659 (3P0 8ds0

110097

92 30,000, P EA Y T

Akl o2 2 +6p%
Pore Size 1298 Taber At1r asi on 0. 1%%& 0. 1807
(microns) () 1534 (\wt Loss iln nran‘:\ xpoc A ond B oaHe f+om

T T e PN T A
lVB&kSﬁ'BSépSl)B T842.62suyl t s 89 how t h 937rﬁ§| ishi ng 5. &5An surfae

CD

%)

Elongation (%)
Compressive 9198 + 55.30 92194 + 9243 + 63.54 9057 £ 157.7
Modulus (psi) 73.234
Flexural Rigidity | 291.901 235.078 241.698 224221
(psi)
Taber Abrasion 0.1681 0.1807 0.1917 0.1534
(wt. Loss in :

| grams)
*Pads A and B made from Texin 970u urethane thermoplastic having a Shore D Hardness of

70 and Fine Mesh Size.

The results above show that polishing pad top surface roughness is improved by buffing

and then by break-in. . _
" This Sheet Has Been R
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A sintered polishing pad substrate manufactured from fine Texin 970u urethane
thermopolymer was prepared in accordance with the method described for preparing Sample 1
of Example 1. The polishing pad substrate was evaluated with the bottom surface skin layer
intact for slurry capacity and slurry flow-through rate. The slurry flow through rate was
measured according to the methods set forth in the Example introduction. The slurry capacity
method is also described in Example introduction.

The unconditioned pad had a slurry flow-through rate of 0 grams per second and a
slurry capacity of 4.7%. It is believed that the slurry flow-through rate was O because the

polishing pad substrate top surface is hydrophobic prior to buffing and repels water containing
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AV e

| NuEd § VH L5EHS STHL




EXAMPLE 3 10 A sintered polishing pad substrate manufactured fromfine
Texin 970u uret hane thernopol yner was prepared in accordance with the

met hod described for preparing Sanple | of Exanple 1. The LS hd ad
subst r at e WR8%98F uated with the bottom surface skin |ayer pf#@%%%?%o?
slurry capacity and slurry flowthrough r.age. The slurry flow through rate
was 15. neasured according to the nethods set forth in the Exanple

i ntroduction. The slurry capacity nethod is al so described in Exanpl e

i ntroduct i ghrrielheTHE §6p diifhctnof thitPall avasathstedften chndioredr sueahlingte thé blffing
grans per second and a slurry capacity of 4.7% It is believed that the

slurry f| omethodalestribed i Exampls beThe beffing stepanechanieallyseaditions the4op pad gurface
Surace ) S antl E5rRNS Be'oB Pa subfBod Hol RrSbbiR HyaraiBil TR sherstier
-24 - slurgy hed%ﬁf’ﬂoﬁ%fem.ﬁ4 rams perisetond idﬁﬁlfﬂﬁfii' dpak of § 395 eNext, the

according to the buffing nethod described in Exanple 1 he buffing step
nmechanigal byttamsuiificemfshe same pasl wasbuffedfand drokeu-ie acaoeding to the meshodscagt forth in

surface frgm hydrophobi g, to, hydr,ophili¢. The buffed her eaf t er
oxhi b ted Bamet, " begtaies, e e GRibized s e oh 8 2075R0S e popond end o
capacity of, ci%y%fﬁ\l?%’ the 5 bottomsurface of the sane pad was buffed

and broken-1'n according to the nethods set forth in Exanpl e 1. Thereafter,
t he pad exhi bit THese rebultsrindichtevthatibuffiog the fiiBswifagewfthe polishingipathimproves the
capacity of 5.7% These, results_.indicat hat buf.fing the top surface o
Che - pol | shHNGY (RApestty A 458 s BPR s BY copvelting e Rl s Rsh, RGeS Hre
convertd ng %gu-]fchar acter from 10 hydr ophobi ¢ to hydrophilic.
What ifsdclléﬂr}rgﬁ |gc:éM{yti 98/ 47662

PCTI US98107908 CLAI MS 1. A polishing pad substrate conprising sintered
particles of thernoplastic resin. wherein said polishing pad substrate has
a top surf &t Bepmed it om surface including a skin 5  layer, wherein the

pad top surface has an nean unbuffed surface roughness that is greater than
t he nean unbuffed surface roughness of the pad bottom surface skin | ayer.



2. The polishing pad substrate of claim1 wherein the bottom surface
skin layer has surface porosity at |east 25% | ess than the surface porosity
of the to e. 3. The polishing pad substrate of clg ggaldm?r-ei n
sai d poroﬂ’s?sésktrlj{gs rate has an 10 average pore size between aBout 1 Jerr]
and about -+060—|er+r}—4- Fhe polishing-@4d substrate of claim1l1, wherein

sai d porous average pore size of fromabout 1 [err] and
about 150 [éﬂ! ﬂ%“ﬂ!ﬁﬂ EUE“ i shing pad substrate of claim1, wherein said
* a
6

por ous subs ge pore siCEAIMSrom about 5 to about 35 [err]
15 . The polishing pad substrate of claim1l1, wherein the
polishing pad has a density of from0.50 to 0.95 gmcc. 7. The poli shing

pad substrate of cl ai . r.eiqn, n"nﬁﬁ'i gfarﬁc f e
from 15-70% 8. fl T g}’ %%%ghﬁrﬁlgsu%g‘ga tg(t}Jbst r as?% gg‘?g{:elh I'm I%B%h‘éﬁgyﬂﬁs{tﬁeresm
pol i shi ng paerelasidpalishitfy padisibstrisechasaptopusurace and adivtiess smfacerinciuding @ skih
[err] 9. The pol1shing pad substrate of cLa 1. wherein the polishing
pad hash a leyermésesintherrsd boR suracethas ap meag ug \aﬁerq irfage (%ﬁft@ﬁsrt}l&tf,s @mtﬁséﬂf}n
and a peak,stress. of ~f 7 he: l.shi ng pad
Substrate W%?agiurﬁggﬁ‘%ge{{rnéaﬁgg@?%sp&?ﬁ? %ﬁ:se&tlt&s'ggﬁrf cgc.._ﬁmFll%ér. The polishing

pad substrate of, cl amie PolisHieg pad substrase afl claim dhwhersinothet buttob surfiuel skird layerp
surface is from1l to 15 [err] 12. The @olishin pad . of claim 1,
wherein said hesesurfaes perosisy atleast 25% lesgbag th ¢ Perogity, of the top surface.

h
pol vvi nyl fl uori g1e;/et ﬂ'él‘ﬁ%,%)‘%‘?‘%ﬁ& %ﬁ@srtg?@p of chfhY %ﬁ?ﬁ@tsgid %&;ﬁgy Sitbstfate has an

pol yacryl ate, p ylene, . yam dé, polyuret

pol yst yg €Ngyer. & S2¥ beRen absutdl thTﬂfcﬁxtindOEM xtures thereof. 30
13. The pol f@h‘?ﬁﬁg pad -substr at e%g? claim 1 wherein the thernoplastic

resin is urethade redha. polishingpad substmate of clains hi, rwhepein ssidoporous eubstraty basnan
1, wherein said pad has_.at | east onepgf rosgg ic feature sel ected from
channel s, BYFI& fFéﬁEPfﬁPB’o@é’gElM WUt AndPBlige shapings. 15. A

pol i shing pad sgbstrgig &iisrghggara Lub@eheoP clallf 1 RANBR! BRIt pSroh§ Shbdtrafe Bas an

ur et hane resin, wherein-sal bstrate has a thickness of from
0. 76- 3. 18matedfelpiive Bizk oF from abous b ty abéutf3SqmO. 60 to 0.95 gnfcc, a pore

\r?g Lﬁ"ﬁbé) I Ol;nr gLnr fligégocé/%bp %oi@ggg {)g su %{r];&aco% crla?rlrjlglr: nv?}?e?eig f’cl'ul.c ;rwghs [ egrpra]d h%rs]% (iaensity
of from 0.50 to 0.95 gm/cc.
7. The polishing pad substrate of claim 1 wherein the polishing pad has a pore
volume of from 15-70%.

8. The polishing pad substrate of claim 1, wherein the polishing pad has mean

20 unbuffed top surface roughness of from 4 to 50 microns.

9. The polishing pad substrate of claim 1, wherein the polishing pad has a
compression modulus of from 250 to 11,000psi and a peak stress of from 500 to 2500psi.

10.  The polishing pad substrate of claim 1 wherein the top surface is buffed.

11.  The polishing pad substrate of claim 10 wherein the mean roughness of the

25  buffed top surface is from 1 to 15 microns.

12. The polishing pad of claim 1, wherein said thermoplastic resin is
polyvinylchloride, polyvinylfluoride, nylon, fluorocarbon, polycarbonate, polyester,
polyacrylate, polyether, polyethylene, polyamide, polyurethane, polystyrene, polypropylene,
and copolymers and mixtures thereof.

30 13.  The polishing pad substrate of claim 1 wherein the thermoplastic resin is

urethane resin. )
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".r-éijgﬂﬁn'ess of less than [errj—16. The sintered urethane resin polishing 'pad
of _clai m 15 wherei n fhey bl aenRepiiege skin |ayer has a surface porosity at

| east 25% | ess t han t osity of the top surfac :
pol i shi ngV@I8HLWRt r a mnamﬁm m“J | e rbios/fhoos
uret hane resin and wh

wherein the thernopl as resinis a
strate2dras a thickness of from
0.89-1.78(35-70 mls), a density of fromO0.70 to 0.90 gnficc, a pore vol une
of from 25-50% a mean top surface roughness of from[err] and a nean
bottom surface gKi n TRy %bliﬂﬁl@?ﬂ@ssﬁbsﬁaté f<clditaan whéreln baid Jpad Hdzeatsieasteoms
uret hane resin polishing pad of claim17 wherein the bottom surface skin
| ayer has macsoscopice featires belected fremsehagoels, pedorations, t greoves; figutairgsorandi edgeof
the top sugface. 19. A polishing pad conprising; a. a polishing pad
substrat e S8PP'®¥%im 1; b. a backing sheet; and WO 98/ 47662
PCTJUS98. ! 090S gy adhepélisRingOpal Sebshate/\Rfing ACcloasdction Seasmtialiyn ds tdepickslt iom
surface skin. |layer 20 The polishing pad of claim 19 including at | east
one nmaér odigwiedOf eat ure sel ected from channels. perforations, grooves,
textures. and edge shapi,ngs 5 1. The polishin substr f
cl ai m 19 wherei %gt hekbg‘?]lsgﬁgsm s‘étlﬁt?%?c ﬁa‘ﬂ% Yila sé%ega% r‘%%éuo“ﬁgnya?p I‘%Bgé%e%zg%
| ess t han Iti?geqq_rface porosity of the top surface 22. The polishing pad

substrate of claim19. wherein the polishing pad has a density of from 0.50
to 0.95 gncc. U3  Alsintgred urdthang resinl polishingrpad substrate kaving a opysucieed, @ botiem

olishin has, g. pore .1 volune of.from 15-70% 2 I Sf2i n ad
Clbst rat & Ditoes SEAEG 5 AFANEI, VHEFOA HRRE el oy hicknses o ok 30L28 s ¥
pol i Sgbng dealtys UP Hohr0%00fo 01931 BAR, WHRITE VOIUnRE of "Brdf 1191904) €5 $nedh thP Surface
buffed top surface is froml to 15 mcrons. 26. The polishing pad of

cl ai m 19 rouglmess of fremi 4+50 tnkicroms phdigtmean hogtommsurfage skin layep roughness ifllessithian
pol yvi nyl f] uori de, l.on, fluorocarbon oly bonat e, ol yester, .

pol yacry| #%MIgEHSy g{uﬂﬁ‘{l{er% tReomes Syfface 58?5}%8@58’P§8?‘e%ﬁ%¥km 185t is less
pol ystyr enfan fielnydah QA& Wughitds 6PMRItYPRirfacand M xtures ther eof

18.  The sintered urethane resin polishing pad of claim 17 wherein the bottom

15  surface skin layer has a surface porosity at least 25% less than the surface porosity of the top
surface.
19. A sintered urethane resin polishing pad substrate having a top surface, a bottom
surface including a skin layer, wherein said substrate has a thickness of from 35-70 mils, a
density of from 0.70 to 0.90 gm/cc, a pore volume of from 25-50%, a mean top surface
20 roughness of from 4-20 microns and a mean bottom surface skin layer roughness of less than
10 microhs; and wherein the mean surface roughness of the bottom surface skin layer is less
than the mean surface roughness of the top surface.
20.  The sintered urethane resin polishing pad of claim 19 wherein the bottom
surface skin layer has a surface porosity at least 50% less than the surface porosity of the top
25  surface. '
21. A polishing pad comprising;
a. a polishing pad substrate further comprising sintered particles of thermoplastic
resin, wherein said polishing pad substrate has a top surface and a bottom surface including a
skin layer, wherein the pad top surface has an mean unbuffed surface roughness that is greater
30 than the mean unbuffed surface roughness of the pad bottom surface;

b. a backing sheet; and

—_—
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27_ The poli Shl ng pad m 19 wherein the thernoplastic resin “
I S.urethane reS| n. | “ me'i I ﬁ[he pol i shing pad of claim 19 wherein

t he ther

& I esi g pad substrate is upet/pReENTIERSI N

and said su rate has a thlckness of fromO.76-3.18mm ( 30- 125 mls ), a
density of fron10 60 to 0.95 gmcc, a por@?volume of from 15-70% a mean
top surface roughness of from4-50[err] and a nean bottom surface skin
roughness of |ess than 20[err]. 25

| ayer

10

15

20

25

c. an adhesive located bétween the backing sheet and the bottom surface skin

layer.
22.  The polishing pad of claim 21 including at least one macroscopic feature

| selected from channels, perforations, grooves, textures, and edge shapings.

23.  The polishing pad substrate of claim 21 wherein the bottom skin surface
has surface porosity at least 25% less than the surface porosity of the top surface.

24.  The polishing pad substrate of claim 21, wherein the polishing pad has a density
of from 0.50 to 0.95 gm/cc.

25.  The polishing pad substrate of claim 21 wherein the polishing pad has a pore
volume of from 15-70%.

26.  The polishing pad substrate of claim 21 wherein the top surface is buffed.

27.  The polishing pad substrate of claim 26 wherein the mean roughness of the
buffed top surface is from 1 to 15 microns.

28. The polishing pad of claim 21, wherein said thermoplastic resin is
polyvinylchloride, polyvinylfluoride, nylon, fluorocarbon, polycarbonate, polyester,
polyacrylate, polyether, polyethylene, polyamide, polyurethane, polystyrene, polypropylene,
and copolymers and mixtures thereof.

29.  The polishing pad substrate of claim 21 wherein the thermoplastic resin is
urethane resin.

30. A polishing pad comprising;

a. a sintered urethane resin polishing pad substrate having a top surface, a bottom
surface including a skin layer, wherein said substrate has a thickness of from 30-125 mils, a
density of from 0.60 to 0.95 gm/cc, a pore volume of from 15-70%, a mean top surface
roughness of from 4-50 microns and a mean bottom surface skin layer roughness of less than
20 microns; and wherein the mean surface roughness of the bottom surface skin layer is less
than the mean surface roughness of the top surface;

b, a backing sheet; and
c. an adhesive located between the backing sheet and the bottom surface skin

layer.

This Sheet Has Been R laced

BT III

THIS SHEET HAS BEEN
REPLACED-




