POLISHING COMPOSITION CONTAINING HYBRID ABRASIVE FOR NICKEL- PHOSPHOROUS
COATED MEMORY DISKS BACKGROUND OF THE INVENTION 100011The demand r increased
storage capacity in memory or rigid disks and the trend towards miniaturization if memory or rigid disks
(e.g., due to the requirement for smaller hard drive$ in computer equipment) continues to emphasize
the importance of the memory or rigid disk manufacturing process, including the planarization or
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semiconductor device 10mapHasSRIEO RGO eANDRB MM RN @S BIsScommercially available CMP
compositions are well-suited for the planarization or polishing of memory or rigid disks. [0002]The term
"memory or rigid disk" refers to abyGitagREcisK)hard:disky Abiddisk, or memory disk for retaining

|nformat electromagnetic form. The memory or rigid disk typically has a surfac omprises
p?‘llorouf%b%%ﬁ‘mgffm ncrease 30&&0 (&pE gv o HRNT QLY SrLlL 1d {Ets S&]a{b o

nickel-phos € memory Or rigi ace can comprise any o &t suitabié material.
Theplanarity:of ﬂneznmenmwemﬂgmdzdmk&mmﬁbﬁefm p)myedluamtﬁ&: disiancednetween:dtier recording
head of a d(% drive and the surface of t emory, ¢ or ri d dISk 1as decreasedf\/\ﬁtahuglm rovements in

es,in ¢ Hier equiipme ‘i LOI‘: mic_ 1215126 ortanc
recording 5en5|t %hat 8e and alllo er € mag ne ic ﬁth respec O the' memory

or rigid diskd lde rdemtd permitrgtowss f[yMgdnewht@MhmgmetmeahmmwémMS forthe surface
20finish of the memory or ngfd %lalfcgrewgquqﬁmﬂ[go Jgtén}}c%gharacten%tlcs o{ m?m(gx)éor rigid
disks affectlng?fﬁllng elg e magnetlc headtine ude WAVIRESS ARd MiCTowaviness viness or
warp is a@MES@evmﬂmmﬂmmdlamésémmﬁ@efenmﬁxdtsiosuﬁ&cmﬁmnmbmcﬁat&éorm of surface
deyigtion, hereln [efeficc{o as microwayiness, may, exst, [vlirepwainess s gaviness of a disk
surface fOF A range o wavel eng Hré"on the order 6 enb fthe trans ucing head. Using
current techwolbgyitthdse tivayblengthsarergpprdxirp atetycin dhemange dfsk®.to 5000 microns. For low
flying he Eﬁ) htsI f']rél&rr awnl%ss C&“;ﬁ!%aéﬁ an airt rbe Onénl%,rr%sgrn(afncgh h% Bydﬁausm%%xckesswe
head to disk spacing mo dulation. the spacing modulation r suf%mg rom microwaviness can cause
poor overmnritingof diakafon-the rdiskistifacepand MSumeagasés ftam 30énven canseocolkision of the
head Wlt the ﬁls surfac tﬂdtesultlnrquam? }ts1 dISk suhr ace and/or the recgr&hq{q head.
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[0004]Du¥ﬁ)19 e p“Snshm a memary or rigi es 0 digk recéive a higher
prds%ur&mémdhermtmhtmg: too! ke tsluem%dmamtmgahuﬂfhcglaﬁ&heychﬁk%;cw’muhxtgands@dhbsformatlon of
a curved wOLT unded 9 at.the edges of the disk. The ed edge areas known in the art
as edge roLf E? Tu rd f or L dﬁq{?u(:eh%%un %Féa%ron ‘Eare (Sgllélf’t}abler\%r%}ecord} n

100051®értiaraldwp0y|@mmg;(t@tmbdxsmémé@srememabtmprtng:dechm wmphse @brasivbstto increase the
removal fales af the, sbstrate, High femoyal rates alse a1 achieyed by an.ngrease In dgupnward
force of the po %lng pad tOE’[he Substrate, owever, an Increase m?he downward force feads to
abrasivelparticles tpenemm@*emtibddgéiamka tfelsulbrsirate sbefatemanmesultewhiohhregativaly impacts
mlgr@waylnnlgg h% ;suerf ice rougf H%Sﬁ( %&O}%%{I’hﬁre remains a need in the art for a polishing
composmon and method for 1 anarizing or polishing memory or rigid disks which minimize
embedd¢dablasivesy micrdwaniness and edgerplboffgwithsut Shorificingd e renhovdi ratelef the
substratg, BRIEE SUMMARY OF THE INVENTION 10007 Theention piovides a Roling.,
composmor‘f comprising (a% an abrasive  comprising (SS) first afptna alumina particles that have an
average laspettatio of ©.814 ¢ot el lsk1E(ifise condatphadiminapalticiés: thit heve ahcavierage
copect PRGLIRASHIAAGA ined ina priios. v (et propsse il parlcles an
(i) providimeea sUbstrelte aspteially astibstrdte cormpligipth at’ I@aﬁmédawﬁuﬁdlck@mmsphorous (i)
pfov""”%ﬁﬁ% isning pad QLZ@&W&P% soitihinﬁrcp?@ngf’?'t'%“t R 29the JRYEILR,Y, C%‘tac“”g a
surface of the substrate jit the polls d and the po |ng com osmon an e bra ing at least
a portionfof thefébﬁfa{cé@ﬁthegmsmat@maﬁemweaatd%& wmé)wngnaﬁf}m@sutiwaw especially at
least some, partion.of iekel:RNRTRIPIRHSH [ JNE SHITaeR L e RSHaIG AR QRRIER e surface

of the substrate
MHCTOWaviness can cause poor overwriting of data on the disk surface, and in some cases can

30 even cause collision of the head with the disk surface with resulting damage to the disk
surface and/or the recording head.
[0004] Druring the polishing of a memory or rigid disk, typically the edges of the disk

receive a higher pressure from the polishing tool than the remaining surface of the disk.



BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 75100091FIG. lis a
scanning electron microscope (SEM) image of alpha alumina particles that have an average aspect
ratio of 0.8:1 to 1.2:1. 100101FIG. 2 is an SEM image of alpha alumina particles that have an average
aspect ratio of greater than 1.2:1. DETAILED DESCRIPTION OF THE INVENTION 100111The
invention provides a polishing composition comprising, consisting essentially of, or consisting of an
abrasive and.water. The abrasive comprises, consists essentially of, or consists of i) first alpha
alumina E?ﬁ#ﬁ%i%ﬂ%ﬁé? PRSP aha GEpat Phiy B ST Hgr2A s ed&é‘%éiﬁg}ﬁléﬁﬁ'am}ﬁina
particles thatdedvel gnaveragekaspectnr atiosof greager-thantt,.2id.ofil) fumed.afursing pastigles, and (iv)
wet-process silica payticles. 1OQJ{“%AIphg\ alymina particles refer to alumina particles comprising about
50 wt.% Or More Bb?’t#‘é‘%fp‘ﬁ?‘ﬁ&'y SPPR-6¢aiHina, which polymorph typically is formed at high
temperatid@se.g. @bove 11401110633 FHepalishingcompesitian Komprisesfiestiaiphacalumina
particles that have an average aspect ratio of 0.8:1 5%21 The term aspect ratio is generally known
in the artf%f*é%%%‘rv%b%mé’u‘e SN Reh TR Rt SHgHh to Wit Br TEnGHR't6 Choss2ection (e.g.,
diameterjpotikeitatgest.ciassssactiona ghmsnsiomiothe smaliest-crossysectianahdimensiomd Owhen

irregular particles are at.isspe. 100141The aspect ratio of the first and second alpha alumina particles
can bo oLIBTHIAGE TESEI by B SR IS P ESALC Gis Bp LA S SER55Y dptionally
aided byrimaigesdunalysigsoftivatersitehnasrforexamplad WMAGEBRORELIS image analysis software

markete edia Cybernetic LP of Silver Spring, MD,. For example, two-dimensional ISsilhouettes of
a represi(r’l%éé\se s:ﬁ' 1& of ¥'gidhtityof'a Fangg%5&?8[‘8@1%%%8‘%@88}{}\/%% llﬁﬁﬁ%(gf%ﬁysis to

charactepize dheiaspegbiatigfiitherabrasiMeiparticles hikOOh hniGS:riadded depigithe difference in
physical appearance betgqar} algha %urpi a H‘?artiC|6§ ha\gr)% differ?nt aspect ratios. Specifically, FIG.
1is a scANNIRY DA IS 0P SEN IHAGe S AMSHATERHINA pakticlee haRiRg4s average aspect
ratio of 0.8:1 20to 1.2:1. FIG. 2 s %L i ge.0 p]j}?(a { ina ing an average aspect ratio of
greater than 1.2:1. 100161The F?r%&!ﬁaﬁf) 2'1/%1 umina pb:ﬁtlcle‘s ﬁﬁ%ﬁ?}gﬁ average aspect ratio 0,8:1 or
more, 0.9904BH moré ht:bommereyrdv0h:4 opehiene ordnbdsoomorsenpAlterp ativelysternih-addition to, the
first alpha alumina particles, can have an average aspect ratio of 1.2:1 or less, 1.1:1 or less, or 1:1 or
less. Thucétn%ﬁg Hirs QzﬁpF ré%l%[ Lijj:r%ﬁﬂdjggﬁ?c?éls 1é“ga""hgﬁ§/2%avnc élegfaegr‘ébésdﬁgtéftrra‘){%) 6}&39 r'%dgot %f/'é‘ y two of
thei_éfore(@bmdmnécdal@hd pointsidHenexaniple the: first atpha ahp&dna@arﬁ‘c;ke&&anﬂaave_:am, aize.rage
aspect 1ot R0 it 2R b Pk O R Gt QH&“@&'@%&&P““‘ alumina particles can
have any suitable particle size. The particle’size of an aﬁproxmaflé'ly herical particle is the diameter
of the paltithé] The Particlersize pfB0&nyznonispherisal paniciesidbthetdiarhetenafithe smallest sphere
that encompgsses ihe particle., The fistalona alimina partiles can hiave an, average pargle size
(e.g,, average bdrtg'cl diameter) o A oF more, 100 nm or more. 260 him or more: 300 nm or more,
400 nm ordagrehorpdb0onm(0n prorediAlterpativielyg ordn @dditionidihe finstialping atumindtidrpafticles
can havean average particle size of 800 nm or less, 700 nm or less, 600 nm or less, 500 nm or less,
o 280 1 o e B T e e D B B 830 soe boundec
by any twolohihe aforementioned @ndpoidisg Eolcexanpleidtheffitst alphacallithinaupsirticles can have
an average particle size of 50-500 mm, 200:500 nm, 300-600 nin, 300-700 run, 450-600 nm, or
300700 B 00 BTN B A Ce e e shiae s b s SRS free aipha
alumina pbstichesoThérpolishingrCompbsitionicanicomtain Pdkiwhesorfmord, 005wt or more. 0.1
wt.% or more, or 0.3 wt.% or more of the first alpha alumina particles. Alternatively, or in addition, the
polishing compoBitibnFcalk ToRtaih S W96 dHESS, St 44.0r e 8eS Kt ¥516ridss VOIB 48.% or less, or

0.5wt.% s of fi Ip| i rticles. Thus,the ishin itlon can_contain the
st oy i P A o Do by B o Sl e e, For
examplettiélokshirg deaspositivnatancddntair 01025 wt.%, 0.1-3 wt.%, 0.3-0.8 wt.%, or 0.1-0.8 wt.%
of the firgigha alumina paytiales, 1100194 Ralishing comraslion comprises.secpnd apha
alumina particles that have an average aspect ratio of greater than 1.2:1. Tdhe secdndr1 pha alumina
particles'étifi e darabeirdgd hspect ratio 1:2 or more, 1.3:1 or more, 1.5:1 or more, 2:1 or more, or
2.5:1 or more. Alternatively, or in addition to, the second alpha alumina particles can have an average

aspect ratio of 5:1 or less, 47 6lddsldP B 8AFdIE T Kl HAE Sd¢dnvTdipha alumina particles can
20hgve anayerageraspectiatio hounded by:any.vo.pkthe aforemsntioned aadpaints < KAty

of, or consisting of an abrasive and water. The abrasive comprises, consists essentially of, or

consists of (1} first alpha alumina particles that have an average aspect ratio of 0.8:1 to 1.2:1,



example, the second alpha alumina particles can have an average aspect ratio of 1.3:1to 1, 1.3:1 to
5:1, or 2:1 to 4:1. 100201 The second alpha alumina particles can have any suitable particle size. The
second alpha alumina particles can have an average patrticle size (e.g., average particle 25 diameter)
of 20 nm or more, 30 nin or more, 40 rim or more, 30 nm or more, or 75 nm or more. Alternatively, or
in addition, the second alpha alumina particles can have an average particle size of 500 nm or less,
400 nm or less, 300 nm or less, 250 nm qr less, or 200 nm or less. Thus, the second alpha alumina
particles CAn 40 ﬁlﬁ’g\/@fﬁﬁ@%ﬁﬁ% ¢ e§i§@§bﬁﬁdﬁ&‘5§r ARy WG the 8?&?&%%%@%1&&6&)‘6%5. For
examplefithe-sanonthalphaaduming parickes 30eaniayeatiayerage particle size of 20-500 nm,
30-500 ngrg 137 -400#%,5{.9-3001nm,_ 20-250.nm, 75-250 mrl__(;}ra75‘-200_nm. 100211 The polishing
composifithl ¢hn comprisa JHy &uABRRARTGTHE 51 tHE KeREHA STpHA AR A aticles  The polishing
compositiofr€angentpin 8:Qdwit-Sr00 e Mere: 0B WE% 0k oarepL I WLyt ermbEe hor0.3 wt.% or
more of the second alpha alumina particles. Alternatively, or in addition, the polishing composition can
contain SWREOF IS 8- %%ﬁéps - Wt.% or less, 0.8 wt.% or less, or 0.5 wt.% or less of the
second glphes plumina: partities. coius, dine polishyingcompagitionicati:copiaialthersecand alpha alumina

particles in an amount bounded by any two of the aforementioned endpqints. For example the
Palisning ST RGH CHIPCO T G028 o BRAESh 3 B BHLAL ar S 1 th 6 o the
second alphaiadumaifial pasticles=100284 Thealiiesive ean containawrightratioafibe first.alpha
alumina a}rtiqle%tot e second alpha aluming particles of 0.1:1 or more, 0.3:1 or more, 0.5:1 or more,
o 0.71 O IRGIE) AEHHER! Ehoh AERIOR 0 R e TB e it SRR A Hefticles to
thelsecongialphaallsmpaiparistescasube 1.3:1 or less, 1.1:1 or less, 1:1 or less, 0.9:1 or less, or

0.8:1 or less. Thus the weight ratio of the first alpha alumipa particles to the second alpha.alumina
particles 00i4)e bof%aé%gf aﬁm%‘b% he 4 é?ﬁ%ﬁ%&rﬁ’fﬁ G EIF a8 AWt ratio of
the first alplis atuminadarticlasdoHbercaoond:alpha @lnpinaiparticles canl5pectall 4013d150.3:1 to

1:1,0.5:1t0 1:1, 0.5:1 t0 1.1:1, or 0.7:1 to 0.9:1. [0023]T ishing.composition comprises fumed
i DR RT S S O TS SO i SRS IS SRS e
aggregaie sireetiube inwiioheppreximatelySphesealiindry particles see @ssdoigdeddntg chain-like
aggregates of primary particles. The pri ary particles are Qonded to e\tfl‘?rxb}{ covalgnt bFnds and
L T A PRSI T D A B PR GR Bg RCEFBh LA emeray
inputs sueimas figh-sheackmixing: Mulizplepbomed alfminalaggregatescan be more loosely associated

in the forp qf_aggl tes. Agglomerates_are more easily broken up intp their component .
e erean T3 S T T R BT o0 S AR Bt e LR ACE SBere that
enclosespthe Aggregate Ofprimanyhpartiales. (Istbarithary irdvidualqrimaiy pakticles or the

agglomerates of myéf le aggregate é 100241The fumed alumina particles can have Uitable
verage PATRIE B 5. S08rE 4 BRI GIABISHE e R AURAIAS BRrTLELCA R an
aveérage patticie dizé 30:non GEmORe 2 4O dTralgitanabre n0Ha T gramoresa o mpeor maoref @rd:Q6- nm or
more. Altt%gajtige;y, or in addition, the fumed alumina particles can have an average particle size of
30250 nmor less, 230 nin or less, 210 nm or less, 190 nin or less, or 150 nm or less. Thus, the fumed

alumina particles cahdarve dpavdiage ppstictéesize: bounded by-aryatyecof dlhe @forementiened

endpointg. For example, the fumed alumina particles can have an average particle size of 30-250 nm,
30530 i LB Y B 5t LOOAE8 i 1QG4 o AP ATS SorabAR A £ Qomprise
any suitahlefamaipitof the dumed dleming particles chiae polishing cofmpdditiericsan! contaiids01 wt.%
or mgre,&.(i)_Sl vg}.%qgor more, 0. wt.‘;/ﬁID [ more, or 0'3c§ﬁ\’t'% or, more of the fumed alumina particles.

AT 18, e nrst . umina particles can have an ayerage aspectyano,
Altérnatively; or in“addition; tha poﬁs ing composition Can Containh B Wit 96 or 18853 W% or less, 1

wt.% or lesspd:8 Wit Ayordess, the Afbremeatamlassrofpthetfuriied alsnmina parficdesiphhusy the:polishing

composition.can con}ain the fumed alumina parti

cles In,ap amauptbaunied by any, o of the

I}])"ﬁ’tlc eS8 CAN nave an average aspect ]‘ElllOd)' : " H .
aforementioned endpoints recitedfor the fumed alumina particles. For example the polishing

compositiohl&an cofitaifi:et Qlpbavet: ¥tk b3 twl Ho¢£h 3x0:8 maty%iebl: b8 Wwiseof the furmeld alumina
particles ﬁle)109261Th‘e polj‘stbfir] %Qmp?sitirg[)n‘lqom rises Wet-_p(ert ess 1stiliﬁ a pﬂqrt_icler% €:9 o
condensélt'fgﬁ)-p%riyg}ﬂ%gr?z)‘éga OF ESr‘ mﬁﬁé?e 4ities Bar ic e]%?? B 'en%gﬁoﬁgbcblym%ﬂ‘}el §i|’|é‘f’i°|5}articles
typically are prepalestityy) pendénsing:Si(QH)4 tof ik rcolleidap partidiesgwhensacalioidal particles are
defined as,irrglaczylngr?bg ng?ra %zi\{rlticllgasi,z%tgrety\éee a‘pout 1Vinrr)(§nd %bg?ytw;o 0 nm. ,Sucyhh wet-process
silica par%‘cles Ban be g?ep redin accordance with 'S, Paten f§5§) 6,53@5’% can'b&'Gbtained as any
of variousaconimibaciatly avaiable products] $lichas therAKZd- Naobsl BimdzH(B0180pnaduct 4the Nalco
DVSTS006 product anckine Faso EL-2 product, g¢ well a5 alher simijatproducts avaiable from
DuPont, ]ggy‘er, Kpplled esea‘rcfl&)he‘mica; and Clarant. f 71 The vv“et-&ocess silica particles can
have any suitable average particle size (i.e., 20average particle diameter). The wet-process silica
particles can have an average particle size of 4 nm or more, 10 nm or more, 15 nm or more, 20 nm or
more, or 25 nm or more. Alternatively, or in addition, the wet-process silica particles can have an

average particle size of 180 nm or less, 120 nm or less, 110 nm or less, 100 nm or less, 90 mil or less,
QN Nnin Nr lece 70 nm ar lece AN NnmM or lece EN nm or lece ar 40 nm nr lece Thiie the wet-nrocacce



25 silica particles can have an average particle size bounded by any two of the aforementioned
endpoints. For example, the wet-process silica particles can have an average patrticle size of | 0-1 00
nm, 20-100 nm, 20-80 nm, 20-60 rim, or 20-40 nm. 100281 The polishing composition can contain any
suitable amount of wet-process silica. The polishing composition can contain 0.5 wt.% or more, 1 wt.%
or more, - wt.% or more or 305 wt.% or more of wet-process silica particles. Alternatively, or in
addition, the ollshlng cfomoosrtioth“ can o ntain P\%% or less, wt % OLIGS? } 5 wt.%.or less, 10
wt.% or Igss “WEDb Of 1688, r%@%poaﬁess 68 \/\% 0'0F &5 %f (‘t%% ?é B%*rﬁaé%“fr hus, the
polishingséompositiess. Qarﬁoommimmtestsprobess siliCapdpliclekinian amount beundediby-anygd two of
the aforemen joned g E‘P ta For examp e th Do |shrng ?] osmon an contall %5 -20 wt.%, 1-15
Wt.%, 5- fé‘w %, oF 0-5:5 Wt.9% %tft/v‘é"t‘}p‘to &é‘BéP ElesT 16291 r‘ré VR8I €A Edntain any
suitable ambum]mottthepttrew:lphaﬁatmmrea p&rﬁgleemeﬁeeﬁtcatﬁh@mrmna partiles;fumed-aomina
partlcles and et-proce llica, For e, the abrasive can contain 1-10 wt.% of first alpha
alumina partlc estl% Ef(gﬁés]eﬂcéﬁd%]?%a atlithina particles, 5-20 wt.% of fumed alumina patrticles,
and 20-6@&18%o of Wiet-pricessedhsificaitlvased oontipe dotal wekgitl okthevabrdsivetirsthéppelishing
composition. 100301The lishing, composition preferabl doe ot cgntaln any pthe er forms of
alUminad i THA BARES aOhePtha Hhe ATAE G Sein el MM Alurkind BaMEIs aher e fifhed
alumina particles describeddnereiril. Simibarly, ﬁh&ep@flemngwatpboemampreﬁerat&y does not contain
any other, Eorms{E of slllca i.e fdstlllca &artlcll other than the Wet roces;5 s|I| agtlcles described
herein, Fur Ierarr[fc'r)? re”f)(% IS tﬁa co?‘nppo O b(r"é]tgm 9%62‘315 HOFEBAta] SFasive 6thér than the
alubina anel sitroat’/partietesttiesmi‘bed- h@remr §.8. mﬁﬁamve;pafttbte&othqmmamtheélp&kﬁﬂd‘second
alpha alumina %artl eIs fumed alutmina artlcltes %ndfléw thg %cess srllcl:_? articles descrlbed herein.
100311PreFera ?yp{t & dbrasivE 98 Sltoica 3{7ﬂsf£at5le‘C fin‘the p% Sl éotﬁﬁfés“tu%% &% rm colloid
refers to thersiesgensignef pitticlef inthe touid eatﬁem(e d: pwaetﬁr);ﬂzﬁ}mqiahshahgllty refers to the
maintenance of that suspension, thro I the inventi 0, the ab SIV
considere(&né%(ffé%lcfeﬁI§’/‘1§t§ e Iﬂn%t%e a"brasr@e is blacegS 2%?3%5 (ﬁn@l gré?{uéttr %f cyll der and
allowed tdgtanthunaitated dor a time of 2 hours the dlﬁerence between the concentration of particles
in t @81)?0 ml’t‘h fthe %raguated cylinder |n terms /ml and thetc ne nttrftlon of particles
in the tor[ the gra duated't Fﬁ}d}é’r f]o termh 1‘S g“t‘h Fdivi e(azl ‘byr’t & iRitla Concentition of
partlclesanetlagnadmmt/emomtp@sﬁteﬂt({@] irLterrrTsrotévth Llpis Iﬁsmtha@mremuahtoiﬁ\&(me y o [13] ---
[TI}[C] < O 5 More Prgtfe)r A theo\{ealgg %%EI'HJ [_c] [C] is less tha;n or equal to Q. g §and most
preferabfi‘/ IS an orlequal to 07171003 e pollshlng composrtlgh ncjgli:rcc(c)ilntaln a{hryns{uﬁ%able
amount |f\ﬂkmraiunraShvezx Theduolishing tempasiticipbanicontaipOthit.taohmore, & wh86 espmore, 2
wt.% or morebpﬁ\(/}vt % O, moreﬁofqahras Ve, {}I}tqer tlgel orCrr}tn Etd}tf]on tir;Tel ollghlngfcomposmon
can 30 contain 25 W{g/% or less! 20 W% or ess 15 Wt. % ess prid}(l) sg BWEAADr less, 6
wt.% or less; ar Swith¥e orlessraf @brasiveld Th usyttvemﬁttshlm@nemmmeﬁmeammetaﬁmthe abrasive in
an amount bound%d béf, ny, ygvg of thIe1 aforem ntlohe end oar‘r)és For ex m le he {)ollsh ng
composmon AR CONtAIN 0.5 w‘t } iy o ), 515 W r O Wb ¢ 186}ra5|ve Tou 31The

polishing! coinpoSition Cohprisés water The Water is used to faC|I|tate the appllcatlon of the abrasive

particlesg%g@sur e of a uqa le surglsr;terlatert '3%) aw&grfrguai |zegﬁP eferabl¥hthe water is
deionized water. 100341 The offs?ﬁlng comBosmon Can have any sul afht)é pllgl He pollehlng

composiﬁcrmukésirﬂtaly]haeramamelcwdp iy caap i af dgstinari o7siPréferablysrthe patigtiing composition
has 2 PHOf 8 LICIS (B, 3 Qrless) Even more Rieferably, the aplishing compositignhas a pH of to
4 (eq., 2 o 3 e poI|s |ng composition op ptional y contains pH a ustlng 15 agentsi Tor' example,
potassmmehyd rzektde@tammocmrummhg}drmxrdie; smdfar aithie doiditEhapolishing bompositienaatso
optionall rrfgrlses PlgbBufferlnges%/s% smhge E,%r(‘r) pﬁl;l] t&u fggngjé){sitlemstgreﬂ\éveg(t(nown in the art.
The pH b errng agent can be any sui ble bu erihg agent, for examp]e icarbonate-carbonate buffer
systems }amiridedkytise fonicdadios; amdithe fikeicTdse polishing compgsition danizcomprisiedhy suitable
amount of a pH 1 dJu tor anf_{or ap uffering agent vided that,a,suitable amount | used to
achieve arrd}ororﬁgﬁttamot Je pH of the pcgflshfﬁg%%%ﬁgrsl Ln \l?vrthln a‘éf}f aﬁ) \& Fa]tlﬁmé f&ﬁgiThe
polighing-eompesiticy optio matlyd@ rtherdciiydrides at 16 dilone. oXidigihgrageht OThefufctit of the
oxrdrzrngnaxgegt 5'555033; r%('géz% 5%%% a part of a substrate, such as a

[6G21] The polishing composition can comprise any suitabie amount of the second alpha

alumina particles. The polishing composition can contain 0.01 wt.% or more, .05 wt.% or



layer or layers comprising, for example, nickel-phosphorous. The oxidizing agent can be any
20suitable oxidizing agent. Non-limiting examples of suitable oxidizing agents include hydrogen
peroxide, persulfate salts (e.g., ammonium persulfate), ferric salts (e.qg., ferric nitrate), solid forms of
hydrogen peroxide, and combinations thereof Solid>forms of hydrogen peroxide include sodium
percarbonate, calcium peroxide, and magnesium peroxide, which liberate free hydrogen peroxide
when dissolved in water. Preferably, the oxidizing 75agent is hydrogen peroxide. 100361The polishing
composif%ﬁecagnﬂ%ﬁt}éiﬁrfﬁlﬁ}réuﬁ’fa e AmeuAes %%?(%(ld?tz’ﬁ% %&%ﬁ? ‘#h%i%%ﬁéi fr(ljg}s(’:'omposition can
contain 00wt 96chy, mone A0 vk % o pminien O havhd6i sommarecdnwitiPb e fore]wr, B 5wideor more
of the oxjdizing agent. Alterpatively, or.in addition, the polishing composition, can contain 10 wt.% or
s, 5 wE0h O TAed, ™ 0 SIS, B0t 06 b 16k OF 15 ks GBS e e Lsiuiing agent, Thus,
the polisbing«demndositiah«canicbintairvthereXidizing agentrinhanamnalntheuhdethbyanytvanof the
aforemer)tiqned_erg oints, For example, the polishing compagsition can contain in,an amount of
0.0L510 11t 95 G'ELE 9500 5 Wt L HS W 56150 L R o1 o BcaINY et 8 10037 1The
polishing:compasitionsapiianalyifOitiercomprise s-atdeast-oRenclielatiriglagént {66 nickkel. The chelating
agent can be egny{ uit%gﬂe. (]:he]argggsagent for nickel. Non-limiting examples of suitable chelating
agents Tarelitst ﬁrﬁlr"i‘oaa&ldlsa(fb&r example, glycine) and organic carboxyacids (for example nicotinic acid
and tartaié2zjid). [0838prhe potishing taompesition-ean cahtaiiranipsuishble anpauntief thehehelating
agent. The poljshing composition can contain 0.01 wt.% or more, 0.5 wt.% or more, 0.1 wt.% or more,
V56 RS B & DR GETIOIE B tho CRAIRRG Joone AN halsery oF headeion fhe polishing
compositiancan lcantainelQ wt%oaarlass, b, wico artess:i3 witthe Griesph2 whst:or pesscies 105 wt.% or
less of the chelating, agent. Thus, the polishing 10composition can contain the chelating agent in an
amount ASURGEH DY B, O B o LB iohe Shasirie. Lo Brarple, B8 pavetish Sompositon
can contailif: amaleurithes Ol byleQ:nrt 04 © - B wii B4, (Opb-Baivia¥nalpbrBaivk %, tbe tcbe2advti¢hof the
chelating agent. 10039jThe polishing composition optionally further comprises at least one nonionic
curtactad FHE RS SR Do Ehy S A G SO ERP St T e
surfactants: inelgtiereopoliythe fisurffdiantscom prisinl:siloXans:units ; plhy léme ioxiderulits, cand/or
propéllen eod(i]d_(? t%nit_si meclp {({:a_ppz?vg f\tlinﬁzf\r,{)p%e_rll(ilgqt,} ar tcg]irsél .?Qoeﬁglllcture. Non-limiting examples
of suitable nonionic surfactants include alkylphenol ethbeIates'?)‘é.g., nonylphenol ethoxylates), alcohol
ethoxylai@$23iloxarit ethoxlate spapddvelikenPreferablycdhéanoniomaislirfadtamtciheludesa is
nonylphenol ethoxylates such as the Tergitol series 20available from Dow Corning (Midland, M)
10 S A B L S s ARG T oA eal (e ey, V).
[0040] Thexpalishing:igomipositibnrcam g ontakianycsuitablaamounthef thé nomowmetsurfaptantrThe
polishing composition can contain 0.01 wt.% or more,. 0.5 wt.% or morwt.% or more, 1 wt.% or more,
o1 1.5 i 1 ort o T8 Forhe St AOrEoty o S S e compositon
canGontaircd@wwh:%xod ees;B wiiborosi sy, 13 Wdbhbitiessy2qu O orllessaberk s wh¥s:or dess of the
nonionic s%fagt nt. Thus thehﬁoﬂsqin%co Qiosition,can contain tt%e nonionic surfactant in.an amount
35 [1gn-shcay e, 5 Ig - m?F l(ljl“ﬂinﬁ AgoTeUaiCs CAll QIHLH‘{:? ?(}ﬁe v associated in
bounded by any two o the Zforementioned en points>For example, the polishing composition can
contain itharicamaotiatefd:01:10. Wi £4\00:6:8t awtads, 00t e awt |90y 1 ie8 wit 9y Gredr S@nwt 6 wf the
nonionic 305-85‘;?%3 héLog I:E:J{Q;I;hgzg%lc!isﬂ%n ?P%QQ%IJ%(.furthgrkc mprises one or more of er additives.
/or theologica

[eXis i ihd TCigrs  Qamerer o € SMalies
Such addftves include stifactants an control agents, antifoaming, agents, and

biocides spAdditivescoalviis freseptdgnthe pofishingreompoditidreatanysiitabld 1@icencentrations.
Suc,t% additi ]eﬁ,,g%@{ é:lé}ﬁ@!y o?ﬁéé—%‘éi;t%?lne} %? %@@%9&%&' such as, for example, homopolymers or
random, %fltoci’(, or gradiéfit acryfate cop(ﬂy ers‘comprising one or more acrylic monomers (e.g.,
polyacryldtestpolyMethacrylbtesnuinylac ritates dndostyrenetaldy lates ) copnibilvations thereof and
salts thergof T bincide can.be any.syiiable hisdide, examele, an isolhiazolinons higcide, [9p42IThe
polishing comﬁogl ion of the Invention can be prepar y any suitable technigue, many ot which are
known tonthaserskitietlintther artrFhd polishingicoipositiomcan be Brépared imacbatch or continuous
process. Generally, the polj§ ing.c ‘Eneppsiti N can be ore fired by,cqmbining the com ,Qneptsfthereof
I any o e D R L I, e
aludfina pafticte sy fisnsed3dluminalpsatitl@gjrabrasive | fiaten, @tt:yaswell asianycombnatidre of

ingredients, (e, AbrASiVE, WaIS OKiFiZin0, 38500 Shelaling, 898DREIEDy any two of the
aforementioned endpoints. For example, the fumed alumina particles can have an average

particle size of 30-250 nm, 30-230 nm, 50-190 nm, 70-150 nm, or 160-150 nm.



100431For example, the abrasive can be dispersed in water. The oxidizing agent, chelating agent, and
nonionic surfactant can then be added, and mixed by any method that is IScapable of incorporating
the components into the polishing composition. Other compounds that increase the removal rate of
one or more of the materials being removed to effeét polishing of the substrate similarly can be utilized
in the preparation of the polishing composition. The polishing composition can be prepared prior to
use, with one or more companents, such as a pH adjusting compaonent, added to the polishing

com posit[iﬁﬁzmst 20 BEARPE VERLEOG PUAHTR SBOGLTF s Bertiable a8 WA b S FHour before use,
or within gbetii 4 paintite; betarediss)n f hempslishing carnpasitian(alse eanhepeepared byJaixing the
components at the syrface of the substrate during the polishing operation. [0044]The polishing
compositisi aldo ¢En BEFRGIEE 4s & tohdetitrate WhcH TS HEHBEE B e difuted W A Bppropriate
amount ef-walenprior, tadise: Jnsucheass:i the:25pelishing wompesitieniconcentrate can.comprise, for
example, abrasive and water in amounts such that, upon dilution of the concentrate with an
appropridt‘atolift ST, BAEh Bompone St BorSHREeHBELHth Wil Be presaiihghe
polishingceaippasitio o-m @ amabntwithin theiappiepdate rangeecitad anvefoneackcompenent.
Furthermare as will be understood by those of ordinqry skill in the art, the concentrgte can contain an
appropridte SO AEHBHIT IR SF Pres &t T it oS RG EdRipSSTGFARRIFIEF R SRR that the
componefis andtidihessuiiable additives are at least partiallg ardullyodissolved inthg gancentrate.
100451The inyention provides a method of polishing a substrate, which method comprises (j)

providing FEULEHHEREHSE a substrate comprising at least one layer of nickel-phosphorous, (ii)
providing @peishinphpad)idi)-provigding apalishingeompasition deserbeadibrkain g(iv) contacting a
surface of the substrate with the polishing. pad and the polishing composition, and (v) abrading at least
a portion 818 BHATY bFHE Skt 1 AAFOVCAPRIESt Some PO FiH BF thie STFACY ot e
substratgastichsaspRaBmoverbleashsenmdickelphospheraus fromihe safaice ofliie substrate, and
to polish ghi s#{r{age.g#th'e syb t%:e: 00461The polishing 1me,thodaof the iigwention is ga} icularly
suited foF USE A EBRIGIEHER FORRh S ChaRs CRI A RRRARTEAT SoTishitG appArSts. TR n&%"fﬁe
apparatusccomprises R plateRcwbigh cyvhendr 1se, 18 Romotiomanehas e \elnatystirakeasults from
orbjtal, linear, or circular motion, a polishing pad in contact with the platen and moving with the platen
o i Ot ARG S C AR S OGR4 G PRt BB PONEHH B ERAL g At NN the
substrateyielativebto tedsurfacengf-tiepalishing-pad Theopelishing-oftheistbsirare takesdlbplace by
the substrate heing placed in contact with the polishing pad.and the polishing composition of the
inventiort i B DO AP DAG GG TRV e e ATSrARIES RS Ty Atraie dbleast a porton
of the subsirated0 palishthatsubstrate. [0047]A substrate can be polished with the polishing

compositj ith any suitable polishjng pad.(e.g., polishing surface). Suitable polishing pads include,
ror oo e e RS T B B e S AT BTG HAME £ comprise
any Suitablerpalymerctf darng densiyy hardresssithicknessiccemprassiiility calkitityato rebawnd upon
compression, and compression modulus, Suitable olxmers include,.fol; xample, polyvinylchloride,
olyviny At RJISH. LR iy e BbRALS. pUBLE Bty SEriALE fioRaiher. polyethylene.
polyamide}tpelytvethanepolystyrerie; polyprapylenis: fotiokd productssthereokandnrituires thereof.

Hard polyurethane palishing pads are particularly usefyl in conjunction with the inventive polishing
method, T0OHBIBABIARY| 110 Eh e Teal SCKBAIGA POIAN NG AppaTall Fther SoEHAEE an I Siu
polishinglendpoimntdetestion)systen ctmaityoh whieks are Knowminsthe @Husl echnigues fesinspecting

and gnoni.;?_rln%tihte ,°|i§hi§g process %/"ar]agiipgrli‘ ht or.other radiation g?breﬂect‘edmf_rom %surface of
the“sSubstiate BETNG Polishad ard hGiiF Pt At SURN Risthad S A e SE Y S ERANEE, in U.S.
Patent 5 4Qp3b8, U.S. dRatepitdH83,685%okk:S. dlate phs; 609 ehIhdJSnRatent Opad3:;046,,L)0$. Patent
5,658,18%0}3@. Patg&}@@BO,Ggf 2 .S, Fz%t% t5,838,744:Z )U.S. Patent 5,872,633, U.S. Patent
5,893,796, U.S. Patent 5,948,927, and'u’s.” 3{%‘11??57864{,&%. Desirably, the inspection or monitoring
of the prgg@ess of thepalisking: procpss avith-raspeciitoa subisitateaheing pokshederablésdhe
determinﬂion qf t]he pqlishin%end; oint, iﬁ.e.,{)the de%erminati}og of when to t_g\%nipq;;e the polishing
process with TESPECFto A Particular Subsirate. EXAMPLES Toodd1 111 Filsing 'exarhples fuifther
illutrate thetitiventiomdout waf course; shoulchnoatibe ednstruedas in andday-linditng itsscgpe.
100501 The pOlShing. EXRSMEYS iecieftin B R AMPIRSOleH BAUSe O 8t or tess. 8
wt.% or less, 6 wt.% or less, or 5 wt.% or less of wet-process silica particles. Thus, the

polishing composttion can contain wet-process silica particles in an amount bounded by any



commercially available polishing apparatus with 9.51 kPa (1.38 psi) downthree pressure of 10the
substrate against an CR200 polishing pad (available from Ceiba Technologies) unless indicated
otherwise, 20-30 rpm platen speed, and25-30 rpm carrier speed. 1005110ptical Surface Analyzer
(OSA) alumina counts were measured after a P2 KISS buffer step for 60 seconds by an OSA Candela
6100 (available from KLA Tencor) using two independent laser wave lengths (405 nm and 660 nm) set
at oblique and_normal incident 15angles. The OSA alumina counts are an indirect measurement of the
amount 6?’8%@‘&&68@?&%%&f&éﬁ?&%é@?i*oo‘:éﬁl%%B&%ﬁé‘é&?ﬁ%@&%?@%ﬁ%@%‘a (KWtifface was
determingd-by a.{dextung MeasarementSystem { TME) owhighpincerparatesa-sertierometer equipped
with a class 1l lazer having a Wavelen%th of 670 nm, 20100531 Microwaviness, short microwaviness.

and low HEF0eNcy THSGRESEEE- R e aRURGHR S BRI SR S te S abet Al Wate theasured
using a Zyasninierierameter ghwkvelengtbs af,200:1450.am, B8Q-500 povand 20:200m4m, respectively.
EXAMPLE | 100541A po[i‘shing composition was prey aer with 0.7 wt.% secﬂ:qndalpha‘aolumjna
25particlES ARG S Hoarig e ASHBE Fatid D92 7116  FaPA. S B RirRed ditiml i Paticles! 2.63 wt.%
of colloidaksiligaipriticlasihaying asaverage susiaeenaed oh 80 padiei Q.8 .%-hydregen peroxide,
and 0.0108 wt.% org(?n siloxane, with the remainder water. The second alpha alumina particles had an

average BSHRGRS E12EI0F 450 it b o HIngCBBb UG WX LSl to HeIAG FREHBLBhorous
(Ni-P) supsizates umHebdiftaientpelishingconditions: &Lt henelishingNasameters ingfude a 12 second
ramp down time and a downward force and water rinse time as indicated in Table 1. [0055)The
removal A8 {RR) of HEHTAREBHSHBFO LS 8 ihstrate Was aetermimiad foP BachSet of pofidhing
conditionsand gehforih iitablactchvaddiion, tharesuting-nickekpaespharaus:;syhstrales were
evaluated for embedded alumina parti‘cle.sﬁ}\}OrSA count), microwaviness, and rough_neg,s‘ (TMS Ra),
withesultS*SePHBrATHTabls 15 TABIE DioWiiard FoHe BB WaIBF RSB iR @POSA Count Ni-P
RR (mg/min): Mieriewainess ¢A).4diV S Rahkfsdde, the polishing composition preferably does not
contain any abrasive other than the alumina and silica particles described herein, i.e., abrasive
particles other than the first and second alpha alumina particles. fumed alumina particles, and
15 wet-process silica particles described herein.
[0031] Preferably, the abrasive is colloidally stable within the polishing composition.
The term collod refers to the suspension of particles in the liquid carrier {e.g., water).
Colloidal stability refers to the maintenance of that suspension through time. In the context
of this invention, the abrasive is considered colloidally stable if, when the abrasive 1s placed
20 into a 100 mL graduated cvlinder and allowed to stand unagitated for a time of 2 hours, the
difference between the concentration of particles in the bottom 50 mL of the graduated
cylinder ([B] in terms of g¢/mL) and the concentration of particles in the top 50 mL of the
graduated cylinder ([T]1in terms of g/mL) divided by the initial concentration of particles in

the abrasive composition {[C] in terms of g/mL) is less than or equal to 0.5 (ie., {{B]

-2
LA

[T1H/C] = 0.5). More preferably, the value of [B]-[TV[C] is less than or equal to 0.3, and
most preferably is less than or equal to 0.1.

{0032] The polishing composition can contain any suitable amount of the abrasive, The
polishing composition can contain 0.5 wt.% or more, 1 wt.% or more, 2 wt.% or more, or 5
wt.% or more of abrasive. Alternatively, or in addition, the polishing composition can

30 contain 25 wi.% or less, 20 wt.% or less, 15 wt.% or less, 10 wt.% or less, 8§ wt.% or less, 6
wt.% or less, or 5 wt.% or less of abrasive. Thus, the polishing composition ¢an contain the

abrasive in an amount bounded by any two of the aforementioned endpoints. For example



30847 37.88 3.155.68 9.51 30 1187 41.48 3.10 5.69 11.72 30 2474 42.81 3.07 5.69 9.51 17 1711
40.27 3.76 6.23 9.51 60 939 43.44 3.77 5.42 100561As apparent from the data set forth in Table 1,
the removal rate increases as a function of downward force. For example, as the downward force
increased from 7.24 kPa to 9.51 kPa to 11.72 kPa &inder otherwise similar conditions, the substrate
removal rate increased from 37.88 A/min to to 41.48 A/min to 42.81 A/min. However, as the downward
force increased from 7.24 kPa to 9.51 kPa to 11 72 kPa under otherwise similar conditions, the

number BrfbEHBEFATHL PAATIEL N stib&ttate Lilde¥irdbly incfdaded Porm g %4187 to

2474. Whendthe downward three was kept constant at 9.51 kPa, and the water rinse time was
increased from 12 s to 303 to 60 s, the substrate removal rate increased, and the number of

embedd&t kmina PaRitER s HESIBLtAEE R Sa5 8 oGt The HTIOWATHEYS 4hd roughness

of the subsiraieisyfage; BXANPLEZ A0S M olishing, CompasitianstAm2td were ierared with first
alpha alumina particles_having ange aspect ratio of 1-1.1:1, second alpha alumina particles having an

average HepEH b6t ! 1ém‘fiia\‘/ffét‘bp‘liﬁk%’éébglIYE:‘&‘[?)artlcles in the amounts indicated in Table 2.
20In addiigny |Polishing Sempesitiapss2is theompriae, Aditivt Jifumediuning Ranielesihiaving an

average artlcle size of 130 nm, 0.8 wt.% tartaric acid, 0.6 wt.% h drogen I?eromde and 0.0108 wt.%
organo év has an acidic pH, 1.¢., a pH of less than 7. Prefera,bly, the polishing composition
has a pH of 6 or less (e.g.. 5 or less). Even more preferably, the polishing composition has a
pHof 1 to 4 (e.g.. 2 to 4). The polishing composition optionally contains pH adjusting
10 agents, for example, potassium hydroxide, ammonium hydroxide, and/or nmitric acid. The
polishing composition also optionally comprises pH buffering systems. Many such pH
buffering systems are well known in the art. The pH buffering agent can be any suitable
buffering agent, for example, bicarbonate-carbonate butfer systems, aminoalkvlsulfonic
acids, and the like. The polishing composition can comprise any suitable amount of a pH
15 adiustor and/or a pH buffering agent, provided that a suitable amount is used to achieve
and/or maintain the pH of the polishing composition within a suitable range.
[0035] The polishing composition optionally further comprises at least one oxadizing
agent. The function of the oxidizing agent is to oxidize at least a part of a substrate, such as a
layer or layers comprising, for example, nickel-phosphorous. The oxidizing agent can be any
20 suitabie oxidizing agent. Non-limiting examples of suitable oxidizing agents mnclude
hvdrogen peroxide, persulfate saits (e.g., ammonium persulfate), ferric salts {e.g., ferric
nitrate), solid forms of hydrogen peroxide, and combinations thereof. Solid forms of
hydrogen peroxide include sodium percarbonate. caleium peroxide, and magnesium peroxide,

which biberate free hydrogen peroxide when dissolved in water, Preferably, the oxidizing

[
e

agent 1s hydrogen peroxide.

6036] The polishing composition can contain any suitable amount of the oxidizing agent.
The polishing composition can contain 0.01 wt.% or more, 0.5 wt.% or more, 0.1 wt.% or
more, ! wt.% or more, or 1.5 wt.% or more of the oxidizing agent. Alternatively, or in
addition, the polishing composition can contain 10 wt.% or less, 5 wt.% or less, 3 wt.% or

300 less, 2 wt.% or less, or 1.5 wt.% or less of the oxidizing agent. Thus, the polishing
composition can contain the oxidizing agent in an amount bounded by any two of the
aforementioned endpoints. For example. the polishing composition can contain int an amount

of 0.01-10 wt.%, 0.5-5 wt.%, 0.1-3 wt.%, 1.5-3 wt.%, or 1.5-2 wt.% of the oxidizing agent.



f0058]The polishing compositions were used to polish nickel-phosphorous substrates under similar
conditions. The resulting nickel-phosphorous substrates were evaluated for 25embedded alumina
particles (OSA count) both post-polishing and post-buffing and are set forth in Table 2. 14 Table 2
Polishing Composition 2A Alpha Alumina Particles® First Alpha Alumina Average Particle Size (mn)
200 Second Alpha Alumina Particles (wt..3/) 0.7 2B 10.5i '0 200 0.7 2C 200 0.7 21) :0.5,0 200

{0037} The polishing composition optionally further comprises at least one chelating
agent for nickel. The chelating agent can be any surtable chelating agent for nickel. Non-
hmiting examples of suitable chelating agents include amino acids (for example, glyeine) and

organic carboxylic acids (for example nicotinic acid and tartaric acid).

A

{6038} The polishing composition can contain any suitable amount of the chelating agent.

The polishing composition can contain 0.01 wt.% or more, 0.5 wt.% or more, ¢.1 wt.% or

more, 1 wt.% or more, or 1.5 wt.% or more of the chelating agent. Alternatively, or in

addition, the polishing composition can contain 10 wt.% or less, 5 wt.% or less, 3 wt.% or

tess, 2 wt.% or less, or 1.3 wt.% or less of the chelating agent. Thus, the polishing

10 composition can contain the chelating agent in an amount bounded by any two of the
aforementioned endpoints. For example, the polishing composition can contain in an amount
of 0.01-10 wt.%, 0.5-5 wt.%, 0.1-3 wt.%, 1.5-3 wt.%, or 1.5-2 wt.% of the chelating agent.
10039] The polishing composition optionally further comprises at least one nonionic
surfactant. The nonionic surfactant can be any suitable nonionic surfactant. Suitable

15 nonionic surfactants include copolymer surfactants comprising siloxane units, ethylene oxide
units, and/or propylene oxide units which can have a linear, pendant, or tnsiloxane structure.
Non-limiting examples of suitable nonionic surfactants include atkyiphenol ethoxylates {e.g.,
nonylphenol ethoxylates), alcohol ethoxylates, siloxane ethoxylates, and the like. Preferably,
the nonionic surfactant includes nonylphenol ethoxylates such as the Tergitol NP series

20 available from Dow Corning (Midland, M1) and siloxane ethoxvlates such as the Silwet series

available from General Electric {Schenectady, NY).

16040} The polishing composition can contain any suitable amount of the nonionic

surfactant, The polishing composition can contain 0.61 wt.% or more, 0.5 wt.% or more, 0.1

wt.% or more, I wt.% or more, or 1.5 wt.% or more of the nontonic surfactant. Alternatively,

I~
¥4

or in addition, the polishing composition can contain 10 wt.% or less, 5 wt.% or less, 3 wt.%
or less, 2 wt.% or less, or 1.5 wt.% or less of the nonionic surfactant. Thus, the polishing
composition can contain the nonionic surfactant in an amount bounded by any two of the
aforementioned endpoints. For example, the polishing composition can contain in an amount
ol 0.01-10 wt.%. (1.5-5 wit.%, 0.1-3 wt.%, 1.5-3 wt.%. or 1.5-2 wt.9% of the nonionic

3 surfactant.

10641} The polishing composition optionally further comprises one or more other
additives. Such additives include surfactants and/or rheological control agents, antifoaming

agents, and biocides. Additives can be present in the polishing composition at any suitable



0.7 2E J200 200 0.70.72F0.5 2G 02002001r0.70.721110.5 100591Polishing
Compositions 2A-2D are similar to Polishing Compositions 2E-2H, respectively, except that Polishing
Compositions 2A-2D utilize second alpha alumina particles with an average patrticle size of 350 nm,
whereas Polishing Compositions 2E-2H utilize secbind alpha alumina particles with an average particle
size of 500 nm. Within each group of Polishing Compositions 2A-2D and Polishing Compositions
2E-2H, one polishing composition only utilizes second alpha alumina particles and fumed alumina
particIesCé’é“fﬁ‘ét%%vé‘(%ﬂéﬁ’iﬁé%&&?ﬁﬁ%&’i‘t‘iﬁ%g"é’,&"ﬁ /P SBHE BBIEIHg Eoibosition only utilizes
first and segapr alphaglumiea partisles-antiumad-aluminaparticlesasthe-abrasivaitRolishing
10Compositions 28 and 2F), one polishing composition only utilizes second alpha alumina patrticles,
fumed altfiTA FATHICIES UHE et rocBss §ifich parficle 80 e dyrasive (P6TSRifY EOmpbsitions 2C
and 26), and avg nolishing compesitionutiizrs fitst-andsrcend alpha alumina.particles,dumed
alumina particles, and wet-process silica particles as the abrasive (Polishing Compositions 2D and
2H) . 15[006H AP SpFArSHE A tHE 8 8{4 48 forth in Table 2, when the abrasive fails to include first
alpha alyouag) partities;dhehpastpnjishingnandrost-buffering.substeptedafechcauntsare higher than

when the abrasive comprises both first alpha alumina particles and second alpha alumina particles in
addition t6°HHG- MY BAMEIRY (CUBdfe BBIiSHInE € Bioditioh82n0 Bt SE BalsHiHg
Compostignse3cpnd LR, Nolishing:Gampesitiens.E aahdhllande/fobalishingrimpesitens 26 and
2H). In aigdition, when the aprasive fails to include wet-process silica particles, the post-polishing and
e 1% . ; o g = e ; > > 1o N eTe a1t e -
post-buff¥Hilg RUBSPAECHEBLE E St tS MR RigHeHEr Whish the Eord R WBrrsied ikt grocess silica
particles.ir-additon i becondiaiphaialumisrpariclesaad frmmed.aluminanaicles &f ieastyhen the
second alpha alun%)ina, o : . . :
particles, abrasive, water, etc.) as well as any combination of ingredients (e.¢., abrasive,
water, oxidizing agent, chelating agent, etc.).
10043} For example, the abrasive can be dispersed in water. The oxidizing agent,
chelating agent, and nonionic surfactant can then be added, and mixed by any method that is
15 capable of incorporating the components into the polishing composition. Other compounds
that increase the removal rate of one or more of the materials being removed to effect
polishing of the substrate similarly can be utilized in the preparation of the polishing
composition. The polishing composition can be prepared prior to use, with one or more
components, such as a pH adjusting component, added to the polishing compaosition just
20 before use {e.g., within about 7 days before use, or within about 1 hour before use, or within
about 1 minute betore use). The polishing composition also can be prepared by mixing the
components at the surface of the substrate during the polishing operation.
[0044] 'The polishing composition also can be provided as a concentrate which 1s
intended to be diluted with an appropriate amount of water prior to use. In such case, the
25  polishing composition concentrate can comprise, for example. abrasive and water in amounts
such that, upon dilution of the concentrate with an appropriate amount of water, each
component of the polishing composition will be present in the polishing composition in an
amount within the appropriate range recited above for each component. Furthermore, as will
be understood by those of ordinary skill in the art, the concentrate can contain an appropriate
30 fraction of the water present in the final polishing composition in order to ensure that the
components and other suitable additives are at least partially or fully dissolved in the

coneentrate.



IS particles have an average particle size of $50 nm (compare Polishing Compositions 7A and 2C, as
well as Polishing Compositions 2B and 2D). EXAMPLE 3 100611Polishing Compositions 3A-3H were
prepared with first alpha alumina particles having an average aspect ratio of 1-1.1:1, a second alpha
alumina particles having an average aspect ratio of 2-27:1, and wet-process silica in amounts
indicated in Table $A. In addition, Polishing Compositions 3A-3H comprise 0.18 wt.% fumed alumina
particles iNg an_average particle sjze of 130 nm, 1 wt.% tartaric acid, Q.6 wt.% hydrogen peroxide,
bind 001804 56 o dirE STE e LS FOGEITRE PoTSHG o posonS Wi T o polish
nickel-phesphereus subsimies.under ainasicandiionsakheremeval satestRRofitbeo

nickel-phas [Lor us substrate was d ,terminjq for ea}c{jrgplish.inﬂg composition and set forth in Table
$B. In adHh?d “,?3(??%’? SUltiry 1:‘%&!%8?‘-‘;5%‘8%6%’8 BU B AT ERNERE B ATEH T8F MTSRSWHVIRESs, short
microwavinessclorwefeaguencyroughness.ang lkieffswith desesults setdirthip.dable 813. 15

Poli%hing Cic?mg)gsjtipn !:_iirst Alph Alug;gf Par_ti}cj{gs (wt 0/_)‘) Firs @Ip@%{ﬁ:@g%\ﬁ@gg If:a}rticle.Size
(urny Tabla SR SRR A AfGrind BaHidiel (ol Pedtsny AlpRY N AVErHEE Panicle Size
(nn]) SiQtRakticle sttt sctay p3Aidd 200 Osdrfdc3ad Bhe substrate, such as to remove at least some
nickel-phosphorous from the surface of the substrate, and to polish the surface of the
substrate.
|0046] The polishing method of the invention 1s particularly suited for use in conjunction
10 with a chemical-mechanical polishing apparatus. Typically, the apparatus comprises a platen,
which, when in use, 1s in motion and has a velocity that results from orbital, linear, or circular
motion, a polishing pad in contact with the platen and moving with the platen when in
motion, and a carrier that holds a substrate to be polished by contacting and moving the
substrate relative to the surface of the polishing pad. The polishing of the substrate takes
15 place by the substrate being placed in contact with the polishing pad and the polishing
composttion of the invention and then the polishing pad moving relative to the substrate, so
as to abrade at least a portion of the substrate to polish the substrate.
[G047] A substrate can be polished with the polishing composition with any suitable
poiishing pad {e.g., polishing surface). Suitable polishing pads include, for example, woven
20 and non-woven polishing pads. Moreover, suitable polishing pads can comprise any suitable
polymer of varying density, hardness, thickness, compressibility, ability to rebound upon
compression, and compression modulus.  Suitable polymers include, for example,
polyvinylchionde, polyvinyifluoride. nylon, fluorocarbon, polyearbonate, polvester,

nolvacrylate, polyether. polyethvlene. polvamide, polyurethane, polvstyrene, polvpronylene,

2
Lh

coformed products thereof, and mixtures thereof. Hard polvurethane polishing pads are
particulariy useful in conjunction with the inventive polishing method.

[0048] Desirably, the chemical-mechanical polishing apparatus further comprises an in
situ polishing endpoint detection system, many of which are known in the art. Techniques
tor inspecting and monitoring the polishing process by analyzing light or other radiation

30 reflected from a surface of the substrate being polished are known in the art. Such methods
are described, for example, in U.S. Patent 5,196,353, 1.8, Patent 5,433,651, U.S. Patent
5,609,511, LS. Patent 5,643,046, U.S. Patent 5,658,183, U.S. Patent 5,730,642, U.S. Patent
5,838,447, U.S. Patent 5,872,633, U.S. Patent 5,803,796, U.S. Patent 5,949,927, and U.S.
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Patent 5,964,643, Desirably, the inspection or monitoring of the progress of the polishing
process with respect to a substrate being polished enables the determination of the polishing
end-point, i.e., the determination of when to terminate the polishing process with respect to a

particular substrate.

EXAMPLES
[0049] The following examples further illustrate the invention but, of course, should not
be construed as in any way limiting is scope.
{0050} The polishing experiments reflected in the examples involved the use of a
commerciaily available polishing apparatus with 9.51 kPa (1.38 psi) downforce pressure of
the substrate against an CR200 polishing pad {(available from Ceiba Technologies) unless
indicated otherwise, 20-3( rpm platen speed, and23-30 rpm carrier speed.
10051} Optical Surface Analyzer (OSA) alumina counts were measured after a P2 KISS
buffer step for 60 seconds by an OSA Candela 6100 (available from KLA Tencor) using two
independent laser wave lengths (405 nm and 660 nm) set at oblique and normal incident
angles. The OSA alumina counts are an indirect measurement of the amount of embedded
alumina particles.
{052 A roughness measurement of the disc surface was determined by a Texture
Measurement System (TMS}), which incorporates a scatterometer equipped with a class II
lazer having a wavelength of 670 nm.
{0053] Microwaviness, short microwaviness, and low frequency roughness (LF-Ra)
measurements of the surface of the substrate were measured using a Zygo mterferometer at

wavelengths of 200-1450 um, 80-500 um, and 20-200 um, respectively.

EXAMPLE 1
10054} A polishing composition was prepared with 0.7 wt.% second alpha alumina
particles having an average aspect ratio of 2-2.7:1, 0.18 wt.% of fumed alumina particles,
2.63 wt.% of colividal silica particles having an average surface area of 80 m™/g, 0.8 wt.%
hydrogen peroxide, and 0.0108 wt.% organo siloxane, with the remainder water. The second
alpha alumina particles had an average particle size of 350 nm. The polishing composition
was used to polish nickel-phosphorous (Ni-P) substrates under different polishing conditions.
The polishing parameters include a 12 second ramp down time and a downward force and

water rinse time as indicated in Table 1.
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[0055] The removal rate (RR} of the nickel-phosphorous substrate was determined for
cach set of polishing conditions and set forth in Table 1. In addition, the resulting nickel-
phosphorous substrates were evaluated for embedded alumina particles (OSA count},

microwaviness, and roughness (TMS Ra), with the results set forth in Table 1.

Tabile 1
Water OSA
Downward Rinse Counf Ni-P RR Microwaviness TMS Ra

Force Time o (mg/min) (A) (A)
(kPa) (s)

7.24 30 847 37.88 315 5.68
9.51 30 1187 41.48 3.20 5.69
11.72 . 30 2474 4281 3.07 _ 5.69
.51 12 1711 40,27 376 6,23
9.5} 60 a39 43 .44 322 5.42

[0056] As apparent from the data set forth in Table 1, the removal rate increases as a
function of downward force. For example. as the downward force increased from 7.24 kPa to
9.51 kPa to 11.72 kPa under otherwise similar conditions, the substrate removal rate
increased from 37.88 A/min to to 41.48 A/min to 42.81 A/min. However, as the downward
force increased from 7.24 kPa to 9.51 kPa to 11.72 kPa under otherwise similar condifions.
the number of embedded alumina particies in the substrate undesirably increased from 847 to
1187 to 2474, When the downward force was kept constant at 9.51 kPa, and the water rinse
time was increased from 12 s to 30 s to 60 s, the substrate removal rate increased, and the
number of embedded alumina particles in the substrate decreased, along with the

microwaviness and roughness of the substrate surface.

EXAMPLE 2
[0057] Polishing Compositions 2A-2H were prepared with first aipha alumina particles
having an average aspect ratio of 1-1.1:1, second alpha alumina particles having an average
aspect ratio of 2-2.7:1, and wet-process silica particles in the amounts indicated i Table 2.
In addition, Polishing Compositions 2ZA-2H comprise 0.18 wt.% fimmed alumina particles
having an average particle size of 130 nm, 0.8 wt.% tartaric acid, 0.6 wt.% hydrogen
peroxide, and (.0108 wt.% organo siloxane.
{00581 The polishing compositions were used to nolish nickel-phosphorous substrates
under similar conditions. The resuiting nickel-phosphorous substrates were evaluated for
embedded alumina particles (OSA count) both post-polishing and post-butfing and are set

forth in Table 2.
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Table 2
First Second
‘i;li;fﬂ Alpha Q’A{:;;;d Alpha S0 Post- Post-
Palishing ff‘«.i o Ahsmina %E . Alumina Particles | Polishing | Buffing
Composition | TS Average ) lu.;‘nm% Average {wit. %) Diefect Defect
Particles _ Particles o N .
(w1.%) WIV- dmc]e (W) § article Count Count
Size (mm} ' Stze {nm})
2A 0 200 0.7 350 i) 470 464
2B 0.3 200 0.7 350 i 387 439
2C 0 200 0.7 330 2 313 386
2D 0.3 200 0.7 350 2 87 368
2E 0 200 0.7 500 ) 400 413
2F 0.5 200 0.7 500 0 229 361
2G 0 200 0,7 300 2 384 542
2H 0.5 200 0.7 500 2 319 444
[0059] Polishing Compositions 2A-2D are similar to Polishing Compositions 2E-2H,

respectively, except that Polishing Compositions 2A-2D utilize second alpha alumina
particles with an average particle size of 350 nm, whereas Polishing Compositions 2E-2H
utibize second alpha alumina particles with an average particle size of 300 nm. Within each
group of Polishing Compositions 2A-2D and Polishing Compositions 2E-2H, one polishing
composition only utilizes second alpha alumina particles and fumed alumina particles as the
abrasive (Polishing Compositions 2A and 2E), one polishing composition only utilizes first
and second alpha alumina particles and fumed alumina particles as the abrasive (Polishing
Compositions 2B and 2F), one polishing composition only utilizes second alpha alumina
particles, fumed alumina particles, and wet-process silica particles as the abrasive (Polishing
Compositions 2C and 2G), and one polishing composition utilizes first and second alpha
alumina particies. fumed alumina particles, and wet-process silica particles as the abrasive
(Polishing Compositions 2D and 2ZH).

0066} As apparent from the data set forth in Table 2. when the abrasive fails to include
first alpha alumina particles. the post-polishing and post-buffering substrate defect counts are
higher than when the abrasive comprises both first alpha alumina particles and second aipha
alumina particles in addition to fumed alumina particles {compare Polishing Compesitions
2A and 2B, Polishing Compositions 2C and 2D, Polishing Compositions 2E and 2F, and
Polishing Compositions 2G and 2ZH). In addition. when the abrasive fails to include wet-
process silica particles, the post-polishing and post-buffering substrate defect counts are
higher than when the abrasive comprises wet-process silica particles in addition to second

alpha alumina particies and fumed alumina particles, at least when the second alpha alumina
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particles have an average particle size of 350 nm (compare Polishing Compositions 2A and

2C, as well as Polishing Compositions 28 and 2D}

EXAMPLE 3
[G061] Polishing Compositions 3A-3H were prepared with first alpha alumina particles
having an average aspect ratio of 1-1.1:1, a second alpha alaumina particles having an average
aspect ratio of 2-2.7:1, and wet-process silica in amounts indicated in Table 3A. In addition,
Polishing Compositions 3A-3H comprise (.18 wt.% fumed alumina particles having an
average particle size of 130 nm, 1 wt.% tartaric acid, 0.6 wt.% hydrogen peroxide, and
0.0108 wt.% organo siloxane.
j0062] The polishing compositions were used to polish nickel-phosphorous substrates
under similar conditions. The removal rate (RR) of the nickel-phosphorous substrate was
determined for each polishing composition and set forth in Table 3B. In addition, the

resulting nickel-phosphorous substrates were evaluated for microwaviness, short

microwaviness, low frequency roughness, and roll off, with the results set forth in Table 3B.

Table 3A
Firat A?pha First !\ipha Second f.\i’pha Second Alpha S0,
Polishing AF?@“% ”/;\}'13111111&‘ ) }}]m#md or Alumina Average Particles
Composition Paﬂ,zc“.%cs Aw.f age Particle | Particles (w1.%) Particle Size (nm) {wi. %)
{wi.%) Size (nm}
3A 0 200 0.7 350 O
3B 0.5 200 0.7 350 {
3C 8] 200 0.7 350 2
3D (.5 200 0.7 350 2
K3 G 200 0.7 500 g
3F 0.5 200 0.7 500 {
3G O 200 0.7 300 2
H (.3 200 0.7 500 2
Table 3B
Polishing Ni-P RR Microwaviness ) Shm‘t' . ;- g T
. F L . Microwaviness LF-Ra(A) | Roll Off (A)
Composition {mg/min} (A (A

3A 474 3.75 3.96 4.84 -513

3B 398 4,22 422 515 ~624

3¢ 5189 3.04 280 336 -1209

30 445 3.04 279 3.36 -950

3E 57.6 398 4.25 543 ~GRG

3F 48.6 4.37 4,34 575 -1364

3G 66.1 31.56 3.56 446 -T0G6

IH 57.9 3.46 3.53 4.47 ~G36




BE 57.648.6 4.255.43-689 -1364 3F 4.374.5415.75 3G 66.1 3.563.564,46 3.493.534,47 -706
-039 31-1 579... 16 100631Polishing Compositions 3A-3D are similar to Polishing Compositions
3E-3H, respectively, except that Polishing Compositions 3A-3D utilize second alpha alumina particles
with an average patrticle size of 350 mn, whereas R6lishing Compositions 3E-3H utilize second alpha
alumina particles with an average particle size of 500 urn. Within each group of Polishing

Compositions 3A-3D and Polishing Compositions 3E-3H, one polishing composition only utilizes
second 3@@ biumind PP Rog e Hrhitia Parivics B Q88 1 8iishihg' Gompositions
3A and 3kjpae §olishiag:champesitiononhpilizes-Hirshand setond-alphia:AlBmina-pasticles and fumed
alumina particles as the abrasive (Polishing Compositions 3B and 3F), ane polishing,composition only
utilizes SV AIbHA HluiiE Bpatticie ftmed Aftimina Faricles asd WeRpiedss Sicd particles as
the abrasive-(Pelishing ffampesitions-86and3G), and.epepalishing: compositionastilizesdirst and
secqnd alpha alumilnga particles, fumed alumina particles, and wet-process silica particles as the
abrasive{BBlisHing CoMpOSITBIG S0and 3H) “TO06ATAS B FEIRMY Ui the dhta St torHTH Table 38,
higher resgyakiates-are @iiaiRedcond alpha alumina particles and fumed alumina particles as the
abrasive (Polishing Compositions 3A and 3E), one polishing composition only utilizes first
and second alpha alumina particles and fumed alumina particles as the abrasive (Polishing
Compositions 3B and 3F), one polishing composition only utilizes second alpha alumina
10 particles, fumed alumina particles, and wet-process silica particles as the abrasive (Polishing
Compositions 3C and 3G), and one polishing composition utilizes first and second alpha
alumina particles, fumed alumina particles, and wet-process silica particles as the abrasive
(Polishing Compositions 3D and 3H).
[0064] As apparent from the data set forth in Table 3B, higher removal rates are obtained,
15 but with an increase in microwaviness, short microwaviness, and low frequency roughness,
when the abrasive comprises a second alpha alumina particles having an average particle size
of 500 nm, in contrast to the abrasive comprising a second alpha alumina particles having an
average particle size of 350 nm {compare Polishing Compositions 3A and 3E, Polishing
Composttions 3B and 3F, Polishing Compositions 3C and 3G, and Polishing Compositions
20 3D and 3H).
[0065] When the abrasive comprises first alpha alumina particles, second alpha alumina
particles, fumed alumina particles, and wet-process silica particles, acceptable removal rates
are obtained along with acceptable microwaviness, short microwaviness, and low frequency

roughness characteristics for the resulting substrates. For example, Polishing Compaosition

25 3D exhibited a balance of an acceptable removal rate and polished substrate surface
properties, as compared to Polishing Compositions 3A-3C. Similarly, Polishing Composition
3H exhibited a balance of an acceptable removal rate and polished substrate surface
properties, as compared to Polishing Compositions 3E-3G.

EXAMPLE 4
30 j0066] Polishing Compositions 4A-4H were prepared with (.1 wt.% first alpha alumina

particles having an average aspect ratio of 1-1.1 and an average particle size of 200 nm. 0.86
wt.% second alpha alumina particles having an average aspect ratio ot 2-2.7 and an average

particle size of 500 nm, 1.65 wt.% wet-process silica particles having a surface area as



iSbut with an increase in microwaviness, short microwaviness, and low frequency roughness, when
the abrasive comprises a second alpha alumina particles having an average particle size of 500 mn, in
contrast to the abrasive comprising a second alpha alumina particles having an average particle size
of 350 nm (compare Polishing Compositions 3A and 3E, Polishing Compositions 3B and 3F, Polishing
Compositions 3C and 3G, and Polishing Compositions 203D and 3H). 100651When the abrasive
comprises s alpha alumina particles, second alpha alumina particlesfumed alumjna particles, and
wet-proc@§<aifita'pa ‘Fe‘é,%aaééé*btt?a/bfé‘?ﬁ%bﬁ?%?@é‘%@%b?a?ﬁéd”ﬁl%ﬁa‘%ﬂ?3 et e

microwayiness, shortmiaemvaingsss, and fonwftequensy irughness slaaracteristieblfos the resulting

substrates. For example, Polishing Composition 253 egwi ed.a balance of an acceptable removal
rate anﬁ§8ﬁ ed ?ﬂ%%?ﬁéﬂéﬁg%&%@%ﬁfsgﬁﬁe%%ﬂé% B4 &%&ﬁ%ﬁ?ﬁ?ﬁﬁ%"é’ﬁ%’ﬁééﬁ HE'$A-3C.
Similarly,Rulishing.Compoeriion 8 exhibited:albalapnee phan acoepiableremevalrate and polished
substrate surface properties, as compared to Polishing Compositions 3E-3G. EXAMPLE 4
301aoeﬁb%ﬁ§<ﬁ%ﬂ§5&fafﬂag§ﬁ%%; HASAY e B?'aﬁaa?ga%mwa. At % ff?E?‘a{fbﬁél Ufiinina particles
having an average aspect ratio of 1-1.1 and an %vi’ra e particle size of 200 nm, 0.86 wt.% second
alpha alumina particles having an average aspe ¢ é? of 2-2.7 and an average patrticle size of 500
nm, 1.65 wt|% wet-process siicaipasticles having a surface area as 17 indicated in Table 4, 0.24 wt.%
fumed alumina patrticles, 0.103w4.% organq siloxane (Silwe L72Q0), 1 wt.% chelating agent, and 2.1
wt.% oxidizin %e}é?hlgg indicatetbin Table gls 8874 The po((?léhqf? n(‘%om oos%(fﬁg {;/?} st@ﬁ%ed to polish
nickel-phospf?&? Q¥iB8ratamunder similar’ §fidfitions The/?’é?g fting nick %ﬁ‘()is A8tbus substrates
were evaluated for embedded altigina particles (OSA count) post-polishing and are set forth in Table
4. Table 4 PolishimgpnCompositiogiSurface Area@h&lhelati Sng-i0, _ Agent Particles (m2/g) Oxidizing
Agent Post-Polishifg Defect Connt 4A801Glygirent1,0, | 134,4B80 Glycine Na2$208

4C 80 Nicotinic acid H-O- 161
4D 30 Nicotinic acid NayS,04 130
4E 170 Glycine H,0y 324
4F 170 Glycine Na»S,04 374
4G 170 Nicotinic acid H>0, 236
4H 170 Nicotinic acid NasS,04 250
160681 As apparent from the data set forth in Table 4, when the polishing composition

comprises wet-process silica particles having a smaller surface area of 80 m’/g (i.c.. when the
wet-process silica particles are of a larger size), in contrast to a larger surface area of 170

10 mY/g (ie., in contrast to wet-process silica particles of a smaller size), a lower defect count 1s
observed, indicating less embedded alumina particles in the substrate afier polishing. In
particular, Polishing Compositions 4A-4D (comprising silica having a surface area of 80
m*/g) had post-polishing defect counts that were significantly lower than the post-polishing
defect counts of otherwise identical Polishing Compositions 4E-4H (comprising silica having

15 asurface area of 170 m™/ g}, respectively.
[3069] In addition, the use of nicotinic acid as the chelating agent in the polishing
compositions typically resulted in lower post-polishing defect counts than when glyeine was
used as the chelating agent. For example, Polishing Compositions 4D, 4G, and 4H
{comprising nicotinic acid as the chelating agent) resulted in post-polishing defect counts of

20 130, 236, and 290, respectively, which are lower than the post-polishing defect counts of 223,
324, and 374 resuiting from the use of Polishing Compositions 4B, 4E. and 4F (comprising
giveine as the chelating agent), respectively. However, Polishing Composition 4A

{comprising hydrogen peroxide and glycine) exhibited a lower post-polishing defect count of



273 4C 80 Nicotinic acid H20, 161 4D 80 Nicotinic acid Na2S,08 130 4E 170 Glycine 11202 374 4F
170 Glycine Na25208 1374 4G 170 Nicotinic acid H201236 411170 Nicotinic acid NanSnOs290
100681As apparent from the data set forth in Table 4, when the polishing composition
compriseswet-process silica particles having a smafler surface area of 80 m2/g (i.e., when the
wet-process silica particles are of a larger size), in contrast to a larger surface area of 170 10"Vg (i.e.,
in contrast to wet-process silica particles of a smaller size), a lower defect count is observed, indicating
less embedd8eralaniRe RIS THIRE SUBSHARS I HEHERINET i 94riRe BIF o8BI ATy Compositions
4A-4D (com@risingbsitiga baving aswiface-area k89 p)had post-polishing defect counts that were
significantly_lower than the post-po[ishin? defect counts of othenvise identical Polishing Compositions

4E-4H (dBfidising SHLE HANHY TS5 SuRscl B G170 iifeldieltivei 40D BYTH Sutfitih, the use of
nicotinic agid Asdthe.ghe.atipgagant dn-the,palishing srmpositionsitypically resulied.im lower
post;polishig%?defect counts than when glycine was used as the chelating agent. For example,
Polishing CHmpBaTtidRs Uy 4! B UM ECBMpShE ittt derm 4 the haisting adenltféstited in
post-polishingdafest aoumts ahd 4G (comprising hydrogen peroxide as the oxidizing agent)

resulted in post-polishing defect counts of 134, 324, and 236, respectively. In contrast,

Polishing Compositions 4B, 4F, and 4H {comprising sodium persulfate as the oxidizing

agent) resulted in post-polishing defect counts of 223, 374, and 290, respectively. However,

10 Polishing Composition 4C (comprising nicotinic acid in combination with hydrogen
peroxide) resulted in a higher post-polishing defect count of 161, in contrast to Polishing

Composition 4D (comprising nicotinie acid and sodium persulfate) which resulted in a post-
polishing defect count of 130.
EXAMPLE 5
15 J0071]

having an average aspect ratio of 1.1-1:1 and an average particle size of 200 nm, second

Polishing Compositions SA-5B were prepared with first alpha alumina particles

aipha alumina particles having an average aspect ratio of 2-2.7:1 and an average particle size
of 500 nm, fumed alumina, wet-process silica particles, chelating agent, and oxidizing agent
in the type and amounts indicated in Table 5.
20 10072 The polishing compositions were used to polish nickel-phosphorous substrates
under similar conditions. The removal rates (RR) of the nickel-phosphorous substrate were

determined and are set forth in Table 5. In addition. the resulung nickel-phosphorous

substrates were evaluated for microwaviness and the results are set forth in Table 3.

Table 3
First Second - .
Fumed - Ni-P .
Polishing Aipha _A%pm Alumina Szl.:c:a | Chelatmg | Oxidizing RR Mra’.m—
Lz e Alamina | Aluming .| Particles . © = .| waviness
Composition ¢ . 1 T Particles o s Agent Agent {mg/ i
Particles | Particles (W%) (Wi %) mir) (A)
(Wt %) (W%}
. 010 0.86 (.24 1.63 I owi% 2.1 wi%% 4.6
A Glyeine | Na$,0p | 100
0.05 1.35 0.40 1.0 2 wt.% . 45
5B Tartaric (}.% S 6t0
Acid e




70130, 236, and 290, respectively, which are lower than the post-polishing defect counts of 223, 324,
and 374 resulting from the use of Polishing Compositions 4B, 4E, and 4F (comprising glycine as the
chelating agent), respectively. However, Polishing Composition 4A (comprising hydrogen peroxide and
glycine) exhibited a lower post-polishing defect coufit of 18 134 than Polishing Composition 4C
(comprising hydrogen peroxide and nicotinic acid), which exhibited a post-polishing defect count of
161. 1007 1A§ alsg apparent I%om he data in Table 4 %)ge use of hydrogen peroxide as the oxidizing
agent in the/gblishing GEIHGEs! -Sﬁgtt%\que-a|§/3}égﬂ &l irf Rotiver PO g BRISHEHRERIMFS sodium
persulfate-ypmbkedas the mddizinglagent Rosexample, IRaglisbing.@ampaositions 4A, 4E, and 4(1
(compriffj(r%%g%/drogfn pﬁgrgxiqle\ as }Qe oxidizing agent) resulted in post-polishing defect counts of 134,
324, and 936’ respettiveRy i ortrat B dlishing CBmBusticns A814R- 4t BECESMBASing sodium
persulfate-asithe-mdizing agent)estitesiin-pest-polishing defegt-caupisiof2ddndd dcand 290,
respectively. However, 10Polj§h'pg_ Composition 4C (cog&r“ising nicotinic acid in compination with
hydrogef? -3?@%%%{&3 Bl REd i KighErBostpSTiSHing derett Bolmtsr 157 i &Shirdst 1 PBlishing
Composijtiom4Rchengrising nicotinic acid and sodium persulfate) which resulted in a post-polishing
defect count of 130, EXAMPLE 5 15100711Polishing Compositions 5A-5B were prepared with first
aipha A pari B HAOH ah er S8 S ot ko Bf 10T AE SR aB B RRIE 0% of 200
nm, secerealpha aluminaparticlpshaning anaverage-aspetiiraitef-?rié)hand Ba average particle
size of 500 nm, fumed alumina, wet-process sjlica particles, chelating agent, and oxidizing agent in the
type anctBHTBURS HERCAIAH A B YOOGS PHHE pBhGH M L BB B HArE 086 to polish
nickel-phosphorons-slibstrateswnear shimilascondiiapssihae remaval ratesi ¢RRY ohihe
nickel-phosphorous, substrate were determined and are set forth in Table 5. In addition, the resulting
nickel-ph8§EW6?BH% §ﬂ%§%r%‘?e°é’%€}é€§{‘}éﬁi%ﬁt%ﬁ’f FORTBA NS ANg tHRTELUNS BFe"Edt forth in Table
5. Table onRelishing.Glempasitiane RingtARBaAhsmina Radicles {wtdbk-Lecandidaia Alumina

Panicles, (wt. %) 0.86 Fumed Alumina Panicles (wt%) Silica. Particles Chelating Agent 1 wt.% Glycine
Oxiczing S 3o NABEEEIR R (o SIS WS Ay gt o

falling within the range, unless otherwise indicated herein, and each separate value is

15 incorporated into the specification as if it were individually recited herein. All methods
described herein can be performed in any suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any and all examples, or exemplary
language (e.g., “such as™) provided herein, is intended merely to better illuminate the
invention and does not pose a limitation on the scope of the invention unless otherwise

20 clauned. No language in the specification should be construed as indicating any non-claimed
element as essential to the practice of the invention.
[6G76] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrving out the invention. Variations of those preferred

embodiments may become apparent to those of ordinary skill in the art upon reading the

]
[

foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
30 variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.



0.10 0.24 1.65 49.067.04,04.55B 0.051.35 0.40 1.0 1 wt.% Tartaric Acid 0.6 wt.% H202 19
100731As apparent from the data set forth in Table 5, the inventive composition produced acceptable
microwaviness results while also having a high removal rate for Ni-P. 100741All references, including
publications, patent applications, and patents, cite@dtherein are hereby incorporated by reference to the
same extent as if each reference were individually and specifically indicated to be incorporated by
referencaﬁng wgﬁe set fhrth in its entirety herein. 100751The use of the terms "a" and "an" and "the"
and simifart ents in the context of describing the invention (especially in the context of the following
claims) are to b? const ueq.t?,cqvpr both the singular and the plural, unless otherwise indicated herein
or 10clearly contradicted’ Bybc]é%eci}?]?ﬁ% tti'eeprﬁém‘%ﬂm having, “including,” and "containing" are

ompﬁsing," "
to be construed as openrended terms. fieummedning "including, but not limited to,") unless otherwise
noted. Recitation of ranges oL. alue hve,r(?igJ are mer]eﬂl}{' intended to serve as a shorthand method of
referring individually to each 1(Xpara ERVEIEEY ]ilrlfé”\}\‘}i hitn the’rar gf“g,“}ﬂnreé‘ssf%rtﬁ rwise indicated herein,
and‘each separate value is 15incorperaidesinto ¢he specificationtasibibere individually recited herein.
All methods described herein can be perfor Pﬁ% in any suitable prcjfje[ unless otheryise indicated herein
or otherwise clearly contradic&e by context e ise ot ny‘%ﬁ?ﬁ al téli%é?‘npfe&éf'”gp exe?nﬁlary language
(e.g.., "such as") provided herein, isdhiendepmeiehio deiter dluroinate-theinvéntionantdadoes not
pose a limitation on the scope of theligyention unless otherwise 20claimed. No language in the
specification should be construed as indicating any non-claimed element as essential to the practice of

the invention. (itiy  fumed alumina particles,
10 {1v)  wet-process silica particies, and
(b) water.
2. The composition of claim 1, wherein the second alpha alumina particles have

an average aspect ratio of 1.3:1 to 5:1.

3. The composition of ¢laim 1, wherein the weight ratio of the first alpha alumina

15 particles to the second alpha alumina particles 1s .1:1 fo 111,

-

4, The composition of claim 1, wherein the abrasive comprises (1} ] to 10 wt.%
of the first alpha alumina particles, (it) 20 to 60 wt.% of the second alpha alumina particles,
(111} 5 to 20 wt.% of fumed alumina particles, and {iv} 20 to 60 wt.% of wet-process silica
particles, based on the total weight of the abrasive in the peolishing composition.
20 5. The composition of claim 1, wherein the composition comprises | wt.% to
10 wi.% of the abrasive.
6. The composition of claim 1., wherein the composition further comprises an
oxidizing agent.
7. The composition of claim 1. wherein the composition further comprises a
25  chelating agent for nickel.
8. The composition of claim [, wherein the composition further comprises a
nonionic surfactant.

9. The composition of claim 1, wherein the first alpha alumina particles have an
average particle size ot 200 nm to 600 nm, and the second alpha alumina particles have an

30 average particle size of 100 nm te 600 nm.



100761Preferred embodiments of this invention are described herein, including the best mode known
to the inventors for carrying out the invention. Variations of those preferred embodiments may become
apparent to those of ordinary skill in the art upon reading the 75foregoing description. The inventors
expect skilled artisans to employ such variations a8 iappropriate, and the inventors intend for the
invention to be practiced otherwise than as specifically described herein. Accordingly, this invention
includes all modifications and equivalents of the sybject matter recited in the claims appended hereto
a5 permitted by Spplicabis 1RSI UF Ay BoBlid 60T BV s abeH efrhents in al
possible variatiqus the/rB(L-:-of ig eac?mﬁq sed,bé/ he (i?ver)lthp uql?s otherwise indicated herein or
otherwise clearly contraditted 9&6%%)](’1‘?%2’0 E’KM( mel mEtho 6??§H?ﬁ]§(’80mposition comprising:
an abrasive comprisingrdirgtialpha:élmina particles, wherein the first alpha alumina particles have an
average aspect re}:io of 0.8: to 1.2:1, secona alpha alumina patrticles, wherein the second alpha
alumina particle "have ah dVeraye” 15‘?83]& Ptio of greater than 1.2:1, fumed alumina particles
wet-process siliga partigles dand:bipvate compoRiibhe @amposition of claim 1, wherein the second
alpha alumina particles have an average aspect ratio of 1.3:1 to 5:1. 3. The composition of claim
1, wherein the weight r4tio of%ﬁ@%ffé?f‘éllﬁﬁg} lifliha 15particles to the second alpha alumina particles
is 0.1:1 to 1:1. 4. The comppsitiirspilplaiml dmwagreincdbe abrasiveteoimarigsa(ildrionk0 wt of the
first alpha alumina particles, (ii) 20 to 60 Wtb%) of the second algha alum'%a aTtitglt?%,(iHi) 5 to 20 wt.%

of finned alumina particles, and (iv) DS 60 Wt 84D '\\fv%“ﬁ%ergégscst §£i*ﬁ}coaopar' Icles, based on the total
weight of the abrasive in the pBlishingseampagitiarlumind phheicompasitiomhefclaim klpterein the
composition comprises 1 wt.% to 10 wtot he aptr ive. 6The com yggitiqr]tof%claiqn ,'»l’,‘{{h‘?rt?i” the
composition further comprises an oXidiZiNg &Gent." “*V'7 ZHRECom 568 ition of dlafm 1 Whét8in the
composition further comprises a 25chelating agent thr nickel. 8. The composition of claim 1,
wherein the composition further, co riSﬂS nonionic surfactant. 9. The composition of claim 1.
wherein the first alpha alumin(af)artic Xy élvténélﬁ‘}a%&érrté%{ésparticle size of 200 nm to 600 nm, and the
second alpha alumina particlés havevan30aseragiepartictesizedf 100 nm to 600 nm. 10.The
composition of claim 1 .bv\}/her(a‘i%ttek}e composition has a p1-1 of | to 4. | 1.A method of polishing a
substrate, which meth(gd comprises: providing a substrate, (ii) providing a polishing pad, (iii) providing
a pbfishing compesitionceormprising:(a)an Abrasive:campiisirg: (&) firstcgiphaaluleipalpditigles,
wherein the firsttallpha %gumina particles have an average aspect ratio of 0.81:1 to 1.2:1, (B) a second
alpha aluming 06%%%13%, wherein the second alpha 10alumina particles have an average aspect ratio of

greater than 1.7y} abrading at least a portion of the surface of the substrate to remove at least

some portion of the substrate and to polish the surface of the substrate.

12, The method of claim 11, wherein the second alpha alumina particles have an
200 average aspect ratio of 1.3:1 to 5:1.
3. The method of claim 11, wherein the weight ratio of the first alpha alumina
particies to the second alpha alumina particles 1s 0.1:1 to 11 1.
14, The method of ¢laim 11, wherein the abrasive comprises (i) 1 to 10 wt.% of

the first alpha alumina particles, (it) 20 to 60 wt.% of the second alpha alumina particies, (iii)

1~
]

5 to 20 wt.% of fumed alumina particles, and (iv) 20 to 60 wt.% of wet-process silica
particles, based on the total weight of the abrasive in the polishing composition.
15. The method of claim 11, wherein the composition comprises 1 wt.% to 10

wt.% of the abrasive.

6. The method of claim 11, wherein the composition further comprises an

30 oxidizing agent.



(C) fumed alumina particles, (D) wet-process silica particles, and (b)water, IScontacting a surface of
the substrate with the polishing pad and the polishing composition, and (v)abrading at least a portion
of the urface of the substrate to remove at a. )n of the substrate and to polish the surface of the
substrate. 12. The method of claim 11, whereifZthe second alpha alumina particles have an
70average aspect ratio of 1.3:1 to 5:1. 13. The method of claimtherein the weight ratio of the first
alpha alumina aarticle to the se(g%:no:] al&}al algin]ig.a articles is.O.l:% to 1:1. .14. The method of
claim 11, whereln' the aBfaSFE EoM B, 10598 Sthe Iy HisHa KitiHiS BRI, (ii) 20 to 60
wt.% of ttiekeeend alpha alukeina particles,i) 755 to 20 wt.% of fumed alumina particles, and (iv) 20 to
60 wt.% of wet-process silica particles, based on the total weight of the abrasive in the polishing
composition 185, Thedmettvod of claim 1I. .héreinnthie composition icomprisesptiwt. % to 10 wt.% of
the abra%iy)/l%t}niﬁ surfacts "he method of claim 11, wherein the composition further comprises an
30oxidizing agent. I“y'.tl“ﬁ'e" method of claim 11, wherein the composition further comprises a chelatinta
auent for nickel The me .of elin the compeosition furthen noenionic.surfactant. 19. The
o of i 11, whkeh e et S Ho i b Aud S L SRR 200 nm
to 600 npvcaaick thetsacond alpHi) aluniineparticles! havecanndvdphgelparticle sitel of 106 am to 600 nm.
20. The m%tfhgg OJ@@TE%%%G‘P’%%@ E%%SB%BQQ“O” has a p_H of Ito 4 21. The method of claim
11, wherein ﬁ’re gu strate comprises at least one layer of 10nickel-phosphorous, and at least some

nickel-phosphorguss is fgmoyed, o g, sty f%%e%&ﬂﬂé&'&?il%ﬁﬁi% %%E%@W%?P’i@%? of the subsirate.

92.The method of claim 21, wherein the substrate is a nickel-phosphorous coated aluminum memory

disk. 21. The method of claim 11, wherein the substrate comprises at least one layer of
10 nickel-phosphorous, and at least some nickel-phosphorous is removed from the surface of the

substrate to polish the surface of the substrate.

22. The method of claim 21, wherein the substrate is a nickel-phosphorous coated

aluminum memory disk.



