POLISHING COMPOSITION CONTAINING HYBRID ABRASIVE FOR NICKEL- PHOSPHOROUS
COATED MEMORY DISKS BACKGROUND OF THE INVENTION [0001]The demand for increased
storage capacity in memory or rigid disks and the trend 5towards miniaturization of memory or rigid
disks (e.g., due to the requirement for smaller hard drives in computer equipment) continues to
emphasize the importance of the memory or rigid disk manufacturing process, including the

planarizafj ishi j | QIEE?? Liherf g}g nepy el ist several
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semiconductor device 10 mBHF&EHNEROW $ G OATBHVEMFORSTAHEIE commercially available
CMP compositions are well-suited for the planarization or polishing of memory or rigid disks.
[0002]The term "memory or rigiBASKGEfetsNO R hidgARicENSK(Rard disk, rigid disk, or memory
disk for ining information Jn electromagnetic fojjii.. The m ry oL rigid dis Qﬁ%qlﬁé hasa surface
that con(ﬁ‘??slgs nicrfgﬁpegsaﬂﬁc?%d%?rgaﬁ %t%%?ﬁgfa)? %crlt gﬁ%%%%({rggérg c%dca%%/:ompnse any other
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cases can 30even cause collisign of the head with, the disk surface with resulti e to the disk
surface ana/or the Tecort #105 ﬁ’e% OWWG%% hhé) %&?éﬁ}ﬁggé% %ﬁ%@r%%?%é‘ﬂ%?g%% , typically the
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rou ndedné%sgte %%Ienggoe}’r%gkﬁso{/}\]/ﬁa‘?uﬁs ﬁéc%%%gegag%ergf 0 ?H?églgo#%%dﬁgﬁg% Sl%§1 roarggre areas on a
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comprise abrasives to increase the remaval ra f b [ Jates alsg are
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rerfiains @ need in the art for a polishing composition and method for planarizing or polishing memory
or rigid dig&@3)vhicHSmifsicnideneribssiietibrasivesonigid WiskineSecting bddtyrog-ofiiiticbe sacrificing
(he rem LIS, ALl R A1 RRIGh MR S %‘%ﬁh@éé%‘%%?@kg%oé}@%@&qémd’ there
is prowde&%lpo ISHING composition comprising 2’5 an abrasive comprising (i) fitst alpha alumina
particlesftbat flaresravetagendspéckratitaot.0 Bulittemdia@ foscoh dualfpbadsivuating, fgrtitles that
have an average aspect ratio of greater than 1,2:1, (iii) fum lumj jcles. and £y wet;process
silica paﬁ?\é?gsiga%ﬁoa b 1\/c\;/rgt‘f-gFL.VEB 8ﬂnn3~ %%’élt#érhﬁggg%t%‘iﬁgfc’g?Ssaﬁ%&;%%g%ﬁgﬁfod%% polfi\gﬁing a
sulistrateangeioli wstHenstiontinises ¢ ovidimg btbabstzite;febpacisifuaisabsadtc sorgprising at least
one layer of nickel:phosphoyaus, (ii) providing a polishin d, (ili 'q;'@g B%Ibﬂ@%%& mposition as
defined a 6"\?8?{%/‘\)1‘%‘8?1%)&%835 gé?%‘%%g%? ?H%es%ﬁ%ﬂ}gt}g%v%% It%%a%%gi{rg %ng pgaé and the po%ishing

composifion]andl v} @abrading gittie ast@ poviinrsof thersartareapbthsing bstrata te, thmove at least some
portion of the substrate ially at least so ition I - ous, fram the syrface of the
substratS AR o p6 Srpned g Uy agg%gﬁgaﬁg‘égué;é%’%%égﬁi%%g{é e Ews
OF THE BRAWINGSs 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] During 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,



[0009]FIG. 1 is a scanning electron microscope (SEM) image of alpha alumina particles that have an
average aspect ratio of 0.8:1 to 1.2:1. [0010]FIG. 2 is an SEM image of alpha alumina particles that
have an average aspect ratio of greater than 1.2:, DETAILED DESCRIPTION OF THE INVENTION
[0011]The invention provides a polishing composition comprising, consisting essentially of, or

consisting Irgh gaskalsives dpanarie pT ra et aRiveEEpiprrREe U HBRstegss Sé fallior, I8F consists of (i)

first alphaaluminadnrticias:tbabhayeaR-ayes a8 asPe et atio-eff0oB dubco it 2ske Brfilhsecond alpha
alumina particles that have an %\@é e asp§_ct ratio of greater than 1 2-1, (iii) fumed alumina particles,

and (iv) wetsBr eSS LS BuH 0T27RB%ia alumina particles refer to alumina particles
comprisingtabsut 5@wedslly; polisicre oftipestipha foolyenorphoofigld dinka corhjchspatiyerioeph typically is

foimed at (iqpPIRTBRANESS: Bl 200G A4AR CrfRIAT0R RIS compRRRIaR ggmprises first

alpha alumina particles that have an average aspectratio of 0.8:1 to 1.2:1. The tenh aspect ratio is
generally RroopciFrvain ot dpigsiidpanicloserid tefbrssibasatio Be1ehghersit: B length to

Cross-sectipi48:8d SRNRIRH (PithsaNERst slassHesional difeg nsiomiadharsmallgstcross-sectional
dimension 10when irregular particles are at issue. [00 4]T§% a?tafgct ratio of the first and second alpha

alumina p&Fidfed BISh Brer Bt AR SaRiRio MGy WSS A SkIRSR e H¥5Yor example, using optical
microscopepijonalihaicesnbinimagel andly sis o fwaliehsuyctoamotiti@xamplethABE-PRO PLUS

image analysis software marketed by Media q( r@g}t&g - §Q\ég{b§££ IuME, Eor example,
two-dimen%Yfaonr?gf %s?ﬁ%ol%{ﬁtglé ofar p?éélé’ﬁ%%/e% S<';1.mp#efl%iarI élquantity o?aBras}?\% particles can be
used with imerge anedysindedtmidtudfizetivazspaberngiboranevabrasiobhasest{0015]FIGS. 1 and

2 depict the difference in physical appearance hetween alpha alumina particles having different aspect

ratios. Specifically, FIG. 1 is a st @U&@éﬁ&%{?ﬂ&%‘é %ﬁ\?ﬁlﬁnage of alpha alumina particles
having an peerage dspactkpticr, ah&SslpROtdel 2 dolsimeZismppsSihcimageaf @lpia alumina having an
average aspect ratio of greater_th 2:1. [0016]The first alpha alumina particles.can haye an average
aspect ratio’ 0.8'1 or h grgf {g :ﬁ%ﬁ%ﬁj%area,} SP %%%r%,s iﬁﬁ@:‘%gra%%fr%? er%?f CEli rc'ﬁl'?n%?lrg’.g,g\flternatively,
or in addition! &1 tlis) firspadotiphalkimina: partidiesioihdvaae arcegsigechspectirageterf hap:1 or less,

1.1:1 or lessy. 2506 Yik:Rh L88nd W alhg, st @lpRa alping HRLIGIRE S0 AaVs) akRYerage aspect ratio

bounded t;e/ any two of the aforementioned en (foints. For example, the first alpha alumina particles
=]

can have dW88kragh 38piet ralrs o584 v6eTi9°¢ Agrsthad of -Rolhing s SEREe. 867 The first alpha
alumina paxtitles eanphisdeapyLsiitablespaitiale sipecidiieapaniataesizmeianzapproxisnately spherical

particle is slhe die%me er o th%g)articl The.garticle ize of 38a ly.non- hericaﬂ. article is the diameter
of the smaligst %pﬁ1 r& fﬂa?sgnclgrtﬁpggs%gvthénﬁgrﬂ%%?l?ﬁéj ?w’s@aﬂﬁﬁ%‘%%%?n%} E)ar i€les can have an
average pactigpessize fe dpfisnkrbge fartictetaitimpternr BE60inhe srbntote widChemadishigre, 200 nm or
more, 300,03k MEHIARANDBAEINALS, YD MU IIPIE BRIV OLIRRANRIRR, the first alpha

alumina 4 particles can have an average particle size of 800 nm or less, 700 nm or less, 600 nm or

less, 500 dHPHFIELS TeRABDhIFFESRISE PIGE, thFiFebsIpkaciraHy Hdratl SRR An average

particle sizgdreupsiadidyoanyiwent theratosemeniinnat endpopishis examie dibe first alpha
alumina partjcles can have an average patrticle size of 50-500 nm, 200-500 nm, 300-600 5am, 300-700

nut, 450-68 At or 400-700 nm. 100181 The polishing composition can comprise any suitable amount
of the first alpha al NG RAERIRTIHRENICHERNG: (RRR SR AB P HRIBIOEY or more, 0.05

wt.% or more, 0.1 wt.% or more, or 0.3 wt.% or more of the first alpha alumina particles. Alternatively,

or in additil¥¥Me pdikhihdsdorimosia sl eEm soRtam B briterss of alpby Ppmina particles

that have an average aspect ratio of 0.8:1 to 1.2:1.
[001G] FIG. 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
{0011] The 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 particles that have an average aspect ratio of 0.8:1 to 1.2:1,



10less, 1 wt.% or less, 0.8 wt.% or less, or 0.5 wt.% or less of the first alpha alumina particles. Thus,
the polishing composition can contain the first alpha alumina particles in an amount bounded by any
two of the aforementioned endpoints. For example the polishing composition can contain 0.01-5 wt.%,
0.1-3 wt.%, 0.3-0.8 wt.%, or 0.1-0.8 wt.% of the fir8t alpha alumina particles. 15100191The polishing
composition comprises second alpha alumina particles that have an average aspect ratio of greater
than 1 2,1 The second alpha aluming particles can have an average aspect ratio 1:2 or more, 1.3:1 or
more, 1 G SGRIRGAP RGP BB £ o0 AV A NiEERESHVBRT SFHR SHERBH b Lt alpha
alumina faté¢lgs:aam hamechn, avaragewapackeatieint bphdicless, 4.1 or less, or 3:1 or less. Thus, the

second alpha alumina particles can 20have an ayerage aspect ratio bounded by any two of the
aforemelli0aba eiUn LR o101 LR B A SR BT R e Affaverage

aspect rafipeod it Lifshd ol dudodpto i duatizal wodhlp (0RR0 heypectnd aiphacdluntizh particles can
have any suitable patrticle size. Tge second alpha alumina particles can have an average particle size
(e.q, avéf&ﬁfér?fﬁfﬂ%lg‘%atﬁaﬂ?e]t of20 nm or more, 30 nm or more, 40 nm or more, 50 nm or more,
or 75 nnjowvi Bjore. Phtepoatively cofipoaniditi eonipesse conchiiphalatiminanritcikscarhave an
average particle size of 500 or less, 400 nm or less, 300 nm or less, 250 nm or less, or.,200 nm or
oo, ThiLCEHRE SSEOHAD AL AR B 5 RS GFR & AGReEAH FECS S b iotoy any two
of the afaseieatanedenaddaittss kothexampld | dagihecendhlahdaginibapastielescdQean, have an

average particle size of 20-500 am, 30-500 I’HJ'[, 30-400 nm, 50-300 nm, 50-250 nm, 75-250 am, or
75-200 621 PR ATRT TG LSS SRaH E:‘&ﬁ“éb‘?ﬂéﬁégeasﬁ?ﬂ B SATsane rrgﬂﬁ%e%l%nd alpha
alurpina whstiGlesgil hepaaiicking €anyasition can contain 0.01 wt.% or more, 0.05 wt.% or 5 more, 0.1
wt.% or or 0.3 wt.% or more of the second alpha alumina particles, Alternatively, or in addition,
the b bomp TSR SAA LB AN 95 2R 3 OB P RSP U P RESCCTWEYe of e
or 0.5 wi&4dly legshok the skeitbirdialpha dluminanba rtidies opiice, the pelishingttamppsitien wan contain
the second alpha aluming particles in 5an amoynt 0 of the aforementioned

enpomt B BT PR RGBS A ComERC DS T 9% BV 0.8 wto6,

or 0.1-0 8 st &edbinelsdiadhvbatpbiacdlinoiitipar ipas g [0AZR ke ehrqsty evaadiaankabne weight ratio
of first alpha alumina particles to the second alpha aJumina particles of 0.1:1 or more, 0.3:1 or
it 0 BT Eie T e b BT ETLLS HBRC A HRTL b SLHB Ee RE SR of the frst
alpha alimipa pattisies tehthacsatonthalphacatutiing prrtibles capapecled: 1 or less, 1.1:1 or less, 1:1 or
less, 0.9; ess, 8;1 or less. Thys the.weight ratjo af the first alpha alumina particles to the
soconc S9N S aturh ICber TS QS eRB TRt sy ARG o RAAEE RO CRABENES For
examplepdheivelghinatiofffrthe fissicaklphiasalGpdad alicld6itd the senongeadpdra@umina particles can
15be 0.1:1to 1:1, 0@@%&).1;1, Oﬁ%é} tg 1:1,0.5:1 to .111:3H 0r 0.7:1t0 0.9:1. LOO 3 The@og; hing
composition compri AR A ARAT A TIRS PRTIR S KA i€ SH BR{GHSHOTE form’ 6t aluminum
oxitle. Fwrie?t Aluhina hasnaPEd dnegate fsipliciuderdinnhiehiap proximage lyssptiatidal qirimatyrparticles
are assq iatqdzi. to chain-like aggregates of primary particles. The primary particles are bonded
together ef/n(:o‘va ent bonds and electrostatic 20interactions and typically are resistant to degradation
by, e.g., [iEdjanic@herasgylpipuikistich @ethiph-ehelevmbing.chdgliplpeittmed al@micamaggregates can
be more Joosely associagted in the.form of agglomerates. Agglomerates are more easily. broken up into
theit coSnEhe R A b e SO OF b b S TS e ANIGEeR of the
smallesttbpliesedipat ehcldse pindchggregatecainpriraye papictaat{cattié rzttiasr heshyidudl qriesary
25particles,or the agglamerates. o ltiple aggregates). [0024]The fumed alumina particles can have
b b S e D (L FEEe b PR AL TR pariclos can
have aniaverdgebyanticieyvsioé (80 aforanmorecd @mipodntmadrer blanmiarthediest Zbhambmmere, or 100

nm or more. Alternatively, or in addition, the.fu alumina, pattic an ha n average particle size
MRS R R A bl e s ey i ok et
fumed al@fiith partibteSrean ptava aniay eraigd pariiclesezenycuitdeld byracy tive. ol Hegpaficbmentioned

endpoints. For example, the fumed alumina. particles can have an average particle size of 30:250 nm,
030 1 S e e R S RS il comprce
any&uitableramoephéadtheafticle ik sherdina gartidlgs: Sihalpaligiliog donpositigasantbontain 0.01 wt.%

or more., 0 8336 OF MOl 0 LML Y. 0f MOTS, S0 330, oL more o the fumed alyming, particles.
Alternatil® y, Of in‘addition; the péﬂs]hlﬁjg composition can con%n%a{/tvt. o or s'g,"fwt.@% orless, 1

wt.% or particle diameter) of 50 nm or more, 100 nm or more, 200 nm or more, 300 nm or more, 400

nm or more, or 450 nm or more. Alternatively, or in addition, the first alpha alumina



5less, 0.8 wt.% or less, or 0.5 wt.% or less of the fumed alumina particles. Thus, the polishing
composition can contain the fumed alumina particles in an amount bounded by any two of the
aforementioned endpoints recited for the fumed alumina particles. For example the polishing
composition can contain 0.01-5 wt.%, 0.1-3 wt.%, 9©.3-0.8 wt.%, or 0.1-0.8 wt.% of the fumed alumina
particles. 10[0026]The polishing composition comprises wet-process silica particles (e.qg.,

condensatign-polymerized or precipitated silica icles). Condgnsation-pol ized siljca particles
typicallyPar8 ?éﬁgﬁ? ‘b%/aéo%vc%?%?ﬁ&@ﬁ%ﬁff HJP g& E‘bﬂB%&%jaéhi&f@s?’vﬁ)ﬁfgrgi@ﬂ&dﬁlqﬁ%ic|es are
defined sgohaxinglas aversgepantities sizaetweprabeki Atutanshahoe IO0h e Suekavet-process
silica particles can be prepared in accorg nce with U.S. Patent 155,230,833 or can be obtained as any
of variod& ESHitE? ﬁﬁi}%\@ﬂéﬂf@’ﬁ%% @?é%%ﬁ‘?“&%%@ﬁ %HRPdB‘ét i?fﬂ?ﬂ%%@%? tt, the Nalco
DVSTSQG6 proattia pacities usdRle-Znpraguget, mstivellsas othsr-sivilan produs avadabledoom
DuPont, Bayer, Applied Research, Niss emical, and Clariant. [0027]The wet-process silica
particled'®4 %1%\7(&21 ’s%?%\gééé{}’é’rgﬁé@é?@g@ize (i.e., 20average particle diameter). The
wet-progesssyilica Pes tieleshoan dovieosini ey erageppriielaisizeieficnimeimnef &Ll phianore, 15 nm
or more, 120 nm or more, %25 rl%ﬁor more. AI.ternative%or, ub)ab dition, the wet-{ﬁ)égces;? silica particles
can hav&' SR AGEAHE Fari AR RZSHRE SETN LI BLSH R B tedd: 215 MF Briees™ 160 %m or less,
90 nm ofmlass N80wMar Iesse, /6 0B at.kEss; H0kmfehdesst dpnmonasspatidlkedm or less. Thus, the
wet-process 25 silica particles .can have an average particle size baunded by any two of the
77 o T R L, B S
size)of 183, 00wur; 2P1aB0MNw20:80 s, 20060, of RE=AL fira [0 2B s pnlishpagietymposition
can conigin any suitable amount of wet-process silica. The polishing composition can contain 0.5 wt.%
o1 more. 1Sae eGP HRO1BS SRR I MG <G 36b it oL 0F R BPGh PRGOSy G4 Baiios
Alternativelyded by agglition of i pafiskingntiondositlpoiean Eontaimidaevhpalidriag 20 wt.% or less, 15
wt.% or less, 10 wt.% or less, % or less, 6.wt.%, o | or 5 wt.% qr less of wet-process silica
particlo< RS A FRIEAIG RO bt el 2ot B Ehotids Shikd Sttt 1 A% Aioun
boundedibyeaiymirixveuaidle. aforementioned endpoints. For example the polishing composition can

i - t.9%, 1-1 1.%, 5-15 wt.%, 0.5-5 wt.% qf t- ili ticles. [0029]Th
BT 1 e e S e R R P G o s g G D) e
particlesyvierpechgdacning paftitiescathd e protassechsiiaip ol hexanplecibeabriasieescan contain

1-10 wt.% of first aItha talugéna %glrticl?c?_io-60 wt.%sqisecond aﬂgga alumina Qa%r icles, 5-20 wt.% of
fumed alyAfes PHECIEE Qhef 96286t 06 S B Processed Biks, baSEdSFs total WeisiEof the
abrasivesihdhatpalighimgncaidpasitiontiO830ha pialishinghagmpokit eargieferably eags mpecontain
any other%‘.orrrﬁsqiallllégin ) i.e.,Igégrgirn?f)grr icslgs%%herthheagethedﬁg tan% second re%l ha alumina
particlesr%lﬁod(i & 16fufied a]lu%lna particles déscri éla’hereln‘?oglml%%, Iénﬂ'g‘)ﬂasah|1nge%gfannposition
préferabiydoasavetgerigincamtiothenddehsofisilicey béthsilitapadiclesdthelpinats tH®wet-process
silica particles.described herein. Furthermore, the polishing composition prefera S not contain
lica pagicies dascribed erein, Furthermare, the palishing composition preferably pes agt conta
example, the second alpha aluntina particles cgn have an average aspect ratio of F.a:1 1o (i
any abrasive other than the alumina and siica particles descri eFher in, 1.e., abrasive particles other
than thelfikst anfl bemohd &lphé alumina particles, fumed alumina particles, and 15wet-process silica
particle gﬁiﬁpbe erein. [00 ]F]Pr ferably, the abrasive is colloidall sta%PI within the polishing
Compos KA e (s COlSLTIERe & 1A o b e B e M e g . waten
Colloidabstadndligyptefersdnthpan@icterarce obthatesugppnsicle tiwogp. timeraye thatodatext of this
inugniion, the abrasiye is considered colloidally stable. 1, when thg abrasive, s placed,2ginto a 100 ml
gra uatedacyffln er and alldwed 1o stand unagitate for 8'time o ﬂours,%e’ idrence between the
concentration dflpantitied yindho bdttoiom hedeafrthel ghadiate d cytiniohbes(fBf: imtermsaobManl) and the
concentration ofparticls in the f‘e’é% 5%18% of the.gragiated %'é”dg dq&'grtﬁersgls P&L Mk divided by
the initial Concentration of par?ic es'in the abrasive composﬁon ?[ in terms o0 g?m IS Tess than or
equal toless (Teys}[BE-s2&mf4Iphe BinMuor ppteiesatly hthe valaecidBldii€Fisclbositthahbor equal to

03, andany two of the aforementioned endpoints. For example, the second alpha alumina particles

30  can have an average particle size of 20-500 nm, 30-500 nm, 30-400 nm, 50-300 nm, 50-250
mm, 75-250 nm, or 75-200 nm.
{0021} The polishing composition can comprise any suitable amount of the second alpha

alumina particles. The polishing composition can contain 0.01 wt.% or more, 0.05 wt.% or



most preferably is less than or equal to 0.1. [00321The 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 wt.% 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 can contain the abrasive in
an amount bounded by any two of the aforementioned endpoints. For example 8 the polishing
composhigiecan B8t B0t dsr s siibeieond ripirslynmedraitisive. [0033]The

IO0|iShinQ\R@mml?%ﬁmﬁﬁﬁﬁmﬁeﬁoﬁﬂﬁﬁﬁ%@ﬁb%ﬁ%ﬁ tafagiitate sher o, 8PRlication of the abrasive
particles to the surface of a suitable substrate to be polished or 5planarized. Preferably, the water is

deionize@Sivatevt [03A$THE SotiEHIRY & ebSittoritcarhisse AP ireast Brhamiehi8hshing

compositigndesirahiy MRS 1 aGiccRi pb&iti chREnQIRssithanséedAeigsabuthapalishing spmposition
has a pH of 6 or less (e.g., 5 or less). Even more preferably, the polishing composition has a pH of 1 to
4 (&g., FtFBRUPhBWPEREAIRY EATPOM PG EHAIRHCBREFASRAN o rg B s denrs die&ample,
potassiuphysiRaesRmAnUN hydiaxide) andiarpitic acdsdhe palishing wempesiion also
optionally comprises pH buffering systems. Many such pH buffering systems are well known in the art.
The pH RPEARPEESHIRET BatiflfSuitable buffering agent, for example, bicarbonate-carbonate buffer

systemsypaaunoalkylpliinnisacias canithe Heunt heipolishingco HIoR ean SeIBsIEeRAY suitable
amount of a pH 15acé'ijstc_)r and/or a pH buffering agent, provided that a suitable amount is used to

achieve SHREMSHHPAMEANTIRG pAtS thaldblishfigtBmPositiBh ki 2 SuaBRI tafig /{0085 The
polighing,epenposifinn;optionaklly SdthrnasMREisRs.At laast aMB.oxdizing 2gentinkhrdunelien of the
oxidizing agent is tq oxidize at least a part of a substrate, such as a layer or layers comprising, for

exampleDRRGIEHERphBBIR Btk icHPadeht GaAese drlylotisSisitid SXitdinG HyShtRion-limiting
examples; of syitabiaoxigizing aeips: Rely de MydTRgeH PEHMXER . RRFEWI RRte SRESd@ 8d, Aphmonium

persulfate), ferric salts (e.qg., ferric nitrate), solid fowls of hydrogen peroxide, and combinations thereof.

Solid fortH& B AYAFBEER FErBRibRURRIA Y 2BHIHR pEFRaASBMEL CaRst AR B Ari Hidfhesium
peroxidepwhishitinaraiefige Medrogpnperaxideavhen disselvadia wiatey aRieferhlyidbe @xidizing

25agent is hﬁlrogen peroxide. [0036]The polishing composition can contain any suitable amount of

the- oxid bt b Hbierirg Q:c§h]15B§i't?orq'ééhte&n]tﬁn‘ﬁ.af\kﬂﬁ/@@f%ore,‘0.5 wt.% or more, 0.1

wt.% or oers] 1 Wik @b maiss bhBowtidh ehmaisotibeoxidizing paentcAlEinaiivamardmsaddition,
the polishing composition can contain 10 wt.% or less, 5 wt.% or less, 3 wt.% or 30less, 2. wt.% or less,

or 1.5 wiOABIRLS Bt Iana dmnage it iqth Jmed ABIRHIAGEOMGESHTSA e SHUIE HRidkidizing
agent in aprTiaintibepheech byraniyaticlbe atoramtentaned ensRairs  fatgxampigritherpolishing
composition can cgntain 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 FREHSESizi RYEHTY $I5EET AR hooneimpclr dusisa epRmdR AR $lEr EoHalfises at least
ong(chelatingoagantiar wiskaliylhe chelating agenideanoeyany: suilediechelating amentfendmckel.

Non-limiting. examples of suitable chelating agents include amino acids (fQr example, glycine) and
organic 85?%85%3}1%‘6%{6?&1‘?6& Mﬁf%‘l"ef?i% ﬁl%"&é?& Etta ?&ﬁﬁ?i&@c‘?&)@é’f@gg%i“’r%(é‘%ﬁk?{ﬁﬁfg‘n

compositiRi&an aaitsisnanytsslitable amonat efdheoehelsting rRgentud hepaishiogpenaposition can
contain 0.01 wt.% or_more, 0,5 wt.% ar maore, 0,1 wt.% or more, 1 w{,% or mo eifL| or 1.5 wt.% or more
of the cHAETHIGEYe AECAREHGENERF hi é{ﬁ‘aﬁ%ﬁl}%@?ﬁ?@ﬁ?ﬁa R OLAE OO wt.9% or

less, 5 WipieRrtiesendivdsYaley e st/ bPpomiassy atidls aftepessah i ahelatiag agent. Thus,
thf%golishing Ocompositipn can co%tain theéchelatin %gent in an amount bounded by any two of the
meRHoies 85@}?&% OSSN PR R eﬁ@%‘?ﬁﬁ% omposition can contain in an amount of

0.01-10 yoi62a,} 0.5-Fivet f¥on €1 Tl ana¥op ak tRei3 ek fith Ot hidy 2uMhbbeahvibieghelating dgelite [0039] The
polishing composition optionally f réheélcomplises at least one nonionic surfactant,, The nonionic
Surfactalt SAR bR SOHINE o B B PSS T8O AT SRR ARESICIfe Lopolymer
surfactants 6@mpresing ishaxanereniis nethylengQXidadnitsnand/@r Popenexide units which can

have a linear, pendant, or trisiloxane sfructyre. Non-limiting examples of suitable nonionic syrfactants
incluce ANEAENE GG ARE o 5o BFRTARE HEGHB] BUBRARE oY
ettpixylatess, @andihestikes Prafendlalys, 1 nenenssudactansinalsdes] sonphdaed. elhaxytates such as

the Tergitol NP series . : .
glflumec{: afumma particles can have an average particle size bounded by 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 100-150 nm.



20available from Dow Corning (Midland, MI) and siloxane ethoxylates such as the Silwet series
available from General Electric (Schenectady, NY). [0040]The polishing composition can contain any
suitable amount of the nonionic surfactant. The polishing composition can contain 0.01 wt.% or more,
0.5 wt.% or more, 0.1 wt.% or more, 1 wt.% or moée, or 1.5 wt.% or more of the nonionic surfactant.
Alternatively, 25or 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

composki8Atan coRERR AR ERBHION PR ERR- AR RRSE ABLTH BOImARAEY i e ioitne

aforemeqtignes RREESINITHE PLRXEMPIRHIPE RIS RING-6AMIRABTIOR CH SN (N &RV EMunt of
0.01-10 wt.%, 0.5-5 wt.%, 0.1-3 wt.%, 1.5-3 wt.%, or 1.5-2 wt.% of the nonionic 30surfactant.

9%, 1.5
[0041] TR Polfshifig CothBYERicH BptShang e PESH SRS BREn iR tihe ARIEE S uch
additivegingludBtriyfar polsmind/ esHhrelasicakcopiiehngents, antieaminglagendss angipsides.
Additives can be present in the polishing compagsition at any suitable 10 concentrations. Such

additivedS&ar i Tt Fr§Psutabre Wishetslfits Qo [UeH ARmpihaRatigRs: NdmMyIBRALYLBE random,

block, o;giadisiibaciiaienennohyiarse AN MisHNgANg0 1IN erdstyi G MAnedNer 1§ Gvo pPalacrylates,
polymethacrylates, vinyl acrylates and styrene acr%;ates), combjnations thereof, and s;l,t thereof The

biocide EHTBRRHISHEIIRBIGIEE P e s HBRELHILBIN A25HASHe HE TR RH0HS) hing
compositignekiien dye RigRigam d1eprepared By vy, suitabie dechniguel -manyt o whish are known to
those skilled in the art. The polishing composition can be prepared in a batch or continuous process.

Generalf{/Ufie HBEAMRAESHSosition can be prepared by combining the components thereof in any
order. ThE M "comparahingsdlpsad hiecsingnstdas-ndudeudlingpedieris(éeg., first alpha alumina

articles, fumed alumina patrticles, abrasive, water, etc.) as well as any combjnation of ingredients
?e.g., AR SRR A TA ﬁ%ﬁcmamﬁ5§§W% &9: [é@&fl,?ﬁ%t@%ﬁﬁh@,eﬁ@%}ﬁ&ive can be
disgersqsiéﬁgc\m&%iéréﬂﬁ %ﬁé%wmmo%?@@;ﬁh@g;agﬂm tarfdrﬂpéhh H.Biﬁa&lpﬁﬁa@aﬁt\ﬁﬁﬁéheln r?e added,
and mixed by any method that.is 15capable of incorporating the components into the palishing
compositidi! r@%ﬁﬁ%&#&’ﬁ‘% REPRSaP TSR B S IR GP ATGHS FTREH ARSHAlS being
removed poEhectholishingritie subspateRinianny sapleditlizediduiie pieparstinwgt the polishing
compositign. The polishing composition can be prepared prior to yse, with one or more . components,
suth as %m%%}&gtﬁ%a%ﬂ%ﬂ%ﬁsmgf VeI SOTERAF 6 ASELARSTESD BFoRS (e (6.1, within
about 7 days brineBisgipsovithincdaey ik hailsdpiose S praviibinaabels Lusimiie pejaretuse). The
polishing composition alsg can be prepared by mixing the components at the surface of the substrate
during tH8 Bgi%?iﬁ@gﬁmmﬁ?Taﬁ A ﬁgﬁggfié‘?ﬁ@&%ﬂﬁoéﬁﬁgé%é‘ibe éeﬁrr#\ri &4%s a concentrate
which isdmeniel] iadoelghilstied with an appropriate amount of water prior to use. In such case, the
25po|ishin8 compasition concentraLE can corlnprise for example, abrasive and water in amounts such
that, updH Bidtion SPEHECEaREET Y ALRAN HA SEROBAR A LR BT WSTESS BAER BotHBHENt of the
pofishingeanyeqgsititriadihbetprestht ndhprpadishincpmpdsiticin inaas ameunidyipaitidhesappropriate
range recjted above for 8Ch com oneg#. Furthermorfg as will be unde%stood by those of ordinary skill
in the art't é‘%‘%@ﬂf?aé S8h Yotitdivr an P sroPitte3atA iSRS the Wt Préseht in the final
polishingztespasiiorin:o sdditione dstivecthab thes ciioppariisand dther suiablgadditivesaxke at least

partially o y dissalved.in the concentrate. 11 [004 e invention.provides a method of polishing a
Cabsura Bl ATHO4T0t LORRSELT ol DL G 4 S SE AP Ao S e Oy at loast
one layeled, Meket-phtspheleus ofiilproMidingoaa kelishidg paco(iigsprdtiding:a petiphisgssomposition as

Sesrcd e 1) erecing s sl f o SSLAG D e RS PRAR he plan

0 femove at least some
portion ofnitheoiitsfaBerakiiepbelast ater-prckasiiocgmnideaaiclansi somenicked-pihosphareus from the

f th bstrat: dt ish th f f bstrate. [0046]Th lishi thod of th
oriace SISEAEEIRC RS RIS s e o e 00T poling method of e

10028} 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, 2 wt.% or more, or

30 5 wt.% or more of wet-process silica particles. Alternatively, or in addition, the polishing
composition can contain 25 wt.% or less, 20 wt.% or less, 15 wt.% or less, 10 wt.% or less, 8
wt.% or less, 6 wi.% or less, or 5 wt.% or less of wet-process silica particles. Thus, the

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



10 with a chemical-mechanical polishing apparatus. Typically, the apparatus comprises a platen,
which, when in use, is 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 and7/moving the substrate relative to the surface of the
polishing pad. The polishing of the substrate takes 15place by the substrate being placed in contact
with the polishing pad and the polishing composition of the invention and then the polishing pad

moving FEIaffdho Aftscsmdiras @peiftsabidaR arrRisdba iRt Re St 588 O8N the
substratg.J004AASUbstratecan BeRokshed vithhepalisBingRRRAsHAMERANY suitable polishing

pad (e.g,, polishing surface). Suitable polishing pads include, for example, woven 20and non-woven
polishin "§§8L. M3F8693¥§§ﬁﬁaﬁ?e°58ﬁ?§ﬂiﬁ@vﬁa&e%ﬁresﬂ%ﬁé@&@%&%@‘ﬁ&%ﬁ@@m}wng
density, kaedaegshiirknessy AN easHUltARNRITEROUR WROMHCRIBEASTIRA, dd compression
modulus. Suitable polymers include, for exam (I)e, polyvinylchlaride, polyvinylfluaride, n¥lon
fluotocafBERRbBIRTBBIRE CHb RSN, ]ﬁéﬁlé’frﬁ el @éﬁ%‘%%ﬂ?ﬁ%‘és BOPARTtE of

polyurethanadnohystyiens: PeivRERRY Ene wASeio anied Rrosusis theresfl, Aac msdurestbereof Hard

polyurethane polishing pads are particularli/ useful in conjunction with the inventive polishing method.

100481 ESFABR7StAE CHEmRaARI R MERIAT Bistighing BspRratie e PESEEL PR R polishing
endpoin{gertionsysiRmshng iy abvéith pefnmmndset v atbntaehiig uesidbispecting and
monitoring the polishing process by analyzing light or other radiation 3Qreflected from a surface of the

substratBBaHRG péticHBE BAPRHGHT MR SadHTHAsaafA BRI IdrREd Rl U S.

Patent 5k96883mkhSpRatens &43365heAdiS. Ratentis, 609 Rlibhi ScdiaieatisbaeR4abil.S. Patent
5,658,183, U.S. Patent 5,730,64%0, U.S. Patent 5,838,447, U.S. Patent 5,872,633, U.S. Patent

5,893, 78K 818! BV &yA8NE PPl s8Icon 3 Bttt 96 8 S SE LrRORE THE-IIQSEYion or
monitoriggief pasipragtessivbine-palisiFngheracassmithiesheetionpsiihsh plefbeing pelished enables

the determination of the polishing end-point, i.e., the deteimination_of when to terminate the polishing

e et s
process RRHIREPEEPIES p &t 8&?5?%&&%#5&%@5&%%%@%% TS PSHRGTS b iBReS  Grther

illustratepthieidrventoniu 1of Seyrsel shoullet D eanst et Ass Ranydwainiting:itssCane.
[OO%O]The golishing experiments reflected in the examples involved the use of a commercially
avai

abl&*SHRERTHES SHPRrRARCIFRI T S PRPAFESS psi) downforce pressure of 10the substrate against
an CR2Q0a3aljshinprpas:tayalkrbie-fiene Gebitoirehinalbiies)tinlassioditated aifirpmisa, 20-30 rpm
platen speed, and25-30 rpm carrier speed, [0051]Optjcal Surface Analyzer (OSA) alumina counts
Were meb R U D RIS B ST ToP bBELt Snib B LSS A ik B0 avalable from
KLA Tencsithiaingdvwotindegens et tasaranave: lIenghs ¢4 «om andeb80mme) setiad ekligue and
noting inc{ijde.nt_l5angles. The OSA alumin%?(fzg Sg%i]gag%ﬁn indirect measyrement of the amount of

embedd® tﬁﬁfﬂﬁ?&‘%%ﬁti@%éﬁf@ﬁ%i]‘ﬁ%’ﬁ@ LENE Op R SR AR BB B nnined by
a Dexturaideasureinerhystaroy({Ild&)avdhiibdndokpaaie o seade meteheqtippeshyvitit a class Il

frequoncy FBLRHR L (P ey HIBBRLTR AL OR IRE wir e 0 S1oFe LLBLER R ieHoured using a
Zygo intesfieraenelBr at ngi@_M@%E}ﬁ@&é&ﬁ&éﬂﬁﬁti&@fﬁ@ﬁﬁﬁm@amtB@tB@GRiﬂL rﬁsaaectiyely.
25paticRETAUTG WA o SSER TR 28 AR BB A U LFRAEN RS BAEIGE,
the abrasive composition ([C] in terms of g/ml.) is less than or equal to 0.5 (i.e., {[B] -
25 [T1iC) <0.5). More preferably, the value of [B}-[T)/[C] is less than or equal to 0.3, and
most preferably is less than or equal to 0.1.
[6032] 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 wt.% or less, 20 wt.% or less, 15 wt.% or less, 10 wt.% or less, 8 wt.% or less, 6
wi.% or less, or 5 wt.% or less of abrasive. Thus, the polishing composition can contain the

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



2.63 wt.% of colloidal silica particles having an average surface area of 80 m2/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 differeht polishing conditions. 30 The polishing parameters
include a 12 second ramp down time and a downward force and water rinse time as indicated in Table
1. 13 100551The removal rate (RR) of the nickel-phosphorous substrate was determined for each set

of polisHiHgPeBRIng FeBRASELATSAR SATFURIE-1-4h WHAtibr XRE-rastifin g hitk QL S pRbre 88 substrates

were evahairg for embedded alumina particles (OSA count), microwaviness, and roughness (TMS
Ra), with the results set forth in Table 1. 5Table 1 Downward Force (kPa) Water Rinse Time (s) OSA
Count NiIBRR (mdNARg NP \FARRREE YA FIRRS!HeS TATeT. 2UhSvaley 7 01888 30 1187

41.48 3. ZPRAHklof 23QABAG ¢ particles to the surface of a suitable substrate to be polished or
5  planarized. Preferably, the water is deionized water.

[0034] The polishing composition can have any suitable pH. The polishing composition
desirably has an acidic pH, i.e., a pH of less than 7. Preferably, the polishing composition
has a pH of 6 or less (e.g., 5 or less). Even more preferably, the polishing composition has a
pH of 1 to 4 (e.g., 2to 4). The polishing composition optionally contains pH adjusting

10 agents, for example, potassium hydroxide, ammonium hydroxide, and/or nitric 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 buffer systems, aminoalkylsulfonic
acids, and the like. The polishing composition can comprise any suitable amount of a pH

15  adjustor 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 oxidizing
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 suitable oxidizing agent. Non-limiting examples of suitable oxidizing agents include
hydrogen peroxide, persulfate salts (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, calcium peroxide, and magnesium peroxide,
which liberate free hydrogen peroxide when dissolved in water. Preferably, the oxidizing

25 agent is hydrogen peroxide.
[0036] 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, 1 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

30 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 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 oxidizing agent.



42.81 3.07 5.69 9.51 12 1711 40.27 3.76 6.23 9.51 60 939 43.44 3.22 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 fébm 37.88 A/min to to 41.48 A/min to 42.81 A/min.
However, as the downward 10force increased from 7.24 kPa to 9.51 kPa to 11.72 kPa under otherwise

similar conditions, the nymber of embedded aJumina particles in the substrate undesirably increased
from 84'?8@j 87 tﬂ]ﬁ’? g\}%}ﬁ%ﬁ%ﬂ?&’&ﬁﬂ&%‘?& Yree %8%8%%?%?%%9@?& a?!%l%%ge Wa\te(re

rinse timganamincetetifounclisgedotscta 60 miheiaiisthtbremoyaltaiedndrdadedr-and the
numher o et ahipn fories n e substgte decasecd, sbna i e demotpinss
preparegrwithcfisstaipiiaakitminfpaticlpls hndtg anckyerdgearaspestidatio of 1-1.1:1, second alpha
s s M AR b gl S v e len ey e
. ; - prise 6.18 wt.% fumed
aluminam@rﬁﬁl%h@léﬂmmﬂkﬁr age mﬁﬁﬁi&)ﬂlew@.maﬁmn_m,@&mﬂt% taftama@m M. Bowt. % hyd_rogen
oo SO kg sloane LOs s rmegsigho s gped 0 polsh
were evaddéatied, fittie 2tisted ded pisindnac paciekas (06 .o vnlEbothywost-adiishidgwanid eost-buffing
and are,set o 17 TR % 14 TaRIe.2 RRSPING GlRos Tl Rhe SO Ring
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.
[0039] 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 trisiloxane structure.
Non-limiting examples of suitable nonionic surfactants include alkylphenol 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, MI) and siloxane ethoxylates such as the Silwet series
available from General Electric (Schenectady, NY).
[6040] The polishing composition can contain any suitable amount of the nonionic
surfactant. The polishing composition can contain 0.01 wt.% or more, 0.5 wt.% or more, 0.1
wt.% or more, 1 wt.% or more, or 1.5 wt.% or more of the nonionic surfactant. Alternatively,
25  orin 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
of 0.01-10 wt.%, 0.5-5 wt.%, 0.1-3 wt.%, 1.5-3 wt.%, or 1.5-2 wt.% of the nonionic
30 surfactant.
[0041] 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



Particles , (M.%) First Alpha Alumina Average Particle Size (nm) Second Alpha Alumina Particles
(M.%) Second Alpha Alumina Average Particle Size () Si02 Particles (wt.%) Post- Polishing Defect
Count Post-Buffing Defect Count 2A 0 200 0.7 350 0 470 464 2B 0.5 200 0.7 350 0 387 439 2C 0 200
0.7 350 2 10

concentrations. Such additives can include any suitable dispersing agent, such as, for
example, homopolymers or random, block, or gradient acrylate copolymers comprising one
or more acrylic monomers (e.g., polyacrylates, polymethacrylates, vinyl acrylates and styrene
acrylates), combinations thereof, and salts thercof. The biocide can be any suitable biocide,
5  for example, an isothiazolinone biocide.

[0042] The polishing composition of the invention can be prepared by any suitable
technique, many of which are known to those skilled in the art. The polishing composition
can be prepared in a batch or continuous process. Generally, the polishing composition can
be prepared by combining the components thereof in any order. The term “component™ as

10 used herein includes individual ingredients (e.g., first alpha alumina particles, fumed alumina
particles, abrasive, water, etc.} as well as any combination of ingredients (e.g., abrasive,
water, oxidizing agent, chelating agent, etc.).
[0043] 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 composition just

20 before use (e.g., within about 7 days before use, or within about 1 hour before use, or within
about 1 minute before use). The polishing composition also can be prepared by mixing the
components at the surface of the substrate during the polishing operation.
[0044] ’fhe polishing composition also can be provided as a concentrate which is
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

concentrate,
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[6045] The invention provides a method of polishing a substrate, which method
comprises (1) providing a substrate, such as a substrate comprising at least one layer of
nickel-phosphorous, (ii) providing a polishing pad, (iii) providing a polishing composition as
described herein, (iv) contacting a surface of the substrate with the polishing pad and the
polishing composition, and (v} abrading at least a portion of the surface of the substrate to
remove at least some portion of the surface of the 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 is particularly suited for use in conjunction
with a chemical-mechanical polishing apparatus. Typically, the apparatus comprises a platen,
which, when in use, is 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
place by the substrate being placed in contact with the polishing pad and the polishing
composition 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.

[0047] A substrate can be polished with the polishing composition with any suitable
polishing pad (e.g., polishing surface). Suitable polishing pads include, for example, woven
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,
polyvinylchloride, polyvinylfluoride, nylon, fluorocarbon, polycarbonate, polyester,
polyacrylate, polyether, polyethylene, polyamide, polyurethane, polystyrene, polypropylene,
coformed products thereof, and mixtures thereof. Hard polyurethane polishing pads are
particularly 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
for inspecting and monitoring the polishing process by analyzing hght or other radiation
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, U.S. Patent 5,433,651, U.S. Patent
5,609,511, U.S. 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 5,893,796, U.S. Patent 5,949,927, and U.S.



0.7 500 2 319 444 [0059]Polishing Compositions 2A-2D are similar to Polishing Compositions
2E-21-1, 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 5 utilize
second alpha alumina particles with an average pgtticle 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 particles a Ig%e abrasiveéPoIis ing. Compositions
2A and Eﬁf%ﬁeg %E&ﬁrr?é %Fﬁ%%s?t‘?ﬁﬁ%ﬁﬁ%?ﬂ?éé%@tt%ﬂgsﬁé PR A mﬁﬁ%gﬁﬁes and fumed
aluminagpastielesits thpcabiasivebdRatishing: HGomepesitinastRB e msteopdishngisamposition
only utilizes second alpha alumjna particles, fumed alumina particles, and wet-process silica particles
2 the ABISEIE R GHoIIRE COTBBLROAL SRy S8 e BHE BT ILAG CET B SFRRTL8S rst and
second pipheunitisabizargarticles, fumed alumina particles, and wet-process silica particles as the
abrasive (Polishing Compositions 2D and 2H). 15[0060]As apparent from the data set forth in Table 2,
whén the abrasive fails to include first alpha aXriBRIESticles, the post-polishing and post-buffering
substra ct cunts are higher than when the abrasiye comprises hoth first alpha alumina particles
and secl I e o e SR R R Qe AR A e O ek R
Compositiens2aeang 2BaRokshingifiamposipns 2C and 2D, Polishing Compositions 2E and 2F, and
20 Polis H?G om%sitiops?% and 2H é;la? %9 it(i3 n, 1\/I\llh[l%‘] t}tge agéa%ilv%l@!&h% i&\scl%(%l% wet-process
silica particles, the p(e)é:’t‘-)ﬁtsn |lsnf*ﬁr(136q%16rl1~1 posst-buﬁerlng SUBSTFAtErdetect cotnts areehlgher than when the
abrasivecamprisdsyeetipbieqssisiiog papticies widddifibiRe Setdpdi plptvanlumimaparticles and
fumed alumina particles, at le en the. second al alumina, 15 particles have an average
alle LSSOREs s G SR T TR AR RS
Composiiiting: &BodravBy), EXGMPph bl3tia0Htae olisiihe3CompasitidnrsBad3H were prepared with first
alpha alypina particles I?av' vera ect ratio of 1-1.1:1, a secon ha?i ina particles
naving R drag RELr i o 7 e aAe e BRI e e o
additionbittisttiggfGiard position$ B Aa 3bE cobymds i @.1&) 424 ledtbalutinalpadiclesinaving an
average parlcle size, of 130 mu, L dh artaris aeid) 9.0 wt % hyrrogen peroxide, and 0.0108 w56
organo Si OXAne. é%&é?ﬁ"ﬁe ) |sfq1i{'|g compositions were use {9 pozflns NiCKe -p osp?horous
subStrateseimsderisifiay donditonsutherremdvdieaten@@ Ry ohthe ofi tke kplbosphbeous:dddaktrate was
determin?grg%%e%;[lgc?eolishing composition and set forth in Table 3B. In addition, the resulting
nickel-phosphorous SUbstrates were evaluated for microwaviness, short microwaviness, low frequency
roughnel§5ahd roh offy ghitksthm cesuitsiset dortie iti SEabid=8B wi5 TalleB4eR dlyshibgk@omposition First
Alpha Alyming Bariles (e Rist Alhaaluming Average Fatide ige miPgeand flpha Alumina
Particles Wats.%?lgecoﬁg IRI) a Alumina Average qHPP

lazer having a wavelength of 670 nm.

20 [0053] Microwaviness, short microwaviness, and low frequency roughness (LF-Ra)
measurements of the surface of the substrate were measured using a Zygo interferometer at

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

EXAMPLE 1
10054] A polishing composition was prepared with 0.7 wt.% second alpha alumina
25  particles having an average aspect ratio of 2-2.7:1, 0.18 wt.% of fumed alumina particles,
2.63 wt.% of colloidal 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.
30  The polishing parameters include a 12 second ramp down time and a downward force and

water rinse time as indicated in Table 1.



Particle Size (nm) 5i02 Particles (wt%) 3A 0 200 0.7 350 0 3B 0.5 200 0.7 350 0 3C 0 200 0.7 350 2

3D 0.5 200 0.7 350 2 3E 0 200 0.7 500 0 3F 0.5 200
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[0055]

each set of polishing conditions and set forth in Table 1. In addition, the resulting nickel-

13

The removal rate (RR) of the nickel-phosphorous substrate was determined for

phosphorous substrates were evaluated for embedded alumina particles (OSA count),

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

Table 1
Water OSA
Downward Rinse Count Ni-P RR Microwaviness | TMS Ra

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

7.24 30 847 37.88 3.15 5.68
9,51 30 1187 41.48 3.20 5.69
11.72 30 2474 42.81 3.07 5.69
9.51 12 1711 40.27 3.76 6.23
9.51 60 939 43 .44 3.22 5.42

10056] 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 conditions,
the number of embedded alumina particles 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 alpha 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 in Table 2.
In addition, Polishing Compositions 2A-2H comprise 0.18 wt.% fumed alumina particles
having an average particle size of 130 nm, 0.8 wt.% tartaric acid, 0.6 wt.% hydrogen
peroxide, and 0.0108 wt.% organo siloxane.
{0058] The polishing compositions were used to polish nickel-phosphorous substrates
under similar conditions. The resulting nickel-phosphorous substrates were evaluated for
embedded alumina particles (OSA count) both post-polishing and post-buffing and are set

forth in Table 2.



0.7 500 0 30 0 200 0.7 500 2 3H 0.5 200 0.7 500 2 Table 3B Polishing Composition Ni-P RR (mg/min)
Microwaviness (A) Short Microwaviness (A) LF-Ra (A) Roll Off (A) 3A 47.0 3.75 3.96 4.84 -513 3B

39.84.22
14
Table 2
. First Second

j:;r;ta Alpha S:SIC ol?rj Alpha 510, Post- Post-
Polishing ) P Alumina Al Y Alumina | Particles | Polishing | Buffing
Composition A wna Average umina Average {(wt.%) Defect Defect

Particles . Particles .
(WL%) I?amcle (9.%) l?amcle Count Count
Size {nm) Size {(nm)

2A { 200 0.7 350 { 470 4464

2B 0.5 200 0.7 350 0 387 439

2C 0 200 0.7 350 2 313 386

2D 0.5 200 0.7 350 2 87 368

2E 0 200 0.7 500 0 400 413

2F 0.5 200 0.7 500 0 220 361

2G 0 200 0.7 500 2 384 542

2H 0.5 2006 0.7 5006 2 319 444

[0059] Polishing Compositions 2A-2D are similar to Polishing Compositions 2E-2H,

10

15

20

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
utilize second 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 paiticles 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 2(), and one polishing composition utilizes first and second alpha
alumina particles, fumed alumina particles, and wet-process silica particles as the abrasive
(Polishing Compositions 2D and 2H).

10060}

first alpha alumina particles, the post-polishing and post-buffering substrate defect counts are

As apparent from the data set forth in Table 2, when the abrasive fails fo include

higher than when the abrasive comprises both first aipha alumina particles and second alpha
alumina particles in addition to fumed alumina particles (compare Polishing Compositions
2A and 2B, Polishing Compositions 2C and 2D, Polishing Compositions 2E and 2F, and
Polishing Compositions 2G and 2H). 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 alumma particles and fumed alumina particles, at least when the second alpha alumina



4.22 5.15-624 3C 51.9 3.04 2.80 3.39 -1209 3D 44.5 3.04 2.79 3.36 -950 3E 57.6 3.98 4.25 5.43 -689
3F 48.6 4.37 4.54 5.75 -1364 30 66.1 3.56 3.56 4.46 -706 3H 57.9 3.49 3.53

15

particles have an average particle size of 350 nm {compare Polishing Compositions 2A and

2C, as well as Polishing Compositions 2B and 2D).

EXAMPLE 3
[0061)] Polishing Compositions 3A-3H were prepared with first alpha alumina particles
5 having an average aspect ratio of 1-1.1:1, a second alpha alumina 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 0.18 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.

10 [0062] 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.

15 Table 3A
First A%pha First A%pha Second Aipha Second Alpha Si0,
Polishing Alur_nma Alumina . {\iumma N Alumina Average Particies
Composition Particles Aver:dge Particle | Particles (wt.%) Particle Size (nm) (Wi.%)
(wi.%) Size (nm)
3A 0 200 0.7 350 0
3B 0.5 200 0.7 350 0
ic 0 200 0.7 350 2
3D 0.5 200 6.7 350 2
JE 0 200 0.7 500 0
3F 0.5 200 6.7 500 0
3G 0 200 0.7 300 2
3H 0.5 200 0.7 500 2
Table 3B
o S . . Short
CPOI‘Shl,n.g Ni-P RR Microwaviness Microwaviness | LE-Ra (A) | Roll Off (&)
omposition (rg/min) (A) (&)
3A 47.0 3.75 3.96 4.84 -513
3B 39.8 4.22 422 5,15 ~624
3C 319 3.04 2.80 3.39 -1209
3D 44.5 3.04 2.79 3.36 -950
3E 57.6 3.98 4.25 5.43 -689
3F 48.6 4.37 4.54 5.75 -1364
3G 66.1 3.56 3.56 4.46 -706
3H 57.9 349 3.53 447 -939




4.47 -939 16 [0063]Polishing 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 particle size of 350 nm, whereas Polishing Compositions 3E-3H utilize second alpha alumina
particles with an average particle size of 500 nm. Within each 5 group of Polishing Compositions
3A-3D and Polishing Compositions 3E-3H, one polishing composition only utilizes second alpha

alumina particles and.fumed, alumina particles_ as the aprasive (Palishing Compositjons 3A and 3E),
e porUH S com POLRE o P ERR KA T SE PR PARTLOER kb aumine
particlg&ﬁéh@xﬁ&@bﬁfg@%{’ﬂﬂ'@fm l@ﬁﬁd lﬁt&ﬁ' 'ﬁoﬁBﬁﬁﬁﬁﬁlﬁlﬂf&@ﬁiﬁhM@ﬁ%rm&qu only utﬂizes
second alpha alumjna 10patrticles, fumed alumina particles, wet-process silica particles as the
abrasiv@PBHERTY bIeERHRY Y e%@é%&ﬁ%p@g&ﬁgﬁ}%s H’rﬁﬁ%éﬂ%oﬁlﬂf?ﬁfgﬁrj% and second
alpha alusitinapastid ey mesialpaniparticiesn anervsetprderss allides pariigle dmihealrasive
(Polishing Compositions 3P and 3H). [0064]As rent from the data set forth in Tahle 3B, higher
e TSt B T TS Bt Uit A PG T HE SAEGE SHErt hICRSAETARE, and low
frequencyrpughressahehizbesabras NP ILOMPHSEs fasRIe thafilica | bininia Dpatieles havieg an
average particle size of 50Q nm, in contrast t abrasive comprising a second aJpha alumina
oo RIS i e R HHEC0S & P80 R R A R SR Corhp IS R A sint 3.
Polishingndesspagitiphs ki pirtiClelishit e phsilions3tcredShe abafPalishitighagmpositions
20 3D and 3H). [0065]When the abrasive comprises first alpha alumina patrticles, secand alpha
i AR R LA B R B DL LS PR SECE B ermoval rates
arg®btapaattRIQgMdthubanap pbid dRicrawavingsscehiosiliviganaiastaatddeowcf(eqlisnay
roughness characteristics f e resulting supstrates. For example, Polishing Composjtion 253D
bt SRR o oA B A 1 L GRS & K BB e, s
comparethiniffofishioC ampdsilions 3pa3G] SimibalystRelisking Gappokilensiedhipied a balance
of an acgeptable removal rate agﬁjfoli d substrate surface properties, as compared to Polishing
o5 58y

Compo EPRSERIRL 6]Polishing Compositions 4A-4H were prepared with 0.1
wt.% firqoalpha alumingppaficiesdmeidgtaseaverhde Aspec Batizbédrdnbaald-Aes averagsa pdrticle size

ofg 0 nm O.8ﬁ;wt.% second aJE)ha alumina\t]?%articles having an a\{fregg}%asgect ratioggf 2-2.7 and an
average Partitf BFBE B0 I L WA TS WAL FOKALY SHAE haRLIOY HEINE S sliteC8 Shea as 17
indicatedkied gllaba R4 poifomedaduthibphpaitialas; Pa18cahYiapganavsioapatiSiteetel 7200), 1
wt.% cheﬁgbg ag%ent, antd 2.% \Aétﬁ%boxidizing agent as indicate Ln Table %.T%%%ngqe Polishing
composiions Were USEA T HSIE ARSI é’b‘%&?&&saéﬁﬁ%‘% afBAdER St Sondifions. Fhe
resultinganicked-phospheareus’ SGbsinatesmene Eviikiated lonperbed dedall 5@ @atiicles (OSA count)
post-polishing and are set f %1 in Tahle 4. Table.4 Pol's¢|1in mpasition. Surface Area of 2 Particles
(n210 RO AGEhe DA AT A A POLLSBInAgE S0 T eromng €SS
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 Composition
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 [0066] Polishing Compositions 4A-4H were prepared with 0.1 wt.% first alpha alumina
particles having an average aspect ratio of 1-1.1 and an average particle size of 200 nmn, 0.86
wt.% second alpha alumina particles having an average aspect ratio of 2-2.7 and an average

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



Defect Count 4A 80 Glyeine H202 134 4B 80 Glycine Na25208 223 4C 80 Nicotinic acid H202 161 4D
80 Nicotinic acid Na2S208 130 4E 170 Glycine H202 324 4F 170 Glyeine Na2S208 374 4G 170
Nicotinic acid H202 236 4H
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indicated in Table 4, 0.24 wt.% fumed alumina particles, 0.108 wt.% organo siloxane (Silwet
L7200), 1 wt.% chelating agent, and 2.1 wt.% oxidizing agent as indicated in Table 4.

[0067] The polishing compositions were used to polish nickel-phosphorous substrates
under similar conditions. The resulting nickel-phosphorous substrates were evaluated for

embedded alumina particles (OSA count) post-polishing and are set forth in Table 4.

Table 4
Surface
Polishing Agfg"f Chelating Oxidizing Post-Polishing
" )
Composition Particles Agent Agent Defect Count
(m”/g)
4A 80 Glycine H-0, 134
4B 80 Glycine NazS,0g 223
4C 80 Nicotinic acid H:04 161
4D &0 Nicotinic acid Na>S,05 130
4E 170 Glycine H,O, 324
4F 170 Glycine NanS,05 374
4G 170 Nicotinic acid H,04 236
4H 170 Nicotinic acid NanS,04 290

[0068] 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.e., when the
wet-process silica particles are of a larger size), in contrast to a larger surface area of 170

m?/ g (i.e., in contrast to wet-process silica particles of a smaller size), a lower defect count is
observed, indicating less embedded alumina particles in the substrate after 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
a surface area of 170 m?/ g), respectively.

[0069] 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 glycine 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
130, 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 count of



170 Nicotinic acid Na2S205 290 [00681As appal ent from the data set forth in Table 4, when the
polishing composition comprises wet-process silica particles having a smaller 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 10m2/g (i.e., in contrast to wet-process silica farticles of a smaller size), a lower defect count is
observed, indicating less embedded alumina particles in the substrate after polishing. In particular,
Polishing Compasitions 4A-4D (comprising silica having a surface area of 80 m2/g) had post-polishing
defect cg%ﬁhfé%gfw@%6ﬂmeaﬂfw%%ﬁmﬂqﬂ%&%ﬁgﬁgmﬁ@ﬂ&f’eﬁ%m&% ttierwise identical

Polishing ampastiens 46stbb(cpmpripingtsiticatavieg. 15a surface area of 170 m2/g), respectively.
[0069]In addition, the use of nicotinic acid as the chelating agent in the polishing compasitions typically
resulted ' T&ver poselsoigmAg Yot Ssuitt ilahiRich @19%(\%3&%%%%@ RSHEEhIAbRG agent. For
exampleyRaishingHLompasiinns 4 4tapaidoakl earmpyi sikgitigetinssaeisbasbiesehglating agent)
resulted jin post-polishing defect counts of 20130, 236, and, 290, respectively, which are lgwer than the
post-polféHiith HéR SRBLIRS IR ESWHIC S 4 ASJORiN HaHeRB b oF SEREHIG T itions 48,
4E, and dim(semrising ghinedardfiecahieiatindhagaitiin reshedvelthboxevesgRelisting Composition
4A (comprising hydrogen peroxide and glycinﬁé exhibited a lower post-polishing defect count of 18
134 thanBIiEhiRg eERYESS FE TIPS HydrogéR herxIaPERE kot Rit°RGH which exhibited
a post-ppiskhngdeiegieaintof 648, 100 701 Asalsesapparenhirpasthedatatin datieidgthe use of
hydrogen peroxide as the oxidi jrhg agent in the polishing compositions typically resylted in lower

post-polf&iHYy SHHEL L M RN E St HRALE R was Used™Ss e BRRASRG Nl ™S Fexample,
Palighing (GempositionsdheHC apshdfs feemiensing hdmoenpetanidevasithedesigizing agent)
resulted in post-polishing, defect counts of 134, 324, and 236, respectively. In coptrast, Polishing
CompodhfiBHE HBr Rty Mﬁl@b%g?ﬁgrﬁa@%m&rﬁ%%%mé%fﬁ e BAATIRY RYERYBRited in
post-polishingoeieiacttowois s 223 n ¥ ofinanshittih d espret yeikuHowevaicH ARalisb gaGosaposition 4C
(comprisinﬁ Q(icoti |fc acid in ac@r{:fégation with hydrogen peroxide) resulted in a higher post-polishing
defect cBANYBRE 83195 EBIRY olishing Composition 4D (comprising nicotinic acid and sodium
persulfate) which resulted in a post-polishinﬁéﬁ\% t of 130. EXAMPLE 5 1510071]Polishing
Compositions 5A-5B were prepared with firs a‘alumina particles having an average aspect ratio of
1.14:1 a0a7ah avarelgdiparice sizséioh? 08 13 veeeqnepaliph avall fivsiaa phirticles mapagiaksaverage
aspect ratia of 2-2.7:1 and an avera rticle size of 500 rim, fumed alumina, wet-process silica
particle s SR ) SRR ST S A ARSI B e T L it e 5

201007 21gHae: jpodistal pgraotapbsition snverteagsediecpalish aficke7phasp ho rowsagu pettddssineder similar
condition%.swe re%ovaé rﬁltes ARF&) %)“f the nickfl-%hoI%E]igoro S kkl)bstraten were d}g@rrinined %pd are set
forth in TaBle’s: m addi |c?’nlfI{Hea|’esﬁ tpﬁacﬁlséc’lfé ]l(f) %p forods Sibstrates were Gvaltatedor
microwaiwitiessypndrithemesaltsiadécsetiforfRaiicTable 5. Table 5 Polishing Composition First Alpha

: ; o

Alli%"naigt?{gfles (f%te gglishing 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 resulting nickel-phosphorous

substrates were evaluated for microwaviness and the results are set forth in Table 5.

Table 3
First Second .
Fumed .- Ni-P .
Polishing Alpha Alpha Alumina Silica Chelating | Oxidizing | RR Micro-
Composition Alhumina | Alumina Particles Particles Asent Agent (mg/ waviness
P Particles | Particles (Wi%) (wt.%) g g mir%) (A)
(wt.%) (wt.%) ¢
. 0.10 0.86 0.24 1.63 1 wit.% 2.1 wt.% 4.0
A Glycine Na;S,04 49.0
0.05 1.35 0.40 1.0 2 wt.% o 4.5
B Tartaric Og"g' %670
Acid 2




Second Alpha Alumina Particles (wt.%) Fumed Alumina Particles (wt%) Silica Particles (wt.%) Chela n
Agent Oxidizing Agent Ni-P RR (mg/ min) Micro- waviness (A) 5A 0.10 0.86 0.24 1.65 1 wt.% Glycine
2.1 wt.% Na2S208 49.0 4.0 5B 0.05 1.35 0.40 1.0 2 wt.% Tartaric
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[6G73] As 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.

(60741 All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in
its entirety herein.

[0675] The use of the terms “a” and “an™ and “the” and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate value
falling within the range, unless otherwise indicated herein, and each separate value is
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
mmvention and does not pose a limitation on the scope of the invention unless otherwise
claimed. No language in the specification should be construed as indicating any non-claimed
element as essential to the practice of the invention.

[6076] Preferred 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
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
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.



Acid 0.6 wt.% H 202 67.0 4.5 19 [0073]As 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. [0074]All references, including publications, patent applications, and patents, cited herein are
hereby incorporated by reference to the same extéht as if each reference were 5individually and
specifically indicated to be incorporated by reference and were set forth in its entirety herein.
[OO75]TE% e 8}1 the terms "a" and "an" and "the" and similar referents in the context of describing the
inventio T(’&M |<);illy in the context of the following claims) are to be construed to cover both the
singular and the plural, unless otherwise,indicated.herein or 10clearly contradicted by context. The
terms "comprisith," "rﬁka\?fr)r]%bs}%lﬂ%&%‘&%%ﬁmé’ﬁag &(I:ﬂ %%gl%r%hg" are to be construed as open-ended terms
(i.e., meaning "includifay, butneblinsitedctol)rbess otherwise noted. Recitation of ranges of values
herein are merely inended tg serve.ag & shorand metodolrefering ndiidyalbi g eagh separate
value falling within the range; unless' o Rerwise in icate erein, and each separate value is
15ifcorporated into the specificatiopzatidlds heoreandividigalhspecitedithefdlt: Albrhietlods described
herein can be performed in any suitable r(jig unless gtherwise ipdi ?h in.Qr rwise clearly
contradicted by context. The ﬂie ofsgﬁg/ngna éﬁ 8%%&’5%%%%5%&5 a%egsrﬁe%%g fgﬁg g "such as")
provided herein, is intended merelydixiéttepatiichinhtedhe pwengioasped toesof @rgdeetiztimitation on
the scope of the invention unless othegrywise 20claimed. No language in the specification should be
construed as indicating any non-claimed element as essential to the practice of the invention.
[0076]Preferred embodimentsif thifinvéationisagatstribed herein, including the best mode known to
the inventors for carrying ou Ihf invention. Variations gf those preferred embodiments may become
ap?parent to those of ordinary Skill in“{é](épé?tc 886'0821 irceaa%ﬁﬁlgc%é oregoing description. The inventors
expect skilled artisang#® emplatgrsuch variations as appropriate, and the inventors intend for the
invention to be practiced otherwise than as specifically described herein. Accordingly, this invention
includes all mogificatiGiis e moilivaledid dftHe whijest thiateserdoilpbanlineisianiis dppbaded hereto
as permitted by applicable. | [ [, any combination of the above-described elements in all
possibleaﬁc?\yg})léégtlo%g t %r%%)%fvélgs:f Eﬂi?égr%gp%sléed by the invention unless otherwise indicated herein or

otherwise clearly contadigted hv;eantexti2q ¢LAIMER) kA pglishing cpmBeaRiamAemRrsing:

15 particles to the second alpha alumina particles is 0.1:1 o 1:1.

4. The composition of claim 1, wherein the abrasive comprises (1) 1 to 10 wt.%
of the first alpha alumina particles, (ii) 20 to 60 wt.% of the second alpha alumina particles,
(iii) 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.

20 5. The composition of claim 1, wherein the composition comprises 1 wt.% to

10 wt.% 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 1, 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 of 200 nm to 600 nm, and the second alpha alumina particles have an

30  average particle size of 100 nm to 600 nm.



(a)an abrasive comprising: first alpha alumina particles, wherein the first alpha alumina 5particles have
an average aspect ratio of 0.8:1 to 1.2:1, (ii) second alpha alumina particles, wherein the second alpha
alumina particles have an average aspect ratio of greater than 1.2:1, (iii) firmed alumina particles,
10(iv)wet-process silica particles, and (b)water. 2 Zte 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 claim 1,
wherein the wejght ratjo of the first al%g.a alumina.15partjcles to the second algha alumina particles is
0.1:1to 1:1._4.% e coi?b%%‘?ﬁ%"%‘ﬁl&%u c‘1]a nl’ré"f}ﬁet%énaﬂﬁ?e{;sol]{/n %So%opﬁ%%%a(g ?%%g}:%t.% of the first
alpha alumina particles, (ii).20,t0,.60.wt.% of tlﬁ econd alpha alumina particles, (iii) 5 to 20 wt.% of
fumed aluminaﬁ)garticleisf&ae)}:]hc? %\%@81{%}18@&@80 So%%éf‘%‘rlggé%gﬂéﬂlcgoﬁn ﬁéféeg's, based on the total
weight of the alasivepiotidnpodishingaemposition. 205.The composition of claim 1, wherein the
composition coréngrises 1wt% to %PSWIIS/" ogéhe abrasive. 6. The composition of claim 1, wherein
the compositio Farthet €0 lﬁﬁsa an ox%j?zwfg agent. 7. The composition of claim 1, wherein the
congposition furthigr compides a oidiietatiogmgsittdorcaickeking: 8. The composition of claim 1,
wherein the compositiPn further comprises a nonionic surfactant. 9. The composition of claim 1,
wherein the first alpha %umiﬁiﬁ %arr e gscﬂgl\?g%lﬁgaverage particle size of 200 nm to 600 nm, and the
second alpha alumina particles)havémanaiftaveage ppatidciées) zehofd O theufirtd Goartnngtal 0. The

composition of claim 1, wherein the %‘2{}7&85{-{[&% hasVaI%H of Itc?ct4r'a %.éfr@% .?qoof'g:qlishing a

substrate, which method comprises?provﬁing a %%t%sﬁal%ef ?ﬁg’prow Ing a polishing pad, 5(iii)providing
a polishing composition compEsing a(sdeshdhipbive wompiisitigld Wirstalgha slumdiaprarticles,
wherein the first alpha alumina particllltla'nsi have an av%%g% as ect ratio of 03%(1):(%1 %a%rlth(a%) a second

i ) : alumina particles 1l aVerage aspect 1. :
alpha alumina particles, wherein the secondjalp%a 10aluminap idles have an erage aspect ratio of

greater than 1:2, (C) fumed aluminalgarticles, (D) wet-process silica particles, and (b)water,
15(iv)contacting a surface of(IB? su%g%aea\fvuj&g%dg%% Qsipg pad arid the polishing composition, and
(D)}  wet-process silica particles, and
(b)y  water,
15 (iv)  contacting a surface of the substrate with the polishing pad and the polishing
composition, and
(v) 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

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

13.  The method of claim 11, wherein the weight ratio of the first alpha alumina

particles to the second alpha alumina particles 15 0.1:1 to 1:1.

14.  The method of claim 11, wherein the abrasive comprises (i} I to 10 wt.% of
the first alpha alumina particles, (ii) 20 to 60 wt.% of the second aipha alumina pasticles, (iii)
25 510 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.

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

30 oxidizing agent.



(v)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 20average aspect ratio of 1.3:1 to 5:1. 13.The method of claim 11,
wherein the weight ratio of the first alpha alumina%%lrticles to the second alpha alumina particles is
0.1:1 to 1:1. 14.The method of claim 11, wherein the abrasive comprises (i) Ito 10 wt.% of the first
alpha alumina particiogy, (g0 g S0 a1 We-s65Rd alaha alhing:Rarlielprdl) 255 to 20 wt96 of
fumed alumina patrticles, and (iv) 20 to 60 wt.% of wet-process silica particles, based on the total
weight ofhletutsragivg farthislsdlishing composition. 15.The method of claim 11, wherein the
composition comprises 1 wt.% to 10 wt.% of the abrasive. 16.The method of claim 11, wherein the
composition furtBer corhpirelehoiotimizingvagein thpcompositiopfahetiodBristtim 11, wherein the
composition fLithergomprises a chelating agent for nickel. 18. The method of claim 11, wherein
the composition further comprises a nonionic surfactant. 519.The method of claim 11, wherein the first

alpha alumina particlesipayemsavesags pariale-sizael 2201 4e1880HapaAndte.seaand alpha
alumina particles have an average particle size of 100 nm to 600 rim 20. The method of claim 11,

whereinaHe 2maEHR At A PHBY 1 /P4 191, aphRanseadot s Wi ingmerir hba¥ a8 rate

comprisgs24deast-gne @yes of klrigkslspbasphorous, 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, whegein thg,suhstiade fxRinickelwhaspharousiepairid aliupHemay v 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.



