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WERAOGKERIUND Fi el d of the Invention [1001] The PCEESI0D4/009555

invention is generally related to machining ceramc

substrates, and in particular, polishing substrates.

Description of the Related Art [1002] Machi ning, and

in particular, polishing of substrates is w dely used

for formation of various devices, including
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[1003] In the context of machining, abrasive slurries are commonly used in lapping
operations as well as polishing operations. Lapping generally denotes processes utilizing
fairly large abrasive particles (e.g., 2-10 microns), and associated high material removal
rates. Polishing, on the other hand, generally takes advantage of smaller abrasive
particles, yields fairly low material removal rates, and superior surface finishes.
Typically, one of the goals of a polishing operation is to provide a planar surface having
relatively low surface roughness, free of defects such as scratches, “orange peel,” and
“pull-out” of material along the exposed surface of the substrate. In addition, with
respect to substrates having multiple phases of materials that are being polished (e.g., a
hard ceramic portion and a soft conductive layer, such as in the case of HDD recording

heads), it is also important to engineer a polishing operation which has a consistent

-1-



-1 WD 2004/ 096941 PCT/ US2004/ 009555 material renova

rate across different materials, so as to prevent
w@edoeordowe polishing of soft materials of thePCT/US2004/009555

substrate. [1004] In an effort to increase polishing

duce material repov sel ectivit and

malp TR ot e frOo e G G T BBy vEs: Slssfivenoksping of
sofiGasbBifNe ofBe Rkl renoval (i.e., abrasion) of

substrate material, along with a chem cal reactive

rocess. Such processes have been described in the
[10Q4hqus i gn effort welnpr@as&neélélmag rates, 1qslob¢ miatenig] re@al seectivity,
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Progrg¥ hagnbesuescribed i fhgringustry pe claﬁmmlcmeqhapw@kxmdlshlng, CMP, as
notEBHIVE! e 9@/%[ e‘ﬁpgf ene ppsruf’gsgés%ﬁd Sﬁhl%acroh%llﬁg%glg&l chemical

such operation I cular
andcm@hanucaimsmpnn@mgjmj/etb@emﬂiterﬁﬁyahﬂmdnﬂ ergain aedal bidh as
Ceram cS, such a al um na, . al um na congo& tes,
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present Invention, I ning
slursighsid epeeatioos trmndledgo pd)lwhiai‘umnum qmntamdg deraﬁna’ss tuchas

slurr rovi ed bet the substrate and a
aluriind Hotss PSS P 06 AEkTiER SO HARETiEs Shd (e ke
t he rrachl ning tool. The slurry conprises an abrasive

and an additive conprising a phasphorus conpound. The
abrasive may contain an§£ﬁ@¥¥ﬂS¥abrasive. [ 1006]

According to another aspect of the present invention,
[1005] met h@dorﬂmg toa cfmtmisp@t ofithe preamptdnwmlist, rearhethod éranmihitgng a

cer Gy PP oAl St et o v e oy gt Beween
the PIREABANE S neRARME o], GRMIRGhbRte & Afved PALERL S tﬂ\é fBcHning

machi ning tool such that the slurry is provide

toolp ihges Tt mfnplms:m hiraggve ol anadditiveeomphising atpéu,osmvdus
g st .Qne f t he. substrat.es and the

Con@}éh@ n]rfgega oI LR ﬁlgtantaﬂlémgﬁ BYEYSte i s noved

relative to the machining tool at a velocity not |ess
[100shan Akesiting.t0 and@her :3p&st 0Ot present invention, a method for machining
a ceramic substrate containing aluminum is provided, in which a slurry is provided
containing an abrasive and an additive comprising a phosphorus compound, contacting
the substrate with a machining tool such that the slurry is provided between the
machining tool and the substrate, and moving at least one of the substrates and the

machining tool such that the substrate is moved relative to the machining tool at a

velocity not less than about 2.0 meters/second.

[1007] According to yet another aspect of the present invention a method for
polishing a ceramic substrate is provided in which a slurry is provided between the

ceramic substrate and a machining tool, the slurry containing an abrasive and a material
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[ 1007] According to yet another aspect of the present
invention a nethod for polishing a ceram c substrate

wo soopomgieded i n which a slurry is provided bet MEBENS100€009555
ceram c substrate and a machining tool, the slurry

cont ai.ni n n abrasive and a materi > :
rendy g B s R RB O85BSt B MR el AR R i apifess than
1.2p 0 ihedhdoneext, MRRYR sdpréeBis dhe MateAhl reme{al YRR PO EHIng the

not less than 1.2. In this context, MRRadd represents

substiate withelhs altoveanensianed susy epntpivinigshe Merasiie asdithsmaterial
el N B ST D i

probésRoonditi@prveistien tentidl eluBtvatitials fFeRoPviad mhttisl rem@deal additive
i dentical __process conditions with a control slurr

(Lewdishrry 18 whigethe materinl pemeal additivaionat added). tTlx@on(rpflséur,ry is
e gy L NG 8, IRl Ao SINE oG e e
matesnEreawvilddadveve- menti oned slurry containing an

abrasive and a material renoval additive. [1008]

ot her enbodj nent cal for a poljshing, slurry, . _

opfle) ¢ gh.er mibg%meat%llaﬁ“%ﬁ polighlngishiey, i iR @rliguifl wgdium;
a
e g L L R gt s Poosphorus
conpRAMINGS [ 1009] The present invention nmay be better

understood, and its nunerous objects, features, and

advant ages nade apparent to those skilled in the art

by ref er encBRIEFRESGREPFFONVORTHE BRAWINGSI010] FI G

1 illustrates a schenatic view of a polishing
[1064] I UCHTHE Brdd&:RdnidntiBR BN IR HERer WMdERIRAA, aﬁ{m%%diﬁé%usoib'ects,
the present invention. '[1011] FIG 2 illustrates t é

featgfdseand advagfhggsohadsiapparentab dloase pkitlad imathe ritdly refenancalg the

alCC|(r)ate .according to various exanples. [1012] FIG 3
PPPESIPRT88™ &5 effect of pH on material renoval rate
according to various exanples. [1013] FIG 4

[10id]| ustIEt eslldshetes bisetdmaBic vaew 6P phlahBroRdsefiraadiutih ¥&ordance
to an_alumna slurry
with an embodiment of the present invention.

[1011] FIG. 2 illustrates the effective of polishing velocity on material removal rate

according to various examples.

[1012] FIG. 3 illustrates the effect of pH on material removal rate according to

various examples.

[1013] FIG. 4 illustrates the effect of a phosphate-based additive to an alumina slurry

on material removal rate (MRR) according to various examples.

[1014] FIG. 5 illustrates the effect of concentration of a particular phosphate additive

on material removal rate.



on material renoval rate (MRR) according to various
exanples. [1014] FIG 5 illustrates the effect of

w@omgemornt i on of a particul ar phosphat e addi t POEUSIIN4/009555
material renoval rate. -3 WD 2004/ 096941

004/ 009555 015] Th se t he same . . -
0 or JRE 4 gHBE Pane fet e RieavBe SR A e drfngs ndisates similar
or idbftichbitem®r identical items. DETAI LED DESCRI PTI ON
[ 1016] According to one aspect of the invention, a
met hod for machining a ceramc substrate is provided.

The ceram ¢ subst mateASCRDAYRSCRIPTRO/MENt al um num
and includes al umnum oxi de and non Oxi de ceram c

terials.,. Accordin 0, , J )

offfe v RSt She pRtel bl Pt oo iabbibine 2 cqramic
subbiife 86 Vided. eThScamMRGubdtRkddnYAnd Be bltehABEIR A H 2Rl
to carry out the machining operation. According to a

inclydes Aleminam exide andneiroxide ceremisodatenals., Aceedisigip tiye method, a

N Y T R -

relggivees thelnyachleltSolitotarry bt théin@etfidhg @beration. According to a
chem cal - mechani cal_ polishing (CWP) slurries.

parfeylarcieatys of this grbadigianh Ahedpay rortaips ay plyeyna shsasive and an
ad B0 ﬁﬁ+ Qgg&gﬂgﬁg comBBshd he phosphorus conpound is
a chem ca %y ac

I've conmponent to aid in the nachining
operation, such as polishing. [1018] Turning to the

(10T umi The alrygeverally adlsiewithacgpegory of cﬂneﬁiiaeé—nmjzlalhieal polishing

f t 0,05 mcrons to about
<Cl¥ﬁ’i$61ﬁges E’f}a ?@g P ipe ﬁﬁﬂﬁ@é{aawe@aw@eé|tée gsesléanil@l somponent,
and%hé PhdspRordb b&ﬂf)&dﬁd"l@ﬁ %H@iﬁfcal‘iflwﬁfe o gbné?ﬁ td"ﬁlﬁhﬁ fhe%aac%&nng

range of about” 0.1 to about 1.0 mecr such
operasicabsneh a@ pslishmg:r ons. Speci f| catl on of the nedian
particle size to be under 1.0 micron generally

ol RIS g et

rangpef ot oM S iniérahd fOYabb@Ml Hﬂh@rbh@' TyReaMatheAddsn paicle size is
nedi an_particle sizes above about 1 m cron, such as on

Witk SHERGY DETOPer NS, FCBios wathin 4 apie af dhout Ad tn@bwitrh (hggicrons,
sucREH AL 1O Modu? o%'@%l%&}nﬁf Sﬁgcqﬁ&%oﬁ o!f %Qngngano 1916 s28to be under

1.0 micron generally denotes a polishing process in which a fine surface finish is

provided by carrying out the machining operation at fairly low material removal rates. At
median particle sizes above about 1 micron, such as on the order of 2 to 5 microns,

typically the machining operation is characterized as a lapping operation.

[1019] As stated above, the ceramic substrate generally contains the element
aluminum. The particular composition of the substrate may vary, such as aluminum
oxide (alumina) or aluminum oxide-containing compositions. Such compositions
generally include at least one other component, and examples of such components
include yttria aluminate, aluminosilicate, alumina-titanium carbide (AITiC), aluminum

oxynitride (AION), and aluminum-containing garnets and spinels. The substrate may be
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[1019] As stated above, the ceram c substrate

generally contains the elenent alum num The
w@aroogdkar conposition of the substrate rmay vEECHUSHO€MISSS

as alum num oxide (alum na) or alum num

T e e ST —
is kayaARb SHphire SHLMiGRHRONES §a§)tphir@ filaythe nYatchﬁieé &\/EU PbIALE) along

alun1n05|llcate al um na-titani um carb
onefiihg prmmon sxyaiallpgraphic Aleary of the mamr@hwsmhwsctbn paqlanen@le a-

pis g0 BB 30t AT i G BBES TG Bl bl i dppamic

subBip41e &lay bl dbink ddeof ahRlirhigua®a-dXideahatetiNasuchhe aﬁin‘ﬁﬁﬁlﬁ nitride.
crystalllne material is known as sapp ire. Inth

the sapphire may be nmachined (e.qg. pollshed)

(103 ongg-ca?rélf@wtaﬁ@ntb@ﬁ%w of (s PEASPRIgRERINOB. the Rhespherus
con{l nH@Sl?c&h@bX){%ﬂgﬁgé‘émt&& En RIRdAfed ke ?hdpésBiég@g 8leﬁlrent. This

e r-pl ane. I't1on o al um num ox
clagsatf mataiai;s, iskhewnes am@os@hstmﬁbmlma@raﬁaﬁlwﬂhe dxoefhosphorus
al um_num non- oxj de nat elrl al , shral um numnjtride.
a neo‘f‘

COnpPYHE FOTRAILE PROSREOTS ThK Bt ¥ Ipreedehin particular
embd @Bt MectiNEMPARSR ‘Hﬁé@een%g %ﬂ?bfﬁf‘ﬁﬁhgé 8)%%%@1‘%

wherei n oxygen is bo to the phosphorus~e
corppuugd icvheh thef phmpbcmlaissn ayalenoysiata®f Gixephosphor us
mat eri al s. Preferably, the oxophosphorus conpound

[10?1? nt al ng am grglg?{lfngﬂ atihe p glé{uﬁtél‘?ﬁyeoecggﬁagito o onin addltlon

to da@gén mhﬁkgl geasransze’mxc ighhi@ HhesphoR cbinpbinddsGodn as
oxophosphorus conpound in which the phosphorus is in

phoaphﬁmat@ﬁch)ﬂw &tps f phesphorug opmpounds insludgiphosphates,

ded b
25 R R R i T
hyppphssphoestmdphogdentisn &ioysunds PapltakpBesradses thdtv8phorus
o groug; of phosphorus congounds i ncl ude phosphat es,

(9SSR PERSS WY pEpBE Sheean hey e REe hydroky

e e L T

@ﬂ@hqe@mwBMB conmpounds i ncl ude potassi um phosphat e,
sodi um hexanmet aphosphat e, hydroxy phosphono acetic

0B fotsh weﬁ%ttﬁ%/%ﬁ@ pRYEpHsRe derpdye cqmpgrsgtat the addfive
containing the phosphorus compound is aqueous, that is, water-based. The slurry may
have a pH greater than about 8, such as greater than about 8.5. The pH may range up to a
value of about eleven. However, a suitable range may be within a slightly narrow range

such as about 9 to about 9.5.

[1023] FIG. 1 illustrates a schematic of the basic structure of a polishing apparatus
according to an embodiment of the present invention. The apparatus 1 includes a
machine tool, which in this case is formed by a polishing pad 10 and a platen, which
supports the polishing pad. The platen and polishing pad are of essentially the same

diameter. The platen is rotatable about a central axis, along a direction of rotation as
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[1022] Typically, the slurry containing the abrasive
conponent and the additive containing the phosphorus
W@mﬁpmmdl i s aqueous, that is, water-based. ThECEHUSI004009555
have a pH greater than about 8, such as greater

bo 5. Th H | f
1““%%%{'& BB omR. o fsvafte1 38 1 Pl Pedifruiragfeplifint whisn
1es®cﬁ{/él? Rickive @awu%srlanme sulSsuates 28 bag @hn&vlkﬁe@ﬁwteen%é

1023] FIG 1 illustrates a schematrc of the basic
pol@hmg epdl@and th@ tfzmplam2n dheppraplateul?, careydog thersybstoatesri 4, rotates

aboﬁm Hglneﬁmo f tr%ulres%n radl\}%xem c?lﬁc-errhc?fcrgga %}rlgtfﬁl&,q?gahmg

es a

padhy tl& q&ﬁiet shihe gerﬂpldtellQ ﬁ'lhéreas R epi@Bats WY 1@Bius FORPA tndividual
t he ﬁf|lshln ad. The platen and polishing pad are of

subgEaie %Pweft Foisfipmol P imvenici. Tip eonfi giration of apparatus lisa

comi oy PRmyRT B e S50 45 PoulBl ksl Bl Bckeint”

coniﬁghnaﬁbmsaheydbdi)mﬂhm an thisparctl@angabeg ties re? vblasit@or speed of the
of cirgular i nde tations which respectively.

sub Rt olatle, Bt 20 ingpact g2 bt AgtoBding o BisiTajowing equation.
Narﬁé!?dﬂe g&%ﬁs&mg @oﬁ\téfomtg%? gl%%aangpgteho% aagm{éﬂfer % os

tefplate 12. The tenpla carrying the su
14, rotates about its central axis. rp represents the
[1024hdi u€ 7 onfindhes)oermer/ 60fx Y1 Bt Vometérs/semngp vitsdh giges:
pad to the center of the tenplate 12, whereas rt

o0 SRR SIS TR L i s ate o

confl gur ation of apparatus 1 is a conmmonly enpl oyed
[1026(]) nf i @alcatations ¥ere dagiddsdut fodedgatind the istatiédal RENdEiy of each of

onfigurations may be utilized. In this
the Bii%ftn?w@ﬁ%lpg Pad assehly andithe emmipdate §2.0 T 0 gprreyineste thedinear
vel%:g‘t?gfrx%f‘spﬁe GlsRhteV® R R tﬁQ hia?%ﬁ'()eﬁ?enﬂﬁgheq%yh%ﬁiqgf gﬂleaﬂgeefgcity

the follow ng

of t@etemp@lte wmm hdadddcto thearedxmlttypfdfe ptliiten asseaibl OIS Ads@lfant net
|late is 0

Vel%“égﬁ"%‘gﬁyﬂvf?ﬁ%f@ é%l @Y%ré%%?{éshe V\R}HCE}’] 0&? it esgstra[tef@zsyne(ngzd
relatlvg fo ﬂh@?ﬁ&@n dlﬁf?fg%gpo:ﬂﬂli’ié CRIL " Bl dg{%eéa%’ XPR r%?%d’t}{at[tﬂxg a&hal

| cul ations were “carried out erm ne
Vequ@)W af thorribstuedésocitiey aabrding tv thé rotstivmabpesitéon giche Stkhsti@tes For

ad assenb) nd the te To appr.oxi mat e
exafipf, PSR clpeR s By Pt il i iPadiAn as papagau dclogity of
zerd, AGsubliAg Bt RS I6ERbYAI sHRE of #lelplfbn [shBe ¥£hOS th¥ rotational speed
of the template. On the other hand, at the three o’clock position, the substrate will

experience a maximum velocity. According to an embodiment of the present invention,
the velocity of the substrate relative to the platen assembly (net) is not less than about 2.0
m/s. Other embodiments were operated at higher velocities, such as not less than about
2.3 m/s, not less than about 2.5 m/s, and not less than about 3.0 m/s. The actual relative
velocity of the substrate is chosen so as to maximize the beneficial effects of the addition
of the phosphorus containing compound additive in the slurry. In this regard, it was

found that at certain minimum velocities, the chemical and mechanical polishing
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of the tenplate 14 was added to the velocity of the
pl aten assenbly. This resultant net velocity actually

WO epaes@at s an average of the velocity of the PCT/US2004/009555
substrates experienced relative to the platen during

moflgBb AT D b et SR oot Saive
dendie @16 Bgpetior 3ty @Je@%lhﬁi@'mﬂf?ﬁt $dcBRn AHAENE.
substrates For exanple, at nine o'clock position, a

bstrate will experience an instantaneous velocity of
[10%7é ro, THEEREPI to e sleme arnbosnhiosisaddiiysanaydse prh@npindhe plurry

sl ok 05 AR SO SRS S

Partiaiat enstfoelinaérts ut1lez)r$tr)laédneﬂmtlarf1 mtﬁﬁrl?lrfw mgl‘ﬁlly?ﬁterer iange such as
t e present invention,

on (i Grdpepb Do SO Sube v BPecs i dbe (cering pcplieasaelte to

the gﬁ@%ﬂ@ﬂu)(-bﬁ%t&on{g%uﬂ@}elét %o H2abta % of faes1 r?{} St tgs géard, it

dinents were operated at highe veloci t i €S,
is tmceﬂl dlat hehs dongrouab mprovﬁecBlrmth,tedﬂmme arh ab Eﬁﬁl@%@d{utlon
m s, and not |ess than about 3.0 nms. The actua
Thd fegdiave IRSEGepl g ges THiateiq s Phasehqrus eppRRdt and nethe
totallReight f&céhi @ f BRIkt Ay pREMPEL d1edd foh‘g @q{jchéﬂ 91% l?]é?lfmg of

t he phosphorus contai nihg conpound itive
solig mtﬁy slurny maayi eary dependingion thmpartlcldanmj)pﬂlhatonsandcappatraﬂul

o S S ST R0 O vt v

of dFBEITRMI HOH: FCKI%GueR ad N> SHAELE M. (et é?l@oo?lllrﬁéﬁté( are loaded
cont ai ni ng a phosphorus-additive denonstrated

with selidsivgthin @ sprewergorge sich ps await dite Menwt 18 with. an
additive. [1027] Turning back to the slurry, a

0s [ the sl urr. at
[loﬁincgn%%itﬁ} qgie %ﬂb\ﬁg n{%}! &g]égﬁr%s? énl})teﬂ 1 %gqm tﬁ]&%l rg@ovea rate
(M]&B))was Duhd td m;&wagﬁﬁGanﬂy%ver fairick Gaviap n6 pheghoRRItEsed
tilize concentration within a slightly narrower

addftgfﬁg ECEordinee ong sMbRAmsY @rrati N@%/M&%@dmwtlle@ thamgbout
1.2.) s %al'rﬁ mgd%ishcﬁe f3feanie vhl at | &%ﬁ?‘ﬁ %ﬁle%%xﬁstfa?e with a

t he pho or us-based conpoun
slurwy %mlﬁrlsutgarszibnamve aridrthe hdditiveegatadning the phsphipucedmpduat,

0 und is.provided in diJuted form such as
whits By SERG Freie! byl BioBh R RTocE Y coBions with a
Iy
cor R 1) el g BRI AAPYE sl s

but |bnme ifiteg 0é dlefaddmve I@umtahmg thc pbosiphaldls rgmpbunds dramksularn
sl ur on the parti cul

embogglp?rg%{l{%tﬁﬂa % 8ve BF%{? I na erl removal ratg ratios, sucﬁl as not less than

about 1.5, or even not less than about 1.8. Certain examples illustrated an MRR ratio
greater than about two, representing twice the removal rate over a slurry containing only

an alumina abrasive and no phosphorus compound additive.

[1029] According to another embodiment of the present invention, a method for
machining an aluminum-containing substrate is provided, in which a slurry containing an

abrasive and an additive is provided between the substrate and a machine tool, and at
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under goi ng machi ni ng operations. For exanple, the

solids may be | oaded within a range of about 2 to
W@baunod® wt % such as 2 to about 20 wt % Cer t BETYUS2004/009555

enbodi nents are |loaded wth solids within a narrower

r.a uc s, about 2 to about 10 W % [1028] )
teal 8 oS Ref B0t misiie GRPisieotsn Stk 06 aestats is moued
reldiBvt @6 ihalmdcBiRMab! dt atvelock MRy essaBar B2 bk ML A¥Eve, the

significantly over slurries having no phosphorus-based

addatireg qontaens amphaspleimycamepaynd. Eho sdistratetmaysber siatiopary and the

" LS. not.less than about .2, ln this
e gar g{ %Egé;&é d |hlse %thlelmr?al{l@f oA @%‘R&C%d tﬁ%f%’sjg?te moved, or both
thepedchibitdtg ahd) ehesdubsttdtatray bk nfbvad. SYMEAIN, GRVBRkH i8 Sot&ibonal, as
abrasive and the additive containing the phosphorus
deseiabgsiAbRYe In Gmapeios WIREK! lis the material renmpval rate
under identical process conditions with a control
[1050]Ur T ¥oxatBfe £ontrol slurry being essentially identical
to the above-nentioned slurry but being free of the
addi tive containing the phosphorus conpound.
[1034r t | Jukng teespecifiicresamples,|al plsialint cfdlvesienacs oggkinig wrembodiments
terial repoval .rate rati.os, such as nqt |ess_than
of (1B Bispent inyention. dpd SO B YA AreBtedand testedatiaEhe
polBXRERbESatuk 1 UBEdtAtdn G MRRrAk e WiEAHESd SRR a%%—)s/ide

_t\Np, representl ng tw ce_ t he rem)va rate over a s
polishigapparays enillpstratad,zlquivbediwith ndsibe #l2grudishing phd SphoR odel.

Polgsﬁg%gﬂy& ur%%%ifstd ve. [ 1029] According to another

Hent of tihe present invention, a nethod for
machi ni ng an al um num contai ni ng substrate is

[1032]ovi Féask, a!sl‘m_me;QJ‘praviEbc_ﬂhiVYn%S)Wt%i oTiafhodhatePdidasic\s8lution
ax&d an additive_ i s provided between the substrate and
pro¥ided manaaueess solution, lepdedwiind wYvalwgeaarticles. In this regard, the
) e trate in the. ...
2 VREHERORAA0 S04 b3l PR BB A BB
wag lohdetdiar 6.3twt% irethewiuniyn €hé particelbr phogshade hdditiviowad I8iBoxyl

Db Bl o BRSO B S8 BELPEL o Tamy Bmseteh lolspyetorred
to a8 MP A, MEhe dﬁ?ﬁ&ﬁl%lﬁrﬁﬂa pARRte REd ?J‘zﬁc&c{@ﬁ@%cﬂﬁly%@%{bﬁgﬁ&pda

fi xed and the substrate noved, o e mac
from Seint Grebainkéorperaton bavengiatesignation 8240. Jiyifzi Thé pywder, forming

venent is rotational, as. descrjbed ove in
the g@rﬁﬁgg £ompo g &laép@e%ia_n qa%mm@éq%@p@&? microns, and was loaded -
in the slurry at a 6 wt% solids loading content. The slurry had a pH of approximately
10.2.

[1033] A second slurry was prepared identical to the first, but without a phosphate
additive. The slurries were used to polish an alumina substrate, namely a sapphire
substrate, along the c-plane. Several samples were polished at varying velocities,
calculated as described above in connection with FIG. 1. Data was taken at velocities of

1.18, 2.30, 3.39, and 4.44 m/s. The results are shown in Table 1 below and in FIG. 2.



[1031] Turning to specific exanples, a plurality of
slurries according to enbodi nents of the present

w0 poogo9d9en, and control slurries were prepar edP@ntiS2004/009555
tested utilizing the polishing apparatus 1
illustrated in FIG 1. T giéging was carried out on
a single-side polishing tus as illustrated,
equi pped with a Suba H2 polishing pad from Rode
Pol i shi ng pressure w IRR; 3wt% 4 sl urry
was provi ded nﬁybng _N@ﬁﬁbﬁﬁdltlve
sol ution -prayrgs i eaded W th
6 wt% al um n the 3 wt%
additive sol [ $ ] ution, such
that the phos e additi @ was| | oadett’at 0.3 wt % in
the slurry. Bart i cul af3phosphat e aftdii tive was
hydroxyl  phosphonic acid, conmmercially available as
Bel corTM 575, This material is also referred to as

[1034ba. FHa ?pm Tahle Asugmarizndaty a?mqlt,smnatveelq;st@(ﬁn@t}soﬁhe substrate
et f t
]Bbﬁgrpofgklon s§§ﬁﬁ,a@&gmg@%ﬁggngkggkgqgg( e pomder
derriams‘mtn@by tHeadadd) umﬂnsqmmm}a:rmrrﬁmmmémdt Wamdjvaﬂthpwual met e
crons, and was

d
subrif youy Geneq oGy Sk EsaRBEIPRE e LA oSTE-Ped pyditive
derﬁlﬁ‘ﬁtrﬁed?bieé&fly ﬁﬁﬁh@f‘hﬁﬁhﬁi ﬁémo%)l c%arai:%gggds A second

slurry was prepared i1dentical tot Irst, but

wi thout a phosphate additive. The slurries were used
(10350 polﬁmngnl al um na substrate, nanely a sapphire
substrate, al ong the c-plane. Several sanpl es wer e

lis V- cal cul ated.
miﬁ’is cr ?glqrd gsta%’ 'Jfﬂrnii geéi o ﬁ 5 gsc t Ealﬁ’sthe PR as Iﬂéf %{“Wétéon with
Exdngieh, acepteha @ wasvafed bl .aliitiod oBROTB. BthisaBghrd, ifas noted
The results are shown in Table 1 bel ow and in

thatg{i@atszfe PEROY\psidiBom pithe gminsamrisiee sabpeysses 19Agpm that KOH
%z?c? ;C/(}é\ﬁlé{% f@‘{ﬁ?ﬂj@%ﬁ%P gets%%g ni"ﬁeer%sﬁ%oaig Eﬁé\)&ﬁc‘ below in Table

2 and FIG. 3.

ol

TABLE 2
SLURRY
pH 30 55 7.5 10.2
Alumina (pm/hr) 57 37 63 7.3
Alumina & Phosphate
Additive (um/hr) 43 6.7 10 16.3

[1037] As illustrated, superior results were demonstrated as pH was increased. With
respect to alumina/phosphate slurries according to embodiments of the present invention,

preferably the pH is greater than about 8, such as greater than about 8.5.



V=3.39 6.0 10.3 V=2.306.36.3 V=1.18 4.3 4.7
[1034] FIG 2 and Table 1 summarize data of polishing
weeieopdoyl (net) of the substrate relative to PEEUS2004/009555
pl aten assenbly, versus the nmateri al rem)\éal rate
R nonstrated by the data, in this-
HO%XR ! EXA% ledse e enbodi nment , |tyvvas shown that at a net
substrate vel ocity greater than 3.4, the sanple

[1039} nt alNext)ghirHes Whe ppdpated-ih aseadn@dfinney & indSARMM 1, ahe dtilized
learly superior material renoval characteristics.

to I{OMSS?[“OE)? éﬁbﬁt@t% inglodep agilenes Felanaend cpplasp anrmihitenas well as
n
ol AN AT R B AAIORDD TR LMtk Ypgron betow
in Tabl4. 3 aml ¥t ¢. rAegiingtratéd, thmase obthe thofﬂh@fustagdltﬁatwa‘g effbttive to
on of .the_al particul ate abrasive was
1mpt%V léfﬁlagtoi?s\taﬂwéﬂ-fm %ig?umlrmmfeata%n&ﬁ?drw neateile epted.
t he pH for testing. The results are shown below in
Table 2 and FIG 3. TAB%?LURRY pH 3.0 5.5 7.5
10.2 Aumna (pmhr) 5 37.3 Alumna &
Phosphate Additive (prri hr) 4.3 6.7 10 16.3 [1037] As
nstrated_as
was incr eased W.th Alﬂm‘ﬂﬁert t QAIIMing haddgitives ph AMBR add/MRRcon)
ARWANESAPPHIRE di ng t 01@Rbodi nent s of4.8the present  2.53
RLANE SAPPHIRE ef er abl §-50he pH i s gre®d®r than about1.8l
SPLANESARPEIREEr t han #8But 8.5. -9 W®32004/ 096941 2.23
PCT/ U$2d04/ 009555 [ 1838] Exanpl e 3 §.6039] Next, 1.33
slurrhle@Nwere prepared.7dn the sane nmgger as in 1.32
Exanple 1, and utilized

[1040] Example 4

_ [1041] Next, slurries were prepared in the same manner as in Example 1, and the
concentration of HPA was varied to investigate the effect of different levels of the
phosphorus based additive. The different slurries were evaluated for material removal on
c-plane sapphire. The results are shown below in FIG. 5 and Table 4. As above, MRR
represents material removal rate in microns/hour. WRR represents weight removal in
grams/hour. As illustrated, MRR increased from 0.03 wt% additive solution (0.003 wt%
HPA additive) to 3.0 wt% of additive solution (0.3 wt% HPA additive), and slightly

decreased at higher concentrations of HPA.

-10 -



to polish various substrates, including a-plane,
r-plane and c-pl ane sapphire, as well as al um num

wordoiogd4( AIN), and al umi num oxynitri de ( ALON)PCT82004/009555

[

results are shown below in Table 3 and FIG 4. As
illustrated, the use of the phosphorus additive was
effective to inprove po%ﬁg operations for all

al um num cont ai ni ng cer arti erials tested. TABLE 3
MRR MRR Ratio Alumna Alumna + Additive

( MRRadd/ MRRCan)  AABHINE SAPPHIRE 1.70 4.30 2.53 R
PLANE SAPPHI RE 5. %6° t'S'E) 1 C PLANE SAPPHI RE 7. 30
16.30 2.23 ALN 4)20"% 60 g' .70 2.33 1.32

[ 1040] Exanple 4 [1(94%’] Ne 0.0 ) Qropples wer e prepared
in the sane manner éﬂp | e 9076944 t he
concentration of HPA \‘R/as va?|31 ed todm?ﬁvesti gate the
effect of different PBvel s 18f tnd:07 Twosphor us based
additive. The dlfferéﬂt sldﬁplesuﬁ@ % leval uated for
material renoval ¢n 'B-plaﬁé3sapﬂh35% The results are
shown below in FIG $%nd T3 e 2123 |above, MRR
represents nateri al P@novalllPat e %99%ilcr ons/ hour. WRR
represents wei ght |{reffdval iMh0 gr £%962 Hour. As
illustrated, MRR ilnc¥dased M0om @-0931 Wt % addi tive
solution (0.003 wt% HPA additive) to 3.0 wt % of

084 di t E¥amaliditi on (0.3 wt % HPA additive), and slightly

decreased at hi gher concentrations of HPA -10 WO

[1023204/ %ﬁgﬁl\x}:\ﬁ s&%ﬁ%&ﬁﬁg G Rrant pﬁ&%hgrué c'&%ﬂbﬁﬂd\é Svere prepared

| ution

and tested on c-plane sapphire. The additive HPA was provided at a loading level of
3000 ppm (0.3 wt% HPA, 3.0 wt% of a 10% solution), as above. The results are shown

below in Table 5, summarizing MRR in microns/hr.

TABLE 5

TEST C PLANE SAPPHIRE
ALUMINA ONLY 7.3
POTASSIUM PHOSPHATE 13.5
SHMP 12.5
Belcor 575 16.3
MAYOQUEST 1320 17.3
MAYOQUEST 1635 11.3
MAYOQUEST 2100 12.0
Dequest 2010 9.5
TRIBASIC CALCIUM PHOS 7.0
ALUMINUM PHOSPHATE 7.6
PHOSPHOROUS ACID 10.7
SODIUM HYPOPHOSPHITE 9.0
RHODAFAC 11.0

-11 -



0.03 10.0 0.0681 0.3 11.0 0.0760 0.6 13.0 0.0855

0.9 10.3 0.0781 2.0 13.0 0.1004 3.0 17.3 0.1250 6.0
wa20080094015 9.0 11.0 0.0900 12.0 11.0 0. 0962CT/LS2004/009555

11.0 0.0931 [1042] Exanple 5 [1043] Multiple slurries

nt a i f.ferent S S commounds re
[logﬁepar@gcf 098%51%113 & P Spgl ?5?16 1AL HieHest addi tive
ishydPéx ywas lidirR\di @ni@adi@ adhRguee 820 Rfamis@&0 ppm (0. 3
}H?% HPA, 3.0 1§vivtﬁﬁl})of a 10% sygliqutl on), as above. The

methylenephosphanicarahnMapequssi i6AS Tallsxep@asssuwnmar i zi ng

ATl T o, 0 B

phoSﬁlﬁaanutBne—M%WJﬂd%'Bx;ﬂ&‘Z&d7SBMH%¥Mﬁé_xah€b3§)hb h’%te.
EST 2100 12. 0 Dequest 2010 9.5 TRIBASIC CALCI UM
qﬁ’ 369 1’ a aospiateagasesterof ethogylated phenol. The Belcor 575

(hydroxy phosphono acetic acid) and Mayoquest 1320 (aminotri methylenephosphonic
acid) slurries show the best results, although many of the slurries demonstrated superior

removal properties over alumina alone.

[1045] While the foregoing has focused on various embodiments, including
embodiments based on alumina-based polishing slurries, other abrasive materials may be
used as well with excellent results, including silica, zirconia, silicon carbide, boron
carbide, diamond, and others. Indeed, the zirconia based slurries containing a
phosphorus-based compound have demonstrated particularly good polishing
characteristics, namely 30-50% improved material removal rates over silica alone on

alumina substrates.

-12-



PHOSPHOROUS ACI D 10.7 SODI UM HYPOPHOSPHI TE 9. 0
RHODAFAC 11.0 -11 WD 2004/ 096941 PCT/ US2004/ 009555

W 1@449698Bel cor 575 i s hydroxy phosphono aceti cP@DUS2004/009555
Dequest 2010 i shydroxyethylidi ne di phosphonic aci d.
Mayoquest 1320 is am notri- nethyl enephosphonic acid.

nexai net hyi enedi i NAELL1S GRS,

hexai net hyl enedi ai < ephosphoni c

acid). Mayoquest 2100 is 2-

phok phonahort fon erathiding-at ceraaic sobsplatecconeiiting Bi\onirsising:
sod|ungfxa tgggos hat e. Rhodgfac P 769 is a

&P BFURSEAG APH arehimeder)s the pherysempsising

575 ( hyhr£x GuiRs
1320 (an1nof%i£ﬁ§§ﬁ§&ggggﬁg %ﬁn &gﬂa%@?g5%@¥ﬁrrléénd
showoYihg theewbstrass elative tafhemashinerteoly of the slurries
denonstrat ed superior renoval properties over alum na
al one. [1045] While the foregoing has focused on
var3.olis mathodofrelains |, winrbindhegibsieatb adboishéds based on

al um na- based polishing slurries, other abrasive
materials may be used as well with excellent results,
i ndd. ubhengethbd bf elainz i ywiesréia thesabrasiancomasriyed glumyer on
car bi de, dianond, and others. Indeed, the zirconia
based slurries containing a phosphorus-based conpound

h av49 Termethbd of edinparwheeihalid Mumachap @h nfddiddarticle size within
terjstics, nanely 30-50% i nproved nateria

cha
aﬂm- 0“?%9%§“@W@$“@¢Pﬂ%b5ﬁﬂﬁﬁéson al uni na
substrates. -12 WD 2004/ 096941 PCT/ US2004/ 009555 WHAT
IS CLAIMED |S: 1. A method for machining a ceramc
subst e mctbed pbelpinng, whereip saigmstiangpartige size ¢ wighia a range of

abo&%&iéx)Qﬁh%?@@m@mﬁbetrate and a nmachi ne tool, the

‘abrasi ve and an additive conprising
a phosphorus conpound and

6. The method of claim 5, wherein said median particle size is within a range of

about 0.10 to about 0.5 microns.

7. The method of claim 1, wherein the abrasive is selected from the group

consisting of silica, zirconia, silicon carbide, boron carbide, and diamond.
8. The method of claim 7, wherein abrasive comprises zirconia.
9. The method of claim 1, wherein the substrate comprises aluminum oxide.

10. The method of claim 9, wherein the substrate comprises single crystal

aluminum oxide.

11. The method of claim 9, wherein the substrate comprises a composition

containing aluminum oxide and at least one other component.

-13 -



novi ng the substrate relative to the machine tool. 2.
The nmethod of claim 1, wherein the substrate is
w@eisehedi 3. The nethod of claiml, wherein tPEI/US2004/009555
abrasive conprises alumna 4. The nethod of claim 3,
icle si.ze within

al
a r an b@h‘%ﬁg%% §F1 0161“62?&?’ t&err%lﬂ §a1figg’a"§8?}{lori CHNPHIEP aﬁgmpgsmon

seleblel firdrh Higdorofip bristthg of Yed fuimirkdd, dlukREbicaRa Etfdnﬁh@-tltamum
size is. within a range of about 0.10 to about 1.0

carbide, ahyainug oxpriride gt 6hd epiaeln 5, wherein sai d medi an
particle size is within a range of about 0.10 to
about 0.5 mcrons. 7. The method of claim1, wherein
t helfabFasmetbod of glaine &t wheréindhe substrae camprisss ngiostdaxide @famic

rconla silicon carbide, boron carbide, and
conZA&%%%Bmﬁ The met hod of claim 7, wherein abrasive

conprises zirconia. 9. The nethod of claim1l, wherein

the strate.conprises .al um_num oxi 10.. The
ot Ko e S RF R FE el HE Tt et iseied from the
groﬁ%> B@isﬁ%tlﬁgb&;bl@immﬁhﬁfﬂlﬂ]@m oxi de. 11. The method of
aim9, wherein the substrate conprises a conposition

cont ai ni ng al um num oxi de and at | east one other

CONPRNERY methdd oy@aﬁpp%ﬁ@v\ﬁﬁ Hle £t 3,%9'% {sgsoegﬁgégh&s%horus

The nmethod of claim1l ereln sal nposi t
congpewpdi ses a conposition selected fromthe group
consisting of yttria alumnate, alum nosilicate,
al um na-titanium carbide, alum num oxynitride,
gar HetTheemethepphighim 13 .whEbein thet fhosplwiuscdfahewdophokyiosisn

t he ustraeco ri ses n Xi de ceram c
GOH@&HP@FW& %%rﬂf 039, t ﬁlFF’ﬁeor ¥hod of claim 13,
wher ei n the non oxide ceramic is selected fromthe

gro onsi 9%@? of alumnumnitride. 15. The nethod
of tf athamethohetdpm 16 avheman tharhosrhiests is éna uplency state of five.
oxophosphorus

18. The method of claim 15, wherein the additive is organophosphorus

compound.

19. The method of claim 15, wherein the additive is selected from the group
consisting of phosphates, pyrophosphates, hypophosphates, phosphonates,
subphosphates, phosphites, pyrophosphites, hypophosphites, phosphinates, phosphonium

compounds, and esters thereof.

20. The method of claim 19, wherein the additive is selected from the group
consisting of potassium phosphate, sodium hexametaphosphate (SHMP), hydroxy
phosphono acetic acid, aminotri-(methylenephosphonic acid),
hexapotassiumhexamethylenediaminetetra-(methylenephosphonic acid), 2-
phosphonobutane-1,2,4-tricarboxylic acid, phosphate acid ester of ethoxylated phenol,

hydroxyethylidinediphosphonic acid and phosphorous acid

-14 -



conmpound. 16. The nethod of claim15, wherein the
phosphorus of the oxophosphorus conpound is in a

wQo adogngep4st at e of one, three, or five. 17. Therp@®EUkm®A4/009555
of claim 16, wherein the phosphorus is in a val ency
st f fiye 8. The nethod of c¢laim15, wherein
¢ he aliomeld of éﬁl&aﬁomglaﬁ%wgﬂy BOWHERMEd. 19, The
met hod of claim 15, wherein the additive is selected
fromthe group consisting of phosphates,

r ophosphat es, hypophosphat es, phosphonat es,
SubohobsHEF ST OpHBSpAl vEiSTe b fresBR B A of mot less than about 8.
hypophosphi t es, phosphi nates, phosphoni um conpounds,
and_esters thereof. 20. The nethod of claim 19,
whetki Hhemethadief ¢lpipn2 |, svhessin dreagdurty lam apté ofnetdpss than about
consi sting of potassi um phosphate, sodi um

“hexanet aphosphate (SHWP), hydroxy phosphono acetic
acid, am notri-(nethyl enephosphoni ¢ acid),

L GRE RN R R

on @plattn, Sl BdstaRad thadlsih@l bpéontidiay Meah&thim ¥8BPWith the
hydroxgethylldlnedlphos honi c_aci d and phosphor ous

subgiEqte) and maKmbe A BYEG4elapGTiolDBEN009555 21. The
nmet hod of claim 1, wherein the slurry is aqueous. 22.
The nmet hod of claim 21, wherein the slurry has a pH of
not23. ek methed ebdeim 5. whep@n thtylater isrothtet rebitiae o the substrate

reinct slurry.has a pH of not |ess than about
ata%&cﬁ%%fn&ﬁgssﬁ@%%%gnz?_ claim1, wherein the machine
tool conprises a polishing pad on a platen, and the
su rate i i.ned. by contacting the chi_ne _t oo
o o0 Rls LB elBeSs, RhefGE A VoG ok el By R gl SR e
to the platen. 25. The nethod of claim 1, wherein the
I i s rotat relative to the substrate at a
\F/)el%{;gi%lﬁ? ng!tﬁ?]%?ﬁﬂ@gg{,tvﬁ%elg the pgosphorus compound is provided in the

slurry at a concentration within a range of about 0.05 to about 5.0 wt%.

28. The method of claim 1, wherein said concentration is within a range of about
0.10 to about 3.0 wt%.

29. The method of claim 1, wherein said concentration is within a range of about
0.10 to about 1.0 wt%.

30. The method of claim 1, wherein the substrate is machined such that a ratio
MRRa4¢/MRR o, is not less than 1.2, MRR,4q is the material removal rate of polishing the
substrate with said slurry comprising the abrasive and the additive, and MRR,,, is a
material removal rate under identical process conditions with a control slurry free of said

additive.
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26. The nethod of claim 25, wherein said velocity is

not less than 2.5 nls. 27. The nethod of claim1,
wob@rnepe4t he phosphorus conpound is provi ded i PCT/H82004/009555

slurry at a concentration mﬁthin a range of about O0.05

b 0/ 28. The wh Y
b o SR et 14t paciRioe it B8l cOnpidhe an g e,
aboptovididg aMl¥ry éstnprldigs ﬁE&B}Qﬁv@indOJnaddﬂitﬂve i8ing asai d

concentration |s wi thin a range of about 0to
about 1.@hofplgrusemppyadinet hod of claim 1, mhereln t he

S g bﬁ%x{ﬁa%ﬁﬁ Jc}% s@%}&%gh %&%}8@@%01% éhal.lllaii t(leurel élI'[Rr%lqg %'\4)3 e8"

rat e of We@hhﬂmabllﬂﬁe toollbed thatsebstdatd)asdi d sl urry
co rising the abrasive and the addi tive, and MRRCO
oving aklepst ong ghihe arbstigtecandibemachingtaol a}chﬁh@éb@s@bstrate is

;190 O AL 105 B e 20

nethod for machining a ceram c substrate containing

3£ Omrﬂi&g&gbf cl% %/i %%geln atslleé’lsrt hé gP t[lrxg F?@ %}dﬁge substrate is

abra5|ve an I’ve conprisi

rotat@hpihirgpedt eithadttieng t he substrate with a nachlne t ool
such that the slurry is provided between the machine
tool and the substrate; and noving at | east one of the

Subsl. reffeameried bhdaifesh)iviterdi@BbthSHE Platehahd kiesudbiBst hdtiBtated.
is mnoved relative to the machine tool at a velocity

of not less than 2.0 nfs. 32. The nethod of claim 31,

wheggi Theaheth&@61 c180L3 DiwiHedn PAidBRcANE dob foss HRA L Ak,
is rotated with respect to the other. 33. The nethod

of claim 32, wherein both the platen and the substrate

ar e39, ofitiRéthod Sffclait'$1, FReRad seﬁfi VGllo *?gis%t 184081 350 IZI?Si. d

velocity is not Iess than 2. he net
claim 31, wherein said vel oc:|ty |s not less than 3.0

g{)?p 6r Iz%?hneéh%drf@f DAY RIS MR, EGhARif SUbStrate,
providing a slurry between the ceramic substrate and the machine tool, the slurry
comprising an abrasive and a material removal additive; and
polishing the substrate, wherein a ratio MRR 34/ MRR o, is not less than 1.2,
MRRqq is the material removal rate of polishing the substrate with said
slurry comprising the abrasive and the material removal additive, and

MRR.., is a material removal rate under identical process conditions with

a control slurry free of said material removal additive.

37. The method of claim 36, wherein the said ratio MRR,4¢/MRR ., is not less
than 1.5.

38. The method of claim 36, wherein the said ratio MRR,4¢/MRRon is not less
than 1.8.
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providing a slurry between the ceram c substrate and
the machine tool, the slurry conprising an abrasive
wa@pa4am9avat eri al renoval additive; and pol i shi nBCT/82004/009555
substrate wherein a ratio MRRadd/ MRRco" is not |ess
tha | Rﬁ} is the.material renoval rate of
pol h‘fxﬁ"@ SHHRE SHH Y SRS h said  slurry conprising
theaﬁQmasmyﬁmﬁmd the material renpval additive, and
MRRco" is a material renoval rate under identica
pr oteagasdehdipparendsn Wi quidmedivnr ehdsl urry free of said

mat enpyV. di.t 37. The.net hod of claim 36,
Me%gi&‘ﬁd“%‘f] &?ﬂ %3111 d‘}}%hos Sd%?fw&g%" is not |less than
1.5. 38. The nmet hod of claim 36, wherein the said
rati o MRRadd/ MRRcon is not less than 1.8. -16 WO
2004/ 096941 PCT/ US2004/ 009555 39. A polishing slurry,
conprising: a liquid nedium an abrasive dispersed in
the liquid medium and an additive conprising a
phosphorus conpound. -17

-17-



