WD 2004/ 096941 PCT/ US2004/ 009555 METHODS FOR MACHI NI:-NG CERAM CS Ronal d W
* Laconto WSayrage9Ft Ward BACKGROUND Fi el d of the | nvenPFEVSPPSH9955The
present invention is generally related to nachining ceram c substrates, and
in particular; polishing substrates. Description of the Related Art [10021
Machi ning, and in particular, polishing of substrates is w dely used for
formation of various devices, including mcroelectronic devices. For
exanpl e, during wafer processing to formintegrated circuit devices, wafers
are subjected to chemMEITH@BSMMACMINGE&RmﬁStO renove | ayers and
planarize the wafer. In the area of nmgneto-resistive (MR) 'head
manuf act ure, al umi num al | oy sub®onalded. kawnpol i shed to formjigs, and
air-bearing surfaces of read/ wiDeupleaBsWhaed hard di sk drives (HDD s) are
Jolished and planarized. [10031 In the context of machining; abrasive

slurries are comonly used in | ' tions as well as polishing
operations. Lapping generally d2§§£@§3§§@ﬁi§ses utilizing fairly large
abrasive particles (e.g., 2-10 mcrons), and associ ated high materi al
renoval rates. Polishing, on #isdef therInkgmfiion general | y takes advantage of
smal l er abrasive particles, yields fairly low material renpval rates, and
super i or[1864]f acahbiphissMafventibi X Sedletally rel8RA A niabRinfRAM PRk s@bp@ldsshi ng
operation is to provide a planar surface having relatively |ow surface

r oughnesaid in pedicylarpofisking sahsitatess scrat ches, "orange peel," and “pul | -out"”
of material along the exposed surface of the substrate. In addition, with
ypect to substrates havi ngoubdi R & MERSERe@A Rt €ri @l s that are being
“wghed (e.g., a hard ceranrcl% - t conductive layer, such as
in the case of HDD recording heads),.it is aLso inportﬁnt to. engi neer a

pol i shi nd%®Her at¥ashning, ARG 5 BATHCW RN, Bplishayg ofsubstrates 1S widely used for

formation of various devices, including microelectronic devices. For example, during

wafer processing to form integrated circuit devices, wafers are subjected to chemical-
mechanical polishing (CMP) to remove layers and planarize the wafer. In the area of
magneto-resistive (MR) head fnanufacmre, aluminum alloy substrates are polished to
form jigs, and air-bearing surfaces of read/write heads for hard disk drives (HDD’s) are

polished and planarized.

[1003] In the context of machining, abrasive slurries are commonly used in lapping
opel'ations as well as polishing operations. Lapping geﬁerally 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 abr_asiﬁe
patticles, jzields 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
“sull-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
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WD 2004/ 096941 PCT/ US2004/ 009555 nmaterial renoval -rate across different

mat er i al 3O 3W4486%b prevent sel ective polishing of sof PGRBPHAYLSSt t he
substrate. [1004] In an effort to increase polishing rates, reduce naterial
renoval t : evol ved
to corr‘oltﬁgttnﬁnaéjl xﬁfé’g?%ﬁgtc%é%g%?ﬂﬁ?%t%&%%}s %E?{Onl? Ja{’e?ﬂ ]%gﬁk i ?§?| al, along
with a cofimhatatials efittieisvestprocess. Such processes have been descrl bed in the
i ndustry as chemi cal - mechani cal polishing, CVWP, as noted above. The

devel op nt of %/P E ocesses and s urries containing such chem cal and
mechani c,[ P04} o rp S i B14OTh £R CTragGP s dates. TedurgiByend rerpyalisplesiuhs such as
seni con Al o%roﬁf’e%ﬁsjs %mdgoeé%ﬁ HRGHvEP éd?h\ﬁﬁe {frf?:cﬁéﬂléatl rélﬂo&a*pe art for

i nprove |n|ng bber at lFons and st urri es carrying out such

oper at i dns., abmasion)nﬁmb:ktratmirateﬂal sallangnmﬁsa ahninmplaﬁacttlvmnow% emuatdd to polish .

al um num cont ai_ni ng ceram.cs,. such .as m na, alunm.ng c osi tes,
non- oxi dBCSHSH Y ‘E%‘rf[eé?w?et‘iigl n dhe sty %f' e@ﬁ%‘lﬁq{’gm@'@lﬂ?}ﬁ ng=[é@5’]‘5
Accor di ngydPativbl ThE d&ﬁe@ﬁﬁﬁmﬁfefﬁn@ BFRESBS add MRl QBEtaﬁnﬁEM&H@h&ﬁfcaﬂHCh' ni ng

a ceramc substrate containing alumnumis provided. First, a slurry is
provi decdndeneebenicakdomponbigs ha‘teeb@ndn‘ranmwcﬂwdlgl catin amagisuchassubst rate i s
noved rel ativ o_the machi t ool e sI r i ses .an abrasi ve and
o ac (e PSP bR e HOSRR e st Ry BIAT 5E By einc el o an
al um na @AMAShY %ﬁeﬂéﬁ&ﬁfﬂnd@ﬁﬁﬁéﬂfdﬂga&ﬁng%ﬁi éﬂéh o@@ﬁ%ﬁs @hd Elb?alﬁﬁlﬁ&e nt
i nvention, a nethod for machi ning céram c substrate containi ng al um num
Cis pr ovi sdestties pnd opretiong 11$tbl;d€|dyt0|p9h§h @ivnmun-cemﬂtmgﬁfﬁgnmﬁ, aishasi ve and af™
additive,conpris cont.actin rate witH*
machi ni rgor gg’? .1"gla Sqosftgse PL?F(}‘ lgllwg\/?o&é%nlﬁlét V\%EHCSt ﬂ’edstﬂﬁé%ﬁl ni ng. t ool
and the substrate, and noving at Ieast one of the substrates and the
machi ni ng tool such that the substMved relative to the machining
tool at a velocity not |less than nmet er s/ second. [1007] According

to yet another aspect of the present invention a nethod for polishing a
ceranm c [3008t r atﬁe:coghtpgm fistiaspactufitetpraselt inveptions apnohpd éet tehisdena t he

ceramic substrate containing aluminum is provided. First, a slurry is provided between

the substrate and a‘mabhining tool, and the substrate is moved relative to the machining
tool. The slurry cd_mprises an abrasive and an additive comprising a phosphorus

compound. The abrasive may contain an alumina abrasive.

[1006) According to another aspect of the present invention, a method for machining

a ceramic substrate confaining aluminum is provided, ip 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. aﬁd 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 shurry is provided between the

ceramic substrate and a machining tool, the slurry containing an abrasive and a material
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ceram ¢ substrate and a machining tool, the slurry containing an abrasive
*and a natweizaN4/098940W0 2004/ 096941 PCT/ US2004/ 009555 r enBUEUSAWAI0055E, and
polishing the substrate at a ratio of MRRadd/ MRROon is not |ess than 1.2.

In this n . [ teri no, fa |.i.shi ng
the subsiaiya bd A RES nf BRLENER L Baklf oL F il MR R < hdoflso b e "and

t he mat eni2alin thieomutet, BRR,§i regresants the mitdRab@ntosp) @scsitplikiiag dat er i al- r enoval
rate under, identical _ process conditions with a control slurry which is free
of the maRSTREIVHERGGAI AR 5 Uy cgniaingngihg apipsive apd themptiealat er i al

removal adelhh ¥ifise, Wbf1c MERA) ropdlanit ORUhitbrif bVl rite nHEGSHAIH N Of herwi se
the sane as the above-nentio slurry containing an abrasive and a
mat eri al preessywahdizidds with @.cohtt@GRiiryAwbich éy frendfahlé mettriat sdnhosraf additidvepol i shi ng

slurry, including; a ljquid nmedium _an_abrasive. dispersed in the liquid
medi um  &irfer BHUTRAH ‘E’W]Iéatedﬁﬂfﬂil%lifﬁ‘ﬁo‘éal aﬁ@gﬁmﬂ% adfﬁﬁﬁ‘ip@[’f?ﬁ?mﬂhﬁlﬁm’%sml PTI ON

OF THE 200 " ' ngé d, and
Mofgsot PLARE Wove GO s] B i’ﬁ%} 1

its nunerous obj [élct s,&]ﬂl%-ea ures, a%dg advant a%gyr?aﬁtg a %aeﬁr#t oﬁ{cﬁgse

ski | | ed nmatdriaéremidvabgdditefeer enci ng t he acconpanying drawi ngs. [10101 FIG 1

illustrates a schematic view of a polishing structure used in accordance

w th an di ment of the present invention. [1011], EI-G i.L.lustrates the
ef fect | vmgl pol‘ing‘?’fﬁ‘?{ 1@8pﬁ%?1$§ﬁ&fo%p@;qhg}gs} \}‘é‘]ﬂ“ 4¢P ﬁ%@mﬁa}% to
various gxapibios dishdiSekilh thd Gyuid medhudgtanad 8 addifiee 8dhpedingh gﬁbépaanﬁat erial
removal rate according to various exanples. [10131 FI iFlustrates the
ect ofompggsphat e- based additive to an alunmina slurry on nmaterial

wval rate (MRR) according to various exanples. [1014] FIG 5 illustrates

the effect of concentration of a particul ar phosphate additive on materi al
renoval rate. BRIEF DESCRIPTION OF THE DRAWINGS

[1009] The present invention may be better understood, and its mumerous objects,
features, and advantages made apparent to those skilled in the art by referencing the

accompanying drawings.

(1010} FIG. 1 illustrates a schematic view of a polishing structure used in accordance

with an embodiment of the present invention.

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

according fo 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 slim'y

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.



-3- ill WD 2004/ 096941 PCT/ US2004/ 009555 [10151 The use of the sane

ref er encVAYHIINE4iIn di fferent drawi ngs indicates sim | ACTERPUIRIBcal
items. DETAI LED DESCRI PTI ON [ 10161 According to one aspect of the invention,
a et hodfogs) MCPHnlsHGr SR Erentt BRHEAL f AiffeRPUl Akl thIRAEELRANE

substrate contains the elenent alum num and 1 ncludes al um num oxi de and
non- oxi der wentaval temmt eri als. According to the method, a slurry is provided
bet ween the substrate and a machine tool, and the substrate is noved
relative to the machine tool to carry out the nmachining operation. According
.to a particular feature of DETAIGRPHESIRIPTIOGNS|I urry contains an alumna -
abrasive and an additive containing a phosphorus conpound. [1017] The
slurry g ally .S, : am - i shi ng
(avp) s EIRERES YaorBldife (b s SEHERRY Gkl EREMGAe HRENARRTerL 0T
conponengybstraieds progidetio The oétamic suptaumdoniaing thdelvineal dlyimaini, \4ad conponent to
aid in the_nmachining operation, such as polishing. [1018] Turning to the

al umi na Histudles plamipa opdgiand ngaToride) Geragis Matgalh e AGHording t%ther”afﬁb%ﬂg@f about
0.05 m CEI‘?{P’? i%}ﬁo@ﬁf%ﬂtbei]we%n %ecsru%gﬁate-gﬂtﬁbﬁf’alcﬁﬂw tbd1CadiBll %sﬂ?feti%ﬁio%e lze 1S
within a slrghtly narrower range, such as wthin a range of about 0.1 to
about 1. felativertotiss, machimdioabtoGal§ cuo thelmachiing Opereiboron&ccoSfiagid acati on of the

medi an particle_size .be under . 0. micron_.general |, enptes a polishing
process PHUGHEEFaqre phGi h%’g@e% §Wysconﬁﬂw8waﬂéal YA WG But t he

machi ni ngqAReE %ﬂtﬂﬂinﬁtag;h%\isﬁﬂo‘fué QOMpmRhgr i al removal rates. At nedian

particle sizes above about” 1 mcron, such as on the order of 2 to 5 m cr@Mm
typically the machining operation is characterized as a |apping operatiort®
11019] A$10d7lat edlTzbdwey gtiveallycialsingo thelrstegatyeolgbnmical-nyechbanicaipelsiing el enent

| um T Lt . | L. f.th t _ h
21 umi nunf O Bt TGy §rBE R R At Eebte A Rl BeordhE | Socn

conposi t kRMhe phosphorus compound is a chemically active component to aid in the machining

operation, such as polishing.

[1018] Turning to the alumina abrasive, the median particle size maj be within a
range of about 0.05 microns to about 1.5 microns. Typically, the median particle size is
within a slightly narrower range, such as within a range of about 0.1 to about 1.0 microns,
such as 0.10 to about 0.50 microns. Specification of the median particle size to 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, alnminosilicate, alumina-titanium carbide (AlTiC), aluminum

oxynitride (AlION), and aluminum-containing garnets and spinels. The substrate may be
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general ly'include at | east - -one other conponent, and exanpl es of such

- conponentwO 2pRoede yttria alum nate, alum nosilicate, EKCEASAGDHIPIERI um

carbide (AITIiC), al um' num oxynitride (ALON), ‘and al um num cont ai ni ng
garnets ?nﬁ?ﬁ@faﬂgﬂe )y r?%'t[gﬁtlr ath?thg%)c{se f%l&%?ngot%? S%Igggc%%stﬁgprégls 00 /009555 _

pol ycrystarli'ne or I ne. e case’ o

crystall tsf’l&mmt?sl’shlﬁihuel hﬁﬁ@wgm@stmamﬁena}immmmndde@@r Gholikihet) anmﬁhl re may
be machi ned e g., 'polished) alon one of the _common crystallograp

pl anes ofng pthakpaRIoR CrysiAlloRTaghict @eéﬂﬁthsﬁéaterﬂq%esu&h ap fherfeplapy, thew - pl ane.

In addi t#)ﬁ!ﬂetoqtﬂel f’ﬁiﬁﬂ#%%ﬁﬂl% 9@% i Gkl 'bse dtrggteﬁgl'éatﬁbgeraﬁl?(psuate may be

formed of ‘am al um'non- oxi erial, suc um numnitride [ 10201
Accor di nguisea@marirodanahst of altﬂﬂmum eaeotide nveial, 0ch ddehphosphiotds
conpound cont ai ns oxygen, wherein oxygen is bohded to the phosphorus
el ement. This %ass of mater| dl‘g% i s _known as. oxophosph rus materi al s.

AL

Pr ef erabﬂ? 0 he 5EHHBS IorBY Grabo L REBTRRLITEN i, & S99tV val ency state
of one, e chi ni ng
has been caﬁﬁngcf Ogit?\tﬁﬁbof/&gg} thf%é&éf#g%borﬁg@ ﬁg!rhg?g Ec)§p(%1(§ﬁ[s &Iaéﬁ{ | ch the
phosphor ulsss of rater@aly & lewey astoavehwphdriymatetiay2 Preibrable lthea)mphmmdmae nts, the

phosphor us be nded to carbo dditio whi .c enerally
forn1org&WPBm%W6?B% J@' dﬂd@ﬁﬁ %%eggon%E@§BHBﬁ¥¥g@HI%PWQFHBSOUpS of
phosphor g6 AFRAMNEIFeLRE hAdRnRRARR BA LS e P PRSP RRL B o PRARARS Phat es,
subphosphat es, phosphi tes, pyrophosphites, hypophosphites and phosphonlutn

coundsommmﬁmmmhtbpehm@homlﬁmel\mmplﬁ@tm@f Igonpounds i ncl ude pot assi um
phésphat e, sodi um hexanet aphosphate, hydroxy phosphono acetic acid (Bel cor

575) and ]Rgt rI} ur,qgﬁl%b%ﬂ%ﬁ’éﬁ?ss%%o %n@m@%@?ﬁé’lﬂ}éﬁ%{) %ﬁégz‘hﬁ‘f{dﬁ 00312L e

Typi caII ry goncarni ng ras VE conponern

cont ai ni lttgo;ty@an PSP heexsl1ycRonm @ughid shosplueecompdiatls ksowinad er - based. The
slurry na have aé)tH greater_than about 8, such as g eat er than about 8.5.

The pH mitfosphnepiesy Sther soursfpboghogssampeadidaclugy pate; suitabl e range
m§1y be Wp%b&)ﬂos%h%eé 91%519[10'31‘?152&& sUbpi8&hates, phosphltes pyrophosphites,

hypophosphites and phosphomum compounds Partlcular species of the phosphorus

compounds include potassium phosphate sodium hexametaphosphate bydroxy
phosphono acetic acid (Be]cor 575) and aminotri- (methylenephosphomcac1d)
(Mayoquest 1320).

[1022] Typically, the slurry containing the abrasive component and the additive

containing the phosphorus compound is aqueous, that is, water-based.” The shury may

have a pH greater than about 8, such as greater than about 8.5. The pH may rangeup 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 inéludes a

machine tool, which in this case is formed by a polishing pad 10 and a platen, which

supports the polishihg 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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such as about 9 to about 9.5. [1023] FIG | illustrates a schematic of the
basi ¢ st WRRUHE91a pol i shing apparatus according to HEEHPOH/MEMS of the
present invention. The apparatus 1 includes a nachine tool, which in this

case | t he
case 1> ARLIRG By o A Ao AAG M MR BHPRIELS
di anet erLesﬂ'ekwvﬂbraemel subkipdted Bhliee albewitcal £bgitg edndaxitissd tekbwosm the di r ect i on of

rotation as WO 2004/ 096941 PCT/ US2004/ 009555 illustrated by the
arrow, qulehmga%aé 192nd te terplafe A7 e BMRFTP d 6 STIREBRCHPIIBHE MnfatHes

respecti u ed .
bet pen Rt IS i) B BILPRNGT: e rmdRPEBNEL LGNl oI BIAET i ng
t he subspadatibebe dehterrodttliad mmplz&bOmtwhmsasaejmpreaentathesadnup fivaparemdividual he radi us

fromthe center rotation of the polishi to. t center Qf t he .
t enpl at 8 tra%%ﬁ’@ﬁnﬁef of iptigeniae g’ﬁ’é’]%t%d’?g% ‘?&%‘H%’Pn' aPpetaiyal 1S 8ubstrat e

to the cefhhnBlonfiib@d QAR HARLANE pBlifo oML AIaRNO! apparatus 1

is a comm I guration olis rations, although
differ eneonﬁgumftlogsmmylbenmmuybﬁl thisiplaitiethr chse, thelr@t pdocnty;uﬂ meed‘,a’éiﬁe t he net

vel oci t t strates relative ta the shln ad |s
cal cul a%l%’g’ t? gletﬁ’ﬂj.ls BePatihEpl St ‘if“&?ﬁr m&l&h@lg 1?‘ﬁ‘é‘g gl fornul a
for vel Oﬂbﬁﬁlypihetgéﬁefai)fcﬁﬁiuwo? lvezbel@y ame&em%@f)etensmd[téiﬁgﬂ@e 2 it r
(i nches) x rpm (et ers/ second h gives: [1025]

((27rrrrpm /60x39 37)+((22t rrrp / 60x39. 37) V [1026] Cal cul ati ons were -
carri ed BOR4lt o dét er m(imehesha rpmd A6V 3813 \reVdbietsrs/sfcondl whigh givess

pl aten/ pol i shing pad assenbly and the tenplate 12. To approxi mate the |i

of the vEBE: 1, G i BIRLPAEs M ER R R LS or tyhe"BFaPZ"nf

assenbly. This resultant net velocity actually represents an average of the

vel oci t y[10R6]t he Gdlbdhti@iseserexpeicl encedictorslinat the eothidodal eclobiag efcadlining a
pol i shi n&p %Cl e. In.this regard, it is noteii%that t he actual velocity of
24

the substieatlaenpelishing padassemiy 2pd tafemplial- oha rPRIBSiTatE Hicdinche
substrat €§1001E39(net) of the substrate 14 relative to the platen assembly, one half of the velocity

of the template 14 was added to the velocity of the platen assembly. This resultant net
velocity actually represents an average of the velocity of the substrates experlenced
relative to the platen dunng a polishing cycle. In this regard, 1t is noted that the actual
velocity of the substrates varies according to the rotational posmon of the substrates. For
example, at nine o’clock position, a substrate will experience an instantaneous velocity of

zero, assuming that the rotational speed of the platen is the same as the rotational speed

of the template. On the other hand, at the three o’clock position, the substrate will
experience a maximuom velocity, According to an embodiment of the preseut invention,
the velocity of the substrate relative to the pleten 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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exanple, at nine o' clock position, a substrate will experi -
" i nst ant at@aYLHP%8Lity of zero, assuming that the rot a{’éﬁﬂg?“%éfg‘g"éﬁ of the

platen is the sane as the rotational speed of the tenplate. On the other
hand, . at mk8Rinishizeetifs 6h Aelsub@sitd from, thd f16rrs ebsthindistn phdsphorax R@TiieNCE a

maxi mum vel ocity. According to an enbodi nent of the present invention, the
vel oci t yd@ponshafed gepsrioptesulieowr slugriesovithpat preaanmdddenbl y (net) is not |ess
than about 2.0 m's. O her enbodi nents were operated at higher velocities,

Poss tnah §ou rBREpERUhe darty B s ERR IR BB orf il

chosen sa& aasntantatisn of fdeut D35 he aledut Sivabs, sfidlemtaboof 0.1 he dddi 3.061%.of the
phosphor us caontai ni ng conpound additiyve iﬂ1 the slurry. In this regard, it

was fpul%%ﬁwlﬁaltenéhod@@?lt%gﬁli%ﬁ hPPRGARIALIOB Y thin 8 slighily namvaies Enga MiFhASchani cal
pol i shi ng, ;h@ 2984009 G0 1REHHSEORY &g&ﬁ, ef&eg&gg?%&ﬁg I 0icqp the
substrate fromthe slurry containing a phosphorus-a tive enonstrat ed
super i or theghudphermssmsedsdoumproned retativedo thestoth wath efdhk slinre. I th@Xégardyit ni ng back

to the sjurry, a phosphorus additive may, be present .in t L slurry at a
Concent TR gt ST RS Bisbded B (g Bih e SBphi0% HHEY. apout 3. 0
%  Pasd] . e . hebi aht |y
et ower o e AR A ke L @ (O DERLORL L AP S A ny O 2
regard, toked weightgeicey of érecastditigetypicel niredifwed fomm. Fhothph dredsadissell conpound

relative the total wt% of the.slurry. In this.regard,. it [s typical that
sugfha ﬁﬁ?ﬁéﬂh@eﬁ@f‘aﬂ’a@{ HEY #ﬂenﬁfq%thgpwwla%%w @Ol} 3fid ppp ol ution. " The

®goi nﬁldéﬁgoﬁlﬁ%mﬁﬁﬁﬁiﬁgbpéﬁﬂgﬁs FoekadiBple aht FeliRRRSPROIHEICORMAURSHR) and not
the total weight percéent of the additive, typically in diluted form

Fur t her , ofaheut Hicabeyt It wi%otuchgs 2o abrat 20 vy Grstpivembodiegedralgadsd t he
particul ar, a i.cat.ion_an r.goj i ni ng operations. For
exanpl e,wftﬁé&i)&osl"?@%nﬁ%?ﬂ B‘g’ef]%gggeﬂfc\%%? ﬁ#&nﬂgtggﬁg@ 1IE';gvic‘;tty%ibout 2 to about 30
W% such as 2 to about 20 wt % Certain enbodinents are | oaded wth solids
Wi t hi n aj1e28]r oweYccoitgeiosntiodasemboithe Bresentapa@ntiod, thiierfall@2BlvalAagor ding to
enbodi nents_of t resent inve the material renoval rate (MRR) was

e p tion, ,
found t oty m?ogmeﬁ@ FIEANE Figngrariiey Ve FIUBLCSHAY NG BOBHOSENYFES - based

additive. According to one embodiment, a ratio MRRadd/MRRmn is not less than about

1.2. In this regard MRR 44 is the material removal lrate of polishing the substrate with a
slurry comprising an abrasive and the additive cont‘ainingé the phosphorus compound,
whereas MRR,,, is the material removal rate under identi?cal process conditions with a

control slurry, the control slurry being essentially identical to the above-mentioned slurry

but being free of the additive containing the phosphorus ¢01npound; Particular
embodiments illustrated even superior material removal rate ratios, such 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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addi tive. According t.o one enbodi nent, a ratio MRRadd/ MRRQD" is not |ess
than abo®YO 280496%h this regard MRRadd is the material PEFHHPIPIHULYRS of
polishing the substrate with a slurry conprising an abrasive and ‘the _
addi ti Veleﬁ&%@h@ﬂﬁ%ﬂﬁ%@@ﬁﬁ@ﬂ?&ﬂﬁ@? Behd suth e f% MBREH is ‘materi al

renoval rate under identic process con |t|ons wth a contro s urry, the
control slaitveyo iheimaphiresient atal tejoditgent leseihan abdute. (h:htsve@mwadhed slurry

but bei ngq({ree of .the addjtive cont adlee'é]ﬁ% he hos orus co

Par t i cul HEBERIRNEHPROSPRIYS COTPR Bé’r%@t By F@PP%HTYP rate
ratios, ﬁaemn@&opﬁfovb&%%tﬁmac B4Y rdmain 12 PR Bhsit:BShol i r a@aut 1.8.
Certaln exanples 1l lustrated an ratio greater than about two,

r epr esenthengadhiiedeoltane thesnbstrhte madyebeaueveda Toipimlly, novduaim isngtaiohyl, asan

al um na abr asi and no phospho npound additive. [1029] According to
anot her E?‘%”z’r?f’eb‘?c‘?%%ﬁ“gg’ghﬁGnﬁenti on, a nethod for machining an

al um num cont ai ning substrate is provided, in which a slurry containing an
abr asi ve 1@9@ an addigid ye i s provided - -between the substrate and a machi ne

t ool , and at /096941 PCT! US2004/ 009555 | east of one the substrate

in the machi ne tool is noved such that the substrate is noved relative to
t he machlI#81]t oolTuaning te speseiia sxamades, @pBrality af dbaiss apcwdingdo embodibwnts, t he

addi t| ve ntain hasphor us. ¢ ound. The s t stationary and
fhe  mmofl RETrsBr Audua R CRuSrEBRIR oy S IR B TPl L "SLber r o o

rmved, opollimhi‘g apbR@IBICTIiuB@atb® 0l FIEd. tie téuhg Wad barizauben mgré-sﬂe/pl cal | )
nmovement is rotational, .as ‘described above in connection with FIG 1. (3

11030] ERelhins qppﬁl@@@ﬁ ityitiatadg equipredatl 3 sukaddpprishingpast fserw Radgl.of

sl urrlengﬁ&% rggsu{.eag ggl nments of the present invention, and control
slurries were Prepare fested utilizing the polishing apparatus |

illustrated in FIG 1. The testing was carried out on a single-side
pol i shi ngoapipar dtirss, aaefhmrjz imas proviided, hagopgi 3ppisel oﬁbpho@haﬂtaddﬂﬂz'emﬂuhelmi ng pad

from Rodel Pal i shi n ssur Q.p 032 Flr a.slurr
or ovi dedPHIEAdR 89 ARy usmgaﬁ?awzhﬁw%\[? ralgh ggitoies: 1 ths tegand, He°
3 wi% additive solution was a 10% phosphate solution, such that the phosphate additive

was loaded at 0.3 wi% in the slurry. The particular phosphate additive was hydroxyl
phosphonic acid, commercially available as Belcor™ 575. This material is also referred .
to as HPA. The particular alumina particulate used is a conunercially available powder
from Saint Gobain Corporation having a designation 9240.2mic The powder, forming

the abrasive component, had a median particle size of about 0.2 microns, and was loaded -

in the slurry at a 6 wi% sc}lids 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 take_:n 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.



provi ded in an aqueous sol ution, |oaded with 6 wt % al unm gﬁf?’g‘{% 1?9@7 on such

“this regdfQ20WAR948 \t os additive solution was a 10% pho$

that the phosphate additive was |loaded at 0.3 W% in the slurry. The
particul ar phosphate additive was mhyggpgwl phosphonic acid, commercially
avai | abl e as Bel cor~I m575. This material is also referred to as HPA. The
particular alumna particulatejused is a cpmgri, 3wy, avail able powder from
Sai nt Gobai n Corporation having a mRsingnat|on Fhddphatei ¢ The powder, form ng
t he abr.asi ve conponent, nilgst a Hheaphaes | £ eadslitie sefn about 0.2 m crons, and

was | oaded in the sluryyaaq a|6 w%msolidp | oadiex® content. The slurry had

a pH of approximately 0389 11033] ¢ secophd sl ufg.y was prepared identical
to the first, but w thowt2ggphosphatggs addjtive. gBhe slurries were used to
polish an alum na substyaj¢s namely g sapppire -gybstrate, along the
c-plane. Several sanples were polished at varying velocities, calculated as
descri bed above in connection with FIG 1. Data was taken at velocities of

1.18, 2. 3.3 ow and
nr e Bhag WBoeh it T BenRs 5T hRiBLE SIAMR G ARl TR
Phosphat elativk seihe Phoapisateblyadesis the ms@kiahren\éval dde GIRR1I6A3 V= 3.39 6.0
10.3 V= 2.30 6.3.6.3 = 1.18 4. 341 FI G -2 and _Table 1 sunmarize
dat a of ]I“?I’émltﬁﬂ;gyg?eo‘?\gt?&n ng%Pé)mBlﬁmiﬁH&;b &ty ‘ét‘@s shavnthal a4 %ftt he pl aten
assembl yg puesis vao&ﬁegl@%@fﬂaah A, SEap 1&&&1@&1164\(% ﬂ@ﬂ?ﬁ%ﬁ%ﬁ@lﬁ?g by the
dat inth's particular enbodiment, It was s ovvn th t at a net substrate
;‘:'n tydgnmua:ﬁdchaﬂysupbnotmmahmu’wvakﬂham@ﬂmgcs he phosphat e- based
*tive

[1035] Examgle 2

[1036) Slurries were prepared in essentially the same manner as in connection with
Example 1, except that pH was varied by addition of KOH. In this regard, it was noted
that the native pH by-addition of the alumina particulate abrasive was 10.2, and that KOH

was utilized to modify (reduce) the pH for testing. The results are shown below in Table

2 and FIG. 3.
TABLE 2
SLURRY -
pH 30 55 75 102
Alumina {(pm/hr) 57 3.7 63 73
Alumina & Phosphate

Additive {pmlhr) 43 67 10 163

[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 §.5.



denonstrated clearly superior material renoval characteristics. | 1035]
Exanpl e 9380408634 ri es were prepared in essentially thg@p@l@i}%ﬂﬁ r as in
connection with Exanple 1, except that pH was varied by addition of KOH In
this reggaipds) it masglesed that the native pH by addition of the alum na,
particul ate abrasive was 10.2, and that KOH was utilized to nodify (reduce)
the pH for testing. The results are shown belowin Table 2 and FIG 3.
TABLE 2 [18BYRRY N¢xtslwrss svere prep@ed in thie gemnn manpey dsrip BRampl 17 agd gtilizes

Alumina & P hate Additive. hr).4.3 6.7 10,16,3 [1037L As. i/ lustrated,
superi or 1('%rlt)ac' %ﬁlt% gl% Srsélgﬁ%%shﬂcﬁlg‘{ﬁ%%la'ganﬁﬁ“@ﬁ%e %%?"3&'?8%@‘%@%?\35 W%L%Sect to

al um na/ plhaspianheride AN e sndslaafistinn ngaﬁtrmemmmg.nme fdsultd e Bh@SLBElow
invention, preferably the pHis greater than about 8, such as greater than

about 8. B Tabledapd TIE 0694 HstracdShovay oigbs shosphens @dditive wss 61f8CtvEd89]  Next , -
lurries. or as. in Examle 1. tilized t
ol 1 s vl s BOERHE Gpeoichd for A nIRANE bkl (AR Sudia Bt ' L E5E | (O

as well as alumnumnitride (ALN), and al um num oxynitride (AION). The
results are shown below in Table 3vamp,FsG 4. As illustrated, the use of

t he phosphorus additive was effective to inprove polishing operations for
al | alum num contai ni ng ceramc erials teste TABLE 3 MRRMVRR Ratio

Al um na @

3 Add aS AL A 2 2.53
: Alumina Alumina + Additive
A PLANE SAPPHIRE 1.70 430 _ 2.53
R PLANE SAPPHIRE 5.50 8.30 1.51
C PLANE SAPPHIRE 7.30 16.30 2.23
ALN . 420 5.60 1.33
ALON 1.70 2.33 1.32

[1040]  Example4

[1041]  Next, shurries were prepared in the same manner as in Example 1, and the
- concentration of HPA was varied to inVestigéte 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/bour. As illustrated, MRR increased from 0.03 wt% additive solution (0.003 wi%
HPA additive) to 3.0 wt% of additive solution (0.3 wt% HPA additive), and slightly

decreased at higher concentrations of HPA.

-10 -



R PLANE SAPPHI RE 5.50 8.30 1.51 C PLANE SAPPH RE 7. 30 1&_@8&% ﬁ‘ﬁj <ALN 4. 20
'5.60 1.33WOONP%0 2.33 1.32 [1040]- Exanple 4 [1041] U es were
prepared in the same manner as in Exanple 1, and the concentration of HPA
was varied to investigate the effect of different |evels of the phosphorus
based additive. The different slurriagiyese eval uated for material renoval
on c-plane sapphire. The results are shown below in FIG 5 and Table 4. As
above, MRR represents nater[glgEEmova rate T crons/ hour. WRR represents
wei ght renmoval in grans/houfgoford | | Ustrated, MR increased from 0.03 wt %
additive solution (0.003 w% KA addRrve) WRR3.[0 Wt % of additive sol ution
(0.3 wt % HPA additive), and sliggiat|ly 4gecreasegh 4t hi gher concentrations of
HPA. -10 WD 2004/ 096941 PCT/ US2§941009%85 BARBEE |4 Additive solution w%
MRR WVRR 0.03 10.0 0.0681 0|3 gd4.0 049660 o@ess 13.0 0.0855 0.9 10.3 0.0781
2.0 13.0 0.1004 3.0 17.3 0.]2509 6.04343.0 @.0d4l3 9.0 11.0 0.0900 12.0

11.0 0. 0962 2.0 13.0 0.1004
_ 3.0 17.3 0.1250
6.0 15.0 0.1115
9.0 11.0 0.0900
12.0 11.0 0.0962
15.0 11.0 0.0931

[1042] Example 5

[1043] Multiple slurries containing different _phosphorus éompouﬁds were prepared
and tested on c-plane sapphire. The additive HPA was provided at a loading level of
3000 ppm (0.3 wt% HPA, 3.0 wi% 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 -



15.0 11.0 0.0931 [1042] Exanple 5 [1043] Ml ti pI e slurries containing
di f f er WO ¥R&8%PYr us conpounds were prepared and test BEVER2W4B3n

sapphire. The additive HPA was provided at a | oading |l evel of 3000 ppm (0.3

wt % HP 0 h& lts are shown bel ow
in Tabﬁﬂe‘]‘%} S\S@Wﬁé@ggf g?n%%lgg%%&%%%gﬂ}?%s tﬁ%gi‘ﬁ%f@% %’%EQIJ' C PLANE SAPPHI RE

ALUM NAS@S]LMWtthdE@'ﬂAS@MMWM}E)qm&tSBBB-INFan:hﬁoIBi- Bel cor 575 16.3
MAYOQUEST. 1320.17. Y! ST 16 EST 2100 12. 0 Dequest 2010
o b TR B PR 4SHEORY ﬂ%@%mﬁﬁxﬁ}%%E 7.6 PHOSPHOROUS ACI D 10.7
-SODI UM Exﬁux%té%ra@fé@ﬂ?ﬁ&é@ﬁs]ah@nlca&a) Wb /0440960 kLo -
PCT/ US2004/ 009555 [ 1044] Bel cor 575 hydr oxyphosphono acetic aci d.

Deques tphzslﬁ@noblﬁm;ﬂdi,@;éymchguowhmum &Hbﬁphsndmmxmleta{ﬂymghﬂst 1320 is

e ane HRAORRE e eGPy T MR RBr T REJBRALe: 2100 is 2.

phos phqnp&u&ﬁﬁﬁosiah@mdlaéehb %eﬂap oY Ma§odfek328HMRidoti RRMyMTRpKaPRbARNOS Phat €.

acid) slurries show the best results, alfhough many of the shurries demonstrated superior

removal properties over alumina alone.

[1045] While the foregoing has focused on various embodiments, including

embodiments based on alumina-based polishing slhurries, other abrasive materials may be

used as well with excellent resulté, including silica, zirconia, silicon carbide, boron
carbide, .diamond, and 6thers. Indeed, the zirconia based sluﬁies containing a |
phosphorus-based cémﬁ.ound bave demonsirated particularly gobd polishing
characteristics, namely 30-50% improved material removal rates over silica alone on

alumina substrates.
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is a phosphate aciHiFester-et et hoxyl ated phenol-:
3575 (hydroxy phosphono acetic acid) and Mayoquest 1320 (am notri.
nethyl enephosphonic acid) slurries show the best results, although nmany of
the slurries denonstrated summ%ertl es over alum na al one.

[ 1045] While the foregoing h s enbodi ment s, 4-ncl udi ng
enbodi nents based on al um na-based polishing slurries, .other abraS| ve

mat er.i al s mayl.b& methed faasnavkining\a téramxmmblsem cbﬂ&iﬂingm,i ceedpridingg silica,
zirconia, silico '_'cargl de, boron car bi de nond, .and ot hers. | ndeed, the

zi rconi a baseRfo% WITY bR Y0 S&ratepﬁff&%?)mfs 5e fipl e SRImYOORP RN
denonstrated parti i gq‘ﬁf ly 30-50%
i nproved nateri al %ﬁféa%d%gl@gﬁg\?e@mﬁ?m a aﬁﬁg&gh%ﬁ] léjunrlld]ﬁgﬁgubst rat es.
-12 4i. .a 4 mevmgthc substrat®relativeablafle inSclGhAtddED |1S. 1. A nethod for
machining a ceram c substrate containing A, conprising:: providing a slurry-
bet ween a substrate and a machi ne tool, the slurry conprising abrasive and -
an additive chrfhd methodaf plais pheheirchepobsicite Bpdlisied. ng t he substrate
relative to the nmachine tool. 2. The method of claim1, wherein the
substrate is polished. 3. The nethod of claim1, wherein the abrasive
conpri ses al Wi T Methdh of Bk Qgwhbresi tﬁhﬁbﬁsw\&ft@ ed dl@mahdim na has an
medi an particle size within C a range of about 0.05 microns to about 1.5
m crons. 5. The nethod of claim4, wherein said medi an particle size is
within a range e maiedbr Haf 3t @hé‘f@ﬁ#ﬁle Alfnih GAOAS mefian PARIIBERE iftin Cl @i m
5, mherein said nmedian partlcle size is wthin a range of . about 0.10 to
abou 0.23angeeigbout 705 migonetdalwubl.Sohigransl, wherein the abrasive.is
“selected fromthe group consisting of silica, zi rconl a, silicon carbide,
boron carbi de, and di anond. -

5. The method of clalm 4 wherein said medlan particle sxze 1s within a range of

about 0.10 to about 1 O microns.

6. The method of claim 5 wherem said median particle size is within a Tange of

about 0.10 to about 0.5 microns.

7. The method of claim I, whereih the abrasive is selecfcd 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-
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cIa|m7 wherein . rrprlses -ziyrconi a.’ 9 TH%
~of claiml1, wherein the- subst rate corrprl ses al uni num-oxi de. 10. The
of elaim9, wherein the substrate corrprl ses single crystal “al uni num oxi de.
11. The met hotR-ofhemsgibed of clairald; whemm spifheampasHINFATRPTRES aaom@p@@m i on

S5 oot SR A Soidinlor R R s RAIRARS bty

wher ei n aabide caurpintint dxymiteide]yainset,sand spiomghosi tion selected fromt he group
consisting of yttria alumnate, alumnosilicate, alumna-titanium carbide,
al um num oxynitride, garnet, and spinel. 13. The nethod of claim1, wherein
the substrat ei$Wm3m§d%f61@ﬁnQXWHSrefrﬁﬂh@@hEstraM@ﬂiﬁeﬁﬁ n@hwﬂdweraﬁa{b The .
met hod of claim 13, wherein the non-oxide ceramic is selected fromthe

group coqo@tasmmaghmmamm numnitride. 15. The nmethod of claim1, wherein the
addi tive conprises an oxophosphorus conpound. 16.. The met hod of cl aim 15,
wher ei n the phosphorus of the oxophosphorus conpound is in a val ency state
of one, t hreel4.cFhefmethod ofclaifhd 3 nwhéronh thé noh-akide réraminés sslectechBophibisphor us
is in a val encl_[}/j five. ..18. The nethod of claim 15, wherein the

“addi ti veE'P¥P &F 5ﬁ8§ﬁggg‘ﬁﬂ?‘ff§n‘t@8ﬁpound 19. The nethod of claim 15, wherein

the additive is selected fromthe- group consi sting of - phosphates,

pyr ophosphat es nat sub hos hat e osphltes
‘pyr ophosphi t €5 ﬂ%}dﬁ%ﬂ%@ﬁgéﬁ gR Eht?‘ﬁéfi ilive GRIBHRES HL%OP B?PE‘Q and
~esters tcgg{p%gﬁd - |

'16. The method of claim 15, wherein the phosphorus of the oxophosphorus

- compound is in a valency state of one, three, or five.
17. The method of claim 16, wherein the phosphorus is in a valency state of five.

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

compound.

19. The method of claim 15, wherein the additive is selected from the group
: con51stmg of phosphates, pyrophosphates, hypophosphates, phosphonates,
subphosphates, phosphites, pyrophosphltes, hypophosphltes phosphinates, phosphomum |

compounds, and esters thereof.

20. The mcthod of claim 19, wherein the addmve is selected from the group
con51stmg of potassium phosphate, sodium hexametaphosphate (SHMP), hydroxy
phosphono acetic acid, aminotri- -(methylenephosphonic acid),
hoﬁapotassiumhexamethylenediaminetctra»(methylenephosphonic acid), 2-
phosphonobutane—1',2,4—tr_'icarboxylic acid, phosp_hate acid ester of ethoxylated phénol,
hydroxyethylidinediphosphonic acid and phospho;ous acid

- 14-
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f claim19,- where it i ve is selected from.thE&
consi sting of potassi um"phosphate sodi um hexanet aphosphate (SHWP), hy
phosphono acetic acid, amriotri-(nethyl enephosphonic acid),
hexapot assi unﬂéx&‘hemwyl‘lodmd'dﬂedm hetlerein tiesdamy isaqupbussphoni ¢ aci d), 2-
phosphonobut ane- |, 2, 4-tricarboxylic acid, phosphate acid ester_of
et hoxyl ated phenol , hydroxyethylldlnedlphosphonlc acid and phosphorous aci d
14- 1035- A4229..Fi naLApp AVENDED SHEET U 21. The nethod of claim 1, wherein
the slurry i s22aqUhensthoddf clim 2tewhertintheahaiynhla piiloénei less then sbuerd, has a
pH of not |ess than about 8. 23. The nethod of claim21, wherein the slurry
has a pH of not-less than about 8.5. 24. The nethod of cI aim1l, wherein the
machi ne tool 2PNPhé AR aT@ldisiE INe/heash tHkhanphatLpH 086t lefehavhBbhrat e is
machi ned by contacting the machine tool with the substrate, and noving the
- substrat®3relative to the platen. 25. The nethod of claim 1, wherein the
platen is rotated relative to the substrate at a velocity of not |ess than
2.0 ms. 26.- The nmethod of claim25, wherein said velocity is not |ess than
2.5 ms. 27. %eThemhtmd@rf cimi lmumarmdreenmmwoghosmmas polisipogmpddi s
provi ded_in t .a. concentratio r.ange, of out 0.05 to
Prout 5 Relithoatd it dter i BRI S Phahbl BBl RS LTI on 1
Wi thin aubarge, £ rAdaH %the%ﬁ&rét@rélmto?th@p%% 29. The method of - claim 1,
wherein said concentration is within a range of about 0 0.10 to about 1.0
w % 30. The nethod of claiml, wherein the substrate is machi ned such that
?a’[ ]9 ool g}]@/n ‘f‘@g Tetholl D ERm! le%eiéé"ﬁfhejplgten M?Bﬁﬂ&l fefattvio ’Eﬂ?:ts%b'sﬁéteremval,
. RO
, ,ataveloclty of not less than20m/s

26. The method of claim 25, wherein said velocity is not less than 2.5 mfs

27. The method of claim 1, wherein the phosphorus compound is provided in the

shurry at a concentration within a range of about 0.05 to about 5.0 wi%.

- 28, The method of claim 1, wherein said concentration is within a rangerf about
0.10 to about 3.0 wit%. ’

29, The method of claim 1, wherem sald concentration is within a range of about”
0. lOtoabouthwt% '

30. The method of claim 1, wherein thc substrate is machined such that a ratio
MRR 24¢/MRR 0, is niot less than 1_.2, MRR, 44 is the materia_l removal rate of polishiﬁg the
substrate with said slurry comprising the abrasive and the additive, and MRR.o, is 2
material removal rate under identical process conditions with a control slurry free of said

additive,
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aid sl urry )corrpr‘i SE asive and jhe additive, \b
MRR. 0" is a nmaterial renoval rate under identical process conditions wth a
control slurry free of said additive. 15 1035A4229. Fi nal App AVMENDED SHEET
31 31. A nethod for ‘machining a ceranic substrate containing Al '
conpr|5|ng providing a slurry conprising an abrasive and an addltlve
conprising al. Ahnahh@far&nmhlmngad:cmﬂnsmmmtmnmglﬁt camprising:i a nachi ne
tool such that. e S ur rovi ded. between, the machine tool and the
substrate: BifYE F e and AR AddIYe.COMPRYNEA (o chi ne t ool
such that the SUBE(S ﬁ@,@,slcgm Boyed relative to the machine tool at a velocity
of not less than 2. 52 The method of claim31, wherein at |east one
of the plat ewt@mmgtthresxémsgnervaﬂea meching tenl suchibehthe sbpacis provided ot her . 33,
The net hod of cl 2| N e nd the substrate are
rotated. 34. Thgét%%'ﬁthgvkﬁghg etoﬁf%;?d tth\/\ﬁlél?%ﬁ%%e gg@d velocity is not |ess than

2.5 ni's. 35mobing abRaltasheqf the aibstrdik.anwliies wiachifetob! vedtohiat the isabshate iseS s than
3.0 mMs. -16- 105-M29.r!1M&pp AVENDED SHEET
moved relative to the machme tool at a velocity of not less than 2.0 m/s.

32 The method of clalm 31 wherein at least one of the platen and the substrate is-

rotated with respect to the other

33." The method of claim 32, _wheréin both the platen and the substrate are rotated.
34. The method of claim 31, wherein said velocity is not less than 2.5 m/s.

" 35. The method of claim 31, whercih said vélocity is not less than 3.0 m/s.
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