D-20879 - 4 NOV 2004 1 POLI SHI'ING COVPCOSI TI ON AND METHOD Fi el d of the

I nvention This invention relates to the field of polishing slurries.
‘Background of ﬂquéfyention In an attenpt to maximze flatness for dlnéihc
storage nedi a such as conputer hard di sks, sone nanufacturers are
considering glass substrates. dass substrates' polishing processes first
renove the damaged-m cro-scratched Iaygrlpgoduced in lapping. This
damaged | ayer, caused by the aftermath of“lapping, has a nom nal depth of
a fewtinmes the final abrasive's dianmeter used in its second or fina
stage lap or at |east abeglGHINE dOMEET TOON PND MEEHOD-Or exanpl e,

| apping wwth 7 pmparticlé&Srequirées a renoval of about 20 pm per side for
a total of about 40 pm The polishing process nust renove these damaged

| ayers. Ceriuny] oxid slfr5'§§.8 ntai ning de-ionized water provide the
bul k of the t3%5¥Q11§g¥€g$-—$e$ﬁﬂia§ions for renoving m cro-scratched
surfaces from conpmhes theékneiassreLbsésatestheofiekdnpfepoCishieg al .,
in US. Patent No. 5,087,481, disclose using a "coarse" ceria slurry for
polishing a glabéreiek. These ceria fornulations al so involve the chenical
mechani smof Si02 catalysis to Si(OH) 4 or hydrolysis. The hydrol ysis of
the Si 02 or glass dissolves the surface |ayer to renove the damaged
surface. Furtbecr@reundeef Mh€obhyenhibfhem cal Processes in ( ass

Pol i shi ng". di scToses accel erated renopval rate_at H 14 when poli.shing with
silica pgrticles. T§%i%%|attempt to maximize f?atngss or mag%etlc 9

storage media such as computer hard disks, some

manufacturers are considering glass substrates. Glass
s substrates’ polishing processes first remove the
damaged-micro-scratched layer produced in lapping.
This damaged layer, caused by the aftermath of lapping,
has a nominal depth of a few times the final abrasive's
diameter used in its second or final stage lap or at
least about 0.001” (0.025 mm) per side. For example,
lapping with 7 um particles requires a removal of about
20 um per side for a total of about 40 um. The
polishing process must remove these damaged layers.
Cerium(IV) oxide slurries containing de-ionized
water provide the bulk of the typical polish
formulations for removing micro-scratched surfaces from
computef disk glass substrates. For example, Chen et
al., in U.S. Patent No. 5,087,481, disclose using a
*coarse” ceria slurry for polishing a glass disk.
These ceria. formulations also involve the chemical
mechanism of SiQ; catalysis to Si(OH), or hydrolysis.
The hydrolysis of the $i0; or glass dissclves the
surface layer to remove the damaged surface.
Furthermore, Lee M. Cook, in “Chemical Processes in
Glass Polishing” discloses accelerated removal rate at

PH 14 when polishing with silica particles. Typical



D- 20879 2 - 4 NOV 2004 renoval rates for crystalline conputer glass disks
with ceria-based slurries range from0.6 to 1 mcron per mnute at 1-2
pounds per sqiiayegdich pad pressure (6.9 to 13.8 KPa). This r edBN 2004at e
typically varies wth polishing tenperature, polishing pad pressure, and
polishing pad velocity. Mechanical enhancenments that increase the renova
~rate include: 1) increasing the polishing pressure; 2) using |arger

abrasive particles; and 3) polishing at “higher pad velocities.
Unfortunately, increasing the renoval rate with these nmechani cal nmeans has

a negative ippactapirsslaecsrfpyshal Funtheonpoesrf ailasshiditskst hidhghput
process, the renoval rate of the damaged surface nust increase w thout any
negative i npacér ba-basefasburrhpshranepafgont CaP, o 4 BISTBPSER No.

4,601, 755, disclose Lyry p a The oS helas4seS 6 .@er i a and
arare eartrlT@?%E?l?gafe h%é?ﬁ%gtgggfggga?% §%ﬁ?_?§8ﬁ?§?2cz, wherein Ln is
at |east one {@nihagikeapr Yhiki vemendlxrisea typiicald iyavgimigs mihzero to
|l ess than 2. Comrercial operations require a two-step poalish or

achi eving a spe}hekiR@ubBRES526RIRa PELISPARE BdARFESSHTE /( . The

first-step polish % t L ¢,0-scratched | ayer caused by | apping. The
second- step %%ff%%§$§n§§859§6P ace scratches to snooth the glass surface.

Manuf act urers requiteehsahilesil esnhihbemeotisi $hett ipariesisiend hserenaidice to
optimze performnce of the,finst steR Mt $RAiRe fldsilke; 2)
using larger abrasive particles; and 3) polishing at
higher pad velocities. Unfortunately, increasing the
removal rate with these mechanical means has a negative
impact on surface finish. Furthermore, for a high
throughput process, the removal rate of the damaged
surface must increase without any negative impact on
surface finish.

Mélard et al., in U.S. Patent No. 4,601,755,
disclose a slurry adapted for glass. The slurry uses
ceria and a rare earth pyrosilicate having the formula
Ln;..CexSis0;, wherein Ln is at least one lanthanide or
yttrium and x is a number ranging from zero to less
than 2.

Commercial operations require a two-step polish
for achieving a surface roughness of Ra less than 5
Angstroms (AFM}. The first-step polish removes the
micro-scratched layer caused by lapping. The second-
step polish removes surface scratches to smooth the
glass surface. Manufacturers require slurries with
consistent polishing performance to optimize

performance of the first-step and second-step polish.



D- 20879 3 - 4 NOV 2004 Summary of the Invention The polishing slurry

I ncl udes by wei ght percent, 0.1 to 50 netal oxy-acid accelerator, 0.5 to
50 cerium oxpdepghgasive particles, 0.1 to 2 inorganic suspensipigy nt
and bal ance water. The netal oxy-acid accelerator is forned with a netal
selected fromthe group consisting of chromum [|anthanum and rare earth
~metals 59 to 71, nmanganese, nol ybdenum_ %igbiunl osm um rheni um

rut henium titanium tungsten, vanadium yttriumand zirconium The nethod
of polishing glass substrates includes the steps of contacting the gl ass
substrate witHumRekiySbifnghsl Thkenitdvnng the above conposition. Then
pol i shing the grass Subsirate wth a pad; and th slurry renmov g:the gl ass
surface fromthe gWh§5P0§G§§ﬂPSté}uﬁ§§cﬁpﬁﬁi S %ﬁw%?%&@imﬂ%ﬁ? ure 1is
a schematic cpossyseghi | view_af.s 4t i r,00.¢f th&swlassium
substrat e, thé'EoF?s%Pngg%€§d§§ t%ﬁlgn %€SPFEE$Q2nd the polishing slurry.
Figure 2 i s achaHegabphsiileuptraticigst h@ . 1ditff & dmea dam it FERCTFHRA f or

polishing a crystalline | ass substrate with.a.slurry of, ceriumlV) oxide
and de-ioni zagenat 8pdi B r We3®Tro a1 Eﬂert;?lm?ﬁi%iar?ﬁrgg a netal

oxy-aci d aC'CEFEQ@tlg& ?%%misOff_otr?&d RM@MH iz0me thi10Wea ek tiedd Edvan tgreph
Il lustrating e |F erence in surface roughness for polishing a
crystal | i ne ghassps cosisiaste ngi ©of a&bsiomviuy, ofl arditianym \Bnd Fakfe eftn

de-ioni zed ma%g&a&g %%m%%q7ﬁqnn%%d%ﬁ%s%ﬂr¥wlybdenum- niobium,

osmium, rhenium, ruthenium, titanium, tungsten,
vanadium, yttrium and zirconium.

The method of polishing glass substrates includes
the steps of contacting the glass substrate with
polishing slurry having the above composition. Then
polishing the glass substrate with a pad; and the
slurry removes the glass surface from the glass

substrate.

Description of the Drawings

Figure 1 is a schematic cross—-sectional view of
the interaction of the glass substrate, the polishing
pads (top and bottom} and the polishing slurry.

) Figure 2 is a bar graph illustrating the
difference in removal rate for polishing a crystalline
glass substrate with a slurry of cerium(IV) oxide and
de-ionized water in comparison to a slurry containing a
metal oxy-acid accelerator agent of the invention.

Figure 3 is a bar graph illustrating the
difference in surface roughness for polishing a
crystalline glass substrate with a slurry of cerium(IV)
oxide and de-ionized water in comparison to a slurry
containing a metal oxy-acid accelerator agent of the

invention.



containing a netal oxy-acid accel erator agent of the invention. D 20879 4
- 4 NOV 2004 Detailed Description of the Invention It has been di scovered

that netal -o '2 accel erate cerium oxide or ceria-base poli§§i
slurries. Inx%_fﬁé %Iar, a netal oxy-acid accelerator being an o #ﬂgzgﬂ a
nmetal selected fromthe group consisting of chromum | anthanum and rare
earth netals 59 to 71, manganese, nolybdenum niobium osmum rhenium

“ruthenium titanium tungsten, vanadi uf 4 yttriumand zirconiumincrease
pol i shing performance. These slurries facilitate glass renoval and are

particularly ﬁé{ggggMeD%gErgbe§gncggp@h@rIgw%&ti@mbstrates. These slurries
contain ceri ,—at_least one netal oxy-acid
accel erator and batanhasmbEen.dwbspvgavdnﬁégéo@ﬁ?ﬁlfQﬂﬁa%ﬂ%ﬁ%y cont ai ns
Techani om 1 or SGEERFERRF REE3PaLC o 0al C RO Be Rt s e
accel erators, <$ychias thanepiirthcalual eacheatal aixy-aasid (ddeymemdale the
great est i npact. tal oxy-"acid accelerators believed _ to have the greatest
i npact i ncl udeinbr emi oriile) ofmangeiede ERleCt athigateddta 9t OuP _
ncl ude.  Chr oRAPBS SEHing nSTRET IR, HaRtYe mp, i, SR T T e
Most advant agggughby 71t haamghale sexy madiyibdeened emdicdyiung  @snimgst at e.
Acceptabl e tungstates include salts wth anmonia, alkalicgetals and
al kal i ne net arbesdgm, aguthenium, titanium, tungsten, vanadium,

yttrium and zirconium increase polishing performance.

These slurries facilitate glass removal and are

particularly effective for glass computer disk

substrates. These slurries contain cerium oxide

abrasive particles, at least one metal oxy-acid

accelerator and balance water. Most advantageously,

the slurry contains de-ionized water.

The metal oxy-acids appear to provide a chemical
mechanism for accelerating glass removal. Strong metal
oxy-acid accelerators, such as those with a valence of
at least (VI) provide the greatest impact. Metal oxy-
acid accelerators believed to have the greatest impact
include chromium(VI), manganese{VII), manganese({VI),
molybdenum(VI), rhenium(VI) and tungsten(VI}.

Particular metal oxy-acids include: chromates,
manganates, molybdates, permanganates and tungstates.
Most advantageously, the metal oxy-acid accelerator is
a tungstate. Acceptable tungstates include salts with
ammonia, alkali metals and alkaline metals such as:
ammonium tungstate, sodium tungstate, potassium
tungstate, magnesium tungstate, calcium tungstate,
strontium tungstate and barium tungstate.

An amount of about 0.1 to 50 weight percent metal

oxy-acid accelerates the removal. Advantageously, the



ammoni um tungst ate, sodi umtungstate, potassium tungstate, nmagnesi um

tungstate, calciumtungstate, strontiumtungstate and barium tungstate.

anount of abgﬁj 4gto 50 wei ght percent netal oxy-acid accelergWg J@@
t‘ageou ut

renoval . Adv sly, the D-20879 5 - 4 NOV 2004 slurry contarns

0.2 to 20 wei ght percent netal oxy-acid accelerator. Mst advantageously,
It contains an anount of about 0.5 to 10 wei ght percent oxy-acid

" accelerator. In particular, adding tun@s?afe anions to an aqueous cerium
oxi de containing slurry accelerates renoval rate and provides a superior

surface finish,}PoESELNES Mbode SOULTYoNRY WeEhNEepeeeehuntieYaloxi de,
de-ioni zed water, slurry stabilizer, tungstate and a _base such as

pot assi um or cxgh awd dyaitosl ezator - |M@$éa€dﬁgnbﬁgéﬁuﬁh¥rsFGrF?ntﬂlﬁénlna

pol i shing co 03|t|on enpo nygn S foaiglurry
formul at ed by?" sHEYEREI v & dﬁ%%? é nﬁop%ﬁdergg?t nggﬁgﬁvgxg éa powder in
de-ioni zed waj&fe poEz 86l Ng the follomﬁng 1) Alum numsul fate - 0.5-5% by

wei ght 2) Tungstate -- 0.5-5% by weight 3) KOH - 0-5% by volunme, pH 11
This slurry noni nalhypzaohiavhad, @ddbnghFUEQFEéH? aR&PPEMEPI ¥ oxi de havi ng

TS0 S bR S TSP EMER O], BLpE rRRSRS st he o
i s approxi mat edyovaR/ gat Adyadt pgeoudky, at bepetkiiorysuofinaengiaishabil i zer
Ingredients of a slurry may include: cerium({IV) oxide,
de-ionized water, slurry stabilizer, tungstate and a
base such as potassium or sodium hydroxide for
increasing pH of the slurry.
A nominal polishing composition embodying the
invention is composed of a slurry formulated by

suspending a polishing powder of cerium(IV) oxide

powder in de-ionized water and adding the following:

1) Aluminum sulfate - 0.5-5% by weight
2) Tungstate — 0.5-5% by weight
3) KOH - 0-5% by volume, pH 11

This slurry nominally contained 10 weight percent
i cerium (IV) oxide having an average particle size of
the powder of 1.5 um (measured on the Coulter LS220}
and maximum particle size of 10 micrometers and the
surface area is approximately 3m?/qg.

Advantageously, the slurry contains a stabilizer
for preventing agglomeration of the ceria. Most
advantageously, the slurry contains a sulfate
stabilizer, such as about 0.1 to 10 weight percent
sulfate stabilizer. A particular example of an
effective stabilizer is 0.1 to 5 weight percent

aluminum sulfate.



for preventing aggloneration of the ceria. Mdst advantageously, the slurry
contains a sulfate stabilizer, such as about 0.1 to 10 wei ght percent

sul fate stabihizggyoA particul ar exanple of an effective stabilt+sdiVi2gio. 1
to 5 weight percent alumnumsulfate. D-20879 - 6 - 4 NOV 2004 The cerium
oxi de powder is contained at about 0.5 to 50 weight percent.

. Advant ageousl y, the cerium oxide powder ;has a concentration of about 1 to
30 wei ght percent. Mst advantageously, t'he cerium oxide has a
concentration fromabout 2 to 25 weight percent. Furthernore, this cerium
oxi de i s nost advamhageeushyn axider powteY) iexictda tednegolats ibuptyltss
substrates. These polishing particles have an a&eraqﬁﬁﬁize.fronlab ut

0.001 to 20 phP ABVHREEHEOREFFENthe AEVERTFGREESNas Gl i %e of
about 0.1 to 5§w@§r7¥(§§; a 2¥RBhAYRRUSLY of! BBoRRNdCR 13D Je Y age si ze

from about O surface area of the powder may range

bet ween about p@r@énand MestO@dwBhgadepasdiyng thepeerdweyr agd deamasclae si ze of
the ceria. The polishing my occu% mﬁtg 33 ggidic, asic or . neutral
slurry. AdvanFQBEEDSFRLiPRe TE6M SROHG Gcllr & 4818 Rﬁ?%ﬁpﬁ‘east about 7.
A hi gher pH, ?H%h@%m RBH 8l sabeheast oxliel 1% hsitheidviaiRpsas e

renmoval rate. st advantageously, the slurry has a pH of at |east about
10 to further cardéemnddsl e oxider owv plolpisbdags glassy selsdnatefgentThaREh as,

S o ) Yo S T R0 05, SRl e Bl 7 e
0.001 to 20 pm. Advantageously, the ceria powder has
an average size of about 0.1 to 10 um. Most
advantageously, the powder has an average size from
about 0.2 to 7.5 pm. The surface area of the powder
may range between about 0.01 and 10,000 m?/g depending
upon average particle size of the ceria.

The polishing may occur with an acidic, basic or
neutral slurry. Advantageously, the polishing occurs
at a pH of at least about 7. A higher pH, such as a pH
of at least about 9 further increases the removal rate.
Most advantageously, the slurry has a pH of at least
about 10 to further accelerate the removal process.
Any caustic agent such as, ammonium hydroxide,
potassium hydroxide or sodium hydroxide will raise the
slurry’'s pH to a level that provides an additional
strength to the slurry’s removal rate performance.

Referring to Figure 1, polishing glass disk 10
involves pressing top polishing pad 12 and lower
polishing pad 14 against the disk 10. The pads 12 and
14 rotate in opposite directions with a polishing |
slurry 16 dispensed on the pads 12 and 14. The slurry
16 travels downwardly through openings (not
illustrated) in top pad 12. After polishing, the

slurry exits through similar openings through lower



strength to the slurry's renova
polishing glass disk 10

rate performance. Referring to Figure 1
I nvol ves pressing top polishing pad 12 and | ower
pol i shing pad J4, pnst the disk 10. The pads 12 and 14 rotate in
opposite directions Wwth a polishing slurry 16 di spensed on the pads %ﬁ

and 14. The slurry 16 travels downwardly through openi ngs (not LNOV 2004
illustrated) in top pad 12. ‘After polishing, the slurry exits through
sim | ar openings through | ower D 20879 - 7 7- 4 NOV 2004 pol i shing pad 14
and exits through side openings between the disk 10 and polishing pads 12
and 14. Exanghgr dsHhegghags14i ska aketp! apedubl Eh@esebenng@own in

Figures 1 . ThHe polishing process paraneters used for the follow ng
Exanpl es wer e lastwedhotlse Japkeld Potli phéishipaapadeBi2 pag ldret hane

Polish time: 10 nqutes ﬁolish Pressure: 1.5 psi(10.3 KPa) Lower Platen
Speed; 35 rpm Upper peed: 12 rpm Flowrate: .350-400 m/mn d ass
substrate: Crystallipe gisks &isksuarefpcanpar ahi YRepekishiphghommpdsi tions

and polishing conpositions enbodglng the invention were prepared in the
form of slurri®sgueashl f or nul at eBhByPodiishénai ROEEEBURBLETICS BT Se USEd

de-i oni zed vat gr, and, £d9] 0g; hheesbERI 68l 5e2s 300UB11BuLabI e 2 bel ow

Table 1

Polisher: Hamai 16BF
! Pad: Urethane
Polish time:
Polish Pressure:
Lower Platen Speed: 35 rpm

Upper Platen Speed: 12 rpm
Flow-rate: -350-400 ml/min

Glass substrate: Crystalline disks

10 minutes
1.5 psi(10.3 KPa)

A group of comparative polishing compositions and

polishing compositions embodying the invention were

prepared in the form of slurries,

each formulated by

suspending cerium(IV) oxide in de-ionized water and

adding the chemicals as shown in Table 2 below:

Table 2
Comparative Comparative Slurry 1 Slurxy 2
Slurry A Slurry B
Cerium Cerium Cerium Cerium
{IV}Oxide - (IV)Oxide - {IV)Oxide - (IV)Cxide -
10% 10% 10% 10%
PH - 8 KOH added to Aluminum Aluminum
adjust pH to Sulfate - Sulfate -
11 0.16% by wt. 0.16% by wt.
Sodium Sodium
Tungstate - Tungstate -
0.5% 0.11% by wt.
KOH added to KOH added to
adjust pH to adjust pH to
11 11




Tabl e 2 Conparati Ve Conparative slurry ISlurry 2 Slurry ASlurry B
CeriunCeriunCeriunmCerium (1V)Oxide(lV)Oxide -(I1V)Oxide -11V)ide -
1094.094.0%4.0% PH, - OH added t oAl um nunmAl ur ni num adj ust pH toSul f

o209 okaingt

-Sulfate - 11 y wt.O0.16% by w. sodi unSodi um Tungstate -TJ
0.5%0.11% by wt. KOH added t oKOH added to adjust pH toadjust pHto 1111
D- 20879 8 Slurry 3Slurry 4 CeriunCerium (I1V)Oxide -(1V)Oxide - 10%40%
Al um numAl um num Sul fate -Sulfate -- 0716% by wt.0.16% by w.

Sodi unPot assi um Tungstate - Ml ybdate - 0. 5% 0. 5% KOH added t oKOH added to
adj ust pH toadjust pHto ell

Slurry 3 Slurry 4

Cerium Cerium
{(IV)Oxide - {IV)Oxide -
10% 10%

Aluminum Aluminum
Sulfate - Sulfate -
0.16% by wt. 0.16% by wt.

Sodium Potassium
Tungstate - Molybdate -
0.5% 0.5%

KOH added to KOH added to
adjust pH to adjust pH to
B 11

After polishing with the above 6 slurries, the
glass substrates were analyzed for any surface defects
under an AFM microscope and the pre-polished and post-
polished weight of the disks were measured to calculate

the removal rate. The test results are shown in Table

3 below.
Table 3
Removal rate Removal rate
{micro-inches/min) {(jam/min)
Slurry A 26.37 0.660
Slurry B 28.25 0.706
Slurry 1 31.38 0.784
Slurry 2 28.35 0.709
} Slurry 3 28.41 0.710
Slurry 4 29.56 0.738

As seen from Table 3 above, Polishing Slurry 1
provides the highest removal rate. Furthermore,
increasing tungstate concentration increases the
removal rate. These data also establish that
increasing pH increases removal rate. Furthermore they
establish that both molybdate and tungstate provide
effective accelerators for polishing glass substrates.

Figure 2 illustrates that the removal rate achieved



- 4 NOV 2004 After polishing wwth the above 6 slurries, the glass
substrates were anal yzed for any surface defects under an AFM m croscope
and the pre-pglbgged and post- polished weight of the disks were ﬁfured
to calculate the renoval rate. The test results are shown in TdHFE 2004
bel ow. Table 3 Renoval rate Renoval rate (mcro-inches/=in)(}pmmn) Slurry
A26.370. 660 Slurry B28.250.706 .Slurry_131.380.784 Slurry 228.350.709
Slurry 328.410.710 Slurr 429.560.739 As Seen from Table 3 above, Polishing
Slurry 1 provides the highest renoval rate. Furthernore, increasing
tungst at e congephr ahienformntasesnt he lr.émbialesr dhe “Heeswrddtenal so
establish that increasing pH increases renoval rate. Furthernore they

est abl i sh t haFeBeVRInBR}Bdat e and tungstate provide effective accelerators
for polishing glas Str at h@ur i I Hoddndsmhoval rate
achi eved D-20879 -§SE¥? % ﬁégafggﬁk%%t%h%hﬁgh?giﬁﬁﬁgﬁéﬁlis;%f% tinmes the
"convent i onal {Ra¢nachkevatewitfatthe &unllstetesicon e inghvao LiFhide

roughness - (Ra) achi eyed vith (1S LUI0S\Y' 60 bl 0ld Shliey 2.

Table 4
Roughneas, Ra*
{Angstroms)
Slurry A §.83
Slurry 1 5.28

*For purpose of these Examples, Atomic Force
Microscope, Digital Instruments 3000a measured surface
finish.

Figure 3 shows thét the surface roughness, Ra is
0.5 times the Ra of conventional cerium{IV) oxide
powder and water formulations.

The polishing slurry facilitates rapid removal of
scratched surfaces from glass substrates, such as the
scratched surface of a glass computer disk. It is
particularly effective at removing scratched glass
surfaces having a thickness of at least 10 pm. The
metal oxy-acid-containing slurry is also particularly
effective for glass memory disk substrates as a first
and second step polish slurry. For typical polishing,
this slurry reduces first-step polishing time to remove
40 micrometers for glass disk substrates from about
sixty one minutes per run to about fifty one minutes
per run for first step polish. Furthermore, the metal
oxy-acid-containing slurries have smoother surface

finishes for the first-step polish. The slurry



slurry that inproves results over Conparative Slurry A Table 4 Roughness,
Ra* (Angstrons) Slurry A9.83 Slurry 15.28 *For purpose of these Exqqueﬂm‘

At om ¢ Force Dmgggqgcope, Digital Instruments 3000a neasured surface
finish. Figure 3 shows that the surface roughness, Rais 0.5 tines the Ra
of conventional ceriunm(lV) oxide powder and water fornulations. The
“polishing slurry facilitates rapid renpv?é of scratched surfaces from

gl ass substrates, such as the scratched*surface of a glass conputer disk
It is particularly effective at renoving scratched glass surfaces having
a thickness otoapoke2ibni0 reichlithee pRildlshing awnbmoriaididigiss Bty is

al so particularly effective for glass nenory disk su%;trat S as a first
and second st bpgpelki semoV@dr yatEs Wil GalSWRAGIH mPriadf s 1ty reduces
first-step poli shi i t Q4 ] Gf Qe G555 Brs
substrates from ab%‘gtthoga% &h&%gqéqﬁﬁ%ggﬂpg{rl%n&s{%éaé%rﬁg fi ft?/éoir(lye m nut es
per run for fikst sglepteed ieampAws ke none,ryt heonpetsad ¢ iang/ -Baf d- cont ai ni ng
slurries have snoother surface  finishes for the first-stqg% olis e he

slurry - 4 NOwoddshipmgdpss. fiF iRe GRPALRRY | Tt i Bh mory
hard di sks at inhitgl@e%rrtegﬁg\ség (girsrlpi;r &9 Wi &mﬁi&gﬁfﬂﬁn st d1acea i $f Bds

Al t hough this™i'nvention e presents only .
the above characteristics will be applicable for the

described application.



f
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ft he sel ected exanples of slurry conpositions for polishing glass, it
Ishoul d be apparent to those skilled in the art that any slurry conposition
/that satisfies the above characteristics will be applicable for the

| described application. - 4 NOV 2004 -11 CLAIMS 1. A polishing sl urfy NOV 2004
conprising, by weight percent, about 0.1 to 50 nmetal oxy-acid accel erator,
the metal oxy-acid accel erator being a_fjungstate; about 0.5 to 50 cerium
oxi de abrasive particles; and a bal ance water. 2. A polishing slurry
conprising, by weight percent, about 0.2 to 20 netal oxy-acid accelerator,
the netal oxy-acid accel erator being ALANpost at e; about | to 30 cerium

oxi de abrasive particles; and a bal antewater, wherein the polishing
slurry has a pH of at least 7. 3. A polishing slurry for polishing glass
conput er di sks conprising, by weight percent, about 0.5 to 10 netal
oxy-acid accelerator, the netal oxy-acid accelerator being a tungstate,;
about 2 to 25 ceri (| VAgpdistengbiuerg compiising,ibylvexight pereenb 2PVt €40 Bvi ng an

average size of ,about Q.001 to 2 ; in the
pol i shing sl JPPF?Hé%'agg@QC‘%JF’ag‘E" P‘&ﬁ'ﬂ%ta‘@;‘gﬁ‘#@g@%@ or 4t 5§‘Fﬁ§fa3&of claim3
i ncl udi ng aboatholfl 015 foosdleerive @Xitle abrasioe pbrtickeszarsia balaeceswater.| i zer. 5. The

polishing slurry of claim3 wherein the ceriun(lV)oxide abrasive particles
have an average particle size of about 0.1 to 10 pm 6. The polishing

slurry of claim3 wher ewbd];gqqnggrui-ry@bm};ﬁigng,dﬁ wélgtitamrosnt, bou @.2és 2Dave an
average particle size of about 0.2 to

5 pm 7. T Li shi L. f
cl ai m 6 wher emetaliosy96idiasnelatpien merfpe‘ﬁb@‘ya&mp??%’%g’ belng p tygpeeate, ' °

about 1 to 30 cerium oxide abrasive particles; and a balance water, wherein the

polishing slurry has a pH of at least 7.

3. A polishing slurry for polishing glass computer disks comprising,
by weight percent, about 0.5 to 10 metal oxy-acid accelerator, the metal oxy-acid
accelerator being a tungstate; about 2 to 25 cerium{lV)oxide abrasive particles,
the particles having an average size of about 0.001 to 20 pm; and a balance
water, wherein the polishing slurry has a pH of at least 9.

4, The polishing slurry of claim 3 including about 0.1 to 10 weight

percent of a sulfate stabilizer.

- b, The polishing slurry of claim 3 wherein the cerium(lV)oxide
abrasive particies have an average particle size of about 0.1 to 10 um.

6. The polishing siurry of claim 3 wherein the cerium(IV)oxide
abrasive particles have an average particle size of about 0.2 to 7.5 pm.

7. The polishing slurry of claim 6 wherein the polishing slurry has a

pH of at least 10.



