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BACKGROUND [ 0002] A variety of devices, including PCs (Personal
ital Versatile Disc) recorders, have been

Comput erséz§ and DV%éDi 8
r ecent CROSAIEIFEENG E RORFPI BIHAPBLISAKOY i ve) for data recording.

The HDDs, Qf. - j ' - t

provi ded’ vy T o SARAAAC pofF b UASH.SInAPpRUGTH 56, 200 MR R o
magnet Beptémalyee 3002 o sell]aplrese Batent Thplitdibs N €0t bAT§6g4rfded b September 30,
record/reproduce eti¢ recording information in/lout of the
nagnet?@ﬁk EW“ﬂggﬁﬁ h %¥F@mﬂﬂg@de6§F@He§Pﬁ§ﬁ V- above the
magneti c di sk face. G ass substrates have been preferably used as the
substrates for the magnetic disks due to |less plastically defornmable
charactBililsti c thereof conpared to metal substrates (e.g., aluni num
substr@%@fe and so forth. [0003] Meanwhi | e, devel opnent of

hi gh-d y magnetic recording has been underway for neeting the
demand of ThiCHreREEinldhtish ealageo\wohuiEcafinkighodrdTa gxassmsarate titea magnetic
magnetic recording information area (recording bit) is mnutely
divideémby means of a perpendi cul ar magnetic recordi ng net hod for
perpendicularly directing a magneti zation direction in the magnetic

| ayer with respect to the substrate face. Accordingly, the recording
vol unme BediK®EeOUNEY eased in a single disk substrate. Further,
enhancgﬁﬁﬁt of accuracy in information recording/reproducing (i.e.,
enhanc of an S/IN ratio) has been underway by further protruding
a recordi ngLLERY eHHSIRY BHEIRNPCO{PdSRal rlmgﬁtdrsg ah@ BV (Wigltd eVeRiaile Disc)
reduci ng di stance between the nmagnetic head and the nagnetic
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formed by a glass substrate with a magnetic layer disposed thereon. The HDDs are configured to

record/reproduce magnetic recording information in/out of the magnetic layer using a magnetic head
floated slightly above the magnetic disk face. Glass substrates have been preferably used as the
substrates for the magnetic disks due to less plastically deformable characteristic thereof compared to
metal substrates (e.g., aluminum substrates) and so forth.

[0003]

Meanwhile, development of high-density magnetic recording has been underway for meeting
the demand of increase in storage volume of HDDs. For example, the magnetic recording
information area (recording bit) is minutely divided by means of a perpendicular magnetic recording
method for perpendicularly directing a magnetization direction in the magnetic layer with respect to
the substrate face. Accordingly, the recording volume can be increased in a single disk substrate.
Further, enhancement of accuracy in information recording/reproducing (i.e., enhancement of an S/N
ratio) has been underway by further protruding a recording/reproducing element of the magnetic
head and thereby reducing distance between the magnetic head and the magnetic recording layer in
order to further increase the storage volume. It should be noted that a control mechanism of the

recording/reproducing element of the magnetic head described above is referred to as a DFH
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(Dynam ¢ Flying Height) control nechani smand the nmagnetic head
enbedded with the control nmechanismis referred to as a DFH head. A
substrate for a magnetic disk to be used for a HDD in conbi nation
wi th such DFH head is fabricated to have an extrenely small surface

asperity for avoiding collision or contact with the nagnetic head and
the r eUSvETH PR ISR Atel EWEHIISPY B e ssisieisnd embe(topouih the contro
St eps j ; 1 st et i B Acl N
ar i ndi REPLERE SR otk AR HUNS A ShrarChor AnIRRRE LR Tho et BE 18100
r espec torhimnaioprwitic syshl| DFddeadfs fabrifated So laen kn eorarety smalhsdrzat agledtyefor
shape after press-nolding; and a polishing st of executing .

pol | shiVeidig eAIRER SEcRonit PHE 1F ithesneda hradeand Gre Fessravepredlsing clempent
di st or hicRfdddehdret®n.t he principal face due to the grinding step. In

the af orenentioned polishing step with respect to the principal face,
a nmet hB®WO&F using zirconium oxide (zirconia) abrasive gains as an

abr asi ve b nventional nown (Japan .Patent No, 2783329). .
Cl TATI ON [ﬁ 0[%%%’6%? A ’“%s%s#‘éﬁﬁf@ﬁﬁgé%%cﬁ?‘ inclpde's efipding S.te%‘ifgzaeé cuting
Pat ent gitlingkB333Rd SR aick wititesh VNI palTRe uTiaGidss Ragbfoafi® in a flat
[ 0006] I nci dental ly, Japan Patent No. 2783329 discl oses

meas ur Bi#snthaes aifes Presgpolling: SRG Bepabishing siep o€ ieprntinmpalishing ity wangct to the
substrgte. : id: : - - NJ

or manfil fRe Rr20Rabt Bl Sid GNELPIes, GNP andt Pl By SERRY b
cannot Irbthe pleasnangehel pobdhoig sppotith resppe tortha prindipd favetdroethodofnaing ziptdniing
a recess. ,produced.on. a principal face of a glass substrate and_ has
nano- | 00F (RYE0 seitf oBii b aersBE et orih B bail poSh Haer Rt
noted bhaatodly herein refers to a depth froma surface with average
roughness when neasurenent is conducted using AFM (Atom c Force

M cr osE6bRTIONRISThe ot her hand, a nano scratch is a scratch produced
on a pﬁ@@ngal face of a glass substrate and has nano-|evel w dth and
dept h. “Su recess or scratch of mnute size has not been
convenPAOBRNTILYTERADIRPRt i c. However, in recent years, the magnetic
recording information has heen_highly integrated and recording
densit?mﬁgémﬁﬁﬁpFﬁﬁﬁégﬁﬂmﬁﬁ%%ggéggin the prenise of recording and
reproducing with a DFH head. Wth such trend, it has been

increasingly inportant to reduce the nunber of nano pits and/or nano
scr at cREMMARY QF iThidi IDMENTIO® of a gl ass substrate for a nagnetic

i

di sk. | ho&g, n ;ndividual recording bit in which information is
recor ded” EEN ™ Urther nminiaturized in its size than ever before.
As ar kt, a nano-level scratch or etc., having not been

conventional |y problematic, has cone to account for a relatively
subst ant i alnciferdly dapapPagent dleof 348 Wisclopey menswsment 9ft the sihtfase shepehalfsa

been t I / i i tio
T ecoiiay FRESE A LSty FrliHeiiRbabck) Yhheld, Lty RIS
pi t s angiocrrathesowiich afveivea oblematicdn avcelit yedrs, eatmotheahagured boduch robe type
accordi ngly produced, Thus, it has heen increasingly. inportant to

r educe TRRBIRETEROD; g D't &TCSETRIPIORIGIE AB 2 BERCRAE Fas Ofgyelass posiials gihas a

face ofaR-1gehsiSe, BHRSHEL RvioP50 AmPRRRET IGhEliiEKe noted ﬂlﬁ$\’tﬂé% refe to g depth
i mpl enent 500 GB per a nagnetic disk of 2.5 inch (a dianeter of 65

), i froms: prfacumtidaverage raughreas ithehemedstigmert is cunghdtgd BHG ARNI(AfoTiaEarce

Per In or greater and.,a linear recording.density of rou 70
eop " Vap@opd: “Bhiin MF i PER e B8 MARTRR AR rtt A e ot s
I s requitsede bl BR naRslieoadyill b8 deitR XSulh rdtedRd oRiscrhtel 8F mirie JidHad N6 een
As a result of such enhancenent in recording density and renarkabl e

r educt FoFYCRtipnally; aroplematieyj tHowgwerg je speqmd rycrs| Gigepagpetcusrading ynfarmersion diag

in 1 bif. . Lval : | Cl -ty : - Sk
I o R e e b e S e R S S
and reproducing with a DFH head. With such trend, it has been increasingly important to reduce
the number of nano pits and/or nano scratches on a principal face of a glass substrate for a magnetic

disk. In short, an individual recording bit in which information is recorded has been further
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[ 0007] It should be noted that nano pits and/or nano scratches,
produced in a polishing step (hereinafter arbitrarily referred to as
"a first polishing step”") with respect to principal faces of a gl ass
substrate using zirconium oxi de as an abrasive, can be renoved by a
post polishing step (hereinafter arbitrarily referred to as "a second
polis pr&ﬁgtz@g%lmwﬁewq kiferal  As ¢ resdt amgneteyel sggtch AT s havingot been
Howeve SRR, L £ . t.o0.: . {

edge) {Oie“rflé(g@%%@gé pr oagl%fc%g, Ilﬁ?llctﬂs% |ng'f6a} atrrgfétﬁ{ﬁ%;eg%ﬁtgl?ﬂ agﬁ%eﬁggg)fé? &gﬁﬂ%d
pri ncilpah tdrme of 1 siz. glthsshesntistebatevedlsd thatramSAN (Figaal todNdised fatio shrafheed in
Furt her, en a chem cally strengthening step of forpmng a

conpr é&%qf%‘ﬂg@ﬂoé@%m% ot Oﬁﬁ f&%‘ﬂg% B}t e gf‘%&% Pyt a%U]?jl R84 sgisagsrade
i's exegii@ifyRetonaans big it hidtdRN hobhdg. STIRR, ARG b8 iKEGSALy RRbd SR RO
step, difference in thickness IS nore easily produced between the
conpr eisdicerthsleved 98 nany pitssanskpririano bevatbheg nrrepygipal fice of afglashsubgtrais $or a
substrage ﬁy.ﬁéoportion to increase in the renoval stock in the
secondnﬁgfl§ﬁ g step to be executed after the chemcally

st r engt herFufBerstocifipletieensadi GB geen eaghdlictdikcdes fich $a RadEiE et PRIVER M
the conpression stress |ayers on rincipal faces

t he both ' .
degr addesuBd it & frackrlenntyios reughly 880 kP (Heack BFIHE?}}% 8F geaercand a\Jinggy recording
t her eg i i - ] [(Mene
asper | Sy apSteBsl FOTRBPERIAPREATE gl he M EPRLARRLIAN | B i el AGF
di f f erterbe eeduceddo P nessT(omm st leess for bstanese n A heesob bhsyph erteng@alent iacesrding

Therefore, it is uired to pre t deep nan its and/or ep no
scr at citastrpg ik Rl tbihotPiseh Dt eica g0 oo oCePiep b sk | AR s
I eV alolaftdeiceddd Beenivwiith R ®RHcil & @ nRe-fiRWBHEY(e21 a hld Wit dr8$i8no ch&ch?:that
instance) in polishing of the second polishing step. [0008] ~ From
t he afls@nebrch saawniymalppoblematc. Thejere degradaibn en megnstie vignal quality &g,
such as a@oﬁ%ﬁs&%@ﬁna@ietto%igﬁ‘og(?ep nano scratch frombeing easily
producéd ‘an 0 prevent  an ecfge‘ of a principal face of a glass

subst r@be7]f rom bei ng easily rounded in polishing the principal face

of the gl ass substrate using a slurry containing zirconium oxi de as

an abr asi Ve should beofidethat pangnpits) aedigy ner sspiehepvigodyced Ha e paleshing step
deman i.SQi F i VA

han ook fin AARERY IoFrol f 4o ARG pARGRE D yMERE ROPBIAA Bk b fass
usi ng substaterusgeontrawm brige 23 ancabresiye aan be enawediby aboshpolisbing pOP (}cinafter

In view.of .the.abpve, it is .an.abject ,of a first _ aspect.of the .
pr esertORAILAEIBT Lot Ao RSN FEE) G5 Pe GO SCD fdh g 5 abrasive
subst rgbweved ivhdn FRENG I Sodk is kerdQ6&RYea irbdé GollleP&dgB) EARRo BAPRduced,
scratch can be prevented from being easily produced on a princi

al
face oficlifiag gitrasige §igbat edge ef ¢ pringdtal Bie alp elae spharplgiip@Mmediaa rolﬁ—ogtrséape-

gl ass I usy sl Ui ntal ni | i i

abr asi %‘}e}&%}’ it t* ?%ﬁg%ﬁgb%%@eo %agr@t ﬁ%?&a{é{ %g%@ }cr# {%ﬁ&é{ %?"'8%2’%’ on cach
i nvent;bmipakéfqoi (0374 iadgamé mmmfaaﬁtaxe?qn@lhmmmh@;ﬁra gﬂiﬁlﬁ'@g Stltilbsﬁcf dieesdeornd
a magnet) c di s ereby a good polishjng speed can be reliably

oht cveRtsiRgsEh o FECH Rickgiers R e capliygRodied bV g AcomprrtiomitEsdayers
be preyemt Eﬁhfpgiﬁég%é?%c%ﬁﬁé wsﬁsaﬂmgﬁppm@%@aﬁb lkaldin AQBh6 T SobOR 1Y

It is general own that The crystalline structures of zirconium
oxi de feadrsiqpoligifieg stepltot e exscwtddr afioniha)chemisalyhstwegghieningt step. nbvheo Idifferace in

crystalline structures at a tenperature .of rough 1,100, degrees . ..
ol o1 iy SRR RRSh af GRPERIRH 6 el Y bl B B Bifagpon
roughl i dibngh 208N the HAAciHD fedhtlind eii@Rse Gainsi etimprésidn Gtiedk Gayer and
crystalline structures at a tenger_at ure of roughly 2,370 degrees

Cel si udegdatipnantsarface | agpesifip(fies dsdeqiienleld caysed on avainCipfleace uede wiffergnce in

oxi de Hrg@ég sl i ru ' Qﬁﬁﬁfg '

t errper%b'zmdjﬁr éegggn [ gt%ﬂ%és}letﬁ{ %{%Itrllgﬁdg%%{agést h?%éttﬁ%afégsna cr ?/DsérgYeﬁt %géeg Hélo
pits and/or deep nano scratches from being formed in the first polishing step so that the removal
stock can be inhibited (to be roughly Spm or less, for instance) in polishing of the second polishing
step.



[ 0011] Zirconi um oxi de, forned only by the nonoclinic crystalline
structures, has a |ow | evel hardness. Therefore, when a principal
face of a glass substrate is polished using abrasive grains of

zi rconi um oxi de as an abrasive, the abrasive grains are fractured
duri n%p&)ol i shing. The nunber of abrasive grains with small particle

Si zes herein increased in zirconi um oxi de by the fracturing of the
abrasive 9‘&111?% aﬁa?é?n&ng.%tp'e&}é&u\?észx? et 561@%6 S QENAEALOnfho pit
| ower particle size si or di hg a rat a rasive galn wotth

rel at mveal dy:ep aangacmchtﬁam beisg ey p:s:du@d woe th pl‘aVEﬂht arhedgeraf raqmpapalffauee)f(af

Dl a1 orRbRE Ty i Beigh e e G iercen sk i ety S HRgusig e

parti %l@y&bﬁ@ﬁlﬂgz&mmnsxla@armgﬂamvactl ng on a large number of
abr asi ve gr ains. Therefore, nano pits and/or nano scratches are

eﬁ5| |y pr Hhitfecs drasm amﬂ@ermersmilmllt lag deerofemandedyloagbanca i paiisieing speed dpr
f on- neaanshE Mo a8, it Sl BepRE i §bARind B8 £ o SRR M i s

ext rermmcbntgiaﬁfgz&&ﬁﬁnmhﬁﬂeasfanab@klaas as a processing target.
TherefBre the abrasive grains are not fractured in the stabilized or
parti apy st abilized zirconium oxide, and thereby, nano pits and/or
nano scratehey & he Ghcel ¥ iPRPIHEQLrAEENRpRY 0P BlePRbschEfh s
substrate when a I%ad Ioca‘"f)frﬂp tgcts on tét:epabroagl1 e Séﬂcrlta{j‘lilﬁn‘?sn%%irtChgrtoﬁigr@%1
wor ds,maiufectoning metil déa ghss stmhﬁdtaefssa sagieab dsk fxdiereby e dawisngh pal despinang

of the nci aI face t.he S bstrate. 1 I n vi f.
Che. aBEvEh Eh8S pr B Fumdines i wBRE PRUGHIFB Pounis Rl sfvrer in
appr ogolig éh@@ﬁlﬂ@i%ﬂ e oFithCHRMs WIbsBsledRin g%rshﬂf}‘ ohbirHe ArdBhibRCHRR as an
face of a ass substrate can be obtained by preparing zirconium

oxi de aézwam ve grains formed by both of the nonoclinic crystal l'ine

structureg 19%?01%}&? of ﬁ{oﬁﬁp%ﬁaﬁ of ﬁﬁé ;egtj:nlt wgntﬂl tcyﬁlto?%igﬁ mah aceiIng mtyﬁﬁ‘g&j ap

nano pl ts nano ScCr e not easi | uce
pri ncigyalss ﬁlﬂﬂ&ﬁt@foran@gﬂﬁﬁ_d&kbﬁkfeay & géind gmﬁbhn%’upﬁgi dah&c plintite hghddved ackean

of the glass substrate _using, as an abrasive, a slurry that contains
zi r corfidBRiGArEPAics 91@g&#aﬁuh%&af%?%ﬁaprs‘gﬁntf&tﬁi?lrblfenta?és%ﬂwF@ ni c
cryst aldohilien & prgibMses and the tetragonal crystalline structures.

Zi rconi um oxi de fornmed by such crystalline structures can be obtained
by sidb@iing zirconi um oxide forned by the m)nocl inic crystal I ne

truct t d h Li
he. monoctt e o G BE oRkHife SRSl SRRAESIC BRS bRy ool
St r uctdite@sia)oagicisnged intoBasastliaR mimomcmaasfat laSfenpeRRed opfougmgr 1, 100

present invention relates to a nmanufacturing nmethod of a gl ass
subst rdegwes Gelsips erdgcetragonl srrsialiae SEHCRESA pETPSTvIgrovei) it rapet ¢fshl 08y
a pringi h r |
S P T 498 GG, LR UL LR 0 B .0
st r uct@eless agebateet Miatiouid be ootydthatl, dvenevhst zumhmnmu@mf am n&blbdﬂﬁcl(&ystallme
[ 0013] I.n. the aforenentioned man(ﬁf acturi gl%fffrg %g of a gl ass

S

subst rEPEUEHAS heaikigivet iNengr SRPsRRET anhds Prpse {pagondlj Gygafine
Zi I CONyuEuRY 1 iflRy RBE@SN Shlti Poisc-BarfsAéd Sr@hiuh 8xi@RUainOphabd}@ansited and
tetragonal crystalline structures with respect to the anpunt of the

rmnocll‘ﬁw de ytbee alonpelmios erysialtiog e?suomgs by epdingblt ylowvalth tha repm amwrabtﬁre

0.7 to U not e t . the ratio.iLs_obtained ans
of 'x- riginch Pt ool w18 A 608 Rl Goid B LA Pailon TRER
the t eixiday@pal stebilisigdhdent) isbiivte txideSis Whidpel e&Ra Gl the rcii-nrp@a’ﬂﬂﬁnerature into
intensity of the monoclinic crystalline structures,

i nt ensYAYized onpar@ally siperizebeircqaia At reaeheg o table O@aaﬂt%tahieéﬁéq myhf[ fon 4f the

I n the.af. aqgg,%m@ pRufacturing method of a glass substrate for a
magnetlgcg sk accorgﬁng to the first aspect, the zirconi um oxide

Further, the inventors of the present invention obtained the following findings with respect to

the aforementioned objects as a result of dedicated research focused on the crystalline structures of

zirconium oxide contained as an abrasive in a slurry.
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Further, the inventors of the present invention encountered the

af orenenti oned objects and conducted dedi cated research for, as an
abrasive, partially stabilized zirconia (or sinply referred to as
stabilized zirconia) that reaches either a stable state or a

net astabl e state in the formof the cubic crystalline structures even
at thd0ddm tenperature by solid-soluting either a rare-earth el ement
(e.g., cabgium oxi HRgRes 0X| Fa: VLt (o] | i.d ]
stabilizing agéﬁtaﬁﬁ%o 2|rc%%fgki%&ﬁﬁ%ﬁmwéé§£%g§%?t#mbﬁ%&?%§e§€§$g%d
f ound Hahtssad Tharefagewhan @pireqabiatoofizes]ahe sabystrite ¢b mtisted ubieg alnrhdievgsinbyl

polishing.a glass subhstrate for a magnetic disk using.a slurry
cont ai ORI 200 s 3P\ the pRE PR B SR pelishing cBinarTbeRef
yttri WnaRRReHs Jllesh8RfaRA ditts § RIBA IRrledlif SirQaEe oxid OQLHE fracturidd6r

hardness of "yttriumcontained partially stabilized zirconia is higher
t han ttharbresive igratesniandnaorirtde fsue rbdrilpiby i extehdedntonoddwari marticle size side.

crystalline structures.. Therefore,, fracturing of. abrasiv rains.is
oy eabrcb{ihel bk PRy R g el aRe ] B PR, apdfirkba
di st r ittt dfake g%%um’atelﬁﬁgéﬂsked/\alﬁﬂé O bad efilics ¢ AbEIRAE M@ 10&HlyR8S oh Yhe

produced on a principal face of a glass substrate. Further, In the

case CPUASKE @FERsSVID ivEvely ftee pavigle srcs vitonhdisnersssly getinegimie lrgsmunbey of
‘he o or . ot ) e

por unp Pt e XEBlle, Qb IELAE o BT B ity ARG BEHCrRRGE
Fur t hefage dfthecgbash ehbteat@ssumed that yttrium contained partially
stabilized, zjirconiag attri hutes to enhanc nt. in polishin peed, due
to enhancg??eﬂ’f3 Q%I&Pgéd‘@ﬂ’rz& ot ﬁﬁ‘i“fﬂi)h F%ﬁ%gr?”ﬁ?% c@“‘iﬁ’ tf‘i’i%ﬂasoﬂg’c’?y ;tjll?
the gl@eposdiREkEANE sBIhr&CRas a HARINER! kWP hipAYH (BhnRat 38 8 YIBGhs3rddessin
reason for the above. Oxygen deficit is caused in yttriumcontaine
part i dbtggt. sTheehbiez de dirastenizains el neth&adtwed i dwcstabilived ar eadigly stdbitigédy
easily.. sed bet zirconiumcontained in partially.stabiljzed .
21t corfONRT iyt erelt Htogn argSh oo Sapshe syl O Helirnsioat
sur f acce 4 aRr dhRGHulstrald Whe0B lofd Sdchili€ @dts hoké ABrabiSe @aSis! Y IrS 6Par abRW,
fromthe glass substrate surface. [0018] ... As described above, deep
scr at CHEQMReOxids; has derdngssypuisehle & cxanting pelibing ofahe rpseal fageqfidhe glass
not ingpeaged in the post polishing step (i.e., a second polishing
step). Therefore, the edge of a principal face of a glass substrate
is not[0eERi |y rounded. Incidentally, the edge of a glass substrate

503 o e AR e S L LSS S e
Howev edf, zirbdhityrh tofkide B CRmtiahd & Brildsal FRk bY a $ladbdubltB@deasive 6BRIMRd by greparing

fracturing of abrasive grains is not easily caused as describe
abov e, Zigprium hexidsf Srasivet granedgacd by hoth efztbe mpnpdiprderstali@ostgiptures and the

Based n f e._. t ] i t
Do’ rofhebhf G $.R0607 n RF Horfl DR SRRl NGRS L8R
i ncl udirodnced poh psitvipad f28¢ efa %iss @&sﬁ&il& Fﬁgoiﬁﬁiggftmm%cipaifﬁt@ ofithelglasysubstrate
contalnlng yttrlumcotal e parti a ystal e Zlrcagnli a_as_ an

abr asi ‘&% FoupEyasive, a piry H@t SHNGHNS AEROTIYA OF IR e R ise B %gm%ﬂaﬁ Sathf e

gl ass lﬁ%mefc@sme S TRIACHE GedbRltoRf eREENAIsthRutdle SRCARG, S3REGImed

the abrasive preferably contains yttriumoxide in arange of 1 to 6 %
by nolley suflo@2gidiline strubtores han tzfodbtagnee hy kioteank rrenuifinckideiforgedby thednopbclaic

gl ass substrate for a etjc disk accordi to the_.second, aspect, .
Qubi o SRS P BT oo PERRI T SR TR FPGHEL FoPelth poctinic
di f 11 agydtlinel st @St foltheABBAREnA kiySthlihe sthRmuEdksbghdir es of zirconia in a
diffraction pattern, which is obtained by conducting x-ray powder

di ffiact i Gasedsn theyaboxe st gepectsrl theaysed diventig relateetogrnenidserngagthod of

af o nblE OREq Tt SCEL Kt RAfy SPOKrGP e SLpriphl e freoof e

glass substrate using a slurry containing zirconium oxide abrasive grains having monoclinic

crystalline structures and tetragonal crystalline structures as an abrasive.

[0013]



In the aforementi oned manufacturing nmethod of a glass substrate for a
magnetic di sk, the average particle size D50 of the zirconi um oxide
abrasive grains is preferably set to be in a range of 0.2 to 0.5 prm
[0024] In the aforenmentioned manufacturing method of a gl ass
substrate_for a magnetic disk, a polisher pad is preferably used for

pol i shi nglisthppiprieptiened mraufasrnganeghodaf aglasstupsitae Ipha pgnehivllipsancerding
st ep, | r: navi aar ' r 0,

31 & a RS DAL o DR aRBLA AR ARERE il o (A0S B0 ot br W el
a gl assystllinst statteret ovitharaspaghed itle dinskot ndythé modnod@mia cpysaliing gtriditen gnay
step of polishing usin sL.urry contajning colloidal. silica as

2br o RURgR G et 02 6 ofior JF Pk s g means of
pol i shiag dfr&fion PR kfined aslatalid6r bk SRR, 0P8 1TRBM R G SENRIsRARQT
of a glass substrate for a magnetic disk, a renoval stock nay be set

t o be Wiksspetidana prakérjensity efthempradinic chitallioe strystirdss hThegpeslk axensip0io hakin

The af @gg ' %EP acturing nethod of a glass substrate for a
magnetcfgglﬁJ iséﬁ%§%9$n %%@&%%winternediate pol i shing step of polishing
usi ng [e01ghi ny contai ni ng ceri um oxi de abrasive grains, which is
configured to be executed between the polishing step and the post

pol i shi ng e gloremsgbagied manu BFtea rigreabE PR maFchg difeaRerdingt
a gla r; §-C.1-Cli gl S .

ot Sency (R BS1 Eka, Il PolBA AT tRe TR, ISR SRR ¥ primary
step agadiciehef postnipn|dxslei ang the @pmaf0p@8Hes of zifeohiur dxids pexyt havé Hottethe

t i tion.relates t i c disk made of a gl
Subst PRSI SRR e REPRD S RIRGATEN S | east a magnet i o

| ayer [p@isformed on a principal face of the glass substrate.

In the aforementioned manufacturing method of a glass substrate for a magnetic disk according
to the first aspect, the zirconium oxide abrasive grains may not contain stabilizing agent.
[0016]

Further, the inventors of the present invention encountered the aforementioned objects and
conducted dedicated research for, as an abrasive, partially stabilized zirconia (or simply referred to as
stabilized zirconia) that reaches either a stable state or a metastable state in the form of the cubic
crystalline structures even at the room temperature by solid-soluting either a rare-earth element (e.g.,
calcium oxide, magnesium oxide or yttrium) or its oxide as a stabilizing agent into zirconium oxide.
As a result, the inventors found that advantageous effects to be described could be achieved by
polishing a glass substrate for a magnetic disk using a slurry containing, as an abrasive, partially
stabilized zirconia containing yttrium amongst the rear-earth elements or its oxide.

[0017]

The hardness of yttrium-contained partially stabilized zirconia is higher than that of zirconium
oxide formed only by the monoclinic crystalline structures.  Therefore, fracturing of abrasive grains
1s not easily caused during polishing. Consequently, a particle size distribution does not easily vary
and deep scratches are not easily produced on a principal face of a glass substrate, Further, in the
case of hardness higher than that of zirconium oxide formed only by the monoclinic crystalline
structures, physical polishing performance per unit time is enhanced and the polishing speed is also
enhanced. Further, it could be assumed that yttrium-contained partially stabilized zirconia attributes
to enhancement in polishing speed due to enhancement in its chemical polishing performance with

respect o the glass substrate surface. The following could be assumed as the reason for the above.
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[ 0030] A fourth aspect of the present invention relates to a
magneti c recordi ng/ reproduci ng device including the aforenmenti oned
magneti c di sk and a magneti ¢ head enbedded with a DFH (Dynam ¢ Flyi ng
Hei ght) control nmechani sm BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0031]

Referring now to the attached draw ngs which forma part of this

ori gi nGxyEgn deffcgdygapsed in yttrnecontgined pagiahesiehilized eirepoi, andebproisallreagtieny anf
a polighen. devi.g - ﬁﬁ% i ' . sed. i fl.rst
pol i shi ng lgglgl pe?ﬁglcé%g&lpé@gé sC eﬁa iC(§: %ﬁ%ﬁ@&hﬁg Y %t%élk[)z%% ?@%&f S % e ™
st r uct silieen dfoxaleZ3iOs)0in itherplex udetrabaatcy e AgratinglyfHilksdn iBdliendiodBe is easily

I ncl ude di agranms, for cqnceptual |y explaining a nmethod of cal cul ating
a dubS-GB?rf‘te%&Plﬁ}éhe(ﬂ?asﬁ S‘éﬁg@@%pe of a glass substrate; and FI G
4 is apgplwrt for representing nmeasurenent results by an x-ray powder

diffiaction device regardi ng abrasives of practical exanples.
DESCRI PTI @ dercrippiatioRe:AERREDIAMBODIVENTIS pfadio@2] and thereby, a removal stock is not

increased in the post polishing step (i.., a second polishing step). Therefore, the edge of a principal
face of a glass substrate is not easily rounded. Incidentally, the edge of a glass substrate tends to be
rounded when abrasive grains are fractured during polishing and the number of minute particles is
thereby mcreased. However, in yttrium-contained partially stabilized zrconia, fracturing of
abrasive grains is not easily caused as described above, and therefore, the edge is not easily rounded.
[0019]

Based on the above, a second aspect of the present invention relates to a manufacturing method
of a glass substrate for a magnetic disk including a polishing step of executing polishing using a
slurry containing yttrium-contained partially stabilized zirconia as an abrasive.

[0020]

In the aforementioned manufacturing method of a glass substrate for a magnetic disk according
to the second aspect, the abrasive preferably contains yttrium oxide in a range of 1 to 6 % by mole.
[0021]

In the aforementioned manufacturing method of a glass substrate for a magnetic disk according
to the second aspect, cubic crystalline structures preferably show the highest peak of diffraction
intensity among crystalline structures of zirconia in a diffraction pattern, which is obtained by
conducting x-ray powder diffraction for the abrasive, of representing a relation between incident
angle and diffraction intensity.

[0022]

In the aforementioned manufacturing method of a glass substrate for a magnetic disk, the glass
substrate is preferably made of glass having the fracture toughness value in a range of 0.4 to 1.5
MPa/m'?.

[0023]

In the aforementioned manufacturing method of a glass substrate for a magnetic disk, the
average particle size D50 of the zirconium oxide abrasive grains is preferably set to be in a range of
0.2t0 0.5 ym.

[0024]

In the aforementioned manufacturing method of a glass substrate for a magnetic disk, a
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A manufacturing method of a glass substrate for a magnetic disk
according to an exenplary enbodi nent will be hereinafter explained in
detail. [0033] <First Exenplary Enbodi nent> (d ass Substrate for
Magneti ¢ Di sk) Al um nosi licate gl ass, soda-line gl ass,
borosilicate c?_l ass or etc. can be used as a material of a glass

?-

subst reeligher gad i prefgrally jveeddios Rolishiag @insacipd facsi iy clpss fselstrety 1n the polishing
"magnetl.Ca.di §#iq§& ") : } ry enbodi nent.
Am)nggsitépf %gbgl‘égngﬁ ag?u no%?%sﬁ%gfa&elg%(%@égg@fﬁgfes %?e eérsgbl y used
especi[@3 in that it can be chem cally strengthened and enabl es

fabricati of . a magnetic dj sk, gl as ubstrate having better, .
subst r at ec@f’ raé‘?{'@‘f]ﬁmgﬂ?ii papastun r‘iﬂﬁtg%‘f Qgﬁeg?stsysugﬁaie I grinpRetindisk may
faces. inf @3 dost polislrlﬁrﬁp?st@;péﬂﬂ%ﬁﬂﬁﬂgqmr{ga_ sPrROAGHIE HlSiHa GBS a%}é%iﬁ% EALS,

of the present exenplary enbodine is not Irmted. However

gl ass whibsiscanfigure to beexpruseinfier tbxpolishiag stenbodi ment is preferably

al um gaﬁ%é]l cate gl ass having the oxi de-based converted conposition
of: 5 75 % by nole of SI2; 1 to 15 %by nole of Al 203; totally 5

to 35 % byn i efofinedtiorded afinuBRrife hefioddofl § @lkd BsEsOURr #imdehd dilla20
and 1(20; totally O to 20 % by nole of at |east one selected fromthe

gr oup 1§moxa sfockangay besietio bpigss tiamorzdal tahdmtipthgppss polishiBg $8P-% by nol e of
at Iea@%—gne selected fromthe group of Zr02, Ti 02, La203, Y203,
Ta205, 05 and H 02. [0035] The gl ass substrate of the present
exenpl ar y Taarbdaemenioneainatneacubring mehod iof at gasg| sassraeofot ai magngtic disk hnay
respect to the entire gl ass conposition, 55 to 75 % by nmass of Si 02"
5 to 18ud9AR W‘&EEedbﬂ{e Wﬁ‘ﬁ%ﬁ,g stgp ggp%ﬁ)@ws%g slugy Cﬁ?t%flgﬁerﬂ%n %5 pRyasive
mass %&ﬁh@%@jch@s 4B gurdd @%c BR&Ate® hettfdlh tth&Ifghjﬁ%g{% hd siQolid¥B3 std. 1
0

to 5 mass of Ca0O, and 0 to 8 % by mass o ro2. reover, the
gl ass 19 trate may be gl ass which contains neither elenment of As nor

Sb, contai t | east pne mul tival ent. el.enen elected fro he
P oun ot - e R o Rin e ihg hYEHE O o SN RHoE Sl Bl Ok 1y
| east iagleded chemicallpsefgthethd stepoohfi@udlto u@e}c&uté@ﬁéiwee\ﬁlzﬁ@&)hs}ﬂﬁ% & and the
Gd203, Nb205, Ta205, and Hf02. In a case where an oxi de of the

af or erROSEROGFURE S8R t i val ent el ement i s P205, V203, Mi02, Ni 203,
Nb203,[0 3, Sn02, Ce02, Ta203, and Bi 203, it is nore preferable to
set the le fraction of the total ampbunt of the nultival ent el enent
oxi de rel & thwd aspecCafOhé tpotsadt iavrotinm relafes tihve maghttiovdislembdebfearplats sostohe:

di vi ded by Ca to.be greater.than or equal .to0.0,.25. Settin e l e
1 ot bl G Pich AP el i el 74 o] e oF e
r emoV egass substrdéll t hernore, it is nmore preferable that the

af orenenti oned nultival ent el enent oxide contains at | east one of
mul ti V@8P¥it el enents selected fromthe group of V, My, Sn, and Ce. V,

(I\E/P]L e(?Pi Vglr}gfo%%@%f{a &¢ t&nle %}Qsé}{t lﬂveﬁﬁo%f 1%fa?e9 ltc? afn%gn h%@%&r&llgg/raépgodggqu ldee:vslce
including the aforementioned magnetic disk and a magnetic head embedded with a DFH (Dynamic

Flying Height) control mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS
[0031]

Referring now to the attached drawings which form a part of this original disclosure:

FIG 1 1s a schematic cross-sectional view of a polisher device (double-face polisher device) to
be used in a first polishing step;

FIG 2 is a schematic diagram of the polycrystalline structure of a zirconium oxide abrasive
grain;

FIGS. 3A and 3B include diagrams for conceptually explaining a method of calculating a
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As will be described later, in the manufacturing nmethod of a gl ass
substrate for a magnetic disk according to the present exenplary
enbodi nent, a polishing step of polishing a principal face of the
gl ass substrate using a slurry containing zirconi um oxi de abrasive
grai ns_having monoclinic crystalline structures and tetragonal

cryst afubratevadierafighedgashape ofn slipywibstiae; andar dness of the gl ass
substrat e gjavi g, HAg rgél%égﬁ{ﬁ# %?%Qre%'eﬁtsrgsuﬁ?gﬁ%ﬁ L '-Fq? ré%x!v er %%%c%% %e‘.tigere

such the abrasive as above. er words, e po I'ng rate can
hi gh wegdréing altrasiyais bSpracticalarangles. at ches produced on the principal face
of the glass substrate are suppressed in the polishing step. It

shoul d be noted that anorphous alum nosilicate glass is nore

pref erppseripa1OR OIS EYE PREFERREDNIMBODICEN® Oof the anor phous

aluminosilicate glass is uniformsince It has no crystal structure
such a90%]ystallized gl ass Therefore, the extrenely snooth surface

can be obtaine 0037 Fur t her nor wth r.e ct to the gl ass
substrate %W@%@C%}%ﬁ%{)d&% Fsérggbséfﬁ%%ﬁ HREneup %E%ch‘i?f“gjf‘% A5 epglary
set t henBodagdnt il BetiegRasSexyRind@intlekilt 0 be 0.4 to 1.5 [MPa/nl/2] in
Vi ckers hardness testing. It is nore preferable to set to be 0.5 to

1.0 [NP833 /2]. wWien a gl ass conposition having the fracture

t ough i b nge i s used, nano pits or nano scratches
pr oduce 8%&%H%r Egﬁggﬁw@%ce of the glass substrate can be reduced

whi | e ({(hass fatbstrsth fordviagaete Disk)\wel | mai ntai ned in the polishing step

usi ng the gbrasi.ye. re, the fracture toughness value Kl e can be
measur ed BYUEREIHGERS %’ﬁ?‘gﬁﬁ‘e éraésh g@ﬁ“fﬁ%ﬁ%i’ﬁa Of Hgeiqt 8F Uy ag a material of a

wel | - knguundr& &rs Rananask (heshafer Sitnphf RRR8d 10 RtMagndk 835 g,e%@shﬁsgag”
Specifically, the frdacture toughness value ICl, can"be cal culate ))
t he f ohltpgresgntfesemplaey dybodichenn tAmeongstile abbve aluimnbsiticateplasivan be prafbeably

the 1 GNgH Forbrily o il 38 bt BBk el RN T S et S Pacfete A
f or mul gass Busefe Raai iktte sDbsagishchethoad bEth si@facd HPeritl 6K@E pristiAMREM,
indenter, a represents half the length of the diagonal line [n] of

the VilORls indent, E represents Young's nodulus [Pa] of the glass

| at e, . :
byt S Andné pGEARATS Miphbid A kEK Bl & R SRR b bt R
W20124c08ttied, HEREO/ehabe glabundisiran ob fthad pesean skangplay fendotimeat sopighndss
| ue, .and Y203, .Yb203, |a2Q3,, Gd203, N205, Ta205,..and Hf 02 .
Ut oot M Bes Rl et B (16 B e e G R PRTAR0a0 YRS mole of SiOz;
Accor di 1al5¥4 bl BRI JTAGON! BtallP 8 GRSy VRNMT affeadt BE: BleASS rSHIRL ért]'&lp%fi%@,

be controll ed by adjusting the anount of these conponents. |
addi t i Ba0 Bd E20meiadh Oite2 b e yarolapiai lasionesalacted fimtrathe pripledyz@) Gad, 50,

a fu nCI%ei(? Qndoin(g,eaﬁa ?&ﬁi}fr&oal Of"/% %}CI Enl“(lﬁee oft ARG gelé’c%ld%'eom the group of ZrO,, TiO,,
Lay0s, Y20s3, TazOs, NbyOs and HO».
[0035]

The glass substrate of the present exemplary embodiment may be aluminosilicate glass
containing, with respect to the entire glass composition, 55 to 75 % by mass of Si0;, 5 to 18 % by
mass of Al>O3, 3 to 10 % by mass of Li,O, 3 to 15 % by mass of NayO, 0 to 5 % by mass of K;0, 0
to 5 % by mass of MgO, 0.1 to 5 % by mass of Ca0, and 0 to 8 % by mass of ZrQ,. Moreover, the
glass substrate may be glass which contains neither element of As nor Sb, contains at least one of
multivalent elements selected from the group of P, V, Mn, Ni, Nb, Mo, Sn, Ce, Ta, and Bi, and
contains at least one or more selected from the group of Y2Os, Yb05, LayOs, GdyO1, NbyOs, TaxOs,
and HfO:.

In a case where an oxide of the aforementioned multivalent element is P,Os, V20s, MnO,,
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[ 0040] The magnetic disk glass substrate of the present exenplary
enbodi ment is an annular thin glass substrate. The size of the
magneti c di sk glass substrate is not particularly Iimted. However,

t he magnetic disk gl ass substrate preferably has a nom nal dianeter
of 2.5 inches, for_instance. 41!1%Nanuf acturing Method of d ass

Subst ri¥e@s NerOAERRat O e Thos Rufiie eFd mgfet@blp firoeet e mple e pE
di sk

0 1 RS 21 A0 S LGP O IR B PLRAE
not ed eﬂémftnt vhide divitied byfCad)eap be preptch éraarobictjuai td O 95.cItaertggdhe {noR4Rktidrl ds

Mol di n of P ss, and Lappj.ng Ste For exanple, in a nolding
step an ht%%%@s%%kagﬁ%%ﬂYﬁﬁ%@ mol ten gl ass having e.g.
the afor e@%ﬂﬁéﬁﬂ%dlt %&Q%@fé@lﬂe it b BfbdnYonBGHeR SaluSRAL AUALS bYidb E'&ﬂ?an%

tub filled with nolten metal (e.g., tin) in order to obtain a pla
gl ass.atTaaet onpof @nlngalamlememﬁseleﬂt@}r@maﬂtemlofdt Mag Bin,and Wt thMnt&x and

i chrgsat ERRCIR R BRGNP B on 1ot e 1y

produciedis}Through the cutting of the plate glass, a plate glass
material with _a predeterm ned shape is obtained as a bl ank of the

magnet i ¢ disskllge QW@BQ% intthe mapdachiring mefiod 9§ 2 ghatssrbsiptefuragnagnetic disk

bt
he hor 2 enes e iefah TR RE AR At AFAR ey ol M ARERALHE e
ot her fiamdwubstrteausing di slgry teeptainngt hﬂ:ombmt exide aabmsmsigmgnqohm mAeindelingy
ol d SRS GOD WORHPhG BIE: SSHBEBYToH PR The LIS b EEs
press- dﬁBétﬂ%aUﬁN%ﬂﬁ afd?&n&@ibﬁé?l’“%lﬁ?écgnlﬁ)@ﬁoﬁtstsﬁipab@i}psu@l?ﬂl@ BbrPROS §66v3001n

form ng nold res fical | ass gob made of nolten gl ass
is supﬁhﬁfé@f%tﬂ@ﬁ polishi strtltemamrbb dighawhiles nanoemsentiano seriighdsqrrodwed et dhe

of at I nd the to a. bottomnold side
bar reI cfgcr?tolafgt%ggﬁ {gﬁée%%%“%%“lﬁ’@resse&gc%r%Dhﬁé]t’%sma thin plate gl ass

nmol di ng s;Itasheultl%ea&te@ﬂﬁa&h(yipmt@dmﬁ&ﬂbsm@ﬁtegﬁssas &i&@préﬂéfaf@&@b@@ée%@@use
the top nold and the top-npld side barrel and a slid surface between

the bof$ ﬁfH%CH’BfF of ta%n@ﬁ%olﬁ@l%m%ﬁfa glapefa Ui Retnce fiies re prystelrguetyis such
mold i§ r [ at ed

i mredi at l'y aft ésgt hg&g‘?%%stﬂgr% Sﬁlﬁg Hﬁé ?ﬁg&%&bﬁhﬁgte gl ass

mat er i [@037]s formed as the bl ank of t he rragnetlc di sk gI ass substrate.

It shoul d noted that th t facturln | ass
it o a1 FRadRoRs i o e M S s ot Shtirren! Setnbloey bt is
Mat er i fkfeRBle 1 8etNB Hhaet YhHHndds | 'vé]ﬁe RVioBeid.AR] €5 emretefon e\ﬁ!ﬂ&%“ﬁhrdness
manuf act uri ng net hods such as a down-draw hod, a re- draw nmet h

and a ®eEJhisrpehoElerptdo syt to be ONetet 1.0 M@(&E’% TngWhene alesd mposnon havmg
execut Il RE] erl a t
e pe e RS ulth B Bkt SRS et pla 8 pRl SR LR B
on an fase oféleddds basirste cipeatdicebivhil the b@hshtﬁ@ Ritdg well aessindidn ki polishing
executed as follows. First, top and bottom|ap platens are pressed
onto t¥f® BEEMSATAEFpal faces of the plate glass material. Ginding
l'iquid (sl | ' ]
onto the BRGarAeP U ADTRE, VRS R st Ao Eul B Pincling REELTa SiiRkARGh
condi tindemfer tofi@ welpkrsmah Hmkarmhm’daqss msat @nlsreaecbnm@\a@hss platet | Bpdcificaldy, the

each o | t. shoul.d be no edt te ter.ial
o} e s By Vs RE B R talbied pg S el PGS RRE o e it
have ainfdn@hihichas ebida tuhes el VicRers @Mﬁﬁﬁ@%ﬁlentb{hstﬂ%s&dclﬁ@ethe b hiaRRhAghe

processing may be omtted.
length of a crack caused from a comer of the indent. In the formula, P represents a pressing load

[N] of the Vickers diamond indenter, a represents half the length of the diagonal line [m] of the
Vickers indent, E represents Young’s modulus [Pa] of the glass plate, and C represents half the length
of'a crack.

[0038]
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[0044] (2) Coring Step An annul ar gl ass substrate is produced by
formng an inner hole in the center part of the disc-shaped gl ass

material using a cylindrical dianmond drill. [0045] (3) Chanfering
Step A chanfering step is executed for form ng chanfered portions
on the edges (i.e., inner and outer peripheral edges) after execution

of thdFe@ulhl step. In the chanfering step, chanfering i s executed
for the inner angd outer peripheral edges of the annular glass
substrate by nmeamngzof, for instance, a nmetal bond abrasive bl ock
usi ng dKaroho2 ve grdins. Thus, the chanfered portions are
formed. [0046] (%ﬁ Edge Polishing Step (Machining Step) Next, edge
polishing is executed for the annul ar glass substrate. In the edge
pol i shippgpistep, mnor finishing is executed for the inner peripheral
edge and the outer peripheral edge of the glass substrate by neans

of brush poltegisd iy WEI2O§6664 okt hasi iynétionet degredsimp @sragfureetogghnesserluam

(at t achBerof v P0G op el nay s e P ares o Birepsse
edges ffenird @ughRsSvaaubs IAl’cair@iang,eth@ lFrhdtine abiHnddy vire@ oS thefeladgdstrate can be
polishin I s thereby possible to prevent occurrence of thernmal

asper i Wg@két%wgsmgdbp amopraf hassRompEnes. b eedisenyRaChivhidy & gne of
2}3? ;[5 P%lﬁea%%g-g@t#grﬁétﬁl%ﬁd% alsh B4 Ainctivd of Febrafb%h ke HEiHAGs Fhied
[0040]

The magnetic disk glass substrate of the present exemplary embodiment is an annular thin
glass substrate. The size of the magnetic disk glass substrate is not particularly limited. However,
the magnetic disk glass substrate preferably has a nominal diameter of 2.5 inches, for instance.

[0041]
(Manufacturing Method of Glass Substrate for Magnetic Disk)

A manufacturing method of a magnetic disk glass substrate according to the present exemplary
embodiment will be hereinafter explained on a step-by-step basis. It should be noted that the order
of steps may be arbitrarily changed.

[0042]

(1) Molding of Plate Glass and Lapping Step

For example, in a molding step of a plate glass using a float method, molten glass having e.g.,
the aforementioned composition is firstly poured continuously into a tub filled with molten metal
(e.g., tin) in order to obtain a plate glass. The molten glass flows along a travel direction within the
strictly temperature-controlled tub, and a plate glass having thickness and width regulated to desired
dimension is finally produced. Through the cutting of the plate glass, a plate glass material with a
predetermined shape is obtained as a blank of the magnetic disk glass substrate. The plate glass
material herein obtamed by the float method has a sufficiently flat surface due to the horizontal
surface of molten tin filled in the tub.

On the other hand, in a molding step of the plate glass using press-molding, for instance, glass
gob made of molten glass is supplied to a bottom mold as a receiver gob forming mold.
Subsequently, the glass gob 1s press-molded using the bottom mold and a top mold as an opposed
gob forming mold. More specifically, the glass gob made of molten glass is supplied onto the

bottom mold, and subsequently, the bottom face of a top-mold side barrel and the top face of a

11



In a grinding step using fixed abrasive grains, the principal faces
of the annul ar glass substrate are ground by a doubl e-face grinder
device including a planetary gear nechani sm For exanple, the renoval
stock for grinding is set to be roughly several Amto 100 pun. The
doubl e-face grinder device includes a pair of platens (i.e., top and

bot t on®PSicETBAl)sideprEcl arafigniapted fogsh athers t Aagosdingly, iarthia pirésgiess arddipgsndce
bet - I b

and TS oF S2aPRodRe: RabS AELRHE fe SHIRERHEN it O Bu S U YRR MR £
each otlidenrfine epesea thenigptamdmoidvind gheebdtioarmok] shiettanefl  Fhghek, e ®PAnold is

botto | ateps. Accordingly, .the hoth principal faces of the glass.
subst pl]?g{irgreéaﬁ)r b‘?%‘egi’t’ﬂﬁ n]?f?%'%‘)ldlﬁﬁr"’t“ﬁg isnﬁ‘%?éé}teq Amgediaiely afierathe; pigps-molding.
pol i Shingrdh@p a%’céﬁl‘as&‘&ﬂa#eﬂﬁﬁs fﬂ,ﬁlﬁ@das%domfo@ﬂae n_ia@ﬁe&la;siégggﬁ duBygRness

Ra of a principal face of the glass substrate is pre y set to be
| ess t han lothoeld banotedthat the pethod ymatofaoyrisgthe phie glaspomattialss wd kmiéd ohise

princi f t | ss,substr.ate gannot .be excessively . increased
Bnd MOk FaE v e R Rl BB Fy RoREh et W et iR
st ep. KomnmahfiRirdy ahethdddCdaclpfas ah@wardrawi Mahod, acf-Rhw th&h@l a%Sa fusion
substrate cgegrades the edge shape in the first polishing step. [0048]
(6) Fimehopo|ishing (Princi pal Face Polishing) Step Next, a first
pol i shﬂ'sogg_a, step is executed for the ground principal faces of the

gl ass ubétrate. For exanple, the renoval stock for the first

pol i shi ng Nk p lapping ptocesoink é exeentdd| fyr thehesh plincpal faces DOthp PlatcRyass ebteiisl Gut

the renoval stock jn this. range, the stfrfac% roughness can be fully.
decr ed8etl p\riﬁqFtF%mP?degl?fQﬁ rué’('i‘gtqqlgﬁmffﬁysf% WG O p &L SRy Fpr disedpd Basis.
i s an Ghkigelllyofhe 14pirk gﬁ@desag@ it SRéARAh %1]1:0%%. eﬁihsﬁ{‘ BRbed hoRWS 1A gﬂjatens are

distortion left on't principal faces after the grinding st usi ng

t he fimesehratiebethgrincipaldavds ofche plefalgsematandln eSdndmg iuit (Slumm\iontasng

po | st reke B iy St B TR 8T PR sty

FI G 1 thscandiidhgh@iob@and bass: Be platefnak movedveliivilne fdh bBber 1t dRUICE: noted
(doubl -faﬁ%tﬁm i sher device) to be used in the first polishing step.

It shofiftdVB@ toplals ammaierd i%‘i“?@%‘i ir weape of s dox gethodethe gesimoidingyingipal
e, . o oo er .
oF P e o ® MOIEnAHE el Qo ik LAE AL WP bRl may be

devi ceomified.udes a pair of top and bottomplatens (i.e., a top platen
40 ang@@%ﬁottom pl aten 50). An annul ar gl ass substrate Gis

i nter and hel d between the top platen 40 and the bottom pl aten
50. The gl@ssormpBeprate G and the respective top and bottom pl atens
40 and 50 are noved rel atively to each other by operating and noving
ei t her or ‘godHulgs slapesubsipata ivoprodiced by fomtieg en 40ien hole 50 tikcented iparglog the
t he bot:h._prlNnci - trate G can be polished.
[ooso]&‘%h%%se?%agf‘h?%‘%%ﬁa?%é"%%ﬁ?%@rg‘%%‘g@@e will be nore specifically
expl ai[6ethlwi th reference to FI G 1. In the polisher device, a pair
of polish ads, 10 is attached to the top face of the bottom platen
50 and thg)ﬂgﬂng?ﬂng§?@ of the top platen 40. Each polisher pad 10 is
a plate meyHamERLIRY & Rx&Nel T fofthiie JRRHE igr
mechani sm as a \/\ﬁ(?l%,l i's formed g@%{%t a g%%tpéirm)gg%@%%;&g’ }séﬂlgleﬁ{d
gear 6mfer paripherad edeeh) aftenexBtia efjgbs ectingrstepn  duthe rchadfgsng@step, ahamfering is
di sc-sha apri.er 30, The disc-shaped.carrier 30 is peshed at i
nner BERBHE Yt AV eC ARG SR 0P et o h s By veks b
per i phgstanceatoietdl bend sHr@hRdlock @gthg idmofiidbiiBe ordilde  WhikCthe BRRRE S BSHiLRT
30 accommodat es and holds a single or plurality of the plate glass
subst 3k ®87¢- (wor k/ wor ks). On the bottom platen 50, the carrier 30

r ot at &80 d revolves as a planetary gear, while the gl ass

substratefsubstrates G and the bottom platen 50 are noved relatively
(4) Edge Polishing Step (Machining Step)

Next, edge polishing is executed for the annular glass substrate.

In the edge polishing step, mirror finishing is executed for the inner peripheral edge and the
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[ 0051] In the course of the aforenentioned relative notion, the
top platen 40 is pressed onto the glass substrate/substrates G (i.e.,
in the vertical direction) with a predeterm ned | oad. In other words,
t he polisher pads 10 are pressed onto the plate gl ass
substrat e/ substrates G Further, a punp (not illustrated in the, .

f i gur eYutsT Peppferal Gl he ksppbyrae %r psgnstof s pofighing, Sl sPnfaiivng frae

to sp é%%tf\éﬁf? Reddif3e o;lghééssloé%é%hﬁi?% %a%%#ﬁ% fhéx%ﬁﬁ%nf %gta%‘@?dﬁgl?ggﬁ&ﬁ{em

pads 10 through’a single or plura i pes

f aces dffdit, e, )gind becakagh danspe/fembsdte. pdrethe Glges of tho klastrabstiate anedmsnaéd byn
abrasive contained.in the slurry. The slurry, herein used for .

ol | SHPES TR BihBinelin ey ineride & ot GpuTERef fremd creripeand
from t godiih Fishs pRERATIOR| RtSMEN RATett. PathiBERd folorbagH to the slurry
supply tank 71 through a single or plurality of return pipes (not
illustlP8#8d in the figure) for a reuse purpose. [0052] As
material f A i . : rial inpregnated with abrasive
grai ns, fég%éﬁynﬁ%ﬂggﬁﬂgﬁgA%g%ﬁ%%ﬁﬁ be used optimally. Hardness
of the pollhshendipasted tsingsfixpd abesiadpins ahe principal Bkstod thtABnularnthss subseie
preferably s&t to be 90 to 100 in JI S-A hardness. Wien the hardness
of t hep&IIUERhEY aslonbledace Lriggsr deycymckignga mgsielars; gean mechanisiy g Resgamplse

good f | ait fi pohl.Shi

IO o 8 e RANR for HEABLR0R: RGN el il iEto] 100 3m. POl AOULRAEEL Bhder
oxi de, ddvee iecladeplaepaid of platepy Gfcgrtag bl battage platens)av Eha genuleargidse lsebsgate as
of the. abrasjv ins tog be 1 to.2 itin and the i egnat i no

Do bo. iaoashaagtlboifsel fheon fpd Semyesthsc o SWtsei et e M s e R e
anount relfecti®Sisp Arlteddte RS larcBoved rdativelitd bdcRRBRSLPopetdifg BRI hoRRY cied

| acks, so that sl urr)é i's easy to cause pl uggl ng_and the polishin
rate i@er pdcekthe &g and bewgm alatgsp.o digspidggly, Nedath macipplpipesy 98 the @ Frbeirrte

is gre r or equal to 35 % brittleness of the polisher pad
makes ?a%'%gécﬁﬁ@ult to mintain the initial properties of the polisher

pad for a Huethgniokd)dn executilge b efirstt jodislaive stayg evhidr dilicbe desciised (16¥) theaafase
a 50 % particle size in cumyl ative vol une frequency cal cul ated b

vol uneroREEEES %%Oﬁsﬂrfgﬁl%lafs%r éheralﬁﬁfltbﬁféat%ﬁmfggﬁy Fr4 o e U cayebioehs
I't shopld B aRied thatehivad Q%c?lcbjf' {H ﬁn&ﬁf I6& of IR LARA 8ot Barnh@Pbe

platen 40 t0 be applied to the glass substrate/substfates Gis
pr ef er etskspivielygudreasachnfl thre sygadeirpughnessl emi beddlydowersthinrtbe firstgublishangséep.  Too

lied to th I bst r.at trat G FE t ti
PP e g o B B G o RS Ry Sk S teS oRFIRP ks o b
gr eat epolishiagstep. equal to 50 gicnR, further preferably greater than or

equal to 70 g/cnR, and yet further preferably greater than or equal
to 90 WEA®I2. Further, fromthe perspective of reducing suatches and

stabilizi RV i.shi { |Ss preferably | ess than or
equal to E@bﬁﬁg%fmng%%g%I?é;?@g’%gf/ﬁ?ﬂess than or equal to 160

g/ cn2, andVNsseta first pdighing seh ey enzbyted &8 shd pamndprirepabfactscof i glgdscauBstrate.
Put the above together, t pol Lshi Joad is preferahly in a range
of 50 ' k8oLl %@@Wﬁ#ﬁﬁ%@?ﬁ&%’@é@%ﬂs Hersis peliybe Yy @k
and yeRyfstih 18k rBh§faf 5B % thid rahght AR Surfle RAhRIAONMHCARy déRBsdl] while the

The supply speed of the sluny in polishing processing depends on the
pol i shdegrpladen aithe edgs sbapep® sippiessed.anidl iscrrmbjeciolighe titsepdishing gteg trdelintinate

size of, the gl.ass substratelsubstrates However,, from.the . .
o epolety i RaT AL Rt 8 Gp BN e LR RcsLaiesivg grein
pref er aid 4 rdglate wANGE @iMiBOWakDeRO00 M/ mn, further preferably in a

range of 1000 to 4500 nUUmn, and yet further preferably in a range of
1500 to 4080lieyevicerne rot ati onal speed of the polisher pads 10 is

pr ef er abl yri : : r 4 I :
of 20 to A0 RAAAGerl BNk i el Buckitite S RIERERARLIGE Qi 3o
reference to FIG. 1. FIG 1 is a schematic cross-sectional view of the polisher device (double-face

polisher device) to be used in the first polishing step. It should be noted that the structure of the

polisher device may be applied to the grinder device to be used in the aforementioned grinding step.
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The slurry can be prepared as follows. First, nonoclinic zirconium
oxi de of the roomtenperature is sintered for an appropriate period
of time while being kept at a tenperature of, for instance, roughly
1,000 to 1,200 degrees Cel sius about 1,000 degrees Celsius, which is
closer_to the tenperature that phase transm ssion of zirconium oxide
begi ns [0P#%m t he nmonoclinic structure to the tetragonal structure.
Accor di ngl [IaF:}s ri
anount of %%ler eﬁﬁl ur"?lll;leIS }%Elhigdrlaﬁ%luéygggg?ﬁ%é%(bgﬁgnﬁﬁéngﬁ' "%ttgp
di sperdatat 40 an&adao&ggmmgen FON Ambnviar glags sabgodated@ jsustposed amd kedlEbdtwean the

char Do o £y PELAEL LLSgCUhant el e adSed (B the (L
(di anepigens Qbén@'ﬂ@%?e b LhevHPR A6 HA ro &gy éﬂdrrﬁé(vu'lgseﬂl@luﬁ' both of the

prepared. t he di s(g)er sant, phospha suI onate, polycarboxylic
aci d, tpgavt@t@m@atwé%n #.c Acsaidingls, theb@h pringed facas f fvadshabsrate G can
amongsy Jg bove sodi um hexanet aphosphat e, sodi um pyrophosphat e,

pot assi um pyrophosphate or etc. can be preferably used. As the
re-aggpoegeiti on inhibitor, fiber or sugar (e.g., cel | ul ose,

car boxymet hyl cellul gse, nmaltose, fructose, etc.) can be preferabl
used. Fr ombesBushae o e ppiserdevies Syl be mere spesjiicsily @ﬁéma%lr\a@} TpEerengeoy éG
preferpbly set to be greater than or equal to 6.0 and | ess than or
equal to 12.0. The average particle size is preferably set to be
gr eat er t Hathegoligguddvicem Burbf polisherhati e ¥sis titteehedatn tlmqqafacet of the fpition yAateh

| ot SR Ghe iy e brshero oo Bah pofier wit i nafcinanb daed inyen
set t hguisdpadandsey | o hanadPe@f mehBRnRA i CMR1S isZBmbcd aB6ut dceAdSkis (RN

or equal to 0.05 i mand less than or equal to 0.15/2m Accordi ngly,
t he golitia suirgeaicel. Ao Utitpe ssardR dispeseg onnp iopigt edeacad @ﬂlS@Jﬁl@pgd mer 30. The

substrate l.ass suhb

bt ai RN RL ST S RIRRT sk SR AT PR Bt ot
nano sanatpetipigeryveth wWed intoeeil @éaaIGBEdFurther thehdiscaiapbat caffer 30 he@RinbMaRX bate
abrasive grains contained in the slu %{F‘@IS preferably set to be in a

range ]Efﬁdsla tigelo 8t paty tithghplate sW%%xbﬁtr G okt iOn e |b§ﬁ9“éﬁ13§’n 50,
the high chguelo Bfaed AdrehBBesSin fp?é}ﬁta%%érglggrgﬁ% ?@fghag bRfatdAGhRRles (AL

the gl ass substrate and the poli gl ass substrate can
be ac hbmedplatﬁmﬁﬁ Gile moved\mmelsa tnteedleaztlmn d@éthet He saft (gezenﬁé n iodatetin a CCW

condlt i um oxi raS|ve rai,ns can S.

vt o BaTerBECFRS G RS B a03: Rl CHR e REsY BeSion
t et r agphaintesay géa@bbhéﬂ 8ocBidindG)! 10ERRL inAlfe @CTE Siddction. | NG ARKAE rd&ivEMAIHOA is
acquire a roug m d- har dness between the hardness of the

nonocl plﬁdl@eébeta@m@e gealtanz-sighgolishertpagil Om@ﬂmalasag&ﬂtaatefam@éqs\ﬁé duikeiviss,
The m ﬂe gﬁg ggstﬁ'ra’%e{sgbsﬁ%%ﬁ%ﬁ ﬁ'lte ?op\})cfz{terpﬁﬂ dm}hile’}ﬁoxleﬁ ?el % (%%ﬂﬁ lﬁ‘lgi‘c es of

the gl as a ar
di stri[@0filon between bef ore and after the poli Shl ng proceSS| ng usi ng
zi rconi um og} i de abr grai.ns fabricated at different sintering

t enper at urB&egopsse W&Wr@ii 3F soey thedgaplerglas @Pﬁﬁ%ﬁ’m%@e glass
t enper @l e/Qbstaf3 % {. Qaﬁﬁ tﬁ@@erﬁt%gﬂl?&ﬁor%hﬁ' 'éb?ede e%n%@{@@ r & YiR) wolds, the

sintering temperature of 1,000 degrees Celsius (m ddl e tenperat ur€)
and a wilishesrrady 19 @nqaelresaeclu rogtoothe pldo @laste grbeteate/ ObbtgitassG.( Hiugther, a pump (not

tenperat ure)... nthe.sintering tenperature.is |lo

degr ee %@%'Lﬁéhe F%‘% lércg?ﬁ'g“feg!b Bﬁg CONPUhTERY §%P m@b“"ﬂga@éo Spaces
gr ai nsbeak€enfthe FRS QBktatdRybitARs @&Qp‘hb rpbl@sh&t bads tlormugtaél emgle%&% ARy of
have a | ow hardness. Wen the pri ncﬂga faces of the gl ass substrate

i's pol Pigted udihagrinsipal fees oitherelsss salbm@séﬁ armpoliskedaby sspessolyan

fractu @1815%% g,

Ther ef %)Hrr%g/e?%mgﬁgdr %t{%%ﬁhésffz e g @fr?’ }%ﬂe Ionis %g Léhil-%etg@%l (%%L}P%@ate/s?bg&rvates
G is preferably discharged from the top and bottom platens and is then retumed to the shury supply
tank 71 through a single or plurality of return pipes (not illustrated in the figure) for a reuse purpose.

[0052]
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executed. In this case, due to less variation in the particle size

di stribution, chances are lowthat a load locally acts on the
abrasive grains, and therefore, nano scratches and/or nano pits are

| ess easily produced on the principal faces of the glass substrate.
Further, the zircaoni um oxi de abrasive gains, sinultaneously

cont ai ni ng ScRgERa ey the golisherinad 1Rpmatensl impregpajash with phresiv grais, derecxamale,

t hose t ; | 4 : .

han t RohfRobf G A0RY opftale RSl HERHhGer 18 iChaRLRSARLERT 0
gr ai nsl@oabdhisninog mwefpablyl sei toelse 80 td he) rellfagbmdheser YWehenl thi rhardness of the
structure. Th fore, nano scratches and/ or, nan its are_| ess easi
o oo b S AT Sr e R pa e Ean e shaps e s Substat
pol i shinAigk firkiQoli@ e HdpRan b Bhtaiaet, h TOk ~Rade Ogﬁﬁ%%[@%%g%?%&rmé;%%&gnﬂ&,

can be set to be less than or equal to 250 rim ( _ is a
schenefor exagipiegr 3ns preferblerta sdt pgavernge paticle sing ef taf abrdsive giasembaihioding and

abr asi : J iyat.er te rature.is 1,100 degrees .
ol o1 £ iR A 17 o3 28 GoiscA ONREY" B it Bestp el Fieaneron:
i's predresuablsylesg tigatce eqlidl @an2D%, ftilahest of BO polisheegyd 1AkS SotihaglugY iLekato
to 2 itm nore pref rabt%wéfss_than or_equal to 200 run. As described
above, S ¥ePlugaRs K tha PPN rate i dpaeasedoinaerd| jjodyelalt erVhondhe Brpregiaton
to 0. Lfi _ C ' . o
base. Uy, 3 Htalcf in bl @Raflh 25 8 Mrisloles of it il AAGHREA Bl habys?
part i ctheinjtial propetestay the ppliskegadtfyr adéngymherary particl es sintered by
means of sintering. FIG 2 exenplifies an aggregate 200.forned. by
Uhree pri S T5h Apsredeaigsy See IDSOSTRR y O o dlhtch a2 Srigiyer oume
si nt er fr@giedcSTRBEIAEAB LV rAdiBn d@eK eSuler idhURe siededl pRAiLIERLY, particle
of zirconium oxi de sinultaneously contains crystalllPes of the

monocl i%A%d crystalline structure indicated with "M and those of the
t et ragonaly, g |1 r indi.cat i T hl.e the..

pr i mary par U6 nbleB P bl o B el o pras Ao B e
Si nt er glag stitetpesdbstdtes G & pedfanl e egalard for betlifa dBBERRMisIGRE BhdiD beapplt to
bet ween é@g%%ggunts of the nonoclinic and tetragonal crystalline

structtif tte{epstaies, o dEAmURy exprRstpart aducking ambhigh polishing spged, the
SLruoter . . : . eSS .
ar dnegstisiahg fohd g%gégﬁtamg cHfr AR & Gh8%o @egag’;{ %.tﬁrt]hgﬁgﬂef%ra@ %ﬁ?@ﬁ%ﬁ(}%gl

the ingredient a the crystalli etra
cryst afol Ymg/csf,rmmtdhﬂﬂmimerablhi@m thar dnegsl tO\B@rg/dtie Budttegriromy the

t enper at ure. r epar,kabl cee 100 degr eges l.si us, . ph

tr anel RS SERURE e Byt Py T piRy S e 1 RSty uiten pi

causededuht tb 180 et FtHenp@Fet M8, (8RR or 8l B 159 o/ciB VMt fulh@ PrafdralPless

returned to the roomt ngprature, phase transition to crystallites of
3

t he nofeeeiard @ HsF/an i Fat be phave tnesthprsthe polisbingdond ispraferably in Reange pEY0
hand, .02 . t n |, Qi I
e A s
correl #itetMltgasintering conditions (e.g., a tenperature) when the
zircongﬁg%oxide abrasive grains are fabricated at a predeterm ned

t enper le range about 1,100 degrees Celsius (e.g., a sintering

t enper at urgeGipply QR84 bP it kRS iHPONSES &Sée%ix'(rg%e ERRLnRNA5Gish&raadd 0, ok

begi ns from the monoclinic crystalline stru e to the tetragona
cryst atanmpesitioss anddengityeof the sluryenil tim ©%d dfethe Ehey aberate/substatesiGht doweger,

tenperature, for instance. can be,determ ped so that. an ropriate
nar onctat i posgeote LA B aPR s R SuriD apef i ier R, 28 rior
pol i shiougo 5EMXEYminAfuithEd Reforbly ea ARBLIEH 100 td 4500 hdhiiagaa 2kt feHhes bafddbRe
structures is preferably roughly several % although it depends on a

si nt erfiigargssdil #9bie. 4000 mlmge ~ siliegotgtionahweed gidhepalishas pagsst G sredyrably ip a
. | , i .
o GBABR00 S PR P o File RS o SRR
range of 25 to 35 rpm.
[0055]

The slurry to be used in the polisher device of FIG 1 contains zirconium oxide abrasive grains
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[ 0062] A ratio between the anounts of the nonoclinic and
tetragonal crystalline structures contained in the zirconi um oxide
particles can be neasured using an x-ray powder diffraction device.
The x-ray powder diffraction device utilizes the fact that
diffraction angl es, formed inirradiating x-ray to a sanple of

2i r confaYRgoRPERelipisrarystalline simgares rhergingtisy way be iy refereed clor asamaenoghinian
the t t
e YRR HE USRI NG Eah AR Sy ARSI o

t he ves'ttdcmeds”)aas gn i abdisivat e%h&jlzfréananm ioanlel dtr@nel tging lint e Jirdsynt. exemplary
Nanel y measur emen% result, a value of 20 where a %)eak

in.t
ot ore BRI B Doy e g E g Sl B EHE. Y Prie RaRE s o
di fferent hptywash cih8e PPl R Bl6HY StFakl nRoSiUStWLRS Biide 1P8&he room
tetragonal crystalline structures because of difference in
cryst alemppratuss is sefanededr an apprapateppsaikd iof tima svhilp being kgt atre teapdratine of, for

cryst b i At.eqra

int engiln%tjaék%tor E)gérjl(gton Ooﬁgr% %r?@?s ik bgatgﬁo oy cf%gre& 8%_&0% WLWH i§ dosepfg the
peak i rimpasiute/thatfphbdearahahicAgosfdircaiiva toalde bﬂ@nﬁsﬁ‘dﬂﬂ SHelthéhotitic BficRRd toahe
a peak area corresponding.to a crystal face "hid = 101". A peak

posi t i KRR BEICEIER aj ARSATIERI Heasy pgyder ﬁo?fﬁﬂméi Falpsegnently an gppropipte
t he Br %St

i 11 aap b of RAEDA i Syl AR REE ARG oD RioeaBEREn i3 pit
a wayv ehdgustsrhanoflecria eharge amatlifier; fspdymhoﬂ@:cuimtb&c) ardsadial mhthagircoaivgr aids

wWth cr aces that are .rando ned t could be aligned.in
o | ent BTshuith AfSTed Ntned PR 58 Fnbof) S iim 8 e e B sy
pomderlsmufsbfe@m on nethod under a condition WlthOUt i npact of

orientation. When t he x- I‘%DOV\UEI’ diffi action device is used, a

ratio bet vketiedirpersnb hemhete. nifensio mobicithoxylianeids pelycagomdate or etc. can be
t t t f t.h
FL%’anﬂﬁr&Hﬁ ed rﬂgﬁﬁgs@gaéeona 1 %’E rt})?/ ga[lbgﬁl I&)r(]iﬁ.gré ?%QSJ%F ahos sodm%% ﬁéapg]gwate

positi pmasszﬁfﬁ pyr@ﬂhoﬁahatmnot latcr mﬂﬁqirefbmblyheed)e@ls ﬂlélfe@erggtegatloﬁfmﬁlblﬁar fiber or
nonoclinic, crys {Ilne structures peak g)Sltlon 20 =

28. 1) . YOGS celluiop| ARIyR-hd et é‘EFHP*i’?» Egors e ) B8 s Biekrebbt esd-
Wi th thenfmé b&ygeagxe%ﬁﬁs%é}g&h{quﬁ&%rﬁ%f é?éiﬁ;'r ée){gg% %r&?er ra{ah%%cggi

faces of the gl'ass substrate.” That Is ness s set to
| ess tﬂ@eﬁrﬂ@lﬂlﬁqmomQQUQ%m@q while a mcro WaV| ness (MVWRq) is set

to be | ess,than_ or al_to 0.5 Furt her more r hne

o more prBPATaRR Rl s el e e et oretind LA Bl gh or
I eNDV adquslt 0 Gkunt, Andis In@sé prefkdbBie@ betoRRtcMhag Br doBiallth 0.2SMPSRNHS rﬂ{an%} &Rl
is reduced and the edge shape can be avoided to degrade

m cr o- Ry HBs sMoERvHelt Idpilich Pekahiseset thy standgw) dewiabyn $RVBL @R@)ﬂﬂ@@ sige to
| cul f
ol 5.65.A UATOOTS 41 ® OYEL LD 09,51 A0 g L

face. ﬂéughmssa]fpiheqmm:ipei fadecofohenginss Reisaate and the gombaige elhpb wi the Mgedubdriad
of Fol yt ch cor ti.on, The_.rou ess of princi pal face can be
expres %BWFH}?&G%GQ@@P&%ES @W@églepsélstea@f? o paEhs ate wills
BOGOl:lzlgigtJamemhen being greater than or equal to 0.006 pm and | ess

than or equal to 200 pm the arithnetic average roughness Ra can be
measur ed bhhe amepntiofgircengien oxBlerabraswye g@VbS@QIﬂ@'nG;b'n itesshufy ifprefecablyset 1Gbe jn

Ltd. an n L Iat b od def | . based_on.JI. S

50633, oigat 0D, 58 ey Meify osthelfig MRCafStnt B s 25 8 i Breb of by
the arsuheeidughraestage pliatiph magsofRie %&%ﬁ&tﬂ@@ MshirfgOratel d¥Sitha
Nanoscope scannl n protI)Je mgécjzroscope ?%Ekom?: Force Mpgr%scggtrpae AFM%%}S

Japan g epbeaiieyeding can be cal cul ated by a nethod defined based
on JI §oRH83: 2007 In the present application, it is possible to use
the arithmetic average roughness Ra neasured with a resolution of 512

When sintered under the aforementioned conditions, zirconium oxide abrasive grains can be

formed as those having both of the monoclinic crystalline structures and the tetragonal crystalline

structures.  As a result, the abrasive grains acquire a roughly mid-hardness between the hardness of
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Next, the glass substrate is chemcally strengthened after the first
pol i shing step. For exanple, a mxed liquid of (60 % by wei ght
of ) potassiumnitrate and (40 % by wei ght of) sodium sulfate nay be
used as a chem cal strengthening liquid. In the chem cal

strengt hening, .a chem cal strengthening quuid is heated to e.g., 300
to 40@3@&@%@@@%@%@% ghdy tgiragenal Abpsive &ransor dhe prdhamipsps is
heat e : i I S.subnmerged into the
chenigg%g?ﬁﬁgggyﬁenl g“ﬁ?%ﬁ??q?%$§@£§gﬁg%a?o £ hours. To chem cal ly
strendiOB&l the entire principal faces of nmultiple substrates, the

subnergi ng,i.s. pr.ef erabl y. execut ed .under .t he condition_ that the glass
Suberr ot oalifidRiE b S SRS HBRED R B e Rl PGS Re e
t her eofirconium! GkideaiFasseDIBNQ EABE AL atOdi S SntSHRS A RpbAtRs B HeNRAdiGREr

strengthening liquid, Itthiumions and sodiumions on the outen-nost
| ayer @laingd refgapking & siptsting feanparabire eSlsescthan B0G, degrss Celsivs dlgwi tampersoet),uam

i ons t i i td Y. havi atively .large ionic
ad ue iy @R PortecR 1000 BERES OGR! Ribualy Bhd X Simrn ARt S0
gl ass BulisdepteCélsushighngigeened. It should be noted that the
chenicallﬁwgé{ ngt hened gl ass substrate is washed. For exanple, the

cheni cal | ol degperagres ispsven then | 0 degread Cljuguthe Jieren fbrigated
and i s VRS i : JnurkS

(Fi nal Z)I&E’%I&lns hi nglgrg%lg%&(d%géfﬁﬁ%o eldgjm};n S% lé%giml&%ﬁﬁxt , ’gnd?@g%ﬁ)ge’ have a
pol i shiowdasineys. | Whex theptindpdl daces dfehayglass sutstrits {satished heng tha kirgonium oxide
strengthened and sufficiently washed., K The second poli shi step LS.
ht endUSNE. RS b Por e HECHRRR O HLF HPRRde B Ro gt fudis boldie.
| Nt heTigpgaR0the phrtigd kingdistiBRtionti Shifk RIBYaHs 8 1R Karfide §88 dieQo BR H28&8ng of

than or equal to 5 M The renoval stock is preferably set to be

gr eat efhe abjasivaograing g a tago vé hetabrasiye gringdth aslatively Wedstrartiste siggriprediiged.
and/ or j i.rst . i.Shj t i.n
order ASPRRUERURLEREbE AR RIARRAL A bl beiablo OERTL M o T B e
nano sgizeat Thesfosy earvenmichel dnd/ok hencsgisasd 1P bk ipslducd d@ittePpridoipal Bees of the
pr esent exqgglary enbodi nent, the depth of nano pits and/or nano
scrat cHES S¥STHE produced in the first polishing step can be set to be
| ess 1 han WheRf@htel 1eRPerkile I OGS Rlzfes EOGuL, BEPER HhRGHKA CirodRium Gkid
conbi ned yal%e of ?ﬁ% re%%vaﬁ st’ocks qf?theufop and bottomfaces) can
be setabrasiviegrdinsse aldodprmead calpbyl the mofoditiostiuctrése Sloweve, tholardriessithereof is

step. . F xanpl e, t.he pol.isher. device used in the f.irst i
por 1o ingef by TGt HERE o S5t BRGNS g A i siblgog e partice
pol i shiingligiiRiioh wiidshedve pirtidlé 858, Whehfd disibuth@lol tﬁéwmgnﬁ% 8Pthé Borhdhe dratike
and the particle size of |oose abraS|ve_gfa|ns and hardness of a

resi n Popalighiag, is inhibitgte  ImHissqage hgweayen 9o is exraved Whiomiaathlasgibyects on
oL = e . ; S
i norot 5 aflpS e Bl PERRIRiIC SR PAEHE S0 B S0P AAS:pif end o be

sl uny, pradiecdisethc asndijubiabead theabsasibstategr ai ns to be used in the second
polisgbagﬂstep. Accordi ngly, the surface roughness of the princi pal
face e gl ass substrate can be further decreased to adjust the
edge shapewhéh the RABHRY BRbGahRNYE 100 Wkt BECHRLE thedek B! HbiiGicl Qirdnitint'¥ide
by the inventors, zirconium oxi de abrasive grains are found to be
easy tabrastfiegramstsonuliancoysly terdan efystallites pthe sheetligicagstainbsttuchireand those of

Howeve usi n rasive grains ot.her than.the zircqpn um oxi.de
o e g gt Rl A A ol bR MR SH ST oA bl bR ot e
gr ai nsmasgteiiie trisallindestRctiRCandathodeasfethe rettdiend | ctkgtaliiak | susttibage ngiral, g

renoved physicall%. . The polished glass substrate is washed by
neut r FICARPR Qi A0rastyE grapsthaye a\wardgess greater hep dirag Phige yirconiur gride plrasive

i ok PERRE RN Gl ol Sl B e roneqR A M OREAE: 1 Rbr bR B AT IRR

grains is thereby less easily caused during polishing when the principal faces of the glass substrate

are polished using the zirconium oxide abrasive grains as an abrasive. Therefore, the particle size

distribution less varies between before and after the polishing processing and polishing can be stably
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For exanple, the magnetic disk has a structure that multiple |ayers,
at least including an adhesive |ayer, an underlying |layer, a nmagnetic
| ayer (magnetic recording |layer), a protective |layer and a wetting

| ayer, are sequentially lamnated in this order frombottomto top on
a princi pal fgrg%éof a . m geti c .di sk gll ass, substrate (hereinafter

si npl ye’ﬁegft@* r SoFasts dugfod gy spsiafiogy the particle size shistihyfien, chansessanp owy et
1S | NOREHEAH AR 17 AREHY BRths! ot GHR Do IEHLER and@ithahd git@eﬂé fes] ohSily
| ayer, the underlying |ayerr and the magnhetic [ayer are sequentially

f or medpradused ointe prinoyeal frads of deelaof subktmtesubstrate in an Ar at nosphere

by means netr.on spattering. For .e le, CrTi .may be. used as
Che. adhes FVENalf B AR e BT BEInG G BOCRRY LTS gty of e
For exabidcinic CoRkIlaé bteynit@ahdiBosk SEthe Afrabdifa] dP@IRLd BrubtddbSave a hardness less
Alternatively, CoPt alloy or FePt alloy, having the L10 ordered

st r uct Wi thahalstabized foreartially stkilized)yrieonie abregise Sras chetainingseystallises of the

magnet | i t I f lLaver.s, .th ptectiv
Sor SRR AL BRI R0 b SR o SRR
Next , an thietprindipalgfatdsestthe plass substese tlirtigy [yfishing.r Gabv @kdigpld)i the deein of Rbug
t he surfage. cordi nglt:%@the Era netic recordi ng nmedi um can be
forrreds.cmg%‘&%@'é&’éﬁ?‘}oﬁ“ €\jelt P ?I%S%t%"é?re& o208 ned by appl yi ng
e.g., fob (perfluoropol yether) onto the protective |ayer by neans of
a di p coating nethod. The fabricated magnetic disk, together with
a nmagnet i d'lGekid asvhmuitie diagrahillastBfikg hDpmantire of-fhy izingpnivan ghitly at@osivtergpdins
mechanism.is preferably i.n l.ed i . H rd Disk Drive) as a.
mmgnet PRt Sp8ff RS TnE0 it ERibosat Seiainloen patice
Enbodi éfeiteenium oxifle [%ﬂ_%fé@l@l& \dfchROthARbINRMHaIAb 38 nfl AS FesSMATbT QLA 16 9nBmore
magneti c_di sk according to a second exenpl ary enbodi nrent will be

her ei nrefeeplydsss (M ms 6aualog e | dsdesskibes) aboee, diemeraga rarticls s is preferably
f o ' £t . .
erbod el ity e B TR AR It ffh LIPS Dl 6 RERBAE L REOTR LR b o

enbodi aeditasive grdirhard, mayhie mfered @k Ui seegndiet putitle’) fdnhed Py € glrdlity of primary
exenpl ary.enbaodi pent i s dj.fferent omthat of the first exenp]ar

ebod RGP PR g™t ChBFEETG e FGnt SFAGUTPh et Rresls 190 RGm Bk o deer
in thep&ﬁ&%bargggg goi ng (principal face polishing) step. It should
be noted that a fracture toughness valueKte of the glass substrate is
pr ef er abl yAssBustipisd Pl 2, when thetsirftiving/ternpepqtyre anld 1 (oodegrepeC dfiny, advhyrismty

to be 0.5,t0,1.0 i.n_Vicker.s hardness testing,i,n th resent. exempl.ar
b boqi MR Of Giferilin \bAd AORTS SohERL il Pest RE o R Rting GTRaRA
sl ur r ystiuetulzeintisged fxith “Mrearfdofhbsherihe %g(ﬁlapérﬁzﬁblﬁl&stﬁ@m&ﬁlﬂﬁate@%/i&hQ””,

abrasive, abrasive grains of partially stabilized zirconia,

( her ei Waila B PR prdgles e sigtorh(pgarepaiedintcastintier zi Whemthe sipteringtemperature
cont ai BscugidelSlhodt §i b %Qgesyffzéléihé,‘ B b AR %0 ¥nS LBl e %ﬁ)%?élin%c-rgfd
sluny can be prepared as follows. First, an appropriate anount 0

wat er , telagindl woryshime sstrbéttres conttaiedad dirtonnes ofde garticlas dirip,emeahd hardness of

re-aggr.egation.jnhi bltg]ré(?g%egH adj ust or,. el ectric charge nodi {itlese{af

|
a pol SrEmum g¥ide, fritles 35 eechudpnsg viith e, Betpdient ABLH s Her!

Zi rconna teeueel Wstallind slasicerhviges Adel fhilihés € Whae tRbiRL AR efh8Tture
the coarse powder of yttriumcontained zirconia. The slurry 1s thus

pr epariggrarkably cxepedshle! (idsgrees{Calrius, phsstmaitien tosuystaitestod theatagorat bystglline

id, l. - her ei d. h h
rongsPREHETE B R ok ouE PR JERR, CrOR8r oiRp PO REE Rupgroom

pot as stetperpyife) pies phaiteon o citalites afthd enddbelfney @tdtallinesedetuki®faukditherein.
nhancenent in djspersion stability, the amount of the

per spective of '
di sperdarfke é@ﬁi Siﬂiﬁe@ faHo thebvesn (he pmpunts, of tlag gwngclinie andy ieivagong)f crgstaline
to 3. Ouifeddies WBieEd irf HEtAYEEniRh SRl qRlkd ARG iniflink, doflaifiotd e
wei ght, and yet further pr ef er g%ﬁ; In 1ae'S ?Ség%rfe 0 t8 %ﬂtt 0 1§0§d‘ég%y€e'é?’ y
temperature) when the zirconium oxide abrasive grains are fabricated at a predetermined temperature
range about 1,100 degrees Celsius (e.g,, a sintering temperature of 1,000 to 1,200 degrees Celsius)

that phase transition begins from the monoclinic crystalline structure to the tetragonal crystalline
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The nole ratio of yttriumoxide (yttria) contained in the abrasive
(yttriumcontained zirconia) is preferably set to be in a range of 1
to 6 % and nore preferably set to be in arange of 2 to 5 % Wen
the nole ratio of the yttria is too small, nano pits or nano

scratches ar.e easy to,ge ﬁ%%g ced on the principal face of the _
pol i shEYCYTe48 STCPRER PR “tHe e“%ﬁé‘%@?@“& F inpfaree. SR dR detg@nined

mol e r@tdQ af bphbiSiaft Hakdhedstah BO 2t 8L depbh Y 0rfh gla;fs%g%ﬁaﬁé a8 %lézgsg%ggﬁga?

princi pal face of the polished glass substTate:.

per spesritivef tic amehetrof dredettagonal ¢riystallhnd stretives) isppeferdbly tdughlaseveral Yodflthough
yttriupycontai ned, zirconi.a abrasive grains contained in the slurry is
prefeﬁ ﬁi m%ﬁ@éfgwﬂ?ﬁgﬂlgpnequal to 1 %by weight, further preferably
greater t e s oflY dlystallitdd ipre¥rabiyiig A kangd bekraMEAly DOIfd dTBKm PT Rt @kARH1Y, the
greater than or equal to 10 % by weight. Further, fromthe

per spedti ey bM0d@spersi bility and cost reduction, the amount of
yttriqgg nt ai ned zirconia abrasive gains contained in the slurry is
pref er @@ | ess than or equal to 30 % by weight, further preferably

| ess t han The rego@whlyahe Biafitefey ofve ismiple, prinidly particlt Wi tzhemiya ekide adbpryfetadbs

than or equal to 15 %Db iight. In other words, .t he ampunt of
yttri Gy _%%8@&? R 46 Han pesgeidy _?.g% bispsidse 5 fIHE sThfrRRbESS
pr ef er @bdofitae p@ntk ARG a Prindi ﬁlofagé)oto/‘?kEYSuwﬁ'a&Efs’mg)ﬂé r]%x&}@dfs%cf) &R Bl phliitind

range of 5 to 20 % by weight, and yet further preferably in a range
of 10 procesBus dsythanbiirgeter. of a primpry patiisle of ziseonvm exdde Yeaemessenaller (in other words,

af orenentioned.cont ai ned amount refers to.a.contai ped u i
or epart RGER e B AR TR i Inc Mg e R ES LOREISH b dpat gach

st at e miithripattikleredéilestien firik e (i Qlatcdbiladveiynghdiingefade QErRRR i @0ed on the
cont ai ned anount . [QPZ%L From t he perspective of enhancenent in
’ uE:

t he podlassHHbRialepER & nhagbenhind; hen gjpsimapppaiiclgpf zirconium abrasive

yttri ug: ' il ' (Y, i ' r I

Ui SENRSRIPLIR, AR Rt R A A it AL
rim Tinekeavibe ageonpem tabobiee fraes €p0ap dhpren ther ghssrsibstateadyrmpt the | peligiine
that a cunul atiye volu frequency.thereof, calcul ated by vol une :
fract | BRCSTIEE 5 HSCHEHIYe AP BHATEG Fnein: rngBe | Jpcyar apd. pargrate i
side. &urhdrgr, simlarly fromthe perspective of enhancenent in the
polishing speed by effectively utilizing the entirety of the abrasive
grai nsl00¢He particle sizes of the abrasive grains are preferably
equal i zed yiatian f.yttriunkcontal ned zirconia.
b asi ve. damnuabRRAREhaP Y a3l e B T REREBRO S et n

Am  f uht biedonjuned:adeaiatticlds s thduah siferifghd @kechied & Hprodetarmaied teyglerafuss fahgy
preferabl% | ess than or equal to 0.2 AIM][0073] The cubi c

cryst aforhkl @) degrees ¢ dlgiunng ihisdcaratymed iomem trreppratest  Hawevwse the reesen can
cryst | S i i oy i AN (=

by as; v DraeL RIS 1 QPERARLS iy SO R AR th oS P s, ar
cont ai erilyngattindy phdse-transityd taltel wEagotaluoyuallie sstures Hasexaclting rsidiaingne ss
(Mobs hardness ,of 0,8.5). .Therefore, fracturi. f_ abrasiv raj.ns
PR e R T s R R
cont ai fhubirek Ke cABéd. 2UDB Phaetvidial lchRAIR #6 hbk%ﬁssuﬁéc%&[ 2088 &dughly entircly
zire,onia). As a result, conpared to the tetragonal zirconia, an

advant Ygoseisbesrysdlite ahthp sonoelinisearysatiinesiaduieh atAs hespia fhei coystalligsd the
distri j - ' ' - SCI S e | .
O BN R B S A0TSR 5rd SRR b o
conponefithe kfragone! aystatlarisahcues yshat tetuieedsd theahoroebnic omitalline dhructires even
yttriun%conlained zi rconi a abrasiyve grﬁi S gaﬂbe determ ned by the.
x-ray VBWdEE TPEt QLo SR Ee. CrHEC ot Frns) BFhedrpiiigsof B ieproslné
utili Z&%sﬁélﬂ% dnbitirel RART pHdi el fAn el 10 A Be B stfrﬁd}&dtogé?hér rhidh @by B ites in
x-ray (CuKal ray, X =0.154 nm) to a sanple of yttrium contained

the surrounding thereof, it can be assumed that those crystallites are phase-transited all at once

because they are liable to be affected by the surrounding thereof when it is returmned to room

temperature.
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(Practical Exanples) The present invention will be hereinafter
further explained by practical exanples. It should be noted that the
present invention is not limted to enbodi nents described in the
practical exanples. [0076] (1) Fabrication of Mlten G ass

Mxturf: terial was prepared by weighing and m xing nmaterials for
obt ai ni49§%la glass with the follow ng conposition. The m xture

mat eri al I anhisi GRRMLakf c&@tﬁf i :
mel t ed, crxgﬁtfﬂil_ﬁgyeg%glesti rr%gml'l@hus, agﬁ'ﬁérﬁd?gﬁrjar%wﬁﬁﬁl ten hg% g&gdsaﬁl\?\nés?%%ta%led
bubbl et thadireamis pede pabideacmds mepsurbdbsing ait golay pawdsa diftantibn dewct. t Tat

t he obt ai ned al i d, not j.ncl ud bpbl.es and unnelt eq.subst ances,

dopost ETBIPoS Ao IRE piR: HE TP int B BB R S ahiad- Gy o
pl at i nugarhé 67 AGokibe J¥Rletpaitigies ARAEQLNRIycrisl, 38 AR Wil the types! ¥ethe
prepared gl ass was alum nosilicate glass having the follow ng _
oxi de- E}a%tghn% FHFBY e dIncgmpial jat mepsuisientsgsulios 7eprogegd ke the haizatal axis

to 15 9 : -al. t ) . I one
sel ect ]eﬁgg%{tﬁ %%btsﬁe eg%%ﬁgff %E‘gdlll Mﬁ%fo(ﬂg%ghof‘( %ﬂﬁgjoﬁgﬁ%%ﬁﬁ) tl\(?;a?%&(%]b'{}e
ol e ofmeasureheattesuite vaket f L@ dhéranpeuk tgriougandfe MuedGada value of Bar@Peak
and zZn0Q; and totally O to 10 % by, .nole of. at |east one selected from
the gr BRFESiEF are differerybgiveey sgaonophiye § stragharesand e jigtggonal grystalline
havi ngsmichees be@midbraifRuetnessalab Waickhes0. 7 [MPa/ nL12] . Specifically,
the glass was prepared to have a conposition containing 64.1 % by

wei ght of Bleqeak mipnsityetiye meiqghtic ofysiodstr@iug: eanlbe seeis glpealodred ([REgrated

11.1 % wei ght of.. Na20, 0.4 9% by.wei ght, of.. 1(.20, .0.6%. i ght of
Vo 2gsisE oS Giiap et dictE - Sllo, Shind i et niktisd ot G gt
vei ght crgftal i dmcmescan be @et@o atpaikeeh @sre§donding Y Neryagaide- “hki0OTFl. ( R)peak
Fabrication of G ass Substrate, The af orementioned nolten gl ass,
cl ari f PesHionfan ke ABigiaed bethe Riage'pburea “2¢ 8in € iehpi Jo (k) Bioag’s fambler d g
nol d f - i . P ern f e i
ol e e o MiaGls s RURREER MR {in sh¥ kT 15 5@UAd roy
pr edet Risw wacleaagihodx-rof; and htienwhblassmbab Astoatriz chpditsonitialysdal fAdee that

bot t om nol ith.the, nolt | ass. gob.di sposed therepn was
i medi 4Féf 0'\5‘\4?35%%%‘8‘? PECERROY i) Bupiehishb e HoW I EHES D lopResye pgasrement
pr edet gyind thed 3 Gbiibifradite fhdiendglaessdigRbvidloaraped o?ahe}ht&ﬁoﬁ?ot tom

mol d was press-nolded in a thin disc shape using a top nold opposed
to the botWben thsl sraynpovedep aliffia¢tion Tewicprie ssedypl tidd hptvortn che wamue aif able

down t £ t using def or.nat j o f _the.press-npl.ded.

or oducoRRHERaE R Bl TR el el e B peR iy o
nol ds, thanelragasal tchemlliae Readn@ts (o, 0lE pkdk Posionssn Bl TNK with ABRCOROMS -peak
Subsequent |y, a | apping praocessi ng was executed, for the glass blank
obt ai nBEFIEY of the sty g streiehe.g. Mispcalgpositieredsi Wel)- al umi na

abr asi 6grai ns (a particle size of #1000) were used as | oose
abrasive grains. [0078] (3) Coring and Chanfering An inner hole
was for medPdlishinghes exeattat inptae thirs fpolishéngditepe with dpe fhligivag sseitiagefor ate sigfang
a cylindrical .di amond.drill. far obt aini n annul ar gl ass substrate
o G R pRRERT ot i hes St ofepB § Brvbbirs @afaSerdt b s thn
annul agr @udse ®318sT Hale a‘&ﬁ"cﬁ»—x@i&fiﬂé@ﬁ(ﬁm&f-}g@a@%eﬂﬁ 1R s3I @R51as venm.
bl ock for executing a predeterm ned chanfering processing (1.e.,
chanf eFlilrﬂ‘ngjn_lore, the roughness (Ra) is more preferably set to be less than or equal to 0.4 nm, because

removal stock in a last polishing step which is the subsequent step, is reduced and the edge shape can
be avoided to degrade.

The micro-waviness can be herein expressed by a value of RMS (Rq) to be calculated as a
roughness at a wavelength band of 100 to 500 pm in a range having a radius of 14.0 to 31.5 mm on
the entire principal face. For example, the micro-waviness can be measured by a Model-4224 of
Polytech corporation.

The roughness of the principal face can be expressed by an arithmetic average roughness Ra
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[0079] (4) Edge polishing Step Next, mrror polishing was
executed for the edges of the annul ar glass substrate by neans of a
brush polishing nethod. Slurry (loose abrasive grains), containing
cerium oxi de abrasive grains, was herein used as the polishing

abrasi in . edge pO|IShI step, the edges of the

gl ass & pagedo @8%&@%@5 &%eﬂ bRy ey prcaial (@0 4 mgnd less than or
pr evenéqualgtotjm@ Ul 8¢ RgnAb NS tags garctaﬁ &L Siasured by! RrAHYhot, Rirftest
af or enent i oned pr ocessi ng, t he annu ar gl ass su strate wt an out er

di amet 8Y-3680 8Bics aﬁi\/lﬂamtoymﬁe; Lt andcar b@)ﬁai@@atmﬁﬂdnﬂhddmetﬁhﬁbbﬁe(ﬂ)bn QI8

Step 1B PPPET &5 e ReBl Whch fhnk 31 Hin, b gL o, DA g e ppede aveage
pol i sheugtthes RE cid balfleisatedthyl forfhnde, A0dhodRde RSP b smagsdob@ (Atomic

foll owing abrasive |liquid containing abrasives of conparative

exanp| BaceMérrgseenst AEND obJanapVesso Cep Hisk anst aaa be prlamiasedday aimether! gefingdhiphsed
l'ish
e 2o RIS O R B i S o o b RORE Bl vt

used i Ranhasuped rvsn&mrmglmblepf Sas 12 ptkels @th fyamwimeangenzint aeaofUmm xilden.

abrasié@ bﬂrai ns (of 10% by weight) of the conparative exanples and
the pr ?4lcal exanples into pure water and sufficiently stirring the

mxture. THheeAUQ BEMiRAk Qb%bfbﬁzsﬁlugfsh&zlrﬁg%'eﬂﬁe %ﬁ@&d@%&%&ﬁﬁ& Sthe

to be 1.0 pm Further, the renoval stock Wwas set to be 5
shoul dgliss swostretd arehareferahly sei toderdi tarhl Bty enchmpwswfaaglmeMQ b©10 to Hé nm A

et e BB e S LD Pt L0 B A R R S5

r epr es@aegon dfhtafﬁbdf&hé-edgéﬁ shh@é ai THeN@g€ Sahs 6f FRVMISE sulRRgle i@Ebenb¥d to be
fabricating zircaonium oxide powder wth the aforenenti oned average

parti plpe&efsqsilée FopeiptetvAle 9154 Japlpreﬁ valga pecemspsprlier.  Whenja Dubneffivaluaje s¢ién e
that ip ﬁﬂg@%@%@we%@m@ 8%l Z%P%eﬂﬁl?lt)ﬁvai o Rl gsgnb ARl ﬁ&%&kag% §f2 0,

abr asi ve grarns were us coni um’ oxr d asive-gral ns
f abri caltladn by admhi hlislohgisten@ poktdng sepossinge: rasug ceoll@il |Sihlék fog fiagBnhakihg

oLabi | 2edialtaOa, e Lelt sponcl, Gyt alng SUr LMo LS L0 o
foll O%m@mﬂghs@wﬁmﬂ@ctomaamﬁ@gteh&b th hﬁecft b DRtb- oﬁanlu% "Pd RO pkk SBe. The reason
Mat erial : urethane foam
why setting the final dub-off value to be in the range as above (a slight roll-off shape; see Fig. 3A) is
that floating of a head at the outermost periphery portion of the principal face, where flattering
requirement is the severest, is stabilized so that an element portion of a DFH mechanism can be
largely protruded.
[0065]
(7) Chemical Strengthening Step
Next, the glass substrate is chemically strengthened after the first polishing step.
For example, a mixed liquid of (60 % by weight of) potassium nitrate and (40 % by weight of)
sodium sulfate may be used as a chemical strengthening liquid. In the chemical strengthening, a
chemical strengthening hquid is heated to e.g., 300 to 400 degrees Celsius, and a washed glass
substrate preliminarily heated to e.g., 200 to 300 degrees Celsius is submerged into the chemical
strengthening liquid for e.g,, 1 to 5 howrs. To chemically strengthen the entire principal faces of
multiple substrates, the submerging is preferably executed under the condition that the glass
substrates are accommodated in holders while being held at the edges thereof,

In thus submerging the glass substrate into the chemical strengthening liquid, lithium ions and

sodium ions on the outermost layer of the glass substrate are respectively substituted into sodium
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JI S-A hardness: 95 hnpregnated abrasive grain: cerium oxide Average
particle size of inpregnated abrasive grain: 1 to 2 pm |npregnation

anount: 30% by wei ght [0083] It should be noted that in Table 1,
"Ratio of Tetragonal Crystalline Structures to Monoclinic Crystalline
Structures” refers to a ratjo hetween unts . of the nmonaoclinic

and t ePPSGohRPESIS 1095 | TPSRECtivEly v BE st H? 5. #eei 19¢ 1adpis gRifihxehgaical
par ti chiRfothénify liquid etﬂc@&@ﬁlﬁfg L‘}ig %ﬁ&b@glfwétﬁﬁe i$ E&éﬁ HeRS) 1tshdiPROGddhE the

cryst alline StI’UCt ure crysta I ne strgct ures was
meas ur dupmiyplln ﬁtraugﬂialgﬁdcﬂdsai pubsivate io rwaskeedi CEOI(Gﬁanlfb,dbft dleembaby stiviagthSeitl glase

0. 0rooHRGEe & At R dbosed Fs e o e 06 o 3BEBR50°) ey ana

tube clmos@nt: 300 mA). A ratio of the peak intensity (peak position:
20 = 30.1) of the tetragonal crystalline structures with respect to

t he peak KB&%@@@@@H}@B& hisgaitepi (Best pdphiag t8p)1) of the nonoclinic
crys{al |1 e,y ey nats 6ol Sl akod and MG, 6L SAEE T AHL0 Y88
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depth of nano pits and/or nano scratches to be produced in the first polishing step in order to stably

mass-produce substrates that all the nano pits and/or nano scratches are removed in the second
polishing step. In the present exemplary embodiment, the depth of nano pits and/or nano scratches
to be produced in the first polishing step can be set to be less than or equal to 250 nm. Therefore,
the removal stock (i.e., a combined value of the removal stocks of the top and bottom faces) can be
set to be less than or equal to 5 ym in the second polishing step.

For example, the polisher device used in the first polishing step is used in the second polishing
step. The second polishing step is different from the first polishing step in the type and the particle
size of loose abrasive grains and hardness of a resin polisher.

The abrasive grains other than zirconium oxide abrasive grains, for example, fine particles
(particle size: a diameter of roughly 10 to 50 nm) of colloidal silica mixed into the shurry, are used as
the loose abrasive grains to be used in the second polishing step. Accordingly, the surface
roughness of the principal face of the glass substrate can be further decreased to adjust the edge shape
in a preferable range.  Furthermore, according to a study by the inventors, zirconium oxide abrasive
grains are found fo be easy to adhere to the surface of the polished glass substrate. However, by
using abrasive grains other than the zirconium oxide abrasive grains in the final polishing, the
zirconium oxide abrasive grains adhered to the principal face or the side wall surface can be removed
physically.

The polished glass substrate is washed by neutral detergent, pure water, IPA or etc.
Accordingly, a magnetic disk glass substrate is obtained.

[0067]

(Magnetic Disk)

The magnetic disk is obtained using a magnetic disk glass substrate as follows.

For example, the magnetic disk has a structure that multiple layers, at least including an
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Cel sius 0 % Fai

adhesive layer, an underlying layer, a magnetic layer (magnetic recording layer), a protective layer
and a wetting layer, are sequentially laminated in this order from bottom to top on a principal face of
a magnetic disk glass substrate (hereinafter simply referred to as “a substrate™).

For example, the substrate is introduced into a vacuumed film forming device, and the
adhesive layer, the underlying layer and the magnetic layer are sequentially formed atop the principal
face of the substrate in an Ar atmosphere by means of DC magnetron spattering. For example, CrTi
may be used as the adhesive layer, while CrRu may be used as the underlying layer. For example,
CoPt alloy may be used as the magnetic layer.  Alternatively, CoPt alloy or FePt alloy, having the
110 ordered structure, may be formed as the magnetic layer for heat assisted magnetic recording.
After the formation of the layers, the protective layer is formed, for instance, using C,Hs by means of
a CVD method. Next, a mitriding treatment is executed by introducing nitrogen into the surface.
Accordingly, the magnetic recording medium can be formed. Subsequently, the wetting layer can
be formed by applying e.g., PFPE (perfluoropolyether) onto the protective layer by means of a dip
coating method.

The fabricated magnetic disk, together with a magnetic head embedded with a DFH (Dynamic
Flying Height) Control mechanism, is preferably installed in a HDD (Hard Disk Drive) as a
magnetic recording/reproducing device.

[0068]
<Second Exemplary Embodiment>

A manufacturing method of a glass substrate for a magnetic disk according to a second
exemplary embodiment will be hereinafter explained. A magnetic disk glass substrate to be
manufactured by the manufacturing method of the present exemplary embodiment is the same as that
manufactured in the first exemplary embodiment.  Further, the manufacturing method of the present
exemplary embodiment is different from that of the first exemplary embodiment regarding the
abrasive contained in the slurry to be used in the first polishing (principal face polishing) step.

It should be noted that a fracture toughness valuel{;; of the glass substrate is preferably set to
be04to1.5 [Mpa/mm], and more pereferably set to be 0.5 to 1.0 in Vickers hardness testing in the
present exemplary embodiment.

[0069]

In the present exemplary embodiment, the slurry to be used for the polisher device of FIG. 1
contains, as the abrasive, abrasive grains of partially stabilized zirconia (hereinafter referred to as
“yitrium-contained zirconia”) that contains either yttrium or yttrium oxide as a stabilizing agent.
The slurry can be prepared as follows.  First, an appropriate amount of water, and further arbitrarily,

additives (e.g., a dispersant, a re-aggregation inhibitor, a pH adjustor, an electric charge modifier, a
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Practical Exanple 1 1,000 degrees Celsius 0.70 % Pass Pass

(Good) Practical Exanple 2 1,100 Degrees Cel sius 1.82 % Pass

polymer flocculant, etc.) are added to the yttrium-contained zirconia powder with a desired average
particle size obtained from the coarse powder of yttrium-contained zirconia. The slhurry is thus
prepared.

As the dispersant, phosphate, sulfonate, polycarboxylic acid, polycarboxylate or etc. can be
herein used.  As phosphate amongst the above, sodium hexametaphosphate, sodium pyrophosphate,
potassium pyrophosphate or etc. can be preferably used. From the perspective of enhancement in
dispersion stability, the amount of the dispersant contained in the slurry is preferably in a range of
0.01 to 3.0 % by weight, further preferably in a range of 0.1 to 2.0 % by weight, and vet further
preferably in a range of 0.5 to 1.0 % by weight, with respect to the weight of the adhesive. As the
re-aggregation inhibitor, fiber of sugar (e.g, cellulose, carboxymethyl cellulose, maltose, fructose,
etc.) can be preferably used. From the perspective of dispersibility of the abrasive, pH is preferably
set to be greater than or equal to 6.0 and less than or equal to 12.0.

[0070]

The mole ratio of yttrium oxide (yttria) contained in the abrasive (yttrium-contained zirconia) is
preferably set to be in a range of 1 to 6 %, and more preferably set to be in a range of 2 to 5 %.
When the mole ratio of the yttria is too small, nano pits or nano scratches are easy to be produced on
the principal face of the polished glass substrate and the edge shape is degraded. When the mole
ratio of the yttria is too large, flaws are readily caused on the principal face of the polished glass
substrate.

[0071]

From the perspective of enhancement in the polishing speed, the amount of yttrium-contained
zirconia abrasive grains contained in the slurry is preferably greater than or equal to 1 % by weight,
further preferably greater than or equal to 5 % by weight, and yet further preferably greater than or
equal to 10 % by weight. Further, from the perspective of dispersibility and cost reduction, the
amount of yttrium-contained zirconia abrasive grains contained in the shurry is preferably less than or
equal to 30 % by weight, further preferably less than or equal to 20 % by weight, and vet further
preferably less than or equal to 15 % by weight. In other words, the amount of yttrium-contained
zirconia abrasive grains contained in the shurry is preferably in a range of 1 to 30 % by weight,
turther preferably in a range of 5 to 20 % by weight, and yet further preferably in a range of 10 to
15 % by weight.

It should be noted that the aforementioned contained amount refers to a contained amount in
preparing the sturry.  The slurry may be preserved in a concentrated state and may be diluted in use
for obtaining the aforementioned contained amount.

[0072]
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(Only Tetragonal Crystalline structures)

From the perspective of enhancement in the polishing speed, the average particle size (D50) of
yttrium-contained zirconia abrasive grains is preferably in a range of 0.10 to 0.60 pm and further
preferably in a range of 0.20 to 0.40 ym. The average particle size (D50) herein refers to a particle
size that a cumulative volume frequency thereof, calculated by volume fraction, is 50 % when
calculated from the smaller particle size side. Further, similarly from the perspective of
enhancement in the polishing speed by effectively utilizing the entirety of the abrasive grains, the
particle sizes of the abrasive grains are preferably equalized and standard deviation (SD) of
yttrium-contained zirconia abrasive grains in the slumy is preferably less than or equal to 1 um,
further preferably less than or equal to 0.5 pum, and yet further preferably less than or equal to 0.2 gm.
[0073]

The cubic crystalline structures are preferably contained most in the zirconia crystalline
structures contained in yttrium-contained zirconia abrasive grains to be used as the abrasive. Cubic
zirconia, containing the cubic crystalline structures most, has a high hardness (Mohs hardness of 8 to
8.5). Therefore, fracturing of abrasive grains is less easily caused during polishing, compared to
zirconia mainly containing the tetragonal crystalline structures (tetragonal zirconia). As a result,
compared to the tetragonal zirconia, an advantageous effect can be further achieved that the particle
size distribution less easily varies and scratches are less easily produced on the principal faces of the
glass substrate.

The major component of the zirconia’s crystalline structures contained in yttrium-contained
zirconia abrasive grains can be determined by the x-ray powder diffraction device. The x-ray
powder diffraction device utilizes the fact that diffraction angles, formed in irradiating x-ray (CuKal
ray, A = 0.154 nm) to a sample of yttrium-contained zirconia particles containing zirconium oxide
made of polycrystal, vary in accordance with the types of the crystalline structures of zirconia. In
general, a measurement result is represented where the horizontal axis indicates 20 (0: Bragg’s angle)
while the vertical axis indicates diffraction intensity (Intensity). In the measurement resulf by the
x-ray powder diffraction device, a value of 20 where a peak intensity can be obtained and a value of
the peak intensity vary in accordance with the types of the crystalline structures.  For example, it has
been known that values of 20 are 28.1750 [deg], 31.4680 [deg] and 34.3830 [deg], where the peak
intensity of the monoclinic crystalline structures can be obtained; a value of 26is 29.812 [deg], where
the peak intensity of the tetragonal crystalline structures can be obtained; and a value of 20 is 30.1200
[deg], where the peak intensity of the cubic crystalline structures can be obtained. It should be
noted that the aforementioned values of 28 indicate peak positions that x-ray is most strongly
diffracted in the respective crystalline structures. Therefore, it is possible to determine which type

of the crystalline structures is the major component by observing peak values of diffraction intensity
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Pass Fail [0085] In the eval uation of polishing perfornmances
represented in Table 1, "Pass" was given where the following criteria
were satisfied, whereas "Fail" was given where the following criteria
were not satisfied. - Polishing rate: 1.0 pmimn or greater -
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scratches™i s shall owed by the second polishing step.

(Practical Examples)

The present invention will be hereinafter further explained by practical examples. It should
be noted that the present invention is not limited to embodiments described in the practical examples.
[0076]

(1) Fabrication of Molten Glass

Mixture material was prepared by weighing and mixing materials for obtaining a glass with the
following composition. The mixture material was put into a melting container and was therein
heated, melted, clarified and stired. Thus, a uniform molten glass without bubbles and unmelted
substances was fabricated. It was confirmed that the obtained glass did not include bubbles and
unmelted substances, deposition of crystals, contaminant of refractory substances and/or platinum
forming the melting container.

(Glass Composition)

The prepared glass was aluminosilicate glass having the following oxide-based converted
composition of: 50 to 75 % by mole of SiO»; 1 to 15 % by mole of ALOs; totally 5 to 35 % by mole
of at least one selected from the group of Li,O, Na,O and K;0; totally 0 to 20 % by mole of at least
one selected from the group of MgO, Ca0, SrO, BaO and ZnO; and totally 0 to 10 % by mole of at
least one selected from the group of ZrO,, TiO;, Lay0s, Y203, TayOs, NbyQs and HfO5, and having
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[ 0087] In Table 1, zirconium oxi de abrasive grains of the
conparative exanple | are formed only by the nonoclinic crystalline
structures, and therefore, the hardness thereof is low Due to this,
the polishi ng rate did not satisfy the criteria. Further, as to
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Through the aforementioned processing, the annular glass substrate with an outer diameter of

65 mm, an inner diameter of 20 mm and a thickness of 0.8 mm was obtained as a polishing target.
[0080]
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In addition, the sane zirconi um oxi de abrasive grains as in the
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gl ass conpdditeicbnretigpediati cal |y, the fracture toughness val ues of the

gl ass subst s were. 0.2, 0.4, 0.5, 1.0, 1.5, and 2.0 [MPa/m /2],
respecti véljiﬁ}\%ﬁrgn%sls‘ggsss substrates were used for the first polishing

Wi t h r espedinpiepndtétienbRisive glaRaberfudc@gdof the gl ass substrates. The
pol i shing was executed under the sane condition as in the practical
exanmpl e 2. AVREZS paidlefiee af supmgnied abmsivesraias! weagured with a Vi ckers

har dness t—%&)f‘eénation amount: 30 % by weight

[0083]

It should be noted that in Table 1, “Ratio of Tetragonal Crystalline Structures to Monoclinic
Crystalline Structures” refers to a ratio between the amounts of the monoclinic and tetragonal
crystalline structures contained in zirconium oxide particles (i.e., (tetragonal crystalline structures) /
(monoclinic crystalline structure)). The ratio of crystalline structures was measured by an x-ray
diffraction device (manufactured by Mac Science Corp., model: MXP18A II; x-ray: CuKe,
2=1.5405A; sampling interval: 0.0100 deg; scanning speed: 4.0 deg/min; tube voltage: 50 kv; and
tube current: 300 mA). A ratio of the peak intensity (peak position: 20 = 30.1) of the tetragonal
crystalline structures with respect to the peak intensity (peak position: 26 = 28.1) of the monoclinic
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[0085]

In the evaluation of polishing performances represented in Table 1, “Pass” was given where the

following criteria were satisfied, whereas “Fail” was given where the following criteria were not

satisfied.

- Polishing rate: 1.0 pm/min or greater

- Existence/non-existence of nano pits and/or nano scratches: non-existence of nano pits and/or

nano scratches having a depth of 250 nm or greater on a principal face after polishing.
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Polishing |oad: 100 giciii2 Platen rotational speed. 30 rpm [0097]
[ Tabl e 2] Abrasive Evaluation Itens Types of Zirconia Ratio of Y203
by Mol e Polishing Speed

Regarding existence/non-existence of nano pits and/or nano scratches, evaluations of “Pass”
were further categorized into the following evaluation segments in accordance with the depth of nano
pits and/or nano scratches.

Excellent ... Non-existence of nano pits and/or nano scratches having a depth of 200 nm or
greater

Good ... Existence of nano pits and/or nano scratches having a depth of 200 nm or greater
[0086]

An observation method of nano pits and/or nano scratches is as follows.

The polished glass substrate was washed and deficient on the principal faces of the polished
glass substrate was detected using an OSA (Optical Surface Analyzer). A bright spot, herein
detected, was observed by a SEM (Scanning Electron Microscope), and it was determined whether
the bright spot was of a convex deficient (attachment of foreign substance) or of a concave deficient
(nano pit or nano scratch). When the bright spot was determined as a nano pit or a nano scratch, the
depths thereof was measured by the AFM. It should be noted that single spot-shaped concave
deficit was defined as a pit whereas either line-shaped concave deficit or a group of pits continuousty
aligned on the same trajectory was defined as a scratch.

It should be noted that, strictly speaking, the nano pits and/or nano scratches in Table 1 are
different from those of a final product. Nano pits and/or nano scratches, which could be
problematic in the final product, refer to those with a quite shallow depth of 50 nm or less (in some
cases, 10 nm or less). This is because the depth of nano pits and/or nano scratches is shallowed by
the second polishing step.

[0087]

In Table 1, zirconium oxide abrasive grains of the comparative example 1 are formed only by
the monoclinic crystalline structures, and therefore, the hardness thereof is low. Due to this, the
polishing rate did not satisfy the criteria. Further, as to zirconium oxide abrasive grains of the
comparative example 1, the number of abrasive grains with small particle sizes was increased by
fracturing during polishing, and accordingly, deep nano scratches were produced on the principal
faces of the glass substrate. As to stabilized zirconia abrasive grains of the comparative example 2,
the hardness thereof was too high, and therefore, nano pits and nano scratches were produced on the
principal faces of the glass substrate although the polishing rate thereof was good.

On the other hand, zirconium oxide abrasive grains of the practical examples 1 to 3
simultaneously contain the monoclinic crystalline structures and the tetragonal crystalline structures.
Obtained were thereby abrasive grains with hardness suitable for the polishing of the principal faces
of the glass substrate. ~As a result, the polishing rate was good, while deep nano pits and/or deep
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FIl aw End Shape Conparative Exanple 3 Zirc,onia 0 % Good Poor Poor
Practical Exanple 7 Yttrium Contained Zirconia 1 % Good

nano scratches were not found on the principal faces of the glass substrate.

It should be noted that in the cases of the practical examples 1 to 3, it was found that the
removal stock was less than or equal to 5 ym in the second polishing step, and the surface asperity,
the surface roughness, and the edge shape of the principal faces of the glass substrate were also good.
[0088]

Furthermore, two types of powders of zirconium oxide (average particle size: 1.0 wm) having
298 % and 3.71 % respectively in ratio of the tetragonal crystalline structure relative to the
monoclinic crystalline structure, were fabricated by adjusting the sintering time at the sintering
temperature (1150 degrees Celsius) as in the practical example 3. The two types of powders were
used to polish the principal faces of the glass substrate as in the practical examples 1 to 3 for
evaluation (referred to as Practical examples 4 and 5, respectively). As a result, the polishing rate in
both of the practical examples 4 and 5 satisfied the criteria. In evaluation of existence of nano pits
and nano scratches, the practical example 4 was “Excellent” (in a case where the ratio was 2.98 %),
and the practical example was “Good” (in a case where the ratio was 3.71 %).

Consequently, the evaluation result was good particularly when the ratio of the tetragonal
crystalline structure relative to the monoclinic crystalline structure was in a range of 0.7 to 3.0 %.
[0089]

Powders of zirconium oxide were fabricated under the condition that the sintering temperature
was the same as in the practical example 2, the ratic of the tetragonal crystalline structure relative to
the monoclinic crystalline structure was also the same as in the practical example 2, and the average
particle size of the abrasive grains differs from the practical example 2. The average particle size
D50 of the powder was 0.3 pm, and the standard deviation SD was 0.1um. The powder was used
as an abrasive to polish the principal face of the glass substrate for evaluation (referred to as Practical
example 6). The amount of nano scratches in the practical example 6 was almost the same as in the
practical example 2. The polishing rate was further improved compared to the practical example 2.
Moreover, an arithmetic average roughness Ra and Dub-off value of the principal face in the
practical example 6 were much better than the practical example 2.  Specifically, with respect to the
practical example 2, an arithmetic average roughness Ra was 0.5 nm and Dub-off value was +8 mn.
With respect to the practical example 6, an arithmetic average roughness Ra was 0.4 nm and Dub-off
value is +4 nm.

[0090]

Furthermore, the principal face of the glass substrate were polished by using zirconium

abrasive grains {(average particle size D50: 0.1, 0.2, 0.5, 0.7um) as an abrasive for evaluation. The

zirconium abrasive grains have the same standard deviation SD (0.1 um) as that of the zirconium

31



Good Cood Practical Exanple 8 Yttrium Contained Zirconia 3 %

Excel I ent Excel l ent Excellent Practical Exanple 9 Yttrium Contai ned

Zirc,onla
abrasive grains used for polishing in the practical example 6 while only the average particle size D50
was different from the practical example 6. In the evaluation, in either case where the average
particle size D50 was 0.2 or 0.5 pm, the result was the same as that of the practical example 6. In
other words, an arithmetic average roughness Ra and a Dub-off value of the principal face were
better than the practical example 2. On the other hand, in a case where the average particle size
D50 was 0.1 um, the result was sufficient enough, however, the polishing rate was lowered and
particular improvement was not found in the evaluation result compared to the practical example 2
when the average particle size D50 was 0.7 ym.

[0091]

In addition, the same zirconium oxide abrastve grains as in the practical example 6 were used
as an abrasive while only hardness of a polisher pad to be used was changed with respect to the the
practical example 6 (JIS-A hardness: 95), in order to polish the principal face of the glass substrate
and evaluate.  As a result, when the polisher pad having hardness of 90 in JIS-A hardness was used,
the evaluation result was almost the same as in the practical example 6. However, when the
polisher pad having hardness of 85 in JIS-A hardness was used, the Dub-off value was +7 nm, which
is slightly greater than the case of the practical example 6.

[0092]

Furthermore, another polishing step using cerium oxide abrasive grains is also preferably
executed between the first polishing step using a zirconium abrasive and the second polishing step
using colloidal silica abrasive grains. When cerium oxide abrasive grains are used as an abrasive,
the edge shape is easy to be a ski jump shape, thereby the Dub-off value can be lowered. It should
be noted that the polishing step using the cerium oxide abrasive grains is preferably executed before a
chemically strengthening step in order to maintain a large amount of compression stress layer formed
on the principal face of the glass substrate by means of the chemically strengthening step.

[0093]

An intermediate polishing step using cerium oxide abrasive grains, a chemically strengthening
step, and a final polishing step (a post polishing step) were executed in this order with respect to the
glass substrate in the practical example 2. In the intermediate polishing step, a slurry prepared by
mixing 10 % by weight of cerium oxide abrasive grains having a particle size of 1.0 ym into water,
was used to polish a principal face of the glass substrate under the conditions as follows.  As a result,
a Dub-off value of the glass substrate after executing the final polishing step using colloidal silica as
polishing abrasive grains was less than or equal to 5 nm, which was a remarkably good result.

<Polishing Conditions>

- Polisher pad: Suede pad made of formed polyurethane (JIS-A hardness: 85)
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6 % Good Good Good Practical Yttrium Contained 8 % Good Fair Good
Exanpl e 10Zi rconi a [ 0098] The gl ass substrates, polished using
the slurries containing the abrasives of the conparative exanple and
the practical exanples in Table 2, were respectively evaluated with

t hree eval ua i shi ng Speed”, "Flaw' and "Edge Shape".
It shoul d betPJ R{h%[l?@ 66 rl?él lent”, "Good" and "Fair" indicate an

eval uati on r @utdrirotialalspeat] 3&@)11‘1‘ Pass" whereas "Poor" indicates an
eval uati onf ?(Se}]nlogiales%ak &(?tgleo front E&ld%ack surfaces): 30 ym

Polishing device: Device similar to the device used in the first polishing step
[0094]

Different types of glass substrates were fabricated to have varied fracture toughness values of
glass respectively by adjusting each glass composition.  Specifically, the fracture toughness values
of the glass substrates were 0.2, 0.4, 0.5, 1.0, 1.5, and 2.0 [MPa/mm], respectively. The glass
substrates were used for the first polishing with respect to the principal faces of the glass substrates.
The polishing was executed under the same condition as in the practical example 2. The fracture
toughness value was measured with a Vickers hardness tester.

When the glass substrates having the fracture toughness value of 0.2 and 2.0 [MP&/m'?]
respectively were used, the polishing rate and existence of nano pits and/or nano scratches were
almost the same degree as in the practical example 2. The degree of the polishing rate and
existence of nano pits and/or nano scratches was higher than that of the practical example 2 when the
fracture toughness value was 0.4 or 1.5 [MPa/m'?]. Moreover, the degree of the polishing rate and
existence of nano pits and/or nano scratches was even higher when the fracture toughness value was
0.5 or 1.0 [MPa/m'?).

[0095]

A magnetic disk was fabricated by forming a magnetic layer on a glass substrate for a magnetic
disk obtained in the practical examples 1 to 6. Subsequently, the magnetic disk was assembled to a
hard disk drive (HDD) having a rotational speed of 7200 rpm. Then, a certify test
(recording/reproducing test of magnetic signal) was conducted while a DFH mechanism of a head
was employed with the HDD.  As a result of the test, an error was not occurred.

[0096]

(5-2) Comparative Example and Practical Examples Represented in Table 2

In Table 2, an abrasive of a comparative example was fabricated by fracturing zirconia not
containing a stabilizing agent. On the other hand, abrasives of practical examples are
yttrium-contained zirconia, and the contained amount of yttrium is expressed by mole ratio (a ratio of
Y>03 with respect to (Y203+2r0,)) where yitrium is converted at yttria (Y,053).

In the comparative example and the practical examples, average (D50) and standard deviation
(SD) of the particle sizes of abrasive grains of an abrasive were approximately matched.
Specifically, the average (D50) of the particle sizes was set to be in a range of 0.2 to 0.5 [um)], while
the standard deviation (SD) was set to be in a range of 0.05 to 0.15 [um]. More specifically, the
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"Pol i shing speed” as an evaluation itemis an indicator for
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<Polishing Conditions>
- Polisher pad: hard urethane foam pad (JIS-A hardness: 95)
- Impregnated abrasive grain: cerium oxide
- Average particle size of impregnated abrasive grain: 1 to 2 ym
- Impregnation amount: 30 % by weight
Polishing load: 100 g/cm?
Platen rotational speed: 30 rpm

[0097]
[Table 2]
Abrasive Evaluation Items
Ratio of
o Polishing
Types of Zirconia Y203 Sneed Flaw End Shape
e
by Mole P
Comparative o
Zirconia 0% Good Poor Poor
Example 3
Practical Yttrium-Contained
o 1% Good Good Good
Example 7 Zirconia
Practical Yttrium-Contained
o 3% Excellent Excellent Excellent
Example & Zirconia
Practical Yttrium-Contained
o 6 % Good Good Good
Example 9 Zirconia
Practical Yttrium-Contained 8 % Good Fair Good
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Dub- of f val ues were evaluated for evaluating the edge shape. FIGS. 3A
and 3B are diagrans of an enlarged cross-section of an edge of the

gl ass substrate for conceptually explaining a nmethod of cal cul ating
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practi cal les. ./ t t.he renoval stock was | ess than or equal
to 5 pmi n@%@?@?&xﬁagﬂ'&?%‘ﬁ ng step and the surface asperity and the

edge shapepgtiidh®ses igoerpal face of the glass substrate were good.
Good: 90 to 95 %
Fair: 80 to 90 %
Poor: < 80 %
[0100]
Dub-off values were evaluated for evaluating the edge shape. FIGS. 3A and 3B are diagrams

of an enlarged cross-section of an edge of the glass substrate for conceptually explaining a method of
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back surfaces): 30 im Polishing device: Device simlar to the device
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romthe scope of the present invention. REFERENCE SIGNS LI'ST [0109

10 Pol Fystallingggpetures, and is higher than a peak intensity originated from the monoclinic crystalline
structures. In short, it can be understood that in the practical example 8, the peak of the diffraction
intensity of the cubic crystalline structures is the highest in the peaks of the difftaction intensities of
the crystalline structures of zirconia. From the measurement results of FIG 4, it can be considered
that the crystalline structures of the zirconia abrasives of the comparative example 3 and the practical
example 8 are greatly different from each other.
[0103]

Furthermore, yttrium-contained zirconia which has the same average particle size and standard
deviation as in the case of practical example 8 and whose yttrium content (imole ratio of Y»0s) isina
range of 2 to 5 %, was used as an abrasive. The evaluation result was good as in the practical
example 8 (yttrium content: 3 %). Accordingly, it is found that yttrium content set in a range of 2 to
5 % brings remarkably good results.

[0104]

Dub-off value of less than or equal to 21 nm is evaluated as “Pass™ as evaluation criteria of

edge shape with reference to Table 2.  However, in a case employing severer evaluation criteria (for

example, Dub-off value of less than or equal to 10 nn is evaluated as “Pass”), another polishing step

is preferably executed by using cerium oxide abrasive grains between the first polishing step using a
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30 Carrier 40 Top platen 50 Bottom platen 61 Sun gear 62 I|nternal
gear 71 Slurry supply tank 72 Pipe 100 Primary particles 200 _
Aggregate M Monoclinic crystalline structure TTetragonal crystalline
structure Wat is clained is: 1. A manufacturing nmethod of a

gl ass swRahi@bSadi®y afl FRABEIH poltitiKe 6P TRhE $hidal silica abrasive grains. When
cerium oxide abrasive grains are used as an abrasive, the edge shape is easy to be a ski jump shape,
thereby the Dub-off value can be lowered. It should be noted that the polishing step using the
cerium oxide abrasive grains is preferably executed before a chemically strengthening step in order
to maintain a large amount of compression stress layer formed on the principal face of the glass
substrate by means of the chemically strengthening step.
[0105]

An intermediate polishing step using cerium oxide abrasive grains, a chemically strengthening
step, and a final polishing step (a post polishing step) were executed in this order with respect to the
glass substrate in the practical example 8. In the intermediate polishing step, a slurry prepared by
mixing 10 % by weight of cerium oxide abrasive grains having a particle size of 1.0 ym into water,
was used to polish a principal face of the glass substrate under the conditions as follows.  As a result,
a Dub-off value of the glass substrate after executing the final polishing step using colloidal silica as
polishing abrasive grains was less than or equal to 5 nm, which is a remarkably good result.

<Polishing Conditions>

- Polisher pad: Suede pad made of formed polyurethane (JIS-A hardness: 85)

- Polishing load: 100 g/fcm2

- Platen rotational speed: 30 rpm

- Removal stock (total of front and back surfaces): 30 um

- Polishing device: Device similar to the device used in the first polishing step
[0106]

Different types of glass substrates were fabricated to have varied fracture toughness values of
glass respectively by adjusting each glass composition. Specifically, the fracture toughness values
of the glass substrates are 0.2, 04, 0.5, 1.0, 1.5, and 2.0 [MPa/m'?], respectively. The glass
substrates were used for the first polishing with respect to the principal faces of the glass substrates.
The polishing was executed under the same condition as in the practical example 8. The fracture
toughness value was measured with a Vickers hardness tester.

When the glass substrates having the fracture toughness value of 0.2 and 2.0 [MPa/m'?]
respectively were used, the polishing speed, flaws, and an edge shape were almost the same degree
as in the practical example 2. The degree of the polishing speed, flaws, and an edge shape was
higher than that of the practical example 8 when the fracture toughness value was 0.4 or 1.5
[MPa/m'?]. Moreover, the degree the polishing speed, flaws, and an edge shape was even higher
when the fracture toughness value was 0.5 or 1.0 [MPa/m"?].

[0107]
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a polishing step of polishing a principal face of the glass substrate
using a slurry containing zirconium oxi de abrasi ve gains having
nmonoclinic crystalline structures and tetragonal crystalline
structures as an abrasive. 2. The manufacturing nmethod of a
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structures with respect. to a peak intensity of the nonoclinic

cryst alf 2 head s¥ap peplgyesvitiethe pearesul OEWS festy an gragseenet ogatehed as
an int @gied peak intensity) 3. The manufacturing nmethod of a
gl ass substrate for a magnetic disk recited in claim1l or claim 2,

wher ei n t hA mzanofomiitgmethbd ef a biasssiuberagy far nmagietc Bk ef tk phgertagahts: ok
pri mar artjicles of  zirconjum oxide and .the primary particles of

i r conPeTh BRI Ve - t REVRGHAM BACY Ry ot i afggﬁglea%fawd
the t et @R lembbdited] AddiPisShpatGh Wals variety of odifl B BRAH RS ¢l e made
met hod of ‘a glass substrate Tor a magneti'c disk recited in-any of

cl ai s withpg dgpartimgdrosi the s¢oge of the piesenhinesatide abr asi ve grains do not

cont ai b Az t. 5. The manufacturing nmethod of a

gl ass ?ﬁ%@?@%#gg$¢ﬁksggsggnetic disk recited in any of clains 1 to 4
wher ei Ok average particle size D50 of the zirconi um oxide abrasive
grains is set to be in arange of 0.2 to 0.5 pm 6. The

manuf adPur Polgherdefiod of a gl ass substrate for a nmagnetic disk recited
in any ;gf ?&?Ens 1 to 5 wherein a polisher pad is used for polishing
a principa ce of the glass substrate in the polishing step, the
pol i shéf paap fiaten ng hardness in a range of 80 to 100 in JIS-A
hardne%ﬁ. 7. manuf acturi ng nethod of a glass substrate for a
magnet P¢ dPERM B i sing: a polishing step of executing polishing
using @isl gf geacont ai ning yttri umcontained partially stabilized

zirconia as an abrasive. 8. The manufacturing nethod of a gl ass
substr &2e Ingamaigemignetic disk recited in claim7, wherein the

abr asi o [ iumin a range of 1 to 6 % by nol e. 9. The
nanufaé?ur?ﬂéﬁﬁgihﬁgh%f a glass substrate for a magnetic disk recited

i n cl ai7tn 8pipwherei n the abrasive contains yttriumoxide in a range of
1to 6 %by nole. . 10. The manufacturing nethod of a gl ass
subst r d4Pe PoPay PAigKetic disk recited in any of claims 1 to 9,
mhereiaoghg_%£%ﬁ§ substrate is nade of glass, the glass having the
fracture tog hhess value in a range of 0.4 to 1.5 MPa/ ml/ 2. 11.
The maMif abtonpdling ometalimd siodcte gl ass substrate for a magnetic di sk
recited.in.any of clajns Ito 10, further conprising: a post

pol i shi'ng E%E%OT#CQﬁﬁ'Q¥ﬁFH8mﬁsing a slurry containing colloidal
silica as abrasive grains, the post polishing step configured to be
executed after the polishing step. 12 The manufacturing net hod
of a glass substrate for a magnetic disk recited in claim1l, wherein
a renoval stock is set to be less than or equal to 5 jimin the post
pol i shing step.
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13. The manufacturing nethod of a glass substrate for a magnetic disk
recited in claim11 or claim 12, further conprising: an

I ntermedi ate polishing step of polishing using a slurry containing
cerium oxi de abrasive grains, the inten-nediate polishing step being
execut ggapetmesn is:he polishing step and the post polishing step.

14. The manufacturing nethod of a gl ass substrate for a nmagnetic disk
recited |niaﬁyﬁ@mﬁ@ﬁﬁnﬁﬁwiwd@fﬁQﬂﬁﬁﬁﬁ&@eﬁﬁame@mCdﬁkﬁmH$nﬁgg a
chenlcally 0 t ed betmeen

pol 1 shi ng SPLREHE 588 R POSEHER FRERIHALE 0 A8 SHEEH it ortiGre
made ofir@nghisdEds wmixreagmnmmﬂfgaﬁ@wcﬁdc whybtallihd erRirashd rtﬁfagéxﬁd chyBtal@Ry
of clains 1 to 13 wherein at least a magnetic layer is fornmed on a
pri nci PEICFSARaIOIEHE. gl ass substr at e. 16. A magnetic
recording/ye gruAlgy L& %H%§§ 1.Cy: 8li sk i

I n claln1f% ﬁ%%g&%h%hgné¥ &ﬁeag e eéa% mﬁ?@hygggﬁah?E%Hgéfgqﬁfbﬁﬁ5’
Hei ght }vhcmmtm dhe Theohiami sade abrasive grains, a ratio of the amount of the tetragonal crystalline

structures with respect to the amount of the monoclinic crystalline structures falls in a range of 0.7 %
to 3.0 %. (where the ratio is obtained by means of x-ray diffraction and is defined as a ratio of a
peak mtensity of the tefragonal crystalline structures with respect to a peak intensity of the
monoclinic crystalline structures; and the peak intensity is herein defined as an integrated peak
intensity.)

3. The manufacturing method of a glass substrate for a magnetic disk recited in claim 1 or
claim 2, wherein the zirconium oxide abrasive grains are made of aggregates of primary particles of
zirconium oxide and the primary particles of zirconium oxide have both the monoclinic crystalline
structures and the tetragonal crystalline structures.

4. The manufacturing method of a glass substrate for a magnetic disk recited in any of claims
1 to 3, wherein the zirconium oxide abrasive grains do not contain stabilizing agent.

5. The manufacturing method of a glass substrate for a magnetic disk recited in any of claims
1 to 4 wheremn the average particle size D50 of the zirconium oxide abrasive grains is set to be in a
range 0of 0.2 to 0.5 pm.

6. The manufacturing method of a glass substrate for a magnetic disk recited in any of claims
1 to 5, wherein a polisher pad is used for polishing a principal face of the glass substrate in the
polishing step, the polisher pad having hardness in a range of 80 to 100 in JIS-A hardness.

7. A manufacturing method of a glass substrate for a magnetic disk, comprising:

a polishing step of executing polishing using a slurry containing yttrium-contained partially
stabilized zirconia as an abrasive.

8. The manufacturing method of a glass substrate for a magnetic disk recited in claim 7,
wherein the abrasive contains yttrium in a range of 1 to 6 % by mole.

9. The manufacturing method of a glass substrate for a magnetic disk recited in claim 8,
wherein the abrasive contains yttrium oxide in a range of 1 to 6 % by mole.

10. The manufacturing method of a glass substrate for a magnetic disk recited in any of
claims 1 to 9, wherein the glass substrate is made of glass, the glass having the fracture toughness
value in a range of 0.4 to 1.5 MPa/m"”.
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11. The manufacturing method of a glass substrate for a magnetic disk recited in any of
claims 1 to 10, further comprising:

a post polishing step of polishing using a slurry containing colloidal silica as abrasive grains ,
the post polishing step configured to be executed after the polishing step.

12 The manufacturing method of a glass substrate for a magnetic disk recited in claim 11,
wherein a removal stock is set to be less than or equal to 5 pm in the post polishing step.

13.  The manufacturing method of a glass substrate for a magnetic disk recited in claim 11 or
claim 12, further comprising:

an intermediate polishing step of polishing using a slurry containing cerium oxide abrasive
grains, the intermediate polishing step being executed between the polishing step and the post
polishing step.

14. The manufacturing method of a glass substrate for a magnetic disk recited in any of
claims 11 to claim 13, further comprising:

a chemically strengthening step configured to be executed between the polishing step and the
post polishing step.

15. A magnetic disk made of a glass substrate manufactured with the method recited in any
of claims 1 to 13, wherein at least a magnetic layer is formed on a principal face of the glass
substrate.

16. A magnetic recording/reproducing device, comprising;

the magnetic disk recited in claim 15; and

a magnetic head embedded with a DFH (Dynamic Flying Height) control mechanism.
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