1 DESCRI PTION TI TLE OF I NVENTI ON: METHOD FOR PRCODUCI NG MAGNETI C DI SK,
AND GLASS SUBSTRATE FOR | NFORVATI ON RECORDI NG MEDI UM 5 TECHNI CAL

FI ELD The present invention relates to a nmethod for producing a
gl ass substrate to be used for an information recordi ng nedi um such
as a magnetic disk, optical disk BESIRIPTIRY and a method for

pr oduci t isk, and particularly, it relates to a 10net hod
for progﬁ'ﬁﬁ%rﬁﬁ\éﬁﬁﬁ‘ﬁ'@ disk to forma magnetic recording |ayer at a
hi gh t enperpids FORPRODIEING AGNERIOHHSK NIND @IlASS STHRSIRATE FOR
suitabl e for such a production nethod. BACKGROUND ART 151 n recent
years, adNFGRMATIORMRHECORDHYG MBDIUM recordi ng capacity of a hard

di sk drive, densification for a high recording density has been in
progress at a high pace. However, along with the densification for a

high re i Lty, mcrofabrication of magnetic particles is
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likely to stability, thus leading to a probl em of
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the circunmstance, 20attention has been drawn to a thernal assi st

magnet i cuseeldor an imgomeationi rqoardiag raediombs unhcas & otagngtiedisk, agitcatdiskhndthe

magnetism This is a,technique wherein a magn tic recordi ng{ I aaler IS
n@ fetoa
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nagnet i zakipefatue, BAl b AEeddiyr FroducikB dassedseats suMableeBy sigrgr di ng
can be nmade on a high coercive force nedium and it becones possible

to m cr gfratudtioatreelimadneti ¢ particles while maintaining the thernal
stability. However, in order to forma high coercive force nmediumin
the formof a multi-layered film it is required to sufficiently heat
t he subBAGKEBRAYMIDART ghly heat resistant substrate is desired.
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hi gh recording density, but for the fornmation of 2 such a magnetic
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in many cases. . . \Wereas, a_.silicgn substrate has
been pr OBBERIICRE P Iex, 5ARFNi e ARG Fara,SIGPUI: 1 eFing Fos BoRle Bt
t her mal | i rchi i at
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silicon substrate is usually weak in stren_gth as conmpared with a

gl ass suissihinedtechoigoedif Agtigs and megnatiame phisdue tecbmiae wheraigriet i ¢
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produci ng such a magnetic di sk, and a nethod for producing a gl ass
subst r atfeeld @rapmtied fdroeostingn ane dw dicoglededagmetizatiore s reiievad byld.@ GHIR
such a production nmethod. 20 SOLUTI ON TO PROBLEM The present.
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74% of SI2, "from6 to 18% of Al 203, from2 to 15% of B2G3 and from 8

to 21% multitlayeakd fioh, ibis reqestd torsffommlyieat thecdubstret, findm Higlly h€al,
Sr and BaO provided that the total content of the above seven
conponer8isiedt aubstede s @psdiedand further contains less than 1% in

total, of at I - [ 0, or
contaézgi ns nonglugﬁa{’ ﬁ%sr&gofﬁ%@?@%ﬁ%éﬁ%@ﬁ'&(%gﬁhﬁﬁ?@r ,rza%ggﬂ% to as
recording layer different from a conventional one has been proposed in order to meet

the requirement for densification for a high recording density, but for the formation of



to |l east 95% and further contains less than 1% in total, of at

| east one conponent sel ected from Li 20, Na20 and K20, or contains
none of these three conponents (hereingfter referred to as the second
nmet hod). Here, "fromO to | ess than 2% of B203" neans that B203 is
cont ai nesiahrg ByegaRtrIFRCOBTing layaT, dve sebsteds istreguiredio rriheaied at aHugh

present Jjnvention.provides a glass substrate for an information

15recorot|eﬂﬁjeﬁ%tﬂfeh n\m?’@ﬁsﬁ%nprises, as represented by nol

percentage, fxREEGS 4 QiiddVeHstretORas bESMbrogoled 8¥aNurhta3nhibh fiderti0
15% of B203 and from8 to 16% in total, of at |east one conponent

sel ect edof thenabhdy® mé&atdnedrtheamntd aBai6t mpystidedotdiad techriguet@atenbnt ent
of the above seven conponents is at |east 95% and further contains

| ess & hdpoawmentil)t ot al , of at | east one conponent sel ected from Li 20,
Na20 and K20, or 20contains none of these three conponents
(hereinafter referred to as the glass substrate A). Furt her,
the presemior AENHOOUMERYI des a gl ass substrate for an information
recordi ng medi um which conprises, as represented by nol percentage,
from 62 RATENVISICOMENT from 7 to 18% of Al 203, from 7 to 15% of B203
and from8 tqg 21% in total, 25 of at | east one conponent sel ected
from MpO, CabatetPopmastd: JBruePedY9Pit the total content of the
abov& seven conponents is at |east 95% and further contains |ess
than 1% in total, of at |east one conponent selected fromLi 20, Na20
and K20,D@CLaastRESF MAVENTIOKhese three conponents (hereinafter
referred to as the glass substrate B). 30Further, the present

i nvent i orEQHMNGCALEROBIENMs substrate for an information recording
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and a0 lagertdyehetinehéd soibstB2O at & hiyrOeBaR)atBa) 8)is beefatredrasiisela glasand

the total content of the above seven conponents is at |east 95% and
further ¢bstralens 1 ess than 1% in total, of at |east one conponent

selected fr i . ! i n f. these. thre
component s (N Plp PR the PR e D vetlos BRLAY TS adfefipd ol idnd S8ch a
The pr e%ﬁﬁ%nétl&%ﬁéﬁ, i2PB.a PMatHddaE} prodMchi @ JIBYERIBMAtd Rirahiim@rhatidmhese
gl ass substirates, not only nmakes it possible that the substrates can
be nade reocotdingemadiing lwhignisesudbbledoi sudhtepmdodiit methaof a nagneti c
di sk by formi ng a magnetic recording |ayer, but also 10has an object
to mike the glass substrates hardly susceptible to breakage as
mention is, an information recording nmediumis
of ten dre%%%gg%-rg BBOaB oor by a mstake during its use or
transportat i THe pe8dnt ihvént@nassvideds nfidthed for psdeting a nfiyneubaiskawRichor
such an information recording medium there has been a problemthat

t he 15glcesprisessk stap of fosmiigok aradogtic reordipadayer on a glasssuhstfate baving a
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substra asses 1h Exanples 4, 15 and 16 gl ven hereina

(provi deBbQaleid frdre 8tba@=igs, Snlsthl, af &t leastoren@nepdiizntesiecled fiobaMaO, hO,
tenpered), and these glass substrates were set in a Mcrodrive (PC
car d- t yperQuand BaRaprovitiaddthat r)totahaententeofithp above sevesk components iead

Si 50 and_ S re sured.. The results.are s in Table 1. TABLE
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gl ass product 1ncreases together wth the fracture toughness of the

gl as®. Hbemeafierwefetret beagtlstrstmegiodat es for magnetic disks, it has
Further, the Al,O3; content in the glass substrate is typically at least 7 mol%, and

in a typical embodiment of the first method, the glass substrate preferably contains



usual glass plate, etc., a fracture origin is present at a scratched
edge area, in the glass substrate for a magnetic disk, the fracture
originis present at a contact portiong Swith a clanp or spacer, of
the main surface. It is considered that since the nmain surface is a

recor di rigers oftad®% ahgiCm fraer 2ia 12hliPrdQesBeimt 1 tl 1370198 BpPegadiromal Gitay
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the fracture toughness. 10Further, the chemcally tenpere ass

subst r atwhich cerenipee a Ebep of forraln\g'ra mhghetic rbeemmg)memd)ryatgm éubstrate
magneti c di sk, but its anneali ngﬁopoi nt is as low as 500C, and it is
not <ui thling a éemaerekieeipt least “Fayiersic thecglase pustiade Ramgliess, as

The pres e n r C av,
accoml | ERsseTIeE R PREEGRL R BT BURE P BRE: WRFCH RE R0 RPRRCE Far
a ther mad 188k manlé%&grmgmqrdrﬁq%@wgfm@@mﬂ&vatae% WESD, Bkestol 4% of
possi bl e al ong the object of the present i'nvention to provide a gl ass
subst r at@rCnaed &b © hes5% efddGgrodtied ll’satelmmwtalmonte&'ntsf Mgéh CaO, SrO and

| ass substrate for Furt her, the
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processing a S a gl ass
St ep Of éeﬂ’@ﬂéd\ﬁohhﬁzwaz@ dhél ®GO, of cc§rh@|n§|n@ﬁ§ ofitrdée tAre@Bdomponents
surface-polishing step of pollshlng the | apped nain surface of the
gl ass di(skreinafter acferrednt ag the epcard roetbad). ndierae figna 4o thsskhaeEleen

th t i ft th ' o th |

bl ate oot gieansd8sihdtdl iaftairiy apianat Bh A i imeasan 6% 406 of
Si 02, from 7Fér&e}&?{% es@n@%enfléﬁﬁ;)o%mte@ alga/%éjgut?% af@%’raémﬁfofrﬁq%rﬁ to
16% in total | east one cohponent Sel ect O CaQ Sro

and Ba0 repsaifigieddiumgtwhittecsrapades; astrepresaitet by rﬂdﬂcpeecam@) from 62 to
conponents is at |east 9503 and further contains |less than 1% in

total, of4%0f BEasToshé te dRpodeMeOs diogt del 1PVorh BiRmandNER &l &b tefal,

cont ai ns C

nvent | off pieet gk BT RebRAGRETER PBR TR, B4, Rk ek e £588k8 s,
i nf or matth@incoMEAt 6 the aBBo: Y8VeNrRPo P ls! 8t Sask 984 kmbi gt h dtEohtams REs
processing a glass sheet into a glass disk, a | appi'ng step of |apping
t he mai thaurfade tadél, ohat Igb%tmed:%ormnhmlactsdrﬁfoatétzﬁoNasCBNamg Kee pr of
polishin he | apped main surface of ass di sk, an
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t hese sts%% ot @ ter these steps, wherein the glass plate conprises,
as represen (? y nmol percentage, from67 to 72% of Si 02, from1ll to
14% of Al 20FurfHepth@ presdneivehidnpRiidet £288s slivarad fdrandftoahali®ro,

from4 to 6% of Ca_O, froml to 6%of Sr0 and from5 0 to 5% of BaQ,
pr ovi dedeegrding m@dmm,auhldbmrénmseﬁf appEpreseited By el mer@aGgss fﬂom)ﬁi i

| oaet o of Son ofh7 SE ARt Ri0p 0ot Al 5% of B ARNNSB e o PR total
one z%or%?%?@as?Shé%ﬁgoﬁél’i’t@elféc@%fr%zi@ 68 578,0%c88% 5N e

t hese three conponent I'n the ove tho for pro Ing a ass
subst r attetal oontant ofitheateve severecom pbriemisl Brat tkastO5¥d) angfatiserdiostaimslgss
be one having a hole at the center i.e. a so-called doughnut-shaped
one, or tBaR1Ham Ff§3|n©f #ideast qn@rqqffmonenh@l@@tg@ fﬂoﬁtblzosNézgénﬂ%ﬁ or
subjected to cha or etchln t shi ng may
be appl |°é’6“t‘a”ﬁJP?'FﬁeeP thF%%”H?%%WPOP K}tér{ ?%W%ﬁ%(ﬁ%’%@d Fas o%s%et hod
for prodygkhgtesl ass substrate for an information recording medi um
wherein the annealing point of the 15glass plate is at |east 650C
Fur tdser, t hdythesdhe presemhinventiqr providies d diessabuhvadrates fdrad ihformation

recording medium, which comprises, as represented by mol percentage, from 62 to

74% of SiOg, from 7 to 18% of Al2Os, from 2 to 15% of BoO3 and from 8 to 21%, in total,



A glass is polished with cerium oxi de abrasive having an average
particle size of 2 pmand then polished with colloidal silica
abrasive having an average particle size of 20 nmto prepare a gl ass
pl ate having a thickness of fromlto 2 nmm size of 4 cmx 30 4 ¢

and a swiraideast englersyongat eFlecied fost NKJOlQBIQnSF@rﬁ@ @a@serogld@déhatsthe
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less. Oppbher. §U£ﬁ@ﬁ1% thaI EBht%n%ﬂﬁé aBb@t Seveh cnﬁn%r%?ﬁé B ét@ﬁ?b@% lahd

inpressed with' a load o O ginaroomcontrolled to have

t enper atfurtbeocﬁor%iﬁ?sm taam e%mm wtalhohatdeast ook cobfonshessibstet Ifren‘nu]atber
of cracks fornmed fromits four apexes is neasured. This neasurenent

i s rdpeaiias aad Ktzprrﬁ"sm%ﬁ’é‘ﬁé@ﬁ@r?f 1'!&%@(@[9% PMRARENiRinsEsIRaTtT referred to as

cracks) S 5The acid resistance of the substrate gl ass
is pref etﬁgl%% Sat- %&gfé )01 mg/cn2. If it exceeds 0.1 ng/cnR, surface

roughness i gpki ééé’nttn‘i\/é?ﬁrﬁHrpérﬂc@aﬁ} #12 iRYerRhirehting t@fhe‘éeeg@éﬁs%bstrates
wherein an acid is enpl oyed ment i oned above, the gl ass
subst r at mttoolybmakssd pnasrbledhai mstsubem"ated cas ba pdesk rmsfveea bighdesperadure

whi ch conprises, as represented, by nol percentage, from62 to 74% 10
of 8i 02, mftfﬂ%m@w&oqgﬁgmagﬂﬁyeﬂ'skftrva‘ﬁr@ng@ TS%%F Bo0ring I2%eh QUHJ%%%

O e

wher ei n AeRBhadeadw! east 7 nol % (hereinafter referred to as glass 1)
is a substrate glass suitable in a case where the glass is desired to
be hardly suBwips,ial isforBation srearding mediym ieaiten dgrpad tabgy e flpor by a
Each of gl asse contrtutln t he above ass substrates A, B and C
(her ei nd R BIER B seep dehsPadalidh ATdd Saast it & yir 39 e

cor r espagfiirb B) 8ch dn ftéhritich BESRAHGAREaIA HerBHabintehd biboRi) kiR
in a case ere the glass is desir t'o be ma 'y susceptible to
scr atschigigss bEhatelisrsoken by tigl iagmci is preferably at nost 2.57

g/cnB, typically at nost 2.52 g/cnB. |If it exceeds 2.57 g/cnB, the
glass is Ii kla|qu@r60beve§¢rge@ﬁhrsmr@blem $he presANtigveNBig, measLred the fracture
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EoroTy e SR MR RS PhRERE orRrgRe FlR P el 1o, 88 REE oy yitn
porti Onsregbécft% ﬁféglEéQQbkﬁﬁt?&i@s hads W BupgFdte gra%ses H EJ@eﬁnﬁl%Qlf HQ%ﬂd 16
Here, in the follow ng description of the 25conposition, mol %w | | be
sinply rgrmrebemtraltebg,prwrdadrtlmsh@glassmubsiraipetEkamnle 15 was 8hé&Ridally an
essenti al co nen &%02|slessthan 62‘V &srsllkelyto
be ﬁ?scetsmps t%” E‘reéﬁ‘ spubshatesivere sst B §m§q earid- 8@% mor e

prefera % i 9
nel ti ngtuc %ﬁ%ll g?'%ddegge%ag&he '\H\ﬁjere%gstt%?&quﬂgés§ l[l@;gﬁ Qé e/%\%ﬁrgge
di fficulthe ®adits hrd Shawreineradd y. at nost 71% 30 nore pref erably at
nost 69% Al 203 is an essential conponent. If Al 203 is |ess than 7%
the gl asBABIsEMi kel y to undergo phase separation, whereby the

subst r JT&, JE%td'9bsPe [FN @ (X5 PER. 5 9 snooth surface after
processiglgor Cleani g, g or L{lg gt d>e—,-| s tikely to be susceptible to

scrat chipg,—and—+t—+spre Cl-ﬂley a Q aDL 7.5% nore preferably at
| east 99% on—the—-ot h’r%é‘:ar‘.d,l6 —Al-2 exceeds 18% the nelting
char actigf®ecreases—fereby—thegiass—production tends to be

difficu t 214:* 5% nore preferably at 5
nost 12% Further, in order to make the gI ass nore hardly susceptible
to scratchin the total content of SiO2 and Al 203 is preferably at

| east® 70% inest Esigianceef 4 veurl giEpgeproduct inceRaRBsHagether with s to

i t h t h t t chi t f_.th
e < e oo SEHE pESs o cdSirikr woh el @5 TGS ar RO
the gl asfskOH8EEERAFouRD that byvé S ifREHSERR] ughndRaRtreats, TRE finpact

resistance does not necessarily increase, and the impact resistance increases along

with a decrease in the cracking rate.



Oxi des of atoms having atom c nunbers |arger than Ti such as V, are
|ikely to make the gl ass susceptible to scratching, and therefore, in
a case where such oxides are containedg the sumof their contents is
preferably at nost 3% nore preferably at 20nost 2% particularly
pref erabl y atumisdtframpamipyestigetior phpifiackire ptgin af tepelage substrateproken at
As203, 8b2Q3, Sn02, etc. are typical conppnents as refinj agents.
no et | BRI Bhvess ik 1P i hERianke Mo s Baeh PurkkigL BB
met hod i Rs8hidlk ase., BRIl BafGRT is rd &int 55 SEFAChddedi £HasH tR2
whi ch col?rspdrgfgess Fr%rﬁaegtfto 2% ofani (v 1r From 11 to 14%03‘%% Al'203, from
0 to | esgathanbs2dtoforB2Bagndticonisid the fragtued oddin MyMrestnioan Adcdria&pootion,

CaO, froml to 6%of SrO, from0O to 5% of BaO and from 14 to 18% of
RO, pr owWidea clatap ospiacea ofdhe pris sufaass ot ig sansidogdNBaisingstheomain

G ass 2 [ | sui t able. i Wh: it 1s desired
Co 1 nor ulERe R 3T ER e ARRectd ARl e g REs Rl Eer bros b e
Chan 6700 s o o O U DR o Pecoe ot
3}1 her bhwﬁgin.i }‘Tmis f@t@gm_ Wiﬂ%het&imveﬂadgith?_ t??fimafntesesiﬁnceissreﬁtz% \évith
ereby the glass production tends to be difficult. is
an esserfPAAGHHER MAtheq thaﬂtw'ﬁ‘stﬂﬁé@QL{r‘ﬁﬁ?ngﬂ%s-t he glass is likely
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able to maintain a snoo _ aft'er” processing or cleaning,

the gl asgedresshimbalyiRedyscs Aiddpkfic HRkSEUtadNnRElindPoihhie tIBRTasBUEC,
if it exceeds 14% the nelting character decreases, Swhereby the

gl ass praulitisi i suiakle feroa Bwermial #$sisiinnagnetic re@rdBgitechibguean essenti al
conponent, t it has. an effect to inprove the nmelting character or
the. scr at chi Hie PSPt feaon wrdognd I Sheveidracribie 45 &hParhed
within : 0, 1 ] 0, . r 1 .
Fosi st anigoRPrd LRARETIOR & 4tate s g b RRITPARPI IR Afbinal assis
conpanenhaghetid iepoireg teblnigeé andgviidtamaeeeit potsiblkealghgite ejectasf ¢the

essential. If the contents of MgO CaO and Sr() are, respectively,
| ess t hatedeqt in@dion fa Rravidenn @lase sytbstiate whrrebhiheraracking rain iy aqualor

decr eas f t . S, of r , respectively,

mor e ¢ naneober i r B e e B A A Vel R EE ase”Lends o’ be
suscepti bl e s AEGIESKt ihBAGh bovits AMeBRRERE pRIdUCRIGRPHRBS subitiate
has an effect to Inprove the nelting character of the gllass and may

be cont donend infoinmationarecandge medam, mosth &8mplises a diskdenusg Stdp afhe

gl ass tends to be susceptible to scratching. If is less than 14%
t he #fel mrﬁaewaeaéﬁs%ﬁem@ alggaﬁdd%‘c@é% 39 SWF?S??&RP'% egna@ssurfac%

D€ he TS5 . STl ooy led BEa % BElo e e HELF S o

essent i ahkYylaRriss efdef clé&sing R@peofRyBing iSk bBtweehEtiie S 8tepb Nn
ot her conponents in a total amobunt of |ess than 5% w thin a range not

t o i npaithesdstepaopader tese Istens: wherain thevglass plate campriress aareresented by
contents o

rore. |t HEOYISSEN ARt A28 7488 ALSIth MG Bl SRR gom it e &

fol | g %O&W&ﬁ%% WA Sh thiapRd %P%a@@&i@e%c?rﬁ?@{brﬁg%&éﬂmoﬁnm b, &0,

exenplifi'e I's a conponent to ex the simlar ect as
MO, CaGrGbafd BaOBpvidel! thay thectotad sbatenesf the tabhove seveangsmpdnerits Eostt

5% The sum of the content of ZnO and RO.is preferably from8 to 21%
nor e pr deastdN’%, andother eantaipgdessghan d%, Natadalaataikeastwine| companentA,
and therefore,.the.s of.co ts of ,these three c onents is,0% or
s 1 herigos BT ohea B KGR, Brgontesiens o iess ARRIDM donshesr
such as V, qflﬁtr{ér,ktﬁlebré%ntlr%eﬁ%ﬁp%\ﬁo%%_éHT%%%HfonPodu_%in'@Cé éitagé‘%ﬂlgstrate
and therefore, In a case where these oxides are contai néd, the sum of

t heist cdot enirfoinsatipnetecmalivigymadijuus tvedch corbprises andisk-f@Mingetsp of
processing a glass sheet into a glass disk, a lapping step of lapping the main surface

of the glass disk, a main surface-polishing step of polishing the lapped main surface of



S5Exanples 1 to 14 are substrate glasses to be used in the present

I nvention. Anong them Exanples 1 to 13 are the above nentioned gl ass
1, and anong them Exanples 1 to 11 arg excellent in inpact

resi stance. Exanple 14 is the above nentioned glass 2 and is

excel | enheigiasscdisk, readiaselaatiag step of alsampg the digss disk betwaendhese sigps, in
gl asses for c arison, and. the nmeasurenent of of Example 15 S
Cartied bate SR o ALBELESE SamtonPER e S Pltf GRS Bs feniBstis by
with re L6 ' .S i

3150 and CHe o R T o P Pt e,
3150: a Zfhas B,Ohcfedm @irto@s seMgthonaddo sk shep®, fromhl 6% wf &rO and from
di aneter of 27 mmwas set on a Mcrodrive manufactured by

| BM d
this 3V @ BuPYovd RS RiPvRpe ihad heotosal popiest PEMeR, §6h SR %ndeﬁa@ri%%g@ 14

hei ght qf c I re_th |.ass. pl at nOt en, ,the
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Further, the present invention provides the above method for producing a
magnetic disk, wherein the glass sheet is produced by means of a float process or a
downdraw method. The downdraw method may, for example, be a fusion method or
a slit downdraw method.
20 Further, the present invention provides the above method for producing a glass

substrate for an information recording medium, wherein the information recording

medium is a magnetic disk.

ADVANTAGEOQUS EFFECTS OF INVENTION
25 According to the present invention, a magnetic recording layer can be formed on
the glass substrate at a high temperature, whereby high densification of a magnetic
disk becomes possible.
Further, it becomes possible to produce such a glass substrate.
Further, it is possible not only to form a magnetic recording layer at a high
30 temperature but also to obtain a glass substrate for an information recording medium
which has a high possibility of being excellent in impact resistance and minimizing the

cracking rate.
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5.5
ESCRIPTION OF EMBODIMENTS

4
0
.6
D
In the method for producing a magnetic disk of the present invention, the material

for the magnetic recording layer is typically FePt or SmCos.

Such a magnetic recording layer is formed on a glass subsirate by adjusting the
temperature of the glass substrate to be at least 550°C. However, the temperature is
required to be adjusted to be e.g. at least 600°C or at least 650°C, as the case
requires. Here, the temperature is usually adjusted to be at most 750°C.

In the method for producing a magnetic disk of the present invention, as the case
requires, a layer such as an underlayer may be formed between the glass substrate
and the magnetic recording layer, or, as the case requires, a layer such as a protective
layer may be formed on the magnetic recording layer.

The glass substrate of the present invention and a glass constituting the glass
substrate to be used in the method for producing a magnetic disk of the present
invention (hereinafter sometimes referred to as the substrate glass) preferably have an
annealing point Tp of at least 850°C. if the annealing point is less than 850°C, the
glass is likely to undergo warpage during formation of a magnetic recording layer,
whereby it tends to become difficult to carry out reading or writing normally. The
annealing point is more preferably at least 680°C, particularly preferably at least 700°C,
typically at most 750°C.

The cracking rate p (unit: %) of the substrate glass is preferably at most 70%. If
it exceeds 70%, the glass tends to be more susceptible to scratching than a
conventional glass substrate (one having glass chemically tempered in Example 15
given hereinafter), i.e. stress concentration tends to take place. As a result, brittle
fracture tends to occur by a weak stress. The cracking rate p is more preferably at
most 50%, particularly preferably at most 30%, most preferably at most 10%.

The cracking rate p is measured as follows.

A glass is polished with cerium oxide abrasive having an average particle size of
2 um and then polished with colloidal silica abrasive having an average particle size of
20 nm to prepare a glass plate having a thickness of from 1 to 2 mm, a size of 4 cm %

4 ¢cm and a surface roughness Ra of at most 0.15 nm. This glass plate is held at the
annealing point or the glass transition temperature for 30 minutes and then cooled to

room temperature at a rate of 1°C/min or less. On the surface of this glass plate, a
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Vickers indenter is impressed with a load of 1,000 g in a room controlled to have a
temperature of 23°C and a relative humidity of 70%, whereby the number of cracks
formed from its four apexes is measured. This measurement is repeated ten times,
whereupon 100x(sum of the numbers of cracks)+40 is taken as p.

The acid resistance of the substrate glass is preferably at most 0.1 mg/cm?®.  If it
exceeds 0.1 mg/cm?, surface roughness is likely to occur in a step of polishing or
cleaning wherein an acid is employed.

As mentioned above, the glass substrate to be used in the first method is a glass
of a composition which comprises, as represented by mol percentage, from 62 to 74%
of Si0,, from 6 to 18% of Al,O3, from 2 to 15% of B2O3, from 8 to 21% of
MgO+CaO+SrO+BaO (hereinafter abbreviated as RO), provided that
SiOz+AI203+B203+R0295%, and Li;O+NaO+K20<1%.

This glass wherein AlxO3 is at least 7 mol% (hereinafter referred to as glass 1) is
a substrate glass suitable in a case where the glass is desired to be hardly susceptible
to scratching by reducing the above p.

Each of glasses constituting the above glass substrates A, B and C (hereinafter
referred to as glasses A, B and C, respectively) corresponds to glass 1 and is a
substrate glass particularly suitable in a case where the glass is desired to be made
hardly susceptible to scratching.

The density of glass 1 is preferably at most 2.57 g/cm?, typically at most 2.52
g/cm®.  If it exceeds 2.57 g/em®, the glass is likely to be susceptible to scratching.

Now, the compositions of glass 1 and glasses A, B and C will be described.
Firstly, glass 1 will be described, and then, if glass A, B or C has portions different from
glass 1, such portions will be described. Here, in the following description of the
composition, mol% will be simply represented by %, unless otherwise specified.

SiO; is an essential component.  If SiO; is less than 62%, the glass is likely to
be susceptible to scratching, and it is preferably at least 63%, more preferably at least
65%. On the other hand, if SiO; exceeds 74%, the meiting character decreases,
whereby the glass production tends to be difficult, and it is preferably at most 71%,
more preferably at most 69%.

Al,O3 is an essential component. [f Al;O3 is less than 7%, the glass is likely to

undergo phase separation, whereby the substrate may not be able to maintain a
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smooth surface after processing or cleaning, or the glass is likely to be susceptible to
scratching, and it is preferably at least 7.5%, more preferably at least 9%. On the
other hand, if Al;O3; exceeds 18%, the melting character decreases, whereby the glass
production tends to be difficult, and it is preferably at most 16%, more preferably at
most 12%.

Further, in order to make the glass more hardly susceptible to scratching, the
total content of SiO2 and Al2Q3 is preferably at least 70%, more preferably at least 72%.

B>03 has an effect to improve the melting character or scratching resistance of
the glass and is essential. If BoOs is less than 2%, the melting character of the glass
decreases, and it is preferably at least 5%, more preferably at least 7%, particularly
preferably at least 7.3%. Further, in glass B, itis at least 7%. As represented by
mass percentage, B20j; is typically more than 8%.: On the other hand, if B2O3
exceeds 15%, the glass is likely to undergo phase separation, whereby the substrate
tends to be hardly able to maintain a smooth surface after processing or cleaning, and
it is preferably at most 14%, more preferably at most 12%.

MgO, Ca0, SrO and BaO are components to improve the melting character of
the glass, and at least one of them must be contained. If their total content RO is less
than 8%, the melting character of the glass decreases, whereby the glass production
tends to be difficult, and it is preferably at least 9%, more preferably at least 10%. On
the other hand, if RO exceeds 21%, the glass tends to be susceptible to scratching,
and it is preferably at most 18%, more preferably at most 16%. Further, in glass A,
RO is at most 16%, typically at most 15%.

Among these four components, at least one of MgQO and CaO is preferably
contained in an amount of at least 3%. If the total content of MgO and CaQ i.e.
MgO+CaO is less than 3%, the melting of the glass is likely to be difficult, or the glass
is likely to be susceptible to scratching. However, if MgO+CaO exceeds 18%, the
devitrification temperature tends to be high, whereby forming tends to be difficult, and it
is at most 18%.

In a case where MgO is contained, its content is typically at most 8%, and in a
case where CaQ is contained, its content is typically at most 10%.

Among alkaline earth metal oxides, SrO and BaG are components which make

the glass more susceptible to scratching, and in a case where SrO and/or BaO is
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contained, their total content SrO+Ba0O is preferably at most 8%.

Further, the ratio in content of SrO+Ba0 to B,O3 as a component which makes
glass hardly susceptible to scratching i.e. (SrO+BaQ)/B20; is preferably at most 1.2,
and in glass C, (SrO+BaQ)/B;0s; is at most 1.2.

Glasses 1, A, B and C are essentially composed of the above seven components,
but may contain other components within a range not to impair the purpose of the
present invention. However, even in such a case, the total content of such other
components is less than 5%. If the total content of components other than the above
seven components is 5% or more, the glass tends to be susceptible to scratching. [n
the following, components other than the above seven components will be exemplified.

ZnQ is a component to exhibit the similar effect as MgO, CaQ, SrO or BaO and
may be contained within a range of at most 5%. The sum of the content of ZnO and
RO is preferably from 8 to 21%, more preferably at most 16%, typically from 10 to 16%.
As represented by mass percentage, the above sum is typically at most 18%.

Li-O, Na-0O and K20 will lower Ta, and therefore, the sum of contents of these
three components is 0% or less than 1%.

Oxides of atoms having atomic numbers larger than Ti such as V, are likely to
make the glass susceptible to scratching, and therefore, in a case where such oxides
are contained, the sum of their contents is preferably at most 3%, more preferably at
most 2%, particularly preferably at most 1%, most preferably at most 0.3%.

S0g, F, Cl, As:03, Sba03, SnO,, etc. are typical components as refining agents.

As mentiocned above, the glass substrate to be used in the second method is
made of glass (hereinafter after referred to as glass 2) which comprises from 67 to
72% of SiO3, from 11 to 14% of Al.O3, from 0 to less than 2% of B>O3, from 4 to 9% of
MgO, from 4 to 6% of CaO, from 1 to 6% of SrO, from 0 to 5% of BaO and from 14 to
18% of RO, provided that SiOx+AlLO3+B;03+R0>85%, and Li;O+Na,0+K,0<1%.

Glass 2 is a substrate glass suitable in a case where it is desired to increase Ta
or the acid resistance.

Now, the composition of glass 2 will be described.

Si0O2 is an essential component.  If it is less than 67%, the glass tends to be
susceptible to scratching. On the other hand, if it exceeds 72%, the melting character

decreases, whereby the glass production tends to be difficult.
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AlO3 is an essential component.  [f it is less than 11%, the glass is likely to
undergo phase separation, whereby the substrate tends to be hardly able to maintain a
smooth surface after processing or cleaning, or the glass tends to be susceptible to
scratching. On the other hand, if it exceeds 14%, the melting character decreases,
whereby the glass production tends to be difficult.

B2O3 is not an essential component, but it has an effect to improve the melting
character or the scratching resistance of the glass and thus may be contained within a
range of less than 2%. [f it is 2% or more, the acid resistance or T is likely to
decrease.

MgQ, CaO and SrO are components to improve the melting character of the
glass and are essential. If the contents of MgO, CaO and SrO are, respectively, less
than 4%, less than 4% and less than 1%, the melting character decreases. If the
contents of MgQO, CaO and SrO are, respectively, more than 9%, more than 6% and
more than 6%, the glass tends to be susceptible to scratching.

BaO is not an essential component, but has an effect to improve the melting
character of the glass and may be contained within a range of at most 5%. If it
exceeds 5%, the glass tends to be susceptible to scratching. If RO is less than 14%,
the melting character of the glass decreases, whereby the glass production tends to be
difficult. On the other hand, if RO exceeds 18%, the glass tends to be susceptible to
scratching.

Glass 2 is essentially composed of the above seven components, but may
contain other components in a total amount of less than 5% within a range not to
impair the purpose of the present invention. If the sum of contents of components
other than the above seven components is 5% or more, the glass tends to be
susceptible to scratching. In the following, components other than the above seven
components will be exemplified.

ZnQO is a component to exhibit the similar effect as MgQ, Ca0, SrO or BaO and
may be contained within a range of at most 5%. The sum of the content of ZnO and
RO is preferably from 8 to 21%, more preferably from 10 to 16%.

Li>O, Na-O and KO will lower Ta, and therefore, the sum of contents of these
three components is 0% or less than 1%.

Oxides of atoms having atomic numbers larger than Ti, such as V, are likely to
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make glass susceptible to scratching, and therefore, in a case where these oxides are
contained, the sum of their contents is preferably adjusted to be at most 3%, more
preferably at most 2%, particularly preferably at most 1%, most preferably at most
0.3%.

S0Og, F, Cl, As;03, Sh203, SnOy, etc. are typical components as a refining agent.

EXAMPLES

17 Glasses having the compositions as represented by mol percentage in the
rows for SiO; to BaO in Table 2 and in the rows for SiO; to K20 in Table 3 were
prepared. With respect to these glasses, the linear expansion coefficient a (unit:
107/°C), the density d (unit: g/lcm?), the Young's modulus E (unit: GPa), the specific
modulus E/d (unit: MNm/kg), the acid resistance index A (unit: mg/cmz), the strain point
Tsir (unit: °C), the annealing point T (unit: °C), the temperature T,4 (unit: °C) at which
the viscosity becomes 10* dPa's, the temperature T (unit; °C) at which the viscosity

becomes 102 dPas, the fracture toughness St (unit: MPa'm"z)

and the cracking rate p
(unit: %) were measured or calculated. One identified by * is a value calculated or
estimated from the composition.

With respect to the above measurements, p was carried out as described above,
and other were carried out as follows.

Linear expansion coefficient: by means of a differential thermal dilatometer and
using quartz glass as a reference sample, the elongation rate of glass at the time of
raising the temperature at a rate of 5°C/min from room temperature, was measured up
to the temperature at which elongation became no ionger observed as the glass was
softened i.e. up to the yield point, and from the obtained thermal expansion curve, an
average linear expansion coefficient in a range of from 50 to 350°C was calculated.

Density. measured by an Archimedes method, with respect to from 20 to 50 g of
glass free from bubbles.

Young's modulus: measured by an ultrasonic pulse method with respect to a
glass plate having a thickness of from 5 to 10 mm and a size of 3 cm % 3 cm.

Acid resistance: a glass was immersed in 0.1 N hydrochloric acid at 90°C for 20

hours, whereby the weight reduction was measured, and the acid resistance was

obtained by dividing the weight reduction by the sample surface area.
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Strain point, annealing point: measured in accordance with JIS R3103.

T4, T2: measured by means of a rotational viscometer.

Fracture toughness Sy measured in accordance with an indentation fracture
method (IF method) prescribed in JIS R1607.

Examples 1 to 14 are substrate glasses toc be used in the present invention.
Among them, Examples 1 to 13 are the above mentioned glass 1, and among them,
Examples 1 to 11 are excellent in impact resistance. Example 14 is the above
mentioned glass 2 and is excellent in acid resistance.

Examples 15 to 17 are substrate glasses for comparison, and the measurement
of p of Example 15 was carried out with respect to chemically tempered glass.

Further, with respect to Examples 4, 15 and 16, the impact resistance index S5
and the impact resistance index S175 were measured as follows.

S1s0: @ glass sheet processed into a disk shape with an outer diameter of 27 mm
was set on a Microdrive manufactured by IBM, and this Microdrive was dropped onto a
precision stone platen from a height of 150 cm. In a case where the glass plate was
not broken, the Microdrive was again dropped onto the same platen from the same
height, and a test was carried out to investigate the number of dropping times until the
glass plate was broken. This test was carried out five times, and an average of the
number of dropping times was calculated and taken as the impact resistance index
S150.

S175. the impact resistance index S175 was obtained in the same manner as in the
case of obtaining S50 except that the glass plate was dropped from a height of 175 cm.

As mentioned above, from such results, the present inventors have found that
the impact resistance indices S150 and S175 have an interrelation with the cracking rate
p rather than with the fracture toughness S;.

Further, the compositions, as represented by mass percentage, of glasses of

Examples 1 to 17 are shown in Tables 4 and 5.
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TABLE 2
Ex. 1 2 3 4 5 6 7 8 9
S$i 0, 67.6 67.6 68.2 66.2 67.4 67.2 67.5 68.0 63.0
Al ,O, 11. 4 10. 2 10. 4 11.3 11.1 10. 6 8.8 7.8 15.0
B,O, 8.7 10.2 |9.8 7.6 10,0 |10.6 |[8.2 8.2 10. 0
Mg O 1.4 2.0 0 53 2.2 2.9 3.0 4.0 1.0
Cao0O 5.2 5.4 6.8 4.7 8.8 6.7 5.0 5.0 2.0
Sr 0O 1.3 2.0 3.9 4.9 0.6 1.7 6.0 4.5 3.0
BaO 4.3 2.7 1.0 0 0 0.3 1.5 2.5 6.0
RO 12.2 12.0 11.7 14.9 11.5 11.6 15.5 16.0 12.0
o 38 38 38 38 34 34 42 40 38
d 2.55 2.49 2. 51 2.50 2.38 2.40 2.55 2.56 2.63
(=) 70 68 74 11 13 72 13 73 T4
E./d 28 27 30 31 3 30 29 28 28
A 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0. 3%
Teir 660 635 650 670 660 650 613 610 694
T a 722 692 703 725 122 710 667 664 147
T, 1320 1300 1300 1270 1300 1300 1300 1290 1310%
T, 1720 1740 1730% 1670 1690 16930 1680+ 1690=* 1630%
S, 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
p 0 0 0 0 0 0 0 0 0
S.so — — — 9.2 — — — — —
S, — — — 5.2 - - - - -




3.42.4- TABLE4 EX 123456789 Si 0257.6 58.959.6 59.7
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11.8 20.7 B203 8.6 10.3 9.9 8.0 10.7 1451 8.4 8.5 9.4 Mg 00.81.20

3.2
TABLE 3

Ex 10 11 12 13 i4 15 16 17
Sio, 65.0 66.0 68.0 68.0 10.8 66.5 66.5 100
Al ,O, 3.0 10.0 9.4 6.0 12.5 8.5 4.5 0
B,O, 1220 [15.0 6.1 6.0 1.3 0 0 0
Mg O 6.0 1.0 0.1 50 5.0 0 3.5 0
Cao 2.0 3.0 1.0 5.0 5.2 0 6.0 0
SrO 7.0 4.0 2.6 5.0 1.5 0 5.0 0
BaO 0 1.0 6.8 50 3.7 0 3.5 0
Z2r 0O, 0 0 0 0 0 2.5 1.5 0
Li,O 0 0 0 0 0 11.5 0 0
Na,O 0 0 0 0 0 11.0 5.0 0
K,O 0 0 0 0 0 0 4.5 0
RO 15.0 9.0 16. 5 20.0 15. 4 0 18.0 0
o 39 34 46 49 38 92 83 —
d 2. 48 2.40 2.72 2.70 2. 63 2.52 2.7 —
E 71 64 74 76 82 83 76 —
Ed 29 27 27 28 31 34 27 —
A 0. 2x 0. 3% 0.1 0. 1% 0 0 0 —
T.,, 634 640 644 640 730 450 570 —
T, 686 694 697 695 186 500 620 —
T, 1230* 1280% | 1340+ [ 1290+ | 1350 1020 1140 21600
T, 1650« | 1730+« | 1680« | 1640+« | 1720 1500 1540 >2000
S, 0.9 0.9 0.9 0.9 0.9 1.5 0.7 0.8
p 0 0 100 100 100 70 100 100
S,co — — - - - 6.6 3.6 -
S 75 _ — — — — 3.4 2.4 -

TABLE 4

Ex. 1 2 3 4 5 6 7 8 9
SioO, 57.6 58.9 59. 6 59.7 62.1 61.0 59. 8 60.6 51.2
Al , O, 16.5 15.0 15. 4 17. 4 17.8 16. 4 13.2 11.8 20.1
B,0, 8.6 10.3 | 9.9 8.0 10.7 |11.1 |8.4 8.5 9.4
Mg O 0.8 1.2 0 3.2 1.3 1.8 1.8 2.4 0.5
CaoO 4.2 4.4 5.6 4.0 1.5 5.7 4.1 4.2 1.5
Sr0O 1.9 3.0 5.8 1.6 1.0 2.7 9.2 6.9 4.2
BaO 9.4 5.9 2.1 0 0 0.7 3.4 5.7 12.4




1.8 2.4 0.5 Ca04.24.45.64.07.55.74.14.21.5Sr 0
5 87.61.02.79.26.94.2Ba09.45.92.1000.7 3.45.7
6 TABLE 5 Ex. 10 11 12 13 14 15446 17 Si 02 58.9 58.3 56.9
TABLE 5
Ex. 10 11 12 13 i4 15 16 17
Si0, 58.9 58.3 b6.9 5G. 4 61.0 64.5 57.9 100
Al,O0, |12.3 15.0 13. 4 8.9 18.2 14.0 6.6 0
B,O, 12.6 5.3 |5.9 6.1 1.3 0 0 0
Mg O 3.6 0.6 0.1 2.9 2.9 0 2.0 0
CaO 1.7 2.5 5.5 4.1 4.2 0 4.9 0
Sr O 10.9 6.1 3.8 7.5 2.2 0 1.5 0
BaoO 0 2.3 14.5 11.1 8.1 0 1.8 0
ZrO, 0 0 0 0 0 5.0 2.7 0
Li,O 0 0 0 0 0 5.5 0 0
Na,O 0 0 0 0 0 11.0 4.5 0]
K,O 0 0 0 0 0 0 6.1 0

INDUSTRIAL APPLICABILITY

The present invention is useful for the production of a magnetic disk and a glass
substrate for an information recording medium. “

The entire disclosure of Japanese Patent Application No. 2010-102092 filed on
April 27, 2010 including specification, claims and summary is incorporated herein by

reference in its entirety.
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CLAIMS
1.  Amethod for producing a magnetic disk, which comprises a step of forming a
magnetic recording layer on a glass substrate having a temperature of at least 550°C,
wherein the glass substrate comprises, as represented by mol percentage, from 62 to
74% of SiO», from 6 to 18% of AlxOs3, from 2 to 15% of B;0O3 and from 8 to 21%, in total,
of at least one component selected from MgO, CaO, SrO and BaO, provided that the
total content of the above seven components is at least 95%, and further contains less
than 1%, in total, of at least one component selected from Li-O, Na,O and K,0, or
contains none of these three components.
2.  The method for producing a magnetic disk according to Claim 1, wherein the
glass substrate contains at least 7% of Al;O;.
3.  The method for producing a magnetic disk according to Claim 1 or 2, wherein the
glass substrate contains from 3 to 18%, in total, of at least one component selected
from MgO and CaO.
4. The method for producing a magnetic disk according to Claim 1 or 2, wherein the
glass substrate contains at most 16%, in total, of at least one component selected from
MgO, CaO, SrO and BaO.
5.  The method for producing a magnetic disk according to Claim 4, wherein the
glass substrate contains at least 3%, in total, of at least one component selected from
MgO and CaO.
6. The method for producing a magnetic disk according to any one of Claims 1 to 5,
wherein the glass substrate contains at least 7% of B,Os.
7. The method for producing a magnetic disk according to any one of Claims 1 to 5,
wherein the glass substrate contains from 65 to 69% of SiO,, from 9 1o 12% of Al2Os,
from 7 to 12% of BoO3 and from 10 to 16%, in total, of at least one component selected
from MgQ, CaQ, SrO and BaO.
8.  The method for producing a magnetic disk according to any one of Claims 1 to 7,
wherein in the glass substrate, the ratio of the total content of SrO and BaO fo the
content of B20O3 ((SrO+Ba0)/B,03) is at most 1.2.
9.  The method for producing a magnetic disk according to any one of Claims 1 to 8,
wherein the glass substrate contains, as represented by mass percentage, more than

8% of 8203.
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step of formng
magnetic recordlng layer on a glass substrate having a temperature of at least 550°C,

5 wherein the glass substrate comprises, as represented by mol percentage, from 67 to
72% of SiO», from 11 to 14% of Al2Os, from 0 to less than 2% of B2Oa, from 4 to 9% of
MgO, from 4 to 6% of CaO, from 1 to 6% of SrO and from 0 to 5% of BaO, provided
that the total content of MgO, CaQ, SrO and BaO is from 14 to 18%, and the total
content of the above seven components is at least 95%, and further contains less than

10 1%, in total, of at least one component selected from Li.O, Na;O and KO, or contains
none of these three components.
12. The method for producing a magnetic disk according to any one of Claims 1 to 11,
wherein the glass substrate has an annealing point of at least 650°C.
13. Aglass substrate for an information recording medium, which comprises, as

15  represented by mol percentage, from 62 to 74% of SiOg, from 7 to 18% of Al;O3, from
2 to 15% of B,03 and from 8 to 16%, in total, of at least one component selected from
MgO, CaO, SrO and BaO, provided that the total content of the above seven
components is at least 95%, and further contains less than 1%, in total, of at least one
component selected from Li2O, Na;O and K;O, or contains none of these three

20 components.
14. The glass substrate for an information recording medium according to Claim 13,
which contains at least 7% of B,0s.
15. A glass substrate for an information recording medium, which comprises, as
represented by mol percentage, from 62 to 74% of SiOa, from 7 to 18% of Al;O3, from

25 7 to 15% of B,O3 and from 8 to 21%, in total, of at least one component selected from
MgO, CaO, SrO and BaO, provided that the total content of the above seven
components is at least 95%, and further contains less than 1%, in total, of at least one
component selected from Li>O, Na,O and KO, or contains none of these three
components.

30 16. The glass substrate for an information recording medium according to Claim 13,
14 or 15, wherein the ratio of the total content of SrO and BaO to the content of BoO;
((SrO+BaQ)/B,03) is at most 1.2.
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one of Clains 1 to 8, wherein the glass substrate contains, as

represented by mass percentage, nore than 8% of B203. 18 10. The
nmet hod for producing a magnetic disk according to any one of Clains 1
to 9, wherein the glass substrate has a density of at nobst 2.57
g/cnB8. 11. A nethod for producing a magnetic disk, which conprises a
step of form ng a magnetic recording |ayer on a glass substrate
having a tenperature of at |east 550C, 5 wherein the glass substrate
conprises, as represented by nol percentage, from67 to 72% of Si 02,
from1ll to 14% of A 203, fromO to less than 2% of B203, from4 to 9%
of MO, from4 to 6% of CaO froml to 6% of SrO and fromO to 5% of
Ba0O, provided that the total content of MO, CaO, 3r0 and BaOis from
14 to 18% and the total content of the above seven conmponents is at

| east 95% and further contains |less than 101% in total, of at |east
one conponent selected fromLi20, Na20 and K20, or contains none of

t hese three conmponents. 12. The nmethod for producing a nagnetic disk
according to any one of Clainms 1 to 11, wherein the glass substrate
has an anneal ing point of at |east 650C. 13. A glass substrate for
an information recordi ng nmedium which conprises, as 15 represented
by nol percentage, from62 to 74% of Si02, from7 to 18% of Al 203,
from2 to 15% of B203 and from8 to 16% in total, of at |east one
conponent selected from MjO, CaO, 3r0 and BaO, provided that the
total content of the above seven conponents is at |east 95% and
further contains less than 1% in total, of at |east one conponent
sel ected from Li 20, Na20 and K20, or contains none of these three 20
conponents. 14. The gl ass substrate for an information recording
medi um according to Caim 13, which contains at |east 7% of B203.



