Specification Title of the invention: G ass substrate for magnetic
recordi ng nmedi um nagnetic recording nmedium and gl ass substrate

bl ank for nmagnetic recordi ng nmedium Technical field [0001] The
present invention relates to a gl agifp aﬁgﬁtoﬁate enpl oyed as a
substrate in_ magnetic recording nedra SGch as hard di sks, a gl ass
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cer ani ¢ Bag @5 and carbon substrates. In practical terms,

dependi r[gom aw:}e ﬂwwabvampinbﬂta@ﬂ iiltbrmaiubimduﬂéﬂ Bifla Sttucat€ Suchng mb aﬁ@met the

substrates n the ﬁ i sk, dr.iv
COI’TpU t ernéeed ?Or%‘ lg é} dln%ﬂmn re 01‘8:7%) IsuecSIaSSt%a ne, (o} llsg %I}d O ehi'(]:%lleilSkS has 11[1)cree%ed

recor di w@arphfndTbﬁ@auestéJcbpmplpgmmwﬁwﬂiermmqwemﬁmoweimmds n@cmmt%rs and
thg :eqtﬂlé qmgn%lﬁ 2k ﬂeﬂlsr@@&@liﬂg slgédlﬁ%dsmagﬁéﬁe%%dpffoﬁ %gﬁétfckrecordmg and
susraea e geve nent o I nheL S

Thue. ¢ HERBOSE, SO (BT, eI O i S et ks oRd Redrddiea Of
poor surthac,eemmpwhse@fstharsdbstla@ ohiateyials canployed poridrd Asko (dagngliy diské)einclude
devel Op%ﬂﬁlg% b %ess Bsit §u@§tﬁ§es' §er§1chrs%B%tl‘a¥est hen %&F%%s( P81 practical

exarrpl e nese {i 1on O I nternati ona
publ i cat/?EH: fesending %‘h?‘z%l Iphieation Wweiysm%s aplgwisabR ptgrimarily

Japanes enigh@xad.nm Inabe Rat divk diwbd éfdastom Corhps@Alin aditior?@Qphct Oésdstance, higher
Japanes

Japanes SO TR ENE Yeviltihaet 8 el iRl R gt Yt S5utromons of
Japanes éndpasschsntfeel stpeathnpss ol he ﬁ@lﬁﬁ‘ﬂhﬁﬁat@ Rk fie) dexglopmert of thir@pzsibstrates are
j apanes entelkesyaiz n@ﬁufﬂ‘%e@eﬂ%re Ei%{gilsltﬁ AbiaR1 A6HN N INBstraR Ot g@é‘g@ oor surface

apanes exam atent Publ jcafion

e Lot 0L E01 M S SR Ao BRI Gt
Japanes eutgelyatie nmdnﬁﬁa@m r{for Rylyhple ab ukdishedlaraicye Nansi2@e48POT  intarndtional
Japanes g, bGxeni e fatbit a%ﬂhca'ﬁ%ﬂ? |(‘l"9ﬁtUI-pf0 K@%)sex'\%oi—t@@% 5 Dnexamined

0003] | -
E:Ien5| ]ty Pg?égcﬁlbi‘r@%ioﬁ E‘%Bﬁdéh é\E G e%@?ﬁqugl rri%ﬁalﬁf%\é!t eve %‘E’@tné)ﬂl]’](’:canon
mat er i al(EOWAi tlo. N2 e0644ni Sgtanspi Snexearigyd (mmePulmcaMH(iKzﬂIéAI()f No.

high Ku C%Y)?} lf§419255 %Qm%g LFIEXHHH@&] gatgﬁ)tﬁbh@@cﬁﬁm 'l\?ul %0% 4@@:5 n-%PaIlCSC

exam ne or ,‘exa ,..See Japanese_Unexam ne I cat]

(KO CAl) WM%®£M7w1°af1m (50K 88e Hoa 3P0 58 ‘@du@amteﬁre FW'@P@ Patent
di ame;I erpubficdtioe (mw&) Ne. MGBW%&J@mea@UhmlﬁHdtﬁwm Hﬁﬂﬁgﬁqn (KOKAI) No.
recor di er n I e e

ot or  or 20t ZHEPS TeplOS! UntEhmhlf Rl EUTAIGTTB AP N T Hifa2b” ana
becomes Japq@p@tiﬂmﬁmm@ﬁ@tﬁm&ubhmpn&@wmo g'490$<-§147]é9he tend not to be
af f ect ec[o@os]t he tépaht idafsc Wit tth® Boal 3NdctAévEnd Bh }ﬁ‘gﬁéﬁﬁ&r{%ﬂy Tré?:oﬁﬂ{% fl Ikaagr@nc

L venti SReBRpp P fs g 0335%3%5%{93‘?%%95 P akreirtamonp kadey (imgtic

above- desgendiedf higlh¥at vadua)nsuehiaalFs-Rbfand |C@>hPtI<has&dammr1m;s‘s bbigg iemarained (for

'SI' Eﬁg' fi %{Lﬁ[}ﬂﬁl}%e s 7 EeUn E@a‘te‘ﬂ? PuBli&Xibh QikoraaT 'I\QJF' 1664\?»@&%? It is

frust OI’ITE nper at ure or her nppr ocess ng
must be NEETERTE R e ﬁlaegpﬁrtl ﬁﬁ@ﬂﬁ%r@ the MABRFISGPAHYIGH P ocRigYs Ggher density
Accor di ngéarding.heHéwsventvwien joi tie pagletiametee ¢orethided, thayekrieand sSadgmefic
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[ 0015] The above gl ass substrate nay conpri se an ion-exchange | ayer
over a part or all of the 4 surface thereof [0016] The above
i on-exchange | ayer may have been formed by ion exchanging with at

| east o I d fromthe group consisting of Na,
K, Rb, }%I%Sént%%%%ﬁﬂﬁ&%l \(}gnsgﬁass substrate may have a specific
nmodul us otnredrs ot theiinwgn@dn equal to or greater than 30.0 MNm kg. [0018]
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[0025] ACHEIORTEM 42pte B2t he present invention relates to: a
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conpri seﬁ&eaion%ﬁ%&ns%g&mm%%@m £¢ha etfaqleaé 59&9& §me§ﬁ|6rh % High
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per cent def@irf(nb darif® kdgtionatheandgdabZOnda2R) clops & p@@tﬁﬁrﬂﬂ&s?ﬁceﬁcﬂeﬁp_cbf&pﬁ)mlsmg
cont ent Na%‘g gEI ng |l ess than 0. 50, ar ratio
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of linear exp i 0 17 10 -
Shoc. Moo xRS R Ind Plndg q@dsmgso o 5@5@&%&@%?& h0 b el Bhng 001 15
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pr epar ediglyspeedjobtiohng t he above gl ass substrate blank to processing

[0006] Furthermore, the use of a glass substrate with a high coefficient of thermal expansion
permits an increase in the reliability of recording and reproduction with magnetic recording
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[0029] A further aspect of the present invention relates to a
magnetic recordi ng nmedi um conprising a magnetic recording | ayer on
the glass substrate of the present invention. The present invention

will be d &ﬁgﬁf&hﬁ%f#&”‘%gﬂ%&&{s detail below. [0030] The nagnetic

recordi ng ne resent invention can be a di sk-shaped
magnetic reco ng(hﬁa@dilshﬁl{vp@f Brvhich magngtic secpulifganedia sedgadedareroafiswed

or ]Ehe |§u]lc§l€ihaﬂﬂ1e |splﬂﬂlﬁaif@@pﬁlﬂ1&fm(gw1ﬂ:ésse§la ﬁﬁfmb sade;qj‘omdmncetdaﬁ W8 Magnetic
surrace 0 er ro

oty g Rl Bp Rt R i b, hGrRGH il St Flofady W&E%%ef%mﬂf

| ayer ( mfghwmiakexpsogeniiof thel sapsirae, ofthp mgadici eeortlmg amedivmdnd spindle material
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Tagnet I Qe 3Btk 08I0 Adon ry@ym@geg LHEREE %ﬂ_ingﬁ%rbhF& SIS OYRfflen

as the esive layer and et
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can be flg gcord1 00?32 ngqtélge N tltl i €41 sgeputb ' nC O ﬁ]lgg} " c1en9 %% tPermaI

into the ace WI ie "Ch
PFPE (p(ﬂxymsumﬁapvéﬂry@thnw)thﬁmdl&ern@temléﬁmbﬁs @twelepﬁme@etl ve Iayer by

the di p [oo@tji N sERfRBGbbR:, it% f’@qﬁirédJﬂéf h GREd fBstkAY B havd the charactetF 5!#1'6§ B‘ieﬁlgh

ft {. | t
can be %?w%agt%&e%gﬁ righ AN et oG L PR IR BloNisel Tigpeti
known f irkemdiog mnedjumetdpeblesof hamBing phigher iesgrdingt HoditieDC kagredy dased on
sput t er i;peLARkBAdyy Fhd %eﬂfv@ﬂoép Whhhtioy1 AR Oﬁbst?ftest hecthdi )thé) glass

vacuum vapor de 0S|t oﬁ?& ference can be nade, X
par agr apHestiatss 29ascrilsd [@O?E’Pmﬁ?m% &pé‘h o AR9YEx SR PRSIl t@WPHSI%(JHHOF%?é% |ﬂ%?ﬁe
( KOKAI') dNaract2fi6i8s.1 1TR 65 becAudeethbre Sk rkiradeyd beronq tieed cidracteridiiésg making it

of high M?Pl%%ﬂgvgabﬁst%b&?ﬁﬁﬁﬂ@g d between the glass substrate

and the s netrc~layer s of which are given further
bel ow. [L68E) At\gl@ét eawfmlﬁ oRBoipairable chagasicsivic B Hiveslaembtrale fos aomagnstic
on a mags&idifig rneaaamd iing H@ﬂbhﬁﬂmﬂ fb@reﬂgﬁéiﬁig Erob@@yﬂ(tﬂé ragﬂllt;ay&feauﬁy form an
de5|rabl forned 0 rla

mgnet i donrnnsn S R G T ek Srenplieind eERNT Bl B becanse an
Fe- Pt - basedxqhangedayee (eoatpagssing sﬁfaﬁ&y®4®ﬂebémdmghaewbcaﬁttb¢ subbtsate byna

Lgbﬁetcfglﬂi%kal Eti‘]ﬁigﬂl@ﬁﬁg 1&@1&%?6@1: t&ﬁ@féﬁ%ﬁﬁlﬁ&?{l&é\}%ﬁ? 1o Mkurd $o uiréﬂ tGncreased
oy el ot P ale plee S B eRr ety f]%!f‘yn%% Shitmpahne
Fe and Rteatnomt &eo basdhdtffect of rddwingahd amovrd of dkanghtteng frdme theisluface off therpdpss

t enper atyif 8 .0 magnetl c materials that have conventionally been

wi del y ng oyed as, Co- Qr-based materials, is about 250 to 300C.
By cont rl844°] tfrféowdmgm floie s piecd 10 dheabrigreat Bwentionsp mueddsye maghrticirecording
mat er i almedand vat: Hih hasedsisagrehigh 1Rdigl bdigh t@MQEmRifltherdalhé:ghnsion, and

t enper atp%tgra g’cfﬁlghgﬁeé%%re@ﬂ "&ﬂh%g’“f inmpart a crystalline

ori ent ati on ovmngfllmformatlon t hey
are norrMPﬂwf@lfBVélﬂmebl'éI@Sa hi gh-tenperature heat treatnent

(A annegl I[001)0] atTh% ﬁr@s@ﬂteﬁ]aémr@ r@éﬁt@@@ltﬂa ﬁlﬁ&ﬁlfidulr& bl €ireﬂ'|ﬂltéd ARy of
ccordaln usi n or

et el P ions i h ARt ot e (e R oBieRE Gt e dnseERt Boy
is exposcb;i:owzred higlash ihghng drepehagacterietics| af Highabeat assestaned)dright Higidiy, aemd a high
const i t ulbfQichl'6r MR rﬁﬁ&@ﬁ%ﬁ@@ Baxrée&tnv&ﬁi%hai ﬂ@&ved {radéeéffa "4l s been

t he high_tenperatyre an | atness | strate
that is CE%“WP ithaehicys SIBUIRSHTRSE B8 We c”ér}@l‘”ﬁé ﬂh%lah& Wat%ngh%g%woperw
i nvent i OThegxdéredtiihentjondahidaised ostiat Badze (W th a glass transition

[0011] An aspect of the present invention relates to:

a glass substrate for a magnetic recording medium, which is comprised of glass
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transition tenperature. In the glass substrate of the present
invention, the nolar ratio {(MJ0 + Ca0)/ (MO + CaO + Sr0)} of the
total content of MJO and CaO to the total content of MgyO CaQO, and
SrOis s n 0.86 so as to prevent a decrease
in the. Cl%h?é&tngg&r@%) agsmf’lar gé%a gfgé due to not enploying BaO This is
because for a3gitvénpareanhpf fQantity of al kaline earth metal oxides, it

i's possible taq e péradddopabbgher glass transition terrperature by
using a bl end tha{haliclz8ncent ates the t?%tﬁgn%uantlt one or two

al kal i ne eart %% BRICEE ut?‘ﬂét?tl By Perﬁe%P enpl oyi ng

mul ti pl e al kakquubtocamdie theh dlpemrntdaslessithat 15 merecennofifigOgl ass substrate
of the preseme%daﬁ‘tﬁed}tlﬁd}é‘thahbpﬁ&eﬁ%ﬁﬂe@tﬁaﬁ? éb'é?a%le%z g drop in the
gl ass transiti enper to not enploying ysett|ngthe
above nol ar r&sEEYYAREAOt 0 or more than 0.86. As set forth above,
one of the chaitot @t stites of alkaii madal afkides gdlasal Soshd @olp censibkig of Li0,

rigidit i gﬁgn CIfIC gravity 1s another
char act @%@t%@gwﬁm esi %eeog%ntoq\é’é%%gs >substrate, as set forth
further bel owWwitha maelp ré%(IazQ{NgiO)%anglﬁgntmé@umg agontent of B peing fesxthan
gravity,psd kaline earth metal oxides in the formof MJO and CaO are

advant ageousl ncor r Accor diin kee t he
above nol ar r 6“’9?} &ﬁ%ﬁg’((mld?tb r%trg\?aé +ﬁ§”gﬁb OB CQptey 0 ﬂgéo t“rt"’etog’:l F%E‘?nt of
of achi ekd riyvaalkhlymebarideseimgaghal do amdssahdndm B peci fic gravity in the
gl ass substr ahﬁh a"_tf)ﬁm&n%t BPAVAmE RS0K h@ﬁfioﬂgésssgﬁ%ﬁ ‘ﬁ%ﬁ‘l thé e?QQf( tmg of

or nore era

| 8,
rerguglr rg’%ﬁ? %9 ﬁ&ﬁ?@y“@owlt%?é“ﬁ? 8?]50”%931 Opeesgifal to or nmor e t han Y
0.93, still mwitha apstef @nwhl of Mg ahd CaO dillingwizhih hamnge o%Otoaoq:rerdmr e
preferably eq é'l rRothrraHQ r{@f[é@qrba%gﬁlz/%g(y -?gago-l[ & Egltoqglc%ntgﬁ]t M%@ and

or nore than mor e
0.99, arferCbigta tetal ¢y entof tpt)@btsff alpline qarih meal axld%bwr@ﬂqu@fto al rnarleﬂlrr@ 0.86,
earth netal owiitlestots|cogkadoff the AbdveenligHliombtal 6xigésSidd ke V@ nfetDoxides

and Sr0 4 XS ssj vel he rigidity and thernmal expansion
char act éflfﬂ?s 8 i 2%,%4@1%35?6 se; when excessively high, chem cal

durability dr WQ a rrroiarez@m QgD irdgPrQ F diioNAT20h Yl hEedet MgRpafis® grSr0)}

char act g 'a%thpcon%ﬂﬁioﬂqgg che rEng%zdiW 2t b&ﬂfeﬂt R_f Hﬁ%b@t@ﬁ&lﬁﬂ%lt({x?&e@ and
of the p ent t|o the tofal cont ﬂg t he above al kal i ne

earth m%?ﬁ et? £ bsipeg 9992t 19 08510 desirably 10 to 25
percent, pref eithll tgtal corldnt tob oﬁﬂeqoaﬂec&dtﬁomﬁeegrm;e@mm@igloﬂh@ﬁ@ Y20s,

percent I_f 304, \dd, 5P 'N%;@s, TP %eiﬁtg by {h%% 8 ﬁ)gﬁglgqngtg%%ugg‘{woﬂﬁg ﬂﬁh'/@ li)gré:{__ant,

nore prefeéerably Ina‘range o
forth alf8de, I\/gO and CaO are conponents that are preferentially
i ncor por at ed itha rhahahtic (Trent TUh, 19,00+ BQZQQGH @@2013+Nﬂf}©l§l+f1fa§{) @03} of

cont ent aqgtai\@)%e%]gf %dv% ok%%%to ahcﬁﬂte%toofpzﬁr(s ten{ li) d' { %l &g oglatoreethan 0.40,

t her mal "expansion ct&gr act ecrease
per cent ,as@i§8@Bcal durabili ty drops From t he perspectl ve of achieving

a good ef f ect tHeyglisafa®ingrd piasd t‘adsﬂi%ﬁrtélﬁ éif&thfwo ﬁf@}dmcﬁgherttﬁﬁl 6@0Ean

O of o atirbaan SRHiGH oB lindR SRS SEpabL I3 8 Yieh e iE TR B6 B qoorc,

still nonéagouigymbdufys ﬁzwabt@@m@mﬁm 80@’@46] Further, anong the
al kal i ngpges alThQZﬁbSk%%lasg cRQBR A R eﬂﬁ)clicﬁ'te recérﬂﬂgtn#egﬂﬁl Bcﬁ/éng a

greatly lTower therpmal’ conductivity i i sa vant ageou fom -t
Der S pec RS ICREINE BT, SIS GIIRE AP g pRoPiat PyAnd L& & HEStEisn e e

of 1(20 substtatemi ted with respect to the total content of al kali netal

A &9‘?}‘/3? 18 B3T3 “J??‘i%ﬁ ey eGR4 BRI o [ iforaing
cont ent 18§ 1%@1@11’@5]7133%‘1&?0% N@les is set to 0.13. Fromthe
per spectDyel§ OfhetddBve BRES Sbbtrdié hRRHQMHIBEAPEOP SlitsHatd N o MeEIFEE recording

medium for heat-assisted recording,

[0015] The above glass substrate may comprise an ion-exchange layer over a part or all of the
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specific modul us of elasticity is obtained by dividing the Young's
nmodul us of the glass by its density. In this context, the density can
be thought of as a quantity obtained by expressing the specific

gravity ss in units of g/cnB. Achieving a glass of |ow
speci fi éﬁ&&ﬂﬁ?&hﬁakes it possible to lighten the substrate in

addi t i od0¢k$]i %ﬁ@h@tmnﬁh@aggfe@m mayhiayalogen fsrmed by iancexchangirigghitte rti lnegt
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with a molar ratio {(MgO + CaO + Li;0)/(Li20 + NayO + K0 + MgO + CaO + Sr0)}
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CaO to a total content of the above alkaline carth metal oxides being equal to or more than 0.86,

with a total content of the above alkali metal oxides and alkaline earth metal oxides
falling within a range of 20 to 40 percent,

with a molar ratio {(MgO + CaO + Li;0)/(Li»0 + NaxO + K,0 + MgO + CaO + Sr0)}
of a total content of MgO, CaQ, and Li;O to a total content of the above alkali metal oxides and
alkaline earth metal oxides being equal to or more than 0.50,

' with a total content of oxides selected from the group consisting of ZrOs, TiOs, Y203,
- Lay03, Gda03, Nb,Os, and TayOs being more than O percent but equal to or less than 10 percent,
and

with a molar ratio {(ZrO, + TiO; + Y203 + LayO3 + Gda05 + NbaOs + Tay05)/Al,04} of
a total content of the above oxides to a content of Al,O5 content being equal to or more than 0.40,
as well as

the glass having a glass {ransition temperature of equal to or higher than 600°C, an
average coefficient of linear expansion of equal to or higher than 70 x 107/°C at 100 to 300°C,
and a Young's modulus of equal to or higher than 80 GPa.

The present invention further relates to a glass substrate blank that can provide the glass
substrate of the present invention set forth above.

The glass substrate of the present invention has high heat resistance capable of
withstanding high-temperature heat treatment in the course of forming a magnetic recording
layer comprised of a_high Ku value magnetic material, has a high coefficient of thermal
expansion matching that of the support member (spindle), has high rigidity capable of
withstanding high-speed rotation, and can have a good chemical strengthening property.

[0029] A further aspect of the present invention relates to a magnetic recording medium
comprising a magnetic recording layer on the glass substrate of the present invention.

The present invention will be described in greater detail below.

[0030] The magnetic recording medium of the present invention can be a disk-shaped magnetic
recording medium (referred to as a magnetic disk, hard disk, or the like) of laminated
configuration comprised of, on the main surface of a glass substrate, and in order from the main
surface outward, at least an adhesive layer, an undercoat layer, a magnetic layer (magnetic
recording layer), a protective layer, and a lubricating layer.

For example, the glass substrate can be placed in a film-forming device in which a
vacuum has been drawn, and the adhesive layer through the magnetic layer sequentially formed
on the main surface of the glass substrate in an Ar atmosphere by the DC magnetron sputtering
method. By way of example, CrTi can be employed as the adhesive layer and CrRu employed
as the undercoat layer. Following this film formation, for example, CVD method can be used to
form a protective film using C,Hs, and a magnetic recording medium can be formed by a
nitrogenation treatment incorporating nitrogen into the surface within the same chamber.
Subsequently, for example, PFPE (polyfluoropolyether) can be coated on the protective layer by
the dip coating method to form a Iubricating layer.
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between the undercoat layer and the magnetic layer by a known film-forming method such as

sputtering method (DC magnetron sputtering method, RF magnetron sputtering method, or the
like) or vacuum vapor deposition.

Reference can be made, for example, to paragraphs [0027] to [0032] of Japanese
Unexamined Patent Publication (KOKAI) No. 2009-110626,. A heat sink layer comprised of a
material of high thermbconductivity can be formed between the glass substrate and the soft
magnetic layer, the details of which are given further below.

[0031] As set forth above, to achieve higher density recording on a magnetic recording
medium, the magnetic recording layer is desirably formed of a magnetic material of high Ku.
Examples of magnetic materials that are desirable from this perspective are Fe-Pt-based
magnetic materials and Co-Pt-based magnetic materials. In this context, the term "based" means
containing. That is, in the magnetic recording medium of the present invention, a magnetic
recording layer in the form of a magnetic recording layer containing Fe and Pt, or Co and Pt, is
desirable. For example, the film-forming temperature of magnetic materials that have
conventionally been widely employed, such as Co-Cr-based materials, is about 250 to 300°C.
By contrast, the film-forming temperature of Fe-Pt-based magnetic materials and Co-Pt-based
magnetic materials is normally a high temperature exceeding 500°C. Further, to impart a
crystalline orientation to these magnetic films following film formation, they are normally
subjected to a high-temperature heat treatment (annealing) at a temperature exceeding the
film-forming temperature.  Accordingly, when using Fe-Pt-based magnetic materials or
Co-Pt-based magnetic materials to form a magnetic recording layer, the substrate is exposed to
this high temperature. In that case, when the glass constituting the substrate has poor heat
resistance, it deforms at the high temperature and flatness is lost. By contrast, the substrate that
is contained in the magnetic recording medium of the present invention exhibits good heat
resistance (with a glass transition temperature of equal to or higher than 600°C). Thus, even
following the formation of a magnetic recording layer using an Fe-Pt-based magnetic material or
a Co-Pt-based magnetic material, a high degree of flatness can be retained. The magnetic
recording layer can be formed, for example, by forming a film of Fe-Pt-based magnetic material
or Co-Pt-based magnetic material by DC magnetron sputtering in an Ar atmosphere and then
conducting thermoprocessing at higher temperature in a heating furnace,

[0032] The Ku (crystal magnetic anisotropy energy constant) is proportional to the coercivity
He. "Coercivity Hc" denotes the strength of the magnetic field that reverses the magnetization.
As set forth above, magnetic materials of high Ku have resistance to thermal fluctuation. Thus,
they are known to be materials in which magnetized regions tend not to deteriorate due to
thermal fluctuation, even when extremely minute magnetic particles are employed, and are thus
suited to high-density recording. However, since Ku and Hc are proportional, as stated above,
the higher the Ku, the higher the He. That is, the reversal of magnetization by the magnetic
head tends not to occur and the writing of information becomes difficult. Accordingly, the

recording method of assisting the reversal of magnetization of a magnetic material of high Ku by
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coercivity when writing information with a magnetic head has gathered attention in recent years.
Such recording methods are referred to as "energy-assisted recording methods." Among them,
the recording method of assisting the reversal of magnetization by irradiating a laser beam is
referred to as the "heat-assisted recording method," and the recording method that provides
assistance by means of microwaves is referred to as the "microwave-assisted recording method".
As set forth above, the present invention permits the formation of a magnetic recording layer
with a magnetic material of high Ku. Thus, by combining a magnetic material of high Ku with
energy-assisted recording, for example, it is possible to achieve high-density recording in which
the surface recording density exceeds one terabyte/inch®. That is, the magnetic recording
medium of the present invention is preferably employed in an energy-assisted recording method.
Heat-assisted recording methods are described in detail, for example, in IEEE Transactions on
Magnetics, Vol. 44, No. 1, January 2008 119, and microwave-assisted recording methods are
described in defail in, for example, IEEE Transactions on Magnetics, Vol. 44, No. 1, January
2008 125. Energy-assisted recording can also be conducted in the present invention by the
methods described in these documents.

[0033] The dimensions of the magnetic recording medium substrate (for example, a magnetic
disk glass substrate) and those of the magnetic recording medium (for example, a magnetic disk)
of the present invention are not specifically limited. Because they are capable of high-density
recording, the medinm and substrate can be miniaturized. For example, they are suitable as
magnetic disk substrates and magnetic disks with nominal diameters of 2.5 inches and even
smaller (such as one inch).

[0034] The glass substrate of the present invention will be described below. In the following
descriptions, unless specifically stated otherwise, the contents, total contents, and ratios of the
various components are denoted on a mole basis.

[0035] The glass substrate of the present invention is comprised of oxide glass, and the
composition thereof is denoted based on oxides. The term "glass composition based on oxides"
is a glass composition that is obtained by conversion to the oxides that are present in the glass
when all glass starting materials have been decomposed during melting. The glass substrate of
the present invention is comprised of noncrystalline (amorphous) glass. Accordingly, in
contrast to crystallized glass, since it is comprised of a homogenous phase, excellent substrate
surface flatness can be achieved.

[0036] SiO; is a glass network-forming component that has the effect of enhancing glass
stability, chemical durability, and in particular, acid resistance. It is a component that functions
to lower the heat dispersion of the substrate and increase heating efficiency in the course of
heating the subsirate with radiation in the step of forming the magnetic recording layer and the
like on the glass substrate for a magnetic recording medium and in the heat treatment of the film
that is formed in the above step. When the SiO; content is less than 56 percent, chemical
durability decreases, and at above 75 percent, it becomes difficult to obtain a rigid glass. When

the SiO; content exceeds 75 percent, the SiO, does not melt completely, leaving unmelted
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_____ and resulting in inadequate elimination of bubbles from the glass.  When a substrate is made
from glass containing unmelted material, protrusions are produced by the unmelted material on
the surface of the substrate by polishing, precluding its use as the substrate of a magnetic
recording medium, which is required to have an extremely smooth surface. When a substrate is
prepared from glass containing bubbles, polishing exposes portions of bubbles on the surface of
the substrate. Those portions become pits, compromising the smoothness of the main surface
of the substrate and precluding its use as a substrate in a magnetic recording medium, Thus, the
510, content is 56 to 75 percent. The SiO, content desirably falls within a range of 58 to 70
percent, preferably within a range of 60 to 70 percent.
[0037] AlO; is also a component that contributes to forming the network of the glass, and
enhances rigidity and heat resistance. However, the resistance to devitrification (stability) of
the glass decreases when the content of Al,O3 exceeds 11 percent, so the quantity incorporated is
equal to or less than 11 percent. Additionally, the stability, chemical durability, and heat
resistance of the glass decrease when the content of Al;O; is less than 1 percent. Thus, the
quantity incorporated is equal to or more than 1 percent. Accordingly, the quantity of Al;O; in
the glass substrate of the present invention falls within the range of 1 to 11 percent. From the
perspectives of glass stability, chemical durability, and heat resistance, the content of AlyOs
desirably falls within a range of 1 to 10 percent, preferably a range of 2 to 9 percent, and more
preferably, within a range of 3 to 8 percent.
[0038] Li,O is a component that increases the rigidity of the glass, and is thus an essential
component in the glass substrate of the present invention. The readiness of migration within
the glass of the alkali metals is Li>Na>K. Thus, the incorporation of Li is advantageous from
the perspective of the chemical strengthening property. However, the incorporation of an
excessively large quantity tends to decrease heat resistance. Thus, the quantity incorporated is
equal to or less than 4 percent. That is, the content of LiyO in the glass substrate of the present
invention is greater than 0 percent but equal to or less than 4 percent. From the perspectives of
high rigidity, high heat resistance, and the chemical strengthening property, the content of Li;O
desirably falls within a range of 0.1 to 3.5 percent, preferably falls within a range of 0.5 to 3
percent, more preferably falls within a range of greater than 1 percent but equal to or less than 3
percent, and still more preferably, falls with in a range of greater than 1 percent but equal to or
less than 2.5 percent. _

As set forth above, the incorporation of an excessive quantity of Li,O tends to decrease
heat resistance. The incorporation of an excessive quantity of Na;O also tends to decrease heat
resistance. Thus, the quantity that is incorporated is adjusted relative to the quantity of NayO
that is incorporated so that the molar ratio of the quantity of Li,O to the quantity of NayO
(Li,O/Na,0) falls within a range of less than 0.50. From the perspective of preventing a drop in
heat resistance while achieving an effect by introducing LiO, the molar ratio of (Li;0/Na;O)
desirably falls within a range of equal to or higher than 0.01 to less than 0.50, preferably within a
range of 0.02 to 0.40, more preferably within a range of 0.03 to 0.40, still more preferably within
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relative to the total content of alkali metal oxides (LizO + NayO + K;0).  Thus, the quantity of
Li0; incorporated is desirably adjusted relative to the total content of alkali metal oxides so that
the molar ratio of {Li;0/ (Li0 + NayO + K50)} of the Li»O content relative to the total content
of alkali metal oxides falls within a range of less than 1/3. From the perspective of preventing a
drop in heat resistance while achieving an effect by introducing Li;O, the upper limit of the
molar ratio of {Li,0/ (Li;O + NayO + K,0)} is preferably 0.28, and more preferably, 0.23.
From the perspective of preventing a decrease in the chemical strengthening property, the lower
limit of the molar ratio of {Li>O/ (LizO + Na,O + K,0)} is desirably 0.01, preferably 0,02, more
preferably 0.03, still more preferably 0.04, and yet still more preferably, 0.05.

[0039] Way0 is an effective component for improving the thermal expansion characteristic, and
is thus incorporated as an essential component of the glass substrate of the present invention in a
‘proportion of equal to or more than I percent. NayO is a component that also contributes to the
chemical strengthening property, and is thus advantageously incorporated in a quantity of equal
to or more than 1 percent from the perspective of the chemical strengthening property.
However, the incorporation of a quantity of equal to or more than 15 percent tends to decrease
heat resistance. Accordingly, the content of NayO in the glass substrate of the present invention
is equal to or more than 1 percent but less than 15 percent. From the perspectives of thermal
expansion characteristics, heat resistance, and the chemical strengthening property, the content of
NayO desirably falls within a range of 4 to 13 percent, and preferably falls within a range of 5 to
11 percent.

[0040] KO is an effective component for improving the thermal expansion characteristic, and
is thus an optional component for incorporation in the glass substrate of the present invention.
The incorporation of an excessively large quantity tends to decrease heat resistance and
thermoconductivity and compromise the chemical strengthening property. Thus, the quantity
incorporated is less than 3 percent. That is, the content of K30 in the glass substraie of the
present invention is equal to or more than O percent but less than 3 percent. From the
perspective of enhancing the thermal expansion characteristic while maintaining heat resistance,
the content of KO desirably falls within a range of 0 to 2 percent, preferably within a range of 0
to 1 percent, more preferably within a range of 0 to 0.5 percent, and still more preferably, within
a range of 0 to 0.1 percent. From the perspectives of heat resistance and the chemical
strengthening property, it is desirably substantially not incorporated. In the present invention,
the phrases "substantially not containing" and "substantially not incorporated" mean that a
specific component is not intentionally added to the glass starting materials, but its presence as
an impurity is not excluded. The statement of "0 percent of the glass composition” has the
same meaning. '

[0041] When the total content of alkali metal oxides selected from the group consisting of Li,O,
NayO, and K0 in the glass substrate of the present invention is less than 6 percent, the
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invention is 6 to 15 percent, desirably 7 to 15 percent, preferably 8 to 13 percent, and more
preferably, falls within a range of 8 to 12 percent.

[0042] The glass substrate of the present invention substantially contains no BaO. The
incorporation of BaQ is excluded for the following reasons.

To increase recording density, it is necessary to reduce the distance between the
magnetic head and the surface of the magnetic recording medium and increase the read and write
resolution. Thus, in recent years, reduction in the height at which the head floats (reduction in
the spacing between the magnetic head and the surface of the magnetic recording medium) has
progressed. As a result, the presence of even minute protrusions on the surface of the magnetic
recording medium is no longer tolerated. In recording and reproducing systems with low
floating levels, even minute protrusions collide with the head, damaging the head element and
the like. Additionally, BaO reacts with carbonic acid gas in the atmosphere, producing BaCQOs,
which adheres to the surface of the glass substrate. Accordingly, BaO is not incorporated from
the perspective of reducing deposits. In addition, BaO is a component that may cause change in
the property of the glass surface (referred to as weathering), creating the risk of the formation of
minute protrusions on the substrate surface. Thus, BaO is excluded to prevent weathering of
the glass surface. Ba-free glass is also desirable to reduce the burden on the environment,
[0043] Additionally, the glass substrate containing substantially no BaO is desirable in a
magnetic recording medium in which a heat-assisted recording method is employed. The reasons
for this are as follows.

The higher the recording density, the smaller the bit size employed. For example, the
target value of the bit size for achieving high density recording exceeding one terabyte/inch® is a
diameter of several tens of nanometers. When recording at such a minute bit size, the area that
is heated in heat-assisted recording must be about the same as the bit size. To conduct
high-speed recording at a minute bit size, the time that is expended on recording a single bit
becomes extremely short. Thus, heat-assisted heating and cooling must be instantaneously
completed. That is, the heating and cooling of a magnetic recording medinm that is employed
in heat-assisted recording must be conducted in as rapid and localized a fashion as possible.

Accordingly, the positioning of a heat sink layer comprised of a highly
thermoconductive material (such as a Cu film) between the substrate and the magnetic recording
layer of a magnetic recording medium for heat-assisted recording has been proposed (for
example, see Japanese Unexamined Patent Publication (KOKATI) No. 2008-52869). The heat

- sink layer prevents heat diffusion in in-plane directions and accelerates the flow of heat in the
vertical (depth) direction, thereby serving as a layer that causes heat applied to the recording
layer to escape not in an in-plane direction, but in the vertical (thickness) direction. The thicker

the heat sink layer is made, the more rapidly and more localized the fashion in which heat and
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layer also increases the amount of heat accumulating during film formation, effectively
disrupting the crystallinity and crystal orientation of the magnetic layer formed over it and
sometimes making it difficult to improve recording density. Further, the thicker the heat sink
layer becomes, the greater the possibility that corrosion will oceur in the heat sink layer, causing
the film as a whole to mound up and generate convex defects and hindering a low flotation level.
When iron materials are employed in the heat sink layer, in particular, the potential of this
phenomenon occurring is high.

Providing a thick heat sink layer as set fort above affords advantages in terms of
achieving rapid and localized heating and cooling, but is undesirable from the perspectives of
productivity, increasing recording density, and reducing the flotation level. As a
countermeasure, it is conceivably possible to increase the thermoconductivity of the glass
substrate to complement the role of the heat sink layer.

The glass substrate of the present invention is comprised of components in the form of
Si0,, AlOs, alkali metal oxides, alkaline earth metal oxides, and the like. Among these, the
alkali metal oxides and alkaline earth metal oxides function as modifying components to
improve the meltability of the glass and increase its coefficient of thermal expansion.
Accordingly, they must be incorporated into the glass in certain quantities. Among them, Ba,
which has the highest atomic number, has the greatest effect in lowering the thermoconductivity
of a glass. Since the glass substrate of the present invention contains no BaQ, there is no
reduction in thermoconductivity due to BaO. Accordingly, even with a thin heat sink layer,
heating and cooling can be conducted in rapid and localized fashion.

[0044] Among the alkaline earth metal oxides, BaO functions to maintain the highest glass
iransition temperature. In the glass substrate of the present invention, the molar ratio {(MgO +
Ca0)/(MgO + Ca0 + SrO)} of the total content of MgO and CaO to the total content of MgO,
Ca0, and SrO is set to equal to or more than 0.86 so as to prevent a decrease in the glass
transition temperature due to not employing BaO. This is because for a given total quantity of
alkaline earth metal oxides, it is possible fo maintain a higher glass transition temperature by
using a blend that concentrates the total quantity in one or two alkaline earth metal oxides than
by means of a blend employing multiple alkaline earth metal oxides. That is, in the glass
substrate of the present invention, it is possible to suppress the drop in the glass transition
temperature due to not employing BaO by setting the above molar ratio to equal to or more than
0.86. As set forth above, one of the characteristics required of a glass substrate is high rigidity
(high Young's modulus). A low specific gravity is another characteristic that is desirable in a
glass substrate, as set forth further below. To achieve a high Young's modulus and a low
specific gravity, alkaline earth metal oxides in the form of MgO and CaQ are advantageously
incorporated with preference. Accordingly, keeping the above molar ratio to equal to or more
than 0.86 also has the effect of achieving a high Young's modulus and a low specific gravity in
the glass substrate. From the above-described perspectives, the above molar ratio is desirably
13
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1.00 143%19a1]t0 P more than 0.88, preferably equal to or more than 0.90, more preferably equal to or
more than 0.93, still more preferably equal to or more than 0.95, even more preferably equal to
or more than 0.97, yet more preferably equal to or more than 0.98, yet still more preferably equal
to or more than (.99, and optimally, 1.
[0045] When the total content of alkaline earth metal oxides selected from the group consisting
of MgO, Ca0, and SrO is excessively low, the rigidity and thermal expansion characteristic of
the glass decrease; when excessively high, chemical durability drops. To achieve high rigidity,
high thermal expansion characteristic, and good chemical durability in the glass substrate of the
present invention, the total content of the above alkaline earth metal oxides is set to 10 to 30
percent, desirably 10 to 25 percent, preferably to 11 to 22 percent, more preferably to 12 to 22
percent, still more preferably to 13 to 21 percent, and yet still more preferably, to within a range
of 15 to 20 percent.

As set forth above, MgO and CaO are components that are preferentially incorporated in
a total content of 10 to 30 percent. When the total content of MgO and CaO is less than 10
percent, rigidity and the thermal expansion characteristic decrease. When it exceeds 30 percent,
chemical durability drops. From the perspective of achieving a good effect by preferentially
incorporating MgO and CaO, the range of the total content of MgO and CaO is desirably 10 to
25 percent, preferably 10 to 22 percent, more preferably 11 to 20 percent, and still more
preferably, 12 to 20 percent.
[0046] Further, among the alkaline metal oxides, K50 has a high atomic number, functions to
greatly lower thermal conductivity, and is disadvantageous from the perspective of the chemical
strengthening property. Thus, the content of K,0O is limited with respect to the total content of
alkali metal oxides. In the glass substrate of the present invention, the molar ratio {K,O/(Li,O
+ NazO + K;0)} of the K;O content to the total content of the alkali metal oxides is set to 0.13.
From the perspectives of the chemical strengthening property and thermal conductivity, this
molar ratio is desirably equal to or lower than 0.10, preferably equal to or lower than 0.08, more
preferably equal to or lower than 0.06, still more preferably equal to or lower than 0.05, even
more preferably equal to or lower than 0.03, yet even more preferably equal to or lower than
0.02, yet still more preferably equal to or lower than 0.01, and optimally, substantially zero.
That is, K0 is optimally not incorporated.
[0047] The total content (Li;O + NayO + K0 + MgO + CaO + SrO) of the alkali metal oxides
and the alkaline earth metal oxides in the glass substrate of the present invention is 20 to 40
percent. This is because at less than 20 percent, glass meltability, the coefficient of thermal
expansion, and rigidity decrease, and at greater than 40 percent, chemical durability and
resistance to heat diminish. From the perspective of maintaining various characteristics
described above in a good level, the total content of the alkali metal oxides and alkaline earth
metal oxides desirably falls within a range of 20 to 35 percent, preferably within a range of 21 to
33 percent, and more preferably, within a range of 23 to 33 percent.
[0048] As set forth above, MgO, Ca0, and Li;O are effective components for achieving high
glass rigidity (a high Young's modulus). When the total of these three components is
14
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becomes difficult to achieve a high Young's modulus. Accordingly, in the glass substrate of the
present invention, the total content of MgO, CaO, and Li,O incorporated is adjusted relative to
the total content of the alkali metal oxides and alkaline earth metal oxides to achieve a molar
ratio {(MgO + CaO + Li;0)/ (LizO + Na;O + K0 + MgO + CaO + Sr0O)} of Mg0, Ca0, and
Li»O to the fotal content of the alkali metal oxides and alkaline earth metal oxides of equal to or
more than 0.50. To achieve a glass substrate with an even higher Young's modulus, this molar
ratio is desirably equal to or more than 0.51, preferably equal to or more than 0.52. From the
perspective of glass stability, this molar ratio is desirably equal to or les than 0.80, preferably
equal to or les than 0.75, and more preferably, equal to or les than 0.70.

[0049] With regard to the quantity of individual alkaline earth metal oxides incorporated, no
BaO is substantially incorporated as set forth above.

From the perspectives of raising the Young's modulus, lowering the specific gravity, and
increasing the specific modulus of elasticity, the MgO content is desirably 0 to 14 percent,
preferably O to 10 percent, more preferably ¢ to 8 percent, still more preferably 0 to 6 percent,
and yet more preferably, falls within a range of 1 to 6 percent. The specific modulus of
elasticity will be described further below.

From the perspectives of enhancing the thermal expansion characteristics and Young's
modulus and lowering the specific gravity, Ca0 is desirably incorporated in a quantity of 3 to 20
percent, preferably 4 to 20 percent, and more preferably, within a range of 10 to 20 percent.

SrO is a component that improves the thermal expansion characteristic, but also raises
the specific gravity more than MgO and CaQ. It is thus desirably incorporated in a quantity of
equal to or less than 4 percent, preferably equal to or less than 3 percent, more preferably equal
to or less than 2.5 percent, still more preferably equal to or less than 2 percent, yet still more
preferably equal to or less than 1 percent, and may be substantially not incorporated.

[0050] The contents and proportions of Si0O,, Al;Os, alkali metal oxides, and alkaline earth
metal oxides in the glass substrate of the present invention are as set forth above. The glass
substrate of the present invention also contains the oxide components indicated below. They
will be described in detail below.

[0051] At least one oxide selected from the group comsisting of ZrQ,, TiO,, Y,0;, LayOs,
Gdz03, Nb;Os, and Taz0s is incorporated as a component to increase rigidity and heat resistance.
However, the incorporation of an excessive quantity lowers glass meltability and the thermal
expansion characteristic. Thus, the total content of these oxides in the glass substrate of the
present invention exceeds 0 percent but does not exceed 10 percent, is desirably 1 to 10 percent,
preferably 2 to 10 percent, more preferably 2 to 9 percent, still more preferably 2 to 7 percent,
and yet still more preferably, falls within a range of 2 to 6 percent.

As set forth above, Al,O; is a component that increases rigidity and heat resistance.
However, the above oxides function more greatly to raise Young's modulus, The above oxides
are incorporated in a molar ratio of equal to or more than 0.4 relative to Al;O3. That is, the
molar ratio {(ZrO, + TiOz + Y03 + Lay03 + Gdy03 + NbyOs + TayOs)/Al,O3} of the total
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making it possible to increase rigidity and heat resistance. From the perspective of further
improving rigidity and heat resistance, this molar ratio is desirably equal to or more than 0.50,
preferably equal to or more than 0.60, and more preferably, equal to or more than 0.70. From
the perspective of glass stability, this molar ratio is desirably equal to or less than 4.00,
preferably equal to or less than 3.00, more preferably equal to or less than 2.00, still more
preferably equal to or less than 1.00, yet still more preferably equal to or less than 0.90, and even
still more preferably, equal to or less than 0.85.

[0052] By0j; is a component that reduces brittleness of the glass substrate and increases glass
meltability. However, the incorporation of an excessive quantity lowers heat resistance. Thus,
the quantity incorporated is desirably 0 to 3 percent, preferably 0 to 2 percent, more preferably 0
percent or higher but less than 1 percent, still more preferably 0 to 0.5 percent, with substantially
no incorporation being possible.
[0053] Cs;0 is a component that can be incorporated in a small quantity within a range at
which desired characteristics and properties are not compromised. However, it is a component
that increases the specific gravity more than other alkali metal oxides, and so may be
substantially not incorporated.
[0054] ZnO is a component that increases glass meltability, moldability, stability, rigidity, and
+ the thermal expansion characteristic. However, the incorporation of an excessive quantity
lowers heat resistance and chemical durability. Thus, the quantity incorporated is desirably 0 to
3 percent, preferably 0 to 2 percent, and more preferably, 0 to 1 percent, with substanually no
incorporation being possible.
[0055] As set forth above, ZrO; is a component that increases rigidity and heat resistance and
enhances chemical durability. However, the incorporation of an excessive quantity reduces
glass meltability. Thus, the quantity incorporated is desirably 1 to 8 percent, preferably 1 to 6
percent, and more preferably, 2 to 6 percent.
[0056] TiO; is a component that serves to suppress an increase in specific gravity and increase
rigidity, thereby increasing the specific modulus of elasticity. However, the incorporation of an
excessive quantity sometimes produces reaction products between the substrate surface and
water when the glass substrate comes into contact with water, producing deposits. Thus, the
quantity incorporated is desirably 0 to 6 percent, preferably 0 to 5 percent, more preferably 0 to 3
percent, still more preferably 0 to 2 percent, yet still more preferably equal to or more than 0
percent but less than 1 percent, with substantially no incorporation being possible.
[00571 Y203, YbyO3, Lay03, Gdy03, Nb20Os, and TayOs are advantageous components from the
perspectives of increasing chemical durability, enhancing heat resistance, and improving rigidity
and fracture toughness. However, their incorporation in an excessively large quantity
compromises meltability and increases the specific gravity. They also involve the use of
expensive starting materials. Thus, their content is desirably kept low. Accordingly, the total
content of these components that is incorporated is desirably 0 to 3 percent, preferably 0 to 2

percent, more preferably 0 to 1 percent, still more preferably 0 to 0.5 percent, and yet still more
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reduced cost, it is desirable to substantially not incorporate them.
[0058] HfO, is also a component that is advantageous from the perspectives of enhancing
chemical durability and heat resistance, and increasing rigidity and fracture toughness.
However, the incorporation of an excessive quantity compromises meltability and increases the
specific gravity. It also involves the use of expensive starting materials, and is thus desirably
employed only in a small quantity, or substantially not employed at all.
[0059] Taking into account the environmental effects of Pb, As, Cd, Te, Cr, Tl, U, and Th, they
are desirably substantially not incorporated at all.
[0060] From the perspective of increasing both heat resistance and meltability, the molar ratio
of {(Si0; + AlLO3 + Z10; + TiO, + Y,03 + Lapy03 + GdyO3 + NbyOs + Ta0s) /(LizO + NapO +
K50)} of Si0;, AL O3, Zr(0,,TiO,, Y703, Lay0s, Gdy03, NbyOs, and Ta;0s to the total content of
the above alkali metal oxides (Li;O, NayO, and K;0) desirably falls within a range of 3 to 15,
preferably 3 to 12, more preferably 4 to 12, still more preferably 5 to 12, yet still more preferably
5 to 11, and yet still more preferably, falls within a range of 5 to 10.
[0061] Various characteristics of the glass substrate of the present invention will be described
below,
[0062] 1. Coefficient of thermal expansion
As set forth above, when there is a large difference in coefficient of thermal expansion
between the pglass constituting the glass substrate for a magnetic recording medium and the
spindle material (such as stainless steel) of an HDD, changes in temperature during the operation
of the HDD cause the magnetic recording medium to deform, problems occur in recording and
reproduction, and reliability ends up being compromised. In particular, in magnetic recording
media having a magnetic recording layer comprised of a magnetic material of high Ku, the
recording density is extremely high. Thus, even slight deformation of the magnetic recording
medium tends to cause these problems. Generally, the spindle material of an HDD material has
an average coefficient of linear expansion (coefficient of thermal expansion) of equal to or
greater than 70 x 107/°C over a temperature range of 100 to 300°C. The glass substrate of the
present invention can be used to provide a substrate that is suited to a magnetic recording
medium having a magnetic recording layer comprised of a magnetic material of high Ku with an
average coefficient of linear expansion of equal to or greater than 70 x 107/°C over a temperature
range of 100 to 300°C and thus enhance reliability. The average coefficient of linear expansion
can be controlled by adjusting contents and proportions of glass components set forth above as
those affecting the thermal expansion characteristics. The average coefficient of linear
expansion desirably falls within a range of equal to or pgreater than 71 x 107/°C, preferably
within a range of equal to or greater than 72 x 10”/°C, more preferably within a range of equal to
or greater than 73 x 107/°C, still more preferably within a range of equal to or greater than 74 x
107/°C, even more preferably within a range of equal to or greater than 75 x 107/°C. Taking
into account the thermal expansion characteristics of the spindle material, the upper limit of the
average coefficient of linear expansion is, for example, desirably about 120 x 107/°C, preferably
17
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2. Glass transition temperature

When attempting to increase the recording density of a magnetic recording medium by
incorporating a magnetic material of high Ku or the like as set forth above, the glass substrate for
a magnetic recording medium is exposed to high temperatures during high temperature
processing of the magnetic material. In this process, to prevent loss of the extremely high
degree of flatness of the substrate, good heat resistance is demanded of the glass substrate for a
magnetic recording medium. The glass transition temperature is employed as an index of heat
resistance. The glass substrate of the present invention has a glass transition temperature of
equal to or higher than 600°C, making it possible to maintain good flatness following high
temperature processing. Accordingly, the glass substrate of the present invention is suited to
the preparation of a magnetic recording medium comprising a magnetic material of high Ku.
The glass transition temperature can be controlled by adjusting contents and proportions of glass
components set forth above as those affecting the heat resistance. The glass transition
temperature desirably falls within a range of equal to or higher than 610°C, preferably within a
range of equal to or higher than 620°C, more preferably within a range of equal to or higher than
630°C. The upper limit of the glass transition temperature is, for example, about 750°C, but is
not specifically limited because higher glass transition temperature is preferred.
[0064] 3. Young's modulus

Deformation of a magnetic recording medivm includes deformation due to high speed
rotation in addition to deformation due to change in the temperature of an HDD. To inhibit
deformation during high speed rotation, it is required to increase the Young's modulus of the
substrate for a magnetic recording medium. The glass substrate of the present invention has a
Young's ‘modulus of equal to or higher than 80 GPa, thereby inhibiting deformation in the
substrate during high speed rotation and permitting the accurate reading and writing of data even
on a magnetic recording medium of increased recording density comprising a magnetic material -
of high Ku. The Young's modulus can be controlled by adjusting contents and proportions of
glass components set forth above as those affecting the rigidity. The Young's modulus desirably
falls with a range of equal to or higher than 81 GPa, preferably within a range of equal to or
higher than 82 GPa, more preferably within a range of equal to or higher than 83 GPa, further
preferably within a range of equal to or higher than 84 GPa, still more preferably within a range
of equal to or higher than 85 GPa, even more preferably within a range of equal to or higher than
86 GPa. The upper limit of the Young's modulus can be, for example, about 95 GPa, but is not
specifically limited because higher Young's modulus is preferred.
[0065] 4. Specific modulus of elasticity and specific gravity

From the perspective of suppressing the deformation (flexure of the substrate) when the
magnetic recording medium is rotated at high speed, the specific modulus of elasticity of the
glass substrate of the present invention is desirably equal to or higher than 30.0 MNm/kg,
preferably higher than 30.0 MNmv/kg, more preferably equal to or higher than 30.5 MNm/kg,
The upper limit is, for example, about 40.0 MNm/kg, but is not specifically limited. The
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density. In this’ confext, the density can be thought of as a quantity obtained by expressing the

specific gravity of the glass in units of g/em’. Achieving a glass of low specific gravity makes
it possible to lighten the substrate in addition to increasing the specific modulus of elasticity.
Lightening the substrate can reduce the weight of the magnetic recording medium, thus reduce
the electric power required to rotate the magnetic recording: medium, and inhibit power
consumption by an HDD. The specific gravity of the glass substrate of the present invention
desirably falls within a range of equal to or less than 2.90, preferably within a range of equal to
or less than 2.80, more preferably, with a range of less than 2.70. The specific gravity of the
glass substrate can be controlled by adjusting contents and proportions of glass components set
forth above as those affecting the specific gravity.

[0066] 5. Acid resistance

In the course of producing the glass substrate for a magnetic recording medium, the
glass is processed into a disk shape and the main surface is processed to be extremely flat and
smooth. Following these processing steps, normally, the glass substrate is cleaned with an acid
to remove grime in the form of organic material that has adhered to the surface. In that case,
when the glass substrate has poor acid resistance, the cleaning with an acid roughens the surface,
flatness and smoothness are lost, and the glass substrate cannot be readily used in a magnetic
recording medium. In a glass substrate for a magnetic recording medivwn with high recording
density having a magnetic recording layer comprised of a magnetic material of high Ku in which
high flatness and smoothness of the glass substrate surface are required, good acid resistance is
particularly desirable.

A substrate that is rendered even cleaner by removing foreign matter such as abrasive
that has adhered to the surface can be obtained by cleaning with an alkali following cleaning
with an acid. To prevent a decrease in flatness and smoothness of the surface of the substrate
due to roughening during cleaning with an alkali, the glass substrate desirably has good alkali
resistance. Good acid resistance and alkali resistance that render high flatness and smoothness
of the substrate surface are also advantageous from the perspective of low floating levels, as set
forth above. In the present invention, good acid resistance and alkali resistance can be achieved
by conducting adjustment of the glass composition described above, especially, by conducting
adjustment of the composition that is advantageous for chemical durability.

[0067] 6. Liquidus temperature

In the course of melting glass and molding the glass melt obtained, the glass crystallizes
and a homogenous glass cannot be produced when the molding temperature is lower than the
liquidus temperature. Thus, the glass molding temperature must be greater than or equal to the
liquidus temperature. However, when the molding temperature exceeds 1,300°C, for example,
the pressing mold employed in the course of press molding a glass melt reacts with the hot glass
and tends to be damaged. Even when conducting molding by casting a glass melt into a casting
mold, the casting mold tends to be similarly damaged, Taking these points into account, the
liquidus temperature of the glass constituting the glass substrate of the present invention is
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can be achieved by conducting adjustment of glass composition described above. The lower
limit is not specifically limited, but a temperature of equal to or higher than 800°C can be
thought of as a yardstick.

[0068] 7. Spectral transmittance

A magnetic recording medium is produced by a process of forming a multilayered film
comprising a magnetic recording layer on a glass substrate. In the course of forming a
multilayered film on a substrate by the single substrate film forming method that is currently the
mainstream, for example, the glass substrate is first introduced into the substrate heating region
of a film-forming device and heated to a temperature at which film formation by sputtering or
the like is possible. Once the temperature of the glass substrate has risen adequately, the glass
substrate is moved to a first film-forming region where a film corresponding to the lowest layer
of the multilayer film is formed on the glass substrate. Next, the glass substrate is moved to a
second film-forming region where a film is formed over the lowermost layer. The multilayered
film is thus formed by sequentially moving the glass substrate to subsequent film-forming
regions and forming films. Since the heating and film formation are conducted under reduced
pressure achieved by evacuation with a vacuum pump, heating of the substrate must be
conducted by a non-contact method. Thus, the glass substrate is suitably heated by radiation.
This film formation must be conducted while the glass substrate is not at a temperature that is
lower than the temperature suited to film formation. When the time required for forming each
layer of the film is excessively long, the temperature of the glass substrate that has been heated
drops, and there is a problem in that it is impossible to achieve an adequate glass substrate
temperature in subsequent film-forming regions. To maintain the glass substrate at a
temperature permitting film formation for an extended period, heating the substrate to a higher
temperature is conceivable. However, when the heating rate of the glass substrate is low, the
heating period must be extended, and the time during which the glass substrate remains in the
heating region must be increased. Thus, the residence time of the glass substrate in each
film-forming region increases, and an adequate glass substrate temperature ends up not being
maintained in subsequent film-forming regions. Further, it becomes difficult to increase
throughput. In particular, when preducing a magnetic recording medium comprising a
magnetic recording layer comprised of a magnetic material of high Ku, it is desirable to further
increase the efficiency of heating the glass substrate with radiation so as to heat the glass
substrate to a high temperature within a prescribed period.

In glasses containing SiO, and Al;Os, absorption peaks are present in the region
containing the wavelengths of 2,750 to 3,700 nm. The absorption of radiation at shorter
wavelengths can be increased by adding an infrared-absorbing agent, described further below, or
by incorporating it as a glass component, thereby imparting absorption in the wavelength range
of wavelengths of 700 to 3,700 nm. The use of infrared radiation having a spectral maximum
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with the peak absorption wavelength of the substrate. Taking the example of a
high-temperature carbon heater as an infrared source, it suffices to increase the input to the
carbon heater to increase the power of the infrared radiation. However, considering the
radiation from the carbon heater as black body radiation, an increase in the input increases the
heater temperature. This shifts the maximum wavelength of the infrared radiation spectrum to
the short wavelength side, ending up outside the absorption wavelength region of the glass.
Thus, the powder consumption of the heater must be made excessively high to increase the
heating rate of the substrate, creating a problem by shortening the service lifetime of the heater
or the like,

In light of such problems, increasing the absorption of the glass in the above wavelength
region (wavelengths 700 to 3,700 nm), irradiating infrared radiation with the maximum spectral
wavelength of the infrared radiation in a state of proximity to the peak absorption wavelength of
the substrate, and not employing an excessive heater input are desirable. Accordingly, to
increase the infrared radiation heating efficiency, either the presence of a region in which the
spectral transmittance as converted to a thickness of 2 mm is equal to or less than 50 percent in
the 700 to 3,700 nm wavelength region in the glass substrate, or a glass substrate with
transmittance characteristics such that the spectral transmission as converted to a thickness of 2
mm is equal to or less than 70 percent over the above wavelength region is desirable, For
example, the ‘oxide of at least one metal selected from the group consisting of iron, copper,
cobalt, ytterbium, manganese, neodymium, praseodymium, mniobium, cerium, vanadium,
chromium, nickel, molybdenum, holmium, and erbium can function as an infrared-absorbing
agent. Further, water or OH groups contained in water absorb strongly in the 3 pm band, so
water can also fonction as an infrared-absorbing agent. Incorporating a suitable quantity of a
component that is capable of functioning as the above infrared-absorbing agent into the glass
composition can impart the above desirable absorption characteristic to the glass substrate. The
quantity added of the oxide that is capable of functioning as the infrared-absorbing agent is
desirably 500 ppm to 5 percent, preferably 2,000 ppm to 5 percent, more preferably 2000 ppm to
2 percent, and still more preferably, falls within a range of 4,000 ppm to 2 percent based on the
mass as the oxide. For water, the incorporation of more than 200 ppm is desirable, and the
incorporation of equal to or more than 220 ppm is preferred, based on weight as converted to
H;0.

When employing Yb,0O3 and Nb,Os as glass components, and when adding Ce oxide as
a clarifying agent, infrared absorption by these components can be used to enhance substrate
heating efficiency.

[0069] The method of manufacturing the glass substrate will be described below.
First, to achieve the desired glass composition, glass starting materials such as oxides,

carbonates, nitrates, sulfates, and hydroxides are weighed out and dispersed; thoroughly stirring
21




Young's
nmodul us

modul us(GPa) 86.4 87.0 86.7 87.5 86.3 85.6 87.5 87.5 Specific
of elasticity(NINmkg) 32.4 32.4 32.1 32.3 32.8 32.3 32.8

33.0 Specific gravity 2.86 2.68 2.70 2.71 2.63 2.65 2.66 2.65 d ass

Somost SNSRI L S B R 3

0. 00 0. oouilipg weehlarifpime and stirring the melt to adequately remove bubbles to form the

3102 67.

homogenized glass melt. Clarifying agents can be added to the glass starting materials other
than the other components, as needed. Sn oxide and Ce oxide are desirably employed- as
clarifying agents because of the following reasons.

Sn oxide releases oxygen gas at high temperature during melting of the glass, takes in
minute bubbles contained in the glass and converts them to large bubbles so that they tend to rise,
thereby functioning well to promote clarification. Additionally, Ce oxide incorporates as a
glass component oxygen that is present as a gas in the glass at low temperature, thereby
functioning well to eliminate bubbles. When the size of the bubbles (the size of the bubbles
(voids) remaining in the glass upon solidification) falls within the range of equal to or lower than
0.3 mm, the action of Sn oxide in eliminating both relatively large and extremely small bubbles
is strong. When Ce oxide is added with Sn oxide, the density of bubbles from about 50 um to
0.3 mm in size is greatly reduced to about one part in several tens of parts. Causing both Sn
oxide and Ce oxide to be present together in this manner can increase the clarifying effect on the
glass over a wide temperature range running from the high temperature region to the low
temperature region.  Thus, it is desirable to add Sn oxide and Ce oxide.

When the total quantity of Sn oxide and Ce oxide that is added relative to the total of the
other components is equal to or greater than 0.02 mass percent, an adequate clarifying effect can
be anticipated. When a substrate is prepared using glass containing even trace or small
quantities of unmelted material, and the unmelted material appears on the surface of the glass
substrate due to polishing, protrusions are generated on the glass substrate surface and portions
where the unreacted material drops out become pits. The smoothness of the glass substrate
surface is lost, and the substrate cannot be used for a magnetic recording medium. By contrast,
when the total quantity of Sn oxide and Ce oxide added relative to the total of the other
components is equal to or less than 3.5 mass percent, they can dissolve adequately into the glass
and prevent the incorporation of unmelted material.

When preparing crystallized glass, Sn and Ce function to produce crystal nuclei. Since
the glass substrate of the present invention is comprised of amorphous glass, it is desirable not to
cause crystals to precipitate by heating. When the quantities of Sn and Ce are excessive, such
precipitation of crystals tends to occur.  Thus, the addition of an excessive quantity of Sn oxide
or Ce oxide is to be avoided.

From the above perspectives, the total quantity of Sn oxide and Ce oxide added relative
to the total of the other components is desirably 0.02 to 3.5 mass percent. The total quantity of
Sn oxide and Ce oxide added relative to the total of the other components preferably falls within
a range of 0.1 to 2.5 mass percent, more preferably a range of 0.1 to 1.5 mass percent, and still
more preferably, within a range of 0.5 to 1.5 mass percent.

The use of SnO, as the Sn oxide is desirable to effectively release oxygen gas from the
glass melt at high temperature.

[0070] Sulfates can also be added as clarifying agents in a range of 0 to 1 mass percent relative
22




3.00 2.00 5.00 5.00 4.00 5.00 1_120 0.50 1.00 1.00 3.00 1.50 1.00
1.50 Na20 9.50 9.00 9.00 7.00 8.50 8.00 8.50 - _--- e
ca == __- K20 0.00 1.00 1.00 0.00 0.00 0.00 0.00

meIt ‘being blown off. In that case, forelgn material increases markedly in the glass.
Therefore, when such blowing off is concerned, it is desirable not to incorporate sulfates. Other
than the above clarifying agents, components that have a clarifying effect without diminishing
the object of the present invention can be employed. However, it is better not to add As having
large environmental load, as described above. In addition, Sb is also desirably not employed
from the perspective of environmental load,

[0071] Next, the glass molded product in the form of substrate, that is, the glass substrate blank
for a magnetic recording medium of the present invention, can be obtained by molding the glass
melt prepared with a method of press molding, down draw, or floating into a plate shape; and
employing a step of processing the plate-shaped glass obtained.

[0072] In the press molding method, an outflowing glass melt is cut to obtain a desired glass
melt gob. The glass gob is then press molded with a pressing mold to preparc a thin
disk-shaped substrate blank. :

In the down draw method, a gutter-shaped molded member is employed to guide the
glass melt, the glass melt is caused to overflow to the two sides of the molded member, two
streams of glass melt flowing downward along the molded member are caused to flow together
beneath the molded member and then drawn downward and molded into a sheet form. This
method is also referred to as the fusion method. The surfaces of the glass that has contacted the
molded member are laminated together to obtain sheet glass without contact traces.
Subsequertly, thin disk-shaped substrate blanks are cut out of the sheet material obtained.

In the floating method, a glass melt is caused to flow out onto a float bath of
accumulated molten tin or the like, and molded into sheet glass while being drawn.
Subsequently, thin disk-shaped substrate blanks are cut out of the sheet material obtained.

A center hole is provided in the substrate blank thus obtained, the inner and outer
circumferences thereof are processed, and the two main surfaces thereof are lapped and polished.
Next, a cleaning step comprising acid cleaning and alkali cleaning is conducted to obtain a
disk-shaped substrate,

In the present invention, the term "main surface" means the surface of a substrate on
which a magnetic recording layer is to be provided or has been provided. Since such surfaces
are those with the largest area among the surfaces of the substrate of a magnetic recording
medium, they are called main surfaces. In the case of a disk-shaped magnetic recording
medium, they correspond to the surface of the circular shape of the disk (excluding the center
hole when present).

[0073] Since the glass substrate of the present invention is imparted with a good chemical

strengthening property by the above adjustment of the composition, an ion-exchange layer can

be readily formed on the surface by means of a chemical strengthening treatment. That is, an

jon-exchange layer can be present over a part or all of the surface of the glass substrate of the

present invention. The ion-exchange layer can be formed by bringing an alkali salt into contact .

with the surface of the substrate at high temperature to exchange the alkali metal ions in the
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2. 00 - 1182110, 801 0?4 ions in the substrate. In a common ion exchange, an alkali nitrate is
heated to obtain molten salt, and the substrate is immersed in the molten salt. By replacing
alkali metal ions of small ionic radius in the substrate with alkali metal ions of large ionic radius,
a compressive stress layer is formed in the substrate surface. This can enhance the fracture
durability of the substrate and improves reliability. For example, immersion of the glass
substrate in molten salt in the form of potassium nitrate causes the Li ions and Na ions in the
substrate to be replaced with K ions in the molten salt, forming an ion-exchange layer on the
surface of the substrate. The ion exchange can also reduce the quantity of alkali eluting out of
the substrate surface. In chemical strengthening, the ion exchange is desirably conducted at a
temperature that is higher than the. distortion point of the glass constituting the substrate but
lower than the glass transition temperature within a temperature range at which the molten alkali
salt does not thermally decompose.  The presence of an ion-exchange layer on the substrate
can be confirmed by observing the cross-section of the glass (along a plane passing through the
ion-exchange layer) by the Babinet's method, the method of measuring the concentration
distribution of the alkali metal ions from the glass surface in the direction of depth, or the like.

Since the glass substrate of the present invention contains Li;O as an essential
component as set forth above, the ion exchange desirably consists of an exchange of one or more
alkali metal ion selected from the group consisting of Na, K, Rb, and Cs, which have greater
ionic radii than Li.

[0074] Deflecting strength is commonly employed as an index of the impact resistance of the
glass substrate for a magnetic recording medium. As shown in Fig. 1, the deflecting strength
can be determined by placing a steel ball in the center hole of a glass substrate positioned on a
holder, applying a load with a load cell, and taking the load value when the glass substrate is
broken down. The measurement can be conducted with a deflecting strength measuring and
testing device (Shimadzu Autograph DDS-2000)}, for example. It is desirable for the glass
substrate of the present invention to have a deflecting strength of, for example, equal to or
greater than 10 kg, desirably equal to or greater than 15 kg, and preferably, equal to or greater
than 20 kg. The deflecting strength within the above range can be achieved by conducting the
above composition adjustment, and optionally by conducting the chemical strengthening

. treatment.

[0075] The glass substrate of the present invention is, for example, equal to or less than 1.5
mm in thickness, desirably equal to or less than 1.2 mm in thickness, and preferably, equal to or
less than 1 mm in thickness. The lower limit is desirably 0.3 mm. The main surface on which
a magnetic recording layer is formed desirably has surface properties (1) to (3) below

(1) an arithmetic average surface roughness Ra measured over an area of 1 pum x 1 pm
by an atomic force microscope of equal to or lower than 0.25 nm;

(2) an arithmetic average surface roughness Ra measured over an area of 5 pm x 5 um
of equal to or lower than (.15 nm;

(3) an arithmetic average surface waviness Wa at a wavelength of 100 pm to 950 pm of
equal to or lower than 0.5 nm,
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_____ - -example, less than 1an 10_nm in a vertical recording method. To increase the recording density,
even when a minute bit size is employed, no improvement in magnetic characteristics can be
anticipated when the surface roughness of the substrate is high. By conirast, a substrate in
which the arithmetic averages Ra of the two types of surface roughens of (1) and (2) above fall
within the above-stated ranges permits improvement in magnetic characteristics even when a
minute bit size is employed to achieve a high recording density. Keeping the arithmetic
average of surface waviness Wa of (3) above within the stated range permits enhancement of the
floating stability of the magnetic head in an HDD. The acid resistance and alkali resistance of
the glass are effective for achieving a substrate having surface properties (1) to (3) described
above. '

[0076] The magnetic recording medium of the present invention can be called a magnetic disk,
hard disk, or the like. It is suited to use in an internal memory device (fixed disk or the like)
such as a desktop computer, server-use comptiter, laptop computer, or mobile computer; internal
memory device such as a portable recording and reproduction device that records and reproduces
images and/or sound; vehicle-mounted audio recording and reproduction devices; and the like.
As described above, it is particularly suited to the heat-assisted recording method.
[Examples]
[0077] The present invention is described in greater detail below through Examples.
However, the present invention is not limited to the embodiments shown in Examples.
[0078] (1) Preparation of glass melts

Starting materials such as oxides, carbonates, nitrates, and hydroxides were weighed out
and mixed to obtain blended starting materials in a manner calculated to vield glasses of the
compositions shown in Table 1. Each of the starting materials was charged to a melting vessel
and heated, melted, clarified, and stirred for 3 to 6 hours within a range of 1,400 to 1,600°C to
prepare a homogenous glass melt containing no bubbles or unmelted matter. No bubbles,
unmelted material, crystal precipitation, or contaminants in the form of flame-resistant material
or platinum constituting the melting vessel were found in the glasses obtained.
[0079] (2) Preparation of substrate blanks

Next, disk-shaped substrate blanks were prepared by methods A and B below.
(Method A)

The above glass melt that had been clarified and homogenized was caused to flow out of
a pipe at a constant flow rate and received in the lower mold of a pressing mold. The

* outflowing glass melt was cut with a cutting blade to obtain a glass melt gob of prescribed
. weight on the lower mold. The lower mold carrying the glass melt gob was then immediately

removed from beneath the pipe. Using an upper mold facing the lower mold and a sleeve mold,
the glass melt was press molded into a thin disk shape measuring 66 mm in diameter and 2 mm
in thickness. The press-molded article was cooled to a temperature at which it would not
deform, removed from the mold, and annealed, yielding a substrate blank. In the molding,

multiple lower molds were used and the outflowing glass melt was continuously molded into
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{Method B)

The glass melt that had been clarified and homogenized was continuously cast from
above into the through-holes of a heat-resistant casting mold provided with round through-holes,
molded into round rods, and brought out from beneath the through holes. The glass that was
brought out was annealed. The glass was then sliced at constant intervals in a direction
perpendicular to the axis of the round rods using a multiwire saw to prepare disk-shaped
substrate blanks.

Methods A and B were employed in the present Examples. However, methods C and
D, described below, are also suitable as methods for manufacturing disk—shéped substrate blanks.
(Method C)

The above glass melt is caused to flow out onto a float bath, molded into sheet glass
(molded by the floating method), and then annealed. Disk-shaped pieces of glass can be then
cut from the sheet glass to obtain substrate blanks.

(Method D)

The above glass melt is molded into sheet glass by the overflow down draw method
(fusion method) and annealed. Disk-shaped pieces of glass can be then cut from the sheet glass
to obtain substrate blanks,

[0080] (3) Preparation of glass substrates

Through-holes were formed in the center of substrate blanks obtained by the various
above methods, The inner and outer circumferences thereof were ground and the main surfaces
of the disks were lapped and polished (polished to mirror surfaces) to finish them into magnetic
disk-use glass substrates 65 mm in diameter and 0.7 mm in thickness, The glass substrates
obtained were cleaned with a 1.7 mass percent hydrofluosilicic acid (H,SiF) aqueous solution
and a 1 mass percent potassium hydroxide aqueous solution. They were then rinsed with pure
water and dried. The surfaces of the substrates prepared from the glass of Examples were
observed under magnification, revealing no surface roughness. The surfaces were smooth.

In (4) below, disk-shaped glass substrates prepared by the above-described method were
used without any change to prepare magnetic disks. Separately, disk-shaped glass substrates
prepared by the same method as above were immersed in a mixed molten salt of sodium nitrate
and potassium nitrate to obtain glass substrates having an ion-exchange layer produced by ion
exchange on the surfaces thereof. Such ion-exchange processing is effective to increase the
deflecting strength. The cross-sections (planes passing through the ion-exchange layer) of glass
substrates sampled from multiple glass substrate subjected to ion-exchange processing were
observed by the Babinet’s method, revealing the formation of ion-exchange layers.
Measurement by the above-described method of the deflecting strength of various glass
substrates following ion-exchange processing revealed a value of equal to or greater than 20 kg,
Disk-shaped glass substrates that have been ion-exchange processed in this manner can also be
employed to prepare magnetic disks.

In the above example, the substrates were immersed in a mixed molten salt of sodium
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L 120+Na 20mézd-«wjErGal)-eSs0dinm. 1ggatg and otassium. nitrate, jon-exchange layers can also be
formed by conducing ion-exchange processing by immersing the glass substrate in any one of:
(A) a mixed molten salt of a potassium compound and a rubidium compound;
(B) a mixed molten salt of a potassium compound and a cesium compound;
(C) a mixed molten salt of a rubidium compound and a cesium compound;
(D) a mixed molten salt of a potassium compound, rubidium compound, and cesium compound;
(E) the molten salt of a rubidium compound; or
(F) the molten salt of a cesium compound.

Nitrates can be employed, for example, as the molten salt. The ion—éxchange layer can
be formed over the entire region of the glass substrate surface, formed over just the outer
circumferential surface thereof, or formed over just the outer circumferential surface and inner
circumferential surface thereof.

[0081] (4) Formation of magnetic disks

The following method was used to sequentially form an adhesive layer, undercoat layer,
magnetic layer, protective layer, and lubricating layer on the main surface of each of the glass
substrates obtained from the glasses of Examples, yielding magnetic disks.

[0082] First, a film-forming device in which a vacuum had been drawn was employed to
sequentially form the adhesive layer, undercoat layer, and magnetic layer in an Ar atmosphere by
the DC magnetron sputtering method.

[0083] At the time, the adhesive layer was formed as an amorphous CrTi layer 20 nm in
thickness using a CrTi target. Next, a single-substrate, static opposed type film-forming device
was employed to form a layer 10 nm in thickness comprised of amorphous CrRu as an undercoat
layer by the DC magneiron sputtering method in an Ar atmosphere. Further, the magnetic layer
was formed at a film forming temperature of 400°C using an FePt or CoPt target to obfain an
amorphous FePt or CoPt layer 200 nm in thickness.

[0084] The magnetic disks on which magnetic layers had been formed were moved from the
film-forming device into a heating furnace and annealed at a temperature of 650 to 700°C so as
to achieve a crystal structure of the magnetic layer in Lqg structure.

[0085] Next, a protective layer comprised of hydrogenated carbon was formed by CVD
method using ethylene as the material gas. Subsequently, PFPE (perfluoropolyether) was used
to form a lubricating layer by the dip coating method. The lubricating layer was 1 nm in
thickness.

The above manufacturing process yielded magnetic disks.

{0086] 1. Evaluation of glass
(1) Glass transition temperature Tg, coefficient of thermal expansion

The glass transition temperature Tg and average coefficient of linear expansion « at 100
to 300°C of each of the glasses were measured with a thermomechanical analyzer (Thermo plus
TMAS310) made by RIGAKU.

(2) Young's modulus
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The specific modulus of elasticity was calculated from the Young's modulus obtained in
(2) above and the specific gravity obtained in (3) above,

[0087] 2. Evaluation of substrates (surface roughness, surface waviness)

A5 pm x 5 pm square region of the main surface of each of the substrates of Examples
(surface on which the magnetic recording layer and the like were laminated) was observed by an
atomic force microscope (AFM). The arithmetic average of the surface roughness Ra was
measured for an area of 1 pm x 1 pm and the arithmetic average of the surface roughness Ra was
measured for an area of 5 pm x 5 pm. The arithmetic average of the surface waviness Wa at a
wavelength of 100 um to 950 um was also measured.

The arithmetic averages of the surface roughness Ra measured for an area of 1 um x 1
pm ranged from (.15 to 0.25 nm for all of the glass substrates of Examples. The arithmetic
averages of the surface roughness Ra measured for an area of 5 um x 5 um ranged from 0.12 to
0.15 nm. And the arithmetic averages Wa of surface waviness at a wavelength of 100 um to
950 pm were 0.4 to 0.5 nm. These ranges presented no problems for substrates employed in
magnetic recording media.

[0088]
[Table 1]

28




G ass transition tenperature Tg(G 630 636 640 622 645 646 632

Aver age coefficient of |inear expansion (x 10-7/t) C oo-soot) 79 83
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B,0, .00 0.00 0.00 0.00 0.60 000 0.00 0.00
Al0y : 5,00 6.00 5.00 500 9.00 8,00 .00 6.00
Li,0 150 | 150 150 150 1.50 150 150 150
Na,O 850 8.50 B.50 8.50 B.5D 800 8.00 8.00
K0 000 0.00 0.00 0.00 0.00 0.00 600 0.00
Mg0 400 4,00 1000 | 1300 200 00 2,00 1.00
Cal 1300 | 13.00 700 | 400 1600 | 1350 | 130 | 1450
S0 0.00 0.00 .00 0.00 0.00 0.00 .00 0.00
Bal 0.00 0.00 0.00 0.00 6,00 £.00 0.00 .00
Zn0 0.00 0.00 0.00 0.00 .00 0.00 ¢.00 0.00
Zr0, 400 | 400 400 400 4.00 4,00 400 4,00
Tio2 0.00 0.00 0.00 .00 000 0.00 0.00 0.00
Y304 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00
YbyO, 000 0,60 0.00 0,00 0.00 €.00 0.00 0.00
18,05 0.00 0.00 0400 0.00 0.00 0.00 0,00 0.00
Gd,0, 0.00 040 0,00 0,00 0,00 .00 0.00 0,00
Nb,0; .00 0.00 000 .00 0,00 0.00 0.00 .00
Ta,04 ' 0.00 0,00 0,00 000 | 000 0.00 0.00 0,00
Total 100,00 | 10000 | 10000 | 10000 | 1000 | t00,00 | 10000 | 100.00
LL,0+Na,0+K,0 1000 | 1000 | 1000 | 1000 | 1000 2.60 9.50 9,60
Li,0/Na,0 018 nia 0.18 018 018 019 019 019
LL,O/(Li,0+Na,0+K,0) 015 0160 | 0150 | 0450 | 0180 | 0158 | G158 | 0,158
K0 /{LLO+Na,0+K,0) 0,000 0.000 0,000 0.000 0.000 0,000 0.000 0,000
MgO+CaD+8r0 1700 | 1700 | 4700 | 1700 | 1700 | 1650 | 1580 | 1550
MgO+Ca0 1700 | 1700 | 1700 | 1700 | 1700 | tes0 | 1650 | 16850
L1,0+Na,OH(0+MgO+Ga0+Sr0 2700 | 2200 | 2700 | 2roo | 2700 | 2600 | 2500 | 2500
{Mg0+0a0+L1,0)/(L1,0¢Na, 0+K,0+MzO+Ca0+5r0) 0.685 0.885 0.505 0,685 0,685 0.692 0.580 0.880
Zr0 4+ Ti0+Y,0+8,0 7HGd, 0B, Oy +T 8,0, 400 400 400 400 4,00 4,00 400 400
(/fli_cl:gf;}:gf}fg;m=+Y’°°+"“’°’+Gd‘°°+Nb2°"+Ta‘°‘) 220 | 790 | 720 | 7a0 | a0 | w78 | 780 | 78
(ZrOHTIO,HY,05+L8y03+ G0 Hb,0¢+ T2 0p/Al,0, 0800 | 0867 | 0800 | 0800 | 0444 | 0667 | 0667 | 0667
{Mg0+Ga0)/(Mg0+Gal+5r0)} 1000 | 1000 | 1000 | 1000 | %000 | too0 | 1000 | 1.000
Glass transition temperatura Te{"C) 833 £630 839 6580 658 646 646 651
Average ::cu:t’l’u:len(‘c1 gg’l-i[n;;a%(;nnslon (x 107 C) 7 ’ .. >75 7 0 74 25 74 74
Young's modulus(GPa) 875 a7.8 879 86.3 8.8 876 86.7 86.8
Specifie modulus of elasticity(MNm/kg) 328 » 2.8 33 335 330 32.8 32,8 3287
Specific gravity - 247 287 2.64 283 2,69 267 266 266
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64. 00 64.00 64.00 1320, 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0O.00
Al 202 5.00 5.00 5.00 6.00 5.00 5.00 5.00 5.00 5.00 L120 1.50 1.50
1.60 1.50 1.50 0.50 0,50 2.50 1.00 Ne20 8.50 8.50 8.50 8.50 8.50

12.50 11.00 8.00 12.50 K20 0.00 0.00 0.00 0.00 0.00 2.00 1.50 0.00

0.00 Mo 4.00 4, Qe s=0@%d 00 4. 00 D.00{1:5q u | = | 15 | w | © | w
Si0, §6.00 65,00 85.00 64,00 84.00 64.00 63.00 65.00

B0y 0,00 000 0.00 0.00 0.00 0.00 0.00 0.00

Al0, 6.00 6.00 6.00 5.00 5.00 5.00 6.00 £.00

Li,O 1,60 1.50 1.50 1,50 1.50 1.50 1.00 2.00

NayO a.00 B.00 8.00 8.50 8,50 8,60 B.00 650

K0 0,00 0.00 0.00 0,00 0,00 0400 1.00 1.00

Mg0 0,00 1.00 0.00 2.00 4.00 4,00 4.00 1.50

Cal 15,60 1350 1350 13.00 13,00 14.00 13.00 14.00

SrD 0.00 1.00 2.00 2.00 0.00 0.00 0.00 0.00

BaOl 0.00 0.00 0.00 0.00 0.00 040 0,00 g,00

Zn0 0,00 0.00 0.00 0.00 0.00 200 0.00 c.00

Zro, 4.00 4,00 4,00 4,00 200 200 4,00 4.00

TiO2 - 0.00 0,00 0.00 0.00 200 0400 0.00 .00

Y,0, ©.00 0.00 000 | .0.00 0.00 0.00 0.00 0.00

Yhy0y 0,00 0,00 0.00 0.00 0,00 0.00 0.00 Q.00

LazOy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Gdy0y 0,00 0,00 0.00 0.00 0.00 0.00 0.00 .00

Nb,Cg 0.00 ) 0.00 0.00 .00 0.00 0.00 0.00 .00

Te,0p 0.00 0,00 .00 0,00 0.00 0.00 0.00 0.00
Total . 100.00 | 100,00 100,00 100,00 100.00 100,00 100,60 100.00

Li,O+Ma, OHE0 9,50 8,60 9,60 10.00 10.00 10,00 10,00 9.50

Li;0/Na,0 0,18 0.19 019 018 018 018 013 0.31
Li,0/(L1,0+Na,0-HE,0) 0,158 0.158 0.188 0150 0,150 0,150 0.100 0,211
K;0/(Li;0+Na,0+K;0) 0.000 0.000 0,000 0.000 0.000 0.000 0.100 0,105
MgQ+CaC+S5rD 15,50 15.50 1550 17.00 17.00 17.00 17.00 15.50
MgQ+Cal 15.60 1450 13.50 16.00 17,00 12.00 17.00 15.50
LizO+NaO+0-H g0+ Cal+5r0 25.00 25.00 25.00 27.00 27.00 2700 27,00 25.00
(Mg0+Ca0+LE, 0N/ (L0 +Na,0+K,0+MgO+Ca0+8r0) 0.680 0.840 0,600 0.611 0.68'5 0.685 0.667 0,700
ZAOZTIONY,0+.8,05¢ Gdy04+Nb, 04+ Ta,04 400 | 400 | 400 4,00 4,00 2.00 400 400
E,?Rgf#ggfgg”O’W’O”""’o’md‘°3+Nb‘°‘+T°2°5) 789 | 780 [ 7ee | 7a0 | 720 | 710" | 730 | 789
(ZrO#TiO Y ,04H 80,463, 0,3Nb, 0+ Ta,04)/AlO, 0.6867 0.667 0.667 Q.800 0.800 0.400 0.667 0.667
{MgO+Ca0)/(Mg0+0a0+Sr0) 1.000 0,935 0.871 0,862 1.000 1.000 1.000 1.000

Glass transition tamperatura Tg{°C) 658 645 620 620 620 605 650 640

Average cosfficont of inaar sxpansion (x 107/:0) 75 | >0 | 80 78 8 7
Yeung's modulus(GPa) 864 87.0 86.7 B87.8 883 B6.6 87.5 815

Specific modulus of elasticity(MNm/kg} az4 324 azi 323 328 323 328 330
Specific gravity 2.66 2.68 270 2,71 2.83 265 2.68 2,65
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2.00 1,50 CaO 13.00 13.00 13.00 13.00 13.00
5r0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
000 0.00 0.00 0.00 0.00 0.00 ZnO 000 0. 00 oO.

14.00 12. 00 14.50 12.00
0.00 BeO 0.00 0.00 0.00
00 0.00 0.00 0.00 0.00

0. 00 0. 002062200 2-00—2-00-2-0072-664-0045H64-604 00T+ 2

0.00 000 0.00 GroOnBalhdxo® 0,00 | 7 | B | [ = o = | »
5i0, 67.00 65.00 65,00 84.00 64.00 63.00 64,00

8,0, 0.00 0.00 0,00 0,00 0.00 0.00 0.00

AlO, 2,00 3,00 2,00 5.00 5.00 4.00 5.00

Li;O 0.50 1.00 1.00 3.00 1.50 1.00 1.60

Na,© 9.50 9,00 9.00 7.00 8.50 8.00 8,50

Ki0 .00 1.00 1.00 0,00 0.00 0,00 0,00

MgO 4,00 100 1,00 0.00 0.00, 200 400

Cal 13.00 15.00 18,00 i7.00 17.00 168,00 13.00

SrD 0.0 000 0,00 0,00 0,00 0.00 0.00

BaO 0.00 0.00 0.00 0.00 0.00 0.00 000

Zn0 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Zr0, 4.00 6.00 6,00 4,00 4,00 4.00 200

Tioz 0.00 0.00 0.00 040 0.00 0.00 0.00

Y204 0.00 0.00 0,00 0.00 0.00 0.00 0,00

Yby0, 0.00 0.00 0.0 0.00 0.00 0.00 0.00

LayOy 0.00 0.00 0.00 000 0.00 0.00 0.00

Gdy0, 0.00 0.00 000 0.00 0.00 0.00 000

Nb,0; 0.00 0.00 0.00 ‘000 0.00 0,00 200

Ta, Oy 0,00 0,00 0,00 o000 0.00 0.00 0.00
Total 100.00 100.00 100.00 100.00 100,00 100,00 100.00

L1,0+Na,0+K;0 10,00 11.00 11.00 10.00 10.00 .00 10,00

Li,0/Na,0 0,65 oM oM 043 | ois | o33 018
LLO/{L,0+Na,0+K;0) 0050 | 0091 ] 0091 | opaoo | ois0 | o411 | ois0

K 0/(LI,0+Na,0+K,0) 0.000 0.091 0.081 0.000 0.000 0.000 0,000
MgQ+Ca0+8r0 17.00 15.00 16.00 17.00 17.00 2000 17.00

MegO+Cab 1100 16.00 16.00 17.00 17.00 20,00 17.00
Li;0+Nay0+K;0+Mg0+Ca0+8r0 27,00 27.00 27.00 27.00 27.00 20,00 27.00
(Mg0+0a0+L5,0)/{Li,0+Na,0HC 0+ MgO+Ca0+8r0) 0548 0.630 0,630 0741 0.685 0.724 0.685

ZrO+TIO Y04+ L8,0,+Gd,0+Nb, 055 0,05 400 5.00 £.00 400 4.00 400 406

E:iigﬂi&z:&og)‘Ti0;+Y203+La20,+cdzo,+nb,o,ﬂ'azo,) 730 B.64 6.64 7.20 7.30 789 7.30
{ZrOTIO Y, 03#.0,05+Gd,0,Hib; Ot Ta05/A0 2000 | 1667 | acoe | oseo | caoo | 1000 | osce
{MgO+Ca0)/(Mg0+Cal+Sr0) 1.000 1.000 1.000 1,000 1,000 1.000 1.000

Glass transition temparature Te("C) 630 636 640 622 645 646 632

Average caef’f‘u:]an((f1 8; E;;EE aegc;mnsiu:m x 107/C) 79 83 a3 80 a5 77 78
Yeung's modulus{GPa) B85.0 86.8 87.9 89.0 87.3 86.5 a7.4

Specifio modulus of elasticity{MNm/kg) 320 321 322 832 328 327 322

Spacific gravity 2.68 270 273 268 2.68 21N 271
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0.00 Y202 2.00 0.00 0,00 0,00 0.00 0.00 0.00 0.00 0.00 Yb202 0.00
0.00 000 2.00 0.00 0.00 0.00 00O 0,00 Laps 0.00 2,00 0.00 0.00 0.00
000 0,00 0, 00 O. 00 0402 0.00 0.00 2.00 0,00 0.00 0.00 0.00 0.00 0O.00

U UUU U prow U,WU U VU U jUU V. UUTUUU Tazyou U.JTUU . JU T UUU
0. 00 2. O 0. QoA 8900 G I T O ) I A M
Si0, 64.00 64,00 54,00 64,00 64.00 62,00 64.00 64.[10 64.00
B0, 0.00 000 000 0.00 0.00 0.00 0.00 0,00 0.00
Al Oy 5.00 5.00 500 500 £00 5.00 6,00 5,00 500
Lo 1.50 150 150 1.50 1.50 0.50 050 250 1.00
Nay0 860 850 850 850 8.50 12.50 11.00 8.00 12.5¢
K0 .00 0.00 0.00 0.00 0.00 2,00 1.50 Q.00 0.00
Mg0 440 400 4.00 400 400 0,00 1.50 200 1.50
Cal 13.00 13.00 12,00 13.00 13.00 14.00 12,00 1450 12,00
Sr0 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00
a0 0.00 000 0.00 0.00 0.00 Q.00 0,00 0.00 0,00
Zno 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ZD, 200 200 2,00 200 200 4,00 450 4.00 4.00
Tid2 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0400 .00
Y304 200 0,00 0.00 0.00 0,00 0.00 0400 000 0.00
Yhb,0y 0.00 0.00 0.00 2,00 000 0.00 000 000 0,00
L0y 0.00 2,00 0.00 0.00 0,00 0.00 0,00 0,00 0.00
Gd;0, 0.00 000 200 0.00 000 0.00 0.00 0.00 0.00
Nb,Op ) 0.00 0.60 0,00 0.00 000 0.60 Q.00 000 0,00
Ta 0y 0.00 0.00 0,00 0.00 200 ¢.00 0.00 0,00 0.00
Total 10000 108,00 100.00 100,00 100.00 10000 | 100,00 100,00 100.00
Li;ONa, 0+HG0 10.00 10,00 10.00 1000 10,00 15,00 13.c0 10.50 13.50
Li;0/Na,Q 018 018 618 018 018 0.04 0.05 031 0,08
LiOALLONa,0+K;0) ots0 | o150 | oiso | of50 | o160 | 0033 | oess | o2se | o074
K0 /L1 0+NayO+K,0) 0.000 0.000 0.000 0.000 0,000 0.133 0,115 0.000 0.000
MgQ-+CaQ+Sr0 1200 17.00 17.00 17.00 17,00 14,00 13.50 16.60 13.50
MgO+Cal 17.00 17.00 17.00 17.00 17.00 14,00 1350 16,60 13.50
L1,O+Na, 0 HG0+Me0+Ca0+5r0 21.00 27.00 27.00 2700 27.00 29,00 26,50 27,00 27.00
{MgO+0a0+L1,0)/Li,0+Na,0+K,0+MgO+Cab+5rO} 0,685 0,685 0.885 D.685 0.665 0.500 0.528 0.704 0,537
ZrOHTIO Y0+ 8,0 +HGd,0+Nb, 04+ Ta, 05 £00 400 400 400 400 400 450 4.00 400
f,?i_?zgszgfggﬂ°=+Y1°"”‘°‘°’*Gd’°"’”"=°°”“°” 730 | 7 | 730 | 700 | 730 | a7 | ses | ees | sat
(ZrO#TIOHY,05#L8,0+Gd,05+NbyOgt Ta, 0/ AL, 0800 | 0800 | 0800 | 0800 | ©BOD | 0800 | 0Z00 | 0800 | 0.B00
(Mz0+Ca0)/(MgO+C20+5r0) 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1,000
Glass transitlon temperature Ta("C) 630 823 625 841 €42 616 623 817 >600
Average «:cmt‘f‘mlen(ti gtf] ET ;&r) :g)pansion x 107/°0) 7% BO 8 77 74 98 L] 7 >75
Young's modulus(GFa) 88.9 L:TA B8.4 8.0 89.2 831 840 884 844
Specific modulus of elasticity(MNm/kg) 328 3.3 34 3.0 3.z 311 318 331 1.8
Spacific gravity 273 2,80 284 2.87 2.86 i 267 266 267 2.65

[0089] As indicated in Table 1, the glasses of Examples had the three characteristics required

of a magnetic recording medium substrate, namely, high heat resistance (high glass transition

temperatures), high rigidity (high Young's moduli), and high coefficients of thermal expansion.

From the results of Table 1, it can be confirmed that the glasses of Examples had high specific
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Total 100.00 100.00 100.00 100.00 100.00 10000 100.00 100,00 100.00
LI 20r Ne20+K20 10. 00 10. 00 10.00 10.00 10.00 15.00 13.00 10.50 13.60
Li 20/ Na20 0.18 0.18 018 0.18 0.18 0.04 0.05 0.31 0.08,

0. 074 1%%8?“}*6 3%%%%%?%% B Aepa0 diaghed gy BBy A e

0. 000 0.1HsvBtiRDPSatsvEright reduction. o rdditiqelly heglasses @6 Exampigs ygresfpund to
16. 60 13pebdit MpQeAlgTormation of ion-exchange layers by a chemical strengthening treatment.

Based on the above results, the present invention was determined to yield glasses having
the characteristics required of the magnetic recording medium substrate.
[0090] 3. Evaluation of magnetic disks
(1) Flatness

Generally, a degree of flatness of equal to or lower than 5 um permits highly reliable
recording and reproduction. The degree of flatness (the distance (difference in height) in the
vertical direction (direction perpendicular to the surface) of the highest portion and lowest
portion of the disk surfaces) of the surfaces of the various magnetic disks formed using the glass
substrates of Examples by the above-described methods was measured with a flatness measuring
device. All of the magnetic disks had degrees of flatness of equal to or lower than 5 um.
From these results, it can be determined that the glass substrates of Examples did not undergo
substantial deformation even when processed at high temperature during the formation of an
FePt layer or CoPt layer.

(2) Load/unload test

The various magnetic disks formed using the glass substrates of Examples by the above
methods were loaded into a 2.5-inch hard disk drive that rotated at a high speed of 5,400 rpm and
subjected to a load/unload durability test ("LUL" hereinafter). The spindle of the spindle motor
in the above hard disk drive was made of stainless steel, and the distance between the element
part of the magnetic head dnd the surface of the magnetic disk was about 9 nm, The durability
of all of the magnetic disks exceeded 600,000 cycles. Further, although crash failures and
thermal asperity failures will occur during LUL testing with deformation due to a difference in
the coefficient of thermal expansion with the spindle material and deflection due to high-speed
rotation, such failures did not occur during testing of any of the magnetic disks.

Furthermore, the LUL durability test was conducted in the same manner as above with a
magnetic head equipped with the DFH mechanism to protrude the recording and reproduction
element part so as to achieve the distance between the element part of the magnetic head and the
surface of the magnetic disk of equal to or less than 2 nm. As a result, the number of endurance
times exceeded 600,000 times. It was confirmed that, in the hard disk drive equipped with the
DFH mechanism, good recording and reproduction could be achieved.

From these resulis, the present invention was determined to permit highly reliable
recording and reproduction.

[0091] Magnetic disks prepared using the glass substrates of Examples by the above methods

were loaded into the hard disk drive with a magnetic head of a recording method in which the

reversal of magnetization was assisted by irradiation with a laser beam (heat-assisted recording

method) to prepare the information-recording device of a heat-assisted recording method.

Separately, the magnetic disks that had been prepared were loaded into the hard disk drive with a

magnetic head of a recording method in which recording was assisted with microwaves
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17.00 17.00 17,00 17.00 17.00 1460 13.50 16.60 13.50
L120+14a20+K20+MyQ Ca0+5r0 27.00 27.00 27.00 27.00 27.00 29.00 26.50
27.00 27.00 (4601. Ce01.120)/ (Li 20+Na20+i 40+My0O+CoCx Sr0) 0. 665 0. 685

0.685 0. :ne 2 0 : J—_— : :
2 Gam dey- VIO IS8 omtR B L R i BT BT 057 o

4.50 4. GBiCPYsye-pssistesl s qIdive assads 1 dbesedingupativadanding doieesabigh combined

/0. 120+Nastnefld 26hteridls30f highOKY 2W@itl .cB6rgy-asistétl Yedollir®d vierd Zapablel of achieving

S AN R s e A R e S0
recording method, the LUL durability test was conducted in the same manner as above. Asa
result, the number of endurance times exceeded 600,000 times. Furthermore, in the above hard
disk drives, good results were achieved in the same manner as above in the LUL durability test
even when the recording and reproduction element part of the magnetic head was protruded with
the DFH mechanism to achieve the distance of equal to or less than 2 nm between the surface of
the magnetic disk and the element part of the magnetic head.
[0092] In addition, with the exception that the thickness was changed to 0.8 mm, glass
substrate for magnetic disk were prepared in the same manner as above. In all glass subsirates,
the arithmetic average of the surface roughness Ra measured for an area of 1 pm x 1 pm was
within a range of 0.15 to 0.25 nm, the arithmetic average of the surface roughness Ra measured
for an area of 5 pm x 5 pm was within a range of 0.12 to 0.15 nm, and the arithmetic average of
the surface waviness Wa at a wavelength of 100 pm to 950 pum was within a range of 0.4 to 0.5
nm. All were in permissible level as a medium —employed in magnetic recording media.

Furthermore, with the exception that an FeTaC film was formed as a soft magnetic layer

between the adhesive layer and the undercoat layer, an FePt or CoPt film of 10 nm was formed
as a magnetic layer, and then the magnetic layer was annealed at a temperature of 550 to 650°C
to achieve Lig structure, the glass subsirate was obtained in the same manner as above. A
magnetic disk was prepared with the glass substrate obtained. The magnetic disk prepared had
high flatness and good durability, in the same manner as above,
Industrial applicability
f0093] The present invention can provide an optimal magnetic recording medium for higher
density recording,

34




1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 G ass transition
tenperature TeC) 639 623 625 641 642 616 623 617 >600 Average
coefficient of linear expansion (x 10-7P0) (100,-,300t) 76 80 81 77
74 98 89 79 >75 Younds nodul us(0Ka) (?J?Aﬁ/@? 7 88.4 69.0 89.2 83.1
84.0 88.4 84.4 Specific nmodulus of elastlcityOMmMg) 32-6 31.3 31.1
31,0 31,818 1] 3} sy guipirats for BReAgReticcregpiding: Pediumawhigh i cgmpused of glass
2. 86l . Zompridingfledot6d a¥mblar pdr&d@@hs,As i ndicated in Table 1, the
gl asses of Exgg?(l %p&&% Bpﬁotz,hr ee characteristics required
1 to 11 percent of Al,O3,
more than 0 percent but equal to or less than 4 percent of Li,O,
equal to or more than 1 percent but less than 15 percent of NaO,
equal to or more than O percent but less than 3 percent of K»0, and
substantially no BaQ,
with a total content of alkali meta] oxides selected from the group consisting of LiO,
Na;0, and K,0 falling within a range of 6 to 15 percent,
with a molar ratio (I.i;0/Nay0) of a content of Li,O to a content of NayO being less than
0.50,
with a molar ratio {K;0/(Li;O + NayO + K;0)} of a content of K,0 to a total content of
the above alkali metal oxides being equal to or less than 0.13,
with a total content of alkaline earth metal oxides selected from the group consisting of
MgO, Ca0, and SrO falling within a range of 10 to 30 percent,
with a total content of MgO and CaO falling within a range of 10 to 30 percent,
with a molar ratio {(MgO + CaO)/(MgO + CaO + SrO)} of a total content of MgO and
CaO to a total content of the above alkaline earth metal oxides being equal to or more than 0.86,
with a total content of the above alkali metal oxides and alkaline earth metal oxides
falling within a range of 20 to 40 percent,
with a molar ratio {(MgO + CaO + Li;0)/(Li;0 + NayO + K;0 + MgO + CaO + SrO)}
of a total content of MgQO, Ca0, and Li;O to a total content of the above alkali metal oxides and
alkaline earth metal oxides being equal to or more than 0.50,
with a total content of oxides selected from the group consisting of ZrO,, TiO;, Y20s,
La;03, Gd»03, Nb;Os, and Ta;Os being more than 0 percent but equal to or less than 10 percent,
and '
with a molar ratio {(ZrO; + TiQ2 + Y203 + LayO3 + GdyO3 + NbOs + Tay0s)/AlO3} of
a total content of the above oxides to a content of Al;O3 content being equal to or more than 0.40,
as well as
the glass having a glass transition temperature of equal to or higher than 600°C, an
average coefficient of linear expansion of equal to or higher than 70 x 107/°C at 100 to 300°C,
and a Young's modulus of equal to or higher than 80 GPa.
[Claim 2] The glass substrate for a magnetic recording medium according to claim 1, which is
employed, in a magnetic recording medivm having a magnetic recording layer comprising either
Fe and Pt or Co and Pt on a substrate, as the substrate.
[Claim 3] The glass substrate for a magnetic recording medium according to claim 1 or 2,
which is employed as a substrate of a magnetic recording medium for energy-assisted recording,
[Claim 4] The glass substrate for a magnetic recording medium according to claim 3, which is
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of a magnetic recordi ng nmedi um substrate, nanely, high heat
resistance (high glass transition tenperatures), high rigidity (high
Young's noduli), and high coefficients of thermal expansion. Fromthe
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fail ur edaynthad beshnfatmab e ldnt gxchaiglngrwish Wi lehst a6 Wikal widtal dod kbledt@iS fromghe

W th de]éﬁ%gd’ra%olﬁg%}hn%%?ﬁahgaf{gl f{lﬁr ence in the coefficient of thernal

expansi 18 ateri al and deflection due to hi gh- speed
rot at i orfClagmcli$] f glaﬁe%lbmaép blank feeupagngie myotdite medjunsf whieh i pormprised of

magnet i C‘gla@!sﬁ E%nsmg, denotddl ds RN APeRenthgt®, LUL durability test was

conducted in as above with a magneti c head equi pped
with the DFH E%Zﬁ?eéj?ﬁgfﬁ{)ﬁtrude the recording and reproduction

el enent part ddo hsparcenhichhleQe t he di st ance between the el enent part
of the magnet k& d@aslo aee&tlsﬁteaumft@%ﬁeggfthm? deghetigodi sk of equal to

or less than ares endu e tines
exceeded 600, ewﬂq%é%oreﬂxanhgme@%@ﬁ%m memqnhoéﬁ?éghard di sk drive
equi pped wt heqdaetdﬁhhmdiaanlpsmntgmoﬁssrthﬂm perognt afil,@,@pd oduct i on

coul d be achi noB omthese results, the present invention
was determ ned to hly reliable recording and reproduction,

[0091] Magnet Méth E)k’% Cﬂ‘?"@}i&% alkalignaty] axiles grlacied Bomdhe aroee consistinarpies:
by the abaa@eax{mt{@ﬂﬂlwlmlﬂ fa@eelof aod stagceiar d di sk drive with a

Taonet | vt on i UGS REIDI o ePr XL ' o 2 bR being less than

(heat - adk$&t ed recordi ng nethod) to prepare the information-recording

device of a h R
i sks g naq e a?ﬁaﬁggg:”’%?% ?%%Hg;m@ ) SPRRORE DTk e ERACE of

with a ?'@VF ngreapal o | ch recordi ng was
assi sted wi t hwithcr totshv@senBd 81 alkalire reamin wetah ssidet etbcteé dondihe graup techoilting of

MgO, Ca0, and SrO falling within a range of 10 to 30 percent,

with a total content of MpO and CaO falling within a range of 10 to 30 percent,
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[Claim11l] The nmagnetic recordi ng nmedi um according to claim9 or 10,
which is a magnetic recording nmediumfor energy-assisted recording.
[Caim12] The magnetic recording mediumaccording to claimll, which

is a magneti Cuﬁtﬁ%%&lhf‘ﬁttm%@ngl@ll-f@efo nwpgo aga0st ) eﬁet&alrtgnteﬁtcamm and

13] Th t

aner of n LG ELASHRER! AP S SbaM EEaR g e e S o B b0

part or all ofmthhsetogh rcbaient ¢fhibe @bdve a[lKEllamntaILd:}udél‘shmdnzdlgimBlearth et dixilgs
”Ed'un‘%9$9%QMﬂﬂu$ﬁhéé @n&Q% &@gﬁeln t he ion- exchange Iayer has been

f or ned n exchan |nﬁ w t I’east one. al kal i i on sel ect
from the groupti@ddaelas raHe {G‘flg% Cao +ﬁebz°>é(tata0d-sNaz§ct &zﬁﬂMFOAt SﬁfastsSrO)}
subst r atef ahbtahdontent oBMEOQYCRD] drIeLDtot 1oga]l b®e BF thatabove dlkalicaemlr dxéded and

of glas i I ges, 56 to 75 percent

of %m%8ppg%ﬁnﬂaﬂlgﬁggng%ﬁgﬁgBCEBKB§@%§Q%g percent but equal to

or | ess t han mtb@rt@@hpormnt@if ogidesesplestedifipm thengspwp eangiating efe?i€entiOpiY20s,
| ess t han,d3 GaenL aLOQ fandNFL0; bekb Aord ShaR D pRRER Hul aptonﬁ‘rlé‘s@ fHan@tpercent,
| ess than,3 percent of 1(20, and substantially no with a

t ot al 6ﬁgent of alkali netal oxides selected frontthe group

consi sting of with20polidaate {Ema: t([(E%: £ FbCi h§alk:tihGdCa ridinge +0lfax@s)HAdCk) of
percent , tWaI J:T)n@@nf’@i+ 1®E aﬁcﬂ;e'o%d@éfo?a%o%gpéf &;Ogacoifém L éllﬁlall-tb 8Prlof than 0.40,
content of hb bei ng I ess than 0. a molar ratio

{ K20/ (LiZ#°¥ 38a20 + K20)} of a content of K20 to a total content of

t he above al kélei glamtlabingxd diass haisiigneaeupdratue of equeb® dhhighd. thay 600°C, an
with a tg fo

ar oup. cochs ARG flnaifundts SEELD IPhAREWE ST ThaRbee.
30 per cé\ﬁ@aYmgﬁ rgodubesAf gl e prrhigher %GSQﬁd’aCao f alling within a

range of 10 to 30 percent, 36 with a nolar ratio {(MO +
Ca0)/ (M0 + CaO + Sr0)} of a total content of MgO and CaO to a total
content of the above al kaline earth netal oxides being equal to or

nore than 0. 86, with a total content of the above al kali netal
oxi des and al kaline earth netal oxides falling wwthin a range of 20
to 40 percent, with a nolar ratio {(MJO + CaO + Li20)/(Li20 +

Na20 +1(20 + MyO + CaO + Sr0)} of a total content of MO, CaO, and
Li20 to a total content of the above al kali netal oxides and al kal i ne
earth netal oxides being equal to or nore than 0.50, with a
total content of oxides selected fromthe group consisting of Zr02,

Ti 02, Y203, La203, 0d203, Nb205, and Ta205 being nore than 0 percent
‘but equal to or less than 10 percent, and with a nolar ratio
{(Zr02 + Ti2 + Y203 + La203 + Gd203 + Nb205 + Ta205)/ Al 203} of a
total content of the above oxides to a content of Al 203 content being
equal to or nore than 0.40, as well as the glass having a
glass transition tenperature of equal to or higher than 600C, an
average coefficient of |inear expansion of equal to or higher than 70
x 104/ C at 100 to 300C, and a Young's nodulus of equal to or higher

t han 80 GPa.
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