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with a total content of alkaline earth netal oxides selected fromthe
group consisting of MO, CaQ, and Sr() falling within a range of 10
to 30 percent, with a total content of MO and CaO falling within a
range of 10 to 30 percent, with a nolar ratio {(My0O + Ca0)/ (MO + CaO
+ Sr0)} ofchiavdngdndbs gywre@brdﬁ{gmyand CaOto a total content of the
above al kf‘u' i ne gf‘ﬁﬁ: nvg%t al oxides being equal to or nore than 0. 86,
with a tolar tont ent "ot fhe above al kali netal oxides and al kal i ne
eart h netRpblens wds splaed bsige vemtion a range of 20 to 40 percent,
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0027] [Fig. 1] Fig. 1 is a draw ng
descriptive of the nmethod of neasuring deflecting strength. Mde for
carrying out the invention [0028] An aspect of the present invention
relates to a glass substrate for a nagnetic recordi ng medi um which
i s conprisetia fof thglfelsvicprponsi ng, denoted as nol ar percentages, 56 to
75 percent of ﬁ'lﬁ% inglsiE Hi&Y, %ﬁlcﬂﬁla%ieggt%corﬁﬂ%%eﬁﬁaa& 1Badef, ra?@ébhf Bittd
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but equaldlf&nulofo dchﬁ’&a 4 Flan sdidirgie satiefying atind with a nolar rati o
{(Zr02 + I

total con % élbagn R %xé} eggﬁ?%cgm%\ nt en@athg %?%g@)scon?o | ng
equal to %" éneflwahlsoa chemigg) freggihening properiye(thy aildy H%Waﬁ
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hi gh coefhédd® Rbithotigh Réut @@sksta@wmg%l 12ditye b Wik etidrht Of thédR) SHRRMH and
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hi gh- spe 148 EPIYPS6® cheni cal strengt hening
property. MF@@@]SOINHE@FQW aspect of the present invention relates to
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rragnﬁt [ f doefoled rﬁﬂhé‘fﬁ‘ﬂl @]1; a:hrcadlawcoasenaomg RRfolvied Glagdoffmd dindi toén
or the | mna COI’]IUI’aIO e on t
curface of o 8RO Bk FitaRaNIL B4R BheSUR i PheBlit ARkl lBpers.
out ward, 'EheN@E@tm‘ﬁﬁfl%d??éﬁvéﬁdloay@ﬂbas&n undercoat |ayer, a magnetic
| ayer (rra[gom]l QA LRt 6f thdpreRMidhyentiéh RIa@k @Gt i ve | ayer, and a

a glass substrate for a magnetic recording medium, which is comprised of glass
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[0036] Si02 is a glass network-form ng conponent that has the effect
of enhancing glass stability, chemcal durability, and in particular,
acid resistance. It is a conponent that functions to |ower the heat
di spersion of the substrate and increase heating efficiency in the
cour se of conpaibinfdichdie] Suhgdrpaicentaged,h radiation in the step of formng
t he magnetic r r and the like on the glass substrate for
a magnetic rec§§9 %I gcelc]1:tac>f§[0a2hd in the heat treatnent of the film
that is forrred”%”tl??écea'tﬂf\ﬁéz%st ep. Wien the 8102 content is |ess than
56 percent, chﬁm&taén@pgr@hﬂbmec)uade@f&m&ztpdﬂ&nedﬂaémve 75 percent,

exceeds 75 per %@v‘%ﬁo bl Bt hid hetedlispile 02 content
—melted. 9 mat &84ahio oF propefband) pescent huplesd hmwbp@wetaﬂ%@o@ﬁty of the
gl ass excessi V&ibﬁtaﬂﬁe@lbnd%l)flg clarification, and resulting in

i nadequate eli %ﬂ%ttbﬂpc&ienpbpmaﬁ%%&%ﬂ&p gel%'te%s?om }ﬁQ:gPouﬁ cgﬁgfﬁﬁaé 3k 1,08

made from_glass caontaln

pr oduced Iﬂﬁlotﬁ@wlﬂéamg*ﬁtaéﬁgapfﬁ)ﬁ 1t5WéI°§IEIrface of the subst rate by
pol i shing, preeftidintfaricitid (LES/MNasOY dfe contdrftiof Bi,© 104 cantenB@NeL0 Geing less than
recordi anl um which is required to have an extrenely srmoth
surface én a_ substrate |s i%{rjig(gar ed from gl ass cont ai ni ng

bbl e
pol i shi ng expo¥¥& amalariafiosKef B1NEE0 g P boka fopigplent gflott%%t"tal content of
subst r at ehe dtves ekgdometalooxideh bangreuits o lessdimar0didi si ng t he srmot hness of

the main surf aﬁﬂhgftotgl%nﬁﬁi%raﬁ(@ﬁri% e%@ﬁnn@fa?&il&@'sagcté Fork fife %onsmhn‘g of

substrat ma t rec r ln e Sl ntent S
56 to 75%}%‘5{:@ %ﬁ@%ﬁ’@%‘”&t gggdﬁ“?ﬂlpﬁw?% s within a range of
58 to 70 per cenﬁthaprtdfcentabloﬁMthahdﬂa@deMa&mgwf 1900 Peporent, .

et b pe A28 RO CAOMMCAN (R0 04109 U6 DL 43650
rowever , GakioaadEE s 919 Beatieg b mstel pEfSrRe bRl Bt THE G,
decr eases whenwithe ‘retahtstz;mnt of thal2pog akalicmedlsl ddesend elrklinesmarth lmeetal oxides
qgquant i tyﬁlﬁggmh@tr%ewgmu@ efoéhtOr | ess than 11 percent.

Additional ly, t bilit he i

of the glass d&¢ 3&%0 R {%Mﬁg) g%qgr%fz%g@ﬁfdypgaﬁ’g)sgﬁf@a%%sb é}%}e
per cent . offadetal copeniidda®:tGr0L andoigd toat totel pantan ofthe slwve alkefometal ¢xades and
percent. mﬁﬁé@urﬂﬂgﬁeyalokmw@@wanwc@ﬁmfm&sosm the glass substrate of

the present i n%ﬁﬂt Itgtfa’q &)% e}f?f"&'b 4% ?elec&% i 9 g?%lg %Slﬁtl%% OPErd: '? K 2(5)3[1’1

t he perspectives of chem cal
resi st ande®O% ﬁ"é‘z%ﬁ]ﬂ’é?ﬂ M&Ta@sévslgm¢ thap 0 percent byt egnalie of lassﬂlea@gl@ nefoent,
to 10 permént, preferably a range of 2 to 9 percent, and nore

preferably, wi mgnﬁ,h{rwg‘%{ﬁﬁb %ﬁ%ﬁx{%{ﬁ@gﬁm +[<§’cP§8l Niaﬁc?qr Taftﬁ%/m,aoﬁ} of

conponent t hat i nCr eases
essent i al? ieBhirgiehel %ﬁhﬂﬁ%oweaé%a %oawf qfaﬂtl@s&rmtfmfé%g gsBhie o mpeEharph40,

The readisesHa0f mgration within the glass of the alkali netals is

Li >Na>K. Thus, %rﬁmg%mﬁggr@&g%sﬂo fonthmy e?atﬂl@V& &ﬁ%’%? V\gg\i}%&b 00°c an

t f t t t
."ﬁéi?ﬁ&%ﬁr&%wﬁﬁma gw%rlgrfl%rqg of g E?aﬁﬁvé% E*‘é‘h&%xtl fo%efrlé)&ste3ﬂ%§e

r esi st ancaad a Mousg's thduimluy wéeduial ty or kigler fon 80 &fai s equal to or | ess than
4 perCent[ooﬁ!]‘atThleﬁbovk*gﬁs&é%u@&tf‘a&tmgf e'én?p@o)ﬁe&' in bR% ””*"’%éco é 1%;

t he present |nven 1.on 1S reater rcent qua or
than 4 pePigafic rq@?fémgtlﬂvéerpcewgaae&re 5 8f i Y § wﬁ ?9 onm Sty as the

resi st ancepstated t he chem cal strengthening property, the content of

Li 20 desifpgdy Tfhélaljévev‘%lﬁéa'sﬂbs?rat%%@ebeoém}?oﬂedté% BsudstPed Gﬁﬁlhagﬁti%fr%oﬁﬁhé’

falls wt %E a_.ran per cen nore preferably

within a™ f%@%%?f?’é‘r“f%ﬁ‘ﬁ“f percent but equal to or less than 3
per cent, [afh]dt] stlihk [aboner Pas rsebstatabbay, bef ethpleyedi astn substete afhgemaghetig rreatrding

than 1 pepcsnh rhUbarBeiiddd bQrdifg. | €SS than 2.5 percent. As set
[0015] The above glass substrate may comprise an lon-exchange layer over a part or all of the
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incorporated with preference. Accordingly, keeping the above nol ar
ratio to equal..to or nore than 0.86 al so has the effect of achieving
a high Young's nodulus and a |ow specific gravity in the gl ass
substrate. Fromthe above-described perspectives, the above nol ar
rati o i s siefaderthdatof. 13 equal to or nore than 0.88, preferably equal

to or nor r

<till @ féje]ftggag& lEﬁPéﬁpﬁ{ggﬁagEPB nayha%g Waly 1‘895@ by’EBﬁ gxcﬁn%g wiltPat least
pr ef erab|cy1°ét!falametabwarse ?ﬁﬁ‘?décl‘tnhﬁlﬁ g@“@WnSVHngR]éMQbI y equal to
or nore t[bery]0.7a8 abtwet gladsishbstraereaypliat ar btific a@dals b clastichiP o€ el o or
0. 99, and%%tg %’% MIILI 0045] Wen the total content of alkaline
earth net oxl dés sel ected fromthe groug consi sting of MgO CaQ,
and Sr() [PQ183x e ahoye elpsy yhstrateppny iy aRPesiiaeravitn e eqrl toeox franthap# 90.
char act er[0819] c Aofurthbseagbass tHe presas uvewhrenrebis a8 i wagnetid rghrdighasdias)

durabilit nsi on
char act erciylglq Etglf?z'%db}-gmg]grgh%hem C F”é‘%??dé‘g% Ih)/er ochQchh)e% aPﬂss&sélﬁst rat e
of the prl@ T}hﬁ@@ﬁt rgane FFFéO‘thEétYCE:’Bﬁt %mpnéq elthﬁ%Feaﬁaé%or

earth net[ﬁt)Zl@mTﬂeabm& segneti® rdOrding Aediparmognbe adﬁ@nkt&bl‘eﬁorﬂﬁlgttﬁec&ﬁn for

percent, 695@ %éﬂﬁd%eéo?d to 22 percent, nore preferably to 12 to 22
percent, rcent, "and yet stil,l

referabl to 13 o 21
more pr ofld ;TED aBos magmstc g Bpdiss ey o B FeRERgkR rectrding mogjung dpr
forth abchw asweﬂmmdlﬁao are conponents that are preferentially
i ncor por gh@d) i NMnamt Qhdte GRARMBE reQhdid® iRl tﬁ@rg‘fﬁgtsubs%ﬁnmﬁjh%oﬁlgflsél an

content af Ois Ss..t réent, rigidity and th
thermal &85 ?‘@ﬁ?aé’ﬁ% vﬁt:?%a}r'icgtatllt‘i’p%@é‘?:g’ﬁg Wen it exceeds 30

per cent, [60%ii dhe akhye abyi-¢xichapgel iawpsnaﬂwmbcdmefomddneou excbargingagiti &\easy
a good ef(fnéﬁﬂcalbiﬁeﬂah%ﬁﬁél%d'@ntﬂie g Ecﬂﬁiéﬁﬁgd?ma'\ﬂcklﬁ@ﬁh@@o the range
of the tg (?# %ﬁ%‘% tl\/gge %S| rabTy 16 to 25 percent

or ef er ablW2Pd ErEShieRbTE b‘t"&‘t%’tlé ?1 to 20 percent and
still nore pr et glsgiupstratepblank Ppa mageadintredo: edfumt Waieh iscpomprset o glass

al kal i ne oaﬁbﬁ,tmgg&m as;ﬂofg@p&a@t@egﬂl gh atom ¢ nunber, functions to

greatly | ower ivity, and is disadvantageous fromthe
perspective of {Iﬁ (l,)ﬁmerR #uaé’trengt heni ng property. Thus, the content

of K20 is IinitedlgerentoédhOet to the total content of alkali metal
oxi des. |n themglakd (Siehshibat &ualto bhRsgihaSEittceht BF@R0, ON, t he nol ar

io {K20/ (L h |
ok 20" (1 ettt A k130l 0RO L1 ot
per specti ves otqu@tte%wetﬁﬂaaao@tqe&t@th%%g? SFSPEp0c89d t her nal

conductivity, #ubstantisiibasBe@tio is desirably equal to or |ower than

0.10, preferably, %g&’tﬁl co‘hf%npcff a'llmetzrxltbﬁ epsegel%ted %Er?ﬁhg ﬁgﬁ)f g @1?5&1)5\\/’1\@? Gfﬁtéo

to or lower th gp nor e era y €equa

0. 05, evé*?zgoﬁ”gl%f;)effﬂ %mtlg,lnéaqygpom)o(},spp% than 0 03, yet even nore
pref erably equwaith & motar rdfio\{BisO/MNagd) i a@2ntent ef LisD itd 4 comenof{Nagd deiapleys than
equal t o (4o, | ower than 0.01, and optimally, substantially zero. That

is, 1C20 is optj not The t cont

(1120 + Na20 +WiE3 {f@@&g@e‘s 6% %8}1%1] 2oRtapt 0?5%{3& a%enéﬂ%l

t he al kalther@owalkdhmﬁalamcbxbaiweqmdmhelesglﬂmsﬁ 18ubstrate of the present

invention is 2Q;h 9l BREAPhIkaI e &eﬁ?&%&&&% %el@éted'i?o%?t R%Qnsxstm%of

percent, 1\8 @ts nel&%ﬁ&la%g t..h coef expansi on

rigidity “g€c greRadeneen ﬁ%rrc%nt ehemical durability

and resi st ancewitba kda codéntiohMgh. m&ﬂ@@falhrtgmﬂnm@aogmfdom 3thmircenii Ni ng

various charac{gh haidl4Satfd M"gbheéa@htﬁ%@-l-@a@ +IRO5 Afeavtalat coh{éﬁt m%gé

content of .he alkali an e eart

desi r abl ﬁ@atmaéofet ?ﬂﬁewnihﬁthﬁ‘@ aeritin g??f@ sére mlﬁfEPam gt

a range of 21 wish 83ofpkeatat of thachboner dkabir métel @idey andvalkhline carth auwegpd ogides

23 to 33 REhEehin akRHE8F 204 48 EcdRr th above, MO, CaO and Li 20 are
with a molar ratio {(MgO + CaO + Li;O)/(Li;0 + NapO + K,0 + MgO + CaO + S:0)}

5




18 specific nodulus of elasticity is obtained by dividing the
Young's nodul 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 of the glass in units of g/cnB. Achieving a glass of
I g\év_ tsloeci dtﬁfi ato@l edﬁidnyomtg%scda, aROBEOR 8 (tj&tal cbﬂt@iﬂbﬂlhe TaitStﬁe_%tkEﬁ hfl_e_&u ﬁ;{iﬂd@_and
addi tion i ncreas e i, C el asticity. Lightening
t he substar‘lgz}héwggﬁmrléet%%élge ezr%\/\eéilgglﬁ? oroﬁorgﬁgiﬂégne“ c recording medi um
t hus reduce t havih|adetal santenbaesxiges Gelpdiekiieny tearenpeopsigingwf e, di02, Y20s,
recor di NgL4YEHIGHD;, a4, i 1,05 mygaﬁo&mw;ﬁafcbmrbubsquarto bbldss th&E€10 percent,
specific ,‘%Fiavity of the glass substrate of the present invention
desirably " talls within a range of equal to or |ess than 2.90,
preferably wi t Wi aanqlaagite G QequBO: 0208 +ilaads 1 Frafs 2 NbeOs trnls)/ALOs} of
pr ef er abl yiotalkdifenfiof tAOPRvObxiHB IS a tdiddht 8f A100; chhiRniteigiefial tc0dravdré $ha0h.40,
t he gl ass yhskrate can be controlled by adjusting contents and
proportions of glass _conponents set forth above as those affectin

t he specific gfi#vglesy hayipgaaylass trapgition {empprgiggiesqual to or higher thap §0¢°6e an
o:‘ produciveggt beefidicns 6f Ertas éupatistonf dieqael TR TGElCE thar 7O Iic]EiiOﬂgC e U 30090
glass is pr main surface is
processedzgltdgcyg@ﬁ%%fﬂr)@hn%lo?eﬂaggté ogﬁlggegnt%ggﬁfdi’lg—'ol | ow ng _these processing
steps, normal | yhe hevegplassubsipds for & magneticospading medivmp capikg prgpared by
renmove grsubjecting thdubotoglans efibstiteg dlanlc tormbcessinglsudhina orihdisg adpeligkhgt o t he
surface. h : . JooCh o

et ot ancibed Fne S el B8 A5 0 Hlati 3 d5rqha wRRl @bfhing 2 gls
and smoot FhEEe havme bigh beatresistange C@maa?sofgﬂn%@b@#di%hlémﬂ?@mﬁ%e heghgiopgpsing
used in ainnthegnatsecofl fomingliangagueiit remording leyegtagsisalibis highef valuamagnetic
Tagnet | ¢ Fagal peRRi by ) TomiM gl bR IO R RS B DD sfenghering
i Gh RRGRE TG & QO ot s DR AL e of g etk e
ar e requi sgiddle)yauchaziog High exgidsty armbleiof wibstaniding hightspeed egtbticabl e. A
subst r at egi IRtDESCRIETN 6F TEraIR AWEdner by renoving foreign matter
such as i ve. that _has adhered to the.surface can be obtai ned_ by.
ol eani ng WPEA dhieEaFE Pof BAFRGRE ReSAPHG th BF iAat of iRy pF dbafRing
decr ease stingthat ness and snoot hness of the surface of the substrate

due to rovpMeRE: afyEidouiile fveRdhNg Wi th an al kali, the glass substrate

desirabl vighas good.al kabi fSsh 812068 Geod asld reslshance. a0d allay)

resi stanc@ ‘Hat _aé;ﬁ(fe? [815 71 &t ness_anﬁ SrfoDth FEE LR fOl A RelE i Froafiae

surface apedivipsvhiclysomprisedolalass evmprishgplonaipbehelar nsrceptagsss | oat i ng

|l evel s, as set 5§ @ tsperlomuESidn the present invention, good acid

resi stance andl% e'kceﬁpo%iﬁt@nce can be achieved by conducti ng

adj ust rent of the ass conposition descri bed above, especially, by

conducti ng adj HSr&E# 0 pRrcephit egiehBor loshihan hpvrequsofddihnt ageous for

chem cal dur ablefual i.or KH@GKIn Bperdentibit thysthveTeE@hiLoTeNa,0, In the

course of nelti I I i ned, the

gl ass crystall ieggggg%gﬁé&ﬁ%nggéé%ﬂ%t%%% %g%%eg?&:)%%g%@duced when t he

mol di ng t enper &M9tBHEI P &Ry than the 1iquidus tenperature. Thus, the

gl ass nol di ng wethpenal contentrufilkdliemenle@dides sélévasd foom dgugabupt @nsifting of Li,O,

| i qui dus ﬁ%@%{dﬁ&ﬁ\ﬂfﬁﬂin "ﬁ%rrang‘é’%?@tqtg;epe +t§“ ng tenperature exceeds
e, t

1, 300C, for éexan e. pressin enpl oyed in the caourse, of
press nol di ng a"ff&aé&%arﬁm%@i*&z@) ARUEROE h5D tey P Gdenh ANRORga e Han
damaged. &S&n when conducting nol ding by casting a glass nelt into a
These ol pts. | Ris anti it (RADRLLEOTRefhr ROMF LM (hicntofiofRg et Safar
constituth ﬁ@bqvﬁél?‘@Fgﬁ@P@%ﬂféi’?lﬁﬁ %q“g#]t"toﬁéssﬁg"é‘soe{?t invention is 19

desi rably equalwitha tatal dooiestroftaialinel aB8B@Etal Frides| selqetedifrem tengreuradousiging of
pref er abl yohathes, Mh 578 e “RMEE Bhge?R 48 lo J0Gefbnd OVer than 1,280C

with a total content of MgQ and CaO falling within a range of 10 to-30 percent,
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[0074] Deflecting strength is commonly enpl oyed as an i ndex of the
i npact resistance of the glass substrate for a magnetic recording
medium As shown in Fig. 1, the deflecting strength can be determ ned -
by placing a steel ball in the center hole of a glass substrate

posi tioned on italmstedr, rata:pRMgongcaoj/(Mgd) WChO -faSrb?}B&f #16fal con@ﬂdomg@ BEH
the |oad & EB 1% V\%Iecon{ent f e%ggvesa'tﬂ%fl}lé %&tﬁ mele gxxges ?mggﬁltahto OF fhore than 0.86

measur emeRt- can pe con neasur 1 ng -and
testing devi cevitBii ttall zwtwapﬁgxea’bhve[ﬂ@hzm@t@b OXIqleé ran¢ giplpriecearth oejtad oxides

desi rabl efafliap withi aghds of S0Hasmatkentof the present invention to have a

oL 9, S 0 oM P 0% Sy

desirably equal

great er t¥grjoizbeopgnt UIfWgEQtéi‘%Oeélﬁ P & 3 ot eontant @ﬁhha'itoﬁéa ﬁbméta‘r
can be acdik:aveehriayndtogidedHehg el tody does BNMORGI ti on adj ust nent, and

optionally by %%H%St%ff &gﬁ%&‘f &%E‘Fe‘i& edd P?{h% O%B'cﬁ&mtungﬁ‘% E;I%ét '1*1%

The gl ass subs I nven
to or | esmPhiif:s, @bz%sn%qdﬁfae% Rekganaze ther §ipprgent Putesquel to txdeS@ rthqnelé’@etcﬁﬁn

1.2 mm i renhi ckness, and preferably, equal to or less than 1 nun in

t hi ckness. The }ower lalrgfrﬂo (}I:r%) q@ﬁ;b @?‘6 ﬁ%gg? dégfjaﬁﬁ?adé F(?gﬁﬁzd’?of

whi ch a magneti Cc reco
proper t i estofaljonfegt qfghe @evwwes toa con(eﬂ of A z%io@tﬁ%ée% eca%tpézg BoEs fhare40,

roughneSSasRallmeasured over an area of 1 pmx 1 gmby an atom c force

m croscope of eguale tthxﬁ’ SNE rad RN tgmﬁéatﬂtre egua] 10 orh heran 6?0"%

arithmetic average, surf aeroﬁgﬁ& % af area 8
x 5 pm of#vegeafoetlsicgt of IRgar et garer prer Highor than Z%)clar( Gt YR dPE
aver age mrlfaé’omghm«oduhrssfmalaboalng\meﬂaeﬁ@(ﬂﬁaof 100 gmto 950 pm of

equal to or | oyl rEQﬁﬂnﬂmﬁoﬂ Fither relates to a gT:R?s%Et@dt@bI%{kztﬁat%n ﬁrgﬁde the glass

magneti c recordi orned 'on the substrate I's,

| a f
exanpl e, tetqﬁgﬁpie(ﬁgrfiiﬂﬁvieﬂwé”%f?@}@8]"3 recordi ng method. To i ncrease
the recordi ng Tenglasy sulstrgn ofhibe mesmtnuvetion thasildgh heat gespitayedapahle of

ST T T B e e Ay
h v oh I APPSR & TiipeR i gRue raPapY Hateriiy hes poioh poelfifay hétmel
roughens egpangipn midln(@)thﬁb@i/éwf aipporhinedmiber (pindihovies dight Beldinargedle of
Be: mts 'ﬁﬂfsﬁﬂ&lﬁ@lﬁkh%ﬁhemhlaﬁd @é}ﬂfaasa gcsdds:herﬁi%amf@@tﬂeﬁﬁg @ ute

| size C l. ecordgln e
arithmet |[§82a?jrerp" ag‘é&orf 2% ﬁ%f ralJ re\??nrtlelg‘éen eflg %gba%ett\m k4 ‘F?r“ﬁgg ﬁ%’dlum
stat ed rsegeripes Wgneéﬁwa@ré@ﬁémr ofthe siessrsubs@r@fp n@ths Prgdsint inysption. t he
nmagnetic head The giBseiPVenfiftewiliededcEbédih anarr &bl Rldeal i resi stance of

t he gl as

or opgr f] l@:{zﬂi) eI{hI: S:%ér%e\/lg Iecglrdm%(i\%dl Q% ea;tr%ggé#\r&%ﬁl& cqg%é Q%s]? L‘Hag&f: macﬁnetm
medi um ofreqanding mpsslaim (e tp o3 eaaaagﬁ%ﬁ% gisk.cberd drwdfgr%tthq; ligg)s Rf lwaied
di sk, or dohifimiration comprided of WhtiRtndio sutSee bl gltssistisaits,aind MEOFAErVTEhe it Gin

(fixed di St c%ro&‘t]&d%%k st%ﬂcaﬁhezgﬁ,gq?ﬂgsgst aﬁeﬁem%f : pBBleE 1AM Rpagnetic

conputer g e COo | Ce
such as ape%ﬂ% ya), A RERSTHV gy rad ﬁél&%ﬁ@étqyah devi ce that records and

reproduces i magesexamglep thesgasn dibsieathicah @e pioad #da filmlif@mingCievitt iy whnd a
oo e PP SRR S SRR RO ol Bty
[0077] TH& %? Ba@iripgead e glaes F@S%%H%%PWSP&P%&V@F Tofe FiNeuR FBering
t hrough Exeahpl. eBy Wiy\w‘ammplct, Iz Tipae be ahployeden thetidhéshre nayter dnidrirRe @mibivyed
the enbOdds ﬁer§ ed nFﬁﬁ)@ﬁﬁ}g tfis ﬁh% %ﬁ&ox# ﬁ% E)W lﬁé}h&f cafl lb@ﬁs%d to

melts tartln rraterl as 0x bonates nltra es,
and hyerﬁm@sPraréFfé/e PykeRe & 4,5 2 /3gagfiq ffcwswg.mﬁdm%ﬁ%he Sormedl by P
mat er i al snitrépenativn nidetmena | ineskmiratitlg trotrygee | idtogthassefceo vithinethe asamme Seiambers

shown i n gablgerti, £AGRRE, bFEE BLRRLADSHIIICET dafhs A R S6RthR @er by

the dip coating method to form a lubricating layex.
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The Young's nodul us of each of the gl asses was neasured by the
ultrasonic nmethod. (3) Specific gravity The specific gravity of each
of the gl asses was neasured by Archi nedes' nethod. (4) Specific

nodul us of elasticity The specific nmodulus of elasticity was
cal cul ated fr omuitieg a@RIGgRetEEwH:, Usedlbyed illetnddidie(18)er,ad) AvLlilandn bb ermed

specific gravi i L0 : ] -uati o

Shbet r ot orpie e RLRRATA L Bod th ARNE 10leb BY Eliaom B kNS el oot o
squar e r eyubingmmathed (@ pagngiremsratteringanrihedo RE rpagnetipsprtiariag mefhod, or the
Exanpl es Kiglbf aegunOapobdegbsifidie nmagnetic recording | ayer and the |ike
wer e | am nat ed ohse y ' ' 0 T
arithnmetic av e?rl{aeggge%%ﬁ lg%h éf\'/ glgard P’a@g%F%%%ntésé%ga%&géﬁﬁzggou @?ﬁgﬁfgﬁm@g
area of 1Upsresined Bafent Aybliqaton i Qv Noc 29 87é.- o hepesiddylpyes ¢amprised of a
r oughnessmiZaristas Highaderh@doddastivity cah ®a foimed Hetweén Shegpiuss THibstatel dndnibd kefi

average of . %@%@g{%%&ﬁﬁ&aﬁﬁ%m%ﬁfn@m%ﬁwngth of 100 pmto 950

pm was al's ) ] Ic averages of the surface_
r oughnes stORBL mess 8t et gboven oy pelHevst highey density teeArding GRP Megnstio. 1eeording
0. 25 nu faediah) themaphwic gtdshinglabatis d¢éstablp forined P h @mgnelioanadrial bfkigh Eu,
aver ages r e : Y
o 1 anged PrBIe kel AN B 4B FRAME Hipl Wi el Ao BeBbhed
surface waMREsRatgralyand{esl ehrgrdragmeticonaisialy & Gseoprriwes 1y, Rased) meens
nm Theseconahdgs [hasgntakk magmetio bdcordingf oedivu lof theairesnteinpdntiygch mAgnetic
magneti c ' Regtel 0 : Y I%é}ﬁ&) gl Pt i
( Cont ent I:?Daﬁgl{]g F%Qr rat i%mrr% aﬁl%%ftlgq B@m% lage%(%%%m 8 %?Lio%t’ %%E:O%Id P, 38
63.00 84. 885k 007 BOOFEFPI4 B B3 Tppersiing o BRSStG JBateriap et digve
0. 00 0. 00coBvé@iondlig WBerbwitlplyGer@ilossd.0ficl a0 Co-LrHased GihtGialiscabod 2500 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 flainess 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 maguetic'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 magnetren 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 He" 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 minufe magnetic particles are employed, and are thus
suited to high-density recording. However, since Ku and He 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 matexial of high Ku by
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1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 Nap 8.50 8.50 8.50 8.50 8.50
8.00 8.00 8.00 K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Mo 4.00
400 10.00 13.00 2.00 3.00 2,00 1.00 050 13.00 13.00 7,00 9.00 15.00
13.50 13.50 19.50 Sr() 000 600 0.00 0.00

instantaneously applying energy to the data writing region through the head to lower the
coercivity when writing information with a magnetic head has gathered attention in recent vears.
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 sct forth above, the present invention permits the formation of a maguetic 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 medium 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
varfous 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 homogenons 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 unmelied
9
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00 0.00 0.00 Bs 0.00 0.00 0.00 6.00 0.00 0.00 0.00 0.00.ZnO
00 0.00 0.00 0.00 0.00 0.00 0.00 2r02 4.00 4.00 4.00 4.00 4.00
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00 0.00 600 0.00 0.00 0.00

material in the glass, rendering the viscosity of the glass excessively high during clarification,

oleoloNe]

.00 0.
.00 0.
.00 4.
.00 O,
and resulting in inadequate elimination of bubbles from the glass. When a substrate is made
from glass containing unmelted material, profrusions 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
Si0O2 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] AlLQj; is also a component that contributes to forming the network of the glass, and
enhances rigidity and heat resistance. Howcver, 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 AloQs is less than 1 percent. Thus, the
quantity incorporated is equal fo or more than 1 percent. Accordingly, the quantity of ALO; 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 Al,Os
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] LixO 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 fo decrease heat resistance. Thus, the quantity incorporated is
equal to or less than 4 percent. That is, the content of Li;O 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 LigO.tcnds 1o decrease
heat resistance. The incorporation of an excessive quaniity of NazO 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 NaO
(Li2O/Na;0) falls within a range of less than 0.50. From the perspective of preventing a drop in
heat resistance while achieving an effeet by introducing LiO, the molar ratio of (Li0/Na,0)
desirably falls within a range of equal to or higher than 0.01 to less than 0.50, preferably within a
range of .02 to 0.40, more preferably within a range of 0.03 to 0.40, still more preferably within
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arange of 0.04 to 0.30, and yet still more preferably, within a range of 0.05 to 0.30.

Additionally, the quantity of Li;O incorporated tends to decrease heat resistance when
excessively high, and decrease the chemical strengthening property when excessively low,
relative to the total content of alkali metal oxides (Li;O + Na;O + K30).  Thus, the quantity of
Li0;, incorporated is desirably adjusted relative to the total content of alkali metal oxides so that
the molar ratio of {Liz0/ (Li;0 + NayO + K30)} of the LizO 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;O/ (LiyO + Nay0 + 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 + Na20 + K20)} is desirably 0.01, preferably 0.02, more
preferably 0.03, still more preferably 0.04, and yet still more preferably, 0.05.

[0039] Na,0 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 1 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
Na,O desirably falls within a range of 4 to 13 percent, and preferably falls within a range of 5 to
11 percent.

{0040] X0 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 K20 in the glass substrate 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 Ko0 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
sirengthening 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 ifs presence as
an impurity is not excluded. The statement of "0 percent of the glass composition" has the
same meaning. : '

{00411 When the total content of alkali metal oxides selected from the group consisting of LiyO,
NayO, and K;0 in the glass substrate of the present invention is less than 6 percent, the
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percent, heat resistance decreases. Accordingly, from fhe perspectives of the glass meltability,
thermal expansion characteristic, and heat resistance, the total content of alkali metal oxides
selected from the group consisting of Li;0, NayO, and K0 in the glass substrate of the present
invention is 6 fo 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 BaCQs,
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 suxface. Thus, BaO is excluded to prevent weathering of
the glass surface. Ba-fiee 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 ate 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 medium 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 (KOKAT) 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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sometimes making it difficult to improve recording density. Further, the thicker the heat sink
layer becomes, the greater the possibility that corrosion will occur in the heat sink layer, causing
the film as a whole to mound up and generate convex defecis 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 plass
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,, Al;Os, 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 ifs 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 fo maintain the highest glass
iransition temperature. In the glass substrate of the present invention, the molar ratio {(MgO +
Ca0)/(MgO + CaO + Sr0O)} 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 to 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 bas 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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[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, K20 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;O is limited with respect to the total content of
alkali metal oxides. In the glass substrate of the present invention, the molar ratio {Kx0/(Li20
+ Na;0 + K;0)} of the K,0 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 €.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 fhan 0.01, and optimally, substantially zero.
That is, K50 is optimally not incorporated.
[0047] The total content (Li;O + NayO + K30 + 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 perspecfive 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, CaQ, 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)/ (Li;O + NaO + K0 + MgO + Ca0 + Sr0)} of Mg0, Ca0, and
Li»O to the total 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 xatio 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
BaQ 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 0 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, CaO 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 CaO. 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 Si0s, 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 conmsisting of ZrQO,, TiOz, Y205, LaOs,
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;03. That is, the
molar ratio {(ZrO, + Ti0O; + Y03 + Lay03 + Gdy03 + NbyOs + Tag0s)/Al03} of the total
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content of the above oxides to the Al,O3 content is set to equal to or more than 0.40, thereby

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 fo 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] B30; is a component that rednces 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. 7
[0053] Cs20 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 otber alkali metal oxides, and so may be
substantially not incorporated. '
[0054] ZuO 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 substantially 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.
[0057] Y20s, Yb03, Lay0s, Gdp0s, Nb2Os, and Ta;Os are advantageous components from the
perspectives of increasing chemical durability, enhancing heat resistance, and improving rigidity
and fracture foughness. 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 fo 0.5 percent, and yet still more
16
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preferably, O to 0.1 percent. When emphasizing improved meltability, low specific gravity, and

reduced cost, it is desirable to substantially not incorporate them.
[0058] HIO, 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 invelves the use of expensive starting materials, and is thus desirably
employed only in a small quantity, or substantially not emplayed 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 {(Si0z + AlyO3 + Z10; + TiOs + Y203 + Lap03 + Gd;0s + NbOs + Tay0s) {Li0 + Na,O +
K30)} of 8i0,, ALOs, Zr0,,Ti02, Y203, La;03, Gdy O3, NbyOs, and TayO; to the total content of
the above alkali metal oxides (Li;O, NayO, and Ky0) 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 latge difference in coefficient of thermal expansion
between the glass 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 Iinear expansion (coefficient of thermal expansion) of equal to or
greater than 70 x 1077/°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 1077/°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 greater than 71 x 107rC, preferably
within a range of equal to or greater than 72 x 107/°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 10”7/°C, preferably
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100 x 107/°C, and more preferably, 88 x 10”7/°C.
[0063] 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 medium 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 requited 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 MNm/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 specificaily limited. The
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density. In this context, 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 medium 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 swface 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 {o the
liquidus temperature. However, when the molding femperature 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 subsirate 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 producing 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 Si0 and ALOs;, 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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infrared radiation while matching the maximum speciral wavelength of the infrared radiation
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 Jight 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 plass substrate, or a glass substrate with
fransmittance characteristics such that the speciral transmission as converted fo 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, yiterbium, manganese, neodymium, praseodymium, niobium, 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 function 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;03 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
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a melting vessel; clarifying and stirring the meli to adequately remove bubbles to form the
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,

Sit 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 fo or lower than
0.3 mm, the action of Sn oxide in eliminating both relatively large and exfremely 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 greafly 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 guantity 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 adeguately 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 Sn0O; 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
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to the total of the other components. However, there is a risk of melted material in the glass
melt being blown off. In that case, foreign 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 prepare 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 1o overflow to the two sides of the molded member, two
streams of glass melt flowing downward along ihe 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.
Subsequently, 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 sttengthening 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 info contact

with the surface of the substrate at high temperature to exchange the alkali metal ions in the
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alkali salt with alkali metal ions in the substrate. In a common ion exchange, an alkali nitrate is
heated to obtain molien 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 jons 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 concenfration
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 comtains LizO 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
ionie 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 Aufograph 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
mam 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 imit 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 pm % 1 um
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 0,15 nm; :

(3) an arithmetic average surface waviness Wa at a wavelength of 100 um to 950 um of
equal to or lower than 0.5 nm,
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1. 120/ Na20 015TBe gin size of the magnetic recording layer that is formed on the subsirate is, for

example, less than 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 contrast, a substrate in
which the arithmetic averages Ra of the two types of surface roughens of (1) and (2) above fzll
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 computer, 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 obfain blended starting materials in a manner calculated to yield 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 matier. 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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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,
melded 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 fo 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—sha;ped 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—excﬂange 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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(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 potassiom compound, rubidium compound, and cesium compound;

(E) the molten salt of a rubidium compound; or

(¥) 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 cireurnferential 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 vacoum 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 magnetron 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 Lo 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 o at 100
to 300°C of each of the glasses were measured with a thermomechanical analyzer (Thermo plus
TMAR8310) made by RIGAKU.

(2) Young's modulus
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80 85 77
Speci fic,

78 Young's nodul 0: 05Q 85.0 86.6 87.8 89.0 87.3 8131 87.4
nodul us of elastleity(ANmAcg) 32.0 32.1 32.2 331 32.5 32.-7

32.2 Specific gravity 2.66 2.70 2.73 2.86 2.08 2.71 2.71 Mast

conposi ti
30 31 32

on (Content: nolar % retie:nolar ratio) 24 25 26 27 28 29
SI 2 §he F0unRY n{¥uléoAcIOKAEE BksddQvab Zrclirdd Dy @ ultrasonic method.

(3) Specific gravily

The specific gravity of each of the glasses was measured by Archimedes' method.
(4) Specific modulus of elasticity

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 pym 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 um x 5 pm. The arithmetic average of the surface waviness Wa at a
wavelength of 100 pm to 950 um was also measured.

The arithmetic averages of the surface roughness Ra measured for an area of I yum x 1
um ranged from 0.15 to 0.25 nin for all of the glass substrates of Examples. The arithmetic
averages of the surface roughness Ra measured for an area of 5 pm x 5 pm ranged from 0.12 to
0.15 nm. And the arithmetic averages Wa of surface waviness at a wavelength of 100 pm 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]
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64. 00 64.00 8203 0,00 000 0,00 GV 0.00 0.00 0.00 000 0.00 ALA 5,00
600 5.00 6.00 5.00 5.00, 5.00 5.00 5.00 Lie) 1.50 1.50 1.60 1.50 1.60
0.50 0,50 2.50 1.00 Net 8.50 8.50 8.50 8.50 8.50 12.50 11.00 8.00
12.50 X10 0.00 0.00 0.00 0.00 0.00 2.00

(Gnntent?r:'la:lfx: ;nﬁ:iz:ll;:hr ratio) 1 2 8 4 5 6 7 8

slo, 5400 | 6300 | 6400 | 6400 | 6000 | &400 | &500 | 6500

8,0, 0.00 0.00 0.00 0.00 G.00 0.00 0.00 0.00

Al;04 . 5.00 6.00 500 500 9,00 £00 6.00 600

Li;0 150 | 150 1.50 150 1.50 150 1.50 1.50

Na,0 B50 B.50 850 8,50 8,50 800 8.00 8.00

K0 040 0.00 0.00 0.00 0.00 ¢.00 000 0.00

Vg0 400 400 f000 | 1300 200 2.00 2,00 100

Ca0 1500 | 1300 700 | 400 1500 | tase | taso | {460

S0 000 000 040 D00 000 0.00 0.00 0.00

Bal 000 000 000 (.00 0.00 0.00 0.00 .00

Zn0 000 000 0.00 0.00 0.00 0.00 .00 000

210, 400 | 400 | 400 | 400 | 400 [ 400 | 400 | 400

Tio2 0.0 000 0.00 000 000 060 .00 000

Y205 0.00 0.00 0.00 0400 0,80 0.00 0.00 0,00

Yii Oy 000 00D 000 000 0.00 0.00 0.00 0.00

Le,0y 000 0,00 0,00 0.0 6.00 0.00 0.00 0.00

Gd,0, 000 0.0 0400 000 0,00 0.60 0.00 0,00

Nb, 0y 000 000 o0 0.00 0,00 0.00 000 000

Ta 04 ’ 0.00 000 0.00 000 | 000 0.00 0.00 0.00

Total f0000 | 10000 | 10000 | #0000 | 10000 | toooo { 10000 | 100.00

LLO+Na, 04,0 1000 | 1000 | 1000 | 1000 | 1000 2.50 8,50 9,60

LEO/Na, O a.18 018 0.18 0.18 018 018 019 019
LLOALL,O+N=,0+K,0) 015 0160 | 0350 | 0150 | 0160 | 0458 | 0488 | 0158
K:0/{LL,O+Na,041,0) 0000 | ogoo | oood | eo0on | 000D | ooot | 0000 | 0.000
MgQ+Ca0+5r0 1700 | 1700 | 1700 | 1700 | 1700 | t650 | 1560 | {550

MgO+Ca0 1700 | 1700 | 1700 { 1700 | t700 | 1660 | 1550 | 1660

LI 0N, 0+K0+MeUHGa0+8x0 2700 | 2200 | 2700 | 2700 | 2700 | 2600 | 2500 | 2500
{Mg0+Cal+Li,0)/(H1,0 ¢Na, O HGO Mg HCaD+5r0) o686 | 0685 | 0.605 | o685 | o685 | 0692 | 0680 | 0880
Zr0FTIOAY,0 L 2,0 5H0d, 0D, 0,7 Ta,0;4 400 400 400 400 400 400 400 400
f,i:i‘;fé‘:gfi’(?;;ﬂ°‘+Y’°°+L“°‘+Gd‘°’+Nb‘° #7809 7220 | 230 | 7a0 | %s0 | 730 | 779 | 788 | 7a9
{ZrOHTIO Yy 05t Lag 03t Gy OytNb 0 Ta 0/ N0, 0800 | 0667 | 0BO0 | 0600 | D444 | 0667 | 0667 | 0667
(MgO+Ga0)/(MgO+Gal+5r0) 1000 | 1000 | 1000 | 1o00 | 1000 | 1000 | 1000 | 1.000

Glass transition temperetura Tg{°C) £33 20630 839 as0 858 g48 546 651

Average coﬁiclan(l‘i 83 .I.ng %()punsion (x107/C) 77 =75 72 70 7% 7% 2% 74
Young's modubis(GFa) 875 878 B7.9 8.3 8848 87.8 86.7 868
Specifio modulus of elasticily{MNm/kg) 328 . 328 332 335 330 328 328 326"
Speeific gravity : 267 287 264 283 2.89 267 2568 268
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1.50 0.00 0.00 MyO 4.00 400 4.00 4.00 4.00 0.00 1.50 2.00 1.50 CaO
13.00 13.00 19.00 13.00l 13.00 14.00 12.00 19.50 12.00 Sr0O 000 0.00
0.00 0.00: 0.00 0.00 0.00 0.00 0.00 BeO 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 ZnO 000 0.00 0.00 0.001 0.00

(Gontant?::lzf ;.n:";:ii[?:ﬂglar ratio) 8 10 n 12 13 14 1 1

Si0, §500 | 6500 | 8500 | 6400 | 6400 | 6400 | 0300 | 6500

B,0, 000 0.00 000 0.0 000 000 0.00 0.00

A0, 6.00 6.00 6,00 5,00 5,00 5.00 8.00 5.00

1,0 1,50 1.50 150 150 150 1.50 100 200

Na,0 .00 B.00 8.00 850 850 8.50 B.00 8.50

K0 0.00 0.00 0.00 0.00 0,00 0400 100 1,00

MgO 0.00 1.00 0,00 200 400 400 400 1.50

Cal 1650 | 1350 | 1360 | 1200 | 1300 | 3300 | 3800 | 1400

S0 0.00 100 2.00 2.00 040 0.0 0.00 000

Ba0 0.00 0.00 0.00 0,02 0.00 000 0,00 000

Zn0 0.00 0.00 0.00 0.00 000 200 0.00 0.00

o, 4,00 400 400 400 240 200 400 4,00

TioZ - 0.00 0,00 000 0.00 200 0.0 0.00 .00

Y,0, €.00 0.00 000 | -0.00 000 .00 0.00 0,00

Yh,0, 0.00 0.00 0400 .00 0.00 0.00 000 0.00

La;0, 0.00 0.00 0,00 000 0.00 000 6.00 0.00

Gd;0, 0.00 0.00 0.00 0.0 0.0 0.00 0.00 0.00

Nb,0 000 | 000 0.06 0,00 0.00 0.00 0.00 0.00

T 0y 0.00 000 0.09 0,00 0.00 0.00 0.00 0.0

Total . fo000 | 10000 | 10000 | 10000 | 000 | 1g600 | 10000 | 10000

L1,0+Nay, 04,0 950 850 g50 | 1000 | 1000 | 1000 { 000 8,50

Li,0/Nay @ 0,19 0,19 .10 0138 .18 018 013 0at
Li;0/(LE0+Ne,0416,0) 0168 | od6s | o1se | ods0 | oyso | ofs0 | odop | 6211

K OALi0+Na, 0+ K,0) ooo0 | ocoo | ogoo | 0000 | ooo0 | 000D | ofod | 108
MgO+Ca0+8r0 1550 | 1550 | 1650 | 1760 | 1700 | {700 | 1700 | 1850

WMEO+Ca0 1650 | 1460 | 1360 | 1500 | 4700 | 1700 | 1700 | 1550
Li;0+Na,0+K,0+MgO+Ca0 450 2500 | 2600 | 2500 | 2700 | z700 | z7e0 | 2700 | 2500

(MO +CaD+ E,0)/{L1,0+Na, O+ OHMEO+Ga0HSI0) o6z | oedo | ogto | osn oges | o0sss | oes7 | o700
Zr0#TIO+Y,05+.0,0,#Gd,05+Nb O FT0,0¢ 4.00 400 400 4,00 4,00 2.00 400 400
ﬁiﬁszgﬂf&;m’w*o‘m’°‘*G"‘°’+Nb‘°°+T“=°‘) 780 | 780 | 788 | 7230 | a0 | w0" } a0 | 788
(ZeOATIOAY,05H 0,0,+88,0,4Mb,04+T2,00)/A1,0, 0667 | 0s67 | o867 | omoo | oeoo | o400 | 0667 | o887
{MEO+Ca0)/ (Me0+0a0+Sr0) 1000 | 09035 | o871 | oes2 | tooo | tooo | 1000 | 1000

Glass transition tamperature Fg°C) 656 645 2620 820 620 605 850 640
Averags cosfiilont. of indar sxpancion x 107/0) 7 M | >0 ] 1 [ s | 7 T 7
Young's modulus{GPa) B6.4 870 6.7 B7.6 863 B5.6 87.5 878

Spocific modulus of elasticlty(MNm/ke) 324 324 3z 323 328 223 328 330
Specific gravily 2.68 258 270 )| 263 265 2.66 2,65
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0.001 1 0.00 0.00 0.00 ZrDx 2.00 2.00 2.00 2.001 2.00 4.00 9.50 4.00
4.00 TiO2 0.00 0.00 0,00 0.00 0.00 0.00 0.00 aoo 0.00 11103 2.00 0.00
0,00 0.00 0.00 0.00 0.00 0.00 0.00 Y13103 0.00 0.00 000 200 coo 0.00
0.00 080 0.00 Let% 0.00 2.00 0.00 0O.00

(Gententometor & s molr ratie) L L L L O
Si0, 6700 | es00 | 6500 | adoo | 6400 | e300 | s400

8,0, 000 0.00 000 0,00 0.00 000 000

AhO, 200 300 200 500 5.00 440 500

L0 050 1.00 1.00 2.00 1.50 100 150

Ne,O 250 9.00 8,00 7.00 8.5¢ 800 850

K0 000 1.00 1.00 0.00 000 000 0.00

MO 400 100 100 0.00 000, 200 400

Cad 1300 | 1500 | 1em0 | 1700 | 17.00 | 1800 { faco

S0 0.00 000 0,00 0,00 000 o0 000

BaO 000 0.00 200 0,00 000 0.00 0.00

Zn0 0.00 000 0.00 0.00 0.00 0.00 0.00

Zc0, 40D 500 6,00 4,00 400 400 2,00

Tio2 0.00 000 0.00 000 0.00 0.00 0.00

Y,0, 000 0.00 0.00 000 0.00 .00 0.00

b0, 000 000 0,00 000 0.00 0.00 0.00

Le;0, 0.00 000 0400 000 0.00 0.00 0.00

Gd,0, 0.00 0.00 0,00 0,00 0.00 0.00 0,00

Nb,0y 0,00 0.00 0,00 ‘000 0400 0.00 2,00

Ta0¢ 0.00 0.00 0,00 0.00 0.00 .00 0.00
Total 10000 | 100.00 | %0000 | 10000 | 10000 | 10000 | 10000

L1,0+Na, 0+K,0 1000 | 1100 | 1100 | 1000 | 1000 5.00 1000

L1;0/Na 0 0.05 011 o 049 o018 0.13 0.48
LLOA(L3,0+N2,0+;0) 0.050 0.091 0.091 DAoD | 016D 0111 0.150
Ks0/(L1,0+Na,0+K,0) o000 | 0081 | ops1 § oooo | cooo | ooon | 0000
MEO+Ca0+Sr0 ' 1700 | 1600 | 1600 | 1700 | 1700 | 2000 | 1700

MEO+Ga0 1700 | t600 | 1600 | 700 | 1700 | 2000 | 17.00

L0 +Na,0+(0+MgO+Ca0+Sr0 2700 { 2700 | 2700 | 2700 | 27200 | 2900 | 27.00
(MgO+CRO4LL0M{Li,0+Na, 0 H(OMEO+Cal+SrG) 0§48 { 0830 | 0830 | 0741 | o0ess | 0724 | os8s
ZrOs+TIOL#Y,05+.6,0,+Gd;0y#Nb, 0g¥Te, 05 400 500 800 400 400 400 400
ﬁ‘;gfkigﬁfgﬁ0,+Y20,+Ln,o,+cdzo,+u b0t To,00) 730 B4 B.64 230 7.30 788 7,30
{ZrO+TIOHY,05H.0,0+G A, 0,+Nb, 0+ T0,06) AL 0, 2000 | 1667 | 3000 | osoo | veoo | tooo | osc00
(MgD+Ca0)/A(ME0+Ca0+SI0) 1000 | 1000 | 1g00 | 1000 | 1000 | 4000 | 1.000

Glass transition tamperature Te("C) 630 636 640 622 845 646 632
Average coafﬁn]en(lf[gg !l‘r‘\;s; %x;unslon G 107/C) 78 83 83 a0 85 77 78
Young's modulus{GPs) 850 868 g1.8 830 7.3 885 874

Spechio modulus of elasticity{MNm/kg) 320 B 322 332 325 327 322
Speoifie gravity 268 270 213 268 268 an 2N
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0,00 0,00 0.00 0.00 0.00 040, 0.00 000 2.00 0.00 0,00 0.00 0.00 0.00
0,00 M06 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7906 0.00 0.00
0,00 0.00 2.00 0.00 0.00 0,00 0.00 Total 100.00 105.00 100.00 10300
10000 100.00 100.00 100.00 100.00 L1207148104K10 10.00 10.00 10.00

(Oon!ent?::l::;:n r’lﬁi’f’;ﬂm ratio) 4 25 26 (9 28 29 0 31 32
Si0, 6400 £4.00 64.00 640D €4.00 82,00 64,00 é4.00 64.00
B,0, 0.00 0:00 0.0 0.00 0.00 0.00 000 0.00 0.00
ALO, 500 5.00 5.00 540 5.00 5,00 500 500 5,00
Li,0 150 156 1.50 150 150 0.50 050 2,60 1.00
Na,0 BEO 850 850 250 450 fag0 | 100 | spo 1250
%0 0.0 000 000 0.00 0.00 2,00 150 0.00 0.00
MgD A400 400 400 400 400 040 150 2.0 1.50
Ca0 1agp | 1300 | qaoe | 1800 | 1900 | 1400 | 1200 | 1460 | 1200
Sro 090 0.0 000 0.0 .00 Q.00 0.0 0.00 0,00
BaD 0.00 o0e 0.00 i) 0.00 a.00 0.0 o0 ¢.00
0 000 0.00 0.00 000 0.00 0.00 000 000 0.00
ZrD, 200 200 200 240 2.00 400 450 400 4.00
Tio2 on0 0.00 0.00 000 000 000 000 040 0.00
Y,04 200 D00 000 000 000 000 0.00 000 0.00
YhOy 0.00 000 0,00 200 0.00 0.00 000 0.00 0,00
Le,0, .00 2,00 0,00 000 0,00 000 040 000 0.00
Gd;0, 0.00 000 2.00 000 000 0.00 0.00 000 0,00
N0 . 0.00 0.00 0,00 0.00 0.00 000 0.00 000 0,00
Ta04 000 000 0,00 .00 200 00 000 000 0.00
Total 50000 | 10800 | topan | 10000 | 10000 | 10000 | 10000 | tooon | 10000
LLON8,0+K,0 1000 | tooo | owo | toso | to00 | 1500 | 13e0 | 1050 | 1350
Li,0/Nay© a8 o8 018 018 014 0,04 005 031 008 _
U,0/{L1,0+Na04K,0} of50 | o150 | eis0 | 0156 | 0450 | 0033 | 0038 | 0208 | 0.074
K0/ (L,0+N2,04K,0) ooo0 { ooco | oo | 0000 | oooo | 0133 | 615 | o000 | o000
MgOHCa0 50 1700 | f7e0 f {700 | 1200 | ¥700 | 1400 | taB0 | 1660 | 1350
MECHCAO 1700 | 17¢0 | 1700 | 17200 | 1700 | 1400 | 1350 | 1660 | 1350
L1,04Ma, 0K, 0HME0+Ca0+5r0 2300 | 2200 | 2700 | 2700 | 2700 | 2080 | 2680 | 2700 | 27.00
{Mg0+0a0+L1,0)/L1,0Na, 0 HGO+MEOH0a+5r 0} 0es5 | 0685 | o605 | oess | oeos | esto | o528 | 004 | 0&37
ZrO IOV, 07H 8,0 +68,0,+NB, 05+ 0,05 400 400 A0 400 4,00 400 450 400 4,00
%;gfr‘el:gfzgm‘%w L0,05# G, 040,001 Te,0r) 7a0 | 7a0 | 7a0 | a0 { 730 | am | ses | ses | sat
(ZOFTIO Y0 +L8,0 4+ 0,05+ Nb 05+ Ta, 0l ALO, ©00 | 0200 | 0800 | 0600 | 060 | 060D | OS00 | 080D | 0,800
(Mg0O+Ga0)AMEO+Ca0+S10) 1400 1600 1.000 1.000 1.000 1.000 1.000 1000 1000
Glass transitlon temperature Tg(°C) 039 623 625 841 642 616 623 817 >600
Averags conﬁio]ané 8; Ei:l;&l;%xjuamlun x1070) 76 20 81 7 74 o8 89 T4 78
Young's modulus{GPa} B89 877 Ba4 B30 892 831 g1 B4 844
Spactfic modulus of elasticity{MNm/ ke 3.5 3.3 1R 30 e a1l s 331 18
Spocific gravity 273 280 284 2.87 286 | 267 256 267 266

[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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10. 00 10.00 15.00 13.00 10.50 13.60 LipMe10 0.18 0.18 018 0.18 0.10
0.04 0.05 0,31 0,08. 1-110/0J20t 04e10. 1K20) 0.150 0, 150 0, 150 0. 150
0.150 0.033 0.038 0.238 0.074 1920/ (L110+Nal0. K20) 0. 000 0.000 0.000
0. 000 0.000 0.133 0.115 0.000 0.006 N140+Ca0O+Sr0Q 17.00 17.00 17.00
17. 00 17.f6dulideflhstidtysaliing Gienl B ©hsGhé GhGePect fotiibn] #¥0low specific gravities,

permitting substrate weight reduction. Additionally, the glasses of Examples were found to
permit the ready formation 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 subsirate.

[0090] 3. Evaluation of magnetic disks
(1) Flatness

Generally, 2 degree of flatness of equal to or lower than 5 pumn permits highly reliable
recording and reproduction. The degree of fiatness (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 pm.
From these resulis, it can be determined that the glass subsirates 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 Joad/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 elerent
part of the magnetic head and 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 ocour 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

weire 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
33



17,00 17.00 17.00 1490 13.50 16.50 13.60 LIt 0+Net p+K10+M 040410+5r 0
27.00 27,00 27.00 27.00 27.00 29.00 2860 2.7.00 27.00

(. 480+00( 741. 120) / (L1109Nat 0+K204MBO- 4CsOSr 0) 0. 6E15 0. 685 0. 605
0.655 0.605 0.500 | 0428 0.704 0.637 2r02+Ti O 4:

03414, 20, @iG403@MEGsteD masamg meﬂ:ﬁ)d)ﬁl 16 (prépaf0 thé . DEmADH-récciding Habicd . B0

71 0(])_2(()2' 0@%@%3@5@3? é[ggs-ggﬂéﬁmuol\lgécgﬁgéa%%é gvhl %Ecombmed
((Zr O | - TIORERFD E&ﬁ'éﬂfola!a'e) mtbwefsaﬁw}%meéﬁém& were capable of achieving
high-density recording, as set forth above. In the above hard disk drives of energy-assisted

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 um 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 wm 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 Lio structure, the glass substrate was obtained in the same manmer as above. A
magnetic disk was prepared with the glass subsirate obtained. The magnetic disk prepared had
high flatness and good durabilitjf, in the same manner as above,
Industrial applicability
[0093] The present invention can provide an optimal magnetic recording medium for higher
density recording.
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0.800 0,800 0.600 0.800 0.800 0.800 0.100 0.800 0.800
(5160+Co0) / (4116040. 04Sr0) 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 Ddans transition tenperature Tg(t) 039 623 625 641 042
616 623 817 >600 Average coefficieng gfpygnser expansi on 04104P0)
(100~200t) 76 80 81 77 74 98 89 78 >75 Yovnes nodul us(GSa) 88.9 87.7

68. 4 89yRatd9eafiedlis84. 0 88, 4

1. A glass substrate for a magnetic recording medium, which is comprised of glass
comprising, denoted as molar percentages,

56 to 75 percent of Si0O,,

1 to 11 percent of Al,Os,

more than O 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 Na,0,

equal to or more than 0 percent butf equal to or less than 1 percent of K;0, and

substantially no BaQ,

with a total content of alkali metal oxides selected from the group consisting of Li,O, Na,0,
and K,O falling within a range of 6 to 15 percent,

with a molar ratio (Li,O/Na;O) of a content of Li,O to a content of Na,O being less than 0.50,
with a molar ratio {K,O/(Li,O+Na,O+K,0)} of a content of K;O 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 MgQO and CaQ falling within a range of 10 to 30 percent,

with a molar ratic {{MgO+CaO){MgO+Ca0O+SrQO)} 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 ratic {MgO+CaO+Li,O)/(Li;O+Na,O+K,0+MgO+Ca0+SrO)} of a total content
of MgQ, Ca0, and Li,0 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,, Y,0;, La;0;,
Gd;04, Nb:Os, and TaxOs being more than 0 percent but equal to or less than 10 percent,
and

with a molar ratio {{ZrO,+TiOz+Y,05+La,04+Gd,04+Nb,0s+Ta,05)/Al O3} 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 70x107/° C. at 100 to 300°

C., and a Young's modulus of equal to or higher than 80 GPa.
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84.4 Specific nodul usel aal ei 19(19NmAct) 32.5 $1.3 311 81.0 312 31.1
31.5 33.1 31.8 Specific gravity 2.73 2.80 2.84 2.87 2.86 2.67 2.66
2.67 2.65 [0089] As indicated in Table 1, the gl asses of Exanples
had the three characteristics required of a magnetic recordi ng nedi um
substrate, nanely, ?h heat resistance (high glass transition

t enper & uTrf@sglaswsghstra Qifen @ ynqanegn reeaiaigs seridn| according thiclgim 1. which is
coeffi 0 =

coe be%ﬁél Pnlndéhﬁéq@tlcemaﬁbs g@bdlurﬁ(ﬁﬁ‘vfngea H”a%g%ﬁcﬁIregf)rdlrgbg%??rlcomﬁnsmg
nmodul i eiheelrearnd B @fnyéﬁ%FbF’ erya shsHate aﬁith%@ﬂl@ﬁét%l gh-speed rotati on,
and |l ow specific gravities, permtting substrate wei ght reduction.

Addi tional ly, the gl asses of Exanples were found to permt the ready
f or mat i%ni hef glﬁ@ﬁﬁé&@mé@ § ayeanetipyeeprding rmedivmsagcerfifchéniclagn 1, which is
treat MdMpioyed as a Q?o%?rgtc? rné'gr@ﬂe\‘@corrcﬂﬁ#hfeﬁl 3¢ o & %Qézsﬂeﬂ‘f@é&auﬁ

was determ'ned to yield glasses having aracte stlcs requir

of the magnetic recordi ng nedi um substrate. [0090] 3. Eval uation of
nagneti S I af -
caual 1o e P PUoi B8 magneti TRRGRD e RORAL Lo Geh i i
r epr odgeinleyed asrﬁesmgﬂ@@f@fmagr@ﬁlne@@r@mmedltm bnbeat(aisﬁlsfe@irrewdmgn
height) in the vertical direction (direction perpendicular to the
surface) of the highest Portlon and | owest portion of the disk

sur f acés)Thsf gtase stbsfraleclor of mageetareeidingagadivine aghosdisg ftorslaion dsiwidch
t he gl I g%%gr met hods was
neasurggﬁgfgﬁ§éﬁ?#g%ﬁg%ggﬁ€§26$§%€¥%%@F%@aqﬁfP Jh%ﬁnagnetlc di sks
had degrees of flatness of equal to or Iower than 5 pm Fron1these

[ESUI L%, Thi 28 DBcHBaT: RRMLIALeddiing 8.5 D3R 55 ol BXARBIAS the

did no rgo substantia ornmati on even cesse

t enper d@uexchangé fayer hes beendenmad by icinerxspogingyéth airle@mnel aallyailrmeta.'z)on

Load/ unl.padt i sks formed using the
diifoRd th JERisYiRG bPNS, KBS ek cd 9

gl ass suggtrates gﬁ”%ﬁ%ﬁ%ﬁgg %y tae ‘above net hods were | oaded into a

2.5-inch hard disk drive that rotated at a high speed of 5,400 rpm

and su '

The apindls 1 EeaB o S mEee Temslqud MebBRt picatiy (.5 TavhE hes =
made ofspseiti¢ modelys of elesticity atiequsdtaiorarepieethse SAIMNIWE. el ement part of
t he magnetic head and the surface of the magnetic di sk was about 9

nm The durability of all of the nmagnetic di sks exceeded 600, 000

cycl es.8. Fhetdirss, sugbtralg dgiha a1egohliq eacosting meddnt Aenonding iosplaim tlywhlch has a
failur ng with deformation due to a
dlfferg géh%%mﬁﬁgH%%g% ?g?g%%Mh%??Egrnal expansion with the spindle
mat eri al and defl ection due to high-speed rotation, such failures did
not ocguIy n : '

not 90 AUSATR 7B BlAEA b EBIRTSRet MliSang oy on e s
as abo#@bﬂﬂﬂﬁaémﬁﬂggélﬂ@mhéad eqU|pped with the DEB nechanismto
protrude the recording and reproduction elenent part so as to achi eve
t he di stance between the el enent part of the nmagnetic head and the
sur f acéOofThe teagnetin eedordind siedim @qeriiling go sfaim & svheheim tze magnglic mcording
result xceeded 600,000 tinmes. It was
confirﬁ§%$cﬁHFp I'n tﬁﬁﬁﬁgﬁ%ﬁgﬁc 6§ﬁ?vg equi pped with the DFH
mechani sm good recordi ng and reproductlon coul d be achi eved.

From t hgs ; i d -
i gl y el T agrerege shetfat Fatim MG MRy oo e En g, Bebraing
pr epar exedigh fer aneegyedssistedsiebedingt es of Exanpl es by the above net hods
were |l oaded into the hard disk drive with a magnetic head of a
recording nmethod in which the reversal of nagnetization was assisted

by irrdd dhe onagmetit recordise meseamactardingds siamel . ménabr idi an grageetivotoitding
pr epar %éd?xﬁnif&fh% f@%e‘.]sﬁ@d Fe%%&fnr% ng devi ce of a heat-assisted recording
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[ 0093] The present invention can provide an optinmal magnetic
recordi ng medium for higher density recording. CLAIMS What is
claimed is: 1. A glass substrate for a magnetic recordi ng nmedi um
which is conprised of glass conprising, denoted as nol ar percentages,
56 to 75 percent of Si02, 1 to 11 percent of A 203, nore than O

per cent13buktheeiaganeticoraserding sadiam agcprdingetst claim 19 xdhereigube dlassosubsiete
than 1 REIFSEL afibh-diehsnddNaferRoPEpa B aPls B aiHalof 0 OF More
than O percent but equal®™to or less than 1 percent of K20, and
substantially no BaO, with a total content of alkali netal oxides

sel ect ; ; Ly o : j

W thin & 1B A PIgRRSRIE RENE Bebcing (2 Do 33 iR e Rab T e
a cont éwas been ferp@dihy ien exhessing vith Khizastaieajkalignetat ihaselectsd fromi thi geoup
nmol ar Qﬁhggi 44@2@+§@f@§K20)} of a content of K20 to a total
content of tHe aboveé al kal I netal oxides being equal to or |ess than
0.13, with a total content of alkaline earth netal oxides selected
fromthe group consisting of MJO, CaO and Sr0 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 nolar ratio

{(MyO+Cal)/ (My0+Cal+Sr0)} of a total content of MgJO and CaO to a
total content of the above al kaline earth nmetal 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

{ (MgO+CaO+Li 20) / (Li 20+Na20+K20+My0+Ca0+Sr0)} of a total content of
MJO, CaO, and Li20 to a total content of the above al kali netal

oxi des and al kaline earth netal oxides being equal to or nore than
0.50, with a total content of oxides selected fromthe group
consisting of Zr02, TiO02, Y203, La203, Gd203, Nb205, and Ta205 being
nore than O percent but equal to or less than 10 percent, and with a
nmol ar ratio {(Zr02+Ti 02+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 gl ass
transition tenperature of equal to or higher than 600 C., an average
coefficient of |inear expansion of equal to or higher than 70x10-7/

C. at 100 to 300 C., and a Young's nodulus of equal to or higher than
80 GPa. 2. The glass substrate for a nagnetic recordi ng nmedi um
according to claim1, which is enployed, in a magnetic recording
medi um havi ng a magnetic recording | ayer conprising either Fe and Pt
or Co and Pt on a substrate, as the substrate. 3. The gl ass
substrate for a magnetic recordi ng medi um according to claim1, which
is enployed as a substrate of a magnetic recordi ng nedi um for
energy-assi sted recording. 4. The gl ass substrate for a magnetic
recordi ng nedi um according to claim3, which is enployed as a
substrate of a magnetic recordi ng nedium for heat-assisted recording.
5. The gl ass substrate for a magnetic recordi ng nmedi um according to
claim1l1, which conprises an ion-exchange | ayer over a part or all of
the surface thereof. 6. The glass substrate for a magnetic recording
medi um according to claimb5, wherein the ion-exchange | ayer has been
formed by ion exchanging with at | east one alkali netal ion selected
fromthe group consisting of Na, K Rb, and Cs. 7. The gl ass
substrate for a magnetic recordi ng nedi um according to claim1, which
has a specific nodulus of elasticity of equal to or greater than 30.0
MNnT kg. 8. The gl ass substrate for a magnetic recordi ng nmedi um
according to claim1l1, which has a specific gravity of equal to or

| ess than 2.90. 9. A magnetic recording nmedium which conprises a
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