; e3epm , 6LT SUBSTRAT | NFORVMATI ON RECORDI NG MEDI UM Techni cal Field
1 ~ MAY 2002 Thi i\“\\\“\\\@‘ﬁm‘\%l ates to a disk substrate (will hereinafter
be referred to a rate for an information recording] ﬂfemmfﬁzag?r
use in an informtiom®¥€ordi ng medium such as a magnetic di sk, an opti cal
di sk, and a nmagnetooptic disk as well as an information recordi ng nedi um

and, in particu ss substrate for an information recording
medi um as wel | mmum‘ mﬂmmmm tion recording medi umusing the above-nentioned

substrate. Backgrouy t As a substrate for an information recording
medi um use is nmade of an al um nuDESORIPTAON, an anor phous gl ass substrate
(will sinply be referred to as "a gl ass substrate" hereinafter), and a

crystallized glass substrate. Among t hese substrates, the glass substrate
i s gradual | eﬁgandin its_market share because hi%P surface snoot hness
(smal | suPPESERRERGRABSANRANFPRMRION, RIGORPASE MELThar ed wi th t he of her
substrates and its strength is sufficient to withstand a reduction in

t hi ckness and si ze. Anpong the above-nentioned gl ass substrates, a

chemi cal | hek gl ass substrate with its surface chemcally
strengthe%%§£%§gg%n§£§gﬁange is wdely knowmn in the art. Such a chemcally

strengt hened gl S 3 P~ 2002 . S | ass
substance inclu |%3 %@?%ﬁg%sﬁ ﬁ%&?%?géFSZQ §?§FT§¥EQ%?5f§rQK?% 8, 10.0-32.0
wt % of al kakéifiBE8broKbUPerdrPadbtd Weloal sGBQtrad Eok kh 0 W % of H203
and having a |inear expansion coefficient, pressure strength, and

transver senfophdt£ofit FaBEEAING meddim M otforRiskecint BaN inFrdtioml ues,
respectively (see Japanese Patent Publication (JP-B) No. 4-70262) . As a
mat eri al fecopdipgrmeditme eshehi aal lay meignetdicheied ,glans opsuilrstlr atisgk use i s
made of gl ass substances (a) and (b) nentioned below. (a) A glass_ substance
i ncl udi ngaB8- 82 maguebpoBtag, digkl @s\walds agl 208 informakinryiregarding 5 w %
of MJO, 0.1-3 wt % Qf BaO, 12-15 w % of Na2Q, 2-5 wt % of K20, 0-7 wt % of
P203, and®®I5UB §h%y ot PTPBELiGHEAE it O RofaRsenSiRStERtRIAPF & Ti02 is

13-20 wt % J U i P Pyhl i_cati P-A), .No. 1-167245).
(b) A \évlta%égegﬁgﬁgﬁggggﬁeg%g%g% "ﬂ%‘t \%tgg/()“'&#qs:a%gg"% 03 %}E‘)’zﬁn A1208, 4-23

wt % of Li ] 0 0 _ e s - 1. 9% .0f Zr02 (see
Japanese ﬁg?‘éﬁ?}gﬂm“ﬁ%‘gﬁyﬁggﬁ* = E?‘eml\ﬁlg%o - 7%{%8@;%&%22 sr%ggwr};&ﬁ’:\@ s@ eg' hard di sk
apparatus, technical innovations are being nade day by day in order to keep
the superiority to other recording/reproduci ng apparatuses using

i nf or mat i Backgeouddnyrreedi a such as an optical recording nmediumand a
magnet oopti c recording nedium One of the technical innovations is to
rotate the nagnksia gibktuate fpghaspdador8athioni gecopddea atestivgn i s one
at t enpt 1 ~ MAY 2002 -3 to increase_an access speed of a

recor di ngPF8pi8diitfRgofragReitmHBYR SHbS LrGta 6R SPEPHVLTARTIRd to
d 1000 h . th h it h tri.cted to 5000-7000
Tomin 1B EBRERr (FEAL RiuB i B Benns or dorAgn oA PR | o desired Lo
"b t at pgh h i at i h
erota eguﬂgtﬁagélg h?BS?ﬂafl\:Efr:) éf g.'ﬂfg{&a?%%%&grﬁﬁaz{e'épgbfa%§%$%¥é. € use

of the conventional glass subs stra or an 1 on

recor di nganBaEUBhesb! slibstirhites!! itHe B8R BudsdRatd i REENRIANT, (T he
di stance between the magnetic head and the magnetic di sk 'upon recordi ng and

reproduci agpanaingi 288) mafkaeedhalies dadise A gl GUrface Smsdtaiasdor an

i nformation recordi ng nmedium which is easy in obtaining an information
recor di ng (emdillinrsadépted rbaghngls ssRedd irsoteatsiidly. ob tredechdalesn apnsdsed o
provide an information recordi ng medium which is easy in obtaining a

r ecor di ngri&pr thecphbhezppubstarates iang 4 ts gtrengdds ispeaf ficimsetl tart her
exists to provide an information recordi ng nedi um whi ch can simultaneously
acconpl i sSHIEPALBRAYBUREN KD d& Fhdknedd And $§3%ei ght. A need furt her

ists t [ Lpf ti di di ' h hi gh Y '
ol us S0 as. ( SNGORpFEe “PRYSU ML PO SrAa ROTKS SR on. 14 MAY
2' 002 4 D ' I t._ 1 nv.ent
oxt onsi veCSERAP ALY obrEYRqeRERR S aHIF RERYIHGY JUHH O NHEATEE e

stabl e flyhpgiRghaht sWheRgRRNAROR MM IRt 0N SREQML 1PtatdD 18

attenpted by the uSe of the conventional glass substrate (gl ass substrate
for an intaenakkon seenr4di sgefiedalny. sAseagthsukl, glhsBagubeerafteund out
that, when the information recording nediumis rotated at a high speed, the
information recording mediumis deformed due to resonance to nake it
difficult to keep the stable flying height. It has al so been found out

that, in order to prevent the deformation of the information recording
medi um due to resonance when the information recording nediumis rotated at
a high speed, it is preferred to increase the Young's nodul us of the

. e o - A N . r



1 4 MAY 2002 -5 According to aspects of the present invention, it is
possible to obtain, by the use of a glass (anorphous glass), a substrate
for an information recordi ng medi um adaptable to the above- ti
- high-speed rotation. The substrate for an information rec rm&\lfm
according to this invention can be classified into first through sixth
aspects. Anong those, the first throughhbthe fourth aspects are comon in
t he Young's nodulus and the |iquidus tenperature. The substrate for an
i nformation recordi ng medi um according to each of the first through the
si xt h aspeelys deorprsise fa rglta o seartce (ihclAidinstetiE T o Ivbe e£ferred
to as "a glass substrate I" hereinafter) for an information recording
medi um c PRI, sPNG-a 4gl0asit%s Wifs tPdnOs hali Ag32he wbhingfsakbadiumesd small er

t han 100GPa and the |iquidus tenperature not higher than 1350 C. (2) A
subst r at e oFdidel, He 0 3%rd stb% PRENG g?’&%slsiu‘ti‘s‘i-roat‘étﬁ 19f RaQd @k er) for

E;‘R_ci 35?2?%\*8%92??3%%““ Wit e e ié‘é’%%t%ﬁﬁséaod
Che i qui Qg (2amealiad, Ve W, S s i ol flee oy Spd DR 1ORRTT

be referreddn Mg "Vamlass lisddeiGely | (s Rigkd &L Jpdtun@n information

recordi ng imedium conprising a glass substance at |east including Ti02 and
Ca0 as gl aspi1aymarent @pige ¥oNtsme264) Ti 02 and Ca0 being sel ected so
that the Young's noduuus is not smaller than 100GPa, the |iquidus
tenperature i s a@ ahingiteridlatdsS Yrdpaming tdise \dlemoisdiy s not smal | er
than 10 poises in a formabl e tenperature range. ~ 4 MAY 2002 -6 (4) A
subst r at e sioaeng thenest alams taukstrate asse sihada off \glaws ei nafter) for
an information recordi ng medium conprising a glass substance including, as
gl ass coms¥Retancey oR) @and o men; %Leﬂ)g:’%ct‘h- at |east Li20 of Na20 and

Li 20, the contents of the above-nentioned gl ass conponents bei ng sel ected
so that the Your@sAnSthash SPHANS I Uding %%Dd’,tgﬂféflf?‘ dus

tenperature i.s nqgt hi r tha 50 .C, theg viscgspty s not smaller .than 10
poi ses i nlz)'fj%r ﬁ’&bg‘i é"“tg 34t %Fé%ré’ e Ofa 5\6tzhe §Be§|t%si 8Eg&g§i’tb' s 3not
greater t ) o txate (d I .Jae f ed . "& gl ass
substrat eb&% %grseiﬂ}léé’ﬁezr )ﬁ o‘ftéaﬁ@fnlﬁ%?ﬁatgmén V?%C(#fgiﬁg'nedmr@cg%pri sing a
gl ass sub%@gceahacwdl-@gw%% PEAF8 50MRAEeAt $hE- o881 Mahéuak 08,0345

nol % of Ca®, °5-40 nol % of (MyO+Ca0),” 3-30 nol % of (Na20+Li 20), O-1lesS than
15 nol % ofandl 2GR, dard 135-200 wil Ystfe FdbhrdBe Arriimtiricc Haddrt be referred
to as "a glass substrate VI" herei nafter% for an information recording

medi um  whuei-iicatsiami Ry Bdemd ThéT34%X r engt heni ng one of the

above-nenti oned gl ass substrates | through V or the glass substance
t her eof . Accordi&@ o B fBIREPRGD okR ing Q%ﬂgr"é*s’érﬁfi%/ci on, an

i nformation recCordng nedi um accor di ng rough ninth
aspects ofpye dH &SNt (FPVDNION, e Whsshgpre different fromthe first

t hrough the sixth aspects. Specifically, the substrate for an information
recordi ng nmedi uRsEEYLEdE 4 hdhd dislendpparspess, essemiie@aly i ncl udes

coexi stence of Yz03 and Ti 02 while the substrate for an information

r ecor di ng imedivat iaocoratieacpeing ewade giah gpday imcbérder toekespehbe of

Ti 02, Y203, and ZrQ2. The substrate for an information recordi ng medi um
accor di ng SWPeHeoTH i htaspldeer | reFoBding/ perrpduaing caRPabAtuUBRP de sel ect ed
froma group consisting of Er203, Nd203, Snm203, Eu203, Gd203 Tbh203, Dy203,
and Yb203USHI st 5ma &1 9% TaFOFH+ B nBed bR PRelr 3 ng? nddFiR?hccording to
each of the seventh through the ninth aspects forns.a second enbodi ment of
This nveta S el eidra haime BB hS  SRCTEbra  REkeR Lra ¢ he
medi um ac ' f. ' a e d j a
P R s e S T
SSO C. Thgghouerdeniposed Ehads Hignsdddd) AU ds & A eddmety | ow
tenperature. Such a conparatively lI'ow glass transition point is effective

i n suppressing a damage during chem cal strengthening. More specifically,
upon the chem cal strengthening, the glass substrate is typically imrersed
in fused salt. During the chem cal strengthening, the fused salt is kept at
a tenperature 100-1 SO C | ower than the 1 ~r MAY 2002 g glass transition
poi nt of the glass substrate. However, the fused salt starts to deconpose
at a tenperature not |ower than 500 C. The fused salt thus deconposed
damages the surface of the glass substrate. Taking the above into

g, o . = . " [T



Young's nodul us of the glass substrate in order to prevent the glass
substrate from bei ng deforned due to resonance when the gl ass substrate of
a reduced thickness is rotated at a high speed. For exanple,nqﬁng%aegggﬂpn
wi |l be nmade about the case where a magnetic di sk prepared fro I
substrate having the dianeter of 3.5 inches and the thickness of 0.635 nm
(25 ml: this is a typical thickness for3eurrent magnetic di sk substrates)
is rotated at 10000rpm (hereinafter, the above-nentioned case will be
referred to as "Case A"). In this case, in order that a stable flying

hei ght gen I t a [ e e .c..di sk
and the r eg%@ﬁ%%%?%e%%%%%@?%dgé%eﬂéﬁ&gﬁ@ R ]ng? S@%%%%%H%cfé?i rF{gE r%(}? tllﬁr} t (r%e(?;an
be suppr esgegkpetied it eRéRl 9006H xiﬁrﬁ' Abreb Ry, XRMGhSt AR nSre@ticled 8o 3086-7000
substrate is not smaller than 100GPa. Furthernore, in order to obtain the
gl ass substpmtethepenrbited in this invention, it is required that

substantially no c&éstal is precipitated during the manufacturing process.
To this end, var Asusscibed abayse Hheamagnehie fisk is desirad fybe mtefed alr high speed; HE

mat eri al pgrformed i 14 M AY 2002 .10 nma act uri f the gl:

Substrate ﬁ%?s@gggpseéi: FRtaP it Sogggtto%)ﬁﬁheer S[eu?qgtfshe nc_c()) k{v?ng%g% gl:%_?fn Sl?qr%@gﬁ%i (&tljals%l us
FenperatUr§m&ﬁakhﬁmgha§%nﬁﬁﬁ8ﬁ%&Rﬁ&n@hﬁ&ﬁ&ﬂﬁtﬁiéEﬁﬁﬁﬁuhbqakgq§sﬁﬁﬁﬁﬁﬁﬁéUre
is extrenely high, manufacture of the glass substrate itself is difficult

so that thaeightthd distandéd hegween the stagnétic hdadwndthetthegretiodisk upontrémrdihg asd
substrate | of this invention, the glass substance has the Young's nodul us
not snal | eFePEPHISINECOPCIHAIOAR t he |i qui dus tenperature not higher than 1350

g. Preferably, the Y 'S.. ulus.is nat.s | er . than . 105GPa... Pref erably,
Phe T tqui dus i enfieruPE PoTREY pitRideSs iR Tor B BRut e dring Rk
hi gher t haghichof9easyEmedbthfnidd n YRGAGaBorTBsbeldifg Pheditd £HapRd RURBH' §Jebd OF
the gl ass substance’is not smaller than 100GPa, defl ecti on of the magnetic
disk in theotatime A is liable to exceed 2 a mat maxi numin case where the
val ue (hereinafter called "a specific nodulus”) obtained by djviding the
Young' s modul us BynecH@lsopaisty foprgyide jap ynigrmatios rgrerdinggnedivmayiich &s ¢asy 1n
greater th . syl ] i ffjcult to secure a
stable fl ylgﬁtéﬂ]%ggégﬁeggrn%?é %?’ggt‘%}rﬁ%taﬁé% afggggﬁﬂéé hhéh a}cr(iésts%’égd(':onnect ion, the
speci fic gravityAoheddhfirtBbA8Sists U r6AlE ah iRforhBiicn rdbéRith AMedifm BUakeaD! Y
not greater than abuot 3.5g/cnB, nore preferably, not greater than
3. Og/ cnB. sintHeonegustyhaecempplish 4 kigh rYaoung s medulissindedowdlbeg hsightow as
possi bl e, silicate-based glass has a, val ue substantially not snaller than
2.1g/ cnB. Even i 3958 theh Qs fopoxids: an wfymatipe refogding M%%Ch L‘asn‘bt
hi gher thag; o VAl ] ' : : | arise in case
where the \E/l}gil cs%g'l&lgys 121{) a@Hisog{‘SZtggM@%E%? g%‘élgr#%ng% lﬁ%\(ylr?rlggl?ee}qt%{rcr)ﬁlér ature range,
nanely, the viscosity in a tenperature range not |ower than the |iquidus
tenperature is extrenely low. Specifically, it is difficult to control the
flowrate of glass nelt supplied to the formng step in the manufacturing
process of the glass substrate. In addition, the degree of freedomin a
formabl e shape i s decreased. Therefore, the viscosity of ' the glass
substance for the glass substrate I of this invention is preferably not
| ess than 10 poises, nore preferably, not |ess than 30 poises. In the
meanwhi | e, when information is recorded in the information recording
medi um such as a magnetic disk, an optical disk, and a magnetooptic di sk,
or when the information is reproduced fromthe information recording
medium the information recording nediumis rotated while it is fixed by a
clanp to a spindle of a drive notor arranged in the information processing
apparatus. At this tine, if a thernmal expansion coefficient of the
information recording nediumis remarkably different fromthat of the
clanp, the following problemw || arise. Specifically, when the information
recording nediumis rotated, the tenperature of each of the information
recordi ng medium the spindle, and the clanp is rapidly increased, for
exanple, up to about 90~ due to heat generation by the drive notor. If the
t hermal expansi on coefficients are nmuch different between the information
recordi ng nediumand the clanp, this will bring about 14 NMAY 2002 12
| ooseni ng between the information recordi ng nedium and the clanp and
di stortion or deflection in the information recordi ng nmedi um when the
tenperature is increased as descri bed above. As a result, the position of a
data recording site (track) in the information recording nmediumis changed
so that an error is liable to occur in information recordi ng and
reproduci ng operations. Particularly, the above-nentioned problemis
serious in a large substrate such as a 3.5-inch substrate. Therefore, it is
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1 ~r MAY 2002 14 (between 7 x 10 6 and 14 x 10 6/C) , nore preferably,
between 9 and 12 ppmi C (between 9 x 10 6 and 12 x 10 6/ C ) . Next,
description will be made as regards the gl ass substrate Il of this

i nvention. As described above, the glass substrate Il of tl1il]‘, MWPQUUT
conprises a glass substance at |east including Ti02 and Ca0 ‘as gl ass
conponents, the contents of Ti02 and 0 being selected so that the Young's
nodulus is not r smaller than 100GPa, the |iquidus tenperature i s not

hi gher than 1350C, and the viscosity in a formable tenperature range is not
snmal | er t basclBspekse®. thee IYau@diomodul us not snaller than 100GPa, the

| i qui dus tenperature not higher than 1350C, and the viscosity in the
formabl e t enper @her preargd Aotvesyiwinse havieamate paiteasisee sselddeisedof or t he
gl ass substance form ng the glass substrate 11l because of the sane reason
as descri beyeph &bgj gauseorfnithe HEGiaddyvs dbskegpdng dhe istablevent i on.

The preferable rangres for these physical i properties are sim/lar to those

descri bed fL¥iBgnPEAShto WhGR e, @bpvesdenhiones ighyspeeds Kakddi™on. The
| bst L1l is. f d by t | bst. | t .inclydi

3102 and e203FESHREEIPY, oG HRP o i SOVEOELCRRT B A SRR R Ch

th | f .S _i.nv i s Al Cal

appr opr | atOreoE BuBakyate £l sl WilEd e BA° eULBLY Heahdg o e he

other gl ags rg@RENERES h|a§0 vear TN idht sl aShetl RPN J1and tidid he

Young~s nodul us not smaller than 100GPa, the |'i qui dus tenperature not

hi gher  tezbrMiAY #8A2ulkb ighabthtalCatand High WrweRsi hanot smaller than
10 poises in the tormabl e tenperature range. Because of the sane reason as
descri bedinfioematinat recording redivs 3 ss defornied Iduef tchiresanamde on, the
specific gravity of the glass substrate Ill is preferably equal to about
3.5g/ cnB &p mMeke, ifrpdadfficiudrtaltioy kempothed sdgbd:eB fdiyilngs heilghitewi £&, t he

t hermal expansion coefficient of the glass substrate Il preferably falls

within a Pafgelgenbesn Foyeduadtt thatd i peder (Gse@msdient the0 6 and 14 x
10 6/ ~), r.e ferably, between 9 and 12 ., ~ (be tweepn 9 x 10 6 and 12
<010 6] GBForRREIEn L she PR b TRSHT e donss
substrate i Sal.0v i Qn. scrihe t l.as tyate IV
of thi o i FossAraRd Sk Bl dhs b G SRR pedial GRS g
MJO, Na20qtl 284 gANApARe0B 135 iU FreAATRN Y Sndridh P RN e plg tdhe

above- nenti oned gl ass conponents "bei ng sel ected so that the Young~s nodul us
is not srmabkelushae® tHe Gidstditd ifpH dis inFHRM=Aliere decdrdidy gher t han
1350C, the viscosity in a formable tenperature range is not smaller than 10
poi ses, amedtinm.specific gravity is not greater than 3.5g/cnB8. The Young-~s

modul us not smaller than 100GPa, the |iquidus tenperature not higher than
1350C, the vi scd8i thej gubkErprderdiote ane Hp&oamaitd oy FeeaFeinghae han 10

poi ses, apd the specific gravity not greater than 3.5g/c are selected for
the gl ass"8YBETafc &40 Hi Q&%@%U%t%ﬁq@lﬁégégﬁﬁ the sane
.reason as rihed.in 1 ~ 02 16 _conjunction with th | ass
substr at esﬂS%%rPh%%S J’lsn\]/%ln wino'n!w%%é ré:ﬂP%S?']élrzgﬁggga}sgr sf‘%g?é:gﬁ%ysi cal
ProPert | ehodeSed!, Mind/ st driiise ARFAHDYbdill GPHMRALILLM LN | he glass

n. As descri be

substrate I of this i1 nventi I n conjunction with the gl ass
substr at e con®frolihied YV arld AbyshtdA irsi By 9l ansreeoRancih ekhast itve in

obtai ning the glass substance having a high Young's nodulus. Ca0 is a gl ass
conponent iekrealsiev &hien stiengtimaridietiyd asaursgries el sy itige acdtigh ofbung' s
nodul us and a low |iquidus tenperature. It is noted that Ca0 has a function
of increasiygtale dsedinfdreagerii t ps Ry@eisuldl, sataigl diffiomddndmt effective
in obtaining the glass substance having a high Young's nodul us but has a
function &PY ég@ Sy ERCY ispactinesspiha e face gipirnesg tBr)ca0 In
addi tion, N%O,has a functi.on of reducing the s&)eci fic gravity. Na20 has a
function &f e &N Fhen PR S R RFIRE BRI Rty hut d8uSo Adndtkabl e

decrease qf. e liquyi dus tenperature of_the gl.ass .substance uch decrease
in liqui dgis:,L f?ér%‘_é‘rta% r &Y ea*sesn%‘-’_‘ebejb? ﬁ\%\?d"qgsl”?lﬁq%eerv%%rﬁ? kte?be? le}”rg_ﬁ case
wher & Na2Qoangy Hea eyl o {Sa PP UAF oL AROEALs thofHlad N
obt ai ni ng the gl ass substance having a "high thermal expansion coefficient.
Zi 20 is agdlaass sEanad. which is effective in



inproving the neltability of the glass substance w t hout decreasing the
Young' s nodul us, and which enabl es augnentation in strength by chem cal

st rengt heni ng. 1 4 MAY 2002 17 A1208 is a gl ass conponent which does not
contribute to increase or decrease in Young~s nodul es at allqbut is(
effective in decreasing the liquidus tenperature of the gl asl ELMA arzgg,z
suppressi ng the phase separation tendene§y- and i nproving the viscosity in a
wor ki ng tenperature range and the chenical strengthening characteristic.
Therefore, the glass substrate IV of this invention is fornmed by the gl ass

substance at | east d|n bove- nt| ned I X Ki I
conmponents. The %ﬁ?f 8fasg%f§:ﬁ1°ftﬁe Pﬁeée%dgv%l 1[t?s0%osalb i %chnt%lh oﬁlgaqig IS
appropri at gky 58k %%&%ho&egsml DELLRAR 5 IratemtiBh dedoh@ing MR SdaitaBlBe
ot her gl ass conponents (including those except the above-nmentioned six

ki nds of t he tlgl desc-ammuionehhigh-spswl @@atioa. dliteadubstrdie fgl asmfaulaéibanemrdiagi ng
t he Young~s npdul es not smaller than 100GPa, the |iquidus tenperature not
hi gher t hame3sy accordifg tpj &r@owptl%@ars hﬁ|q1@ﬁ1fneﬁamt01§rs|§dhr§é§h|SH<th Igpects.

formabl e t eraure e cifi ravity not at er,

3. 59/ cnB. ALY e t@%ggsgémudl?eﬁ?o U a&%%cisr% 't 8h l%n P Woﬁﬁluf‘ he
gl ass SUbStaﬁ«gttﬁe |licg1f1d1fshte§1£efh\ﬁ?r@t | qfe duBSirdtd b B ﬁff&%%foﬁnre%eﬁﬁﬁg B Of
the gl ass substrate IV preferably falls wthin a range general |y between 7
and 14 ppnmatcdrdiageeach bixhelfrsbthaoughite sixthGaspédd) foxmsnrfﬁstmndfodrthy, bet ween
9 and 12 ppm -~ gbetmeen 9 x 10 6 and 12 x 10 ~ 6/ C) T

above- nent i oned §ladssubstkrie (wilkbe vefgered 0 g5 4 §§1QS|S;§H§$'[WQ)J1 b%‘ieﬁ’taftﬁ’atfohi“@her

t han 650C, rabld §ot hi her t han. 550C. The a %mt%anﬁlt%pn o WQ

a relativel Ofrgwo(ne,r,%gr P%rléle EBh Y ATH TP L?ségls% GS8d e T mOR 50

18 chem callgqufils' o Sth e thh fdm@mlaﬂa%émtpﬁ&m&ﬁpeﬁtub@h& 1Akhet thANBSLALUT €
100 to 150C | ower than the~glass transition point. On the other hand, the
fused salt begi n§2)t A substeaip¢will bé réftreed enpetaplase substetoeld” Ba(ématﬁter)n&)r en
This results in a damage on the surface of the glass substrate, In order to
avoi d t he dnfpupatioareprding mediumpeEPrisipg a ghasy sWestance Bk ipag inglidingahibh tapdn

int i . t d
Subst r at e VAGF 4 s RBIPrOR. e agaey Ph ARl he i SETed ST HTER of
this i nventy R GABHISES ot ghﬁﬁ& tﬁﬂﬁ)i’t beapE aﬁdlqieqmmsaémgla@aﬁe CORRANEHY S
0.1-30 nmold of "Ti 02, 1-45 nol O 5-40 nol (MyO+Cal) , 3-30 nold
of (thO+ZM®®M3SOGC15 nol d of A1203, and 35-65 nnld of S|02 In the
above-nenti oned conposjtion, the total anmount of (%a Nq pr ef ab y falls
Wthin a range bét éﬁbﬁraé%ﬂW%lsb%fﬂfaTecﬁw PhiasslasssWbsiiae Ho#@@lﬂa F@2 s
preferably &&%R@at}% r{gn c&ﬁﬁﬁﬁﬁgggﬁ Jtzﬂw@lé} #&uﬁﬁlg”ﬂbj ahgki ng

t he water o conS|

Fur t her nor g e mltc%ﬂ{poﬁémél%@%da%tdoef 895 ahflaTu® Uéﬁigdselérd’ﬂ&l gb aB& the
subst ance havi ng t he above-nentioned conposition easily achi eves a Young~s
nmodul us notYsmgisireedulisis o0 OGHer tharl 1 A\GRA thet lewpdusdemperatine istriog hégher than

| 350C, a vi ity not smaller than 10 poises within a formble tenperature
range, and 1?@%&%&“&@ &F%RFW&S S smgh %%H‘g‘f 19 Rojsesdnafppngble tempegatiiie k4088902 19
As descri bed above, Ti02 is a glass conmponent effective in obtaining the

gl ass substance having a high Young's nodulus. The content is preferably
equal to 0.1 nol%or nore in order to obtain the gl ass substance having a
Young's nodul us not snaller than 100GPa. However, if the content exceeds 30
nol % devitrification resistance of the glass substance is decreased. This
results in difficulty in obtaining the glass substance having a |iquidus
tenperature not higher than 1350C. Ca0 is a glass conponent effective in
obtai ning the glass substance having a high Young's nodul us and a | ow

| i qui dus tenperature. The content is preferably equal to 1 nol% or nore in
order to obtain the glass substance having the Young' s nodul us not smaller
than 100 GPa and the |iquidus tenperature not higher than 1350C. However,

if the content exceeds 45 nol % glass formation is difficult. MgO is a

gl ass conponent effective in obtaining the glass substance having a high
Young's nmodulus and a lowr ' specific gravity. However, MJO has a function
of increasing the liquidus tenperature of the gl ass substance. Therefore,
the content is preferably selected so that the total anount of MyO and CaO
is between 10 and 45 nol % Desirably, the anmount of MyO falls within a
range between 5 and 40 nol % In any event, both of Ca0 and MyO are
contained in the glass substrate according to each of the first through the
fifth aspects . Na20 is a gl ass conponent which has a function of reducing
t he Young's nodul us but significantly decreases 1 ~r MAY 2002 20




the liquidus tenperature of the glass substance. Such a decrease in

| i qui dus tenperature by presence of Na20 is nore and nore renmarkable in
case where Na20 and Ti 02 coexist. Therefore, particularly when the content
of TiO2 is conparatively large (for exanple, not |ess than i}ﬂQM 2200255
preferred that Na20 is included. Na20 is also a gl ass conponent useful 1n
obtai ning the glass substance having a {@rge thermal expansion coefficient.
By appropriately selecting the content, the thermal expansion coefficient
of the gl ass substance can be adjusted. On the other hand, Li20 is a glass

conponent mhich ffe rovin mel tability,of th

subbtance w t houlDdbarEelaGilbs FRER S o aidfs suBHAc by : Rersiplfied 4875
augment at i §foinfhiRh’ %&F&in?ymEMEﬁ' C&erg'fs'hf‘gngit 'snﬁhbs e ihBRding, as Iglass
above- nent 1 oned reasons he t ot al unt” of 20 an L|20 I's preferably

equal to 3compehents, MHOg. CHOWRILEY, , andf A1IG Withadt leaxo WO of NNg@O0amh Ui, 2he
exceeds 30 nold, chem cal durability of the glass substance is
det eri or at eehtents, of fihe; abareementinaad gliss wpBIPEALITH heing sslegiedgsonibal the Yeung’s

o kal | 1 onbeatbRor fainier fend obGER % Dy R EmeBhutee s SoTag IV LLB0E0ng

layer. Prefaraloitytifiot %ﬁrlm‘gffﬁﬂnfo Bf)lsé\!.a%p a%ﬁg&l‘)lg%l'#ge@ﬁfr% 5 At dhe2

nmol $. A1203 i s not essentl a ecause’ |t SS conponent ch does not
contri butesﬁanlﬁmaﬁa)semtgﬁeter&aﬁe5gcﬁi6ung s nmodul us, but may be contained
i f necessary because it is a %Iass conponent effectlve in decreasing the

li qui dus tenper afrd substiafre(villaesrefutngh larse’a glagpiubsisatagy” hareinaftgpyonen2 21
t he phase separ tion te denc and i nprovin the Vi, scosi t a wor ki

t enper at ur BTGNS FOTHRE CREnEL) cuphTg 0 ARS SBERE el "B Kl
is contai ne&ngmnkftﬁ-@@%cﬁ%ofeme‘;eﬂas Pn'%l%‘%'f@} aQ) SLACHS1PPEVE c\éezl d often
ari se, such as considerable incréase in |iquldus tenperatur resence
of unnel t ed-30ahealf) af (&Na‘zesnizﬂ) J G leks tham d & neolosfad 1,01, amd 3560 alol%icf BiOS 02 is
a conponent form ng glass structure. In order to obtain the glass

subst ance havi ng(ﬁ)hAe sub%r@tedmllt@rrﬁéqrr&@aees @tglafﬁsghleﬁtratqwé(h” hgsmRriten docht ent

f bl h 65
ot B T R o s PR i bR ET B el S e S R

modul us nohbo%@%érﬁfoné@éﬁsslﬁ@g?ﬁes MarsheRMebemh@klass sﬁ%&n@@ﬂie?&tf of Si02is

bet ween 35 and 65 nol 02 1s a conponent having an influence upon

di ssol ution of aAIcairdmgansa piefervddessnioddimbne atathe rprebentbiviention, anhiaformatiemt
between 40 and 60 nold is effective. Because of the same reason as

descri bed Fasowiing méxurrbﬁowmws 3R og &€ shesghoyemagnsioped glash pubsiralee Athrgngh t he
gl ass subs V ha oun dul us not snaller than
100GPa, t hé’rl (gﬁlre r‘ﬁ err VRV 30}1@} %?Ssﬁg?‘%ia fan 1350C, the vi scosi ty not
smal l er than 10 p0|ses in the fornable tenperature range, the specific
gravity not greater than 3.5g/cnB, and the thernmal expansion coefficient
generally between 7 and 14 ppnmi C (between 7 x 10 6 and 14 x 10 6/C). In
order to obtain the glass substrate V having desired physical properties,
the contents of the glass conponents are appropriately sel ected 1 ~ MAY
200Z 22 within the above-nentioned ranges. The preferable ranges for these
physi cal properties are simlar to those described in conjunction wth the
gl ass substrate | of this invention. Preferably, the glass substrate V
conprises the glass substance including as glass conponents 5-15 nold of

Ti 02, 4-20 nmold of CaQ, 5-30 nold of (MyO+CaO), 5-22 nold of (Na20+hi 20),
0-8 nold of A1203, and 40-60 nold of Si02. In the foregoing, description
has been nade about the glass substrates |I through V of this invention. It
is noted here that, in each of the glass substrates conprising the glass
substance including Ti 02 as an essential glass conmponent, nanely, in each
of the glass substrates II, II1l, 1V, and V, a part ox a whole of Ti02 may
be replaced by transition netal oxide (except titanium oxide). Such
transition nmetal oxide is at |east one selected froma group consisting of
oxides of Cr, M, Fe, Co, N, Ga, Ge, Y, Zr, Nb, Mo, La, Ce, Pr, Nd, Pn,
Ev, &, Th, Dy, Ho, Er, Tn, Yb, Hf, Ta, and W Alternatively, use may be
made of at | east one selected froma group consisting of oxides of Cu, V,
and Zn, although the Young's nodulus is slightly reduced as conpared with
t he above-nentioned transition netal oxides. Anmong the above-enunerated
oxi des, Y203 serves to increase the Young' nodulus w thout an increase of
the specific gravity. The content of such oxide falls within a range
between 0.1 and 15 nol % preferably, between 0.1 and 8 nobs. Preferably,
the transition netal oxide coexists 1 ~ MAY 2002 23 with Ti 02 of 10 nola
or Iess. Th|s i's because INPRCMENENT IN YOUNG S NDDULUS/CMIDE CCNTENT |s
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~ ~r MAY 2002 24 A1203 preferably falls wthin a range between 40 and 80
nol % More preferably, the total anpunt of Si02 and A1208 is equal to 44
nol % or nore. Li20 and Na20 serve to introduce into the glass substance Li+
ions and Na+ ions required in chemcal strengthening. In or ddrI}tMA\SrZﬂ@%e
sufficient conpressive stress layer, it is preferable that the content o
Li20 is not smaller than 3 nol % and the-7etal anmount of Na20 and Li20 is
not smaller than 5 nol% In order to avoid dissolution of alkali ions from
t he gl ass substrate, the total amount of the alkali ions is preferably

equal to 22 nol %.0r |.ess. he. ot her n Ca0 a are the al
conponents effec ti \?ealﬁnp?iscﬂ . % ﬁ? H Bpafrhg Wgﬁﬁ‘g‘é gorn%%l mqggn!\@(?%erqcp%@% %ée%ﬁﬁn
t enper at ur gecodiflg td18achi cTERSich ¥nth Thrbligh hREHRBEEs bEHRYr&leHl RvERRAEC wiichlhé
gl ass substance. However, these conponents prevent the novenent of the

al kal i i ondiftlertnfjomhthe afishlthrotigleigt kexth ngpeckheiSptafieslly, nthersdbstrato féroam t he
i sufficient conpressive stress layer, it is preferred that the total

amount of CHOmEAPNNBTORKNG, sredira aacsprding o 3be nsvonth Nespect exsertiallyt inshidgs | |

be made aboqut .t he gl subst.rate .Vl _of this jnvention..As described. above,
Che g ase. SURRTPRE I bragh 0% AP SH ety b B erieh e fige Redin
strengt heniag: Ry 8o Highth Bl SReRURS Leidihek JMTRONY V. Ohndzfjemrga! |y
strengthening t gl ass sSubstance thereof. em cal strengthening’is an

ef fecti ve swmsuteefor ranoif@nmntiog recagliiag snaditeat acadrlihpvo g hingh aspepaicludes

resi stance. . 14 MAY 2002 25 For exanple, chem cal .strengthening by the use
of | owt enpdi@z &k a lsastesnefaridfesdented Boped BEUPEPNBILRE sﬁiﬁ%&as Mslzék, 203,

subst ance to he i-Gal ystten ned iato reselect.ed fused salt. which
conpr i ses S GPEFGB0s PR R SRER.: Dl aibsBas on a8 SRSt & dind cot
and whi ch pRdhigh Cilcé’érdﬁ‘lgt RNMPhadt iR @Eﬁ{ﬁoﬁr&fﬁﬂeﬂhetlﬂﬁfh speb@Nfolhs ANsdRBhdt T9
of the gl ass substance to be chemcally strengthened. Oi the other hand,

t he fused smbbdisteat dfthikanoempioni ti on beyond 500C t o damage the gl ass
substrate. Therefore, it is desired that the glass substrate has a gl ass
transition poi nt Thesubtigiteior enarfosngon isearfmganedivmytthe mpdaim apcosding de.

The gl ass substr.at | through VI _of .this .nventiqn described oye are
e f r om B rBn oY ead R huBosih fey s Ml bR ot e PR BB han
100GPa (gl 856 s yheferME ot higheomah 550~ @NHhd/hboveim&RdnE@ Slaky trMsRIOndRimk is
Young~s nodul us 'not snaller than 100GPa (gl ass substrates V and VI) and

whi ch has acbingeiatuslyi@empenpiratne. not hi gher than 1350C. Therefore, it is
easy to obtain fromthese gl ass ubssrates,an i nformatjon recordi ng, medi um
which is adapt edSHeN B GRRAFEEELT B elash transitiony oy is lectivg 8% SYPRIFSHIEgH VI

of this in .on i a ntion d parti y
adapt ed fo?gﬂé%:dgﬂg&s& g%?%%egg%gﬂggﬁggne |59d%%%hﬁ%ﬁ§h éﬁ?ig%i ﬁ%ﬁ@%ﬁ
substr at es s@éifstiadn®iy, $id dlak|sebasteds Sysdllyah@ndred i iR @@m.omﬁhg tiH ¢hénfdal an
optical disk. Next, description will be nmade as regards an information
recordi ng seefighmnafg, the fusddrsabing kept at a temperativia 02002 °Cdower e thei bed above,
the information recordi ng nediumof this invention conprises any one of the
above-nentioned gl ass substrates | through VI and the recording |ayer
formed on the glass substrate. It is noted here that, in the information
recordi ng mediumof this invention, ~~the recording |ayer formed on the

gl ass substrate~~ neans a | ayer which is forned on a surface of the glass
substrate directly or via any desired | ayer and which has a single-I|ayer
structure or a nmultilayer structure. The material and the |ayer structure
of the recording |layer are appropriately selected so as to serve as a
magneti c recording |ayer, a magnetooptic recording |ayer, an erasable
recordi ng |layer, or a phasevariable recording |ayer in correspondence to
the type of a desired information recording nmedium The above-nenti oned
information recordi ng medium essentially conprises as a substrate any one
of the abovenentioned gl ass substrates | through VI. In addition to the
substrate and the recording |layer, a protection layer and a |ubrication

| ayer may appropriately be formed i n dependence upon the type of the
desired information recording nmedium like in the prior art. In dependence
upon the type of the information recording nedium the recording |ayer my
be interposed between two substrates. In the information recordi ng nedi um
of such a structure, it is essential to use any one of the glass substrates
| through VI of this invention as at | east one of the two substrates. 14
MAY 2002 27 The information recording nmediumof this invention easily neets
the increase in rotation speed since the substrate formng the information
recordi ng nmedi um conpri ses any one of the above-nentioned gl ass substrates
| through VI of this invention. As a result, it is easy to obtain a

oy o o o o o



.reference sanple, Si02 was use

1. Thickness of Conpressive Stress Layer Measurenent was nade by the use of
the pr~~, ~sion strainneter (Babinet conpensation) nmanufactured by Toshi ba
G ass K. K. 2. Physical Properties (1) Young' s Mdul us Each s rTEIe Ezvi ng a
di rension of 20 x 20 x 100 mm was prepared. An ultrasoni c waje oM G%s
made to propagate through the sanple to neasure a velocity of |ongitudinal
wave (V1) and a velocity of transversal_  wave 14 NMAY 2002 28 (VS) by the
use of the sing-around sound velocity feasur | ng equi pmrent (UVM 2
manuf actured by U trasonic Engineering Co., Ltd.). Then, cal cul ati on was
nmade by tRBeakal koWnRd taWAHAMt RIS JIHY WhirsthHed - Foweibz, P ) / (G
V=2 p) G=Vs2 p: Specific Gavity (g/cnB) of Sanple. (2) Specific
Modul us Cgheulfakiedn sadt Gty b \Hdebdibdde aounF anpaxtiture afot he sanpl e
by its specific gravity. (3) Liquidus Tenperature The sanple was put into a
pl ati num coweai rhanaBsdOWds. hethb | fused esglkt athuse dpcshipnted udaesges or
thirty mnutes. Thereafter, the surface and the interior of the sanple were
observed Bheagusprcealintheogdans b gimatenceTakings hee abpPver y&xt@l s. The
| i qui dus tenperature was defined as a | Qwest tenperature at,  which no
crystal wESPBLEErFtighed 1Y 48 Vasidad thaha dhe @RS sdFartEiRRr a range
fromthe nelting tenperatyre to the |iqQuidus tenperature b%,t e use of the
rotary vi BOdRE-18 notyhighey fhap £54 | unPESﬁ?thEY'aﬂﬂta BpFatFnum r ot or .
(5) dass_ Jransi.ti Point.(Tg) For the s | e_havi ng_a_di nensi ogn of 5mm ~
bomm wbBetr BRGn VIR Fheee bho REeveRe AR dedde (FhethansiarSi ol yoer
(TMA8140) SOBBULATL! oAb RifAkUAEE RD AkcBrBIabhigubhl @ of +4Cmin. As a

: 1 ~4 MAY 2002 29 (6) Thermal Expansion
Coef fi ci epbmPatadivedef lick llagyf HAEHdMi@XRAVITION NetaBE edifinerings 300C
is neant. Measurenent was perfornmed sinultaneously when the glass
transiti osuphi &s Wasonapdauredo any 2lkhasheRedgBRCEGmpBARnBaASUCHTRE Was
made by the use of the AFM NanoScope 3A manufactured by Digital |nstrunent
Cor p. ExaMpPesnd 8a0 arer @dsided obtai n gl ass substances havi ng oxi de
conpositions shown in Tables 1 through 5, glass materials, such as silicate
powder, al um num hydroxide, alumna, |ithiumcarbonate, lithiumsulfate,

sodi um ca bon%t & sodi ym nit rfglt & al cium car bonate, nmagnesi um car bonat e,
magnesi untdxPde, etsﬁrdﬁ!'ﬁr‘ﬁrbﬁ &Pe RiR%Ye, nickel oxide, yttrium oxide,

lantern oxide, pegdyqi léﬁ'o%éclz%’e “r%‘?d%‘%fio‘?%ghqg: bae’wégi’{‘ythoé“fni;ﬁ%(r{gﬂ@ arseni ous

acid were approprrately welighted or neasured to prepare a re of 100kg
for each gxaiBL@ aNeXlhd ™/ iHEh €GP oo HAPUSbL kil 40! | owi ng manner
by the use of an aynosphe~e-h~~n$ type mi n in 1 nen of” platinum which
conpri ses iafbehiaitign Wetaarliny ingiiadm) nternal volune of 2 liters, a
wor ki ng tank connected to the nelting furnace and having an internal vol une
of 30 liters with a stirrer, and a cylindrical outflow tube having an inner
di amet er between 5nm and_20nm and connected to the working tank.

‘Speci fi caPP§t Megleandy Empasduidie dche ERFeNk@P put in the nelting furnace to

be nelted at a tenpe

r.at yre between ~ ~ Y 2002 30 1350C and |450C and
then stirred i nDFﬁé’r\?vé’rtﬂ'i%"t’al#ﬁ Y ke d‘f% A% FF2TH iMed. Thus, nelted
gl ass was, ' . Th . s_thus. obt ai.ne S e to flow out
fromthe %&??’%h‘rgﬁ%a 5%%%(#@%%%%&3% %%drrp%r% usf%r% elg;f??ya i gher than the

| i qui dus t r ecei ‘ol j | e, (¢puepr die) having a
circul ar té&g%g:h% I gﬁ’e%%ré%‘&l%%n%% %ca%%%%%%gat Jil:ron. The nel ted

gl ass was egbbalimend @Fsahilyy aivvewpesn die made fromcast iron and i then
anneal ed to obtain a di sk-shaped object having a dianeter of about 100mm
and a thicknessaaf fliat Wddsdrhigpteiomosill e aladdi sbouny ethie oflasde

| i qui dus tenperature is not higher than 1350C and the surface tension is
hi gh. Thessbetgate ds siqapatinpetrd ormedfivstharspesly defthesfivstdue to
spreading at the periphery. A glass substrate after pressing was excellent
in reprode@Pedimenty &f el sipinieRtEeR: and presence of bubbles at the

peri phery WAs nqgt observed., K Thereafter, the above-nentioned_ disk-shaped

obj ect was subj &8t &FSCFIPSS iARAYRy PR FL PP HHI i hePhrREs (using a

cerium oxi,de pal.isher) to obtain a disk-shaped gl ass substrate hayving a
dinensionlgg%% qq“ﬁéy g}%gﬁlﬁs s subséghceqhaVLng Qhe ?bung s

modulus not smaller than 100GPa and the liquidus




I n each exanpl e excludi ng Exanpl es 25 and 26, chem cal strengthening was
pérformed in the follow ng manner to obtain a desired glass substrate. At
first, a salt mxture of NaNO3 and KNO3 at a weight ratio of 6 . 4 was

- prepared. The salt m xture was heated to a tenperature 100C | r
i MAY 2002

gl ass 9 ~r MAY 20Q2 31 transition point (Tg) of the glass subs

be chem cally strengthened and was nel tgd to obtain fused salt. Then, the
gl ass substrate to be chenmically strengthened was di pped into the fused
salt for nine hours. Thus, chem cal strengthening was perfornmed. The

thi ckness @nddies GO ESE 1 NEGISLF €8Fah 3V S50 1N eReRedhass taubglinaka
(excluding the gl ass substrates in Exanples 25 and 26) t hus obt ai ned and

t he physi caibgtopas't yraferved @b aks shibst imventien sheams ia Jabsesatet hr ough
5. Al of the Young~s nodul us, the specific nodulus, the surface roughness
(Ra), and edmenigsioid iz giass t (anerphomrs sglass bysubstanee ofhidlk gBass

sanpl es after chemcally strengthened, (except for the glass substrates of
Exanpl es Z¥Rgipsiallon f¥re of Fep eEvRital rardiegi dfdusenfdeataildet he
viscosity, the gla s"trans'i tion point, and the therml expansion

coeffici eﬁ'ﬁe‘i‘/*\;'e‘rcg"?iasﬁﬂr%s byt % HRSFRREIALINAHFERREORE ¥R whi ch were not
chem cal | Yo st réarhgf.hencgd. Conpar atj ve Exan%lle 1l d a,gs. nat erial s nere

wei ght ed B HE- 6ot i%.l'ads%‘]l%:gsg Bt ARt Jrﬁl?/i%%n 2 rb’f%%s?ﬂr%%m%i n termns
of nol d) {antially same as that described in Exanple 1 of Japanese
Unexam ned” Patent Publication (JP-A) No. 1-167245. In the manner sinmilar to

Exanpl es 1 t hr oygh Q6 ensdd hashaboVey fs Uassrewibas raierd4ed ofigs cheni cal |y

strengt hened) was obtained and thereafter chem cally strengthened under the
'same conditouiiy as motu £ StHe I D419 he s t a OBt ok Nordéle st eprglans

substrate. 1 ~r MAY 2002 32 For the glass substrate, the thickness of the
conpr essi vihestglesss |sylmstrate Hioomdoaimydisfsrmad edsgeo frasgnancey, the
speci fic nmodul us, and the glass transition point were obtained in the
manner si Mhen the Bkass aubstrmie @t 38, ratreeed vihickness tnowptatedabl e 6.
Conparative Exanple 2 G ass materials were weighted so as to obtajn a gl ass
subst ance Ha@ M SRR t FOF @RS SR Sigieratian didd: kg MAd®ie as

t hat described in Exanple.l of Japanesg. Patent Publication (JP-8)_No.

6. 76224, 1T TGOS THIET 3 FARAnp 6 aok TR0 Gegt oo afove, a
gl ass sub f . ] ned, [ and
thereafte?%ﬁ%%%l%%f%%ﬁgﬁ#iﬁ%g% g' %a%rréé/%%sngﬁ?oﬂq%s i n Exanpl es
1 through &0 diheBl A @ 685ihkd(DS ans1sUBSIs A S a ide1 otrssksybstrate,
the thickness of the conpressive stress |layer, the Young~s nodul us, the
speci fi ¢ Fawidyrrdrie mpaetic dbskl subsaratade 1s qrothtsed essperature were
obtained in the manner simlar to Exanples 1 through 30. These val ues are
shown i n THNxPEn ChepreinafteEx abipd caldo @ amen hivred ataseevilhebght ed so as
to obtain a glass_substance having a conposition (in ternms of nold)

subst ant i HEPTERR R IhAICRR AT hed Tth B HaSer (@ £rdedh Wbpddition 2)

of Japanese Patent. Publication (JP-B)_ No. 470262. In the nner, simlar to
Exanpl es 151'??']?63&19@1138’6‘%&%*915% eporelly pphsareyter than ?ﬁé‘frbr’e" chemical ly

strengt he i e r em 1 ~ _33
strengt heggega%\lﬁe}r‘? rg é}g%emb%?l%?ﬁ O%{%E ?%&E%%Ae%oﬁd%%?éﬁréggtgo obtain
a desired Hasfesdild dRat RP{bENE Gh 338r SAYSEE 84 €ioh Nead Nhgkness of the
conpressive stress |ayer, the Young's nodulus, the specific gravity, the
speci fic ndtsssdde ibeisvbreFPonsdothsoecthe CYSmg' anfodbtugl 85Sthe
transition point were obtained in the manner simlar to Exanples 1 through
30. These glkdsressutrstisdioani s mmdabsmeablefotipam al ) 9@P&xanpl e 4 3 ass
materials were weighted so as to obtain a gl ass substance having a

conposi tion (in Kustthexmorm| din sepdenntd adbpiatmntheisglass skebetraed in the
cl aim of Japanese Unexam ned Patent Publication (JP-A) No. 7-187711. r A
nelt was OHREGHEPANP stibteciRverbliaRat 1ot FeFeizedt Heatenperature and

for the ti eriod ecified i he abovenentiponed.claimto obtain a
crystall | ZPLraneta e na fEyaPelote DErarHT bBheg) SSENRs BP oceased i n t he
manner sim E;(ﬁg@l ro 0. 1o obtain.. ' ass
subsprateml%fglrf%‘%% gra sﬁgﬂ%%%gat (La‘f,goht%élstﬂfoeunr%" ?%D%uﬁ?g eggspeci??c .
gravity, the sesl fE&rmDy! UsnaaBdoi PRgSUEf BRE HQHEPDLE S UBESRBGAACd in
the manner simlar to Exanples 1 through 30. These values are shown in
Table 6. As seen from Tables 1 through 5, each of the glass substrates
obtained in Exanples 1 through 30 has a hi gh Young's nodul us between 102
and 120 GPa and an excel l ent surface roughness (Ra) between 3 and 5

angstrons. The 1 ~ MAY 2002 34 liquidus tenperature of the glass
substance as a material for each of these glass substrates is relatively

o . A NN PN o A NN N PN ——yr £ S



A magnetic disk was prepared in the foll owi ng manner by the use of the
gl'ass substrate obtained in each of Exanples 25 through 30. At first, a
texture was forned on a | anding zone of each glass substrate by the use of
- a laser beam so as to prevent attraction between the nagnet 1(&%3@2 he
magneti c disk. ! Subsequently, a C underlying |ayer, a CoPt C
| ayer, and a carbon protection |ayer mgée successively forned on a surface
of the glass substrate which is provid Wth the texture. Thus, the
magneti ¢ di sk was obtai ned. Each nmagnetic di sk thus prepared was nounted on
a hard di sknuRkbtaRrdngobat @therlg1 A0 QU E i il idiriRigdukept at
1/.cmor less to be subjected to a recordi ng/reproducing test by an | ~t
head. As gemperhtures adt abweie tregnaihe ldicgiisiug arndpd ey rafi utheng
operations could be normally carried out. Next, description wll be
di rect ed gdashesvbstangee fBetenthatoer it the Léquidurgtesgperataceond ng to
the second enbodi nent of this invention. The substrate for an information
recor di ngSHEPBMLACBaghi nFanyfacture ofd theb adiafshswistrnte jikastfon i s

based on each . of the seventh through the ninth aspects of this invention.
The gl assi8ubiffirulices: fhaf tda Rrashiaft ddyeds ok the substrate

for an informat ilo,on r.ecorgi r&g medi um i ncl ydes coexi stLﬁ)nqie f EOS and Ti 02
to obtain the YoUnyr&8¥nBhutis 2PP¥evny™ 533 e riaaiﬁ &% enperat ure
ment i oned Ve [ ubgtra i | fer t,9 a HPB; ate |
of the sec‘f’ggg g%’gg?ﬁﬁgﬁt’.%r g‘gécisf@%ﬁ%fz tﬁ'%ceg gtﬁ.'aes?oglu fsfz‘t"z o% t he
second enadl gRAL1LACLHARS 1¥3RBAUA R 11 RG] Qi e A1P08, NEO
and/or CaO and Li20. A glass substrate II aq?g'orgﬁ ng “{I%%e eelg th aspect
of this Inxggtab:mahaachg@@rYZOﬁreEéﬁﬁlfpdtié 0oy 86l dhbli@Tu b 05§ Ade A1208,
MBO and/ or O and Li20. Moreover, a dglass substrate IIl according to the
ni nt h' aspemtlaért khani 108GPaon Prefadablyi, OZhendighikdeas temperatie whi ch
is selected froma rare earth nmetal oxide group consisting of Er203, Nd203,
Sn203, Eu283no€dRigheth2ban M2HOC ,andr¥bp@a8ferabiys beoénhfighed dimant hat

the gl ass substrate having a desired Young~s nodul us and a desired |iquidus
t enper at ud584&n. al so be obtained by inclusion of only Ti02 and Zr02 in a

R
embodi ”e”ttHngiaEzQ,r ?xuﬁﬁgépg@tj% é{?}t‘dngs‘?%a!ﬁ%tﬂ et al%’cf‘pa?‘,' b S EPor ©

i ncrease t oung' s no s | ransition netal oxi Is liable

to increage the ﬁtg.ﬁﬁ'eftﬁ.% Wy h tha!dis HsSd rﬁioaﬁwsweéfﬁ]ééw,zb I's
effective that such rare earth netal oxide 1s contained in the anmpunt

bet ween Oag&nflakfimoml dn €tablee wherdeoWhdExaililee S(hbddirifler edilled vea
abovenenti oned gl ass substrates I, I, Ill, and IV. Anong Exanples 1

t hrough 48perdfinci mofiaBlug"), okdainsgd Byadiwsiing Xheg Yoyndg' s gpodwlud 1, 12,
13, 14, 15, 16, 17, 18, 19, 21, 1 4 MAY 2002 37 22, 24, 25, 29, 36, 37,
and 38 i nBNu¥be PESifFcograzgidyzZI AR iRl TR HRrlrate tHe Rtass substrate
11 of the second enbodi nent. On the gother hand, each of Exanples 6, 7, 8,
20, 23, 20§repferpghagpabgut 39 x40 3Nm/¥g. 33s angesylinchtdé® Y208 and

Ti 02 and [ nds tq. th |_as bstr.at.e | .of. t.he secon di.oent .
Fach of ESTRETEUTEL tPn ARSI S o A I Mo BB e and
correspon gl t f : i t .eNext,
referenceg'\?)\noHE% %d?ﬁfoé#;%lée Se#g%?lg’8&2%0%8@%%7%@%&35@?0053. These
Exanpl es ahe ghassi 5ube tiralte he gl &S SUBEHGIRS 1s dlefdddblynkbtV of the
second enbodi nent. Specifically, each of Exanples 49, 52, 53, 55, 58, 62,
and 63 i nglredeerceRsnsaBGE of. 55/ iNtho¥20 P rafe iably | hdther@asse
substrate | of the segond enbodi mrent. On the ot her hand, each of Exanpl es
50, 54, 5%hab63.5@/cand 591 thcotgheshdi 8ec¥203, gaadify02saddsiéardedpponds to
the glass_substrate Il of the second enbodi nent. Each of Exanples 61 and 62
i ncl udi ngP®i 82 ARH 2F0POoSISdd worgiekifihasah IR es haummtvate® |V of the
second enbodi nent. Table 8 shows the thickness of the conpressive stress

| ayer, th&UPesendipylv potssmakiar gian t3- 194 4 qui dus tenperature, the
speci fic nodul us, the_Young';s modyl us, the qglass t sition point (Tg), the
t hermal expansi g}]’egoé‘ fi%(&:!‘faen l,qualr%ls[ ﬁdeemébuerrfag:é‘lerer oouf;%%sgf%sré)each of

Exanpl es. i vi;ug S em tahl &S § g]ggg e . E)ég I ough 63
of the segég)gtt%r?%%dil%e%to%%%;rl ses - rr%F% gygié'l%%‘f -%g rng’léll—%‘)éo%E A1203,
4-20 nol % of Li 20, 1-8 nol % of 1 ~ MAY 2002 38 Na20, 3-30 no$ of

(Li 20+Na20), 0-21 nmol$ of CaQ, 0-22 nol$ of MO, 4-40 nol $ of (Ca0+My0),
0-16 nol$ of Y203, 1-15 nol$ of Ti02, and 0-10 nol $ of Zr02. Each of

Exanpl es 41 to 48 which do not contain Y203 conprises 5 nol$ of at |east
one oxide selected froma rare earth netal oxide group consisting of Er203,

MR ~ NN PN NN N 1/ 7N~ —l NN ™~ NN LY Y.



On the other hand, those substrates in Exanples 8, 10, 15, 24, and 30 shown
in Tables 2 through 5 Were used as the information recording substrates of
this invention. By the use of these substrates, the disks EﬁA.%ﬁAg&QUU 4,
- and 30 were fornmed. Each of the above-nentioned substrates a di anmeter
of 3.5 inches and was rotated at a speed of 10,000 rpm Then, a relative
val ue of vibration was neasured. In the,figure, the vibration of the disk A
anong the conventional disks is represented as 100 while the vibration of
other disks is given as the relative values. As illustrated in the figure,
the vi brawiad efrigaChnofcaldie wedes HHd Wi cokity?4f &t ldgs Exanpl es of
this invention having the Young's nodul us not snaller than 100 GPa

( Exanpl es s8psZances in24, formab At e} athranda3@e N nkatsllas, Zhehr ough 5)
can be reduced to 60%or |ess as conpared with the typical conventional

di sk fornwdsepsity dbud rrempausiung eange net illdwes rdasd the Fig. 1. It

w Il be understood that each of the disks H_ C and D conprising. the other
convent i o dAUdGHS: LorPeramas s arERAMG At i1GY -onSPRELELGAL 1Yy 3F9AM t h

b | BiePR 35 Rtirndeh dieh Feie Ml R SRS T
L orm _ T @

TPhraT onguleie F3m WSl K Shd RS ot bE MR 055 (he
Appl i cabi lgh by Aguieteiiraed EPOXS.di‘Cﬁ)%EH,t @ﬁﬁsaeggéat 8e( gbaadonulpt Rate) of

this invention, it is possible to obtairn the rnrormation recordi ng nmedi um

whi ch canfroeadbls EBAbel 1Y iddRATHRd.N TAbebic8ReSPRAE. viBESsitheof _
recording/ reproduci ng apparatus having a high recording capacity and a high

‘access spehe gdashke stbistianed Bod thaiflafs ubstifatiaral icd dreicor di ng nedi um

conprising the substrate according to this invention. Tabl e 1 Exanpl e
1Exanpl e 2Bvemtien3Esa pyed etabdiypirne ttBeamtha8Si102 poises, more
""""" Teferably, not less thagp30 poises. . .. ... .. ... ... .....42

.++...... information is reproducH} .from -the -information -recording

... L~20656442Na20 . ...... ... ... ... ... .

......... medium,. the information .recording medium .is .rotated while..... ...
............................................ 5

--------- cléﬁfgithe-followiﬁaig%oblem-wilL arisa.

.. Conpose- Ca0 32018812t i on

....... $....... Specifically,. wvhen .the .information recording medium
......... T
......... is. rotated,. the temperHture of .each .of the .infarmatiqriO

increased, for example, up to about 90T due to heat
generation by the drive motor. If the thermal expansion
coefficients are much different between the information

recording medium and the clamp, this will bring about
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_--_--u;-loosening;betweég)the-information-regsrdin%{m;aiuﬂ5and the
................................ O her Conponents_Fe203: 2Y203~ 2Th~cl cness

of Conpr essliang SArieshi dityet i dn ao i) IEEDIERIED 40V othy)' £n e £5on
(GPa) 1041131101041041 03Specific Gavity

(g/ cnB) 2. HeXohfali rg) @bl 5thér Spee | ténpabalitbhes is increased as
(x106N kg) 37. 836. 537. 935. 235. 335. 4Li qui dus Tenperature (C 1 |20l

18011501 13EsZribaBGRAMA calA¥ Sc@fgul tat HHEOPOEG- tiensef2@ ssitPes30 poi ses20
poi ses30 poi ses40 poi sesPropertiesVi scosi t%/ at 1100C50 poises-----Viscosity
at 1250C -ecorridideil i ptd i Cchf the clRf oty TRCeoding FedBund ass

Transi tion Point (Tg. Q) 6206165756106508455urf ace, Rough Ra) 3 angstrons3
anget r o SRS £t b PEFR (T OrEPRISE? R MR DG N O Tabl o 2
Exanpl e 7Bl SRR o R PhiSa LS ATR i dd RBGIPL €1 sl 02

stainless alloy, the thermal expansion coefficient (The
mean thermal expansion coefficient within a range between
100 and 300C is meant. The same also applies in the
following.) of the glass substrate I of this invention is
preferably within a range between 7 and 14 ppm/C (between
7 x 10°% and 14 x 107%/°C), more preferably, between 9 and
12 ppm/°C (between 9 x 10 ° and 12 x 107%/C).

Next, description will be made as regards the glass
substrate II of this invention.

As described above, the glass substrate II of this
invention comprises a glass substance at least including
TiO, and CaO as glass components, the contents of TiO, and
Ca0O being selected so that the Young's modulus is not
smaller than 100GPa and the liquidus temperature is not

higher than 1350C.
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G~~~ [.,20+Na20 .. ........
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--------------- The Young's modulus not -smaller -than 3Q0GPa and the

cve v e liquidus temperature nddS higher than -1350C. are. selectedl

..................................... A5, . 2~

1t for” these physical propgpties areé similar to those 4
10 desoribed in conjunction with the;glas oSS 0 2L S 2

NCO 2Nb2GB.,entk@da03: 1Thi ckness of Conpressive Stress Layer ( a
/M 204070408030Young' s Modul es (GPa) 115110102102104109Specific Gavity

'(g/ cnB) 2. 883. 002n7 323662 £6/ D12IeE d1adddilitance having a high
(x106NmM kg) 40. 036. 736. 637. 037. 636. 5Li qui dus Tenperature

( 0) 11501006430 b1 HIAAKE)9 GRS iealpeFerably dncliddPR Aspei HHBs0i Ses40
poi ses20 poi ses1l0 poi ses20 poi sesPropertiesV~seosity at 1100C- 15 poi ses80
poi ses- - - dogponient .at Th2§@dexr- to- Phdaiml abglassi subehehiciec havingp a

m C) 9. 09. 57. 313. 79. 29. 6d ass Transition Pont .

(Tg: C) 57053550 F2umg3 B PG A Ry KIS s QUi A HERMRFREI By GO kS

angstronms4 angsttrqQns3 angsirons |3 stronms ND O Tabl e 3 Exanpl e
13Exanpl e PERERERBIY SR SAT CARRRRARE 185102 ..o, .

""""" is formed by 'the 'glass4§i.1bstance ‘at 'least 'including ‘'TiOg 422

--------- and CaO as -the glass -cdMpidlients. The contents of TiO, and

and the contents of the other glass components, so as to
obtain the glass substance having the Young's modulus not
smaller than 100GPa and the liquidus temperature not higher
than 1350C.

Because of the same reason as described in
conjunction with the glass substrate I of this invention,
the specific gravity of the glass substrate II is
preferably equal to about 3.5g/cm3 or less, more preferably,
equal to about 3.0g/cm3 or less. Likewise, the thermal
expansion coefficient of the glass substrate II preferably

falls within a range generally between 7 and 14 ppm/C



range is not smaller than 10 poises.

The Young's modulus not smaller than 100GPa, the
liquidus temperature not higher than 1350C, and the
viscosity in the formable temperature range not smaller
than 10 poises are selected for the glass substance forming
the glass substrate III because of the same reason as
described in conjunction with the glass substrate I of this
invention. The preferable ranges for these physical
properties are similar to those described in conjunction
with the glass substrate I of this invention.

The glass substrate III is formed by the glass
substance at least including TiO, and CaO because of the
same reason as described in conjunction with the glass
substrate II of this invention. The contents of TiO, and
Ca0 are appropriately selected, depending upon the kinds
and the contents of the other glass components, so as to
obtain the glass substance having the Young's modulus not

smaller than 100GPa, the liquidus temperature not higher
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Conmponent sNb206: 2Nd203~ 2CuO 2La203: 2Zr02: 2zZr02' 2Thi ckness of
Conpressive Stress Layer ( ~ n)406540254030Young’' s Modul us 1 4 MAY 2002
(GPa) 102109111112102110Specific Gavity

(g/cnB)2.732.872. 863. 222. 733. 00Speci fi ¢ _Mdul us

(x10 " Nmi kg) 37. 438. 038. 934. 937. 436 7Li dl?l dus Tenperature

(C) 120010201080115012001 1801 " hys~cal Vi scosity at 1200C20 poi ses1l0 poi ses30

poi ses20 | 1- | sesg3p | sesd . é)_,-ggﬁgt' Vi I a0
poi ses- - - Pé\}f%azg?'s%d;@ét 1250&%% :Qd-%'?%ql'cfler II_L:S:ELSX\%1‘nﬁs(';{'iL"L(\)%I'ny'1 6:0%1% |J(':(? ?n{z%eé

m C) 9. 88. 4ifh 4hel Edin] sistemper8baréi pangol nt
('fg:"C)5056506456005056UsSur f ace Roughness (Ra) 3 angstrons4 angstrons3
angstrons4 angstBemmibangSt rtlvmsSanagseason a8 ~dedcOilged| inTabl e 4 Exanpl e

4
.......... the specific gravity ofisthe glass substrate III is = g4

"""""""" As 'déscribed'abow;é, "the glass substrate IV of this-
invention comprises a glass substance at least including
TiO,, CaO, MgO, Na,0, Li,O, and Al,0; as glass components,
the contents of the above-mentioned glass components being
selected so that the Young's modulus is not smaller than
100 GPa, the liquidus temperature is not higher than 13507C,
the viscosity in a formable temperature range is not
smaller than 10 poises, and the specific gravity is not
greater than 3.5g/cm3.

The Young's modulus not smaller than 100GPa, the
liquidus temperature not higher than 1350C, the viscosity
in the formable temperature range not smaller than 10
poises, and the specific gravity not greater than 3.5g/cm3
are selected for the glass substance forming the glass

substrate IV because of the same reason as described in
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I gs R MAY 2002
................................ 15 ... ... 15
............................... 18 12
................................ mol %) 0+M O ...
....... conjunctifon .with .the .glass.substrate .I.of .@&fis invention.
................................ 25 L0029
...... _.. The preferable .ranges 26or.these .physical .properties are. 25
................................ TiOo2 ........... ..

.......... similar to those described in conjunction with the glass = = |
.................. 7

.......... substrate I of this inveption. . . .. .1
......................... R L R g
............... As described in qqpjunginion dfhtdt A9t 91eASH SUBsATRLES 5Ny 20s5:

6Thi ckness. of npressive Stress, Layer ( 104040506Q60Yqung'.s. Modul us
(GPa) 11 S%l(?fl%’d’@ldﬁ’ (L ?@%d\ﬂ tay gala@s componen% erfestive’in

(g/cnB) 3. JR 80 el 21RP 418 aMeCAdes MOMNSSa high ¥ ' dulus.
(X106NT kg) 3. AL g e qui‘dus Tenperature ng 8 meduius

(O 1 20011@Ab1 A1 Qr G1QRE! Britgursdor| b esO8ivey B U hPotiesdlapsi ses20
poi ses10 poi ses1l0 poi ses<10 poi sesPropertiesViscosity at 1100C 30 poi ses40
‘\poi ses20 pabstatte) Havankp P isHs Hannsi § ymedulwd nd -a -Tow ek igphidagansi on
Coefficient ( m C)8.99.39.410.110.711. 0d ass Transition Point

(Tg: C) 67030peEBIBR0528uikane thdu divads CalRips andsncdio® @fgst r ons3
angstrons4 angstrons3 _angstrons4 angstrons O 0 N Table 5 Exanple
25Exanpl e ipereasing The ARaei fige @@V EtoExanpl e 305, U2

liquidus temperature by presence of Na,O is further
remarkable in case where Na,O and TiO, coexist. Na,O is
also a glass component useful in obtaining the glass
substance having a high thermal expansion coefficient.
Li,0 is a glass component which is effective in
improving the meltability of the glass substance without
decreasing the Young's modulus, and which enables

augmentation in strength by chemical strengthening.
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.........is formed by the -glass lfubstance -at -least -including -the - Q her
Conmponent sLa203: 1LaZ03: 7Zr02- 4Zr02: 6Zr 02: 2Nb203: 6Zn0: 23THI ckness of
+Conpr esswabdiieem@nitdyeiod sidk Rindd HE THE @Gyl ddupdriénts. The

(GPa) 116108110108118120Specific Gavity

(g/ cnB) 3. ceated 32 cddh @F3.tlcEduoTa-ondviltidnexi glass components is

(x10~' Nmi kg) 32. 927. 538. 137. 838. 839. 5Li qui dus Tenperature

( ©) 122012 3PProPriateiyn BEdeahed c dapendisig yran 1360 Girslganksth® poi ses30
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hoi Ses- - 1GOBEEEEE20 5 Fhe SRR T138¢ SRARIPAE [ ({Adding thoss

m C8.97.99.48. 78.89. 14 ass Transition Point Tq):fC) 60580560580537S95Sur f ace
Roughness SHERFF 3P0s CROTOr LA PR 2420 JANEH s SRR GRS angst r omsd

angst r oms B3yQ-Qal sg-l:ggooe & %%ﬁg}’r&l’e@(m& (amalald i Rdlse

2Conpar ati ve Exam:ﬁ npar ati ve

45r 0264. 2&%&?-&%&&%0@&&1&:: Otri220-1ldb dba Nl 4. igh i1 gt 7. 0K2n2. 0- 6.
25. 0Ca0--0. 116. 04 assM

6. 44. 54. Tehparatiur@d b 2-hidhap TERRd . 1350 6, ( fible/ vi¥cbadty not

1.0 Zn0--9.1-B2C3--1.0-As2(3--0.07- Sh203--0. 07-F---19. 0" Thi ckness of
Conpr essi ¥@adilexs $hagy di0 (Paisgg sy ode inrrpklaiRmparature range,

(GPa) 74787693Specific Gravity (g/cnB)2.562.432. 412. 60Speci f4 ¢ Mddul us
(x106NM k@Peo the speeidfHss (gt tnlnet greake® thae b eR'e (C) - 960- - r oper

es . .
Bacause of the same reason as described in

conjunction with the glass substrate I of this invention,

the thermal expansion coefficient of the glass substrate IV
preferably falls within a range generally between 7 and 14
ppm/C (between 7 x 10 ¢ and 14 x 10°%/C), more preferably,

¢ and 12 x 10°%/C).

between 9 and 12 ppm/C (between 9 x 10
The above-mentioned glass substrate IV has a glass
transition point not higher than 650'C, preferably, not

higher than 550C. The glass transition point is a

relatively low temperature. Generally, fused salt used in
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e Therefore;-éhe-content-is-preferagly-selected-so-that'the-'
total amount of MgO and CaO is between 10 and 45 mol%.
Desirably, the amount of MgO falls within a range between 5
and 40 mol%. In any event, both of Ca0 and Mg0O are
contained in the glass substrate according to each of the
first through the fifth aspects.

Na,O is a glass component which has a function of

reducing the Young's modulus but significantly decreases
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'—'——"glass'component'useful'in:obtaihiﬂg'the'glaSS'sus;tanéQ
having a large thermal expansion coefficient. By
appropriately selecting the content, the thermal expansion
coefficient of the glass substance can be adjusted. On the
other hand, Li,O is a glass component which is effective in
improving the meltability of the glass substance without
decreasing the Young's modulus, and which enables
augmentation in strength by chemical strengthening. From
the above-mentioned reasons, the total amount of Na,O and
Li,O is preferably equal to 3 mol% or more. However, if
the total amount of Na,O0 and Li,O exceeds 30 mol%, chemical
durability of the glass substance is deteriorated. In this
case, when an information recording medium is obtained by
forming a magnetic recording layer on the glass substrate,
alkali ions are often diffused from the glass substrate to
the recording layer. Preferably, the total amount of Na,O
and Li,0 is between 5 and 22 mol%.

Al,0; is not essential because it is a glass
component which does not contribute to increase or decrease
in Young's modulus, but may be contained if necessary
because it is a glass component effective in decreasing the

liquidus temperature of the glass substance, suppressing
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sel ect ed swnaitl iyl 00dRn, canteniuiketvesn 40 \ard &0 tgol s isnpEfectiver ange.

substance at | east rents, the contents Young~s nodulus_is tenperature is
not not small er Bagapse of the same reason as described in

conjunction with the glass substrate I of this invention,
the glass substrate V preferably has the Young's modulus
not smaller than 100GPa, the liquidus temperature not
higher than 1350C, the viscosity not smaller than 10
poises in the formable temperature range, the specific
gravity not greater than 3.5g/cm3, and the thermal
expansion coefficient generally between 7 and 14 ppm/C
(between 7 x 10 % and 14 x 10°%/C). Tn order to obtain the
glass substrate V having desired physical properties, the

contents of the glass components are appropriately selected
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metal oxide has a content of 0.1-15 nold and coexists with Ti02. 19. A
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recordi ng medi um conprising the substrate cl ai n any one of clains 7,
8, 11, 16, 18, and 20 and a recording layer forned on said substrate.
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dissolution of alkali ions from the glass substrate, the

total amount of the alkali ions is preferably equal to 22

mol% or less.

On the other hand, Ca0O and MgO are the glass
components effective in adjusting the Young's modulus, the
liquidus temperature, and the viscosity in the formable
temperature range of the glass substance. However, these
components prevent the movement of the alkali ions during
chemical strengthening. Therefore, in order to form the
sufficient compressive stress layer, it is preferred that
the total amount of CaO and MgO is not greater than 35 mol%.

Next, description will be made about the glass
substrate VI of this invention.

As described above, the glass substrate VI of this
invention is formed by chemically strengthening any one of
the glass substrates I through V or by chemically
strengthening the glass substance thereof.

Chemical strengthening is an effective measure in

obtaining a glass substrate having high impact resistance.
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Therefore, it is desired that the glass substrate has a
glass transition point not higher than 650C, preferably,
not higher than 550T.

The glass substrates I through VI of this invention
described above are made from amorphous glass which has a
high Young's modulus not smaller than 100GPa (glass
substrates I through IV and VI) or can easily provide a
Young's modulus not smaller than 100GPa (glass substrates V
and VI) and which has a liquidus temperature not higher
than 1350°C. Therefore, it is easy to obtain from these
glass substrates an information recording medium which is
adapted to high speed rotation.

The glass substrates I through VI of this invention
having the above-mentioned advantages are particularly
adapted for use as a substrate for a magnetic disk. 1In
addition, these substrates are also suitable as a substrate
for a magnetooptic disk or an optical disk.

Next, description will be made as regards an

information recording medium of this invention.
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the glass substrate" means a layer which is formed on a
surface of the glass substrate directly or via any desired
layer and which has a single-layer structure or a multi-
layer structure. The material and the layer structure of
the recording layer are appropriately selected so as to
serve as a magnetic recording layer, a magnetooptic
recording layer, an erasable recording layer, or a phase-
variable recording layer in correspondence to the type of a
desired information recording medium.

The above-mentioned information recording medium
essentially comprises as a substrate any one of the above-
mentioned glass substrates I through VI. In addition to
the substrate and the recording layer, a protection layer
and a lubrication layer may appropriately be formed in
dependence upon the type of the desired information
recording medium, like in the prior art. In dependence
upon the type of the information recording medium, the
recording layer may be interposed between two substrates.
In the information recording medium of such a structure, it
is essential to use any one of the glass substrates I
through VI of this invention as at least one of the two

substrates.
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obtain a recording/reproducing apparatus having a high
access speed (for example, an auxiliary memory unit used in
a personal computer or a server-and-client system) if the

information recording medium of this invention is used.

Examples

Now, description will be made as regards specific
examples of this invention. Note that the present
invention is not restricted by the followinglexamples. For
glass substrates obtained in the following examples, the
thickness of the compressive stress layer and the physical
properties of the glass substrates were obtained in the
following manner.

1. Thickness of Compressive Stress Layer

Measurement was made by the use of the precision
strainmeter (Babinet compensation) manufactured by Toshiba
Glass K.K.

2. Physical Properties

(1) Young's Modulus

Each sample having a dimension of 20 x 20 x 100 mm
was prepared. An ultrasonic wave of 5MHz is made to

propagate through the sample to measure a velocity of

longitudinal wave (V,;) and a velocity of transversal wave
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0: Specific Gravity (g/cma) of Sample.

(2) Specific Modulus

Calculation was made by dividing the Young's modulus
of the sample by its specific gravity.

(3) Liquidus Temperature

The sample was put into a platinum container and was
held in a temperature gradient furnace for thirty minutes.
Thereafter, the surface and the interior of the sample were
observed by an optical microscope for presence or absence
of crystals. The liquidus temperature was defined as a
lowest temperature at which no crystal was precipitated.

(4) Viscosity

Measurement was made over a range from the melting
temperature to the liquidus temperature by the use of the
rotary viscometer comprising a platinum container and a
platinum rotor.

(5) Glass Transition Point (Tgqg)

For the sample having a dimension of Smm¢ x 20mm,

measurement was made by the use of the thermomechanical

analyzer (TMAB8140) manufactured by Rigaku Corp. at a

heating rate of +4C/min. As a reference sample, SiO, was

used.
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and 300C is meant. Measurement was performed
simultaneously when the glass transition point was measured.
(7) Surface Roughness (Ra)
Measurement was made by the use of the AFM NanoScope
3A manufactured by Digital Instrument Corp.
Examples 1-30
In order to obtain glass substances having oxide
compositions shown in Tables 1 through 5, glass materials,
such as silicate powder, aluminum hydroxide, alumina,
lithium carbonate, lithium sulfate, sodium carbonate,
sodium nitrate, calcium carbonate, magnesium carbonate,
magnesium oxide, titanium oxide, iron oxide, nickel oxide,
yttrium oxide, lantern oxide, neodymium oxide, copper oxide,
antimony oxide, and arsenious acid were appropriately
weighted or measured to prepare a mixture of 100kg for each

example.

Next, melted glass was prepared in the following

manner by the use of an atmosphere-heating type
senicontinuous melting equipment of platinum which

comprises a melting furnace having an internal volume of 2
liters, a working tank connected to the melting furnace and
having an internal volume of 30 liters with a stirrer, and
a cylindrical outflow tube having an inner diameter between
5mm and 20mm and connected to the working tank.
Specifically, the above-mentioned mixture was put in the

melting furnace to be melted at a temperature between
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chemically strengthened and was melted to obtain fused salt.
Then, the glass substrate to be chemically strengthened was
dipped into the fused salt for nine hours. Thus, chemical
strengthening was performed.
The thickness of the compressive stress layer in each
glass substrate (excluding the glass substrates in Examples
25 and 26) thus obtained and the physical property of each
glass substrate are shown in Tables 1 through 5. 2all of
the Young's modulus, the specific modulus, the surface
roughness (Ra), and the specific gravity were measured by
the use of the glass samples after chemically strengthened
(except for the glass substrates of Examples 25 and 26).
On the other hand, the liquidus temperature, the viscosity;
the glass transition point, and the thermal expansion
coefficient were measured by the use of the glass samples
which were not chemically strengthened.
Comparative Example 1
Glass materials were weighted so as to obtain a glass
substance having a composition (in terms of mol%)
substantially same as that described in Example 1 of
Japanese Unexamined Patent Publication (JP-A) No. 1-167245.
In the manner similar to Examples 1 through 30 described
above, a glass substrate (before chemically strengthened)
was obtained and thereafter chemically strengthened under

the same condition as in Examples 1 through 30 to obtain a

desired glass substrate.
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compressive stress layer, the Young's modulus, the specific
gravity, the specific modulus, and the glass transition
point were obtained in the manner similar to Examples 1
through 30. These values are shown in Table 6.
Comparative Example 2
Glass materials were weighted so as to obtain a
glass substance having a composition (in terms of mol %)
substantially same as that described in Example 1 of
Japanese Patent Publication (JP-B) No. 6-76224. 1In the
manner similar to Examples 1 through 30 described above, a
glass substrate (before chemically strengthened) was
obtained and thereafter chemically strengthened under the
same condition ;s in Exanmples 1 through 30 to obtain a
desired glass substrate.
For the glass substrate, the thickness of the
compressive stress layer, the Young's modulus, the specific
gravity, the specific modulus, and the liquidus temperature
were obtained in the manner similar to Examples 1 through
30. These values are shown in Table 6.
Comparative Example 3
Glass materials were weighted so as to obtain a glass
substance having a composition (in terms of mol%)
substantially same as that described in Example 1 (Glass of
Composition 2) of Japanese Patent Publication (JP-B) No. 4-
70262. In the manner similar to Examples 1 through 30

described above, a glass substrate (before chemically

strengthened) was obtained and thereafter chemically
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through 30 to obtain a desired glass substrate.

For the glass substrate, the thickness of the
compressive stress layer, the Young's modulus, the specific
gravity, the specific modulus, the thermal expansion
coefficient, and the glass transition point were obtained
in the manner similar to Examples 1 through 30. These
values are shown in Table 6.

Comparative Example 4

Glass materials were weighted so as to obtain a glass
substance having a composition (in terms of mol%)
substantially same as that described in the claim of
Japanesae Unexamined Patent Publication (JP-A) No. 7-187711.
Aimelt was obtained and subjected to heat treatment at the
temperature and for the time period specified in the above-
mentioned claim to obtain a crystallized glass. Thereafter,
the crystallized glass was processed in the manner similar
to Examples 1 through 30 to obtain a desired glass
substrate.

For the glass substrate, the Young's modulus, the
specific gravity, the specific modulus, and the surface
roughness were obtained in the manner similar to Examples 1
through 30. These values are shown in Table 6.

As seen from Tables 1 through 5, each of the glass
substrates obtained in Examples 1 through 30 has a high

Young's modulus between 102 and 120 GPa and an excellent

surface roughness (Ra) between 3 and 5 angstroms. The
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for each of these glass substrates is relatively low,
specifically, between 1000 and 1230°C. Therefore, it is
supposed that, if a magnetic disk is prepared by the use of
any one of these glass substrates, a flying height can be
stably kept at about 1l ym or less even during the high
speed rotation.

On the other hand, each of the glass substrates
obtained in Comparative Examples 1 through 3 has a low
Young's modulus between 74 and 78 GPa. The crystallized
glass substrate obtained in Comparative Example 4 has a
surface roughness (Ra) as inferior as 25 angstroms.
Therefore, it is supposed that, if a magnetic disk is
prepared by the use of any one of these glass substrates
and the crystallized glass substrate, a stable flying
height of about 1ym or less is difficult to keep during
the high speed rotation.

As is obvious from Tables 1 through 5, it is
understood that each of Examples 1 through 30 has a
composition range specified by 35-65 mol% of Si0O,, 0-15
mol% of Al,0;3, 3-30 mol% of (Li,0+Nay0), 1-45 mol% of CaoO,
5-45 mol% of (MgO+CaO), and 0.1-30 mol% of TiO,.
Especially, it has been found out that the amount of
(MgO+Ca0O) is preferably within a range between 5 and 35
mol% and that the amount of SiO, preferably falls within a

range which exceeds 55 mol% and which does not exceed 65

mol%.
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A magnetic disk was prepared in the following manner
by the use of the glass substrate obtained in each of
Examples 25 through 30.

At first, a texture was formed on a landing zone of
each glass substrate by the use of a laser beam so as to
prevent attraction between the magnetic head and the
magnetic disk.

Subsequently, a Cr underlying layer, a CoPtCrTa
magnatic layer, and a carbon protection layer were
successively formed on a surface of the glass substrate
which is provided with the texture. Thus, the magnetic
disk was obtained.

Each magnetic disk thus prepared was mounted on a
hard disk unit and rotated at 12000 rpm with the flying
height kept at 14m or less to be subjected to a
recording/reproducing test by an MR head. As a result, in
all of the magnetic disks, recording/reproducing operations
could be normally carried out.

Next, description will be directed to the substrate
for an information recording medium according to the second
embodiment of this invention. The substrate for an
information recording medium according to the second
embodiment of this invention is based on each of the
seventh through the ninth aspects of this invention. The
glass substrate according to the seventh aspect, i.e., the

substrate for an information recording medium includes

coexistence of Y,05 and TiO, to obtain the Young’s modulus
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called a glass substrate IV according to the second

embodiment. The rare earth metal oxide mentioned above

also serves to increase the Young’s modulus like the

transition metal oxide but is liable to increase the

specific gravity. Taking this into consideration, it is

effective that such rare earth metal oxide is contained in

the amount between 0 and 10 mol%.

Table 7 shows Examples 1 through 48 for the above-
mentioned glass substrates I, II, III, and IV. Among
Examples 1 through 48 shown in Table 7, each of Examples 1,

2, 3, 4, 5, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 21,



+, - G+010% 6& ()-t; cP(O'

' $0010% 6&' ()-t010% 6& ()-t010% 6& ()-t010% 6& ()-t-1_?+010% 6&010% 6& () -t

010% 6& ()-t010% 6& ()-t010% 6& ()-t010% 6&' ()-t010% 6& ()-t*-L ?+010% 6801

0% 6& ()-t010% 6& ()-t010% 6& ()-t010% 6& ()-t010% 6& ()-tOlO%’ﬁd\AAYéQDQQr

gG++010% 6& ()-t010% 6& ()-1010% 6& ()-t; cP(O'

"+0010% 6& ()-t010% 6& ()-th, +; cP(O'

' +0010% 6& () -t 010% 6& ()-t010% 6& ()-1010% 6& ()-t010% 6& ()-tt T4:

c010% 6& ()-t010% 6& ()-t010% 6& ()-t010% 6& ()-t010% 6& ()-t010% 6& ()-t01

0% 6& () - bleK+4Q10%56&2(),- 51 0%76& skt 381 A¥ichficlels QA% G&ioL ) - an@P( O

' +0(010% 6&" ()-t C 4010% 6& ()-t; cP(O'

' +0&010% B&b%)aﬁﬂl@&@ﬁ&'sf:bnﬂ@l@% GRe( J1a0308nbEtEpte# TE 240HHY 6& (010% 6&

()-t010% 6& ()-t010% 6& ()-t010% 6& ()-t010% 6& ()-t010% 6& ()-t+/ 01JOTgG 4

010% 6& ( pecondopBRoMfimentoo) 68’ thet otbefoRanyl,t eaphOof Examples 6,

' +0010% 68&' (%-tTY’\chi j C 4010% 6&' () -t chLgJ'

' +0010% 6&7 ( B+t 80068 @F-t 8709ABe PPt 310938 BP-t BB D% 68 () -

t 010% 6& %- 10109 6& () 10109 6& ()-1010% 6& () -1 010% 6& (&-tgG‘ 4010% 6&' ()

-1 010% 6&84P) 1n61YIPETePst BRBF ER2 (5}’-14;%%’?93? nds to’ the glass

' +0010% 6& () 5 010%6&: () -t cP(O" .

ooion SPOPTEHE B RN Oy i of Beerles
_ 3 : : (] - b &Gk §6& ()-

10% 6& ()F?§2‘é3§aé’séﬁ*%}&3}?%&-@c% 8%:‘810/9%%{( ?fgf%kog??’%%’{( )@_§t1 0599%% ()-t;

cP(O '+0%9%§g'ohhst leaD ehiel G140 Wbk tiatle Af0T0f the second

' +0010% 6&' ()-t010% 6& ()-t0L0% 6& ()-t010% 6& ()-tu 24010% 6& (010% 6& () -

(t 010% 6&' EbbA1AMNES ()-t010% 6& ()-1010% 6& ()-t010% 6& ()-tgG 4010% 6&' ()

-t 010% 6& ()-t010% 6&' ()-t010% 6& ()-t; cP(O"

' +0010% 6&' () - t Se%610¥pEerehce ¢RAY be made to Table 8. Table 8

' +0010% 6& ()-t010% 6&' ()-tOlO? 6&' &z}-tow% 6& ()-t o

_?4010% 6&he¥s0BKerrlpst 3Podke 83 - Thege) BExampleg1evpeglapsified) 68 ()-1010

0, ! - 0, ! - 0, ! - 0, ! - 0, ! -t - '

%08 ()-1 179G, 40100058 (10108 08 ) L0103 08 (1 0J0% 98,) ;4884 O

& ,
' +0010% 6& () -.t ?G'é- 1% & (L-t010% 8&. ()~ >01Q% 6& (
11ovee () SBPORIERRE. () SRAGAELORATY, | pabRoRTOERephaS IS, B 83, bs,
3:10%6& ( kn ?%4>0100 'QL_ O k%}- ) 96 & & v YR&A() 2
110%6& ()%58)' ﬁowé 4%)%-%@1 f%‘%&é%& eéﬁﬁfﬁl‘%@%\ég“’l?fo%‘% ?)%-oé) aﬁéocy@&' ()-e)
110%& () tehslig%ebie( yie)ssl Bk dater; T RE {tha Hedbnd embolidlerid 0%@n
1109%6& ()-e) 110%& ()-e) 110%& ()-e) 1109%6& ()-e) 1109%6& ()-e)
1109%6&' () the otheiChand] 1@kl (Of ExaERplds>5D), BUYESB ()5&€) 57, and 59
includes TiO,, ¥,03, and ZrO, and corresponds to the glass
substrate II of the second embodiment. Each of Examples 61
and 62 including TiO, and ZrO, alone corresponds to the
glass substrate IV of the second embodiment.

Table 8 shows the thickness of the compressive stress
layer, the viscosity, the specific gravity, the liquidus
temperature, the specific modulus, the Young's modulus, the
glass transition point (Tg), the thermal expansion
coefficient, and the surface roughness for each of Examples.

As is obvious from Tables 7 and 8, each of Examples

48 through 63 of the second embodiment comprises 45-65 mol%

of 8i0,, 0-15 mol% of Al,O03, 4-20 mol% of Li20, 1-8 mol% of
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of MgO, 4-40 mol% of (CaO+MgO) , 0-16 mol% of Y,03,

mol% of TiO,, and 0-10 mol% of ZrO,. Each of Examp

P2enols
1-15

les 41

to 48 which do not contain ¥,0; comprises 5 mol% of at

least one oxide selected from a rare earth metal oxide

group consisting of Er,03, Nd,O3, Sm,03, Eu,03, Gd,03, Tby03,

DY203, and Yb203 .

Furthermore, each of the glass substrates according

to the first and the second embodiments was immersed in

water in order to measure the amount of dissolution of

alkali ions. Table 9 shows the amounts of dissolution per

2.5-inch disk and per unit area for each of Examples 2, 4,

29, 9, 3, and 17 of the first embodiment and Examples 49

and 50 of the second embodiment. As is obvious from Table

9, Examples 9, 13, and 17 are smaller in amount of

dissolution than in Examples 2, 4, and 29. The same also

applies to Examples 49 and 50. This means that the amount

of dissolution tends to decrease with an increase of the

amount of SiO,.

As seen from Tables 7 and 8, each of Examples 1

through 63 of the second embodiment has the Young’s modulus

not smaller than 100GPa and the liquidus temperature not

higher than 1350 C.
Furthermore, each of Examples 16, 17, 20, 23

, and 31

of the second embodiment was chemically strengthened in a

predetermined treating bath at a preselected ion exchange

temperature. For each glass substrate chemically

strengthened, measurement was made of the Young’s modulus,
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10.

Finally referring to Fig. 1, description will be made
about the correlation between the Young’s modulus and the
vibration of the information recording medium, i.e., the
disk. Herein, illustration is made about the disks using
the conventional substrates and the disks using the
information recording substrates of this invention. More
specifically, the disk A comprises an aluminum substrate.

The disk B comprises an SiO, substrate. The disks C and D
comprise the substrates in Comparative Examples 1 and 2
mentioned above, respectively. Each of these disks A, B, C,
and D has the Young's modulus not greater than 80 GPa.

On the other hand, those substrates in Examples 8, 10,
15, 24, and 30 shown in Tablas 2 through 5 were used as the
information recording substrates of this invention. By the
use of these substrates, the disks E8, 10, 15, 24, and 30
were formed.

Each of the above-mentioned substrates had a diameter
of 3.5 inches and was rotated at a speed of 10,000 rpm.

Then, a relative value of vibration was measured. In the
figure, the vibration of the disk A among the conventional
disks is represented as 100 while the vibration of other
disks is given as the relative values. As illustrated in
the figure, the vibration of each of the disks E8, 10, 15,

24, and 30 in Examples of this invention having the Young's

modulus not smaller than 100 GPa (Examples 8, 10, 15, 24,
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the aluminum substrate (&), as illustrated in Fig. 1. It

will be understood that each of the disks B, C, and D

comprising the other conventional substrates exhibits the

vibration on the order or 90% with respect to the vibration

of the disk A as 100. Thus, the substrate for an

information recording medium according to this invention

has a high Young’s modulus and, when the disk is formed

therefrom, can suppress the vibration so that the flying

height can be stabilized.

Industrial Applicability

As described above, with the substrate (glass
substrate) of this invention, it is possible to obtain the
information recording medium which can readily meet the
increase in rotation speed. Thus, the recording/reproduc-
ing apparatus having a high recording capacity and a high
access speed can be obtained by the use of the information

recording medium comprising the substrate according to this

invention.
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1. A substrate for an information recording medium,

comprising a glass substance having a Young's modulus not
smaller than 100GPa and a liquidus temperature not higher
than 1350TC.

2, A substrate as claimed in claim 1, having a
specific gravity not greater than 3.5g/cm3.

{ 3. A substrate as claimed in claim 1 or 2, wherein
said glass substance has a viscosity not smaller than 10
poises in a formable temperature range.

4. A substrate as claimed in any one of claims 1
through 3, having a thermal expansion coefficient between 7
and 14ppm/TC.

5. A substrate for an information recording medium,
comprising a glass substance at least including TiO, and
Ca0 as glass components, the contents of TiO, and CalO being
selected so that a Young's modulus is not smaller than
100GPa and a liquidus temperature is not higher than 1350C.

6. A substrate for an information recording medium,
comprising a glass substance at least including TiO, and
Ca0 as glass components, the contents of TiO, and Ca0 being
selected so that a Young's modulus is not smaller than
100GPa, a liquidus temperature is not higher than 1350C,

and a viscosity is not smaller than 10 poises in a formable

temperature range.
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of these glass components being selected so that a Young's
modulus is not smaller than 100GPa, a liquidus temperature

is not higher than 1350°C, a viscosity in a formable
temperature range is not smaller than 10 poises, and a
specific gravity is not greater than 3.5g/cm3.

8. A substrate for an information recording medium
as claimed in claim 7, further including ¥,0; and 2rO,.

9. A substrate for an information recording medium
as claimed in claim 7 or 8, wherein a glass transition
point is not higher than 650 C.

10. A substrate for an information recording medium
as claimed in claim 9, wherein a glass transition point is
not higher than 550 C.

11. A substrate for an information recording medium,
comprising a glass substance including, as glass components,
0.1-30 mol% of TiO,, 1-45 mol% of CaO, 5-40 mol% of
(MgO+Ca0l) , 3-30 mol% of (Na,0+Li,0), less than 15 mol% of
Al,03, and 35-65 mol% of SiO,.

12. A substrate for an information recording medium,
comprising a glass substance including, as glass components,
0.1-30 mol% of TiO,, 1-45 mol% of CaO, 5-40 mol% of
(MgO+Ca0Q) , 3-30 mol% of (Na,O+Liy0O) , O-less than 5 mol% of

Al,045, and 35-65 mol% of SiO,.
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Al,0;3, and more than 55 mol% and up to 65 mol% of SiO,.

14. A substrate for an information recording medium,
comprising a glass substance including, as glass components,
5-15 mol% of TiO,, 4-20 mol% of CaO, 5-30 mol% of (MgO+Cao),

5-22 mol% of (Na,O+Li,O0), 0-8 mol% of Al,03, and 40-60 mol%

o~

of 8iO0,.

15. A substrate for an information recording medium
as claimed in any one of claims 8 through 11, which
includes transition metal oxide in place of a part or a
whole of TiO, as a glass component.

16. A substrate for an information recording medium
as claimed in claim 15, wherein said transition metal oxide
is at least one oxide selected from a group consisting of
oxides of Cr, Mn, Fe, Co, Ni, Ga, Ge, Y, Zr, Nb, Mo, La, Ce,
Pr, Nd, Pm, Bu, Gd, Tb, Dy, Ho, Er, Tm, ¥b, Hf, Ta, and W.
T 17. A substrate for an information recording medium
as claimed in claim 15, wherein said transition metal oxide
is at least one oxide selected from a group consisting of
oxides of Cr, V, and 2n.

18. A substrate for an information recording medium
as claimed in claim 16 or 17, wherein said transition metal
oxide has a content of 0.1-15 mol% and coexists with TiO,.

19. A substrate for an information recording medium

as claimed in claim 16 or 17, wherein said transition metal
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as claimed in claim 11 or 18, including 1-15 mol% of Na,O.

23. A substrate for an information recording medium
as claimed in claim 9 or 11, which is formed by the use of
a mold.

24. A substrate as claimed in any one of claims 11
through 13, including as glass components at least 40 mol$%
of (SiOy+Al,03), at least 3 mol% of Li, 0, at least 5 mol%
of (Na,O+Li,O0), and at most 35 mol% of (CaO+MgO).

25. A substrate for an information recording medium,
formed by chemically reinforcing the information recording
medium claimed in any one of claims 7, 8, 11, 16, 18, and
20 or the glass substance thereof.

- 26. A substrate for an information recording medium
as claimed in any one of claims 7, 8, 11, 16, 18, and 20,
said substrate having a thermal expansion coefficient
approximate to that of a material of a clamp for fixing the
information recording medium in an information processing
apparatus.

27. An information recording medium comprising the

substrate claimed in any one of claims 7, 8, 11, 16, 18,

and 20 and a recording layer formed on said substrate.
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components which achieve a Young's modulus not smaller than

100 GPa and a liquidus temperature not higher than 1350 °C.
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34. A substrate for an information recording medium as claimed in claim 33,

wherein said at least one oxide has a content of 5 mol%.

35. A substrate for an information recording medium as claimed in claim 34,
wherein said glass components include SiO,, A1,0;, at least one of MgO and CaO, and

Li,O and does not include Y,0s.

36. An information recording device for recording/reproducing information, said
device including a magnetic head and an information recording medium as claimed in

claim 27.



