1 DESCRI PTI ON GLASS FOR DATA STORAGE MEDI UM SUBSTRATE, GLASS
SUBSTRATE FOR DATA STORAGE MEDI UM AND MAGNETI C DI SK S TECHNI CAL FI ELD
The present invention relates to a glass substrate to be used for a
data storage nmedi um such as a magnetic disk or an optical disk, glass

therefor and a magnetic 10 di sk. BACKGROUND ART As glass for a
data storage nedi um substrate such as a magnetic disk or an optical
di sk, for exanple, lithium is containing aluminosilicate glass

havi ng a hi gh Young's nodul us or on i em cal reinforcing
treatment applied thereto (e.g. Pat g)r#%?gﬁéﬂt 1), or crystallized
gl ass having a crystal |ayer precipitated by heat-treating gl ass
havi ng a specific conposition (e.g. Patent 20 Docunent 2), is used.
In recent years, 1 i e g ag

nard di ok drivEReuntt, Sk oAk oRBSIal S DB AR Sl
progress at a high pager hione\eforatisopnttiiNaieusiavebapml for high
- 25 recording density, mcrosizing of magnetic particles tends to
inmpair thegsthermal stability, and crosstalk or a decrease in the SN
rati o of playback signals is 2 problematic. Here, a heat-assisted
magneti c recordrngItechinpdgy has attracted attention as a united
techni que of light and nagnetism This is a technique wherein a
magneti c recordi ngThaygredent ritadnated velites ltBSel Jilea® Subbktrate
near-field light to have the coercive force locally reduced at the
heat ed porti ohp hadusedsinh & &ttt etoangexnedinah segnetd @ hiaghdtis
applied for recording, and the recorded nmagneti zation is read out by
e.g. a GWR el daBlit or TRysoP Fiemol dlimd,cahabe wagrebor il ghmageetive
force 10 medi um whereby it beconmes possible to microsize the
magnetic partAéFEs while maintaining the thermal stability. However,
in order to formsuch a high-coercive force nediumin the formof a
multilayer film the substrate is required to be sufficiently heated,

and 15 a high .5t ant substrate is required. Patent Docunent
: - A- - e cument 2: - A -
1: JP-A-2001 %sg(g%&@sﬁfm 2: JP-A-2000-119042 DI SCLOSURE OF

e NVERTL N 20 HERHEG, K355 %%gf%}g!ﬁégggéwugé'mgge such as

Substrate gl ass for emcal rein ne as hée

resi stance adju : : ] reinf ' t aent
can efficient %yﬁ%%ﬁé%%% ng%w\gn%%ig?%ﬁglggn?g%b u{]k%aypg%'hggtelhggﬂat
the time of feéﬁi@mﬁrﬁ?té(mﬁbm&-lrmakbogwsgimvﬁ@racih\&%hf 668gEdI UM
inthe formof a multilayer film Further, when a chem cally
reinforced gl asgubudsor adree it el edeatdchd tdenehayvay tTcaehkhened
heating, the ion exchange-treated layer is likely to be diffused by
such heati ng, apheiebdythdmetd riengt.h Paseht kpbyuhentbel }detwr icayatalllized
Further, if it is attenpted to enploy a crystallized s glass
substrate, thglasspshaaing surdesdals lhyvkel yreoipetaliest dvt dgaby t he
above-nentioned heating due to a difference in the thermal expansion
coef ficient bE¥raRrErY r&gl%ﬁﬁ/étaaﬂq%é sagetfhndoemrepiiiierbdeyd. | Patentin
obj ect of the_present invention to provide io glass for a data
storage nedi uBPSERERY atde, &Sy hi gh heat resistance can be

obt ai ned even if cheem' %al r.ei nf O,ELCi nth rlglaat ment _or_ cr ztﬁél i zi ng
treatment is appligl,>HF Grads2ETpstrare Yor aar&lak%rseta&eaé Bi um

d ti ' , S P VS, Th

?Eveﬁ_t ?‘32”3&5‘.‘%@%@%&3@&5 dat ga gE o;rirgg]é MM %m%e%eétog’ég%%n%or

(hereinafter peferiodt®ias ddisig msoﬁf.;ﬂewrﬁéc%ﬁegb@va%ny f8kn
by no t age e

whi ch conprises; as 20 represente perce ased on

fol I owi ng oxi sée.fr}wme%ﬂ,oaig%{gjom&%e fdam12pmehe %3014 203,
fromO to 10% of MgO, fromO to 7% of CaQ from 0.5 to 10% of SrO0,

fromO to02d2. 28e6fdBa dddip, il c2oe¥e9hg T30 Znadidi O parlQc3e 4% of
Zr2, fromO to 2.5% of L120, 25 fromO to 81 of Na2O from2 to 8%

tends to impair the therxmal stability, and crosstalk or a

decrease in the SN ratio of playback signals is



(((¢MyO+Ca0) x(La203+Ti 02) ) +2Zr02), unit: nol%, and the scattered peak
intensity (optional unit) obtained by carrying out the measurenent of
smal | -angl e X-ray scattering of the glass. 25Fig. 3 is a graph
showi ng the rel ation between the scattered peak intensity (optional
unit) obtained by carrying out the nmeasurenent of snmall-angle X-ray

7 scattering of the glass, and the surface roughness Ra (unit: nm of
t he polished glass, as neasured by an atdmc force m croscope. 5 BEST
MODE FOR CARR xjgg’lgﬁgtﬂiﬂz lea%elggagéﬁéeé q\?aﬁx{eagiec Tr%rc %dq%éa
storage nediumin the present 1'nventron s typicaliy a cireul ar gl ass

pl ate havi ng %etcﬁahe&eﬁ§sh9é 1O Q& R thnl i B agdag?gi@&?t ot fifeOm

48 to 93 mm and in the case of a magnetic disk 10 ass substrat®e or

the like, a helre1hguengnad dhgnet Bsm Of Thi oM 45 1A 1g0d SHéseah! ¥
formed at its center. In a magnetic di sk of the present
invention, at rse@astia Fegoeding|Byedir He AGradiRYBR! Wtk €5 0T £Hd1g Heaver
is formed on the main surface of the glass substrate for 15 a data

st orage nedi umrohetlrefpetdebightnvientiave thedcbaraidét fofce aAbcally
under| ayer, a protective |layer, a lubricating |layer or a

roughness- contiegliicedgatayee heated mortianpl endbenf suokeda astathee @ase
requires. A process for producing the glass substrate for a 20 data
storage medi umxstrnRé presenici sl ilonapplihed partiecdading iand alie
For exanple, materials for the respective conEonents comonl y used
may be bl endedeCorASMeMATRRET FH UbrifodPEFoAUL sHEhe ad i &t @R glement .
heated and nelted in a gl.ass nelting furnace, the nolten glass is 25
honogeni zed by &5, rBEBg‘fl?ﬂ%,c@% i i%ﬁ(jieopnaad}"f‘?{%ﬁc%?r%l‘é? drq4Seer
followed hy form.ng into pl at | ass havi ng,a predeternm ned
thickness1§adge§?uﬁhew%?ﬁggyfgﬁ%ﬁgﬁgFf pgsgfg}ﬁggoH@Hﬁ%ﬁﬁﬁﬁ%é??%te of
the present i Lon, | 1k . SUC S f t
process, a pr@\ségﬁtrerggﬁoggﬁ?% V\%(ri‘%\g@oaﬁgﬁgglﬁ#hg%g %ﬁ?%é%nneal i ng,
processing SuGh 83 19E{NdifRGRier0k kS BL-agr "BY ﬁﬁm{:agddr?% gwg O obtain
a gl ass substrate having prescribed size and shape. As the ™t orm ng
net hod, a floabeRt@¢eSEosek triddBurf G WRSS FREAJYE & Oful 81 PoRieriad,
The glass transition tenperature (Tg) of the glass of the present
invention is phef enbbtyagt ieasdqG6RQ tdObkf sitficiémrey Horaed6Qad
it tends to be difficult to apply the above-nenti oned heat - assi sted
magnet i ¢ necordhaghlgcheayuesd stantc aubistdtabdat iat reginl xdd heat
treating tenperature to forma magnetic layer. It is nore preferably
at | east 680C, parPatenrrPgcymastterlabl §P 4% 24101 d&N96690C, and
especially when it is desired to increase the heat resistance, it is
preferably at | easPareRe Dagmeant: vsi cdP i R0 4rdsi9 0A20C. The

gl ass of the present invention preferably has an average |i near
expansion coefficient (a) of at |east 20 75x10-7/0C within a range of

fromSOto 35 LS t 0-7C, it is smaller than a of
conventi onal ggggépsgﬁg %ﬁeﬁﬁﬁzgﬁﬁ@ﬁﬁﬁ.nd, a of the netal of the hub
to be attggheq?%ngng §Hb§ﬁr £V¢§1$qu%a5§¥§§&xbﬁa5t 100x10- 7/ C

whereby the difference In a between the h and the gl ass

substrate becones d,aL9@atang1ide SRSl 2bSnEScbikg! Yrd Lt
easily broken, a is nore preferably at |least 76x10-7/C “particularly

preferably at ha@ heast réddxdOafdL admsdter ebepabl ywako | e@st AfwliQai/ C,

and typically at nost 90x10-7/C. Wth the glass of the present

i nvention, theednfberéngetbeiwmart tdwe edfpedahtle Hdddppliadi eind he 5

vi scosity becones 104 dPa.s and the liquid phase tenperature (TL)

i.e. AT(=T4- Thikedyptef bedbhgklrd [laadteati0C. atf thhet thé fef efmwmniing

| ess than -70C, forming into a(glass plate tends to be difficult. AT

i s nore prefetdlsl pbaverwvertiowd |HigkF dosricdye forcaanedim figr iheg by

a float process tends to be difficult. AT is particularly preferably
form of a multilayer film. Further, when a chemically

reinforced glass substrate is subjected to the above-



melting of the glass, or to lower TL and is essential. If SrO is |ess
than 0.5% the above effect tends to be small, and it is preferably
at least 1% nore preferably at least 2% If SrO exceeds 10% the
chemi cal durability 10 tends to be low, the glass tends to be
unstable, or d tends to be too large, and it is preferably at nobst

8% In the glass 1, if Sr-is less than 1% the above effect
tends to be low, and Sr is at least 1% preferably at |east 2% 15BaO

i's not an essm&@cabnggnyﬁg@m , Qe N5 & C@lfai’lggtti'g?%%‘?{f%’;e[ereai}?eto

| ower the viscosity o noften glass thereby to I ting

of the glass, 19.'ket1% tovwee disfdih iy RENDBGORAG] NGtk tdb@n@Tount of
up to 12.5% If BaO exceeds 12.5% I¥a-AI-S| type crystals are likely

20 to be fornmedrewheneby TikéBy rad R ddtkelivrheefe high, the weat her
resi stance tends to deteriorate, d tends to be too |large, or E tends
to deteriorate, amhrithetrs Pfeierbdlattadmptest t80Unpl 8y aa Casestdieried3a0
is contained, the content is typically at least 0.1% 25In the gl ass
1, BaO is esseibsal subftBafe | sshessikidtarte. BUrfabe & stidsslty taf Hehe
nolten glass tends to be high, whereby the glass tends to be hardly
mel t ed, or TLAistorsadsbyothe aHiqie-mentionedshpatiny abhy tat d east 1%
In the glass 2, if BaOis contained, the content is_at nost 5% If
BaO exceeds 5%Lfderenpekinythe therwsd |eppgasien soekhbgiqns between
deteriorate, and it is preferably at 5 nost 3% _ The total content RO
of MO, CaO 5P6 sHysBabline s amd, the bulkibed¥s It RO is |ess

than 10% a is likely to be too snall, and it is typically at |east
1206 On the ot her TRatfl SROPPESET dTbrdif i LubBELoE S0 Besvide
exceeds 3Q0% Tg.li pkely be low_ or is_likely to Qhe |ar ._and
it is pre é{r aﬁﬁ?sét k%’r%s %%% Sfetyoprloacgé?l ?“fdgﬁmnﬁg%’sgﬁg)ée’ v ere%}%ef{lﬁ’
glass 2, RO igehedybbedeifebeal o 10%s LLRO | Shd esfdilay 10% a
is likely to bee t oo s_rraf%,canﬂs e??ﬁ%tsa t% ca]eﬁ%katsm%e%ﬁl%%

TiQ2 is not aRcgngeptiay CAIPANAY oPWrResl1anzehfectedinddicrigase Tg,
weat her resistance or E, and thus, it may be contained in an anount
of up to 2. 5%apbll i€d(PaeytoesssubdidbaticdhEod! asdats stkedge tedi®im, and
unstable, and it is 20 preferably at nost 2% In a case where TIQ2 is
cont ai ned, the eeghenicidislypically at least 0.5% In the glass 1,
the total content of MO CaO and TiQ2 is preferably at nost 16% |If
the total 18ontent exceeds 16% phase separation is likely to take
place in 25 a case where the annealing tenperature is high at the
time of annealMERYSt ke §PHYB 'H'FEiERC@L@g% where the cooing rate is

slow. 15 I n H_lhe %I ass 2, in a case where Ti2 is contai ned, the
content is at nostREPIEPERT BESRICEYs PIRVIdRs glass forid kiR to

under go phase separatio and it i referably at nost 0.9% nore
preferably at S%ﬁ’g?gﬁ.ggfgi%ml’?\%ﬂ?rstetpo ﬁﬁpé‘fgeﬁhﬁg CTEPAR 1% et
is preferred 0_¢cO in Ti AS h an_effec o_increase Tg,
t he weat her r gltag aﬁgeg%(? ]Er%ér']%%t hléjs‘%l%st lg%%énfv Flzji E %?}'?]flsless’l éd5 t han
0.5% the gboye ettegtebeRdsy Sfldge BAdel! ohSthd) raply at
| east 11. 2Iaf Zr 82 ex_cegd?gg. 7(%/%) [;Z‘l%OZ cr%at al gegrghliffﬁéelg/&{%gﬁﬁb
precipitate, Bxides|ikeby $9 08 NPhbr Wiod, i srdhkely do e droailgy,ge,
and it is preferably at nost 3.6% If the total content of

Al 203 and Zr 0Zrofl 20BZ102) ofl Mgxceftton 2% Th bE Chkel fréw b tmeo

hi gh, and the total content is typically at nost 11% In the
glass 2, Zr0210$ af beastf#de 0 ftZril2 H% dfe®a0t hnod% tdie2 viEgatdfer
resistance is likely to deteriorate, E tends to be small, or phase

separation is Tilkel irew @G ttakd -glracé. 2r0:, fxom We tgl as8%520ft hexGatio
of the content of 81.02 represented by mass percentage to the sum of
the Ti 2 &Ad ZrOm 8ofPeftsof dRLsehtrol Bytands periodnaagdefrom 0.5 to

(Ei 02/ (Ti02+Zr02)) is preferably nore than 10. If the 25 ratio is 10
5% 0of Laz0s, provided that the total content of Al;0; and

Zr0O, (RAl,03+Zr0,) is at most 12%, and the total content of



FromFig. 1, it is evident that Al (ZrKLa)/ RO should preferably be
made £ 0 be at nost 4.0%when it is desired 19 to adjust AT to be at
teast OC. If Al (ZrKLa)/ RO exceeds 4.0% AT is likely to be I ess than
0C, whereby formng by a float process is likely to be difficult. It
is nore preferably at nost 3.5% particularly preferably at nost

53. 0% In the glass 1, in a case where the total content of

Al 203 and Zr02 is at nost 9% the total &ontent of Al 203, Zr02, 1(20

and La203 is prefergbly -ah o5t (RBy Kherwhss: Sig Al -La type
crystals, Zr Og'lfybe czrys?t al szor(% -)K- La 10 t%‘foe crystals are likely

to precipitate, wieheB¥rATths bik&ld thR8SBR! brovides! 144 MASS
1, in a case where the total content of Al 203 and Zr02 eXceeds 9%

the total coniggrh 8toZagl medidi 200k el qhabkynhe66r tFe#e:9%d to as
O herwi se, Zr02 type 15 crystals or Si-K-La type crystals are |likely
to precipitatehewierebyghdss sot itked yyitazsba)smahlich comptisernnecti on
wth the glass 2, Fig. 2 is a graph wherein a val ue obtai ned by

di vi di ng aspr cepctsehtetdebyunebfpartrenpQeabds€d Cox ovhe nfsl Inwiiepl | ed
by the sumof the 20 La203 and Ti Q2 contents, by the ZrQ2 content
i.e. (My+Ca) (loxiTeF) ZErombsei txal 0t Sifel Yiromil I e SéarferdsOpeak
intensity obtained by carrying out the neasurenent of snall-angle
X-ray scatt er iffgmof gﬁela?a%%gmg%. SRRSO kPerEi ©§ CoF diframe,l &t ilofFal
unit) were 25 plotted Wi th respect tq 2Q types_of glass with )
conposi tions &&nprPsi FEoMal-7 e’g? e]s?e'rﬁied’fb§aﬁnl Eremclntage, 5% rmTa#28

to 67.3% of Si_02 r 7. o 8 0% of Al 203 20 from4.5 to 8.5% of
MyO, from 0 t&*8% éfggﬁ gf?%n?%%cgo g?ﬁ%%ft%r%,gﬁf rogmlﬁz{jo "¥8 b
6 5% of NaZ0. %7 ah 4P IndIdR e rdh0R Fo0gk 002 o AhaltRen b8BT ok &k
La203. Here, mgod;rgwaeat tRht SARI,38P6) & Kahianesealber i pgeof the

gl ass was carri ut as follows for the purpose of evaluating fine
phase separat ig@fiftkRehbe Gbestnedaie!dtbtuyscaandAN: e\ coreBHEagt-yned
by Rigaku K K as a small-angle X-ray scattering apparatus, and a 10
i magi ng pl at ethe acdel ecotntentX-sASMBENdEABa0dikhapupdast glnsarsampbe
havi ng a thickness of about 0.1 mmand a size of about 1 cmx 1 cm
and t he obtai iedatwoodtnk®si onal data was estinated by the average
characteristics of radiation emtted by a circular ring is and then
dat a- convéfsi on t Fugbhgrn bhe-Bfaeert diwienddra, pravifAesasglasrerfor a
subj ected to transmttance correction, in-air scattering correction
and sanpl e- t hidgkRe85CERP? Red B tpRrats dhseainafesr peaflennakisi ey,

This scattere eak intensity has .a carrelation with the surface 20
roughness AFIV%&E 5E°PH %f‘%‘i‘% &* Ghfe 5191‘3:?5' g$ +t FRIER SPMEGH S AF as

descri bed herej naf ho in Fig. 3. Ln c where a
surface recor 5?3%6%%6%\3?;]0 %fm%\? Efeera{:setr&f‘9‘%’bFj PREAOT ST egtisc(f"e]t?"fl(?goe
realized, suc Rasl.Snr i o ad] vel -0

nost 0.15 nm %ﬁﬁ%%fﬁégfgggﬁ %a"t %r#;;%tl%éj. ﬁ%i%oﬁ:ds%cfhog %)‘lljfaéﬁdse,
for exanplg freemFbdro310%tof MY daiin thab whens ARM Rorisn des gd to
be adjusted to a level of at nost 0.15 nm the 21 above scattered
peak intensityoisopr eter ablym adlj ttstsmd dfo BaOl, e¥ebmod B 1THEE 220, ,
(optional unit) or when AFMRa is desired to be adjusted to a |evel
of at nost 0. ¥2omml the3 abdvef st efedmpeako i hieEnf Wii.9, pfederaldy
adjusted to a |l evel of at nost 50 (optional unit). Accordingly, in
such a case, 8% P§ HeiQerfirdny @dmtii §% 2ft R ay£Ca)y RasSTEY/ ZF 05
preferably adjusted to be | evel of_at nost 12.0% |If

(My+Ca) (La+Ti Hezfs e peevdseto thet RhOx¢dhPosia iadnaiost| ddbuathentekal t o
phase separation tends_10 to be Iarlg?e, and the_surface roughness at

the tinme 8f tKOPEPREI Opolgehi FRP ST 1B BaE dBPSr 8rak eleddid 3¢ mad %,

0, I 0,
nore pref erabla%da%{zgoisé i O'm%é)t plazr%t.l cularly preferably at nost 8.0%

Further, the present invention provides a glass



carried out, and data treatnents were carried out to 25 obtain the
scattered peak intensity. The results are shown in the section for
“Phase separation property 2" in the Tables. As nentioned above, in a
case where the after-nentioned AFMRa is desired to be adjusted to be
at 5 nost 0.15 nm this scattered peak intensity is preferably at
nost 220. In Exanples 22 to 27 and 51, no glass was prepared,
and Tg, etc. were obtained by cal culation fromthe conpositions.

10Exanpl es 1 ts%r?g'%raﬁ "ESENL BT hA81RECSERtcH ryfvsgpﬁﬁg;o&a@%e

anong them Exanples I to 1to are ekanpl es ass

1, and Exanpl @pc¥e 41asdbr@Pd: 2hidd 43,368 RXETRhESub A 4he gl ass 2.
Exanple 53 is a Reférence Exanple, and EXanples 54 to 65 are
Conparative 15 Examiph@sr, Tahtesrdsdrit Lonah@wohhgreoinesi 4 inignadid he
gl asses in Exanples 1 to 65 as represented by nmass percent age.

The fol | owi ng diekt haeingas ra&shetiiic recedivgel aher sfsfiaa® drouglaness
after the polishing of each glass in 20 Exanples 6, 16, 28 to 31, 34,
37 to 39, 41, a®dvedqdlas8 suostGAtten foh. aAdaaat estrsgemarium.one
obtained by finishing a glass plate having a thickness of about 1.5
mm and a size of about 4 cmx 4 cm by means of a cerium oxide slurry
so 25 that the surface roughness would be fromO0.3 to 0.4 nm as
measur ed by aRFIESAScOFofde WU Bbe, was prepared. Firstly, a
suede abrasive claqth s mounted on a 26 polishing plate of a small
si ngl e-si de pol i sSECFGERAEHEI FR e AERSSHed G HARRT Ho.DeENES and
subj ected to truing,by, neans of a.di ngd dresser.. This .abrasive
cloth was wask& S\}\ngtlﬁ f)ﬁr%b‘f’/\%%réra JH‘(?% ﬂ%ﬁ sr%?l%lt‘?ﬂ%sgr%asfnd then 5
pol i shi ng.gperat.i S rri 0 u i ng..a | oidal silica
slurry Wit aﬁ%%\'?g?%g% %‘gt?t% c‘%gcasi%lztgq‘éﬁ%gg!#n{l a%/'?ln%aq%%ee ﬁ aadjht?s?t ed
to 2. The pol i shi r i WVASs :Pa, r j.pnal
speed was 40 ra%%]llggﬁg Itﬁ%%ﬁ%%llishicr]ég}%ilﬁgee&gg g%%m&%ﬁtaegs@ﬁyﬂfoter t he
pol i shing, eacheghass yasnieshat Widithuhe ¥atefyaduh B Al i ne

cl eanser and then dried by blowing dry air thereto. The surface
roughness Ra afrea@mbngl ass t hus obtai ned was neasured by neans of an
atom c force mcroscope 15 SPA400, manufactured by SI1 NanoTechnol ogy
Inc. The results @&ceozfiong ton a hpraotiesh ehboditent ack trloughreessit
(unit: nm in the Tables. The surface roughness Pa thus obtained is
referred &6 adnEERERan; nit his prsdibfliec 40i ohtafh gglass haonimaveesaiad 1

t he above scattered peak 20 intensity (phase separation property 2)
and this AFM RenRERE PF o2® etk rometivils oriige; vherebeArdempraysment
positive correlatjion exists between the two._ 27 TABLE 1 Exanples 1 2
5745 6 7 8 SH2tE9. HoRBhEr GtET RRARSe$E0 091 8B5S AF AR P 5
7.5 5.5 5.cge .05.0MM 2.0 2.06.02.06.53.6 2.02.0 Ca0O
2.0 25P2°6%2:0 2.0 2.0 Sr() 7.0 7.0 7.0 7.0 3.2 6.8

Further, it becomes possible to obtain a glass

7.5 6.5
2.0 2.0
20 substrate having a thermal expansion coefficient
comparable with a conventional glass substrate.
Further, it becomes possible to use a float process,
which is useful for mass production of a glass substrate.
Further, it becomes possgible to obtain glass having
25 a Young's modules (E} of at least 75 GPa, whereby the
glass substrate tends to be scarcely deflected, and it

becomes possible to increase the storage capacity. Even
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when the storage medium is subjected to a shock, it tends
to be hardly breakable.

Further, when E is adjusted to be at most 90 GPa,
the polishing processing of the glass substrate tends to
be easy.

Further, it becomes possible to minimize the surface

roughness of glass after the final polishing.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a graph showing the relation between a
value obtained by dividing a product of the Al,0; content
multiplied by the total content of Zr0;, K;0 and La,0;, by
the total content of MgO, Ca0, SrO and BaO (Al (ZrKLa)/RO),
and the difference AT obtained by subtracting the liquid
phase temperature from the temperature where the
viscosity becomes 10° dpa's.

Fig. 2 is a graph showing the relation between a
value obtained by dividing a product of the sum of the
MgO and CaO contents multiplied by the sum of the Lay0;
and TiQ, contents, by the Zr0, content
( ({ (MgO+Ca0) x (La03+Ti0,) ) ~2r0;), unit: mol%), and the
scattered peak intensity (optional unit}) obtained by
carrying out the measurement of small-angle X-ray
scattering of the glass.

Fig. 3 is a graph showing the relation between the
scattered peak intensity (optional unit) obtained by

carrying out the measurement of small-angle X-ray



8.0.8.06.0808.37.68.08.0LINeKZ1.00 1.00 0.20 1.00 0.19 0.17
0.23:1.00 Al (ZrKLa)/ RO 3.04 3.45 3.17 3.98 3.68 3.48 3.44 2.66

LaTi CaMy/ Zr 4 4 10.67 4 8.5 5.6 4 4 Tg 682 691 736 697 711 716 707
681 a 84 82 75 79 80 78 79 80 d 3.22 3.12 3.10 3.01 2.95 3.00 3.00
3.00 E 83.4* 82.8* 85.9* 82.1* 81.8 81.6 83.1 81.2* E/d 25.9* 26.6*
27.7* 27.3* 27.7 27.2 27.7 27.0* T4 111771132 1150

scattering of the glass, and the surface roughness Ra
(unit: nm) of the polished glass, as measured by an

atomic force microscope.

5 BEST MODE FOR CARRYING OUT THE INVENTION

The glass substrate for a data storage medium in the
present invention is typically a circular glass plate
having a thickness of from 0.5 to 1.5 mm and a diameter
of from 48 to 93 mm, and in the case of a magnetic disk

10 glass substrate or the like, a hole having a diameter of
from 15 to 25 mm is usually formed at its center.

In a magnetic disk of the present invention, at
least a magnetic layer being a magnetic recording layer
is formed on the main surface of the glass substrate for

15 a data storage medium of the present invention, and in
addition, an underlayer, a protective layer, a
lubricating layer or a roughness-controlling layer may,
for example, be formed as the case requires.

A process for producing the glass substrate for a

20 data storage medium of the present invention is not
particularly limited. For example, materials for the
respective components commonly used may be blended to
have a desired composition, such a mixture is heated and
melted in a glass melting furnace, the molten glass is

25 homogenized by e.g. bubbling, stirring or addition of a
clarifier, followed by forming into a plate glass having

a predetermined thickness made of the glass for a data
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storage medium substrate of the present invention, by a
well known method such as a float process, a press method
or a Down-draw method. Then, after annealing, processing
such as grinding or polishing may be carried out to

5 obtain a glass substrate having prescribed size and shape.
-As the forming method, a float process suitable for mass
production is preferred.

The glass transition temperature (Tg) of the glass

of the present invention is preferably at least 660°C.

10 If it is lower than 660°C, it tends to be difficult to
apply the above-mentioned heat-assisted magnetic
recording technique to be carried out at a high heat
treating temperature to form a magnetic layer. It is
more preferably at least 680°C, particularly preferably

15 at least 690°C, and especially when it is desired to
increase the heat resistance, it is preferably at least
700°C. Tg is typically at most 740°C.

The glass of the present invention preferably has an
average linear expansion coefficient (o) of at least

20 75x10°7/°C within a range of from 50 to 350°C. If « is

less than 75x1077/°C, it is smaller than o of conventional

glass, and on the other hand, o of the metal of the hub

to be attached to the substrate is typically at least

100x107’/°C, whereby the difference in o« between the hub
25 and the glass substrate becomes large, and the glass

substrate is likely to be easily broken. o is more

preferably at least 76x1077/°C, particularly preferably at
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least 77x1077/°C, most preferably at least 78x1077/°C, and
typically at most 90x1077/°C.

With the glass of the present invention, the
difference between the temperature (T,) at which the
viscosity becomes 10, dPa's and the liquid phase
temperature (Ty) i.e. AT(=T,-Tp} is preferably at
least -70°C. If the difference is less than -70°C,
forming into a glass plate tends to be difficult.

AT is more preferably at least 0°C. If AT is less
than 0°C, forming by a float process tends to be
difficult. AT is particularly preferably at least 10°C,
most preferably at least 20°C.

The density (d) of the glass of the present
invention is preferably at most 3.3 g/cm®. If d exceeds
3.3 g/cm®, weight reduction of the data storage medium
tends to be difficult, the power consumption required for
driving the recording medium tends to increase, the disk
tends to be vibrated by an influence of a windage loss
during its rotation thus leading to an error in reading
out, or when a recording medium receives a shock, the
substrate tends to be easily deflected and is likely to
be broken by formation of a stress. Thus, d is more
preferably at most 3.0 g/cm’, most preferably at most 2.8
g/cm®. Of the glass 2, d is typically at most 2.75 g/cm’.

The Young's modulus (E) of the glass of the present
invention is preferably from 75 to 90 GPa. If E is less

than 75 GPa, the disk tends to be vibrated by an

0
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influence of a windage loss during its rotation thus
leading to an error in reading out, or when a recording
medium receives a shock, the substrate tends to be easily
deflected and is likely to be broken by formation of a
5 gtress. E is more preferably at least 78 GPa, most
preferably at least 80 GPa. If E exceeds 90 GPa, the
polishing rate tends to be low, or a local stress is
likely to be formed whereby breakage is likely to result,
and it is typically at most 87 GPa.
10 E/d is typically from 25 to 35 MN/kg, and in the
case of the glass 2, it is typically from 28 to 33 MN/kg.
The above-mentioned first glass is glass of the
present invention and is one wherein SrO is at least 1
mol%, BaO is at least 0.5 mol%, Na;O is from 0 to 5 mol%,
15 the difference obtained by subtracting the Li;0 content
from the total content of SrO and BaO iz at least 2 moly,
and R,0 is at most 10 mol%.
This first glass is suitable in a case where e.g. T,
is degired to be lowered, AT is desired to be increased,
20 or Tg is desired to be made high.
The above-mentioned second glass is glass of the
present invention and is one wherein Si0, is at least 60
mol%, MgO is at least 2 mol%, BaO is from 0 to 5 mols,
Ti0, is from 0 to 1 mol%, Zxr0; is from 1 to 3.7 mol%, Nay0
25 1is at least 2 mol%, La,0:; is at most 3%, and RO is at
least 10 mol%.

This second glass is suitable in a case where e.g. d
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or E/d is desired to be made small, or phase separation
is desired to be made to hardly occur.

Now, the composition of the glass of the present
invention will be described. Here, the contents of the

5 respective components are represented by mol percentage
unless otherwise specified.

8i0, is an essential component to form the skeleton
of the glass. If SiQ; is less than 55%, the glass tends
to be unstable, or the weather resistance or acid

10 resistance tends to deteriorate. 8i0, is preferably at
least 57%, typically at least 60%. If Si0O; exceeds 70%,
o tends to be too small, or the melting temperature to
prepare the glass tends to be too high. 8i0, is
preferably at most 68%, typically at most 67%.

15 In the glassg 2, 8i0; is at least 60%. If 8i0, is
less than 60%, the glass tends to be unstable, the glass
tends to undergo phase gseparation, or Tg, weather
resistance or acid resistance tends to deteriorate. 8i0,
is preferably at least 61%, typically at least 63%,.

20 In the glass 2, the content of Si0, as represented by
mass percentage 1s typically less than 60.2%.

Al,0; has an effect to increase Tg, weather
resistance or E and is an essential component. If Al;0,
is less than 2.5%, the above effect tends to be small,

25 and it is preferably at least 4%. If Al,0; exceeds 9%,
Zr0, type or K-Al-Si type crystals are likely to

precipitate, and Ty is likely to be high, and it is
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preferably at most 8%. Further, in the glass 1, the Al,0;
content represented by mass percentage is typically less
than 11%, more typically at most 10.5%.

MgO is not an essential component, but has an effect
to lower the viscosity of the molten glass thereby to
facilitate melting of the glass, to reduce d or to
increase E, and thus it may be contained in an amount of
up to 10%. If MgO exceeds 10%, the chemical durability
tends to deteriorate, the glass tends to be unstable, or
T, tends to be too high, and further, the glass isg likely
to undergo phase separation. 2aAnd accordingly, it is
preferably at most 9%. In a case where MgO is contained,
it is preferably contained in an amcunt of at least 1%.
In the glass 2, MgO is particularly preferably at most 9%.

In the glass 2, MgO is an essential component. If
MgO is less than 2%, the viscosity of the molten glass
tends to be so high that the glass tends to be hardly
melted, d tends to be large, or E tends to be low. MgO
is preferably at least 4%.

Ca0 is not an essential component, but has an effect
to lower the viscosity of the molten glass to facilitate
melting of the glass, or to increase E, and it may be
contained up to 7%. If Ca0 exceeds 7%, it tends to form
crystals with Si or La, Ty is likely to be high, the
glass tends to be unstable, or the chemical durability
tends to deteriorate, and further, the glass is likely to

undergo phase separation. Ca0 is preferably at most 6%,
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and in the glass 2, it is typically at most 4%. In a
case where CaO 1s contained, the content is typically at
least 1%.

Sr0O has an effect to increase o, to lower the
viscosity of the molten glass thereby to facilitate
melting of the glass, or to lower T, and is essential.

If Sx0 is less than 0.5%, the above effect tends to be
small, and it is preferably at least 1%, more preferably
at least 2%. If SrO exceeds 10%, the chemical durability
tends to be low, the glass tends to be unstable, or 4
tends to be too large, and it is preferably at most 8%.

In the glass 1, if 8xr0O is less than 1%, the above
effect tends to be low, and SrO is at least 1%,
preferably at least 2%.

Ba0 is not an essential component, but has an effect
to increase o, to lower the viscosity of the molten glass
thereby to facilitate melting of the glass, or to lower
Ty, and it may be contained in an amount of up to 12.5%.
If BaO exceeds 12.5%, Ba-Al-Si type crystals are likely
to be formed, whereby T, is rather likely to be high, the
weather resistance tends to deteriorate, d tends to be
too large, or E tends to deteriorate, and it is
preferably at most 10%. In a case where Ba0O is contained,
the content is typically at least 0.1%.

In the glass 1, BaO is essential. If BaQ is less
than 0.5%, the viscosity of the molten glass tends to be

high, whereby the glass tends to be hardly melted, or T
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tends to be high, and it is preferably at least 1%.

In the glass 2, if BaO iz contained, the content is
at most 5%. If BaO exceeds 5%, d is likely to be too
large, or E tends to deteriorate, and it is preferably at

5 most 3%.

The total content RO of MgQ, Ca0, Sr0O and BaQO is
preferably at least 10%. If RO is less than 10%, o is
likely to be too small, and it is typically at least 12%.

On the other hand, RO is preferably at most 30%. If

10 RO exceeds 30%, Tg is likely to be low, or 4 is likely to
be large, and it is preferably at most 25%, typically at
most 22%,

In the glass 2, RO is required to be at least 10%.

If RO is less than 10%, o is likely to be too small, and
15 it 1is typically at least 12%.

TiO, is not an essential component, but has an effect
to increase Tg, weather resistance or E, and thus, it may
be contained in an amount of up to 2.5%. If TiO, exceeds
2.5%, the glass is likely to be unstable, and it is

20 preferably at most 2%. In a case where TiO, is contained,
the content is typically at least 0.5%.

In the glass 1, the total content of Mg0O, Ca0 and
Ti0, is preferably at most 16%. If the total content
exceeds 16%, phase separation is likely to take place in

25 a case where the annealing temperature is high at the
time of annealing the glass or in a case where the cooing

rate is slow.
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In the glass 2, in a case whexre TiO; is contained,
the content is at most 1%. If TiO, exceeds 1%, the glass
ig likely to undergo phase separation, and it is
preferably at most 0.9%, more preferably at most 0.5%.
In order to suppress phase separation, it is preferred
not to contain TiO,.

Zr0, has an effect to increase Tg, the weather
resistance or E and thus is essential. If it is less
than 0.5%, the above effect tends to be small, and it is
preferably at least 1%. If Zr0O, exceeds 3.7%, ZrQ,
crystals are likely to precipitate, Tp is likely to be
high, or 4 is likely to be too large, and it is
preferably at most 3.6%.

If the total content of 21,0; and Zr0; (Al,03+Zr0,)
exceeds 12%, T, is likely to be too high, and the total
content is typically at most 11%.

In the glass 2, Zr0, is at least 1%. If Zr0Q, is less
than 1%, the weather resistance is likely to deteriorate,
E tends to be small, or phase separation is likely to
take place.

In the glass 2, the ratio of the content of S10,
represented by mass percentage to the sum of the TiO:; and
Zr0O, contents represented by mass percentage
(810,/ (Ti0,+2r0,)) is preferably more than 10. If the
ratio is 10 or less, Tp is likely to be high, and the
ratio is preferably at least 12.

Li,0 is not an essential component, but has an effect
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to increase o, to lower the viscosity of the molten glass
thereby to facilitate melting of the glass, or to
increase E, and may be contained in an amount of up to
2.5%. If Li,O exceeds 2.5%, Tg is likely to
substantially decrease, or the weather resistance is
likely to deteriorate, and in the glass 2, phase
separation is likely to take place in addition, and it is
preferably at most 1%, and typically preferably no Li,0
is contained.

In the glass 1, the difference obtained by deducting
the Li;0 content from the total content of SrC and BaO
[ (SrO+Ba0) -Li.0] is at least 2%. If this difference is
legs than 2%, Tg is likely to be too low, and the
difference is preferably at least 3.5%.

Na;0 is not an essential component, but has an effect
to increase o, or to lower the visgcosity of the molten
glass thereby to facilitate melting of the glass, and
thus may be contained in an amount of up to 8%. If Na,0
exceeds 8%, Tg of the weather resistance is likely to
deteriorate, and it is preferably at most 6%.

In the glass 1, when Na)0 is contained, the content
is at most 5%. If Na,0 exceeds 5%, Tg or the weather
resistance is likely to deteriorate, and it is preferably
at most 4%. In the glass 2, Na;0 is an essential
compeonent. If Na,0 is less than 2%, o tends to be small,
or the viscosity of the molten glass is likely to be

large whereby the glass tends to be hardly melted, and it
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is preferably at least 3%.

K;0 has an effect to increase o or to lower the
viscogsity of the molten glass thereby to facilitate
melting of the glass and is essgential. If K;0 is less

5 than 2%, such an effect tends to be small, and it 1is
preferably at least 3%. If K.0 exceeds 8%, K-Si-Al type
crystals are likely to be formed, whereby Tp is likely to
be high, or the weather resistance or E is likely to be
low, and it is preferably at most 7%.

10 If the total content of Li,0, Na0 and K.0 i.e. R0
exceeds 12%, Tg or the weather resistance iz likely to
deteriorate, and it is preferably at most 10%.

R0 is preferably at least 5%. If it is less than 5%,
o tends to be tooc small, or the viscosity of the glass is

15 1likely to be high.

In the glass 1, R;0 is at most 10%. If R0 exceeds
10%, Tg or the weather resistance is likely to
deteriorate, and it is preferably at most 9%.

The molar ratio of the total content of Li,0 and Na,0

20 to the K;O content i.e. (Li,0+Na,0)/K;0 is preferably at
most 3. If the molar ratio exceeds 3.0, Tg is likely to
be too low, or the effect to lower Tg tends to be not
negligible rather than the effect to increase o, and it
ig preferably at most 1.4, typically at most 1.1. In the

25 glass 1, such a molar ratio is preferably at most 1.4.

La;0; has an effect to increase Tg, to increase o oxr

to increase E and thus is egsential. If Lay0; is less
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than 0.5%, such an effect tends to be small, and it is
preferably at least 1%. If La,0; exceeds 5%, Si-La type
crystals or Si-Ca-La type crystals are likely to be
formed, whereby T, is likely to be high, or d is likely
to be too large, and it is preferably at most 3%.

In the glass 2, La:0; is at most 3%. If Lay0: exceeds
3%, Si-La type crystals or Si-Ca-La type crystal are
likely to be formed, whereby Ty is rather likely to be
high, d is likely to be large, or phase separation is
likely to take place, and it is preferably at most 2%.

In connection with the glass 1, Fig. 1 is a graph
wherein a value obtained by dividing a product of the
Al,;0; content multiplied by the total content of Zr0,, K;0
and Lay;0;, by the total content of MgO, CaO, Sr0 and BaO
i.e. Al(ZrKia) /RO (abscisgsa, unit: mol%), and AT=T,-T,
{(ordinate, unit: °C) were plotted with respect to 67
types of glass with compositions comprising, as
represented by mol percentage, from 52 to 67.5% of Si0.,
from 4 to 15% of Al;0;, from 0 to 8.5% of MgO, from 0 to
8% of Ca0O, from 0.5 to 9% of Sx0O, from 0 to 10% of BaoO,
from 0 to 4% of TiO,, from 0 to 4% of Zr0,, from 0 to
2.5% of Liz0, from 0 to 6% of Na0, from 3 to 7% of K0
and from 0 to 5% of La,0s. Here, with respect to T, of
some of glass, values calculated from their compositions
were employed.

From Fig. 1, it is evident that Al (ZrKLa) /RO should

preferably be made to be at most 4.0% when it isg desired
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to adjust AT to be at least 0°C. If Al(ZrKLa)/RO exceeds

4,0%, AT is likely to be less than 0°C, whereby forming

by a float process is likely to be difficult. It is more

preferably at most 3.5%, particularly preferably at most
5 3.0%.

In the glass 1, in a case where the total content of
Al,;0; and ZrxQ, is at most 9%, the total content of Al,0;,
Zr0;, K0 and La;0; is preferably at most RO. Otherwise,
Si-Al-La type crystals, Zr0, type crystals or Si-K-La

10 type crystals are likely to precipitate, whereby AT is
likely to be small.

In the glass 1, in a case where the total content of
Al.05 and Zr0, exceeds 9%, the total content of Zx0; and
X;0 is preferably less than 9%. Otherwise, Zr0, type

15 crystals or Si-K-La type cxystals are likely to
precipitate, whereby AT is likely to be small.

In connection with the glass 2, Fig. 2 is a graph
wherein a value obtained by dividing a product of the sum
of the MgO and Ca0 contents multiplied by the sum of the

20 La,0; and TiO, contents, by the Zr0, content i.e.
(Mg+Ca) (La+Ti)/2r (abscissa, unit: mol%), and the
scattered peak intensity obtained by carrying out the
measurement of small-angle X-ray scattering of the glass
i.e. SAXS intensity (ordinate, optional unit) were

25 plotted with respect to 20 types of glass with
compositions comprising, as represented by mol percentage,

from 64.3 to 67.3% of Si0,, from 7.2 toc 8.0% of Al,0,,
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from 4.5 to 8.5% of MgQ, from 0 to 8% of CaQ, from 0.5 to
6.0% of Sr0, from 0 to 2.0% of Ba0, from 0 to 2.0% of
Ti0,, from 1.0 to 3.0% of Zr0,, from 3.0 to 6.5% of Na,O,
from 2.5 to 6.3% of K,0, and from 0.5 tec 1.3% of Lay0s,.

5 Here, the measurement of small-angle X-ray
gscattering of the glass was carried out as follows for
the purpose of evaluating fine phase separation in the
glass. Namely, using NANO-Viewer manufactured by Rigaku
K.K. as a small-angle X-ray scattering apparatus, and a

10 imaging plate as a detector, X-ray was passed through a
glass sample having a thickness of about 0.1 mm and a
size of about 1 em x 1 cm, and the obtained two-
dimensional data was estimated by the average
characteristics of radiation emitted by a circular ring

15 and then data-conversion to obtain one-dimensiocnal data,
which was then subjected to transmittance correction, in-
air scattering correction and sample-thickness correction
to obtain a scattered peak intensity. This scattered
peak intensity has a correlation with the surface

20 roughness AFM-Ra of the glass at the time of the final
polishing as described hereinafter, as shown in Fig. 3.

In a case where a surface recording density of at
least 1 Tb/inch? is desired to be realized, such AFM-Ra
is required to be adjusted to a level of at most 0.15 nm,

25 more preferably at most 0.12 nm. For such a purpose, for
example from Fig. 3, it is evident that when AFM-Ra is

desired to be adjusted to a level of at most 0.15 nm, the
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3*55.55.6 50 3.23.21.01.00.54.22.02.3Ba0O00.20000060
ZnO0O00O0OO0O0O0OO0OTIGOOO
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above scattered peak intensity is preferably adjusted to
a level of at most 220 (opticnal unit) or when AFM-Ra is
desired to be adjusted to a level of at most 0.12 nm, the
above scattered peak intensity is preferably adjusted to
5 a level of at most 50 (optional unit}. Accordingly, in
such a case, it is evident from Fig. 2 that
(Mg+Ca) (La+Ti) /Zr is preferably adjusted to be level of
at most 12.0%. If (Mg+Ca) (La+4Ti)/Zr exceeds 12.0%, the
compositional fluctuation due to phase separation tends
10 to be large, and the surface roughness at the time of the
final polishing is likely to deteriorate, and it is more
preferably at most 10.0%, particularly preferably at most
8.0%.
The glass of the present invention consists
15 essgentially of the above-mentioned components, but may
contain other components within a range not to impair the
purpose of the present invention. In a case where such
other components are contained, the total content of such
other components is preferably at most 5%, more
20 preferably at most 2%. Now, such other components will
be exemplified.
A clarifier such as S0,;, Cl, As,;0; or Sb,0; may be
contained in a total amount of up to 1%.
Further, in a case where heating by irradiation with
25 infrared ray is carxried out for heating a substrate, in
order to increase the emissivity in the irradiation

wavelength zone, a colorant such as Fey0;, Ni0, Co0, Cr,0,,



00000O02r02 2.52.51.81.71.52.52.02.21L12000000000

Na20:4.6 4.7 6.5 6.5 6.5 6.0 5.8 5.7 1(20 6.0 5.6 2.5 2.5 2.5 3.5 3.7

3.8 La202 0.7 0.7 1.0 1.0 1.0 0.8 0.8 0.9 RO12.2 12.8 15.0 15.0 15.0

12.7 13.0 13.5 R20 10.6 10.3 9.0 9.0 9.0 9.5 9.5 9.5 LiNa/K 0.77 0. 84

2.6 2.6 2.6 1.71 1.57 1.50 Al(ZrKLa)/R0 5.81 5.23 2.54 2.60 2.50 4.02
22

Cu0, MnO,, Ce0,, Er,0; or Yb,0; may be contained in a total
amount of up to 0.5%.
ZnO may have an effect to lower the viscosity of the
molten glass thereby to facilitate melting of the glass,
5 or to lower T,, and in such a case, it may be contained
in an amount of up to 5%. If ZnO exceeds 5%, Tg is
likely to be low, or d is 1likely to be large, and it is
preferably at most 3%.
B,0; may sometimes be contained in an amount of up to
10 5% in order to e.g. lower T;, but it may decrease the
uniformity or phase separation characteristics of the

glass, and in such a case, it is preferably not contained.

BEXAMPLES
15 In each of Examples 1 to 21, 28 to 50 and 52 to &5
in Tables 1 to 8, materials were prepared and mixed to
obtain a composition shown by mol percentagé in sections
for from S$i0; to Lay0; and by means of a platinum crucible,
melted at a temperature of from 1,550 to 1,650°C for from
20 3 to 5 hours. Typically, the mixture was melted at a
temperature of from 1,550 to 1,650°C for from 1 to 2
hours, then stirred for 1 hour and further clarified for
1 hour. Then, the molten glass was cast to form a plate,
followed by annealing.
25 With respect to a glass plate thus obtained, Tg
(unit: °C), a (unit: 1077/°C), the density d (unit: g/cm’),

the Young’s modulus E (unit: GPa), the specific modulus



3.70 3.83 LaTi'CaMy/ Zr 2.52 2.63 7.78 8.24 9.67 2.72 4.4 4.58 Tg 690
695 689 694 694 694 694 690 a 80 81 75 75 75 76 77 78 d 2.66 2.67
2.65 2.65 2.63 2.68 2.63 2.66 E 80.2 80.4 83.4 83.0 83.2 80.5 80.8

82.1 E/d 30.2 30.2 31.5 31.4 31.6 30.0 30.7 30.9 T4 1236 - - 1165 - -
- - TL 1150 1150 1170 1170 1190 1160 1150 1140 Phase separation
property 1 - - - - - - - - Phase separatEiBon property 2

E/d (unit: MNm/kg), the temperature T, at which the
viscosity becomes 10‘P=10* dPa-s {unit: °C), the liquid
phase temperature T (unit: °C), the phase separation
property, and the above-mentioned scattered peak

5 intensity (optional unit)} were measured or evaluated by
the following methods. The results are shown in Tables.
In the Tables, *“-" means that no measurement was carried
out, and “*” means that the value was one cbtained by
calculation from the composition.

10 Tg: By means of a differential thermal dilatometer
and using quartz glass as a reference sample, the rate of
elongation of glass when it was heated from room
temperature at a rate of 5°C/min to a temperature at
which the glass softened and elongation no longer

15 observed i.e. a yield point, whereby a temperature
corresponding to the critical point in the thermal
expansion curve was taken as the glass transition
temperature.

o: From the thermal expansion curve obtained in the

20 same manner as the above measurement of Tg, an average
linear expansion coefficient within a range of from 50 to
350°C was calculated.

d: Measured by an Archimedes method.
E: With respect to a glass plate having a thickness

25 of from 4 to 10 mm and a size of about 4 cm x 4 cm, the
measurement was made by an ultrasonic pulse method.

T,: Measured by means of a rotation viscometer.



31 - 92 - - 30 57 - Surface roughness 0.10 - 0.13 0.12 - - - - 33
TABLE 7 Exanples 49 50 51 52 53 54 55 56 8i02 63.0 63.0 67.5 65.0
62.5 60.0 57.5 62.5 Al203 7.5 7.5 5.0 7.5 10.0 10.0 10.0 6.0 MyO 6.0

75 2.06.02.02.02.04.0C05.05.02.06.02.02.02.01.5+¢5r0
1.75 1.75 7.0 2.5 7.0 7.0 7.0 5.5 Ba0 1.5 1.5 2.502.55.07.55.0
Zn0O

24

Tr: A glass specimen of about 1 cm x 1 cm x 0.8 cm

was placed on a platinum plate and heat-treated for 3
hours in an electric furnace set at every 10°C within a
temperature range of from 1,100 to 1,300°C. The glass

s was left to cool in atmospheric air and then observed by
a microscope, whereby the temperature range where
crystals were precipitated was taken as a liquid phase
temperature.

Phase separation property: A glass specimen of about

10 1l cmx 1l cmx 0.8 cm was placed on a platinum plate and
put in an electric furnace set at 850°C and 750°C and
maintained for about 20 minutes, whereupon it was
annealed at a cooling rate of -1°C/min or -10°C/min to
room temperature, followed by irradiation with a high

15 luminance power source, whereby whether or not turbidity
was observed, was visually confirmed. As a result, one
where no turbidity was observed in all tests was
identified by ©, one where no turbidity was observed
under the conditions of 750°C and -1°C/min was identified

20 by O, one where no turbidity was observed under the
conditions of 750°C and -10°C/min was identified by A,
and one where turbidity was observed in all tests was
identified by X. The results are shown in the section
for “Phase separation property 17 in the Tables.

25 Scattered peak intensity: As mentioned above, the
measurement of small-angle X-ray scattering of glass was

carried out, and data treatments were carried out to



0000000O0TI® 1.51.51.52.01.51.51.52.02r02 3.01.5 3.0
1.0 300 3.0 3.0 4.0Li201.51.5000000 Na20 2.0 2.0 4.8 4.0 4.0
4.0 4.0 2.0 1(20 6.25 6.25 3.2 5.0 4.0 4.0 4.0 5.5 La203 1.0 1.0 1.5
10 1.5 1.5 1.5 2.0 RO 14.25 15.75 13.5 14.5 13.5 16.0 18.5 16.0 R20
9.75 9.25 8.0 9.0 8.0 8.08.0 7.5 LiNa/K 0.56 0.56 1.50

obtain the scattered peak intensity. The results are
shown in the section for “Phase separation property 2" in
the Tables. As mentioned above, in a case where the
after-mentioned AFM-Ra is desired to be adjusted to be at

s most 0.15 nm, this scattered peak intensity is preferably
at most 220.

In Examples 22 to 27 and 51, no glass was prepared,
and Tg, etc. were obtained by calculation from the
compositions.

10 Examples 1 to 52 represent Examples of the present
invention, and among them, Examples 1 to 27 and 31 to 36
are examples for the glass 1, and Examples 9, 11, 16 and
28 to 48 are examples for the glass 2. Example 53 is a
Reference Example, and Examples 54 to 65 are Comparative

15 Examples.

Tables 9 to 16 show the compositions of the glasses
in Examples 1 to 65 as represented by mass percentage.

The following test was carried out to measure the
surface roughness after the polishing of each glass in

20 Examples 6, 16, 28 to 31, 34, 37 to 39, 41, 43, 44, 52
and 63 to 65.

As a test specimen, one obtained by finishing a
glass plate having a thickness of about 1.5 mm and a size
of about 4 cm x 4 cm by means of a cerium oxide slurry so

25 that the surface roughness would be from 0.3 to 0.4 nm as
measured by an atomic force microscope, was prepared.

Firstly, a suede abrasive cloth was mounted on a



0.80 1.00 1.00 1.00 0.36 Al (ZrKLa)/RO 5.92 4.17 2.85 3.62 6.30 5.31
4.594. 31 LaTisCaMy/ Zr 9.17 20.83 4 36 4 4 4 5.5 Tg 666 663 679* 702
715* 714* 713* 724* a 75.2 81.5 77.0* 83 74.0* 77.4* 80.7* 76.8* d
2.67 2.73 2.90* 2.67 2.91* 3.02* 3.12* 3.05* E 81.9 82.1 81.2* 81.0
82.4* 83.0* 83.7* 83.8* E/d 30.7 30.1 28.0* 30.4 28.3* 27.5* 26.8*
27.5* T4 1210* 1166* 1158* - 1197* 1170*,4150* 1159* TL >1300 1190
1160 1240 1280

polishing plate of a small single-side polishing machine
manufactured by Hamai Co., Ltd. and subjected to truing
by means of a diamond dresser. This abrasive cloth was
washed with pure water and by means of a brush, and then

5 polishing operation was carried out by supplying a
colloidal silica slurry with an average particle size of
30 nm having the pH adjusted to 2. The polishing
pressure was 10 kPa, the sun gear rotational speed was 40
rpm, and the polishing time was 20 minutes.

10 After the polishing, each glass was washed with pure
water and an alkaline cleanser and then dried by blowing
dry air thereto.

The surface roughness Ra of each glass thus obtained
was measured by means of an atomic force microscope

15 SPA400, manufactured by SII NanoTechnology Inc. The
results are shown in the section for “Surface roughness”
(unit: nm) in the Tables. The surface roughness Ra thus
obtained is referred to as AFM-Ra in this specification.

Fig. 3 is one wherein the above scattered peak

20 intensity (phase separation property 2) and this AFM-Ra

were plotted. From this Fig., it is evident that a

positive correlation exists between the two.



1230 1270 Phase separation property 1 - - - - - - - Phase separation
property 2 - - 671 - - - - Surface roughness _ _ 0.20 - _ - 34
TABLE 8 Exanples 57 58 59 60 61 62 63 64 65 5102 61.25 55.0 55.0 58.5

56.5 57.5 66.5 60.0 65.0 Al203 7.5 14.0 10.0 12.0 12.0 11.0 4.7 8.5
7.5 MO 7.0 2.0 3.0 3.0 2.0 2.0 3.4 7.0 6.0 Ca0 8.0 2.0 5.0 3.0 2.0
2.06.24.58.0 Sr0 2.25 27
TABLE 1
Examples 1 2 3 4 5 6 7 §
810, 57.5 60.0 | 60.0 | 62.5 [{63,.0] 63.5;65.0( 65.0
Al,0; 7.5 7.5 6.5 7.5 5.5 5.5 5.0 5.0
MgO 2.0 2.0 6.0 2.0 6.5 3.6 2.0 2.0
Ca0 2.0 2.0 2.0 2,0 2.0 2.0 2.0 2.0
8x0 7.0 7.0 7.0 7.0 3.2 6.8 7.0 7.0
BaO 10.0 7.5 5.5 5.0 5.5 5.0 5.0 5.0
Zno 0 0 0 0 0 0 0 Q
Ti0, 1.5 1.5 2.0 1.5 1.5 1.5 1.5 1.5
Zx 0, 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Li,0 0 0 0 0 0 0 0 0
Nay0 4.0 4.0 1.0 4.0 1.3 1.1 1.5 4.0
K0 4.0 4.0 5.0 4.0 7.0 6.5 6.5 4.0
La;0; 1.5 1.5 2.0 1.5 1.5 1.5 1.5 1.5
RO 21.0 18.5 20,5 | 16.0 [17.2 | 17.4 ]| 16.0 16.0
R20 8.0 8.0 6.0 8.0 8.3 7.6 8.0 8.0
LiNa/K 1.00 1.00 | 6.20 | 1.00 |0.29]| 0.17 | 0.23 1.00
Al (ZxrKLa) /RO | 3.04 3.45 [ 3.17 | 3.98 [3.68 | 3.48 ) 3.44 | 2.66
LaTi*CaMg/Zx 4 4 10.67 4 B.5 5.6 4 4
Ta 682 691 736 697 711 716 707 681
o 84 82 75 79 80 78 79 80
d 3.22 3.12 3.10 3.01 |2.95|3.0013.00 3.00
E 83.4% [ 82.8*% |85.9*%82,1%|81.8|81.6 | 83.1 | 81.2+*
E/d 25.9% | 26.6% | 27.7% | 27.3%|27.7| 27.2 | 27.7 | 27.0%
T, 1117 | 1132 1150 | 1164 | 1173 | 1174 | 1166 | 1142
Ty 1110 1130 1150 | 1160 {1170 1170 | 1120 | <1100
Phase
separation — — - — — © -~ _
property 1
Phage
separation — - - — — 43 — —
property 2
Surface
roughness — _ — B — |01 — —




5807.06.55.04.77.02.5E008.004.08.08.03.600 2zn0
020000 T1021.52.03.502.01.003.50 2r02 3.0 2.5
2.52.01.71.01.0LI200.8 00000000 Na20 1.2 3.0 3.5
3.0 4.8 4.04.0 1(20 6.55.05.06.04.04.04.44.55.0
.0 1.75 5.0 2.5 1.75

28

TABLE 2
Examples 9 10 11 12 13 14 15 16
S10; 66.5 67.5 [ 64.0 | 63.5 62,5 | 63.051{ 63.3 63.5
21,0, 4.0 5.0 7.0 6.5 7.0 7.0 6.8 7.0
MgO 5.0 2.0 7.0 7.5 8.5 8.1 8.3 8.0
Cao 0 2.0 6.0 4.0 4.0 4.7 5.5 5.0
Sro 7.0 7.0 4.0 5.5 5.0 3.7 2.7 3.3
BaO 4.0 2.5 1.0 1.0 1.0 1.0 1.0 1.0
Zno 0 C 0 0 0 0 0 0
TiQ, 1.0 1.5 1.0 1.5 1.5 1.5 1.5 1.0
Zr0, 2.5 3.0 1.25 1.5 1.5 1.5 1.5 1.65
Li,0 0 0 0 0 0 0 0 0
Na,;0 3.0 4.0 2.0 3.0 2.5 2.6 2.7 2.6
K,0 5.0 4.0 5.75 5.0 5.5 5.6 5.5 5.7
Lay0, 2.0 1.5 1.0 1.0 1.0 1.25 1.2 1.25
RO 16.0 13.5 | 18.0 | 18.0 18.5 17.5 17.5 17.3
R,0 8.0 8.0 7.75 8.0 8.0 8.2 8.2 8.3
LiNa/K 0.60 1.00 [0.35] 0.60 0.45 0.46 0.49 0.46
Al (ZrKLa) /RO | 2.38 3.15 |3.11] 2.71 3.03 3.34 3.19 3.48
LaTi*CaMg/Zx 6 4 20.8 119.17|20.83 | 23.47 (24.84| 17.73
Tg 687 690 708 695 709 710 710 711
o 76 77 78 79 75 78 79 78
d 2.98 2,90 | 2,74 | 2.78 2.78 2.77 2.75 2.76
E 83.4*% | 80.6*% | B8B1.2 | 82.0 82.1 81.6 81.8 81.5
E/d 25.9*% | 27.8* | 29.6 | 29.4 29.5 29.5 29.8 29.6
T, 1146 1176 | 1184 | 1154* | 1167%* 1170 1147 1177
Ty, 1130 1140 | 1160 | 1120 1170 1140 1145 1160
Phase
separation - — — — — O VAN O
property 1
Phase
separation - — — - — — - 843
property 2
Surface - — —_ — — — — 0.17
roughnesgs




2.5-00 1.0 RD 17.25 16.75 16.0 17.0 18.5 17.0 17.9 18.5 16.5 R20 8.5
8.0857.06.757.09.2 8.59.0LiNa/KO0.310.6 0.7 0.17 0.69 0.75
1.09 0.89 0.80 Al (zZrKLa)/RO 4.57 7.73 7.5 8.12 5.35 5.5 1.6 2.53 3.18
LaTi CaMy/ Zr 12.5 6 34 5 6 7 0 40.25 14 Tg 709 741 739 768 733 717 691
691 698 a 76.9 79.0 84.8 75.4 78.7 78.6 81 81 80 d 2.74 3.08 2.96
3.05 3.13 3.18 2. 77 2.71 2.67 29
TABLE 3
Examples 17 18 19 20 21 22 23 24
810, 63.7 | 62.5 | 65.0 | 63.0 | 63.0 64.0 64.5 | 63.5
BAl150; 6.5 6.5 7.5 6.5 6.5 7.0 5.5 5.5
MgO 4.0 7.0 2.0 3.5 6.0 7.0 0 3.0
CaO 2.0 1.0 2.0 2,0 0 5.0 3.0 2.0
8Sx0 7.0 2.0 7.0 5.0 6.5 6.0 7.8 7.6
Ba0 3.0 7.0 2.5 4.5 3.5 1.5 5.0 5.9
Zno 0 0 0 0 0 0 0 0
TiO; 1.5 1.0 1.5 2.0 2.0 0 1.5 1.5
Zx0, 2.6 2.5 3.0 3.5 2.5 1.0 2.5 3.0
Li,0 0 0 0 0 0 0 0 0
Na,0 1.5 2.0 4.0 2.0 1.5 1.8 2.2 0
K20 6.7 6.5 4.0 6.0 6.5 5.7 6.5 6.5
Las04 1.5 2.0 1.5 2.0 2.0 1.0 1.5 1.5
RO 16.0 | 17.0 | 13.5 | 15.0 16.0 19.5 15.8 t 18.5
R0 8.2 8.5 8.0 8.0 8.0 7.5 8.7 6.5
LiNa/K 0.22 | 0.32 | 1.00 | 0.33 0.23 0.32 0.34 0
AL(ZrKLa)/RO| 4.39 | 4.21 1 4.72 | 4.98 | 4.47 2.76 3.66 | 3.27
LaTi*CaMg/Zr | 6.92 9.6 4 6.29 9.6 12 3.6 5
Tg 702 711 701* 727 725 705* 694* | 730%*
o 79.5% | 81.0 |74.3% | 77.9 | 78.1 | 77.7* | 82.4* | I5.7*
d 2.92*% [ 2.99% | 2,90*% | 3,00*%|2.96*% | 2,.78*% | 3.00*% |3.05*
E 80.4* [ 80.7* | 81.5% {82,2*% | 81.8* | 80.,3*% | 78.1* | 81.3*
E/d 27.5*% 126.9% | 28.1* | 27.4%* { 27.6% | 28.8% | 26_.0* | 26.6%*
Ty 1172 | 1178 | 1182* | 1171 | 1156 | 1168* | 1156* | 1174*
Ty, 1210 ) 1220 | 1230 | 1200 | 1220
Phase
separation — — — — —
property 1
Phase
separation — — — — —
property 2
Surface _ _ . _ .
roughness




E 85.4 83.7 86.4 82.9 86.3* 82.8 76.5 82.4 81.3 E/d 31.2 27.1 29.2
27.2+27.2* 26.1 27.6 30.4 30.5 T4 1178* 1203* 1019* 1169* 1173 1175*
1145 1147 - TL >1300 >1300 >1300 >1300 >1300 1290 1080 1140 1160

Phase separation property 1 X- - - - - - - - Phase separation

property 2 - - - - - - 12 954 354 Surface roughness - - - - - - 0.10

0.17 0.18 35 TABLE 9 Exanples 1 2 3 4p 6 7 8 S102 41.75
TABLE 4
Examples 25 26 27 28 29 30 31 32
Si0, 64 .55 67.0 69.0 [66.5167.0| 65.0 65.0 65.4
Al;0, 6.0 5.0 4.0 7.5 | 7.5 7.5 7.2 7.4
MgO 3.2 2.5 4.5 6.0 6.0 6.0 8.0 7.8
CaQ 2.0 2.0 2.0 6.0 | 6.0 6.0 4.0 4.7
Sro 4.5 6.1 2.5 2.5 | 2.5 2.5 2.5 1.8
BaO 5.0 3.0 1.0 0 0 0 2.0 0.8
Zno 0 0 0 0 0 0 0 0
TiO, 1.5 1.5 2.0 0.5 0 0 0 0
Zr0; 3.0 3.0 3.0 1.0 1.0 3.0 1.7 1.8
Li,0 2.5 0 0 0 ] 0 0 0
Na,0 1.0 4.9 4.5 4.0 | 4.0 4.0 3.0 4.2
K,0 5.0 3.5 5.5 5.0 | 5.0 5.0 5.6 5.0
La,0 1.75 1.5 2.0 1.0 | 1.0 1.0 1.0 1.1
RO 14.7 | 13.6 | 10.0 {14.5|14.5| 14.5 | 16.5 | 15.1
R,0 8.5 8.4 10.0 | 9.0 1 9.0 9.0 8.6 9.2
LiNa/K 0.70 | 1.40 { 0.82 [0.80| 0.80 | 0.80 | 0.54 | 0.84
Al (ZrKLa) /RO| 3.98 | 2.94 4.2 |3.62]|3.62| 4.66 | 3.62 | 3.87
LaTi-CaMg/Zr | 5.63 4.5 8.7 18 12 4 7.06 | 7.64
Tg 680* | 683* | 688% | 703 | 703 722 696 694
a 75.1% { 75.3* | 77.7% | 77 77 76 76 76
d 2.97* {2.90* | 2.79*% | 2.65{ 2,64 2.70 | 2.74 | 2.69
E 83.4* [ 80.9* [ 79.0* |80.4| 79.8 | 83.1 | 81.2 | 81.9
E/d 28.1* | 27.9% | 28.4% | 30.4}30.3 | 30.8 | 29.7 | 30.4
T4 1144* | 1156%* | 1171* | — — — 1195 —
Ty, 1160 | 1160 | >1200 | <1100 | 1160
Phase
separation - — — — -
property 1
Phase
separation 245 210 86 65 —
property 2
igi;ﬁgzss 0.16|0.14 | 0.14 | 0.13 | —




44.83 45.61 48.10 49.72 49.14 50.17 50.70 Al 203 9.24 9.51 8.38 9.79
7.37+%7.22 6.55 6. 62 My 0.97 1.00 3.06 1.03 3.44 1.87 1.04 1.05 CaO
1.36 1.39 1.42 1.44 1.47 1.44 1.44 1.46 Sr0 8.77 9.02 9.18 9.29 4. 36
9.08 9.32 9.42 BaO 18.53 14.30 10.67 9.82 11.08 9.88 9.85 9.95 ZnO 0
OO0O0O0OO0OO0OOOTI O 1.45 1.49 2.02 1.54 1.57 1.54 1.54 1.56 Zr02 4. 47
4.60 4.68 4.73 4.86 4.76 4.75 4.80 Li2§)10 00O
TABLE 5
Examples 33 34 35 36 37 38 39 40
§i0, 64.3 | 66.0 | 66.5 66.5 |66.5] 66.5 | 65.8}65.9
Al,04 7.4 7.4 7.4 7.4 7.7 7.4 8.0 7.5
MgO 8.0 5.0 6.5 6.5 7.0 7.0 5.5 6.5
Cao 5.8 5.0 2.5 0 1.0 1.0 0 0
Sx0 1.7 3.0 3.5 6.0 4.0 4.0 6.0 5.9
BaO 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Zno 0 0 0 0 0 0 0 0
TiO, 0 0 0 0 0 0 0 0
ZrQ, 1.8 2.5 2.0 2.0 2.0 2.0 2.5 2.5
Li.0 0 0 0 0 0 0 0 0
Nas0 4.2 4.5 4.5 4.5 4.3 4.3 4.3 4.0
K;0 5.45 5.5 5.5 5.5 5.9 5.9 6.3 6.3
Laz0; 0.75 0.5 1.0 1.0 1.0 1.3 1.0 0.8
RO 16.1 | 13.6 | 13.1 13.1 |12.6 | 12.6 | 12.1 {13.0
R;0 92.65 [ 10.0 | 10.0 10.0 |10.2|10.2 | 10.6 |10.3
LiNa/K 0.77 | 0.82 | 0.82 0.82 |0.73|0.73 | 0.68|0.63
Al (ZrKLa)/RO| 3.68 | 4.63 | 4.80 4.80 | 5.44 | 5.40 | 6.48 [ 5.54
LaTi-CaMg/Zxr | 5.75 2 4.5 3.25 4 5.2 2.2 [2.08
Tg 689 684 685 688 691 693 696 694
o 80 78 78 78 79 79 80 77
d Z2.66 | 2,67 ( 2.70 2.73 |2.69,2.71 (1 2.74{2.72
E 81.2 | 80.6 | 80.4 72.8 |79.5| 79.9 [ 78.9 | 79.5
E/d 30.5 | 30.2 | 29.8 29.2 | 25.6 | 29,5 | 28.8 | 29.2
T4 - —_ - - _ _ - -
Ty, 1170 | 1140 | 1120 | <1100 | 1120 | 1160 | 1180 { 1140
Phase
separation - — — - — —_ — —
property 1
Phase
separation - 21 114 29 72 — 33 17
property 2
Surface
roughness - 0.10 — — 0.1210.22 | 0.10 -




0 000 0 Na20 3.00 3.08 0.78 3.18 1.06 0.88 1.19 3.22 1(20 4.55 4.69
5.96-4.83 8.66 7.89 7.87 4.89 La203 5.91 6.08 8.24 6.26 6.42 6.30
6,28 6.34 TABLE 10 Exanples 9 10 11 12 13 14 15 16 Si 02 52. 30 54. 29
55. 16 54.38 53.56 53.89 54.69 54.38 Al 203 5.34 6.83 10.24 9.45 10.18
10. 15 9.97 10.17 MyO 2.64 1.08 4.05 4.31 4.89 4.64 4.81 4.60 CaO O
1.50 4.83 3.20 3.20 3.75 4.44 4.00 Sr 2,49 9.71 5.95 8.12 7.39

TABLE 6

s

Examples
Si0,
Al,0;
MgO

Ca0

Sro

BaO 0
Zno 0 0 0 0 0 0 0 0
TiO, 0 0 0 0 0 0 0 0
Zro, 2.5 2.5 1.8 1.7 1.5 2.5 2.0 2.2
Li,0 0 0 0 0 0 0 0 0
Na,0 4
K;0 6.
La->0s 0
RO 12
R0 10.
LiNa/K 0.77 | 0.84
Al (ZrKLa) /RO | 5.81 | 5.23
LaTi*CaMg/Zr | 2.52 | 2.63 | 7.78 | 8.24 | 9.67 | 2.72 | 4.4 | 4.58
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S VN ST RN ) N

Tg 690 695 688 694 694 694 694 6380
o 80 81 75 75 75 76 77 78

d 2.66 2.67 2.65 | 2.65 | 2.63 2.68 2.63 2.66
E 80.2 80.4 83.4 83.0 83.2 80.5 80.8 82.1
E/4 30.2 | 30.2 | 31.5 | 31.4 | 31.6 | 30.0 | 30.7 | 30.9
T, 1236 — - 1165 — — - -

Ty 1150 1150 1170 1170 | 1190 1160 1150 1140
Phase

separation - — - - — - - —

property 1

Phase

separation 31 — 92 - — 30 57 -

property 2

Surface

roughness




5.45 4.02 4.87 Ba0 8.03 5.13 2.20 2.19 2.19 2.18 2.21 2.19 ZnO0 0 O
00@00Tix 1.05 1.60 1.15 1.71 1.71 1.71 1.72 1.14 Zr02 4.03 4.95
2,21 2.63 2.64 2.63 2.66 2.90 Li20 0 0 0 0 0 0 O O Na20 2.43 3.32
1.78 2.65 2.21 2.29 2.41 2.30 K20 6.17 5.04 7.77 6.71 7.39 7.50 7.45
7.65 La203 8.53 6.54 4.67 4.64 4.65 5.79 5.62 5.81 36 TABLE 11

Exanples 17 18 19 20 21 33
TABLE 7
Examples 49 50 51 52 53 54 55 56
510, 63.0 63.0 67.5 | 65.0] 62.5 60.0 57.5 62.5
Al-;0, 7.5 7.5 5.0 7.5 10.0 10.0 10.0 6.0
MgO 6.0 7.5 2.0 6.0 2.0 2.0 2.0 4.0
Cal 5.0 5.0 2.0 6.0 2.0 2.0 2.0 1.5
Sr0 1.75 1.75 7.0 2.5 7.0 7.0 7.0 5.5
BaoO 1.5 1.5 2.5 0 2.5 5.0 7.5 5.0
Zno 0 0 C 0 0 0 4 0
Ti0, 1.5 1.5 1.5 2.0 1.5 1.5 1.5 2.0
Zx 0, 3.0 1.5 3.0 1.0 3.0 3.0 3.0 4.0
Liz0 1.5 1.5 0 0 0 o 0 0
Na,0 2.0 2.0 4.8 4.0 4.0 4.0 4.0 2.0
K0 6.25 6.25 3.2 5.0 4.0 4.0 4.0 5.5
La,04 1.0 1.0 1.5 1.0 1.5 1.5 1.5 2.0
RO 14.25|15.75 | 13.5 | 14.5| 13.5 16.0 18.5 16.0
R,0 8.75 9.25 8.0 8.0 8.0 8.0 8.0 7.5
LiNa/K 0.56 0.56 1.50 | 0.80 1.00 1.00 1.00 0.36
Al (ZrKLa) /RO 5.92 4.17 2.85 | 3.62 6.30 5.31 4.59 4.31
LaTi'CaMg/zZr | 9.17 | 20.83 4 36 4 4 4 5.5
Tg 666 663 679* 702 715% T1l4* T713* T24%
o 75.2 81.5 | 77.0%* 83 T4.0% | 77.4*% [ BO.7* | 76.8%*
d 2.67 2.73 |2.90* | 2.67|2.91* | 3.02% | 3.12%| 3, 05%
E 81.9 82.1 |81.2*% | 81.0|82.4%|83.0%|83.7* | 83.8%*
E/d 30.7 30.1 |28.0*30.4|28.3*%|27.5%|26.8* | 27.5%
T, 1210* | 1166%* [ 1158* - 1197%* | 1170* | 1150% | 1159%*
T >1300 1190 1160 1240 1280 1230 1270
Phase
separation — — - — - - —
property 1
Phase
separation — — 671 — — — —
property 2
urface
iouginess H B 0.20 B B B B




22 23 24 Si02 45.45 42.30 50.53 47.89 44.72 46.73 44.04 43.78 Al 203
16. 1€» 18.27 8.75 8.45 13.20 14.42 13.00 15.50 MyO 1.59 1.03 2.13 3.60
1,57 1.71 1.54 1.53 CaO0 2.21 1.44 1.48 0.72 3.63 3.97 3.57 3.55 &r
10.91 6.30 9.58 2.64 10.73 11.72 10.57 10.50 BaO 0 15.70 6.07 13.69 O
000zZnOOOO0ODOD0ODOOTIO2 1.58 2.05 1.58 1.02 3.62 3.96 1.53
1.52 7zr02 6.48 3.94 4.23 3.93 3.19 3.4 3.14 3.12

TABLE 8
Examples 57 58 59 60 61 62 63 64 65
8i0; 61.25)1 55,0 | 55.0 | 58.5 | 56.5 | 57.5 | 66.5 | 60.0 | 65.0
Al1,0, 7.5 14.0 | 10.0 | 12,0 | 12.0 | 11.0 | 4.7 8.5 7.5
MgO 7.0 2.0 3.0 3.0 2.0 2.0 3.4 7.0 6.0
Ca0 8.0 2.0 5.0 3.0 2.0 2.0 6.2 4.5 8.0
Sro 2.25 | 4.75 | 8.0 7.0 6.5 5.0 4.7 7.0 2.5
Ba0 0 8.0 0 4.0 8.0 8.0 3.6 0 0
Zno 0 0 0 0 0 2.0 0 0
Ti0; 1.5 2.0 3. 0 2.0 1.0 0 3. 0
Zxr0, 3.0 2.5 2.0 3.0 2.0 1.7 1.0 1.0
Li.0 0.8 0 0 0 0 ] 0 0 0
Na,0 1.2 3.0 3.5 1.0 | 2.75 | 3.0 4.8 4.0 4.0
K,0 6.5 5.0 5.0 6.0 4.0 4.0 4.4 4.5 5.0
Lay0; 1.0 1.75 | 5.0 2.5 | 1.75 } 2.5 0 0 1.0
RO 17.25}116.75| 16.0 | 17.0 | 18.5 | 17.0 | 17.9 | 18.5 | 16.5
R,0 8.5 8.0 8.5 7.0 | 6.75 | 7.0 9.2 8.5 9.0
LiNa/K 0.31 0.6 0.7 [ 0.17 { 0.69 [ 0.75 | 1.09 | 0.89 | (.80
Al (ZrKia) /RO | 4.57 [ 7.73 7.5 | 8.12 | 5.35 | 5.5 1.6 | 2.53 | 3.18
LaTi-CaMg/Zr | 12.5 6 34 5 6 7 0 40.25 14
Tg 709 741 739 768 733 717 691 691 698
o 76.9 | 79.0 | B4.8 | 75.4 | 78.7 | 78.6 81 81 80
d 2.74 | 3.08 { 2.96 [ 3.05 | 3.13 | 3.18 | 2.77 | 2.71 | 2.67
E B5.4 | 83.7 | 86.4 | 8B2.9 {86.3%| 82.8 | 76.5 | 82.4 | 81.3
E/d 31.2 | 27.1 | 29.2 | 27.2 [ 27.2% | 26.1 | 27.6 | 30.4 | 30.5
Ty 1178* | 1203* | 1019*% | 1169* | 1173 | 1175% | 1145 | 1147 -
Ty, >1300 | >1300 | >1300 ] >1300 | >1300 | 1290 | 1080 | 1140 | 1160
Phase
separation X — — — - - — - —
property 1
Phase
separation — — — — — - 12 954 354
property 2
fgigﬁg:ss — — — — —_ — | o0.10} 0.17 | 0.18




Li20 00 000 00O Na20 2.85 2.38 1.23 1.58 2.81 3.07 2.77 2.75
1(20-6.20 6.03 8.33 7.81 6.10 6.66 6.00 5.97 La203 10.72 7.30 6.45
8,31 10.54 23.04 18.69 10.32 TABLE 12 Exanples 25 26 27 28 29 30 31
32 Si02 45.27 46.36 47.73 58.71 59.24 56.42 55.78 57.09 Al 203 13. 36
16.42 16.91 11.24 11.25 11.05 10.49 10.96 MyO 1.58 2. 70 2.78 3.55
3.56 3.49 4.61 4.57 Ca0 3.67 0.75 0 4.94 4.95 4.86 3.20 3.83 Sr0

TABLE 9

Examples 1 2 3 4 5 6 7 8
8i0, 41.75 1 44.83 | 45,61 § 48.10 | 49.72 | 49.14 | 50.17 | 50.70
Al,0, 9.24 | 9.51 | 8.38 | 9.79 | 7.37 | 7.22 | 6.55 | 6.62
MgO 0.97 1.00 3.06 1.03 3.44 1.87 1.04 1.05
Cao 1.36 1.39 1.42 1.44 1.47 1.44 1.44 1.46
Sx0 8.77 9.02 9.18 9.29 4.36 9.08 9.32 9.42
BaO 18.53 1 14.30 | 10.67 | 9.82 | 11.08 | 9.88 9.85 9.985
Zno 0 Q 0 0 0 0 0 0]
Tio, 1.45 1.48 2.02 1.54 1.57 1.54 1.54 1.56
210, 4.47 4.60 4.68 4.73 4.86 4.76 4.75 4.80
Li,0 0 0 0 0 0 0 0 0
Na,O 3.00 3.08 0.78 3.18 1.06 0.88 1.1¢9 3.22
K,O 4,55 4.69 5.96 4,83 8.66 7.89 7.87 4.89
Lay0s 5.91 | 6.08 | B.24 | 6.26 | 6.42 | 6.30 | 6.28 | 6.34
TABLE 10

Examples S 10 11 12 13 14 15 16
S10, 52.30 [ 54.29 | 55.16}54.38 | 53.56|53.89| 54,69 | 54.38
Al.0s 5.34 6.83 | 10.24 | 9.45 |(10.18 | 10.15| 9.9%7 | 10.17
MgO 2.64 1.08 4.05 4.31 4.89 4.64 4.81 4.60
Ca0 0 1.50 4 .83 3.20 3.20 3.75 4.44 4.00
Sr0 9.48% 9.71 5.95 8.12 7.38 5.45 4,02 4.87
BaO B8.03 5.13 2,20 2.19 2.19% 2.18 2.21 2.19
zno 0 0 0 0 0 0 0 0
Ti0, 1.05 1.60 1.15 1.71 1.71 1.71 1.72 1.14
Zxr0; 4.03 4.95 2.21 2.63 2.64 2.63 2.66 2.90
Li.0 0 0 0 0 0 0 0 0
Na.0 2.43 3.32 1.78 2.65 2,21 2.29 2.41 2.30
K0 6.17 5.04 7.7 6.71 7.38 7.50 7.45 7.65
Laz0s 8.53 | 6.54 | 4,67 | 4.64 | 4.65 | 5.79 | 5.62 | 5.81




10.86 11.12 11.45 3.81 3.81 3.74 3.70 2.71 BaOO 0 0 0 0 0 4.38 1.78
ZnOG0000000Ti® 1.57 1.61 1.66 0.59 0 0 0 O Zr02 6.46 6.61
6,81 1.81 1.81 5.34 2.99 3.22 Li20 00 0 0 0 0 0 0 Na20 2.84 2.91
3.00 3.64 3.65 3.58 2.66 3.78 1(20 6.17 6.32 6.51 6.92 6.93 6.80 7.54
6.84 La203 10.67 10.93 15.76 4.79 4.79 4.71 4.65 5.21 37 TABLE 13

Exanpl es 36

TABLE 11

Examples | 17 18 19 20 21 22 23 24
SiQ, 45.45 | 42.30 | 50.53 | 47.89 [ 44.72 [ 46.73 | 44.04 | 43.78
Al,0; 16.10 | 18.27 | 8.75 | 8.45 | 13.20 | 14.42 | 13.00 | 15.50
MgO 1.59 | 1.03 | 2.13 | 3,60 | 1.57 [ 1.71 | 1.54 | 1.53
Ca0 2.21 | 1.44 ] 1.48 | 0.72 | 3.63 | 3.97 | 3.57 | 3.55
Sro 10.91{ 6.30 | 9.58 | 2.64 |10.73|11.72]10.57 | 10.50
BaQ 0 15.70 | 6.07 | 13.69 0 0 0 0
Zno 0 0 0 0 0 0 0 0
Ti0, 1.58 | 2.05 | 1.58 | 1.02 | 3.62 | 3.96 | 1.53 | 1.52
Zr0, 6.48 | 3.94 | 4.23 | 3.93 | 3.19 | 3.49 | 3.12 | 3.12
Li,0 0 0 0 0 0 0 0 0
Na,0 2.85 | 2.38 | 1.23 | 1.58 | 2.81 { 3.07 | 2.77 | 2.75
K0 6.20 | 6.03 | 8.33 | 7.81 | 6.10 | 6.66 | 6.00 | 5.97
La, 0 10.72 | 7.30 | 6.45 | 8.31 [10.54 [ 23.04 | 18.69 | 10.32
TABLE 12

Examples 25 26 27 28 29 30 31 32
Si0; 45.27 | 46.36 [ 47.73 [ 58.71 | 59.24 | 56.42 { 55.78 | 57.09
Al1,0, 13.36 {16.42 [ 16.91!11.24 { 11.25|11.05 | 10.49 | 10.96
MgO 1.58 | 2.70 | 2.78 | 3.55 | 3.56 | 3,49 | 4.61 | 4.57
Ca0 3.67 | 0.75 0 4.94 | 4.95 | 4.86 | 3.20 | 3.83
Sr0 10.86 | 11.12 [ 11.45) 3.81 | 3.81 | 3.74 | 3.70 | 2.71
BaO 0 0 0 0 0 0 4.38 | 1.78
Zno 0 0 0 0 0 0 0 0
TiO, 1.57 | 1.61 { 1.66 | 0.59 0 0 0 0
Zr0; 6.46 | 6.61 | 6.81 | 1.81 | 1.81 | 5,34 | 2.99 | 3.22
Liy0 0 0 0 0 0 0 0 0
Na,0 2.84 | 2.91 | 3.00 | 3.64 | 3.65 | 3.58 | 2.66 | 3.78
K,0 6.17 | 6.32 | 6.51 | 6.92 | 6.93 | 6.80 | 7.54 | 6.84
La,0; 10.67 | 10.93 | 15.76 | 4.79 | 4.79 | 4.71 | 4.65 | 5.21




33 34 35 36 37 38 39 40 Si02 57.03 57.70 57.27 56.31 56.92 56. 38
54.97 55.77 Al 203 11.14 10.98 10.82 10.63 11.18 10.65 11.33 10.77 MO
4,76 2.93 3.76 3.69 4.02 3.98 3.08 3.69 CaO 4.80 4.08 2.01 0 0.80
0.79 0 0 Sr() 2.60 4.52 5.20 8.76 5.90 5.85 8.64 8.61 BaO 1.36 1.34
1.32 1.30 1.31 1.30 1.281.30ZnO00000000TIiC20O0O0O0ODO0ODO0O

0 Zr02 3.27 4.48 3.53 37

TABLE 13

Examples 33 34 35 36 37 38 39 40
810, 57.03 1 57.70|57.27 | 56.31|56.92|56.38]54.92 | 55.77
Al,0, 11.14110.98 (10.82 | 10.63 |11.18 | 10.65 | 11.33 | 10.%7
MgO 4.76 2.93 3.76 3.6% 4.02 3.98 3.08 3.69
Cao 4.80 4.08 2.01 0 0.80 0.79 0 0
Sro 2.60 4.52 5.20 8.76 5.90 5.85 8.64 8.61
BaO 1.36 1.34 1.32 1.30 1.31 1.30 1.28 1.30
Zno 0 0 0 0 o 0 0 0
TiO, 0 0 0 0 0 0 0 0
210, 3.27 4.48 2.53 3.47 3.51 3.48 4.28 4.34
Li,0 0 0 0 0 0 0 0 0
Na-0 3.84 4.06 4.00 3.93 3.80 3.76 3.70 3.459
K»0 7.58 7.54 7.43 7.30 7.92 7.84 8.24 8.36
Laz04 31.61 2.37 4.67 4.59 4.64 5.98 4.53 3.67
TABLE 14

Examples 41 42 43 44 45 46 47 48
8i0, 57.56 | 57.42 | 59.65 | 59.41 | 59.99 | 58.40 | 59.90 | 58.60
A1,0; 11.35{11.20)11.04 | 11.49|11.57 | 11.09|11.18 | 11.23
MgC 2.62 2.74 4.85 4.85 5.18 2.82 3.28 3.32
Cao 3.65 3.81 5.06 5.06 5.09 2.85 4.57 4.61
S0 4.79 4.79 1.56 1.56 0.78 6.31L | 3.07 3.50
BaO 0 0.44 0 0 0 0 0 0
Zno 0 0 0 0 0 0 0 0
Tio, 0 0 0 0 0 0 0 0
2105 4.45 4,45 3.34 3.15 2.80 4.47 3.65 3.98
Li,0 0 0 0 0 0 0 0 ¢
Na,0 4.12 4.21 6.06 6.05 6.10 5.39 5.33 5.19
K20 8.17 7.63 3.54 3.54 3.56 4,78 5.16 5.26
La,0, 3.30 3.30 4.90 4.90 4.93 3.78 3.86 4.31




3.47 3.51 3.48 4.28 4.34 Li20 0 0 00 0 0 0 0 Na20 3.84 4.06 4.00
3.93-'3.80 3.76 3.70 3.49 1(20 7.58 7.54 7.43 7.30 7.92 7.84 8.24 8.36
La203 3.61 2.37 4.67 4.59 4.64 5.98 4.53 3.67 TABLE 14 Exanples 41
42 43 44 45 46 47 48 Si02 57.56 57.42 59.65 59.41 59.99 58.40 59.90
58.60 Al 203 11.35 11.20 11.04 11.49 11.57 11.09 11.18 11.23 MO 2.62
2.74 4.85 4.85 5.18 2.92 3.28 3.32 CaQ@Qg3.65 3.81 5.06 5.06

TABLE 15

Examples 49 50 51 52 53 54 55 56

S8i0, 49.81150.70|46.64|57.14 |46.55|45.18|43.89[43.76
Al,04 17.34117.65|15.15111.19({15.93|15.46{15.02|15.50
MgQ 1.71 | 1.74 | 1.09 | 3.54 } 1,57 { 1.53 | 1.48 { 1.53

CaO 2.38 | 2.43 [ 1.51 [ 4.92 | 2.19 | 2.13 | 2.07 | 2.13

SroO 10.28)|10.46| 9.80 | 3.79 | 8.10 | 5.24 | 5.09 | 5.25

BaO 4,35 | B.85 |16.56 0 0 0 3.77 | 3.88

Zno 0 0 0 0 0 0 0 0

TiO, 0 0 1.07 ] 2.34 | 1.56 | 1.51 | 1.47 | 1.52

Zr0, 5.24 [ 5.33 | 3.33 | 1.80 | 6.42 | 6.23 | 6.05 | 6.24
Li,0 0 0 0 0 0 0 0 0

Na,0 2.64 | 0.89 | 2.51 | 3.63 | 2.82 [ 2.74 | 2.66 | 4.32

K0 8.01 ] 8.15 1 5.09 | 6.89 | 6.13 | 8.33 | 5.78 | 5.97
La,0; 11.54(11.75| 8.75 | 4.77 110.61|10.29[10.00]10.32
TABLE 16

Examples 57 58 59 60 61 62 63 64 65
8i0, 49.82 | 41.85(41.14 | 43.21|42.06 | 42.07 |57.74|52.97|57.54
Al,0; 16.17 {13.58 | 13.36 | 14.03 | 13.66 | 13.66 | 6.93 12.73 | 11.27
MgO 1.16 0.98 0.96 1.01 0.98 0.98 1.98 4.14 3.56
CaQ 1.62 1.36 1.34 1.40 1.37 1.37 5.02 3.71 6.61
Sr0 10.46 | 8.79 6.17 9.07 8.83 8.83 7.04 10.66 | 3.8B2
BaO 17.69 1 14.86 | 14.61(11.51 | 11.20 | 11.20 | 7.98 0 G
Zno 0 0 1.94 2.04 1.98 1.98 0 0 0
Ti0; 1.15 0.97 0.95 1.00 0.97 0.97 0 4,11 0
2rQ, 3.55 2.88 2.93 3.08 1.50 0 3.03 1.81 1.82
Li,0 0 o 0 0 0 0 0] 0 0
Na,O 2.68 2.25 2.21 2.33 2.26 2.26 4.30 3.64 3.65
K;0 5.43 4.56 4.48 4.71 4.59 4.59 5.99 6.23 6.94
La,04 11.75| 5.94 9.70 {10.19] 9.92 9.92 0 0 4£.80




5.09 2.85 4.57 4.61 Sr0 4.79 4.79 1.56 1.56 0.78 6.31 3.07 3.50 Ea O
0.440000002ZnO00000D000TIC20O0OD0ODO0ODO0OO0O0OO0O Zro2 4.45
4,45 3.34 3.15 2.80 4.47 3.65 3.98 Li20 0 0 0 0 0 0 O O Na20 4.12
4.21 6.06 6.05 6.10 5.39 5.33 5.19 1(20 8.17 7.63 3.54 3.54 3.56 4.78

5.16 5.26 La203 3.30 3.30 4.90 4.90 4.93 3.78 3.86
38

INDUSTRIAL APPLICABILITY
The present invention is useful for a data recording

medium, its substrate and their production.

5 The entire disclosure of Japanese Patent Application
No. 2008-16550 filed on January 28, 2008 including
specification, drawings and summary is incorporated

herein by reference in its entirety.



4.31 38 TABLE 15 Exanples 49 50 51 52 53 54 55 56 Si 02 49.81 50.70
46. 64 57.14 46.55 45.18 43.89 43.76 A 203 17.34 17.65 15.15 11.19
15.93 15.46 15.02 15.50 MyO 1.71 1.74 1.09 3.54 1.57 1.53 1.48 1.53
Ca0 2.38 2.43 1.51 4.92 2.19 2.13 2.07 2.13 Sr0 10.28 10.46 9.80 3.79
8.10 5.24 5.09 5.25 BaO 4.35 8.85 16.56 0 0 0 3.77 3.88 ZnOO 0O 0 0O O
0OO0O0Ti® 00 1.07 2.34 1.56 1.51 1.47 ,,

CLATIMS :
1. Glass for a data storage medium substrate, which
comprises, as represented by mol percentage based on the
following oxides, from 55 to 70% of 8i0,, from 2.5 to 9%
5 of Al;0;, from 0 to 10% of MgO, from 0 to 7% of Ca0O, from
0.5 to 10% of Sr0O, from 0 to 12.5% of BaO, from 0 to 2.5%
of TiO,, from 0.5 to 3.7% of 2r0,, from 0 to 2.5% of Li,0,
from 0 to 8% of Na,0, from 2 to 8% of K0 and from 0.5 to
5% of Lay0;, provided that the total content of Al,0; and
10 Zr0; (Al:03;+Zr0;) is at most 12%, and the total content of
Li,0, Na,0 and K,0 (R,0) is at most 12%.
2. The glass for a data storage medium substrate
according to Claim 1, wherein Sr0O is at least 1 mol%, Ba0O
is at least 0.5 mol%, Na,0 is from 0 to 5 mol%, the
15 difference obtained by subtracting the Li,0 content from
the total content of SxO and BaQ is at least 2 mol%, and
R,O is at most 10 mol%.
3. The glass for a data storage medium substrate
according to Claim 2, wherein the mol ratio of the total
20 content of Li,0 and Na,0 to the K,0 content
{{Li,04Na,0) /K,0) is at most 1.4.
4. The glass for a data storage medium substrate
according to Claim 2 or 3, wherein the total content of
MgO, CalO, Sr0O and BaO is at least 10 mol%.
25 5. The glass for a data storage medium substrate
according to Claim 2, 3 or 4, wherein a value cbtained by

dividing a product of the Al,0; content multiplied by the



1.52 Zr02 5.24 5.33 3.33 1.80 6.42 6.23 6.05 6.24 Li2000 0000 O
0 Na20 2.64 0.89 2.51 3.63 2.82 2.74 2.66 4.32 K20 8.01 8.15 5.09
6.89 6.13 8.33 5.78 5.97 La203 11.54 11.75 8.75 4.77 10.61 10.29

10. 00 10.32 TABLE 16 Exanples 57 58 59 60 61 62 63 64 65 Si 02 49. 82
41.85 41.14 43.21 42.06 42.07 57.74 52.97 57.54 A 203 16.17 13.58
13.36 14.03 13.66 13.66 6.93 12.73 11.27 MyO 1.16 0.98 0.96 1.01 0.98

total content of Zr0,, K0 and La;0i., by the total content
of MgO, Ca0, Sr0 and BaO (Al,0:;x{Zr0,+K,0+Lay0:) +
{(MgO+CaO+Sr0O+Ba0) )} is at most 4.0 mol%.
6. The glass for a data storage medium substrate

5 according to any one of Claims 2 to 5, wherein the total
content of Al,0; and Zr0, is at most ¢ mol%, and the total
content of Al,0;, Zr0;, K0 and La,0; is at most the total
content of MgO, Ca0O, Sx0 and BaoO.
7. The glass for a data storage medium substrate

10 according to any one of Claims 2 to 5, wherein the total
content of Al;O0; and Zr0, is more than 9 mol%, and the
total content of Zr0; and K.0 is less than 92 mol%.
8. The glass for a data storage medium substrate
according to any one of Claims 2 to 7, wherein the total

15 content of Mg0O, Ca® and TiO, is at most 16 mol%.
9. The glass for a data storage medium substrate
according to any one of Claims 2 to 8, wherein the
content of Al;0; is, as represented by mass percentage,
less than 11%.

20 10. The glass for a data storage medium substrate
according to Claim 1, wherein $i0; is at least 60 mol%,
Mg0 is at least 2 mol%, BaO is from 0 to 5 mol%, TiO, is
from 0 to 1 mol%, 2Zr0, is from 1 to 3.7 mol%, Na,0 is at
least 2 mol%, Laz0; is at most 3 mol %, and the total

25 content of MgO, Ca0, 8xr0 and BaO is at least 10 mol%.
11. The glass for a data storage medium substrate

according to Claim 10, wherein the mol ratio of the total



0.98 1.98 4.14 3.56 Ca0 1.62 1.36 1.34 1.40 1.37 1.37 5.02 3.71 6.61
. SrQ 10.46 8.79 6.17 9.07 8.83 8.83 7.04 10.66 3.82 BaO 17.69 14. 86
14.61 11.51 11.20 11.20 7.98 0 0 ZnO0O 0 1.94 2.04 1.98 1.98 0 0 O
Tio2 1.15 0.97 0.95 1.00 0.97 0.97 0 4.11 0 Zr02 3.55 2.99 2.93 3.08
1.50 0 3.03 1.81 1.82 Li20 000 0 0 0 0 O O Na20 2.68 2.25 2.21 2.33
2.26 2.26 4.30 3.64
42

content of Li,0 and Na,0 to the K;0 content

{ (L1,0+Na,0) /K,0) is at most 3.0.

12. The glass for a data storage medium substrate

according to Claim 10 or 11, wherein a value obtained by

dividing a product of the sum of the MgO and Ca0 contents

multiplied by the sum of the La;0; and TiO, contents, by

the Zro0, conteht { (MgO+Ca0) x (Las03+Ti0,) +Zr0,) is at most

12.0 mol%.

13. The glass for a data storage medium substrate

according to Claim 10, 11 or 12, wherein the ratio of the

Si0; content as represented by mass percentage to the sum

of the TiO, and Zr0O, contents as likewise represented

{8105/ (T10542105)), 1s more than 10.0.

14. The glass for a data storage medium substrate

according to any one of Claims 10 to 13, which contains

no TiO,.

15. The glass for a data storage medium substrate

according to any one of Claims 1 to 14, wherein R,0 is at

least 5 mol%.

16. The glass for a data storage medium substrate

according to any one of Claims 1 to 15, which contains no

B20;.

17 The glass for a data storage medium substrate

according to any one of Claims 1 to 16, which has an
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The present invention is useful for a data recording nedium its
substrate and their production. 5The tire disclosure of Japanese
Pat ent Application No. 2008-16550 filéed on January 28, 2008 incl uding
specification, drawings and sumrmary i s incorporated herein by

reference in kisreféiIBidar APadcAMBroctriddass Jorad dala storage
medi um substrate, which conprises, as represented by nol percentage

based on the figklowWihgy wxiKies.a frra(ih?le55ft ordR%ef i el rom 2.5 to 9%
5 of Al203, fromO to 10%of MJO, fromO to 7% of CaO, fromO0.5 to
10% of Sr0, fi®m TheoglesS%Uaf BalRtaf sopr8geom@dbim ofuddtiited rom 0.5
to 3.7%of Zr02, fromO to 2.5%of Li20, fromO to 8% of Na20, from 2
to 8% of 1(202anadrdingn o Suto B of Ca208s Ppriovided dihathitche thet al
content of Al 203 and 10 Zr02 (Al 203+Zr02) is at nost 12% and the
total contenttefiperRgireNat0 wvidhl he vREEYsity dteamsts 12%dPa2 iEhat
glass for a data storage nedium substrate according to Claim1l,
wherein Sr0 i $3%C | 2atIUL s HEMBSERAFYTaL | east 0.5 nol % Na20 is

fromO to 5 % .the 15 di.fference obtai,ned by subtracting the Li20
cont ent frommteke %‘o?gal‘s%oﬁﬁtésrﬁr %Pﬁ andeBR Frrage medivm whieh and

R20 i t ) I dat t di

cabstrate mochpdiadPibr che HIS-4 252 Lodads W L BN RubPhrare 20

content of LiZ20 @éﬁr{\@gq{; %nygn;“( 28 Efﬂn‘?@tl( ilzaQJrNaZO)/lCZO) is at
he g or

nost 1.4. 4. T ass ata storage nedi um‘substrate according

to Caim2 orz@. ahepigidt fh&ildt #lav3agt 8Nhadihe ,réi%gdiﬁgoagggﬁao

is at least 10 nolt 25 5. The glass for a data storage nedi

substrate accosstiew) dio tHedigTads BubbtAatdh@seid @ twals¥eragtahagduby
dividing a product of the Al 203 content nultiplied by the™ 41 total
content of Zr#2, dd@hehdnl @2@3m by.the total content of MgO CaQ, Sr0
and BaO (Al 203x(Zr 02+K20+La203) (My0+Ca0+Sr0+Ba0)) is at nost 4.0

nmol % 6. The glass for a data storage nedi um substrate 5 according
to any one of Clains 2 to 5, wherein the total content of Al 203 and
Zr02 is at nost 9 nol % and the total content of Al 203, Zr02, 1(20
and La203 is at nost the total content of MgO CaO Sr0 and BaO 7.
The glass for a data storage nedi um substrate 10 according to any one
of Claims 2 to 5, wherein the total content of Al 203 and Zr02 is nore
than 9 nol % and the total content of Zr02 and FUis less than 9

nmol % 8. The glass for a data storage nedi um substrate accordi ng
to any one of Clains 2 to 7, wherein the total 15 content of MgO CaO
and TiQ2 is at nost 16 nol% 9. The glass for a data storage nedi um
substrate according to any one of Clains 2 to 8, wherein the content
of Al203 is, as represented by mass percentage, |less than 11% 20 10.
The glass for a data storage nmedi um substrate according to Caiml1,
wherein 8102 is at least 60 nol% MO is at least 2 nol% BaOis from
Oto5ml% Tix2 is fromO to 1 nol% Zr02 is from1l to 3.7 nol%
Na20 is at least 2 nol% La203 is at nost 3 nol % and the total 25
content of MO, CaO Sr and BaO is at least 10 nolt 11. The glass for
a data storage nedi um substrate according to Caim 10, wherein the
nol ratio of the total 42 content of Li20 and Na20 to the 1(20
content ((Li20+Na20)/K20) is at nost 3.0. 12. The glass for a data
storage nedi um substrate according to Claim10 or 11, wherein a val ue
obt ai ned by dividing a product of the sumof the MgO and CaO contents
mul tiplied by the sumof the La203 and Ti Q2 contents, by the Zr02
content ((M0O+Ca0)x(La203+Ti 02)42r02) is at nost 12.0 nol% 13. The
gl ass for a data storage nedi um substrate according to Caim110, 11
or 12, wherein the ratio of the 8 02 content as represented by nass



