-1 SPECI FI CATI ON GLASS SUBSTRATE FOR | NFORMATI ON
RECORDI NG MEDI UM AND | NFORMATI ON RECORDI NG MEDI UM
EMPLOYI NG SAME Techni cal Field [0001] The present
invention relates to a glass substrate for an
information recording nedi urqs(her einafter also
referred to sinply as "a gl ass substrate"), and nore
particularly to a glass substrate for use as a
substrate of an infor nAEAIHEAKIONg nedi um such as
a magnetic di sk, magneto-optical disk, DVD, or ND.
Background Art [0002] Conventional ly, nmagnetic disks
for use in stationary devices such as desk-top
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devi cesy ﬁ? tl‘?ﬁﬁ SIEDIRM NG SAME
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However, al um num aI loy is prone to deformation, and
IS not hard enough to offer satisfactory surface
snoot hness on the surfaces of a substrate after
do¢dhatical Fieldr eover, when a head nmakes nechani cal
contact with a magnetic disk, the magnetic filmis
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future not onl portabl e devices but also .
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devi ces. [0003] One known type W@gl ass substrate is

t Imgdanmraeih asfa openstic diskymegnetmgpticeh disk, Va5 or MIA. whi ch

the alkali elenments present near the surface of the

BRAgrR@ et epl aced with other alkali elenments in
order to produce conpression strain and thereby

crease, -2- mechani cal .str n the nuf act ur
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chem cal strengtheni nﬂ is typically perforned afte
t Rempristsetd servepolypife h@avaﬁ@str@qeassads @bgluminea qllr%rt and those for
have undergone the chem cal strengthening process are _
shigppedortabi¢ aetvices sarh andotpbadkucemputedscand mebilg computers typically
subjected to any further process. This
have substrates made of glass. However, aluminum alloy is prone to deformation, and
is not hard enough to offer satisfactory surface smoothness on the surfaces of a substrate
after polishing. Moreover, when a head makes mechanical contact with a magnetic
disk, the magnetic film is liable to exfoliate from the substrate. For these reasons,
substrates made of glass, which offer satisfactory surface smoothness and high
mechanical strength, are expected to be increasingly used in the future not only in
portable devices but also in stationary devices and other home-use information devices.
[0003] One known type of glass substrate is those made of chemically strengthened

glass, in which the alkali elements present near the surface of the substrate are replaced

with other alkali elements in order to produce compression strain and thereby increase



necessitates subjecting the glass substrates to
polishing that attains flatness higher than is
eventually required in order to allow for the normally
unavoi dabl e degradation of the their flatness as a
result of the chem cal procesg. Mreover, if the glass
substrates devel op deformati®on as a result of the
chemi cal process, there is no choice but to discard
¢ Fcshacal afrengthy dn e menkRse pf chamicalbystrengtherth Eloge the process
a sufficiently high yield rate. To overcone these
i o€ chvmidab stresgthdnimg ex typpdadly frafoemtd Rfilet itheapiaskssiof polishing, and
proposes a techni que of subjecting glass substrates
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d €r process. 1
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surface is renoved by polishing in the polishing
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process, a predeterm ned thickness of the
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process. Thus, if the strengthened |ayer left after
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substrate for an -3- information recordi ng medi um
wiblishiegpreressiwithygevigstip ilmarovingpredusyivity ehd agsoriatadriegdts.
wi t hout requiring a high-precision polishing technique
an®awht Plibllvagomil gliPsA+ 2009t Te65p (RABJpehrvat Marchdd] 2@(0)of
the pr esent invention is to provide a glass substrate
ordi ng nmedi um whi ch excels in
ﬁanlcm qyﬁggpéqyﬁég durability and which permts
ensity recordin Means for Sol ving the Problem
&rqblirmsmhbeﬁmlvad theInvertion, according to one
aspect of the present invention,

[0004] However, according to the technique proposed in the publication mentioned

above, although the strengthened layer on the main surface is removed by polishing in
the polishing process performed after the chemical strengthening process, a
predetermined thickness of the strengthened layer is left even after the polishing process.
Thus, if the strengthened layer left after the polishing process is uneven, it degrades
geometrical quality such as flatness. To prevent this, the top and bottom surfaces of
glass substrates need to be polished uniformly, and this requires a high-precision
polishing technique.

[0005] An object of the present invention is to provide a glass substrate for an



in a chemcally strengthened gl ass substrate for an

i nformati on recordi ng nedium a strengthened | ayer
formed by chem cal strengthening exists on the outer

edge surface and on the inner edge surface but
substantially not on a surfa on which an information
recording layer is forned (Héréinafter such a surface
will be also referred to as a "recording surface')

| inferpation tseorditscmedivar Which exelspnezeamielragsd areuract ﬁlb‘-ﬁ as flatness
chem cal strengthening denotes produci ng conpression
stwithiont rjuiring adugh-preisaf mlighiag sechulyst aad &high has high strength.
replacing the ions present near the glass surface wth
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| ower than the glass transition tenperature of the

9k A8 ina Stre&ﬁrdﬁr hEHaRI wﬁﬁﬁ @uxcd19n ffc@RAfcd] QlrBREth ARd Qurability and
a strengtheni ng o ayer w th an appropriate thickness,
for st.i 1ani cal strength and chem ca
?’éﬁl’i RS lhfglh'(?e%‘s{%we&a Ml e that a glass substrate

accor ding to the invention contain the follow ng gl ass
iMgnpdifenSolsing the Paoblem surface thereof. 40 to 75 %
by weight O Si02; 3 to 20 %by weight of A1203; 0 to
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areREena 19vsh o PRI LCE %t@nﬁﬁle%nwx\}%? g phfh cdge surface
i nclusive, of Ti02 + Zr02 + Ln.Qy, where LnOy

r end es ghetignertedge suacsrhut sdstotiakdy nmLons%m@Eapé @nfwligh gminformation

group consisting of |anthanoid netal oxides, Y203,
Ne20bding islyer a2 GbrmedMHidheihdféerf ehdhowi smgfacmwdlltli:eoalso referred to as a
fulfilled: 1. 5 < A1203 / B203, or B203 = 0 %

Hergbladdd Qiirface?d Neaddnld ¥e hvtedeihghtin tHE|pR&ent HIRETAMISS, chemical
noted. [0009] It is preferable that a gl ass substrate

aﬁl‘f&[%%&gl&t d&n%ﬂ:@ EP(?G%%&%COE@JY@S@EE%HﬁH@f ﬁleail}rﬁE@ 6t 4 Lfass substrate by
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eI ution S of 500 pgb or |lower per 2.5-inch disk, and
atempsEativedegign domes %e@asevemlmtempﬁwge@f thyy glagsepbstrate.
[0010] In the present specification, the fracture '

[0008dughnedkr#c fomastablet frmahien afsh ngreaxgthe‘nmge faychavithn esxs appropriate
tester and according to the formula noted bel ow on the
bagtigesd, adwe for still higher mechanical strength and chemical durability, it is

preferable that a glass substrate according to the invention contain the following glass
ingredients at a recording surface thereof: 40 to 75 % by weight of Si0y; 3 to 20 % by
weight of Al,O;; 0 to 8 % by weight, zero inclusive, of B,Os; a total of 5 to 15 % by
weight of R0 compounds, where R = Li, Na, and K; Si0; + AlbO; + B,03 accounting
for 60 to 90 % by weight; a total of 0 to 20 % by weight, zero inclusive, of R’O
compounds, where R’ = Mg, Ca, Sr, Ba, and Zn; and a total of 0 to 15 % by weight, zero

inclusive, of TiO; + ZrO; + LnyOy, where LnO, represents at least one compound



pressure mark produced with a Vickers indenter under

the following conditions: with a |oad of 500 g, and

with | oading duration of 15 seconds (see Fig 3).

[0011] Kc = 0.0 18 (E/ Hv)" (P/ C') =0.026 E 112

pll a/ C' where Kc represents,the fracture toughness

(Pa - m1/2) , E represents 't‘h'e el astic nodulus (Pa),

Hv represents the Vickers hardness (Pa), P represents

t Rdegied Somnige [gerup conmiptingof lepthareid meetd pxidesn€2Gy drbale and Ta;0s,
of the lengths of cracks (m, and "a" represents half

t héthate fdlpeving coruitidrefudfiliesl: of t he di agonal s of the

pressure mark (m. The Si clution S and al kal i

eh ut Log,é, W, det Bf(nj aaylohy Heréififtddl 0BUGh&sa% by weight” unless
2.5-incﬁ di sk by polishing the recording surface of

t ened gl ass substrate, then i mersing the
d?fs}fﬁi{]f;ﬁggg{eam of reverse osnobsis menbrane water at 80

‘C for 24 hours,.and then ana i ng the Lon.. . -
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Thus, the alkali clution here is the total elution of
Lspechiis; clasty modutreE < peefi X0 o highesi 4 VicksthhagdneseHy iy range of from
equal s the Young's nodul us E divided by the specific
geay itd 50N . alddeciviom@ of 35006hb diSlolenwpsr 2rddacelr édkpbyi ¢livgon S of 500
nmet hod for testing dynam ¢ nodul us of elasticity -5-
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the followng conditions: with a load of 100 g, and. . _
wirassyre atirk grafveed with oV icksrsgadenrsmdpothe Apllgwaigrepndijions: with a
to anot her aspect of the present invention, an

i ifadrofe00 gnandeenh thading dedicnnfHaseeomglks 458 SgBst r at e
structured as descri bed above, and has an information

[oongcor di kg 4 ayes (koW (pher’épa o chduelfitegas (3% the
I nvention [0013] A glass substrate for an information

recor.di nmedi um agcordi.n oth sentiz, i AV j .
has' %gres?%eﬁ%)tr %Sésﬁtesdﬁjleaglr%crtu oﬁ"#@%}‘“ eoﬁp(li)g s ?ﬁnn rﬁan }égg Serthe clastic
edge surfaces. Wth this structure, a glass substrate .

f omoshylys{Pak A epresents diedY KECRRArAsssEab FuTSREESEYS thfppressing load
present invention has higher effective strength, and

I s (Nh S rdpeessntghalfehe avedagstafiibe lepgthgof cracks (m), and “a” represents half

the average of the lengths of the diagonals of the pressure mark (m). The Si elution S
and alkali elution A were determined by first producing a 2.5-inch disk by polishing
the recording surface of the strengthened glass substrate, then immersing the disk in 50
ml of reverse osmosis membrane water at 80 °C for 24 hours, and then analyzing the
elution liquid with an ICP emission spectrochemical analyzer. Thus, the alkali
elution here is the total elution of Li, Na, and K. The specific elastic modulus (E / p)
equals the Young’s modulus E divided by the specific gravity p. The Young’s

modulus E was measured by the method for testing dynamic modulus of elasticity



damage starting at the outer or inner edge surface.

Mor eover, the gl ass substrate excels in resistance to
inmpact, and is thus far less |liable to break while

bei ng handled in the manufacturing and ot her

processes. Even if the glass_fybstrate breaks, it is

unlikely to scatter so wide as to contam nate the

process. Moreover, having substantially no, .

st iedledadandie metheds & testingrefastisityaf {iag eeramires defined in JIS (Japanese
i nformation recording layer is forned, the glass

sublsdusaif Srasdabdsy IR fll602 nagis thenspesificogranies p @as twasured in distilled
surface. This hel ps achieve high-density recording

wh h I te s EQb Q an i nf ]
Focmen B8 By i RenbE e orl AP Bridiple! POORRS hardncss
medi um accordipg.to the present invention . e
| DY T SRS B ﬁé}?‘ﬁﬁﬁw sp PG th [ollgryjag conditions: with
substrate. Wth this structure, it is possible to
maledodst efalilgzs and mithdoadieg dummtiomef Ly $€|¢gn£ﬂ< ocess | ess
l'ikely, and thereby -6- increase the yield rate.
[001r eov erAccbiding topamstdd laspdcoof the peasrt inhentibuy adbirfotnyation recording
and reliability of the recording nedium Brief

Daf@iinR Ha® Qb ibMrRgScthCRIR ad Gbribdd abofh, aGKIAKAs an information
showi ng an exanple of the manufacturing process of a

9L 38 54in ! FalhSq ARCQ,di ng to the invention; [Fig. 2]
A perspective view show ng an exanpl e of an

i nformation cordi ng.medi um according to the
iAdleantages Q‘Ir:ﬁ& Imvemtionagr am schematical |y showing a
pressure mark and cracks produced when a pressure is

[00139!3' | ed A Blabibstestt sr@andhfoamali@secotdasd madi@mMdcbrding to the present
ickers indenter; and [Fig. 4] A diagramillustrating

o b 1, SN RSHE P SO Gl g e Wit
?ﬁgg g{:@&#&[ lg@zfgggsg sﬂreaé %ordaimsf%lfolr%na i9R ractr i%gemedium according to the
present invention has higher effective strength, and is thus less prone to destruction or
damage starting at the outer or inner edge surface. Moreover, the glass substrate excels
in resistance to impact, and is thus far less liable to break while being handled in the
manufacturing and other processes. Even if the glass substrate breaks, it is unlikely to
scatter so wide as to contaminate the process. Moreover, having substantially no
strengthened layer on a surface on which an information recording layer is formed, the
glass substrate has high flatness and smoothness on the surface. This helps achieve
high-density recording when the glass substrate is formed into an information recording
medium.
[0014] In an information recording medium according to the present invention, an
information recording layer is formed on the glass substrate. With this structure, it is

possible to make breakage during the manufacturing process less likely, and thereby



12 bottom surface (recording surface) 13
strengt hening | ayer Best Modde for Carrying Qut the
I nvention [0017] The inventor of the present invention
noticed that destruction or breakage of a gl ass
substrate typically starts at,.the inner or outer edge
surface thereof, and, through”an intensive study, has
found that, by form ng a strengthened |ayer b . o
c egrgasaithe wieldaaigt hMerenyen it iSpesiAse INEHRRSY Mur%b@ and reliability
surfaces of a glass substrate but not on the top and
bef tlemesardingoesiium. e. , recordi ng surfaces, thereof, it
is possible to effectively prevent -7- destruction of
: gﬁg@ . : strate and to mnimze the
é&?g atighﬂgéﬁﬁﬁgbﬁgé%ﬁ trical accuracy, such as
flatness, of the glass substrate that tends to result
[00%5] dHig- dhenmi cah diggrasmgheveng ag cxampleol thepanyfactyrng praggss of a glass
the inventor to conceive the present invention.
[ GOUsBjateSpecidingtalthginventgin; engt hened | ayer is formed on
the inner and outer edge surfaces of a gl ass
s({iPigt 2Rt petspediive desSi chiewing mnGdxampldlei@mgmfdendtioe rgéadimng medium
substrate tends to start. This hel ps increase the

s%&&ggﬁ%t@ﬁ“ﬁﬁ@mg%ﬁ§s substrate. On the other hand, no
strengthened layer I1s formed on a recordi ng surface.

T i*"s gf | ps m idm.lgﬁaglg g%fhgm%gg%ggsﬂgg{l?%gﬁe%gmg Stk a{n% gracks produced

gIé@S ubstrate e'strarnin

strengthened | ayer. [0019] Ln the present inveptiop, . )
¢ FREIFP CaPTesire Hotnpbind B@ ﬂ?esl'g@ﬁ? @Eéo@w S g i“ﬂﬂl 3 Vitkers indenter;
gl ass substrate in nitrate nelt heated to bel ow t he

glaads transition tenperature. This causes the ions

present near the glass surface to be replaced with

i PRig. #p\A diggtaat Jhstrating anr @udiing ofomdultahbereling steangtstesting.
conpression strain to be produced at the gl ass

Uik f’fq}efg?em:@ﬁmbﬁisr engt hening. The nelt for

chem ca reng Ing is, for exanple, a nolten salt
of potassiumnitrate, sodiumnitrate, potassium

[0016dr bonatle, orglasssubstiRes a nolten salt of a mixture of
one or nore of those salts, or a nolten salt of one or
norZe of mdpmsec §khts mixed with a salt containing ions
of Cu, Ag, Rb, Cs, or the like. [0020] The thickness
of phe shdg@egt bgped | ayer forned by the chem ca
process is adjusted by controlling the tenperature to
whijgh t hep, GReitk ¢RkordtdARekbgni ng mel t is

12 bottom surface (recording surface)

13 strengthening layer
Best Mode for Carrying Out the Invention

[0017] The inventor of the present invention noticed that destruction or breakage of a
glass substrate typically starts at the inner or outer edge surface thereof, and, through an
intensive study, has found that, by forming a strengthened layer by chemical
strengthening on the inner and outer edge surfaces of a glass substrate but not on the top

and bottom surfaces, i.e., recording surfaces, thereof, it is possible to effectively prevent



heated and the duration for which the glass substrate
is imersed therein, as will be wunderstood fromthe
exanpl es described |later (see Table 2). The higher the
tenperature of the nelt, and the | onger the duration
of imrersion, the thi cker the.7 strengt hened | ayer. For
an opti nal trade of f between maxi m zing the strength
of the glass substrate and mnimzing the tine
r dgEiTucEan b or demagy g Bigi s Stlh%rat%aled(%b%maﬂzq the degradation of the
strengthened layer is preferably in the range of from
3 gpomttnicZ0aceuracy, Stk dsclilgpersat off the glazs\shbstatd thah éatds ttheresult from
chem cal strengthening nelt is determ ned
apRé&MmREl ftlpthehihg. CORGE dRId}idsHaveflled iR i@b@fsr to conceive the present
transition tenperature of the glass substrate
p'il’?\feﬁﬁ@ﬁ’.' y in the range of from280 'Cto 660 'C, and
further preferably in the range of from320 'Cto 500

. The on d r at r ef rabl the ran

(0015 ¢ { om BTk < %%b%}% o TPioap b (Bpg i guer ctae
forma streng thened I aé chem cal st r engt { ng %n
t Ferfacenef agtﬁas Sfstpte, @r@@ﬁw%@aéﬁ@f dgmageodhe glass substrate tends
substrate but not on the top and bottom surfaces,
i testarty €Blos dilpg inaseast doegrengiheriché glass puistraice @habe other hand, no
substrate is inmmersed in chem cal strengthening nelt,
aslerigiesnell Meret Bfoanell Hoh tording fiatrs. tTiEs Belbs afigimize the change in
polished to renove the strengthening |ayer on those
S MaFSof Rb {gPaE.E‘ Alts¥ e Yhat flé ERbed MRthEQRaRNA tl@sltfeﬁ@ihened layer.

surfaces of the glass substrate "are coated wt
ski ng h h
[001@ﬁmsr Seél‘? lfl%s,] {:naeﬁénﬁn lga&qmb’r n{u glnslgllreﬁét?texl? ﬁE%& @ g]glgv dS b¥ 1mmersmg a
nd outer., edge syrfaces . thereof exposed
pEle SIS HigigtenBeh daese fte,rbeﬂa‘@rt& glgssbERstion fomperature.  This
removal by polishing is recomended. Now, a
desises theiions piesdnt bearghe ghspsurfiswte he replaced gyitfeiona having larger ion
| ayer on the top and bottom surfaces is renoved by
peddiis rind gthefed® 2&jusés gompreksion sthiamg t@esproducigl thehe glass surface,
manuf acturi ng process of a glass substrate. A gl ass

bhéikvihg stbdrighRirgNt ThanRitShr Srwisg sﬁfetﬁ’gtﬁéiﬁﬁg‘«‘fsnfd?%ample a molten

th| ckness and a glass substrate 1 is cut out of it

lpgf SL\SI? Eltﬁa?e, %?dl}]% Hl@r\é'% g%&t%ﬂﬁs it 8VI sg{))]i ﬂl@qme a molten salt

m‘er or oundthe| nd outer edges_.of th e
ﬁ% §11§‘i95€s‘?f:‘§tee°r rore 45 dhcs 58 gL ALAlIEnGHY OF R Igre of those sals
| . 1 is subjected to charnfering. Utimately, an
i Hﬂ%ﬂdn‘ﬁtﬂil aRali serdpigingdonsesfcru, Ag, fohp qriberlike. 2) wil |
be formed on the top and bottom
[0020] The thickness of the strengthened layer formed by the chemical process is
adjusted by controlling the temperature to which the chemical strengthening melt is
heated and the duration for which the glass substrate is immersed therein, as will be
understood from the examples described later (see Table 2). The higher the
temperature of the melt, and the longer the duration of immersion, the thicker the

strengthened layer. For an optimal trade-off between maximizing the strength of the

glass substrate and minimizing the time required for its polishing, the thickness of the



surfaces | | and 12 of the glass substrate 1. Then,

this glass substrate 1 is imersed for a

predeterm ned duration in nitrate nelt heated to a
predeterm ned tenperature so that a -9- strengthening

| ayer 13 is fornmed all over the exposed surfaces of

the glass substrate | (Fig. T (b)). Then, the top and

bottom surfaces | | and 12 of the glass substrate 1
aswengibgried Haxer ipprefaraly in ghrecrangs of i?fam 3 e tondkine sEhgfemperature
the strengthening layerl 3 so that the strengthening

| ay exhithr taeHe Nthe héhentipal astebngtHehing setif &Cdstelminednspptdpriately in
of the glass substrate I is removed (Fig. 1(c)).

H%Bﬁmdérﬁ'ﬁorp@f {he RHi43e tlgﬁﬁﬁ&l tesnpRERh R Ahy glaE‘s &ﬁ)@trﬁt@ NEk@ferably in the

ron1about twce to a bout ten tines The th|c ness

of th h Pol i s °
pé?lfgﬁr ?%h § gﬁ\%ﬁ/l ﬂéﬁlﬂ@frll’ﬁ%ﬁ% 88 Taneg,of from 320 °C to
exanpl e, by polishing using a brush or polishing

usPAGCa Plot inshensipnsivsaticainis eref@rblygn dke shge pbfipghi-hdours to several
subst ances i ncl ude, anong others, cerium oxide,

cheRfupi@xi de, zirconi um oOXi de, and titani um oxi de.

[0023] A glass substrate according to the present

[003 1gvent | of, fo% acé?féhgih@n&mé er YOLHRAI 6 s endTRUEY, %Bn tfefner and outer

abl e forrmtlon of a str ngthenl ng Iayer W t

nORERI R ot Blrt: Feame BHERY S bt RGP Py i reonding
preferabl e that a glass substrate accordlng to
| vdaes.ohereght ishthersass subsiate g gragsed i @bfélalpélniteengfhemng melt,
a recording surface thereof. 40 to 75 % by wei ght O _
S thed tho tADand bettomesinfhes dhersd@8 polished 18 retnpye the strengthening
wei ght, zero inclusive, of B203; a total of 5 to 15 %
bY¥ayen@ingthb s furfates;Calrgpmanives, fitktethe tBp wanldi hotfsam sarfaces; of the glass
Si 02 + A1203 + B203 accounting for 60 to 90 % by
Wehighiaie fe tc@it@él W‘?ﬁl apmtaélﬂgé) silfsBcdRing rﬂﬁtan the rg‘l)ass substrate is immersed

i ncl usive, ounds mhere R = Ca, Sr,

B to 0/ W e

| %%;Pﬁ%gl\?ép str@ﬂg?h %bng ha% OE’lﬂl c@ﬁlp? eg ralelﬁﬁdug edg% §f¥faces thereof

resents at ast_one ound "sel e ted.fromt C

o FoRRSo r%qt‘é’P?rhg‘e%ﬁtWOaWF o Fighan Progy sy, WaRsyal by polishing i

Nb205, and Ta206, wth the foll ow 2)8 condi tion )

f tecphimesded.1 Now, sxdesodptiorsaiibbe givempObow the strengsheningilayer on the

grounds for setting these limtations on the

I gy e ettom surfacedoie rawéedi hyqeblishih -

[0022] Fig. 1 is a diagram showing the manufacturing process of a glass substrate. A

glass block is sliced into a disk having a predetermined thickness, and a glass substrate 1
is cut out of it using a cutter so as to have concentric inner and outer edges (Fig. 1(a)).
Here, it is advisable to chamfer or round the inner and outer edges of the glass substrate
1. The glass substrate 1 shown in Fig. 1 is subjected to chamfering. Ultimately, an
information recording layer 2 (shown in Fig. 2) will be formed on the top and bottom
surfaces 11 and 12 of the glass substrate 1. Then, this glass substrate 1 is immersed for

a predetermined duration in nitrate melt heated to a predetermined temperature so that a



[0024] First of all, Si02 is an ingredient that forns

the matrix of glass. Wth a Si02 content |ess than 40

% the glass has an unstable structure. This not only
degrades the chemical durability of the glass, but

al so degrades the nelt V|scos§ty properties thereof,

maki ng the glass difficult to"nold. On the other hand

with a Si02 content higher than 75 % the gl ass shows

| swwengibernng lavpr 13 s Srmedesllsovsr druetnosed surfasas phkhesglpgs substrate 1
i npossible to obtain sufficient rigidity. Hence, a

prEBigen () Muegetheftop had Bofi@momnfhesst 11 arsd 12 «mﬁtldeogtass Fitbstrate 1 are
% A further preferred range is from50 to 72 %

[ BBt edAbZD depfiR lobeatdttBard BR tNRIkhess ¢¥f thelsBesath@iifly H8EVIBSso that the

to stabilize the structure of the glass and enhance

Qﬁeﬁjﬁ@ﬁ] rﬁ']&g@&)t@ﬁé& b tBQq %d\@otttgnfaguﬂc%gq IC §0t, df the glass

| ower ass ruct ure IS not sta 1 ze

sufficientl ch e doe oceed
S SUBH Pig BT g h@ e el i el bigprabl i the rans
hand, with an A1203 content gher than 20.% th
gloAsizom hahwatt | tyiger tosiabPRt fop tIm@WethP rifickpesgue the ﬁvengthenmg layer.
Hence, a preferred range of the A1203 content is from
3 PDtisIﬁﬂg hayAbé petfhemedo by fapy reedverivgelly &nownonetbod,ofor &xample, by
% [0026] B203 inproves the fusibility of glass and
t perighivg ahanaebrugh ostUgbkidhinigy using a astdishingnsubstang€t S Examples of
into the matrix of the glass and serves to stabilize
ttﬁ%hscﬁlﬁ Clbsmo i Fh tﬂgﬁl @&hﬁ‘i‘i‘%ﬁlcfeh%ﬁﬁﬁﬁl%de zirconium
durabll ty thereo Wth a 203 content hi gher than
%xcﬁ %1% ssus ows poor nmelt viscosity properties and
4%u ?ﬁgh?ﬁ Yo nold. Moreover, the glass nelt

shows hi gh volatlllt These fac ors eatfly | ower

(002 oduct ivi 895Sartl %ﬁa@o.ap?qrglmg% g‘?‘@f’é‘r"F%t&mr Ry contain any
of the B203 content is 8 % or Iovver (zero inclusive).
Aingredipgs. dlesveter.ddr stablg donnmtionobe sirongshenif®bxye] with an appropriate
the total content of these three glass ingredients
( BiibkhesHA120B forard]l BRIgRer, meshardbal agteeniite affl edtehidtal durability, it is
ingredients of glass, is less than 60 % the glass has

a FHféItaneG%hatSa{ Elagd !;’J‘d%trat@'hc%}& f3&he Ii‘x?xréﬁnoﬁ ﬁ:oﬁtafr‘i ihe following glass

tota content "is higher than 90 % the gl ass -

Syib ] $PLBRLE orrd RYRLLO8 B0 94K 1Y L m% 310 20 % by

pr rred ass-ing dlent

0 0,300 L S A A 2 B0 150y

arxlfdelg?t olf %Boc\g%;oggd: livshle?e: Il{l t Kl %\ffa, %113 ?{S Si0; + AL O3 + B,0; accounting
for 60 to 90 % by weight; a total of 0 to 20 % by weight, zero inclusive, of R’O
compounds, where R’ = Mg, Ca, Sr, Ba, and Zn; and a total of 0 to 15 % by weight, zero
inclusive, of TiO; + ZrO,; + Ln,O,, where Ln,Oy represents at least one compound
selected from the group consisting of lanthanoid metal oxides, Y203, Nb;Os, and Ta;Os,
with the following condition fulfilled:

1.5 < Al,O4 /B203, or BzOg =0 %.

Now, the grounds for setting these limitations on the ingredients will be explained.



I ncreasing productivity. Wth a total alkali netal
oxi de content lower than 5 % fusibility is not
sufficiently inproved, and the gl ass substrate cannot
be strengthened sufficiently by the ion exchange
process. On the other hand, th a total alkali netal
oxi de content higher than 15 &; excess anmounts of
al kali netal oxides are dispersed throughout the
[0024del et orfint of pib $jOads an ingredientithy farpaihe Teptgx Jrelassg With a Si0;
greatly degrading chem cal durability. Moreover, in
t heoatentlegt them 40 §6,phoglasshastanamstableskottang e Thisemt phlyrdegrades the
proceeds excessively, naking it difficult to contro

t NehbhiGkaRaBilief of the gl:at, i glsb @BaddéaNe meltas@Rity properties thereof,
preferred range of the total alkali nmetal oxide

Sq'l%l iking 5’7& %15%50@5 Lf\gtolﬁlo?@ O Wt fifE: RIA! fifies SE@P @6ntent higher

reover, to obtain a " so- ca

m xed ef fect r al kal i
s 7L ek S SRS, BN Rl g makes i
cont ent of each_al kali netal oxide be O 5 % [ 00 ,
Di vaipaseiblede gbtagysudBeient r@gl(hpqy Hapge, apre fesped rppge gﬁ? e Si0, content
Zn) increase the rigidity of glass, inprove the
f ugs frioini 40tot 1eoe oA furiinat peefatved range tshizom t50 e 72 %0
thereof Wth a total R O content higher than 20 %

[0023)e gl assl,DagetdintonBé allrex 6f ldsy, W@ sertveard Nighitige tHeosticture of the
melt productivity and | ower chemical durability.

I"E:é%%g afid BAEINRE BigeEniR al ngfhﬁaﬁﬁg/ thetectO %l@lraﬂ AWEJ; cofitent lower than

preferred upper Iimt of the total cont ent

f

i's Pref d_ cont t

| g Bk B e € B b ﬁ?ﬁﬁ‘vé@ ea’g?&ﬁ“ege does ot
rigidity of glass and i nproves th I th reo

W Procged RigeIydB thctitengthsRiae Prorsss- 2§>m)34 ﬁ’@ Efr ALO; content
have an unstable structure, lowering the nelt .

pr ddgher ithant 0 ndthe redadscalowd dpwbfusibiljty ofoweanimggpraductivity. Hence, a
Hence, a preferred range of the MJO content is fromO

t 0 piffeffed Aunfed of iy ApOefoenteadisuppe 3 toidb %o. | 8 fiBthéd prefered range is
[0031] CaO increases the linear thermal expansion

cogfdmh 6iteng eand rigidity of glass, and inproves the
fusibility thereof Wth a CaO content higher than 10

Y the S v e r ] o
e v 2083 S, L RV el
. ef erred, range of the MO co
7 diiopat getS%ItOAﬁe R85 (hp RURB AP OSB AT SRS Heghtgture of the

% 0032] SrO increases the linear thermal expansion
gsp @neé gnhasice gheghemisalabirghiliesthergef.  With a B,O; content higher than

8 %, the glass shows poor melt viscosity properties and is thus difficult to mold.
Moreover, the glass melt shows high volatility. These factors greatly lower
productivity and stability. Hence, a preferred range of the B,O; content is 8 % or
lower (zero inclusive). A further preferred range is 6% or lower.

[0027] If the total content of these three glass ingredients (SiO., Al,O3, and B;0s),
which are the skeletal ingredients of glass, is less than 60 %, the glass has a brittle

structure. On the other hand, if their total content is higher than 90 %, the glass



structure thereof, and inproves the fusibility
thereof. Wth a SrO content higher than 8 % the
gl ass may have an unstabl e structure. Hence, a
preferred range of the SrO content is fromO to 8 %
A further preferred upper Iigit Is 6 % [0033] BaO
exerts the same effects as SrO” Wth a BaO cont ent
hi gher than 8 % the glass may have an unstabl e
st shevs tew fusihiby, layvesingfrspdusdivitsin Jdense. 2 prefmed totsh casfent of those
is fromO to 8 % A further preferred upper Iimt is
6 %lask QBdlienin @ fromn 60ds 68 %.heA Givther paiferchdrrabgd istfsonand to 88 %.
rigidity of glass, and inproves the fusibility
[ooﬁ]er eof . A tnetal ARG TR =NLOMNY ahB&D) ienplovd e ﬂbl&ﬂﬁy of glass,

have an unstable structure, lowering the nelt

pr qg&‘e‘&sllﬁ@pﬁ)yo el eghe'Wﬁﬁll 51351@& 83{ tﬁf 0)5139 cgh Blower than 5 %,

Hence range of the cont ent |s romoO

to 6.%. A furth erred imt

[ oSt e s e e £ @tﬂﬁlass Sﬁlbatr%% gam be strengthencd
enhances the rigidity thereof, and roves

f ughBiaigntly Bohiap 0% exchanE: @'P?@ﬁgt@n‘eﬁ!se qthg lsaﬂ-iuwh fadotsf alkali metal
gl ass, enhances the rigidity thereof, and enhances

t hexideerningant highen Hiahi 15y% kecess Amomdy os’tail@hgnhtehgxndhse are dispersed
structure of glass, and enhances the rigidity and

t oygdngssut tthe kiedéton [de1tRe ﬁIaBQﬂncféﬁi)ﬁ§ skali eldion @aSpreame degrading
conpound selected fromthe group consisting of

| a'&ﬁﬂ X%h 8§cr Y20Re Mgt%emﬁ dprb@dQd the ion exchange
anol met a

Lant " oXl I hcl ude differen ypes of

n‘gaﬁ:rgg ngceie gi?s{ﬁlbrlgpyﬂ gl%&ﬂ«%%ét Iﬁgg’cu@qg {,_an?ro:kli}‘ﬁg i:t,]n%ﬂlqess of the

SW\EU Ho, Tn] Yb, and
coBRagied Iafes Hengpombis farredespngsi @fﬁg? tqtﬁlaﬂkiﬂsn%ﬁ Pifigle content is

glass may be unstable, with greatly reduced toughness
androm BitgH&r%¢ ehdemioy prefeed fangs 9 Gemi biv, |G HadMryeevsr, to obtain a
extrenely low productivity. Hence, a preferred range

of sbhellédinitedctiodlestlecqiwlitiebepgtedace alkgli ebiiion, is is referable that the
15%r !l ower. A further preferred range of their total

congw&tlirhi of fh%'@ogteﬁt &pea@:l?’ afuli PARkidebed 1§ 0gll ass

conposition used in the present invention, when the
00503 ks g PR D pHL235s CE RS Gy st
L2 oS e e e et s BSor v o
St ABAUR'G Content higher than 20 %, the EIiss has an unatable siucture, leading to
lower melt productivity and lower chemical durability. Hence, a preferred R’O
content is 20 % or lower. A further preferred upper limit of the total R’O content is
18 %. Preferred contents of the individual R’O ingredients are given below.
[0030] MgO increases the rigidity of glass and improves the fusibility thereof. With a
MgO content higher than 20 %, the glass may have an unstable structure, lowering the

melt productivity and chemical durability of the glass. Hence, a preferred range of

the MgO content is from O to 19 %. A further preferred upper limit is 18 %.



[0037] To the glass ingredients according to the
invention, 2 %or less of a clarifier such as Sb203
may al so be added. As required, any other
conventional ly known glass ingredient or additive may
be added so long as it does_ggy spoil the effects
achieved by the present inveftion. [0038] Fromthe
gl ass ingredients descri bed above, a glass_substrate .
[00Hd cor di fepQ dnar¢ases theviinrar dhrermal exnansios eeHiriany agdyrigidity of glass,
conventionally known fabrication process, for exanple
i n ahtl émbedvieo thenfisitilitp ehered¥avwWitht @ Ca@l @neht §ighssthan 10 %, the glass
ingredients, i.e., oxides, carbonates, nitrates,

hy gh8haean vabeblReubiuke 16T IRORRItHBodiRtiV{1$ and chemical durability
i ndi vidual ingredients, are, in the desired

P QfpQhd I§P£}§a| ginkg.f%fga g%?%r&éﬁ P&n%f: &QM@M%% ch et M8 f&‘i’n 6% 10 %. A

obtain e raw materi a I's bl endi ng

is then or exanple, in a platinum crucible

pl ﬁﬁ%#%ﬁgﬂﬂxﬁﬁggF¥ﬁg%furnace heated to 1300 to

1550 'C,_ where the blending is first nelted and .
(0032 ar i fi SdOaimgrepsss e tinpardhernmd cxpanstiensostlicientipf glaisy elgbilizes the

glass is then poured into a preheated nold, and is

coctredus theteyf, s0d amproyeb theffosihiily thetevfa WithsisS16) owitent higher than

Next, the glass block is heated again to close to its

gl &%, ticaglasst ey hped B uAdsble stridier. Hemdeod prtfewky ratge of the SrO
as to be straightened. The gl ass bl ock thus obtai ned

I's cbheht 8ot té 8P -AlfiriRr gxie%edqgibﬁaiellolrimm& gh,a gl ass

substrate 1's cut out using core so as to have

ncent ry ou and inner Sxr [ ; N
1008 e e s She e R s SIS il 4 DR Figpkffan %6, he
[0039] It is preferable that gl ass substrate .
ac &smey haye ppanstabls strnethres yBefes, apreferred ranggiof ghe BaO content 1s
properties. First, it is preferable that a glass
sulfiomr Ate8 dec ok Birtgr prefertad uppawlemitiivh “have a specific
el astic nmodulus E/ p of 30 or higher. Wth a gl ass
[003MIbst r atZa0 irdesdaséssthe @hernfcahiwdbibyy sitd egilityesti glass, b improves the
mechani cal strength depends on its rigidity. Thus,
Wi i 1P AfrddfC  OVias bl EnORGted® Higethdd8N23Che tdMs may have an
substrat’e has insufficient mechanical strength so
th it or ' ' i W '
o e S Bt AR ol V0 U LRt QFLAE th ass.
at ere it is fasten t hard disk driv me r
A Hifthar isfeared Rk Spite £7G conisst fcfamabiaig % /A farter proforred
31 or higher. [0040] It is preferable that a gl ass
sulbpperdiratt #ct¥r di ng to the invention have a Vickers

[0035] TiO; strengthens the structure of glass, enhances the rigidity thereof, and
improves the fusibility thereof. ZrO, strengthens the structure of glass, enhances the
rigidity thereof, and enhances the chemical durability thereof. Ln,Oy strengthens the
structure of glass, and enhances the rigidity and toughness thereof. Here, Ln,O,
represents at least one compound selected from the group consisting of lanthanoid metal
oxides, Y03, Nb,Os, and Ta,0s. Lanthanoid metal oxides include different types of

compounds of composition LnyOs, LnO, and the like, and examples of Ln include La,



hardness Hv in the range of from450 to 650. Wth a

Vi ckers hardness | ower than 450, the substrate is

prone to breakage resulting frominpact and to danage

in the fabrication process. On the other hand, a

Vi ckers hardness hi gher than 950 | owers the rate at

whi ch the gl ass substrate can1 be polished in the

poI i shi ng ocess, nmakes it difficult to obtain
V\Ilb&hpﬂhbsmjggl ©ddTe) Ry.ndasTmanh, mitkky Wlth a total content of

dlfflcult to adjust the surface shape of the

s Tt +Ar®,; byLn,&hduighex thand 596 ihs plasg magrbeaoistabtet, with greatly reduced

surface defects by scrub washing, or perform other

t ﬁ&?—;ﬂﬁsﬁt agdit 81 higher REAdeRbY N RIcORARESatiohNEleMifiK €S extremely low
har dness of theggubstrate can be controll ed m#thln

??‘?dr“réﬁv‘?}ﬁi ?%F%S*é‘?rﬁ@é’?dé?%geﬁﬁtﬁﬁé‘%?‘% i of Hts8 Blast ifredicnts s
P HorBab Lo % vt pretpses s of Pt foia) pef i Pl 0 0 13%.

ovver l[imt of the W ckers har dness Hv is 500, and
[0036] t her [pithe slepseepmpssition ysad in thegimessnt nyertden, wheo4hy B,0; content
It is preferable that a glass substrate according to
t hendtrpemm tildds MBuld nebdstioibe-mars thdnut.F onWithaf,A@50BHPheqmal to or less
| ower per 2.5-inch disk. Wth alkali elution A higher
t i@ BS50theptliss Mdenbiifile sludtise, b sdoeanot shibis edtidfiictaly toughness.
information recording medium the recording filmsuch
a t
tme&f%?ﬁ;‘a%ﬁéﬁ’ﬁm st R B G B e Rttty
kall dj ent.s fromthe ubstr te, .
of er aélfbgfh% aglisgl gr&he arc]c% ng t§2t Fl)lb\gngl?n,rf; \ﬁ% or less of a clarifier
O 2 referabl e that SS sSubstrate .
e@%%ﬁ %Qa s he atdadonan a%l%ga B Pingheonvenqnalydmown glass
pb or lower per 2.5-inch disk. Since Si02 is the main
i rr@r@djel@mr agdflitivh enayl keselded se lesteoas, it tihes 18it spoilitheosffests achieved by
serves as an indicator of the watertightness of the
gklegaescatfstiittdre, i.e., its stability against water.
Wth Si elution S higher than 500 ppb, the gl ass

[003BYDSt I atFgorh $hé grasss Hi‘giécﬁérﬁ@a&s\énw@é %J\ﬂegg'tglasg_@h@stﬂa%c&dmg to the
production sta ity in the polishing and clearing

PRRERS: i) BE ABIAESK) P BRER MRk E B pion proces, for

ass Subst susce uence o
nnlst es in the air, |leadin | ower stora
e Ftl&}%ﬁ\ Elbwing Mt or kv mARGDs ot £RS BEeRiT ke oxides,
S is 400 ppb or lower per 2.5-inch disk. [0043] It is
prEbenaien, artaies; hydrgkidss agd W lilept eorigepanditieng the indinadual ingredients,

I nvention have a fracture
are, 1n the desired proportions and in the form of powder, fully mixed to obtain a

blending of the raw materials. This blending is then put, for example, in a platinum
crucible placed inside an electric furnace heated to 1300 to 1550 °C, where the blending
1s first melted and clarified and then stirred and homogenized. The molten glass is then
poured into a preheated mold, and is cooled slowly so as to be formed into a glass block.
Next, the glass block is heated again to close to its glass transition point and is then

cooled slowly so as to be straightened. The glass block thus obtained is then sliced into



t oughness Kc higher than 0.80. Wth a fracture
t oughness Kc of 0.80 or |ower, when the gl ass
substrate is used in an information recordi ng nedi um
a crack may develop in the glass substrate when
pressure or the like is applijgd thereto in the process
of formng a recording filmsuch as a nagnetic film
on the surface thereof Mreover, with a cture
t Guliitkn e4kOtiR¥high 2 glage sWsplg iR FUL QU BSiBg, B§P’fea{3{r@1 $asas4p Jjgye concentric
to damage when it is machined, leading to a | ow
maoter pind gniyar eldges. AAﬂuantaheclypﬂwefmoln@dglamgefouﬂed irgo a disk by press
fracture toughness Kc is 0.85 or higher. [0044] A
ghaggingubstrate according to the invention can be used
to produce disks of any dianeter, for exanple

[003?9}5 I nchy lépr'%fél%ia that 8- gi%hsub@ﬁ&e af¥ord k&&hedilﬁ/féﬁﬁ&{ fulfill the
ks, -16 any thickness, for exanple 2

t If'(')l owm% %F](rﬂf\ik’Flgt ﬁ Imrgﬂi' %!fe ﬂ?a?da gp%s sﬁi)étfgilﬁ? according to the

orma I on rec

%/I gl ass_ subst r at e accordi senI

i W@ﬁ oo havg 4 FpasiliccRlasiic Bedtusdr %rs ass substrate
substrate of an information recording nedlun1 a gl ass

st tis atoe tardrigh sgertgdhenives, iitsvmnthanivat strength utependst en its rigidity.
durability and high recording density. Now, such an

| s, Mth O spQGAE Gladflc TREUUNE [0Mdr| thee JDeSRé istiedraed hBs insufficient
reference to the drawing. [0046] Fig. 2 is a

p%e&ﬂ%ﬁédl\éﬁe%%t‘p\% Qlfgit 2 HBPRGLdefyed 'uﬁg ct Htn? ogﬁﬂﬁe&ﬁﬂé being mounted

of a circular ass substrate

and tic film2 f d, di rect.l surfac
Hep a0 TG draribis bopr R Pakisy’ Sk foa Ty Sigy8 Whard diskc drive
conventlonally known nethod For ex le, it is
f BrARET DyA Sier psderrasksPeribi sliste medBlusEyip i 31 or higher,
thernosetting resin having nagnetic particles
[004di] Sper s atlistprefeible thar a Blass publstrete iabehrding tbYhelnehticr kess a Vickers
plating. Spin-coating provides a filmthickness of

aRouihe By {Pthd 14n el-tﬁ‘fro?ﬁ) UsH ?J b3 VPRIPY W&&:rsahérﬂhé@s lower than 450,
t hi ckness of abou .04 to 0.08 gm and clectrol ess

pltl?et slulggtr#e s\lférﬁﬁgrﬁo%rc%lﬁlggn Fésr.l tl nf"o%i ifdhact Q{?&I ko (9&119 ¢ 119 the fabrication

ness and nax

t he denS|ty it is prefe le to, form.t
£ PRI b it ataen Hdorn Y RBes ransds Ryt tﬂﬁigg%dawrs the rate at
The netic filmmay be formed out of any

‘&3@1\@5 IsybstrataprnnggPrdished in the pohshmg process, makes it difficult to

obtain a surface with the desired flatness, and makes it difficult to adjust the surface
shape of the substrate by tape texture polishing, or correct surface defects by scrub
washing, or perform other treatment after the polishing process. The Vickers hardness
of the substrate can be controlled within that range, for example, by adjusting, so long as
the desired main properties are not degraded, the proportions of the ingredients in such a
way as to increase the ion fill factor. A further preferred lower limit of the Vickers
hardness Hv is 500, and a further preferred upper limit thereof is 630.

[0041] It is preferable that a glass substrate according to the invention have alkali



material, of which a preferred exanple is a Co-based

alloy that contains Co, which exhibits high crystal

ani sotropy, as its main ingredient so as to have high
coercivity and that has Ni and C added thereto to

adj ust remanent magnetic flux _density. Specifically,

exanpl es of such all oys contarni ng Co as their nmain

i ngredi ent include CoPt, CoCr, CoNi, CoN Cr, CoCrTa,

CeRttion, A GHBFPPpb Qolwer Per, 2.ConétGlizla, Wisloaaliz utomGh Pigher than 350
and CoCrPtSi O The magnetic filmmay be divided into a

Plpbb alvhénythefgldsayestatalis Gsedrif an IfformstidiieCord iy MBdioeyt te recording
films (for exanmple, G, CM, or CV) laid in between

S @il@SsulcR asfé)hmﬁﬂetﬁ@hiﬁlltﬁﬁefs RAMEE T fe (LPacSXRTR Blass substrate is
CoPtCr / CrMo CoPtCr, or CoCrPtTa / OrM [

RS Rgh by ol W R SRREEIRY B80Be HPSHEES Tyter preferabe
possj.ble to use a magnetic material of a granular type
haﬁﬁahglutwag%@tﬁﬁ@ RPRATIYVEs of Fe, Co, FeCo, CoNiPt, or
the like dispersed in a non-magnetic film of a

[0042¢r r i t elblsgeeferablecthata glasnsubsigait mepasdiagrte ithemyertion have Si elution
material, Si02, BN, or the like. The magnetic film
M8y {iH@0fppb eilokearpes QrF-achk diske obmica §i@y is\ey inadaingredient of the glass
recording. [0048] To ensure snooth sliding of a

Mee&bh,CiHeesd cluliBR SRENE8S 1§ dnl IndidaRY SreiRORLREIgHNdD oF the glass
thin | ayer of lubricant on the surface. An exanple of

BB S0 A LBt S P s o
;gg’g% %‘&%&P&yg%ﬁ@ﬁé@ﬁffﬁgé%&\ﬁg In@%/l? aowgg% prodyggion stability in the

material of the primer |ayer is selected according to

t Relishihand eleqringprocehdn ge febricatipparogess.fagdipkes ke slass substrate
for exanple, one or nore selected from non-nagnetic
nedsatibdel ¢l ths ilftuendd of Tagistlire, phsenV, inBhe Alir, leattiindNito lower storage
Wth a magnetic filmcontaining Co as its main

| Byepigiey. e furBer pdredi rafie/oOthe &i Slutidh IS0 408 p?BQ)fr%\Kf&Cber 2.5-inch
for better magnetic properties and out of other

cgnapi derations. The priner |ayer may be conposed of a

single layer, or may be conposed of a plurality of

yers of. i dent| or different t s .laid over aqne
1004352 har P prePiapE it eless mPoEH aisobiing oo BilioReriiondil o fracture
C, &/ M, O CV, NA / C, NA / CM, or
NonghneseKy highersban P80, pPather fiagtarg topahness Koppfel:80 or dgjver, when
wear and corrosion of the nmagnetic film nmay be a
| theeglasefsul@tratetis vaed oyan tdetnotion mywrdige metdadn cactack may develop in
zirconia, silica, or the |iKke.
the glass substrate when pressure or the like is applied thereto in the process of forming
a recording film such as a magnetic film on the surface thereof. Moreover, with a
fracture toughness Kc of 0.80 or lower, the substrate is prone to damage when it is
machined, leading to a low machining yield. A further preferred range of the fracture
toughness Kc is 0.85 or higher.

[0044] A glass substrate according to the invention can be used to produce disks of

any diameter, for example 3.5-inch, 2.5-inch, 1.8-inch, and any smaller-diameter disks,



Such a protective |ayer can be forned in continuous
steps with the prinmer layer, the magnetic film and
the like using an in-line-type sputtering machi ne. The
protective |ayer nmay be conposed of a single |ayer,
or may be conposed of a plurqllty of | ayers of -18-
identical or different types Pald over one another to
form a nultllayer protective | ayer.
p&Els B thiekiess, por gxampls %fmlartm%tle%l&l Shick, h%63 mm thick, and any
protective |ayer described above, another protective
| alimmer Asks.exanpl e, instead of the protective |ayer
descri bed above, a layer of silicon oxide (Si02) my
[004%8 f or meqkxttYardigipdritiatiGn r&Brdiﬂ%) nfeliven Eploayey a ghsdsitiante according
burning fine particles of colloidal silica dispersed

i [E? iRl tp?&[ehpmhﬁ@t{‘%wﬁ' bRt WhendhPIBYLd t&@%@‘gubstmte of an
SO

ven A nagnetlc di sk has been describ

a%gtx/ gnﬂ%%’o (grﬁﬁ%olpgmﬁﬂlé% ass s?ﬁgﬁ%é ?({Eor(ﬁﬁ? 9([ %Jenigventlon contributes

ven

und ver Ss sybst te accor di .
éﬂ? h rafﬁxﬂm@ Rt o&ﬂaow el p pgpaliogprocordite medivm
|nfornat|on recordi ng medium but also to
magH &k desspibied alithdeEkence dptheckidwidigsks, and the |ike.
Exanple 1 [0052] Practical Exanples I to 9 and
[0048Qnpar atHiy.e2 Ex anprgseclivé dictv bbra maghetief didk.f fEiemhagnetic disk D is
gl ass conpositions, which each correspond to one of

PE@&bb%' of £XABBLE labs Elﬂ)s&a@nﬁ a@%ﬁﬁ@{e’tlﬁeﬁ]ﬁﬂ?@%hﬁ&i directly on a
4, prescrlbed anounts of glass ingredients in the

f gﬁlrﬁc% th@%%erTh\Qeﬁlg 'cgl‘lﬂgfj gqﬁ %Htfofnqe Pg dﬁgt &qu%tbonally known

CI' ucl wer e

S Eba lfyﬁ‘sr EEen oo X ST i 3 grmosetting

nolten glass to stir it for about _one hour.

Tresite Apyiag magnstis tnarticlesgdispersrss thaesins eralespeitaring e by electroless
the nolten glass was allowed to stand for 30 m nutes,
apthtinpenSpih-coasnd Pudedesi M tiimathiaddndsss of abouto).Betof he med, sputtering
into a glass block. The glass block was then heated

%?clv'i‘dets f d-x? %ﬁol\%rfesjs 9% agolﬁSOSO foaﬁﬁbt g,he%ndpé:lla&fq}%s@%?ﬂ@spmwdes a

en coo Str ened
bIock t hus obtalned mas then sllced into a dis

h&im iBickness jof e .G tog).- g 3en.nrho urmige theifiln talck@q=sa§§d maximize

substrate was cut out using a cutter so as to have
c thec detsitiy citi inmpeefembte aufiem ddgesgnetii fillm anby spetering or electroless
di aneter of 20 mm and an outer dianeter of 65 nm.

plating.

[0047] The magnetic film may be formed out of any conventionally known magnetic
material, of which a preferred example is a Co-based alloy that contains Co, which
exhibits high crystal anisotropy, as its main ingredient so as to have high coercivity and
that has Ni and Cr added thereto to adjust remanent magnetic flux density. Specifically,
examples of such alloys containing Co as their main ingredient include CoPt, CoCr,

CoNi, CoNiCr, CoCrTa, CoPtCr, CoNiPt, CoNiCrPt, CoNiCrTa, CoCrPtTa, CoCrPtB,

and CoCrPtSiO. The magnetic film may be divided into a plurality of layers with one



_19- [0053] The gl ass substrate thus produced was then
imrersed for 0.5 hours in nelt of a mxture of 70 nol

% of NaNO3 and 30 nol % of KNO3 heated to 350 'C so

that a strengthened | ayer was fornmed all over the

exposed surfaces of the glas§rsubstrate Then, the

top and bottom surfaces of the gl ass substrate were

coarse- and fine-polished wth ceriumoxide to renmove

a of GpATR nep-mamel¢ hilmp (foseaamplenen, CiMie ¢ @9 laidoiat hefyeen so as to
was cleaned to obtain the glass substrate of one of

Priamt b @it BEyamghtuesird (fooexngrie) CaBv@paCadp v €oBGnpt €9CrPiTa/ CrMo
to 3. Wth the glass substrate of Conparative Exanple

4,/ £herPtrap vand abofehomd Sefilickse holdeer dasteeof 1ol mafeddic materials
to renove a depth of 20 ~url 1n total. Wth each of

t I?l‘?englloﬁélf attRS &l %5§§fﬁe RLRdy :Sjgneh%ﬁléa rf%lﬂ)gf' h 'gﬁt%ular type having

were eval uated in t manner s escrl earlier and

bel Th fe

o BTHORRBE Pt FeChefifd e PO TRt A B agneic im
b AT B ST or e e

recording surface of the glass substrate after the
pahigehiin §lm noydedoneitter surdpe cteading oe Ferticplgeentilinigng
m croscope to neasure the thickness of the

[0048]r engt EN@tbuteasridoth ERADE bf & Atgtibtir hdadr theghdgnBat fith may be coated
Usi ng an apparatus as shown in Fig. 4, annul ar bendi ng

StEANG tlin USRE 'o‘?@uﬁfﬁ%nt ReTHeuFREL O B&mﬂ:'l@%ﬁthe lubricant is perfluoro

substrate. Specifically, a load was applied to the

PODR R D ") Rt esRl, R Bl RRln RPECn R B DG

was nmeasured as the destruction | pad. This .annula

0048 ncii ng At FHEEs 2 PESIEF 05 NBSCHS: P8y GHOHIRRLR be formed. In a
chem cal strengthening and once w thout chem cal )
s topagmgtihdisk.the matatial hgthp@rimﬁr dryer seselepied mgearding to the magnetic film.
(destruction load) F with chemcal strengthening to
t Mk primidi Gaster Eshformedibutsify fon gk diaplengne oramet pelbcted fiom non-magnetic
chem cal strengthening / F without chem cal

Strﬁ&ﬂgtsﬁ&f‘hé"gr MBSTEaACW, ar el At 48d MNIOS@lith(FhRkR@RSHm containing
Usi ng a di sk shape tester, the nodel WHKO 400G
mm)ugsa% Hi. ﬁldm@/ed}/%? “Cr used singly or a Cr alloy is preferred for better magnetic
properties and out of other considerations. The primer layer may be composed of a
single layer, or may be composed of a plurality of layers of identical or different types
laid over one another to form a multilayer primer layer such as Cr / Cr, Cr / CtMo, Cr /
CrV, NiAl/ Cr, NiAl / CrMo, or NiAl/ CrV.
[0050] The protective layer for preventing wear and corrosion of the magnetic film
may be a layer of Cr, Cr alloy, carbon, hydrogenated carbon, zirconia, silica, or the like.
Such a protective layer can be formed in continuous steps with the primer layer, the

magnetic film, and the like using an in-line-type sputtering machine. The protective

layer may be composed of a single layer, or may be composed of a plurality of layers of



Instrunents, the flatness of the glass substrate was

nmeasured. [0057] [Table 1] cl C, ~g4oi nr, ~0~3' whk 6ui
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identical or different types laid over one another to form a multilayer protective layer.
It is also possible to form, on top of or instead of the protective layer described above,
another protective layer. For example, instead of the protective layer described above,
a layer of silicon oxide (Si0;) may be formed by applying, on top of a Cr layer, and then
burning fine particles of colloidal silica dispersed in tetraalkoxysilane diluted with an
alcohol-based solvent.
[0051] A magnetic disk has been described above as an example of an information

recording medium according to the invention. It is to be understood, however, that a

glass substrate according to the invention applies not only to this type of information

recording medium but also to magneto-optical disks, optical disks, and the like.
Example 1

[0052] Practical Examples 1 to 9 and Comparative Examples 1 to 4

For each of different glass compositions, which each correspond to one of Practical
Examples 1 to 9 and Comparative Examples 1 to 4, prescribed amounts of glass
ingredients in the form of powder were weighed and put in a platinum crucible, were
mixed, and then were melted at 1 550 °C in an electric furnace. When the ingredients
were melted sufficiently, stirring blades were put into the molten glass to stir it for about
one hour. Thereafier, the stirring blades were taken out, then the molten glass was
allowed to stand for 30 minutes, and then it was poured into a mold so as to be formed
into a glass block. The glass block was then heated again to close to its glass transition
point, and was then cooled slowly so as to be straightened. The glass block thus
obtained was then sliced into a disk having a thickness of 0.635 mm, out of which a
glass substrate was cut out using a cutter so as to have concentric inner and outer edges

(with an inner diameter of 20 mm and an outer diameter of 65 mm).
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[0053] The glass substrate thus produced was then immersed for 0.5 hours in melt of a
mixture of 70 mol % of NaNO; and 30 mol % of KNQO; heated to 350 °C so that a
strengthened layer was formed all over the exposed surfaces of the glass substrate.
Then, the top and bottom surfaces of the glass substrate were coarse- and fine-polished
with cerium oxide to remove a depth of 100 um in total. Then, the glass substrate was
cleaned to obtain the glass substrate of one of Practical Examples 1 to 9 and
Comparative Examples 1 to 3. With the glass substrate of Comparative Example 4, the
top and bottom surfaces thereof were polished to remove a depth of 20 um in total.
With each of the glass substrates thus produced, its properties were evaluated in the
manners described earlier and below. The composition of the glass substrate of each
example and the results obtained therewith are shown in Table 1.
[0054] (Thickness of the Strengthened Layer)

The outer and inner edge surfaces and the recording surface of the glass
substrate after the polishing process were inspected under a polarizing microscope to
measure the thickness of the strengthened layer.

[0055] (Annular Strength Ratio)

Using an apparatus as shown in Fig. 4, annular bending strength testing was
performed on the glass substrate. Specifically, a load was applied to the glass
substrate by way of a steel ball, and the load at the moment when the glass substrate
was destroyed was measured as the destruction load. This annular bending strength
testing was performed once with chemical strengthening and once without chemical
strengthening, and the ratio of the strength (destruction load) F with chemical
strengthening to that without chemical strengthening, namely F i chemical strengthening / F

without chemical strengthening, Wa58 calculated.
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[0056] (Flatness)

Using a disk shape tester, the model WYKO 400G manufactured by Veeco
Instruments, the flatness of the glass substrate was measured.

[0057] [Table 1]



a 50 % or
t hese gl ass

addi ti on,
!ovver,

hi gher,
f 3 mor

In

o

Exanples 1 to 9 had an
d.

&

S

I mprovenent as conpared with when no cheni cal
use in

65 -22 Table 1 clearly shows the follow ng. The gl ass

substrates of Practi cal
annul ar strength ratio of 1.5 or

hi gher
strengt heni ng was perfor

substrates had a fl at ne

sati sfactory for

£ Z Z 1 i i A wa 1] Bumsiog Jayy sseugeyy
gl gl 1'g gl g g1 9l HupapBusng [EoIUBLD INOUNM UMY 0By WiBusag JBnuwy
ON ON N ON ©N N oN (W) soepng BUpIoOaE  poguuany soker
01 0L | SI OL L 0L ]! 01 {w ) spoepng opg ueuwy] pus wynp)  PRRRduRag
5 o0t o0t | 00f o obt - DD 00l 00t Moy w1 SIoRuNg WORoA pUB dog W] yideq Fulysiog
.W v kd M = % - .ww N nn v \'J suonpuon Suueytuang
Jr | 81Tt cege | co | skt | o092 (qdd) § uonna ‘ois
: . L e A S R Lot 191 {49d) ¥ uonnz yexry
= i R sz g D L6 g5 B - @660 el | =8y | oeot | oun o) SSBUYANG imoRig MMWMM%:M
08S of 0889 o gﬂ S% | 0¥ .| L0290 | QLST |C Q5 |O0ms { Q@Y OoS 0By 0LG Al SSOUplE} SJaNOIA
45 =T, U LY M e O — = A= =1l 3> .
oz dﬁ.mwm 66 b JIE L IV § S ks e | efeo|_ ueco| 645 O 8T8 | 676 | see ](d/3)snnpow onseq oyoedg
" ()] pu g " T = A N z "
M 56 mw.n 19 - BthL BSb | 85 K S| @€t ojm - d oil Ul 1 SatgfQhy onEY JusiPeau]
— - O = —-— - .
s d —sd " c nwnuﬂﬁdlwﬁtUﬁSSWoch%mﬁmtmwd £0 £0 £otag
S \I.mw sdelxan..lqc_.hucc@.m 0 QK %egm WE S0%aN
( [ cC
— O} X O v] O SCPoOXin—|-nnC o — o L%m O = 7 pyar
" S I TNNOU: 1 B Y- - ~— Q) wn- - o 0. - ) O\f
2 o= - Mmﬁ\ﬂww,tn N SO SN N L "0°Po
SR n ot J n.vma Ibftool o wclorol_o.Jocao vz e Qe
ey — - T " " p o—ic—v —e e ]
ﬁﬂmeﬁhmcw Wcmflﬁ:l hoobccl o ool 6d LL ] 6t 0z a7
[ =) N - - — 13 g w
oy th%tt%ﬂ oFE |wm‘mﬁwvsﬁr,c@tmnﬂhehmn_ 61 02 o
h:_mt.Mammmn. wmnz;‘lt.ﬁl..l. ot hzmamlewrsnm_:r nVaJ|n¢a Quz
= T B = P= 0 Bl- ooag——
° W .m e uy o s WX, D .)O.wb = N O....AD m [oille) m — oed
MMWwow,hMpm Sgl-éﬁ aw,nuut 3W.nﬂsilﬂm .wow 0 QUEOM AQ %)
— o J_ o |.Im“|o..C ,.Ie.lmetnMaan| tntm oD uosedwoy) ssejn
OO - T P . e 1@ e
m.%,dm@yfiMwCHVwﬁ.ﬁum,Hb&b Wv.ehcS - odc 5 d 0N
w.w Dnm B .%.n_n&@ 35 & 3 |5 viic o Bim|ni@l oo | o 4 02 | lat OB+ G
0ol |50t P-0¢ e b IR L AMIO . oo ote 4 &2 | st o
.m_kuu. = mmm_.w & mmm GRL T SEL S Plwe |, 8802 M .A.na_..vw_.m =P 0s 5¢ oeN
ctffud o 4 o0 e pgw] e>o e [T o @ Jo0g g o | 6 o
ZiLE|codid 028 | is § I O oop L gre S 6880| el 678 UER 1 GIB | 218 ‘o'a+*olivaols
L) = w".l’lvlJWlnlmalmkal Ao Tl L z
m N“w — m& ..nluu_/c.#lm g m F o3 m Iy QN” 34 — Nlnw — Ul 59 @ V8 ¥e tolg
—f O . — g o gy m— =TO{0 Ty -]
— 07w o0 OB 1 T P QYD [ 05k b o o B o |~ 00| (00} e 5h £6 £Z! S0y
089<| —08 - 1 : §80 [o O] "ome | 5oVl g ¥98 f 899 | G99 ‘ol
= $ © e v el VN B — =P T N
sjdwexy aaneieduo) eyduiexy jeonoely




min total (i.e., 10 mon each side) in the polishing
process. This glass substrate had a flatness as high
as 15 meven after polishing, and was thus unfit for
use in an information recording medium [0059] Next,
as the ingredients of the chem cal strengthening nelt
and the tenperature and durdtion of the chemica
strengt heni ng process were varied, the thickness of

the st rEabig Hetarlyashowst Srenbellasringhe The aglesss ghstiagaseof Practical

was neasured. Here, the glass conposition of
Pr d&tangaés Exargphad hnvimaulas ettengtheatdabf drj opdigtehi ag0 % or higher
was perfornmed to a predeterm ned depth, and the

an ﬂﬁip%ve‘ﬁ{eﬁﬁ RYtHmpabd iNehén ab REGHIAl strdi@tihafiSwas performed. In

substrate wunder different conditi ons were neasured.

'll\"Rle r.esul Seseaél%lss S“%V\@ﬁgg%c?%%éﬂﬁﬁ%\?r[ 13%%} %a&gfact&%/ for use in

an information recording medium.

[0058] On the other hand, with the glass substrate of Comparative Example 1, of
which the alkali metal oxide content was high, in the chemical strengthening process,
the ion exchange reaction proceeded excessively, with the result that the strengthened
layer had a thickness as great as 120 um, with 70 um thereof left on the recording
surface even after the polishing process. This led to alkali elution as high as 623 ppb
and a flatness as high as 33 pum, making the glass substrate unfit for use in an
information recording medium. With the glass substrate of Comparative Example 2, of
which the value of Al,O; / B,O; was as small as 1.3, in the chemical strengthening
process, the ion exchange reaction did not proceed stably, and thus no strengthening
layer was formed. Accordingly, the glass substrate did not have increased strength.
Moreover, the glass substrate had a brittle structure, and had Si elution as high as 709
ppb. With the glass substrate of Comparative Example 3, of which the total alkali
metal oxide content was as low as 4.0 %, in the chemical strengthening process, no
strengthening layer was formed. Moreover, the glass substrate had a Vickers hardness
as high as 655, resulting in low workability, and had a fracture toughness as low as 0.78,
resulting in low strength. Moreover, the glass substrate had Si elution as high as 563
ppb. The glass substrate of Comparative Example 4 had the same composition as that

of Practical Example 5, but had 5 um of the strengthened layer left on the recording
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surface as a result of limiting the grinding depth on the top and bottom surfaces to 20
um in total (i.e., 10 pm on each side) in the polishing process. This glass substrate had
a flatness as high as 15 um even after polishing, and was thus unfit for use in an
information recording medium.

[0059] Next, as the ingredients of the chemical strengthening melt and the temperature
and duration of the chemical strengthening process were varied, the thickness of the
strengthened layer formed on the glass substrate was measured. Here, the glass
composition of Practical Example 1 was used. Thereafter, polishing was performed to
a predetermined depth, and the annular strength ratio and flatness of the glass substrate
under different conditions were measured. The results are shown in Table 2.

[0060] [Table 2]
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Table 2 shows the following. By varying the ratio of the ingredients of the nitrates
used, and by varying the temperature and duration of the process, it is possible to
control the thickness of the strengthened layer formed on the glass substrate. Moreover,
by removing, by polishing, the strengthened layer formed on the recording surface so
that the strengthened layer is left only on the outer and inner edge surfaces, it is possible
to increase the annular bending strength by a factor of 1.5 to 2.3, and to reduce the

flatness of the recording surface to 3 pm or less.



-25- Table 2 shows the followi ng. By varying the ratio
of the ingredients of the nitrates used, and by
varying the tenperature and duration of the process,
it is possible to control the thickness of the
strengt hened | ayer forned on the glass substrate.
Mor eover, by renoving, by ﬁ& i'shing, the strengthened
| ayer forned on the recording surface so that the
strengt hened | ayer is |eftCbMM®n the outer and inner
edge surfaces, it is possible to increase the annul ar
[1] berdidhgmidatlgngtdngthigned fodast aaubstfatd .fbr taa Af@matiod teoording medium,
reduce the flatness of the recording surface to 3 m

OfyHeR$H a stréfgthéedl! IMRr hihed b Bsmhieal dinénsthbERg eRRRESh an outer edge

gl ass substrate for” an information recordi ng medi um

V\’{gﬁlrfgd.enﬁ‘ginéﬁ raﬁqgflé}eéh%g SuPUE! bﬁtogﬂi')g%agyllyg E?t?bl‘f 8! surface on which an

strengt I'ng exists~on an outer ace and on
an_i nner edge .surface put substantially not on a
s&#?EE%“wHB%Hﬂwﬁlaﬁfﬁ ?iation recording layer is
formed. [2] A glass substrate for an_informatian ,
[2] 1 edbeasn@bSEYE doh andniormphieracprdingmadivm agrdsigied in glgim 1,
the surface on which the information recording | ayer
i svhfemimesh thehsurigb@es whacib dhter infemetop rémeding heyer is formed, the glass
follow ng glass ingredients: 40 to 75 % by wei ght O

Ss@tratcXohipriRss He Iyl1vEing RlasonefdOids: 0 to 8 % by
wei ght, zero inclusive, of B203; a total of 5 to 15 %

bﬁgwgbg@gbggmﬁggoPgﬁBounds, where R = Li, Na, and K
Si 02 + A1203 ¥ B203 accounting for 60 to 90 % by

[ ; t ot al of to 20 % by wei ght, zero
rﬁéﬁgéf%§¥“8#ﬁﬁpgﬁ‘ ounds, where R = My, Ca, Sr
Ba, and Zn; and a total of O to 15 % by weight, zero
iﬂé?gsog\l?é | £B

wegghtazenp nclusivgpofB1Qp: oy where Ln, Oy

represents at |east one conpound selected fromthe

grdeipl efdntoi 1St Yorhy vofightard tRrBnwimporeds wheosxR delsi, Nv298] K;

Nb205, and Ta205, and wherein the follow ng condition

I Sithut AlJO.e€lB,0; accounting for 60 to 90 % by weight;
a total of 0 to 20 % by weight, zero inclusive, of R’O compounds, where R’ = Mg, Ca,
Sr, Ba, and Zn; and
a total of 0 to 15 % by weight, zero inclusive, of TiO, + ZrO; + Ln,QOy, where Ln,O,
represents at least one compound selected from the group consisting of lanthanoid metal
OXidGS, Y203, szOs, and Ta205, and
wherein the following condition is fulfilled:
1.5 < AlLO; / B;03, or B;O3; =0 %.

(3] A glass substrate for an information recording medium as claimed in claim 1 or claim

2,

wherein the glass substrate has: a specific elastic modulus E / p of 30 or higher; a

Vickers hardness Hv in a range of from 450 to 650; alkali elution A of 350 ppb or lower



1.5 < A1203 / B203, or B203 = 0 % [3] A glass
substrate for an information recordi ng nmedi um as
claimed in claiml1 or claim 2, wherein the gl ass
substrate has: a specific elastic nodulus E/ p of 30
or higher; a Vickers hardne Hv in a range of from
450 to 650; alkali elution A“f 350 ppb or |ower -27-
per 2.5-inch disk; Si elution S of 500 ppb or | ower
parr 2. %mhcdﬁslﬁusskelutmds 2TEY09canbr e lomel gish dssingk digk; and a fracture
0.80 MPa / ni/2 or greater. [4] An information
remquBngimeﬂm8ﬁﬁﬂhwbn|%mngeamglass substrate as
clainmed in one of clains 1 to 3, wherein an

[4] nL&E ﬂﬁ?hﬂﬁd&ﬁ‘é@érﬂiﬂ@mb@w cdnSprisPidTR Gl RP stibieragd &56laimed in one of
substrate

claims 1 to 3,

wherein an information recording layer is formed on the glass substrate.



