-1- SPECI FI CATI ON GLASS SUBSTRATE FOR | NFORVATI ON
RECORDI NG MEDI UM AND | NFORMATI ON RECORDI NG MEDI UM
EMPLOYI NG SAME Technical Field [0001] The present
invention relates to a glass substrate for an
information recording nedi uml(herel nafter also
referred to sinply as "a gl ass substrate"), and nore
particularly to a glass substrate for use as a
substrate of an infor matSPRCHEEHTION, nedi um such as
a magnetic di sk, magneto-optical disk, DVD, or ND.
Background Art [0002] Conventionally, magnetic disks
for use in stationary devices such as desk-top
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contact with a magnetic disk, the magnetic filmis
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[OOIOEj:r ease C_()izlventlonally, magnetic disks for use in stationary devices such as desk-top
computers and servers typically have substrates made of aluminum alloy, and those for
use in portable devices such as notebook computers and mobile computers typically
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



mechani cal strength. In the manufacture of chemcally

strengt hened gl ass, the process of chem ca

strengthening is typically performed after the process

of polishing, and glass substrates that have

under gone the chem cal strengthening process are

shi pped intact as an end produtt w thout being

subjected to any further process. This necessitates
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attains flatness higher than 1is eventually required
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hi@h-preci si ol i shing techni que. [0005] An object
oﬁ%ﬂ sgrgggﬁﬂeilﬁvéa@% is to provide a gl ass
substrate for an

Problems to be Solved by the 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



-3- information recordi ng medi um whi ch excels in
geonetrical accuracy such as flatness wthout

requiring a high-precision polishing technique and

whi ch has high strength. [0006] Another object of the
present invention is to providg a gl ass substrate for

an information recordi ng medium which excels in

mechani cal strength and durability and which permts
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[0007] To achieve the above objects, according to one
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strain at the surface of a glass substrate by
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ingredients at a recording surface thereof: 40 to 75 %
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temperature region lower than the glass transition temperature of the glass substrate.
[0008] Here, for stable formation of a strengthening layer with an appropriate
thickness, and 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 S5i0;; 3 to 20 % by
weight of AlL;O3; 0 to 8 % by weight, zero inclusive, of B;0;; a total of 5 to 15 % by
weight of RO compounds, where R = Li, Na, and K; SiO; + ALO; + B,0; accounting
for 60 to 90 % by weight; a total of 0 to 20 % by weight, zero inclusive, of R’0

compounds, where R’ = Mg, Ca, Sr, Ba, and Zn; and a total of 0 to 15 % by weight, zero

inclusive, of TiQ; + ZrO, + Ln,Oy, where Ln,O, represents at least one compound




inclusive, of Ti2 + ZrA2 + Ln. 0y, where LnXOY
represents at |east one conpound -4- selected fromthe
group consisting of Ianthanoid netal oxides, Y203,
Nb2G6, and Ta205, wth the follow ng condition
fulfilled: 1.5 < A1203 / B203,, or B203 = 0 %
Hereinafter, "% neans "% by wei ght" unless otherw se
notfd. 0009 Here, for lower alkali elution, it is
prigtestedyram opp sonsikiag af ilgnthangid metal peides, 3ok eNb:Qseand TaOs,
0.5% by weight. Furthernore, for a nore stable
stwmthﬁrféll@wlrlgwgn@ﬂtlasfulﬁﬂdd hi gher chemnical durability
thereof, it is preferable that the lower Iimt of the
B20S < AbyherB,(he ol Bk by Wei OHereildlieB 0T mehfd “B® by weight” unless
stronger structure of the glass and enhanced rigidity
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i ght. 1 bl.e th S ubst .at e
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fracture toughness Kc was determ ned using a Vickers
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beI ow on the basis of the pressure mark produced
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fracture toughness (Pa nl/2), E represents the
el aBeGific clpgtempsiulmal |/ pof 3@ r dighet. Virkexs bkdness Hv in a range of

hardness (Pa), P represents the pressing |oad
from 450 to 650, alkali elution A of 350 ppb or lower per 2.5-inch disk, Si elution S of

500 ppb or lower per 2.5-inch disk, and a fracture toughness Kc of 0.80 MPa / m"*
greater,

[0011] In the present specification, the fracture toughness K¢ was determined using a
Vickers hardness tester and according to the formula noted below on the basis of the
pressure mark produced with a Vickers indenter under the following conditions: with a
load of 500 g, and with loading duration of 15 seconds (see Fig 3).

[0012] Kc=0.018 (E/HW)'"> P/ C** = 0.026 E? P2 3/ C**

where Kc represents the fracture toughness (Pa - m'?

m“), E represents the elastic
modulus (Pa), Hv represents the Vickers hardness (Pa), P represents the pressing load
(N), C represents half the average of the lengths of 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



(N), Crepresents half the average of the |engths of

cracks (m, and "a" represents half the average of

the I engths of the diagonals of the pressure mark (m.
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Advantages of the Invention

[0014] A glass substrate for an information recording medium according to the present
invention has a strengthened layer formed on its inner and outer edge surfaces. With
this structure, a glass substrate for an information recording medium 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



excels in resistance to inpact, and is thus far |ess

liable to break while being handled in the

manuf acturi ng and ot her processes. Even if the gl ass
substrate breaks, it is wunlikely to scatter so w de

as to contam nate the process, Mor eover, having

substantially no strengthened [ayer on a surface on

whi ch an information recording -6- |ayer is fornmed,

t hdaygrds dormgds theaglassnabstiatg hhas highrBaiaess mad smnsilsesen the surface.
on the surface. This hel ps achieve high-density

r ecThislhelgs whisiave highgleasity substingwhen shef glassesibmate imformed into an
i nformati on recordi ng nmedium [0015] In an information

rquf(g;nagomfg%%gaﬁ@@mﬁi,ng to the present invention,
an information recording layer is fornmed on the glass

[OOE%]ESt ratg. ; Mdimhdton éEBM%{Hg;Bﬁditﬁﬁ ab&ording Sl Mk %)lr&s‘ént invention, an

e breakage during the ufacturing process | ess

like nd t hereb I ncr ease ft el €. w: . "
vor B EpBO oD EE toypt RIOREHLIE T s i s structure, i
and reliability of the recording,.nedium Brief ..

DoskesFibls Gringie Breakiagsqlinmedhe MAnRASTannE Brogess ffss fkely, and thereby
showi ng an exanple of the manufacturing process of a |

gl dsereassubiet yield ratecoMomevero it ffe ppssidattpoincrepsy ghe gprability and
A perspective view show ng an exanpl e of an

i nf elisElitysT the frodingmedtadi. um according to the
invention; [Fig. 3] A diagram schematically showi ng a

pr :0oduced when a pressure i s
ap??gﬁgﬁﬁgﬁg&%@gggyﬁﬁgl ass substrate with a
Vickers indenter; and [Fig. 4] A di algram [ %I ustrati ng fagl
[0036] [Fig 11l ne of Adhsarrmshpwing angeXemplaef te eapfaghnng pregess of a glass
of Reference Synbols [0017] 1 glass substrate
substrate according to the invention;
[Fig. 2] A perspective view showing an example of an information recording
medium according to the invention;
[Fig. 3] A diagram schematically showing a pressure mark and cracks produced
when a pressure is applied to the surface of a glass substrate with a Vickers indenter;

and

[Fig. 4] A diagram illustrating an outline of annular bending strength testing.
List of Reference Symbols

[0017] 1 glass substrate
2 magnetic film
D magnetic disc
11 top surface (recording surface)
12 bottom surface (recording surface)

13 strengthening layer



2 magnetic film D magnetic disc 11 top surface
(recording surface) 12 bottom surface (recording
surface) 13 strengthening | ayer -7- Best Mdde for
Carrying Qut the Invention [0018] The inventor of the
present invention noticed tha?_destruction or breakage
of a glass substrate typically starts at the inner or
out er edge surface thereof, and, through an intensive
st uBgst é bon Carrying Qut thenlnyentionr engt hened | ayer
by chem cal strengthening on the inner and outer edge

[00 Eé(jr facesrof in@enﬂ:lnaléist(lel% WSkhtihGerttith r{b@ilfi:e@{hat B&strucBdn @F?rteakage of a

ttom surfaces, ., recording surfaces, thereof,

IS possiple to effectivel revent destructd r

arg e Bacal it Yo Bng SRl S ol and, dhrough
degradation of the geonetrical accyracy, such a X
f | A EYEnsisr stpdy hasy ek oy Sing @ ¢ epgd lasg by chemical
from chem cal strengthening. These findings have |ed

t hestiengtdeniog onche dnee end euteh edg nufages phy Elpss sypstrate but not on the
[0019] Specifically, a strengthened |ayer is forned on

t hetop né bodtoth auifaees, ddgaecosding aosfacesf theraif,ait 3s possible to effectively
substrate, where destruction of or damage to the gl ass

subsitye edestrBOh 107 &t Vaknagd NoS tHelghis | WbE@AS Caridh@0 minimize the

strength of the glass substrate. On the other hand,

t i .
2 Sr‘feg{é@rﬁlgﬁlgggﬁ%e%%ﬁ%n%fl n%fcze_ ,hsggl(l: %g Elgigfé:é%'c{f%}ele ass gubstrate that

P hetends Pursin Bceeayen Sotabants n its? fipiDEs Biveted tlinventor to

invention, chem cal strengthening is achieved by
i nmeanseitig the pregeatvedfi¥k rate in nitrate nelt heated to
bel ow the glass transition tenperature. This
[0019] Specifically, a strengthened layer is formed on the inner and outer edge

surfaces of a glass substrate, where destruction of or damage to the glass substrate
tends to start. This helps increase the strength of the glass substrate. On the other
hand, no strengthened layer is formed on a recording surface. This helps minimize
the change in the shape of the glass substrate that is caused by the strain in the
strengthened layer.

[0020] In the present invention, chemical strengthening is achieved by immersing a
glass substrate in nitrate melt heated to below the glass transition temperature. This
causes the ions present near the glass surface to be replaced with ions having larger ion
radii, and thereby causes compression strain to be produced at the glass surface,
achieving strengthening. The melt for chemical strengthening is, for example, a
molten salt of potassium nitrate, sodium nitrate, potassium carbonate, or the like, a
molten salt of a mixture of one or more of those salts, or a molten salt of one or more
of those salts mixed with a salt containing ions of Cu, Ag, Rb, Cs, or the like.

[0021] The thickness of the strengthened layer formed by the chemical process is



causes the ions present near the glass surface to be
replaced with ions having larger ion radii, and

t hereby causes conpression strain to be produced at

the glass surface, achieving strengthening. The nelt

for chem cal strengthening is, for exanple, a nolten

salt of potassiumnitrate, sodiumnitrate, potassi um
carbonate, or the like, a nolten salt of a mxture
onedivstedrnecartrolling thedamperatuse te, whith e @@mwaéfstfslilﬁhwng melt is
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of the glass substrate and mnimzing the tine
r eqtiengttiedfedr layes ipoprefehibinyg int the tenige kofe fomof3 twe to 20 pm.  The
strengthened layer is preferably in the range of from
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chem cal strengthening nelt is determ ned
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duration is preferably in the range of from 0.1 hours
t 0 fe@n 82al°C Pn300TC.holhsimmesRe] duFatidroismreferably in the range of from
strengt hened | ayer by chem cal strengthening on the

inrbe[ hand 1O sveral t@deehsasf aces of a glass substrate
but not on the top and bottom surfaces, i.e
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imersed I'n C enl
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recording surfaces, thereof, first the glass substrate is immersed in chemical

strengthening melt, and then the top and bottom surfaces thereof are polished to
remove the strengthening layer on those surfaces; alternatively, first the top and
bottom surfaces of the glass substrate are coated with a masking substance, and then
the glass substrate is immersed in chemical strengthening melt with only the inner and
outer edge surfaces thereof exposed. Between these two methods, for higher
productivity, removal by polishing is recommended. Now, a description will be
given of how the strengthening layer on the top and bottom surfaces is removed by
polishing.

[0023] 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



renmove the strengthening | ayer on those surfaces;
alternatively, first the top and bottom surfaces of

the gl ass substrate are coated with a masking

substance, and then the glass substrate is inmersed

in chemcal strengthening nmelg with only the inner and

outer edge surfaces thereof e%Xposed. Between these two

met hods, for higher productivity, renoval by .
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gi ven of how the strengthening |ayer on the top and
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1 is a diagram showi ng the manufacturing process of a
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havi ng a predeterm ned thickness, and a gl ass
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substrate 1 shown in Fi g.%!(l1 is.supjected to d ined
chdnisdrmggsed 1or @j predeserninedhdyraion Hapitale Pkt hegied,do @ predetermine

| ayer 2 (shown in Fig. 2) will be forned on the top
andetoptratme suthahe elsenigthenmy lgerof3 isferngdoalsoan ke exposed surfaces of
1. Then, this glass substrate 1 is imersed for a

pr eHe gREsbutstatdur @ig.oifbj)n Thén, ahetopednid bottatreshrfapesal 1 and 12 of the
predeterm ned tenperature so that a strengthening
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of the glass substrate 1 is renpved (Fig. 1(c)). re,

t heprpfsrabihim thedepee of Stonp abe, Biies tq %bqq%éefr g‘ﬁ)&)é %ﬁwkness of the
from about twice to about ten times the thickness of

t hestreagthemigp Hepérng Plotileing oy ibehperformel bie aper ¢amvastipnally known
by any conventionally known nethod, for exanple, by
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substance. Examples of polishing substances include, among others, cerium oxide,

chromium oxide, zirconium oxide, and titanium oxide.

[0024] A glass substrate according to the present invention may contain any

ingredients. However, for stable formation of a strengthening layer with an
appropriate thickness, and 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 SiOz; 3 to
20 % by weight of Al,Os; 0 to 8 % by weight, zero inclusive, of B,O3; a total of 5 to
15 % by weight of R;O compounds, where R = Li, Na, and K; SiO, + AL O; + B;03
accounting for 60 to 90 % by weight; a total of 0 to 20 % by weight, zero inclusive, of

R’Q compounds, where R’ = Mg, Ca, Sr, Ba, and Zn; and a total of 0 to 15 % by



substance. Exanpl es of polishing substances include,
anong ot hers, cerium oxide, chrom um oxide, zirconium
oxi de, and titanium oxide. [0024] A glass substrate
according to the present invention may contain any
ingredients. However, for staple formation of a
strengthening |l ayer with an “appropriate thickness,

and for still higher nechani cal strquih and_chen ca

durvesight; ggro inglusive, qfiliPertaBrQe t A&rOn WIckE SN dpEsPreseRis at least one

according to the invention contain the follow ng _
gl asmponod ediectetisfram ther eroop diangisting fafclenthaeeid ometal @xides, Y203,
to 75 % by weight of SiQ2; 3 to 20 % by wei ght of

AL20805 DarldoT 50% Wivh i fahdwingRoaditios fulfilled:, of B203; a
total of 5 to 15 % by weight of R20 conpounds, where

R 3 4k, A1N8, / ISl Ky Bb R o0, AL2C8 + B203 accounting for
60 to 9O%by{t€\3éi gh ;3a total of 0 to 20 % by wei ght,

zer,o inclusjv f .R I . = .

55 Vol i Wb s e PASERIHOSS o QETrliemy 3 oCnpleined

wei ght, zero_ipnclusive, of Tio2 + ZrR2 + Ln,.. Oy, .wherg,. .
[0024, oy reFF;fSéggﬁﬁ,sé > i ah dgeredignt thay %%@eégﬁgg%&lqspomﬁhth a $i0,

the group consisting of |anthanoid netal oxides, Y203,

Nb z:@memafms ThenCl) Ymitht: glape hasorn vostale sneHte: o his not only degrades

fulfilled: 1.5 < A1203 / B2G3, or B2 = 0 % Now, the

gr ahedherhizal datability of hiss glaks, riut alsoodwgrates tthe melt viscosity properties

ingredients will be explained. [0025] First of all,

Si QRerkst, MukiRPHRUISRditAl thansm, t be W itier hahd,ghialsa.SiO; content
Wth a S§i Q2 Tcontent less than 40 % the glass has an

UNS et . ARIpNiYeITRAASWelsHRoductivity and makes

chghnggééﬁh%u'{% 1 Wefg/la%sh‘?ﬁg% ass, ltg'ut al sowgleg)?ades Y

the nelt viscosity prqperties..the f ki -

ol s maprstE 5 oRelinn R RGEts, ARigud or KERCH haorifyd, Mpee of the Si0,

Si 2 content higher than 75 % the glass sho I

f ustosfan isyironrH40 F dwer SAE%IEFG@F?fW?‘i/%éHEISr%PB\ﬁ t9 g2 %

I npossi ble to obtain sufficient rigidity. Hence, a

[00p6)ef er r efllOapgs info thhenaBHORT glasstandtscrves e stgbilige thy stoicture of the

% A further preferred range is from50 to 72 %
glass and enhance the chemical durability thereof. With an Al;O; content lower than
3 %, the glass structure is not stabilized sufficiently, and ion exchange does not
proceed stably in the strengthening process. On the other hand, with an ALO;
content higher than 20 %, the glass shows low fusibility, lowering productivity.
Hence, a preferred range of the ALLO; content is from 3 to 20 %. A further preferred
range is from 5 to 18 %.

[0027] B,0; improves the fusibility of glass and thereby enhances productivity. In
addition, it gets into the matrix of the glass, and serves to stabilize the structure of the
glass and enhance the chemical durability thereof. 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



[0026] A1203 gets into the matrix of glass, and serves
to stabilize the structure of the glass and enhance
the chem cal durability thereof. Wth an A1203 cont ent
|l ower than 3 % the glass structure is not stabilized
sufficiently, and ion exchangg does not proceed
stably in the strengthening process. On the other
hand, with an A1203 content higher than 20 % the .
gl dswes frsves inchigivadsi i Turthgr prefsresd; yrpep ligtitief Mg ¢aptent is 6%, and a
Hence, a preferred range of the A1203 content is from
3 twefetre8dovwerflimit Hereafnef%rred range is from5 to 18
% [0027] B2OB inproves the fusibility of glass and
[oo2d1er eby Enh@asiScatad WEtthasettiireel flassaidgictdients, (SiD,,08E6;, and B:03),
into the matrix of the glass, and serves to stabilize

t hegf & eRNRES faah D GeHE §Rks has a brittl
durewa@it:fl%ﬁ/ﬁ{ehsék?gééflhﬁ%etgiﬁﬁgs% %sséo&hntent hi gher thgn S8asal e

% the, gl as 0 [ £ _.vi ' i o)

1% erigetr ron 07 P b o hiif 350 b iy (i B0%, the glass
shows high volatility, These facto reatly | r
pr GRS tfg}s@ﬁw, Jovising RpduqHiiye, Handk, aestimsed [olf] gentent of those
of the B2G3 content is 8 %or -11 |ower (zero, .
i ncglassiivgpdientsfisifrometO t9r98f%r r Adfurtheraprefermes range i ffam 68 to 88 %.
content is 6% and a preferred lower limt thereof is

[0029p [ 0028]kalifméthleotidésaR,@ (Rt=e i, 94, adepimprove the Asibility of glass,
ingredients (Si02, A1203, and B233), which are the

skehgleading HR6ARLONY.S Withoh asal ailglil @@l bRATR &htdit lbWer than 5 %,
glass has"a brittle structure. On the other hand, if

t hei*u'éib?lgc&;’il% nsto{#fﬁlatgr)llljlf }r@()l\rgb@c[ A aRe BRsdRudshEieWaRS& be strengthened

shows usi ring prodtctivity. Hence, a

preferred totgl .content of those [ i ' .

P % 5 G SR a5 orSh i DO B Rt e

to 88 % [0029] Alkali et al oxides R2 E(Ff = Li, , di d

andoxgyle p%p@\)@g]@qqéhqrugf, b/p,|qxp9ssoqznc§4né% ’al ali, metal oxifles are disperse

productivity. Wth a total alkali metal oxide content .

| ovshroughamt fie%kelefomsothibiei glyssi moreasingaikadlicelarion ynd greatly degrading

i mproved, and the gl ass substrate cannot be

st r g@redib@n@etability. Moreover, in the strengthening process, the ion exchange
reaction proceeds excessively, making it difficult to control the thickness of the
strengthened layer. Hence, a preferred range of the total alkali metal oxide content is
from 5 to 15 %. A further preferred range is from 7 to 16 %. Moreover, to obtain a
so-called mixed alkali effect, which helps reduce alkali elution, it is preferable that the
lower limit of the content of each alkali metal oxide be 0.5 %.

[0030] Divalent metal oxides R’O (R’ = Mg, Ca, Sr, Ba, and Zn} increase the rigidity
of glass, improve the fusibility thereof, and stabilize the structure thereof. With a
total R’O content higher than 20 %, the glass has an unstable structure, 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’C content is

18 %. Preferred contents of the individual R’O ingredients are given below.



sufficiently by the ion exchange process. On the other
hand, with a total alkali nmetal oxide content higher
than 15 % excess anobunts of alkali netal oxides are
di spersed throughout the skeleton of the glass,
i ncreasing al kali elution anﬁzgreatly degr adi ng
chem cal durability. Moreove in the strengthening
rocess, the ion exchange reaction proceeds
[00§>1 cessi WgQ inerasses ghej mglgtt:f pf glaps andoimpspygsdhe fdbility thereof.  With
t hi ckness of the strengthened |ayer. Hence, a
pr ef MgOeebntent héghef tHane2(t W Hie glhssahay ieteain undtatde structure, lowering
content is from5 to 15 % A further preferred range

| S the ARt Hré@uchiQityoandRhannar durkbiligpbilhie gasss OHendd, @cpreferred range
ntxed al kali effect, which helps reduce al kali

that Atifher o
content gpt eac P[Sqi lr)rtqet9 a}] o%fjgﬁh%ﬁpq%ge%hﬁﬁ%ggﬁf {she o

[Oo%ya! ﬁg: ?cllr??gxslr lat?eta§/ tlgeénlagp)g@a?mgﬁ n%’rgf)ﬁm%% anﬂq{jgldlty of glass,
fusibility thergof, ands y e stru e 0
t hengRpIokes Fheuoyita hoees o e téaE? ﬁ’tﬁfjﬁ Etimo}ﬂ %, the glass

the gl ass has an unstable structure, Ieadlng

e Imayphaye wotinstablg stmetures basveririgehe ovelt raedushivity ﬁ?d chemwal durability
Hence, a preferred RO content is 20 %or |lower. A

f urdfhRre ghkefl cMerd, wppeferred mrgealf thoidigOtcahte® B Tomtlent 10 %. A
is 18 % Preferred contents of the individual RO

' n%ﬁﬁéﬁ%ﬁn@ﬂﬁpﬂér‘ﬁ%ﬁt ReJgw. -12- [0031] MO increases
t he r|g|d|ty of 'glass and inproves the fusibility

{OO%{]er eof . Sr Iare%sé\ggtﬂ)e ?@@%l i g)?il%?ﬁnsﬁtﬂﬁ eAfilcight 5fh$ﬁss stabilizes the

ass may ve an uns ructure OV\EI‘I ng

U SR LR G B e

fromOto 19% A further preferred upper is e S1O
% § Vo3x glessonpy hreaseynytple sfragiyre. t AL gr)nebgwg rarﬁge of the Sr

coefficient and rigidity of glass, and inproves the
f usiohtent isyfrdrh One8/%. WAtfortherQuaevod upprr limigiseéy ot han 10
% the glass nmy have an unstable structure, |owering
ooid]e mel tBA ederet thy bire affects heBi al WithiraaRd( bontentdfighen ehan 8 %, the

gl'ass. Hence, a preferred range of the MO content is
fr oéﬂtsg nrlc% Hile%h fstable structure. Hence, a preferred range of the BaO content is
from O to 8 %. A further preferred upper limit is 6 %.

[0035] ZnO increases the chemical durability and rigidity of glass, and improves the
fusibility thereof. With a ZnO content higher than 6 %, the glass may have an
unstable structure, lowering the melt productivity and chemical durability of the glass.
Hence, a preferred range of the ZnO content is from 0 to 6 %. A further preferred
upper limit is 5 %.

[0036] TiO, strengthens the structure of glass, enhances the rigidity thereof, and
improves the fusibility thereof. ZrQ, 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,



further preferred upper Iimt is 9 % [0033] SrO

i ncreases the linear thermal expansion coefficient of

gl ass, stabilizes the structure thereof, and inproves

the fusibility thereof. Wth a SrO content higher than

8 % the glass may have an qutable structure. Hence,

a preferred range of the SrO “content is fromO to 8

% A further preferred upper limt is 6 % [0034], Ba
exépRresenieatslentt wrer euprouad ssleciedvire the EeYR GRRSTing of lanthanoid
hi gher than 8 % the glass may have an unstabl e

st mutalusradesHanOr, Na: Py, ehdFaes.r ahapghanpbid mstaba®ides ipende different
is fromO to 8 % A further preferred upper limt is

6 Ypds WI3RImpeaRld BE coPpEStidH Enghre Min€Rl andthabikk) nd exwnples of Ln
r|g|d|ty of glass, and inproves the fusibility

t h‘?ﬁcﬁ@ée LYV EL B, PANGOPHLERI Bl gher T6hBY, Horm! Mb ghdtflﬁl With a

ave an ‘'unst abl € structure, 1oweri ng the nel

pr contg}t fafL ?)éc h%%cgl L‘?%%lgé}%}gcon > 2 ﬁf‘thg §?af§§ may be unstable,

d ran romo

E 8073 %gqq%@j;liéét?cgadpr 65 r o g#ﬁgf&rdp%én eREY é? gggl{nﬁcatlon leading to

enhances the rigidity thereof and inproves t

f uskiremelyylowhproduetiviiy: Oflence.ch graterres ranee of the M?lecwem of these
gl ass, enhances the rigidity thereof, and enhances

t heglasb émgredibntd us 4H P4 bt lowener Adurthémpreferrsd raggtidheir tata content is
structure of glass, and enhances the rigidity and

t oOypthReSStotines,eof Here, Ln, OY - 13 represents at

| east one conpound sel ected fromthe group consisting

o0, R 5 i n g oA 0 o
exﬁﬁﬁb‘ﬂge?sf I\sz?" V%t g g Beggoreafild &>$°d W B én%'(*s’ B%E‘*dequal fo or
of lfﬁso@am lzﬁowh& gLaﬁs d}f'srﬁag’%@ke Pﬁ;vﬁ’fafgsa Cff?gl otk g’é‘e%ﬁaﬁsfacm
be unstable, wth greatly reduced toughness and a
hi gheghriesndeviageove, dethiet stiehgthaningrpro¢esadpngxelpnge does not proceed

stably.

[0038] To the glass ingredients according to the invention, 2 % or less of a clarifier
such as Sb,O; may also be added. As required, any other conventionally known
glass ingredient or additive may be added so long as it does not spoil the effects
achieved by the present invention.

[0039] From the glass ingredients described above, a glass substrate according to the
invention may be produced by any conventionally known fabrication process, for
example in the following marmer. Raw materials of glass ingredients, i.e., oxides,
carbonates, nitrates, hydroxides, and the like corresponding to the individual
ingredients, are, in 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



extrenely | ow productivity. Hence, a preferred range

of the total content of these glass ingredients is 15

% or lower. A further preferred range of their total

content is fromO0.5to 13 % [0037] In the gl ass

conposition used in the present invention, when the

B203 content is not zero, A1203 / B203 needs to be

nore than 1.5. Wth A1203 / B203 equal to or |ess )

t hethe blandingnis §rshameliedsand elarified and tthere stigred andhhomoggnized. The
not exhibit satisfactory toughness. Moreover, in the

st raolgrhglassnig thempewsd intora prebbated) enolidemdristcopled sbody so as to be
stably. [0038] To the glass ingredients according to

t hefolny® b @plasd bIOR! MRSS thé ghsebidtk fid BéatedSagain RSclose to its glass
Sb203 may al so be added. As required, any other

cony, E.féfgﬁgg)h+tym‘8Q9‘fﬁhn &J(?gezgs}bw SALEN bObragitEhddY © THRYglass block

be a X ﬁng as It not” spoi |l the effects
i by .t t. i nyention. 9} F .
S|C !}b@s\/ elﬂalpé(& fsetﬁ? glg%ggﬁolt?g%lglg 5"8@ Qf ng%g I% a%%ss églggé%agglts é:ut out using a

according to the invention may be, produced any.
corfpEnenB Al qsyomamoy%mfcawﬁ%ﬁﬂdgwg'%g 2es§ o%e@gﬁwyeme molten
in the foll ow ng manner. Raw materials of gl ass
i nggleddiiefirmed iinte a diskdiydgress meldingonat es, nitrates,
hydr oxi des, and the |ike corresponding to the

[00401di vi dulalis preferabit et % ghse substrateheccdabing e¢d the invention fulfill the
proportions and in the formof powder, fully mxed to
Pbtﬁuswﬁlgb?l%&s%fég. OFirdth@ saWefSPdvds ik S gibly sSubdtreledideerding to the
is then put, for exanpie, ina platinumcrucible
pl aced .i nsi de an_el.ect ] c. fur a 0 wi
eVt a8 -e"‘f‘ﬁeel%ﬁ%én‘g‘f’%ﬁ? sé]? i F?EO?L 3 of HPhexd With a glass
clarified and then stirred and honogeni zed, The .
oI SURTEP 4543 5 90t HENChSHrTGnEHERnE 1ot Eﬁ%‘aﬁﬂw}rﬁ\%@tﬂ,‘h grgends on its
is cooled slowy so as to be forned into a glass
bl aggiditNexThus, heithylaaspeciflco elastics nindatusdloasaithan §0c thss substrate has
toits glass transition point and is then cool ed
sl okyrfisRnAmetRariel Stredity kbahad whehét gieisss hhpak from outside while

being mounted in a hard disk drive, it is prone to breakage at where it is fastened to a
hard disk drive member. A further preferred specific elastic modulus E / p is 31 or
higher.

[0041] It is preferable that a glass substrate according to the invention have a Vickers
hardness Hv in the range of from 450 to 650. With a Vickers hardness lower than
450, the substrate is prone to breakage resulting from impact and to damage in the
fabrication process. On the other hand, a Vickers hardness higher than 650 lowers
the rate at which the glass substrate can be polished in the polishing 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



thus obtained is then sliced into a disk, out of which

a glass substrate is cut out using a core drill so as

to have concentric outer and inner edges.

Alternatively, the nolten glass is formed into a disk

by press nolding. [0040] It i.g preferable that a gl ass
substrate according to the invention fulfill the

follow ng properties. First, it is preferable that a .

gl adistinpsiorlang as deodesirad magn praperties ishRetoteeksded, the proportions of
specific elastic nodulus E/ p of 30 or higher. Wth a

gl aks ingedisits at sudthatwaysasniot intreeset thd iby ik factogt hanfumer preferred
its mechanical strength depends on its rigidity.

Thyswemitdi 8f BRevidiess Brasdsk Hy A 800)Sarldoyvdirtlidd giteBered upper limit
the substrate has insufficient nmechanical strength so

th - ht receives inpact fromoutside while
beﬁhﬂfﬁggﬁégd in a hard disk drive, it is prone to

eakage, at ere it is fasteped r ' i :

[Oo‘%n‘oer. e[ﬁ\l? Qe leptﬁ’a B84 g%ﬁa}t‘% %S&éij%gttlgctﬂh;ﬂé\(ﬁ&gﬁ%ave alkali

/| p.is 31 or. higher. [0041] It is, preferable.that a, ..

gl abationAsefr B0PRiceLlo ek Fex &.Srireh Flﬁgent @haﬁfgbgsﬁonzkhlghcr than

Vickers hardness Hv in the range of from 450 to 650.

W t350apphi, okensthh alabs esbstiateviy usekain anqidormation geensdingtraedium, the

is prone to breakage resulting frominpact and to

darrgsding filke suflals iacabpmeticpfilac elss . is Gormhdik ontthe sutfagedpf the glass

a Vickers hardness higher than 650 owers the rate at

whi &Bﬁt}ﬂ@i@é A URBEINASE o R ANl PRIteA®ek frBm!the substrate. Further

pol i shing process, 'makes it difficult to obtain a

surfage. .t he.. [ Roer and makes it

di fl?rf’geﬂafb}{\é ?‘Ealiaﬁ%‘&‘gﬁ {Sﬁ'gog’bg%gce shape of the

substrate b ape texture polishin r cokrect . - :
10088}t ace Tés Detaibip ghab areliss gaTAH A oor ey BF Atspiigp have Si clution

treatnment after the polishing process. The Vickers .

har 8 10€ $90 aipbt drelowish Per at5éﬂéla%15§e SteertiPr dythi PAingredient of the

that range, for exanple, by -15- adjusting, so |long as

t hegldgsikeletbntierSiplwtpar$ sersesasenniodicatey phithedvatemtightness of the glass

proportions of the ingredients in such a way as to

| ncqpasse g, iPfability adadat aterA Wit BieelupoeBerigled than 500 ppb, the

glass substrate is not sufficiently watertight. This lowers production stability in the
polishing and clearing process in the fabrication process, and makes the glass substrate
susceptible to the influence of moisture present in the air, leading to lower storage
stability. A further preferred range of the Si elution S is 400 ppb or lower per 2.5-
inch disk.

[0044] It is preferable that a glass substrate according to the invention have a fracture
toughness Kc higher than 0.80. With a fracture toughness Kc of 0.80 or lower, when
the glass substrate is used in an information recording medium, a crack may develop
in 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



lower limt of the Vickers hardness Hv is 500, and a
further preferred upper limt thereof is 630. [0042]
It is preferable that a glass substrate according to
the invention have alkali elution A of 350 ppb or

| ower per 2.5-inch disk. Wth,.al kali elution A higher
than 350 ppb, when the glass substrate is used in an
informatjon recording_nedium the recording filn1%¥ch
as in maghimedi leadingrior » dewi maghining Fidd. + Aelusther Refersed range of the
the glass substrate is degraded by elution of the

al Hakiure togughnkse Kicds Hr86mrthighesubst rat e.  Furt her
preferable alkali elution Ais 320 ppb or | ower.

[00459043] |4 glass Bhigh@teaicerdififito thefindadiohldaatbeaiied to produce disks of
according to the invention have Si elution S of 500

PP l%ng H}Jgﬁ%@@% Pﬂtee&gl%pf%' i, ?—%ﬁbhg b SKinclD! 1NE$nchl &4 Arsy ol cfRidMeter disks,

i ngr glass skel'eton, the & elution S

serves as .an indicator of §h tertight S € .1.:

gl &% a%ﬁﬁ&f‘%?f%,fgf .e’éa.‘rfl&fstésn%’?i%f’?’i t)'/ma gtgl%?lcsp '%é/a gy thick, and any

Wth Si elution S higher than 500 ppb, the gl ass

sulsboyngrdisks. not sufficiently watertight. This | owers

production stability in the polishing and clearing .
[0046] ocess Nexttanecinfarmelionr¢condipg owdiun eaplpyirske glashaubstrate according

gl ass substrate susceptible to the influence of

NMDIt6 tthE repests Bivieniioh WHE & desctibadli ghew ehiplwredsasoa asybstrate of an

stability. A further preferred range of the Si elution

S ligfoh AR RPROHiIALWBHIURE R glas subisiafe Adbdding]td MWetinvertidnscontributes

preferable that a gl ass substrate according to the
I nyent i on,. - glysgtli}ne C o9 b8 M inkdafati di
0. ég‘i'{ﬂ?@“ﬂg\éﬁ (ri %%?%E%%&Eess chbi(%\’bso.s@él E{r% 1Inower:tlon fecorcing
when . the glass sybstragte.is used in an information
re%?%?ﬁd”lﬂ?&iq}ﬁ?“%&aéwaﬂ?fwezg% J&awxqgn the gl ass
substrate when pressure or the like is 31‘,@?' ifd' t heret.o

‘m

[0047) the driBc@ds aoperspestine rvieva of e BYagnsty {psmagnetjc disk D is
magnetic filmon the surface thereof. Mreover, wth.
a fooaposedkeof o eitules glakc suifstrateS0amt a [magaetic fitng 2 formed directly on a
substrate is prone to damage when it -16-
surface thereof. The magnetic film 2 may be formed by any conventionally known

method. For example, it is formed by spin-coating the substrate with a thermosetting
resin having magnetic particles dispersed therein, or by sputtering, or by electroless
plating. Spin-coating provides a film thickness of about 0.3 to 1.2 pm, sputtering
provides a film thickness of about 0.04 to 0.08 pm, and electroless plating provides a
film thickness of about 0.05 to 0.1 pym. To minimize the film thickness and
maximize the density, it is preferable to form the magnetic film 2 by spuitering or
electroless plating.

[0048] 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.



I's machined, leading to a | ow machining yield. A

further preferred range of the fracture toughness Kc

is 0.85 or higher. [0045] A glass substrate according

to the invention can be used to produce disks of any

di aneter, for exanple 3.5-ihE2L 2.5-inch, 1.8-inch

and any smaller-dianeter dis W th any thickness,

for exanple 2 mmthick, 1 nmthick, 0,63 nmthick, and
anypeafitatye examples of peduaoysesentanng iGor ¢ thalriTain lhgredhent include
recordi ng medi um enpl oying a gl ass substrate according

t 0 Qolfe lo€serEoNinveoNiton UGoCiTabeCaolt€er iGadiPt, WeeNiCrPt, CoNiCrTa,
enpl oyed as a substrate of an information recording

Medio@iPiTa, WoTTBtEs Uil COCEPtSI.or The endghetich il ey thieodivided into a
contributes to durability and high recordi ng density.

N"ﬁfi}iﬁ‘%%?f"’m%f"ﬁ CC S mbRe RRE nlined B, baniile, Cry CrMo, or
&ﬁgg ?563 grfﬁt iliv\égl} %’d &N 83’%‘6@ ggﬁg{’ ﬁigércslt[glgﬁ.i:fe fgp{efhmsple, CoPtCr / CtMo
23?18(‘29%3%15 ﬁ{‘;pgggPt%zr t I é k’ﬂ?n) Ew*{hozar Y]rtxggr tg Iéé u& ?%ya Instead of

any conventionally knovvn met hod. For exanple, it is
f otinenbapyetisphateidamentonereaboybsit issaleo ppssiblato use a magnetic material
thernosetting resin having magnetic particles

di ser gadulahey® Raving ningnetpupareicies @f K, Gy RelGog tGodiiBs wor the like
pI ating. Spin-coating provides a filmthickness of

w&)egeé inQ tibﬂ%nﬂgneﬁ@ l—ﬂlﬁlediﬂ D GerriRLsbdl afatédial | dnniron/rare earth-based
thi ckness of about 0.04 to 0.08 m and el ectrol ess

pl %&e{té}galprs%' dﬁﬁi %r {hh d h"ﬁ}ﬁfﬂ?&%n&ﬁc UMY B2 bR either surface

ness and Ximze
the de Sit referabletoformthe magnetic
fi I'RYO3418 Eﬁi%‘rfﬁﬂg el ectrol ess pI ating. [0048]
The rragneti c filmmay be formed out

n .
[004%nvent i Tnenskse sersil skidine ef 7 @&gﬁ%ﬁce]ilqagi t%egapagﬂﬁﬁl% fjlm may be coated

preferred exanple is a Co-based alloy that contains
Co,wittha dtin layehobiubsicait gh the ywsfase. aAhssamplsyof thesluprigant is perfluoro
mai n i ngredient so as to have high coercivity

polyether (PFPE), a liquid lubricant, diluted with a CFC-based solvent.

[0050] As required, a primer or protective layer may additionally be formed. In a
magnetic disk, the material of the primer layer is selected according to the magnetic
film. The primer layer is formed out of, for example, one or more selected from non-
magnetic metals such as Cr, Mo, Ta, Ti, W, V, B, Al, and Ni. With a magnetic film
containing Co as its main ingredient, 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 muitilayer primer layer such as Cr/ Cr,
Cr/ CrMo, Cr/ CrV, NiAl/ Cr, NiAl/ CrMo, or NiAl/ CrV.

{0051] 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



and that has N and Cr added thereto to adj ust

remanent nmagnetic flux density. -17- Specifically,

exanpl es of such alloys containing Co as their main

i ngredient include CoPt, CoCr, CoNi, CoN Cr, CoCrTa,

CoPtCr, CoN Pt, CoN CrPt, CoNCrTa, CoCrPtTa,

CoCrPt B, and CoCrPtSi O. The ‘mugnetic film may be

divided into a plurality of Iayers with one or

norlikeagfaeh & prateative (43sr caixbmiraed @ continypus Heps \Gﬂvshe primer layer,
laid in between so as to forma nultilayer structure

(f ahe anagnetie, fil@gPu@ the dikbbusing GoPircline-type GpOtRITR machine. The
CrM / CoCrPtTa) with a view to reduci ng noi se.

| NSireREtRS layérBayBE BsthbSscd Rl 8 kinglslap@Nbi Mapde abmpesediof a plurality
is also possible to use a magnetic material of a

gr %’ulla% %{Hﬁerﬁf@él Eg dﬁ%&e}ﬁt ePRid 06be8nDhndiRer 60form a multilayer

or t spersed |n a non- rragnetl C

earafﬂt.es%‘éeeﬁﬂyewﬁEﬁbiﬁgg P B oy O P pE iyaed of the protecive
magnetic filmmy be for either, surface recordl or
verlgYdafescabet fbRye: E!9] PrfeEiSutay s nobeh Wr%gms?ad of the

a magnetic head, the magnetic fil mmay be coated wth

a tmoh:cllwayayebﬂeﬂcubcd ebotte, arlaydreofssuili¢ancexidafSiEhmpyiyebe formed by
of the lubricant is perfluoro polyether (PFPE), a

| i cppiptlihglbén eapiof adCl uayed, wid then GiGingafind paﬂiolmnd)f colloidal silica
[0050] As required, a prinmer or protective |layer may

addy;{ipnalih Yetﬁ%.lk%ﬁpmﬁe diitked witkangsdhel -Hhsel solvast.

material of the priner layer is selected according to

[00#%6 mgnﬁtﬂng@éklﬁk ﬂ-ﬂeb&ﬁ'(}gg&?ﬂegyzﬁfovésdsfaﬂré% ‘Pé'Bf @h information

r exanp one or nore c rom non- netic
e it e o s e,
ingredient, C wused singly or,a C alloy is prefe

f orglb@twbﬁﬁatmwlpg t} ﬁ}éﬁp@?‘/?m@ awplicohet Qﬂiy &t Hdy type 0? information

consi derations. The priner |ayer may be osed of a

si ngterdirgyraedimarbutalgo b@nmglm@@ptjca}fdlﬁ;s,mpmpau igks, gifd the like.

| ayers of identical or different types |aid over one
Exéﬂﬂsféel to forma nultilayer prinmer |ayer such as C /

[0053] 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. Thereafter, 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
s0 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,



C/ OGM, O/ OV, NA / C, NA / CMW, or NNA /

CrV. [0051] The protective |ayer for preventing wear

and corrosion of the magnetic film nmay be a | ayer of

Cr, O alloy, carbon, hydrogenated carbon, zirconia,

silica, or the -18- like. Such a protective |layer can

be formed in continuous step's1 with the priner |ayer,

the magnetic film and the like using an in-line-type o
s putut of wbichemglhssrubstTte wap cot e (using 8 eufter sgras/towave concentric inner
conposed of a single layer, or may be conposed of a

pl windlouter edgés (wathemsinoér diaeterl a0 mam didf dheneartdidpgesof 65 mm).
| ai d over one another to forma multilayer protective

[0054ﬂyer - Ipd ?as’%l sDBstRRS BB peodueed RadNtheR tmirRRself0100.5 hours in melt of a
I nstead of The protective |ayer described above,

or e i oEph| Yk RARGs s pgRR BLNOLFAGA: JitF e so that o

oxide (SiQ2) may be forned by ppl yi ng, op top. qf

o smgpstheneshiavehwas dormdngl pieret aﬁXPP%q%e%lfgfescgf &l?i 32&3 substrate.
silica dispersed in tetraal koxysilane diluted with an ]

al cHien} thedep dnd botteem surffees 6DThe &lasa getstrate wers kodises dpd dipe-polished
descri bed above as an exanple of an information

r ecRftNicBSuiRAidoaka@vei a\@eptlo of heo iufy @ntdtan. Then,i the tghass substrate
be understood, however, that a glass substrate

e g\ggsg b1t Diale R AR BORlE §F R 0OBalida? Eddirbles 1 o 9 and
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tical disks, optjcal disks, and t like...
Ex anprparstiye Exayples SEERAE el sopelg ol gnipFative Example 4,
Conparative Exanples 1 to 4 For each of different .
gl aths teparpidsittomonsfacehihereof were pdishedisomore 2 gapthef 20 pm in total,
Practical Exanples 1 to 9 and Conparative Exanples 1

t 0 WithPé=RR GTithe dladdTaubirated thusgpradsced s eebipertics were tehaluated in the
form of powder were wei ghed and put in a platinum

cr %hﬁkﬁ@se ges\éﬁ'ﬁ&} B &CandaiMb heth&\edpdidnest thE glasdabbsfrate of each

in an e tric turnace. Wien the 1ngredients were

g: %@‘ﬁl@%ids&% gé‘s%itX obtaned thd?8with 3R WA TRYE (| Nto the
[0055] (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.

[0056] (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 wit chemical strengthening / F




stir it for about one hour. Thereafter, the stirring
bl ades were taken out, then the nplten glass was
allowed to stand for 30 mnutes, and then it was
poured into a nold so as to be forned into a gl ass
bl ock. The gl ass bl ock was t?%n heated again to cl ose
toits glass transition point5 ‘and was then cool ed
slowy so as to be strai?htened. The gl ass bl ock thus
obtwicresniwasndnaes wasicakylatet o a di sk having a
t hi ckness of 0.635 mm -19- out of which a glass
[00Fbst r at(Flat@ss)cut out using a cutter so as to have
concentric inner and outer edges (wth an inner
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[ 0054] The gl ass substrate thus produced was then

[ I | ' of 70 nol
o6 ar RS S el g B RnbaiPie B FFANE °C oo
at a engt hened | ayer was forned all over the
[Ooéﬂposed @%ﬁ?gges of the glass substrate. Then, the
top and bottom surfaces of the glass substrate were
coarse- and fine-polished wth ceriumoxide to renove
a depth of 100 min total. Then, the glass substrate
was cleaned to obtain the glass substrate of one of
Practical Exanples 1 to 9 and Conparative Exanples 1
to 3. Wth the glass substrate of Conparative Exanple
4, the top and bottom surfaces thereof were polished
to renove a depth of 20 min total. Wth each of the
gl ass substrates thus produced, its properties were
evaluated in the manners described earlier and bel ow.
The conposition of the glass substrate of each
exanple and the results obtained therewith are shown
in Table 1. [0055] (Thickness of the Strengthened
Layer) The outer and inner edge surfaces and the
recording surface of the glass substrate after the
pol i shing process were inspected under a polarizing
m croscope to neasure the thickness of the
strengt hened | ayer. [0056] (Annular Strength Rati o)



Usi ng an apparatus as shown in Fig. 4, annul ar bendi ng
strength testing was perforned on the gl ass
substrate. Specifically, a |load was applied to the
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clearly shows the following. The gl ass substrates of
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ratio of 1.5 or higher, a 50 % or hi gher i mpr ovenent
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flatness of 3 mof r, satisfactory for use in an
| neIRREmao '@eewda?a@ B um

[0059] 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 pm, 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 um, 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,Os / 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 pm of the strengthened layer left

on the recording surface as a result of limiting the grinding depth on the top and



[0059] On the other hand, with the gl ass substrate of
Conparative Exanple 1, of which the alkali neta

oxi de content was high, in the chem cal strengthening
process, the ion exchange reaction proceeded

excessively, with the result j4hat the strengthened

| ayer had a thickness as greaf as 120 m with 70 m

thereof left on the recording surface even after th
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was formed. Accordingly, the glass substrate e& qf

havaadi dvestionseldths chemipeh strenglieningaprocess oV F yaged, the thickness of the
substrate had a brittle structure, and had Si el ution

as shieggthered7B9er fginedV¥n Hhe iglasglsabsrasmbwrm@umd Here, the glass
Conparative Exanple 3, of which the total alkali

MetnpaXitids of Practichl Brempls 1l wus ased4. Thefeafter, pblishing was performed
chem caI st r engt heni ng process, no strengthening
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substrate had Si elution as high as 563 ppb. The
[008flass sUB@bleale of Conparative Exanple 4 had the sane

conposition as that of Practical Exanple 5, but had 5

m of the strengthened | ayer left on the recording

surface as a result of limting the grinding depth on

the top and -23- bottom surfaces to 20 min total

(i.e., 10 mon each side) in the polishing process.

This gl ass substrate had a flatness as high as 15 m

even after polishing, and was thus wunfit for use in

an information recording nedium [0060] Next, as the

i ngredi ents of the chem cal strengthening nelt and the

t enperat ure



and duration of the chem cal strengthening process
were varied, the thickness of the strengthened |ayer
formed on the gl ass substrate was neasured. Here, the
gl ass conposition of Practical Exanple 1 was used.
Thereafter, polishing was perg rmed to a

predet ermi ned depth, and the &hnul ar strength ratio
and flatness of the glass substrate under different
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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 um or less.
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shows the following. By varying the ratio of the

i ngredients of the nitrates used, and by varying the
tenperature and duration of the process, it is

possi ble to control the thickness of the strengthened

| ayer formed on the glass subfStrate. Moreover, by

removi ng, by polishing, the strengthened |ayer forned

on the recording surface s&ELAIME® the strengthened

layer is left only on the outer and inner edge

sur[l AcAscheitticdlly snesgthbhed gloss substratase anhiefamatibarecording medium,
bendi ng strength by a factor of 1.5 to 2.3, and to

r educewhbRin 4 §tad ed@faybhRrined By dhéigicalitieagehifg 3xi3ts on an outer
or less. -26- CLAI M5 [f] A chem cal ly strengthened

gl ass SyRSEEALE ol 'bn%ﬁ ikﬂéﬁdﬁ?tshﬁﬂcé' E@t%ﬁ&tﬂl&im&'ﬂn a surface on

wher ei n a strengthen ayer f or med chem cal
strengt heni n Xi Sts on an er. surface and on
an i nngﬂlcglc?ﬂgng)wté%mﬁﬂli ! oj%&?ré%{‘oﬁ%%ﬁy not on a
surface on which an . ipformati on recordi,ng l.ayer i.s
f or modsaid AREGE T HBIEhShE RPEIPHORCSIBEIET dntormed Includes a glass
recording layer is formed includes a glass substrate
t hat ceuhsiratsébatichmmptisgs thefallpwingglasy ingredignét s: 40 to
75 % by weight of SiQ2; 3 to 20 % by wei ght of A12083;
0 to 8404dY5 yehyoweighzef $iC,ncl usi ve, of B203; a total
of 5 to 15 % by wei ght of R20 conpounds, where R = Li,
Na, ang (k>0 9% by weight of ALO;;
0 to 8 % by weight, zero inclusive, of B;Os;
a total of 5 to 15 % by weight of R,O compounds, where R = Li, Na, and K;
$i0; + Al,O; + B,0s 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;
a total of 0 to 15 % by weight, zero inclusive, of TiO; + ZrO, + Ln,Oy, where
Ln,Oy represents at least one compound selected from the group consisting of
lanthanoid metal oxides, Y,O0s, NbyOs, and Ta;Os;
wherein the following condition is fulfilled:
1.5 < AL, O3 / B2O4, or B:0O3 =0 %; and
wherein said glass substrate further comprises 0.5% by weight or more of K,O.
[2] A glass substrate for an information recording medium as claimed in claim 1,
comprising 1% by weight or more of B,0Os.

[3] A glass substrate for an information recording medium as claimed in claim 1 or 2,

comprising a total of 0.5 to 13% by weight of TiO; + ZrO; + Ln,O,.



Si2 + A1203 + B203 accounting for 60 to 90 % by
weight; a total of O to 20 % by wei ght, zero

i nclusive, of R O conpounds, where R = My, Ca, Sr,
Ba, and Zn; a total of O to 15 % by weight, zero
inclusive, of TIQ2 + ZrA2 + Oy, where LnxQOY
represents at |east one conpdund sel ected fromthe
group consisting of |anthanoid netal OXI des, ﬁ‘hm
sz[eg AoglassTabeteate fpfeanemformation seqosting gnedsimas iclaimed in any one of
fulfilled: 1.5 < A1203 / B203, or B203 = 0 % and
wher ei clagad Htogd,ass substrate further conprises 0.5% by
wei ght or nore of K2O. [2] A glass substrate for an

| nf or MakRkh heGMsd @ﬁ&tﬁﬁdﬁa@na secHlad1 480 rhatubhsE Verf 30 or higher; a
conpri Si ng 1 %by weight or nore of B203 [3] A glass

ifﬁ?&éﬁ"ﬁ qraaﬁ%; s 3 R0 b R0 430 RO AEHIRA Rony . o5 350 b o
13% T + 7
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clainmed in any one of clains | 3, wherein the

gl ass ﬁa@gxertau@ma%Kcaf%@@flP%me gEgieatehpdul us E / p
of 30 or higher; a Vickers hardness Hv in a range of
f r di5] 438 ihforMmaton mckaling medivirocompridings @lagpiubsiratelagwépimed in any.
per 2.5-inch disk; Si elution S of 500 ppb or | ower
per 2. 5né51p¢]ai§;ﬁsslkt;o4§nd a fracture toughness Kc of
0.80 MPa / nv2 or greater. [5] An information

recor dj
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