Speci fication GLASS FOR | NFORVATI ON RECORDI NG MEDI A SUBSTRATE

AND GLASS SUBSTRATE Field of the Invention The
present invention relates to glass and glass substrate suitably used for
substrates of information recording nedia such as magnetic discs and _
optical discs, heat resistant substrates of |ow tenperature polycrystalline
silicon liquid crystal display d%é@i?ﬁlé’%!l% are expected as next
generation LCDs, substrates for various electric and el ectronic conponents
and the like. In particular, it relates to glass suitable for substrates of
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substrates of information recording media and the like, which
exhibits high specific elastic modulus and/or Young's modulus
and high heat resistance and, when used as a substrate, realizes

excellent surface smoothness.

Description of the Related Art

Major components of magnetic storage devices of
electronic computers and the like are a magnetic recording
medium and a magnetic head for reconstruction of magnetically
recorded information. Flexible discs and hard disks have been
known as magnetic recordingmedia. As substrates for harddiscs
(magnetic discs), for example, aluminum substrates, glass
substrates, ceramic substrates, carbon substrates and the like
have been known. In practical use, however, an aluminum
substrate or a glass substrate is mainly used according to the
intended size and the use thereof.

Recently, flying height of magnetic heads is markedly
reduced as hard disc drivers for notebook personal computers
are made smaller and their magnetic recording density made
higher. Accordingly, extremely high precision has been
demanded for the surface smoothness of magnhetic disc
substrates.

However, it is difficult to produce smooth surface more
than a certain level of precision with an aluminum alloy. That



demanded for the surface snoothness of nagnetic disc substrates.
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surface smoothness have been developed. Because glass

substrates have excellent surface smoothness and mechanical
-strength, they have been paid much attention as substrates for
present and future use. For example, as such glass substrates,
chemically tempered glass substrates whose surfaces are
strengthened by the ion exchange technique, crystallized glass
substrates subjected to crystallization treatment, alkali-free
glass substrates which do not substantially contain alkaline
substances and the like have been known well.

For example, as a chemically tempered glass substrate,
Japanese Patent Unexamined Publication No. Hei 1-239036
(referred to as Reference 1 hereinafter) discloses a glass
substrate for magnetic recording media strengthened by
subjecting to ion exchange treatment a glass material for the
substrate containing, indicated in terms of % by weight, 60-70%
of Si0;, 0.5-14 of Al,0z, 10-32% of R,0 where R is an alkali
metal, 1-15% of Zn0O and 1.1-14% of B,0s.

As a crystallized glass, Japanese Patent Unexamined
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Publication No. Hei 7-187711 ({referred to as Reference 2
hereinafter) discloses a glass substrate for magnetic recording
media containing, indicated in terms of % by weight, 50-65% of
S5i0;, 18-25% of Ca0, 6~11% of Na;0, 6-12% of K;:0, 0-2.5% of Al.0:
and 5-9% of F and containing kanasite as main crystals. U.S.
Patent No. 5,391,522 (referred to as Reference 3 hereinafter)



substrate for magnetic recording nmedia strengthened by subjecting to ion
exchange treatnent a glass material for the substrate containing, indicated
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smaller flying height of magnetic heads and higher revolution
speed of discs have been required to meet smaller size and higher
performance of personal computers. It is expected that the
thickness of 2.5-inch diameter disc substrates should become
thinner from the present thickness 0.635 mm to a thickness of
0.43 mm, or even 0.38 mm. In addition, for recent higher
recording density of 3.5-inch hard discs for servers and higher
data processing speed, requirement for stiffness of substrate
materials becomes increasingly severer, and conventional
aluminum substrates seem to almost reach their limits of
performance. It is expected that further higher capacity and
smaller size of hard discs will be sought in future. Therefore,
smaller thickness, higher strength, more excellent surface
smoothness, higher impact resistance and the like of substrates
for magnetic recording media will be further strongly demanded.
However, as disc substrates become thinner, they become

more likely to suffer deflexion and warp. On the other hand,
as higher recording density is sought, lower flying height of
magnetic heads and higher revolution speed of magnetic discs
are further sought yet, and such deflexion andwarp of substrates

may cause breakdown of magnetic discs. However, if thickness



performance of personal conputers. It is expected that the thickness of
2.5-inch dianeter disc substrates should becone thinner fromthe present
t hi ckness 0.635 mmto a thickness of 0.43 mm or even 0.38 mm In
addition, for recent higher recording density of 3. 5-inch hard discs for
servers and hi gher data processing speed, requirenent for stiffness of
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capacity and higher speed of HDDs, it is expected that the
thickness of 3.5-inch discs currently used of 0.8 mm will be
made smaller to 0.635 mm, and 0.635 mm of current 2.5-inch discs
to 0.43 mm, or even to 0.38 mm. Revolution speed of substrates
isalsoexpectaﬂtobenmdefasterfrmnthecurrentmaximumspeed
of 7200 rpm to 10000 rpm, or even to 14000 rem. As substrates
for such magnetic recording media become thinner, they become
more likely to suffer deflexion, undulation and warp, and it
isexpectedthat,astherevolutionspeedbecomeshigher,stress
loaded on the substrates (force exerted by wind pressure caused
by rotation of discs) will become larger. Based on the theory
of dynamics, the deflexion W of a disc receiving load of P per

unit area is represented by the following formula:

Pa’

W
WE

wherein a represents an outer diameter of disc, h represents
a thickness of substrate and E represents Young's modulus of
disc material.

In static state, force loaded on the disc is the

gravitation alone, and the deflexion W is represented by the



rotated at a high speed. The above situation may be further expl ai ned
as follows. That is, with recent inprovenents on snaller size, higher
capacity and higher speed of HDDs, it is expected that the thickness of
3.5-inch discs currently used of 0.8 mMmwi Il be nmade smaller to 0.635 mm
and 0.635 mm of current 2.5-inch discs to 0.43 mm or even to 0.38 nm
Revol utioro3pesdngf reuhshkates is also expected to be made faster fromthe
current maxi num speed of 7200 rpmto 10000 rpm or even to 14000 rpm As
substrates for such magnetic recordi ng nedi a becone thinner, they becone
more likely to suffer deflexjomdatindit’ati @h and warp, and it is expected
that, as the revol ution spe dﬁqp _ng3§Qpb, stress | oaded on the
substrates (force exerted by wind pressure caused by rotation of discs)
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represent ed by
fornmul a: 1s balanced by centrifugal force and can be ignored in rotating

state of disc, force loaded on the disc may be considered only
wind pressure caused by the rotation of the disc. The wind
pressure is represented as a function of disc revolution speed
and said to be proportional to the second power of the speed.
Accordingly, the deflexion W when the disc is rotating in a high
speed is represented by the following formula:

o (rpm)’ a*
nE

Therefore, in order to suppress the deflexion W of
substrate to be rotated at a high speed, a material of high
Young's modulus E is required. According to the present
inventors’ calculation, when the thickness of 2.5-inch
substrate is made smaller from 0.635 mm to 0.43 mm, and the
thickness of 3.5-inch substrate from 0.8 mm to 0.635 mm, a
substrate material having a specific elastic modulus higher
than that of conventional materials should be regquired.
Further, when the current revolution speed of 3.5~inch high-end
substrates of 7200 rpm is made faster to prospective 10000 rpm,
an aluminum substrate having Young's modulus of around 70 GPa
cannot meet such a high speed, and a new substrate material
having a further higher Young's modulus should be required. As
the specific elastic modulus or Young's modulus of substrate
material becomes higher, not only stiffness of substrates
becomes higher, but also impact resistance and strength of
substrates become higher. Therefore, a glass material having



[err] wherein d represents a specific gravity of disc material and Gis
a specific elastic nodulus of disc material (= Young's nodul us/specific
gravity). On the other hand, supposing that the gravitational force
i s balanced by centrifugal force and can be ignored in rotating state of
di sc, force | oaded on the disc may be considered only wi nd pressure caused
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Therefore, separating from development of new magnetic
materials, it may be desirable to treat a magnetic layer formed
on a substrate at a higher temperature in order to obtain higher
cocercive force using a conventional material. It is also
possible to obtain higher recording density by making flying
height of magnetic heads smaller. Therefore, the flying height
of magnetic heads will be further made smaller in future. To
realize smaller flying height of magnetic heads, good
smoothness of disc surfaces and hence good smoothness of
substrate surfaces are required.

The chemically tempered glass disclosed in Reference 1
has a glass transition point of around 500°C. However, to
improve coercive force of magnetic layer, heat treatment at a
temperature higher than 500C is effective. Accordingly, heat
resistance of the chemically tempered glass of Reference 1
itself is insufficient. Chemically tempered glasses are
generally made by providing an ion exchanged layer with alkali
metal ions on surfaces of the glasses. However, when a magnetic
layer is formed on the surface of a chemically tempered glass
and heat-treated, the ions in the ion exchanged layer may
disadvantageously migrate to the magnetic layer and adversely
affect it. The migration of the alkali metal ions to the
magnetic layer is more activated as the temperature becomes

higher. To suppress the migration of alkali metal ions, heat



hi gh specific elastic nodulus and high Young's nmodulus is strongly desired
inthe field of HDD production. There are further properties of
substrates for magnetic recording nedia required for realizing higher
recording density other than the specific elastic nodulus and Young's
nodul us. One of those is high heat resistance, and another is high surface
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more actiyated as the.dampe ALY & BECUES, transition. However, glass
substrates for magnetic recording media are required to have
more excellent surface smoothness as higher recording density
is attempted. This is because higher recording density of
magnetic recording media requires a smaller flying height of
magnetic heads. However, because crystallized glass contains
many microparticles, they hardly afford substrates of a surface
roughness (Ra) of 10A or less. As a result, substrates have
poor surface smoothness and surface configuration of discs is
degraded. An unevenness control layer, for example, is formed
on substrates to prevent a magnetic head from being absorbed
to magnetic discs. However, it is difficult to control surface
homology of such an unevenness control layer provided on a
substrate of crystallized glass.

The alkali-free glass disclosed in Reference 4 has a high
transition temperature as high as 730°C at most. However, it
has a specific elastic modulus of only 27-34 x 10° Nm/kg and
Young’s modulus of around 70-90 GPa, and hence it can no way
meet the demand of further thinner magnetic disc substrates.

As a substrate of excellent heat resistance, the carbon
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hi gher. To suppress the mgration of alkali netal ions, heat

6 treatment at a lower tenperature is desirable. Thus, when
chem cal ly tenmpered gl ass substrates are used, it is difficult to inprove
magnetic characteristics by heat treatment at a high tenperature and it is
difficult to obtain magnetic recording nedia having high coercive force.
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density i s-CatfteenptZed hiphiey iredeackmge deingtidy mdddr diheg.density of magnetic
Hovever | becalon p | e R O P et e,
wever, becauyse crystalljze SS ai, _ _ ,
hardly af Lo Lpiaats ‘%P‘g‘h]r?%vcéxrhdﬁﬁﬁﬁe@ég Ragabir aDis andessd As a
resul t, suebsteldtees bav€apemmeitiiaess 80eThReSSoWwfthedl KacRAgomid @amat i on

on substr Sreb  PaiSes, L d AN aEr T ehd I i Bol Hiot AEEEh LA T Hadret | ¢
di scs. HOWeRRrket. | Ewmf the §i0:tB1 o6l g asfeaxewhoablicgye bi kswel an
unevenness sCephhekchayey AFPM AR 8RiBe glass of high Young's modulus,

have a Young's modulus of around 80-90 GPa at most.

Therefore, an object of the present invention is to
provide a novel glass material satisfying high strength, high
impact resistance, high specific elastic modulus, high heat
resistance and high surface smoothness required for the
production of smaller and thinner substrates for information
recording media of higher recording density in future.

More specifically, the object of the present invention
is toprovide a glass substrate having a specific elastic modulus
of 36 x 10° Nm/kg or more and glass transition temperature of
700C or higher, not containingmicrocrystalline particles, and
exhibiting high surface smoothness (surface roughness Ra of 9
A or less).

A further object of the present invention is to provide
a glass substrate having a Young's modulus of 110 GPa or more,
preferably a glass transition temperature of 700 C or higher,
not containingmicrocrystalline particles, and exhibiting high
surface smoothness (surface roughness Ra of 9A or less).

Degree of deflexion and warp of disc substrates can be
estimated from specific elastic modulus (= Young's
modulus/specific gravity) of the material composing the

substrate. In order to suppress deflexion and warp of thinner



substrate of crystallized gl ass. The al kali-free glass disclosed in
Reference 4 has a high transition tenperature as high as 730[err] C at nost.
However, it has a specific elastic nodulus of only 27-34 x 10[err] Nnl kg
and Young's nodul us of around 70-90 GPa, and hence it can no way neet the
demand of further thinner magnetic disc substrates. As a substrate of

excel | ent hgadtFpsdSteNCenet RELteAEPHHAL such.%r%Fkg%f.do net occyr, 7
substrate disclosed in Japanese Patent Unexam he ubl'i cation No. [
3- 273525 (S RP g T hReberefpecs Ther el pafigrnoduhupea fee e Brigkd .

However, tHiavengihonisubsiceatre ihagy i sPecohpss £t st | Ce FPEULYS gfiear Gd
15-19 x 106 Nnjtk nce it . is inferior to glass in nechanical strength.

Ther ef ore,SFietCIca{%c %ggapgc Cé‘%‘htq‘ﬁebéfe%?ﬁls FOMPTERL SRR Ve Mest PaeR Weddui r ed

for the prikodwotd on of smaller magnetic discs. In addition, carbon

bstrates have - f e nd_hence it.is difficylt to realize
?#grs]eiar ecor di néﬁgg%g?tegf (\?\Affthhde[ Eg%s%n%. g_nv%llgé?n_nlos oxi H?éoéﬁllggsa WRYEH has
‘hi gh speciFiias se|sadrild tigduNigher ¥oany fs arsd@alsic exddiuss thiagh theate

resi st ancerandiXGeknewh sy £3eshSIBRt hgessedset{ace foughngss, isfdd, 5A

and can be praduced.in a large scale at |low cost Is currently found in the
mar ket . EVEITS éLCSie@iaértrl]c-W%@FPF@%@r?l%@@mﬁlW diPqUussigld dnown as

commer ci aldiy,anadjdabloegdxkdes gl dssrofn R gb ah/%ii%;l%n@ﬁlété§ E _ml;/&l {%rt\éﬁgng' S
nmodul us o r -90 GPa_at nost. . erefore, an object o

pr esent i%\%r%%or}%dﬁgst%u%? 7 %ees gs%p}}éllfoﬁfr‘&_gé_oﬁaf‘é?:?‘éﬁj“%%tl?%‘%ﬁ ng Yigh
strengt h, &% ghagimpasc rdssssancepdhi ghvepetgdtinel asffectmodufus glhisgh heat
resi stancecapningh 0 pee STRoLaRIS I aagd for the production of

smal | er and thinner substrates rmation recording nedia of higher
recordi ng densi fyfPRtRaEWGRIect of thsr pregentf ivupnyionhis dlsj devétiet he
present i pwuesttirattes for information recording media using the above

glass and information recording media using the above
substrate.

SUMMARY OF THE INVENTION

Therefore, in order to provide glass materials having
aspecificelasticnmdulus(30f36><105Nm/kgornmrecn:aYoung's
modulus of 110 GPa or more, the present inventors have designed
novel glass compositions based on the theoretical calculation
suggested by themselves and conducted various experiments and
researches. As a result, it was found that novel glass which
has a high specific elastic modulus and/or high Young's modulus
not obtained so far, excellent surface smoothness and high heat
resistance and producible in a large scale at a low cost can
be obtained by using components greatly contributing to the
improvement of Young's modulus such as Al,0s;, Y.Os, MgO, TioO.
and rare earth metal oxides in a large amount. In addition,
with respect to Si0,-Al;0;-RO glasses, new glass materials
exhibitinghigherspecificelasticmodulusthanthosepresently
known have been found. Based on this finding, the present
invention has been completed.

The present invention is described hereinafter.

Glass for substrates having a specific elastic modulus

9



is to provide a glass substrate having a specific elastic nodulus of 36 x
10[err] Nmikg or nore and glass transition tenperature of 700[err]C or
hi gher, not contai ningm crocrystalline particles, and exhibiting high
surface snoot hness (surface roughness Ra of 9 A or less). A further
obj ect of the present invention is to provide a glass substrate having a

Young' s magluleuse Gf 134 R Qf n{EPJee (hBELEBERLRRLY A Bl ASSy Wy a&fé%éo )

tenperature of 700 [err]C™o gher not contai ning m crocrystal
particles, and S&4FSH FPHE%P@H%W%édgﬁmqﬁéé%lt(léwth@@lrmgh&é@s Ra of

9A or | es9)5-522, Alegree3nf, sgbl: %5045@1@‘ Marp-ofs dlﬁ@ $W5Vat2§o(‘»a” be
estlmated ro i.fi.c el ast

pec
nodul us/ speC|"f| & ag V) oP Pﬁédﬁﬁt EPpy| Y(Q?n*f)&]lévg tzH%O‘stutﬁétQ-at% 30% order
t o suppressd&L0exi Ru®: an®t & drofiollhikn®erand having a spec1f1c elastic

8 h h bl
mat erial's Wt qfﬁt Eaféstpfe)%élt Pﬁéﬁélt :rg%notr ﬁg)%%#%sn gelfg |eF§§%O§B%§\%gS, ina

‘certain gl‘a?s)s) corrp05| tion, effects added to specific eI astl c m)dul us by

gl ass corrponent H1have ﬂgblgéenav"e&&mﬁcg@y\@l n conﬁ‘c';' Iﬁﬂ resent
invention is EFOVIde a novel gl ass exhibitin er speC|f|c elastic

nodul us tﬁé’ﬁl % st 194 AdTows 15 ¢ e§t5aépl“sh #lgost hédrétlifealMads| & on
bet ween sp@s,f iTd el ast—Qeom)dul mslamd gl ansl GRRNOY b ApediGFEUS HIRG AR

Siqerr] gl.a where n Ris bi val _ent tal). which are
pr ef erred'ﬁs!a@,@.[d%;G‘L%3 %rkmﬁ F'Poh Pé%?ltﬂ' HedF 5%6@5‘3 fet i ¢
di scs, and3)nwvest i gatl ng effects of gI ass conponents to specific elastic

modul us. A bt hggvgg?ecg oéolg gspgfgrgntc&n%/%q{l is to pravide

substrates for .information record nmedra usin ve gs1 assan

i nf or mat i GYTEEdSIdIRG ﬁé’@i&l@sslsngstl 2859805, R1:05: 20-40%, Cao: 8-

30%, Y:0:: 2-15%, ~1n molar %, and having a specific elastic
modulus of 36 x 10° Nm/kg or more (hereinafter referred to Glass
(4)).

Glass for substrates having a Young's modulus of 110 GPa
or more (hereinafter referred to Glass (5)).

Glass having a composition containing, as oxides
constituting the glass, Si0;: 30-60%, Al,0;: 2-35%, MgO: 0-40%,
Li,O: 0-20%, Y,0s: 0-27%, La,Os: 0-27%, CeO;: 0-27%, Pr.0;: 0-
27%, Nd;03: 0-27%, Sm;0s:: 0-27%, Eu,0.:: 0-27%, Gd;0:: 0-27%, Tb,0;:
0-27%, Dy:0s: 0-27%, Ho,0:: 0-27%, Er,0;: 0-27%, Tm,03: 0-27%,
Yb;0s: 0-27%, provided that Y05 + Laz;O; + CeO; + Pr.;0; + Nd,O; +
Sm,0: + Eu;03 + Gd;0; + Tb,0: + Dy.0:; + Ho,0; + Er,0; + Tm,0; + Yb.0;:
1-27% and Li,0 + MgO + Y;0: + La,0s + CeQO; + Pr,0; + Nd:0: + Sm;0-
+ Eu;0: + Gdz0s + Tb;05 + Dy.0s; + Ho:03 + Er;0s3 + Tm:0; + Yb;0; > 25%,
in molar %,and having a Young's modulus of 110 GPa or
more (hereinafter referred to Glass (6)).

Material composed of Si0,~Al,0:-RO glass used for
information recording media wherein R is a bivalent metal
characterized in that said glass contains 20 molar % or more
of Al,0; (hereinafter referred to Glass (7)).

Material composed of Si0,-Al,0;-RO glass used for
information recording media wherein R is a bivalent metal

characterized in that said glass contains 20 molar % or more
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substrate. SUMVARY OF THE | NVENTI ON Ther ef or e,
in order to provide glass materials having aspecificel asticnodul usGof 36x
| O[ err] Nmf kgor nor eor aYoung' s nodul us of 110 GPa or nore, the present

i nventors have desi gned novel gl ass conpositions based on the theoretical

cal cul ati on suggested by thensel ves and conducted vari ous experinents and

resear cheg ¢ ﬁ%_;,oaaé ékﬁeré{%ﬁe%%ﬁ%{}{?&'E‘Q\r/g%a?‘%a%) y\,hi ch has a high

specific elastic nodulus an out ul'us not " obt ai ned so far,
excel | ent surfaMatexdethnessranadhi gh PdsPstRhcd lafid prsesei BPE in a

large scali@ ratrmathiow GrsloBhPanddi i NEArYnUR NG CHNPORENESL IRRRELY
contributi n% to the i nprovenent of Young's nodul us such as AlLerr]é%éerr],

Y[ err] O eFPRraghOr 1Eed P BAAC r st artiR Stet dMrékicdes SPREAEr gé2%nmount .
I n addi ti ahereinl frespeetfetrecdi Goecnhsalf(enn].q err]-RO gl asses, new gl ass

mat eri al s exhi bi.ti.ng hipgher, specif.i.c elastic nodul us.than those presently
known have. been CHBARd. [ Bhsed I 4 O | RAPRE LR BT LLent (4 Hant o5 has
been comphetednafter) Jhergcesented ivenhabriti sodestnsbmte hermirmathen.

d ass for b e i ; j t £ odil Lt d

9 £ I%GEE?&B%X{;&%%P&lr r§I%(r%i%lkfsfegre%lrtr%raef%ﬁer el na toélrp rcg%lgrlrsgéntgo G ass
(1) of &las¥ s cbhtallAr n§S: aSC oxli HesCleor@ti tqf ft Ne ditasdP SMoferr]:
25-52% ALRer ck®F )y INd,5Pad%mMifd, Lot 45%, D¢D3Ho O£k %rm]i Gh e, T8, 25%
Zr2: 0-8% C%Q. 1- %0% Brovi %ecé_t3 at Y203 + Ti2 + zZr2 + CaG 5-30% and
Blerr] qu‘%]d PPerPFOFEPAF: ©6- 5% Y ROM8Far <% and having a specific

el asti ¢ nodul usAofulBét xa @[y i niorkg taonmpeeociéngi mad 1 @ rcaomgfeeraded £t 0

G ass (Z)t%e'above glass material and a magnetic disc comprising said

substrate and magnetic layer thereon.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic cross-sectional view of a magnetic
disc 1 comprising a glass substrate 2, on which an unevenness
control 1layer 3, underlying layer 4, magnetic layer 5,
protective layer 6 and lubricating layer 7 are provided in this
order.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention will be further explained
hereinafter.
The term “glass’” used in the present invention means glass
which does not substantially contain crystal grains, and does
not mean those called as crystallized glass or glass ceramics

containing at least 20% of crystal grains.

Glass (1)
Glass (1) is a glass for substrate characterized in that
it has a specific elastic modulus G of 36 x 10° Nm/kg or more.
When the specific elastic modulus G is less than 36 x 10°
Nm/kg, a substrate made of the glass exhibits severe deflexion,
and, for example, a substrate of such glass having a thickness

of 0.43 mm or less required for magnetic recording media discs
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G ass having a conposition containing, as oxides constituting the glass,
SiJerr]: 25-50% A1203: 10-37% MO 5- 40% Tiderr]: 1-25% in nolar %
and having a specific elastic nodulus of 36 x 10[err] Nm kg or nore
(hereinafter referred to Aass (3)). G ass having a conposition
containing, as oxides constituting the glass, Sierr]: 25-50%

Allerr] O grr 1 29&? Q& 3@1{90?2@25 %%éijmﬁnm]c%/fléﬁdﬂ)loafr 1% and

havi ng a specl IC e IC no err nore
(her ei naf e Pefeqted A5 € aggu{u))flylnq stalg kistsy fadr H@@@@ttrlé;t B&afdvi ng a

Young's nmpdulds Obe 110 +tGRr ARG HILi pabbaLtigERIERd 40 Heassdka)) -
d ass havi. g% a conposition containing, as oxjdes constitutin the | ass,

Sigerr]: Oéﬁ‘%tlﬂf[%??ﬁl@fé’rer]’erﬁogg%j MRS 10- 4% OPFRER A BEPELE8YS Y203
0-27% Lakehibtany] a =2 1Hm CefPex Do &6 1 PRber ]} eesk; @}as?s7%aV1ng
Nd[err](err 270/ S err q

[ err grsf%emof lerﬁ%’Ofga fﬁo %&g’% %%rgr?]r Spﬁegﬁ%/red
[err]Q ilsilcs

Ho[err]  edefs @az'i%g Er EQEC]LO{Lere}ast?m’@dﬂ'h{lerqu&rx]10°0N217%g or
Yb
[err] O erriQm%%gpPéf’é&P&ﬁiio%E% [ﬁﬁﬂ 1%]% cdn 5?[:%?(% %}:rﬁt@eq err]

+Pr[err] err err err err err

Gdlerr] ( & rl]ch+ea=bpée-it]soFew>}me\<E Yyggerqt 4- I40[”éF SEOREL|

\E({ [er ]r ]qO[ Qs ls"ma'c[ﬂfé efd J0kabkk rat¥bhers ]tQﬁfFl){riesslozy% aec&mh:\%x[erlrds@qtol\/g? +
err err err e + + r err err + err +

Sn{err]qgﬁe%]t FhE, p@p{a%[g e [er’ﬁ“} i i | Tht ihe

Dy[err] epeblleo[eelrars]tG{oerrrrciduﬂlﬁ [ rﬂﬁleraf@ poé'ﬁ{ueite] q:‘.eplr]aferred,

Yb[err]C{ tic 5%% hQle QR Loty ngEPQ@VQ?Gf)%anﬁﬁpggwﬁfng é%s 110

GPa or SChersinaft er ferred corrposed
of Sig err] Al[ Elape éi1] 1R®Jg¢%1%§~m%@ fwrfded cranstinas s dé@)dicrg kedi a

wher ei n Rm'aaea9bAV%|refltesf§Etfi| C&lﬁh&&i‘&{'@@dhéﬁlﬁ ak §§b€1gh@3§l§@|ﬂ&@l ns 20
her ei nafter erred

0
T o CgAa et ¥ SR LY P et SRl G LSS GRSReLIL o,
r ecor di ngeneilaswheseian l?rl £ lalbgvale&ghtrretfaknaqhaltact heaﬁeﬂ whithatissai d
el L TR L g (ks sl f
gl ass usedopighness (Ra) ) of 9A orlesscanreallzeaIﬂylnghelghtsmal er
than the conventional flying height. For realizing further
higher density of magnetic discs, glass whose surface roughness
(Ra) can be made 5A or less is preferred.
Glass (1) is glass having a transition temperature of
700°C or more, in addition to having a specific elastic modulus
G of 36 x 10° Nm/kg or more and/or being possible to have surface
roughness (Ra) of 9 A or less. Because of a transition
temperature of 700°C or higher, heat resistance of substrate
higher than that of the conventional one can be obtained, in
addition to the reduceddeflexion. Thus, amagneticdischaving
improved magnetic characteristics such as coercive force can
be provided.
As specific examples of glass (1) having the above
characteristics, glasses (2), (3) and (4) can be mentioned.
These glasses are oxide glasses comprising cations having a
small ionic radius, strong chemical bonding force and high
packing density in the glass structure in order to satisfy the

characteristics of glass (1).
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information recording nedia wherein Ris a bivalent netal characterized in
that said glass further contains Y[errJQerr] (hereinafter referred to
G ass (9)). G ass for information recording nmedia (glass (10)
hereinafter) characterized in that it contains one or nore than two netal
oxi des which are selected fromthe group consisting of Ti, V, C, M, Fe,
Co, N, Cu, Zn, Ga, Ge, Y, Zr, Nb, M, La, Ce, P][ Nd, PmI Smo/Eu, Gd,ATb,
, Ho, FEr Yb, Hf, Ta, andWmtherangeo 3-30 nolar %
?ubstrategje%fg—ni%#rmtl on recording media conposed of the above gl ass

material and a rgEgnesi g2di sts Cgrm&b bHei £8b4 %b@gﬂlaélﬁc@dmgﬁﬂi‘?“foé ayer
t her eon TIO\IG:THE DRAW N lis a

schemat i ¢ WAL A BﬁQE §P%9\/1DE c eﬁ% MO Ldts /1 a@é‘nﬁﬁﬁs@ ngP%FJg&JJeG‘ss
substr at e & azn aMnadulans VRIBEESS 1&1‘5”Nﬁ1¢kg| ayeho3de. urxdezjla/ssﬂgual

I t | ayer are_provi ded
thi s ol frc RIBSSH ¥R B8 B3P WA SR R Eoraf dra
The preserit SWpaditaton GvﬁhlllbltmnfguKeﬁaceelpréﬂaadohereﬁ"amafetMuple, evékhe term
"glass" usgthd ntt he Rigsettd %VEGBE‘BPa{?E?E‘ %&Sas tm'c%lﬂe%%egfn@tlll? ot

subst anti al IX contain cr%sta rains does” not nean thoSé ca
crystal | i Zd1i§Fase T ikt s%’%@?%ﬂ?*éécc}tﬁﬁ%%%m&ﬁllae@sici@% blhe arepst al

grains. ddmsst(ibn, it maG as&kiblk |a5m&xgh@§13 dken ekUBst hat ¢ @hgm{i@ze“ zed
in that it hsaspeC|f| 10[ err] or nore.

el as d
When the SS&cifi e dl 5§Fth e&g%%l ’giYJe%%s Qﬁ?f%éy 1@F€PFF1RIHWS
substrat e deade kaf  tdi aglress exthdd biesice v erez-cdafdrexdtdn ar?o(f frefcoxriapl e, a

substrate 191ffo%’ﬁférf1%|na3:%rh3)vé g%raférlﬂe%@csasoﬂj 0483 BP0% 2% E{'%UI deed for
magneti c recardi ng nedi a
exhibiting a maximum deflexion of 1.25 um or less, glass having

a specificelasticmodulus Gof 37 x 10°Nm/kgormore is preferred.
Glass having a specific elastic modulus of 42 x 10° Nm/kg or
more is more preferred because such glass can afford a substrate
which exhibits a maximum deflexion of 1.4 um or less even if
it is made into a substrate of a thickness of 0.38 mm or less
to meet the demand of further thinner magnetic discs. While
a specific elastic modulus as high as possible is preferred,
practical value thereof is about 45 x 10° Nm/kg or less.

Glass (2) can have a surface roughness (Ra) of 9A or less.
Higher surface smoothness enables a smaller flying height of
magnetic heads, whichis required for higher density of magnetic
discs. A surface roughness (Ra) of 9A or less can realize a
flying height smaller than the conventional flying height. For
realizing further higher density of magnetic discs, a surface
roughness (Ra) of 5A or less is preferred.

Glass (2) is glass having a transition temperature of
700C or higher. Because of a transition temperature of 700°C
or higher, a substrate having heat resistance higher than that
of the conventional one, in addition to the reduced deflexion,
can be obtained. Thus, amaghetic dischaving improvedmagnetic
characteristics such as coercive force can be provided.

Si0, acts to form the network structure of glass and is

a component for improving stability of glass structure, i.e.,



of the next generation may exhibit a maxi num deflexion of 1.4 [err]mor
nore. As a result, flying stability of magnetic heads cannot be obtai ned
and hence reconstruction of recorded information cannot be perforned
stably. To obtain a substrate exhibiting a maxi nrum deflexion of 1.25 [err]m
or less, glass having a specific elastic nodulus Gof 37 x 10[err]

N kgor”ﬁ%ﬁh‘aﬁc@h@f eE(€dal £ 358163 b A SPPEJ (0 BRULETRAMLUS o1 42 X

10[ err] % nmor e” 1 snor epr ef erredbecause such gl ass can af
subst r at e FRETER Tex Rl B t 50 £ComXG M e M d o dnterneddatemogd dees¥clyen i f

it is nmdgsaglaosdbst eahenet ﬁe&m@kagﬁspm &r B M Oy 1l28%S nke BByt he
demand of furt hgr t hi nne%greﬁnetl c. di scs. ile a s*em fic eI stic dul us

as hi gh ad9poSBPBItEaLEsy 2ECTHT S TUF L VAIRE tsh SUESF 285 SEBSHPtAS X
10[ err] Nahklg strififessss and a@sassiridjove pkass nesuise asiaref am:ﬁ yhagbness

(Ra) can %k'g%%%*g%? fﬁ%ng] lg%n%ﬂ%&hgr&nﬂ? h?ﬁ’a{r{‘%za §Pesd, O%fé ARG hHC

nodul us G o surface snmo ness enabl es
a smal | er Cbmppngnlﬁebéhthefqhagﬁemd) cl dregais, exmlvtta ¢ spggilifdd edrshkiigher

density of pRanet éEcQééEﬁg 36°\x3li'bf’ %@/H&U%@%ﬁe@%reft}%cQJnﬂe‘?ﬁ_So%a“
realize a flying height sialler than conventi onal ying hei For

real i zi ngStQe tieFUAtgRey dehsit ye8f - na%rhéthiecoah%shafbcﬂraﬁs p§en SPFace
rf)ughnﬁss 1eB8) edn beswadei gy Of cAesby i faegrrafi@er etfé:he cryst@l&i%aglbnl S

ass hav a.transpti.on tenperature o r Qr _nore addition to
P ng o SHRERAEETer b b e oanr A fr LRty Forane ST R b TR Taka o
bei ng posdiige $0a havir slrdtaice cangbiielss ok(ﬂ@nead w@tA siachleessntenBecause
of a trangy| gg@o&%me{ Un@nlr 79PhEET 14 OLnbl Ghes, BSAteheSil anae of

substrate her than t conventi onal one can be obtained, ‘in
addi tion %CPHélﬂgéereeaa@f F@mt@ﬁt oFh850: d sregHdEtd Wilde theyFaggenpioved
magnet i c QBaBacLepk%&b@%baychnaﬁh@oeéﬁg%eokosoe5©an be provi ded. As

(e (5 and (45 Lehnt BerTentFBRBA A Fas e GPASEBE Nl B by e 1t bR "
conpri si ngeeét |r@r$ssh:awcmag aadsrEldh idmabirlddiwsto sttang ahénatad bendi ng
force andcghggnent for enhancing stability of glass structure and
stiffness together with SiQ;. In particular, when Al,;0; is
introduced into glass to substitute $Si0,, Al;0: enters into the
skeletal structure of glass and markedly enhance Young's
modulus and heat resistance of glass as a skeletal
structure-forming component. That is, Al,0; is a component
essential for enhancing Young's modulus and improving heat
resistance. However, a content of Al;0; less than 5% cannot
sufficiently improve Young's modulus of glass. When the
content of Al,0: exceeds 35%, MgO, which 1is a component
contributing to improvement of specific elastic modulus of
glass, cannot be introduced in a sufficient amount and hence
melt characteristics of glass at a high temperature is also
degraded. Therefore, the content of Al.;0: is suitably in the
range of 5-35%, preferably in the range of 7-32%.

MgO is a component introduced for enhancing stiffness and
strength of glass and improving melt characteristics of glass
at a high temperature. It also contributes to improvement of
crystallization stability and homogeneity of glass. In
particular, when the content of Al,;0; is less than 20%, it is
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packi ng density in the glass structure in order to satisfy the
characteristics of glass (1). . 12 o

A ass (2) G ass (2) is a conposition constituted mainly for obtaining
a high specific elastic nodulus, and has a specific elastic nodulus G of 36
x 10[err] Nm kg or nore. A glass having specific el astic nodulus G of 36 Xx

10[ err] Nigkgr OF - SOD%S m&i&@é fqaoaﬁg oqxﬂaagalﬁwgdéf% rgéiir?x' on.

For exanpl e even when it 1s nm s rate havin ness of

0. 43 mm or %%‘%§p@€d5|lﬁeﬂl$%Fl%@r¢é&l|U@ @@éﬁ{acﬁﬁ?g H@aeaems%@f%fcmethext

gener at i onstail eyl £xdi buitabmaxhfwmldet;beélc%rleofpr%d%dt%d MBAMdteSSe AS a
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; strate
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of a thlckness of mmor |Less to neet the mand

magnet i ¢ diSEEt aW?%tJé’%Eéépﬁlétgloafs‘Biésw ireevHrgHuasbpedsviAnd i s
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f I r surface
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hei ght. For realizing further h| gher Sl t magnet i ¢ di S¢s, sut f ace
improves Young's modulus of glass, too much amount of Y.05

steeply increases the specific gravity of glass and hence
disadvantageously tends to degrade the specific elastic modulus
of the glass. Therefore, the content of Y,0s; is suitably 17%
or less, preferably 15% or less. To obtain distinct effects
of the addition of Y;0;, the content of Y,0: is preferably 0.5%
or more.

TiO; acts as both of a glass skeletal structure-forming
component and a modifying component. It lowers high
temperature viscosity, improves melt characteristics of glass,
enhances structure stability and improves durability. By
introducing TiO; as a glass component, Young's modulus of glass
can be markedly improved without significantly increasing
specific gravity of glass. 1In particular, in glass containing
large amounts of MgO, Al,0; and the like, TiO. improves melt
characteristics at a high temperature and crystallization
stability of glass and is surely expected to enhance specific
elastic modulus of glass in combination with other oxides such
as MgO and Al;0s. However, when too much of TiO, is introduced,
glass tends to show phase separation and hence
disadvantageously degrade crystallization stability and
homogeneity of glass. Therefore, the content of TiO; is
suitably 25% or less, preferably 20% or less. To obtain
distinct effects of the addition of TiOQ,, the content of TiO,
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roughness (Ra) of 5A or less is preferred. dass (2) is glass having
a transition tenperature of 700[err]C or higher. Because of a transition
tenperature of 700C or higher, a substrate having heat resistance higher
than that of the conventional one, in addition to the reduced defl exion,
canbeobt ai ned. Thus, anmagneti cdi schavi ngi nprovednmagneti c characteristics

such as cogf Gh¥erdONCe, CAN @pdmpén ded. SiJerr] acts to formthe
network structure of gdglass and is a conponent for inproving stability of
gl ass structur e1CqQ gs a component introduced for enhancing gg8iffness and

IS T b ae abuky aan gL AL e, S 02,
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S aerr] aShodbiiey BRRLaEs P el ib Rt Sk PRI e SR SRec T i ¢
el astic mfduPusiexkessi HepB6263 10iteryy te feyremdd hertefahecd he leonjeent  of
Siglerr] idndid 8y edaali nk 89 ni spOe: oL B AN ndyRl { BEId) LAt ent
I ess than 25% significantly degrades the crystallization stability of
gl ass, andsufiFei BntddFsst AR §Fads GURUMAN f brtradgeedcapaénpiodisat i on

cannot be iofraiviedy V\ﬂnéhtsmﬁr&c@@m’lii%rﬂiicr?'r@if etfaorkfigr]g h%eﬂn é@éichkgl Fsatﬂ aLP;e/
Si t, 4.8 .25%_ Accqrdingly content o i d er is s
i Inqt ﬁ;r ]r aﬁcgg}sg?a%-@%%gnprse?ag?ﬁbﬁ% i AF ¢ HgaFﬁngeHWegG?SO%lass having
Al er r] g ermystissl Mepat iiampetbbniiay au'ctmtpb@eﬁulr flargenpedlé @'Qfda%[l.@itﬂwﬁt
[ [ it L.as , n
resi stanceapbiigh duralildd Y1, okass,Ahal 50 as6 conpogenl oy

enhancing stability of glass structure an ess tog t
They

Sigerr]. eFans cthaconkras ot fePdjscret £3bl g 0dtanlased onstferglbdys t o
substitut @73 &f elelsls,. Alh@rded €6 bbtaihed Sst MOt bR€ects of the addition
of Ca0, the content of CaO is preferably 2% or more.

Zr0; is a component introduced mainly for enhancing
durability and stiffness of glass. Addition of 2r0, in a small
amount improves heat resistance of glass and also enhances
crystallization stability against devitrification. However,
the content of Zr0, exceeds 8%, melt characteristics of glass
at a high temperature is remarkably degraded, and surface
smoothness of glass deteriorates and specific gravity increases.
Therefore,thecontentonrOzissuitablyS%orless,preferably
6% or less. In order to obtain distinct effects of the addition
of 2r0;, the content of Zr0, is preferably 0.5% or more.

Y;05 + TiO; + ZrO; + CaO is suitably in the range of 1-
30%. These components are for contributing to enhancement of
Young's modulus of glass and enhancement of crystallization
stability. When the total amount of these components is less
than 1%, Young's modulus of glass tends to be lowered and
crystallization stability of glass tends to be degraded. On
the other hand, these components increase specific gravity of
glass, and hence introduction in a large amount may lower the
specific elastic modulus of glass. Therefore, the total
content of Y,0:; + TiO; + ZrO; + CaO is suitably in the range of

1-30%, preferably in the range of 5.5-27%.
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skel etal structure of glass and markedly enhance Young's nodul us and heat
resistance of glass as a skeletal structure-formng conponent. That is,
Al[err]Jerr] is a conponent essential for enhancing Young's nodul us and
i nprovi ng heat resistance. However, a content of Al[err](err] less than 5%
cannot sufficiently inprove Young's nodul us of gl ass. When the content of

Allerr](err] exgeedsn35%0,Mifk %?néﬁt? 8@8@8”?&? Sﬁ‘é%é ‘{“?q“qeuced in a
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gl ass. However, sufficiently stabl e gl ass suit arg ca e

product i o AT e i He P 1@ TH st My eomt errowRE cefii ReP:459%F-@n itshe
ot her hands,uJJﬂa}:ﬂhﬁ‘S%@ﬁtE@éspbr%@rb&lb@%i Band?s Youd s B s rof

I ten I d refor t he coptent OIS wtablylnthe
?aﬁzz of clégl %%pre er gcbﬁ yin k{ehe Cfdalhtg]e Hf© Zae%e%md Os,v338 &
conmponent contentodicatefefmmbly énligncimgoarey.st all'ization stabili t_y of gI ass
and i nprovi ng dlArsa@I ldridy sang, neld CS@BBE%E%%I ?8888 Q% cgéacj%‘sjsssﬁ%%nﬁanh

t enper at ur.e. artlcular I ntroduction o

Y[err]J er™ oﬁ&relfegpyo%ﬁﬂ?l beregerouenhbheenemy efdépechsi@: erasbi@
modul us oforglmsshane i APEQYEEBNE cgmcﬁir%SsB@@Eﬁsaelée)penleéfﬁr niyp | e

X% g: H qug:t:e}‘np A4S v\l(%%rc]) 1§:y 0 Egsg, xgo?esshor%gé)ergggsh géTlr[aDsusmca%f be
obtained. However, if toomuch of the degassing agents is added,
specific gravity of glass is increased and specific elastic
modulus tends to be lowered. In addition, they may react with
and damage a platinum crucible for melting. Therefore, the
content is suitably 3% or less, preferably 2% or less. In order
toobtaindistinct effects of the addition of the degassing agent,
the content is preferably 0.2% or more.

The other components such as V;0s, Cr,0s, zn0, SrO, NiO,
CoO, Fe;03, CuO etc. may be added for controlling melt
characteristics at a high temperature, physical properties and
the like of glass. For example, by adding a small amount of
a colorant such as V;0s, Cr;0;, CuO and CoO to glass, infrared
ray absorbing property can be imparted to the glass and heating
treatment of magnetic layer by irradiating with a heat lamp can
be effectively performed. For improving melt characteristics
of glass and controlling crystallization stability and physical
properties of glass, the total amount of ZnO + SrO + NiO + CoO
+ FeO + CuO + Fe;0; + Cr,0; +B;0s + P,0:+ V;0: is suitably 5% or
less, preferably 4% or less.

Other than the components mentioned above, addition of

Fe;0: and the like which are sometimes contained as impurities



steeply increases the specific gravity of glass and hence di sadvant ageously
tends to degrade the specific elastic nodulus of the glass. Therefore, the
content of Y[err](Jerr] is suitably 17% or |ess, preferably 15% or | ess.
To obtain distinct effects of the addition of Y[err](Jerr], the content of
Y[err]err] is preferably 0.5% or nore. TiJerr] acts as both of a
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is introduggskt H&Ss do tn%@dﬁigrtage_ i8P9%he [{lﬂgﬂ.ﬁf.andsﬁgglé%t tRa fiﬁﬁ'q'ts hence

di sadvant ageous|y degrade crystallization s ity an onogeneity of

gl ass. THer @O sehhe Tttt of Ti2 is suitably 25%or | ess,

pr ef er abl y Q2G%<0r(3)ess. To obtain distinct effects of the addition of

Ti 2, the conte of TigJerr s . . .15 _
is preferably 1 olc‘?rssrmr(g L Cﬁ?ﬁl?%sht%%ﬁéﬁttﬁtﬁtﬁgdu@%ﬂn%ér f&thanci ng
sti ff ness chrichigtimengtihl @f sgleass ianel a sipi owiony lnel, t astiathacteabstbdmwad a

hi gh te ‘ : )1 4 - al $Q¢ t.ri hut 0 inprovenent
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descri bed B0V SRSEH fiRectant athastulag & pfG ery 07 Fn/dgsoreor@0Hn it i s
preferred dffdrl & GUWER ratledd:@eibiting reduced deflection. For example,
even when it is made into a substrate having a thickness of 0.43
mm or less required for magnetic recording media discs of the
next generation, it may exhibit a maximum deflection of 1.4 u
mor less. As a result, excellent flying stability of magnetic
heads can be obtained and hence reconstruction of recorded
information can be stably performed. To obtain a substrate
exhibiting a maximum deflectionof 1.25 umor less, glass having
a specificelasticmodulus Gof 37 x 10°Nm/kg or more is preferred.
Glass having a specific elastic modulus of 42 x 10° Nm/kg or
more is more preferred because such glass can afford a substrate
which exhibits a maximum deflection of 1.4 um or less even if
it is made into a substrate of a thickness of 0.38 mm or less
to meet the demand of further thinner magnetic discs. While
a specific elastic modulus as high as possible is preferred,
practical value thereof is about 45 x 10° Nm/kg or less.
Glass (3) can have a surface roughness (Ra) of 9A or less.
Higher surface smoothness enables a smaller flying height of
magnetic heads, which is required for higher density of magnetic
discs. A surface roughness (Ra) of 9A or less can realize a
flying height smaller than the conventional flying height. For
realizing further higher density of magnetic discs, a surface
roughness (Ra) of SA or less is preferred.
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anount of MgO to maintain high specific elastic nodulus of glass. In such a
case, CaOis a conponent introduced mainly for inproving nelt
characteristics at a high tenperature and crystallization stability of

gl ass. However, glass having crystallization stability suitable for |arge
scal e production cannot be obtained with a content of CaO exceedi ng 30%
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is suitably rn range of ese orrpon ts are uting
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n
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16 50% of Si0; cannot contain a large amount of Al;0; which is a
component contributing to improvement of impact resistance and
mechanical strength of glass. Therefore, in order to obtain
glass having a high specific elastic modulus, the upper limit
of the Si0; content is suitably 50%. On the other hand, a SiOQ;
content less than 25% significantly degrades the
crystallization stability of glass and sufficiently stable
glass suitable for large scale production cannot be obtained
with such a content. Therefore, the lower limit of the SiO;
content is suitably 25%. Accordingly, the content of SiO:; is
suitably in the range of 25-50%, preferably in the range of
30-49%.
Al,0; is very important as a component for imparting high
heat resistance and high durability to glass and also as a
component for enhancing stability of glass structure and
stiffness together with Si0O,. In particular, when Al:0; is
introduced into glass to substitute Si0;, Al:0: enters into the
skeletal structure of glass and markedly enhance Young's
modulus and heat resistance of glass as a skeletal
structure~forming component. That is, Al;0; is a component
essential for enhancing Young's modulus and improving heat
resistance. However, when MgO is used with a content of 25%

or less in order to further enhance flexural strength and impact
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Plerr]Jerr] and Blerr](err] are conponents added for controlling nelt
characteristics of glass at a high tenperature. For exanple, introduction
of Plerr]Jerr] and Blerr](err] in a small anobunt does not substantially
affect on specific elastic nodulus of glass but significantly |ower high
tenperature viscosity of glass. Therefore, it is very effective for
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whi ch ar e samatini®g cONtIAIMNRI aschARUrdt i 83,0, for enhancing impact

17 resistance and strength of glass cannot be obtained with a MgO
content exceeding 40%. On the other hand, with a content of
MgO of less than 5%, glass exhibiting sufficient stability and
high specific elastic modulus cannot be obtained. Therefore,
the content of Mg0O is suitably in the range of 5-40%, preferably
in the range of 7-35%.

TiO; acts as both of a glass skeletal structure-forming
component and a modifying component. It lowers high
temperature viscosity, improves melt characteristics of glass
and enhances structure stability and durability. By
introducing TiO; as a glass compenent, Young's modulus of glass
can be markedly improved without significantly increasing
specific gravity of glass. In particular, in glass containing
a large amount of Al,0:, TiQO; improves melt characteristics at
a high temperature and crystallization stability of the glass
and is surely expected to enhance specific elastic modulus of

the glass in combination with Al:0;5;. However, when the content
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of starting material and a clarifier for glass such as d, F and SOerr] in
an anount of 1% or |ess does not substantially degrade the intended

physi cal characteristics of the glass according to the present invention.
The above-nentioned glass is alkali-free glass which does not substantially
contain al kali substances. Therefore, when a filmis formed on a substrate
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i spreferredprovasg haviagi Bispeeind cmel 8stdiarmtidtis GfcA2ax 106highkg or
nore is ngre preferredfbegause such glass can afford \qrsubstrate whi_ch

exhi bi s & TRXERINGeProBLPoR -of 1. PRTOrrI M or s eudit 3 FOWE fbde int o
a substratré.of istintkodssedf fOr 38nhanoingesdekoratestirhagtibpandpettf urt her
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magneti c ghﬁq%ioﬁ,swﬁﬁﬁg%aproper amount of Y,0; greatly contributes to
enhancement of specific elastic modulus of glass, when the
content of Y;0s exceeds 17%, increase of specific gravity
overwhelms increase of Young's modulus of glass, and hence the
addition can no longer contribute to improvement of specific
elastic modulus of the glass. Therefore, the content of Y.0;
is suitabkbly in the range of 0-17%, preferably in the range of
1-15% depending on the introduced amount of Al;0;.

Ca0 is a component capable of enhancing stiffness and
strength of glass and improving melt characteristics of glass
at a high temperature like MgO. Ca0 also contributes to
improvement of crystallization stability of glass and
homogeneity of glass. When a large amount of A1,0; is introduced
as a component greatly contributing to improvement of Young’s
modulus of glass, it is preferred to introduce Ca0O to improve
stability of glass structure and to lower high temperature
viscosity to facilitate melting. When the content of CaO
exceeds 25%, glass containing a large amount of Al:0; for
enhancing impact resistance and strength of glass and having

crystallization stability suitable for large scale production
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roughness (Ra) of 5A or less is preferred. o

18 G ass (3) is glass having a transition tenperature of
700[err] C or higher. Because of a transition tenperature of 700C or higher,
a substrate having heat resistance higher than that of the conventional
one, in addition to the reduced defl ection, canbeobtained. Thus,
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As;0; and Sb;0:; are components added as degassing agents
in order to obtain homogenous glass. By adding As,0; or Sb,O:
or both in a suitable amount selected depending on high
temperature viscosity of glass, more homogenous glass can be
obtained. However, if the amount of the degassing agents 1is
too much, specific gravity of glass is increased and specific
elastic modulus tends to be lowered. In addition, they may
react with and damage a platinum crucible used for melting.
Therefore, the content is suitably 3% or less, preferably 2%
or less. 1In order to obtain distinct effects of the addition
of the degassing agent, the content is preferably 0.2% or more.

The other components such as P;0s, V,0s, B;0s, Cr.0;, ZnoO,
SrO, NiO, CoO, Fe;0:, CuO etc. may be added for controlling melt
characteristics at a high temperature and physical properties
and the like of glass. For example, addition of a small amount
of P,0: does not substantially affect specific elastic modulus
of glass but significantly lower high temperature viscosity of
glass, and hence it is effective for facilitating melting of
glass. By addingasmall amount of a colorant such as V,0s, Cr;04,
Cu® and CoO to glass, infrared ray absorbing property can be
imparted to the glass and heating treatment of magnetic layer
by irradiation with a heat lamp can be effectively performed.

For improving melt characteristics of glass at a high
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conponent for enhancing stability of glass structure and stiffness together
wth SiJerr]. In particular, when Al[err]Ois introduced into glass to
substitute SiJerr], Al[err]O[err] enters into the skeletal structure of
mar kedl y enhance Young's nodul us and heat resistance of glass as

gl ass and
a skel et al
conponent

structure-formng conponent That is, Al[err](Jerr] is a

of heat
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order to feteher %%%aﬁ%%aﬁl%ﬁRHQﬂ‘%ﬁﬁ%ﬁbﬁhséﬁd+lﬂp@cﬁ CoO + FeO + CuO
+ FeK}%SlFStI@F@EJr B.SOAt B+ 0%, A [i@r rs]u@[t%lbrﬂy 585 %t HaR s10% cannot
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Glass (4)

Glass (4) is a composition constituted mainly for
obtaining a high specific elastic modulus, and the glasses have
a specific elastic modulus G of 36 x 10° Nm/kg or more. Glass
having specific elastic modulus G of 36 x 10° Nm/kg or more can
afford a substrate exhibiting reduced deflection. For example,
even when it is made into a substrate having a thickness of 0.43
mm or less required for magnetic recording media discs of the
next generation, it exhibits a maximum deflection of 1.4 um
or less. As a result, excellent flying stability of magnetic
heads can be obtained and hence reconstruction of recorded
information can be stably performed. To obtain a substrate
exhibiting amaximum deflectionof 1.25 umor less, glass having

a specificelasticmodulus Gof 37 x 10°Nm/kg or more is preferred.

Glass having a specific elastic modulus of 42 x 10° Nm/kg or
more is more preferred because such glass can afford a substrate
which exhibits a maximum deflection of 1.4 um or less even if
it is made into a substrate of a thickness of 0.38 mm or less
to meet the demand of further thinner magnetic discs. While
a specific elastic modulus as high as possible is preferred,
practical value thereof is about 45 x 10° Nm/kg or less.
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content exceeding 40% On the other hand, with a content of MO of Iess
than 5% glass exhibiting sufficient stability and high specific elastic
nodul us cannot be obtai ned. Therefore, the content of MJOis suitably in

the range of 5-40% preferably in the range of 7-35% Tiderr] acts
as both of a glass skeletal structure-form ng conponent and a nodifying
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of glass and is a component for improving stability of glass
structure, i.e., enhancing crystallization stability against
devitrification. Further, S5i0; in combination with an
intermediate oxide such as Al,0; can enhance mechanical
properties of glass necessary for substrates for magnetic
recording media such as strength and stiffness and also improve
heat resistance of glass. However, oxide glass of CaO-
Al;0;-Si0; system containing more than 50% of SiQ, no longer
exhibits a specific elastic modulus exceeding 36 x 10° Nm/kg,
and therefore the content of SiO, is suitably 50% or less. On
the other hand, a Si0O, content less than 25% significantly
degrades the «crystallization stability of glass and
sufficiently stable glass suitable for large scale production
cannot be obtained with such a content. Therefore, the lower
limit of the Si0; content is 25%. Accordingly, the content of
Si0; is suitably in the range of 25-50%, preferably in the range
of 30-50%.

Al;0; is very important as a component for imparting high
heat resistance and high durability and also as a component for
enhancing stability of glass structure and stiffness together
with SiO,. In particular, when Al.0; is introduced into glass
to substitute Si0O;, Al;0; enters into the skeletal structure of

glass and markedly enhance Young's modulus and heat resistance
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melting aid for A1203. For exanple, when Al[err]Jerr] of 25%or nore is

i ntroduced into glass, honbgenous glass can be obtained by addi ng Y203.
However, since Y[err]O[err] is relatively expensive, a smaller content is
preferred from econom cal point of view. In addition, while a proper anount
of Y[err]Jerr] greatly contri butes to enhancenent of specifi c elastic
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of CaO, the content of refera ﬁ 2% or nore.
conponent qrﬂtsﬁéé&éé@tﬁ:ﬁmnlsﬁapé iEWhahcy @Sa@%lhqq%%@’flqﬁ ﬂé§§50f

gl ass. Addint @R talud agJBlhedmaunbrge amount of Al,0; is introduced as
a component greatly contributing to improvement of Young’s
modulus of glass, it is necessary to introduce CaQO to improve
stability of glass structure and to lower high temperature
viscosity to facilitate melting of glass. However, when the
content of Ca0 is less than 8%, crystallization stability of
glass is markedly degraded. On the other hand, when the content
of Ca0 exceeds 30%, Young’ s modulus of glass tends to be lowered.
Therefore, the content of Ca0O is suitably in the range of 8-30%,
preferably in the range of 10-27%.

Y,0:. is a component introduced for improving Young's
modulus, enhancing crystallization stability of glass and
improving durability andmelt characteristics of glass at a high
temperature. 1In particular, when a large amount of Al;0; is
introduced for enhancing Young’s modulus of glass, Y;0; exerts
excellent effect as a melting aid for Al:;0:. For example, when
Al;0; of 25% or more is introduced into glass, homogenous glass
can be obtained by adding Y;0; as a melting aid. However, since
Y;0; 1is relatively expensive, its content is preferably a
relatively small amount, i.e., 15% or less depending on the
properties required for glass. On the other hand, the content
of Y;0; is too small, melt characteristics of glass at a high

temperature is degraded and specific elastic modulus of glass
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of ZrJerr] inproves heat resistance of glass and al so enhances
crystallization stability against devitrification. However, when the
content of ZrO2 exceeds 8% nelt characteristics of glass at a high
tenperature is markedly degraded, and surface snoot hness of gl ass
deteriorates and specific gravity increases. Therefore, the content of ZrQ2
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hi gh temperature viscosity, improws solubility of glass and
enhances structure stability and durability. By introducing
TiO. as a glass component, Young's modulus of glass can be
markedly improved without significantly increasing specific
gravity of glass. However, if too much amount of TiO, is
introduced into Ca0-Al,0;-Si0O; system oxide glass, the glass
Lends to show phase separation and crystallization stability
and homogeneity are disadvantageously degraded. Therefore,
the content of TiO, is suitably 25% or less, preferably 20% or
less. 1In order to obtain distinct effects of addition of TiO.,
its content is preferably 1% or more.

LizO is a component mainly for lowering high temperature
viscosity of glass to facilitate melting. In particular, when
the Al;0; content is high, addition of small amount of Li,O is
very effective for obtaining homogenous glass. However, if its
content is too high, durability of glass is degraded and Young’s
modulus tends to be lowered. Therefore, the content of Li,O
is suitably 15% or less, preferably 12% or less. In order to
obtain distinct effects of the addition of Li,0, the content
of Li,0 is preferably 1.5% or more.

As;03; and Sb;0; are components added as degassing agents
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tenmperature and controlling physical and thermal properties of glass, the
total amount of ZnO + SrO + NNO + CoO + FeO + CuO + Fe[err](err] +
Cr[err]derr] + Blerr]derr] + Plerr]Jerr]+ V[err]derr] is suitably 5% or
| ess. O her than the conponents mentioned above, addition of
Fe[err](err] and the |ike V\/nich are sonetines contained as inpurities of
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to glass, infrared ray absorbing property can be imparted to
the glass and heating treatment of magnetic layer by irradiation
with a heat lamp can be effectively performed. For controlling
physical and thermal properties of glass, the total amount of
Zn0O + SrO + NiO + CoO + FeO + CuO + Fe;0: + Cr;05 +B,0;5 + P;0z+ V.0:
is suitably 5% or less.

Other than the components mentioned above, addition of
Fe:0; and the like which are sometimes contained as impurities
of starting material and a clarifier for glass such as Cl, F
and SO; in an amount of 1% or less does not substantially degrade
the intended physical characteristics of the glass according

fo the present invention.

Glass_ (5)

Glass (5) of the present invention is characterized in
that it has a Young's modulus of 110 GPa or more.

If Young's modulus is less than 110 GPa, deflection of
substrate caused by wind pressure becomes severe when the

substrate is rotated at a speed of 7200 rpm or more and stable



G ass (4) canhaveasurface roughness (Ra) of 9A or |ess. Hi gher surface
snoot hness enables a snmaller flying height of nagnetic heads, which is
required for higher density of magnetic discs. A surface roughness (Ra) of
9A or less can realize a flying height smaller than the conventional flying
hei ght. For realizing further higher density of nmagnetic discs, a surface
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Allerr]d e(flfal o&’%nc;rné 588989%eiir};[gopglsg‘:?}%le to have surface roughness (Ra)
of 9A or less. Because of a transition temperature of 7007C
or higher, a substrate having heat resistance higher than that
of the conventional one can be obtained, in addition to having
the reduced deflection. Thus, a magnetic disc having improved
magnetic characteristics such as coercive force can be
provided.

As specific examples of glass (5) having the above
characteristics, glass (6) can be mentioned. Glass (6) is an
oxide glass comprising cations having a small ionic radius,
strong chemical bonding force and high packing density in the

glass structure in order to satisfy the above characteristics .

Glass (6)

Si0; acts as an oxide for forming the network structure
of glass and is a component for improving stability of glass
structure, i.e., enhancing crystallization stability against
devitrification. Further, Si0O, in combination with an
intermediate oxide such as Al.,0: can enhance mechanical

properties of glass necessary for substrates for magnetic

28



to substitute SiJerr], Al[err]O[err] enters into the skeletal structure of
gl ass and markedly enhance Young's nodul us and heat resistance .

24 of glass as a skeletal structure-formng conponent. That is,
A1203 is a conponent essential for enhancing Young' s nodul us and i nproving
heat resistance. However, a content of A1203 |ess than 20% cannot
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gl ass atifqﬁEﬂFe51stance and high durablllty to glass and also as a
component for enhancing stability of the glass structure and
stiffness of glass together with Si0,. Inparticular, when Al,0;
is introduced into glass to substitute Si0,, Al,0; enters into
the skeletal structure of glass and markedly enhance Young's
modulus and heat resistance of glass as a skeletal
structure-forming component. That is, Al,0: is a component
absolutely essential for enhancing Young's modulus and
improving heat resistance. When the content of Al.0; exceeds
35%, melt characteristics of glass at a high temperature is
degraded, and hence homogenous glass cannot be obtained and
crystallizationstabilityof glass is degraded. Therefore, the
content of A1;0; is 35% or less. Inparticular, it is preferably
in the range of 1-30%.

MgO is a component introduced for enhancing stiffness and
strength of glass and improving melt characteristics of glass
at a high temperature. It also contributes to improvement of
crystallization stability and homogeneity of glass. In
particular, when Al;0s, which is a component for greatly
improving Young’s modulus of glass, is introduced in a large
amount, Mg0O is very important for improving stability of glass
structure as well as lowering melt characteristics at a high
temperature to facilitate melting of glass. However, when the
MgO content exceeds 40%, crystallization stability sufficient
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tenperature. In particular, when a | arge amount of A1203 is introduced for
enhanci ng Young's nodul us of glass, Y[err]O[err] exerts excellent effect as
a nelting aid for Al[err]derr]. For exanple, when Al[err]Jerr] of 25% or
nore is introduced into glass, honbgenous glass can be obtai ned by adding
Y203 as a nelting aid. However, since Y[err](Jerr] is rel atively expensi ve,
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the production of homogeneous glass. However, because rare
earth metal oxides are relatively expensive, they are
preferably added in an amount as small as possible depending
on the desired Young's modulus. If toomuch amount of rare earth
metal oxide is added, while Young's modulus of glass increases,
specific gravity also markedly increases. On the other hand,
addition of rare earth metal oxide in a proper amount greatly
contributes to improvement of Young's modulus of glass.
Therefore, the total amount of rare earth metal oxides is
suitably in the range of 1-27% depending the Young's modulus
desired for glass used as magnetic disc substrates. In
particular, the total content of the rare earth metal oxides
is preferably in the range of 2-20 %.

Li,0 is a component very useful for improving melt
characteristics of glass at a high temperature. In addition,
addition of small amount of Li,0 advantageously and markedly
reduces specific gravity of glass without significantly
changing Young’s modulus of glass. Glass containing Li;O even
in a small amount is advantageous for the production of high
strength glass, because it can be chemically tempered by ion
exchange. However, the content of Li,0O is too high,

crystallization stability of glass tends to be lowered.
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gravity of glass. However, if too nuch amount of TiJerr] is introduced
into CaO-Al[err]O[err]-SidJerr] systemoxide glass, the glass tends to show
phase separation and crystallization stability and honpgeneity are

di sadvant ageously degraded. Therefore, the content of TiQ2 is suitably 25%
or less, preferably 20%or less. In order to obtain distinct effects of
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are conpored¥sOaddée:Cast deg@ssi TipCagelbsO: is more than 25% to increase
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However, if the Tmmuattsfas hotdegarssi §Uasgesksl é6al of kel r SPRGHT
gravity ofc(%lépass i,S increased ari specific el astic nmodul us tends to be
I

| over ed. 31 on, 2 hey? mdP I AR Wi CRTRRG R amage B pl WS dHE bl e
for melti mentihwrafy ischeicont emprogeswmdlablchal¥cakerliesscspoefgradd v 2%

or 1 ess. _Ih 1 dsp oDt Al ditioct effeots, of ihe addisi pnof the,
degassi ng agent, the content 1s prefera J[y ' 20%°0F nore The "ot her
conponent s”‘gi}é}d%lrﬁ{ &P} e rglasg epmpopenty , YBIeg § gosiulls of [Hragserr],
ZnQ, SrO O bé&oRarkebekr |idwidded Qi g6t BRYNBEiadded f amctdigld | ng
mel t specific gravity of the glass. In particular, in glass
containing a large amount of MgO or Al,0:;, TiO, improves melt
characteristics at a high temperature and crystallization
stabilityof the glass and is surely expected to enhance specific
elasticmodulus of the glass in combinationwith Al,0;. However,
too much amount of TiO, is introduced, glass tends to show phase
separation and hence crystallization stability and homogeneity
of glass are disadvantageously degraded. Therefore, the
content of TiO; is suitably 20% or less. In particular, its
content is preferably 15% or less. 1In order to obtain distinct
effects of addition of TiO;, its content is preferably 2% or
more.
ZrO; 1s a component introduced mainly for enhancing
durability and stiffness of glass. Addition of small amount
of Zr0O; improves heat resistance of glass and also enhances
crystallization stability against devitrification. However,
when the content of Zr0; exceeds 8%, melt characteristics of
glass at a high temperature is markedly degraded, and surface
smoothness of glass deteriorates and specific gravity increases.
Therefore, the content of Zr0; is suitably 8% or less, preferably
6% or less. Inorder toobtain distinct effects of the addition
of Zr0;, the content of ZrO; is preferably 0.5% or more.
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characteristics at a high tenperature and physical properties and the |ike
of glass. For exanple, addition of a small anobunt of P[err](Jerr] does not

substantially affect specific elastic nodulus of glass but significantly

| ower high tenperature viscosity of glass and therefore nelting of glass is
facilitated. By adding a small anpbunt of a colorant such as Verr](err],
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preferably 130 GPa ornore. Young®s nodul as possSi b?’e IS
desi red, |qr|§05hadﬁ}calﬁ¢%£ﬁ9h¢ amount selected dependlng on high

temperature viscosity of glass, more homogenous glass can be
obtained. However, if the amount of the degassing agents is
too much, specific gravity of glass is increased and Young’s
modulus tends to be lowered. 1In addition, they may react with
and damage a platinum crucible used for melting. Therefore,
the content of As;0: + Sb;0: is preferably 2% or less, more
preferably 1.5% or less.

The other components such as Sr0O, Co0O, Fe0O, CuO, Cr,0s,
B;0sz, P»0;, V;0:, etc. may be added for controlling melt
characteristics at a high temperature, physical properties and
the like of glass. For example, addition of a small amount of
P;0: does not substantially affect specific elastic modulus of
glass but significantly lower high temperature viscosity of
glass and therefore melting of glass is facilitated. By adding
a small amount of a colorant such as V,0:, Cr;0s, CuO and CoO
to glass, infrared ray absorbing property can be imparted to
the glass and heating treatment of magnetic layer by irradiation
with a heat lamp can be effectively performed. For improving
melt characteristics of glass at a high temperature and physical
and thermal properties of glass, the total amount of ZnO + SrO
+ NiO + CoO + FeO + CuO + Cr;0: + B,0; + P,0s+ V.0 is suitably
8% or less.

Other than the basic components mentioned above,
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150 GPa or | ess. G ass (5) is glass whose surface roughness (Ra) can
be nmade 9A or less, in addition to having a Young's nodulus of 110 GPa or
nore. Hi gher surface snoothness enables a smaller flying height of magnetic
heads, which is required for higher density of magnetic discs. A surface
roughness (Ra) of 9A or less can realize a flying height smaller than the
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28 arge scale productlon cannot be obtalned If the Si0Q,

content exceeds S55molar %, specific elasticmodulus and Young’s
modulus of glass is significantly degraded. The Si0O. content
is more preferably in the range of 30-50 molar 2.

Bivalent metal oxide represented by RO may be selected
from Mg0Q, CaO, Zn0O, NiO and the like and does not limited to
these oxides.

In order to improve specific elastic modulus and Young’s
modulus of glass, it is preferred to add at least one of TiO»
and Zr0O;. The content of TiO and/or ZrO; is suitably more than
5 molar % in order to improve specific elastic modulus and
Young’s modulus of glass. TiO; enables to improve Young’s
modulus without increasing of specific gravity of glass.
However, if too much of TiO; is introduced, glass tends to show
phase separation and hence crystallization stability and
homogeneity of glass are disadvantageously degraded.
Therefore, the content of TiOQ, is suitably 25 molar % or less,
preferably 20 molar % or less. The content of Zr0Q;is preferably
8molar % or less. If the Zr0O, content exceeds 8 molar %, melt
characteristics of glass at a high temperature is markedly
degraded, and surface smoothness of glass deteriorates and
specific gravity increases. More preferably, the content of
ZrO; is 6 molar % or less.

In order to improve melting properties, LiO, may be
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recordi ng nedia such as strength and stiffness and al so i nprove heat

resi stance of glass. However, glass containing nore than 60% of SiJerr]
cannot contain a large amount of Al[err]Jerr], which is a conponent
contributing to inprovenent of inpact resistance and nmechani cal strength.
Therefore, in order to obtain glass having a high Young's nodulus, the Si Q2
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mel ti ng of glass. However, O cont
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Glass (7)
Glass (7) contains 20 molar % or more of Al,O. In

Si0;-Al.:0;-RO glasses, glass with higher Al.,0; content exhibits
higher specific elastic modulus. Glasses with 20 molar % or
more of Al,;0; exhibit 38 x 10° Nm/kg or more of specific elastic
modulus which are higher than that of conventional glass for
information recording media. The upper limit of Al,0; content
is preferably 40 molar %. When the content of Al,0; exceeds 40
molar %, melt characteristics of glass at a high temperature
and crystallization stability would be degraded. When glass
contains 20 molar % or more of A1,05, it is suitable to introduce
at least one selected from MgO and Ca0 as RO. When glass
contains a lot of Al,0;, these components act to improve
stability of glass structure and facilitate melting of glass
by reducing glass viscosity at a high temperature. However,
if too much amount of these components are added,

crystallization stability may be degraded. Therefore, the
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for large scal e production cannot be obtained for glass containing a | arge
anmount of Y[err]Jerr] or Al[err](err] for enhancing inpact resistance and
strength of glass. Therefore, the content of MJOis suitably in the range
of 0-40% In particular, the content of MJOis preferably in the range of
5-35% Rare earth nmetal oxides such as Y[err](Jerr], Laferr](err],

Coclert ) Bt festad M|y o e late g Bl porgelgenl |

Trierr]Jerr] and Yb[err]qerr] are conponents introduced for inproving

Young's rrwj?_(ﬁnhanci ng crystallization stability, and inproving
durability and nelt characterlstlcs of E| ass at a hig erature
mw?%qrﬁi

particul ar, whefl&SSarl§e SRBGALNST 2A1PREFF Of ePFMPEe & %&”gl ass
for enhancs‘:mg ~-hh exiral gdtarsergt, h gaadsi wmantmeaestngoe:mﬁe;ﬁa&smﬁew ol e of

the rare ar h |de arretln of Al[ rrl, .cannogt be
i gnor ed. gtheexranbeclq‘:X r?%f(f oormﬁgl"1 u%f ??Tﬁ‘grr qiésa |Jn rrgduced into
gl ass, VY| errqr]eCIOér MpOi @@blmcﬁ%pehgamne”@momene ¢ Brspdwl Prodlatsitare of
homge”eo%oﬁiha&s whiQYEUe h@%ﬁ@gsﬁaéﬁr Engarsh %%n%r@aﬁs AEd elatively

expensi ve, they are preferab In_an anDunt as smal|l as possible
dependi ng 18H afa tded] F@&O‘?@&ﬁg Bedhau| e pPregol ith Odﬁrb'ftgrﬁoréﬁerﬂ%rlé earth

met al oxi ga-dferagdeds s whilkhe Youmg'en ﬁm@lubﬂeeﬁ’t A M@@ elxdeeeasEsno spee fic
gravity al so r.kedl

| ..Ont th ddi t f th
Il o G SR R R RRE T Wy BeonE T BeRe (9 Fppogain Mo °
Young s nmpchd fiesradfl Wlrassye sTHdEr-eflome L arhes .t ot al anmount of rare earth met al
oxi des is suitafhy &a@% (29819 leoz?né’ %De:peﬁddf‘%érrbe P‘fﬂﬁs medylu

desired for glass Uus as magnetic disc substrates ‘cular, the

total contserttadfle He dataosiuceh hefllmokatles 95 Hprbter A ;thieh qqii’éetﬂetnge of
2-20 ofLindChi §sa5 GRIRANeNd r VIS s ue%fyéltaflqu zlambevsegbm?hty m dyt f
|on O

characteristics. o ss at a high te ature .

el 1 BRI G | o G e etoust AL G ety IPottas Spodiits
gravity ofok@rmﬂ:e\misides sighi f gtassl| yad:hanagl nigiyoungespppdubine ofargl ass.
d ass cont&ag%qlhdzzdceleo\ﬁe%Ea%ﬁlscrpalnlayarﬁ%urgedr%oaeqivant ageous for the

producti on
CaO as RO may be added other than MgO. CaO0 act to improve

melt characteristics of glass at a high temperature and
crystallization stability. However, if too much of CaO is
introduced, specificelasticmodulus maybe lowered. Therefore,
the content of CaO is preferably 27molar % or less.

Glass (9)

Glass {9) further contains ¥;0:. In Si0;-Al.0:-ROglasses,
specific elastic modulus can be improved by addition of Y;O:.
The content of Y;0: preferably ranges 0.5-17 molar %. Y,0; 1is
a component for enhancing Young's modulus and improving
specific elastic modulus. However, a content of Y;0: less than
0.5 molar & cannot sufficiently obtain the effects. On the
other hand, when the content of Y;0: exceeds 17 molar %, Y.,0:
does not contribute to improvement of specific elastic modulus.
In addition, a lower content of Y;0:;is preferred because it is
expensive.

Effects of Y;0;addition can be obtainable in Si0,-A1:;0:~RO
glasses regardless of the contents of Al;0; and MgO as RO, and
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strength gl ass, because it can be chemcally tenpered by ion exchange.
However, the <content of Li20 is too high, crystallization stability

of glass tends to be | owered. _ 30
Therefore, the content of Li[err]Ois suitably 20%or |ess, preferably 15%
or less. In order to obtain distinct effects of the addition of Li[err]Q

the content,®f chil &/d 1L3dsq PEsf %%@'%’1@5@% 5'!5”@- e pr serlr{ ?ﬂ'fé:%t? 1t s
suitable that total appunt_of Li[err]O + MO + fler Cierr + Laferr](err]
+ Ce([ er r] S BRERIPT OF BriFPLlar Ne[@F r]ex@er?f AlShierr PO BetRr +% Fof enef ) err]
+ Gd[err] Gberngo+ Thl parkCkeanek, ta8ui ei6h @ erv,b, toHgl 855 &8k tatning
Er[err]Qeé%ﬂPi Tderr er +Yb£err]%err] is nore than 25%to I ncrease
gl ass crys%a AR ﬁ?f%ilz%hﬂ EhEEGre VG e dTREABERARE O, speakElic

dur abi | i t yelastioshedniuatand ghel enpespdaiteristics ofi §Passt st as oy of a

gl ass skel ure-formng conponent and a nodifying conponent.
It | owersgérﬁé%]?}ét%lgfrr%erat ure viscosity, inproves nelt characteristics of

gl ass and enhances structure stability and durability. By
introduci ng1 dJ§£2(pg) a gl ass conponent, Young's nodul us of glass can be

mar kedly inproved W thout significantly increasing specific gravity of the
gl ass. g I nrrppar tcﬂ\'ﬂﬁsdr ?10} nlgl e onf @ nitRGOETMRELGR diRsiomdisng o

Al [err] J ecitdradief exed birnm’tm/cel ?Urﬁﬂotntl@halrsa‘éh@r bt in@%e?{:hén Mg?e%&@ﬁt : rature
and cryst j i S it t he ass and.is surely_expe

enhanc)é s?é’%:ﬁ% S(i:%lqaesc%tl%é:f %apél%q%e of ecfﬂlﬁlsﬁg?ﬂg or 13, %, éor_' Mn, Fe,

conbi nat i dfmi tHAI [Catrr Q) eGa] .Ge Howe Ve, , NbpoMoucha areun®rof N&j Bmj sSm,

i ntroducedsy gldass ENes,,t @oShEW, PRASeySeRafF aty on a%r&dwhﬁﬁcghgrly%ﬁ@é |j#ation
stability 3and honpgeneity of_ gl ass are di sadvant ageousl'y degraded: _
Ther ef or e,>~1he® ent of Ti2 is suitably 20%or less. In particular, its
content is prefersdd bekblsbbwhesbiat! &n 05gRde tdx gbbai 0i dist potuedf agd s of

addi tion OifmpTJ.ioCJeerYroldngi’tssm%%rlylgrs]t. {.Jgepcggfteflree}sbel %u osA)t%rﬁces are based on
a theoretical idea of the present inventors that use of
substances having high induction rate, which may increase glass
filling density by introducing into glass, may increase Young's
modulus of glass. In the same manner, by introducing metal oxides
listed above which can increase glass filling density when they
are introduced into glass in the range of 3-30 molar %,
relatively high Young’s modulus (e.g. 90 GPa or more) can be
obtained. Such glass are highly suitable for substrate for
information recording media such as magnetic discs. When the
amount of said metal oxides introduced is less than 3 molar %,
the increase of Young’s modulus of glass is insufficient, and
is not preferable. Also, when the amount of said metal oxides
introduced is over 30 molar %, glass crystallization stability
and homogeneity may be degraded, or specific gravity is largely
increased while specific elastic modulus is decreased, wherein
these changes differs depending on kinds of the metal. Therefore
it is not preferred. The lower limit of amount of said oxides
introduced is, with the consideration of increase of Young’s
modulus, preferably 5 molar %, more preferably 10 molar %. And,
the upper limit of an amount of said metal oxides introduced,

with a consideration of glass crystallization stability,
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nor e. ZrJerr] is a conponent introduced mainly for enhancing
durability and stiffness of glass. Addition of small amount of ZrQ2
i nproves heat resistance of glass and al so enhances crystallization
stability against devitrification. However, when the content of ZrQ2
exceeds 8% nelt characteristics of glass at a high tenperature is markedly

degraded, ApAosUnbacy, sHRA! bpesseol ahass; QGRSBhQEg}e%gagge?8§8£igregraVity

increases. Therefore, the caontent I's sult €ss erably
6% or | ess™OfA ord@Pr?OPBB?QFﬁbéb’s?—pn@Pléff gets of the addition of ZrQe,

the content of ZrQ2 is preferably 0.5% or nore.

31 ga gno Ni O nd Fegerr err] are gorrponents

i ntroduced mainly f8F %? gi arm’ef‘ °E‘H€1F ehefrsPrdingtmgdifgh tenperature
and crystalli zatSulus’srabeislfto)t nﬁf@h@é&foﬂ'lrés:ar@mﬁg%@iﬂéoh%e? k@?gﬁﬁ
cationic ef fectiye or cr atio
stability \Aﬁggh?% T %ﬂj nI{ng G ]\é sb‘?ldb%ﬂ?glp %@e ?V_ig\}é\? Pra7¥e¥ oo
much amount1bf ( Mérﬁl%m‘él@mdommeej Mmpﬂle@ grfavnfysrmﬁtgbasset@f,dEﬁges and

Young' s nogebius decieRses. mJ@@é@{@f%echelh %# Q&% CaB ¢ ”C¢ NiO
and Fe[err is suitably 15% or less, pre era %or Fess n order
to obtain ’%i% EL‘F HITGnpfate aagiLvrss Téﬁigltlﬁ*ék@ ovaroserets ast hard ot al

content isdpsefer dilze dUdOshaPE &F the sudsteitd aer bt Ak Sern Plepr] are
conponent s dq to obtai n honogenous gl ass.

d d t n ord
By addi ng %\g erecrsj gﬁ?f?asﬁ’egg[sggg]@égh] %r%b& W??\s%ngwlpé(ﬁpélﬁﬁouh%
sel ect ed d@p@mﬂ:hgrone@l g eenpeiatoge hiiggcomitfacd ghasshne®s e hepggenous
glass can @@r?@éé" é&ﬁ@otﬁi@é‘@é’%eﬁdg d /e {rout O]:frtaenk%r% %']('9099 nis 1s

t oo nuch, ecific gravit ass is increase urg''s nodu s t ends
to be Iowe‘? dSU¥ hR &Rl dF P 7 e%ﬁe@ﬁ‘hy redete wiltsitance between magnetic

head and magnetic disc can be reduced by a magnetic disc using

a substrate with high surface smoothness, higher recording

density is obtainable.

Production method

The glass and the glass substrate of the present invention
is not particularly limited, and can be produced by a
conventional production method. For example, glass materials
of a given composition can be melted by the high temperature
melting method, i.e., melted in air or inert gas atmosphere,
homogenized by bubbling, addition of degassing agent, stirring
or the like and molded into plate glass by well-known press
method, down draw method or the like. Then, substrates for
magnetic recording media of a desired size and shape can be
obtained from the plate glass by processing such as cutting and
polishing. In the polishing, surface roughness (Ra) of 9A,
preferably 3-5A can be obtained by wrapping or polishing with
polishing powder of cerium oxide or the like.

Because the glass of the present invention is excellent
in the heat-resistance, surface smoothness, chemical
resistance, optical properties and mechanical strength, it can
be suitably used for substrates of information recording media

such as magnetic discs, glass substrates for magnet optical
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and damage a platinumcruci ble used for nelting. Therefore, the content of
As[err]Jerr] + Sb[err](err] is preferably 2% or |ess, nore preferably
1.5% or | ess. The ot her conponents such as SrO, CoO FeOQ CuQ
Cr[err]derr], Blerr](err], Plerr]dJerr], Vlerr](Jerr], etc. nay be added
for controlling nmelt characteristics at a high tenperature, physica
propertie t i I . r i 0 I unt
of P[err]gier.ri' g%ea.!séigélggﬁggﬁgﬁt'lfgﬁv aﬁeécctecrs%g%% isgl%e %g"ﬁ:l?:g%) ul us of
gl ass but @RFFal cHrtdsy hemdr rRisge teatpephstiratersEesi 9w dferny et Wit
theref ore gl §dRas©f1 @S Si1S doRCi bk hhatiesky Hya PedisRd o8 88REEe3Mktcpf a
col orant such as Y%er ]%%err , O err{;%err CuQ and Cbcgégrq%gfs,

i nfrared r&y° atsy tr‘?fg; % IR D Ihﬂa(%l?'eosq SR & afftf He4t i ng
treat nent efeaaginetarnd | eyertinnid ragh@ingancsvidh tehdeatkd anp can be
effectively performed. For inproving nelt characteristics of glass at a
hi gh tenperature and physical and thermal properties of glass, the total
anount of ' BSANi O + CoO + FeO + CuO + Cr[err]derr] + Blerr]Jerr]
* Plerr]dlerr] + MELERCLOErlqdes: SUhLAR! ui8H OTchfiSSising @ QUILASAD the
basi ¢ conmponents menfi oned above, . , _ 32

i npuriti esCOMRISRA o Ahelakass of £be presaniaweadion desghgosdave in an
anount of 94 art liesstdaesafabt s8bs4 pot | A Anedledr adRat Reshntepdeslt the
characteristics of th l.ass a corduggbto Ihe_gresent i nvention. Common

items in GHTELR S L) Pe exPiqI e GG LRI err] - - RO gl asses of the
present inventi cig 18y€remnithe rortearnthrajagnedonpbagat s unletriyiglgalssyemct s as
an oxide for,formng ;the NetUBEK-SEEHGIM G Of HeAR0inRAd LEnfr&PMRARANt for

i mpr ovi ng
and the like are optionally formed depending on functions of

the disc. These layers can be formed by various thin film-
forming techniques.

Material for the magnetic layer is not particularly
limited. For example, in addition to Co magnetic layers,
ferrite magnetic layers, iron-rare earth metal magnetic layers
and the like can be mentioned. The magnetic layer may be either
for horizontal magnetic recording or vertical magnetic
recording.

Specific examples of the magnetic layer include, for
example, those containing Co as a main component such as CoPt,
CoCr, CoNi, CoNiCr, CoCrTa, CoPtCr and CoNiCrPt, CoNiCrTa,
CoCrPtTa, CoCrPtSiO and the like. The magnetic layer may be
consisted of multiple layers comprising a non-magnetic layer
for noise reduction separating magnetic layers.

The underlying layer of the magnetic layer may be selected
depending on the nature of the magnetic layer. For example,
the underlying layer may be those comprising one or more of
non-magneticmetals such as Cr, Mo, Ta, Ti, W, V, Band Al, oxides,
nitride, carbides and the like of those metals. For a magnetic
layer comprising Co as the main component, an underlying layer
of pure Cr or Cr alloy is preferred for improving magnetic
characteristics. The underlying layer is not limited to a

monolayer, and may be composed of identical or nonidentical
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crystallization stability of glass structure. The Si(Jerr] content
preferably ranges 25-55 nolar % If the SiJerr] content is less than 25
nolar % crystallization stability of glass is significantly degraded
and sufficiently stable glass suitable for |arge scal e production cannot be
obtained. If the SiJerr] content exceeds 55 nolar % specific elastic

nodul us a Yﬂg’nﬂe‘sa{wgus LS shLanj.fi Ly . d T

Sigerr] glg%]]f ent_ | sl for e pr eE?,)fér glﬁl@é@il'rel't Eggrgfﬁg?ggkég-gg{lﬁgﬁ%y (V%.'@ a
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or ot or red G b MR ST GISE BRATSInST £ a19aC Ay BECPERTE et TREteRR drte of Ti o
and/ or Zr Gwrsiratse sand abhy megeetbhanlayepl atr YUn rther dergriar iigrpraoxer .
specific ' u ' | ys_af . gl Ti les ;to

i nprove Y%%%élis&m%%uascse\/m%g&%%%%cr%efgg?‘%gagf 83%)%&?}? (?%ef;lr \%2 rg}g?bllgefdass.
However, iy tbe wuehewteds doatrloli sayarr ddwcrdongrasslissnds nuesgephase
separ at i ong ahid hence Ssyshiddd i Zatdpn n%gfrpéﬂié yaAd fipioagnel ty rPif%rgﬂﬁSS are
di sadvant ageo,uslf/ degraded. Therefore, the content of TIOQ2 is suitably 25
nol ar % orf§sP I§FePBriBICydDBC IFATaPeR R VIERI: VAT USnRRREL bR LA %I r] s
pref er abl yos@l@ti S aletdhRess fokf thlaund€dhitddy eintexaeedsecd natvadén nel t

characteristics of ass at a, high, tenperature is rkedl y degrad and
oot ace st o8l Bh8T AR G bdrr SRR E Bk St d e HE b 50 A et OO
Mor e pref enatbdnial hef ctom entevodnri&r s erorjticl 6lapdrama®y dre |lagss.or more I n
order to i V., | £ i €S,y LG eft] y .

33 M%ﬂfrﬁu‘%&e% Wél ncélt’ooigr’rulcrg'pﬁbl'_i gérgf’ tehds”to (f%f\A/eCru’Young' s
nmodul us ofAlyl 88y, Bfisiwdls/l GenoMat anfloEhexhhbre 2l hovarthgegofeskides,

nitrides, carbides thereof and the like. For the ease of
production, those produced from metals containing Al as a main
component such as pure Al, Al alloys, Al oxides and Al nitrides
are preferred.

For good head stiction, surface roughness of the
unevenness forming layer is preferably Rmax of 50-300A, more
preferably Rmax of 100-200A. When the Rmax is less than 50
1\, the disc surface is nearly flat, and hence the magnetic head
and the disc are absorbed to each other. This may
disadvantageously cause damage of the magnetic head and the
magnetic disc, and head crash. On the other hand, when the Rmax
exceeds3001\,glideheightbecomeslargerandrecordingdensity
is disadvantageously lowered.

Unevenness may be provided on the surface of the glass
substrate by a texturing treatment such as etching treatment
and irradiation of laser 1lights instead of providing the
unevenness control layer.

The protective layer may be, for example, a Cr layer, Cr
alloy layer, carbon layer, zirconia layer, silica layer or the
like. These protective layers can be successively formed by
an inline sputtering apparatus together with the underlying
layer, themagnetic layer and the l1ike. These protective layers

may have either monolayer structure or multilayer structure
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of LiO2 is preferably introduced. It is possible to subject glasses
containing Ligerr] to chemcally strengthen treatnent by ion exchange.
When a thin filmis formed on a substrate made of al kali-free glass which
do not contain LiQ2, any al kali substances do not mgrate into the film and

hence the filmis not adversely affected. In order to inprove
crystalli nl id J[G&P'LJ&E ﬁ&ee rr r], Plerr](err],
Vlerr](err Ig%e%rﬂf J]déﬁé;ﬂ err] err ﬁ%gelra]r Iesretc may be added.
As[err](err] addidheshre leyergmay kel EFO%@?dI@%sgr s tRahdded

as degassuﬂgtag%&w&édtﬁmgﬁéyéﬁe& 1131 cHOAMHPN OUF o @88mp X0 Oa sI1QcdM O

CoO, Fel[err err err rr]derr], Plerr
V[err]qerq)]%q éhﬁybeléﬁa dfw% k&%n]tf%{“ an éJnmaT-}PecﬁéP @F&% k%veali a
hi gh tenpeﬁ@twcﬁ;ecpfammlbprmwrﬁﬁ etk dd18cdst kel Ifnegl st By iaddimg a

|1 I t h Cr Q .and CoO
0 gl acs, THITSHEE T 59 L0RGSr by BPUSEr {50 CLA-SY | area £ (T Uids. an

heati ng tr@aﬁtme@f ﬁagneﬁlmtélayeq byei raladliat’edoda\metrh a Beas Ilamsercan be
effectivel ( r % or
?‘Jrffﬁ 1ett ? both(% %*}%t(eerzl)glve aye%1 %ﬁé as zZﬂ uﬁ@@%ﬁh@%s?c%r{@cﬁ 0

nore of Al err| | asses, glass with
hi gher Al[ B\¥§ g err] cont ent exhi bi ts hi gher speC| f| C eI asti c nodul us.

d asses with 20 wmlar v¥rabusokenab Hf[eiydd erae @éléhbpt:o§85éd1£)s£ aHd N kg
or nore of stpemflc el.astic nt at

Convent i onaiBS A R8s TR W ntai A E Sl Y ahetiibare Paidyy
Al [ err] J erufricmattierd agemnr,efmrmabluodpaipterhd, \Whicnittdre igord estlwEdnt

Allerr]J e C 0 o i hi gh
t enper at urgedéa}hgéc%ggtgglél PQDJE%O% 191({Jablf% rfr&%ra%%%? b%bggg %La%en gl ass

cont ai ns ZNdELRD e%éﬂGnﬁ?%CéﬁtAﬂ[J@yq@@r% Peaﬁttﬁ%até‘tﬁﬁfaﬁﬁéquﬁllll?ﬂ@oduce
at | east one selected from MJO and CaO as RO Wen gl ass contains a | ot of

Alferr]Jerr], these conponents act _to inmprove stability of glass structure
and facilitate melting of glass by Eéé%@ﬂgé gl ass viscosity at a high

tenperature. Hoviwerpreédent oonvemichon arblbt beoffurtthese expdrgiorentwsi tiar e

dded, jzati ity ded. Therefore, th
24 ed, crystalldgalion §fady fof Yy A& fayade eretore, the

The glass compositions given in Examples 1-61 which are
examples of glasses (1)-(4) are shown in Tables 1-5 and the glass
compositions given in Examples 100-1%0 which are examples of
glasses (5)-(6) are shown in Tables 6-13 inmolar %. In addition,
the glass compositions given in Examples 200-209 which are
examples of glasses (7)-(9) are shown in Tables 14 in molar %.
Most of these examples are examples of glass (10).

As the starting materials of these glasses, Si0;, Al,0s,
Al (OH) s, MgO, CaCO;, Y;0;, TiO;, Zr0;, Li;CO; and the like were
weighed into 250-300 g portions according to the given
compositions shown in Tables 1-14 and mixed sufficiently to
provide formulated batches. Each of them was charged in a
platinum crucible and melted in air for 3 to 5 hours at 1550C.
After the melting, the glass melt was cast into a carbon mold
having a size of 180 x 15 x 25 mm or ¢67 x 5 mm, left to cool
Lo the glass transition temperature, immediately transferred
into an annealing furnace, annealed in the glass transition
temperature range for about 1 hour and left to cool to room

temperature in the furnace. The resulting glasses did not
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content of MJO + CaOis suitably in the range of 15-40 nolar % G ass (8)
A ass (8) contains 20 nolar %or nore of MO as RO In
Sigerr]-Al[err]O[err]-RO gl asses, glass with higher MJjO content exhibits
hi gher specific elastic nodulus. @ asses with 20 nol ar or nore of MyO
exhibit 38 x 10[err] N kg or nore of specific el asti c nodul us which are

hi gher thap, SARLIR | G0abs9Lgas Ll ch N OTLEoNob8ERr Nty ed 3 The

upper limt o con is pr era
Whent hecomleifﬁQﬁCMg@xceeds%rml ar % cr yst allization stability may be

degraded. The ceNte ,0b-MQRFi@lELs @Rl wigesx 2849 5 A r¥polisheden
gl ass contains 20 nolar % or is suitable_to introduce 5-40

mol ar % of 1D &GS aving a ﬁézéoﬂfwg?o(ff 1 et &fePr] 1P s* 51 ot &0 % or
Ie[ss ]ca/smxaldnczaisadm aetastaxﬂplté,s Ny beaaiﬂhgd’@c&ﬁts dﬁ ytqu:'cmtnen:tulcﬁs, o ah
Al[err err ceeds V) aracterls ss at i
terrperatursé) a%lfcﬁﬁsrtaéfl |yz§tn| é(gt abﬁ?ﬁ/ éma e deg d’?dtkglcaknes%a% angO
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gl ass at 3l phstemarAl s pandcekhalds gatianesihidddos . HRURYele 1 0o

much of CaOi1s Introduced, speC| asticno usma owere erefore,
t he cont erfilasts gaeces @)féfceﬂabWZQ?ﬂfﬁ)Mﬁrre%Je@unés@to 1éloa1§§51(1930Wder: d ass

(9) f ]yrt h%}'rf%D{EthinQSch letfhrd ge%h%]tlng| ﬁ@h%ﬁgﬁdreg\gk%rﬂg]eg ];Eh:c(]a ol 2SR
SpECI IC elastlcC us cC rove a I 110N 0O rr err
Pt nt oA CRETHITSE it e et Feanarsngnt Waig St -3sdg e ™

conponent a‘mrammzmcl r]‘ge\imemgulsemmdtllastandgl' apraduehgs specathtevédsty C

modul us.  HNGYET o S EANLRINN O] MY IChRI. s dhap 1 5, 19 g, % cannot

sufficient ain when 't he content of
Ylerr]Jer r] excedde sl pinslaiase ypeghpeper rf]ip@@)eﬁlﬁdlr%‘cmtth plaung's

| npr ovenen{,ff1.80ed écqfellca%tllaet&redﬂbaﬁlugnaﬁédﬁfax%t?oﬂ%@ﬁp&%@ﬂg of
Y[err](err |s pre erre because it is_expensive. fects of

Ylerr]de i e BHREHISRS 9T S EAgseA [ rﬁﬁ“@’r]ﬁs

6l are shown in Tables 1-5 together with the glass compositions.

The obtained glasses were cut into discs and their main
surfaces were polishedwith ceriumoxide to affordmagnetic disc
substrates having a radius of outer circular periphery of 32.5
mm, radius of inner circular periphery of 10.0 mm and thickness
of 0.43 mm. The results of deflection measurement of the
obtained discs are also shown in Tables 1-5.

Values of surface roughness, Young's modulus and
transition temperature obtained in the measurements for the
glasses of Examples 100-130 are shown in Tables 6-13 together
with the glass compositions.

Values of surface roughness, specific gravity, Young's
modulus and specific elastic modulus obtained in the
measurements for the glasses of Examples 200-209 are shown in
Table 14 together with the glass compositions.

For comparison, compositions and characteristics of the
ion exchanged glass substrate described in Japanese Patent
Unexamined Publication No. Hei 1-239036 and the glass substrate
described in Japanese Patent Unexamined Publication No. Hei
7-187711 are shown in Tables 5 and 13 as Comparative Examples
1 and 2.
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substrate and t he magnetl c layer or on the magnetl c layer. Because surface
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conprising identical or different |ayers. Anot her protective |ayer
may be provided on or instead of the protective |ayer expl ained above. For
exanple, a silicon oxide (SidJerr]) layer may be formed on the protective

llayer mentjoned above by applyi ng tetraal koxysilane diluted in an al coholic
sol vent, 4n v@;qﬁ gp gdld%b sitica s further<dispersed; and sintering the
applied Payer.- -Thi 5 -llaye® if uhctii ohs ias|bot h=a protectifve | ayer and as an
unevenneSScccﬁirBI?ldﬁer. W \ihi £ e ValIOUSHkIﬁa< of [Eayers have been
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contain crystals deposited which can be observed by a m croscope.
@ ass pieces having a size of 180 x 15 x 25 mm were polished into pieces

having a size of 100 x 10 x 10 nmm or
for neasurenents of Young's nodul us,

10 x 10 x 20 nm and used as sanpl es
specific gravity and DSC. d ass di scs

of [err]67 x thickness of 5 mmwere polished into discs of [err] 65 X
t hi ckness of 0.5 nm and usedas sanpl es forneasurenent of surfaceroughness.
Thepl ate gl ass pieces of 10 x 1 x 20 nmwere ground into 150 mesh powder,

and 50 ng.§
subj ect el Q& th
measur emgng—
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described in Japanese Patent Unexam ned Publication No. He
shown in Tables 5 and 13 as Conparative Exanples 1 and 2
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As seen from the results shown in Tables 1-14, the glasses
of Examples 1-61, 100-190 and 200-209 have a high glass
transition temperature and hence have sufficiently high heat
resistance enough to bear desired heat treatment (usually at
a temperature of 700°C or lower). 1In particular, they exhibits
high glass strength characteristics such as Young's modulus
and/or specific elasticmodulus. Therefore, when they are used
as substrates for magnetic recording media, they are not likely
to exhibit warp or walking even when they are rotated at a high
speed, and hence they can meet the demand of further thinner
substrates. In additlion, they can have so excellent flatness
as to be polished to a surface roughness (Ra) of 5A or less,
and therefore they can realize smaller flying height.
Furthermore, the glasses of Examples 1-61 also exhibit reduced
deflection. Therefore, the glasses of the present invention
are useful as glass substrates for magnetic recording media.

On the other hand, while the chemically tempered glass
substrate of Comparative Example 1 is excellent in surface
smoothness and flatness, it is substantially inferior to the
glass substrates of the present invention in heat resistance
and strength characteristics such as specific elastic modulus.
Therefore, when it is used for producing magnetic recording
media, it cannot be subjected to sufficient heat treatment for
the magnetic layer to obtain high coercive force and hence
magnetic recording media having high coercive force cannot be
provided. Moreover, such a glass having a low specific elastic
modulus of around 30 x 10° Nm/kg suffers severe warp and
deflection when it is made into substrates and therefore it
cannot be used for thinner substrates.

The crystallized glass substrate of Comparative Example
2 is significantly inferior to the glasses of the present
inventionas tospecificelasticmodulus and surface smoothness.
In particular, the surface smoothness of the substrate is
degraded by relatively large crystal particles and hence higher
recording density cannot be achieved.

The glasses of the present invention have high Young's

modulus, high specificelasticmodulus and high heat resistance,
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and therefore they are extremely useful as substrates for
magnetic discs.

Method for producing hard disc

As shown in Fig. 1, a magnetic disc 1 comprises a glass
substrate 2 made of the glass of the above Example 1, on which
unevenness control layer 3, underlying layer 4, magnetic layer
5, protective layer 6 and lubricating layer 7 are provided in
this order.

Each layer will be explained in detail. The substrate
1 was a disc having an outer circular periphery radius of 32.5
mm, inner circular periphery radius of 10.0 mm and thickness
of 0.43 mm, whose main surfaces were subjected to precision
polishing so that they should have surface roughness Ra of 4
A and Rmax of 40A.

The unevenness control layer is a thin AlIN layer of 5-35%
nitrogen content having average roughness of 50A and surface
roughness Rmax of 150A.

The underlying layer is a thin layer of CrV composed of
Cr: 83 at% and V: 17 at% having a thickness of about 600A.

The magnetic layer is a thin layer of CoPtCr composed of
Co: 76 at%, Pt: 6.6 at%, Cr: 17.4 at% having a thickness of about
300A.

The protective layer is a carbon thin layer having a
thickness of about 100A.

The lubricating layer is a layer having a thickness of
8A, which was formed by applying perfluoropolyether on the
carbon protective layer by spin coating.

The method for producing magnetic discs will be explained
hereinafter.

The glass of Example 1 was cut into a disc having an outer
circular periphery radius of 32.5 mm, inner circular periphery
radius of 10.0 mm and thickness of 0.5 mm and the both main
surfaces were subjected to precision polishing so that they
should have surface roughness Ra of 4 A and Rmax of 40A to afford
a glass substrate for magnetic discs.

Subsequently, the above glass substrate was placed on a



substrate holder and transferred into a charging chamber of
inline sputtering apparatus. Then, the holder on which the
glass substrate was placed was transferred to a first chamber
where an Al target was etched and sputtering was performed at
a pressure of 4 mtorr and substrate temperature of 350C in
an atmosphere of Ar + N; gas (N; = 4%). As a result, an AIN thin
layer having surface roughness Rmax of 150A and thickness of
50 A (unevenness forming layer) was provided on the glass
substrate.

The holder on which the glass substrate having the formed
AlIN layer was placed was then serially transferred into a second
chamber provided with a CrV target (Cr: 83 at%, V: 17 at%) and
a third chamber provided with a CoPtCr target (Co: 76 at%, Pt:
6.6 at%, Cr: 17.4 at%) successively, and thin layers were formed
on the substrate. Sputtering was performed at a pressure of
2 mtorr and substrate temperature of 350°C in an Ar atmosphere,
thereby a CrV underlying layer having a thickness of about 600
A and coptcr magnetic layer having a thickness of about 300
A were formed.

The substrate having the formed unevenness control layer,
underlying layer and magnetic layer was then transferred to a
fourth chamber provided with a heater for heat treatmént. The
fourth chamber had an inner atmosphere of Ar gas ((pressure:
2 mtorr) and the heat treatment was performed.

The substrate was then transferred into a £ifth chamber
provided with a carbon target, and a carbon protective layer
having a thickness of about 100A was formed under the same
condition as used for forming of the CrV underlying layer and
the CoPtCr magnetic layer except that the layer was formed in
an atmosphere of Ar + H, gas (H: = 6%).

Finally, the substrate after forming the carbon
protective layer was taken out from the above inline sputtering
apparatus, and a lubricating layer having a thickness of 8
A was formed by applying perfluoropolyether on the carbon
protective layer by dipping to produce a magnetic disc.

The present invention was explained by referring to the

preferred examples, but the present invention is not limited
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to the above examples.

Utility in Industry

By using glass of the present invention, a glass substrate
having high specific elastic modulus of 36 x 10° Nm/kg or more
or high Young's modulus of 110 GPa or more, high transition
temperature of 700 C or higher (high heat resistance),
excellent surface smoothness (surface roughness Ra < 9A) and
high strength can be provided. Because the glass of the present
invention has excellent heat resistance, it can be subjected
to heat treatment necessary for improving magnetic layer
characteristics without causing deformation of substrates made
from it. Therefore, it can have excellent flatness and hence
achieve smaller flying height of magnetic head, i.e., higher
recordingdensity. Moreover, it exhibitshigh specificelastic
modulus and high strength, it can realize thinner magnetic discs
and prevent breakdown of magnetic discs. Furthermore, it can
be stably obtained as glass and easily produced in an industrial
scale. Therefore, it can be surely expected to be used as
economical glass for substrates of next generation magnetic

recording media.
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What is claimed is:

1. Glass for substrates having a specific elastic modulus
G of 36 x 10° Nm/kg or more.
2. The glass of claim 1 whose surface roughness (Ra) can be

made 9A or less.

3. The glass of claim 1 which has a transition temperature
of 700°C or higher.
4, Glass having a composition of , as oxides constituting

the glass, Si0O;: 25-52%, Al,0;: 5-35%, MgO: 15-45%, Y,0s;: O-
17%, TiO,: 0-25%, Zr0O,: 0-8%, Ca0: 1-30%, provided that Y;0; +
Ti0, + ZrQ; + Ca0O: 5-30% and B,;0; + P,0s: 0-5%, in molar %, and
having a specific elastic modulus of 36 x 10° Nm/kg or more.
5. The glass of claim 4 further containing As;0:+ Sb;05: 0-3%
and Zn0O + SrO + NiO + CoO + FeO + CuO + Fe. 05+ Cr;03 + B;0:+ P;0:+V,0¢:
0-5%.

6. Glass having a composition of, as oxides constituting the
glass, Si0;: 25-50%, Al.0;: 10-37%, MgO: 5-40%, TiOQ,: 1-25%, in
molar %, and having a specific elastic modulus of 36 x 10° Nm/kg
or more.

7. The glass of claim 6 further containing Y,;05: 0-17%, Zr0;:
0-8%, CaO: 0~25%, As;0s+ Sb;0;: 0-3% and ZnO + SrO + NiO + CoO
+ FeO + CuO + Fe;0; + Cr;0: + B:;Oz: + P;0: + V,05: 0-5%.

8. Glass having a composition containing, as oxides
constituting the glass, Si0O;: 25-50%, Al,0;: 20-40%, CaO: 8-
30%, Y.0s: 2-15%, in molar %, and having a specific elastic
modulus of 36 x 10° Nm/kg or more.

9. The glass of claim 8 further containing Mg0O: 0-20 %, Ti0:;:
0-25%, Li,0: 0-12%, As:0:+ Sb.,0:: 0-3% and Zn0O + SrQO + NiQO + CoQ
+ FeO + Cu0 +Fe,0z + Cr.;0: + B.0Oz + P;0: + V.0:: 0-5%.

10. The glass of any of claims 1-9 wherein the glass exhibits
a Young's modulus of 110 GPa or more.

11. Glass for substrates wherein the glass exhibits a Young's
modulus of 110 GPa or more.

12. The glass of claim 11 whose surface roughness (Ra) can
be made 9A or less.

13. The glassofclaimll or 12 havinga transition temperature
of 700C or higher.
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gl asses o | m wﬁamloo- 190 and PP AE trgh gl ass transition
t enper at u sufficientlly %‘ﬁjz @:s‘l"sfance enough to bear
er

desi red heat treatrrent (usually at a teop e df 700 err] C or | ower)
In particular, they exhibits high glass strength characteristics such as

Young's mofyl US G1ass having a composition containing, as oxides
constituting the glass, Si0,: 30-60%, Al;0;: 0-35%, MgO: 0-40%,
Li,0: 0-20%, Y,0:: 0-27%, La;0;: 0-27%, CeQ;: 0-27%, Pr;0;: O0-
27%, Nd;05: 0-27%, Sm;05: 0-27%, Eu;0;5: 0-27%, Gd,0;: 0-27%, Tb:0s3:
0-27%, Dy;0:: 0-27%, Ho,05: 0-27%, Er,0;: 0-27%, Tm;05: 0-27%,
Yb;05: 0-27%, provided that Y.0; + La:0; + CeO, + Pr;0; + Nd.0: +
Sm,0; + Eu;05 + Gd;05 + Tb;0; + Dy;0;3 + Ho,0: + Ex,05 + Tm:0: + Yb,05:
1-27% and Li,O + MgO + Y;03 + La;0s + CeO: + Pr;0; + Nd;0; + Sm;05
+ Eu;0: + Gd;03 + Tb;0s; + Dy;0; + Ho:0; + Exr;0; + Tm;03 + Yb,05 > 25%,
in molar %, and having a Young's modulus of 110 GPa or more.
15, The glass of claim 14 further containing TiO.: 0-20%, ZrO;:
0-8%, provided that TiO:; + Zr0O,: 0-20%, Ca0O: 0-15%, Zn0: 0-15%,
NiO: 0-15% and Fe;0;: 0-15%, provided that Ca0O + ZnO + NiO +
Fe;05: 0-15 %.

16. The glass of claim 14 or 15 further containing As.Os+ Sb;05:
0-2%, B:;0;3 + P20: + Nb;0O: + V:0¢ + Cr;0s + Ga;0s + CoO + Sr0O + BaoO
+ FeO + CuO + MnO + Na.0 + K;0: 0-8%.

17. The glass of anyof claims 14~16 wherein the glass exhibits
a specific elastic modulus G of 36 x 10° Nm/kg or more. _
18. The glass of any of claims 1-17 which is glass for
substrates of magnetic discs.

19, A material which is used for a substrate of information
recording media and consists of Si0;-Al;0;~RO glass wherein R
is a covalent metal which is characterized in that said glass
contains 20 molar % or more of Al.O0;.

20. A material which is used for a substrate of information
recording media and consists of $i0;~Al;0:-RO glass wherein R
is a covalent metal which is characterized in that said glass
contains 20 molar 2 or more MgQO as RO.

21. A material which is used for a substrate of information
recording media and consist of Si0;-Al1.0;-RO glass wherein R is
a covalent metal which is characterized in that said glass
further contains Y;0s.

22. The material of claim 21 which contains 0.5-17 molar %
of Y.0;.

23. The material of anyof claims 19-22 which contains at least

one of TiO: and Z2r0,.
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and/or s dul us. Ther efpr-e—~when—t-hey--are used as
substrat M ‘I |ﬁECOI’dI ng med|a§ “HIBEcal ¢lAfobtiN kel y to exhibit
warp or en when they are rotgted a&~a& Mitgh speed and hence they

can neet the demand of further thinner traresl n- addi t | on, they can
have so excellent flatness as to be polished to a surface roughness (Ra) of

SA or | esspaand 4 hergipserihey C%‘rreaiﬂ@@rrﬁﬂiiéﬁr fryéaga el 9htmedia
Furthernore, the gl asses, of Exanples 1-61 al so exhibit reduced deflectl on.

Ther ef or e, thliﬁ’éa@ﬁ’—%%%e%do]fn ttﬂ@tprsé’é&tsunbrﬁé’ﬁttleoﬁoénséSG§ePGI makegiakot

substr at esalﬁprofm@n@img 1ecps di ng rredl a. On the other hand, while the
chem cal l y,t enpe ass, substr, ative excel | ent
T ur tace? oot TS SARS TP ARIoS e oo BULat I PRCRY TR eRs 6571 658 he

gl ass subsimatthest ca‘anm@lprsesenntamnsndmemr mdreatthees twbame ta inok sdeengt h
characterighi &g SUCRA%IRACELLS r‘o%gﬁ?%k.“i%ti?lﬁ%?fﬂ €y, Wagn %ﬁ IS
used for producing nagnetic recor la, It can 'subj écted to

suf fici entFpedion g‘@a %e tzﬂorGQhé?'Qva neite Nayefot d-ahtCairn P Ndco%mm ve
force and &gnce; megnetrig bzcop‘{@l g Meeh, avbavieg i ghaeo e @_hvehé%&eg&annot
be provided, Myeover, such a gI ass havi ng a | ow specific elastic nodul us
of around 8D X~ %%[’E?}Trl\ﬁ’d kg suffers severe warp and defl ection when it is
made i nto 3ebst reaieglasd ¢henafiares whezannot oleg us edduduistbif nherglass

substr at es, The - ChYS all'ized glass substrate of Conparative Exanple 2
is signifi can%?y ihferior to the gl asses of the present inventionas

t ospeci fi cel ast i& notl atsaics urisese s foot hangeormphipart Feapading henedid ace

smoot hnesscpf r 4 e SYPSE T & Hat d89hadeHsBYat el @i s I Q%e%ﬁ&é' of

particles and hence hlgher recordi ng density cannot be achieved The
gl asses of CtHEMpfRs¥htZPnvention have high Young's nodul us, hi gh specific
el astic nozigll us Anshbd ghathead f resd i AL epr 27 wherein the information 56

recording media are magnetic discs.
29, A magnetic disc characterized in that said disc has at

least a magnetic layer on the substrate of claim 28.
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and therefore they are extrenely useful as substrates for nmagnetic discs.
Met hod for producing hard disc As shown in Fig. 1, a magnetic disc 1
conprises a glass substrate 2 nade of the glass of the above Exanple 1, on
whi ch unevenness control layer 3, underlying |ayer 4, magnetic |ayer 5,
protective layer 6 and lubricating layer 7 are provided in this order.

Each | ayer will be explained in deta ?h Eg substrate 1 was a di sc having
an outer circular periphery radius o §5 i nner circular periphery
radi us of 10.0 mbiswd asud kirsessl @f-AQ. A3 Rim ( Rm(fseimlm@umf% wElras s

subj ect ed t&ﬁﬁgﬁg@gg’@iggtﬁ%*ﬂbn&éﬁd8%&&&% shoykdx heyengikhase raughness

Ra of 4 A and e unevenness control Jayer is a thin AIN

| ayer of 5-B5RiHh EyEw 'comosl usadiing 18vEFagerr Jifte il Ut SRR Ylr f ace
roughnezs f é)ﬁf8a3t]45_%oto/ £ 700°C Eylrgeuttglaf&r(y 5 l(l‘){idjllgh|e®)tefe$53’@artdfféh Irayejla)sfs Crv
conposed o at % aoaV| ss of a

Thgpmagnet |%X%J§§/]etrs iSXCE qﬁt‘ﬁ’* FHyERCEES e%%n%é‘lsrge “of r&Bg /Qabt

6.6 at% OrgM?aﬂdaw@maaumgm,hwhknhssaxmfprabmde 800AsS substra'h% w1th
protective la %f}'gr 48 o riy 8T ban LAl aﬁgggegugg“éhggﬁg Egiﬁéng&ﬁp%e@b&f’t t HDOA.

The Iubr|c slayer i's” a Tayer vin ness was formed
by appl yi ngzlbesd | bevdpel )ﬁ?tdfelrl@t th@a‘éarwsﬁra@tc@ct@% tapsnesy  spilte

coating. sustf@cé@%&Qﬂb@oéuBﬂ 89%‘5&“&) Rghetreadinses %f'lrﬂ@r@@ﬁeﬁimed
herei nafter. gl ass _of

e? s,cut _into a schwng
out er mrc&%n‘naﬂ@teltéﬁeﬁry?édihi’sra&t 255331913WFEH@PtcﬁW%E}FSPmB‘QFFSHBP% adi us
ofb10 0 gmﬂwlst;bs@kae@%r?fr@aﬁlmmdlrehefnmdg nei ghs uff megse e ead,
subj ected to pregision polish S s v ness
Ra of 4A and F§na’><§? YK & é:f ad%g as& ?rg?ggggg grr%}g%%%l c sc%
Subsequent Is;/pecthélcatﬁiwestglcamd@tlb@t aatiehl/@ls %ﬂr@é‘&iﬁ%ﬁn&bles to reallze

57 thinner magnetic discs and prevent breakdown of magnetic discs.
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substrate holder and transferred into a chargi ng chanber of inline
sputtering apparatus. Then, the holder on which the glass substrate was

pl aced was transferred to a first chanber where an Al target was etched and
sputtering was perforned at a pressure of 4 ntorr and substrate
tenperature of 350[err]C in an atnmosphere of Ar + N2 gas (N err] = 4% . As
aresult, an AIN thin | ayer havind:SUrKace ﬂoughness Rmax of 150A and

t hi ckness of 50 A (unevenness form ng |layer) was provided on the gl ass
substrate. The hol der on which the glass substrate having the forned
AN | ayer was placed was then serially transferred into a second chanber
provided with a CV target (Cr: 83 at% V. 17 at% and a third chanber
provided with a CoPtCr target (Co: 76 at% Pt: 6.6 at% C: 17.4 at®
successively, and thin |ayers were fornmed on the substrate. Sputtering
was performed at a pressure of 2 ntorr and substrate tenperature of
350[err]Cin an Ar atnosphere, thereby a G Nngﬁhi ENGi; é@yer havi ng a

t hi ckness of about 600 A and CoPt Cr nagnetlc a er'%aV|ng a thickness of
about 300 A were forned. The substrate/having the fornmed unevenness
control layer, underlying |layer and nagngt+tT | ayer was then transferred to
a fourth chanber provided with a heater/for heat treatnent. The fourth
chanber had an inner atnosphere of Ar gas ((pressure 2 morr) and the heat
treatment was pg ‘ ' ) : Vas then transferred into a
fifth chanber pfovided mnth a carbon target And a carbon protective |ayer

havi ng a thi cknpss of about ee hg sarbriestidigt ilayeas
used for form np of the CrV underlylng | ayer fnd the CoPtCr magnetic | ayer
except that the B Mhere of Ar + H2 gas (H2 6%
Finally, the su bn _protective |ayer was taken

having a thickngess of 8 A was forned by apply.ng per fl uoropol yet her on the

carbon protecti a magnetic disc. The
resent |nvent|bn was ex Ialned b referrln he
P P y g\.)\ 5 Magnetic layer

PO P TPV VT TYYT VU YPTVTYVTYVV TPV YVYY Y

~" > 4 Underlying layer
~4" > 3 Unevenness
control layer

~}" > 2 substrate




preferred exanpl es, but the present invention is.not limted. —, 7 v e
58 tQ0 sivie g@@ es. REPLACEMENT L&A ﬁy in /AR
| ndustry i the present ~~a'g‘afs*substrate
havi ng hi gh sp : mdul us of 36 x O[eré] Eﬂégﬁgf n?re or high
Young' s nodul u$ 0 GPa or nore, high trangjitjo % unetof 700

[err]C or higher (high heat resistance),- &Rcelll Jotlhness

(surface roughness Ra < 9A) and high strength

glgss ?fdtPeW£5@f§$tci$yﬁg§ipg has excellent hea R I can be
subjected to heat treatnent necessary for qgrovrngggagne ic. ayer
ate$

characteristlcs wichd®® EQUSTURP IS GHaFERDE SEE ARGECTPOM S
Therefore, i¢ eanzbaxeleXaetfligntod limess and hence achieve smaller flying

hei ght of neti cy ‘Pe %q asd o8: claqhgberﬂh&géé% Rg%ﬂemgtaapa%é @@VRdvinkty

exhi bi ts hi gh” speci Tasti ¢ nodul us strength, it can realize
t hi nner nagn@EFEUHF§Eel%ﬁH° brdvEHe pp magneti ¢ di scs.

Furthermore, it ca@qgé?féégﬂdk QQ%QHP?dwﬁ§cﬂl a@qagggkhgnpfggggggtﬁfean

i ndustri al scale ore, it can be surely expected to be used as
econoni cal gPhsd0P&r oguBsighaTes of next generation magnetic recording
nedi a. 4, Glass having a composition of , as oxides constituting

the glass, Si0,: 25-52%, Al,0;: 5-35%, MgO: 15-45%, Y,03: 0O-
17%, TiO,: 0-25%, Zr0,: 0-8%, CaO: 1-30%, provided that Y,03 +
- TiO, + Zxr0O, + Ca0O: 5-30% and 52034 P,0Os: 0-5%, in molar %, and
having a specific elastic modulus of 36 X 10° Nm/kg or more.
5. The glass of claim 4 further containing As;0s+ Sb,03: 0-3%
and ZnO + SrO + NiO + CoO + FeO + CuO + Fey035 + Cr;03 + B203+ P05+V,0s:
0-5%.
6. Glass having a composition of, as oxides constituting the
glass, Si0,: 25-50%, Al,0:: 10-37%, MgO: 5-40%, TiO;: 1-25%, in
molar %, and having a specific elastic modulus of 36 x 10° Nm/kg
or more.
7. The glass of claim 6 further containing Y;03: 0-17%, ZrO;:
0-8%, CaO: 0-25%, As,03;+ Sb:0;: 0-3% and ZnO + SrO + NiO + CoO
+ FeO + CuO + Fe;0; + Cr,0; + B;03 + P,0s + V,;0s: 0-5%.
8. Glass having a composition containing, as oxides
constituting the glass, Si0;: 25-50%, Al,0s:: 20-40%, CaO: 8-
- 30%, Y,0;: 2-15%, in molar %, and having a specific elastic
modulus of 36 x 10° Nm/kg or more.
9. The glass of claim 8 further containing MgO: 0-20 %, TiO;:
0-25%, Li,0: 0-12%, As,0;+ Sb,03: 0-3% and ZnO + SrO + NiO + CoO
+ FeO + CuO +Fe,0; + Cr,0s; + B,03 + P,0s + V,0:: 0-5%.
10. The glass of any of claims 1-9 wherein the glass exhibits
a Young's modulus of 110 GPa or more.
11. Glass for substrates wherein the glass exhibits a Young's
modulus of 110 GPa or more.
12. The glass of claim 11 whose surface roughness (Ra) can
be made 9A or less.
13. The glassof claimll or 12 havi_ng a transition temperature
of 700°C or higher.
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59 \ What is clainmed is: 1. Di sc amf T ntoymati on
recordi ng discs, sai d_substrates consi st of;-g#—ass shaving’ a;specific

el astic nodul us G OHISBH Kﬂg[grgﬂﬁg Ny kg or nore. LZ The di sc

substrates of clajm1 WEP[ECEFD said substrates haye|9 Ghgkit dgkor | | ess
surface roughness . hg di sc substr aj of claiml1, Mherel n
said glass has a tranS| tion tenperature ofg7Q0[efr] C or higher. i

14. Glass having a composition containing, as oxides
constituting the glass, Si0;: 30-60%, Al,05: 0-35%, MgO: 0-40%,
Li,0: 0-20%, Y,0;: 0-27%, La;0s: 0-27%, CeQ,: 0-27%, Pr,0;: 0-
27%, Nd;03: 0-27%, Sm;05: 0-27%, Eu,03: 0-27%, Gd;03: 0-273%, Tb;03:
0-27%, Dy,03: 0-27%, Ho;0s: 0-27%, Er,0;: 0-27%, Tm;0s;: 0-27%,
Yb,03: 0-27%, provided that Y,0; + La,0s + CeO; + Pr;03; + Nd,0O; +
Sm,03 + Eu,05 + Gd,0s; + Tb,03 + Dy,03 + H0o,03 + Er,03; + Tm,03 + Yb,03:
1-27% and Li,0 + MgO + Y,0z + La;03 + CeO; + Pr,03 + Nd;03 + Sm;03
+ Eu,03 + Gd;0; + Tb,0; + Dy,0; + Ho,0; + Er,0; + Tm,03 + Yb,03 > 25%,
in molar %, and having a Young's modulus of 110 GPa or more.
- 15. The glass of claim 14 further containing TiO;: 0-20%, ZrO;:
0-8%, provided that TiO, + Zr0;: 0-20%, CaO: 0-15%, ZnO: 0-15%,
NiO: 0-15% and Fe,0s;: 0-15%, provided that CaO + ZnO + NiO +
Fe,05: 0-15 3.
16. The glass of claim 14 or 15 further containing As;03+ Sb,0;5:
0-2%, B;03 + P,0: + Nb,Oc + V;0: + Cr,0; + Ga03 + CoO + Sxr0O + BaO
+ FeO + CuO + MnO + Na:0 + K:0: 0-8%.

17. The glass of any of claims 14-16 wherein the glass exhibits
a specific elastic modulus G of 36 x 10° Nm/kg or more.
18. The glass of any of claims 1-17 which is glass for

substrates of magnetic discs.

19. A material which is used for a substrate of information

recording media and consists of Si0,-Al,0;-RO glass wherein R
= is a covalent metal which is characterized in that said glass
— contains 20 molar % or more of Al;O;.

20. A material which is used for a substrate of information

recording media and consists of Si0,~Al1,0;-RO glass wherein R

is a covalent metal which is characterized in that said glass

contains 20 molar % or more MgO as RO.

21. A material which is used for a substrate of information

recording media and consist of Si0,-Al1,0;-RO glass wherein R is

a covalent metal which is characterized in that said glass

further contains Y,0s.

22. The material of claim 21 which contains 0.5-17 molar %
of Y,05. ’
23. The material of anyof claims 19-22 which contains

TiO2 and/or Zr02.

TN 0 N
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4. Di sc substrates for information recording discs, wherein said

substrates consist of glass compri-sing as oxides cimmlt "m I' ass,
Si Q2:" 25-52% Al[err]" 1?1’1‘] (6:188% - MEO 15 - 45% " B! 17%
Tiderr]: 0 - 25% 2Zi Om-'ﬂa%_uCaO - 30% provi cfedt t Yerr*Jerr] +
Tiqerr] + zrgerr] +.Ca0b--—309%and B203 + P205: 0 - 5% in ol ar % and
having a specific elastic modulus of 36 x 10[err] Nm kg or nore.

The di sc substrates of claim4 further cogprising As[err](err]
+Sb[err]Jerr]: 0 - 3%and ZnO +SrO +NN O + CoO + FeO + CuO + Fe[err]Jerr]
+ Crlerr](err]+ Blerr]Jerr] + Plerr]Jerr] + V205: 0 - 5% 6. D sc
substrates £6ér i nPor matibstregeor difeg di soformadienn saicdosdBsgr at 8eddeénsi st
of glass COEH%'r%'c@%’r1Q%d°>i'nd%ﬁa%09§5!jté‘%é‘@ré@@ &L@§§3t§|ﬁ ftleri2l ©£50%
Allerr]Jerr]: 10-37% MO err in nolar % and
havi ng a spé&if P& élléslﬂsc IPodd-us of 36 x 10[err] Nn1 kg or more. 7.

;ha di si: sgbst rat g%a?%fs %Js@di rﬂgg iﬂféﬁﬁétmrelcﬁr@gn\ﬁ[@édﬂiﬂcﬂhl’al’r]act@rlz}/eﬁ% |
rgerr - 9 err 0 an
ZnO + Sro +f %ﬂ@t(ﬁ@g ‘%@si é@PFF Eﬁ?’?[%? ]“étearlr ]Oxi

Blerr] g err phich| ere]@{zbea:i}eck A rew rc]nq groﬂJp onsB¥bing ®f Ti, DV scCrsubstr at es

for i nformaTFl OnCBedﬁid'@@ rfcs; W@gr eyn zsfal chbsug?] es(é%onksf stNOof PQJ ass
; rr a,%]%

conpri si ng, &4 6xI des’ constituti g the glass 50%

Al[err] ( er y BO,-G4pogb CA - 81a, By, an{ e¥e ] dfo and Wby Ghe ggnge o
and havi ng arspeaiof kg 18lrasti c nodul us of 36 Xx 10[err] N kg or rmre 9.
The di sc substrates of claim$8 furtzger co risin err]: O

A

- 259 Li[efPrO 6De 9bags gl elrieyRryhese F@PP%qSeIP?‘]‘“”‘é)S ot %}1 $50 +
SrQ.+ Ni O +i€000+GPaOotr @.d)@e+ Fe[err]Qerr] + Cr[err]Qerr] + B[err]Qerr]
+ Plerr]JeLr] + [err% r]e 2any
of cl ains 153 Wne%el 8- 5 asssgxm%’{s orunrl]ag?ls moddl us o g\%g’a
nor e. characterized in that said substrate consists of the glass of

claim 25 or 26.

28. A substrate of claim 24 or 27 wherein the information

recording media are magnetic discs.

29. A magnetic disc characterized in that said disc has at

least a magnetic layer on the substrate of claim 28.
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61 11. Di sc substrates for information recording discs, wher el n said

wore 12 M ﬂ’ﬂ\cm\ﬂﬂmﬁm'e?' L1792 vouns s ook Ml e e e

9 angstrom or 1essc surfacesroughness (Ra). 13. . Thejd} sc substrart qf
claim1l or 12, wherein said glass has a6Qr.anst Tion te
700[err] C or h| gher. 14. Di sc substtates for infor i on recot d’| nq
di scs, wher n?é!iq trates consist of glass conprifimg; des
constituti ng’wt??ﬁ?blgass §S Q2: 30 - 60% Al[err]derr]:{0 - 35% MO O
40% Li[err]O 0 - 20% Y[err]derr]: 0 - 27% La[err]Qerr]: 0 ="27%
gﬁ{oz ?q 2% Prg @cfidbgrsfeé]ﬁﬁﬁﬁfo}mat%n reédrdfin ; Qc%rfvhékﬁi Sg:% s&b}stra%%%ngs?lg/t

err err " Fd. - 9
Tb[err]Qerr%YglagShaé /%%Fe'ﬁér lagerr uhéé)Gog §/q 1 err Qerr] 0 - 27%
Erferr](err]: 0 - 27% Trierr]Jerr]: 0 - 27% Yb[err]Jerr]: 0 - 27%
provided th tr§ eg%[‘ @IE Fdlﬂ- s&@@abétrd?és{ Ravel SCh@gstrbmitor less

urfgc gﬁ

hpEer gt-pqg‘qo{nn

Nd[err]err] errJJerr] + d[err]Jerr] +
Tb[err]Jerr ] +Ho[err]Qerr] + Er[err]derr] +
Trierr]err] +Yb[err]qerr] 1 - 27%and Li[err]O+ MO + Y[err](Jerr] +
La[err err] + qr +
Eu% or r} g orr bstlg eLecff.fEPn f?vbfféﬂ\%gn?b%ﬁ ]‘a]trag?@gﬁ E_?n‘iﬂegtﬁfer ]
Ho[err]Qerrfnp0 ?9 err]+ Trierr]Jerr] + Yb[err]Jerr]> 25% in nolar
% and having a Young's nodulus of 110 GPa or nore. 15. The di sc

substr at es a% ‘2?.8? 4bslr%§ E@: mF% Bﬂ)rﬂe g -iﬂ grhe%i Qgﬁlbs%ra% coQis“st 8%

provi ded th O

NO 0 - 15%f %F @Fr‘ix' conpiytin gé% @2 8 Gy A0 B35 ng +
Fe[ err] ( er rig0p15 f@% g - 17/Th-50d|%t2 L/Pb;f fce ail m \ige
further conpthabYsQ A3 [ri*r EZ et 1Gal: Ssp3eth prg Bp®Pq + RyOs: e/cﬁ%B["ém?H ay #1d +
Plerr] d err]havidgod spedfic|edastic modd[wrofpﬁ{xelr(f]\lm/kg:o{ mord Jerr] + Gaferr]Jerr]
+ CoO+ SrO + BaO + FeO + CuO + MO + Na[err] Ot K[err]O 0-8% 17. The
di sc substrates of any of clains 14-16 wherein said glass exhibits a
specific el atic Timeldisosubstedte36f Haihd@efurthemMpgriyising +Sb,@8 0 - 3%handyj sc

substrates 0fn@AErOH+NIDa OB0 k-Fed +\Gue €iFe,Bat Gr.0nf @,0nt iF0; + 860 @ 1iJedi scs
are magnetic discs.

6. Disc substrates for information recording discs, wherein said substrates consist
of glass comprising, as oxides constituting the glass, SiO,: 256 ~ 50%, Al,Os: 10-37%,
MgO: 5 - 40%, TiO,: 1 — 25%, in molar %, and having a specific elastic modulus of 36
x 10° Nm/kg or more.

7. The disc substrates of claim 6 further comprising Y,O;: 0 - 17%, ZrO,: 0 - 8%,
CaO: 0 - 25%, As,0; + Sb,04: 0 - 3% and ZnO + SrO + NiO + CoO + FeO + CuO +
Fe,0; + Cr,0;+ B,0O; + P,O;s + V,04: 0 - 5%.

8. Disc substrates for information recording discs, wherein said substrates consist
of glass comprising, as oxides constituting the glass, SiO,: 25 — 50%, ALO;: 20 - 40%,
CaO: 8 - 30%, Y,Os: 2 - 15%, in molar %, and having a specific elastic modulus of 36
x 108 Nm/kg or more.

9. The disc substrates of claim 8 further comprising MgO: 0 - 20%, TiO,: 0 - 25%,
Li,O: 0 - 12%, As,0; + Sb,0;: 0 - 3% and ZnO + SrO + NiO + CoO + FeO + CuO +
Fe203 + Cr203 + Ban + P205 + V205: 0 = SOA)-

10. The disc substrates of any of claims 1-9 wherein said glass exhibits a Young's
modulus of 110 GPa or more.
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19. Di sc substrates for information recording discs w-vxhex-em sai.d

substrates almm)gn d of SI Jerr] - Al[err](err] éREIFgJAﬁSBIENWMQ nL -

is a coval en ' characterized in that said-ygrass-conpfise!
mol ar % or nofe © r]. 20. Di sc substr S jor mtorma[tlon
recordi ng discs, wherein sal d substrateséare ; " ¢ :

62 conposed of Si(Jerr] - Al[err](err] - RO glass, whereln R is.a_ .

coval ent metal, which |s characterl zed in that said g! ass conpri ses 20

mol ar % or nore MyO as RO Di sc substrates for-nformati-on——-—
recordi ng di §ts, Wisesubsiraies fQF E‘-Iﬂj’gtail@ﬂ eapording diseR wdlerpin paidisuperatgs consist

Alf err] J er r¢f gladk@xplbiting,a Yidnengis modilusofal 100GB entmoreet al , which is
characterized in that said glass further conprises Y[err] Jerr]. 22.

The di sc substrates of claim2l, wherein said glass further conprises 0.5 -
17 nol ar % of2.Y[ efing disersupstratep gf clainTi&, Whereinssdid substeatesoihaveny apgstudnaions
19- 22, wher eless safategbagtmebsi(Rd)er conprises at |east one of Tierr] and
ZrJerr]. 24. Di sc substrates for information recording discs, wherein
sai d substrates consist of glass conprising one or nore than two netal

oxi des whi ch13ir e T eiscesbibisiratestdieclgimodip arot®; iveereig ssid glass WasGe trakkitiorre,
Co, Ni, Cu, {émpefature@f 708°C drhighdr, Mo, La, Ce, Pr, Nd, Pm Sm Eu, Gd, Tb,
Dy, Ho, Er, Tm Yb, Hf, Ta, and Win the range of 3-30 nolar % 25. The
di sc substrates of claim24 wherein Young's nodulus of said glass is 90 GPa
or nore. 14. Disc substrates for information recording discs, wherein said substrates consist

of glass comprising, as oxides constituting the glass, SiO,: 30 — 60%, A1,0,: 0 - 35%,
MgO: 0 - 40%, Li,O: 0 — 20%, Y,0;: 0 - 27%, La,0;: 0 - 27%, CeO,: 0 - 27%, Pr,0;: 0
- 27%, Nd,O4: 0 - 27%, Sm,0;: 0 - 27%, Eu,0:: 0 - 27%, Gd,04: 0 - 27%, Tb,0,: O -
27%, Dy,0;: 0 - 27%, H0,05: 0 - 27%, Er,05: 0 - 27%, TmM,04: 0 - 27%, Yb,0O5: O -
27%, provided that Y,0; + La,0, + CeO, + Pr,0; + Nd,O; + Sm,0; + Eu,0, + Gd,0; +
Tb,0; + Dy,0; + H0,0; + Er,O; + TM,0; + Yb,04: 1 - 27% and Li,O + MgO + Y,0, +
La,0O; + CeO, + Pr,0; + Nd,O; + Sm,0; + Eu,0; + Gd,0; + Th,0; + Dy,0; + Ho,O; +
Er,O;+ Tm,0s; + Yb,0; > 25%, in molar %, and having a Young's modulus of 110 GPa
or more.

15. The disc substrates of claim 14 further comprising TiO,: 0 - 20%, ZrO,: 0 - 8%,
provided that TiO, + ZrO,: 0 - 20%, Ca0: 0 - 15%, Zn0O: 0 - 15%, NiO: 0 - 15% and
Fe,0,: 0 - 15%, provided that CaO + ZnO + NiO + Fe,0;: 0 - 15%.

16. The disc substrates of claim 14 or 15 further comprising As,O; + Sb,0;: O -
2%, B,O; + P,O5 + Nb,O5 + V,04 + Cr,0; + Ga,0; + CoO + SrO + BaO + FeO + CuO
+ MnO + Na,0 + K;0: 0 - 8%.

17.  The disc substrates of any of claims 14-16 wherein said glass exhibits a
specific elastic modulus G of 36 X 10° Nm/kg or more.

18.  The disc substrates of any of claims 1-17, wherein said information recording
discs are magnetic discs.

19. Disc substrates for information recording discs, wherein said substrates are
composed of SiO, — AlLO, — RO glass, wherein R is a covalent metal, which is
characterized in that said glass comprises 20 molar % or more of Al,QO..

20. Disc substrates for information recording discs, wherein said substrates are
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26. Di sc substrates of any of claims 19 to 25, wherein the information
recordi ng di scs ‘M“ A magnetic disc characterized
in that sal d d| *ﬁ\‘ﬁ%\ﬂ“m m mignet | c | ayer on the substrate of claim
18 or met had for” recording or reproducing of information in a
magnetlc Iayer of a magnetic disc using @&flying nagnetic head, wherein
said magnetic disc is that of claim27.

composed of SiO, — ALO, — RO glass, wherein R is a covalent metal, which is

characterized in that said glass comprises 20 molar % or more MgO as RO.

21.  Disc substrates for information recording discs, wherein said substrates are
composed of Si0, — AlLO, — RO glass, wherein R is a covalent metal, which is
characterized in that said glass further comprises Y,0,.

22.  The disc substrates of claim 21, wherein said glass further comprises 0.5 - 17
molar % of Y,0,.

23. The disc substrates of any of claims 19-22, wherein said glass further
comprises at least one of TiO, and ZrO,.

24. Disc substrates for information recording discs, wherein said substrates consist
of glass comprising one or more than two metal oxides which are selected from the
group consisting of Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Y, Zr, Nb, Mo, La, Ce,
Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Hf, Ta, and W in the range of 3-30
molar %.

25. The disc substrates of claim 24 wherein Young’s modulus of said glass is 90
GPa or more.

26. Disc substrates of any of claims 19 to 25, wherein the information recording
discs are magnetic discs.

27. A magnetic disc characterized in that said disc has at least a magnetic layer on
the substrate of claim 18 or 26.

28. A method for recording or reproducing of information in a magnetic layer of a
magnetic disc using a flying magnetic head, wherein said magnetic disc is that of claim
27.
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