Title of the Invention G ass-ceranic substrate for an i nforrratj:%éfﬁrﬁ@e
medi um Background of the Invention This invention relates to a —-O
gl ass-ceram c substrate for an information storage nedi um and,
particularly, to a glass-ceram c substrate for an informati on storage

medi um such as a magnetic di sk made of a gl ass-ceram ¢ having i nproved
super *fl atness of a surface of the substrate suitable for use in the near
cont act recgrﬂi ng syétem_or t he contact recording system a high Young's
nodul us and ravity capable of coping properly with a
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-expansi on of constituent elenents of a drive device for the information
storage nmedium The invention relates also to a nethod for manufacturing

t he sane anBgaks@und dtheThoeftibhon storage nediumusing this gl ass-ceramc
substrate. In this specification, the term"information storage nediunt
means an i nf or nBhiomesnticryeelates tona glasseetamic ehbstrdis formad infetmatien
fixed type hard di sks, rempvable type hard di sks, and card type harg disks
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| nportant t substrate super flat surface.
medium. The invention relates also to a method for manufacturing the same

and also to an information storage medium using this glass-ceramic substrate.
Ih this specification, the term "information storage medium" means an
information storage medium in the form of a disk and includes fixed type hard
disks, removable type hard disks and card type hard disks used respectively
for so-called "hard disks" for personal computers and storage of information in
a network aﬁd other information storage medium in the form of a disk which
can be used for storage of data in, e.g., digital video cameras and digital
cameras.

Recent development of personal computers for multi-media purposes
and digital video cameras and digital cameras which requires handling of a
large amount of data has increased a demand for an information storage
device of a higher recording capacity. As a result, for increasing the recording
density, it is necessary in an information storage medium to increase its bit
and track density and reduce the size of a bit cell. In conformity with the

reduction in the size of the bit cell, a magnetic head performs its operation in



Fer satisfying this requirenent, aside fromthe conventional |anding zone
system devel opnent of a ranp |oading systemis under way according to
which a magnetic head is conpletely in contact with the surface of a nmedi um
except for starting and stopping of the magnetic head when the magnetic
‘head is noved away fromthe surface of the nedium Accordingly, a current
‘requirement for a substrate for a magnetic information storage nediumis a
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I nformati on orage nedi um used for a magne mat1 on storage VI ce.
As the nunbpgcodhed RYPdrdahOthat a Subdtdhtéhad s sapsLfat daifaest i on and
deformati on of the mediumoccur and this gives rises to a requirenent for a
hi gher Young's nBdrlsatisfyidg ¢hinwequirement, asigeafromythé-gonventional ladding on
to the conventional fixed type hard disks, information storage nedia such
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t el ephones, digital canmeras, digital video cameras and card drive), desk
top PC (harreqliiskment fox) a sabstrate f@rhamlagetkc informptiandstozagenmgdivmdsrali ng
density nedia (e.g., perpendicular magnetic recordi ng storage mnmedi um

| sl and nagnémpethar eredi um and sem conduct or nenory) have al so been
started and, therefor.e, hi r .properti will he r.eguired for, substrates
for these infort ff’%??‘nﬁv&’rt l&ier?’gﬁ}f Ase 1n%§emwp%qflpﬂ>gng&%o 0%5%5% 2 di sk
substrate Rk YebSloB iR Bridlel Way {H% RINE: BB kS ER bation

however, has projectionS or spot ke “proj ections™and depressions on the
substrate shyhdeghersperd sthtidbhiofa Magnétic veforMasionadtordge medhdia uset dor al
and, therefore, is not sufficient as a substrate for a high recordin
density st oaagagnedt uinfirmdtion séemgandeviceot Ascde. number of revolution of a

medium increases, deflection and deformation of the medium occur and this
gives rises to a requirement for a higher Young’s modulus and a lower specific
gravity. Further, in addition to the conventional fixed type hard disks,
information storage media such as a removable type hard disks and card type
hard disks have been proposed and put into practice and application of digital
video cameras and digital cameras for various uses have been started.
Further uses of the medium for mobiles are expanding anld,‘ accordingly,
mechanical strength of the substrate has increased its importance. |

Development for new uses of information storage media for mobiles (e.g.,
APS cameras, portable telephones, digital cameras, digital video cameras and
card drive), desk top PC (hard disk drive), servers (hard disk drive) and new
high recording density media (e.g., perpendicular magnetic recording storage
medium, Island magnetic storage medium and semiconductor memory) have
also been started and, therefore, highér properties wﬂl be _ required for

substrates for these information storage media.



Besi des, since alumnumalloy is a soft material and has a | ow Young's

nodul us and surface hardness, vibration of the substrate takes place during
a high-speed rotation of the mediumw th resulting deformation of the
medium Difficulty also arises in nmaking the information storage nmedium
thinner. Further, danage of the nediumky contact with a head is liable to
occur. Thus, the alum num all oy substrate cannot sufficiently cope with the

requi renents for hi gh- speed. r ecor di ng. materjal.s_for .overcomng the
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chem cal ly tenpereg gl ass substrate, known In the art are sofme

gl ass- cer anhiglsbpedd atwpatibar of thepnesdithe withs vesdltiig tefemation of the
Sigerr]-Li[err] -I\/gO%err] %err] system di scl osed in US Patent No.
5, 626, 935 coredaum. niffichityralsh eirises dnemgking the dnfiraratich etenage)mediiher r |

-quartz ([err]-SideLr]) as,min crystal phases is an excelleni. nmaterial as
Ot eri ol - Pedhngren Bukherriaeage st frofen ﬁﬂn@?,tm?n@obﬁ%}%rﬁ ettfe
grain diameter. of ngl ogbwl ar,crvstal _.grains. of [err] .- . t .
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and the sur Efir | i s ) can be controlled within a
range from ?LS [eélrﬂ]gﬂfg(;ﬁ)gga[ﬁiegtr}ﬁ?&% sur g%ig%?gughness Ra (arithnetic nean

roughness) whi clAsi masexight folr @d@yconhimgetiey above prdblemsrdf the delntwum alloy
preferably 3. err] or below, and nore preferably 2.0{ err] or bel ow and

this prior awubstyhtes knowmin theartrare chenfically temnperedglassehsucteas aljuningrent
for the low glide i ght cessi tat by the rapidly.ingreasing,recording
density whi stlica ua%ég é%ﬁ@@nm sm&'fhesgu %t@ﬁ#%ugﬁ?ﬂ@&r’( mave the

Furt her, NOfollowing disadvantages: (1) Since polishing is made after the chemical

tempering process, the chemically tempered layer is seriously instable in
making the disk thinner. (2) Since the glass contains Na,0 as an essential
ingredient, the glass has the problem that the film forming characteristics of
the medium is deteriorated and, for preventing diffusion of Na,O, it becomes
necessary to apply a barrier coating over the entire surface of the substrate.
This prevents stable production of the product at a competitive cost.

Aside from the aluminum alloy substrate and chemicélly tempered glass
substrate, known in the art are some glass-ceramic substrates. For example,
the glass-ceramics of a Si0,-Li,0-MgO-P,0,system disclosed in US Patent No.
5,626,935 containing lithium disilicate (Li,0 - 28i0,) and a-quartz (a-Si0,)
as main crystal phases is an excellent material as a material textured over the
entire surface in which, by controlling the grain diameter of globular crystal

grains of « -quartz, the conventional mechanical texturing or chemical



descussi on or suggestion has been nade in the patent about crystal grain
di aneter, degree of crystallization and nmechanical strength including
Young's nodul us and specific gravity which will be described later in this
speci fication. Japanese Patent Application Laid-open Publication No. Hei
10- 45426 discloses a 4

‘SiJerr]-Li[err]OKerr]O MO ZnOPlerr]Jerr]-Alerr](Jerr] system
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Japanese Patent Application Laid-open Publication No. Hei 9-35234 discloses
a magnet i ¢ diasdeter)hleigred of crydtallization lamslsmeehamical strength including Young’s
Sigerr]-A[err]O[err]- Li[err]0 systemhaving predom nant crystal phases
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[err] - -cristobalit [err] -Siderr]) which have a positive therml
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however, is 5.0 or below, preferably 3.0A or below, more preferably 2.0A

or below as described above and the prior art glass-ceramic substrates cannot
suﬂiciently cope with the requirement for a reduced glide height which is
necessitated by the rapidly increasing recording density. Besides, no
discussion has been made in the prior art publication as to crystal grain
diameter, degree of crystallization, and mechanical strength including Young’s
modulus and specific gravity.

Japanese Patent Application Laid-open Publication No. Hei 9-35234
discloses a magnetic disk substrate made of a glass-ceramic of a SiO,-Al,0;-
IigO system having predominant crystal phases of lithium disilicate (Li,O -
28i0,) and B-spodumene (Li,O - ALO, - 4Si0,). This glass-ceramic, however,

contains, as its predominant crystal phase, B -spodumene which has a



gkass-ceram c cannot cope sufficiently with the requirenment for the | ow
glide height of a magnetic head. Besides, the material which grows a
crystal having a negative thermal expansion characteristic as a predon nant
crystal phase apparently adversely affects the substrate in difference in
the coefficient of thermal expansion with respect to conponent parts of a
drive device. Further, since this glass-ceramc requires a high tenperature
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Further, since this glass-ceramic requires a high temperature of 820°C to
920°C for crystallization which prevents a large scale production of the
product at a competitive cost. Furthermore, no discussion has been made in
the publication as to mechanical strength including crystal grain diameter,
degree of crystallization and mechanical strength.

International Publication WO097/01164 which includes the above
described Japanese Patent Application Laid-open Publication No. Hei 9-35234
discloses a glass-ceramic for a maénetic disk in which temperature for
crystallization is reduced (680°C -7 70°C). A sufficient improvement however
cannot be achieved in this substrate. Besides, crystals grown in all examples
disclosed are [ -eucryptite (Li,O * ALO, * 25i0,) which has a negative thermal
expansion characteristic and this advérsely affects difference in the coefficient
of thermal expansion with respect to component parts of a drive device.
Further, no discussion has been made in this publication as to crystal grain

diameter, degree of crystallizaf:ion and mechanical strength.



It is another object of the invention to provide an information storage
medi um enpt oying this glass-ceranm c substrate. Mre specifically,

requi renents for the glass-ceram c substrate according to the invention are
sumari zed as follows: (1) As the recording density increases, it becones
necessary to reduce the size of the bit gell. As the bit cell is reduced,
.the magnetic head perforns its operation in closer proximty to the surface
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More specifically, requirements for the glass-ceramic substrate according
to the invention are summarized as follows: |

(1) As the recording density increases, it becomes necessary to reduce the
size of the bit cell. As the bit cell is reduced, the magnetic head performs its
operation in closer proximity to the surface of an information storage medium.
In case the magnetic head performs its operation at such a low glide height
(near contact state) or in contact with the surface of the medium, the
substrate is required to have a super flat surface having a surface roughness
Ra of 5.0& or below, preferably 3.0A or below, and more preferably 2.0A or
below.

(2) As the substrate is required to have a super flat surface, crystal
grains in the substrate are required, for standing a precision polishing which
is conducted almost in the level of atoms, to be of a specific crystal type which
has chémical durability and physical properties and to have crystal grain
diameter, crystal shape and degree of crystallization which can sufficiently

cope with the high precision polishing.



Acecunul at ed studi es and experinents nmade by the inventors of the present

I nvention for achieving the above descri bed objects of the invention have
resulted in the finding, which has led to the present invention, that a

gl ass-ceram ¢ which is obtained by heat treating within a limted range a
SiCIerr]-Li[err]O-K[err]O-I\/gOZnOP[err]Qer]-AI[err]CIerr]-ZrCIerr] system
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[err] -quartz ([err]-Si(Jerr]), and [err] -quartz solid solution ([err]
-Siderr] solid solution), degree of crystallization of the [err]-quartz

([err] -Si%err]) and the a -quartz solid

Accumulated studies and experiments made by the inventors of the
present invention for achieving the above described objects of the invention
have resulted in the finding, which has led to the present invention, that a

glass-ceramic which is obtained by heat treating within a limited range a

- 8i0,-Li,0-K,0-Mg0-Zn0-P,0,-AL,0;-ZrO, system glass contains, as its

predominant crystal phase or phases, lithium disilicate Li,0 - 2Si0,) or a
combination of lithium disilicate and at least one crystal phase selected from
the group consisting of a-quartz (a-Si0,), a-quartz solid solution (a-SiO;
solid solution), «-cristobalite (a-SiO,) and «-cristobalite solid solution (& -
SiO, solid solution), has crystal grains of the predominant crystal phase or
phases which are fine and substantially of a globular shape, has an excellent
surface characteristic after polishing, has a coefﬁci_ent of thermal expansion
matching with coefficients of thermal expansion of component parts of a drive

device, and has a high Young’s modulus, a low specific gravity and high



solution ([err]-SiJerr] solid solution) being within a range from5%to
25% and a crystal grain dianmeter thereof (average) being 0.10[err]m or

bel ow. In another aspect of the invention, the glass-ceram c substrate
conprises further at |east one crystal phase selected fromthe group
iconsisting of a -cristobalite ([err]-SiOBerr]) and [err] -cristobalite
'solid solution ([err] -SiJerr] solid solution), degree of crystallization
of the [err]-gristgbalite ([err]-SidJerr]) and the [err]- cristobalite
solid sol ut‘%‘%‘%‘a(r’[lﬁﬁ rﬁtf%?g_ﬁher_r] solid solution) being within a range from 2%
bol oo Pnd 2 o TR Benivhd (oA dBER! JRRHROA AU 39 DheD Bt NiEré | ) O

bel ow. | n another aspec he T nvention, ass-ceramc substrate
conpri ses, HRavideddAMiglady cdrhnfit abulitAges for | dMi ifolhatibh CafoRagd | Inedivk
2SiJerr]) "and at | east one crystal phase selected fromthe group

consi sti ng cofnprisingaas a predonlinaft Crystal phaperlifthignadistlicatei @ligfbt 25iQp)
([err]-Sierr] solid solution), a -cristobalite ([err]- 9 Siderr]) and

[err] -cri swotag aaystsl igragotismesar (Fverage)Rid-8p Lrugshelp®ol ution). In

phase or phases L 96 AEPSERGoE dher ARy Bhe EaruhuRateoRATatn S5 hor
aspect of ¢t | BV ' \ : ) e is substantially free
of Na[err] gbg‘r?g%hhﬁl& %%ﬁ%{e%%pé%[ f&:t:ﬁ?ej&lséﬁég%t ion, the glass-ceramc

substrate has grSynbided dspeeioLitie vehtion! BHEgl4ss@rantio vabsrate caldists
polishing of 5.0[err] or below In another aspect of the invention, the

gl ass- cer ansfca erysthl phaséar phawsfdnd iamnamurphbes iphiasexbass oryskal Braina
range from +65 x 1[err]/[err]C to +130 X 10- 7/[er ]C,inﬁ tgnpera&u e
range fromdigofeser | @vesage)o[afr (0.Q9 4 rma st thﬁloﬂsﬁﬁé‘?reéﬁ tIQEDEFy JHP Bi\‘,s t he
gl ass-ceramﬁ} 3@3&1 te hgs.b gdi n% strength of 400MPa or over. In another
aspect of t(EPIsPerificgravy és§I HFELVEEr ani ¢ substrate has a conposition

‘;"hoi f:h?goo/oni: [Stefrfj%a%itﬂg aipbét 3E e i.tﬁl}thﬁfx{,] degree of crysga}]izlaéz%%nK[og rtrh]eO

1- 3% MJO Iithium disilicate crystal phase is within a range frd¥ 3%/%0 20%.

In another aspect of the invention, the glass-ceramic substrate
comprises further at least one crystal phase selected from the group consisting
of a-quartz (a-Si0,), and a-quartz solid solution (a-SiO, solid solution),
degree of crystallization of the a-quartz (a-SiO,) and the a-quartz solid
solution (& -SiO, solid solution) being within a range from 5% to 25% and a
crystal grain diameter thereof (average) being 0.10 4m or below.

In another aspect of the invention, the glass-ceramic substrate
comprises further at least one crystal phase selected from the group consisting
of « -cristobalite («-Si0,) and « -cristobalite solid solution (a -SiO, sohid
solution), degljee of crystallization of the « -cristobalite (a-SiO,) and the a-

| cristobalite solid solution ( & -SiO, solid solution) being \irithin a range from 2%
to 10% and a crystal grain diameter thereof (average) being 0.10 . m or below.

In another aspeét of the invention, the glass-ceramic substrate
comprises, as predoininant crystal phases, lithium disilicate (Li,O * 25i0,) and
at least one crystal phase selected from the group consisting of a-quartz (a-
Si0,), a-quartz solid solution (c -SiO, solid solution), « -cristobalite (a-



ZnO 0- 2% P[err]O[err]

1.5- 3% Zr2 2-7T% Al [err]Of[err]

3 - 9%Sb[err]derr] + As[err]O[err] 0-2% In
anot her aspect of the invention, there is provided a nethod for :
;manuf acturing the glass-ceram c substrateyfor an information storage nedi um
‘whi ch conprises steps of heat treating a base glass for nucleation under a

t t w thi . 500 C to, 600 f t

hour e f o4 8 Gueriprbalitn BORASOBIHAR ¢ SFiCh P BT HE o under & 10
t t i thi f 00 Cto 7 f .

hour s and ¢ her el RSN ASRIGHOR fF yrvarbion e bl et o thB dSeliBpiitnt ° o,
(arithmetic lﬁgﬁﬂ ﬂlﬂiégryi‘?‘}%)sl eSQfaréﬁ‘ﬁfe(yncpﬁh?éﬁ’anfiﬁﬂ§tdf|alc1glaﬂﬁfa?%ha gpect of the

i nvention, re’ls pro an I nformation storage di sk provided by

form ng a nagneln Cahdther aaspect f o @heShBfention, NiHe |Ay&y-Gerapdt UsidrateNis P

pl ati ng, an undercoat |ayer, a protective |layer and a lubricating |ayer, on
a gl ass- cersubstastiblyfeaecofNag2 inddRb@bove. Brief Description of the
Drawings In the acconganyi ng drawi ngs, Fig. 1 is .a transm ssjon electron

m cr oiscope (TEMn o appeqtoof ﬂ@1ﬂwﬁ1qq,¢q¥q glass-ceramic sybgirate bagd ¢ of
Ex 3, Fig 2 i TE t 20, 000 i fd.cati t
of a5 cer artetare iRt M CRIGHRARE oo SR S EhoRIIe B 50K or

rel ationship.gat ween crystallization tenperature and Young's nodul us and
bendi ng strength of Exanple 1; and Fig. 4 is a graph show ng rel ationship

bet ween cryst al [h zaidther agpedt éf the idvshtiony,stid) glissicerainicretibstraty dvasge) of
Exanple 1. Detailed Description of the Invention Reasons for limting the

pr edoni nant ceaffisieat oftherasal expassidn within adrange: from HeRXdE/ 6 to +130 X710

crystallizajjon, Young's nodulus,, specific grayily, nechanical strength,
coefficient /lcgf r?eweréimw,ﬂeﬁf ® f:‘hﬁ?ég'eri stics,

In another aspect of the invention, the glass-ceramic substrate has
bending strength of 400MPa or over.
In another aspect of the inventiori, the glass-ceramic substrate has a

composition which consists in weight percent of:

Si0, | 70— TT%
1i,0 | 8-12%

K,0 1- 3%
MgO 0— 2%
Zn0 ' 0- 2%
P,O, 15— 3%
7r0, | 2 — 7%

ALO, 3- 9%
Sb,0,+ As,0, | 0 - 2%.

In another aspect of the invention, there is provided a method for
manufacturing the glass-ceramic substrate for an information storage
medium which comprises steps of heat treating a base glass for nucleation
under a temperature within a range from 500°C to 600°C for one to seven

hours and further heat treating the glass for crystallization under a



conposition and conditions of heat treatnment will now be described. The
conposition of the glass-ceramic is expressed on the basis of conposition

of oxides as in their base glass. Description will be nade first about
predom nant crystal phases and crystal grain diameter. The gl ass-ceram c
substrate for an information storage rreqioum made according to the

present invention conprises lithiumdisilicate (Li[err]O2SiJerr]) as a
FerrTm or Hernerapyre watben agraces fometGl CopaTAO dHE0B? W FWEIGRGp a0d
Gan be pol | iEERLLEF BOBRSRE e ERHRER R AR T AR R e RS B CBIBURIAY 2
rexcel | ent Zﬁggésrfpbgpgg%%fo@%% dr%e%’vqi tion, by this extrenely small grain

-di aneter, ving an excellent nechanical property, particularly
‘bendi ng strengtfy gl f¥tREPY pelsi«d-ofaie £V ERidN) Gheird B provided hh dafenatich
g

predom nant crystal phase, a ass-ceram c substrate having excell ent

chem cal dustebagd idyslapdopidedi bylformimeat ynagetivefimoandieif. ndtessaioy odbenf
crystallization of the lithiumdisilicate crystal phase shoul d preferably
be 3% or oviawersindlading atNePirlatinghan wadersoat laveaonimratactive ayer apse.
The degree of crystallization, of this.crystal pha sh d preferably be
20% or bel OW%SE@%UQWPI"\MI\? gl‘)"’és'é’%%mf‘bs‘é%s&ﬁ#‘? ap %’ﬁ‘f?ﬁ%"eﬁavi ng proper
properties of the invention (i.e., coefficient of thermal expansion,
Young's nodul us, specific gravity and surface roughness) wthin this range
of degree ORyfef abibtiealdfeHe Diia®vifbgss- ceram ¢ substrate shoul d preferably
contain, as a pre ry phase in addition to lithiumdisilicate,
at | east one of Ih¢he hceanpahying damlings,Si Jerr]) and a -quartz solid

solution ([err] -SiCerr] solid solution). By containiRg.this cr a hase
as an addi t i onaFiprkaoei transmagsjon &16%?%3}1%%9%&@%&@%%*%’?@’60&

i ncreased and a.goeffici of thermal expansion,wWithin a tenperature range
from - 50] erF}a@nﬂ-ﬁcwsﬁg‘ﬁ%%giaéﬁ'qﬁﬁlﬁﬁoéﬁﬁ?wg? 3y ange. For realizing these
effects, the dege : ggag)t ' | hifsSGenE) Ekhe Hlyssl@raffigse
shoul d preferab?"l .32(31%%/0’1‘(;13;%@}5 n ,H @(?f%%g%% E{:asi gni)ng t?}gmgl asg-aceram' C

to a substrgf €onparAtive Ba@iplee® of the invention (particularly coefficient
of

Fig. 3 is a graph showing relationship between crystallization
temperature and Young's modulus and bending strength of Example 1; and
Fig. 4 is a graph showing relationship between crystallization

temperature and crystal grain diameter (average) of Example 1.

Detailed D . .. ihe I .
Reasons for limiting the predominant crystal phases, crystal grain

diameter, degree of crystallization, Young’s modulus, specific gravity,
mechanical strehgth, coefficient of thermal expansion, surface characteristics,
composition and conditions of heat treatment will now be described. The
composition of the glass-ceramic is expressed on the basis of composition of
oxides as in their base glass.

Description will be made first about predominant crystal phases and

crystal grain diameter.

The glass-ceramic substrate for an information storage medium made



t hermal expansion, specific gravity and surface roughness), the degree of
crystallization should preferably be 25% or below. The crystal grain

di aneter (average) of the predom nant crystal phase should preferably be

0. 10 12 [err]mor below for polishing the substrate to a desired surface
.roughness and obtaining a substrate havipg an excellent super flatness and
‘excel l ent nmechanical strength, particularly bending strength. The

gl ass-ceram c substrate according to the |nvent|on sh qu ab&g
contain, i nacedudingote the ptetsnnt; imeRnsion eemprisgs lithiyp dpdicate ?e‘rzb] 10,)

gt 's%faépr?é%mxilem al Bhasoharing 2 aryeelepm et Gtk o
I “@% e &0 a &Y fxfeglheﬂ{éa%ﬁe ﬁx?}@é Graid Qﬁ&Hét&@rbfbﬁthmm

i ncreased r expansion wthin a

tenperat ur edirsﬂft%%e b %ﬂ ekl §mbll ondd6£0.0b% @edt Belowethestbdthate durgber

range. For I Zi ng t ese effects, the degree of crystal lization of the

pr edoni nant péliskeddeto Q%ﬁﬁed@ﬂfatemoa‘ghhabé snleaothereby proddd anf excedlant | y
desi gni ng tﬂe gl ass-ceram c to a substrate having ﬁf operties of, the
i nvention (papen fat @ull‘ﬁacsuriac&dddtmghbﬁsﬂuarﬂ?tmﬁ g%ﬁmt wr a

e
et T SR e U At

to a de5|re rou subs rate havihg an

excel | ent Sg&ﬁ%g:ﬁf PRAKE %Sgl"éﬁg-cs:i‘éiﬁid Mstf@ﬁ%ﬁé'ex@éﬂ&méﬁhmm diueabidity y

bendi ng str I'n sumy the glass-ceram c substrate according to the
i nvention shadiphysical pieahdrty cantheiprovideda predom nant crystal phase or
phases, lithiumdisilicate (Li[err]O, 28|C¥err] , or Jdijthiumdisylicate
and at | east on&her degrde pﬁmstas}bxwremf Sigilieaties CEYS ﬁg Raseer ]

<01 T o u il Pty s S i L Bh pedah i
~cristobali teﬁ%git Pl a%?eu&‘hgndé#egr{)ﬂ %{ﬁ' 'i:ionsﬁf i18li Q-pdthPPhase! $hdidd

been found dom na ryst an 1 nportant factor which
det erm nes QP@fe%Efaﬁ@ ZU%r(ﬁC'b@Ideﬂobéaﬁﬁé ¢ wln bélfdasyntbedehgnaacmﬂn‘strateent

of thermal expansion, mechanical strength and shape of crystal _grains and
that, for having proper properties of the invention (i.e., coefficient of thermal expansion,
Young’s modulus, specific gravity and surface roughness) within this range of
degree of crystallization.
The glass-ceramic substrate should preferably contain, as a predominant
crystal phase in addition to lithium disilicate, at least one of a-iluartz (a-
Si0,) and «-quartz solid solution (@ -SiO, solid solution). By containing f.his
crystal phase as an additional predominant crystal phase, bending strength
can be increased and a coefficient of thermal expansion within a temperature
range from —50°C to +70 can be set within a higher range. For realizing
these effects, the degree of crystallization of ‘this predominant crystal phase
should preferably be 5% or over and, for easily designing the glass-ceramic to
a substrate having properties of the invention (particularly coefficient of
thermal expansion, specific gravity and surface roughness), the degree of
crystallization should preferably be 25% or below. The .crystal grain
diameter (average) of the predominant crystal phase should preferably be 0.10



realizing the properties required for a substrate coping with the high

13 recording density, the above described crystal phase or phases nust be

cont ai ned as the predom nant crystal phase or phases. Description will now
be nmade about the crystal grain diameter of the predom nant crystal phases
and the surface characteristics of the sybstrate. As described previously,
as the recording density of the information storage nedi umincreases, the

glide height of t magnet i c. head i s extr |y reduced t0 0.025[ err] r

bel ow and t Hnrf¥abe an’idi"hrsm gk‘%&“ﬁ?@?ggn%%ra't& reéﬁﬁ't“ﬁgfe FR&THSR &;stem
has been devel oped. _For ' 1 o dan | dusie a
nore fl at s?hetﬁé & ﬁﬁ“}’ﬁ@%??‘&%i&?t agi sgféépqp " %ﬁ eg'ﬁ%ﬂﬁg%% per]gi(}reirgfhi gh
recording dgfaghhitichlRiehilf eIy bbhamhe itk TaLi on on a magnet i ¢

i nformation storage medi Gm having a surface of the prior art flatness,
proper inputtinThandasyéqraniic sgbstrate angedirigtosthgriaventionshobll mreliérably
because distance between the nmagnetic head and the nediymis too large. If
this di st ancentain,risuadditior: ¢0 Lithiwn disilicatenatdeastconreall Aaistebalitgs(a-

o' euen: BB ca:Tarebsalng 7 e 07 ST AR TR A o
Foughness FRIeANERR FrySra Hhalt, 1 15 PR Atng *Gl8 Cedbiticndf PlddoRfBan:
be 5. err] %ﬁ{)sfgfélf%e BRAGING iR candbOliirbhscd rdifh Fib dndDécfficient

preferably or below. For obtaining a glass-ceramc substrate

havi ng suchof tiairaed sxpaheionhajthinadenipertire rahgg fomn -G0YG ttal+4)1’&i ¢an beconme
i mportant factors., For workability and surface roughness of the substrate,
the grown cegtstvaithiy = rlsighhourangs: ef Epnbreplizang i thesg effestar theadagreeTrl

b f j nf, i di um | ] be,

def ect o SucAAEALZREOR SesheBreBppnanb sy Al phees bon rrrrY: B8 2 8 have
i f h L fipe.ie: egu

Sati'sf i ed bOVEheuR o, Bpy; Altipbg ifle; SHSRREAAI TR  bibdidie Hdving

descri bed pLAgUARANYF theYinvBhtiBAIPartitula iy stdhéd rowdtinss Aindicsstfibiensiof on

of lithium
thermal expansion), the degree of crystallization should preferably be 10% or

below. The crystal grain diameter (average) of the predominant crystal
phase should preferably be 0.10m or below for polishing the substrate to a
desired surface roughness and obtaining a substrate having an excellent
super flatness and excellent mechanical strength, particularly ‘bending
strength. | |
In sum, the glass-ceramic substrate according to the invention should
preferably contain, as a predominant crystal phase or phases, lithium
disilicate (Li,O * 28i0,) , or lithium disilicate and at least one crystal phases
selected from the group consisting of & -quartz (a-Si0p, «-quartz solid
solution (-Si0, solid solution), « -cristobalite (o -SiO;) and « -cristobalite
solid solution ( & -SiO, solid solution). It has been found that the
predominant crystal phase is an important factor which determines the
surface characteristic which is influenced by a coefficient of thermal |
expansion, mechanical strength and shape of crystal grains and that, for

realizing the properties required for a substrate coping with the high



14 disilicate and at |east one of a -quartz, [err] -quartz solid solution
[err] - cristobalite and [err] -cristobalite solid solution) having the
above described crystal grain diameter and crystal grain shape. The
gl ass-ceram ¢ substrate having the above descri bed predom nant crystal
phase or phases has a coefficient of thergal expansion as described bel ow
which is suited for a substrate for an information storage nmedium The
gl ass-ceram ¢ substrate of the invegtio houl d g&ﬁ{erably not cont ai

r

a predoni navecordipgt densifws he [ahovp ceystak phaseo o iRhASes cUs r&‘i 2
-cristobalit - Si . - i.ch h ti _
Cher nal - ox SARSRBISa ifchdomingnt cEtipl RS SPHAED, 00 Matie “about a
coefficient of HAcHIBtioR VAN D0A be ARaddiAboE thill AgsGlNEal difiefaSED the

positioning of the ghetic head relative to the information storage nmedi um

requires a phidfidniinaat srpitabpHasdd i@l surfacdtlpdraptadstidsof thie substratequi r ed
for the substrate and respective conponent parts for the nedium Therefore,

an i nfluence of Adi déseribedepreviohuelyc aef thec recordiig wdeasits of iherisfamatsemeen

the substrate and the conponent parts_for. the di um cannpt be i gnored and
di fference steragrmesiwm BicEeAses Eh%sh%ﬁe@&aﬂfggﬁrmﬁ%%mb ead e{“&?if he

bref orabl o THHERY OPEPAB e BPOH, BRibe i eilat FORRAMT Rkl b e
slightly |a acéﬂfcgr j g%%%éxﬁiﬁ%tbe% dRRIdHRI. TR RIE Withi R haeAReRGH
parts of the drive device.” As conponent parts for a small size nmagnetic

I nf or mat i ongld gicdd@mBilist haveng mbry flap sarfacefthani thet pribr abediskls. eXpensi on
in arange from+90 x 10[err]/[err]C to +100 x 10[err]/[err]C are .
frequent |y atterhpts tchaterforen shight regoeding: dlensyhinpautsing antd; entpttisrg of

t hermal expansi on of the same order. There is a casg_i ho}\ﬁver,- whet e ar
drive nmaker ppnationon gnpagasticinformatien storaggmefiun Rayipg g, gurigee o

B L i e TR A T

10[err]/C t o) abQUbe tddneved Pethtidd dthhée HebivebR the! AfRidtic Redd G YEE al

system of the present I1nvention, a range of coefficient of thernal

expansi on haedeanidess laigeed IS ¢hishaistafe is reduced, collision of the magnetic
head égainst the surface of the medium occurs with resulting damage to the
head or medium. For preventing occurrence of damages to the head and
medium notwithstanding the extremely low glide height or the contact
recording, the surface roughness Ra (arithmetic mean roughness) of the
substrate should preferably be 5.0A or below, more preferably 3.0A or
below and, more preferably 2.0A or below.

For obtainiﬁg a glass-ceramic substrate having such flatness, the shape
and diameter of grown crystal grains become important factors. For
workability and surface roughness of the substrate, the grown crystal grains
should preferably be fine globular grains.

The substrate for an information storage medium is required to be free from
defects such as crystal anisotropy, foreign matters and impurities and have a
uniform, homogeneous and fine texture. These requirements are fully

satisfied by the substrate of the invention which contains the above described

predominant crystal phase (lithium disilicate, or a combination of lithium



15 substrate will be applicable to as wide a variety of materials of
conponent parts as possible while having sufficient regard to the strength
of the substrate. It has been found that the coefficient of thermnal
expansi on should preferably be within a range from +65 x 10[err]/[err]C to
+130 X 10[err]/[err]C within a tenperatyre range from-50[err]C to
+70[err]C. A nore preferable range of the coefficient of thermal expansion

i t hi h ; is f +95 X 10 / .0_+110 X
10 o 1]/ [ erdifBentiodng Bt beashs RS 1l fh OB, andusing L rtite A
it iy F : ; 0. Andy v :
hCe i gne hisepaliteohnd BLERMIAMNEE QPO il e hidle | BebcERd! r a1 €
transfer ofod) LU dimdiP 2 BARSPtAPEATGLaYRS T al e nust have hi gh
oW

rigidity an specitic gravity. Further, 'in the case where the nedium
I's used for usEhe\lasecerammignsabstriveatiavingthe adbove tesdribedopreddminartt t he
medi um or where the nediumis used for_a portable type device such as a
rermovabl e toypstad pdvasg eordplrases, hahe coebicient of ﬁhemaﬁemmmm@odw@ed

suf ficient chanjcal .strength, Youpng's dul us.and surface hardness to be
adapt ed forbr‘gg%hw 1s ﬁmmgsgﬁe%ﬁuggﬁﬁﬁlet%ﬁnF 0 ?t?fé’i‘%gﬁﬁe‘imm'gh

rigidity b a J arge_speci f,i rawiiy. n ' ' o urin
. B gh- SpoctpS elerrErmB st e A the in{ GO RE ShORA relltBb) e Qfihs 0! N0
vi bration : dERRYEY, ' efseh 8, Mscristbleatit
specific g?c{a\#r?gmgthjlt%%pﬁg%vgtrﬁ} gi di gy,'@\eléiﬁl?flgﬁ%é\é}o'?&tuhe I sk :ﬁfkew se ogcurs.
Accor di ngl W8 -Gi@%)eoﬂﬂﬁ:-fqulaetﬁwhﬁd}ﬁhaﬁa hegative thoymabetpansiam tharsctenstic.

properties of a _high rigidity and a | ow specific gravity. It has been found
that a proper r&egeriptionowilihewnhrimiade algut)a cegfigient of $hexmal expansron,

NG G PRI A NIRRT AP N CN
e of L Yl be e SNl o 38 LGOI SHbADRC! 11 ©

st andpoi nt h%f‘e\éf‘éiéﬁ NGze/ i rBGhRBd For the Slibukratenasd aeppesivel cotiponeretsent

invention, the glass-ceram c substrate has Young's nodulus of 96GPa or over
16 and 114GRats forbtHeomedAsmt o Theeefore,cargimfiudnce dfadifferpncedarthetcoefficaendnt i on
of

of thermal expansion between the substrate and the component parts for the
medium cannot be ignored and difference in the coefficient of thermal
expansion must be reduced to the maximum extent possible. More precisely,
there is a case where it is preferable that a coefficient of thermal expansion of
the substrate is only slightly larger than a coefficient of thermal expansion of
' the component parts of the drive device. As cbmponént parts for a small size
magnetic information storage medium, ones having a coefficient of thermal
expansion in a range from +90X 107 /°C to +100X 107/°C are frequently used
so that the substrate needs to have a coefficient of thermal expansion of the
same order. There is a case, however, where a drive maker employs a
component part made of a material which has a coefficient of thermal
expansion which is out of the above described range, ie., a coefficient of
thermal expansion within a range from about +70X 107/°C to about +125X
107°C. For this reason, in the crystal system of the present invention, a

range of coeﬂ_icient- of thermal expansion has been determined so that the



vibration, the substrate should preferably have specific gravity of 2.60 or
bel ow and nore preferably 2.50 or below even if the substrate has a high
rigidity. In exanples of the present invention, the substrate has a
specific gravity within a range from2.40 to 2.60. An information storage
medi um'used for nobiles is required to heswe a shock proof property (100G to
500G and a high nechanical strength in a head strap. For this reason, the

substrate should preferably_ha endi ng, strength of 4Q0MPa or over_ and,
nore prefe Fvaﬁgﬂlﬁ%{’%raé\l’é’?%g &R Nte%d B "E"‘Xeog ﬁ\?gﬁﬁ"‘gsn?f EPRPERERY | at e
has bendi ng _strengt bt hi r r.Qka 0

limting tﬁ)@r&% rﬁn%sﬂr&#%%@ rvglﬁg% gggl?'ﬁ; S a"ség‘g%@égds a%eft ?(EZ‘SJJ r(aﬁé’ti}ﬂ;b? cf}g:‘lr ne
wi Il now be,@escihbeft hddBectl fhald thdtiheadbfitientsoftheeinl ewpahsisfilshould
ingredient for growing lithiumdisilicate (Li[err]O 2Sierr]), [err]
-quartz ([ gireferablyOber within[ &rrangeqfram 650k 167£C| ta HAB00{ 207/TC -withimrar |
'solid solution, [err] -cristobalite ﬁ:[erﬂo -SiJerr]) and .a -cristé)‘jgziléﬁite
sol i d sol uttemperptune] rangs dram 156 el Gt | dhmare prefewable sianger9ist
phases by heaj.  treat] t he base gl ass,, If the amount of this ingregdient is
bel ow 70% cgptiient ot thmendk Sxpansiem 3athin thy Sa1E CETRRCTAUTE FIRES IR
texture ten hpe0o aphf the amount of this ingredient exceeds
77% difficl )Elagr/iageése-rfr;ﬂ?h%li i/_ng' and formng of the glass. The Li[err]O0
ingredient is a)légé iR OWilf e iMEAEThERT abSit HoRiighd thbdillueMafld Skpdcifid €
(Liferr]O0 2Sierr]) as a predom nant crystal phase by heat treating the
base gl ass.grakitiyhe Faropréventinghideforngitich entd ivibiaticmvo%hedsibstratet yn ar i ses
in growing of this crystal phase and also in nelting of the base glass, If
the anount lightspeedinotation exceeshing 40900 zpsm eoning voith ackighrsneeddransferpf o

and its textyre tends to hecone coars nd its m cal. dur.abj.lity i '

det eri or at & owlmthﬁgéﬁﬂ'wwmgaq@h?ﬁPﬁ?%%ggp%%éyo \ﬁf‘hfé’“@ ass
and prevent cr re e A O eFumSh sive
17 anount o%%e%ﬂfcs% gredi W%%%s@g%%og%geg@s%g%%tﬁ{e gr oﬁn§1gr§?/§?%ﬁe?&%§iange

in the crysgpbrdAaa8gROEC %@harih%;fetrh%aniia iah@mtsd witty 8y edyumt frewaepeint

of up to 3% of this Ingredient will be preferable.
the medium is used for a portable type device such as a removable type

storage device, the substrate material must also have sufficient mechanical
strength, Young’s modulus and surface hardness to be adapted for such uses.
It has been found that, if a substrate has a high rigidity but a large
specific gravity, deflection of the disk occurs during a high-speed rotation
due to its large weight with the result that vibration of the disk occurs.
Conversely, if the substrate has a low sp_eciﬁc gravity but a low rigidity,
vibration of the disk likewise occurs. Accordingly, there must be a balance
between apparently conflicting properties of a high rigidity and a low specific
gravitj It has been found that a proper range of Young’s modulus (GPa)/
specific gravity is 37 or ovér, preferably, 39 or over, more preferably 41 or over
and, most preferably, 43 or over. It has also been found that there is a
preferred range of rigidity. Even if the above ratio is satisfied with a low
specific gravity, Ybung’s modulus of at least 96GPa is preferable from the
standpoint of preventing vibration of the disk. In examples of the present

invention, the glass-ceramic substrate has Young’s modulus of 96GPa or over



The MgO and ZnO ingredients are effective for inproving the nelting
property of the glass, preventing grown crystal grains frombecom ng too
coarse and enabling crystal grains of lithiumdisilicate (Li[err]O
2SiJerr]), [err] - quartz ( [err] -SiJerr]), [err] -quartz solid solution
( [err] -SiJerr] solid solution), a - c éstobalite ([err] -Sierr]) and
‘[err] -cristobalite solid solution ([errg-SiQerr] solid solution) to grow
in a gl obular . Fqr .these purposes, the amount of the i ngredieent
shoul d pr efaé}daif‘gggé 06'9[5‘33‘9‘61 g\?etP %‘?ﬂﬁf%@'aé'ﬁ’é'u vie f?‘f%aran '\ﬁ%)re {elgf)ggitf
shoul d pref | 0,19 0 I o e%.ll\g;,q Y

-1 ngredi ent s‘gé)faglaéxgtglses F'\%be/%'t%%eeggél)l}gt gré%g%gmﬁé%s’?%c%g nst gﬁpg and 0irt S
texture w 'Herl]&@%&{@ Qe pREESDly B150 A0bElbwobvéhaf bBE subgtredé diis, a high

t herefore, should preferably be 2% or bel ow and, nore preferably, 1% or

bel ow. Li keqgidéty. t e exabiples of thaepréset imyentionntthe mbistirate diasr alsipgcifie 2%
or below and, nore preferably, 1%or bel ow. The total anmpunt of the MyO and
ZnO i ngr edigravity svitbinda pange feomr L. 4Eto02608r bel ow, preferably 1% or bel ow

The P205 ingredjent . is indispensable,.as a n eat i,ng agent. .Faqr, e i ng
forming of nuclamdnfarmation, starage TeURm W?@&Jg’fnb? slgf’ﬁﬁSHH? c@nﬁ%‘g@{éoo

coarse, the NS, A Eane L 6l 4,06 Hewd' -

For preventﬁhﬁggg)gé%ﬁ%m &V t(:'lpglé}g%t I on )(%m.%glggge&gﬁgisésﬂgﬁrg%ﬁgg{nt ai ni ng
stabl e |ar %Eré;%a' TR CRIACbAd, t i AHbetdatef shaild prefeedblynhavbobénding
preferably be 3% or below. The ZrQ2 ingredient is an |£ortant I ngredi ent
whi ch, in aggéngthnof cl00MPAuce tavensand,i keorehpraferably 05@OMPsai ogrextirentn as a
nucl eating agent, is effective for nmking the_ grown crysé&lﬂs,f i.ne,

i nprovi ng texamples of the inentiongthe &nbstirn%? bos bgndingsleaneth, withinia tange,

achi eving these effects, ferable amount of the ZrQ2 ingredient is 2%
or over. |ft¥aw‘é9éﬁ\4§§it9c§0mmr of the ZrQ2 ingredient is added, difficulty
arises in melti heud iti ' Fithh Hoksh B ddefiridgeins! ug
are left unmnel tfg%‘,sgé(s)tf a ggﬁﬁgielég;égg)pglt?r?oﬂaﬁ‘igéo theaZr Ingredient is 7%

or bel ow. The MRSwilHowAbedbsdrshed.f ective for inproving chem cal
durability and nechani cal strength, particularly hardness, of the,

gl ass-ceram c. The8i€), éngledéersnBuntery impbstantgngridient for gevangditdviumnd,
0,
nore pref ergigh}lc’até (/]('.),i(:(r) - 2Si0,), a-quartz (a-Si0,), a-quartz solid solution (a-Si0,

solid solution, -« -cristobalite (-SiO,) and «-cristobalite solid solution (Q-
Si0, solid solution) as predominant crystal phases by heat treating the base

glass. If the amount of this ingredient is below 70%, grown crystals of the
glass-ceramic becomes instable and its texturé tends to become coarse. Ifthe
é.mount of this ingredient exceeds 77%, difficulty arises in melting and
forming of the glass. ) _
The Li,O ingredient is a very important ingredient for growing lithium
disilicate (Li,O * 2Si0,) as a predominant crystal phase by heat treating the
base glass. If the amount of this ingredient is below 8%, difficulty arises in
growing of this crystal phase and also in melting of the base glass. If the
amount of this ingrediént exceeds 12%, the grown crystal is instable and its
texture tends to become coarse and its chemical durability is deteriorated.
The K,O ingredient improves the melting property of the glass and

prevents the grown crystal from becoming too coarse. Since an excessive



over. |If an excessive anount of the Al[err]O[err] ingredient is added, the
grown crystal phase changes to [err] -spodunene (Li[err]O Al[err]Of[err]
4Sigerr]). Since growh of [err] -spodunene and [err] -cristobalite
significantly decreases the coefficient of thermal expansion of the
material, growh of such crystal should QR avoided. For this purpose, a
preferable range of this ingredient is 9% or bel ow and, nore preferably, 8%
or below. The Sb[err](Jerr] and As[err]O[err] ingredients nay be added as a
refining agamoung 1$ mogreldientacanisgh avarsendds of dhe @rowmesxystalgchdngatins i n
the total anmpunt up to 2% apg, preferably up.tq 1% w.ll suffice. Reasons
why the sub%t§ gvst %ecﬁn(ggmwamw chemied MPHF‘EV] thexg@ropBbOflp to now
be descri bed, e O 3N riale. cayses problens in producing a high
preci si on aﬁé’ mg ﬁ%e%e&%&@%% pgefﬂ'a‘ﬁﬂ.g. | f the substrate contains this
ingredient, dif i f L O : L-c . fd | -1 he
filmform ng pr gg%slg%gg nt ?gennér*ggé&tehgg r?agg%gtﬁfc{é&?lt})%%?’g:&ﬁ? %t gié[)g%gtrlrfég
coarse and gripirtploftite gldssNipabvarting (drowas elfdtal gdeinRr frohd theebming 1the
magnetic property. Further, the diffusion of the Na ion into the magnetic
fi | m adver sedarsafdnd tenablingngryssalrgsaiaisi of lighivim t disilinage clLi® pr2KiOe) y& - The

substrate should al so_he free of PbO ich i.s undesirable _fromthe
st andpoi nt BFaE@vzt% . ﬁoﬂ%ﬁ?oﬁ?ﬁ&ﬁﬁﬁﬁm}f gé’f ll%s?hé §9T&§l§nber%m c

ol nes. mat er r@Balits CO"RII Rt ok 2T RN (P SI07 s R
subj ected tg, @r&ﬁtinogegebmaﬁ%ﬁaﬂw A aRse pJﬂf)sfaé’,rf%Jedaﬂi&ﬁﬁ MStRMMAST ed

to heat treatnent un a tenperature wthin a’range from500[err|0 to

600[ err] C f iMgredfentoskkil@nplederably Ge 0.3% orueéreanhdotheathduditnof she By@ct ed
to further heat treatment under a tenperature within a range from 700[err]C
t o 780][ er r | mgrediemtshould prefezablyubes 01184 ot oyer.difithe amountsTifdhgl Mg ard am c
t hus obt ai ngd bi/ t he. above heat t.reat.nent co tgi ns, asm;\ redom, nant, .
crystal phaZEOo ngredlents are;excapsivesthe eaf%afe tadped bgep% § agd is

conmbi nation_Qf. lithRh;emdisilicate angsat | east r ysd al I rom
Che or oup. cBRREs bl ¥poue b E5eSe EhR nraiRt of VB8 Mo RNE BRI
5'50| ution (ashculf? pefekflbly be 2% or below and, more preferably, 1% or below.
| Likewise, the amount of the ZnO ingredient should preferably be 2% or below

and, more preferably, 1% or below. The total amount of the MgO and ZnO
ingredients should preferably be 2% or below, preferably 1% of below.

' The P,O; ingredient is indispensable as a nucleating agent. For
enhancing forming of nucleus and preventing grown crystal grains from
becoming too coarse, the amount of this ingredient should preferably be 1.5%
or over. For preventing opaque devitrification of the base glass and |
maintaining stable large scale production, the amount of this ingredient
should preferably be 3% or beléw.

The ZrO, ingredient is an important ingredient which, in addition to the
functions, like the P,O, ingredient, as a nucleating agent, is effective for
making the grown crystals fine, improving the mechanical strength and
improving chemical durability. For achieving these effects, a preferable
amount of the ZrO, ingredient is 2% or over. If an excessive amount of the

ZrO, ingredient is added, difficulty arises in melting of the base glass and



solution), [err]-cristobalite ([err] -SiJerr]) and a -cristobalite solid
solution ([err]-Sigerr] solid solution. The degree of crystallization of
lithiumdisilicate is within a range from3%to 20% and its crystal grain
dianeter is within a range fromO0.005[err]mand 0.05[err]m The degree of
crystallization of a-quartz and a- quartg solid solution is within a range
ifrom5%to 25% and their crystal grain dianeter is within a range from 0. 01
[err]mto 0.10 [err]m The degree of crystallization of a -cristobalite and
‘a -cri st ob#1i0Q, eodi thedtkaislugraredefti wrmaltad, smthatra preferahle am)e%& theei r
crystal gragin dianefer is_ within a range fromO0.0l[err]mto 0.10[err]m The
gl ass-cera%&ﬁ&gg E%Wtqz/%oé'%ei‘b%ed and polished in a conventional nanner

.to provide a gl - am t. . < -nat | . i

19 provide o ol TS A S fo R 5 UehehOh BF LLBABIURM EAPHARNEAAME.
from 1. O erbeHidhieal’ stréfigth| parfibiiafys RixEiRes! Gf itheoaiadatiic! oAl ng a
magnetic filmand, 1f necessary, other layers including Ni-P plating, an
under coat |pre@srable finouae of vkisliagasdiantissB% wrrdvenandgmory prefevablyné%girass -

cerami c substrate. 20 Exanpl es ExanBIQes of the (f.r esent invention wl|
now be desaviepedlf Tatdxsessive amBownbwf dharhl,@s ipgredient és m@ddedp thegrown

conpositions of .the gl ass-ceramc substrate. for I .. td.0n st orage
medi um maderEEEd Pglr‘*ﬁg cﬁﬁng‘l"?etq ERPFEReRs be'rAJ;ﬁ? h)i%’ﬁiﬁ e$‘h98? ﬁ%v?'@g%ff
nucl eati on, gt f e r i: zat.i ' o est
crystal gra’leﬁ m%@%‘% a(Igé/é(?ége%t?B%%%er tgtéq{c;)jfic% Sfﬁgcﬁ@éﬁ&si %}Ynétcgéfgggﬁiﬁ ent

of thernal ﬁféﬁ?ﬁiﬁiestpanm%{ the'Rduris], cE5wih of BaEh tivstal shdild, beYavsiged.
nodul us (GPa)/specific gravity, bending strength and surface roughness Ra

(arithnet i cFoe thisrpueposes a)praférable oangd of ghisTaigredient his V8% combeleivt ands and
t he above properties of the prior art Li[err]OSiJerr] system
gl ass- cer artoze greferallzBi%mwrhelemiese Patent Application Lai d- open

Publ i cati Sh 2- 12547 tive. le.1l d, J Pat ent, .
g L6151 EORR S, e Rl A W
abl es 0 . | ic - i s . - z as
"[err]-q" aIrI{1 ltzlaﬁé %ﬁé g’ %%gﬁsltsé %sd%’lt][lérrl r%?héé‘s\ér%gg%%tg ?%/Se*r&he £&5’I ot
to 2% and, preferably up to 1%, will suffice.

Reasons why the substrate does not substantially contain Na,O and PbO
will now be described. Na,O in a material causes problems in producing a
high precision and fine-grained magnetic film. If the substrate contains this
ingredient, diffusion of Na ion into the magnetic film occurs during the film
forming process and this makes the magnetic film grains to become coarse and
deteriorates orientation with resulting deteriorati(_)n in the magnetic property.
Further, the diffusion of the Na ion into the magnetic film adversely affects a
long-term stability of the magnetic property. The substrate should also be
free of PbO which is”undesirable from the standpoint of environment
protection. |

For manufacturing the glass-ceramic substrate for an information
storage medium according to the invention, glass materials of the above-
described composition are melted and are subjected to a hot or cold forming |
process. The formed glass is subjected to heat treatment under a

temperature within a range from 500°C to 600°C for one to seven hours for



21 Table 1 Exanples 1 2 3 4 5 I ngredients (wei

ght %
Sigerr] 75.3 75.3 75.3 75.0 75.0 Li20
9.9 9.9 9.9 9.9 9.5 P205 2.0 2.0 2.0
2.0 2.5 zZrJerr] 2.3 2.3 2.3 3.0 3.9
Al[err]O[err] 744 7.0 7.0 7.0 7.0 MO
0.8 0.8 0.8 0.4 0.0 2znO - 0.5 0.5 0.5
0.5 0.5 K[err : .0 2.0 2.0 1.4
‘Sb[ err] O er Ll}lcle]atlon and then is subJectqgi oto f(zg.r%ler élegt tygagmeng sainder a
Alerr]O[err
‘Nucl eation %%‘H'B(gfaattuﬁ‘? & %Hn a I3pge ﬁ‘gﬂoﬂ)dlg4bo 780&8‘09 ogﬁgo ?l | onsofl e
.(‘hour) 5 5 2 Crystallization terrperature(C)
720 740 °‘?’658aﬁ1za'?‘§6“ 740 Crystallization tinme (hour) 3 4
g 4 Pr edomThiglagset@hiptlageobidined by the dbdve heatl featmbht Contains,

i amet er

[err]-

(average, [err]m 0.005 0.005 0.020 0.010 0.020 Degr ee of
cryst aI | i zansarpre®ominant cyyGtal plisse or phasés lithinm disilicgte(Fi,Oy" 2

- Gain dianeter (average,

0.01 030 . 0.010
Degr ee Of Cpg@tbamamggtq d.ﬁ(hyblm disilicate 1:31d at%ast one aryst. se?e_cte(? from tix

72

[

c Grain

solid solution. The degree of crystallization of lithium disilicate is within a
range from 3% to 20% and its crystal grain diameter is within a range from
0.005u4m and 0.054m. The degree of crystallization of a-quartz and «-
quartzl solid solution is within a range from 5% to 25% and their crystal grain
diameter is within a range from 0.01 £ m to 0.10 fm. The degree of
crystallization of a-cristobalite and o -cristobalite solid solution is within a
range from 2% to 10% and their crystal grain diameter is within a range from
0.014m to 0.10m. |

The glass-ceramic subsequently is lapped and polished in a conventional
manner to provide a glass-ceramic substrate for an information storage
medium having a surface roughness Ra (arithmetic mean roughness) within a
range from 1.0A to 5.0A. An information storage disk is obtained by
forming a magnetic film and, if necessary, other layers including Ni-P plating,
an undercoat layer, a protective layer and a lubricating layer, on the glass-

ceramic substrate.

i@pror a q

3

begree of | - NG PORARE | ¢ QA% -Si6)] | Alquirtz sofid solusiqn (;$iQ, sould 10

t her rral & PRBRItRh)( % Ll tohdlite) (& S0, amlC o -cii60d1RIth Golid S6lution’ éot -SiG,10



Young' s nodul us (GPa) 108 114 110 105 100 Specific gravity
2.45 2.46  2.47 2.46 2.47 Young's nodulus (GPa)/ specific gravity

44.1 46.3 44.5 42.7 40.5 Bending strength (MPa) 580 700

650 460 760 Surface roughness (Ra) (A 1.0 1.2 2.0 1.1 1.7
22 Table 2 Exanples 6 . 8 9 10 I ngredients (weight %
Siqerr] 76.0 6.0 70.5 76.7 76.5 Li[err]O
9.5 10.0 11.5 ‘8.5 83P[err]0[err? 2.3
2.5 1.7 Exdmples 1.8 ZrJerr] 45 3.0
6.0 5.0 2.5 A1203 g 4.5
7.4 Mo Examples of the present igpventiopn wyll now bg descyjbed. 0 5 7n0O

8 g 0'2_40 0. %r@;f%rlr f‘d?e?l?‘iw exanlpqes (No. 1 to No. 25) of C(Hnaosmen%'o? tgez' =
0.5 0.
0.0 PbO Nu?S%g% it e‘%é"r’%‘irfj‘?eeﬁ(r[aenr }']fﬁﬁmatmnfﬁ%ragegmgdmng Piade afbotding 19

Nucl eati on th@Biny/BAtibh together with the teﬁg)erattﬁ'e of nucRation, 3emperature of
Crystallization tenperat ur e([err] O 750 710 740 750

Cryst al | i zatcrgstallizetidd) q:reﬁlommaﬁt crystalzphases,lﬂ'ystal grain diamgte®r(gvieragannt

crvstal phase LD LD LD Grai n _di aneter &gverage err]m
0.040 0. o4cdeg@e@9ﬁcr3@t@%@a9094e cee@:ce%nfoq’ theymal| expagsiosy Youype's mgdulus g

é |2arret er (a\ﬂQPfS [er giﬁq ,ﬁrav{ty,o %lglg(? daedullls (GJP@glﬁpeghg axﬂts?' Beﬂmng

strength and surface roughness Ra (arithmetic mean roughmess) after
polishing. Table 6 shows compositions and the above properties of the prior
art Li,0-Si0, system glass-ceramics disclosed in Japanese Patent Application.
Laid-open Publication Sho 62-72547 (Comparative Example 1) and Japanese
Patent Application Laid-open Publication .Hei 9-35234 (Comparative
Example 2). In Tables 1 to 6, lithium disilicate is abbreviated as "LD", «-

quartz as "a-q" and «-cristobalite as " & -c" respectively.



Degree of crystallization(% 23 16 - 10 6 [err]-c -
a-c [err] -c - Grain dianeter (average, [err]m 0. 050 - 0. 040
'0.020 Degree of crystallization (%9 9 - 3 10 Coefficient of
‘thermal expansion (X 10[err]/C) (-50[err]C - +70[err] Q) 79 75 66
120 69 Young's nodul us (GPa) 108 110 98 109
Specific gravity 2.50 2.48 2.41 2.47 2.43 Young's

nodul us (GPa)/ specific gravity Tab 38.8 43.5 45. 6 39.7

44.9 Bending strength (MPa) sgolablegh ~ 610 500 600 Surface
roughness (Ra) (A 2.9 2.1 4 Tabl e 3 Exanpl es

11 12 14 15 Ingredientsi(weiglat %9 SiJerd] 5

71.5 72. 5175£ l7§04|;%%0 Liferr]O 108
10.5 8.5 . . 1.7
2.5 2.0 Z rS@@ 75.%. 5 75.8 3 75.32, 17506’65065
A1203 3.8 3.9 89® 0.6 398 MAd.5

1.5 5 . 1.1 ZnO 0 1.5
1.0 %SKZO 2.0 14 0 21?:-5 2525
24Sb[err] 1 | 2307‘*’3153003 %9 0.0
As[ err] O[ er rAl,0, ad.o 6o 700 7@.0 7.0.5 PbO

Nucl eati on tmg'@erature ([err] O 570 o0 0890 .$£80 0210 Pyl eation

E;?ﬁeﬁg?ﬂ;é%ﬁ] ) ®260 720 780 9840 0860 )C@gglt L ﬁ%lz p%ﬁ time
(hour) 1 3 22.0 2.0 2.

Sb,0, 0.2 0.2 0.2 0.2 0.2
As, O, 0.0 0.0 0.0 0.0 0.0
PbO
Nucleation temperature ("C) 540 540 540 520 540
Nucleation time (hour) 5 1 5 5 2
Crystallization temperature(’C) 720 740 760 730 740
Crvstallization time (hour) 3 4 3 6 4
Predominant crystal phase '

LD LD LD LD LD
Grain diameter (average, u m) 0.005 0.005 0.020 0.010 0.020
Degree of crystallization (%) 8 10 18 5 7

- a-q a-q a-q -
Grain diameter (average, pm) - 0.010 0.030 0.010 -
Degree of crystallization(%) - 16 25 5 -

- - - - a-C
Grain diameter (average, u m) - - - - 0.010
Degree of crystallization (%) - - - - 7
Coefficient of thermal expansion
(X1071°C) (-50°C - +70°C) 65 74 110 72 74
Young's modulus (GPa) 108 114 110 105 100
Specific gravity 245 2,46 247 246 247
Young's modulus (GPa)/
specific gravity 441 46.3 445 427 405
Bending strength (MPa) 580 700 650 460 760
Surface roughness (Ra) (&) 1.0 1.2 20 1.1 1.7




Predom nant crystal phase LD LD LD LD LD G ain dianeter
(average, [err]m 0.030 0.050 0.050 0.020 0.010 Degree of

crystallization (% 10 11 18 20 15 [err]-q - [err]
- [err]-q [err] -q Grain dianeter (average, [err]m 0. 030 -
i0.050 0.030 0.020 Degree of crystallization(% 6 - 20 10
115 - [err]-c [err]-C - - Grain dianeter (average, [err]rr) -
.0. 050 0.040 - - Degree of cr%ﬂbl zation (9 - 10

- Coefficient of thermal expansion (XI0[err]/[err]C)(-50[err]C - +70[err]C)
72 74 130 80 110 Young's nodul us (cjigsy.mpieﬁ 110 100

196 110 101 Specific gravity 6 Zl44 B41 9 2.4810 2 44

l-

52. 43 Young' fn&%&%_!% € /cy pecific gravity 45.1 41.5
.38.7 45. 1 T engt h (I\/P,) 650 520 2? 650
500 SurfaceSHughness (Ra) (A) 1.8 16.8 g 76.0; 570.5; 1 76.74 {65
Tabl e 4 ExanfjOes 16 17 18 19 9.5 2D0.Dngr ddifent s §.6ei gBt3 %

Siqerr] - 73.0 59¥4.2 1771.0182.63ld[err]O
8.8 8.5 P"’%O 10.0 110P[err]0[err]%5 3.0 6.0 0. 9 .
L7 1.8 Zr 20 2.0 zrqerr] : 0 %0 2p9 39
6.5 69.4 483.8 8P.8 48.5 7.43.8 o
0.0 2 0 M%a 1.0 Zn0O 00 0.9 0.3 050 .95 1.5
0.0 5K[err]0 ' . : : 2.4
28 so[err] ) 00 o0t (88 &5 £% %
1.5 2.5 1.5 2.0 1.3

Sb._,03 02 02 00 05 02

As,O, 0.0 0.0 0.2 0.0 0.0

PbO

Nucleation temperature (*C) 540 560 510 590 570

Nucleation time (hour) 3 4 3 2 3

Crystallization temperature("C) 780 750 710 740 750

Crystallization time (hour) 2 4 10 3 3

Predominant crystal phase

LD LD LD LD LD
Grain diameter (average, u m) 0.040 0.040 0.004 0.050 0.040

Degree of crystallization (%) 18 8 12 10 6
a-q a-q - a-q a-q
Grain diameter (average, v m) 0.100 0.040 - 0.010 0.060
Degree of crystallization(%) 23 16 = 10 6
a-C - a-C a-C -
Grain diameter (average, pm) 0.050 - 0.040- 0.020 -
Degree of crystallization (%) 9 = 3 10 -
Coefficient of thermal expansion
(X10/C) (-50°C - +70°C) 79 5 66 120 69
Young's modulus (GPa) 97 108 110 98 109
Specific gravity 250 248 241 247 2.43
Young's modulus (GPa)/
specific gravity 38.8 435 45.6 397 449
Bending strength (MPa) 580 780 610 500 600

Surface roughness (Ra) (A) 2.9 2.1 1.7 4.8 2.5




As[err]O[err] 0.0 0.0 0.0 1.5 0.5 PbO
Nucl eation tenperature ([err] O 540 540 560 540 550 Nucl eati on

time (hour) 5 5 1 3 5 Crystallization
tenperature([err] C) 740 740 780 720 740 Crystallization tinme
(hour) 3 1 6 59Bredom nant crystal phase LD LD
LD LD LD Gral n di aneter (average, u m 0.030 0.040 0.030 0.020

0. 020 Degree of crystallization (% 8 12 18 8 [err]-q
ferr] -q [err]-q [err] -q [err]-gra@%i?’n di anet er_ (aver age, [err]n)

'0. 020 0.090 0.040 0.030 0.010 Degree of cryst alBxamaplesn( % 5

i6 5 10 - [err]-c - [erritc 12 G ai® di apeter (Iﬁ/erage
‘[err]rr) * 0.850! ; - . ]! %{020 Degree of crystallization (% 6
' 3 Coe I expan3|on gx 10 err]/%ﬂrr](;)szé SOElerr]C -
dul u

+70[err]C) Si@s 110 100

1110 96 11,00 96 105 SpeCIfICIOE&VI 19.5 11 02 41.52. 44
2.42 2. 44 P?b43 Young' s nodul us (GPa)/ 2@30” § gra\il.fy 2.0 45. 6
39.3 41.3_%2789.3 43.2 Bending strengt Z 780 410 600
520 760 SufFQee roughness (Ra) ([err]) 6 3 4.¢1 @9 4 60

25 Table 5 EAJyQ;I es 21 22 23 24 3.8 25 | ngBddi ent&G(weBgZ”ut %

Sig err] 72.0 8.5 176.5 0637 oB. 4 thlerr] O
20, 33 z -0 8.3 P20 10 15 10 00 >08
14 1.2 1.5 2.5 2.4

Sb 203 0.7 1.5 0.0 1.0 0.0
As,0, 00 00 10 00 15
PbO _
‘Nucleation temperature ("C) 570 500 590 580 510
Nucleation time (hour) 5 5 1 5 6
Crystallization temperature(’C) 760 720 780 740 760
Crystallization time (hour) ' 2 4 1 3 2
Predominant crystal phase

LD LD LD LD LD
Grain diameter (average, um) 0.030 0.050 0.050 0.020 0.010

Degree of crystallization (%) 10 11 18 20 15

a-q - a-q a-q a-q
Grain diameter (average, u m) 0.030 - 0.050 0.030 0.020
Degree of crystallization(%) 6 - 20 10 15

- a-c a-C - -

Grain diameter (average, u m) - 0.050 0.040 - -
Degree of crystallization (%) : - 4 10 - -
Coefficient of thermal expansion _
(X107°C) (-50°C - +70C) 72 74 130 - 80 110
Young's modulus (GPa) 110 100 96 110 101
Specific gravity 244 241 2.48 2.44 243
Young's modulus (GPa)/
specific gravity 451 415 38.7 451 416
Bending strength (MPa) 650 520 420 650 500

Surface roughness (Ra) (A) 1.8 3.8 45 2.1 4.1




ZrkJerr] 6.5 2.5 2.5 2.5 2.5
Al[err]O[err] ' 4.0 5.0 6.0 8.0 7.0 MgoO
1.1 0.5 0.5 0.5 0.5 zn0O 1.5 1.0
0.0 0.5 1.0 Klerr]O 2.4 2.4 1.5 2.5
2.5 Sb[err]O[err] 0.0 2.0 0.8 0.0 0.0
As[err]O[err] o 0.0 0.0 1.5 2.0 PbO
Nucl eation tenperature ([err]C 20 5;40 540 530 600 Nucl eati on
time (hour) 3 1 TableA - 5 crystallization
tenperature([err] C) 780 760 720 740 Egamplgsstal lization tine
.(hour) 1 8 3 10 Rgedomyyant st alyjgphase9pD LD
LD LD '  apet er (aver age, |erri?ﬁ % GEG 0. 030 0. 010

0. 010 0. 005 IDELRELN(WEIERE 2| j zation (%9 19 15 10
?[err]-q [ Si0}, - [err] q [err]-q 73.0- G&bn ﬂ%te’?lpave'/r?a@e [err]
m 03019@20 0.010 0.020 Degree of ggystaglgizatgon(%10.0 291.0 15
O % RO 010 1 o1 bR G(Jstar sati g% (o2l 1o
5 - Zr(y Coeffrcr ent of thermal ex®8nsi ¢ (X 13)Perr]ﬁ[%rr]@§3
(-50[err] C -ALG [err] 110 100 £8 3.8 80 7.870 Y®8BnQg' 88Ddul us
(GPa) Mg9 110 100 6 Spfﬁl fic g;ravr ty }
2.51 2.44 46 2 43 2. 44 Young's nbdul usréGPaaé specb i C 8{§V'ty
38.2 40.2 ZnQ4.7 41.2 45.1 Bending $3engd 0 0 498-° 500
780 650 K& Surface roughness (Ra) (23 250 200 241.5281.8
1.1 26 Taiy g 6 05 05 05 00 05
As, 0, 00 0.0 0.0 1.5 05
PbO
Nucleation temperature (°C) 540 540 560 540 550
Nucleation time (hour) 5 5 1 3 5
Crystallization temperature("C) 740 740 780 720 740
Crystallization time (hour) 3 3 1 6 5
Predominant crystal phase
LD LD LD LD LD
Grain diameter (average, um) 0.030 0.040 0.030 . 0.020 0.020
Degree of crystallization (%) 6 8 12 18 8
| a-q a-q a-q a-q a-q
Grain diameter (average, um) 0.020 0.090 0.040 0.030 0.010
Degree of crystallization(%) 5 5 6 5 10
_ - @-C - a-c -
Grain diameter (average, u m) - 0.050 - 0.020 -
Degree of crystallization (%) . 8 - 3 -
Coefficient of thermal expansion .
(X107°C) (-50°C - +70°C) 66 110 100 95 90
Young's modulus (GPa) 110 96 100 96 105
Specific gravity 241 244 2.42 244 243
Young's modulus (GPa)/
specific gravity 456 39.3 41.3 393 432
Bending strength (MPa) 780 410 600 520 760 .
Surface roughness (Ra) (A) 21 49 35 40 2.1 )




Conpar ati ve Exanples 1 2 Ingedients (wei ght % SR

74.2 76.1 Li20 11. 8 P205
1.5 2.0 ZrJerr] 04Al[err]0[err]
9.6 7.1 MgO ZnO K[ err] 0 2.4

2.8 Sb[err]0[err] 25 0.2 Aletr]derr]
‘PbO 2.3 Nucl eation tenperature (O 540

‘500 Nucl eation time (hour) 3 3 Crystallization

t enper at ure(C) 800 850 Cryst al 'ﬁﬂglgtq on tinme (hour) 2

3 Predoninant crystal phase LD LD G ai Bxamples er (aver age,
[err]m 1.50 0.10 Degree of cry9jallizgion a0 245 25 48

- -spodum%&%@gﬁ%)(average [err]m - 0. 20 Degree
of crystalli [err]-c _Grain_dianeter (average,
lerrlm ®1990 Degree of crystallizat |73rp (% 76.5 16/6Ref f i2ilent bt t her mal
expansi on (>L1Q(D[err]/C) (-50C - +700) 10.88 8.3 10.249 YQuhg' s8s8odul us

GPa 82 Specific avi t 2.

(2 55) Young' aﬁdul us (GPa)/ speci PI c gr avfgy 118 2.0 %? 0 £3
32. 2 Bendi n} 2r engt h (MPa) 320 © 2.5 3002 2.5
. 5.0 6.0 8.0 7.0

MgO ' 1.1 0.5 0.5 0.5 0.5

ZnO 1.5 1.0 0.0 0.5 1.0

K;O 2.4 2.4 1.5 2.5 2.5

Sb,04 0.0 2.0 0.8 0.0 0.0

As, O, 0.0 0.0 0.0 1.5 2.0

PbO _
Nucleation temperature (*C) 520 570 540 530 600

Nucleation time (hour) 3 1 3 7 2

Crystallization temperature(°C) 780 760 720 740 700
Predominant crystal phase
LD LD LD LD LD
Grain diameter (average, p m) 0.050 0.030 0.010 0.010 0.005
f tallization (%
a-q a-q a-q a-q -
Grain diameter (average, u m) 0.030 0.020 0.010 0.020 -

Degree of crystallization(%) 20 15 6 5 -

: - - - a-c - -C
Grain diameter (average, u m) - - 0.010 - 0.010
Degree of crystallization (%) - - 5 - 3
Coefficient of thermal expansion
(X107/°C) (-50°C - +70°C) 110 100 68 -~ 80 70
Young'smodulus(GPa) 96 98 110 100 110
Specific gravity 251 244 246 243 244
Young's modulus (GPa)/
specific gravity 382 40.2 44 7 41,2 45.1
Bending strength (MPa) 490 500 780 650 760

Surface roughness (Ra) (A) 50 - 4.0 1.5 1.8 1.1




Surface roughness (Ra) ([err]) 12 11 - 27 For

manuf acturing the glass-ceram c substrate of the above descri bed exanpl es,
mat eri al s i ncludi ng oxi des, carbonates and nitrates are mxed and nolten in
conventional nelting apparatus at a tenperature within the range from about
'1350[err] C to about 1450[err]C. The nolygen glass is stirred to honogenize
it and thereafter formed into a di sk shape and anneal ed to provide a forned
gl ass. Then, the formed glass is Sﬁbikf hed to heat treatnment to produce the
crystal nucl eus under a tenperatur % Ri n the,range from 500[err]C to

600[ err] C for about one to seven hours ‘z00pargAvVe SXAWNRIeRr subjected to
heat treatnment for crystallization under ja terrperaturgvm thin the range
from 700[erzég@é%ﬁé%@or about one to twelve hours to obtain a
desired gla this glass-ceramc is | apped with di anond

pel lets of §30# to 2000# for about 5 mi Wfies to 30 Mddhtes and then is
finally pol Iglggd with a cerium oxi de pol i%hi ng agent1h8vi ng grain di aneter
rangi ng fro? .02 [err]mto 3[err]mfor ghgut 30 mnupgs to 60 mnutes. The
crystal grai A 8ii aneters (average) of the fespective crystal phases were
measur ed byZEOaransm' ssion el ectron m'crc%gope (TEM. The types of the
respective @dy@fal grains were identifie@®y the TEMBlructure anal ysis.
‘The degree rystallization of the respective crystal types was obtai ned
by prepari n%é%loo% crystal reference specinen for each crystal type and
measuri ng, an X-ray diffractoneter éXRD) t he degree of

crystal | i zafK,6h of each crystal type on BHe basis of Z8ffracti on peak area
enpl oyi ng tlsy,onternal standard nmet hod. The surface gg@ighness Ra
(arithmetic @n roughness) was neasured with an atom c force m croscope
(AFM . The Png strength was cal cul ated by the cup type ring-bending
test on theBb{3is of the inner dianeter Zodter dianst-er—thickness,

Poi sson' s rﬂmaeaﬂidnm@mpmdrem) TEM phedgr aphs shd@@iong t he crystal grain
shapes of g esent i nventigon and Conpagative Exanple 2 are
shown in Fi

rystallization temperature(°C) 800 850

Crystallization time (hour) 2 3
Predominant crystal phase .

_ LD LD
Grain diameter (average, 4 m) 1.50 0.10

D : lization (% 5 'S

- B -spodumene

Grain diameter (average, L m) - 0.20
Degree of crystallization(%) - 21
a-c -
-Grain diameter (average, (4 m) 0.300 -
Degree of crystallization (%) 16 =
Coefficient of thermal expansion
(X107/°C) (-50°C - +70°C) 48 49
Young's modulus (GPa) 86 82
Specific gravity 2.46 2.55
Young's modulus (GPa)/
specific gravity 35.0 32.2
Bending strength (MPa) 320 300

Surface roughness (Ra) (&) 12 11




28 In Fig. 1, the crystal grains are all fine globular grains. The crystal
grain dianeter of lithiumdisilicate is within a range fromO0.01[err]m and
0.05 [err] mwith an average crystal grain diameter of 0.02[err]m The
=crystal grain diameter of a-quartz is within a range fromO0.02[err]mto

0. 05[errlmwith an average crystal grain diameter of 0.03[err]m In Fig. 2,
'the crystal grains are all acicular or reée grain shape having a rel atively
| arge di aneter. The crystal grain dianeter of lithiumdisilicate is within
a range from 0. (Rey manaffctAriry the glads-tmmamiersabstmtqylfahegahnvn désembedr of
O0.1[err]m The crystal grain dianmeter of [err]-spodunene is V\nthlncg rﬁnge
from 0. 1[ er exampdesH metﬁnqlmmmm@mowgsag@b@nﬁq%an@ mitrates arpemaxedAn
0.2[err] m shown in Tabl to 6 and Fi t he S-ceram cs
of “Lhe pr asHILGTH VB APRRR AL PP AP GHE Bl BIRPSrARFS RN TP | ho
prior art Lig[err M oS Eﬁs@cer (EVAS n

di anet er (a\li;l[é)r ag;‘@ gl egpee o%ﬁéggsﬂ Zat |r12{r’18 %ﬁnlt?% Qﬁ]szgisisé tggi%lé% ?g of
the present pj, m@géh'iﬁ‘at Al YHOFEafRR! foried ahtdofaaa%wrshabas&sd Caiifdadéd tof
lithiumdisilicate (Li[err]O - 2SiQ2) or a conbination of |ithium

di silicate provider hROfoed) glasy.) &ibrgt the aformede gtaSﬁsusaIS\ﬂi]a:tedsm ehaadd
fromthe group consisting.of a -quartz ([err]-Si(err]), [err]- art

sol i d sol ut teaatpjent: to grofeger the srystal grupleush pndes & ]te@piegqﬂwm Wi

|02)
crystal gr aFRgEs ) BEAPC” dut el et B Eerdp B é*%ﬁi A %éﬁ%%su?ﬁf’efrt -
Compar at | ve JGpL e d ol ichirhBh e Uralial Al SnF GYALA) AIREFatiRS wArhE 08

grain di aneter avera or over an |'ass-ceram c of

Conpar at i ve rkxg&Wdin Z00°0etd '¢8(D°I} FSPAAERE 66 Yebhle Eﬁl&%&ohﬁﬂzaﬁi aalesidedr ge

grain diameter (average) of 0.2[err]m The crystal grains of these

conpar at i ve gixssr@ramier eTheh, d)]fusag‘laas-lcemmrc o5 lappresl gntah rdigmapd. pelletsi efy of

the current tende tovvard t he super fl at ness, the Ss-.C cs of. t.he

conpar at i ve 89Q% O for ahows S Gﬁlnﬂwot@ mRnues §B B 1?3!@%( palishede
polishing a

t h def Th
Bxanpl es 1 %ﬁaﬁ%“%%é’ms%{lésigﬁﬁ e i SRR der BRI rbkE0.02
Am to 3um for about 30 minutes to 60 minutes.

The crystal grain diameters (average) of the respective crystal phases
were measured by a transmission electron microscope (TEM). The types of
the respective crystal grains were identified by the TEM structure analysis.

The degree of crystallization of the respective crystal types was obtained
by preparing a 100%- crystal reference specimen for each crystal type and
measuring, with an X-ray diffractometer (XRD), the degree of crystallization
of each crystal type on the basis of diffraction peak area employing the
internal standard method.

The surface roughness Ra (arithmetic mean roughness) was measured
with an atomic force microscope (AFM).

The bending strength was calculated by the cup type ring-bending test
on the basis of the inner diameter, outer diameter, thickness, Poisson's ratio
and maximum load. - |

TEM photographs showing the crystal grain shapes of Example 3 of the

present invention and Comparative Example 2 are shown in Figs. 1 and 2.



29 which shows that it is extrenely difficult in the conparative exanpl es
to obtain an excellent flat surface characteristic required. Further, as
regards the coefficient of thermal expansion, the glass- ceramcs of the
:Conpar ati ve Exanples 1 and 2 have a | ow coefficient of thermal expansion of
149 X 10[err]/[err]C or bel ow which is qué e unsuitable for realizing

Imat chi ng of the coefficient of thernmal eXpansion between an infornmation

.storage nedium gnd_a driye device. Furthernpre, t | ass-. cergm cs of
Conpar at i ve Exarpl B 11r’a§\£’t§ o] egré%\ﬁr%{m&e@ Eg’gb‘?%gﬁqm%e%g‘eo‘fryﬁté’llow
and a low b | Ngk . ' 3 W th
a0 @ ) oW DRGSR Rl AR ERC 9L AELNS PP LA 00 i
m)dul us and nﬁ’%ﬂhnﬂnséxfe&ﬁgé herybiiag bl I RS meRer BE TREDLE th NV TRE! &iyselldghiaPh
.of Fig. 4 shows, also with reSpect” to Exanple 1, crystallization

't enper at ur e didihbteresd etiquadte iy sithings atangdi front @ 02)ing to dR05 pamt withparsent
invention. As shown in Figs. 3 and 4, it wll be apparent that the

crystal | i zaaverageeryetaligyrin dissneter of @it m.nf | uence to the crystal grain
di aneter, Young' h.and this con%hitu es.the

s poduyl us and hendi.ng strengt
basi s on whi ch tIﬁqun%rﬁiF cxyst ailﬂsgarre | agicrlar OF Tifer gLl shape haying a

gl ass-ceram S3: Y ' . Al Il s
of oo m adriat bt TR el DR Gyt BRI RO, BRG] QIdTRCRe s
protective hayein GleAAke Boin©.08 SR D2 ROMRHRRtan ThRRagé crystal grain
per fl uoropol yether lubricant (5nm is coated over the fornmed frimto

provi de an ididmetatofdnl gtrar ahercegdstabgrdivedianieteref | 8 rspodansge isewtithin ahus
obt ai ned can reduce the glide height as conpared to the prior art

i nf or mat i onrange fpan ebiismnto Ot Han wWith en averape erysteli geainfdigmeser of 0.2u
Further, the information storage nedium of the invention can be used for

t he i nf ormaff™on storage device of the ranp | oading systemin which the

magneti c head p i ' [ et d P40 fo S i 4 ith
the surface of %%%@%rlﬁa%%hggtﬁggag{am éun% gmnghzdj?ﬂg%‘%gsgk%aﬁ]%%ﬁgg or
medi um - Fur phesdAtifvehtion 'apé QifféYend Frobh ¢he @6mPadhtve ekalnpled SMMBRIHrE £3N
provi de a 30 stable surface contour also by |aser texturing used for the

| andi ng zon&i,O - 25i0, system glass-ceramics in the crystal grain diameter (average) and

degree of crystallization. In the glass-ceramics of the present invention, a
predominant crystal phase or phases consists of lithium disi]i:::ate @i0 -

2Si0,) or a combination of lithium disilicate (Li,O - 2Si0,) and at least one
crystal phase selected from the group consisting of a-quartz (a-Si0,), «-
quartz solid solution ( -SiO, solid solution),  «-cristobalite (a-Si0y) and -
cristobalite solid solution (a-SiO, solid solution) and the crystal grains are
fine globular grains whereas in the glass-ceramic of Comparative Example 1,
the lithium disilicate crystal phase has a large grain diameter (average) of 1.5
Mm or over and, in the glass-ceramic of Comparative Example 2, the G-
spodumene crystal phase has also a large grain diameter (average) of 0.2 4.m.
‘The crystal grains of these comparative examples are all of an acicular or rice
grain shape. In view of the current tendency toward the super flatness, the
glass-ceramics of the comparative examples will cause difficulty in the surface
roughness after polishing and cause other defects. The glass-ceramics of

Comparative Examples 1 and 2 have surface roughness Ra of 11A and over



system As described above, according to the present invention, there is
provi ded a gl ass-ceram c substrate suitable for an information storage

medi um whi ch has elim nated the di sadvantages of the prior art substrates
and has a flat surface characteristic capable of coping with a |low glide
hei ght or contact recording of a magnetigghead necessitated by a high
recording density, has a high Young's nodulus and a | ow specific gravity
isui tabl e for a high-speed rotation necessitated bﬁ a hi gh-speed transfer of
i nf or mat i on, Whigl h@wsrefbnémtclale@mr@nlyt Hiffierdthin $he merepanadiiel examplags te
for mobiles. ,Accor di n ot entlon here are. aI o provided a nethod
for manuf act(th'tfaﬁba{‘ﬁé‘ %‘Ttl%%tsﬁ ‘E?‘éllﬁfé‘f’ i%lca’f?&ué?? "nformation storage

medi um using thi ?Oﬁ!ﬁ%t %@tfe ards%eacé‘éﬁ&e}x 6t %Qxf}ﬁaf'% 810?1”5:%1 rg;%sf or

an informati on storage nedi nprising, as a predom na crys ase
i thi um di sidergaties OEither C bﬁpa%ﬁtl%eEkihﬂB@é“lnﬁné 2TNSleAh TRl cBeiciaTRt 6f
(average) of 0.05 [err]mor below. 2. A glass-ceramc substrate as defined
in claim1l vibermal espansion rofddd Ule’GEh)dlsbeluw iwhighais tquites ubguitable dor 3.
‘A gl ass-ceram ¢ substrate consisting of a crystal phase or phases and an

anor phous pheeedizing| matchigg aof rthet spe@maant ot athermal ( expangien b¢tvoee@5 an
over a0 A GrISEaes Alorat MGUEE Fodie(SHEb deticny thempe. o e3§1a%%-
wher ein degr&?aﬂxfw§ oY ﬁogxbﬁxzﬁ% /Exgbpj\&e 1 A d IR gs § isdvf)% ;syglga

Is wthin a range Trom 'aSs-ceram c su

in any of clg8@Pabrbelow @fldrd lw beh Ferfdéth ¥BY0 NMIFR 67 belbdl phase
selected fromthe group consisting of [err]- quartz (a -SiQ2), a -quartz

solid solution (Geaph eiSiR%er&]shswlsi dvihl néspeo) , tod Exameplef lpro;gstzalllliiaztmn on
of the [err] -quartz ([err] -Sierr]) and the [erra -quartz solid s utlon
(a - quartz tesperatare,With respeqttonomngs mpdnlys andhenvding szs%ahdw ich

o1 hes- cer amdeEE R Rresed Blen Séea{qs?a%@pqﬁbi’%lsl 42ngwe! R edfget o

Example 1, crystallization temperature with respect to crystal grain diameter

ned

which define the present invention. As shown in Figs. 3 and 4, it will be
apparent that the crystallization temperature exerts a great influence to the
crystal grain diameter, Young's modulus and bending strength and this
constitutes the basis on which the limited values in the claims are defined.
On the glass-ceramic substrates of the above described examples are
formed films of a Cr middle layer (80nm), a Co-Cr magnetic layer (50nm) and
a SiC protective layer (10nm) by the DC sputtering method. Then, a
perfluoropolyether lubricant (5nm) is coated over the formed film to provide
an information storage medium. The information storage medium thus
obtained can reduce the glide height as compared to the prior art information
storage medium owing to its excellent super flatness. Further, the
information storage medium of the invention can be used for the information
storage device of the ramp loading system in which the magnetic head
performs inputting and outputting of signals in contact with the surface of the
information storage medium without damaging the head or medium.

Furthermore, the informai:ioh storage medium of the invention can provide a



further at |east one crystal phase selected fromthe group consisting of
[err]- cristobalite ([err] -Siderr]) and [err] -cristobalite solid
solution ([err]-SigJerr] solid solution), degree of crystallization of the,
[err]-cristobalite ([err] -SiJerr]) and a -cristobalite solid solution
([err]-Sigerr] solid solution) being WI:E‘EI n arange from2%to 10% and a
crystal grain dianeter thereof (average)®being 0.10 [err]mor below 7. A
gl ass-ceram ¢ substrate as defined_ in_any of clains 1 - 4 %o rising, as
predom nant stabler anrfgne seeatonr hsqbydiaseri texturipg peed jfor -t zgfacheng]aon&nd
at | east one crystal phase selected fromthe group consisting of a -quartz
([err] -Si qsé(rsﬁll?; [err] - quartz solid solution ([err] -Sierr] solid
solution), [err]azQLLSE i - S -ceristabali s
solution ([err] A%lﬁ%(ggrﬂ? é%(?\fedﬁg%qr&%% ﬁ@pﬁejgng?ﬁ%é{dtiﬂggb%%§?éfg‘élded
substrate as; ghfdsRRfainic 30lstPhtbditable for ah WTBFBhTioflMotade fediwtd whichhe
predom nant crystal phase or phases are fine and substantially of a

gl obul ar shdpes eBmiragidatise divadvantagessifi tHecprior dat isubdtratesnapddiaschdlats 1
- 8 which is substantially free of gerr.]o and PbO 10. A gl ass-ceram-<c
substrate asuréddenchanastemstiorapablenef goping withch lo%s glide harght or tpptaess

ol aSe. cer amBoRBEE oL o REAgEL rad Pereamatid B & HELICPoRnBeimhbag s
coefficient t [ I § 4 . r Cto
T30 x 10 /Ehy FRuES (AEAGE 80 U 1ck ool RORFa P el 01 8 ik da)
A gl ass- cer aptation PAbécabRated AR i ghbpadl Ofansfed BF informhativh] Ghhd dsas
bendi ng strength of 400MPa or over. %3. A gl ass-cerami c substrate as
defined i n angcldnichhstrength which av imdispensable ot ises furi mbbidesmsi Acwrdmg

wei ght percent of: Sigerr _ . J0- 7T7%
Li [gr r] po to the invenctimn, ghere are also provided a mpthod,for épapgfactunng the

- 0 - 0 . .
é_ 3(2 ';)/Fg)r r ]g}Fg-FTramic substrate and an information st%ragzemr%&?l_tgg yging this

substrate.



Zrgerr] 2- 7% A [err]err]

3- 9% Sb[err]O[err] + As[err]O[err] - 0-2%
14. A method for manufacturing a glass-ceram c substrate for an information
storage nedium as defined in any of clains 1 - 13 which conprises steps of
‘heat treating a base glass for nucl eatio%lunder a tenperature within a
range from500[err]C to 600[err]C for one to seven hours and further heat
treating the glass for crystallization under a tenperature within a range
from 700][ er r{lainns 4 REPLACEMENT SHEET 28 JUN 2000 33 780[err]C for one

to twelve hours and thereafter polishing the gl.ass-ceram c.,to a surface
roughness Ral{(&rglasmearam stiate Heve 48) information jstoraee e dipm pomprising,

i ni : di sk  dad f or . _ etk

necessary. othdr Dreqm B s oRted, Mifhifth iSTHEAE KGO 5 havine

protective | augtaiandid dlthlier Thiei et fyL0.05 mPoidbalsh: ceram ¢ substrate as
ny o ["al s - 13. 16.

defined in a A gl ass-ceram c conprising, as a
predom nant grxslaks-edrassic dubstiatead définedie cldih] @rwhéreid Young's odudus ng
a crystal grain dianeter (average) of 0.05[err]mor below 17. A

gl ass- cer an (GBa)/sifcifiegiravatycisad hoxdéverher ei n degree of crystallization of
the lithiumdisilicate crystlﬁ)l phase is ym'th'kn a range from3%to 20%) 18.
A gl ass- cer ai & glasyeeraralg supstrategopsisting ot gnavet P PR3k a8c an

(GPa)/specific qravity,ls 37,060 . 0ver. - ' ' | R, any
R e A e N LTS
fromthe groyp,Goase ih%u?fg’ixfxbﬁh}%]?&)/éﬂe@fﬁd graSit5]i8'97 or Gved.
[err]-quartz solid solution™( [err]-Sierr] solid solution), degree of
crystal | i zat $0A Hhsd-Esrahde shbetiaté as ([definSdGR) amndf tladgma 1--qBawhareinl degree
solution ([err]- quartz solid solution) being wthin a_ran.%g. from5%to 25% -
and a cryst abf epystallidationofthe lishiun disilicateyerystalinhpse is oibhin) #rarge &o5w,
20. A ¢l ass-goera 1 c . as defined in any of clains 16 to 19 conprising further
at % to 20%.
5. A glass-ceramic substrate as defined in any of claims 1 — 4 comprising
further at least one crystal phase selected from the group consisting of «-
quartz («-Si0,), «-quartz solid solution (a-SiO, solid solution), degree of
crystallization of the o -quartz (e -SiO,) and the o -quartz solid solution (e -
quartz solid solution) being within a range from 5% to 25% and a crystal grain
diameter thereof (average) being 0.10 2 m or below.
6. A glass-ceramic substrate as defined in any of claims 1 — 5 comprising
further at least one crystal phase selected from the group consisting of «-
cristobalite (-Si0,) and « -cristobalite solid solution (e -SiO, solid solution),
degree of crystallization of the. a -cristobalite (e -SiO,) and « -cristobalite
solid solution (& -SiO, solid solution) being within a range from 2% to 10% and
a crystal grain diameter thereof (average) being 0.10 x m or below.
7. A glass-ceramic substrate as defined in any of claims 1 — 4 comprising, as
predominant crystal phases, lithium disilicate (Li,O * 25i0,) and at least one
crystal phase selected from the group consisting of «-quartz («-Si0,), -
quartz solid solution (« -SiO, solid solution), e -cristobalite (o -Si0y) and o -

cristobalite solid solution ( « -SiO, solid solution).
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| east one crystal phase selected fromthe group consisting of a
-cristobalite ([err] -SiJerr]) and [err] -cristobalite solid solution
([err]-Siderr] solid solution), degree of crystallization of the a
i-cristobalite ( a -SiQ2) and a -cristobalite solid solution ([err]-Siderr]
;solid solution) being wwthin-a range fr 2% to 10% and a crystal grain

‘di amet er thereof (average) being 0.10 [err]mor below 21. A glass-ceramc
‘as defined in any of clains 16 to 20 conprising, as predon nant crystal
phases, |it 8 Angldsstéramicesubstia¢e ap defid8dGheany pf claimatl + Jawhersin crystal al
phase selected fromthe grogp consisting of a -quartz 1g_ge-Si 02)b;§ [err] -
quartz sol i grasufithe predeminaniprystal RRAsedor phasesore tine apd; sutbskanti
([err] -Si rr nd [err]- 34 cristobalite solid solution ([err]
-Siderr] %f?célélb‘ﬁﬁfﬁi}ﬁ??' 22. A glass-ceramc as defined in any of claims
16 to 21 wheyej / gr al an rg,]tngxslph_ae ses
are fine an 'sAu[)glg Eaé’néc%x‘%h% %‘*ﬂ%r%feoégﬁigﬁ r%%gggé%.&ﬁlg assl-cerga‘r@(%dglgé
defined in aups@intfdlB e dPNaQOhdPbON i s substantially frie of Na[err]O
and PbO. 24. A glass-ceranmic as defined in any of clains 16 to 23 which has
a surface raigAnghssiardmid substrate aedefined ghreagsdf caims el 9 sthicy hofs a
5.Jerr] or below 25. A glass-ceram c as defined jn_ any of .clai 6 to 24
whi ch has . a ssstaceirenghnesst R Gerithmetiq mean soughnesshafier galishing of0,88 or
10[err]/[er&)] to +130 X IO[err]/[err]Cin a tenperature range from
-50[err] C t %% err]C. 26. A glass-ceranmic as defined in any of clains 16
to 25 which qha li greiTol fa AR 3 9 i ) £ as
defined in &Eyio?gggg%sﬁ% toE 8ﬁ"asw ng é’a%1 gg%%ggftﬁl%%nswﬁi C%@?ﬁhﬁ%ﬁ{}g&&i n
wei ght per cepbfficlintfithbrmal expansion within a range from +65X 1"/°C to #0130 X700
Liferr]O _ 8-12% Klerr]O

1- 3% MyO "/C in a temperature range from —~50°C to +70°C. 0- 2% znO

0- 2% P205

. . 9-3% Zr rrl.
2-7% 12. A glass-ceramic substrate as defined in any ojf claims % —qﬁ W‘L.lch has
bending strength of 400MPa or over.
13. A glass-ceramic substrate as defined in any of claims 1 — 12 having a

composition which consists in weight percent of:

Si0, 70— 77%
Li,0 | 8—12%

K,0 | 1- 3%
MgO 0- 2%
ZnO 0- 2%
P,0, 1.5-3%
7r0, 2-T%

ALO, - 3-9%
Sb,0,+ As,O, 0 — 2%.

14. A method for manufacturing a glass-ceramic substrate for an information

~ storage medium as defined in any of claims 1 — 13 which comprises steps of
heat treating a base glass for nucleation under a temperature within a range .
from 500°C to 600°C for one to seven hours and further heat treating the

glass for crystallization under a temperature within a range from 700°C to
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Alferr]O[err] 3 - 9% Sb[err]O[err]
+ As[err]O[err] ' 0-2% 28. A glass-ceramc as
defined in any of clains 16 to 27 obtained by heat treating a base gl ass
for nucleation under a tenperature within a range from500[err]Cto
600[err] C for one to seven hours and further heat treating the glass for
crystallization under a tenperature within a range from 700[err]C to
780[err]C for gne to twelve hours.

780°C for one to twelve hours and thereafter polishing the glass-ceramic to a
surface roughness Ra (arithmetic mean roughness) of 5°C or below.

. 15. An information storage disk provided by forming a magnetic film and, if
necessary, other layers including Ni-P plating, an undercoat layer, a protective .

layer and a lubricating layer, on a glass-ceramic substrate as defined in any of

claims 1 - 13.
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