-1 - Title of the Invention High Rigidity 4 ass-cerdfe!/#4-/
~Substrate for a Magnetic . Information Storage Medi um Backgrggn the
| nventi on This invention rel ates to1 a_gl ass-ceram c substrate fo
magnetic i nformati on storage medi umused in an information storage deV| ce
and, nore particularly, to a glass-ceramc substrate for a magnetic
i nformat I on storage nedi um such as a magnetic di sk substrate having a
hi ghly smooth substrate surface suitable for use in a near contact
recording or a contact recording used mainly in the ranp | oading system and
al so having a h| gh_Young's mpdul us and | ow specific gravity capable of
copi ng w tiALlg Of LG IBVERQoR ot ati on of the storage medi um The invention
rel ates al so manuf a ring t I ass-ceram c substrate for
a magnetic inﬁ@aﬁf%&%gt@?%gemcﬁﬂ% PT’I@ P%?P‘F elates further to a
nmagnetic, infg made by formng a filmon such
gl gss ceramc éﬁg&? ?RS? laa%g%(gwe Ic information storage nedium In this
speci fi catg R RRRM C | nformation storage nmedi unt' includes
fixed type e type hard disks and card type hard disks
used respect i VEHiy mmlntnm velated Itedahgladsderanid dubptras®for & Onfaghetie and
ot her rragnetl c information storage nediumin the formof a disk which can

be used f ogmmglesmraeatmedmncwedoerlaamcnfmmman ditopiagel devideo andyer as
and digital caneras ontrast.to onv qty,oonal flxed e magnetic
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digital cgaabs@aatd dvefdes hitdhie e ussqﬁhatﬁébﬁemab@&@é&&ﬁé o¥ld bb&ﬁtcton of
personal conputers for multi-nedia purposes and prevailing of digital video

camer as amecaiiding zmlsedananﬂg ianthe famphlvading'gystehs anld alsbdiayingi x highich as

data of a [ e or _voice, there js an jncreasing demand for a
magneti c gg mod us and low specific gravity capable of coping with a high speed

rotation of the storage medium. The invention relates also to a method for
manufacturing this glass-ceramic substrate for a magnetic information
storage medium. This invention relates further to a magnetic information
storage medium made by forming a film on such glass-ceramic substrate for a
magnetic information storage medium. In this specification, the term
“magnetic information storage medium” includes fixed type hard disks,
removable type hard disks and card type hard disks used respectively such as
so-called hard disks for persqnal computers and other magnetic information
storage' medium in the form of a disk which can be used for storage of data and
can be also used in digital v_i'deo cameras and digital cameras.

In contrast to conver‘i;tional fixed type magnetic information storage
devices, there have recently been proposed and put into practice magnetic
information storage devicg_ of a removable type or a card type and
developments of applications thereof for digital video cameras and digital
cameras have been start;ed. Such tendency relates to utilization of personal
computers for multi-media _purposes and prevailing of digital video cameras
and digital cameras and for handling data of a large size such as data of a

moving image or voice, there is an increasing demand for a magnetic




“informati on storage device of a larger storage capacity. For coping wth

. this demand, a magnetic information storage nediumis required to increase
its bit and track density and i ncrease the surface recording density by
reducing the size of the bit cell. OrtRe other hand, as for a magnetic
head, there is an increasing tendency toward adopting the near contact
recordi ng systemand further the contact recording systemaccording to

whi ch the magnetic head operates in closer proximty to the disk surface in
accordance with the reduction of the bit cell size. Al um num al | oy has
been conventionally used as a material of a magnetic information storage
medi um SUh%&ﬁia%ionﬁt@r&é@déﬁﬁ@bﬁb'lﬁig@&éﬁa{%’é[ EapdeRYeVFor coFingswith thigduce a
substrate surface having projections or spot-|like projections and

depr essi odsnond, reg dgmefpinl indbrinnation et@ngednedivon dsfreqtuired tbanerdaserits he
material. As a result, the alumnumalloy substrate is_not sufficient in
flatness hitd anddrankedensity and ingrease thedwrfaeairecondiag denstydyeedusingt or age
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requi rement for naking the disk thinner. Furthernore, the disk tends to be
def or ned dperates cienicloser vproximity bedhet diskhesarface tim resordanog withatke t o t he
contents of the disk. . Thus, the alum num alloy cannot cope sufficiently
with the re@m@@ﬁﬁherbﬁcﬂé@medi ng with a high recording density. As a
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di sadvant ages:. ]
spot-like projections and depressions during the polishing process due to

defects inherent in the material. As a result, the aluminum 'a'lloy substrate is
not sufficient in ﬂatn_ess and smoothness as the above described magnetic
information storage medium substrate of high recording density. Further,
since the aluminum alloy is a soft material, its Young’s modulus and surface
hardness are low with the result that a significant degree of vibration takes
place during rotation of the disk drive at a high speed rotation which leads to
deformation of the disk and hence it is difficult to cope with the requirement
for making the disk thinner. Furthermore, the disk tends to be deformed due
to contact with the magnetic head with resulting damage to the contents of
the disk. Thus, the alunﬁnum alloy cannot cope sufficiently with the
requirement for recording with a high recording densifj.

As a material for overcoming the above problfenié of the aluminum alloy
substrate, known in the art are chemically tempered glasses such as alumino-
silicate glasses (Si0O, - Al,O, - Na,0) disclosed in Japanese Patent Application
Laid-open No. Hei 8-48537 and Japanese Patent Application Laid-open No.
Hei 5-32431. This material, however, has the following disadvantages:

(1) Since polishing is made after the chemical tempering process, the



"(1) Since polishing is made after the chem cal tenpering process, the
.- 3- chemcally tenpered layer is seriously instable in making the
di sk thinner. Further, the chemcally tenpered | ayer causes change wth
time after use for a long periodof 3ime with resulting deterioration in
t he magnetic property of the dirsk. (2) Since the chemcally tenpered

gl ass contains NaJerr]O and Klerr]0 as its essential ingredients, the
filmformng property of the glass is adversely affected, and a barrier
coating over the entire surface of the glass becones necessary for
preventing elution of Na[err]O and Klerr]O ingredients and this prevents
stabl e prodyfienfiBally téfiBeRidIAYEs iPderioushRthble\f ifking thd)didk ehinhey) cal
tenpering is made for 1nproving nechani cal strength of the gl ass but

t hi s basi calFuyrther the ehenticahgtémpéred layeresusestchiangt hetls tivhaafter uskayer
and the inside |ayer of_ the %{ass and hence its Young's nodulus is  about
83 GPa or bdbpw@ Meng weripdaphime guitharesnlting deteriazatiom imrtieomagnetigl ass.
Therefore, use of t({fﬁbgldﬁ%s for a disk with a high speed rotation is
limted and HFOREEY, - sufficient for a magnetic information storage
medi um s te: : . Lde .U I S trate and
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Lai d-open No. Hei 9-35234 and EP0781731Al gi scl ose gl ass-ceram c substrates
f or a magnetaffectied;lamibal baofiencaatieg ovdr theSindirersurfacesifahe ghagsdmicomes and
has crystal phases of lithiumdisilicate and [er'rK} - spodunene, or crystal
phases of | inesessaryi for nrexentingelptipn|of NeyQ tagwh K:Ocingrediepts @and this
publications, however,,the rebgti bet ween Young' s .oodul us and specific
gravity wt r}il‘,ﬁgg%gicﬁ%aﬂ? pRoghe Iéé’ﬁ?'i‘%?ﬁ‘\ﬁﬁ’dﬁai ?W%?p?tétﬁ‘é%c‘? to consideration
or  suggesBRUrRd chbhical PmpBRRE ik Wil de BF iNP¥BGny MBdtealNtrength of the

glass but this basically utilizes strengthening stress within the surface
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layer and the inside layer of the glass and hence its Young’s modulus is
about 83 GPa or below which is about equivalent to ordinary amorphous
glass. Therefore, use of the glass for a disk with a high speed rotation is
limited and hence it is not sufficient for a magnetic information storage
medium substrate.

Aside from the aluminum alloy substrate and chemically tempered
glass substrate, known in the art are some glass-ceramic substrates. For
example, Japanese Patent Application Laid-open No. Hei 9-35234 and
EP0781731A1 disclose glass-ceramic substrates for a magnetic disk made of a
Li,O — SiO, system composition and has crystal phases of lithium disilicate
and (B-spodumene, or crystal phases of lithium disilicate and @ -cristobalite.
In these publications, however, the relation between Young’s modulus and
specific gravity with respect to high speed rotation is not taken into
consideration or suggested at all. The_ upper limit of Young’s modulus of
these glass-ceramics is no more than 100 GPa.

For improving the Young’s modulus, Japanese Patent Application Laid-
Open No. Hei 9-77531 discloses a glass-ceramic of a SiO, — AL,O; — MgO —

ZnO - TiO, system which contains a large amount of Spinel crystal as its



"these glass-ceranmics is no nore than 100 GPa. For inproving the

Young' s nodul us, Japanese Patent Application Laid- Open No. Hei 9-77531

di scl oses a glass-ceramic of a SiJerr] - Alferr]dJerr] - MgO- ZnO - Ti 2
system whi ch contains a | arge anount ©f 4Spinel crystal as its

predom nant crystal phase and MgTi[err]Jerr] and several other crystals as
Its subordinate crystal phases and has Young's nodulus of 93.4 GPa to

160. 11 GPa and a substrate for a high-rigidity magnetic di sk made of this
gl ass- ceram c. The gl ass-ceram c has, as its predom nant crystal phase,
Spi nel crystal represented by (My/Zn) Al[err](err] and/or (Mi/Zn)[err]
Tiderr] ppedcthinand @ystlophasuntl MgTADeanhllhéverhl atklerhepystalsenglitot her
optional crystals as Its subordinate crystal phaes. This glass-ceramc is
si gni f i casubgrdiinétecerystalf pluasesandhas sYoune/samadudiis ofi 9304 €xRanttoi ¥60hik i on
which, as will Qe degcribed later, contains a relatively smal]|_ anpunt of
Al[ er r] o] &9 andda sabstrate dar o -yghémmmam dislomade of this glass: ty.
Addi tion of such | arge anmount of Al1203 is undesirabl e, f.ram t he, st andpoi nt
of pr oducF‘?r@ﬁnﬁecg\@eg CEIABYE 8@?@?? &?%PF%‘#IB}H% ‘E’l’yﬁbalppolb% f%‘”&g{]t he

base gl as Y j Qfar £S4 gevi frifi ' :
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(GPa) / spegifoumtasfaXl,0y @it hial esevatalcotbler Sitionfal Crgsfls by i€ subbrdifintd are
necessary for the high speed rotation are not taken into consideration or
suggest edceystall phaesr tThis| glass-ceramicsisesighificaptly different thom thebglasati on is
a high val ue of LP% 7 or over. This pub icatvigiif therefore nerely proposes a
gl ass- cer &PHAIIE AreseRicnventign, which., aseili be depsriked, later,qeatans a
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gl ass-ceram c as a high recording density magnetic i nfof mati on st orage

medi um suf®ini dhe standpoiht of @rodudtiore becduse it caubés deterivrntionrof meltidy ect of
the invention to elimnate the above descri bed . L .
property of the base glass and also deterioration of resistance to devitrification.

Further, in this publication, the relation of Young’s modulus (GPa)/specific

gravity and the value of specific gravity per se which are necessary for the
high speed rotation are not taken into consideration or suggested at all.
Particularly, the specific gravity in this publication is a high value of 2.87 or
over. This publication therefore merely proposes a glass-ceramic substrate
made of a rigid material. Moreover, the glass-ceamic of this system has the
serious disadvantage that processability is poor and therefore is not suited for
a large scale production since it is too hard and hencé the improvement of this
glass-ceramic as a high recording density magneﬁc information storage
medium substrate is still not sufficient.

It is therefore an object of the invention to eliminate the above described
disadvantages of the prior art materials and . provide a glass-ceramic
substrate for a magnetic information storage medium capable of coping with
the tendency toward a high recording density recofding, namely having
excellent melting property, resistance to devitriﬁcat_;ion and processability,
excellent smoothness of the surface of the substrate fv;:ihich is sufficient for

contact recording of a high recording density and having a high value of



" di sadvantages of the prior art materials and provide a glass-ceramc
.substrate for a nagnetic information storage nedi um capable of coping with
the tendency toward a high recording density recordi ng, nanely having
excellent nelting property, resistance o devitrification and
processability, excellent snoothness of the surface of the substrate which
Is sufficient for contact recording of a high recording density and havi ng
a high val ue of Young's nodul us and a | ow val ue of specific
gravity which are sufficient for a high speed rotation of the disk. It
is another object of the invention to provide a nethod for manufacturing
the gl assypahg¥ Moduhsi4rad 8- low valublof ispe@fieighavity Wisich £b dulfBciely fgita On to
provi de a magnetic information storage medi um nade by formng a filmof a
magnet i ¢ imigh speeahrdthtisnglfdbe disler ani ¢ substrate. Summary of the Invention
Accunul at ed studies and experi nents made by the inventors of the present
i nvention for Ihck eanother hebigsbvel ddecinpeation set proidena imethed far have
the present invention, that for

resulted in t i ndi ich has led tog

copi ng wi W'Hgi%(‘?{“rﬁn%?g‘% ﬁg% TOERAIG FRRSLEAtE Sheed rotation, a magnetic

I'nf ormati on stpe el diisn 5 L okcli; ]_q]gg‘- I-ow
specific gravilggléggp prev n?qjﬁg%fg?vatlon (t}?ﬁ?%‘gdgiag%{%’%?g&%% e &(laction
and that gforapkimedinhd by YohaigSa SIS ni dprfebRCinkiRuA 'odViHiY gPfsst he
substrate is: Young's nodulus (GPa) / specific gravity = 37 to 63.
The i nventeramixfsuhstrgieesent i nvention have al so found that a gl ass-

ceram c substrate fq netic information storage nedi um can be produced
whi ch has =3NAIRM PRAGIDNVHEMINL| phase |limted to one or nore crystals
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present invention for achieving the above described objects of the invention

have resulted in the finding, which has led to the present invention, that for
coping with driving of the disk with a high speéd i'otation, a magnetic
information storage medium substrate must have a high rigidity and a low
specific gravity for preventing vibration of the disk caused by deflection and
that an optimum ratio of Young’s modulus to specific gravity of the substrate
is:

Young’s modulus (GPa) / specific gravity = 37 to 63.

The inventors of the present invention have also found that a glass-
ceramic substrate for a magnetic information storage medium can be
produced which has a predominant crystal phase hm1ted to one or more
crystais selected from the group consisting of B -quartz, G -quartz solid
solution, enstatite, enstatite solid solution, forsterifeﬁ and forsterite solid
solution, has grown crystal grains which are of a ﬁ,n:e'globular. grain, has
excellent melting property, resistance to de\ntnﬁcauon and polishing
processability, has superior flatness and smooth‘ngéis_? m the surface after
polishing, and has a high value of Young’s modulus anda low value of specific
gravity capable of coping with driving of the disk with a_.-:h-_igh speed rotation.

For achieving the above described object of th? invention, there is

provided a high rigidity glass-ceramic substrate for a-.-;'_magneﬁc information



solution, enstatite, enstatite solid solution, forsterite and forsterite
-solid solution, has grown crystal grains which are of a fine globul ar

grain, has excellent nelting property, resistance to devitrification and
pol i shing processability, has superior fl atnéss and snoothness. in the
surface after polishing, and has a high value of Young's nodulus and a | ow
val ue of specific gravity capable of coping with driving of the disk with a

hi gh speed rotation. For achieving the above described object of the
invention, there is provided a high rigidity glass-ceram c substrate for a
magnetic information storage nmedi um having a ratio of Young's

modul us t gt¢agE imédiutd Ritling Atatib bf Towd@s enddulils 3d specifie gravity Mithihs N9
Al[err]qerr]gvvlthl‘r: a range from 10%1'?%' | ess thans 0% and kﬁﬁaw ng a

predom namange Yrim|3 768 ansheomprisimgAlLhe withima erangy frahs10%Itedessl from
the group consisting of [err] -quartz, [err] -quartz solid solution,
enst at i t etham20%.iand baving 2 predommant rystal phase sensistingfione oxgnpre

| ut t.of th hi gh dit
o1 ass- cor Gpyatals, BelbPR HRER B ehoifp PSR of Braperts ob @%ﬁf%d PbO
In anot heg, Ct?rPJtah bﬂé’t‘%‘ﬂitté Ofblid Q:'oﬁxt?dipsf'(frgf SaHEl Q'fgea t8Ys

treating a ase’glass hdving a conposition éxp resse on t SI's 0
conpositi gmu(ﬁ‘mpm des whi ch consi st S in wei ght per cent of : Sigerr]
40 - 60% MO 10 -
20% Al[ edn]oecasgect of the invention, the high rigidity glass-ceratfic substyaté han
20% Plerr]O[err] 0.5 - 2.5%
B[ er r] O ei§ yubstantially free of Na,O, K,O and PbO. 1- 4%

- 0,
|6' [5_er r ]40% In another aspect of the invention, this substrate is p?:ﬁélded%f? heat Cao

treating a base glass having a composition expressed on the basis of

composition of oxides which consists in weight percent of :

Si0, 40 - 60%
MgO ' 10 - 20%
AlL,O, 10 - less than 20%
P;0; 0.5 - 2.5%
B,0; , 1- 4%
Li,O 0.5 - 4%
CaO 0.5 - 4%
ZrO, 0.5- 5%
TiO, : 2.5 -8%
Sb,0, ' 0.01 -0.5%
As, 0O, 0-0.5%
SnQ, 0- 5%
MoO, 0- 3%
CeO 0- 5%
Fe,O, : 0- 5%.

In another aspect of the invention, a grain diameter of the respective
predominant crystal phases is within a range from 0.05 4 m to 0.30 «£m.

‘In another aspect of the invention, a coefficient of thermal expansion



“Zrgerr] 0.5- 5%

.Tigerr] 2.5 - 8%
Sb[err]O[err] 0.01 - 0.5%
As[err]Jerr] - 7 — 0 - 0.5%

Sng err] ' 0 - 5%

Mo err] : 0 -3% CeO

0 -5% Fe[err] err] 0- 5%

I n anot her aspect of the invention, a grain dianeter of the respective
predoni nant crystal phases is within a range fromO0.05 [errfmto 0.30

[err]Im  withid A ra886 mﬁfmamtwﬁ 704 i WifHEhi LPange HBR1 80 & Kf"r/°(Pfto sber mal

expansi on hin a range from- 50[err]Cto + 70[err]C
within axa0@eCfrom 30 x 10[err]/[err]Cto 50 x 10[err]/[err]C. In
anot her aspect of the invention, the surface of the substrate after

pol i shi ng haslns anpther aspeghrofsthe( invention, the ssuafaceaok the sitbstrate aftere

h f 10 b { of th
| nvent | orpolises Has %ﬁ;fﬁgref&u%ilﬂe%éﬁamf FeiRuBh: BRfraasEam geRcg di ty
gl ass- cerl&@gglgagé) g [ 3“} Qo%) €PS of nelting the base gl ass, nolding

a nolten ermned. Torm annealing the formed gl ass, and

thereafter hegy hﬁ&ﬂiéﬂ"ﬂ %é&eofgdkébsﬁx@énﬁoﬂuﬁﬁ@r%ti %&&ﬁﬁ&@ﬂ&tﬁoﬂ'fe?' n a

range from 650[err]C to Oferr]C and at a «crystallization tenperature

wi t hi n a mangéacthring ﬂﬁOI:glnhgid:lty gls8fcerainic substratecarhprisiregn stepsrofaspect
of the invention, there_is provided a magnetic information storage disk

havi ng a meltingithe basgelass meldinga molten glassantp ainge etmuegi orm,
ot ut 1 onaReRE e fopTed fasy 804 thedatieat  JLr e o thar B9 uff f i o
substi t ut,aeh10NtiOh RehpePed! SthH 'a" range from 650°C to 750°C and at

a crystallization temperature within a range from 750°C to 105 0°C.

In still another aspect of the invention, there is provided_ a magnetic
information storage disk having a film of a magnetic medium formed on said
high rigidity glass-ceramic substrate.

In this specification, the term "solid solution” means each of the above
described crystals a part of which is substituted by other ingredient or in
which other ingredient has been mixed. The term “8 -Quartz solid solution”
means ,B-qﬁartz crystal a part of which is substituted by an element other
than Si or in which an element other than Si is mixed. £ -quartz solid
solution includes B -eucryptite (G-Li,O - Al,O; * 25i0,) in which Li and Al at
the ratio of one to one partly substitute Si, [ -eucryptite solid solution which
is f-eucryptite crystal a part of which is substituted by other element or in
which other element has been mixed, and a mixture thereof.

Detailed Description of the I . |

Reasons for limiting the physical propertles predommant crystal phases
and crystal grain diameter, surface charactenstlcs and composition of the
glass-ceramics of the present invention will now be described. The
composition of the glass-ceramics is expfessed on the basis of composition of

oxides as in their base glass.



“whi ch other ingredient has been nixed. The term"[err]-quartz solid

.sol ution"

nmeans [err]-quartz crystal a part of which is substituted b

elenent other than Si or in which an elenent other than Si is m xed.
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have high rigidity and | ow specific gravity in order to prevent vibration
caused by high rigiditprarsl lawn speliifi€ gravity inordes tapreventhiibratiqreeauseat by i on of
e. g 10,000 rev/mn. or over. A disk which has high rigidity but
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gravity wof the diskantichis dees foludd GRat An apparently contradictory balance of

physical properties of the material must be adopted, namely high rigidity and
low specific gravity and this balance has been found to exist in the ratio of
Young's modulus (GPa) to specific gravity within a range from 37 to 63. A
preferable range of Young's modulus(GPa)/specific gravity is 40 to 63, a more
preferable range thereof is 47 to 63 and the most preferable range thereof is
50 to 63. It has been also found that there is a preferable range of rigidity,

" That is, from the standpoint of preventing vibration, the material should

preferably have rigidity of at least 120 GPa even if it has low specific gravity
but, having regard to processability and increase of specific gravity, the upper
limit of rigidity should preferably be 150 GPa. The _séme applies to specific
gravity. That is, from the standpoint of preventing ivi_bration, the material
should preferably have specific gravity of 3.50 or lg§§ even if it has high
rigidity, because otherwise vibration tends to occ"uf. _'d_uring a high speed
rotation due to its weight, 'but the material should p_r_é,ferably have specific
gravity of 2.3 or over because otherwise it is diﬂicul{: to obtain a substrate
having desired rigidity. A more preferable range of specific gravity from
these standpoints is 2.5 to 3.3.

If a material for a substrate contains Na,O or K,O, Na ion or K ion of

ce has



" preferabl e range of Young's nodul us(GPa)/specific gravity is 40 to 63, a
.nore preferable range thereof is 47 to 63 and the nost preferable range
thereof is 50 to 63. It has been also found that there is a preferable
range of rigidity, That is, fromthe stafdpoi nt of preventing vibration,
the material should preferably have rigidity of at |east 120 GPa even if it
has | ow specific gravity but; having regard to processability and increase
of specific gravity, the upper limt of rigidity should preferably be 150
GPa. The sane applies to specific gravity. That is, fromthe standpoint of
preventing vibration, the material should preferably have specific gravity
of 3.50 orthle8é $n@rédient!diffusBaintol O dghatidifiln difiagithe Mhhfrming probdsat i on
tends to occur during a high speed rotation due to its weight, but the

mat er i al swheh dther térepertatyuréd of cthepsebstrateyrisesttp af high3 tempexatnrd dthiss e
otherwse it is difficult to o?tain a supstrate haviq% desired rigidity. A
more pref ethanamengiyds grarisularly aemarkable 13 Anbapade fermts) perpendicular 5 ¢ o

?oﬁ or K |I|8%g€?ggk%15 aalndft?liér&ys gzﬁ%e%% %o%r%gl agirgv%thNg,: glr i SO Qf{:heK ear% : eNa
i ngredi entgyd f i Co L _ ’ f _ e
wnen e (el Bpteoiirasioa” B Bifohaton B e ghphe AL B B BRSHERT

phenonenorinorgait that ahé Ymateredlkab the isubatiade iisnadbetatigly drae ofisichar
magnetic film and thereby causes abnormal growth of %ral ns of the magnetic
@

filmand degeedients. i SFheomaterighofthesubstrateshagdetlse beisubstantially fieer ef or e

i%?ééfgtni)@f” Fha ta;e' 3 hat 3%@%#!%@3%@?5%@%1' Srapmenial pest 'a%gli ant S:f M
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w 'l now bgvdREieh wifithow be described. .
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- 10 - A predom nant phase of the substrate consists of one or nore
-of the group consisting of [err]-quartz, [err]-quartz solid solution
enstatite, enstatite solid solution, forsterite and forsterite solid
solution. This is because these cryétéﬂ)pﬁases are advant ageous in that

t hey have excellent processability, contribute to increase in rigidity and
to decrease in specific gravity and can have a very fine grain dianeter of
grown crystal. Gowth and content ratio of [err]-quartz, enstatite and
forsterite are determ ned by the content ratio of MO and SigJerr]. Gowth
and content ratio of these three crystal phases and solid solution of these

three crystal ‘ppxedeminantiphasqriofdhe psuhstrate gonsipts oftane or mexs, ot er r |
and ot her ingredients. Descripgion wll,. no e made .about crystal

grain di ar%?'gp c&nsbﬁ&%_ogrgé(i‘éqz%ﬁ'n? @W{.%cé"l?‘g&\él‘ﬁé%% er}h&taﬁg%, ﬁ?@éf sly
descr | bed gofiflaofi@it olbtkiith BRI B eF8 SBH HRRMH! NN H BELAN (H2e
contact recording systemTfor iInproving the recording density, e

snmoot hnes grpdtal hasus fad6 adiartifedROBEthat tHdyO havs iex0elidry pasteBRAHilEY, NUST

be i nproved over the conventional magnetic nmedium If one attenpts to carry
out hi gh aenttibyte tpintcréasy Bncigohitypandi g detréast dnrepecific gravityeamdigaet i ¢
medi um havi ng the cqnventional |evel of snoothness, the distance between
the magnethayeryarnfige grain dismetersy erawmegatali c Grewth andscodentrafdo t hat

ot Dommt e8P ot bh8sRe JIRORTHIE Aac ARG R Rt ratip of "
proj ecti ongg0f ahd @img.g nGE&&tK’%ﬁH%ﬁ"t@:ﬁdlﬁtﬁ@ of theddarRee cP}stgPEhH%nﬁﬁ& ¢ head

or magnetic nedium For coping with the near contact recor g system and

t he cont agblideohitiomf thest ehred ¢rybid phases dfsidéeteinihed by thelbehteat eatiboul d
have snoot hness expressed in terns of surface roughness (Ra) of 3 to 9A and
maxi num swwfidg®, Sﬂsgmégshqugdmntsloo A or below. Preferably, the

surface roughness (Ra) shauld 3 to 7A and the nmaximum surfacge roughness
(R shour d escatpiay YO0 By fomaads aPerhisryatal jean, framater OGRAOCE | Ro)

shoul d be 3,13 3na3AHA RCrJERHHANE, SAL WAGDAMAM 38 s BB ¥or* BsPihg wifh 90

the near contact recording system and the contact recording system for
improving the recording density, the smoothness of the surface of the
magnetic information storage medium must be improved over the
conventional magnetic medium. If one attempts to carry out high density
inputting and outputting of information on the magnetic medium having the
conventional level of smoothness, the distance between the magnetic head and
the surface of the magnetic medium is so large that inputting and outputting
of magnetic signals cannot be achieved. If one attempts to reduce this
distance, the magnetic head will collide with projections of the magnetic
medium resulting in damage of the inagnetic head or magnetic medium. For
coping with the near contact recording system and the contact recording
system, it has been found that the substrate should have smoothness
expressed in terms of surface roughness (Ra) of 3 to 9A and maximum
surface roughness (Rmax) of 100 A or below. Preferably, the surface
roughness (Ra) should be 3 to 7A and the maximum surface roughness
(Rmax) should be 95A or below. - More preferably, the surface roughness (Ra)
should be 3 to 6A and the maximum surface roughness (Rmax) should be 90



* A or bel ow. For obtaining a glass-ceram c substrate having a high
.rigidity and high flatness (3-9A in the data area) as in the present

i nvention, the crystal grain dianmter and crystal grain shape are inportant
factors. It has been found that a subsfnate having a grain dianeter which
Is larger or smaller than the range of dianeter defined in the clains

cannot achieve the desired strength and surface roughness.. I n
i ncreasing the bit nunber and track density and reduci ng the size of the
bit cell, difference in coefficient of thermal expansion between the-

magnetic filmand the substratée significantly affects achievenents of these
obj ects. ROroffiisw’ €ason, it has been found that the coefficient of thermnal
expansion within a tenperature range from-50[err]C to +70[err] C should

preferably be Rgridbtairingangiscoramit subklrate IRvihE al WighCrigidil £hd bigh
In the gl ass-ceram ¢ substratéeé according to the invention, the above -
descr i bed flatnessn(3-9 Anie the flatsh erea) asdnt theepriesemtciiventionhtheectystal gralimct ed
for the rl%?sons st gt ed bel ow, The Si2 ingredient is a very inportant
i ngr edi endigmiemh and, cryetal; grain shape aye uyaportanfdacters.) It hag been fenund
-quartz sQlid so | Qn, enstatit enstatite. sali,d solution,, forsterite and
forsteri tghggﬁis&lbgﬁﬁag? ihgﬁnig ?squ?% d’é%mﬁﬁeé'dv& cﬁ&ﬁtlaﬁg?sqraﬁmﬁﬂ% an fpe he
anount of LS ol | ' %m Y eoﬁges . ' he

gl ass- ceré%nﬁgéggﬁﬁg{t:%gﬁ%ﬁg%&éﬁ%ﬁ}eﬁ%r% texs{ %@gﬁ{ten S vtro eggsnlgé?%e?gﬁ%h

wher eas i fandstirfasewniaghhesdli s i ngredi ent exceeds 60% difficulty arises in

mel ting and form ng the base glass. For the graovyth of the crystal phases,
condi ti ons of Indacreasiag the bitapember andrirack dansity endrredusing tieesiablof r ange

o U112, B YR IS % S snpnped et Lcesl e cond e 12
by heati N%h&enetic film and the substrate significantly affects achievements of these
objects. For this reason, it has been found that the coefficient of thermal
expansion within a temperature range from -50°C to +70C should preferably
be within a range from 30 x 10-7/C to 50 x 10"/C.

In the glass-ceramic substrate according to the invention, the above
described content ranges of the respective ingredients have been selected for
the reasons stated below.

The SiO, ingredient is a very important ingredient which, by heating a
base glass, forms §-quartz, B -quartz solid solution, enstatite, enstatite solid
solutiﬁn, forsterite and forsterite solid solution crystals as predominant
crystal phases. If the amount of this ingredient is below 40%, the crystal
phases grown in the glass-ceramic are instable and their texture tends to
become too rough whereas if the amount of this ingredient exceeds 60%,
difficulty arises in melting and forming the base glass. For the growth of the
crystal phases, conditions of heat treatment are also important factors. A
preferable range of this ingredient_ which enables a broadened heat treatment
conditions is 48.5 - 58.5%. |

The MgO ingredient is a very important ingredient which, by heating a
base glass, forms B-quartz, B -quartz solid solution, enstatite, enstatite solid:

solution, forsterite and foresterite solid solution as predominant crystal



‘ base glass, fornms [err] -quartz, [err] -quartz solid solution, enstatite,
.enstatite solid- solution, forsterite and foresterite solid solution as

" predomi nant crystal - 12 -

phases. |If the anount of this ingredient is below 10% the grown crystals
of the obtained glass-ceramc are instable and their texture is too rough
and nelting property deteriorates. If the anount of this ingredi ent exceeds
20% nelting property and resistance to devitrification are reduced. For
the sane reason as in the SiQ2 ingredient, a preferable range of this
ingredient is 12 - 18% The Al[err]Jerr] ingredient is a very

i mpor t ant phagssLdiT€ Bhe Whhéint &BtHiS ﬁi%@ﬁie&tﬁ@%l@b 349%, theldfewn crgdedls &fsol i d
solution as a predom-nant crystal phase. |f the anont of this ingredient is

bel ow 10%he obtaginedngless-sexdmicofre mstableaand dbhgin $exture dsitoo amvaghnandbl e
and their texture is too rough whereas if the amunt of_ this iggredi ent is
20% or ov&elURgIRIORerty dnteriotatend Hidieamaunt pbthisingredienicaxceeds 6%,

ot o o b BT AR T3 B R RRR e BT AL SR,
R N e e e P

nol di ng. RB%.he amobunt of this ingredient is below 0.5% these effects
cannot be obtai ned whereas if the amount of this ingredient exceeds 2.5%
resi stance t o TdedlO; fingradient issa verduteportanp ingredidiitevhichg by dfeatingsa

I ngredi en

control | }h@é‘?slg ¢ S%%W%L%%%stqq{%%f’gﬁﬁrﬂm@éqg?r 5 ﬁl%ﬁé%g%éféﬁég fI?; t he
IS i A | S . % ' i
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the base gifgScedfingt | AealtaBRdahl etiHir WexfurssSifhdo Foukhewhlepsss ¢EERE1 C are
i nstabl e and the texture becones too rough. A preferabl’e range of this

i ngr edi enamaurt-ofi¥is ingredient is 20% or over, melting property and resistance to

devitrification are deteriorated. For the same reason as stated above, a
preferable range of this ingredient is 12 — 18%.

The P,0O, ingredient functions as a nucleating agent for the glass and is '
also effective for improving melting property of the base. glass and resistance
to devitrification during molding. If the amount of this ingredient is below
0.5%, these effects cannot be obtained whereas if the amount of this
ingredient exceeds 2.5%, resistance to devitrification is reduced. A preferable
range of this ingredient is 1 — 2%.

The B,O, ingredient is effective for controlling viscosity during melting
and forming of the base glass. If the amount of this ingredient is below 1%,
this effect cannot be obtained whereas if the amount of this ingredient exceeds
4%, melting property of the base glass deteriorates and the grown crystals of
the glass-ceramic are instable and the texture becomes too rough. A
preferable range of this ingrediént is 1-3%.

The Li,O ingredient is a very important ingredient which, by heating a
base glass, forms B -quartz solid solution as a predominant crystal phase and

. improves melting property of the base glass. If the amount of this ingredient

is below 0.5%, these effects cannot be obtained whereas if the amount of this



" The Li[err]O ingredient is a very inportant ingredient which, by heating a
‘base glass, forns [err] -quartz solid solution as a predonm nant crysta
“phase and inproves nelting property of the base glass. If the amount of
this ingredient is below 0.5% these effects-cannot be obtained whereas if

t he amount of this - 13 -

I ngredi ent exceeds 4% the grown crystals of the glass-ceramc are instable
and their texture beconme too rough. A preferable range of this ingredient
is 1 -3% The CaO ingredient inproves nelting property of the glass
and prevents grown crystals from becom ng too rough. If the anmount of this

i ngr edi enfy J admlt;aefcge&s"/a%t Rt e i EIGRIBHIGH METEaaRI 1 he

anount of thi's ingredi ent éxce sire ryst e t ai ned
CEA

and the gapifhéirtekedre becomeod Ir@ﬁ%l ?%ﬁrﬂﬁ@%gé QP thi8YALrcdichtRIeover
chem cal durability deteriorates. preferable range of this ingredient is

1 - 3% —-3%.The ZrJerr] and Tierr] ingredients are very inportant

i ngredients V\/%;gléu ction_ as a nucl eating agent for, the glass and al so are
effective for "%éqlﬁ’@ RipoRroyes melpnginreperty of the glasssns preyents

hani cal _ st h, apd i cal durability.af the materjal. |f..the. t
of tho g ERYSgCP PERRR G B8, ot o AmEBEAT R inredibefis )

i ngredi en, i HoY S . j . - of the
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exceeds 8fagrdifehit cdicbydnuls es debired|crystal chinbbbe dbtaiifedamid itheusrotvines such
as ZrSiJerr] are produced which are left unnolten and, noreover,

resi st ancerystalgeof tthief igtass-esmrainic rhatoed togsranghe amid; metsaverrathegrioak h of

crystal grains..is , brought about in e crystallizin r ogess. pref erabl e
range of HHER detertaabest Agrefez:atbie/&' %F Fég’fgﬁfeéltrl%igezagf t he

Ti is 3 7 0 t J
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the grown crystal grains finer and improving mechanical strength and

chemical durability of the material. If the amount of the ZrQO, ingredient is
below 0.5% and the amount of the TiO, ingredient is 2.5%, these effects cannot
be obtained. If the amount of the ZrO, ingredient exceeds 5% and the
amount of the TiO, ingredient exceeds 8%, difficulty arises in melting the base
glass and impurities such as ZrSiO, are produced which are left unmolten
and, moreover, resistance to devitrification is reduced. As a result, abnormal
growth of crystal grains is brought about in the crystallizing process. A
preferable range of the ZrO, ingredient is 1 — 4% and a preferable range of
the TiO, is 3 — 7.5%. The total amount of the ZrO, and 'ﬁO; ingredients
should preferably not exceed 9%. A mqfe preferable range of the total
amount of the ZrQO, and TiO, ingrédients is 3 — 8%.

The Sb,0, and/or As,Q, ingredients may be added as a refining agent in
melting of the glass. It will suffice if one or both of these ingredients are
‘added up to the total amount of 2%.

The SnO,, MoO,;, CeO and Fe,0O, ingredients may be added up to the
total amount .of 5% as a coloring agent or for improving--_sénsitivity of detecting

defects on the surface of the substrate by coloring the substrate and also



" The Sb[err]Jerr] and/or As[err](Jerr] ingredients may be added as a
.refining agent in nelting of the glass. It will suffice if one or both of
these ingredients are added up to the total amount of 2% The
Sngerr], Mo(Jerr], CeO and Fe[err]d eny] +ngredients may be added up to
the total amount of 5% as a coloring agent or for inproving sensitivity of
detecting defects on the surface of the substrate by coloring the substrate
and al so - 14 - i mproving | aser
absorption characteristics for an LD excited laser. As to Mo(Jerr], it wll
suffice if this ingredient up to 3%is added. The Sn(Jerr] and M err]

i ngredi enfpasAnkRREE Absolptidd ThatA@GEriBaYE fbF Gt LI %&ém& Sh¥ed Y Adtd he

gl ass state before the heat treatnment and have the coloring property after
the cryst MéQgat wilh spfficeds shisgngredientap to8fuiscadded. nTHe®nQ), and MeDani c
substrate for a magnetic information storage nedium according to the

i nventi onmmél%@rgumrtm Wgthﬁet@ﬁdwedhgbﬁ tnsegmissipyiini the glessrel t ed,

i s subj ect t eat f d/or co for i s heat treated for
produci ng g"‘%rg"sf?’ﬁ‘? thﬁ V&t{ﬂ%%wiomwaon%eaﬁqroﬁhe
650[err]C Zﬁﬁr{a out one to twelve hours, and further is heat
treated for crys %{?Jlsz;‘atlorl]ﬁ%nder a tenperature vmthln a range from
750[err] C to HRO0[mahhfadtafingbotHe Oflasé-Ceradiicy subRt¥ate F@MR! GRagnetic
Exanpl es of the present invention wll now be descri bed. Tagrlles 1to6

show exanpifesrm@ation storageNmedivih astoxding dsithe imendion, like bhoaes glase taving
subst rate or a gnet.ic, i nforma,t i Qn eaorage medi um made according to the

i nvent i on thpabeye desahadcompesition asmelted, is eable@qeétarhe@tfmm@d/%ny
oS! S B B L5 Yol ek BESRREES L, APBl Thlelp e

gl ass- cer ggiy %rédﬁeawm Rak&ike ARGl 6 Cf@‘tO@o %@%Fg%t ot t8 t%v”é@él
Conparative anpl e . 2, and"the SiJerr]- Alf[err err] - ZnO -

Tigerr] @oags-and further is heat treated for crystallization under a temperature
within a range from 750°C to 1050C for about one to twelve hours.
Examples

Examples of the present invention will now be described.

Tables 1 to 6 show examples (No. 1 to No. 14) of compositions of the
glass-ceramic substrate for a magnetic information storage medium made
according to the invention and three comparative examples, i.e., the prior art
chemically tempered alumino-silicate glass (Japanese Patent Application
Laid-open No. Hei 8-48537), Comparative Example No.1, the Li,O - SiO,
glass-ceramics_ (Japanese Patent Application Laid-open No. Hei 9-35234,
Comparative Example No. 2, and the SiO; - ALLO;— MgO - ZnO - TiO, glass-
ceramics (Japanese Patent Application Laid-open No. Hei 9-77531),
Comparative Example No. 3 together with the temperature of nucleation,
temperature of crystallization, crystal phase, crystal grain diameter, Young’s
modulus, specific gravity, Young’s modulus (GPa) / specific gravity, surface
roughness (Ra) after polishing, maximum surface roughness (Rmax) after

- polishing, and coefficient of thermal expansion in the range from -50C to
+70°C. The B -quartz solid solution is expressed as “ B -quartz SS”.

Amounts of the respective ingredients are expressed in weight percent.



" ceranics (Japanese Patent Application Laid-open No. Hei 9-77531),

. Conmparative Exanple No. 3 together with the tenperature of nucleation,
tenperature of crystallization, crystal phase, crystal grain dianeter,
Young's nodul us, specific gravity, Youdd s—nodulus (GPa) / specific
gravity, surface roughness (Ra) after polishing, maxi mum surface roughness
(Rmax) after polishing, and coefficient of thermal expansion in the range
from-50[err]Cto +70[err] C. The [err] -quartz solid solution is expressed
as " [err] -quartz SS'. Anmpunts of the respective ingredients are expressed

I n wei ght percent. - 15 -
Table 1 . Table 1 Exanpl es
52. 2 ? 522 MyO s Siderr Bxamples |, o %2,
12.0 Al[err]derr] 11709 2 460 38 16. 01
Pl err] O[ eSiD, b52 5212 5 52.21.5
g.[ gr.r] . ei\}iég_ 5 2.0 CaO *120 12/0° 12.0%° 3 (2)0
2.0 ALOR2.0 Zrgerr] 17.0 16,0 2.0 16.0 1.5
éb[SerTlr ]Oé[ ePF& 0.4%° 35 > ° 15, o >0
As[err] O & Sngerr] 3.0 39 5 4.01. 5
1.5 M englo _ 20d.5 25 1.5 2.0 1.5
ggg) Fe[ er réaél err] Nucl eation tenperature &Eoerr] O 2.0 650 2.0 600
7rO, . 2.0 1.5 1.5
TiO, 5.0 5.5 5.5
Sb,0, 0.3 0.3 0.3
As,Oq - - -
SnO, 15 1.5 1.5
MoO, 1.5 1.5 1.5
CeO - ] ; ]
Fe,0, = - -
Nucleation temperature (C) 650 600 650
Crystallization temperature (C) 1000 800 900
B-quartzSS B-quartz SS B-quartz SS
Predominant crystal phases 0.l1um 0.14m 0.1um
and grain diameter
enstatite enstatite enstatite
0.05¢m __ 0.05um 0.05 4 m
Young’s modulus (GPa) 120 128 135
Specific gravity (g/cc) 2.65 2.65 2.67
Young’s modulus(GPa)/specific gravity 45.3 48.3 50.6
. Surface roughness Ra (A) 7 5 8
Maximum surface roughness Rmax (A) 76 61 84

Coefficient of thermal expansion o
(x107C) (-60C to+707) 43 48 45

— .




"Crystallization tenperature ([err]C) 1000 800 900
Jerr]-quartz SS [err] -quartz SS [err] -quartz SS Predom nant crystal

phases 0.1 [errlm 0.1 [err]m 0.1 [err]mand grain diameter
enstatite enstatite enstatite — 16 — -
0.05[err]m 0.05[err]m 0.05[err] m Young' s nodul us (GPa)
120 128 135 Specific gravity (g/cc) 2. 65
2. 65 2.67 Young's nodul us(GPa)/specific gravity 45.3 48. 3
50. 6 Surface roughness Ra (A 7 5 - 8
Maxi mum sur f ace roughness Rmax (A) 76 61 84 Coefficient
of thernmal expansion (x 10 [err]/[erThble 2-50[err]C to +70[err] C
43 48 45 - 16 -
Table 2 Exam'm%wrrpl es
4 5 6 Sigerr] 4 5 652 2
56.0 0,41.0 MO 52.2 56.0 12.0 470 13.0
16.0 Al[e [err] 6.0 15.0 0
Plerr] eM , 1. ]52%' 3.8 16.6 o
E_[Frr]?[oemjcs g gs.o 25.5) 20.0.8 G0
i[err : :
2.5 P:Og 5 3.9 zZrgerr] 1.5 13 26° 7%
1.0 B,0;2.5 Tigerr] 3.5 35 5.5 40 3.5
3.5 Sb[er err| 3 0.5 0.2
ot 4 | ﬂ% | 20 2.5 2.0
2.5 3.5 3.9
ZrO, 1.5 1.0 2.5
TiO, ' 5.5 3.6 3.5
Sb,0; 0.3 0.5 0.2
As,0,4 - - -
SnO, 1.5 - 4.9
MoO, _ 1.5 - -
CeO - - .
Eﬁzog - - -
Nucleation temperature (C) 700 650 670
Crystallization temperature () 1000 750 800
B -quartz SS B-quartz SS B-quartz SS
Predominant crystal phases 0.1um 0.14m 0.1um

and grain diameter
" enstatite enstatite enstatite
. 0.05um 0:05 4 m 0.05um
Young’s modulus (GPa) 157 120 122

Specific gravity (g/cc) 2.71 2.50 2.53
Surface roughness Ra (A) 7 4 6
Maximum surface roughness Rmax (A) 68 48 59

Coefficient of thermal expansion
(x107C) (-50C to+70%C) 41 50 48




*SnO2 1.5

4.9 Mo err]
1.5 - CeO Nucleation tenperature (O 700 . 650
670 Crystallization tenperature ([err]C 1000 750 800
[err] -quartz SS [err]-quartz SS [err]Zquartz SS Predom nant crystal
phases 0.1 [err]m 0.1 [err] m 0.1 [err] mand grain dianeter
enstatite enstatite enstatite 0. 05
[err]m 0.05 [err]m 0.05[err] m Young' s nodul us (GPa)
157 120 122 Specific gravity (g/cc) 2.71
2.50 2. 53 Youngs nodul us(GPa)/sgeci fic gravity 57.9 48. 0
48. 2 Surface roughness Ra (A Table 3 7 4 6
Maxi mum sur face roughness Rmax (A) 68 59 Coefficient
of thermal expansion (x 10[err]/C) (-50C to +70[€er 41
50 48 1 8 17 .
‘7I'abl e 3 Sioé o S Clerr] 51.4 46.1 Exanpl e49.051 A
iderr :
46. 1 Mg0 9.0 Mo 11.0 180 110 1907 13 ¢
19.0 Al[eAljGY err] 18.08. 0 15,0 15.0 110 11.0
Plerr] d epr 2.0 0 .5
Bl err] Of e?Fiﬁ | 1. 420 19'% X
Li[err] O B:Os 0.51.4 315 3.5.9
Li, O 0.5 3.5 3.9
CaO 2.5 3.5 0.5
ZrO, 05 1.0 4.7
TiO, : 1.9 7.5 2.5
Sb,0, _ 0.01 0.01 0.1
As, O, 0.09 0.39 0.3
SnO, - 15 1.6
MoO, ' - 1.5 1.5
CeO 4.9 - .
Fe, 0O, - - -
Nucleation temperature (C) 690 710 730
Crystallization temperature (*C) 850 900 1000
B-quartzSS B-quartzSS B-quartz SS
Predominant crystal phases 0.14m 0.14m 0.14m
and grain diameter
enstatite enstatite enstatite
, 0.05um 0.06 4 m 0.20¢4m
Young’s modulus (GPa) _ . 128 130 140
Specific gravity (glec) 262 2.70. 2.80
Young’s modulus(GPa)specific gravity 48.9 481 500
Surface roughness Ra (A) 7 7
Maximum surface roughness Rmax (4) 173 68 92
Coefficient of thermal expansion _
(x107C) (-50C to +70C) 47 45 37



O 2.5 3.5 _ 0.5 ZrJerr]

\.'OQ*.

.5 1.0 4.7 Tiderr] 7.7
.5 2.5 Sb[err]Jerr] 0.01 0.01
0.1 As[err]Jerr] — 18 709 0. 39 0.3
Snqerr] - 1.5 1.5 M err]
- 1.5 1.5 CeO 4.9

Nucl eation tenperature ([err]C 690 710 730
Crystallization tenperature [err] Q) 850 900 1000
[err] -quartz SS [err] -quartz SS [eﬁ(]a#l-guartz SS Predom nant crystal
phases 0.1 [err] m 0.1 [er e 0.1 [err]mand grain dianeter
enstatite enstatite enstatite Examples
0.05[err]m 0.05[err]m 0. 20[ err] myYoung' s ul us (GPa
128 130 140 Specific gravi .
2.70 Si02. 80 Youngs nodul us(GPa)/sped%.¥c gravifi®B848.9  604B. 1
50. 0 Surfaggoroughness Ra (A) 7 7 9
Maxi mum surface roughness Rmax (A) 73 13.0 8 14.0 92 lt%gffi ci ent
of thermaidpansion (x 10[err]/[err]C) (186t to +78f&rjC 16.0 47.
é)5( | P,037 w0 10 Ti?i.e 4
anpl es : _
12 Si o er H20s 53§ 20 8 1.0 gg. 0
Li,O 1.0 1.0 0.7
CaO 0.5 1.0 1.0
Zr0, 3.0 0.5 3.5
TiO, 4.0 4.5 6.0
Sb,0, ) 0.3 0.3 0.3
As, O, - - -
SnO, . - -
MoO, 3.0 - -
CeO - - -
Fe,0, - 4.9 :
Nucleation temperature (C) 750 650 680
Crystallization temperature (C) 950 980 1050
B-quartzSS B-quartzSS B -quartz SS
Predominant crystal phases 0lpum - 0.l14um 0.1um
and grain diameter
enstatite enstatite enstatite
0.054m 0.054m 0.104m
Young’s modulus (GPa) - 141 135 148
Specific gravity (g/cc) " 2.81 2.78 2.90
Young’s modulus(GPa)/specific gravity 502 48,6 48.6
Surface roughness Ra (A) 7 8 9
Maximum surface roughness Rmax (A) 68 84 98

Coefficient of thermal expansion

(x107C) (-50C to +70C) 41 39 38




MO

: 13.0 14.0
Al[err]O[err] 12.0 14.0

1.0 1.0 1.0 B[err]O[err]

2.0 1.0 Li[err]O - 1.0
0.7 CaO 0.5 1.0
Zr 2 3.0 0.5
Tierr] 4.0 4.5
Sb[err]Jerr] 0.3 0.3

As[err]O[err] Sngerr] MJerr]
Fe[err](err] Table 5 4.9 Nucl eation tenperature

10.5

16.

3.0

cow
w O o1

0 P205

2.5

1.0
1.0

CeO

([err] O 750 650 68 S lization tenperature
([err]C 950 980 1050 OE%M
[err]-quartz SS [err]-quartz SS [err]-quadlz SS Preddhi nant crystal phases
0.1 [err]mio 0.1 [err]m 0.1 [err]ggand graigy gli aneter
enstatite Bnstatjte enstatite
0.05 [errMg€0 0.05 [err]m 0.10 [err}#0young' s168dul us (GPa)
141 Al 148 Specific graumty (9/ccpo.0 2.81
2.78 0 Young's nodul us(GPa)/speC|f|§ gravi t& 50. 2 48. 6
48. 6 Surf &a8 sroughness Ra (A) 9 Maxi mum
surface r@y@ness Rmax (A) 68 843.0 Z&)Ooeffici ent of
thermal e sion (x 10[err]/[err]C) (-50[grg]C to +4Q0) 41
39 )ﬂigg 20 5%9

CaO 20 3.9

Zr_O2 , 2.0 2.5

TiO, 5.0 3.5

Sb,0; 0.3 0.2

As;0O4 ; .

SnO, 1.5 49

M003 1.5 -

CeO 3.0 -

Fe,Q, : . -

Nucleation temperature (°C) 650 670

Crystallization temperature (°C) 900 850

B-quartz SS [ -quartz SS
Predominant crystal phases 0.1um 0.1lum

and grain diameter _
enstatite forsterite
0.05 «m 0.05 um

Young'smodulus(GPa) 128 125

Specific gravity (g/cc) 2.75 258
Young’s modulus(GPaY/specific gravity 46.5 48.4
Surface roughness Ra (3) 5 6
Maximum surface roughness Rmax (&) 61 .59

Coefficient of thermal expansion
(x10°°C) (-50°C to +70°C) 40 48




"Table 5 Exanpl es

13 14 Sigerr] 49. 2 41.0 Mo
12.0 16.0 Al[err](err] 17.0 - 20.0
Plerr]O[err] - 20A.5 - 2.0 Blerr](err]

3.0 4.0 Li[err]O 2.0 2.0 CaO
2.0 3.9 ZrJerr] 2.0 2.5
Tierr] 5.0 3.5 Sb[err]Jerr]

0.3 0.2 As[err]derr] Sngerr] 1.5
4.9 Mo err] 1.5 - CeO

3.0 Nucleation tenperature ([err]C) Table6 650 670
Crystallization tenperature ([err]C 900 .

[err] -quartz SS [err] -quartz SS Predomwmgﬁ%es 0.1
[err] m 0.1 [err] mand grain di anetecl 2 3

enst at i teSi()%or sterite 62.0 785 0.4gderr]m
0. 05 [errb{rxn oung' s nodul us (GPa) 128 125
Specific gt8vity (g/cc) 2.75 y 2.58 Young's . -

modul us( GA)O@specific gravity 465 4864 Surface4r4oughnessz@g (A) :

6 Maxi mum surface roughness Rmax

5
Coefﬂmeﬁjﬁgf t hermal expansi on (X 10[err]7[err]C) ?5500 to +70[err]C)
40

Li,O 7.0 12.5 -
Other alkali ingredients Na,0 9,0 K,0 2.8 K,0 24
ZrO, 4.0 - -
TiO, ] ] ]
Sb,0, : 0.5 0.2 .
As,O, - - -
SnO, - - -
MoQO, . - -
CeO . - - -
Other ingredient Ga,0, 4.8
Nucleation temperature (C) - 450 800
Crystallization temperature (C) - 850 950
- lithium Spinel
- disilicate crystal
Predominant crystal phases - 0.10um 0.10um

and grain diameter
- @ -cristobalite -

- 0.30um -
Young’s modulus (GPa) . 82 92 1105
Specific gravity (g/cc) 2,54 2.51 3.24
Y ) Julus(GPa)/specifi ity 393 36.0 34.1
Surface roughness Ra (A) 8 11 65
Maximum surface roughness Rmax (A) 86 140 679

Coefficient of thermal expansion
(x107C) (-50C to +70C) 70 61 _53




- 20 - Tabl e 6

.Conperativ Exanple 1 2
3 S 62.0 78.5 43.0 MO
- Al[err]oO[err] - 21 —. 16. 0 4.4
26 8 P[err]O[err] - 2.0 - ZnO
23.0 Li[err]O 7.0
12 5 O her aI kal i ingredients Na[err] O 9,0 Klerr]0O 2.8 Klerr] O
2.4 Zrgerr] 4.0 - Tigerr]

Sb[err]qer(ry] 0.5 0.2 As[err](err]
Snderr] MQ rqr] mapgfauthving the gliseceramic substrate of the above described

800 G yst SKIples, SRR EHRIS 1AL BRApEcarbohates and nitrasgg are mixed apdy”
- I ym;
disilicat (Earl (hi; cr?s? cﬁﬂg@ﬁ{ g%aln%%ltmgysg%?ratﬁgsagsa temperature within Bhe_LO[ err]

m 0 1%&%&; lfrdth aibudr B850°01 86absat 1450°C. The molten glass is stirred to
- -cristobalite

0. 30[ er r ] homogenize 1€{tanmdg'themﬂnt uferineélajnto a dlSk shape and &ﬂnealed to- 92
110.5 SpeC|f|c gravity C) 3.24

Young' s nibaenids (eprfoy (glﬂfﬁﬁz nghﬁnI yhi fgrmedgglass is SUbJeSth.l tsubeate
roughness surface

A
Foughness tRpRid to geoduce the cxyital mucleusgyades o 1emperRtE WHEFGRe

gi pansi on réééé Gt BEDEE M {75000k _rzﬂ)&ﬂ: Qrib’ 06 Sfdlfd hours and ‘fhen is

subjected to a further heat treatment for crystallization under a temperature
within the range from 750 to 1050C for about one to twelve hours to
produce the desired glass-ceramic. Then, this glass-ceramic is lapped with
lapping grains having average grain diameter ranging from 5 & m to 30 £ m for
about 10 minutes to 60 minutes and then is finally polished with cerium oxide
having average grain diameter ranging from 0.54m to 2/ m for about 30
minutes to 60 minutes.

As shown in Tables 1 to 6, the glass-ceramic of the present invention is
different in its predominant crystal phase from the Comparative Examples of
prior art alimino-silicate chemically tempered glass, Li,0 - SiO, glass-
ceramics and SiO, — Al,O; — MgO — ZnO — TiO, glass-ceramics. As regards
Young’s modulus and specific gravity, the glass-céramic of the present
invention has higher rigidity or lower specific gravity than the alumino-
silicate chemically tempered glass and thé Li,O — SiO, glass-ceramics. The
Si0, — ALO; — MgO — ZnO - TiO, glass-ceramics of Comparative Example
No.3 which is of a relatively high rigidity and low specific gravity is so hard
that a desired surface roughness cannot be obtained. In contrast, the glass-
ceramic of the present invention has excellenf processability and desired
smoothness. Moreover, the glass-ceramic of the present invention is free
from such defects as anisotropic crystals, foreign matters and impurities and

has a fine and homogeneous texture and sufficient chemical durability



- 21 - For manufacturing the glass-ceram c substrate of the above
descri bed exanples, materials including oxides, carbonates and nitrates are
m xed and nolten in a conventional nelting apparatus at a tenperature
within the range from about 1350[errtC24% about 1450[err]C. The nolten
glass is stirred to honogenize it and thereafter forned into a di sk shape
and annealed to provide a forned glass. Then, this formed glass is
subjected to heat treatnent to produce the crystal nucl eus under a
tenperature within the range from650[err]C to 750[err]C for about one to
twel ve hours and then is subjected to a further heat treatnent for

cryst al | i aghimst ringdag oz etehipgvaith chemi¢dls or weter.ange from 750[err]C to
1050[ err] C for about one to twelve hours to produce the desired

gl ass- cer ani ¢ Asrieseribedi aboyeagecordingrfodhednventien) thierhis provided gigldsss
havi ng average. graj n dj aeter ranging.fyom err] mto 30 [ery] for
about ° 10 ﬁ?’f?gfllé’g S%&GB{% e glaé{g!t}cﬂg#%@aglpﬁaﬂp}a% o W H‘i’hcnhia? um
oxi de havi . -al i NG SRING 0 rrlmfor
about 30 SITRBLEEF Uha iRk Avh@lel O ARTAHRE irt bl Hd BebPosieflcht

gl ass- cer @1¢ingf propertyesfetlistan¥eNté Olevitrifichfion e@hd protsssAbRAG Ragt
crystal phase fromthe Conparative Exanples of prior art alimno-silicate
cheni cal | pufficipet etadtheess fof eoping withsi tHec contagt aeserding awiths aathdgh

Sigerr] - Al[err]Jerr] .- MgQ - .ZnO_.- Tierr], gl ass-ceram_gs. As, regards
Young' s mdeearding fensiby and; hagalso high Yonngs medulusiand l?“bﬁp?‘ﬁéc BravEnt

i nvention has highgr rigidty or.lower speci.fi Lavi t th l. um no-
1|+ cat o caFadATIRGer Ehiaile.of Rrine HiipeHhe Wifh Briiay of ooyt pifh itk

gl ass- cer amj Si hidine ; l4he p = L

gl ass-cer %ﬁ%ﬁ% r%tyﬂ%gﬁp%c;cﬁ%géé'gkg Ilfé}%{o&%ﬂ’%eg I Salg§ rbgoylg-ga% \;Heﬁrt%/m%i gh
rigidity gofnmeawfasteeirg thigcbasstaeramisc anlarflaghetic infdfantied stovdgeakisk
roughness cannot be obtained. In contrast, the glass- ceramc of the
present i thaving efilimef & magnesict mpdinme fermed onythe glasseceramic swbsirateess.

Mor eover, the glass-ceramic of the present invention is free




“fromsuch defects as anisotropic crystals, foreign matters and inpurities
and has a fine and honpgeneous texture and sufficient chem cal durability
- 22 - agai nst rinsing or etching ﬁﬁth chemi cals or water. As
descri bed above, according to the invefition, ‘there is provided a gl ass-
ceram c substrate for a magnetic information storage nedi um whi ch has
elimnated the disadvantages of the prior art materials and has excell ent
mel ting property, resistance to devitrification and processability, has
sufficient snoothness for coping with the contact recording with a high
recording density and has al so high Young's nodulus and | ow specific
gravity chlaime eri stics capabl e of coping properly with driving of the disk
wi th high speed rotation. According to the invention, there are al so
provi ded a nmethod for manufacturing this glass-ceramic and a magnetic

or T $na gk 3880y Hadieokrthi sLbbtTu f6f o BARRBHS ifE AR IBREE) M
Cainms  medium having a ratio of Young's modulus to specific gravity within a range
from 37 to 63, comprising Al,O, within a range from 10% to less than 20%, -
and having a predominant crystal phase consisting of one or more crystals
selected from the group comsisting of B -quartz, S -quartz solid solution,
enstatite, enstatite solid solution, forsterite and forsterite solid solution.

2. A high rigidity glass-ceramic substrate as defined in claim 1 whichis free of
Na,0, K,0 and PbO. |

3. A high rigidity glass-ceramic substrate as defined claim 1 or 2 wherein a
crystal grain diameter of the respective predominant crystal phases is within
a range from 0.05 4 m t0 0.30 £t m.

4. A high rigidity glass-ceramic substrate as defined in any of claims 1 - 3
wherein coefficient of thermal expansion within a range from - 50°C to + 70C
is within a range from 30 x 107/C to 50 x 107"/C.

5. A high rigidity glass-ceramic substrate as defined in any of claims 1 - 5
wherein the surface of the substrate after polishing has surface roughness
(Ra) of 3 to 9A and maximum surface roughness (Rmax)lof 100A or below.

6.. A high rigidity glass-ceramic substrate as defined in any of claims 1 -5
provided by heat treating a base glass havifxg a composition expressed on the

basis of composition of oxides which consists in weight percent of :

8i0, | 40 - 60%

MgO 10 - 20%

ALO, 10 - less than 20%

P,O, 0.5 - 2.5%

B,0; 1- 4%

Li,0 - 0.5- 4%

CaO 05- 4%

s



“1. Ahighrigidity glass-ceramic substrate for a magnetic information
_storage nedium having a ratio of Young's nodulus to specific gravity within
a range from37 to 63, conprising A1203 within a range from 10%to | ess
than 20% and having a predom nant efy3#al—phase consisting of one or nore
crystals selected fromthe group consisting of [err] -quartz, [err] -quartz
solid solution, enstatite, enstatite solid solution, forsterite and
forsterite solid solution. 2. A high rigidity glass-ceramc substrate as
‘defined in claiml whichis free of Na[err]O, Klerr]O and PbO 3. A high
rigidity glass-ceramc substrate as defined claim1 or 2 wherein a crystal
grain di aneterbg the respective predom nant crys0&- ph%ses is within a
range from0.05 [err] mto 0.30 [err] m 4. Ahighrigidity glass-ceramc
substrate as d&Pened in any of clains 1 - 3 wherei 2-808%icient of thernal
expansion w thyn~a range from- 50 Cto + 70 C iB 't@%p a range from 30 x
10[err]/[err] 99350 x 10[err]/[err]C 5. A high rqu'l I/‘S/ gl ass-ceram ¢
substrate as ggfgned in any of clains 1 - 5 wherei '_tb%o urface of the
substrate after “pdlishing has surface roughness (Rarg 0 to 9A and maxi num
surface roughi®®, (Rmax) of 100A or below. 6.. A high rggidity .

gl ass-ceram c substrate as defined in any of clains 1 - 5 provided by heat
treati ng a baddo@}ass having a conposition expresse® on3¥%he basis of

conposition of i des which consists in weight per c%nt g;: Sigerr]
Q@gg - b%

40 - 60% 10 - 20%

Al[err]O[err] Fe.O 10 - Jes o han 20%

Plerr]O[err] z~'s 0.5 - 2.5% Blerr]Jerr]

é' 5?%4% 7. LIA fiethéd for manufacturing a high rigidity glas_séczﬁramic Qubstr4te for a CaO
magnetic information storage medium as defined in claim 6 comprising steps
‘of melting the base giass, molding a molten glass into a predetermined form,
annealing the formed glass, and thereafter heat treating the glass at a
nucleation temperature within a range from 650C to 750C and at a
crystallization temperature within a range from 750°C to 1050C.
8. A magnetic information storage disk having a film of a magnetic medium

formed on said high rigidity glass-ceramic substrate as defined in any of

claims 1-17.

I



"zZrqerr] _ 0.5 - 5% Tigerr]

,2.5 -8% Sb[er]J err] i " 0.01 - 0.5%
As[err]O[err] 0 -0.5% Sng err]

0 - 5% MO err] - 25 —. 0 - 3%

CeO 0- 5% Fe[err](err]

0 - 5% 7. A nethod for manufacturing a high rigidity glass-ceramc
substrate for a magnetic informati on storage mediumas defined in claim®6
‘conprising steps of nelting the base glass, nolding a nolten glass into a
predeterm ned form annealing the forned glass, and thereafter heat
treating the glass at a nucleatioﬁﬂﬁ-@ﬂ%rature within a range from 650
[err]C to 750 [err] Gyandpat. stal lizadion .ter’fgerature wi thin a range
from750[err]Cto 1 g jﬂ’éﬁ-‘éb“ﬁ & ERi on st orage di sk
having a filmof a negRabiie ! 58c Megahf hioh rigidity
gl ass-ceranic substrate€ as defined rn any of clains 1 - 7.

A high rigidity glass-ceramic substrate for a magnetic information

storage medium has a ratio of Young's modulué to specific gravity within a.-
range from 37 to 63 and comprises Al,O; within a range from 10% to less than
20%. A predominant crystal phase of the glass-ceramic substrate consists of
one or more crystals selected from the group consisting of 8 -quartz, f-
quartz solid solution, enstatite, enstatite solid solution, forsterite and

forsterite solid solution.



