Title of the Invention d ass-ceram c substrate for an : négré’rat I.on
<storage nmedium Background of the Invention This i \ r’el}at es to
a glass-ceramic substrate for an information storage nedi ur@gﬁjf nor e
particularly, to a glass-ceram c substrate for an informati t orage
medi um such as a magnetic di sk nade of a gl ass-ceram c having inproved -
super flatness of a surface of the substrate, a high Young's nodul us and a
| ow specTitleofpheinventiapabl e of coping properly with a high speed rotation,
and a range coefficient of thermal expansion matching with coefficients
of thermal e espmae subsigate foran wiermation stonage medivmat i on st or age
medi um The invention relates also to a nethod for manufacturing the sane
and also to an information storage nmedi umusing this gl ass-ceramc

substratm@ﬁpﬁi@hﬁﬁﬁ&ﬁon, the term"information storage nedi unt
nmeans an 1nformatron storage mediumin the formof a disk and includes
fixed type hghib Hivesion eslayabte at ylags-DaFanit SsstAdte R 4h txfeenlidich di sks

used respectively for so-called "hard di sks" for personal conputers and

st or age $Pragg oredauninoanin nzorecpasicularly tot heglassiCevameici subsstate dfge agEedi um i n
the formaf a disk which can be used for storage of data in, e.g., digital
vi deo camderiaation stergge e pyeh as a magpetipdisk madenfnglags-coramimal

comput o el o TS e AHRAEr el ek AP E AR Wi 1) g
a magnetineduMLhABL 4 WwSIFUAEE HEN f%ggégll%t !;f&@ﬁ_gggﬁg?é&&gwﬁﬁpa%{%x As a

result, for increasing the ‘record ng a“grow ng ndency

i n a magpeedaotation,rmid arasigeofgeefiieiting of thurh gl éxjeiRacn Btatchidy witknd track
density and_reducing the size of a bit cell. In conformty with the" '
reduct i ogpefficients of therstal eppagision: of constitveyt elémentmadf poe fnformation

operation in closer proyi mt 0 the surface of a disk. As the magnetic
hgad perﬁ%ﬁﬁ? Pteél‘b‘ﬁer %%W‘%leﬁ%]&nn@i@te&ﬂjrﬁ%&? as’i‘_‘&f'}éjo‘f) Eo_rc ctyrmge

the same and also to an information storage medium using this glass-ceramic

substrate. In 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 and othér 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 corhputers. for multi-media purposes
and digital video cameras and digital cameras which requires handling of a
large amount of data has necessitated é magnetic information storage device
‘of a large recording capacity. As a result, for increasing the recording density,
there is a grbwing tendency in a magnetic information storage ﬁledium
toward increasing in bit and track density and reducing 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 closer proximity to the surface of a disk. As the

magnetic head performs its operation in a near-contact state or contact state
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2 against the disk surface, technical devel opnment of a | anding zone system
< has becone inportant as a technique for starting and stopping a nmagnetic
head. According to this system a sticking prevention processing such as
texturing is made in a specific zone of a disk (e.g., aradially inward or
outward unrecorded portion of a disk)sand starting and stopping of the
magneti c head are perforned in this zone which is called "landi ng zone".
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conflicting requirenents for a lower g of a magnetic head
acconpanyi ngln the easgeshts iigigeicCidonh htion ol geyv dovicoOntd CBS ¢édntdctof the
magnetic head on the surface of the medium For satisfying these
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I nformati on storage nediumis a snoot her surface.

devel oprieestd contaotieis exmgedimgly ofih ghfirors perfdcd, rstitsionr takbs iplier betweam by a
hi gher speed rotation of a magnetic information storage nediumused for a
magnet i ctherfufage: oldhesmedinge and the magneticcheadwith resulting difficulty in

smooth starting of rotation of the medium due to increased friction and

occurrence of damage to the surface of the medium. Thus, a substrate for a
magnetic information storage' medium must satisfy two conflicting
requirements for a lower glide height of a magnetic head accompanying
increased storage capacity and prevention of sticking of the magnetic head on
the surface of the medium. For satisfying thesé conflicting requirements, the
landing zone system has been developed and, aside from the landing zone
system, development of a ramp loading system is under way according to
which a magnetic head is completely in contact with the surface of a medium
except for starting and stdpping of the magnetic head when the magnetic
haed is moved away from the surface of the medium. Accordingly, a current
requirement for a substrate for a' magnetic information storage medium is a
smoother surface. '

A technical development is under way for a higher speed ‘transfer of
information_ by a higher speed rotation of a magnetic information storage

medium used for a magnetic information storage device. As the number of



3 revolution of a nediumincreases, deflection and deformation of the
.mediumoccur and this gives rises to a requirement for a higher Young's
nodul us. Further, in addition to the conventional fixed type hard disks,

i nformati on storage nedia such as a renovabl e type hard disks and card type
hard di sks have been proposed and put 3into practice and application of
digital video caneras and digital canmeras for various uses have been
started. . | 1 he. ' | psi.r at tergals is
a1 uni punrey raol R el iufkad, BRARGIA AR OHBREERLE BURAES 5o, -
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polishing due to various defects of 'the naterial and, therefore, 1s not

suf fi ci eburtiserain wklitiahetof the aotverttioned dixtidntymwte hard \disks)rinderna®idonim i n

fl atness and snoot hness. Besides, since alumnumalloy is a soft_ naterial
and has &tarage verfig' ssichotfua wemevable ppeckanddisks and ¢drdr typedrards diglse

bstrate t | dyr i hi_gh d rotati . th di ymwmith
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As materials for overcom ng the above problens of the alum num all oy
subst r at e]llogncline ialuwhinunr allay substrate.ahbwye venhaseprojgdisssos spot-hke

soda-lime glass (Si rr]-Ca0O- Na[err]Q and al ym no-silicate, gl ass
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essential ingredient, the glasS has the problemthat the filmformng

char act eBesidess sixice! bbtumbsiummailey dist &rsoft ahatbrialdand chagreelewt Yogngls f f usi on
of Na[err]Q, it becones necessary to applg; a barrier coating over the

entire smddduas endisvefanethandaess, vibratiqn substrate éakesplace doming a t he

roduct a conpetitive cost. .. . . . 3
P %Egh speed rotation of the medium with resulting deformation of the medium.

Difficulty also arises in making the information storage medium thinner.
Further, damage of the medium by contact with a head is liable to occur.
Thus, the aluminum alloy substrate cannot sufficiently cope with the
requirements for a high speed recording.

As materials for overcoming the above problems of the aluminum alloy
substrate, known in the art are chemically tempered glasses su_ch as soda-lime
glass (Si0,-Ca0-Na,0) and alumino-silicate glass (Si0,-Al,0,-Na,0). These
materials, however, have the following 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,O as an essential ingredient, the glass has the problem that the film
forming chéracteﬁstics of the medium is deteriorated and, for preventing
diffusion of Na,O, it becomes necessary to apply a barrier cﬁating over the
entire surface of the substrate. This prevents stable production of the

product at a competitive cost.



4 Aside fromthe alum numalloy substrate and chem cally tenpered

«gl ass substrate, known in the art are som gl ass-ceram c substrates. For
exanpl e, the glass-ceranmics of a SiJerr]-Li[err]OMOP[err](Jerr] system
di sclosed in US Patent No. 5,626,935 containing lithiumdisilicate
(Liferr]OJerr] 2Sierr]) and a -quagtz (a -Si2) as main crystal phases
Is an excellent material as a material textured over the entire surface in

which, b Al o] in_di f, al | ar. | [ f
Muariz,t he s it sh B M dn R b Bt e ik B Bnee el can be
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within a range from 15[err] to 50[err hi's gl ass-ceram c, however,” cannot
suf fi ci erthejglasspeerandibs bfe SiOgliMgO-H,0; sydter dlsclabéd g U Bhtent No.
necessitated by the rapidly increasing recording density which requires the
sur f ace rﬁaﬁ%ﬁ&@(ﬂm}m@ﬁ Lithisvoe (digiticatel @vi,O prasi d @fquartz ¢ -BeDHw.
Further, no discusiio or suggesti n about zﬁ coefficient for thermal
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gn'd [err ]@ spo?ﬁm&ne (Li [’etrzlﬁ go'[ntgra?i]eiﬂklﬂl[ g#l%%lg?él] 't%}?}a.r'i' ﬂ%sﬁcfiel?xr%%aq Thi s
gl ass- certexfuringeambe omuitiwid amhthdswifacordughnessafiet polisleing (Ra) g¢gndeount  of
Alferr](err], ingredient and_ in which growth of SiJerr] crystals such as -
a - quar t £optiodied|withimperange from (L8 to-5QAi. st Bhisl glaes-cpramic, Bogfeser,]) i s

extrenely res ed. ..The center |.ine nean sur e rooughness of _.this
X - be dpF 1 thr
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r oughnes suafade roighsésy Ra)tdfigA sbEbsloRe pastefabla TR orChel8ws UTfirEhé&Nhby Wi th
the requirenment for the |ow glide hei ht of a magnetic head. Further, since
this gl asksanssiom or suggestion abtutgh doeffidemit forethelnm? Gxpansjod hao e [err] C
for crystalq&i zation which prevents a |large scal e production of the product

at a conpiids v ghis pgtent.
. Japanese Patent Application Laid-open Publication No. Hei 9-35234

discloses a magnetic disk substrate made of a glass-ceramic of a Si0,-Al,0,-
Li,0 system having predominant crystal phasés of lithium dislicate (Li,O °

25i0,) and B-spodumene (Li,0 * ALO, * 4Si0,). This glass-ceramic has a
composition which cOntai:r_ls a relatively large amount of AL O, i#gredient and
in which growth of SiO, crystals such as @ -quartz ( @ -Si0,) and @ -
cristobalite (@-Si0O,) is extremely restricted. The center line mean surface
roughness of this glass-ceramic after polishing is defined as ZOA or below but
the center line mean surface roughness disclosed in examples is a rough one of
12A - 17A which fails to reach the above described desired surface
roughness and, therefore, this glass-ceramic cannot cope s-uﬂiciently with the
requirement for the low glide height of a magnetic head. Further, since this
glass-ceramic requires a high temperature of | 820C - to 920 C for
crystallization which prevents a large scale production of the product at a

competitive cost.



5 I nternational Publication WXX7/01164 which includes the above
<descri bed Japanese Patent Application Laid-open Publication No. Hei 9-35234
di scl oses a glass-ceramc for a nmagnetic disk in which the lower limt of
the A1203 ingredient is |lowered and tenperature for crystallization is
reduced (680[err]C - 770[err]C). A sugficient inprovenent however cannot be
achieved by nerely lowering the lower limt of the Al[err]Jerr]

i ngredient. | : Y ' s .discl as ar err]
eteriptite (ENPCEatoiil b WoLAb1EHARGE (ifded” the “aBoye |
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di sadvant ages of the prior art and provide a glass-ceram c substrate for an
i nf or mat disnloses naglassreeiramichfori sn mapneticcdisk dnt whidhr eirelosvoar ketieof shd C

capabl e RL coping with the ranp | oading system (i.e., contact recording of
a magnet A&Oscigredignt dsHiogrered mnd Jempenatyire ofor rraystadlizatiomps aeddced:| at i on

bet ween 'S | us, ang- specific gravity by which the nediumcan stand
“a high 5@39 r'o?m‘n % ?H&ﬁé}gtaﬂgPF@gW%}tag?‘ﬁ Ver eapneh be, gchievedrhy ci ent
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substrate. It is another object of the inventiont0O provide an

i nformati on bt ds,agkerefoie, naenghjosti 0f the snyémtion der alihminatd sheatbove
Sunmmary &;t e Id}v:fgtion Accumul at ed_studi es and experinents nmade by
the i nvetRisFdegdrisadvantagesof thapmer art avd previde aigles-earamig subdiaate | bed
obj ect s ' lon have ragsul ted.in the findin which has.led to the
present @%\?&%ﬁ%‘gﬁgts&’f egﬁng‘é"sq%gfaavﬁ?% ?nheii?f*jr]l‘é?t E‘g&?ﬁ"efzﬁmﬁﬁc PR D ant |
crystal lebbiHMHEH $he | LS, | : [err]
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mediumin that it has fine globular crystal grains and therefore has an
between Young’s modulus and specific gravity by which the medium can stand
a high speed rotation without causing vibration, and having a coefficient of
thermal expansion which matches with coefficients of thermal expansion of
component parts of the medium. _
It is another object of the invention to provide a method for
mamifacturing the glass-ceramié substrate.

It is another object of the invention to provide an information storage

medium employing this glass-ceramic substrate.

Summary of the Invention

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 preseht inveﬁtion, that, in
glass-ceramics having, as their predominant crystal phases, lithium disilicate
(11,0 - 2Si02). and @-quartz (@-Si0O,), a glass-ceramic can be obtained which
is advantageous over the prior art glass-ceramics for an information storage

medium in that it has fine globular crystal grains and therefore has an



6 excellent processability, has a snoother surface after polishing, has a
;coefficient of thermal expansion matching with coefficients of thermal
expansi on of conponent parts of the nedium and has a hi gh Young' s nodul us
and a | ow specific gravity capable of coping with a high speed rotation of
the medium It has been found that tlge gl ass-ceram c substrate for an

I nformati on storage nedi um achi eving the object of the invention is

ticul ful f t | oadi t ' to.i
Cper 11 SRR stocc bty 1Y, Wertls  Stdaee 4 B robpblne. ohasna

i nvent i ORgetdsd s | ' S- il LSt . lnformation

st or age %gi umIﬁaﬁngﬁ%ﬂs%ﬁﬁgﬁﬁugﬁgﬂgs%g@ff({og%%crl%r\%ét ;gj?o#}{%%l r over
and conprexpangio éfEohasmeint Paridofstieabditen GIA h4£X Mgl :stnge MIdeeshasi s)
of Alferr](err]. In one aspect of the invention, the Young's nodul us

i s withi and adeyepecidio 9BCiy ¢apab2dcbeoping with =high speedgratatioy dfthei thin a
ool T of AP dinbisclpamsfasind Shat  fit, ElapsseRamicotbETatel dbar an/ [ er ] C
\70f or 1 catrildelon Hokted’ mbal SBARSREE Hhe S0ER At Ehe ¢ BeBH HRess Ra
hapect | o Uy, QLN 85 el et Lliag oy oy Spidl B it SpY-Aatmess; 0 Ml oar e,
(Li[err] O [ erFdr achidvimg ]theanbove rdekcribedrdbjedt] 6f rthe - Biveheioh] )there is 1N

anot her aspect of the invention, the glass-ceram c substrate is
subst ant ipEPYideflraeglags-cpedmia §ubstrate fotan informatiemstonage mediam hdvinge

i nventio crystal, grai ft crystal ases are fine globul ar_grains.
I n anot h&o“é’%e@f’dl‘}ﬁ‘st @?ﬂ%‘?ﬁﬁbﬁ? vaty 3(/&?86(9"8? ardicompyisipgdtalesgr ai ns
of cryst ) . fnAanot her aspect of the
I nventi o%#la?hqg)svgﬁlzggzp%g?%n%[@ié%egg%(?é?%%%\r%ﬁl e%f gg*"'wei ght percent or over
(expressed ornf e Rapedt &ff thed MRDIINYthefYoung’s modulus is within a range

' from 95GPa to 120GPa and the specific gravity is within a range from 2.4 to

2.6.

In another aspect of the invention, a coefficient of thermal expansion is
within a range from 65X 107/C to 130X 107/C within a temperature range
from -50C to +70C.

In another aspect of the invention, a surface roughness Ra (arithmetic
mean roughness) after polishing is 9A or below. .

In another aspect of fhe invention, predominant crystal phases are
lithium disilicate (Li,0 * 25i0;) and @ -quartz (@ -Si0;). |

In another aspect of the invention, the glass-ceramic substrate is
substantially free of Na,O and PbO.

In another aspect of the invention, crystal grains of the crystal phases
are fine globular grains. |

In another aspect of the invention, an average diameter of crystal grains
of crystal phases is 0.30 £ m or below.

In another aspect of the invention, the glass-ceramic substrate

comprises 0.3 weight percent or over (expressed on the basis of composition of



7 the oxide) of MO I n anot her aspect of the invention, the
:gl ass-ceram c substrate has a conposition which consists in weight percent

expressed on the basis of conposition of oxides of: Sigerr]

71 - 81% Liferr]O 8 - 11%

Klerr]O 7 0 - 3% MyO

0.3 - 2% ZnO 0 - 1%

P[err]q lows 1- 3% Zrgerr]
%@ ox1d|g) SfMgﬁ) o - B9

A| [er r] q err]In another aspect of the invention, the glasdlcera¥c substx%%[aeﬁa{d g er r]
0.1 - 0.5% Sng err] _
Mo err] composition which consists in weight percent expres@¥ on thél lﬁhsm of

0 - 2% CoQ, 0 - 3%

Cr [ er r ] Oc@rgposition of oxides of : 0 - 3% and having, as
predom nant tal phases,lithiumdisilicate (Li[er)] {r12sigerr]) and
[err]- quartzcé F’er] Sigerr]). I n anot her aspeg{1 d?ﬁt/‘he i nventi on,
there is provpl1 dgd a gl ass-ceramc substrate for an i i ion storage
medi um havi ng, “as its predomnm nant crystal phases, lit | um disilicate

(LiferrJOerrELsi Jerr]) and [err]-quartz ([err] -Si@2) g%ich have fine
gl obul ar crystal grains and having a surface roughness Ra (arithmetic nmean

roughness) afMe® polishing of 9[err] or bel ow. 0.3 -aB% her aspect of
t he |nvent|o&%(&here I's provided a nethod for manufacturi ng t he
gl ass-ceram bstrate for an information storage n®di uk¥owhi ch conpri ses

steps of nel tlizeg gl ass mat eri als, formng nolten 1- 3%
Zr0, _ 0.5 -5%
TiO, 0 -3%
AlLO, 4 -8%
Sb,0, 0.1-0.5%
SnQO, 0 -5%
MoO, 0 -3%
NiO | -0 -2%
CoO 0 -3%
Cr,0, ' 0 -3%

and having, as predominant crystal phases,lithium disilicate (Li,O+2Si0,) and
¢ -quartz (¢-Si0,) .

In another aspect of the invention, there is provided a glass-ceramic
substrate for an informatibn storage medium having, as its predominant
crystal phases, lithium disilicate (Li,O * 2Si0,) and @-quartz (¢ -SiO,) which
have fine globular crystal grains and having a surface roughness Ra
(arithmetic mean roughness) after polishing of 9A or below.

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 melting glass materials, forming molten



8 glass, annealing forned glass and then heat treating the forned gl ass

if or nucl eation under nucleation tenperature within a range from55[err]Cto
650[err]C for one to twelve hours and further heat treating the forned
glass for crystallization under cyrstallization tenperature within a range
from680[err]C to 800[err]C for one t@ twelve hours and polishing the

gl ass-ceramc to a surface roughness (Ra) of 9[err] or bel ow In still

anot her ct_of the i.nvention, there is, provided an infornmation storage
medi um p?@gfgﬁeﬁn’ﬁ?fﬂ'}% rﬁ?%e‘i %@P&cﬁ\eﬂ alh freatmng, erped gassefon ayer s

i ncl udi n : LVE: r I ohcat | | ayer,
on the a%(l)‘?;dge%lﬂg%g Ell%bag% nlg'jﬂ% ge?g{og Ztreg&r#ég gglybes‘?%ﬂa e% ra%t%?ﬁ“ﬁ d&s@r ¢@?pon of
the I nverforoghe to tWelR€ORSuiPfand Fithes héet RFRAIHAthe" RRRT %gasss J ace
characteristics, predom nant crystal phases and crystal grain~dianeter, and
conposi t iaystallizatiowunded eycstiablazhtioth ternperaiaré iwithiof a traagg! fecs- 6808 € i S
expressed 0 L,(itje basis of conposition of oxides as in their base gl ass.
Descri pt iterébﬂ | fop onegtocteyelve hoxgs and\palishing thel glass-cenamdp be afsurfapeavi t v .

As descri [ eviousl| th s a grow ng tendency toward a hi gh speed
rotation Jéﬁggﬁegsn %r%ﬁ%noﬁ‘glpgge medi um for inproving the recording
density and dgf &ifi* ' | 00 (4 thi s e a .substrate
mat eri al nust ha&eaﬁl:ag&&i? | |gfltlgérzg“{é%\?\}oglbg@%%mg%ypgﬁeﬁ%%WW@%&| ng

vi brat i orstafage mediumgreeillddyby Erntiakl £ fdbictidildn Bind iSRERAs 43! SiH":
Further, .in the case where_the nediumis used for uses where a nagnetic
head conmd8yens inelnding ani undarheatrissiex, mpotedibredayteand dilubriiatimelhybsr a

portabl e type devi ce such.as a renoyabl e type storage device, the substrate
nat eri al qﬁj@}e 8&????’8?15%’53&96%%? §'db5t§%$eength, Young' s nodul us and

surface hardness to be adapted for such uses. It has been found that,
If a substrate has a high rigidity but a |l arge
Detailed D .. fthe I .

Reasons for limiting the physical properties, surface characteristics,
predominant crystal phases and crystal grain diameter, and composition 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 Young’s modulus and specific
gravity.

As described previously, there is a growing tendency toward a high speed
rotation of an information storage medium for improving the recording
density and data transfer speed. For coping with this tendency, a substrate
material must have high_ rigidity and low specific gravity for preventing
vibration of a disk caused by deflection during a high speed rotation. Further,
in the case where the niedium is used for uses where a magnetic head comes
in contact with the medium or where the medium is used for a portable type
device such as a removable type storage device, the substrate material must
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



9 specific gravity, deflection of the disk occurs during a high speed
Jgotation due to its large weight with the result that vibration of the disk
occurs. Conversely, if the substrate has a | ow specific gravity but a | ow
rigidity, vibration of the disk |ikew se occurs. Accordingly, there nmust be
a bal ance between apparently conflictigng properties of a high rigidity and
a low specific gravity. It has been found that a proper range of Young's

v o er apfSPo¢ gRRAG, Hbfediat of Y fick 0@l WEhind B Bheaq rolaedly &l hoen
found thegt itdapegd Swélgﬂh'teWH eﬂler 3881t Othdt $ilidtion B efhéfdl%n @‘P&ae rati o

Is satisfied with a | ow specific gravity, Young's m)uuso st 95GPa

i 5. pref eCahVverstlyrif tthe sulmtrigtei has of lpwestmseifio gravity dhuton Rfw triel
Having regard to processablllty of the substrate and increase in the WEI ght

of the svibsatian of thadliglsddrewisprioccwsts. Yo%m'gr@ngbd mham ofustie alaned e
prefera s 120GPa. specific avi,t y, a\u reg to prevention
of vi brg"e%/t&? mwagaﬁgl?s Bt 8REE provsBies ok o bieh Hel gy Pglotjj’r%ﬁﬁc e of 2.6

bel t t
bel ow 2. 52255, z??ﬁt@éﬁiﬁlﬁ*fgﬂ%is?e%%.réh%%?dyf%oalm%f ST S
obt ai neds emmi BEVIBE R BTCer 6bert NipFeftrably, sgsaxemerAm&@d;bMﬁébw/qqn& S

nodul us (GDa)/spemfl c gravity preferably is 50 or bel ow. Description
will novoves amiiemaﬁomeferacbdnfﬁ or ewer. oflt thasraisd beeyp dnmd bhatAthdredsreecor di ng.
density ingreases, tIQ’lIn of the magnetic head relative to the

i nf or mat PXSAeTe rrﬁé’ge 1F5éqlEY%h1féthﬁ QhOYﬁ satigjigreasisdied: withefidlo®w, a hi gh

PorCt he TheBtfie sravibs Hodafs 'Rbadie 320 16k Cod08, LR AT, SRR, eL‘f ene of
ther mal @XPARSIADE %y@g&%bﬁ)ﬁ BRldrEhE d3id gqggl eh n‘é’%f’é%q the

medi um cannot be i gno erence Int

expansi oof thiestublstrate andeitictansein thewdipht Gﬁﬂﬁ%u&@ﬁﬁb bl uﬁﬁeﬁﬁﬁﬁ@ﬂﬁ nt
parts for a small S|ze magnetic informati on storage medi um_ ones havi ng a

coef f i ci ¥oungy madalwsof thepsuhsitrateipreferablyge 1206Ra+ 9 Astolsijeeifid giasity] C t o
+100 X 10[err]/C are fre uentl sed. so jhat the substrate needs to have a
coef fi Cﬂ]@%{mg%reggﬁ mrev ntion of wubratmn the substrate SlilOUS.d preferably have 10

specific gravity of 2.6 or below even if the substrate has a high rigidity. If

specific gravity is below 2.4, a substrate having a desired rigidity cannot be
substantially obtained in glass-ceramics of this glass system. Accordingly,
Young’s modulus (GPa)/specific gravity preferably is 50 or below.

Description will now be made about a coefficient of thermal expansion.
As the recording density increases, positioning of the magnetic head relative
to the information storage medium requires a high precision and, therefore, a
high precision size ié required for the substrate and respective component
parts for the medium. Therefore, an influence of difference in the coefficient
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. As component
parts for a small size magnetic information storé.ge medium, ones having a
coefficient of thermal expansion in a range from +90X 107 /C to +100X 1077/C

are frequently used so that the substrate needs to have a coefficient of thermal



expansion of the sane order. There is a case, however, where a drive nmaker
enpl oys a conponent part nmade of a material which has a coefficient of

t hermal expansi on which is out of the above described range, i.e., a
coefficient of thermal expansion within a range from about +70 X
10[err]/[err]C to about +125 X 10[errjjp[err]C. For this reason, in the
crystal systemof the present invention, a range of coefficient of thernmal
expansi on_has . et erm ne hat .the sulstrate will be applicable to

b
as wide 8"9%??18{?3’?5%9%? e§-s 8? EEh PR SAtE: iTavesswherss  drtvamaker havi ng
ffici d f . ht has been found th
The coet PHIERRCobApblent Hatb IhAag of 3 SmBURTL e Mos) 8°cneiiend o ange-

f r om +65 thertRdleastgarlseor k@iél@is*é&oo%hlecﬁmldefséﬁbéﬁ%\ﬁ%&ii.’é.,aa I;&éﬁgi%ﬁ ure

range from-50[err]C to +70[err]C. A nore prefera ange o

coef fi ci ehtheymalrexpamisicaxwithin arrasigefromt Al ut a7 X tOHE abubout 12§ s from
+95 X 10&8;,}('1']/ Cé‘err .to +110 X 10[err]/ferr]C. Description will now be
made aboa? ‘the €PY reason, 1gi theocerstal systenp of dbei present igwdrtiophases and

t he rface characieri sti of the bstrate. .As descri bed previously,
as the 1 SEFGIChSORERATY Ob Phtmal RRCHaROR dhiss oA detereviogd soréhensha, the
| i de hej :] | §:8xt . . 025

el ow and pyizite Wit 1¥ ARELiLSIS Wiad Wil SRGY bR RHEERAI of cBfBanBE System
has beenpaetgehsppsbsililer widly Nhvihg Neuffieient crcbaRayto tthe BBALYM %&Stﬁ;@ave a

nore flat surface than the prior art disks. It one attenpts to perform high

recor di ngulrdnate: y It hpatbeendound that the ¢defificieht offlmrorliexpansion sheaidt i

i nformati o Stlﬁr e nedj um havi n%*a surfaceﬂo{: the prior art flatness,

pr oper inﬁ?P’Eﬂ} ¥ d"l&ﬁknp@t range drom HeRrdil ¢Cs tgrliB0a R bwithami v ed

because g e ti d and the nmedi.ymis too,large. If

Chi o i s ARRaRefe? TRHEETROAC BRE B £70ERe Attihe ProReskle cpheicr! thre

surface gleffifiented! 3 ' _ . di um
effiientRE tHErMar Bfg?aié‘éﬁﬁ withill Ehﬁgaﬁ@ea'%gﬁ?a %}Qﬁ%ﬁbﬁﬂ#ﬁég%ﬁﬁ{)

For preventing occurrence amages to t st andi ng
t he ext re8&MI10 M gla HELOXIGNT/Cr the contact recording, the surface
roughness. (R]@esg;ip%igg v?nlﬁ3 i[ogvai)g nslggg la%oﬁiiagrcablsélbe ? diameter of th
Iy grain diameter of the
predominant crystal phases and the surface characteristics of the substrate.
As described previously, as the recording density of the information
storage medium increases, the glide he_ight of the magnetic head is extremely
reduced to 0.025 4 m or below and the near contact recording system or the
contact recording systerﬁ has been developed. For coping with such tendency,
the medium must have a more flat surface than the prior art disks. If one
attempts to perform high recording density inputting and outputting of
information on a magnetic information storage medium having' a surface of
the prior art flatness, proper inputting and outputting of a magnetic signal
cannot be achieved because distance between the magnetic head and the
medium is too large. If this distance is reduced, collision of the magnetic
head against 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) of the substrate should preferably be 9



[err] or below, and nore preferably 6[err] or below For the same reason, a
.maxi mum surface roughness (Rmax) of the substrate should preferably be 100
A or below, and nore preferably 72[err] or bel ow. For obtaining a

gl ass-ceram ¢ substrate having such flatness, the shape and di aneter of
grown crystal grains becone inportantijfactors. For processability and
surface roughness of the substrate, the grown crystal grains should

pref erablyy be, fjne gl pbul ar grai ns. re s ifically, the crystal grains
shoul d pf%f‘@'r BB‘%‘}“H&F@ %W%Pg?éﬁgbs]ﬁi g%ét%’r Bgﬁ’“ﬁ) reﬁ?‘i FABIE BeRWR: ®Br nore
preferab A § eyl e Il e

roughnes ?axﬁ.gxﬁn% %ﬁaﬂ;aﬁ %éugﬁ%é%e@ﬁg%}gq&ghﬁ \géhggtrlr%gbu?}g&ﬁ{i I?ggfé’?%é ar %gg%i ns

- shoul d priefaadw, HaYthord prefirably TRANBE Belo, 0.05 [err] mor over.

For realizing the above described physical properties, coefficient of

t her mal expafor obtaining arglase cexangicrsmdstrate havind sach flatmebs; thad shiyse
combination of lithiumdisilicate (Li[err]Jerr]SiJerr]) and [err] -quartz
([err] - 8nd[ diametexs ofr gxeswn newystalr graims gnmg impertanh efactaysnbi Fex i on.

As regards Na2Q...if the supstrate.contai this jngredient, diffusion of Na
o § D oPTESRRHEY A SO SERRRP o ERG SHRLGr BRPCEaPaL SRR ¢ hi s
makes th ngk 1.Gaf | LN§ Lt e 0 an ferl

o1 ont at FEaterRhdd, bRl e ' fpo NaBERIAE BHARRTT MO, SRLARRAES fhe

i ngr edi egtystdhersinbssiaile prirablp ldvedanf sesrapt dametbi ©f 0.80uN@est rabl e
fromthe standpoint of environnent protection. Additionally, a

subst r at below, ostrmord prefarakly GRormoer beldimifor schievimigrthe desitasl surfacé r om

defects such as crystal unpisotropy, forejign matters and inpurities and have
a fine akeMghnessr mfoequiaing, the Idéaupﬁie%m%s Jnedulg ithej @ysta} @30S di ng

th dom t h | it hi di Sk i - t havi

he abovaRa Ry B held BB Gvamate Mt Ehar DS & 8 0S| T L Thg
th e | f s ere for | im

be- descr i bed, 1O ARty RS AL AR PGl SRopetlcly eIl i ont

for growthermhall lekpansion and surface roughness, it has been found that tH&
disilicate gl._i [err]O [err] 2$i_qerr](])‘i and Jerr] -quartz ([err]-Si(err]) as
pr edoni neembinatiomjof phithium disilicate (Li,O * SiO,) and @ -quartz (@ -S5i0,) as

predominant crystal phases is the best combination.

As regards Na,0, if the substrate contains this ingredient, diffusion of

Na ion into the magnetic film occurs during the film forming procéss and this
makes the magnetic film grains to become coarse and deteriorates orientation.
The substrate must therefore be substantially free of this ingredient. The
substrate should also be free of PbO which is undesirable from the standpoint
of environment protection. | '

Additionally, a sﬁbstrate for an information storage medium is required
to be free from defects éuch as crystal unisotropy, foreign matters and
impurities and have a fine and uniform texture. Such requirements are
satisfied by providing the predominant crystal phases (lithium disilicate and
@ -quartz) having the above described crystal shape and diameter.

Reasons for limiting the composition range of the base glass as defined
in the claims will now be described.

The SiO, ingredient is a very important ingredient for growing lithium



by heat treating the base glass. If the anount of this ingredient is bel ow
71% grown crystals of the glass-ceram c becones instable and its texture
tends to becone coarse. |If the anpbunt of this ingredient exceeds 81%
difficulty arises in nelting and form ng of the gl ass. The Li[err]O
ingredient is a very inportant ingredygnt for growing lithiumdisilicate
(Liferr]OJerr] 2Siderr]) as a predom nant crystal phase by heat treating
t he base glass. |f. the ampunt_ of this |ingredient is bel ow 8% ifficulty
arises i oidd " DO 1 e b S A8 e ot 5y e PN s e

gl ass. |f, the amount hi.s _i.ngr edi ant 9 I al i1s
i nst abl e.l%}'ngefi‘tt §e?§9531‘8%1a§§§g§tgb e@%n%ﬁéggfggﬂé%c{fq gx{egf‘e C é%wcg:gﬁ gﬁ%abi lity
i's deter 'g&foa:gﬁ stals of thE 2A8k-bd19nfdiRBbmeTRASDEe hAQ itPtddtite BSmRetd Y Of
the glass™ and prevents the grown crystal from becom ng too coarse. The
amount ofpdépmeccodte®f Iffthe am@uredifahis inigrédient Ekomds 81%, diffeultyGases ZnO

ingredients are effective for stabilizing the process of growth of the
l'i t hi um dinsinkelting end fofnaing of therglps2Si Jerr]) crystal growing as a

predom nant crystal phase ,.and, preventin rowth of. [er.r]-cri.stabal.ite
([err] -SiQ eﬂfﬁlﬂlﬁﬁ}g’é‘fdl%? a J§ey, F%%‘F’@E‘f‘i‘ehg@ﬂ]aﬁ‘fo@gpg ¥er nal
char act er k.St . khe - Cer am i ' -
amount - of UPHaRR &H4-0r 28O e € s St B or B BEbE Bbachu HUP

achi eved.pdde $188s.2aMEUNe £hohihif ol tilsi iRgredeADs BYloGLE%, difflultyhgrisewiint of
the ZnO ingredient exceeds 1% the product obtained will be instable and
its textus®wingl oftddsneystad phaae smd also in HwdtiBgeofr fhe] basq glasgrelf the i s

i ndi spensabl e as a nucleating agent._|f the amunt of this t|@£\E}ﬁr edi.ent is
bel ow 1% agpount lof shisningrediengjexceesdsc bh%. the growa; @xstalils jns apdgts

b | h, of |s. If th of 1 £hi § . | ds 3%
opaque. dcEREHIY (eRAS EIPRGPII® RS PRASE el dubipRbEEbratagete 270

Zr(err] and %gfg%@] iﬂﬁg&%gﬂﬁ%ﬁéﬁ tHPYIANE pRPePt) 8P theElash add

addition to t uncti err]Jerr] Tngredient, as nucleating

agents, apfevents the grown crystal from becoming too coarse. The afduntfdfeqs tve for
maki ng the grown crystals ftine, inproving the nmechanical strength and

i mpr ovi ng3%hafithisingtediemtiwillsuffite.t he amount of the Zr(err]
The MgO and ZnO ingredients are effective for stabilizing the process of

growth of the lithium disilicate (Li,O*2SiO,) crystal growing as a predominant
crystal phase and prevénting growth of @ -cristobalite (@-SiO,) crystal which
adeversely affects mechanical and thermal characteristics of the glass-ceramic
of the present invention. If the amount of the MgO ingredient is below 0.3%,
these effects cannot be achieved. If the amount of the MgO ingredient
exceeds 2% or the amount of the ZnO ingredient exceeds 1%, the product
obtained will be instable and its texture will become too coarse.

The P,O; ingredient is indispensable as a nucleating agent. If the
amount of this ingredient is below 1%, growth of nucleus will become
insufficient with resulting abnormal growth of crystals. If the amount of
this ingredient exceeds 3%, opaque devitrification will take place in the base
glass.

The ZrO, and TiO, ingredients are important ingredients which, in
addition to the function, like the_ P,O, ingredient, as nucleating agents, are



ingredient is below 0.5% these effects cannot be achieved. |If the anount
.of the ZrQ2 ingredient exceeds 5% or the anount of the Ti Q2 ingredient
exceeds 3% difficulty arises in nelting of the base glass and ZrSiJerr]
and the like slug are left unnelted. The Al[err](err] ingredient is
effective for inproving chential durafpjlity and nechanical strength of the
gl ass-ceram c. The type of grown crystal differs dependi ng upon conditions

g Lehgﬁéukﬁgﬁi_‘}? ox FRBE, 0 ahwl ¢ Bl Toobiodie Yo iR
of “thi s st ki rkioving SskRbAl Miagpics | L $HETdrdouls RITHE 20 saea as

a refini iggrgkent istbelowt 0.6%, tthesdaffectg| canmot bl dcdhtevedouilf tld abdvumt of
ingredient is below 0.1% this effect cannot be achi eved. The addition of
t hi s i ngrtbdiZef), ingredient e3¢eids 5% ot the eamount ofTihe B ingrédienti exteeder r |

I ngredie r ffective as .col orJ agent.s of ass-ceragm c.. These
i ngr edi e%tofs’ @fﬁmﬁ‘é}% BrEh? In meling tfiggebq%ﬁrg o1 %’&é %@ﬁéu??‘éégeg@f%@?g of the
pr Oduas:ar%@%ﬁﬁa@'snnggﬂz% ilents may al so be added for facilitating absorption

of LD excCi . YAG and other) used for texturing of a |anding

zone on-a di Sfhe ANES.CinghodiRAL §8 eBfebBYE G iBYFR/ihS thehdcdISdutabikYy hAdt he

gl ass state and therefore addition of these ingredients facilitate

exan nat imechzicsdt strémgth dfefher glassyeetarhid. z &heotypeltfegrongr erystal diffdrso
colorize the glass-ceramc inits crelstal |izatign process. It wil] suffice.
if the afshendyie mpenseapditions cefi baat treatsnany | Jladngdregaadt b vamoust of

the Mo .| | ent t %, i dded. . ._The. Ni

O Lerr) orBRit SR pbBhgns thepBonnt of this ingrafieps, ot ire ol e, 1

. di : . o D | ; : _ q
g?%é?)lﬁgtggﬁf%rﬁéﬂoexté?#ng o?ﬁ%ﬂcg%d%b@zone gn a(i S(?S(L i%eg%lglr%fggrﬁ%c}?gnts,

however, rhage ofthislinpfddieRtiay4 L BYd. he gl ass state as the SngJerr] and

Mod err] ingredients. It : 14

wi |1 suffice The ShgOaimgnediexft ishaddddOas rgrefthingt agemttio @¥tingdhatmsat of
the CoO i ngredi gné up to 3% and the de-lim)unt o{ the CrlerrlJerr] ingredient
up to 3%&#ss- adfidhe %,&u;_mgre ent is below 0.1%, this effect cannot be

achieved. The addition of this ingredient up to 0.5% will suffice.

. The SnO, and MoO; ingredients are effective as coloring agents of the
glass-ceramic. These ingredients are particularly effective for detecting
surface defects of the products. These ingredients may also be added for
facilitating absorption of LD excited laser (Nd : YAG and other) used for
texturing of a landing zone on a disk. These ingredients have an excellent
translucency in the glass sfate and therefore addition of these ingredients
facilitate examination of materials before crystallization. The ingredients
also colorize the glass-cerémic in its crystallization process. It will suffice if
the amount of the SnO, ingredient up to 5% is added and the amount of the
MoO; ingredient up to 3% is added.

The NiO, CoO, Cr;0, ingredients are effective, like the SnO, and MoO,
ingredients, for improving absorption of LD excited laser (Nd : YAG and other)
used for texturing of a landing zone on a disk. These ingredients, however,

have no translucency in the glass state as the Sn0O, and MoO, ingredients. It



For manufacturing the glass-ceram c substrate for an information storage
medi um according to the invention, glass materials of the above descri bed
conposition are nelted and is subjected to a hot or cold form ng process.
The formed glass is subjected to heat treatnent under a tenperature within
a range fromb550[err]Cto 650[err]C fqQqg one to twelve hours for nucleation
and then is subjected to further heat treatnent under a tenperature within

a range fLamAeQlearihC £2,890 I)F {:.llié R[ibofng%e@&ietng I}pV\ﬁ)l %%, Qﬁg rasin(f)gr;hsof the

crystallization.

Pr edonmi nagbOGh¥sddEen 9 Re® | i

treatnents ar egﬁ t hi ﬁ%ﬁgﬁgf?gg{tge?{i [ ert?f%ﬂ[@e(?rrz]@ga@?%ﬁ‘)lﬁ gﬁgl%agfe

[ err] - quaadded fespedti®lgf err]) having gl obul ar crystal grains with a grain
di ameter of 0,05 [err] mor over and 0.30 [err] mor bel ow The

gl ass- cer ani cFohanapyfacippag the glassshramin sabstmavenforornal infornetioand t he
gl ass-ceratn‘i c subsirate for..an information stoyage nedi.um having a surface

SIPREge Bfecipm} ecording to) the, Jupemion; elass| materials pé the akove

roughness

obt ai ned. crs I o] o] esent .invention wl.l now be
descri bedéescgﬁaaﬁﬂgﬁ%%smio? ?ig r@_ﬁ%\?vde%(%&rrﬁggg{%g?& fo _taoﬁf{é) °36f forming
conposi t igrgesd t MPhed! ReHre@eARRL i§9§ﬁb{e@£&1 & Kt @icﬂiti??éﬂto Turfed’ 39€
medi um made according to the 1nvention together with the tenperature of
nucl eat i demperatreawithin af raxgesfraid 530¥0 do 6501 dorionarto wvaleé dloupd &ses,
crystal grain di arretgr (average), surface roughness (Ra) after polishing,

Rmax, Yourdpleationiuand thercis isibjected: jo frother sheatddtestmemsa)umslesciaf i c

gravity C ficient of_ therpal i le 7 sho conposi,ti ons
and e SO Epscr fbin Srenie B BHOET o B0 For Sné o5 tvelve Bokes for
Sigerr] -&&Lm&@i&@O Plerr]Jerr] system gl ass-ceram c disclosed in US
Patent No." 5, 626,935 (Conparative Exanple 1) and the prior art
Sigerr]-Al[err]derr]-Li[err]O system gl ass-ceram cs di scl osed i n Japanese
Pat ent Application Laid-open Publication No.Hei 9-35234 (Conparative

Exanpl e 2) and International




Publ i cati on No. WDO7/01164 (Conparative Exanple 3).

16 ~ Table 1

Exanpl es 1 2 3 4 5 Sigerr]
75. 3 75.5 77.2 77.5 74.3 Li[err]O 9.9 9.9
10.4 9.9 9.5 Klerr]O 15 2.0 2.0 -

2.0 Mo 0.8 1.0 - 0.5 0.5 0.5 ZnO -

(2)' g 1985 g’rgd%&%ttr ]':ryostasl ;I?Lgsrers] g the ]glass -ceyamgic obtaiged b%r %m hgggo

éb?e-rrir ]qqe Efe]zﬁtﬂeﬂﬁé L it d1sﬂ6c32te (L126) 231(%2) gnd fgﬁartzg o2 Skcs)?er rv]uaf 2r (r)]

SnJ err] globular crystal grains with a grain diameter of 0.05 £ m or ove? ahd\R8Y e ikl
1.5 NNO CoO Nucleation tenperature([err]C 550 550 550 550 560

Cryt al I i zarbelmv&t.errperature([err]C) 780 770 780 780 780

LD h‘%? ystal phases and 0.10 0.10 0.10
0. 10 o 10 gr %lﬁ%ﬁ%r@m@ P&gé*}qqeéiral]ld Whﬁbﬂ}nawp@nqwr;pol mgnggr q0 0
[Yg:,lll:l};] s L’gra([il tﬁg %?5 ceramic subs%e foryan m@fga%l%ﬁtoraq%gleég hapnga,ity

i 047 2. 4§urf3c<,5901}l%m"_é%s 51213) B8P3 XOURDA Sail ith dte 61160 ASBP B lowCisBititided.

Examples

Examples of the present invention will now be described.

Tables 1 to 6 show examples (No. 1 to No.30) of compositions of the
glass-ceramic substrate for an information storage medium made according to
the invention together with the temperature of nucleation, temperature of
crystallization, predoininant crystal phases, crystal grain diameter (averagé),
surface roughness (Ra) after polishing, Rmax, Young's modulus, spgciﬁc
gravity, Young's modulus (Gpa)/specific gravity and coefficient of thermal
expansion. Table 7 shows compositions and the above properties of the prior
art Si0,-L1,0-MgO-P,0; system glass-ceramic disclosed in US Patent No.
5,626,935 (Comparative Example 1) and the prior art SiO,-Al,0,-Li,O system
glass-ceramics disclosed in Japanese Patent Application Laid-open
Publication No.Hei 9-35234 (Comparative Example 2) and International
Publication No. W097/01164 (Comparative Example 3).



Surf ace roughness (Ra) 7.0 8.0 7.5 6.0 7.3 Maxi mum surface

.roughness ( Rmax) 79.0 83.0 80.4 72.0 81.2
Coefficient of thermal expansion (10[err]/C (-50C - +70[err] Q) 110
100 119 123 115 17
Table 2 16 Exanpl s
6 7 8 9 10 Sigerr] 73.5 71.3 71.3
71.0 81.0 Li[err]O Table.1  10-0 10.0 10.0 11.0 9.0
Klerr]O - 1.5 1.5 1.5 1.5 1.0 Mo
0.5 1.0 1.0 1.0 0.5 zZnO Examples 0.5 0.5
0.5 0.5 0.2 Plerr]derr] 220 .0 .2.0 2.0 1.
Zrgerr] 1.5 . : . . rgerr]

1.5 18502 1.5 1.0 0.7 Al[eV®B erf®d 772 775 74630 7.0 7.
6.8 qu@b[err]qerr] 9.9 92 108 29g90.2 95) 2 0.2
As[err] : .1 SnQ2
1.5 0 0.1 mgerr] 2.0 2.0 2015 1.0 NiO
0.5 OMg@oO 0.8 108 0.8.0 §xlerrjgkerr]
0.5 0, 5 Nucl eation tenperature([err] O 560 560 560 590 550
Crytall i Z8Q on terrperature([err] O 0.%70 " O0#,B0 0Hg0 0-F90 0-$g0
LD LDp,O, LD LD Crystalg phaseggnd 2.0 1.8 0.4 0.10 0.10
0.10 O. grain di amater (average) ([err] [e err] [err]-q
[err]-q %Pn] q o5 g é@] 0. 22% 0.05 0.10
2

A1203 _ 7.0 6.6 6.6 7.0 6.0

Sb,0, 0.2 0.2 0.2 0.2 0.2

As,O4 .

SnO, | 1.5

MoO, 1.5

NiO

CoO

Cr,0,

Nucleation temperature('C) 550 550 550 550 560
Crytallization temperature(C) 780 770 780 780 1780
LD LD LD - LD LD
Crystal phases and 010 010 010 010 010
grain diameter (average)(tm) @-q a-q ¢-q @-q ¢C-q
020 020 020 020 0.20

Young’s modulus(GPa) 100 105 113 120 105
Specific gravity 2.47 248 250 252 248
Young’s modulus(GPa)/specific :

grawiL 40 42 45 48 42
Surface roughness (Ra) 7.0 8.0 7.5 6.0 7.3
Maximum surface roughness

(Rmax) 790 830 804 720 81.2

Coefficient of thermal expansion .
(107/C) (-50C - +707C) 110 100 119 123 115




Young' s nodul us(GPa) 100 115 118 118 100 Specific gravity
2.54 2.54 2.53 2.48 2.48 Young's nodulus(GPa)/specific gravity

39 45 47 48 40 Surface roughness (Ra) 5.5 6.3 5.3
5.0 5.0 Maxi mum surface roughness (Rmax) 63.0
76.0 53.0 51.0 54.0 Coefficient of jHhermal expansion (10[err]/[err]C)
(-50[err]C - +70[err]C) - 98 100 105 108 100

18 T

Exanpl es Tbe %1 12 13 14 15 S

73.8 79.0 76.0 74.0 75.0 Li[err]O Examples 9.9 9.0 10.0
10.5 9.0 Kferr]O 2. 0 0 0 2.5 MO
0.8 0.5 0.3 20 1.0 ZnO 6 v 1 5 ]?O 0.8
P[ err] qﬁlﬂz 2.0 18% 718 U.® 7105 8200[ err]

3.3 Tig ]

1 0 2. 0 ﬁ?[err] Qerr] 180 10'0 4.]50'0 4.18'0 4.%0 7.4
Sb[err] O%:Q] 0.2 b53 (1.-53 852 1.8.1 Merr]derr]
0.2 M 0.1 Sngerr] 5 1.0 1.0 . ) 55 3.1
0.1 MJde grO Ni O CoO 0 10 05 0.3

Crlerr]d Q Nucl eation tenperatuPé([er3-&) 585 66 58 580 600
Crytal lizgggon tenperature([err]C) 2640 - BP0 2640 2860 140

ZrO, 1.5 2.0 2.0 2.0 0.7
TiO, 15 15 15 10 07
ALO, 60 170 70 68 50
Sb,0, | 02 02 02 02 02
As,0O4 0.1
SnO, 15 20 01
MoO, 15 1.0

NiO 0.5 0.5

CoO 1.8 2.0

Cr,0; ' 0.5 05 -
Nucleation temperature(‘C) 660 560 560 590 550

Crytallization temperature(C) 770 760 780 790 780
' LD LD LD LD LD
Crystal phases and 010 010 010 030 005
grain diameter (average)(4m) @-¢ @-¢ 0C&-q Q-9 C-q
0.20 020 005 005 010

Young’s modulus(GPa) 100 115 118 118 100
Specific gravity 254 254 253 248 2.48
Young’s modulus(GPa)/specific

gravity 39 45 47 48 40
Surface roughness (Ra) 5.5 6.3 5.3 5.0. 5.0
Maximum surface roughness .

(Rmax) 630 760 530 510 540

Coefficient of thermal expansion
(107/C) (-50C - +70°C) 98 100 105 108 100




LD LD LD LD LD Crystal phases and 0.05 0.05 0.05
0.10 0.10 grain dianeter (average)([err] m J[err]-q [err]-q [err]-q

[err]-q [err]-q 0.05 0.05 0.05 0.30 0.10
Young' s nodul us(GPa) 100 120 115 120 110 Specific gravity
2.47 2.40 2.43 2.48 2.46 Young' ggnodul us(GPa)/specific gravity
40 - 50 47 48 45 Surface roughness (Ra) 3.0 3.0 4.0
9.0 5.0 Maxi mum surface roughﬁ%%i ngax) 32.0
38.0 48.0 100.0 56.0 Coefficie % 2t her mal expansion (10[err]/C) (-50C
19 Taple 4
Exanpl es - : 13 20
Si J err] SiO, 77.873.82. 079.85. &6.03. ¥4.0/4. P5i [err] O
10.5 2 9.5 9.5 10.5 K[err ' 2.0 0.5
1.0 o @‘I%o b3 98 100p 10§ 3 99 5 1.5 zno
1.0 0K,(Plerr]Jerr] 2.0 303 101.0202.2 952.5 1.5
ZrJgerr] 1. 4. 5.0 0.5 50 Tierr]
2.5 MgO 0.5 Al[err]Jerr] %'8 8'5 034 220 5 0l.0 .0 7.0
5.0 Sh[emQ) err] 061 0.3080.2 0.2 0.2
As[err] 0. 0. 0.2 .0.2 Sngerr]
1.7 Zx0, 2.8 15 10 30 33

TiO.‘,_ 1.0 2.0

ALO, 7.0 4.5 4.0 40 74

Sb,0, 0.2 0.3 0.3 0.2 0.1

As,O, _ 0.2 _ 0.1

SnO, 05 31 0.1

MoO,

NiO

CoO , 0.3

Cr0,_

Nucleation temperature("C) 570 600 550 580 600
Crytallization temperature("C) 740 800 740 760 750
LD LD LD LD LD

Crystal phases and 005 005 005 0.10 0.10
grain diameter (average)(um) o-q @-q @-¢ a-q a-q
0.05 0,05 005 030 0.10

Young’s modulus(GPa) 100 120 115 120 110
Specific gravity ' 247 240 243 248 246
Young’s modulus(GPa)/specific

gravity _ : 40 50 47 48 45
Surface roughness (Ra) 30 30 40 90 5.0
Maximum surface roughness ._ |

(Rmax) 320 380 480 1000 560

Coefﬁc:ient of thermal expansion
A0°FC) (-50°C - +70°C) 95 109 100 128 115




CoO

LD LD

tenperature([err] O 630 560 550 570 550 Crytallization
tenperature([err]C) 780 740 760 780 740
LD LD LD Crystal phases and

0.05 0.10 O. 07 grain dianmeter (averqxge)([err]n)

[err]-q

0.10 Young's m)dul us( GPa) T blf198 118 110 116 100 Specific
gravity 251 2.55 2°46° 2.56 2.49 Young's
nodul us(GPa)/ specific gravity 43 46 45 45
40 Surface roughness (Ra) 8.4 4.97 3. 98 4 fg Maxi mum
surface rQ 6ghness ( Rmax) 290 51.0
35.0 CoePi¥eient of ther mal expans?’bﬁ (1(57[?e9r]/7{3e§r]'(§1( 513{@”] C -
+70[err] €,0 108 105 95 105100 8805 95 95 105

Tabl e
Exanpl es KO 50° 21 0.5 22 1.0 2305 24 25 Sigerr]
76.4 TMgD 72.5 75.6 78.0 Li[emdO 10 03 15 858 8.5 8.
9.5 8.%gerr]o 2.5 0.5 Mo
1.5 148Y 1.7 05 1.02z0 1.0 05 0.5 0.8
0.3 OP{OP[err](err] 1.3 119 . 2.P5 1.6
ZrJerr 5 .0 TiJerr]
3.0 Zx0, , 5 0.5 osN[eF%qeﬁr? 05 ° 5ge 4,
8.0 4. MO0, 53Sb[err]CIerr] 03 ®53 0.4 0.1 0.

Cr[err]derr]

[err] -

2.7 Nucl eation

0.10 0.10
[err]-q [err]-q [err]-q

.20 0.10 0.05 0.10

Al,O, 4.2 5.0 6.0 7.0 5.0 -

Sb,0, 0.1 0.3 0.2 0.2 0.2

As, O, 0.1 0.3 0.2 0.2

SnO, 4.5

MoO, 2.1

NiO 1.7

CoO

Cr,0, 2.7

Nucleation tem_perature("C) 630 560 550 570 550

Crytallization temperature('*C) 780 740 760 780 740
. LD LD LD LD LD

Crystal phases and 010 010 005 010 0.07

grain diameter (average)(4m) @-q a¢-q ¢-q a-q a-q

020 010 005 010 0.10

Young’s modulus(GPa) 108 118 110 116 100

Specific gravity 251 255 246 2.56 2.49

Young’s modulus(GPa)/spec1ﬁc

gravity 43 46 45 45 40

Surface roughness (Ra) 8.0 4.0 3.0 4.5 4.0

Maximum surface roughness

(Rmax) 950 380 290 51.0 350

Coefficient of thermal expansion

(107/C) (-50C - +70C) 108 105 95 100 105

5

5



As[err]Jerr] 0.3 0.3 0.5 Snerr]

4.0 Mo err] 2.8 NiO

1.5 CoO 2.5
Crlerr](ferr] Nucleation tenperature([err]C) 580 600 550 570 620
Crytallization tenperature([err]C) 75§ 800 740 760 780

LD LD LD LD LD Crystal phases and 0.05 0.10 °0.10

0.20 0.20 grain diameter (average.},éﬂlerg] m [err]-g [err]-g [err]-qg
[err]-g [err]-q e 0.10 0:10 0.30 0.05 0.10

Young' s nodul us( GPa) 118 100 118 Exdrhples 106 Specific gravity
2.43 2.46 2.48 2.49 2.51 Young'gs nod S(GRa)/spegi ficogravity
49 41 48 46 42 Surface : : 7.0

3.0 3. 8i®4xi num sur f ace roughnes#&.4Rma%p.2 7256 756 78.0 58.0
49.0 88. 31.0 45.0 Coefficient t he I an ( err]/[err]C
(-50[ err]%’20 %g gr? %B kO’pr 185

+70[err] ©C 115

21 TabI e 6 0.5
Exanpl es 26 27 2 29 30 Siderr]
72.0 Mlg073 0 72.0 79.0 Liferifo 18 717 %05 L0 =% Pg %
10. 5 10 Zn0 8.5 K[err]O 05 208 030 Q70 2.7
1.5 Mo 0. 0. 0.95 19G qg ZnO
0.8 82 0.8 0.5 1.0 P[erri;1 err]§5 1 1.5
2.0 5Zr02 1.2 - | 07 10 45 fo

TiO, 3.0 2.5 0.5 0.5

ALO, 45 40 80 45 53

Sb,0, 0.3 03 04 01 05

As,0, 03 03 05

SnO, 4.0

-MoO, 2.8

NiO . 1.5

CoO ' 2.5

Cr,0;

Nucleation temperature(‘C) 580 600 550 570 620

Crytallization temperature('C) 750 800 740 760 780
1D LD LD LD LD

Crystal phases and 005 0.10 010 020 020
grain diameter (average)(4m) a-q a@-q @a-q 0C@-q CG-q
0,10 010 030 005 010

Young’s modulus(GPa) 118 100 118 115 106
Specific gravity ' 243 246 248 249 251
Young’s modulus(GPa)/specific

gravity 49 41 48 46 42
Surface roughness (Ra) 4.8 4.2 7.0 3.0 3.5
Maximum surface roughness

(Bmax) 580 49,0 88.0 31.0 450

Coefficient of thermal expansion
. (1071 C) (-50C _- +70C) 115 118 130 108 100




Zrgerr] .5 1.5 4.0

r .5 3.0 Tigerr]
1.0 1.0 Alferr]Jerr]
]

0 3

4.5 6.0 5.0 4.5 5.0
0. 0
1

Sb[err]derr] 2 0.3 0.2 .2 02As[err]qerr]
0.1 0.3 0.3 0.1 snerr] 5.0 0.3
Mo err] ﬁ 0 NO

2.0 CoO 3.0 Cr[err]gerr]
2.5 3.0 Nucleation tenperature([err]C 550 560
580 550 580 Crytallization tenpEaklee([err]C) 720 740 780 750
740 LD LD LD LD Crystal
phases and 0.30 0.30 0.20 O. 1182‘&%335%‘3 grain dianeter

(average)([err] m [err]-q [err]-

0.05 O. 0 0.05 0.05 0.05 Youn nod ( 0 115 108
100 105 lé)F?ECIfIC gravity 9720 gguls G?gh TR0 721}9 2. 44

Young's nb&@ us(GPa)/specific gravit8§5 85 105 1038 46 44
40 43 face roughness (Ra) 95 3.010 3 q Q; % 3.8 Maxi mum
5. 0 36. 0

surface rotghness (Rmax) 33.0
42.0 CoefMgdent of thermal expansi89 (10[(135r] / ®5 (- 51)@ - +0f err] 0 98
B o O Zn0%8 96 08 10 05 1022
Tabl e n(i))ar at'l ve EXanpl es
1 P.0O; 2 3 Sigeri2s 1.5 163. 0
76. 1 yALON 76.0 Li[err]O 05 1.5 40 9 %.5 3.0 11.8
10.0 ' '
TiO, 1.0 1.0 ,
AlL,O, 4.5 6.0 5.0 4.5 5.0
Sh,0, 0.2 03 0.2 0.2 0.2
As;0, | 0.1 03 03 0.1
Sn0, ' _ 5.0 0.3
MoO, ' 3.0
‘NiO .20
CoO - 3.0
- Cr,0; 2.5 3.0
Nucleation temperature("C) 550 560 580 550 580

Crytallization temperature('C) 720 740 780 750 740
LD LD LD LD LD
Crystal phases and 030 030 020 010 005
grain diameter (average)(um) a-q a-q a-q a-q a-q
005 005 005 005 005

Young’s modulus(GPa) 100 115 108 100 105
Specific gravity 258 249 246 247 244
Young’'s modulus(GPa)/specific

gravity 39 46 44 40 43
Surface roughness (Ra) 3.0 3.0 3.0 3.2 3.8
Maximum surface roughness

(Rmax) 280 250 360 330 420

Coefficient of thermal expansion
A07FC) (-50°C - +70°C) 98 96 97 98 96




e O 7.0 2.8 : 2.8 Mo
5 (@] 0.5 Plerr]derr] 1.5
.0 2.0 Zrgerr] 1.0 PbO '

5 rlgerr] 5.0 - 7.1 7.0 BaO
5 rlderr]3 0.2 0.2

err] 0.5 Nucleatlon tenperature([err] O - 450
500 450 Crytallization tenperature([err]C) 760 850

750 Tahle7 LD Crystal

phases and 0.10 0.1 ; rain di ameter
(average)([err] m [err]-q [err] - spodgﬁoe‘!%%a%ef%%obalite

0. 60 0. 80 0.50 Yodng's modul ud(GRa) 3 87
89 90 Specific gravity 143 2.53

2. 48 Youn% Os? modul us(GPa) / specific 69r'gtvi ty 761 76.0 36
35 Li,0 36 Surface roughness%(@a) 118 10.01 7

10 Maxi urface roughness (Rmax) g 80

230 mmé 124 Coefficient of thoer mal expanzéa} on (10[er2r' [{err] O
(-50[ err]Mg0 +70[ err] O 64 3.5 60 64

23 manuf acturing the glasggeram c substrate of the above
descri bed exanpl es, materials including oxides, carbonates and nitrates are
m xed andP# ten in conventional meltdng apparat2@ at a tenpePature wti hin
t he rangezlt@om about 1350[err]C to pgout 1450[err] C. The nolten glass is
stirred tI())

1.5 |
ALO, 5.0 7.1 7.0
BaO 1.5
Sh,0, ' 0.2 : 0.2
As0, 0.5
Nucleation temperature(’C) 450 500 _ 450
Crytallization temperature("C) 760 850 750
LD LD LD
Crystal phases and 0.10 0.10 0.10
grain diameter (average)(tm) a-q B -spodumene B -cristobalite
. 0.60 0.80 0.50
Young’s modulus(GPa) 87 89 90
Specific gravity 2.43 2.53 . 2.48
Young’s modulus(GPa)/specific
gravity .36 35 36
Surface roughness (Ra) 15 17 10
Maximum surface roughness

(Rmax) 180 230 124

Coefficient of thermal expansion
(107/°C) (-50°C - +70°C) 64 60 64




honogeni ze it and thereafter fornmed into a di sk shape and annealed to
provide a formed gl ass. Then, the formed glass is subjected to heat
treatment to produce the crystal necleus under a tenperature within the
range from550[err]C to 650[err]C for about one to twelve hours and then is
further subjected to heat treatnent foggcrystallization under a tenperature
within the range from680[err]C to 800[err]C for about one to twelve hours

| opping. or o nEORaEAnELASRHAE A lacd dEMhmid bl iR e AbSye AendBet 11"
[err] m fexaapRigt nﬂ&eﬁaWirﬁ:iu&ﬁlglﬁ%ﬁg%él@a@ﬁoﬁéﬁ@sta%“niitﬁat%'b @b Iyi-xkal dmred

with cerium oxide having grain er ranging from0.5 [err] mto [err]

m f or abomtolté® im cortventionabneltingtpparatus at’a tehmpapature Fetihias the kanga t he
gl ass-ceram cs of the invention are different fromthe conparative

resent
exanpl es &pm rabawti 6358‘@ &0 agkowed4hD s . i nTheemelteaoglassnds cstimged| tphases
and crystal .grain dianete avera . ILn, the gl.ass-ceram ¢s of th resent
i nventi on,ﬁo@?’%’c‘]&f* Yr ap s{}lére?-&?ﬁ%g%ﬁ“ﬁﬂsﬁtpc%t‘i‘giﬁk[@er P-B&[ éPPfalfgi % err])
and [err]- z, ( | rr reafi bul I aj. s rea he
gl ass- cerg?nagéé o {oﬁéfeg)%%sgt [ %egkgzrlrlﬁl g‘g"’%&)fiﬁ% ig %@%C%&Ieatggge% ain
di anet er {@4emafe)toohrdduee e’ bryBtsl nedlehs tritet 8VteRipdrafufe! Withih tighdency
toward the super flatness, the gl ass-ceram cs of the conparative exanples
wi th thi srapge frodi 56@Teto WHOIC danaboudt bhe toltvebs hassl dndghdén dsrhudtkersur f ace
roughness after polishing and falling off of crystal grains fromthe

surface ofubipeteddaiheat treatment forgrystrllization undes e femperstine withinythe/i t y
and Young's nogdul u / igic.gravit th ass-ceram.cs of .th
resent | FRs R RA0E” 1 GRRE et W Sob o bl bR FEpRiR B Sepita ) oo
39 or ove € -1 h s 1] ¥, ' haoi-ad 3
have Youngl'a\sé'g%ﬁﬁﬁbéé ?&5’1 /% %ﬁ%ﬁﬁ‘g&g&@& ilgg%ﬁgéqta Egﬁi%%ﬁgﬂ htaﬁ%ar fore
cannot suhvérdigeirhinh &idpketer rangig from 51 m to 30 £ m for about 10 minutes to 6(24
with a drive of a high speed rotation. Further, as regards the coefficient
of t her namieuesrandthen fefigally polishedrimith cériumeoxide daving graintdiemetewe a

coefficient qf ther expansi on, of 95 X 10[err]/[err]C or over whereas the
gl ass- cef4RREE fwmﬁ%“@ﬁﬁ%r‘ém foz aboyt 30 mainjite t%.gé ¢ a | ow

coefficient o tﬁﬂ%&?ﬁh ’fﬁ(lﬁg% ;!t@sml, the gﬁé&%gﬁ{lﬂgs[o?q:ﬁi Sr(?srentegrli\(?gﬁtion are

Particul arly, e glass-ce _
different from the comparative examples of the prior art glass-ceramics in the

predominant crystal phases and crystal grain diameter (average). In the
glass-ceramics of the present invention, crystal grains of lithium disilicate
(Li,O * 25i0,) and @-quartz (a-Si0O,) are fine globular grains whereas the
glass-ceramics of the Comparative Examples 1, 2 and 3 have a large grain
diameter (average) of 0.5 £ m or over. In view of the current tendency toward
the super flatness, the glass-ceramics of the comparative examples with this
grain diameter will cause difﬁculties- resulting from the surface roughness
after polishing and falling off of crystal grains from the surface of the medium.
As regards Young's modulus, specific gravity and Young's modulus
(Gpa)/specific gravity, the glass-ceramics of the present invention have
excellent Young's modulus (Gpa)/specific gravity of 39 or over whereas the
glass-ceramics of Comparative Examples 1, 2 and 3 have Young's modulus .

(Gpa)/specific gravity of less than 37 and therefore cannot sufficiently cope



of Conparative Exanples 2 and 3 contain [err] -spodunene and
[err]-cristobalite which are crystal phases having a negative thernal
expansi on characteristic and, therefore, difference in the coefficient of
t hermal expansi on between these gl ass-ceram cs and the conponent parts of
the drive device will becone so great g4hat these gl ass-ceram cs are not
suitable for a substrate for an information storage nedi um On -t he

gl ass- cer g s A ol de ihed r . i1 s
TR e o S R R L e
protecti vendrayedr ekpngibnpitheheldss-cepainicy iofgtheetgiesentl ieention have a
per fluoropol yether lubricant (5nm is coated over the forned filmto .
provi de a¢eefficientrnfi therstadrexpansiati wh 95784 0" A€ oonmven whersaagthengliissm t hus
obt ai ned can reduge, the glide height as corgarﬁg%tho the prior art

i nf or mat | SAFLHES 95 dhadomRAratiye fxeaples loxk andch hayg e dow| eoeffacient of

Furt her, e 1 1f ' N i f t I.NV, | can be used for
the inf or$r'rl£ .rlubér} e(s%{porgﬁ1 %‘%Pagblace o{‘@[E g)é'u&gﬁ% I ggﬁ#lﬁ'&%gtys?g‘?ng??‘?s\ﬁﬂr@ﬁnf%e
magneti c ' Dal &Waﬁgt I ' S RI A wth
t he surfa@g@oﬁfﬁﬁgﬁf’ﬁ%}#ﬁ#ggg?ggge me iﬁm%d?&%%%& aériragi %%Eéﬁﬁ%ad or
medi um  whichAarel esatabphasdsdvavingecnegative tlhernidl @ipesivn thaeittérdstic t here

is provided_ a glass-ceramc substrate suitable for an information storage
medi um whaed, bherefrenidifferancenin dhe apeffitienfe of dhermel mxpensiont betwesn at es

and has a_fl at .surface chargcteristic capable of. coping wth i gh

r ecor di ngthRSAFASS-caramiss, i comtpapen peats et theeaie %Pwe%i%e@%dm us
and a lo Lf avi i [ egl..rot agli t her mal
expansi o\rll\éoz agéla{# ﬁe?‘?rs‘f %‘@éet %{s‘éﬁeﬁ%ﬁ?ﬁ %E%ilhe&o g%lalgnggré)rasﬁ 8?1&31;?3? légaen medi um
drive dEVirﬁBrmation Storage medium. . 25 Accordi ng to the

I nvention, there are al'so provided a nethod for manufacturing the

gl ass- cer am cOsulbké¢ rgdass-eerdnaio sublstrates iofnthet abawge desmtihed exampldshare

substrat e, . .
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 (6nm) 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 ;)f signals in contact with the surface of the
information storage medium without damaging the head or medium.

As descrobed above, dccording to the present invention, there is provided
a glass-ceramic substrate suitable for an information storage medium which
has eliminated the disadvantages of the prior art substrates and has a flat
surface characteristic capable of coping with a high recording density, has an
excellent balance between a high Young’s modulus and a low specific gravity
suitable for a high speed rotation and a thermal expansion characteristic

matching with one of an information storage medium . drive device.



26 Cains 1. A glass-ceramc substrate for an information storage nedium
havi ng Young's nodulus (GPa)/specific gravity of 37 or over and conpri sing
0 to less than 10 wei ght percent (expressed on oxide basis) of
Alferr]Jerr]. 2. A glass-ceranic substrate as defined in claim1 wherein
the Young's nodulus is within a range26rom 95GPa to 120GPa and the specific
gravity is within a range from2.4 to 2.6. 3. A glass-ceranic substrate as
defined i | or Atibna arebf igkenlls®f pidiaded! aexdeatiodonfors

Wi t hin a@"'é’%‘?“ r(])tl% Gt%l%XvY%g[ég?P]'/[err]C to 130 XIl)O[err /[Terr]Cwithin a

t enper at yhgntRitgeribgonhe Sglasschfamhiv stbptratd Cand. an priasmatiopasteragabst r at e
as defined in any of clains 1 - 3 wherein a surface roughness Ra

(ari t hmetmediveamsingthiasubptrate.er polishing is 9[err] or below. 5. A

gl ass-ceram c substrate as defined in any of clains 1 - 4 wherein

predom nant crystal phases are lithiumdisilicate (Li[err]O[err]

2SiJerr]) and [err]-quartz ([err]-Siderr]). 6. A glass-ceram c substrate
as defined in any of clains 1 - 5 which is substantially free of Na[err]O
and PbO. 7. A glass-ceramc substrate as defined in any of clainms 1- 6
wherein crystal grains of the crystal phases are fine globular grains. 8 A
gl ass-ceram c substrate as defined in any of clains 1 - 7 wherein an
average di ameter of crystal grains of crystal phases is 0.30 [err] mor

bel ow. 9. A glass-ceram c substrate as defined in any of clains 1 - 8
conprising .0.3 weight percent or over (expressed on the basis of
conposition of the oxide) of MgyO 10. A glass-ceram c substrate as defined
in any of clains 1 - 9 having a conposition which consists in weight
percent expressed on the basis of conposition of oxides of: Sigerr]
71 - 81%



27 Li[err] O 8 - 11%

Klerr]O 0- 3% MyO

0.3 - 2% Zn0O 0 -1%
Plerr](err] 1- 3% Zrerr]
0.5 - 5% Tigerr] 26 0 -3%
él[legr]&_)gerr] SnQlerr] 4 -8% Sb[eBr]q&_)oe/rr]_
.1-0.5% _ . nd err - b
Md err] Claims 0 -3% Ni O

0 -2% . . . . 0

Crierr] q]ér%) g’lass-ceramm substrate for an information st8ra_l%% " n%?\%l%ngv]?%éhgas

pr edorm nafphucte/ ol 8 RSP kA iy bf 87108 bk e dURrED € dess] ) and
[err] -quartZ ([errr -SiJerr]) . 11. A glass-ceram c substrate for an

i nf or mat ithanstowaightpratemd feapremged an axtide basidpof ARO%. cryst al phases,
lithiumdisilicate (Li[err]O[err] 2SiJerr]) and Jerr]- quart

([ err] - SiZ) Ar glasswaramith substrate as defined B} \plaim {Jr"& Wéﬂ%nﬁleh URE Sa

surface rou ess arithnetic rou S ftar polishing.of.9[err
or bel owmﬁg‘?ﬂ%&'lﬁﬂ ?Sﬁnﬁ%mgggh%é’%gg)?n?er%ﬁ egﬁ%'ﬁ _ lfso£ an]
I nf or mat | on grrgggem%l%gg %gf' ned in any of clains 1 - 11 which

conprises stepsS o materials, form ng nolten glass, annealing

formed gl nsspRE-cbhaRide@stratRadd defindibid elaimdl of 23¢hdrein auwetfidiemnofinder
nucl eation tenperature within a range from 550[ e

";"EEC to 650(;_7err] C for one
to twel vethesnrsd eapdnsiontinevithizos range fiony 66ph¢ Y Fetio 4BAKSIG YL Wwithin
crystallization under- cyrstalli zg:t ion _t erature within a range from
- 680[ er r ] @ tempexgture FargofroghedP s $0d179 hours and pol i shing the

gl ass-ceram,c to a surface roughn Sﬁgﬂ . Of rd.; el .

i nf or mat i%nAsg]@P‘?fﬁ‘ér%fﬁ ﬁﬁ#’ﬂ?ﬁ agﬁ @)Pﬁiaﬁl §{. ﬁ?iaagl%%t ?c %Wnlll%ﬁl, G
surface roughness Ra (arithmetic mean roughness) after polishing is 9A or
below.

5. A glass-ceramic substrate as defined in any of claims 1 — 4 wherein
predominant crystal phases are lithium disilicate (Li,O * 25i0,) and @-quartz
(@-5i0,).

6. A glass-ceramic substrate as défined in any of claims 1 — 5 which is
substantially free of Na,O and PbO.

7. A glass-ceramic substrate as defined in any of claims 1 — 6 wherein crystal

~

grains of the crystal phases are fine globular grains.

8. A glass-ceramic substrate as defined in any of claims 1 — 7 wherein an
average diameter of crystal grains of crystal phases is 0.30.11 m or below.

9. A glass-ceramic substrate as defined in any of claims 1 — 8 comprising 0.3
weight percent or over (expressed on the basis of composition of the oxide) of

~ MgO.

10. A glass-ceramic substrate as defined in any of claims 1 — 9 having a
composition which consists in weight percent expressed on ‘the basis of

composition of oxides of :
Si0O, 71 -81%
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28 I f necessary, other |ayers including an undercoat |ayer, a protective
{ayer and a lubricating layer, on a glass-ceram c substrate as defined in

any of clains 1 to 12. 14. A gl ass-ceram ¢ having Young's nodul us
(GPa) within a range from95 to 120 and conprising 0 to | ess than 10
wei ght percent (expressed on oxi de basgys) of Alferr](err]. 15. A

gl ass-ceram c as defined in claim 14 having specific gravity within a
range from 2. bo 2.6. 16. A glass-ceramc as definedqygp claim14 or 15
wherein a coefficient of t hermal expansion is within & range from&65 X
10[err]/[errji€Q o0 130 X 10[err]/[err]C wthin a tegpergpure range from
-50[err]Cto +70[err]C 17. A glass-ceramc as defined in any of clains
14 to 16 wherMg@ predom nant crystal phases are (a) 0.3t-hE¥m disilicate
(Liferr]O Jerr] 2Sierr]) and (b) at |least one of [err]_ -quartz
([err]-SiqerZI}(? and [err]-quartz solid solution ([epr]'-lé%’CIerr] solid

sol ution). %,qq? gl ass-cerami c as defined in any of clai 14 to 17 which
i s substanti free of Na[err]O and PbO 19. A glass-c ‘am ¢ as defined
~in any of clak 14 to 18 conprising 0.3 weight percggt_ gy over (expressed
on the basis of conposi tion of the oxide) of MgO. 20.A glass-ceramc as
defined in affiOgf claims 14 to 19 having a conpositi @ wB¥%ch conprises in
wei ght percent expressed on the basis of conposition of oxides:

Siqerr] - ALO, 74 -- &% Li[err]O
f/go 11% éﬂzarsr] ) P31~ 05% 3;103%
0 - 1% Sno, - 0 -5%

MoO, 0 -3%

NiO 0 -2%

CoO . 0 -3%

Cr,0, 0 -3%

and having, as predominant crystal phases,lithium disilicate (Li,O <2SiO,) and
¢-quartz (@¢-Si0,) . | .

11. A glass-ceramic substrate for an information storage medium having, as
its predominant crystal phases, lithium disilicate (LiO ° ZéiOz) and -
quartz ( @-SiO,) which have fine globular crystal grains and having a surface
roughness Ra (arithmetic mean roughness) after polishing of 9A or below.

12. A method for manufacturing a glass-ceramic substrate for an information
storage medium as defined in any of claims 1 — 11 which comprises steps of
melting glass materials, fdrming molten glass, annealing formed glass and
then heat treating the formed glass for nucleation under nucleation
temperature within a range from 550°C to 650°C for one to twelve hours and
further heat treating the formed glass for crystallization under cyrstallization
temperature within a range from 680C to 800°C for one to twelve hours and
polishing the glass-ceramic to a surface roughness (Ra) of 9A or below.

13. An information storage medium providéd by forming a magnetic film and,

I
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Plerr]Jerr] 1 - % zZrerr]

0.5 - 5% Tigerr] 0.
2 29 AI[err]CIerr]

4 - 8% Sb[err]derr] 1

0. 5% Sng err] 28 0 o
Mo err] 0 3% Ni O

0 - 2% if neceddd®, other layers including an undercoat layer, a protectwe layer andd - 3%
s 0 - 3%and having,

as pr edona hamticatiyg lasterpin seglas§-a¢ramichsubstdite ialsi dedined(ini 4y of Qajms 1]
2SiJerr]) and (b) at |east one of [err]-quartz ([err]-SiJerr]). and
[err]-qud Y2.s0li d sol ution ([err]- Sigerr] solid solution). 21. A

gl ass-ceram c as defined in any of clains 14 to 20 having, as its

predom nant crystal phases, lithiumdisilicate (Li[err]O[err] 2SiJerr])
and [err]-quartz ([err] -Siferr]) which have fine globular crystal grains.
22. A glass-ceramic as defined in any of clainms 14 to 21 wherein average
grain diameter of the crystal phases is 0.30 [err]mor below 23. A

gl ass-ceramc as defined in any of clains 14 to 22 obtained by nelting
glass materials, formng nolten glass, annealing forned glass and then heat
treating the formed gl ass for nucleation under nucl eation tenperature
within a range from550[err]Cto 650[err]C for one to twelve hours and
further heat treating the formed glass for crystallization under
crystallization tenperature vmthln a -range frome680[err]C to 800[err]C for
one to twel ve hours.
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