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[ tion relates to a substrate for a mag _
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Itra- snoothness, a washing _ _
ﬁ?ggag?rgngth in a perpendicular nmagnetic recording
medium In the present invention, the term

"informtion BecHGong DR Yt Qquh§§o§ magnet i c

i nformati on recordi ng nediumusable in"a built-in hard

' - hard di sc
Fieldy; t Teveval char d di sc, and a card typg (
t? ngig’hggrgwﬁardodisc of personal conputer; a hard disc
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compogéVﬁgathﬂtaQﬁﬂn@ pard;disg fer, minute particle diameter
and having a good mechanical strength and an excellent surface
roughness which is little altered after a surface treatment
with acid or alkali, and furthermore having a thermal
expansion broperty well suitable with other materials.
Especially, this invention relates to a substrate for 3
magnetic recording medium used in various magnetic information
recording devices, in particular, to a disc-shaped substrate
for information recording medium having a surface ultra-
smoothness, a washing property and a high strength in a
perpendicular magnetic recording medium. In the kpresent
invention, the term "information recording medium" denotes ga
magnetic information recording medium usable in a built-in
hard disc, a removal hard disc, and a card-type hard disc used

as a hard disc of personal computer; a hard disc for a digital

video camera and a digital camera and an audio equipment; a



nobi | e phone. Related Art Recently, a |arge vol une of
data such as animation and sound have becone handl ed
with a nmultimedia personal yconputer, a digital video
canera and a digital canmera so that a magnetic
i nformati on recordi ng apparatus with a hi gh-capacity
hard hiis:dbdooma utecedddry nassgatiesul endi a brddrdiec for
increase the areal density of a nmagnetic informtion
mobilegardieng nmedium there is a tendency to increase the
bit and track densities thereof while reducing the
bit cell size. For corresponding with this tendency,
along with the reduction of the bit cell size, a
Relatmgnetd ¢ head becones to operate in a state closer to
a disc surface. Thus, when a magneti c head operates
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tendency, along with the reduction of the bit cell size, a
magnetic head becomes to operate in a state closer to a disc
surface. Thus, when a magnetic head operates in a low floating
state to a magnetic information recording medium disc
substrate or in a state in contact therewith, it becomes
important to develop, as a technique for starting and stopping
a magnetic head, a technigque such as a landing zone method in
which an adhesion preventive treatment (a tTexture processing
and so on) is performed at a specific portion of a magnetic
information recording medium disc substrate (a non-recording
portion on the inside or outside diameter side of a disc) to
perform the starting and stopping of the magnetic head at that
portion.

Tn the currently used magnetic information recording

device, the CSS (contact-start-stcp) method is used in which



substrate prior to starting the device, and floats
fromthe substrate when the device is started. In
this case, when the both gontact-naking surfaces are
nore than necessary snmooth Ilike a mrror, the
stiction occurs between them so as to cause problens
the cguchtdsra isomesmrothd sotht tbatstantgngtandnazdabmmgen
of the nmagnetic information recordi ng nedi um surface
contaaltond thwiat hatthetiinctedsembnibherécoction nadexr dThes,
for the magnetic information recording nedi umdisc
substsihst atier thesteentradieti dgviequi apdeflsaasefrom the
demanded, that is, a low floating of the nmagnetic
substea® alreng tWet Aetieei nereaseckn.t en tiecordidyy when the
capacity and a prevention of stiction of the magnetic
both head o theimegnetireckaf aremiben £resr dkpgs SR Usooth
di sc substrate. For these contradicting requirenents,

like & niadiNgczenettiechnhquechas beepedavehepedot 8s to cause
provide a starting/stopping portion for the magnetic
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magnetic head on the magnetic information recording medium
disc substrate. For these contradicting regquirements, a
landing zone technique has been developed to provide a
starting/stopping portion for the magnetic head in a specific
region on the magnetic information receording medium disc
substrate.

Furthermore, when the recording density exceeds 100
Gb/inz, the substrate becomes thermo-unstable (heat
fluctuaticon) with such a minute magnetization unit, so that
the longitudinal recording system reaches a physical limit for
the demand for a high density recording exceeding 100 Gb/in”.

for solving these problems, a perpendicular magnetic

recording system has been adopted, which makes the easy

magnetization axis perpendicular so as to be capable of



t he shape magnetic ani sotropy owing to having a
predetermned nediumfilmthickness (from5 to
10-fold of the longitudinaly recording systen),
enabling the solution of problens such as the
decrease in the recording energy and heat fluctuation
reduging ttie $ubstistee ioc e eag remet RadhieghodersiReyinf £he
conventional |ongitudinal magnetic recordi ng system
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recording density conpared to the conventiona
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medimst aln eady: becone fressisblte tL0-goact cfakhy achpévedinal
the recording density of 100 Gb/in2 or nore at the
recod@iSsy Protiuct,i emaavels tard seesedbahes pmobhems such as
recordi ng density exceeding 300 Go/in2 have been
the d@b&eadie undemavascdmiini $npegperdidcukar magnetbeion of
recordi ng system magnetization is perforned
the PesPpendicyardsdrite tike tedinu@h suhkace, osuehet hat a
medi um havi ng the 'easy magneti zation axis in the
conv@@r RENdi cular dWidiechi e greruseddikbiengntykEem and the
conventi onal™ nmedi um havi'ng the easy magneti zation axis
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exceeding 300 Gb/in

In this perpendicular magnetic recording system,
magnetization i1s performed perpendicularly to the medium
surface, such that a medium having the easy magnetization axis
in the perpendicular direction is used different from a
conventional medium having the easy magnetization axis in the
longitudinal direction. As a recording layer of the
perpendicular magnetic recording system, chromium alloys, such
as CoCrPt, CoCrPt-Si, and CoCrPt-8i10;:; and iron alloy such as
FePt have been researched and put to practical use.

However, for such a medium of a metallic oxide type

including FePt and the like, it is necessary to raise the film

formation temperature for the miniaturization of the magnetic



sonme tinmes at high tenperatures (in the range from 300
to 900C) to inprove the magnetic property. Therefore,
a substrate material nust Be sustainable such a high
tenperature, and nust not generate a deformati on of
the substrate and a deterioration of the surface
body r oughnessi tdhepaoficler agdilt Penpeafionglaw t horhetion thereof.
magneti c recording density inprovenent, the
Furtipempend cil ar amgreli cevecar ditngyvredinnredlisg itepdsformed
towards a lowfloating type with the head-fl oating
some heirgdd of Hiymmespdressireand,inf theheanmgee fram 300 to
near-contact recording type or a contact-recording
s00°dypes @pidhe athemzhandic igropeder .t oTeéfétoent |y use
the nmedium surface as a data region, the nmedium
subs SYSteMmAasr RECOREs A FaANPnt DAdh YL SYystem af hoght hemperature,
system provided with the conventional |anding region.

and ReCOrHNgohethe datd 706101 Bf & dihsC ssustasecorntiha
entire surface of a substrate surface nust be

detetd S5 simath and £l .8t S AR senableecbike reduction
in this floating height and the contact recording.
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regié#? the medium system has become a ramp-loading system
from the system provided with the conventional landing region.
Accordingly, the data region of a disc surface or the entire
surface of a substrate surface must be ultra-smooth and flat
so as to enable the reduction in this floating height and the
contact recording.

Furthermore, these magnetic recording medium substrates
nust have none of crystal anisotropy, foreign substance,
impurity, and such to affect the film-forming medium crystals,
have precise, homogeneous and minute structure, and a chemlical
tolerance against washing and etching with various drugs.

And, these days, for speeding up infermation processing,
technical development has been in progress by rotating the

magnetic information recording medium disc substrate of a



substrate, such that a high nmechanical strength is
required for the substrate material. In addition, for
the current built-in magngtic information recording
device, a magnetic information recording device with
a renovabl e disc systemand a card disc systemis on

magndthes stage difnd misestdegatti ongandpepdacticeadvese, rotwtion at
appl i cation devel opment to digital video canera,

high digpddlncanerae andedocondcheeng stdptedsiAht hdughe
traditionally, as a magnetic disc substrate material,

substatams hwnal [ty thas Hieen nesedna cgiieat reagrbspendeguired
substrate nade of aluminumalloy is apt to produce

for fHO]A40NTe Aatsnalzll.i kenuaeuenness oor ttiee subst«at e
surface in the polishing process, so that a

builsati sfagtory surstmate onn reebis ingf dkhataess apdnetic
snoot hness is hardly obtainable. And, alum num all oy
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poliégfggﬁikyéss, so that a satisfactory substrate in terms
of flatness and smocothness is hardly obtainable. And, aluminum
alloy is a soft material and easily deformed so as to hardly
correspond with a tendency of ultra-slim substrate.
Furthermore, aluminum alloy has problems such as causing head
crash due to deflection during a high-speed rotation resulting
in the medium damage so as not to be a material sufficiently
corresponding with the high density recording in the future.
Furthermore, since its allowable temperature limit during the
film formation, the most important feature in a magnetic
recording system, is 300°C or less, the substrate becomes
thermally deformed when the film formation is performed at

300°C or more, or when annealing is conducted at high

temperatures such as from 500 to 900°C. Therefore, aluminum



As a material to solve problens involved in the

al um num all oy substrate, the chemcally reinforced

soda |ime glass (Si02-CaOsNa20) and alum nosilicate

gl ass (Si 02-A 2C3- Na20) have been known. In these

cases, since polishing is perforned after the
alloghesritcatdIneianfoiriceidnt tor eattmert ratheusenbeén ohe magnetic

insecure elenents in the reinforced layer is high in
recotdienghad dins credudnmiald euchard halbsottheeheatireepirstanceng.

of the substrate itself is low That is, after the
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magneti ¢ recordi ng medi um at 3000C or nore, flatness

alloyeagidey, any edetelvined wehiodcbacermes lhtkngdasAs
a result, there cause problens such as a defornmation

(s10Adr- NtaIQ@ ek um fihd 08 £ 01 reetd Oy Ak elartd,on10h;-Na,0) have
al kal i ne conponent fromthe inside of the substrate to

been CEBUSE, . the fil mdamage, and a deterioration of the
reinforced |l ayer and non-reinforced |ayer. And as a

miﬁﬁrt%lgséo Qé’@écﬁlfné@%élcl‘gﬂﬁgf of Jheahve-arter the

descri bed c em ca reinforced gl ass substrate, there
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more, flatness measured by a predetermined method becomes
ruined. As a result, there cause problems such as a
deformation after the medium film formation, an elution of
alkaline component from tThe inside of the substrate to cause
the film damage, and a deterioration of the reinforced layer
and non-reinforced layer.

And as & material to overcome shortcomings of the above-
described chemically reinforced glass substrate, there have
been developed various glass ceramics, such as a crystallized
glass of an Si0;~Li,0-Pp0s type containing lithium disilicate
crystals (Li,8i,0s) and ao-—quartz (o-51i02) crystals; and a
crystallized glass of an $10;-A1,03-Li0 type containing lithium
disilicate crystals (Li,Si205) and B-spodumene (LiAlS1i:0;)
crystals (for example, Patent documents 1 to 11, etc.).

Patent Document 1: Japanese Unexamined Patent



Application, Publication No. Hei 06-329440, Patent
Docunent 3: Japanese Unexam ned Patent Application,
Publ i cati on No. Hei 07-169Q48, Patent Docunent 4:
Japanese Unexam ned Patent Application, Publication
No. Hei 09-35234, Patent Docunent 5: US Patent No.
Appl 5833664 FublRatditonDboumeht 62-USSPat ent No.
5,028,567, Patent Docunent 7: Japanese Unexam ned
Pak &g nAppldwadritor? : Pgarncets dmeNeuniHeid Pet45426,
Pat ent Docunent 8: Japanese Unexam ned Pat ent
appliAppliceat iraml iPahliiceaticon HNG. 0Hei3222406143, Pat ent
Docunent 9: Japanese Unexani ned Patent Application,
Pubd i €@t | DycuNesn 2000-2338%ke PateeniniDecurentnio:
Japanese Unexam ned Patent Application, Publication
Appl Nt 2000130248 L. iand nBat geti Docugentsll: Japanese
Unexam ned Patent Application, Publication No.
2001- 484624 urtdoneVver , 7 Mo alddzed rgdassitehta
Li 20- Al 203-Si 2 type according to Patent Docunment 1
Appl Nas: 1ddt higumdicsidiigane . @ki:255266p 3and a-cristobalite
as a crystalline phase, advantageously controls the
therngl. expansd.on coefd iient: Hhersofzdhysgparating
t he above-described crystalline phase, and is able to

Obﬁag&@nﬁ Wﬂ@ S sg stbstrate, Wi hoa high

st rengt ver, it cannot sufficientl’y cérrespond

Wi E’Qt%ﬂtt&g - of. | awefloal ing.head 2l eng it h the
recordi ng capacity I'nprovenent in a great and rapid
appl LAY &SS £.00 1Ne ; fanget ed ;syplacgoughness (Ra).

Patent Document 8: Japanese Unexamined Patent
Application, Publication No. Hei 11-16143,

Patent Document 9: Japanese Unexamined Patent
Application, Publication No. 2000-233941,

Patent Deocument 10: Japanese Unexamined Patent
Application, Publication No. 2000-302481, and

Patent Document 11: Japanese Unexamined Patent
Application, Publication No. 2001-1846Z24.

HoweVer, a crystallized glass of a Li;0-Al;0:-310; type
according to Patent Document 1 has lithium disilicate
{Li.8i,05) and a—cristobalite as a crystalline phase,
advantageously controls the thermal expansion coefficient
therecf by separating the above-described crystalline phase,
and is able tc obtain a magnetic disc substrate with a high

strength. However, it cannot sufficiently correspond with a

tendency of low-floating head along with the recording



A crystallized glass of an Si02-Li20- \gO P205 type
according to Patent Docunent 2 has lithiumdisilicate
(Li 2Si 206) and a-quartz (agSi02) as a crystalline
phase, and does not need the conventi onal mechani ca
texture and chem cal texture by controlling the
capacpherirgadoveardritclie si zeecot andquantid (aoSr62% fher eby
making it possible to control the surface roughness
targdiRa) afdfelcepaldsiinegsi nkehe range from 15 to 50A so
as to be a very excellent material as an entire
Susfaeestdext e gmiey icd 0f die-supstnat-e.syr face.
However, the targeted surface roughness (Ra) thereof

accoﬂé&déx%d agecomareéntt ¢ 1QA onthess guehitbateit
cannot sufficiently correspond wth a tendency of

(Li,showef 1 0at ing head alargowm thsthecresoidi N SapPag) tamd
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to 10 1 5 %h IR e durface TohgRtadecieitly correSond

with a tendency of low-floating head along with the recording
capacity improvement in a great and rapid progress.
Furthermore, it has a low thermal resistance similarly as the
reinforced glass so as to pose problems such as the substrate
deformation after the medium film formation and annealing as
well as alteration of the surface roughness.

Although in Patent Document 3 is disclosed a
photesensitive crystallized glass of an Si0,-Li0 type
containing photosensitive metals such as Au and Ag, and in
Patent Document 4 is disclosed a substrate for use in the
magnetic disc comprising lithium disilicate (LizS81,0s5) and B-
spodumene (LiAlSi06) in a glass of a S10,-Al,03-Liz0 type
respectively, both of these glass ceramics substrate materials

have a low heat resistance, posing problems, such as



And, in Patent Docunent 4 is described a substrate for

use in the magnetic disc with a principal crystalline

phase conprising lithiumgisilicate (Li2Si 205) and

~-spodunene (Li Al Si206) in a glass of a

Si 02- Al 203-Li 20 type, in which eucryptite
defofldt2M12SI2@k kad heenesedarat édeby inewfyprpekfionning

t he above-descri bed crystallization heat treatnent at
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the éﬁo@%fﬂé%%fgﬁéag g@t%ﬂﬁ%zaQQ%Re%E'%ekXeaQBEEtOftth%%%r

ass ceramcs materials were not exam ned and
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of the recording medium,"” an "adhesion of defect to the
substrate surface,” and a "record missing" caused by the
alkali eluticn.

And, although in Patent Document 5 is disclosed a low
expansion transparent crystallized glass of a S102-Al,03-Li,0
type, and in Patent Document 6 is disclosed a crystallized
glass of a Si0;-Al,03-72n0 type, respectively, both of these
glass ceramics materials were not examined and suggested as a
substrate material for use in a perpendicular magnetic
recording medium for the heat resistance {(that is, the degree
of flatness measured by a predetermined method after the
exposure to a specified temperature environment {(at 500°C or

more for 5 minutes or more) at all. The particularly important

maintenance of ultra-flatness of the substrate surface after



In Patent Docunents 7 and 8 is disclosed a techni que

of preparing a crystallized glass for a | aser texture

by separating, froma crysgtallized glass of an

Si - Li 200 K20 P20B- Al 233 type, lithiumdisilicate

(Li 2Si 206), m xed crystals of lithiumdisilicate and
the fa-lguafdma(td<Si @), aonemilied etystghstefipekrathramvas not

disilicate and a-cristobalite (a-SiQ2), or m xed
discugykst alis adft .l ithiumdisilicate, a-cristobalite and

a-quartz (a-SiQ ) as a crystalline phase. And in

PatentaDactineitundbhdss 7 dirsclosed & ssilmislkear at éelhinguee of

of preparing a crystallized glass for a |aser texture
prepdVirseparatigig] firzem alekystall hzedsegl asstat=aby

Si 2-Li 20 P205- Al 2A8 type, the above-descri bed

sepatdttiidmadicy ld caterand it-hesgiasxed rehyistabs-1. Howeyer p,0s-
the targeted surface roughness Ra (an arithnetic nean

A1203r99§QDe§§ahi&ﬂe§§sppﬂ§a&§ &0Aser0deS Sui dEfcarahlay sS.JA
or less, nore preferably 3.0A or |ess, and nost

1ithREeferablv-2..04 05 J esS.rts0 (atlaa_bg{]he@@ 9l 288 CEYMALS of
cannot sufficiently correspond wt the tendency of a

1itnd@w 44 0ating heads %J—%&Qg‘@oﬁo%ﬂi@% Necerelng o£apacidy

i mprovenent making rapid progress. In Patent Docunent

crysé@ﬂ§c%{ﬁﬁée %g}%u%%ﬁq%b%%€ @Lcrﬁ%%Bgﬁhﬁgeaand a-quartz

cryst ass substrate for high recording
s B LR L0002, A VR O
ssec ] L S UPTAT) o Ththinlals iy,
ros U L) LSS A0 LSOO 2. 3 Rl oo
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lith j_Cur, Séiaslj!liizceadt eglaansds t %bsset rm%tx%df %r:z:ygitgqs . However, the
targeted surface roughness Ra (an arithmetic mean roughness)
these days is 10A or less, preferably 5.0 or less, more
preferably 3.0A or less, and most preferably 2.0A or less, so
that these glass ceramics cannot sufficiently correspond with
the tendency of a low floating head aleng with the recording
capacity improvement making rapid progress.

In Patent Document 9 is disclosed a technique of
preparing a crystallized glass substrate for high recording
density by separating, in a crystallized glass of an $10;-Li0-
Ko0-Po0s—41r0s-A1505 type, lithium disilicate (Li25i.0s), mixed
crystals of lithium disilicate and a-guartz («-5i02), mixed
crystals of lithium disilicate and o-cristobalite {a-Si0z}, or

mixed crystals of lithium disilicate, a-cristobalite, and o-



recording density (characterized) by separating, in a

crystallized glass of an

Si 02- Li 20- K2O P206- Zr O2- Al 2O3- Na20 type, mi xed

crystals of lithiumdisilicate and a-quartz (a-Si02),

and mxed crystals of lithiumdisilicate and
quartz;spidurene FEltie2Al 28ica0e2). LAl thodghciheedr gyseariiaed

gl ass manufactured by this technique can secure a
techrfiaqtness ramgasnivot knesysonlaterilcglhevebubytpakishphghigh

processing, it poses problens in surface property
recoriichy afers iSiygnichiacant: calitzedat bgnsepasabotrhness and a

formati on of m nute projections as the effect of
crystaElliiousi olash ngs apesiorArd, 04K ,Dhe,@r-adces sAbiOIvhignet tgpe,

filmformation. Since these glass ceramcs are
nmixedidf@rents idf hardness diketweenet hadcaygtiaktneaphase) , and

and anor phous phase, m nute concaves and convexes are

mixed IdEMEISIPIF gererakedibBetiveenct hagep-kpodphases after
t he polishing processing, thereby these concaves and

(1i,2G08YEXes. havitng Reenr el ayRgaa1reke btNapEeMeAtiFAgtuded by
magneti ¢ head from adhering to a disc substrate. On

thlstﬂg%ﬁﬂfﬁﬂé hand.sddh@ negnekinesknharmkibennhesar dhngtomic
device, 1 n response to the aforenentioned | anding zone

levefE%¥"Eéﬂ5%nf%dwﬁy%déyyinﬁecHQ'%@%e%CB@B§QEm%e§9rghﬁgace

magnetic head) has been devéel oped in

propé#§§'§ﬂbﬁ(§ Stard {54 op -ef ﬁ%%rg%ﬁgn'%frgﬁgﬁ%ﬁngégnbnd a

magneti c |nfornat|on recordi ng nmedi um di sc

formatDst rat g%ff& . g}dr g%%%%%% a%nqhgow xes preventing

e nagn rom adhering to di sc substrate

wash%%é I%$O(Fﬁ cP?%F%%&J OO %refgr%agh%tqasflgﬁp%g§mat1§n

e Tagnetic Fea rates in

CHLISTE VAL O 100 LB Ol TR 0 Sl 16 1D
bebwég%jtrgxggbst£¥1lnetphase and amorphous phase, minute
concaves and convexes are lrreversibly generated between these
two phases after the polishing processing, thereby these
concaves and convexes having been playing a role in preventing
a magnetic head from adhering to a disc substrate.

On the other hand, in a magnetic information recording
device, in response to the aforementioned landing zone
technique, a ramp load technique {(contact recording with a
magnetic head) has been developed in which a portion for
start/stop of the head is removed from the magnetic
information recording medium disc substrate so that concaves
and convexes preventing the magnetic head from adhering to the

disc substrate has become unnecessary. Therefore, it has

become possible that the magnetic head operates in a state



the bit cell size is reduced and the recording density
is increased. Accordingly, in order to prevent a head
and nmedi um from damage evegn at such an extrenely | ow
floating height or in a state in which a head is in
contact with a nmedium the surface roughness Ra (an
extreamd ihnetdse Mearhroughinese)ioh aesobdingt wefigum surface by
preferably nade to be not nore than 10A. However, to
makimobtidia siguchadre wurfack nétandfdmorhdpehipshbd and that
surface, a substrate conprising crystals having
the Wdiutel Irearrecriystraduicrel part btke redoanetgr degsity is
demanded. Al so, along with an increase in the
incrdeeofding density, a high precision is required in
positioning a magnetic head and a nedium so that a
hi gbcdi-aengi Pnaln aseddacys ifsraweqit rethder arehetedium from
conmponent of the disc substrate and magnetic

damadfOFdRtd 0 udecer @x&&e@l@\zﬁcaow%a@aqu;agt hyigsiknee thea
effect of differences in the nean thermal expansion

stat £OBf fhigi @nts kg tihese companrents chegopesingl, the surface
negligible, differences in these nmean thernal

roug@XPansi on goef figientis. mish beurRdesas bift bl @udstrate is
possi bl e. Nbre strictly, it is often preferable that a

¥ %ﬂJrﬁﬁ:5H§%ﬂ%%a%xﬁ@@§'oﬁoﬁév@rd|§§ obtain
substtate |s very slightly l'arger than a nean
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nponent use |n a [-size nagne ic
c i ar Lar h
complal ﬁﬂﬁf% R T R e oGRS e
1) is 14 often used, and it is thought
§%§Péaﬁwu the disc substrate al so has a

thﬁﬁso, efgggs$£@hqggf{ﬂé%§ggeIfhtghe recording density, a

pref

diam??er

high precision is reguired in positioning a magnetic head and
a medium, so that a high dimensional accuracy i1s required for
each component of the disc substrate and magnetic information
recording device. Consequently, since the effect of
differences in the mean thermal expansion ccoefficients on
these components becomes not negligible, differences in these
mean thermal expansion coefficients must be made as little as
possible. More strictly, it is often preferable that a mean
coefficient of thermal expansion of a disc substrate is very
slightly larger than a mean coefficient of linear expansion of
these components.

As a component used in a small-sized magnetic
information recording medium in particular, the one having the
-1y

thermal expansion coefficient from +90 to +100 (x1077-°C is



range, causing trouble of the generation of witing
error even wth a confusion of thermal expansion
coefficient as small as 1j4x10-7C-). However, the
range of thermal expansion coefficient has becone
w_der by a design in the drive so as to have a
oftercerdeal,n ateprige iof thregdomithereknssoyvt hhttatienpoaent
with a | ow thermal expansion coefficient has becone
substusald elisv Hawe adtiheendésiegpanthat tsgféveneat in this
conposition having the thermal expansion coefficient
rangd n dhss imangedubdm 660 the 48Aerfx10n70€- dyihasgbecooe even
usabl e in the conponent. An objective of the present
with IvweRtfien drs dfo threviade capankhongankcfconposi bk oamasedas
in an information recordi ng nedium and such which has
1 (x1En’ exgel | entowdird ace- iy opeldyy apakie=af exguffsiicirent |y
corresponding with a ranp |load system for a high

coef densidy HLecydiche kN deet Byot, tiheibanght udknakimagpetke to
recordi ng system and perpendi cul ar magneti c recordi ng

have Y H&Mai JL3RANSE o Lherabove-daseri badtdeskeRponent
i mprovenent of magnetic information recording

with 9BV GESH A9 SLEenghh ccdurabl ent 0L REOR-8B88usable in
rotation; both of the heat expansion property and

the @gﬁen;ﬂ%gi%ﬂncmyi t abl sv%\gqgﬁ e3¢ g1 Ve, el  thd

point; and a productivity. SUMVMARY OF

thermdic JAMENTIEN J b 0 dalqto aceve Lhe abgyesdeser bed
obj ective, the Tprésent inventors ve perfornmed

(xzogxagﬂgiKSFT%%88&8huSQBQeaf?a?%é§§&%%%n§@¥e found that

osrtion containing a “crystalline

phase sel ected f | i thi um.mongsil.i.cate (Li2Si .
PR R T i TR il B NGRS TP B an
or that contain at | east a crystalline phase

inor - e} d’in an lnformatlion ecord%gg medium
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and such which has an excellent surface property capable of
sufficiently corresponding with a ramp load system for a high
density recording in both of the longitudinal magnetic
recording system and perpendicular magnetic recording system
in response to the above-described design improvement of
magnetic information recording devices; a high strength
durable to high speed rotation; both of the heat expansion
property and heat resistance suitable with each drive element;

a low melting point; and a high productivity.

SUMMARY COF THE INVENTICN
In order to achieve the above-described objective, the
present inventors have performed extensive research, and as a

result, have found that a composition containing at least one



(Li 2Si G3), is nuch superior to inorganic conmpositions
such as glass ceramcs used in conventiona
informati on recording nedisa in that the composition
has an excellent surface with extrenme snpot hness
after polishing; a high degree of tolerability
crysteguaings phiegh speedtedt érp@nlethmﬂomm@%hm@e%oﬂd?wrﬁgloa
device, and furthernore, a heat expansion property
lithismi sl iwiath ﬂhezﬁiﬂme,cenﬁomegus;tach@e$i®qiJtﬂ; that
present invention. In particular, a disc substrate
contadmd agudkafser at heysiafdinmat boaseecdr di gl wedhonessl hgate
an inorganic conmposition such as crystallized gl ass
(Li.5t.04)achieweidan sahjeadtdry e cofiricheanpresenposnvenhisosuahe as
preferably used in the ranp | oad system because of
glasd tersurfacessanahhnessenMibeaspesibicatliyy theording
present invention provides the following. A first
medi=aspeet0f thhecpmesent ibAveAki an &scabhléndrganisce with
conposition containing at |east one crystalline phase

extres®l @eled hnbkematrhe r-gpeURs6ensE Ski RYgRf dagasar bz
(Si02), lithium disilicate (Li2Si206), and |ithium

tole/HPNASi Q%%%rﬁ%'%§bﬁBLpQE§tr6Eatﬂ©ﬁ9@ﬂlQnﬁ@ﬂﬁ@ﬁibhons
contai ning at |east one crystalline phase sel ected

recoﬂawﬁq @e%u%%tzagg'@%kth%kﬁakgn‘Idh?hk'éﬁﬁgnékbgsbggﬁerty

i thi um nonosi|'icate (Li especi al |y nost

su1té¥l@§§mﬁ§f AMC§ 9k, 2 céhB%nEhQQ tX@ﬁlQ@En n%%e bhgLease

degree of crystallinity as the crysfallization

mventtt%'@gf.f g 2§aP€%ggﬁ§r hi Qvﬁ{s@uéu@é@fagé ansf &l y&tal Sne

ase. en heating (rising the

f
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ase separatron occurs wt ne
sucn WISTGS SOTRBSELLD L8 UR0CHL AT YaLaLe s pucbe! oo
present invention are preferably used in the ramp load systen
because of its surface smoothness. More specifically, the
present invention provides the following.

A first aspect of the present invention is an inorganic
composition containing at least one crystalline phase selected
from the group consisting of w-quartz (Si0p), lithium
disilicate (Lis;81:0s), and lithium monosilicate (Li,5i03).

Most of inorganic compositions containing at least one
crystalline phase selected from o-guartz (510;), lithium
disilicate (Li,Si.0s}, and lithium monosilicate (Li,3103},
especially most glass ceramics of a Si0,~Li0, type not only
increase the degree of crystallinity as the crystallization

temperature becomes higher but also transfer crystals to a

SiC,-rich phase. When heating {(rising the temperature of) the



formation of Li2SiG3 (lithiumnonosilicate) , Li2Si 206
(lithium disilicate), and, depending on the
situation, a-quartz (Si02)igderived therefrom which
is rearranged to a conmpound of a quartz type by a
solid solution of Al ion, etc. Since these crystalline
abovehdses: drel separ@trdd atompoelidtiongl p bbwseesperatares,
mnute crystalline particles are separated, and a
occurompbgt in arhdhavicngexceldeanio ssuribacéoppepertye angstal
physi cal properties is easily obtained. In this case,
nucléi B ted atiamed wdewdtanperiattwre arandge labweheby a
crystallization tenperature range in which crystalline
formpheseso OfLi,8e oaboverh des afided: 1idddum mineskbd catiechium
(Li2Si33) and lithiumdisilicate (Li2Si206) coexist,
disilheaedystald, neRaldire erdiraretar uas ioeXt bemehytz (S10;)
m nute, so that a nuch superior surface roughness and
derivddo:Ad exual, siiengtih canhereplained. Argeunsi BEea p-
the separation of a-quartz (a-Si02) with a large

quarPArd el ey dianeiery 403 Jdiddt e ta achowelkevel , the
surface snpot hness is superi or. However, an

U'EEﬁéé”Pﬁé§e5&£§§¥§ﬁi£H%EEH%%%&*E%é“géﬁéfH%ed at

(adsorption) power between a head and nedi um causi ng

l'gﬁﬁgﬂf léé’é%ﬂ5¥¥‘ﬁﬁ gﬂeﬁﬁfgﬁﬁ§ R ARderate rricles are
re-a snpoot’hness i s reqaw rré3 [ ngt ead C01‘\)%an ul t ra-bsm)ot h

sepa%%%%??%ﬁu?e%??%%ﬁgﬂ_qg%%&aig%%g%%ceﬁagikn%u&%a@%d%g%berty

ge can taine priatély = separati

anc ST GORETAI Lo Hough Tt iy eI | ane [y gl Forey 1o @
re ot EREY O ST 2808 B 55 568 Shgtelos g ten
remp EEUTFT S I P HAgr ey R e on BOBTT (1 G 8Pove-
descRibadRithium monosilicate (Li,Si0s) and lithium disilicate
(Li;51,05) coexist, the crystalline particle diameter is
extremely minute, so that a much superior surface roughness
and ring flexural strength can be obtained. Also, since the
separation of o-gquartz (w-S510;) with a large particle diameter
is limited to a low level, the surface smeoothness is superior.
However, an ultra-smooth surface increases the stiction
{adsorption) power between & head and medium, causing damage
to a medium. Therefore, when moderate smoothness is required
instead of an ultra-smcoth surface, a desired smooth surface
causing no medium damage can be obtained by appropriately
separating o-quartz (o-5i0sz).

Also, amcng compounds of the same type in general,

though this may be slightly altered depending on the



exceeds +200 (x10-7C-1) in a high tenperature range.
Since the thermal expansion coefficient of the
original glass of this type is in the range from +60
to +100 (xI0-7C- 1), when a- Si02 and such with a | arge
difference in thermal expansion coefficient are
tempessepanat edndehe tdef aedationshépweenl.csystaks Liafdk0s < o-
original glass is apt to becone |arge and affect the
310, 4kr esgtblobkhtbhateganpbsyt tion. tHdmss 1 Le2GiBidas a
merit in having a smaller difference in the thermal
coefEeixpangion Taeethtenedt exphative do=thecofitgindlo-of &85S
than a-Si 2. Furthernore, it has been known that the
excedd® atignshilp of°cti 261 B Kighi gz gtass add2S 20hce
a-Si2 in general is established regarding the acid

the trasheliancghetweerdheioiikaitnak tgkass:antdathglass of
af orenentioned crystals. After a polishing with CeQ2

this (GBI UM 04 4k andsuUehoni Neor der +toowaghothec™), when o-
remai ning abrasive adsorbed to the surface, a surface

S10, \é@@h'sﬂghbymth mgr%k Qr L€ £ Agt- g b AMEL SE00: $1 p&[é&ﬁé’@%
As a result, he difference in the acid

coeffl e%ﬁtaf}%%f %% ween the ., gL @'e%&magheasb@egegﬁyékgggals

ence in the elution rate between
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the s ace purl cation. Li2
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ot her hand,
11,5103 < orLglnal glass < Li.%1;0; < a-5i0,; in general 1s

established regarding the acid resistance between the original
glass and the aforementioned crystals. After a polishing with
Ce0, {(cerium oxide) and such, in order to wash the remaining
abrasive adsorbed to the surface, a surface washing by
hydrofluoric acid immersion is performed. As a result, when
the difference in the acid resistance between the original
glass and crystals, and the difference in the elution rate
between them in particular are large, the surface roughness is
detericorated after the surface purification. LizS510; is
inferiocr to the original glass in acid resistance, and also
different from it in the elution rate to hydrofluoric acid.
However, since LiySi0s; crystal grows from such a relatively low

temperature as 600°C and has an extremely minute crystalline



Li 2Si 206 and a-Si 02 are strongly acid-resistant, and
also relatively slowin the elution rate toward
hydrofluoric acid, so as {g enable to obtain an
excel | ent surface roughness. In this case, it is
preferable that the principal crystalline phase of
partidies glisss: teer,arircs mofcht kepprésensuirfiveat rongdvessnot the
contain crystals having a negative thermal expansion
subsiproperdan besuthtzasicl dpoduntre ocfRaedtFyptiheg andthe
P-cristobalite (-Si Q2), Rbesides them diopside,
elutenstadid eowlreh hyvakdorfildyriite acifil. uodm i che terh¢e, hand,
such as nuch as possible. Herein, the term
Li,Si%0f ysiald-ized gkasst rde00yeschd-pet yetyst al acodnprssi ng
pol ycrystalline substance crystallized by re-heating
rela@yvOry Al 9l ass With ianspackf keweeapasttrbenucand acid,
gl assy (hyaline) material. A second aspect of this

so ad NVENEALON d TABYRAMIAN ¢xce0NRas khefaeentaighAgsa. In
crystalline phase of lithium nonosilicate (Li2Si 03).

this MOsde Ofi19lias 9, CoTAMEE @ha? %%@Zp%hgglﬁﬁﬂec@?%t@ﬂhine
increase the crystallinity degree as t
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transtfer crystals to a Si02-rich phase. Wen heating
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polycrystal comprising polycrystalline substance crystallized
by re-heating an original glass with a specific composition
and a glassy {(hyaline) material.

A second aspect of this invention is an inorganic
composition containing a crystalline phase of lithium
meonesilicate (LizSi04).

Most of glass ceramics of a 5i0,-Li0; type not only
increase Lhe crystallinity degree as the crystallization
temperature becomes higher but also transfer crystals to a
$10,-rich phase. When heating (rising the temperature of} the
above-described glass for crystallization thereof, a phase
separation occurs within the glass to generate crystal nuclei
in the phase separation interface followed by a formation of

Lip,5i0z, Li,S51,05, and, depending on the situation, «-Si0;



may be slightly altered depending on the tenperature
range, the relationship of Li2Si O3 < Li2Si 206 <
a-Si2 is established reggrding the thermal expansion
coefficients. The thermal expansion coefficient of
a-Si 2 exceeds +200 (xI0-7 C1) in the high
deritehperataimemange chSiemee trhe sthenmdl texpanskppund of a B-
coefficient of the original glass of this type is in
quartheymndey Hfaldm 60 uttaonlod@ Exl Qorse- ¢x¢.when a-Si 2
and such with a large difference in the thernal
expanss o« oafifpxirett @ elsepanat edpe tihe gedekordat itbwugh
bet ween crystals and original glass is apt to becone
may darge and afflectrddhelepenengthcaf thhatenpapesitkonange,
Thus, Li2SiO3 has a nerit in having a smaller
the o fference d it he,stberaali expansi en Liaef fsceentblished
relative to the original glass than a-Si Q2.
rega it @IHDMG e rnta Thas cReen cknewe rirhat ehile . r etiad i winsihapl
of Li2Si3B < original glass < Li2Si206 < a-SiQ2 in

expargengl alod s i edrablisshed ibegakdb8gs t hep@ci ghoésrst'ancge the
anong the original glass and the aforenentloned
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e) and such,” in order to wash the remaining
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the original glass an crysta s, and the
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L128103y8£g|agégygtf{gnagégﬁgi%.smaller difference in the
thermal expansion coefficient relative to the original glass
than o~5i0,.

Furthermore, it has been known that the relationship of
11,8103 < original glass < LiSi0s < o-310; in general is
established regarding the acid resistance among the original
glass and the aforementioned crystals. After the polishing
with CeQC, {(cerium oxide) and such, in order to wash the
remaining abrasive adscrbed to the surface, a surface washing
by a hydrofluoric acid immersion is performed. As a result,
when the difference in the acid resistance among the original
glass and crystals, and the difference in the elution rate

among them in particular are large, the surface roughness is

deteriorated after the surface purification. Although Li;510;3



relatively |l ow tenperature as 600C and has an
extrenely mnute crystalline particle dianmeter, such
that a superior surface rgughness of the substrate
can be obtained than with the separation of Li2Si 206
and a-S 02 without any significant effect on the

is irgfeutiicon treattdret owerdnhydpébbaorhctacind. cA theérdcadpect
of this invention is the inorganic conposition

resiszceordgi rgd @lishe dalideeedescrohedtseécohdraspeételution
further containing at |east one kind of the

rate aiyshalddfiecphiasecisiel edtetdf rramdtiatihiqumwdi Sirlcrc stueh a
(Li 2Si 206) and a-quartz (Si Q2) According to the

relatiiAQyiganicy cempesiativer ek ©he °presenhasi aveaktoanel e
crystalline particle dianmeter is mnute, and as a

minuteeSihis e iser bace isubj ectedcte, pelibshtngti s expeemsky
snoot h, having a high ring f I exur al strength. That is,

surfddétﬂdﬂahﬂ@§%|dfc%k% %hb%%k%@@)Céhabbsob@a§ﬁ¥atahhhzﬁlth
at the tenperature of 700C, enabling the production

the ApLIystdl ldzed gk ass a8l &-shoyel: {eaperatyrei dhan dhex
conventi onal glass ceram cs. Furthernore, lithium

effecdﬂ S 1ot @10l 29 2B/ %%ra@c@%?@k%'ﬂ%h:% aggdi val ent

to those of lithiumnonosilica 2Si @3) i ncl uding

: hzg ‘%ﬂer mﬁ%éﬂ e ﬁl@ﬁtﬁe&fﬁew ated ﬁwa%ll% and

expansi on coefficient close to that of

compc%lecj]%ﬂ gl nal, lgllga%% %glﬁggb%%eeaglcelbgs acguhsi tipnef

tra-snoo surface. However, since an

furtkbe:{ r&, 8 ‘%H- gg%;f 3%%55' NeLeases Lhe, gg' ekggga@@zm chase

ween a umto cause medi um

so1c S APELA 8 SO oesayes, oy pecesgar . Unghoad o,
face. causi ng ,no damage to a nedg_q?%anfb obta|Se v
ﬁ%%%—?%ﬁ@f BTy Pt at HY & CHratS (A 503 SwFt

a
lnventlé% the crystalline particle diameter is minute, and as
a result the surface subjected to polishing is extremely
smooth, having a high ring flexural strength. That is, lithium
disilicate (Li1,51:0s} starts to crystallize at the temperature
of 700°C, enabling the production cf crystallized glass at a
lower temperature than the conventional glass ceramics.
Furthermore, lithium disilicate (Li:;5i;0s;) has characteristics
equivalent to those of lithium monosilicate (Li,81C3) including
the minute particle diameter of separated crystals and the
thermal expansion coefficient close to that of the original
glass so as to snable the acgquisition of an ultra-smooth
polished surface. However, since an ultra-smooth surface
increases the stiction power between a head and medium to

cause damage to medium, a moderate smoothness becomes



particle dianmeter. A fourth aspect of the invention is
the inorganic conposition according to any one of the
above-described first to ¢hird aspects in which the
mean particle diameter of a particle show ng the
aforenmentioned crystalline phase is 1 pm or less. A
necefgfih ‘aspectd off whe vilhvensirentis sthéarAor giitge, a desired
conposition according to any one of the
smoo tdh ovesflese riaved it mst damegehitrd 2agpdéts canwhkRchbiained
mean particle dianmeter of a particle show ng the
by amgfworenentdlgnedremgstiakl ongupliase (rs3100) wnitlora | basge A
si xth aspect of the invention is the inorganic
particopasidrcareraccordi ng to any one of the
above-described first to third aspects in which a
meant parth ¢l eotitanel ethaofirarerpardd dlse tSlroviing otahne ¢
af orenenti oned crystalline phase is 50 nm or less. A
compSEMeh aspactinef thernynvert benthse theverdeganibed first
conposition according to the above-described first to
to tiid hsAspects hWhiwhi ehean@Ban ppattcckecdeaneter of aa
particle show ng the aforenentioned crystalline phase

partléié-éHB#thnH R 3R iMPkd es$stActondi paake thel um
fourth to seventh aspects of the invention, since the

or 1d®an particle dianeter of a particle ShOMAng a
crystalline phase is 1 pmor |ess, preferably 100 nm

22, oY ﬁsaig é@éeofpr@{@rﬁh}éh&%mmsortﬂee%%m@a%ﬂzost

prefera nmor nore and 50 nmor Less, an

comp#%] ore (&h QquﬂﬁQHﬁp%&%c%f ¢an Q%oggtab@%gibed first

en ‘such a conposi tion is used

to third aspects in which a mean particle diameter of a
particle showing the aforementioned crystalline phase is 100
nm or less,

A sixth aspect of the invention is the inorganic
composition according to any one of the above-described first
to third aspects in which a mean particle diameter of a
particle showing the aforementioned crystalline phase 1s 50 nm
or less.

A seventh aspect of the invention is the inorganic
composition according to the above-described first to third
aspects in which a mean particle diameter of a particle
showing the aforementioned crystalline phase is 1 nm or more
and 50 nm cr less.

According to the fourth to seventh aspects of the
invention, since the mean particle diameter of a particle

showing a crystalline phase is 1 um or less, preferably 100 nm



a substrate, such as a disc substrate for information
recordi ng nedium the surface roughness Ra (arithnetic
mean roughness) of the supstrate can be adjusted to
10A or less, preferably 5A or less, nore preferably
3A or less, and nost preferably 2A or |ess, such that

or leamen mdugiretfhe adilst &9cemn bet Wween, aandgneticpheadrandy I
substrate is snmall, and no collision of the

nm oPmejrectdrons tofhma csubstkat anwuihra-smgnethi polhehdd surface
occurs to cause the damage of magnetic head and that

can ¥ omsubstiadat erhdheretor ewhéhesti€eof didgpaensidy canidel as
increased. Also a uniform separation of such mnute

a sultdtrsdl s Jumr eves aisweghari-eakestoenghloehathen
i norgani ¢ conposition, such that the ring flexura

recoéﬁﬂﬁﬂ“ﬁéﬁﬂ at et ke kM, 800 VPR 0N s IRt Betic mean
prefierably 450 MPa or nore, nore preferably 500 MPa,

rougrdid st Ppreferably 250 :MPg -0k 4 %%eda@@ abAt Be less,
naX|nun1 preferably 1600 MPa or [es Thus, for

pref %ﬁeﬁe%@e GRIROSILIFRR 318 | 9§EQra§e§sSUQ§Hfﬁ5§t
such “as a disc substraté for magnefic recording

prefé?%%%ﬁnZt'H% faC%Lﬁ%o%ﬁgkngvg9n§hhﬁgﬁa@hgedlstance

and évén the substrate itself is

betwgc?% %F ?n%gﬁltetiryh%%a%ip gi %%bs@%‘e\éeéghgmgﬁgor ghagno

Iectlon nor defornmati on

collggﬂgég%?qjl3%&Q@ggﬁﬁoﬁgb% gubgg%akg kgkﬁ 5°h§55891c

rease ting i'n the reduct

e SRR g e e
st al h to be.th tLfut,l
oo I FHRESBIEES aha”ah RO AP by eas
crystalline substance nd %Epse of anpr@hg S|
A150 & BRYaned SRS L Fhet oF Reah “Farticlré di afBrer st @

t he above-
mechanical strength of the inorganic composition, such that

the ring flexural stirength is, at the minimum, 300 MPa or more,
preferably 450 MPa or more, more preferably 500 MPa, and most
preferably 750 MPa or more, and at the maximum, preferably
1600 MPa or less. Thus, for example, when the composition is
used as a substrate such as a disc substrate for magnetic
recording medium, the surface recording density can be
enlarged, and even though the substrate itself is rotated at
high speed to improve the recording density, neither
deflection nor deformation is generated, such that vibration
due to this rotation is decreased, resulting in the reduction
of the data-reading error number (TMR) caused by the vibration
and deflection. Herein, particles showing a crystalline phase

are to be those constituting a crystalline phase and



descri bed particles showing a crystalline phase"
denotes a particle dianeter in terns of the centra
cunul ative value ("nmedi amydianeter” d50) of the area
standard of the particle dianmeter nmeasured with a
transm ssion el ectron mcroscope (TEM inmage. And,
contaire deermrtriaigsf loéx urals tef i éngt htibdeantesand thesaraf
strength measured by preparing a thin disc-shaped
amorgayd ewfstalpagt. 65 mmin dianeter and about 0.6 mMmin
t hi ckness, and neasuring the |ongitudinal strength of
t hge r 6l 15 -1Shapedrs dplaan gsimg cd ecidieuledre rsogpohti agove-
ring and a loading ring by a concentric circle
descfixural-uieiihed . shAwieigght krgspectiet phesehveatbobasi s
the inorganic conposition according to any one of the
partaboyerdessrdbad fidrsls offotseveabhraspechsikniwhi chlae
particle content showi ng the aforenentioned
("mefiHstAldine phase )i o rom Lrta 44%nbyramss. thecphdingle
to the eighth enbodlnent when the inorganic

dlamé¥gﬂxﬁﬁééd¥%c!%m%h@%ﬁ@r@%%ﬁléS§@QSEEQEQI§HCHL@§o§capéc
substrate for an information-recording nedium a
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flexd B RAISRING AL &%%,%ﬁe?rebﬂrlhﬁ'é CAsSE: d@%c?shaped

guantitative handlin he crystal anount
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raction area froman X-ray diffraction
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An eighth aspect of the invention is the inocrganic
composition according to any one of the above-described first
to seventh aspects in which a particle content showing the
aforementioned crystalline phase is from 1 to 44% by mass.

According to the eighth embodiment, when the inorganic
composition is shaped into a substrate such as a disc
substrate for an information-recording medium, a reduction in
the surface roughness (Ra) and an excellent mechanical
property of the substrate after the polishing are realized. In
this case, as a guantitative handling of the crystal amount,
the content thereof was assessed by finding the diffraction
peak area from an X-ray diffraction pattern obtained with an
X-ray diffractometer (Phillips, brand name: X' pert-MPD) and

referring it Lo a calibration curve.



or nore. A tenth aspect of the invention is the
i norgani c conposition according to any one of the
above-described first to #fghth aspects in which a
ring flexural strength is 450 MPa or nore. An
el eventh aspect of the invention is the inorganic
cohposith onspocorai ngid dramntome dfs te inorganic
above-described first to eighth aspects in which a
compdd gl il exuraldistgr engtihyvi 12506 IMPAe ebomprdeandib6g0first
MPa or |less. Since, according to the above-descri bed
to eijhith dpedleventdniaspectrinaf fheuprnésentengzent so0AP0 MPa
since a flexural strength of the inorganic
or m&a@nposition is high, when this conposition is used as
a substrate such as a disc substrate for information

r egof giing Hesk Mot hehgensarattionm afs defd ecldremniand
def ormation due to a high-speed rotation of the

compSHbstdate-cddseld ds syppressedise thateaddsstanea first
bet ween a magnetic head and substrate can be reduced.

to eidiis Apaneal; Jdepsity a0 n P& 1Re8ased redldn is 450 MpPa
furthernore, vibration due to the rotation is

reased, resulting in a reduction of data-reading
error nunber (TVMR) caused by the vibration and

def] e&ié\?@ntﬁ é%}@ééé h, aspect; Jﬁteﬁﬂ%d &vsemﬁeoqaoscgtéaﬁc

I norgani c sition according to any one of

compég) lo§e§§£5¢§§%J rsg§u;9x§b§&erg %%%%%Lﬁesgrwgbﬁthrst

ﬁce roug | ess. 25 According

i S._enmhodi.nen | L.y

co iR SIL P Uil P8 e UL eg s BT 70 v
sub52&$h§ﬂﬁygﬁyas a dISC substrate for information

Cr m

or MQTL 5t a or les

Since, according to the above-described ninth to
eleventh aspects of the present invention, since a flexural
strength of the inorganic composition is high, when this
composition i1s used as a substrate such as a disc substrate
for information recording medium, the generation of deflection
and deformation due to a high-speed rotation of the substrate
itself 1s suppressed so that a distance between a magnetic
head and substrate can be reduced. Thus, an areal density can
be increased, and furthermore, vibration due to the rotation
is decreased, resulting in a reduction of data-reading error
number (TMR) caused by the vibration and deflection.

A twelfth aspect of the invention is the inorganic
composition according to any one of the above-described first
to eleventh aspects in which a surface roughness {Ra) is 10A

or less.



medi um a di stance between a nagnetic head and
substrate can be reduced. As a result, an area
density of data witing angg such can be increased. A
thirteenth aspect of the invention is the inorganic
conposition according to any one of the aforenentioned
fikstording wel fith saspéctly rientwhis¢hcewhen austipfaces
roughness (Ra) after polishing is terned Ral, and
extrdrdly By aaciaddwasbiong, owheal kal s maspbﬂgta¢met8theed as a
polishing is terned Ra2, a value of the rate of
substehanrgeudh aur kacescosghnesatél Ra2- RabbfRat Jonsretesding
than 0.62. A fourteenth aspect of the invention is the
mediudm)or:gaist aneenpesivkeanaacaonditng hezanynaneubftthee can
aforenmentioned first to thirteenth aspects in which,
be rei®dd acgsroughpess, (Ha)aadierdepol i shiNgidis: QdAiarg and
nore and 10A or |ess, and an anmount of changes in

such SUid age neughnress by acid washing and al kali  washi ng
after the polishing is less than 2. CA. Afifteenth

aspect Pfedhe, inventd oF itsd Nevienerganie teeMasitikenc
according to any one of the aforenmentioned first to

compééveiaﬁf é&o%%ﬂ% t%o'enwhbﬁe o2 sHEf aeg-Loughnessd(Rayst
e poli h|ng 15 0.5A or nore and 10A or |ess,

to mﬁeﬁ; aasg{)%%% 19f weh %Bgewh@nsﬁrEﬁ%%aE@UQBHﬁﬁﬁeQHe (R9)
| uor

ic acid washing after the polishing is ess

afte#% ! een%}g g%g% diAg k94t hﬁﬁhhLEB‘EGBPhacEQ%E\@ﬁ%B and

odinent s “of the inven even t hotgh

alkalain '” a”' Cft% ”E%fl %h;%ﬂrq E%p%‘ékfﬁ%hyf{aé sybstrate,r

§irsE s i nformation récording
the %S%ﬁ égig%g%rEshggghE S%%yshﬁé %%%g égh?éaﬁaii/Ral is
less than 0.62.

A fourteenth aspect of the invention is the inorganic
composition according to any one of the aforementioned first
to thirteenth aspects in which, a surface roughness (Ra} after
polishing is 0.5A or more and 10A or less, and an amount of
changes in surface roughness by acid washing and alkali
washing after the polishing is less than 2.0A.

A fifteenth aspect of the invention is the inorganic
composition according to any one of the aforementioned first
to thirteenth aspects in which, a surface roughness (Ra) after
the polishing is 0.5A or more and 10A or less, and an amount
of change in surface roughness due to hydrofluoric acid
washing after the polishing is less than 2.0A.

According to the thirteenth, fourteenth and fifteenth

embodiments of the invention, even though an inorganic



hydrofluoric acid after polishing of the substrate to
renove gl ass rubbish and abrasive adhering to the
substrate surface, even tfpugh, in particular, a
gl ass ceramics in which crystals and a gl assy
substance coexist in the glass matrix is subjected to
compddres washiawgpecting Iyyr kacebsoughresschsanot disc substrate
deteriorated because of a difference in etching grade
for ietoweertidrhecerystiaky anrdighassypsibstanteebyryheallized
washing treatment with acid and al kali, such that the
glassurfaemyeughness @Rakshs npotvittamagddanteagkalit he
term "amount of change in surface roughness" denotes
hydr@L @muntagfd echarge don isunihacesr eughsesstraekatbveethove
the surface roughness of a substrate after the

glasPohishidg.arRf adhesubstihat-enaf ter chhesabevesdeseuirbede,
washing treatnent followi ng the polishing, and is

even WU Egsed A% @MRUNGL Of schange ckRasurbace LaUgANEs§sEals

surface roughness after washing treatnent - surface

and 5{%{g{gkﬁﬁSsﬁstadrﬁ:léb%tore%ti%tafihepcheobhﬁgisngla'{:rﬁﬂdié ratio
of ~ chang

e In surface roughness is"a ratio of surface

subj%%%hgﬁ:ct}{eo WL Intof <change in sHrkace;Loyghness

rate after the polishing, and expressed by a

dete%j;‘&aéa%egofbe%g edi S %{iff%%%e;q%szhaea%cﬁiagogggde; between

nge I n surrace roughness surtace roughness o)

the éﬁg%%ﬁ?%ﬁufgh%%ﬁﬁpkﬁﬁﬁﬂ%%beAb .¥%%¢Q5QhﬁﬁgeQE8?E8EFg with

I €“lnorgani ¢ conposition accor

. ,any. o f. the abqve-described fir f.ifteenth
ac“ia]%%6$§%#§%NWﬁ%: ,%¥ﬁg'a grgﬁ%%ﬁfgnzéuﬁhgﬁégnﬁ§g§7g8 not
conposition contains the foll ow ng conponents as the
dama?%#ﬁed oxides in ternms of % by mass: Si02: from50 to

90% b ; Li02: 0 :
H%r ig?sgheL%é¥% Jéégﬂékté%:%%Qmﬁg%ggsurface roughness”

denotes an amount of change in surface roughness, relative to
the surface roughness of a substrate after the polishing, of
the substrate after the above-described washing treatment
following the polishing, and is expressed as "amount of change
in surface roughness = surface roughness after washing
treatment -~ surface roughness of a substrate after polishing.™

And a ratic of change in surface roughness is a ratio of
surface roughness to an amount of change in surface roughness
of a substrate after the polishing, and expressed by a ratio
of change in surface roughness = amount of change in surface
roughness/surface roughness of a substrate after polishing.

A sixteenth aspect of the invention 1s the inorganic
composition according to any one of the above-described first

to fifteenth aspects in which, the aforementioned inorganic



fromO to 20% MO fromO to 3% ZnO fromO to 3%
P205: from O to 3% Zr02: fromO to 3% K20: fromO
to 2% and Sb203+As203: fyrom O to 2% by nass. A
seventeenth aspect of the invention is the inorganic
conposi tion according to any one of the
compeatitvierdesorbbed thestoliowiigt eenpaspetssafntinhi Eprmed
the af orenmenti oned i norganic conposition contains the
oxidefsolilnowiengiscofpénbnt s2as:the formed oxides in terns of
% by mass: Si02: from70 to 82% by mass; Li02: from7
t BR% fADROSO frofAN3 byomd6s M@ : fiom O tio 3%%:;:Z@Q:20s3:
fromO to 3% P205: from1lto 3% zZr2: fromO to 3%
from K2@o fa0am Bigte Z% mandtSb203+As203frbmofn tO £; 2Betyy from
mass. According to this enbodi nent, crystalline |ayers
0 to Ofy; lzrchi upra@nostdi g8t exand Ardcdhioumadi2sgi;| iacat baferAs,0s:
apt to be selectively formed. In this case, in the
from iN@igan &yCcoapesi tion according to the present
invention, especially in the crystallized glass, the
Si 2 Spapanentn ééﬂ%%ﬁcQﬁp&ﬁ%nhnv@ﬁ@mA&ZQ% corponertanic
play an inportant role. That is, the Si 02 conponent

comp@nd ildr02 compangnt cakay, eXhECHE! Yhel HBOYEARL sEONPORERT S5t
i n separating I|th|un1d|S|I|cate ['ithium

ro £iMERRY LRl s %&dwﬁlgﬁarE%ea§f@r@ﬁ%ﬁ%@bhbﬁelﬁbﬁﬁﬁp@M
heat treatnent of a conposition obtained by nmelting,

comp kﬂgcﬁﬁ@alﬁ%n%@l'@glﬁg§lﬁeoﬁgmg§§%ﬁkQeQSCQHEO§bEh@H

erelnafter referred to as an original inorganic

onpositi.qn) - an he.9.02 28 conponent is contained,
Odeé%r$%e nﬁhlngnl gWtansam)unt of preferably 50% or

ss0x 38 B " EAPES SRR L okt G 0 from 3
to 1d§% %@O: from 0 to 3%; Zn0: from 0 to 3%; P20s: from 1 To
3%; Zr0,: from 0 to 3%; K,0: from 0 to 2%; and Sby0stRs303: from
¢ to 2% by mass.

According to this embodiment, crystalline layers of
lithium monocsilicate and lithium disilicate are apt to be
selectively formed. In this case, in the inorganic composition
according to the present invention, especially in the
crystallized glass, the Si0, component,

Li0, component, and Al,03 component play an important role.
That is, the 510, component and Li0; component are extremely
important components in separating lithium disilicate, lithium
monosilicate, and a-guartz as a crystalline phase by heat
treatment of a composition obtained by melting, shaping and

annealing the above-described composition (hereinafter

referred to as an original inorganic composition); and the S5i0;



preferably 82%or |ess. And, the Li0O2 conponent is
contained, at the mninum in an anount of preferably
5%or nore, nore preferabjgy 7% or nore, and at the
maxi mum in an anount of preferably 15%or |ess, and
even nore preferably 13%or | ess. And, the A1203
compaaTponentcadrs: agfrfeeict iaze the maplovipginchenepalint of
durability, nmechanical strength, and hardness of the
prefdfHigarilc eompesid, i aprienppareirebllar JOandrcanrbe and at
optionally added. However, in order to efficiently
the rachireve tihe ;aboveundesdr chedecehbeegt $D%t he A2RB3 and more
conmponent is contained, at the mninum in an anmount
preféfarpreferably 10%qr aRag, tHBr el oprehgcaking: 3% eonwriesd,
and at the maxi mum in an anmount of 20% or |ess, and
at Ve e, prief erakhy uk%er phessraberesn, okhgotker More
"amount of the fornmed oxide in terns of % by mass”

prefddenotes an ampuat of,ceachteamerentinGontaknednasntt be
forméd oxide in the inorganic conposition assum ng

prefd 1y ¥Yes, S ates, 3pd sUeR usedeasptheisawor less.
material of conponents of the inorganic conposition

OfAﬁ@? @ﬁ@%@ﬂkﬁ Egﬁégﬁéﬁgtﬁ%ee@féc@@ﬁ@”QQSﬁﬂ;ngHng

converted int'o oxides at time of nelting, which

chemjitcgatlz)%Hfrea%%equ’éﬁh&n%rc%anca 0 Q:Efr%ggﬁh, r Ehat h‘é@%kgsgggf the

| nass o e produced oxi taken as 00%

inor#gﬁf%(ﬁﬁl%é¥gﬁ§$5@1g%&%gguggfkggpgn¥%gthgnokﬁiggglly

nor gani ponpos!tl n accor
scae 005 U530 R, UELOED! Doty VR SO SR e
soscAfiE ST | aned Sorponenl . Comaring M b Wie
miniﬁﬁgﬁx¥ﬂtgéngég%ﬁ%e%%r%réf%r%%&&p%%eor more, more
preferably 3% or more, and at the maximum, in an amount of 20%
or less, and even more preferably 10% or less.

Herein, the fterm "amount of the formed oxide in terms
of % by mass" denoctes an amount of each component contained as
the formed oxide in the inorganic compesition assuming that
oxides, nitrates, and such used as the raw material of
components of the inorganic composition of the present
invention are all decomposed and converted into oxides at the
time of melting, which is expressed in terms of % by mass
relative to the total mass of the produced oxides taken as
100% by mass.

An eighteenth aspect of the invention is the inorganic

composition according to the above-described sixteenth or

seventeenth aspect in which the mass ratio of Li;0/K;C is 5.5



i norgani ¢ conposition thought to easily crystallize is
extrenely difficult to nelt at a | ow cost because of
the high nmelting point of 8 Q2. In order to solve this
probl em and produce an inorganic conposition at a | ow
cost wthin the range of formation of an inorganic
or maonposithcom fofrereindg itypd, componsniecessary to dope an
al kal i ne conponent to SiQ2 to a certain extent.
HoWwewed & 115§ neiet hotah évo redep dmemtos: rdlcs e opipang 1 tiliwpo engnt
rol es respectively, it becones possible to inprove
phosparaadu ctrioddayn iwhidoampriintiainniing geharadt eri st.iiccefe
crystallized glass by adjusting the mass ratio
inorddr2Qf K2hgarsdfreércablhctighb. Sookastrecryptel pieterabl y
9.0 or nore, and nost preferably 9.5 or nore within
extrdidiS; cONpOSsidlitor o aRge. aA @i netveenth Bspeckeobft hee high
invention is the inorganic conposition according to

melt By Re10fot ke cabovenr desedid bed fdirsd tHie eigitleentdnd
aspects which is a crystallized glass. A twentieth

prodi@sPest ofcAe inventicen tisnt ke bnokgarbetr GORPSI then
according to any one of the above-described first to

ran é“éﬁ“fﬁ?ﬁé%ﬂ%%p%ﬁi%wMﬁh@@g@%&%bE% ?%QLQX0§UQEe@hh@9tg%§,

original glass to a nucleus formati on process at 45

% 'd Qued. tnlr eakpeRkaasad Buel eus
tr l§ owt pﬁéggts at %%O%lggqég%ce %%thgalﬁgrgan%c *

cert Qﬂﬂgﬁirhpn ggﬁgggkngsigcéhgtﬂé5588ﬁpoﬁgﬂ€§téPQ@aﬁf@y

ove-descri ositironis nelted, shaped

impo Q9H§9k:{q£; % ﬁ&%@ “eqt e%ogg tp% %@EE@”%OfQﬁpéove

crys Ihn Shase para i'on.
t 1
produc%%%bd%ﬁgpjjggvg ai%inpgﬁ&%rg238%33%§%gakpc@%@gﬁlQQQed

glass St aéjlﬁsr%e r%h%%ee tm%sbse ratio Li,0/K;0 preferably to 5.5 or
more, more preferably 9.0 or more, and most preferably 9.5 or
more within this composition range.

A nineteenth aspect of the invention is the inorganic
composition according to any one of the above-described first
to eighteenth aspects which is a crystallized glass.

A twentieth aspect of the invention is the inorganic
composition according to any one of the above-described first
£0o nineteenth aspects which is obtained by subjecting the
original glass to a nucleus formation process at 450°C to
620°C, followed by a heat treatment as a nucleus growth
process at 620°C to 800°C.

In the inorganic composition according te the present
invention, the above-described composition is melted, shaped,

and annealed, further followed by a heat treatment for a



separated mainly conprises lithiumnonosilicate and
[ithium disilicate. In addition, tenperatures for a
nucleus formation and crygfalline growth are
relatively low, so that crystal separation is
noderate, resulting in a uniformformation of
crysialyistrad pheend mppmmatienpar TR ctieidli laedet erredunddier nore,
since productivity of the inorganic conposition of
nucldihe ipr eRented iatvdnitli®an tics 6Ri0gR, and thbsegnperavureystals
for its heat treatnment is relatively low, it can be
grow nanuacrtured o ligwseosthaso zagriyetab@ieeopbaseako Be
twenty-first aspect of the invention is the inorganic
sepaCONROSidion, acegndiseg ta tanymorenetitheate and lithium
above-described first to twentieth aspects which is a
disigl &8ss ceran:egisubsat rabfpboktudse fdor ax e U d Oformation
i nformati on recording. A twenty-second aspect of the
and dAVentionhd SN eH pfier rati-en veegondiNgspedhum usiyRgal
the glass ceramcs substrate for use in an
sepatdf QI BLd oN, JLC0MdI NG MBAIUM a6car dhRgokA FRemation of
above-described twenty-first aspect. A twenty-third
crys@&ecﬁfﬁn;{ he et on dis therkRergani-g: + CORROSLT i O ce
according to any one of the above-described first to
Nf ct. [ j l:ect.ronisC . ¢L.r gui
prod&é{ﬁl 1t§{ &@Stﬂl% 1%0}%‘_&#&%1&({ ﬁ:ogngo%l%cﬂ)?x tBE thk E}Eb%ent_

substr A twent pect o e lnvention Is

oo S ELTOLE, AL 43508 Lt 50810601 Wk
is }fe::]y\a%:nf‘yéf(}/hl rOdW aS}R‘.e%ta'n %et %%éfcit%%dagg.egigwogogaeso as to

L
nvention s 't he I norgani c C osition accordlng

he eto<%@¥éine of the above-described first to twentieth
Aspectswhich is a substrate for use in an optical

filter. . , . . , .
A twenty-first aspect of the invention 1s the inorganic

composition according to any one of the above-described first
to twentieth aspects which is a glass ceramics substrate for
use in a medium for information recording.

A twenty-second aspect of the invention is an
information recording medium using the glass ceramics
substrate for use in an information recording medium according
Lo the above-described twenty-first aspect.

A twenty-third aspect of the invention is the inorganic
composition according to any one of the above-described first
to twentieth aspects which is an electronic circult substrate.

A twenty-fourth aspect of the invention is an electronic
circuit using the electronic circult substrate according to
the above-described twenty-third aspect.

A twenty-fifth aspect of the invention is the inorganic



A twenty-sixth aspect of the invention is an optical
filter conprising formng a dielectric nultilayer film
on the substrate for use 4in the optical filter
substrate according to the above-descri bed
twenty-fifth aspect. A twenty-seventh aspect of the
compdaiventri ardosddngethodnfopneusiEnght hebprerganccibed first
conposition according to any one of the
to twhove-ddescipched fvhrieh te twenbeethtaspectssasia an
substrate for wuse in manufacturing a magnetic disc.
optidRar tiichte:xdi ameters of crystalline particles of
a-quartz (a-Si02), lithiumdisilicate (Li2Si20), and
| i & hi wan - pOn0siH icatee o L2 $HEB) nake textr égeky bonute,l
and as a result, a substrate conprising an inorganic
£11tCOMAE Liamdf eredngcantianingribeseleiystakl Eném on the
particles has an extrenely excellent surface

subsiodghness .and jexcell entiprchanical strengkbe ascwelilng to
as a thermal expansion property suitable with each

the AMdMe LomponenRt 15025 -rQ rhg Usglul as a substrate for

use In manufacturing a nmagnetic disc. An inorganic

CQﬂpgﬁéﬁ{§HEéqéH¥H“é%?éd% the JLeseRtendib¥entsl @Npethod for

conprises at | east one crystalline phase sel ected

usinié#HQFJH% %?i%(E?g%%%%%?gpogghggag?gf%QlE%gigﬂé of the

nosilic i thi'um ilica

Li 2Si ) e - : Si rSte for
ororEHERSRR ol oty (S o Loy

in which the.particle dianeter, _of those crystals is
use %ﬂ;%ﬁqﬂhﬁgﬁﬁg%fgp@lgﬁgpggégegﬁgférably 100 nmor |ess,

TOge, 32 BLEL S0 SO Lo eSS g ot Lt ol thle
a-s G B SPIZEE L3 1O 1o 8, BB RSmyp0 that @
monosilicate (Li,8103) are extremely minute, and as a result, a
substrate comprising an incrganic composition formed
containing these crystalline particles has an extremely
excellent surface roughness and excellent mechanical strength
as well as a thermal expansion property suitable with each
drive component sc as to be useful as a substrate for use in
manufacturing a magnetic disc.

An inorganic composition according to the present
invention comprises at least one crystalline phase selected
from the group consisting of (those of) lithium monosilicats
(Li,S$i03), lithium disilicate (Li,S10,0s), and o-quartz {o~310z),
or at least a crystalline phase of lithium monosilicate

(Li»8i03), in which the particle diameter of those crystals is

as minute as 1 um or less, preferably 100 nm or less, more



substrate such as a disc substrate used as a magnetic
recordi ng nedi um can be obtained only by polishing,
with no requirenment of texture treatnment; and a ring
flexural strength can be remarkably inproved, and as
a result, the inorganic conposition of this invention
prefdadly Hilghrdegr éesef, mechanistabreserengyhiwpnhl to 50 nm,
durability to high speed rotation. In addition, the
and 4 noenganile comesitt isopwahigt bi sriyavenfioa phassuppréssm 1
the deterioration of a substrate surface roughness
to 3% tef ressyr kacehaet ehisng foreatroepghnesthdasi dabakkabr a
or hydrofluoric acid as nuch as possible so as to be
substcapablei0f apr eviddisag sanpreherabked swbat nateefoc an
information recording nmedium electronic circuit,
reco@BtidEdediivt @an &kC opBRIBEIDESCR BT obli OFhTHE, DRAYVNGS
Fig. 1 depicts an electron mcrograph (EM of a
requitiordd IJzed alass tokExanmpl ety andihhgriédxdepicksrangth
transm ssion el ectron mcrograph (TEM of a

can Hd yﬁ@ﬂﬁﬁ%&@%&&,%@ﬂ%@ . rBERALLED,PESCRY BTHON
OF THE | NVENTI Next, the inorganic conposition

comp%%%ﬁ?&ﬂrgktéﬁﬂéh%nﬁ%%%ggk_g%@vgnhﬁgﬁ WebkeBeodeserhbgdcal

reference to specifi enbodi'ments. The inorganic

Streééﬁﬁxﬁﬂ§ﬁ(§ﬁf§§¥yfy Qot%iggg Pégﬁeghtigiohﬂveﬂﬁi§ﬁﬁition,

alns at least one cry I ne phase selected from

the j]tr}hq%tﬁgafn%p.c %%%isatéi%&ggs}%g; um amnogi.| Legt g@%gggg@e

umdisificate or a-quartz (a-

t | t - [1i f_Lithi i
conerfly el Br Suphalline mhasecal LigHummapen ! boatecace

etch inIJl gn l'Jctree a ! esﬁtta lwsi t%h %"9:"1%9,’

%H%%%i or hydroflucric acid as
much as possible so as to be capable of providing a preferable

substrate for an information recording medium, electronic

circuit, optical filter, etc.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 depicts an electron micrograph (EM) of a
crystallized glass of Example 1; and
Fig. 2 depicts a transmission electron micrograph (TEM)

of a crystallized glass of Example 2.

DETAILED DESCRIPTION OF THE INVENTION
Next, the inorganic composition according to the present
invention will be described with reference to specific
embodiments.

The inorganic composition according to the present



crystal line phases whose nean particle dianmeter being
1 amor less, preferably 100 nmor |ess, nore
preferably 50 nmor |ess, 3and nost preferably from1l
to 50 nmare unifornmy separated. This inorganic
conposition is used, for exanple, in a disc substrate
invergnidbrsushntfadmause ilmastmegret ¢oy s bebl Biqgelmeth uig L eairi
has the above-descri bed properties, such that the
from iutor ganiup coMpEdsittingn cifs tiohhavemoaokiatcahd $hbolis) .,
surface having a surface roughness (Ra) of which is
1ithilGA drsilessite prefhet ablly oxAcerubess, (mpEeOpr eferabl yeast a
3A or less, and nost preferably 2A or less; a high
crystechan galasst rrengtik Hinmvhicel sa 1 ickng fLex3i@) ,stocemgtilsing
is 300 MPa or nore, preferably 450 MPa or nore, nore
crys el @falina H00 iMParalcmaeu tkuktther aer ehopleterabky
750 MPa or nore, and nost preferably 750 MPa or nore
crystad iH00 M2 OfvHLSS meaid pa rtbheneakiexpansi BBing 1 pm or
coefficient in a tenperature range from25 to 100C
less Wh&rd Sspaf 1de ool o MR s 5o f X197 feddnDf POrgmand less,
at’ the maxi'mum +120 (xI0- 7.C- 1) or less, and
and & erabl 4100 (g7 +& Eb @k 1:88SuniFURkher BBEBrated.
Young's nodul us of the inorganic conposition is 80
GPay, 0L 1K £y 5 A1 %&@péﬁeﬂéd C gradd y dheresfdis 244 a
or ess. f%ls substrate Is subjected, after
- P s e n . ac a :
e P gt Lo ionl ah 44" “and" abrdarvee sdRer (g tGoC
and ﬁ$§1§&?%ﬁ£§;e1 cﬂﬂ% re} Qo?%%t%%%e s%%bat85¥skﬁgl'zed
gllass in particular, because of the coexistence of
. crystals and .a gl assy conpaonent d.n.a_gla tri
RO (%é%x%%ﬁﬁﬂﬁ%séjf%n S ag%de%éﬁ%%?a?gddﬁgofgﬂa%h§faée

havirggii ;agg{}ler aecei nroeutg%rllziens% g(rRaaqe ot%etw\f\ﬁelec% tilge l%ﬁy%trall e%%‘?
preferably 5A or less, more preferably 3A or less, and most
preferably 2A or less; a high mechanical strength in which a
ring flexural strength is 300 MPa or more, preferably 450 MPa
or more, more preferably 500 MPa or more, further more
preferably 750 MPa or more, and most preferably 750 MPa or
more and 1600 MPa or less; and a thermal expansion coefficient
in a temperature range from 25 to 100°C which is, at the
minimum, +50 (x1077-°C™) or more and at the maximum, +120 (x107
7.°cly or less, and preferably +100 (x107-°C') or less.
Furthermore, Young's modulus of the inorganic composition 1s
80 GPa or more, and the specific gravity thereof is 2.7 or
less.

This substrate is subjected, after polishing, to a

washing treatment with acid or alkali te remove glass rubbish



conmponent when a washing treatnment with acid, alkal
or hydrofluoric acid is perforned. Therefore, in the
present invention, it is qossible to decrease a
deterioration of surface roughness due to the washing
treatnment to, at the maxinmum 2.0A or |less, nore
and ginefsdrvals ypwdheBAngr thesbe andstfgkehenrhnee. prief rfgblgase
_.OA or less by reducing the dianmeter of the
of a contsaiaidd zpar vilelses ishparngcalerysbatbiine phaskeas
much as possi ble and decreasing the existence ratio
coexiaftepatd icdl esysshaw ngdt hegérysyatbbinpenphasen &ngaass
etching test, hydrofluoric acid (HF) was used. A
matripgl isshed substroatdnwas kanEssed datarsotatéodue to a
containing HF (0.48% by nmass) for 1 mnute, and
diffesubsequentlynwashedatie neertehntBesur{acelr anghgesssof
the substrate with an atomc force mcroscope (AFM.
compoefefeld, ot hashnergarceeerposithoncof, t hexpr esent
i nvention can be obtained by nelting a conposition

hydr&SONRYA:1 nGidt he fell-owag . component se asid hend asr@tknt
oxide in terns of %by mass: Si02: 50 to 90%

lnveﬂgﬁiﬁrqg!ﬁs %o%%l%%%)t%i@%bréagg A5%erpreterabhyof to
13% 'A1203: to 20% preferably 3 to 10%9 MO O to

surfé%@ (ahﬂ% L0 3% +B2Q9, Q,kQ;39 tgéggmegtt903%étK@Qe
Sb203+A3203 0 to 2% shaping, and

mam%neaj 'dﬁg’oe‘ q'e's%W%%é %f@r s% &rgﬂta@n&egg and
efts

ystalllze the éonp crystalline phases

further lﬂ?é?% %%hgiﬁsgsy l'ﬁgggnbgk§bﬁhggﬁgrtﬁ@ddlameber

uartz are s OFITE rel na a reason
of th%«ﬁﬁﬁ-a%&&%ﬁkg g%pe%erhow15fagecF?EQBQEEXe BHX@ECQE much

9 osifion o
as possible and decreasing the existence ratio of particles
showing the crystalline phase.

In an etching test, hydroflucric acid (HF} was used. A
polished substrate was immersed in a solution containing HF
(0.48% by mass) for 1 minute, and subsequently washed to
confirm a surface roughness of the substrate with an atomic
force microscope (AFM).

Therefore, the inorganic composition of the present
invention can be obtained by melting a composition comprising
the following components as the formed oxide in terms of % by
mass:

5i0,: 50 to 90%, preferably 70 to 82%; LiO,: 5 to 15%,
preferably 7 to 13%; Al;03: 0 to 20%, preferably 3 to 10%; MgO:
0 to 3%; Zn0: 0 to 3%; Py0s: 0 to 3%; Zr0z: 0 to 3%; Ky0: 0 to

2%; and Sbhy0s3+As;04: 0 to 2%; shaping, and annealing, followed



showi ng a crystalline phase of the inorganic
conposition according to the present invention are
restricted as described abpve will be descri bed.
First, regarding a crystalline phase, in order to
obtain a desired surface roughness, the crystalline
by a phase fpreefrercali] o contaiis iket hhencaoposehigat e'hus
(Li2SiB), lithiumdisilicate (Li2Si 206) or a-quartz
crysi(arSiiR)pisiese ofepartativonmoabiso liisateel atknéhy Hapgéicate
and whose crystalline phase is in mnute spherica
and pardd:edL ey me rote verlef €cablkyl.contains [ithium
nonosi licate, and nost preferably lithiumnonosilicate
(LSt Birset) thirmadisivicat edtii2Sie2 B arane ra- guarttze
(a-Si02). These crystalline phases are separated in a
propd@l @t ipelan dawp enperatuke or asgeckotionnoli pateicles
crystalline particles, and a conposition with an
showBXf e | enfsisurf;ace lﬁq@%@h%ﬁs%h@ndn@l‘&)ﬁéh@@ coRpepertyni s
easily obtained. In this case, in a relatively | ow

accot®meral ung nange of stheenyst aklkl zaki-en ckeapaksabidseribed
range in which crystalline phases of the

abov%g9¥§[q§§gﬁ&g§qgééfnyn1_nonosiIicate (Li 2Si @3) and
ithtrumdisilicate (Li2S 205) coexist, the

cr li i cl j r:j | ' , .
CrAPHEL) LRERRSLE LIRS BT T o oo

o e D g, ANGS e gAML Uy sy
con | P05l g SIS TS S0 BeRRITEL i cace
55,4051 S35ES e8] S0 o e gt 2, oo, god e um
cor H{ A0S RGPS BESRSIR R TLn  eamet

snmoot h surfac [
spherical particeﬁ_ee fb rma},penroo er Ip%:tegﬁj

Qéably contains Lithium
monosilicate, and most preferably lithium monosilicate
(Li,S104), lithium disilicate (Li;3i:;0s) and a-quartz {(a-SiG;).
These crystalline phases are separated in a relatively low
temperature range to form minute crystalline particles, and a
composition with an excellent surface roughness and physical
property is easily obtained. In this case, in a relatively low
temperature range of the crystallization temperature range in
which crystalline phases of the above-described lithium
monosilicate (Li,81i03) and lithium disilicate (LipSi20s) coexist,
the crystalline particle diameter is extremely minute, so that
a much more superior surface roughness can be obtained. Also,

since the separation of o~quartz (0-510;) with large particle

diameter is limited to a low level, the surface smoothness



separating a-quartz (a-Si02) has been established in
the present application. In order to realize a
reduction in surface roughfess after polishing and
excel | ent nmechani cal strength as described below the
exi stence ratio of particles showing a crystalline
beconphaseaifes itoa .beflovaveer nsinte % ibyu ass,; steto tthes ud b drim
1% nore preferably 3% and nost preferably 5% and,
incretsddhe hatiimimond 4% caobe tpeehierabkyd3884 aadinbsto
preferably 25% Next, regarding a surface property, as
causdlesgiddeed cabovedival, oagmetithaanliympnovehentirface becomes
| ongi tudi nal recording density of an information
neced£60f ding Jwdicfmana ufikeatkhgohai ght fatea beadnahas
becone recently 15 nmor |ess, fromnow on advanci ng
techd@m kb I¥P0h Lesesieheigbbrhovardsca peaspposbachtely
recording systemor a conplete contact recording

sepa SHS athéyﬂyﬂXdL@iC@Prﬁ§§p@@@nWéﬁfb@%@%hédtﬁmd@ﬂ§y,
snmpbot’hness of a substrate such as a disc substrate

Ggﬁ§t superjor to a product currently in use. Even
5 a I L OIS
pre t ouéﬁga high density input/output is attenpted to

pefzfloéf%lépa?@ nagNetj & 4 e ding medi um Wl aoughness

conventi on Tevel of snoothness, input/output of

aftefngg¥§éé§iﬁsgﬁﬁ é%y@TTéHQem§%%§§§¥§q becayserof sagkargened

di*st'anc tween a head an ium Furthernore,
tt ting.t e this di st a,3 alline
A O it s el Nt

with.a head, resulting.in. a d olo [ I URL
Pha&%aﬁadé?k“%céé%&fﬁﬂFny?ﬁ %ﬁd@?ggé gggﬁggaﬁggggggéngéé

wore BIERFA Sy FUISLLALE famnds B uell, o3 adueeiap ohes
maxiédé&ugig,i%gégnﬁégfgfgbﬁyp%%%?C%nd most preferably 25%.

Next, regarding a surface property, as described above,
along with an improvement in longitudinal recording density of
an information recording medium, a flecating height of a head
has become recently 15 nm or lessg, from now on advancing from
15 nm or less in height towards a near contact recording
system or a complete contact recording system. In order to
correspond with such a tendency, smoothness of a substrate
such as a disc substrate must be superior toe a product
currently in use.

Even though a high density input/ocutput 1is attempted to
perform to a magnetic recording medium with a conventional
level of smoothness, input/output of magnetic signal cannot be

achieved because of a large distance between a head and medium.

Furthermore, attempting to reduce this distance causes a



state, the surface roughness Ra (an arithnetic nmean
roughness) for a current magnetic recordi ng nmedi um
is, at the maximum prefeyably 10A or less, nore
preferably 5A or less, and nost preferably 4A or
| ess, and that for a future magnetic recording nmedi um
collisiomtoft heonexithoms pnefemabliym7Adosc| esbgtrabee with a
preferably 3A or |less, and nost preferably 2A or |ess,
head,antkdis, tialg tihe amhriadumear@gbAzar medéutnodaretea
requirenent for its snoothness. In order to obtain
Accorsuichy gy f lial cangkrsmeotioipoki sbed sumbgeeaadddasdesired
ring flexural strength, a nmean particle dianeter of
substiaitd clesEhow AG1d Gysidakkine pliasehbAd an kneeganinc
conposition in the current nagnetic recording medium

even IS flcHd e B BaL yoneferabky igpreoghltess, ifibkecontact
preferably 100 nmor |ess, and nost preferably 50 nm

statdl dresSurahid edi@helsR 2l utur e rARgRetie nesar dofignness)
nmediumis, at the maxi num preferably 70 nmor |ess,

for ANd;mstc Hﬁ&ﬁﬁﬁﬁglKe%%r@qhgohebgﬁ§,léndaﬁtthaemaXLmum,
m nimum preferably 1 nmor nore becalise of the

prefégégg?nﬂpﬁ.Qﬂequ%@59H§@ EQQ%QQEgQ?GBAaOQEQQQQ'Cﬁhd most

of an 1 norgani c  conposition can be |nproved

prefé%&ma W ReRar %wdlor&h%ft ggmugefueﬁxgt aglghe@lc _

parti‘cles. partic separated crystalline
art | r vent gr. nu sgzas .t
recoenéﬁ?é“?ﬁéQESgﬁl T (ﬁgre ugghénb% %?%5?5 2?aéﬁ Ress,
moreFﬁ %%ﬁﬁéggﬁ'Chl %é%?sﬁg sE'g%e%ErggthEhngz less,

anat ZEr 4 LA o, L SRt eg«%fsacgs'e%%gw%we%
e SERLIMM Protorably L Bm 0L | 258, i1 PLEf oL 20l 108
pollggg%zgugggce and a desired ring flexural strength, a mean
particle diameter of particles showing a crystalline phase in
an inorganic composition in the current magnetic recording
medium 1s, at the maximum, preferably 1 um or less, more
preferably 100 nm or less, and most preferably 50 nm or less,
wnile that in a future magnetic recording medium 1is, at the
maximum, preferably 70 nm or less, and most preferably 40 nm
or less, and at the minimum, preferably 1 nm or more because
of the aforementioned reasons.

Furthermore, a mechanical strength of an inorganic
composition can be improved by a uniform separation of minute
crystalline particles. In particular, the separated

crystalline particles prevent growth of minute cracks so as to

enable the significant reduction of minute cracks caused by



mnimum preferably 1 nmor nore. In order realize the

af orenenti oned reduction of surface roughness and

excel | ent nmechani cal propeggy after polishing, an

exi stence ratio of these particles showi ng a

crystalline phase is in a range of, at the m ninmum
chipd@borathmorhe, tpmef erfalploy i s3%nor proressand . nostse from such a

preferably 5% or nore, and at the maxi num  44% or
viewd®Ss;, pf eferrabhlayt34%ecoriilzessprand nhst sppetetalll padB8¥wles

or less. After polishing the substrate, a washing
showideal ments Mt neagind ser ial kaki descpebtadr apdvep nenoie

gl ass rubbi sh and abrasive adhering to the substrate

maxirSMff aoe rdandiRe 1case of 1khe, epyst phkiczedbghassoi Am or
partlcular bécause of coexistence of crystals and a

less 9 B8SHLOMANE M 2 12 10KASH FRE birX 1 e@sSUBRACAL the
roughness tends to deteriorate due to a difference in

mlmlﬁiﬁh'ﬂ%f&rﬂ% hetween ehystals and a glassy conponent
when 'a washing treatnment with acid and alkali is

petf orppd. Ther egé;r e 1 464N AArgs et r'é@(.@?:tl'o‘?ﬂofa surface

deterioration o urface roughness due to a washing

roug}g’{eesag ent é}fchesili G8S fatth c%qug%@ﬁ%g ga%t%Fe§%5§SHXng,

ecreasi ng anmet er 0 contal rtic show ng

an e YA alddne oq_hac?w% fafi%l%&ter e and,! gw@&»ggg.a&ﬁ%ae
exi stence Ttatio fi'cles ShOMAn a“cryst !lne
phaséjhigsagiéd-rhgﬁar%g%t eorf Or %t It%nggm n%%ru];nac% r %EQE]]B%%S b%egirably

more’prefera

o i ferab
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val ue of the rate of
or less.

After polishing the substrate, a washing treatment with
acid or alkali is performed to remove glass rubbish and
abrasive adhering to the substrate surface. In the case of the
crystallized glass in particular, because of coexistence of
crystals and a glassy component in a glass matrix, a surface
roughness tends to deteriorate due to a difference in etching
grade between crystals and a glassy component when a washing
treatment with acid and alkalil is performed. Therefore, in the
present invention, a deterioration of surface roughness due to
a washing treatment is successfully reduced to 2.0A or less by
decreasing the diameter of contained particles showing a
crystalline phase in the extreme and lowering the existence
ratic of particles showing a crystalline phase. The

deterioration of surface roughness is reduced, at the maximum,



change in surface roughness (I Ra2-Ralf/Rall) is
preferably |ess than 0.62. Next, the ring flexura
strength and specific gravd¢y of a substrate will be
descri bed. As described above, in order to inprove a
recording density and data transm ssion speed, the

mere terdeney of thi ghsdpeediestat bod sfilhfoenatpoaterably to
recording nediumdisc substrate is in progress. In

1.0A @rd@rstsa correspond wth this tendency, a substrate
material nust have a high rigidity and a | ow specific
gridwd Ve S8 de0 preNertssa (@asc afriebr abilaphdug e themed
defl ection during a high speed rotation. And, when a

Ral, Sipstihate pRakeridalyaksidgedri A1aaporabhengegotding
devi ce such as a head contact and a renovabl e

polidtBeRy i@ esaRPAr AkUSerhbabrEONES DECESSAry-herribe of
substrate naterial to have a nechanical strength, a

chandd gh Young s pedubusssandras-gunfage:har doessceapabl ¢
of sufficiently Standing such a wusage; specifically a

less théy@q%2§trength bei ng preferably 300 MPa or nore,
and Young's nodul us being preferably 80 GPa or nore.

Theref ore,. r.egy %1*&&@89&%& by %@e@g&i@'ﬁo gf:%?h@é:y of

thi's Vi ewpoint, e ring flexural strength is,
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re prerera a or nore, sti
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with this tendency, a substrate material must have a high
rigidity and a low specific gravity so as to prevent a disc
vibration due to the deflection during a high speed rotation.
And, when a substrate material is used in a portable recording
device such as a head contact and a removable recording
apparatus, it becomes necessary for the substrate material to
have a mechanical strength, a high Young's modulus, and a
surface hardness capable of sufficlently standing such a
usage; specifically a flexural strength being preferably 300
MPa or more, and Young's modulus being preferably 80 GPa or
more.

Therefore, regarding a mechanical strength alsc from
this viewpoint, the ring flexural strength is, at the minimum,
300 MPa or more, preferably 450 MPa cor more, more preferably

500 MPa or more, still more preferably 7586-MPa or more, and



vibration. On the contrary, when specific gravity is
small but rigidity is low, it simlarly generates a
vibration. On the other hgpd, when specific gravity
is made too low, it becomes difficult to obtain a
desi red nechani cal strength for the substrate
most natefd dbl yThereiMie od tudhec anes 1hedesFar yrt dekeep Boung's
bal ance between seem ngly conflicting properties in a
moduXisScis sybsiFate; ndiat. is, high rigidity versus | ow
specific gravity. 1In a preferable range of the
bali@f€er A wddh Or 0f i XOUNY $ himpduus (fRa)Fispeaishiiay is
gravity is 30 or nmore; in a nore preferable range
largd hefeofgudhe 4t inRdesi33 Qaueies aRdlkerttbe diesto a
preferable range, the ratio is 35 or nore. Regarding
largSREC € HAdIY gl Just ,hQ%,hZ-sée% essteventW thnarate
high “rigidity, but when it is below 2.2, it becones
vibrSURst anighalhy dhttheyl thenobbaknra-sybstialeis small but
material with a desired rigidity froman inorganic
rigiGANPOSL IO ofy this 1LyRe, 2egarding . hepml 18Kpans) ofne
coefficient, along with-a i mprovenent in recording
d i ty, [ reci si 1S, required. in Si t:i.on|
Othe*a%ﬁ%%’etwkgerﬂe%cgrﬁ%aﬂﬁegﬁlﬁﬁ l%o%taﬁigt tgghil%%’ 10BeBnes
. --di mensi onal. accur d.S f.ar e of
at e R T Sl PR B TR sl B ey R he
effect of differences in thermal expansion
SubS T 1 i Hrong ERELE" ScoRbORGRTLe DaRgRBESABY t© keep 2
negl.i gi ble, so that differences in 41 hese .t her mal
oa LA A G b G et S TRISE e e RS T L) d ag reC
ossi bl e. As a caonponent, used in a snall-sized, :
Subsﬁg‘%ﬁgﬁ-ﬁe« i irr fearort | NG STEG o ﬁpﬁgﬁilé:u%a,“ty'
the one having the _thernal expansion coefficient in a
In a \ifge® F¥orR 490'%% 100'¢ (R1677€- 17 8 Micdéty 1G88d, ®and

it is thought that the thernmal ,
modulus (GPa)/specific gravity is 30 or more; in a more

preferable range thereof, the ratio is 33 or more, and in the
most preferable range, the ratio is 35 or more. Regarding
specific gravity, it must be 2.7 or less even with a high
rigidity, but when it is below 2.2, 1t becomes substantially
difficult to obtain a substrate material with a desired
rigidity from an inorganic composition of this type.
Regarding thermal expansion cosfficient, along with an
improvement in recording density, a high precision is reguired
in positioning a magnetic head and a medium, so that a high
dimensional accuracy is demanded for each component of the
medium substrate and disc. Consequently, the effect of
differences in thermal expansion coefficient among these

components becomes not negligible, so that differences in



expansi on coefficient in this range is also required

for the substrate. However, sone drive makers nay use

materials having thermal gxpansion coefficient beside

this range (fromabout +70 to about +125 (x10-7C-1)

for the conponent. Fromthe above-described reasons,
thesd ncloFherl texrhe: scapablce £ fatieotsespendbrgmatiehaa Widele as

variety of material properties of conponents to be
possiuses. whisl @ kegpbngnbaliaaceimi & hssérengt hed magnetic

crystalline phase of an inorganic conposition of the
infopf@seit rddientiomedihe tihepaal: iexpansi ehecoekf heivénty the

in arange from 25 to 100C, at the maxinum is

therdd Bf & 34 #D Q- doek0A ol )inok: rABHe, fane abotbe +100
m ni mum preferably +120 (xI0-7 C1) or less, and

(x10TOPe-prekerabky y+tE904( XhRa7:i € 1) ofohgss. tﬁ@%tthéh@hermal
reason why a conposition range of the inorganic

expaﬁ%ﬁg%x%ééfyldE%%tb%%ntﬁﬁ%t&%%b%d1@Sa@§%CEbQQQréBO¥§r the
[l be explained. In this case, the content of each

subg&ﬁﬁﬂQne%% fggrthgoh@oﬁg§eécmﬁ9QPQSh£§oﬁsésm§%@f§§§§dhaVLng

terns o by mass. Furthernore,” in the present

therﬁgﬂ(%%Féﬁgldﬁxgoéyklé§&m@@%%ld,ftﬁggpgg%%ES Egoﬁhgbout

I norgani ¢ conposition expressed in terns” of % by nass

+70 & & N +rhez§°rl$1ed“5°é’ﬂt98rf9f1£‘ego éﬂsﬁ'é?tdeflved

om each ¢onponent expfessed i n ter % by nass.
Th@ inorganic conposi ioend Sording Lo Ine PLesel capabie

|nven ion’i s prep are or ‘exanp é y ne ting,
sha and 4 anne i ng t.h ve-descr.i .
%%gﬁ%ﬁﬁh V%ﬁéggy Prea?ngﬁﬁalaﬁgopﬁrtles of
S|02 co nent is extrenel ortant o] onen
compR R a G o3 af?%@t e SaLr TR & it T Jetagpen In a

I|thjun1d|S|I|cate Li 2Si 26 and a uart
crysigEbiHt i e &%%%%%@%5&@%% dotheT; tReprekent

treat nent.
invention, the thermal expansion coefficient in a range from

25 to 100°C, at the maximum, is preferably +50 {x1077-°C™") or
more, and at the minimum, preferably +12ZC (xlO”-°Cﬂd or less,
and more preferably +100 (x1077-°C™") or less.

Next, the reason why a composition range of the
inorganic composition has been restricted as described above
will be explained. In this case, the content of each component
of the inorganic composition is expressed in terms of % by
mass. Furthermcre, in the present patent application, contents
of compeonents in the inorganic composition expressed in terms
of % by mass are all the contents of the formed oxides derived
from each component expressed in terms of % by mass.

The inorganic composition according to the present

invention is prepared, for example, by melting, shaping, and



However, when the content thereof is 50%or |ess, the
separated crystals of the obtained i norganic
conposition are unstable d apt to coarsen the
crystalline structure, while when the content exceeds
90% it is apt to beconme difficult to nelt and shape
anneaANiartganioe veenpesirtbend ppnppstoibhefheatwetir pgt aeneat
(referred to as an original inorganic conposition).
treathherief one) dthe saont eptpsange therreofxi serfaglom imatotthent
mnimum preferably 50% nore preferably 65% and
compdrasit preferablae W%scand 40, Lathidie mmdsiimeate (Li,5103),
preferably 90% nore preferably 85% and nost

1ithpreferabl v 82%11hei kd.20 cenpaneitris ap-exbrenddparated
I mport ant conponent to produce |ithiumnonosilicate

as a(éﬁ’f)?ﬁ%a@)z_r@"%hléstemb@{mt@es'h'ela%aﬁz@eaﬂﬁbg@ 205) which are

separated as a crystalline phase by heat treatnent of

t e, RLL G NalLd NONGan & GoPAsidQF iHoweveh, Waen, the
content thereof is less than 5% the above- descri bed

sepafg%gHzgffgkéyé gy shal $pand %He1H§E5589coEoﬁBQSQEhgthEe

I nor ganl C conposi tion are bot apt to becone

unst %J é%ﬂta 5”%% €M¥$% %h%h%o Sgkaﬁﬁgﬁ§d§t}é%%uEEe while

ained crystals are unstable so as to not onl

when €%ﬂhléﬁé%% r%&ﬁ:e@% %@$5t§klﬁgea %tEBCBQE$ﬁQUE%§k§Qult to

eadfiy Feduce the chenical” résistance

t he, range of content.thereof t_th ni om
et ol ey%%mr%frgém&rcefcspgb|5ﬁ% i %gf”‘C? THE) nebE oy
at the maxi ?refer 15%

treatyln Al B 1S A T ol B aB1y 230 Th GMRISE5 ton)
f bl
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conposi tion. Though the t f se arated cr sta
pref%%%g@éé 0%, more ﬁ%eferabl Q % most pre erak?y 70%

and to, at the maximum, preferably 90%, more preferably 85%,
and most preferably BZ%.

The Li,0 component is an extremely important component to
produce lithium monosilicate {L1,5103) and lithium disilicate
(LisS81.0s) which are separated as a crystalline phase by heat
treatment of the original inorganic composition. However, when
the content thereof i1s less than 5%, the above-described
separation of crystals and the melting of the original
inorganic composition are both apt to become difficult, and
when the content exceeds 15%, the obtained crystals are
unstable so as to not only readily coarsen the crystalline
structure but also readily reduce the chemical resistance.
Therefore, the range of content thereof is, at the minimum,

from preferably 5%, more preferably 6%, and most preferably 7%,



di fferent depending on the heat treatnent conditions,
even though taking various heat treatnent conditions
into consideration, in orger to separate |ithium
nonosi licate (Li2SiO38) and lithiumdisilicate
(Li 2Si 206), the A1203 conponent is contained in an
and ol meangiung frromrede ribé ymakk nump reppekérabby v 2094
nore preferably 15% and nost preferably 10% and to,
and madst he-dadadamim 1pref erably 1% nore preferably 2% and
nost preferably 3% The MgO and ZnO conponents are
t hDise AD,otoapbyehtipt Overetdeaied tivgimropes ty dietimsl
i norgani c conposition but also prevent the coarsening
resiffartdie Sepaated iekysthaksineandoff UpEhersRpanithey are
effective in separating crystalline particles of
compdd tthidin npReskhi eater (be 28k OBdpangr bt B P a Uk Shédoat e
(Li 2Si 206) in spherical formas a crystalline phase.

difrdinavelop Mhen o ReY rake reant airRedrkAtexeassribhe, even
obtalneé) crystals are unstable and the crystalllne

thou&ﬂrﬂg§fwf\k§u§ﬁ% %%atb%%%ﬁ%m%%%r%%nd%lehét15@@ MyO
conmponent is contained preferably in an amunt of 3%

consfHe é¥¥%n'wqreer§§1y&%bg% el l@%ﬂ%ﬁh,ﬁﬁn%%@@ﬁca%és

nmost ‘pre i'n an amount of 1% or |ess.
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of "prefera | ess, Thor'e prefera

is cclm Saslneaanlq] n%{c’tan%ru% L |g¥L \]g n €8$- 44 o %Q?mﬁ?nos

component he presen |oﬁ I's a use
oces SR T, BASDY ST LA, 100,
ona 12 SRR OSBRI L5 SOSEY | D20 MBI cpy 2v, ana
nost ng[e enraalb |yn%rﬁgan| Cc COfT'pOSI tion occurs,

The Mg0O and Zn0 components are those to not only improve
the melting property of the inorganic composition but also
prevent the coarsening of the separated crystals, and
furthermore, they are effective in separating crystalline
particles of lithium moncsilicate {Li,3103) and lithium
disilicate (Li,Si,0s) in spherical form as a crystalline phase.
However, when they are contained in excess, the obtained
crystals are unstable and the crystalline structure is apt to
become coarse, so that the MgO component is contained
preferably in an amount of 3% or less, more preferably in an
amount of 2% or less, and most preferably in an amount of 1%
or less. Furthermore, the Zn0 component is contained in an

amount of preferably 3% or less, mecre preferably 2% or less,

and most preferably 1% or less.



so that it is preferably contained in an anmount of 3%
or less. Furthernore, when the P2C5 conponent is
contained in an anmount ofg4 ess than 1% the
crystalline nucleus formati on may becone insufficient
resulting in an abnormal growth of the separated
criisd ait-l0k neophasen s oiret i mesyraumtt timaterittidrs is a useful
preferably contained in an anount ranging from at
compdrize tmadtium a3%eat eryvataliheemhnciane f8mThe Zg2t for
conponent is a useful conmponent not only functioning
the iaS&aCliyscakpione tnvel. euscodovat hgvlagemthd ar, 0k heomponent is
i norgani c conposition simlarly as the P205 conponent
cont e dliso anhavicng ta ekesarkabl esef hactpkbegtanat uri zi ng
the separated crystalline particles and inproving a
devitraghanitcalh st engt Braginuel knasganchesbepbsieshst aneers,
of the material. However, when it is contained in an

so craount exeeedi=ngn3% cbh@a%leal nal ani BRKEADI 6Ff 3% or less.
conposition is apt to becone difficult to nelt, so

Furtﬁé?ﬂoﬂé L3 etontRl Bed '6bﬁ§bﬁ§ﬁ¥“ﬁs‘ﬂbﬂﬂ%ﬂﬁe@| n3%h0%mount
|’ ess, nore preferab? . 7% or |ess, and nost

of hﬁ%ﬁﬁﬁﬁﬁphﬁ Zt%é’% ys%%&11IEen5%Qe99"E89ﬁQ£lg§ Aay become
conponent not only inmproving a neiting property” of

lnsuféy%ﬂéﬁ%rQ%%l?tﬁ%@p9§' hogbgHEmth OQEEVSEtEHQ separated

coarsening o separate cryst contal ned

crysrfladhd s Fef erskféﬁfh"?}*gtp ELEE""QE&%}%Z%ZOS
COﬁtalﬁgRPgEP%.an%Féf %F%%gﬂgn%gg argt ?ﬂsdm§§1§um 3% to, at

ari fican € i norganic
conp05|t the sum of those conponents being in an
ﬁ'Z@bor | ess, nore preferably 1.5%or |ess,

t preferably 1% or In this case, the Na20
%r?ern P e R Benbonent. WFERL sonbonEnt iEe Hfy

functioning as a crystalline nucleus forming agent for the

the

inorganic composition similarly as the P0; component but also
having a remarkable effect in miniaturizing the separated
crystalline particles and improving a mechanical strength as
well as a chemical resistance cf the material. However, when
it is contained in an amount exceeding 3%, the original
inorganic composition is apt to become difficult to melt, so
that it is contained in an amount of forcibly 3% or less, more
preferably 2.7% or less, and most preferably 2.5% or less.
The K,0 component is a component not only improving a
melting property of the ilnorganic composition but also
preventing coarsening of the separated crystals. It is
contained in an amount of 2% or less, more preferably 1.7% or

less, and most preferably 1.53% or less.



apt to pose problens in preparing a nmagnetic fil m of
hi gh precision and mniaturizing the sane. Wen this
conponent is present in assubstrate, the Na ion
diffuses into a magnetic filmduring the film
formation to cause an abnormal growth of the magnetic
fiTime p3rO: ctespanegnta aedukstiConcofpeheit aveiendedi onsa
so as to be apt to deteriorate the magnetic property.

clariBurdehgr rmor ehet erNa cifonegtadygakhy dihbfosesci atopohetion,
magnetic filmlikely to deteriorate a long-term

the sstrahif itthysef carhbensagsetiednpr opertyasauhtt hat 2% herNa28s,
conmponent is preferably not contained. Furthernore,

more e fRQuienanéntr Sesenpvendnmentablkyfanavhfavdrabl ess.
conponent so that the use thereof is preferably

avph dedi ascaaieh @as pessi bbepcAcgonpongntoeooPensi wgich is
netallic oxides of V, Cu, Mn, C, Co, M, N, Fe, Te,

apt € pd¥s NbrAREErn rkblelyigt e saboetac ghasscandigh
deteriorate other properties thereof so that it is

precitf LA YuRaktsubstiant iakl yagent aimned. t INextgorgbfderis
to prepare the inorganic conposition according to the

presdfieSeNt, iventien, ahkek.a:pat grikalishavings hhgagnetic
above-descri bed conposition is first nelted, and

£ilm SHU L 8de EQEﬁl%%En%%@%%ngooEaﬁséohg RLAGE88L NGrolihg of

material is heat- treated at a tenperature ranging

the @ﬁéﬂ%ﬁé? %£¥§'%%Q%q%qbﬁ4égg aogfg%EE%oHrS%GEHQH¥ 480C

) re preferably or nore, to, at

orieﬁ: gﬁgﬁ%%F%ﬁ%g%%%cbepﬁgke%%bhgtéggggaﬁgdtHBr@ggnetic

pr for about 1°to ours to m a

pron 5L L SRk Uzl bl NP, B gl FERIBT L cne
nasnd 38 4y 34,05 TN 8000, PRS[E0LX 15060909 o
the magnetic property such that the Na,0 component is
preferably not contained. TFurthermore, the Pb0O component 1is
environmentally an unfavorable compeonent so that the use
thereof is preferably avoided as much as possible.

A component comprising metallic oxides of V, Cu, Mn, Cr,
Co, Mo, Ni, Fe, Te, Ce, Pr, Nd and Er is likely to color a
glass and deteriorate other properties therecf so that it is
preferakbly not substantially contained.

Next, in order to prepare the inorganic composition
according to the present invention, after a material having
the above~described composition is first melted, and subjected
to a hot shaping or a cold processing, the material is heat-
treated at a temperature ranging from, at the minimum, 450°C

or more, preferably 480°C or more, and more preferably 520°C



10 hours to performa crystallization. Furthernore, in
order to realize a further snoothness of a substrate
so as to correspond with 4 tendency of a high density
recording in the future, a nucleus formng
tenperature is, at the maxinum preferably_700C, nore
or MGkt diablt M,M%@%S@ZQ%rre%ﬁfﬁraé%c. 8Pn8t' hpgd more
case, when a crystalline nucleus formn tenperature .
prefgerones Y50C 67 19883 & Acléudons SnéP %SF%B §6YStRat e
crystallization is not initiated, while when the ,
nucle¢ehperatiime bédomed BZ0CTeAtHSNE, 2hof SRMYSE2RUEFeGdNIL1nNg
formation but also a crystalline growth sinultaneously
fromocrurthe golntiatmt 1€ 0CKy straoirgatioon 2lse ¢regaximum, 800°C,
uncontrollable. In addition, when a crystallization
prefaenper atul e, sicowered tre £ e620Cvo6815e§s foevehoat 0.5 to
crystal having a preferable thermal expansion
10 heooef ficipmidar d yrgreows liged iwhen thethermore, in order
crystallization tenperature is raised to 800C or nore,
to reéelity st aluhdmdngradibwesspats izos upsaperey sos asorteoed
to be separated. A crystalline phase of the thus
corré&spysidaldized inoerganyc o fcanpdsint idemshy va rkeatrding in the
treatnment conprises lithiumnonosilicate (Li2Si G3),
fututd t H umdisid ifeate r(d it28i206): vard 1a- quar the( a=Sii02):,
including at least lithiumnonosilicate (Li2Si Q3), in
prefHEN, &7 3OF° ¢ medir Pard felre vdivamsie, oarer yekal $degekabmy
or less, nore preferably 100 nmor |ess, and stil
¢70°dore preferably 50 nmor less, and mnute crystals
are uniformy separated, so that a crystallized glass

supgrbnip susd ace d.oughness: and iechanisal £ddangt h
applicable to a disc substrate for a magnetic

temperature becomes 450°C or less, a nucleus is not formed so
that crystallization is not initiated, while when the
temperature becomes 620°C or more, not only a nucleus
formation but alsoc a crystalline growth simultaneocusly occur,
50 that the crystallization beccocmes uncontrollable. In
additicn, when a crystallization temperature is lowered Lo
620°C or less, even a crystal having a preferable thermal
expansion coefficient hardly grows, and when the
crystallization temperature is raised to 800°C or more, a
crystal having a low expansion property is forced to be
separated.

A crystalline phase of the thus crystallized inorganic
composition by a heat treatment comprises lithium monosilicate
{Li,51i04), lithium disilicate (Li1:51,0s) and c-quartz (a-Si0;)

including at least lithium monosilicate (Liz510s3), in which a



information recording can be obtained. In this case,
the higher the crystallization tenperature becones,
the nore the separation of47a-quartz increases. Since
the difference in the thermal expansion coefficient
between a- quartz and the original inorganic
mean EeEPOSitE Gharetedr g6, CWHER2LEhéSexi st eptel 2T 0™OF S
a-quartz becomes too high, a nmechanical _strength of
preferd lor yarri 2ed Leaer ganfc SEORPOBPEE oRr P 5eFalitedd NENOT
the contrary, when the crystallization tenperature is
less t god Imgwutlel chiveredenesel toatferply 2stoByatisdsepar bted 2
in a great correspond, posing problens such as a
crystdétldmeoy atliecs ofipsubf Acesurdaghnessghndsa feductdbansfal
the nechanical strength due to an increase in
strerpaitt iagld idizdiet ér. al diskhespbeseateappli candonetia
order to obtain an inorganic conmposition such as a
inforerapsitcal ldezed dghassasuper bbicaiaesurface roughness and
mechani cal strength, the highest Powder X-ray
di ff riactd amesd XRD)e pgakdmtiensidrysitr1éachtépystalperature
preferably satisfies the follow ng equation 1, in
becomdl,CR Hd iSic2@p el $cbheaXRPnpedko-bntensi tycotabethi Bince
disilicate, ILi2si0 is that of lithium nonosilicate,
the BFdrerdc® arsumeofknthase ekpahBebnceexFstthgnt between o-
crystalline phases. 48 Equation 1 ILi2si205/ (
quart A2l 3R +ili231 BhorgBn o bbhdsk2890m is large, when
i Li 9Si 03)/(1Li2si205 + Li2siG3 + is) ? 0.2 Equation 1

the d¥YeXdver% ARRING ft AL 8WRSt HALEeEQMBELShNghaNa mechanical
I norganic conposition crystallized by a heat

streﬁgﬁﬁakﬁ?Q&m@%&@%QEﬁgiE%dain%E%EHQEchﬁEBQQtEBh|QEEQeQMced.

Ishing the“sanme, a material for a disc substrate,

Cn tggwégn%ﬁk&%ni%h%%f%%%tc§§g%%ﬁ§3%at§gg ABmperature is too
low, lithium monosilicate {Li:8iC3) is separated in a great
correspond, posing problems such as a deterioration of surface
roughness and a reduction of the mechanical strength due to an
increase in particle diameter. In the present application, in
order to obtain an inorganic composition such as a
crystallized glass superb in a surface roughness and
mechanical strength, the highest Powder X-ray diffraction
(XRD) peak intensity in each crystal preferably satisfies the
following equation 1, in which Tiizsizes 1s the XRD peak
intensity of lithium disilicate, Ipizsies is that of lithium
monosilicate, and Is 1s a sum of those of cther coexisting

crystalline phases.



optical disc substrate the surface roughness (Ra) (an

arithnetic nean roughness) of which is 10A or |ess,

nore preferably 5A or les&® still nore preferably 3A

or less, and nost preferably 2A or | ess is obtained.

And, by formng, on this disc substrate material, a
Equatgggnétic film and, as the occasion may demand, N -P

plating, or a foundation |layer, a protective layer, a
Trizsidoubf Teat:bang™ f Flimyiodnd® Such, a magnetic information

recordi ng nmedi um di sc capable of corresponding wth a
(Inizshioght dBnsiity /ri@eordbng camsbe tbiai ned - An opti &guation 1

disc is also obtained by formng a dielectric

multilayer filmon the optical disc substrate

material. Exanples Herein after, the present

i nvent j doy vilddpibey evtplsaisndd tirg tenpoepdésainly wnt Anorganic

reference to enbodi nents; however, they should not be
compoaansidgrued vas alliltizeidng vt be hbaventeehmentaaycwaying to a

Exanples 1 to 3 and Conparative Exanples 1 to 4 Table
standeshows.haegandiongdaner yetlakhiingdtgkassmehi ehmaseranl for

i norgani ¢ conposition according to the present
a diddvemdontas desakichedniin Exaapkhesstbber3dtet haed an

ki nds of glass ceram cs of 49 a conventional Li2Si O3
optidapeiias deseribed the Gonparat kveghbkxaapleal: (dapanese

Unexam ned Patent Application, Publication No. Sho
aritiBeshidd b Comaatiswe Bramplien2isJapanese 1 bbexambred

Pat ent Application, Publication No. Hei 06-329440, and
prefPAF &l e E@%@Ql%t%lJJ%B@@eﬁ%egggé%@gngﬂ Bat eRts, and

Appli'cation, Publication No. Hei 07-169048); and an
l;as s, ,of n I | Li29; SbPrd yRen@s on
most ?gﬂ%ﬂ%yg 253,00 &5 qanventional LiZ9- Sh{o &

cribed’in Conparative Exanple 4, a ratio of

this GOMRONENL, GOMROSIHiQN - 18 BUGLEUS+EQr FRELON NG, as the
occasion may demand, Ni-P plating, or a foundation layer, a
protective layer, a lubricating film, and such, a magnetic
information recording medium disc capable of corresponding
with a high density recording can be obtained. An optical disc
is also obtained by forming a dielectric multilayer film on
the optical disc substrate material.
Examples

Herein after, the present invention will be explained in
more detail with reference to embodiments; however, they
should not be construed as limiting the invention in any way.
Examples 1 to 3 and Comparative Examples 1 to 4

Table 1 shows, regarding a crystallized glass which is
an inorganic composition according to the present invention as

described in Examples 1 to 3; three kinds of glass ceramics of



tenperature of a crystallized glass, a crystallization
tenperature, a crystalline phase, a crystallinity
degree, a nean crystallin® particle dianeter, a ring
flexural strength, a surface roughness Ra (an
arithmetic nean roughness) obtalned by(Pollshlng, an
a corgiguritorand ld:Pabi d-6fe cligngesay § by
a hydrofluoric acid washing after polishing, a
Exampsigech f idargmnaviet Yeandivaiugs tefnt YBURg: s 2hbaDl uSubapgation
thermal expansion coefficient. Herein, specific
inqnﬁajﬂ25#7ne§9@p@da§yvetﬁéampéhlﬁedéspaﬁﬁﬁhoﬁﬂexamln@d
Young's nodul us by an ultrasonic nethod, and thernal
PateanﬁﬂpﬁﬂmauﬂmﬁﬁiambéntabyoanNoptHeal06Fﬁﬂéﬁﬂéroﬁeﬁry.

The gl ass ceram cs according to Exanples 1 to 3 and
Compaosiercacoamngilrg 3t:0 JEpapasat UvnexExanptiefatend Bpmiécakblon,
obtai ned as a gl ass conpact by mxing a raw nateri al

Publistichi cas Noaximde, 0Garilbendte, and ant pabephpbua pakee of a
shown in Table 1, nelting the m xture using an

convatdidiadly IBbtEng. appsy aidsiaicritenperatines: fatdmealioutnp 1 e
1200 to 1550C, stirring the nelted material to

4, a hemogens tbndodleiitn@ okdock@ tacdi, se shapeusafdrmae@bhng
it. Subsequently, this glass conpact was crystallized

rempoht Be Rgats theatnEnt suaden skhe AUekous florpaEieRA
condition and crystallization condition to obtain a

tempéjﬁasdtfféj of ¥stalddizede %h@%% Ihen %Eb%l@hﬁ%&ahbg%éé
gl ass was | apped with 800# fo 80# di anond pell

meanfé%¥§%5¥ﬂlﬁﬁtﬁ%f@lc@%”@ﬁ%ﬁe%%@ tQeﬁlneokﬁggﬁgaﬁogtrength

shlng with an abrasive (cérium oxide) having a

120 el LﬂﬁHé%é*R%“?E@f t%m%%h%rmkgﬁsrgﬁﬁhﬁgggt 19+E%ned

Furt her mor e, an anmor phous gl ass

by p§¥¥égfy(ﬁnéﬁ)a g%%ﬁa %B!%eré%ﬁgp 0% éh“@%eogﬁagﬂ§§a@§ a
roughness by a hydroflucoric acid washing after polishing, a
specific gravity, and values of Young's modulus, and thermal
expansion coefficient. Herein, specific gravity is measured by
the Archimedes' method, Young's modulus by an ultrasonic
method, and thermal expansion coefficient by an optical
interferometry.

The glass ceramics according to Examples 1 to 3 and
those according to Comparative Examples 1 to 3 are all
obtained as a glass compact by mixing a raw material such as
oxide, carbonate, and nitrate in a ratic shown in Table 1,
melting the mixture using an ordinary melting apparatus at
temperatures from about 1200 to 1350°C, stirring the melted

material to homogeneity, forming it to a disc shape, and

cooling it. Subsequently, this glass compact was crystallized



m xing a raw material such as oxi de, carbonate, and
nitrate in a ratio shown in Table 1, nelting the
resulting mxture using aspordinary nelting apparatus
at a tenperature ranging from about 1200 to 1550C,
stirring the m xture to honogeneity, shaping it to a
by heafitsd; remricherdoluinaig it ides amel eAsméanmpat viickendi ameneand
of particles showing a crystalline phase of each
crysiorlistzadiaedoglddss. onhtts obtaiined viesirddt ergshedlwied
a transm ssion electron mcroscope (TEM. In
glasaddirbeanthasceygtablinectlypeaof wachlapysd aliimeB00# to
particle was identified by an XRD anal ysi s.
2000 urtdenrorel latsicirae@onaughnessCRaitanear ehinehen
mean roughness) was obtained with an atomc force
polidAsd SO n(iARNMhg wifhaRnetehibBgvkestetoufitagtite) ahaving
change in surface roughness (Ra) was used hydrofluoric
a med@CighAtHLe andn@ tRG! bshed unsubst eaterwasabater sed-bn1ao
solution containing HF (0.48% by mass) for | mnute.

minutUbseguentkynbhe, suhsihatgnyas yashedstQr&onfifdn a
surface roughness (Ra) thereof with an atom c force

CompdBLT0RC PR HAEM. (A sSULEaG8H0UghNesS 2 saNd AP 2ADY]L
as well as a rate of change in the surface roughness

mixiﬁH é”ké%“ﬂ&%éé&alc%ﬁ%%a%sa%kgaeth@aEﬁQEQEEUOéhe ﬁ%ﬁgate in

treatnent (HE treatnment) are shown in Table 1. ring

| e r t l.a [ hi,n4,
a rac%o)gﬂ. n StY enghh Wasm%ﬁkﬁﬂg6%ﬁ%n?¥ﬁeg?gﬁ L@?XE355 1:84ing

i sC- shaped sanpl e 0f about

o oMy, B TR B ke, S0 BLogca cakind! cod

_ ( I'ng fTexural _
sl 04 2oL o 5.0 508 03R00 ATRESUFL 09 2
shap 5 A 2 1190 a0 ndl e, di ameter, an

A mean particle diameter of particles showing a
crystalline phase of each crystallized glass thus obtained was
determined with a transmission electron microscope (TEM). In
addition, a crystalline type of each crystalline particle was
identified by an XRD analysis.

Furthermore, a surface roughness Ra (an arithmetic mean
roughness) was obtained with an atomic force microscope (AFM).
In an etching test to measure a change 1n surface
roughness (Ra) was used hydrofluoric acid (HEF), and a pclished
substrate was immersed in a solution containing HF (0.48% by
mass) for 1 minute. Subsequently the substrate was washed tc
confirm a surface roughness (Ra) thereof with an atomic force

microscope (AFM). A surface roughness, and an amount as well

as a rate of change in the surface roughness of an oxide



out si de dianeter, a disc thickness, a Poisson's ratio,
and a breaking |oad. Equation 2 a 4zch2[ (2(1+
A+lna) +(1-v) (1-Bbz> (Equatspn 2), A 1l-v + b2 In a B
2(1+v) bIna=- = - 2(l+v) a2 2 -b- b 1l-va- -bb
wherein P denotes a breaking |load, "a" a disc outside

crysianetlery the ahsdi@;ﬂ%ldre adilahstenmrng df&c treatment)
t hi ckness, and v a Poisson's ratio. A separated

are %ﬁ@ﬂ@uami?féalphdis-e and a crystallinity degree
(existence ratio of particle showing a crystalline
phase)nyef kexideht$fred v thtearcatrayatdid fractopetemg a
(Phillips, trade name: X Pert-MPD) and an energy

thin diispersiamednanygzer (Hadachi 65 madén nameet8r40006Nabout
Hori ba, trade nanme: EX420). 52 Table 1 Exanple

0.6 oonpar@ativeeexgnpleaNmihg? a3bke2k3nd 18k@2b76a76onGentric
74.2 76.1 75.3 76 Lipp 10 10 10 9.6 11.6 9.6 10

ring AL &322 method Xk trebslirbing 2 IMpQiQu8i0a8 Bt8ength of
0.80.8 zZnO0.50.50.5- - 0.50.5 PRS2 22152

a diZehdSdR2 dardpid Iy & buppdrd Z2i%g and a load ring, and
using the following equation 2 from an inside diameter, an
outside diameter, a disc thickness, a Poisson's ratio, and a
breaking load.

Equation 2

ae=4”){@a+wLA+m }MleIB—;}
ﬂ:

, (Egquation 2},
1- b 2(1+ b
=Y 2 2 p=.20fM b .2
2(1+v) a“-b~ b I-v a’-b b
wherein P denctes a breaking load, "a" a disc outside diameter,

b a disc inside diameter, h a disc thickness, and v a
Poisson's ratio.

A separated crystalline phase and a crystallinity degree
(existence ratio of particle showing a crystalline phase) were
identified with an X-ray diffractometer (Phillips, trade name:
X' Pert-MPD) and an energy dispersive analyzer (Hitachi, trade

name: S5-4000N; Hcoriba, trade name: EX420).



AAO111242.821 Sh22, 0.2 0.2 0.2 - 0.2 0.2
0.2 Clhers(PbO)---23---Li20’K20727272
4 4.1 4.8 10 Nucleus forratjon 540" C 549C 540C 540 C
5001C 540C Untreated te=nerature (C) _ Retention tine
555335 (hr) Crystallization 620" C 640C 660C 800C
TabBH0LC 750 C Untreated te--.perature (C) Retention t
c.e 333233 (hr) Cystal Lithiz Lithitr. Lithiun
= lithiun oncsilicate ro:osilicate r _onosilicate
ror.osiljicate O érapgletal |init|5 7 0 - Soreyptive *yRYr ee
LithiumelithiumLithidm LEthijcmilithium Lijthidgm | n*
sio, Crystal (i sidl i dat e7sdi Si | | wat e} di'sizl i jcarerdi|si |'FGatg 78
e disijflicate jc croystpelld.alt3 11.2 28. 8:.45 48 10
stal, a-jQuari z p-Qarty Or.fuartz 5 7.2
a= arfZ——="T1T0 = Ccrygtdil L GY 4.8
N2 N B -B1R 21 B'—_\ A ‘of‘\wr‘lo"‘ir oo T Al or \lsté'a.ial I } i t\:
Zno O \~4 =4 g *ro s.n.v =X .-.5\.’. 9 0\;1 TPt L,L:_ |0,F T _ A\ | y .5 g‘s
6.3 9.5 8B2% 61 684416 " Heglee
P30y 2 2 2 1.5 2 2 z
210, 2.3 2.3 2.3 0.4 - 2.3 2.3
k0 1 1 1 2.4 2.8 2 1
5020, 0.2 0.2 0.2 - 0.2 0.2 0.2
others (FbO} - - - 2.3 - - -
Li0/K0 7.2 7.2 7.2 4 5.1 4.8 10
Sucleus formaticn - o ° c e - o
tecperature (°C) 54.0 C 54Q°C 540°C 540°C 500°C 540 C Un}:rgated
Retenticn time ) -
(hi) 5 5 5 3 3 5
Crystallization N o R . v s .
te-perature (*C) 620°C 640°C £60°C 800°C 850°C 750°C Untreated
Retention tire _
(ho) 3 3 3 2 3 3 -
) Lithium Lithius Lithiu= Lithiun -
Crystal monosilicate{renssilicatefronosilicate - B} ronosilicate
Crystallinity] - _ _
E;’ degree 5 7 0 - 0
'ﬁ Crystal Lithium ] Lithium Lithium Lithiun Lithiun Lithisk _
iy ¥ ' disilicatefdisilicate| disilicate {dlsllicare jdisilicate|{ disilicate
w Crystallinity - —
tli desree 1 2 28.8 45 48 29
= _ -
'; Crystal a-Cuartez | a~Quartz | a-Quartz C:ist:balire Spod[?.mene a-Quartz -
j= o
Crystallinityd . —_
% degree 0.3 0.5 3.4 16 21 15.6
Total
crystallinity] 6.3 9.5 32.2 61 69 44,6 -
degyres
Mear crystallire ]
jparticle Siameter ip 20 30 1200 130 100 -
(r=)
Ring fiexural . \ ) : .
strength (MPa) 1331 1535 1252 329 300 748 280
pnce resdssss Rl g 1.94 ~ 12 11 5.28 -
Eeiore .
washirg 1.86 1.94 - 12 11 5.28 -
g (Ra1)
hfter washirc : -
% (Re2) : 2.5 3 - 19.4 25 19.45
£ 2 -
&g Different ; _
€0 (1Fazomary | 064 1.06 - 7.4 14 14.17
-0
a E Rate of
- chanze in
e surface ; —
= |roughness 0.3¢ 0.55 - 0.62 1.27 2.68
i {1Ra2~
Ral]/Ral}
Specific gravity 2.41 2.43 - 2.46 2.55 2.47 -
Young's modulus _
(cra) 92 94 - 86 82 ag
Specific . _
gravity/ 3B.2 38.7 - 35 32.2 39.7
Thermsl expansion 63 &5 - 48 49 74
coafficient
{x1077s"c™y {{-50~ { {~50~ ({-50~
([-25 to <1007CN +70°CH) +70°C)) +70°C) }




mean crystalline particle dianeter 10 20 30 1200 130
100 - (r_) Ring flexural 1331 1535 1252 320 .300 748
280 strength (HP.) Surfacsg roughness Ra (R) 1.86 1.94
- 12 11 5.28 - eore *a3hicqg 1.86 1.94 - 12 11 5.28 ?
(Rail n After washir. 2.5 3 - 19.4 25 19.45 - > (Ra2)
r TEM rpiDvfderamce OF 64 YBWG6 s 7 pardirdelphape CLIRa2
-.Kell) .- o Rate o char.;e in surface 0.34 0.55 -
Exampf, &6 11.227 2. 68e showgh-eali@gERa2- aRdl ¥,/ Ralynhich all of
Specific gravity 2.41 2.43 - 2.46 2.55 2.47 Young's no
the @ys02194 pa86 18288 areCuanuSpeenfli erpygpavingyely38. 2
38.7 - 35 32.2 39.7 -
spherical with a mean crystalline particle diameter being 10
nm and 20 nm.

As shown in Table 1, when Examples 1 and Z of the
present invention and Comparative Examples of a crystallized
glass of a conventional Lip510; type are compared, a mean
particle diameter and a crystallinity degree of particles
showing a crystalline phase are different; in a crystallized
glass of the present invention, the crystalline phase therecf
comprises lithium monosilicate (Li,S103) and lithium disilicate
(L.i,$1,05) whose mean crystalline particle diameter is 0.0Z um
or less, and all crystals are minute and in approximately
spherical form, while in the crystallized glass according to
Comparative Example 1, a mean crystalline particle diameter of
lithium disilicate is 1.5 pm and that of a-cristobalite is (0.3
pm; in the crystallized glass according to Comparative Example
2, a mean crystalline particle diameter of lithium disilicate
is 0.1 um and that of B-spodumene is 0.2 um; and in a
crystallized glass according to Comparative Example 3, a mean
crystalline particle diameters of lithium disilicate and a-
quartz are 0.15 um such that they are all in a relatively
large needle form or rice grain spherical form. In a situation
in which a more superb surface smocthness is demanded, such a

crystallized glass will affect a surface roughness obtained by

polishing and defect so that glass ceramics according to



7herral expansion 63 65 - 48 49 74 coefficient
tx10'.C") ((-50- ((-50- ((-50- (1-25 to v0Oc17.
+70°C)) +70C)) t700C)) 53 34EM phot ographs of crystals
in particle shape of Exanples 1 and 2 are shown in
Figs. 1 and 2, in which all of the crystalline
Compaaritiive dxcard emi Autedaddhappr exprutery rephbREeal Rai { An
a mean crystalline particle dianmeter being 10 nm and
aritip@mim nésrshowghinesFabbé 10AwhenmExanpliegi¢agntg2aof
the present invention and Conparative Exanples of a
difficryistialdd zéedaigl assuoffaaecompentignakckil28hC8inype are
conpared, a nean particle dianmeter and a
smootdnysial | Fnrtedrgree ofie parysthebizshowiags eaccording to
crystalline phase are different; in a crystallized
Compayassro0fEthe predennd aventi anyihhefteysatall shecpbakeot
thereof conprises lithiumnonosilicate (Li2Si ) and
320 Mpd humddissidniccat & ouflgl' 2Sh2ah) ushesesgeanaceyst akki Be as
particle dianmeter is 0.02 pm or |less, and al
to bly slaAlss-iale Jf putlewand gidiappaexi miekyungphefnbeaal us.
form while in the crystallized glass according to
and, GPnparaidyefxanRlse br a seanRsChysbaklhperparbhebeative

dianeter of lithiumdisilicate is 1.5 pmand that of
Examr L9 stobalidie i Qidg BMohR t ha1geyshahl Lzedegbass
according to Conparative Exanple 2, a nean

CompA SR ld.ngpart hchedbameger e of Lifhium i sidd cal®unt of
Is 0.1 pmand that of R spodunene 1s 0.2 pni and in a

changa%r @a%dﬂﬁ%‘é 9335 2GCOoLE: NG grﬁsﬁ%gaﬁét P‘éﬁ Exampke dnd a

crystalli'ne particle dianmetérs o t hi um

rabhﬁk%?ﬁﬁ%@%ﬁag%Sgﬁlf%%%r&%u%ﬁ%egsl§sngSH§BhtQ@tZtggy and
atively
the Young's flexural strength is less than 750 MPa.
Furthermore, in Example 3 of the present invention, the
crystalline phase comprises lithium disilicate (Li,;5120s5) and
ag-quartz (o-5i0;), in which a mean crystalline particle
diameter being 0.03 um and a crystallinity degree about 33%,
and crystals are minute and roughly spherical in shape,
whereas although the crystalline phase of Comparative Example
3 also comprises lithium disilicate and o-quartz, in which a
mean c¢rystalline particle diameter is 0.1 um and a
crystallinity degree is about 45%, and crystals being from
relatively large needles to rice grain-like spheres in shape.
Such a crystalline phase will affect a ring flexural strength.
The crystalline glass according to Comparative Example 3 has a

ring flexural strength of less than 750 MPa so as to be a low

strength material compared with those according to Examples 1



| arge needle formor rice grain spherical form In a
situation in which a nore superb surface snpot hness
is demanded, such a crystgdlized glass will affect a
surface roughness obtained by polishing and defect so
that glass ceramcs according to 54 Conparative
to 3.ExEppthsricand 2 Ghves alsuideeer FloughriessnRe (ans not
arithnetic nmean roughness) of 10A or nore, indicating
subjestedi fif eulctryste ldbraknon sgeﬁamenprapeaﬁyt@xb@l&eh@w
in snoothness. Furthernore, the crystallized gl ass
strerattonditry ibd wCohpar athyefExanpbéssirangt? his230riipg or
flexural strength of 320 MPa or |less and a Young's
less.nmodul us of 86 GPa or less so as to be a material of a
low rigidity and | ow Young's nodulus. And, a surface
r aughness:iafn,a gl ass adeerdicegatnd c€oppatahive inExanpbées
3 is 5. 28A, showing a | ower value than those of
descrGomRaEaldne Exarpheseimandazy Oaythe (8bhen) hasdgoan:
amount of change in surface roughness after washing

magnetS c14ARlr NBnenand andr ahi 9i0f pebangeia surhacer nm)
roughness is as high as 2.68, and the Young's

were fﬂo%wdalbystth%n@tchspétlt@%%n hap+#88. MPa. Furthernore,
in Exanpl'e 3 of the present invention, the

agf 1 IH=3€S Jd thi %@E@b@'bh atecth
(L'ZS'(%E }Hh %g gggﬁiz (a- SlOZF in wﬁlc a%ﬁé ST type

ig ag%ﬁ%%ﬁalg %% ﬁrEhﬁb?neg%?HEBeEthbEQIQmQ§tE@h@ﬁd a

ystall'inity degree about an crystals are
ugh e [
CrySt%Pﬂ%%%Q %?hggc%ygﬁaﬁpgnghggggegg %%a?g?ﬁéggéaanple

magnevav‘;l,@ S_'L%f%Q‘%[t'J_%%S J:lelcié)?fj dh%ﬁ%hfﬁat e and a-quartz, in

mean “crysta parficlfe dianmeter is 0.1 pm
oo rgsynstbac' i YR i AR 18076 cB0 SR kR u
was é%pagleio re%u%&%% Enhéggpgloatlng height compared with
that currently in use owing to an excellent surface roughness
thereof, and also operating an input-output of magnetic
signals causing neither head damage nor medium damage even
when a signal input-output was performed while a head was in
contact with a medium. Furthermore, the crystallized glass
according to the present invention will show a stable bumpy
shape also in a laser texture performed in a landing zone
systen.
An inorganic composition according to the present
invention has an excellent thermal resistance and a mechanical
strength required to be capable of corresponding with a high

recording density by a magnetic recording system in the future,

a high recording density by a perpendicular magnetic recording



Such a crystalline phase will affect a ring flexura
strength. The crystalline glass according to
Conparative Exanple 3 has s ring flexural strength of
| ess than 750 MPa so as to be a low strength materia
conpared with those according to Exanples 1 55 to 3.
systfuritharamwrigulaglsasd ithaCorparan veOoFkEAphe 4NPEIABEC
subjected to a crystallization treatnment so as to be a
compd v 1 @t riengtdh irmatee minalu Lniceh saopithg sfilcéragpakhsthengt-h
of 280 MPa or less. In addition, on the glass
becomperraamess aht daednproBiagplites cdescriibédeaboventatCon of
internmediary layer (80 nm, a Co-Cr nmagnetic |ayer
a filbOnatgrisdnctanh® Cipeobdctiive foknmeClOnnm)Thwer ethe
formed by the DC spattering nethod. Subsequently, a
inordathrd cantpaefi @ gperffl worie- polygethen typeoti snappbredefsble
nmin thickness) to the aforenentioned crystallized
for WHasis W tderthediayess andrkiklim tecobtianhg acdimgnetbetrate
i nformati on recordi ng nedium The thus obtai ned
for tRYNEID C(HAHDIIrELION hecer diikg medisdm (sesveapabhetef but
reduci ng a head floating height conpared with that

also GHWHEN 13k idh USE OWaRd ob0 ralcexeell eBtisHr kasetrate, an
roughness thereof, and al so operating an input-output

elecigldm\ﬁ%dl% %zﬂ;l%%'r%t‘éau@ %%b@%'rb'ﬂ%r rheadpdappge rAQker,
nedi um damage even when a signal i nput- output was

and &erdarmed while,a head a"‘@%e'l%cL%Q@t ﬁ%ﬁthEQe@ @‘%%@@ﬂ on
Furthernore, the crystallized glass according to the

an oéﬁ‘%ﬁ?“fxﬂ@@?“édﬁ%ﬂ@at' show a stabl e bunpy shape al so
aser texture perfornmed in a | anding zone
system An inorganic conposition according to the
present



i nvention has an excellent thermal resistance and a
mechani cal strength required to be capabl e of
corresponding with a high recording density by a
magneti c recording systemin the future, a high
recording density by a pegpendicul ar magnetic
recording 56 systemin particular such that it can
provi de an inorganic conposition to achieve an
whatUhtraismeed hisurface which will becone necessary for
improving the crystalline orientation of a film
material at the tinme of filmformation. Thus, the
| ROr gani Co CAMOSIeB sk i bR Soh yaMAPR IS yReL10AhY
preferable "~ for use in a perpendicul ar magnetic
phaseeodr di ngiwediamssubsttat éL1f5610:1 heviHBRi(thar dedni ve /

hard disk [di dri t I bl
ParEAR bR o T GobPAg. Aol L RLBCIP AT, e

crysekeCtrbCpitddcuid 1SUbshr atreleassubstrate for optical
filter, and an optical filter with a dielectric
multilayer formed on an optical filter substrate. 57

Wiat 7he ch@dmd d SonbosAR 1 bNOL 8RN & kPR 1kIeN 1
containing a crystalline phase of lithium,
furthsnosPhtear e q ldR23ieEBY, oRheken® @ rudif taddritiscpgase of
..diameter, of a particle thereof s i _t.k
LIthi gl Par 1 1e pha é“?%}SzoibO %énogrq%%gt\g. qg( tsg}ﬁ’e) i nor gani c
conmposition according to claim1l further containing
at | east. one kind of crﬁstalline gyase of l]Lthilum
di’si FREate (IS SEBP and 4 quar 7 (& Si922'8 “The
wherkRAr §afkSn GUMOSIltd @N saeeekdbnga t@aed @i khowiher ehe a
mean particle dianeter of a particle showi ng the
crysgpystBf | PespHas el $T50NAESF - | ess.

4. The inorganic composition according to claim 1,
wherein a mean particle diameter of a particle showing the

crystalline phase is 1 nm or more and 50 nm or less.

5. The inorganic composition accerding to claim 1,
wherein a particle content showing the crystalline phase is

from 1 to 44% by mass.

&. The inorganic composition according to claim 1,

wherein the ring flexural strength is 300 MPa or more.

7. The inorganic composition according to claim 1,

wherein the ring flexural strength is 450 MPa or more.



4. The inorganic conposition according to claim1,
wherein a nmean particle dianeter of a particle show ng
the crystalline phase is 1 nmor nore and 50 nm or

| ess. 5. The inorganic conposition according to claim

1, wherein a particle cogg ent showi ng the crystalline

phase is from1l to 44% by nmass. 6. The inorganic

conmposition according to claiml1l, wherein the ring

fleexunal ;86600010 d&nR00 tVBA QEcBREGng Ho dNEm 1,

I norgani ¢ conposition according to claim1, wherein
whened@ fhgg rinexirafustl eiigiEmats 4507 MPalidr Pprrsandg.
1600 Al RQrganic conposition according to claimi,

wherein the ring flexural strength is 750 MPa or nore

and 1600 MPA or less. 9. The inorganic conposition
according to claim1 wherein the surface roughness
(e “Pe" Tonfar focionRRE PrbPoahie Conpmant n
whe@CeOkdkengut0act atddhnestheraiiniswneld arsweface

roughness (Ra) after polishing is Ral, and an acid

washi ng or al kali washing after the polishing process

I s (Ratrpet hgovad Mg céor%aasqttli@nofac@ls@agﬁgl fo S face

roughness (I Ra2-Rall/Rall) is less than 0.62. 11. The
wheXeidy gaRee @oRPH5EIES cIPHBEEEE ngat 02 EFalr Pl 1ShWier eish

t f r S f.t - I Shi IS
Ral, unt ace rolg A R aht 6L L D8, POEL Sh
. Oggf?or nor e andnggicér%?e53} and angannunttg%achange
poliignitlte preuefaces riaghness vdleet ofaa astdowaShihapgr in
| kal i shing, after .th i shi rocess,is, |l ess
sz O TR 15 e Tiror gaie e SpbSPY ] b AckTr A ng
claim1, wherein the surface roughness (Ra) after
paol.ishing is 0.5A or o ' ,
11, The& incrganic composition acceording to claim 1,
wherein the surface roughness (Ra) after the polishing is
0.5 or more and 10A or less, and an amount of change in the

surface roughness due to an acid washing or alkali washing

after the polishing process is less than 2.0A.

12. The inorganic composition according claim 1,
wherein the surface roughness (Ra) after polishing is 0.5A or
more and 10A or less, and an amount of change in the surface
roughness due to a hydrofluoric acid washing after the

polishing process is less than 2.0A.

13. The inorganic composition according to claim 1,
wherein the inorganic compositicn contains the following
components as the formed oxides in terms of % by mass:

§10;: 50 to 90%; Lix0: 5 to 15%; AlzCy: 0 to 20%; MgO: O
to 3%; Zn0: 0 to 3% P0s: 0 to 3%; Zr0;: 0 to 3%; K0: 0 to

%; and Sby0i+As:03: 0 to 2%.



nore and 10A or |ess, and an anount of change in the
surface roughness due to a hydrofluoric acid washing
after the polishing process is less than 2. OA. 13. The
i norgani ¢ conposition according to claim1, wherein
the i norganic conposition gontains the foll ow ng
conponents as the forned 8 ides in terns of % by nass:
SiQ2: 50 to 90% Li20 5 to 15% A1203: 0 to 20% MO
0 to 3% ZnO O to 30; 2205: 0 to 30; Zr2: 0 to 30;
K200 0 to 2% and Sbh203+As2(3: 0 to 2% 59 14. The
i ndr-gdhiec ioonposie imwé@ri@rlngcwr@ila@ nt 43 Lagieriein
t he SS ratlo of Li 20/, nore. 15. The
Wheﬁﬁ%ﬁggﬁlc 88n555| |&%th§ %é)ﬁg go CPEI%?E? wher ei n
the inorganic conposition contains the follomﬁng
conponents as the forned oxides in ternms of %b nass
Si62: 196 tB5°B33R1 L FPOP G OR39FCRIZHRT P 1T AT MyO
wher%lnt Qh%WQLnZQ%nPC tmd¥s iP203: cdnt9i3%0 ciE 0251 Mok B%
0: to 2% and Sb203+As203: 0 to 2% 16. The
commwganaé EbAPORINGDrPacEsr diﬂngems cPhi B, M2 sfer ei n
t SSa I .0f _Li,20/.K20 r
|E§§P§nﬁ% con%%é %&(% é?%br |ng ?1&%|”9 §i %glch
to wy&h&l | bzed @i asscs18. tHhesi;nekrgani© GOMRQSKLD OND to
according to claiml1l which is obtained by subjecting
%7 el oPeQitAakOygl &s$ot 8%a nucl eus formation process at
450C to 620 C followed by a nucleus growth process
t hrough heat treatnment at 620C to 800C. 19. The
| nér.gaheciconposid i@mracigridnngctoréiagntd abiich 19,5 a

| ass ceranmi cs substrate for use |g an i nformation
wherein the mass ratio of Li0/K;0 1s 5 Or more.

17. The incrganic composition accerding to claim 1 which

is a crystallized glass.

18. The inorganic composition accerding to claim 1 which
is obtained by subiecting the original glass to a nucleus
formation process at 450°C to 620 °C followed by a nucleus

growth process through heat treatment at 620°C to 800°C.

1%. The inorganic composition according to claim 1 which
is a glass ceramics substrate for use in an information

recording medium.

20. An information recording medium using the glass
ceramic substrate for use in an information recording medium

according to claim 19.



recording medium 20. An information recordi ng nmedi um
using the glass ceram c substrate for use in an
i nformati on recordi ng nedium according to claim19.
60 21. The inorganic conposition according to claiml
which is an el ectronic CI&fUIt substrate. 22. An
el ectronic circuit used in the electronic circuit
substrate according to claim2l1. 23. The inorganic
COMPOsht i O ALGANdiRENbe 1 €t 8h Midc UGy HoS cAaSHbst At en
for use in an optical filter. 24. An optical filter
is apr epafedonic fomauig suBFéreteric nultilayer filmon
the substrate for use in an optical filter according
to claim23. 25. The inorganic conposition according
tézclamneﬂectmmsmetnrthétsuséacénr@mghﬁeggrpﬁar afirepit
subs@ k hlng % 19k ngge and 2 A or less. 26. The
no Saﬁ? o H%%S|t|&ﬁ ac fding to claim1, wherein
the content of A1203 oxide is 10%or |less and the

content of P205 is 3%or less in terns of %Db n% Sh‘
Thiee | Htgamiic COmpESiEioR actordith %% C&ﬁ& Fmtqwhich

is awegf;@wat@efdmwﬁmncaﬁoap@%gtOftlpl@@ﬁ not
substantially contain a conponent conprising netallic
QX|des pf V, Cu, Mh, C, No, N and Fe. 28. The _
' EQ(%‘&“ &Pcfﬂfio%ti't%&l 9885%&%%%&4&5@ L giwhereinc
t he i'norgani ¢ conp 03|t On"is Used as a substrate for
multalﬁagnefibmdhskhe substrate for use in an optical filter

according to claim Z3.

25,

wherein

of more

26.

wherein

content

27.

wherein
contain

Cr, Mo,

28.

wherein

The inorganic composition according to claim 1,

the surface roughness (Ra) after polishing is 0.5 A

and 2 A or less.

The inorganic composition according to claim 1,
the content of Alx0; oxide is 10% or less and the

of P05 is 3% or less in terms of % by mass.

The inorganic composition according to claim 1,
the inorganic composition does not substantially
a component comprising metallic oxides of V, Cu, Mn,

Ni and Fe.

The inorganic composition according to claim 1,

the inorganic composition is used as a substrate for

a magnetic disk.



