1 | NORGANI C COMPCSI TION This application is based on
and clains the benefit of priority from Japanese
Patent Application No. 2003-295534, filed on 7th
Oct ober 2005, and Japanese Patent Application No.
2006- 018319, filed on 27th January 2006, the content
of which is incamomcaiied kemversIiyonNef er ence.
BACKGROUND OF THE I NVENTION Field of the Invention
The present invention relates to an inorganic
conposition containing particles of a mnute particle
This HBi&lt i and hadg argeed reahari eak sthendgthoand an
excel | ent surface roughness which is little altered
prio@ ¢ @refos WdRee 4o eatingnt Ap\r@i]_tj_ﬁa@@ioﬂ Qb .abkaki-298pd4,
furthernore having a thermal expansion property well

filedWd able oMddh ot heyosmateld ala$ancEepegiahkyapbhigation No.
I nventi on relates to a substrate for a nmagnetic
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recording devices, in particular, to a disc-shaped

is 174PSILALE. o TQr-d 0 QfmaLiQn hecording medi um having a

surfiace ultra- snoothness, a washing property and a
high strength in a perpendicul ar magnetic recording
medium In the present invention, the term

"“information ﬁﬁﬁﬂ%ﬁﬁgﬁﬁggﬁtﬁﬁﬁsgg%%&%§0ﬁ magneti c

i nformati on recor 'eé’ina built-in

. ar i S a rempval hard disc, and a card-type hard
FlEl%i%gvﬂg%En%ﬁy%%qﬁud di sc of personal conputer; a hard
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navi gation, and a hard di,sc far . : .
composition containing particles of a 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 property well suitable with other materials.
Especially, this invention relates to a substrate for a
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 present
invention, the term "information recording medium”" denotes a
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 audic eguipment; a



nobi | e phone. Related Art Recently, a |arge vol une of
data such as animation and sound have becone handl ed
wi th a nultinedia personal conputer, a digital video
canera and a digital canmera so that a magnetic
i nformati on recordi ng apparatus wth a hi gh-capacity
hard hdss betoneamegessalry naAsi g riesul gnd r deder digc for
increase the areal density of a nmagnetic informtion
mobitecondheag medium 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
RelafB@netic head beconmes to operate in a state closer to
a disc surface. Thus, when a magneti c head operates
i nrackawl f; oat i Agge Stat €nd oo dgnetidh 14 imBidbn and
recordi ng mediumdi sc substrate or in a state in

soun§ORNL €t e hereW 41 dd BeoONE S liviRRIdiaN bl oteMelepputer,
as a technique for starting and stopping a nagnetic

a dibead: @ teshmigue such A%:aandidigzenemeihed 4 hagnetic
whi ch an adhesion preventive treatnent (a texture
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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 technique such as a landing zone method in
which an adhesion preventive ireatment (a texture processing
and so on} i1s 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 cf the magnetic head at that
portion.

In the currently used magnetic information recording

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



substrate when the device is started. In this case,
when the both contact-naking surfaces are nore than
necessary snooth |like a msrror, the stiction occurs
bet ween them so as to cause problens such as a
non-snooth rotation starting and a damage of the
the omegnetien iid oraretdtenl secor ditpd redigresarct heedalengn
with the increase in the friction index. Thus, for the
contamgnettilc d Magreticon rfecoradiing medicumidigstesdbst date,
the contradicting requirenents are demanded, that is,
substardionwpfioati ngtefritime magneteivd ceeadndl dhagawist irthethe
increase in the recording capacity and a prevention
subsiofaisd ieidontiof ddie cardgnettacthelad don thes nagoef i ehen the
i nformati on recordi ng nedium disc substrate. For

both these: condiadi Cld N dequideents, taanl andeBgaz@nemooth
t echni que has been devel oped to provide a
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specific region on the magnetic information recording

prob @ um dh s Subsiral®cFurdihenmmr erwheRqt Bed a damage
recordi ng density exceeds 100 Gb/in2, the substrate
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recordi ng syst as n adopt ed,
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magnetic head on the magnetic information recording medium
disc substrate. For these contradicting requirements, a
landing zone technigue has been developed to provide a
starting/stopping portion for the magnetic head in a specific
region on the magnetic information recording medium disc
substrate,

Furthermore, when the reccording density exceeds 100
Gb/inz, the substrate becomes thermo-unstable {(heat
fluctuatlion) 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



medium filmthickness (from5 to 10-fold of the
| ongi tudinal recording system, enabling the solution
of problens such as the degcrease in the recording
energy and heat fluctuation of the substrate
occurring in the high density of the conventiona
redutongi thudimal segneti chreecortdieng syst edsandxpheting the
real i zati on of superior inprovenent of the recording
redudehst tyf Conparedtoyridie ccanvént ieenak lllongi todi pdlfect by
magnetic recording system As a result, in the
the Pefpentioid@aic agnettemyeeoritighgo systiem al brbdstermined
al ready becone possible to practically achieve the
medi@CHl Oh nghdensddy afrck0G & 1102 fen dnmere tak thegissiinal
production | evel, and researches on the recording
reco 8@NSH {yys@xeeed NG 1300y Gld r2d vhave bgeprableady sundets
way. I n this perpendicular magnetic recordi ng system
the dBGPetdzatl amd sserfonpdRerpendicular! ¥itethheion of
medi um surface, such that a medi um having the easy
the SRGPELdzatdon,.axigs, i dhe perpendiqulal sdichection is
used different froma converiti onal nedi um havi ng the
conv%r?‘?YOﬂ?ﬁnﬁ;ﬂgzi%dcﬁ%ﬂxg% gnrgalttilEe relc%'} 'itél%d's%ltem and the
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exceeding 300 Gb/in® have been already under way.

In this perpendicular magnetic recording system,
magnetization is 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-3i, and CoCrPt-5i0.; 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, 1t 1is necessary to raise the £f£ilm

formaticon temperature for the miniaturization of the magnetic



900C) to inprove the magnetic property. Therefore, a
substrate material nmust be sustai nable such a high
tenperature, and nust not sgenerate a deformation of
the substrate and a deterioration of the surface
roughness thereof. In addition, along with the
body magneticliecopdi njctensaty penpeovenmehéy themation thereof.
per pendi cul ar magnetic recordi ng nedium al so tends
Furthomwases, al ewdd gatirng dogpe witthivt, hanheadihbodti pgrformed
hei ght of 15 nmor less, and, furthernore, a
some NERfie € ot acigh resgr«aiangitaspe ior tasCconrhaet freaosdingo
type. On the other hand, in order to efficiently use
900°¢het6mxh¢&a¢aniﬁgxm4@h@1ﬂﬁﬂpiop@@gyon ThBee Aed: um
system has becone a ranp-loading system fromthe

subsSYStEMPEOV] gdednibt hpd heusenvemionalchandhngnr eghpBrature,
Accordingly, the data region of a disc surface or the

and Iﬁtﬁ'@t’: Mot Stdface ofy asuhstdate sur iace siusk rhee and a
ultra-snooth and flat so as to enable the reduction
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regwég,rgﬁguéégaum system has become a ramp-loading systenm
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
must have none of crystal anisoctropy, foreign substance,
impurity, and such to affect the film-forming medium crystals,
have precise, homogeneous and minute structure, and & chemical
folerance against washing and etching with various drugs.

And, these days, for speeding up information proccessing,

technical development has been in progress by rotating the

magnetic information recording medium disc substrate of a



for the substrate material. In addition, for the
current built-in magnetic information recording
device, a magnetic inforngfion recording device with
a renovabl e disc systemand a card disc systemis on
the stage of investigation and practical use, the
magnappti catdonl devedopnet tho ol gittesld .vi deeeveanerafation at
digital canera, and so one being started. Although,
hight sadeédimnal dyusasa aladgnretion dirst dafbsticatien wEt ehieal |
al um num al | oy has been used a great correspond,
subsSHRSE [ ad eciradiea 0fa aligA mavraldieys i Staphoattd. prodweeired
projections or spot-like unevenness on the substrate

for SHET agestatdenapotishi ngnpeaeessonsofbhathd current
satisfactory substrate in terns of flatness and

buil 80Dt HAGSSEiS haF sy ohtrainabl i indievalden BUMagaldtay:
is a soft material and easily defornmed so as to hardly

infobRhF ESPORE- M L@ depdency 19f HiddRrshiim subst K3t@em and
Furt hernore, alum num alloy has problens such as
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speed rotation resulting 1in the medi um danmage so
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or SSEOLL00, EGLUD Loqul 119 such 2.l o Lemerat e
poliégiégepgéggggyn;o that a satisfactery substrate in terms
of flatness and smoothness 1s hardly obtainable. And, aluminum
alloy is a soft material and easily deformed sco as to hardly
correspond with a tendency of ultra-slim substrate.
Furthermore, aluminum alloy has problems such as causing head
crash due to deflecticn 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 Ifuture.
Furthermore, since its allowable temperature limit during the
film formation, the most impertant 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

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



all oy substrate, the chemcally reinforced soda |ine
glass (Si02-Ca0 Na20) and al um nosilicate gl ass
(Si @2- Al 203- Na20O) have been known. In these cases,
since polishing is perfornmed after the chem ca
rei nforcenent treatnent, the nunber of insecure
alloel esremsdin dyel reimifeoriced |sapeit rag ehiughdi Ant hbeshipgnetic
disc formation, and al so the neat resistance of the
recosdbsd rrad@i un trsehfinisnd ewchThathiiod, tafiperatheef poocessing.
formation on a given sanple by heating the magnetic
reger di ngtaeti Un at s SDOC rob ke, irfiatuees s medsuraddiminum
by a predeterm ned met hod beconmes ruined. As a

allovesubit riher ecrcausenfreehliens Suwdh rasda scdef onmgt icoass
after the nediumfilmformation, an elution of

(sioaldeal-imeosoapanentnf 68 t heat dsd des of (1. -subsinal.e)t aave
cause the filmdanage, and a deterioration of the

been! Bh&EOrced I ayer and non-reinforced |layer. And as a
material to overcone shortcom ngs of the above-

desgripedochgnigal Lyn&&i g o Seth gl a8 S SUSIMAL & fildieride
have been devel oped various gl ass ceram cs, such as a

chemfLYStALllZe I?rﬂ%r?tsscr‘gat@g{érﬁ,ozchlei 298205 YRS secure

cont al ni ng umdisilicate crystals (Li2S 205) and
o1 enBp LA AT o BT R e ohees
formt ok 9 T RS T G oenrire, Ratbnt “docqnents 1
5o L Bt @ ASPPTeaer of TPbTFSat Lo KB ons Bo Bagag. ven
m ned Pat ent

sar SR PPEET 2l apanese AIBXATNSY FRUON: 300°c o
more, flatness measured by a predetermined method beccmes
ruined. As a result, there cause proplems such as a
deformation after the medium film formation, an eluticn of
alkaline component from the inside of the substrate to cause
the film damage, and a deteriocration of the reinforced layer
and non-reinforced layer.

And as a material te overcome shortcomings of the above-
described chemically reinforced glass substrate, there have
been developed various glass ceramics, such as a crystallized
glass of an S10,-Li,0-P;0s type containing lithium disilicate
crystals {(Li;31;0s) and a-quartz (o~5i0;) crystals; and a
crystallized glass of an S10,-A1,0:~Li,0 type containing lithium
disilicate crystals (LizSip05) and @-spodumene (LiA1S5i;06)
crystals (for example, Patent documents 1 te 11, etc.).

Patent Document 1: Japanese Unexamined Patent



Pat ent Docunent 3: Japanese Unexam ned Pat ent
Application, Publication No. Hei 07-169048, Patent
Docunment 4: Japanese Unexarg ned Patent Application,
Publ i cati on No. Hei 09-35234, Patent Docunment 5: US
Pat ent No. 5, 336, 643, Patent Docunment 6: US Patent
Appl Noat 5010285867 ca tPatre ito .Détuméit- 725 4Japanese Unexam ned
Pat ent Application, Publication No. Hei 10-45426,
ParentnDotonenenB: 2 J apareses dnexarammeck Patagren t
Application, Publication No. Hei 11-16143, Patent
ApplDeguient b liapanese Ndnexmn ned 3Patidnt,  Application
Publ i cati on No. 2000-233941, Patent Docunent 10:

Japanese bthexashhnes: PadeiiesAppldscatiren Ruldrdtcat i on
No. 2000-302481, and Patent Docunment 11: Japanese

Appl Hoexae netlPatenti orApRl i ¢atil ary-1Rblisgat i on No.
2001- 184624. However, a crystallized glass of a

Li 29+ 8h2CBs SiyfRnt YPe sRcLordh nthd:anBalenteagument 1
has lithiumdisilicate (Li2Si 205) and a-cristobalite

App1§ aﬁl&ﬁy%\ﬁh‘ﬂ&%ﬁ}@% rrdvantageaus! y controls the
ermal " expansi on coefficient theredf by separating

th%é@ﬁ%féoéﬁ@éﬁéweﬁ Cnﬁé/%%ééﬂ@whassem %h' s able to

tarn a magnetic disc substrate with a 'hi
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Patent Document 8: Japanese Unexamined Patent
Application, Publication No. Hei 11-16143,

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

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

Patent Document 11: Japanese Unexamined Patent
Application, Publication No. 2001-184624.

However, a crystallized glass of a Li0-Al,0;-31i0, type
according to Patent Document 1 has lithium disilicate
{1.1,51-05) and o-cristobalite as a crystalline phase,
advantageously controls the thermal expansion coefficient
thereof by separating the above-described crystalline phase,
and is able to obtain a magnetic disc substrate with a high
strength. However, 1t cannot sufficiently correspond with a

tendency of low-floating head along with the recording



according to Patent Docunment 2 has lithiumdisilicate
(Li 2Si 206) and a-quartz (a-Si02) as a crystalline
phase, and does not need ihe conventional mechanica
texture and chemical texture by controlling the
spherical particle size of a-quartz (a-Si Q2) thereby
capaaraky nigng Aoypossitblie t=o certir elndt mepsur pacgrepoughnesse
(Ra) after polishing in the range from 15 to 50A so
targased osbef aceverguagneald gz jmaterial as an entire
surface texture material of the substrate surface.
Hopeweystiheizéargeied slurdrace meughnasso{Ra) theeeof
is too large conpared to | OA or less such that it
accof@mtt s uffigitentdayaneers espard 1ivwhtibnadtendenay cof
| ow-floating head along with the recording capacity
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Furthernore, it has a low thernmal resistance simlarly
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as the substrate deformation after the nmediumfilm
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with a tendency of low-floating head along with the recording
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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 alferation of the surface roughness.

Although in Patent Document 3 is disclosed a
photosensitive crystallized glass of an 51i0;~Li,0 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 (Li;S81,305) and P~
spodumene (LiA1Si,06) in a glass of a S10,-Al,03-Li,0 type
respectively, both of these glass ceramics substrate materials

have a low heat resistance, posing prcblems, such as



use in the magnetic disc with a principal crystalline

phase conprising lithiumdisilicate (Li2Si 206) and

Q spodunene (Li Al Si206) ipya glass of a

Si O2- Al 203-Li 20 type, in WhICh R- eucryptite

(Li 2Al 2Si 238) has been separated by newly perform ng
defothet abovet daserd died: mryes tedltlez atieorf 1l eatt otrmeatimen tanalt

| oner tenperatures (from680 to 770C). However,
anneal i hough tdiesers crystraltiized Qlass suifsteatres gahetse .

| ess al kali conpared with chemcally reinforced

amphphous phesst theuwadkald e udofritstd |d accursateaanthr
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by the alkali elution. Ahd al though i n Pat ent
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crystallized ' glass of a SIQ2 O3-Li 2 type and in
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.. Substrate surface after 11 h rnatlo
stil]Reatt g FHO H G &Mﬁﬁ%&ﬁ% ~&S$c&él§>e res are
call. |n Patent Docunen&f 7 and 8 is dlsclos%
p051%%c$ﬁeh&ﬁp%ﬁsuc eCcrease 1in magnetlc property

of the recording medium," an "adhesion of defect to the
substrate surface," and a "record missing” caused by the
alkali elution.

And, although in Patent Document 5 is disclosed a low
expansion transparent crystallized glass of a S10;-Al,03-Li;0
type, and in Patent Document & is disclosed a crystallized
glass of a 8i0;-Al1;0;-72nC 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 1is, 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 cf ultra~flatness of tThe substrate surface after



preparing a crystallized glass for a | aser texture by
separating, froma crystallized glass of an
Si 02- Li 20- K20- P205- A1203 jype, lithiumdisilicate
(Li 7Si 206), m xed crystals of lithiumdisilicate and
a-quartz (a-Si02), or mxed crystals of [ithium
the i knlficatas: and axtrarsteelalniot e t( &£8h02kmperamiixedwas not
crystals of lithiumdisilicate, a-cristobalite and
discasguardiz 2l(la- Si 02) as a crystalline phase. And in
Pat ent Docunent 10 is disclosed a simlar technique
of Tprepashgnacetystal 1 ized 8 glass fadrosed aserdextaree of
by separating, froma crystallized glass of an
prepsk 02 Ld 20- 206 Al 208 diype;, ftdie aabeverdesgribedby
l[ithiumdisilicate and those m xed crystals. However,
sepatfieind argeted surface rouwghnesssRas(an arbt-hneli-& mean);-
roughness) these days is 10A or less, preferably 5.0A

Alﬂho%ykg§siiﬂﬁﬂﬁm preferabty 8.0A100,) essixa@ndmpstals of
preferably 2.0A or less, so that these glass ceramcs

1ith f@Rnets suffial eptd 36|(—Qﬁfarre:szp°('&d-9’¥05h, bthent gndengys0£18 of

Tow fToating head along with the recording capacity

1ithJ915‘ﬂl?;£’3§’ Nt ki ng o!@ﬂi%t%rb%g!i@c%s-(a'—@_i@F eng - Dpeypgnt

I scl osed a technique o preparing a

talljzed. S, SU t : ‘ WG -guartz
crys%%%§i$§ %%EQLQ%Q§§H§HQ§&%Q %wc%ﬁs@ﬁﬁélﬁggoﬁgﬁn@ g ant

y separating, in'a crystallized glass o

s P B0 EU AR SOR U LI W 20

I'sillicate éll ), mxed Cryste
oo THT i th181 11 oA e BT aF: SUOBATIY. CasSbop L iar s
1asf K58 SVt il 16 5 ey DoddnBnt Tioresied
slasgrSEi 11 Yea TGP ds CSaRLY At oo g P BCOP AHG o
1 ithg&gs{ﬂ g/i éfgaaggcéfé itzheodge ?r}/ixseecp%rragsit%%’s .i anweve r, the
targeted surface roughness Ra (an arithmetic mean roughness)
these days is 10A or less, preferably 5.0A 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 along with the recording
capacity improvement making rapid progress.

In Patent Document 2 is disclosed a technique of
preparing a crystallized glass substrate for high recording
density by separating, in a crystallized glass of an S510;-Li;0-
Ks0-P205-2r0,~Al,0: type, lithium disilicate (L1,81,05), mixed
crystals of lithium disilicate and oa-quartz (a-3i0;), mixed

crystals of lithium disilicate and ca-cristcobalite (o-85i02), or

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



crystallized gl ass of an

Si 02- Li 20 K20- P205- Zr O2- Al 203- Na20 type, m xed

crystals of lithiumdisilig¢ate and a-quartz (a-Si02),

and mxed crystals of lithiumdisilicate and

R- spodunene (Li 2A12Si 4012). Although the crystallized
quargt aseh menufractaireed: Bpcurdeing tléchri Juecéanesesusemalar

fl atness and snoot hness on atomic |evel by polishing
techipt@oesst ng;epdriposes quyellaans zien glebaceubpEopért yor high

such as a significant alteration of snoothness and a
recof@imptdons ofy Mande dqieojiectd)ohy aspthetehfjectnok

vari ous washings perforned in the process of magnetic
crysftalmfof mptd on.cSigce ithese, ¢85S pe@y-@HGS 2AF®;-Na,0 type,

different in hardness between the crystalline phase
nixedNeh PR Phays phasem Mikulie caéencaves-andreenyexesoar £ and

irreversi bly generated between these two phases after
mixed herpold DI NG Processing ikherebynthesepceonreakes and

convexes having been playing a role in preventing a
(Li,418E088 1, ¢ head fJ.om adherdNg 1913 ,dsg1gubskhal@ac®red by

the other hand, i'n a magnétic information recording

- Ces . t farenent i [ ;

thlsggéé%&?l%ﬁé] dasnansad e aferenent spaed,haad B8 290fic

nique, a ranp |load technique (contact recording
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ossSi bl e_t hat . the neti c head operates in-a state, 13
wash BT Gty Gk § 0 R AP maL] OROF BCGEang et on-
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and*8rbot ReSand 1 at S THE B 12 el T SiE TS e “and

the recording density is
between the crységiline gﬁase and amorphous phase, minute

t he
form%ﬁga

concaves and convexes are irreversibly 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 technigue (contact recording with a
magnetic head) has been develcoped 1n 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



i ncreased. Accordingly, in order to prevent a head and
medi um from danage even at such an extrenely | ow
floating height or in a sifate in which a head is in
contact with a nedium the surface roughness Ra (an
arithnmetic mean roughness) of a substrate is

extrpnelerablye nadeiteo ibg cnota tione rekamd104. mHowevrersrfece by
obtain such an ultra-fine and snooth polished

ma kisalrflae esuids tstiisd raaty€ a2 ceonfirirai-fg acr watlaksicbawi, ngnd that
m nute nean crystalline particle dianeter is

the ermandel. sAlsa,s alcang el tihdanhiencreaseing thesity is
recording density, a high precision is required in

incr$OsSedj oning a magnetic head and a nedium so that a
hi gh di nensi onal accuracy is required for each
conpenentn@fy hen db Se subStdatwrrand MRgRetEE medium from
information recording device. Consequently, since the

dama&d fegdn of: difdierences rdndife 1mear1bher Ml neXpaRsbenin a
coefficients on these conponents becones not

statdeghighhle. o didferences d thesg  Mean kRl the surface
expansion coefficients nust be nmade as little as

rougRO3SL PAE. | DT S mdady 12 AHRR S freball B othakeds s
mean coefficient of thermal expansion of a disc

prefec‘fI # l a[{:l£dé % Vﬁ’ey ncﬁ! IH’%P@' V:hla@lr Q%Fx.t h Dy@v8FaN: 5 optain
coefticient o i near expansion of these conponents.

such; r];%fto npongnt Use dsn{o & %rgili!sh%'dz%%r%%%et 1:Csubstrate
i nf of mati on recordi'ng medifum’in particular, t 6 “one
havi ng the . thermal. expansi.on coefficient .f.r +90 .t
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di mit necessar (%h t the disc substrate also has a

LENE Tl %&éh\? 'n coefficient in this range, causing

trouble of the generatjon of witi err )
AESO, a{ong wIith an increase in g%% reégré?ggwdeHSLty, a

high precision i1s required in positioning a magnetic head and
a medium, so that a high dimensional accuracy 1s reguired for
each component of the disc substrate and magnetic information
recording device. Conseguently, since the effect of
differences in the mean thermal expansion coefficients 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 1is very
slightly larger than a mean coefficient of linear expansion of
these components.

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

thermal expansion coefficient from +90 to +100 (x104°°C*) is



with a confusion of thermal expansion coefficient as
small as 1 (xI0-7C-). However, the range of thernal
expansi on coefficient hasypecome wider by a design in
the drive so as to have a certain degree of freedom
therein so that a conponent wth a | ow thernal

ofterexpansl amdaef fisciténtuchas ibecenesasapl ehiah thheddstve
design. That is, even a conposition having the

subsitherersd 1 ex parssizon heaet:fli ekeansinnt heefangéeht omm+60160
+80 (xI0-7.C- 1) has becone usable in the conponent.

rangdn ©hj=iatd wercafsitthe presenstnemventhonfi srioipyorirderaaven
i norgani ¢ conposition used in an information recording

with nedidiiusinth sfchneineh kagaasiexcebkent csuntase small as
property capable of sufficiently corresponding with a

1 (xT@petoad systieref orcige highye demsitafr-aCcengiang iion bot h
of the longitudinal magnetic recording system and

coef PRFRENiIGU & IRENELIG F 8605dLRY §YSEEM nENAFESROBSEas to
to the above-descri bed deSign i nprovenent of nmagnetic

nave | QLB O JRCQr NG d@WGES heehhIBoSERERTENComponent
durabl e to hi'gh speed rotation; both of the heat

with SXPANSOL rRIORELLY, And, heatkrieskbstange SUELAR! gsubil in

ement; a |l I a high

each drive e ow nel ting point; and

the @fﬁpém&és"ii?try_- SHYMARY, OEVJIE'E%LWAQ\&M 1AL 10,6

achi eve the above-descri be jective, the present

therndWe §g¢§£§wgﬁgﬁiigﬁg§% %%t%ﬂ%i%gpggs%§5?2%6ﬁﬂgog?89

resu ave n a conposi n contail ni

b 1 1 [ . ph f [ithi
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(LIgHA%L P & Bhari 2 (5 00k ot et gineotn
inor LLZS&%&deSJE%C%”%ge%”&%rg%ri%%okﬂg%gggi%egggggggtgggﬁum
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 tc 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 OF THE INVENTION
In order to achieve the above-described objective, the
present inventors have performed extensive research, and as a

result, have found that a compositlion containing at least one



gl ass ceram cs used in conventional information
recording nedia in that the conposition has an
excel l ent surface with extyene snoot hness after
polishing; a high degree of tolerability towards high
speed rotation of information recording device, and
crystfailrtiver miree a<eat-cexfansi oatpiopenppossuicabte (Withils),
the drive conponents, achieving the present
lithiuvehtdidn.calte pdrtBialsar, aaddixsqusubst fat@i@nd suchhat
for the information recording nedi umusing an
contdinorganiez scorposivtsitan L isechhasecpystathizednghasslioate
achi eve an objective of the present invention are
(Li.spoef erablyudis etpar tde tanmdraad isy steemo shedause sak:h as
its surface snoot hness. More specifically, the
glasPrasemtidnventd am pooviedesochhe faFbewnabgonArébsstiing
aspect of the present invention is an inorganic
medi LOMMPOSidH 0meC My JAiRg ot nheast eneeciyatakhi-ngecphasen
sel ected fromthe group consisting of a-quartz
extréﬁ%(Eﬁoqﬂﬂﬂégsu@fﬂ@ﬁﬁ?oﬂ@%ﬁ%n@#'gshzgﬁ)deéﬂge|bfhiUm
nonosi licate (Li2Si G3) Mst of inorganic compositions

toieféﬂﬂﬁﬁﬁy'ﬂ%w%ktkﬁ§§.hQ%?ee@rX%E@kﬁbﬁepﬁh§§§o§§5§§5§d
froma-quartz (Si0Z), lithium disilicate (Li2Si 205) ,

reco{ﬁ%ﬁéi&éUﬂH@,”%ﬁQﬁEM&%@%%mQEEZSEC%EaE =88R8GHE8L! ¥roBetty

ss ceram’cs of a Si02-Li @ type not only increase

suit%kglﬁ% degree af Gryst %'o:m'g%fextgs thescrystalhbzatlonn:

erature becones hi gher buf al'so transfer crystals

iHVEI‘{tOiOq”l. S;fgrz'g!‘ag?;ﬂcgggi?e avwaggch é@]gafééeicér:;@gsﬁ(ﬂ%for the

enper a e 16 ove- descr norganic
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I norgani ¢ conpo _|on_ 0O generate Cr nuc
sucn HIF BRSS SSBALEL Q4 LLLRCE, LOLLOUIERY B pr tincs
preséﬁgtfgéggtion are preferably used in the ramp load system
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 o-quartz (S5i0p), 1lithium
disilicate (LisS1i:0s), and lithium monosilicate (L1:3103).

Most of inorganic compositions containing at least one
crystalline phase selected from o—guartz (Si0), lithium
disilicate (Li;Si1:0s5), and lithium monosilicate (Li:3103),
especially most glass ceramics of a 5i0,~Li0; type not only
increase the degree of crystallinity as the crystallization

temperature becomes higher but also transfer crystals toc a

S10;-rich phase. When heating (rising the temperature of} the



disilicate), and, depending on the situation, a-quartz
(Si2) derived therefrom which is rearranged to a
conmpound of a quartz typeipy a solid solution of A
ion, etc. Since these crystalline phases are separated
at relatively low tenperatures, mnute crystalline
abovpadt st Bsedr enoseparatap and ianc opp esiatsieo s epaviang on
excel | ent surface property and physical properties is
occueasylyhobtaheethotgurtini sorasesitinna tor gleakireelky clrgwtal
tenperature range of the crystallization tenperature
nucl&ange tine wiede crerstaddiare iphasdscef fhécakavey a
descri bed lithiumnonosilicate (Li2Si G3) and |ithium
form&t 8bh i €ALE,H(il0; 281 26B) ut oexh St 1 1der €r ystalsliboe (1lithium
particle dianmeter is extremely mnute, so that a much
disiBUPEFE 0 SWif agepdroughness crand ikhnRg iheXwrauastzengti,)
can be obtained. Al so, since the separation of

derifedUakd Zo £ Aordl 02)i WM il a-dAnge par ticlee SrpRbel off & 3-
limted to a Iom1|eve| t he surface snpothness is

quar@&‘p@rﬂf@rb ovever, s@iﬂlt!iotr{ %f_s')@oh%nsurett%ce i ncreases
iction (adsorption) power bet ween a head and

medi U, causkng, darege; 4 oa, fedium Jherefore, - when

erate snoot hness is redquired instead of an
f
cors LRy SRl ST SRR Sl e
sepafﬂg‘g&?prérﬁg el Vo S8 &rﬁérp%a%%ql;égrt&e(lﬁeg O%llrfélc%oﬁroperty

g’ conpounds ‘0 n gener a
and tll? Slcrzra? be Sl I’cq_Lhtly saletaer%t q%l OEE P&%lzase, in a
? i ons

erat e’ ange t i'p of
Li 2Sj 2 est abl eqar
rela?#@ﬁaﬁéqg% ﬁﬁ%&?e é% ISefé%%ﬁr Q%P%§$% éﬁ%Fi |1%§% ansi on
temp%?%%&%%h%%$%§zy€}wgﬁéb Ay 4}%p%h é%% %f th% above—

described lithium moncsilicate (Li;S5i0:) and lithium disilicate
{Li,31i,05) coexist, the crystalline particle diameter is
extremely minute, so that a much superior surface roughness
and ring flexural strength can be obtained. Alsoc, since the
separation of a-~quartz (o-5Si0;) with a large particle diameter
is limited to a low level, the surface smoothness 1s superior.
However, an ultra-smooth surface increases the stiction
{adsorption) power between a head and medium, causing damage
to a medium. Therefore, when moderate smoothness is required
instead of an ultra-smooth surface, a desired smooth surface
causing no medium damage can be obtained by appropriately
separating o-gquartz (o-S51i02).

Also, among compounds of the same type in general,

though this may be slightly altered depending on the



the thermal expansion coefficient of the origina
glass of this type is in the range from+60 to +100
(xI&G7C "), when a- Si02 apd such with a large
difference in thermal expansion coefficient are
separated, the deformation between crystals and

tempawrdtgimalraglgss tihe aptlattdchetdpeckak.ges Hhd <afifie8f@shel o-
strength of that conposition. Thus, Li2Si03 has a

S1i0, ner ektiblibavingeaasthhl ethdi fferencetpritdieort her mal
expansion coefficient relative to the original glass

coef a8 02heFunthes hoeepai i hascdeen kinovwn dhat-3ie
relationship of Li2Si8 < original glass < Li2Si 206 <

exce@tSIHOD I n:genér &) sinestablh sheth¢ egasth ngaddie. aciitces
resi stance between the original glass and the

the w@fomenmentioned o vskalrs cifhtesratpel bshpgaW thasCeCR
(cerium oxi de) and such, in order to wash the

this MR NiNG n alasiyeadserbedot oot hepsurkace,. @ -sur fiacen o-
washi ng by hydrofluoric acid imersion is perforned.

510, A%cashesull cnwhen, rtheqdiFERERRCE: h Ne it AL dipansion
resi stance between the original glass and crystals,

coer NG dhe difference dn the elutiqnikahe,cbgburen them o

in particular "are |l arge, the surtace roughness i5s

t er] f.t h f LEi i L2
and ?dzglgelfﬂnafolgfqh%dssalserag&o%iogﬁ%c%&g @a&»bi@ cakl %@fel:!t SHLB

or to th ri gi nal | ass”in aci resi st ance,

strer?%r}%xr g%fgchadci fcfo?nrp %tit];_ilg)%m i %hm’;g tﬁfgse_l_ldjt 'n%g %?-F)[/l%tr%? in

uoric aci‘d. wever, sf nce”li2s

havhﬁ%gyﬁg%hHQQiu1&f%fé%ﬁgE¥P%%elgg%gﬁggﬁgggéHé§ogs 600C

_ enmel’y “m nut e cr particle

cone AR T, A8 UGH, Super o syt age Loyalens.oh, (e

(e R, e A gk ot 20l 01 A0, o
Ingi%gig_ggféfégftélggg<?H%gsiﬁh < w-5i0; in general is
established regarding the acid resistance between the original
glass and the aforementioned crystals. After a polishing with
CeC. {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
deteriorated after the surface purification. Li,S510; is
inferior to the original glass in acid resistance, and also
different from it in the elution rate to hydrofluoric acid.

However, since Li,3i03; crystal grows from such a relatively low

temperature as 600°C and has an extremely minute crystalline



relatively slowin the elution rate toward

hydrofluoric acid, so as to enable to obtain an

excel l ent surface roughnesgg In this case, it is

preferable that the principal crystalline phase of

the gl ass ceram cs of the present invention does not
part ot adl harcrtyst alschavialg ssepeegatt verttheemabugxpansi on the

property, such as 3-spodunene, R-eucryptite, and
subsRe£r ¢ stabald tert(BrSid2)n, sfhes dés at ket edieopsi de, the

enstatite, mca, a-tridymte, fluorrichiterite, and
elut Btw€hr&ise Mushaas peisifilerikdereiin,. tbe teenmther hand,

"crystallized glass" denotes a polycrystal conprising
Li.Sipok yesysi-addd.nersubstangeyceystiakbizetdanby sfiedheatdng

an original glass with a specific conposition and a
rela@l@ssy {hwalime)hdraderdialn Acsecond raspeel oefiubhiis acid,

invention is an inorganic conposition containing a
so a&rystaldine phase ofy ldi Rium; 1mpROSIHreake rokiyB8kEB).. 1n

Most of glass ceramcs of a Si2-Li Q2 type not only
this! OgLease: the orystaldididy,degee as.cife) crystalline

crystallization tenperature becones higher gﬁt al so

phas%rgf.s’{}?é c%lrc‘}@g als 40 & o3 02 rg%s%%%sgm\%%aohe%ﬁgnot

rising the tenperature of) f% above-descri bed gl ass
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occurs"wthin the glass to generate crys nuc
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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 1s an incrganic
composition containing a crystalline phase of lithium
monosilicate (Lip,3i05).

Most of glass ceramics of a S5i0,-L1i0; type not only
increase the crystallinity degree as the crystallization
temperature becomes higher but also transfer crystals to a
Si0s~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 & formation of

LisS10s, Li:8i:0s, and, depending on the situation, w-3i0;



the relationship of Li2S O3 < Li2Si206 < a-Si02 is
established regarding the thernmal expansion
coefficients. The thermal jg¢xpansion coefficient of
a-Si 02 exceeds +200 (x10-7"'C-1) in the high
tenperature range. Since the thermal expansion

dericeeffheieitonf whehramg nalanglfagsiedf tohias coypeuing A a p-
the range from +60 to +100 (x| O-7C-1), when a-Si 02

quarand: gk oy 441l iad |sarlge: iath fofferéncdenisn ehe.t her nal
expansi on coefficient are separated, the deformation
bermess trystahsoands osf gimalsgleassypes aptyeneraigcameugh
| arge and affect the strength of that conposition.

may JAUSLighd RSO3 hast ald@iidingn chavheg targaekbkate range,
difference in the thermal expansion coefficient

the ¥&lativesto, tde orkgonal gl asso; thap a-@i 02. established
Furthernmore, it has been known that the relationship

rega®hindi 28 Gher@ll :08ln QRS T 0w i 29edeh . < BnS fdeifal
general is established regarding the acid resistance
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cryst After the polishing wt 2 (cerium
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e surface, a surface washing
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when t rence in the aci resi st ance
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efence in‘the elutionra
e BELLLFUAT A S 080, IS, MLOCE JOVONGEO I copscace
cre SLASER20, A ILEL AL, 0 LGOS 01358 ] 0 8L <
cecob) 2oL SILON L 2te to bygrgllonis, 2o g S one,
Liﬁi&i gggcgaggrggsignhgégggnglgmaller difference in the
thermal expansion coefficient relative to the original glass
than o~5iCs.

Furthermore, it has been known that the relationship of
Li,58103 < original glass < Li;Si,05 < w-S1i0; in general is
established regarding the acid resistance among the original
glass and the aforementioned crystals. After the polishing
with Ce0, {(cerium oxide} and such, in order to wash the
remaining abrasive adsorbed 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. Althcough Li,SiO;



m nute crystalline particle diameter, such that a
superior surface roughness of the substrate can be
obtai ned than with the segpration of Li2Si 206 and
a-Si 2 wthout any significant effect on the elution
rate toward hydrofluoric acid. Athird aspect of this
is infeentd o ithd hedigiordagilessconposictisonfatber dihg to
t he above-descri bed second aspect further containing
resigtat@astarohe ldondiidffdrretcfystnaliki ne phase ofekéctédn
fromlithiumdisilicate (Li2Si 206) and a-quartz (Si O2)
rate Ace arghgr hup tihe ddier,ganhBiconpogittdlon refw st Hergor esennt a
invention, the crystalline particle dianmeter is
relativiile, 1Nt Aadher@iasulslt khe “suphaceaasubheekedeholy
polishing is extrenely snooth, having a high ring
mlnu{éE@%géﬂaﬁﬂﬂﬁﬁﬂﬁéktigﬂﬁ dﬂémehb&hl@ﬁbhdkﬁakléabaperlor
(Li 2SI 20b) starts to crystallize at the tenperature

surf&e 7A0GHRNADIING HNe -edueki eanobeChystahkiizedzgl assh
at a lower tenperature than the conventional glass

the ééﬁé%ﬂﬁé%n Jrurtsher imr end LB wm @i shbical e (éi 2B nt
has characteristics equivalent to those o hi um

effeé@n&'?'éﬂ&aél%t(lldr?% oGl @dwarotf@@o@heug@leartl cle

dianeter of separated crystals and the thernal

eXEaE‘ﬁiP&‘ e&’é’g{%é& cd ”Ehléhoﬁ%etn‘{ {hat; &fth%h%n%rﬂg%'nrl@

g ass so as to ena e aCQUISItIOH of

compé%t{fﬁﬁ 51 rkd#ﬁ 'ﬁy%§m§ %%ede %@%gﬁ sé Bﬁg Q0pect
H sur wer

ra SNDOo ace |ncreases SthtIOﬂ

mee a head t ause u
rore L ﬁkgsas%é@gn%%n %*nggéé‘?%?ﬁ*?%;f?@gdﬁhese
i red

w1 31 ey G danase To & Rl G4 BeraBt aPndd oY
Fg%gggrg Liately, ;@gg@gn@ %L AR G TOPhM N e
invention, 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 {1i,;8i.0s} starts to crystallize at the temperature
of 700°C, enabling the production of crystallized glass at a
lower temperature than the conventional glass ceramics.
Furthermore, lithium disilicate {Li»Si»0s) has characteristics
equivalent to those of lithium monosilicate (Li1,3103) including
the minute particle diameter of separated crystals and the
thermal expansion coefficient close to that c¢f the original
glass so as to enable the acquisition 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



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
nmean particle diameter of a particle show ng the
aforenmentioned crystalline phase is 1 pm or less. A
neceftfth aspeeidoff tdre ulnventdromibs stird siceor gahes, 2 desired
conposition according to any one of the
smooabover fleserddedi g rrsi danmdehitad ;aspedis: icarnwhiec lvbdained
mean particle dianmeter of a particle show ng the
by agbosenestéoneseeiystald icnepphase (ossi0y) witbral essgeA
si xth aspect of the invention is the inorganic
part cOMPoOsiihoOneaccording to any one of the
above-described first to third aspects in which a
meanrpakthChepdbanet efnhof i @vepaldd cle whowmg-dhei c
af orenenti oned crystalline phase is 50 nm or less. A
comp88YENLh aspeedif dded vt i dre e vdokgatiibed first
conposition according to the above-described first to
to thhhgdasaspest sy iyh Wi chy A siman pardiale dianeier Lf L
particle show ng the aforenentioned crystalline phase
and. - L-Ql t;
part%%ﬁ%t %@I%%%% h aspeg%rgf%?{ %dhgcsﬁ%fisﬁég%? in%n?)gls?its%cé@?%e =
pean particle dianmeter of a particle showing a
crystalline phase is 1 pmor |ess, preferably 100 nm
22, gﬁf%ﬁigipgﬁgeogr@ﬁgrﬁ%%n oM O 1 £S5 o%i%ﬂ%m

preféera m or nore an nm or €ss,

or 1

ultra-snoot h polished surface t aj o .
compdRbl BT RS URER Such A Gogi i o 2 JReq qeTiped Tirst

o tRYPSTLALE. SUSD 85 & 4l sEavrhshrale I o LRl on

particle showing the aforementioned crystalline phase 1is 100
nm or less.

A sixth aspect of the invention i1s 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 is 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 or less.

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

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



recordi ng medium the surface roughness Ra (arithnetic
mean roughness) of the substrate can be adjusted to
10A or less, preferably 5/ or less, nore preferably
3A or less, and nost preferably 2A or |ess, such that
even though the distance between a magnetic head and
or lesulystrcatee prefemablly &ddnmocorcakkbsi endahothepreferably 1
projections of a substrate with a magnetic head
nm o0CRIHS d4rel Gause bhe ldapngenof:l naghRetbcthead] Aaded hatrface
of substrate. Therefore, the recording density can be
can dacneasedd. Arserardp:f ormesepariatd aromdositchorm inutiesed as
crystals inproves a nechanical strength of the

a suddlorgaN G LONPesit Her. sushcthat the Ehpgrhhexunal
strength is, at the mninmum 300 MPa or nore,

recoﬁHﬁ&fE@Qth45QhMP%uQEa&@r%ouﬁﬁﬁ@s@rﬁﬁeﬁaﬁiﬂhﬁgglb@ﬁean

nost preferably 750 MPa or nore, and at the

rougHH@gép“Bf pief erally-,1600,MPa.0L 4l 888eq ThYS10A0br less,
exanpl e, when the conposition is” used as a substrate

[ ub t eERCH I di
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ace rec r I nNg enS|ty can

prefe%b%fyggy%at&nq o ﬁen shﬁgﬁ%atth%véi{b%ﬁ%ﬁ théeﬁisténce

rotate speed to | rove the record |ng

betwdens! t iopfils 'th eadd%heg LR 09L def gmg' 00 Spe.

gener a Slch that Vi i'on "die to this rotafion

is decr ed, resul.tin th Lo f_t
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vi brati and d
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head(ﬂ%ﬁﬂ%ﬁl Chgaﬁﬁgsgaeaﬁgmﬁgebg {ﬁgggegg%s e?utlngog}ln9 8
ryst h d 23 t ticl f
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substance. Herein, the term"nean particle. dianeter of

BLsO (5hdUHEGVEL SEESEAHER Far £1HE e@lgﬁsﬁ RGYETRl §stHPFPHES @

phase" denotes a , . o
mechanical strength of the inorganic composition, such that

rhe ring flexural strength 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



particle diameter in ternms of the central cunulative
value ("nedian dianeter" d50) of the area standard of
the particle dianmeter neagured with a transmn ssion
el ectron mcroscope (TEM image. And, the term"ring
flexural strength" denotes a flexural strength
contateaisuy edhy cireeparf ngvateAilnndi stbshaped asdnphesefof
about 65 mmin dianeter and about 0.6 mMmin
amorghdcknagsstzane .measuring the longitudinal strength of
the disc-shaped sanple using a circular supporting
rimgrand, azhd oadinng' id g deyrta cCenegnineite rcioifclcbe above-
fl exural method. An eighth aspect of the invention is

descitead NOMGEAN1Gs GOPASKE zorrgecarding bhaasy asscoést he
above-described first to seventh aspects in which a

part Rard i glmmaent ant how ng the caherementiangdive value
crystalline phase is from1 to 44% by nass. Accordi ng

("med O NE Ll enpodigrent.. when thenhBeHJBRAI €he particle
conposition is shaped into a substrate such as a disc

dlam Al S0 Qb!%fQ&%%%h@@SL%QOEQEEQrﬂﬁthgEOQCOpe
uctton in the surface roughness (Ra) and
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An eighth aspect of the invention is the inorganic
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 gquantitative 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 to a calibration curve.



A tenth aspect of the invention is the inorganic
conposition according to any one of the
above-described first to €ighth aspects in which a
ring flexural strength is 450 MPa or nore. An
el eventh aspect of the invention is the inorganic
coRAposhthoasaecordi ngh¢ olramnone ofs tthe inorganic
above-described first to eighth aspects in which a
compd s higi &1t exaratdisty engtdny 9ne5@ tMRas abovereeandib6d0first
MPa or |less. Since, according to the above-descri bed
to enjth dgpedlevientdniaspectrs nef flkeuvpnaesent-charentisoBPo MPa
since a flexural strength of the inorganic
or m&eApPosition is high, when this conposition is used as
a substrate such as a disc substrate for information
regordhpg gediam of hengenerati om ofs defd egldramniand
deformation due to a high-speed rotation of the

comp§§P§$5@I£bcdfé%ﬂ§ 45 SUPRressed 3@ Lhatved adisshanee first
bet meen a nagnetlc head and substrate can be reduced.

T
t Jé:ltﬂ@ ensidy L£an nPe1iReheased «andn 450 MP
© hernnre Iﬂratlon duer%g t he rotatlgﬁ %Q Ls .

or mdegcreased, resultlng in a reduction of data- readlng
error nunber (TMR) caused by the vibration and

deﬁhegagegntﬁ\ %&%{ h,aspect. of  tihe i rhvsergﬂé)rldcﬁhg}al}ﬁc

norganlc Ion accor |n to any one of
bove- descrlb d flrst t l.gh
como Qg e TS (R @ e, 2gpeel T
o this enbodlnent i nce .the .surface i Iy
to e%?gvjﬁﬁp%%%oﬁﬁlWEﬁ§%tﬁ1s é%nposﬁﬁ%;f$§%%1 gﬂﬁs 750 MPa

substr at as a disc substrate for information
or m?%%o‘?‘%‘? 56(?%%1?3: afist ance between a magnetic head

and  substrate
Since, accorglng to the above-described ninth o

eleventh aspects of the present invention, since a flexural
strength of the inorganic composition is high, when this
composition is 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 is suppressed so that a distance between a magnetic
head and substrate can be reduced. Thus, an areal density can
be increased, and furthermors, 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.



be reduced. As a result, an areal density of data
writing and such can be increased. A thirteenth
aspect of the invention isy4he inorganic conposition
according to any one of the aforenmentioned first to
twel fth aspects in which, when a surface roughness
(Rayceafitey pol ishs ngnveliremied Ralge ane: thatfaoy da d
washi ng or alkali washing after the polishing is
extrées DROE Rat ,arad valate: tof whiche thatse cofipebangeni nssuskdces a
roughness (I Ra2-Rall/Ral) is less than 0.62. A
subsf et d eentih @aspectiof dubetrmvyentfioon insotrhatiinar ganbeding
conposition according to any one of the aforenentioned

medifih) s dig-diid eenideraspecics el cwWhie@h, zadsunhaceate can
roughness (Ra) after polishing is 0.5A or nore and

be rd@fcQ, | @8Sa Rd,an, aERUALeAl d6haNEEScT Ndstd f@€Lring and
roughness by acid mashlng and al kali washing after

suchtdepolishingdsyl ess than 2. 0A. A fifteenth aspect of
the invention is the inorganic conposition according

toAa@M199§6ﬁ£ %@p@%@réfmﬂﬂé(Mﬁ¥Eﬂﬂféﬂ 1§‘%Hé“ﬁﬁd%§gﬂl

aspects In a surface roughness (Ra) after

comp&gq{fgﬂrgﬁééa zggt?% ! %n%n%flq %fb% ﬁen%ﬂgnéﬁ first

unt rface roug HESS ue

to tw%ﬁf&g %gsé @whvxac%ﬁ' ng, af ter, the pol. 'PE mgs (kess

Accordlng td the thlrteenth rteenth and
afteglféfiéﬁ qgQQ%EEQg%{ t@ﬁlt%%gnklogbL%y%gsghggg%r

norga conpos ‘i on,” especi IIy, a su ate

alkaﬁ%Ch 21,2 dlf%?%g %%g%@sﬁg{gﬁﬁ:nf %@%%Ioﬁaﬁecgrg ﬂ%e of

ass

the F5if ol est Lfﬂ}%rgq%&“r’ﬁssg}ﬁ'% Vgpt&h St 5% 3%ﬁ‘§ “Eapdrrate ds

1essr§££¥%L62.

A fourteenth aspect of the invention i1s 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



gl ass rubbi sh and abrasive adhering to the substrate
surface, even though, in particular, a glass ceramcs
in which crystals and a gjgassy substance coexist in
the glass matrix is subjected to the washing, the
surface roughness is not deteriorated because of a
compak fif evrencespavietlidhi,ng guade rbeeweenh theactlystakuantrate
gl assy substance by the washing treatnment with acid
for antbwhdaldn suehrdimat ncd vsurbape isaughnesscfRalaildized
not danmaged. Herein, the term "anount of change in
glassuriacaigoughness' = denoties antamaudtl ehdchargeii nr
surface roughness, relative to the surface roughness
hydr®f LassUbsddiat e afderpdingrpeld sifi Ree efibsthetsubst raheve
after the above-described washing treatnent follow ng

glasd heapel dishig arand e explressedtas thameupkrektehangeace,
in surface roughness = surface roughness after washi ng

even LEGALAERNT 1 Mﬁi@;‘iﬁa\rﬂu%h?q\%%sot:eﬁaﬁﬂQ%t Rat ghathebrystals
polishing."” "And a ratio of change in surface roughness

and & SyBad A1 0l s facs rgughness 49,a8 ageuntk of

change 1 n surface roughness of a’substrate after the

subj%ﬁﬁ%éh&pQﬂx§m%§?%&£5%§% @% &ﬁﬂ&%ugﬁkegga@%enbﬁ

ace roughness = anmount of change i n surface

f .
dete%p%iﬁ?%ﬂe?ecﬁg!?é%tfsaec%f %{J%%%%e%cea ;Lﬁug%!i:‘h@hﬁt 8&%8;%8 bteﬁ\éaeen

S| xteent h "'aspect of the inventron

the érugégﬁﬂéﬁd(gzgggitg%r%%%%ﬁ%?#th%OWQQXiggetg%awﬂggﬁ’with

above-descri I rs ent’h "‘aspect’s

ot g ALFEETENLL 000 o SR 27 COMEST 1.1 0D Lo

d tg%ns of % by mass: Si02: from50 to 90% by nass;
amagT®92: from5 to 15% A1203: fromO to 20% MQ from

0to 3% ZnO from 9 )
Heref%, the term ggééhé%@o :ggéngé‘¥2 surface 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 "amocunt of change
in surface roughness = surface roughness after washing
treatment - surface roughness of a substrate after polishing.”

And a ratio 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 is the inorganic
composition according to any one of the above-described first

to fifteenth aspects in which, the aforementioned incrganic



O0to 3% Zr02: fromO to 3% K20: fromO to 2% and
Sb203+As203: from O to 2% by mass. A seventeenth
aspect of the invention isythe inorganic conposition
according to any one of the above-described first to
fifteen aspects in which, the aforenentioned inorganic
compeONposi tdwor adord dihes fitié ofidhbowbngooenpeneat shasfvheed
formed oxides in terns of % by nmass: Si02: from70 to
ox1dd82%hycamss ;o Li®02y tmeem:7 to 13% A1203: from3 to
10% MG fromO to 3% ZnO fromO to 3% P205: from
1 $00,:3%rcdr G2: thr ¢mz0btyom3d%s ; KROO, f rtwmm) 3 oc2%5S%andil,Os:
Sb203+As203: from O to 2% by mass. According to this
from eyvbodi MENt MgEr:y strakd ioned ager gnot  fkbhhdusn 3%; P20s: from
nmonosi licate and lithiumdisilicate are apt to be
0 to s®lectiovel yrbaroede £8;tRiG: casen d nd & ROIDAM,03+As,05:
conposition according to the present invention,

from €SPesi A Iy i dhe crystallized glass, the Si02
conponent,” Li 02 conponent, and A1203 conponent play an

| MROLLant £ O & aéEEEt'éf dhe 19QA P anent AN k02 i ¢

conponent are ext renel Yy |nportant conponents In

compé%?%ﬂ&ﬂ'égkdf&ﬂﬂd“P 1Syl | G al g kh%héﬁgbe38@9§khb%@t@izst

a-quartz as crystalline phase by heat treatnent

to £ g]%tg g{ﬂ; Ot 'hne%b%yg%hc%eatléﬁae' Ego'ilﬂgnﬁ:er

annea ove-descri COﬁpOSItIOﬂ erel na

compﬁft%é{rggc t?gcaq%sa%%r 'f%'ﬂ%'mg%%ggﬁe Qgpggl %hgnkoraeel

onent 'i's contain € m ni
an amunt r ferably 50% or nore, nore
Oz’ﬂdepsrelf eraebﬁy 7 /oor n%re ‘and at the ITB.XI rrum in an

810;: 8%‘%’& gr g%ﬁrg 9%?/00?% n‘p%fnoénnt con°t a| gr Bhk¥om 3

to 10%; MgO: from 0 to 3%; ZnO: from 0 to 3%; Py0s: from 1 to
3%; Zr0s: from O teo 3%; K.0: from O to 2%; and Sk03+As203: from
0 to 2% by mass.

According te this embodiment, crystalline layers of
lithium monosilicate 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 $5i0; component,

1.10; component, and Al,03; component play an ilmportant role.
That is, the 5i0; component and Li0; component are extremely
important components in separating lithium disilicate, lithium
monosilicate, and o-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 Si0s;



at the mninmum in an anount of preferably 5% or nore,
nore preferably 7% or nore, and at the maximum in an
amount of preferably 15%¢ |ess, and even nore
preferably 13%or |ess. And, the A1203 conponent is
effective in inproving chemcal durability,

compareehani € atlorstaiengt, h atandchar diess, ofint ke ainnonganic
conposition in particular, and can be optionally

prefadged; Hmevemord) ader pre fefrhibtiyeftkycachveve thd at
above- described effects, the A1203 conponent is

the ©OM@IiMetn an theunt RIMPFE fieradnyasoegnbrof epsef endbhyre
0% or nore, nore preferably 3% or nore, and at the

prefdBNA T2 Y AN Amunhnaf 2080 1.0, leshordit everdmiAned,
preferably 10% or |ess. Herein, the term "anmount of

at thdenformd o de iAdehmer okcYehyomessy denabes, alore
anount of each conmponent contained as the forned

prefé%éﬂ%&if%Fﬁ@1&ﬂ@£9%ﬁk§a%o%ﬁ%shh&gﬁuﬁssgﬁi99 thatint of
oxi des, nitrates, and such used as the raw material of

pref§£ endss of jthe 1 neroanie %@gog&%@@agﬁy_t hespresents

venti'on are ‘all ‘deconposed and converted into oxides

n
g; Agfgytﬂaé %@epsénbwgm V‘@%Cé‘ffécfi(xpé eﬁéggug%{%&ﬁw

mass atrve to the total nass

chem%%ggcg&gafb%txjﬁgag tn-%lf:%%nQ%allgﬁ?ePlﬁg?{ggﬁpgAﬂggﬁggggeB%hthe

_ nvention 1s ! ! osition
ror S5681 L0, 40, L1, ahots;desgthed sLXLSE Bhts ooy
adde.s 5629I or. _nor. in_the forengftio edeco onent . __

ComiSeAgTw O 8-6Fat8 Fhor GaE ConpobT T on artt
cesc JSENELE Lhor qanls campos) 4on, 1) seneraly, & s cate
minimum, in an amount of preferably 0% or more, more
preferably 3% or more, and at the maximum, in an amount of 20%
or less, and even more preferably 10% cor less,

Herein, the term "amount of the formed oxide in terms
of % by mass" denotes an amount of each component contained as
the formed oxide in the inorganic composition 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 Liz0/X;0 is 5.5



extremely difficult to nelt at a | ow cost because of
the high nelting point of Si02. In order to solve this
probl em and produce an inggganic conposition at a | ow
cost wthin the range of formation of an inorganic
conposition of this type, it is necessary to dope an
or matkaln nehe anporemdnttieorSidd2Zdaigoacntert ai n ext ent .
However, since other conmponents al so play inportant
roCesprespeciiviel ¥, b tatbecomesypossidumge dsa tinpr evel
productivity while maintaining characteristic of
phosghyisé al hdzethi glassdy radjrusti ggnehe lpass siat.cate
Li 20/ K20 preferably to 5.5 or nore, nore preferably
inor§afiOrcdmies i@inth Msfugirrefter ablsy 19. 2restamieewithi n
this conposition range. A nineteenth aspect of the
extréMVEPtd ONy i Sutdhe d RIGARIHC a QRRPeSIsti pRcaceer difnghkonhigh
any one of the above-described first to eighteenth

melt 8sPestsniChris . a ehyst@dltized gl @ssens it lind
aspect of the invention is the inorganic conposition

prod@&@Q£§i£Kbﬁéhﬁ§B/éHM%dgiﬁﬂB% aboyedescrished i khE st £hko
ni net eent h aspects which is obtained by subjecting the

rang@' & @i Mmgiﬁoﬁ cjﬁkrng eatifcowﬁ QN tRLACESS +at s490Ce,

to 620C, treatment as a nucl eus

it i%gr?r%éé]ssél%ﬁ Ctgiziocfécﬁ %O%lt&#‘?l%%cco %otn%.%ti Rar %@@ig C’L{.%ea

oSl tl ng to the present I nventi on,

cert%gx‘r?]‘éee'@%?tc” %%%e%%ggloﬁg%gnB%ﬁg?ﬁé&ﬁﬁonéﬂ@?%s?g;?f'%y

al ed, further we at“freat nent

tnoo 0y ErUEL el BISSR PP e el g

nucl eu ornmed a an
proaBRPRIFTELY SOl 8 PN L 0200 e 8007 50,4 hat 9
glaséiégig jégggﬁg'éﬁgnﬁéég“égéfgﬂzﬁgb/Kzo 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 1s the inorganic
composition according to any one of the above-described first
to elghteenth 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
to 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 to the present

invention, the above-desgribed composition 1s melted, shaped,

and annealed, further followed by a heat treatment for a



disilicate. In addition, tenperatures for a nucl eus
formation and crystalline growh are relatively | ow,
so that crystal separatiogyis noderate, resulting in
a uniformformation of crystals having mnute
particle dianeter. Furthernore, since productivity of

crysthelinorganie composiitdiron ah thésphesentreanventj obhes
hi gh, and the tenperature for its heat treatnent is

nucléekal s vebymédWwat i 45Tan the arfuf,acing edbatcuewtd@stryatals
as to be economical. A twenty-first aspect of the

growl AYeRL1 0N t§ e’ d had@aar L£umpesidlilancaceasd g be
any one of the above-described first to twentieth

sepa PSPt Ha W ¢ Nodrp & G ASS 1GER AT sUhShatke aher 1iuse un
in a mediumfor information recording. A twenty-second

disiaspect. ofrf heydinvent i @Rrber-aRurkRf erraLi A1 6N dbRfation
nedlun1u5|ng t he glass ceram cs substrate for use in

and @pyhphorpmti %fb&[?@‘?oahdé ng nedim.accr disng th@+t Re ystal
above-described twenty-first aspect. A twenty- thlrd
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according to any one of the above-describe irst to
orss R DR AR MABITME LS, e
prodgggf% %gggtg%?di{ééﬁan1§5 cggg%!gggﬁo%'% SlleG
lnven% nty tq%rdhsﬁgggthgan é’ fgghg%%fﬁﬁbn acggg FRg et
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filter. :ﬁ twenty-sixth aspect of the invention is an
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A twenty-first aspect of the invention i1s the inorganic
composition according to any one of the above-described first
Lo twentieth aspects which i1s 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
to the above-described twenty-first aspect.

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

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

A twenty-fifth aspect of the invention is the inorganic



filter conprising formng a dielectric multilayer film
on the substrate for use in the optical filter
substrate according to thg above-described
twenty-fifth aspect. A twenty-seventh aspect of the
invention is a method for using the inorganic
compEOMPoSt td @iv@Eticey dicngntyo cary odnehef abhee-described first
above-described first to twentieth aspects as a
to twabstdat eadofcruseiioh menuf acburiragearorgneti ¢ndisc.
Particle dianmeters of crystalline particles of
optidafuaitizer (a-Si 02), lithiumdisilicate (Li2Si 20), and
l'ithium nonosilicate (Li2SiG8) are extremely mnute,
ang escdr{estkin BoSUPSET alie: CORPHItSIORY iaN ainnepgariad
conposi tion formed containing these crystalline
fi1tParddglesshas @nexy emelikiexcekl %G§t§ﬂé§7é§efilm on the
roughness and excel I'ent nmechani cal strength as well
subs%?é@btﬂﬁfqﬁﬁagﬁpﬁﬁﬁﬁQﬂﬁﬁk%ﬂeﬁﬁit%g'E@EE%I@%EhagéeBdinq to
rive conponent so as'to be useful as a substrate for
the é@&énﬂeMlﬁ@acw(fn%%.%m%n%ts?ec@tSC- _An i nor gani ¢
conposition according to the present invention
co ' a east y. ' sel_ect
fr%ﬁ%%@éﬁr%%% consello%%% % ?étﬂhéoggw%lf}sacﬁ)int ﬁisu% fenod for
. _monosilicate (L' 2Si Lt hi disili e
usind G iR G R OAT s (a0 P SR ang °f the
crystallin hase .of _|ithi.um monosilicate Li2Si ,
o AP TRt 161 & T Aeesr SaP SrhSsa oFy SPRFE RLL for
as mnute as_ﬂ{gnwor Ie3§, pr.ef erably 100 nm or | ess,
use i AL aC UGG 15 S SirhCor °6ss, and nost preferably
froml to 50 nm. and article content, show a
o S8 81 e IR TS 1 G g S e SO CRaE
surface rqughness desirable for a gggsi{aﬁe such as a

(a-SHfde subStHht 8-04éd°a5%a haghelstr thlum

monosilicate (Li,Si0;) are extremely minute, and as a result, a
substrate comprising an inorganic 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 so 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 monosilicate
(Lis,8103), lithium disilicate (Liz510:0s), and o-gquartz (o-S1i03),
or at least a crystalline phase of lithium monosilicate
(Li,8103), in which the particle diameter of those crystals 1is

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



recordi ng nmedi um can be obtained only by polishing,
wWth no requirenment of texture treatnent; and a ring
flexural strength can be ggenmarkably inproved, and as
a result, the inorganic conposition of this invention
has a hi gh degree of nechanical strength with
prefahtataby 150 yint @rhilghsspeed motat penfekabagditbon]l tohB0 nm,
i norgani c conposition of this invention can suppress
and 4 hearidetler icoratinen sbhwangulstrateasuthacpheoughnesson 1
after a surface etching treatnent with acid, alkal
to 33 Hydiofd ued arael d asrrfadehrasgpasskbbiesseanset 6obea
capabl e of providing a preferable substrate for an
subsiNfiQr natdiond ecardicnguiedirume akeet EONkCnaghbeltt ,
optical filter, etc. BRI EF DESCRI PTI ON OF THE DRAW NGS

recorflh %wQﬁRh@k%na%eeb%Qbﬁ%%d”bﬁﬂ?gb§pﬁoigghlﬁ Awith no
cryé%alllzed gl ass of Exanple 1] d Fig. eplcts a

reQULJéHEHES%% Q%x%h@%i%%@a%h%ﬁQgrQHB QTEN% eﬁural strength
crystallized glass of Exanple 2. DETAIEED DESCRI PTI ON

can & ¢ 4$§g5§§ﬂ§zgﬂ§ﬂ&%ée the L 'EOEQQQBSlEOWPgé'%hSE ganic

accor presént invention w [ escri bed

compa!tﬁag ference t g%a%ﬁb%'% agggfaggreghsflﬂgaggﬂaeal

nmposi tion accor to tﬁe pre nventi on

stremf]crht al nc% %fura%%ﬁ tg(n% 513_{%%1 Ezeggl Eg@§€18§| ecfr?dadé{@{gn,

roup conS|st| m nonosi i caf e
h|un1d|SJI cate Li

S -
the J.(I'éOlg C? OSltl tn JO NN CT:ZrySt éf’ll | n%a.lo %gn sp%%g%:n%he

I"eas ne p ase"of

| t Li I h
coco BRI e AR 20 50 B, R
anet e

hases whose an parti cl [
etchfﬁg treatment q&th,%01% Caﬁkail or Eyg E%uorlc ac1d 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 DESCRIPTICON CF 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



| ess, preferably 100 nmor |less, nore preferably 50 nm
or less, and nost preferably from1l to 50 nmare
unlforn1y separated. This {fnorganic conposition is
used, for exanple, in a disc substrate and such for
use in a magnetic recording nmedium and has the

inverabowe-descrirbed tpriepertt bag, sughtdhbind hehd sorgancted
conposition is to have: a flat and snooth surface

from hayve ngraus wdade triouglifess chRayp abnebiithchse 1QALgFiCs) ,
| ess, preferably 5A or less, nore preferably 3A or

lithil@ssii@nd dmst (1prefierably 2Acaerkessy-aibighor at least a
nmechani cal strength in which a ring flexural strength

crysiSL 300 MiaQr grone-rpfef ecabky 1450+ MPar,i 031 O, cof@e sing
preferably 500 MPa or nore, further nore preferably

crységﬂhﬂﬁ? adlf an d ISt npkef erghky145anMrangr thavee
and 1600 MPa or |ess; and a thernmal expansion

crysﬁé&ﬂfﬂénﬁﬂgseé %h@S%egﬁ%%abﬁ&%1E§@gﬁlgﬁ@€b%5b59néogchm or
which is, at the mninmm +5 C 1) or nore and

less, MR 120, x10s 7% éfééb ds less,
esspﬁ%%era ysgg%o (x10 7 C>% or ess'}C Fd?t ernnr%? or Less

and @Wg}zsef@:%%l né(}f lle t' ”%fogﬁﬂﬂ 8180(199%%%92]: iségaggged.

nor e e specific gravity there

’Fhi%sfﬁog—{]énslcsu@o%g{]oagleutosn %bju%%tded'foq:fte & g ln a

ment” Wi th "aci

disc 7Pb§%%%$rg%a S rq?héSh 3§§hf£daaﬁa8§ yes 9gh§ ?g%eﬁedlum,

e sur ace. e case a Crys

t b f. th f
and 5 3hg G 'g%&lc%é@ye K GhRRantcrn aubfatttnElfi o &
surface rou hness .tends.to deteriorate due
InOr g e iIEE S i e e HiSh g “gFAdE *bét vied F‘HS 8@?8?% SHRHEce

gl ass conponent mhen a mashln ea t with acid
hav1gﬂ|éﬂ$&§ﬁalﬂ)roughness (Ra) ngcg n?BA or Tess,'

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 ox
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™Yy or more and at the maximum, +120 (x10~
“.°cly or less, and preferably +100 (xl@q-°cﬂ) or less.
Furthermore, Young's modulus of the inorganic compositicon is
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 to remove glass rubbish



hydrofluoric acid is perfornmed. Therefore, in the
present invention, it is possible to decrease a
deterioration of surface gpughness due to the washing
treatnment to, at the maxinmum 2.0A or |less, nore
preferably 1.5A or less, and further nore preferably
and dbfsored esthdryireducithg tshesdi-ramet enrfefet heln the case
contai ned particles showing a crystalline phase as

of anucfstASLipassidil=sand gecreasilag,t becexist eficeheatio
of particles showng the crystalline phase. In an

coex Bt g desinyedrofdiwon ¢lacisg cHRpowastusada Alass
pol i shed substrate was imersed in a solution

matr CONtAI NI A ddF r [ A8%DY iRSS ) of Btk rAbRYte, daadto a
subsequently washed to confirma surface roughness of

dirféPensubst rate, Wd hyaniateieenf 0hee civerascape GAEM:y
Therefore, the inorganic conposition of the present

compVENthan, can, £, 0bt alned v tmekthngaqcormeanti op
conprising the follow ng conponents as the forned

hydr@%i 10 teris of, Koy JBSST1 Sk025:80 10 Hpresent
preferably 70 to 82% Li02: 5 to 15% preferably 7 to

T Yaa 010 9% PADS § L6 3% 316370 F6 3% Kab: o
surf%ﬁ%eﬁ%%ﬂgﬂg¥§F g§g§§§%%5B%s%&ﬁé%%rgg%ﬁhﬂg'tgndat the

; y "a héat treatnment fo
ma S LA 28, LIS pomonenta Tk ST B s hhases
cure BB ST NG oS et e recher..
or BEOBSLLY, 208 & compos! Lhon, ot partl shes, shOMME®as much
as possible and decreasing the existence ratio of particles
showing the crystalline phase.

In an etching test, hydrofluoric 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) .

Therafore, the inorganic compositicn of the present
invention can be cbtained by melting a compcsition comprising
the following components as the formed oxide in terms of % by
mass:

Si0,: 50 to 90%, preferably 70 to 82%; Li0;: 5 to 15%,
preferably 7 to 13%; Al;03: 0 to 20%, preferably 3 to 10%; MgO:
0 to 3%; ZnC: 0 to 3%; P20s: 0 to 3%; Zr0z: 0 to 3%; K:0: 0 to

2%; and Sbs0:+As,03: 0 to 2%; shaping, and annealing, followed



according to the present invention are restricted as
descri bed above will be described. First, regarding a
crystalline phase, in ordegsto obtain a desired
surface roughness, the crystalline phase preferably
contains lithiumnonosilicate (Li2Si O3), lithium
by adhsiticatecndiit 25 266)s torl la-mguarttez coapSn@2) swhoseus
separation ratio is relatively |arge and whose
crysCaysiad | pmnesphase 1iscHinnrimuios i 1Splaer, cali tpanti clieilicate
form nore preferably contains |ithium nonosilicate,
and a&nguapst prefesvbityiddihifgpmonosilicate (Li2Si O3),
lithiumdisilicate (Li2Si 206) and a-quartz (a-Si 02).
Thasecchystak! i nerphasesviay e separaded dikmdtred atduelate
| ow tenperature range to formmnute crystalline
prop@@f%lcﬁﬁﬁsiégmiékoéé%ﬂyﬁﬁﬁd(HWdMﬂﬂbéyii%éC%El@@kticles
surface roughness and physical property is easily
showOhLak ned, 4 m 1his gase, dm @ d elaldyeliv: lOWposition
tenperature range of the crystallization tenperature
acco£§f§§ td tM@Q&P@%%H talddne phases QAsdNeted as described
above- ed t and

descri Ithium nonosilicate (Li2Si O3)

abovgi&f%yn%gigééépggg (Li 2Si 206) coexist, the
crystal r ?

ine particle dianeter is extrenely mnute, so

h . i . ,
t Exs% ??%?g%?ﬂﬁg$§p8£%%%a§g%%$§§FL&H9hﬂ?%ﬁxﬁ%ﬁtQ?cmmaln

obt ai ned i hcé on ‘of a-quartz

-Si. 02 ith | icl di ; i i
= deffafh ol i S HRPA L OLE ) AT AInd BT (52 Gy
However h.suréac

. i or.. . . Si ul.tra- t .
contRhr ehSERi PR AT et T For Ce BePsken 2 hedd End Hedh tin
. to_¢C d t . [ d I th,
(L1285 Bt HeeaBec nicautiy WReBeARORF Shnotl EFBLBmbSt h
surface, so that a technugﬂgito obtain a desired

relaiipeth Serdace by HpiR opri Sl Y S St irig At Juarts

(a-Si 02) has_ been established in the _ L
spherical particle form, more preferably contains lithium

monosilicate, and most preferably lithium moncsilicate
{1.i,8105), lithium disilicate (LizSi,0s) and a—guartz {o-Si0;).
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»Si03) and lithium disilicate (Li;81,0s) 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-guartz (o-510;) with large particle

diameter is limited to a low level, the surface smoocthness



present application. In order to realize a reduction
in surface roughness after polishing and excel |l ent
mechani cal strength as desggibed below, the existence
ratio of particles showng a crystalline phase is to
be, in ternms of % by mass, at the mninum 1% nore
becops ef engdt yo 3% Hamdvewst sprieberabliyt b8 smndth atut hece
maxi mum 44% nore preferably 30% and nost preferably
incr2b%es Nexd | st egarati N raes Wdfraeerpropertly andsmddsari hed
above, along with an inprovenent in |ongitudina
causé eCREE N0 densidas of, aAamddifrersti emobetosdirigcaetiedtines
a floating height of a head has becone recently 15 nm
necegégﬂ: S8 5 & QN A0 ON; 1BANRGIdE H eMEalh , NBLoEhkess in
hei ght towards a near contact recording systemor a
techCPHRE et & SO ACT, IRCONAH NG rRYHHe B rlrd cer der atp?roprlately
cofrespond with such a tendency, snoothness

sepa§§@§ﬁ§aﬂﬁqu§ﬁ@b as B (i seasubstrat e+ AMSE s hed SURerhor
a product currently In use. Even though a high

presgﬁﬁséégiiéﬁ%ﬁ$QUtDUt is attenpted to performto a
magnetic recording mediumw th a conventional |evel

of Iﬁnegagyegé rLDpUsL o t%a@élg@gﬁ?tg&ﬁb@% 5

I éved because o arge di'st ance bet ween a

aft e?ﬁﬁcg},:ﬁa rﬂ%dézyc@exféﬁrle gﬁnalca%rr% fr%gl %dl&%%crlbed

s di S]f ce causes a Ion O Oj eCtI ons

dlun1(d|sc sub t.rat head syl ti
belo%égﬁh%dﬁﬁbét%ﬁﬁF i UM tléﬁ cc%% |ng% 4 %ﬁQ%F lﬁne

Phesgelt He %%2@?‘*#%%@909 74 5 ré%abts?% & eéﬁ%%%iuﬁﬁr

sore SPALLIE o) o ] oot el g o U 9, comt gt
max1$8§9hgfss)more preferably 30%, and 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 floating height of a head
has become recently 15 nm or less, 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 to a product
currently in use.

Even though a high density input/output is attempted to
perform to a magnetic recording medium with a conventional
level of smoothnesg, 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



for a current magnetic recording nediumis, at the

maxi mum preferably | OA or less, nore preferably 5A

or less, and nost preferaply 4A or less, and that for

a future magnetic recording nmediumis, at the

maxi mum preferably 7A or less, nore preferably 3A or
ceollisss; @hdbmosiciprefsemabky m28iom [(d$s¢ sandtirsteatwihe a

mnimum O0.5A or nore to neet a requirement for its
head Smpaddineissy ilm sorderd temebkakmndsmeliamfahagad snooth

pol i shed surface and a desired ring flexural strength,

AccoddifRdl,, pal tdrelee dicarRber of npant Hehegeshow dgsa
crystalline phase in an inorganic conposition in the

subs AT HanRgneld ¢d1ecaridiadgesied BM ESheall theanaxdmum
preferably 1 umor less, nore preferably 100 nm or

even | 88Ssy@Nd st Rreher ably f98anMer nkeget owhiheat Rahtact
in a future magneti ¢ recording nediumis, at the

statBXi N, preferablynfQ nm-or hegs: -aRdc feshaphretehahh¥ss)
40 nm or less, and at the mininum preferably 1 nm or

for JKH{%#E%¥uﬁgﬁnéyiély%dy} &%@eﬁ%ﬁgﬂﬁdé%?a§9n§he maximum,

Fur ernore,” a nmechani cal st rengt an |1 norgani c

prefecroa!mﬁifdmrcaraellggekn%r}fe%%f%xaglg}n5&0591 fﬁgre@r,a Lanyak+

m nut‘e  crystal particles. In“particu t he

pref%ﬁﬁﬁﬁgnﬁgcniﬁxgﬂglEh%et%%%t%%&eg EE%%S%}??%Q%%ECOf

_cracks so’as to enable the's ant
coco FOHPHENE 0 ke SLagka SascHl Bty 18 SR 0 e,
rore SHEUROLIL, Syman AL e dhateter ol Lhe saPaLaled,
ens HS511 150, A00NE, 2L L1 TRALIUT, PLer 30 KoL REL o
preferably 50 nmar less, and at the ] ni nu

its ?WQQ?ﬁ%ﬁﬂ 1Iﬁnpapeﬁnpg_obta1n such a at aé%,smooth

polished surface and a desired ring flexural strength, a mean
particle diameter of particles showing a crystalline phase in
an incorganic composition in the current magnetic recording
medium is, at the maximum, preferably 1 um or less, more
preferably 100 nm or less, and most preferably 50 nm or less,
while that in a future magnetic reccrding medium is, at the
maximum, preferably 70 nm or less, and most preferably 40 nm
or less, and at the minimum, preferably 1 nm cr 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



In order realize the aforenentioned reduction of

surface roughness and excell ent nechanical property

after polishing, an existgnce ratio of these

particles showing a crystalline phase is in a range

of, at the mninmum 1% or nore, preferably 3% or
chippii@, aanchdarositmeproef ercallsy: 5% eronereingnd Aise hérom such a

maxi mum  44% or |ess, preferably 34%or |ess, and
viewd®sit prefesablpa33%ier diessceAf ber tphel kebhmgttheparticies

substrate, a washing treatnment wwth acid or alkali is
showﬂﬁ{]f£rm%ﬂﬂlrie@ma®@&$,r uBbiisBcandedabpaskyeat the

adhering to the substrate surface. In the case of the
nmaxi®iysSt@td fzed 19} assid npakkiscukake beeausendf; 100 nm or

coexi stence of «crystals and a gl assy conponent in a

less 9l @SS UL ave & AHIRCE y sOUghNess 1keRdshe at the
deteriorate due to a dlé?erence in etcﬁlng gr ade

miniymﬁ{wﬁfkféxya%lﬁ)sl apd A glassy conponent when a washing

treatment wth acid and al kali is perforned.
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surtace roughness due to a was Ing treatnent 1Is

rougyfzﬁegscgf%{%'tegcer el%%%e%éc%ag-i alogr:@g%ggy af@gggseﬁiiggmg,

: of contained partic oW n
an ext gtﬁ%élgg%jph%%§1${é§éﬁ a%%&%ﬁ %ﬂgwggge%'%? %@glline
exist'ence “ratio o par t1clés showng a“crys arl e
hase. The _deterioratiqon of surface,roughness
Phas T oiitckl, * at 45 HexiTu 36 VS prdr 87 By ot oFT eERTaPLY
., .or less, and still re preferably to 1.0A or lLess. .
3% ofuNTS, Stid aRet CUGRESR ey aft SPOERt | BRnGL; S1E haximum,
, termed Ral,. and .that by acid washing or alkali .
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value of the rate of change in surface roughness
or lg¥Ra2-Rall/Rall) is preferably

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 alkali is performed. Therefore, in the
present invention, a detericration 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
ratio of particles showing a crystalline phase. The

deterioration of surface roughness is reduced, at the maximum,



| ess than 0.62. Next, the ring flexural strength and
specific gravity of a substrate will be described. As
descri bed above, in order {p inprove a recording
density and data transm ssion speed, the tendency of
hi gh speed rotation of information recording nedium
more obsef sty atee .94 mrprlegeessandl ataidemcte poefespohd to
with this tendency, a substrate nmaterial nust have a
1.0Ahbghmegd gidity and a | ow specific gravity so as to
prevent a disc vibration due to the deflection during
a hheh speedrdat atd @hne AN RMNEF ta 1S hstikat e gmaketieaned
is used in a portable recording device such as a head

Ral, c&m actatamd, adiemyablie r ecordikAd: @pRARALUSTtRE
beconmes necessary for the substrate material to have

poliéhilshan alsisly engtthrrddhizgh , Yaung' semedutye, rand ar
surface hardness capabl e of suff|C|entIy st andi ng such

h asggﬁfa%%e%f dld% gkl 9&%@' /BLNeNgth BebRrErap1

© an?ﬁe# erably 300 ﬁé% or ﬁérg and | oung S nogulusr%elﬁg

lessg{ £erably 80 GPa or nore. Therefore, regarding a
anlca strength also from this viewpoint, the
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rmre bre era or nore, nore erab
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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 sufficiently standing such a
usage; specifically a flexural strength being preferably 300
MPa or more, and Young's medulus being preferably 80 GPa or
more.

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

500 MPa or more, still more preferably 750 MPa or more, and



rigidity is low it simlarly generates a vibration.
On the other hand, when specific gravity is nmade too
low, it becones di fficult 440 obtain a desired
mechani cal strength for the substrate materia
Therefore, it beconmes necessary to keep a balance

most DEEWeeRaSEENT NG| yp L W lidGtd NG dPricer tires d 1@s@i.SCyoung' s
substrate, that is, high rigidity versus |ow specific

nodudhavityso ¢paa0pﬁ@£§gable range of the bal ance, a
ratio of Young's nodulus (GPa)/specific gravity is 30

Or uARESEri NWBADLEE;: AL €f ef abl &1 ange dhereof, #Jg%lty is
ratio is 33 or nore, and in the nost preferable

largéangﬁe ﬁﬁ%%fﬁﬁé’ﬂé%é%&éﬁ égﬁé%s %egﬁkd%%ﬁlc%p%ﬁ'f%% a
gravity, it nust be 2. 7 or less even with a high
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to o n a substrate
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coefficient, anong these onponent s becones not
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expansi on coeff|C|ents must. be made as little as

bala%%%s?%ﬁ%@e?¥§%ﬁ%ﬁﬁﬁkﬁuﬁﬂ“ﬂkﬂ&f%qgz?@ﬂﬁ%qt%ﬁszé@ a disc
magnetic information recording nmediumin particular,

SubS%ﬁ@t%net?haav iy teh ekl C e xipdidtson CosPacdifét VALY -
range from+90 to +100 (x10-7C-1) is wdely used, and

In ajpreseriolghtandmtol Hda Herlmdlce expairdiion SORE ' ént
inthis range is also required for the

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, it becomes substantially
difficult te cobtain a substrate material with a desired
rigidity from an inorganic composition of this type.
Regarding thermal expansion coefficient, alcng with an
improvement in reccrding density, a high precision is reguired
in positioning a magnetic head and & medium, so that a high
dimensional accuracy i1s demanded for each component of the
medium substrate and disc. Consequentiy, the effect of
differences in thermal expansion coefficient among these

components beccmes not negligible, so that differences in



substrate. However, sone drive makers may use
materi als having thermal expansion coefficient beside
this range (from about +7Q;to about +125 (x| 0-7C 1)
for the conponent. Fromthe above-described reasons,
in order to be capable of corresponding with a w de
thesyathetyzDfcomderial (praperdices ofmustomponaents ako Lhetle as
used whil e keeping balance with strength in a
possChyst aldd ne phasecofr asebnanhganseatoAposkti eagoéttbe
present invention, the thermal expansion coefficient
infolRaBis@ngscd @My 28:d 0l G0Cpaate ithe amXitdMonieS having the
preferably +50 (X10-7. 1C 1) or nore, and at the
therfk N 83403 nPI & bt 1 120 (2 O % aegl) fofonl €99, tcand 00
nore preferably +100 (x10-7,C 1) or less. Next, the
(x10T7€@gon wWhy .8 £LARPOsiW, oRnHange:af thheght NORgaANtEe thermal
conmposi tion has "been restricted as descri bed above

expa%“}n b@o@f(f’i?i.(%}ﬁg'ir! i s Gage.1 4 ha content @f edehine

cormponent o I norgani ¢ conposition is expressed
substP?ngrﬁdeéG%&QYso%%s%ri%%fhaﬁé Mfa 'Eséhﬁa9é§§ﬁﬂé having
pat ent application, contents of conponents in the
i nor iCc.C i £ion ¢ : in. .ter of, 9
therm?g %??éﬁ?ﬁéﬁmgﬁéﬁ gﬂLQ%Pkﬁﬁiﬁga is rggge (EbeYa%%%%

a e cont éen of the forned oxi deri ved

+70 LEOMLSAET, FOIPOOADY . SXPIOI98T ki LERBAGL Y by oSS
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roduce crystals_of |jthium nonogsilicate .(Li2S O3 .
COmPPRERF Bnt i B | 128 LI 2 e aél-ccffuéeﬁ(tlzﬁ Fi?@“@ifl n a
separated as a crystalline phase by the heat
crystpeatRRntleiRvRy et WHEHATHE Coltsht: ey Sot the BoasET

| ess, the
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 +120 (x1077-°C™Y) or less,
and more preferably +100 (xqu'-°Cﬂ} or less.

Next, the reason why a compesition 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. Furthermore, in the present patent application, contents
of components 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 compesition according to the present

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



separated crystals of the obtained inorganic
conposition are unstable and apt to coarsen the
crystalline structure, whike when the content exceeds
90% it is apt to beconme difficult to nelt and shape
an inorganic conposition prior to the heat treatnent
annedrefertted dleowas-dars aribgidnalonpost.gapinc fecbirpesit bgny. heat
Therefore, the content range thereof is from at the
treathmdiimumnd prref eriabl yohpYmermror es paef exabdye 5% mamndrant
nost preferably 70% and to, at the maxi mum
conp@ieferabl yr8%e norestaief esabl yri85% mantkibstate (Li,5i03),
preferably 82% The Li 20 conponent is an extrenely
1ithidRodiant: €ofonentil®,) pPredueesukrhzum:renos) | iead eated
(Li2Si33) and lithiumdisilicate (Li2Si 205) which are
as aSEPAIEi el @S dhdy Paldine phasecbynBeat treatnent of
the original inorganic conposition. However, when the

conbgBlelhegol 1S | &8s ddian mMedihe Aberedesddhed e
separation of crystals and the nelting of the origina

sepa%ﬁl]\?%c?%fs,%@% QN A% {heth iﬂB‘%:gtaQigeee osition are

and when the content exceeds 15% the

unstégﬂéﬂ%ﬁﬁj y%&@k%ﬁﬁ%%n %%%t%gl%t%@l@%etgtgeEtQQEY while
y al so

readi coarsen the crystalline structure but

whenr¢£%“43h€§% QS“§Q§k§Q%@iC§E E%SEEEanebecgﬂgrgﬁ%%ﬁ ult to
the ran et a I mum From

ge of content théréof i's, "at the mn

preferably 5%. nore preferably 6% and no ferably
et P53 S e R Ty rer PaBly Do Cnaras
‘ .@%efer bly ¥AW and nost preferably 13% The A1203. )
reaiddnpon ?L?%eﬁi &f%rabl®d 6 iotprov e "REERBAT caPPOS T Ion) -
resi stance and nechani cal__hardness aof the in ani,c.
Ther$its Lo O HBUGH THE (Y58 0F Separated tr yorananinun,
becomes_ different dependin% Qn the heat tre%tneg& .
b%, ancd most prelerably 70%,

pref%ﬁﬁﬁﬂXi%ﬂﬁi NRfshH preferably
and to, at the maximum, preferably $0%, more preferably 85%,
and most preferably 82%.

The Li,0 component is an extremely important component to
produce lithium monosilicate (LizSi0;) and lithium disilicate
(Li1:8i:05) which are separated as a crystalline phase by heat
treatment of the original inorganic composition. However, when
the content therecf is 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%,



t hough taking various heat treatnent conditions into

consideration, in order to separate lithium

monosi licate (Li2SiG8) angslithiumdisilicate

(Li 2Si 206), the A1203 component is contained in an

amount ranging from at the maxinum preferably 20%
and aorehpredemably db%rafrd aibist 1pkef epabl pre@¥rabagd 166,

at the mnimum preferably 1% nore preferably 2% and

and most preferably 13%. The MJO and ZnO conponents are
those to not only inprove the nelting property of the

| NOREani L-Corpeshthonibubrakspabps eventmp heve oar Sesh higa 1
of the separated crystals, and furthernore, they are

resifd @6t Y& i geparati ne ehsialld Ree pabtigehes of
l'ithiumnonosilicate (Li2SiG3) and lithium disilicate

comp&éi@le@OS)rhlo@g%plaﬁ@ ¢3bef QENsa52 Aa €LY SEALERCS PHASEmes
However, when they are contained in excess, the

o1 £ OPLAE NeGho /IS ALS are st ablee rand <t benenysbakl i Been
structure i1s apt to become coarse, so that the’ MO

tnouegr?“t}’é’@ﬁ'i‘é FSe Gant tr%raecfm%riﬁblc)én'thﬁ%%ﬁ%nQ'ﬂQ% of 3%

ess,” nore pre era l'y in an anount 2% or | ess,
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preferably contained in an anount of SWbor | ess.
most preferably 3%

The MgO and Zn0O components are those to not only improve
the melting property of the inorganic compositicon but also
prevent the coarsening of the separated crystals, and
furthermore, they are effective in separating crystalline
particles of lithium monosilicate (Li,Si0;) 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 amcunt 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 1s contained in an

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

and most preferably 1% cor less.



Furt hernore, when the P205 conponent is contained in
an anount of less than 1% the crystalline nucleus
formati on may become insufficient resulting in an
abnormal growt h of the separated crystalline phase
sonetines, such that it is preferably contained in an
anbhat Py@angongohierom iat thbepraxemumn3tiogn ats 4 heseful
mnimum 1% The ZrQ2 conponent is a useful conponent
comptodnOMyr ifanct i:orimg@as 1d ner ystakbbsn€ornehqusgtorning
agent for the inorganic conposition simlarly as the
the 2OBgLoMpaneiicitial.soHchaving aheensliikabloe ebfheehehn is
mniaturizing the separated crystalline particles and
contd IMEOVIiNGa mehaniGalecstitenoth as opehksasna chenical
resi stance of the material. However, when it is

devi€ont aided,d b an Uty exaeadi-nga3%: thepekiginal occurs,
i norgani c conposition s apt to beconme difficult to

so tHEts: SO f@ﬂeﬂébﬂfSdHHHé@n@%di&naﬁnaﬁGBH@to@f3% or less.
forcibly 3% or less, nore preferably 2.7%or |ess,
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a conponent not only i nproving a nelting property o

of lé§§ %ﬂﬁ{gﬁﬁiﬁj%ﬁ Ekhﬁﬂn%uku%h%%s @Eﬁﬁgﬁggﬂgma becgme

coarsening o e Separated crystals. contal ne

inou Bl sty oG g OrBeeh he ne elhpa e
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oy R CHH S Te PG oF Rl f g St heot ROFOERFELY

conposition, the sum af those conponents_being L, an
cont SR b oA et RSt st Grabie TUS0R6rT| ads s ot
n and.nost]greferably 1% or less. In this case, the Na20
the Righgdient'is a conponent which is apt to pose

roblens in preparing a magnetic fil m of high
P The ZrQ, céﬁpé%ent s a u%eful component ngt only

functioning as a crystalline nucleus forming agent for the
inorganic composition similarly as the Py0s component but also
having a remarkable effect in miniaturizing the separated
crystalline particles and improving a mechanical strength as
well as a chemical resistance of 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 compeonent not only improving a
melting property of the inorganic 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 1.5% or less,.



precision and mniaturizing the same. Wen this
conponent is present in a substrate, the Na ion
diffuses into a magnetic f4lmduring the film
formation to cause an abnormal growth of the magnetic
filmparticles and a reduction of their orientations
soThs fio:(hecapbotiontetedi Bedisecthponaghetire aprepessya
Furthernore, the Na ion gradually diffuses into the
clarbgreti caf it ltiked wi aedetieni ahat enarbenget epmposition,
stability of the magnetic property such that the Na20
the sonpoherfodes copirefremald wedeky dantai aedunEunthégnoreless,
the PbO conponent is environnmentally an unfavorabl e
more COMPONEI 180 t9atod hedsse anthereaf pire fpreberyabbyor less.
avoi ded as nuch as possible. A conmponent conprising
metal thesoxbgles Ofe WWa QucoMionChs 160a Mompbhenfewhieh is
Ce, Pr, Nd and Er is likely to color a glass and
apt Gdetgrdorate, other: propetdies theseaktse trhat bt hsgh
preferably not substantially contained. Next, in order
preci® M epar 66 (i NOrganl ¢ 1eoNREsI.t i PRen ack0s dbiEpdQehhe: s
present invention, after a material having the
pres@pgyfﬁQ§ 1080, 1GOMQR) 40N JrS dfiiekrSiel hed, aaRdgneatic
subj ecte to a hot shaping or a cold processing, the
_ Cal ot . a ai
L e i T 4200 o are. prer o aaly "4888" ©F
e, A re. .preferabl or . to, at
the PIas dim" GOUC Nprer 6 abTy 680G SR orECtT
referably 560C for about 1 t rs r -
e %ﬁ?i%&aafhﬁ%1gﬁ%fggbﬁpoﬁg e%goggﬁgthg BI8?%%%Cat

YS treat'men
t t ' m_at_the mni 620C
A R T e
ferably 685C for .aboyt 0.5 to .10 hours.
man GO of i Yol 11 A e ARt Hen ORE TR G ogs Loy oF

the magnetic property such that the NayC component is

O}flelg

preferably not contained. Furthermore, the Pbh0O component is
environmentally an unfavorable component 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 toc color a
glass and deteriorate other properties thereof so that it is
preferably 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



to realize a further snoothness of a substrate so as
to correspond with a tendency of a high density
recording in the future, asnucleus formng
tenperature is, at the maxi mum preferably 700C, nore
preferably 680C, and nost preferabl 670C._In this
or merse, tWhet: & td yetIMIthe flicICeu® rEdHiERd Y CERpEr afilifemore
becones 450C or less, a nucleus is not forned so that
prefersislal $6GEE e iadmot i fict i28t édunshitioe fapien at Reystalline
tenperature beconmes 620C or nore, not only a nucl eus
nuclées mafdbhovird tar so feady yetealtinend  gitowt i esipgybtaneousing ing
occur, so that the crystallization becones
fromuneont ol hiabiein,) b2 Eddidn owrewten atcryst akbiimati, 0f00°C,
tenperature is lowered to 620C or |ess, even a
preferyistal 7held ngarad preefee rade fee rtalvdyndls 5 "€x famsiabpout 0.5 to
coefficient hardly grows, and when the
10 heliystad | paatdon 4 enperatiuriedts ohal Sedrtoe880C: pr invoegder
a crystal having a | ow expansion property is forced
to réQlbee Separated srhaitysial ldMme phase refet Be thuso
crystallized inorganic conposition by a heat
corrd &8t t1C Q488 dy tJH UMHRROSsidrsGate relbird®nGB)in the
lithiumdisilicate (Li2Si205) and a-quartz (a-Si02)
fututdcl dding ats | eastidd thigpamnes licate (hie2 @268k, N
which a 47 nmean particle diameter of crystals is 1 am
prefOFath B5S700M0f € marefarahl viphQ0 gameer, @S meard ostitbhrap1y
nore preferably 50 nmor Iess, and mnute crystals
¢70°@re uniformy separated, so that a crystallized gl ass
superb in surface roughness and nechani cal strength
appl,i e a di u f td -
i ?}1 cable fo.a gdise s m%@g%blt% nrgiﬁ!@cﬂiée ffrming

nformat 1 on recordi ng can bpbe
temperature becomes 450°C or less, a nucleus 1s not formed so
that crystallization is not initiated, while when the
temperature becomes 620°C or more, not only a nucleus
formation but also a crystalline growth simultaneously occur,
so that the crystallization becomes uncontrollable. In
addition, when a crystallization temperature is lowered to
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 expansicn property is forced to be
separated.

A crystalline phase of the thus crystallized inorganic
composition by a heat treatment comprises lithium monosilicate
(L.i81i03), lithium disilicate (Li,51,0s) and o-guartz {a-S5i0;}

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



In this case, the higher the crystallization
tenperature becones, the nore the separation of
a-quartz increases. Since 4the difference in the
t hermal expansi on coefficient between a- quartz and
the original inorganic conposition is |large, when the
mean gy 5t ehee Fanerof o quart2 edénes Pfﬂo@fhggﬁ?r amore
nmechani cal strength of the crystallized inorganic
prefevnpbsi 10Gmn o ddifced 2andOsttild soner argfewheayt A nm or
crystallization tenperature is too low, Iithium
less nopodithinate (L 2SIIEB)arss wegaratied sepagagedat so that a
correspond, posing problens such as a deterioration of
cryssatiacel goughmess@dndra sweduct ooughnehe pechancbahical
strength due to an increase in particle dianmeter. In
stretdieh pigsentziapplticat iddrgc isubsarder ttorobt arpnahic
i norgani ¢ conposition such as a crystallized gl ass
infostperdn i fecsitface:r aughmess rand nmechani cal
strength, the highest Powder X-ray diffraction (XRD)
peak tRtenshty, i theachyesysiiad @referablistsati sfarg®rature
the following equation 1, in which ILizsi20 is the
becontRD, PEaK mdd ensd taef-dditd wn di-giulaireat enckbk28503 $snce
that of lithium nonosilicate, and Is is a sum of
the dhose-ofcotherticoedSting oglystiakl i-berphasess #8tween a-
Equation 1 |ILi2Si 206/ (ILi2Si206 + ILi2SiG3) > 0.2
quar€d Lidsi 205 Izl 03)o Jghdl 28303 it ibki 281 @B rel Shinn
0. Next, by lapping this substrate

2 Equation 1° _ gt _
the &2ADELPLNG AN 4 NOS dérﬁ%“ﬂ%%ﬁﬂéso%o%r%ﬁb%kggzﬁgcﬁﬁnécal

eat treatnment according to a standard net

streéﬁ%ﬁQ%qugy é¥§.fgﬂf¥%éé“§ m i@ %%%.%%@%iggrésarghﬁged.

Strate, an ‘electronic circuit substrate, na an

on t9PULSRA  AlsC substrate the syrface foughness (Ba) 16300,
low, lithium monosilicate (Li;51i03) 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 Tpizsizes 18 the XRD peak
intensity of lithium disilicate, Ipizsios is that of lithium
monosilicate, and I; is a sum of those of other coexisting

crystalline phases.



arithmetic nean roughness) of which is | QA or |ess,

nore preferably 5A or less, still nore preferably 3A

or less, and nost preferabgy 2A or less is obtained.

And, by formng, on this disc substrate material, a

magnetic film and, as the occasion may demand, N -P
Equaplabihg, or a foundation layer, a protective |ayer, a

lubricating film and such, a magnetic informtion
Trizs:b@d dEdizagommedilumsdissc2 c@pabl e of corresponding with a

hi gh density recording can be obtained. An optica
(Ipiz€lb@c + iLsizadosld/ Ohtadnedt bynibasnmiingsa di @l ectric Equation 1

multilayer filmon the optical disc substrate

material. Exanples Herein after, the present

invention will be explained in nore detail with

r eflexenceyt bappbodi teht ssuihoweyer ,cdrfieyl sishowd inotrdenic

construed as limting the invention in any way.
compExanpbesciy s Bl anehl Gonparaidty e rexanpines atcoedd nhaklee a

1 shows, regarding a crystallized glass which is an
stanf LA 0adt Bo€ ORPOBdhd ® b AGLAridiHIgi ¢t @Hehespigsenmaterial for

invention as described in Exanples 1 to 3; three
a dikkngspof gt assacesamicsorefc 48 rauiconventi-oral, LindSiaEB

type (as described in Conparative Exanple 1: Japanese
optibhexamined Pat ente Appl i Gatdon RuRfHneatd qQra)Na.anShe

62- 72547, Conparative Exanple 2: Japanese Unexam ned
aritBatept ApRLi catd il s Hukl# cation ;No.; gifei 06+329440,rcand
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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, a crystalline phase, a crystallinity
degree, a nean crystalline particle dianeter, a ring
flexural strength, a surfgge roughness Ra (an
arithmetic nean roughness) obtained by polishing, an
amount and a ratio of change in surface roughness by
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roughness by a hydrofluoric acid washing after polishing, a
specific gravity, and values of Young's mcodulus, 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 ratio shown in Table 1,
melting the mixture using an ordinary melting apparatus at
temperatures from about 1200 to 1550°C, stirring the melted
material to homogeneity, forming it to a disc shape, and

cooling it. Subseguently, this glass compact was crystallized



a ratio shown in Table 1, nelting the resulting
m xture using an ordinary nelting apparatus at a
tenperature rangi ng from spbout 1200 to 1550C
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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 (AEM).
In an etching test to measure a change in surface
roughness (Ra) was used hydrofluoric acid (HF), and a polished
substrate was immersed in a sclution containing HE (0.48% by
mass) for 1 minute. Subsequently the substrate was washed to
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
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diameter, b a disc inside dianeter, h a disc
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are fexvstEncBalrlatilo of particle show ng a crystalline
phase) were identified wwth an X-ray diffractoneter
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a dichshégéﬁf%éhéiélégﬂhéza Qipp 2 Qndg and a load ring, and
using the following eguation 2 from an inside diameter, an
ocutside diameter, a disc thickness, a Polsson's ratio, and a
breaking load.

Equation 2

3P

Oy =

[(2(1+v() A+1n%}+(1—v)(1~822)}

4r h’ .
) (Egquation 2),
_ l-v N })7ln3 B=_2G+40 7bjlni
2{1+v) a“-b" b 1-v a“-b-

wherein P denotes 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 crysialline 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: S-4000N; Horiba, trade name: EX420).
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{nm}
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Surf ) R
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crystallinity 6.3 9.5 61 69 44.6 - degree Mean
crystalline particle dianmeter 10 20 30 1200 130 100 -
(m) Ring flexural 1331 158b 1252 320 300 748 280
strength (8Pa) Surface roughness Be 1.86 1.94 - 12 11
5.28 (Al Before washing 1.86 1.94 - 12 11 5.28 -

( RAEY phtergnesig ngf 5y Balsigm petigles shege of
Difference 0.64 1.06 - 7.4 14 14.17 ~ n t)Rd2-Rai))
Examples cl Rate Dfarahdmge iim digerf dcend. 34 On58hich, 621 of

1.27 2.68 - (JRa2 Ral/Ra 1) Specific gravity 2.41 2.43
the er@sifl Rirsb i cleYoung simodel asd( GPpyo82menely86 82

98 - Specific 38.2 38.7 - 35 32.2 39.7 - gravity/
sphedhes ratiExpansiaon G365 1-114@ 48rf4cle diameter being 10
nm and 20 nm.

As shown in Table 1, when Examples 1 and 2 of the
present invention and Comparative Examples of a crystallized
glass of a conventional 11,5103 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 thereof
comprises lithium monosilicate (Li,5103) and lithium disilicate
(L1,51,05) whose mean crystalline particle diameter is 0.02 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 um and that of a-cristobalite is 0.3
um; in the crystallized glass according to Comparative Exampie
2, a mean crystalline particle diameter of lithium disilicate
is 0.1 um and that of B-spodumene is 0.2 pm; and in a
crystallized glass according to Comparative Example 3, a mean
crystalline particle diameters of lithium disilicate and o-
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 smoothness is demanded, such a

crystallized glass will affect a surface roughness obtained by

polishing and defect so that glass ceramics according to



coefficient (xla .,C, ) ((-50- ((-50- ((-50- ~(+25 to
+1000)) +70C)) +7OC3) +700)) 53 TEM phot ogr aphs of
crystals in particle shapespf Exanples 1 and 2 are
shown in Figs. 1 and 2, in which all of the
crystalline particles are m nute and approxi mately
Compgphervealzawphea Treand ¢ ystva |46 mergace coegtinamet &= (an
being 10 nmand 20 nm As shown in Table 1, when
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smoopanés el eFurshewmdgea chystalkinelphasegaresdafterenty to
in a crystallized glass of the present invention, the
Comp&iysiad | trenphasel ther ezofhas;:@rrm:un@eillelxﬁ;maumstrengch of
nonosilicate (Li2SiG3) and lithiumdisilicate
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the ?é&ggtéoplexurai strength is less than 750 MPa.
Furthermore, in Example 3 of the present invention, the
crystalline phase comprises lithium disilicate (Li;S1,05) and
o-quartz {(«-5102), 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 crystalline particle diameter is 0.1 pm 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



in which a nore superb surface snoothness i s demanded,
such a crystallized glass will affect a surface
roughness obtained by poléshing and defect so that
gl ass ceram cs according to 54 Conparative Exanples 1
and 2 have a surface roughness Ra (an arithnmetic nmean
to 3roughméssnook, 18AcbrsroLie, Comdhcat ing Bxardb¥d i£ult ynao
obtain a surface property excellent in snoothness.
subjdardderana e;rtdie Idriystrdlon zedaghass accesdingbtoa low
Conparative Exanples 1 and 2 has a ring flexura
stresdrengitheofal I201VRa rand €sexamd lasYeungts abdaBasvMed: or
86 GPa or less so as to be a material of a | ow
lessrigidity and | ow Young's nodulus. And, a surface
roughness of a glass according to Conparative Exanple
3 18 BddB8Acshowm Neha d10wer deddie dhamttbhese ol Zxamples
Conparative Exanples 1 and 2. On the other hand, an
desc ANt 10fve chanrge it swelace qaga@eqs pahher washing
is 14A or nore and a ratio of change in surface
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flexural strength'is less than 750 MPa. Furthernore,
were | fb ¥ t?heﬁfad RLE38RL kv@RKI on, the
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will affect a ring flexural_ _strength.
was capable of reduciﬁ% a %ead floatgn% Eeight compared with
that currently in use owing to an excellent surface roughness
thereof, and alsc 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 alsc in a laser texture performed in a landing zone
system.

An inorganic composition according to the present

invention has an excellent thermal resistance and a mechanical
strength required to be capable of correspending with a high

recording density by & magnetic recording system in the future,

a high recording density by a perpendicular magnetic recording



The crystalline glass according to Conparative Exanpl e
3 has a ring flexural strength of |less than 750 MPa
so as to be a low strengtis material conpared with
those according to Exanples 1 55 to 3. Furthernore, a
glass in Conparative Exanple 4 is not subjected to a
system yist alditZatiler tsueat veat $6 &80t prpeldel o 180FEAYEA
material with a ring flexural strength of 280 MPa or
compdaission rtadditieore, aon ullheagkasstbesantaseovarhedilih
Exanpl es described above, a O internediary |ayer (80
becommmnece Ca famgmetriorihgyéhe( 60yamplland aniShCation of
protective film (10 nm were forned by the DC
a filkpatdterding ret ot tSukseduéntihmy foambtbonhcanthwf, ahe
per fl uoro-polyether type is applied (5 nmin
inorddnicknessjodia itdre caf ahesenhivenedonciyshat| bzéd gkassrable
with the layers and filmto obtain a magnetic
for udYd oed icivJeecardilng mednemicThecthusngbhadbed substrate
magneti c information recordi ng nmedium was capabl e of
for tedugimgrahead ifdoat hagdheaight [geppar ed-Wreh) thatem but
currently in use owing to an excellent surface
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present i nvention has an excellent thermal resistance
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strength required to be capable of corresponding with
a high recording density by a nmagnetic recording
systemin the future, a hipgh recording density by a
per pendi cul ar magnetic recording 56 systemin
particular such that it can provide an inorganic
What cghposiiiash it achi eve an ultra-snooth surface which
will becone necessary for inproving the crystalline
orientation of a filmmaterial at the tine of film
formation. Thus, the inorganic conposition of this
i nVenki:ohnésyarotc orinpqriefiamalilomtafioringseti deast one
per pendi cul ar magneti c recordi ng nedi um substrate for
crystaiel HRD Kared sdrlieve ed Haod dihsk gpdusclotdiuen)y systiem
but also usable as an information recordi ng nmedi um
quartstbst+ate, ,aniteiect dieiticeuet (Bidssitbrat g, aad subst nat e
for optical filter, and an optical filter with a
monodiielectd i g.inglitil ayer formed on an optical filter
substrate. 57 What is clained is: 1. An inorganic
conposition containing at |east one crystalline phase
selected fromthe group consisting of a- quartz

(a2 Si AR) indkddn wm %dd:@@ﬂ&l (ddrdSii2@6)y aardydithilume

nonosi | i cat e (Li 2Si 2. An inorganic conposition

phas& Ul al 7 g nﬁfrﬁbs;sthl |c'a'%% 2§§09f l'i thium
nonosi l i cate (Li2Si @3). e i horgani c conposition

according to claim2 further contai ning at |east one
ki nd of crystalline phase of I|ithiumdisilicate
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COITpOSItI on accor di ng to any one of clai ms

furtﬂggﬂé%ﬂkéaﬂy%ﬁqa&aﬁ%%%ke %Fa@ghﬁrogfc§yeﬁgﬁﬂﬁh§ phase of

lithium disilicate (Li»51:0s) and o-quartz (a-Si0s).

4. The inorganic composition according to any one of
claims 1 to 3, wherein a mean particle diameter of a particle

showing the crystalline phase is 1 um or less.

5. The incrganic composition according to any one of
claims 1 to 3, wherein a mean particle diameter of a particle

showing the crystalline phase 1z 100 nm or less.
6. The inorganic composition accorxding to any one of
claims 1 to 3, wherein a mean particle diameter of a particle

showing the crystalline phase is 50 nm or less.

7. The inorganic composition according to any one of



show ng the crystalline phase is 1 pmor |less. 5. The
i norgani ¢ conposition according to any one of clains
1to 3, wherein a nean parigcle dianeter of a particle
showi ng the crystalline phase is 100 nmor |ess. 6.
The inorganic conposition according to any one of
clairet al neo 1Bt ovigradieceinesa wean ipaet deheetipanefer pirhicle
particle showing the crystalline phase is 50 nm or
showlmessihg . cifhe d Indrgamihe seomposdi tinonravecoedieng 66 amyor
one of 58 clains 1 to 3, wherein a nean particle
lessdianeter of a particle showing the crystalline phase
is 1 nmor nore and 50 nmor less. 8 The inorganic
conposition according to any one of clains 1 to 7,
wherein a particle content showing the crystalline
phaserhs ffemdni® AHpdyi nass.ackorbied ner gayi ene of
conmposition according to any one of clains 1 to 8,
clainher eid 1 hedd g o laexur-ali cStr eagltbnics s860Q 1 NRather
nore. 10. The inorganic conposition according to any
crystodel Ofe (A sl #0181 Wheneinptheskkng flexural
strength is 450 MPa or nore. 11. The inorganic
conposition according to any one of clains 1 to 8,
wherein the ring flexural strength is 750 MPa or nore
angd 1600 W@r@egni@%@mg@smﬂ% Iaw&@ll % GYROS) Ur@N o f

according to any one of clalns to 1 wher éi n the

claxﬁ&rfa&§5§o%ﬂﬂﬂ§§§lQﬁ%Q fl glgﬁe%ﬁrahe§§reﬁ§th:9§ 300 MPa

I nor gani o] conposition acc Ing to any oné o

or more.

10. The inorganic composition according to any one of
claims 1 to 8, wherein the ring flexural strength is 450 MPa

Cr more.

11. The inorganic composition acccrding to any one of
claims 1 to 8, wherein the ring flexural strength is 750 MPa

or more and 1600 MPa or less.

12. The inorganic composition according to any one of
claims 1 to 11, wherein the surface roughness (Ra) 1s 10A or

less.

13. The inorganic composition accerding to any one of
claims 1 to 12, wherein, when a surface roughness {(Ra) after

polishing i1s Ral, and an acid washing or alkall washing after



claims 1 to 12, wherein, when a surface roughness (Ra)
after polishing is Ral, and an acid washing or al kal
washing after 59 the polishing process is Ra2, the
value of a ratio of change in surface roughness
(IRa2-Rall/Rall) is less than 0.62. 14. The inorganic

the pohpesitd orraceoy dinRay dme orsuef ofclkairasid td tB3ange
wherein the surface roughness (Ra) after the

in spofishi ngudisnds HA Aadrie @ 110Aier lkess thandGanZ.
anmount of change in the surface roughness due to an
acid washing or alkali washing after the polishing
process is less than 2. OA. 15. The inorganic
CONMROSThk0Nnacgat Ui Ngohio anyi @nes @forLirad e kriyo b3y of
wherein the surface roughness (Ra) after polishing is

claifls SN ©F 1f eyt F0A Y J185% c-anduafnafRuUnikadf arebangee
in the surface roughness due to a hydrofluoric acid

poll§@§ﬁingsajt§ﬁ dherpal 80 nyArecesss,s an@sant Baud+OAr
he i norgani c conposition according to any one of

chan&bal Bl t gé%céwﬁgﬁaﬂhé§@cﬁﬁpﬁﬂﬂ%hpa%gﬁp%%%hh%@ or

contains the followi'ng conponents as the forned

[ t e 5Q .t % 0
alkagf 195?%%@ &{2{%0{ 0 Zoo/s(;msfl\/%bp&é)%tsg %% q%%(% ochlath 3. 0A.

3% P205: 0 to 3% Zr02 0 to 3% K20: 0to 2% and
Sb203+As203: 0 to 2% 17. The inorgani c conposition

aC‘i%rd’ﬂHQ 3809@2&1 Eec&“n o i@i&{s %céo ci'ﬁ%"‘é%erae{w e or

i nor gani ¢ ¢onpos alns t

onen t he ter of % b g O% to
LaG208 T 0 FHY T30k TS 6 (866756
0 0 0
polz%l&g%g@ (9 gzi? oslc/omon),:zeo5:—11’1(&l l{}% 3{9 l%arscs)s?j andt %nsé oun o(%
change in the surface roughness due to a hydrofiucric acid

washing after the polishing process is less than 2.0A.

16. The inorganic composition according to any one of
claims 1 to 15, wherein the inorganic composition contains the
following components as the formed oxides in terms of % by
mass:

S10s: 50 to 90%; Li0.: 5 to 15%; Al,0Os3: 0 tc 20%; MgO: O
to 3%; Zn0: 0 to 3%; P20s5: 0 to 3%; Zr0z: 0§ to 3%; K;0: 0 to 2%;

and Sh.03+As,04: 0 to 2%.

17. The inorganic composition according tc any one of
claims 1 to 15, wherein the inorganic composition contains the

following components as the g in terms of % by mass:

Si0s: 70 to B2%; LiCOs,: 7 to 13%; Al,0Osz: 3 to 10%; MgO: O



and Sb203+As203: 0 to 2% 18. The inorganic
conposition according to claim16 or 17, wherein the
mass ratio of Li02/K20 is g5 or nore. 19. The
i norgani ¢ conposition according to any one of clains
1 to 18 which is a crystallized glass. 20. The
to 3% nolmani © wonEesiOen Accorih ng1® :any tonésef K:@1 &l nso 2%;
1to 19 which is obtained by subjecting the origina
and gbhAssABEDA Nueckeds.formation process at 450C to 620C
foll owed by a nucl eus growt h process through heat
treatnent at 620C to 800C. 21. The inorganic
conposition according to any one of clains 1 to 20
whiigh Beai gbassn Lo adthsss SUhst Al flnuse idlaian 16 or
information recording medium 22. An information
17, WEERLdh nghdredidamusiing drhe gl ABsH GEram Gisukstd at e
for use in an information recordi ng medi um according
to claim21l. 23. The inorganic conposition according
to any one of <clains 1 to 20 which is an electronic
Ci FGUI &, SUDSLE@Ls - 2oL B £GT ML LIILUL SN of
the electronic’circuit 61 substrate according'to
. ] aj - . | nor [ Si.ti according to
CEalgﬁyig%ésg%%égf%?ﬁfg%ito 6%%%?2%%igl§g§dbstrate for
use in an optical filter. 26. An optical filter
prepared by formng a dielectric rmultilayer filmon
the subst Egﬁgaéfgﬂ%\gicg?rﬁﬁod&g%ioﬁ !acc%%%dﬂﬁ Pl o AGEOTHNG ¢

to"Claim 0 usi ng € I"norgani‘c
claiﬁgn?qgéti§”%hich is obtained by subjecting the original
glass to a nucleus formation process at 4530°C to 620°C

followed by a nucleus growth process through heat treatment at

620°C to 800°C.

21. The inorganic composition according to any cone of
claims 1 to 20 which is a glass ceramics substrate for use in

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

according to claim 21.

23. The inorganic composition according to any one of

claims 1 teo 20 which is an electronic circult substrate.

24, An electronic cilrcuilt used in the electronic circult



according to any one of clainms 1 to 20 as a substrate
for use in manufacturing a magnetic disc.
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substrate according to claim 23.

25. The inorganic composition according to any one of
claims 1 to 20 which is a substrate for use in an optical

filter.

26. An optical filter prepared by forming a dielectric
multilayer film on the substrate for use in an optical filter

according to claim 25.

27. A method of using the inorganic composition
according to any cne of claims 1 to 20 as a substrate for use

in manufacturing a magnetic disc.



