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Title of the Invention A GLASS SUBSTRATE OF DI SK FOR RECORDI NG 'NFOR%QQQ%}
A DI SK FOR RECORDI NG | NFORMATI ON, AND A DI SK DEVI CE FOR RECORDI NG !

| NFORMATI ON ‘5 Background of the Invention The present invention relates to
a glass substrate of disk for recording information, particularly, to a 10
gl ass substrate of disk used in a fixed type magnetic disk recorder, and in
a‘phot omagneti ¢ di sk apparatus, which islsuperior in chemcal stability and
thermal stability at a high tenperature, and flatness, and a disk for
recording information and a di sk apparatus for recording 15 information
usi ng the gl aBbtbellst reffee . IToviegidionc di sks, and phot omagneti c di sks are used
at the present as nedia for recording information in |arge scale conputers
and personal conpulGLASSEIIBSARATE, OF DI SKEFORRECORDING ONHORMATEON i, t y, and
decreasing the size 20 and weight of the media for recording information
have been pr oyrxki¥e FORABEAORDING INRORMAMION ANReA RIS (NRVINE FORppar at us,
smal | size magnetic di sk substrates such as the disk in dianeters of 2.5

i nches, 1.8 iRRCRRDINMJINEORMATI®Ns have been devel oped. Not only the

di ameter, 25 thickness of the disk substrate has been decreased.

Accordi ngPy, a substrate having a larger mechanical strength than ever is

required. Furth r nor e, f itatin
Bac ground of t e Invention

The present invention relates to a glass substrate

of disk for recording information, particularly, to a
10 glasw substrate of disk used in a fixed type magnetic disk

recorder, and in a photomagnetic disk apparatus, which

is superior in chemical stability and thermal stability

at a high temperature, and flatness, and a disk for

recording information and a disk apparatus for recording
15 information using the glass substrate.

Magnetic disks, and photomagnetic disks are used at
the present as media for recording information in large
scale computers and personal computers. Currently,'

- increasing the recording density, and decreas ixig the size
20 and weight of the media for recording information have
been progressed rapidly. In the field of the magnetic disk
apparatus, small size magnetic disk substrates such as
the disk in diameters of 2.5 inches, 1.8 inches, and 1.3
inches have been developed; Not only the diameter,
25 thickness of the disk substrate has been decreased.
Accordingly, a substrate having a larger mechanical
strength than ever is required. Furthermore, a levitating

amount of the disk on the head has been decreased, and



amount of the disk on the head has been decreased, and 2 the flatness of
the di sk which is capable of controlling the levitating anmount is required.
Conventionally, an alum num all oy has been used as the nmaterial of the
substrate for the magnetic disk. 5 However, the alum num alloy had such
probl ens as deform ng readily, and having undesirable flatness of the disk
surface after polishing on account of indufficient hardness. Furthernore,
the al um num al l oy had anot her problem such that the |ayer of the magnetic
recording 10 nediumwas readily peeled off when the nagnetic di sk was
contact ed nechheitkdtiness oif the diskiwhIbhrid eapabliecogl emstrolisingt e havi ng
smal | er deformation, nore preferable flatness, and a | arger nechani cal
strengt h thantk@eleyibtabimg samintatis hzsrdieed.devel oped. The gl ass 15
substrate can be used further as the substrate for photonmagnetic disk,
wher ei n the substr&favenrteenrally r dgualvginembal lowmhssabean. used asder to use
as the glass substrate, for nmedia which record information, chemcally
strengt hened HraJRaterial ofyfihe, subsiaaitealfost thagnagnetiacdésked by

repl aci ng _al kﬁli el err%ﬂ.ts at surface of the substrate with other
5 owever, the aluminum alloy had such problems as deforming

readily, and having undesirable flatness of the disk
surface after polishing on account of insufficient
hardness. Furthermore, the aluminum alloy had another
problem such that the layer of the magnetic recording
10 medium was readily peeled off when the magnetic disk was
contacted mechanically with the head. Therefore, the
glass substrate having smaller deformation, more
preferable flatness, and a larger mechanical strength
than the aluminum substrate has been developed. The glass
15 substrate can be used further as the substrate for
photomagnetic disk, wherein the substrate itself is
required to be transparent.
In order to use as the glass substrate for media which
- record information, chemically strengthened glass, of
20 which mechanical strength is increased by replacing
alkali elements at surface of the substrate with other
alkali elements, and crystallized glass, wherein fine
crystallized particles are deposited in amorphous glass
matrix, have been developed. However, the chemically
25  strengthened glass had such a problem that the alkali
ions corroded the magnetic film and deteriorated the
adhesive strength of the film during a heating step and

a cleaning step in the magnetic film forming process,



al kali elenents, and crystallized glass, wherein fine crystallized
particles are deposited in anorphous glass matrix, have been devel oped.
However, the chem cally 25 strengthened gl ass had such a problemthat the
al kali ions corroded the nmagnetic filmand deteriorated the adhesive
strength of the filmduring a heating step and a cleaning step in the
magnetic filmformng process, because of presence of the al kal
substituted | ayer at the surface of the film Accordingly, JP-A-7-223845
(1995) proposed chemically strengthened glass, which was superior in

cheni cal resibecasse of apresendsy of et adkabiceubstitutedkayan atfter the
chem cal strengthening. On the other hand, the crystallized gl ass had such
a probl em t hather sagtaceiof Wie thidmyudogardinglye JPaBs7saB3B45te after
polishing was so | arge, because of difference in abrasion resjstance

bet ween the géh293} QFoRpsed Ghemicahly strengkhened sdassd VhiCh@Sphous
glass, that a desitable flatness of the surface couﬁg not be aobt ai ned.

Ther ef ore, deﬁ\‘@%g?'% PhEhemiqad: 1§ 18h80Re  oPTERRT Mvﬁasfu(ﬁ Tcult for

di I JP- A-7-300340 flat
R veu, 1eneEeR Lo e the ARG Shengbalpsteedinenihds i o

particles to the rsagghéﬁoéier d,n%he crystallized glass had such
a problem that irregqularity of the surface of the glass
substrate after polishing was so large, because of
difference in abrasion resistance between the generated

10 crystalline fine particles and the amorphous glass, that
a desirable flatness of the surface could not be obtained.
Therefore, decreasing the levitating amount of the head
was difficult for responding. In accordance with JP-
A-7-300340 (1995), the flatness was improved by

15 decreasing the particle size of the crystallized fine
particles to the range of 5 ~ 100 nm.

However, the chemical strengthening method
disclosed in JP-A-7-223845 (1995) has such a problemthat
. making the substrate homogeneous in characteristics after

20 the chemical strengthening process and the polishing
process in the chemical strengthening treatment is still
difficult. Furthermore, providing an intermediate film
to prevent a diffusion of alkaline ions between the
magnetic f£ilm and the glass substrate is necessary,

25 because a problem that the magnetic f£ilm is corroded by
the alkaline ions is not solved completely yet. In
accordance with the crystallizing method disclosed in

JP-A-7-300340 (1995), the obtained glass substrate has



However, the chenical strengthening nmethod disclosed in
JP- A-7-223845(1995) has suchaprobl em that nmaki ng the substrate honogeneous
in characteristics after 20 the chem cal strengthening process and the
polishing process in the chem cal strengthening treatnent is still
difficult. Furthernore, providing an internmediate filmto prevent a
di'ffusion of alkaline ions between the ndgnetic film and the gl ass
substrate is necessary, 25 because a problemthat the magnetic filmis
corroded by the alkaline ions is not solved conpletely yet. In accordance
with the crysadldw trapsmittance ibecdaasedtha glass- Vs dodaded( 19 aE)Lkyt he
obt ai ned gl ass substrate has 4 a low transmttance because the glass is
col ored in ni¢adoxrpland agedrdinglyi tdieyglase syibsdgatebds ditfd iculdi fficul t
to use as a substrate for optical information recording nmedia. Furthernore,
the crystal | i &9 itfer@shadsnbstaabe Har Sppicpilebnformatind rgcordisgbstrat e
honogeneous in characteristics is difficult, because a fine precise
crystal | i zi ng" @b e Fartherpgyer dehe crystahdizing aethod bas Reokhe¥e net hods,
decr easi n% t he groduction cqost is difficult, because a post{-treating 10 :
(o

process sdch B¥ blem cthat @making &g soRstEaseobeEeIsRepRE 1n

characteristics is difficult, because a fine precise
crystallizing process is required.
In either cases using the above methods, decreasing
the production cost is difficult, because a post-treating
10 process such as the chemical strengthening process or the

crystallizing process is required.
Summary of the Invention

15 One of the objects of the present invention is to
provide a glass substrate of disk for recording
information having a preferable mechanical strength, a
desirable chemical stability, and a sufficient optical

. transmittance for optical information recording, which

200 can be manufactured by a short process.

Another object of the present invention is to provide
a disk for recording information, which can achieve a
high récording density and decreasing the size and weight
of the disk by using the thin disk for recording

25 information having no intermediate f£ilm, and a disk
apparatus for recording information using the same.

In order to achieve the above objects, the first

invention of the present invention provides an



crystallizing process is required. Summary of the Invention 15 One of
the objects of the present invention is to provide a glass substrate of

di sk for recording information having a preferable nmechanical strength, a
desirable chem cal stability, and a sufficient optical transmttance for
optical information recording, which 20 can be manufactured by a short
process. Anot her object of the present i#Avention is to provide a disk for
recordi ng i nformati on, which can achieve a high recording density and
decreasing the size and wei ght of the disk by using the thin disk for

recording 25 infdxmawicnreboydiggndisk eonpdisaiey fa £11m afda mediisl appar at us
for recording information using the sane. In order to achieve the above

obj ects, the for dtecorddmg tnfofmdtiopfecmed onwwnieast ooy istefaae 5

i nformati on recording disk conprising a filmof a mediumfor recording

i nformati on fof ruhe swbstratendn aabaperddéski wheredmbthe subsitarakeshape of

di sk, wherein the substrate is conposed of a glass containing at |east a
rare earth 5 ig|compusedriod &i¢hass adntaigdingratoleast s dlang eardhnati on can

be fornmed directly on the surface of the substrate,
5 elemént. The £ilm of the medium for recordlng information

can be formed directly on the surface of the substrate,
or can be formed indirectly on the surface of the substrate
via an intermediate film (pre-coated film).
In accordance with the above structure, a disk for
10 recording information having a sufficient mechanical
strength for thinning, and a desirable chemical stability
and preferable homogeneity for making no intermediate
film be necessary can be provided.
In accordance with the first invention, the thermal
15 expansion coefficient of the glass is desirably in the
range of 70 ~ 130 X 10”7. The magnetic film is formed on
the surface of the disk for recording information such
as themagnetic disk, the photomagnetic disk, and the like.
- The thermal expansion coefficient of the magnetic film
20 is approximately 100 X 107. Therefore, if the thermal
expansion coefficient of the glass is not in the range
of 70 ~ 130 X 107, a stress is applied to the magnetic
film in the magnetic film manufacturing process
accompanying a heat treatment, and the magnetic
25 characteristics can be deteriorated, the magnetic film
can be peeled off, or the substrate itself can generate
cracks. Therefore, the thermal expansion coefficient is

desirably in the above indicated range.



or can be fornmed indirectly on the surface of the substrate via an
i'ntermediate film (pre-coated filn). In accordance with the above
structure, a disk for 10 recording information having a sufficient

mechani cal strength for thinning, and a desirable chem cal stability and
pr.ef erabl e honogeneity for making no internediate fil mbe necessary can be
provi ded. In accordance with the first irfvention, the thernmal 15 expansion
coefficient of the glass is desirably in the range of 70 - 130 X 10[err].
The magnetic filmis forned on the surface of the disk for recording

i nformati on such adnt Becardascecwiithkthe hbipdtot neenteiicn; diisle, and t he

i ke. The thermal expansion coefficient of the magnetic film20 is

appr oxi nat el yPagbisles[are dispessefioin the gilaesy handriiheexpuasianth
coefficient of the glass is not in the range of 70 - 130 X 10[err], a
stress is appPlLEBeRb {fcdesirahix gantained Ha vhgndine fpartivdeas.act uring

Can bo dot or | BFAFBACRFRE b G4BT (4R B LBETEREPAdbBI The GrasmRosber rat 6
desi rabl y o PReChBobEF RATGTEAT g dlanetactoldante GARkthe firet
invention, fine  a; amount of the rare earth element, which can be
dissolved into a glass composition having a net structure,
has an upper limit (a limit of solid solution). If the
rare earth element is added to the glass exceeding the
10 upper limit, the rare earth element is deposited in the
glass matrix as a crystalline phase or an amorphous phase.
The particles composed of the above crystalline phase or
the amorphous phase are called the fine particles. If the
deposition of the rare earth element is not homogeneous,
15 the fine particles canbe deposited partially by exceeding
the upper limit of the solid solution. Therefore, the
content of the rare earth element is not necessarily
exceeds the upper limit of the solid solution in the glass
- matrix. The rare earth element is desirably contained in
20 both the glass matrix and the fine particles. The fine
particles are desirably crystalline. Whether the fine
particles are crystalline or amorphous can be readily
determined by observing a lattice fringe image taken by
a transmission electron microscope., because lattice
25 stripes can be observed at the crystalline portion, but
not be observed at the amorphous portion.
The strength of the glass is improved by dispersing

the fine particles in the glass matrix, because the fine



particles are dispersed in the glass, and the rare earth elenent is
desirably contained in the fine particles. Strength of the glass can be

i ncreased by the presence 5 of the fine particles being dispersed in the
gl ass. An anount of the rare earth elenent, which can be dissolved into a
gl ass conposition having a net structure, has an upper Iimt (alimt of
solid solution). If the rare earth elenert is added to the glass exceedi ng
the 10 wupper limt, the rare earth elenent is deposited in the gl ass
matrix as a crystalline phase or an anorphous phase. The particles conposed

of the above paytialésnbaphase effédte BNEUPPIESsPhasLorigtLen |atit he fine
particles. |If the deposition of the rare earth elenent is not honbgeneous,
15 the fine bueakagex L ahebgldepasitmick wheni aldtrdns éscepsihen tee upper
limt of the solid solution. Therefore, the content of the rare earth

el ement is nothAegbassmatrisxc s hilgherpptrehgbh t impraing @fifbctol ution in
the glass matrix. The rare earth elenent is desirably contained in 20 both
the gl ass matPExtheddisrensad fine parddclemecannibe pabta ined yr dheesirabl y
crystalline. \Wwether the fine particles are crystalline or anorphous can be.
readi |y dét er REPHYEHHRRSY iaiing 1aismadd err pagsirkageizakand yre

transm ssi on ﬁlec't ron.m croscope., because lattice 25 stripes can be
observed at t ksﬁ?%?%lq‘?% 9XgHY but not be observed at the amor phous

portion. The str eng}l hac?cf:of'&]aengel %vsischl %hiengrigggdir?‘}/ergti:f ne,r S‘i:ihr«]eg glass
preferably contains the rare earth element in the range
of 0.5 ~ 15 % by weight to the total weight of the glass
10 based on the amount converted to the oxide of Ln,0, (Ln
is a rare earth element).

When the content of the rare earth element is less
than 0.5 % by weight, the effect for improving the
mechanical effect is not significant. When the content

15 of the rare earth element exceeds 15 % by weight, the size
of the fine particles is increased, and the transmittance
for white light is decreased. Therefore, an information
recording disk having a preferable mechanical strength

- balanced with a desirable transmittance for white light

20 can be provided by the composition described above.
However, in a case when the information recording disk
is used as a fixed typemagnetic disk (hard disk), decrease
in the transmittance for white light does not make any
problem. Therefore, the content of the rare earth element

25 exceeding 15 % by weight can be used without causing any
problem.

In accordance with the first invention, the rare

earth element is preferably at least any one selected from



the fine particles in the glass matri x, because the fine 7 particles
have an effect to suppress deformati on and breakage of the glass matrix
when a stress is applied to the glass matrix. The hi gher strength inproving
effect of the dispersed fine particles can be obtained by the 5 fine
particles having a smaller particle size and are dispersed nore uniformy.
In accordance with the first invention, the glass preferably contains the
rare earth elenment in the range of 0.5 - 15 % by weight to the total weight
of. the glass 10 based on the amount converted to the oxide of

Ln[err] J err] & gnopp comsistehofhGd| etientDy, WhenEt hergonybenandfihe rare
earth elenent is less than 0.5 % by weight, the effect for inproving the
mechani cal ef P8¥t one @bitha ghovecahemente radddlyoffoems dbystdllimwerare
earth el enent exceeds 15 % by weight, the size of the fine particles is

i ncreased, andiPBePRrhASHPSt ARckhe o¥laws : aand dias ithedsdomdfddanther ef or e,
an information_recording,di sk having a preferable nechanical strength

bal anced wi t heXE8ESi LBl AMPEAVLRT ERMcEETengtlhi te |ight 20 can be provi ded

by the conposition_described above. However, in a case when the information.
recordi ng Hi sk Average particle size of the fine particles is

desirably in the range of 1 ~ 50 nm. If the average particle
size exceeds 50 nm, the volume fraction of the fine
particles is increased, and the transmittance for white
light is decreased. if the average particle size is less

10 than1 nm, the effect for improving the strength is not
significant.

The volume fraction .of the fine particles in the
glass is desirably utmost 20 %. If the volume fraction
of the deposited particles exceeds 20 %, the transmittance

15 for white light is undesirably decreased.

In accordance with the first invention, the glass
desirably contains the rare earth element in the range
of 0.5 ~ 15 % by weight to the total weight of the glass

- based on the amount converted to the oxide of Ln,0;, and

20 additionally other components such as Si0, : 40 ~ 80 %
by weight, B,0, : 0 -~ 20 % by weight, R,0 (R is an alkali
metal) : 5 ~20 % by weight, RO (R is an alkali earthmetal) :

3 ~ 20 % by weight, and A1,0, : 0 ~ 10 % by weight, where

the sum of the R,0 and RO is in the range of 10 ~ 30 %

25 by weight. The above glass is called soda lime glass.
The effect generated by adding the rare earth element is
particularly significant with silicates glass wherein

both the alkaline element and the alkaline earth element



Is used as a fixed type magnetic disk (hard disk), decrease in the
transmttance for white |ight does not make any problem Therefore, the
content of the rare earth element 25 exceeding 15 % by wei ght can be used
Wi t hout causing any problem |In accordance with the first invention, the
rare earth elenment is preferably at |east any one selected from 8 a
group consisted of Gd, Tb, Dy, Ho, Er, Td Yb, and Lu. Any one of the above
el enents readily fornms crystalline fine particles in the glass, and has the
significant effect for inproving the strength. 5 Aver age particle
size of the fare qgontainies. ik ldasjer pbiryion dhethangided rhre ®artin If the
average particle size exceeds 50 nm the volune fraction of the fine
particles is ehementsely dimbdlwed rdartonithieagdassomatikeasi ghsolsd decr eased.
if the average particle size is less 10 than 1 nm the effect for

i nprovi ng t heselukirnhbud agamdi gfii fhe zare ietly ellementy achiaimcen the fine
particles in the glass is desirably utnost 20 % If the volunme fraction of
t he deposit edigtirhe dissodvededBtoothe glass maksakyt b cdepasitiast aghite | i ght

i s undesirably decreased. ) L. .
5 ¢rystalline fine particles. The upper limit of dissolving

the rare earth element into the glass matrix as a solid
solution, that is an index indicating the easiness of
depositing, varies depending on the kind of the matrix.
As described previously, the strength of the glass is not
10 increased significantly if the fine particles are not
deposited sufficiently. When the silicates glass
containing both the alkaline element and the alkaline
earth element by the above composition is used as the
matrix, the rare earth element can be deposited adequately,
1§ and a glass substrate which satisfies the required
strength and chemical stability for the information
recording disk can be manufactured. |
In accordance with the first invention, the
- transmittance of the glass for visible white light is
20 desirably at least 70 %. In order to use as the glass
substrate for the photodisk, the amount and the particle
size of the deposited particles should be controlled so
that at least 70 % of the transmittance of the glass for
the visible white light cah be obtained. If the
25 transmiﬁtance is less than 70 %, the laser beam for
recording information onto the recording medium decays
during transmitting the glass to cause decreasing the S/N

ratio, and others.



I n accordance with the first invention, the glass desirably contains the
rare earth elenment in the range of 0.5 - 15 % by weight to the total weight
of the glass based on the anpunt converted to the oxide of Ln[err](err],
and 20 additionally other conmponents such as SiJerr] : 40 - 80 % by

wei ght, B203 : 0 - 20 % by weight, Rerr]O(Ris an alkali netal) :5 ~ 20 %
by weight, RO (R is an alkali earth netal)x 5 - 20 % by wei ght, and
Alferr]Jerr] : 0 ~ 10 % by weight, where the sumof the Rlerr]Oand ROis
in the range of 10 ~ 30 % 25 by weight. The above glass is called soda

lime glass. The ef fhrtacparedancedwiyhadtiengetbadr thivebidd «f et is
particularly significant with silicates glass wherein both the al kaline

el ement and t presiendl ineeptioh, &l egmietic GiskepronidediedthAal LR portion
of the added rare earth elenent is dissolved into the glass matrix as a
solid sol uti o®f Buragnetsia mefliuhefommwecoadingel ef@rmat ik cormad owt be
dissolved into the glass matrix, is deposited as 5 crystalline fine
particles. Th&hgperfagepf the snbstgtatienin arshape of diskhiscproeidednt o t he
glass matrix as a solid solution, that is an index indicating the easiness
of deposi tt ng¥hexeidsthepenbshgabn inccamprsed aha gd@sisy. the descri bed

reviously, the.strength of the glass is not
P y t?u.c&cnesg of tLe subs%rate is utmost 0.38 mm, and the film

of the magnetic medium for recording information is formed
directly on the substrate.
In accordance with decreasing the thickness of the
10 subsTrate, the number of the magnetic disks per volume
can be increased. Therefore, if the recording density is
same, the smaller and lighter magnetic disk apparatus than
ever can be provided.
Conventional magnetic disk had such a problem that
15 themagnetic recording mediumwas corroded by the alkaline
element diffused from the glass substrate. Therefore, it
was necessary to provide an intermediate layer composed
of metallic chromium and others between the glass
- substrate and the magnetic recording medium. On the
20 contrary, the alkaline element in the glass substrate
relating to the present invention has a scarce possibility
todiffuse into themagnetic recordingmedium. Therefore,
it is not necessary to provide the intermediate layer,
and the magnetic recording medium can be formed directly
25 onto the substrate. Accordingly, deteriorating the
magnetic characteristics of themagnetic recording medium
by influence of the structure and the composition of the

intermediate layer can be avoided.



10 increased significantly if the fine particles are not deposited
sufficiently. Wien the silicates glass containing both the al kaline el enent
and the al kaline earth el enment by the above conposition is used as the
matrix, the rare earth el enment can be deposited adequately, 15 and a gl ass
substrate which satisfies the required strength and chem cal stability for
the information recordi ng di sk can be manufactured. In accordance with the
first invention, the transmttance of the glass for visible white light is
20 desirably at least 70 % In order to use as the glass substrate for the

phot odi sk, the anpyftackdtdabReR@til €he thiizd HvditS ohePPehbetdsdiiti Cl es
should be controlled so that at | east 70 % of the transm ttance of the

glass for theinvéheién Wi tghdtdiRigretidiehkt aon@disingt R@grétidransm ttance
is less than 70 % the |aser beamfor recording informati on onto the
recordi ng nmedrecvtéiny medidmillmiEst tetogdihg Difmsndtaagusdidacr easi ng
the S/Nratio, and others. 10 I n accordance with the second invention of
t he present | hyefdrme] oa omgrell sardasksprba didkwshaped fsubstakte,nagneti c
medi um for recording information fornmed on
5§ wherein the substrate is composed of glass, the thickness

of the substrate is utmost 0.38 mm, and the diameter of

the substrate is at least 2,5 inches, is provided.

Generally, the photomagnetic disk has a slight warp based

on the condition of the manufacturing, and variation of
10 the Using environment. The angle formed by the optical

axis of the light head and the disk surface is deviated

from a perpendicular direction by a several mrad

(milliradian) on account of the warp. When the 1ight beam

diameter is reduced to increase the capacity, the
15 aberration and the birefringence caused by the warp is

increased sharply. The aberration can be reduced by

thinning the thickness of the disk. Accordingly, stable

signal can be read out even if the light beam diameter

- 1is reduced. In accordance with the glass substrate of the

20 present invention, the thickness of the disk substrate

can be reduced from conventional 0.8 mm to 0.38 mm with

keeping the disk diameter of at least 2.5 inches, and

a width of an allowable error in manufacturing the disk

can be broadened.
25 In accordance with the fourth invention of the

present invention, a glass substrate of disk for recording

information comprising medium film for recording

information, which is formed on surface of a disk-shaped



the surface of the substrate in a shape of disk is provided, 5 wherein the
substrate is conposed of a glass, the thickness of the substrate is utnpst
0.38 mMm and the filmof the magnetic nmediumfor recording information is
formed directly on the substrate. In accordance with decreasing the

t hi ckness of the 10 substrate, the nunber of the nmagnetic disks per volune
can be increased. Therefore, if the recorging density is sane, the smaller
and lighter nmagnetic di sk apparatus than ever can be provi ded. Conventi onal
magneti c di sk had such a problemthat 15 the magnetic recording nmedi um was

corroded by thepaitkaltienewibea®at tik f EM5e0r{OMd rﬁ“%%?%ai’e'f? %%gn%géed of

Therefore, it was necessary to provide an I nterne
erlentand jghe magnetic

metal | ic chromsowtadndngt BE' SeRSt WorRd &Her 41k Ssa i
recording medium On the 20 contrary, the alkaline element in the glass

substrate rel pirovdded.t he present invention has a scarce possibility to
diffuse into the magnetic recording nmedium Therefore, it is not necessary

to provide the int dnmadicardahegewithnthé hgbdwg mpos asiddi Athemedi um can be
formed directly 25 onto the substrate. Accordingly, deteriorating the
magnet i ¢ char atrengshiafsthé substmayeetancbe ensuded utfdicimn] yigfdrience of
the structure and the conposition of the internedi ate | ayer can be avoi ded.
if the thickness of the substrate is thin. Therefore, the
production yield can be increased and the production cost
can be decreased by facilitating the handling in the
manufacturing process, for example, no cracks are

10 generated even if the polishing velocity is increased to
a certain level during the surface polishing step after
the glass casting, and handling of the substrate in
transportation after its manufacturing can be
facilitated.

15 In accordance with the fifth invention of the present
invention, an information recording disk apparatus
comprising at least an information recording disk, a head
reading out the information from the disk or inputting

* the information into the disk, a driver for the disk, and

20 a driver for the head, wherein the information recording
disk is the information recording disk described above
in connection with the present invention, is provided.

In accordance with the above composition, an
information recording disk apparatus having a large

25 capacity can be provided with a low price because its

production cost is low.



I n accordance with the third invention of the present invention, a

phot omagneti c di sk conprising magnetic recording nediumfilmfor recording
i nformation, which is formed on one of surfaces of a disk-shaped substrate,
5 wherein the substrate is conposed of glass, the thickness of the
substrate is utnost 0.38 mm and the dianeter of the substrate is at |east
2,5 inches, is provided. Generally, the pi3ot omagnetic di sk has a slight
war p based on the condition of the manufacturing, and variation of 10 the
usi ng environment. The angle fornmed by the optical axis of the |ight head

and the di sk Brikfcbeberilpyiah esit fEwen mrpermpndi cul ar direction by a
several nrad (mlliradian) on account of the warp. Wen the |ight beam

dianeter is reduced to increase the capacity, the 15 aberration and the
birefringence caused by the warp is increased sharply. The aberration can
be reduced by thi nFhegetdmd otheknatsjeats t feadusks Hntaddanghyes g@bl e
signal can be read out even if the |Iight beamdiameter is reduced. In
accor dance wi thetoresgindsineentsionwildbet trd@fs tqudment clleashyifyon t he
t hi ckness of the disk substrate can be reduced from conventional 0.8 mmto
0.38 mm wi% h kBepingawriadidskail edwlescrifptdon vith referenclecto thed a wi dt h
of an allowable error in manufacturing the di sk can be broadened.
accompanying drawings, wherein,
FIG. 1 is a graph indicating a relationship between
the additive amount of Er,0,, A1,0,, and $i,0, and variation
in micro-vickers hardness,
10 TFIG. 2 is a graph indicating a relationship between
the additive amount of Er,0,, A1,0,, and §i,0, and variation
in thermal expansion coefficient,
FIG. 2 is a graph indicating a relationship between
the additive amount of Er,0,, A1,0,, and §i,0, and variation
15 in thermal expansion coefficient,
FIG. 3 is a graph indicating a relationship between
the additive amount of Er,0, and variation in the average
particle size of the deposited crystalline fine
- particles,
20 FIG. 4 is a graph indicating a relationship between
the additive amount of Er,0, and variation in the
transmittance for white light,
FIG. 5 is a graph indicating a relationship between
the additive amount of oxides of rare earth element and
25 variation in the micro-vickers hardness,
FIG. 6 is a graph indicating a relationship between

the additive amount of oxides of rare earth element and

variation in the glass transition temperature,



25 I n accordance with the fourth invention of the present invention,
a gl ass substrate of disk for recording information conprising nediumfilm
for recording information, which is forned on surface of a disk-shaped

12 substrate, wherein the substrate is conposed of glass containing at

| east one of rare earth elenents, is provided. In accordance with the above
conposition, the 5 strength of the substlidate can be ensured sufficiently
even if the thickness of the substrate is thin. Therefore, the production
yi.,eld can be increased and the production cost can be decreased by
facilitating the hgmdlindsi a druwphmindieatingrgrelacesashipbetxasn e, no

cracks are 10 generated even if the polishing velocity is increased to a
certai n | evel thear hapdhéss S(H¢ paef e Subskratep aatit ehet Hefgttass casti ng,
and handling of the substrate in transportation after its manufacturing can
be facilitatefiragtion, I n accordance with the fifth invention of the
present invention, an information recording di sk apparatus conprising at
| east an i nfor mat i BEGk e cidiangchenatia eraas seqtiing btuadieaflngtdenat i on
fromthe disk or inputting, . )
5 film composition of the magnetic disk substrate
manufactured by the present invention,
FIG. 9 is a schematic cross section'indicating the
£ilm composition of the magnetic disk substrate
manufactured by another embodiment of the present
10 invention, and
FIG. 10 is a schematic perspective view of the
magnetic disk apparatus manufactured by the present

invention.
15 Detailed Description of the Preferred Embodiments

{(Embodiment 1)
Hereinafter, details of the present invention is
* explained referring to the embodiments.

20 In Table 1, the mixing ratio (by weight ratio) of
the glass rawmaterials, the glass transition temperature
(Tg/°C), the thermal expansion coefficient (@ X 10-7/C),
and micro-Vickers hardness (Hv) studied in the present

invention are indicated.



the information into the disk, a driver for the disk, and 20 a driver for
the head, wherein the information recording disk is the information

recordi ng di sk descri bed above in connection with the present
I n accordance with the above conposition,

provi ded.

recordi ng di sk apparatus having a |arge 25
| ow price because its production cost

Drawi ngs These and ot her objects,

I nvention w

I s fsow.

i nventi on,
an information
capacity can be provided with a
Brief Description of the

features and advant ages of the present
the foll ow ng detailed

be understood nore clearly fromb5

description with reference to the acconpanyi ng draw ngs,
a graph indicating a rel ationship between the additive anount of

Er[err](err],
m cro- Vi ckers hardness,
rel ati onshi p_between the additive anount of Er[err](err],

Alferr]Jerr],

10

wher ei

n,

andrdblerr] Jerr] and variation in
FIG 2 is a graph indicating a
Alferr]Jerr],

and Si[err]@err] and variation in thermal expansion coeffrcirent, Fl 2 1s
a graph indijicaNeng ja_rel at i odistingg bed tviee n( Byh evedditt)i ve anount of
Er[ferr]erd], Al[grr]dery], and|{Si[err][Jerr] jand varfatton I5 1n :
t hermal expansi on cddkd;i ci p68Q Fl GAlD, s | aphi Bjodi cal Bag a 1 ekagti ornjship
bet ween .

1 72.5 8.0 1.4 4.1 - - -

2 72.5 8.0 1.4 4.1 - - -

3 72.5 8.0 1.4 4.1 - - -

4 72.5 8.0 1.4 4.1 - - -

5 72.5 8.0 1.4 4.1 - - -

6 |72.5 |8.0 1.4 4.1 - - -

7 72.5 8.0 1.4 4.1 - - -

8 72.5 8.0 1.4 4.1 - - -

9 72.5 8.0 l.4 4.1 - - -

10 75.9 8.0 1.4 4.1 - - -

11 79.5 8.0 1.4 4.1 - - -

12 72.5 8.0 4.4 4.1 - - -

13 72.5 8.0 8.4 4.1 - - -

14 67.8 - 14.5 - - - -

. 15 50.0 |6.0 16.5 (7.0 - - -

16 40.0 10.0 17.0 10.0 - - -

17 72.5 8.0 1.4 4.1 7.0 - -

18 72.5 8.0 1.4 4.1 - 15.2 -

19 72.5 8.0 1.4 4.1 - - 10.3

20 67.8 - 14.5 - - - -

21 50.0 6.0 16.5 7.0 - - -

22 40.0 10.0 17.0 10.0 - - -

is

FIG 1is



the additive amount of Er[err]Jerr] and variation in the average particle

size of the deposited crystalline fine particles,

20

FIG 4 is a

graph indicating a rel ationship between the additive anount of

Er[err](err]

and variation in the transmttance for white |ight,

FI G

5is

a graph indicating a relationship between the additive anount of oxides of

rare earth el enent

and 25

variation in ithe m cro-Vi ckers hardness,

FI

G 6

is a graph indicating a relationship between the additive anbunt of oxides

e
tion

tion
tured

of rare earfh elemgnt and [varratrpn tn the glasg transifion tepperatuie,
14 FIG 7 ip a3raplyz.sdi gagiong al 1e4ati ¢gshi p Qet.ween |t he. har iness (hv) of
t he substrate and tthe defgct fracfron, G 6 19 a schegmati c CfosS sed
indicating thesé fillzn.songasidi on| bf4t he|dagnetijc di sk |sumt> aje -
manuf act urefl by the present !nvenklon, HG 9 19 a schematic cfoss se
i ndi cating {he28il m7Qaspogigdton oflide magnetic jdi sk substr at ej mhows a
by anot her enbodi nent of the present 10 Invention, and
Table 1 (continued)
No. Mixing ratio (by weight) . .Tg @ | Bv |
Ti0, |2Zno Na,0 Er,0, ('Cy

1 - - 14.0 0.0 550 85.0 615

2 | - - 14.0 1.0 560 | 88.6 | 621

3 - - 14.0 2.0 556 90.2 635

4 - - 14.0 5.0 585 91.3 673

5 - - 14.0 10.0 582 92.2 683

6 - - 14.0 15.0 590 93.0 707

7 - - 14.0 16.0 598 93.5 712

8 - - 14.0 21,0 608 93.8 722

9 - - 14.0  [32.0 - - -

10 - - 14.0 0.0 563 85.4 613

11 - - 14.0 0.0 570 87.0 617

12 - - 14.0 0.0 572 90.3 627

13 - - 14.0 0.0 583 | 90.6 | 642

14 - ~ 17.7 10.0 530 96.6 792

15 6.5 14.0 - 10.0 545 110.0 720

16 7.0 16.0 - 10.0 520 126.5 706

17 - - 7.0 5.0 594 59.5 721

18 - -~ 7.0 5.0 605 76.9 | 686

19 - - 7.0 5.0 617 76.0 685




FIG 10 is a schematic perspective view of the magnetic di sk apparatus
15 Detail ed Description of the
details of the present
In Table 1,
t he gl ass
expansi on coefficient

manuf act ured by the present
Preferred Enbodi nents (Enbodi nent 1) Hereinafter,
invention is explained referring to the enbodi nents. 20
the mxing ratio (by weight
transition tenperature (Tg/[err] O,
([err] X 10[err]/[err]C, and mcro-Vickers hardness (Hv) studied in the
nrion gre rndicatred.

pr esent

wei ght) Si g
8.0

72.5

i nv

8.0

10

15

20

i nventi on.

ratio) of the glass raw material s,
t he ther mal

ersg

Tabt g Y 4

Al lerr] Diery]

1L INO.

CaO MO

g ratt

Z 2. O U
-4.1}1 521 103.0

N
H~H
N

1.4

21- 36. P14.8-0] -1.4 - 652

B[ &oro] 3 erod,4 BaGrzs Sr
114 .

3. U
634

1.4

22 7. 72.5

-9 (2.0
8.0 1542

2.0
710

Ho HMu

N

16 5
o. U 4.1

( o
23 4 - - -

A1do .4
594 57.0

588 644

25 - - 7.0 - 597 72.0 597

The glass transition temperature and the thermal
expansion coefficient were determined from thermal
expaaéion curves of the glass. The thermal expansion
coefficient was calculated from the elongation rate of
the glass from 50 C to 500 C. The temperature elevating
velocity was 5 “C/minute, and the loaded weight was 10
g. A quartz glass (thermal expansion coefficient; 5 X 1077
/C) was used as a standard sample. The size of the test
pieces was 5 mm in diameter and 20 mm in height.

The micro-Vickers hardness (Hv) was determined as an

average value of ten points measured under the condition

" of the loaded weight of 100 g, and the weight loading time

of 15 seconds.

The glass was prepared in the manner described
hereinafter. A mixture of respective predetermined
amounts of powder of the raw materials was put into a
crucible made of platinum, and was melted at 1600 C in
an electric furnace. After melting the raw materials
completely, the molten glass was stirred for one hour
with a platinum stirring blade. Then, the stirring blade

was taken out from the molten glass, the molten glass was

(by
0O1



25

Tiderr]
14.0
560

50. 0 St@°@ Stl]J.ber 30ml@nutes, and a glass block was @2tained. 0
- 16 23 72.5 8.0 1.4 4.1

9 72.5
1.4 4.1
- - 12
8.4 4.1
15 50.0
10.0

72.5 8.0
4.1

- 21

17.0 10.0
7.0 -

5

8.0 1.4 4.1 - - - 10 75.9
- - .- 11 79.5 8.0 1.4 4.1
72.5 8.0 4.4 4.1 - - 13 72.
- - 14 67.8 - 14.5 -
6.0 16.5 7.0 - - 16 40.0 10.0
- 17 72.5 8.0 B 4 4.1 7.0
1 4 4.1 - 15.2 - 19 72.5 8.0°
10.3 20 67.8 - 14.5 -

by pour:.gg, the mglsen gBa:E)s into a.die madk &f graphite,

8.0

8.0
17.0
18
1.4
10.0

15.2

10.3 Table 1

8.0
(conti nued) NUhlch hag l??ﬁg ne@masl q'@;apmpgnm)ately 30Dg C, and cgaking
O.ZBO the ggg rapighby

err] O Eréerr]Qerr] ([err]Q .1

858 ' 6was performed by reheating the glass block to a

10

15

20

25

temperature near the glass transition temperature of the
respective glass, and cooling the glass block gradually
with a cooling velocity of 1 ~ 2 C/minute.

The glass of No. 1 in Table 1 contains silicon oxide
as aTain component. Taking this glass as a standard glass
having a fundamental composition, various rare earth
elements were added to the standard glass of 100 parts
by weight. Erbium oxide (Er,0,), i.e. one of the rare earth
elements, was added to the glasses of No. 2 ~ 8 in Table
1 respectively within the range of 1 ~ 21 $ by weight.
TheglassofNo. 9 contained erbiumoxide of 32 % by weight.
However, a part of the raw erbium oxide powder was

remained in the molten glass undissolved, and homogenous

' glass could not be obtained. The glasses of No. 10, 11,

12, and 13 were prepared by adding Si0, and AL,0,
increasingly to 100 parts by weight of the No. 1 glass.
The glass of No. 14 contained further increased

amount of Al,0,, and erbium oxide of 10 % by weight. The
glasses of No. 15and 16 containedmore increased amount
of Al,0, , and more decreased amount of SiO, than the glass
of No. 14. Furthermore, ZnO and TiO, were added as
crystallizing components in addition to erbium oxide of

10 % by weight.

Hv

ubsggmently, strain relief anq_eah.ng 1. 0



10.0
93.0

14.0
563
617 12

10.0
110.0

7 0
617
95.4
7.0

644

- 14.0 2.0 556 90. 2 635 4

14. 0 5.0 585 91.3 673 5 - - 14. 0
582 92.2 683 6 - - 14. 0 15.0 590
707 7 - - 14.0 16.0 598 93.5 712 8

- 14.0 21,0 608 93.8 722 9 - -
32.0 - 10 19 - - 14. 0 0.0
85.4 613 11 - - 14. 0 0.0 570 87.0
- - 14.0 0.0 572 90. 3 627 13 -
14.0 0. 0The gla88 of No.9076cont&ihed 4 half amount of Na,0 17.7
530 96. 6 792 15 6.5 14. 0 - 10. b 545
720 o4 the glass of N6..0OL, and B,0, in abdiftion t&%&biumldbﬁxcfe 706 17
- 7.0 50 594 59.5 721 18
5.0 of 569Dy weight9 Theaflmsik®s of No. 18 and-19 conta?:.xﬁed 5. 0

76.0 685 17 20 17.7 - 520
735 21a half amount £a,0 of the glass.of No. 152nd addi ipnalgyp 22

16.0
5949

10

502 122.4 634 23 -
a§7abka11711@ eﬁp:th metal oxide such asyBaO, Sr0O, and 1333

like. The glasses of No. 20 ~ 23 were the same glasses

of No. 15 ~ 19 except no erbium oxide was contained.
As a comparative example, Tg, @, and Hv of a glass,

which was chemically strengthened by alkali replacement

of the glass of No. 1, are indicated in Table 2.

Table 2

7.0 .
77.9

No.| Tg (C)| @ | av Remarks

26 557 85 | 670 Chemically strengthened glass

15

The chemically strengthened procedure was performed

by immersing the glass, manufactured in a flat plate of

' approximately 0.63 mm thick, into molten potassium

20

25

nitrate bath at 380 C for 40 minutes. The thickness of
the chemically strengthened layer was approximately 20
L m. The Hv of the chemically strengthened glass was 670.
In comparison with the Hv of 615 of the glass before the
chemical strengthening, it was revealed that the Hv was
increased approximately 9 % by the chemical strengthening.
The thermal expansion coefficient was not increased by
the chemical strengthening. The glass transition

temperature was increased somewhat by the chemical



25 - - 7.0 597 72.0 597 The gl ass
transition tenperature and the thermal expansion coefficient were

determ ned fromthermal expansion curves of the glass. The thernal
expansion 5 coefficient was calculated fromthe elongation rate of the
glass from50 [err]C to 500 [err]C. The tenperature elevating velocity was
5 [err]C mnute, and the | oaded weight w28 10 g. A quartz glass (thernal
expansion coefficient; 5 X 10[err] /[err]C) was used as a standard sanpl e.
The size of the test 10 pieces was 5 nmin dianeter and 20 mmin hei ght.
The micro- Vi ckerengthdnesg. (Hv) was determ ned as an average val ue of ten
poi nts neasured under the condition of the | oaded wei ght of 100 g, and the
wei ght | oadi ng ti nDwthéPasdsanfithe By of the cHemigladdy stasenytdyevest i n t he
manner described hereinafter. A m xture of respective predeterm ned anounts
of powder of ghassavtheishitengthnaf pe dlasses dnddceitednimdralilellati num
and was nelted at 1600 [err]C in an electric furnace. After nelting the raw
mat eri al s 20 wasnpvaleated: Hihem|the agididd vigaameunEscaf fB¥,Oondax®ur with a
platinumstirring blade. Then, the stirring bl ade was taken out fromthe
mol ten gl &s, 1tRed nd én ytasEespectively by weight (No. 2, and 3),

each of the micro-Vickers harnesses of the glasses was
increased to 621 and 635 in comparison with the glass of
No. 1. Bowever, the increased amount was not significant,
and the hardness did not reach at the hardness of the
10 chemically strengthened glass. When the additive amount
of Ex,0, was 5.0 % by weight (No. 4), the micro-Vickers
harnesses of the glass was increased to 673, exceeding
the Hv of the chemically strengthened glass. In accordance
with the glasses of No. 5 ~ 8, wherein the additive amount
15 of Er,0; was increased further to 10 ~ 21 % by weight,
the micro-Vickers harnesses of the glass were increased
further such as 683, 707, 712, and 722, respectively.
FIG. 1 indicates a relationship between the additive
- amount of Er,0,, Al,0,, and Si,0, and variation in

20 nmicro-Vickers hardness. The additive amount indicated
by the abscissa is expressed by mol % of oxide containing
two cations. That means, for example, SiO, is expressed
as 8i,0,, and Er,0, and A1,0, are expressed as Ex,0; and A1,0,
with no change. In accordanée with FIG. 1, the Hv of the
25 Er,0, added glass is increased linearly in relation to the
additive amount of Er,0,. The Hv of the glass exceeds the
Hv of the chemically strengthened glass by adding Er,0,

of at least 0.013 mol % (50 $ by weight).



stood still for 30 mnutes, and a gl ass bl ock was obtai ned by pouring the
molten glass into a die nade of graphite, which had been heated at
approximately 300 [err]C, and cooling the die rapidly. Subsequently, strain
relief annealing 5 was perforned by reheating the glass block to a
tenperature near the glass transition tenperature of the respective gl ass,
and cooling the glass block gradually wieh a cooling velocity of 1 ~ 2
[err]C mnute. The glass of No. 1 in Table 1 contains silicon oxide 10 as
a main conmponent. Taking this glass as a standard gl ass having a

f undanent al conposos ithe otakirohsnd Al 13Rdh ahelfdtsasBie tagdedcyo t he
standard gl ass of 100 parts by weight. Erbiumoxide (Er[err](err]), i.e.

one of the raf tdar Hir ehrniobserredadiled tite iglasglessgNe. 8 -Nal)2 - 8 in
Table 15 1 respectively within the range of 1 - 21 % by weight. The gl ass
of No. 9 contwienmssliresi,0ooicdRl g, B2 dddedieithet indbsesed amoymr isof the raw
er bi um oxi de powder was renmained in the nolten glass undi ssol ved, and
honbgenous glrst sigrnificantheandt thedlr dbes gbisceachfatNdhel@evel, 20 12,
and 13 were prepared by adding Sigerr] and Al[err](err] increasingly to
100 part s Shy aRitfetchgnicrl lyostregghhenedigd agisaeden fifNche addisavei ned
further increased anount of A1203, and erbium oxide_of 10 % by weight. The
gl asses of NARAMNERE HL.Lontli AddOmaxcassds: Saded™@holint 25 of

Alferr]Jerr], and rmrﬁ decreased amgunt, of  Si than the gl.ass of No. 14.
Furt hernore, ZnO &t TRGRHH9atRs @ T8d@tdoRship between the additive

amount of various oxides and variation in thermal
expansion coefficient. The thermal expansion coefficient
10 of the Er,0, added glass is increased in accordance with
increasing the additive amount of Er,0,. Because of the
large thermal expansion coefficient of the information
recording medium layer, matching of the substrate with
the information recording medium layer has been improved
15 by increasing the thermai expansion coefficient of the
substrate.
The Hv of the substrate could be increased
significantly by adding Er,0,. However, the increase in
- Hv was scarcely observed when the additive amount of Er,0,
20 was less than 0.5 % by weight, in addition to the
embodiments indicated in Table 1. Therefore, Er,0, is
preferably added at least 0.5 % by weight. On the contrarjr,
when Er,0, was added more than 30 % by weight, the Er,0,
was not dissolved completely, and the obtained glass was
26 not homogeneous. Therefore, the additive amount of Er,0,
is desirably utmost 30 % by weight. The effect of adding
Er,0, in increasing the Hv and the Tg was compared with

the same effect of adding each of Sio, and Al,0,, which



crystal lizing components in addition to erbium oxide of 10 % by wei ght.

The gl ass of No. 17 contained a half anount of Na2O of the glass of No. 1,
and B[err](err] in addition to erbium oxide of 5 % by weight. The gl asses
of No. 18 and 19 contained a half anmount of Na[err]O of the glass of No. 1,
and additionally 5 an alkaline earth netal oxide such as BaO SrQ and the
| rke. The gl asses of No. 20 - 23 were thegzsane gl asses of No. 15 ~ 19
except no erbium oxi de was contai ned. As a conparative exanple, Tg, [err],
and Hv of a glass, which was chem cally strengthened by al kali replacenent

10 of the glgsge Ofedirddd & @ompdneat8dchnidebbsse theifeznaniealld
([err]C) [err] Hv Remar ks 26 557 85 670

Cheni cal |y stsepghdemecant aixs whs found thetchrel Dndrteasd rianaiheemed

procedure was perforned by i mersing the glass, manufactured in a flat
pl ate of apprexs na@lmbdst (sdge Mbdthithe addi®ionl bENEpgagasunopetrate bath at

380 [err]C for 40 mnutes. The thickness of the chemcally strengthened
| ayer was appeHfeativd in?Gn2feafing|tthe Hre Fhe dv bifethbayiasdds of
strengt hened gl ass was 670. In conparison with the Hv of 615 of the gl ass
bef ore t hé chidmi ddl ~slté,ewhehetd ag increased anoantd £ R3Ot wies Addeds
respectively, were improved in comparison with the
glasses of No. 20 ~ 22, whereto no Er,0, was added. The
glasses of No. 15 and 16 became opaque by a heat treatment
at 900 C, because crystalline particles were deposited
10 in the glass. The Hv were measured under the above
condition, and it was found that the Hv were increased
such as 760 and 720, respectively in comparison with the
Hv before the heat treatment.
The contents of Na,0 in the glasses of No. 17 ~ 19
15 were decreased to a half of the glass of No. 1. Therefore,
elevation of the characteristic temperature was expected,
and a predetermined amount of respective of B,0,, Ba0O, and
Sr0, which were regarded as components to decrease the
- melting point, was added to the glasses of No. 17 ~ 19.
20 Furthermore, Er,0, of 5 % by weight was added to each of
the glasses of No. 17 ~ 19. The Hv of all the glasses of
No. 17 ~ 19 were improved in comparison with the glasses
of No. 23 ~ 25, whereto no Er,0, was added.
A three point bending strength test was performed
25 on the glasses of No. 1 and 5, and the chemically
strengthened glass (No. 12) for comparison. Average

values of the three point bending strength ( 0 /Mpa) are

indicated in Table 3.



i ncreased approximately 9 % by the chem cal strengthening. The thernal
expansi on coefficient was not increased by 25 the chem cal strengthening.
The glass transition tenperature was increased sonmewhat by the chem cal

20 strengthening. On the basis of the Hv of the chem cally strengthened

gl ass, the strength of the glasses indicated in Table 1 was eval uated. Wen
the additive amounts of Er[err]Jerr] wer®d 5 1.0 %and 2.0 % respectively
by weight (No. 2, and 3), each of the mcro-Vickers harnesses of the
gl.asses was increased to 621 and 635 in conparison with the glass of No. 1.
However, the increased anbunt was not significant, and the hardness did not
reach at the hardness of the 10 chem cally strengthened gl ass. Wen the
additive anount of Er[err](err]TaBbe530 % by weight (No. 4), the

m cro- Vi ckers harnesses of the glass was increased to 673, exceeding the Hv
of the chem cally strengthened glass. In accordance with the gl asses of No.

5 - 8, wherejn the additive anount 15 of Er[err[Qferr|[ was 1ncreased
further to 1P - 21 9%dy weight, |the m crm-Vi ckers harnesg@¢dpaf) the gl gss
were increasgpd further such as $83, 707, 712, and {22, respectively. FIG 1.
indicates a felationkhip betweep the ad2iotive 328
5 20 391
26 20 390
5 The test was performed using glass test pieces of

0.63 mm thick, 2 mm wide, and 3 mm long. The bottom span
was 1.2 mm. The number of the test pieces (n) was 20 for
all the glasses. The three point bending strength ¢ (Mpa)

is expressed by the following equation:

10
0= (3lw/2at?)
where, w : loaded weight
1l : bottom span
a : width of the test piece
15 - t : thickness of the test piece

The average three point bending strength of the glass
of No. 1 was 328 MPa. The average three point bending
strength of the glass of No_. 5, which contained Er,0, of

20 10.0 % by weight, was 391 MPa, increased by approximately
19 % from the glass of No. 1, and an equivalent strength
to the chemically strengthened glass (No. 26) was
obtained.

In order to study the mechanism of mechanical



anmount of Er[err](err], Al[err](Jerr], and Si[err]Jerr] and variation in
20 m cro-Vickers hardness. The additive anmount indicated by the abscissa is
expressed by nol % of oxide containing two cations. That neans, for
exanple, SiJerr] is expressed as Si[err](Jerr], and Er[err]Jerr] and
Alferr]Jerr] are expressed as Er[err]Jerr] and Al[err]Jerr] with no
change. In accordance with FIG 1, the Hg4of the 25 Er[err](Jerr] added
glass is increased linearly in relation to the additive anmount of
Er[err](Jerr]. The Hv of the glass exceeds the Hv of the chemcally

strengt hened gtpssghly imea@nergyrédﬁ@g ar®f eatthedrdmeht) bkidels,% (50 % by
wei ght) . 21 On the other han al t hough an increasing tendency of the Hv

can be obser ueikcysdtridtangisasgethé Nfladsbes bE) Nowere8p and €0 welrerr], or
Alferr]Jerr] is added, the increased anount is not significant, and the Hv
does not reachbservdd bye\eltransmislisd onheliecalrby miceogedtpecd gl ass even if
the additive anobunt of Si[err](Jerr], or Al[err](err] exceeds 0.05 nol %
FIG 2 indicates aThelqEsseshop Noat beemd lide whiith coatainedtnomiravar i ous

oxi des and variation in thermal expansion coefficient. The thernal :
expansi on Scoedxth exkement oikides,Ewprer L0 8r rlomagaseagisasgorphonsr eased i n
accordance with increasing the additive anpbunt of Er[err] Qerr] I_Secause of

the | arge the?eRdiigmnArotheoethesi Bandeof thacglagspsmy &9-

were in a condition that fine particles having a
nano-order particle size were dispersed in an amorphous
glass matrix. Based on the observation of high resolution
10 imagé€és, the fine particles were determined as crystalline
particles. As explained above, fine particles were
observed in the glasses containing the rare earth element
oxides, and the degree of improving the mechanical
strength of these glasses were significant. The fine
15 particles were not observed in the glass containing A1,0,
and others such as the glass of No. 10. and the degree
of improving the mechanical strength of the glass was not
significant. Therefore, it was concluded that the
* mechanical strength was increased based on the presence
20 of the fine particles.

The particle sizes of the fine particles were
different each from the others depending on the content
of Er,0,. The average diameters of the fine particles
generated in respective of the glasses and transmittance

25 for white light are indicated in Table 4.



recordi ng nmedi um | ayer, matching of the substrate with the information
recordi ng nmedium | ayer has been inproved 15 by increasing the thermal
expansi on coefficient of the substrate. The Hv of the substrate could be
i ncreased significantly by adding Er[err]Jerr]. However, the increase in
Hv was scarcely observed when the additive anount of Er[err](err] 20 was
| ess than 0.5 % by weight, in addition ta@the enbodi nents indicated in
Table 1. Therefore, Er[err]Jerr] is preferably added at least 0.5 % by
weight. On the contrary, when Er[err]derr] was added nore than 30 % by
wei ght, the Er[err]Jerr] was notpagblesal ved conpletely, and the obtained
gl ass was 25 not honobgeneous. Therefore, the additive anmount of
Er[err](err] is desirably utnost 30 % by weight. The effect of addin
Erferr]derrj] 1nincreasing ffhe Hv jand thg Tg wag conparfed wth the sane

effect of addi ngiccachj of2Si Jer3] and Al [grr]5Jerr] 6 whijch? \er @ regar ded
as conponentjs to 1 ncrease the nechgnical qtrength, and It was found t Eat
the increaseExrOthe Tg bag al nds® gan®,0byt1obe qdiB 10 on 6. Er | @T.JoT err]
was nore efflective inlincredsing tHe Hv. The Hv ¢f the §l assesjof 5 .14 .
- 16, wher ¢gton&rntncy eased [amount jof Al[grr]d err] was|added fespectively,
were inproved in conparison wth t He gl asqdes of No. 20 + 22, whereto ho
Er[err] d errl(wedgh&dded. The

ratio)

Average 1 3 8 15 38 51 103

diameter

(nm)

Transmi- | 91 85 79 74 70 67 58

ttance

%)

FIG. 3 indicates a relation ship between the average
5 particle size of the fine crystalline particles and the
Erx,0, content, and FIG. 4 indicates a relationship between
the transmittance of the glass and the Er,0; content.
" The average particle size was increased in proportion to
approximately a square of the Er,0, content. The
’ 10 transmittance was decreased in negative probortion to the
Er,0, content.

A relationship betweer_l an efficiency of recording
information and the transmittance of light was studied.
Then, it was found that the recording information was

15 performed with a high efficiency when the transmittance
for white light was at least 60 %, and the recording

information was not performed efficiently when the



gl asses of No. 15 and 16 becanme opaque by a heat treatnent at 900 [err]C,
because crystalline particles were deposited 10 in the glass. The Hv were
measured under the above condition, and it was found that the Hv were

i ncreased such as 760 and 720, respectively in conparison with the Hv
before the heat treatnent. The contents of Na20 in the glasses of No. 17 ~
19 15 were decreased to a half of the glkass of No. 1. Therefore, elevation
of the characteristic tenperature was expected, and a predeterm ned anount
of respective of Blerr](Jerr], BaO and SrO which were regarded as

conponents t orggréRPSEande MY WhidkePAlifht Was 2ddsdthantbe ¢l asses of No.
17 - 19. 20 Furthernore, Er[err]derr] of 5 %by weight was added to each

of the gl assephé@fef¥re,the thinshiia tdncef £t Wwhike ARsSEs dfsivably’ ~ 19

were inproved in conparison with the glasses of No. 23 - 25, whereto no
Er203 was addggl.léadthrege spoThé deschds dilamstgirhoffeshevglagedomaed 25 on

the glasses of No. 1 and 5, and the chemcally strengthened glass (No. 12)
for conpari sohé wases hgm, \adithe volume fhaceiqoofitthefiiinapasttiedgsh ( [err]
/ Mpa) are indicated in Table 3. 23 Table 3
5 calculated from the TEM photograph was 22 %. On the basis
of the above data, the volume fraction of the fine
particles is increased and the transmittance for white
light is decreased if the average diameter exceeds 50 nm.
Therefore, it is not desirable if the Er,0, content exceeds
10 16 % by weight, the average diameter of the deposited
particles exceeds 50 nm, and the volume fraction of the
deposited particles exceeds 20 %.
Various rare earth elements were added to the glass
of No. 1 for studying their influence. Table 5 indicates
15 the kind of added rare earth element, and the glass
transition temperature (Tg), the thermal expansion
coefficient, and micro-vickers hardness (Hv) of the
obtained glasses. FIGs. 5 and 6 indicate relationships
- between the kind of the added rare earth elements, and
20 Hv and Tg, respectively. Each of the rare earth elements
was added as an oxide expressed by the chemical formula
of Ln,0,. The additive amount of all the rare earth elements
was 0.026 mol %. The manufacturing method of the glass

and the measuring method of the characteristics are as

25 same as the table 1.



No. n [err] (Mpa) 1 20
328 5 20 391 26 20

390 5 The test was perforned using glass test pieces of 0.63 mm
thick, 2 mmw de, and 3 nmlong. The bottom span was 1.2 nm The nunber of
the test pieces (n) was 20 for all the glasses. The three point bending
strength [err] (Ma) is expressed by the ol owi ng equation: 10 [err] =
(31w 2at[err]) where, w: |oaded weight 1 : bottomspan a : width of the
test piece 15- t : thickness of the test piece The average
three point bending strength of thgppeass of No. 1 was 328 MPa. The average
three point bending strength of the glass of No. 5, which contained

Er[err]err] of 20 10.0 % by wei ght, was 391 MPa, i ncreased by
approximately 19 % fromthe glass of NoJ 1, and af equivalent strengifj to
the chem cal [Nosit rengt em@d comisentt No. 26) wgs obfai ned. |njordgk to study
t he mechani sn of} nechani cal
Ln | (weight ratio) (Cy
27| sc 3.58 593 91.4 666
281 Y 5.89 582 81.6 653
29| La 8.47 583 90.2 650
30| Ce 8.53 582 91.3 648
31| Pr 8.61 585 92.2 651
32| nd 8.78 587 86.4 646
33[ Sm 9.07 584 93.5 651
34| Eu 9.19 585 95.5 652
35| Gd 9.46 580 90.9 685
36 Tb 9.51 583 90.3 682
37| Dy 9.70 581 90.6 683
38 ] Ho 9.82 584 91.6 682
39| Exr 10.00 582 92.2 683
40| Tm 10.03 586 92.0 682
41{ Yb 10.30 588 90.9 685
42| Lu 10.40 u 585 91.1 684

In accordance with Table 5, the micro-Vickers
5 hardness were increased in all the cases when any of the
rare earth element was added. The amount of the increment
was significant when a heavier rare earth element than
Gd,0,, so-called heavy rare earth elements, was added. The

hardness when the heavy rare earth element was added was



24 strength increnent by adding rare earth el ement oxides, mcrostructures
of the glasses of No. 1 ~ 8, and 10 were observed by a transm ssion

el ectron m croscope. The glasses of No. 1 and 10, which contained no rare 5
earth el ement oxides, were in a honbgeneous anorphous condition. On the

ot her hand, the glasses of No. 2 ~ 8 were in a condition that fine
particles having a nano-order particle si26e were di spersed in an anorphous
glass matri x. Based on the observation of high resolution 10 inmages, the
fi.ne particles were determned as crystalline particles. As expl ai ned
above, fine pattledss 680 £ Wizl was ilariges ghansthecealwe vhigiv kef rare
earth el enent oxides, and the degree of inproving the nmechanical strength
of these gl astshe chemdcaildy stremythdivesd gllass1On phetotexshande thet observed
in the glass containing Al[err](Jerr] and others such as the glass of No.-
10. and the dbgrdeess when dhenyight remshsarthl etemenytfront Scidy dicass was
not significant. Therefore, it was concluded that the nechanical strength
was i ncr easedEbfsedwamaddedpreaeappregimgtel yié 50, fehich waglsmallewe particle
sizes of the fine particles were different each fromthe others dependi ng
on the corft enthar thewrlyeopéHy of the ghemigally stFeagshgned i asse
particles generated in respective Qf the glasses and transmttance 25 for
white light are i ndhe glass trapsitign temperature was constant such

as approximately 585 whichever rare earth element was
added. The thermal expansion coefficient of the glasses
were in the range of 81.6 ~ 92.2 X 107/C , and the
10 matching of the substrate with the information recording
medium layer was preferable. In accordance with the study
described above, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu are
the desirable rare earth elements to be added to the glass.
When the structure of the glass of No. 21 containing
15 Gd,0, was observed by the TEM, crystalline fine particles
as same as the Er,0, added glass were observed. The average
particle size was 15 nm.
Composition of the base glass was studied. The
. content of Si0, 1ess than 40 % by weight was not desirable,
20 because the mechanical strength and chemical stability
of the base glass were deteriorated. When the content of
Sio, exceeds 80 % by weight, the fusibility of the glass
was decreased, and many striae were generated. The thermal
expansion coefficient of the glass was decreased sosmall
25 that the glass became inadequate to be used as the glass
for the substrate. On the basis of the above reason, the
content of Si0, is desirably in the range of 40 % by weight
~ 80 % by weight.



Tabl e 4 No. 2 3 4 5 6 7 8 Er 203

1.0 2.0 5.0 10.0 15.0 16.0 21.0 content (weight ratio)

Aver age 1 3 8 15 38 51 103 di aneter (nm
Transm - 91 85 79 74 70 67 58 ttance FIG 3
indicates a relation ship between the average 5 particle size of the fine
crystalline particles and the Er[err] ef¥] content, and FIG 4 indicates a
rel ati onship between the transmttance of the glass and the Er[err](err]
content. The average particle size was increased in proportion to

approxi mately a scdber B, wes Bddedr $o)tthe basengdass, Théds® gllaassni tt ance
was decreased in negative proportion to the Er[err](Jerr] content. A

rel ati onshi p havirem supstion dlaidityr endr dnngdeguatenthermahd t he
transmttance of light was studied. Then, it was found that the recording

i nf or mati on vRXPABS 197k rgenifde iginth washiobtadnetei BawgvehenwherR Eheinsmi ttance

content of B,0, exceeded 20 % by weight, the effect of
5 improving mechanical strength by adding the rare earth
elements was decreased. Therefore, the content of B,0,
is desirably utmost 20 % by weight.
Alkali metal oxides were studied. When sum of the
additive amount of the alkali metal oxides (Li,0, Na,0,
10 K,0) exceeded 20 % by weight, chemical stability was
decreased. Therefore, the sum of the content of the alkali
metal oxides is desirably in the rangeof 0 ~ 20 % by weight.
Furthermore, when sum of the additive amount of the alkali
earth metal oxides exceeded 20 % by weight, chemical
15 stability was decreased as same as the case of adding
alkali metal oxides. Therefore, the sum of the content
of the alkali earth metal oxides is desirably in the range
of 0 ~ 20 % by weight.
Adding each of alkali metal oxides, alkali earth
20 metal oxides, and B,0, has the same effect in decreasing
the melting point of the glass. However, when sum of the
additive amount of the above oxides was less than 10 %
by weight, the fluidity was undesirable, and many striae
were denerated. On the contrary, when the sum exceeded
25 30 % by weight, the chemical stability was decreased.
Therefore, the sum of the additive amount of the alkali
metal oxides, alkali earth metal oxides, and B,0, is

desirably in the range of 10 ~ 30 % by weight.



for white light was at |east 60 % and the recording information was not
performed efficiently when the transmttance for white light was |ess
than 60 % Therefore, the transmttance for white light is desirably at

| east 60 % The average dianeter of the glass of No. 16 was 51 nm and the
volume fraction of the fine particles 5 calculated fromthe TEM phot ograph
was 22 % On the basis of the above datad0the volune fraction of the fine
particles is increased and the transmttance for white light is decreased

i f the average di aneter exceeds 50 nm Therefore, it is not desirable if
the Er[err]Jerr] AddirgtAk0¢emdseffectibvéoiy inergasing mechaariagd di aneter
of the deposited particles exceeds 50 nm and the volune fraction of the
deposi t ed parstrérgthxanbdthatichl vaabdldtyact ebe tdilassndoweviee,e added to
the glass of No. 1 for studying their influence. Table 5 indicates 15 the
ki nd of addedthareortent of Sl exareding di7ads byr wedghtowasenperat ure
(Tg), the thermal expansion coefficient, and m cro-Vickers hardness (Hv) of
t he obt ai ned §hdestrable checausq) they fluddi&yr efathenghaps Wa$ween the kind
of the added rare earth elenents., and 20 Hv and Eg respectively. Each of:

the rare SartReeFeditls Tharefodes thefrRienie oS pldSsetd stlmé‘bé- eni cal

Formla utmost 17 % by weight.

When the content of rare earth oxides exceeded 30 %
by weight, homogeneous glass was hardly obtained,
because raw material powder remained in the glass when

10 melting operation of the glass, and the content was
undesirable. The less was the sum of the content of the
alkali metal oxides, the significant effect of improving
the mechanical strength was obtained by adding the less
amount of rare earth oxides. When the sum of the additive

15 amounts of the alkali metal oxides and the alkali earth
metal oxides was 10 % by weight, the improvement in
mechanical strength was observed by adding the rare earth
oxides of 0.5 % by weight. However, when the adding amount

- of the rare earth oxides was less than 0.5 % by weight,

20 the effect of improving the mechanical strength was not
significant. Therefore, the content of the rare earth
oxides is desirably in the range of 0.5 ~ 30 % by weight.

The glass substrate relating to the present
invention has a sufficient strength by adding the rare

25 earth elements. Therefore, the chemically strengthening
of the glass, which has been necessary for the
conventional glass substrate, becomes unnecessary. That

means, the glass substrate of the present invention is



of Ln[err]Qerr]. The additive anmount of all the rare earth el enents was
0.026 nmol % The manufacturing nmethod of the glass and the neasuring nethod

of the characteristics are as 25 sane as the table 1. 27 Table 5 No.
Ln[err]Jerr] content Tg [err] Hv Ln (wei ght
ratio) ([err]C) 27 Sc 3.58 593 91.4
666 28 Y 5. 89 582 3 81.6 653 29 La
8. 47 583 90.2 650 30 Ce 8. 53
582 91. 3 648 31 Pr 8.61 585 92.2
651 32 Nd chaBad@rized in having m®7 compres8fivéd strengtBdfild® Sm
9. 07 584 93.5 651 34 Eu 9.19
585 95. bayer whichsgemsrayes a resddugl stress at surfacegspf the 90.9
685 36 Th 9.51 583 90. 3 682 37 Dy
9.70 glass. B8 presencg) of the comgggsggvaostrengtlgemg
584 91.6 682 39 FEr 10. 00 92.2
683 40 Tm  layer mt the surface of the glass gn (be detern@@MPYYb
10. 30 588 90.9 685

§ a method, for example, wherein a laser beam is projected

to the surface of the glass and the reflected beam is
spectroscopically analyzed using a prism. Using the above
method, the glass substrate of the present invention was
confirmed that difference of the residual stresses

10 between the inside of the glass substrate and the surface
of the glass substrate hardly existed, in other words,
no surface compressive strengthening layer existed.

The practical substrates were prepared actually
with the glass obtained by the embodiments, and their

15 characteristics were evaluated. The glasses of No. 1, 5,
7, 8, 18, and 35 were used. As the comparative exgmples,
the chemically strengthened glass of No. 26, an& Sio,-
Al,0,-Zn0-MgO-RO group crystallized glass substrate

- indicated in Table 6 were evaluated.

20 Shape of the prepared glass substrate was 65 mm in
diameter and 0.635 mm in thickness. Water resistance, heat
resistance, surface roughness, and transmittance for
white light of the prepared substrates are indiéated in
Table 7.

25



42 Lu 10. 40 585 91.1 684 I n accordance
with Table 5, the mcro-Vickers hardness were increased in all the cases
when any of the rare earth el enent was added. The anmount of the increnent
was significant when a heavier rare earth elenment than Gd[err](Jerr],
so-cal l ed heavy rare earth el enents, was added. The hardness when the heavy
rare earth el enent was added was 28 atgzl east 680, which was | arger than
the value of Hv of the chem cally strengthened glass. On the other hand,

t he hardness when the light rare earth elenent fromSc[err](Jerr] to
Eu[err]Jerr] was added was approxi mately 650, which was smaller 5 than the
val ue of Hv of the chemcally strengthened glass. The glass transition
tenperature was constant such as approxi mately 585 whi chever rare earth

el ement was added. The thernmal expansion coefficient of the glasses were in
the range of 81.6 - 92.2 X 10[err|Tdblre¢ |6C, and the 10 matching of the
substrate with the informati on recordi ng nedium | ayer was preferable. In
accordance with the study described above, Gd, Th, Dy, Ho, Er, Tm Yb, and
Lu are the desirablg rare garth elenenfs to be pdded to the glass. vm¢n t he .
structure of 1t 0 gl assTHf( NI. P1 &ont alni nlv 15 {CJd[ elRem@rksr ] was obserfved

by the TEM cryzgalLine fine pparticles

780 114 720 Crystallized glass
5
- Table 7
No. | Water resistance Heat Surface |[Transmittance
Alkaline resist- [roughness [(%)
concentration (ppm) J|ance Ra (A)
5 10.0 @) 4 74.0
35 15.0 o 4 94.0
26 312.0 A 4 95.0
43 2.0 O 9 15.0
1 11.0 O 4 94.0
‘ 7 11.5 O 5 67.0
| : 10.7 O 10 58.0
18 4.0 O 5 79.0

10



as s'arre as the Er[err]derr] added gl asswereobserved. Theaverage particle
size was 15 nm Conposition of the base gl ass was studied. The content of
Sigerr] less than 40 % by wei ght was not desirable, 20 because the
mechani cal strength and chem cal stability of the base glass were
deteriorated. Wien the content of Si(Jerr] exceeds 80 % by wei ght, the
fusibility of the glass was decreased, am nmany striae were generated. The
t hermal expansi on coefficient of the glass was decreased so snall 25 that
t he gl ass became i nadequate to be used as the glass for the substrate. On
the basis of the above reason, the content of SiJerr] is desirably in the
range of 40 % by weight - 80 % by wei ght. 29 When Blerr](Jerr] was added
to the base glass, a base glass having a superior fluidity and an adequate
t hermal expansion coefficient was obtained. However, when the content of
Blerr]Jerr] exceefbe wates ppsistghce was evhiluatedfbys immprevhggirechani cal
strength by adding the rare earth el ements was decreased. Therefore, the
content of B[ §PPF%FEFP] inko Jeaym FILEe wakest o£080omY ateiightC kA0 net al
oxi des were s&ludi ed. , Wen sumof the additive anmount of the al kali netal
oxi des (LiJ er PPBFSNAeheqmining the dissolved amounts of total alkali
elements and alkaline earth elements into the pure water,
and indicating the total dissolved amount by ppm.
The heat resistance was evaluated by heating the
substrate at 350 C in a vacuum, and subsequently
10 analyzing the surface portion of the substrate by
secondary ions mass spectrometry. The test piece, wherein
a diffusion of the alkaline ions was observed at the
surface layer of the substrate, was indicated by 4, and
the test piece, wherein the diffusion was not observed,
15 were indicated by Q.
The surface roughness was evaluated by an average
surface roughness Ra (A) using a surface roughness tester.
The transmittance was evaluated as an intensity ratio of
- incident light and transmitted light by irradiating the
20 surface of the substrate with a white light source.
The water resistance of the glass substrates of No.
1, 5, 7, 8, 18, 35, and 43 were desirable, because the
dissolved amounts of the alkaline elements were small.
The chemically strengthened glass substrate of No. 26 was
25 not desirable, because the dissolved amounts of the
alkaline elements was significant.
Similarly in the heat resistance evaluation, a large

amount of alkaline elements were detected at the surface



10 K[err]O exceeded 20 % by weight, chemcal stability was decreased.
Therefore, the sumof the content of the alkali netal oxides is desirably
in the range of 0 -20 % by wei ght. Furthernore, when sum of the additive
amount of the alkali earth netal oxides exceeded 20 % by wei ght, chem cal
15 stability was decreased as sane as the case of adding al kali netal

oxi des. Therefore, the sum of the contenB4oftheal kaliearth netal oxides is
desirably intherange of 0 ~ 20 % by wei ght. Addi ng each of alkali netal
oxi des, alkali earth 20 netal oxides, and B203 has the same effect in
decreasi ng t hkayet tafhgheochembéalle siiresythdnedvelassieubshurate ofhe

addi tive anount of the above oxides was | ess than 10 % by weight, the
fluidity was Nmeedfi + @nide 1tawas nfoynd thliate ther bone marwing) ocourrrd.contrary,
when the sum exceeded 25 30 % by weight, the chemi cal stability was
decreased. ThRS eg¥plained ahawef thee icadyanbuargbhened ¢lags i netal
oxi des, alkali earth nmetal oxides, and Blerr](err] is desirably in the
range of 10 -SWeSBEake wasghrstablgberrnss ik F%@ﬁi}il €13YsehBoFARgCt i ve in

i ncreasi ng nechanj cal strength and chem cal stabjlity of the gl ass.
However, he SbEALHRe Glemendsy| BRethe NtEadTngthe IRATP RUPSHEARRS

of the present invention was desirable in both thermal
and chemical stability.
Regarding the surface roughness, preferable
flatness such as Ra = 4 ~ 5 A was obtained with the glass
10 substrates of No. 1, 7, 18, 5, 35, and26. On the contrary,
the surface roughness of the glass substrates of No. 8
and 43 were as large as Ra = 9 ~ 10 A.
The transmittance for white light of the glasses of
No. 1, 7, 5, 18, 35, and 26 were as desirable as 67 ~ 95 %.
15 The transmittance of the glasses of No. 8 and 43 were as
low as 58 % and 15 %, respectively.
A relationship between the surface roughness and the
depositing condition of the fine particles was studied.
- Regarding the glass of No. 7, the content of Er,0, was 16 %
20 by weight, and the average particle size of the deposited
fine particles was 51 nm. The volume fraction of the fine
particles was 40 %. The transmittance of the glass of No.
7 under the above condition was 67 %. On the other hand,
regarding the glass of No. 8; the content of Er,0, was 21 %
25 by weight, the average particle size of the deposited fine
particles was 103 nm, and the volume fraction of the fine
particles was 72 %. The transmittance of the glass of No.

8 under the above condition was 58 %. Under the above



undesi rabl e, because the fluidity of the glass was 5 decreased. Therefore,
the content of Al[err]Jerr] is desirably utnost 17 % by wei ght. Wen the
content of rare earth oxi des exceeded 30 % by wei ght, honbgeneous gl ass was
hardl y obtai ned, because raw material powder remained in the glass when 10
melting operation of the glass, and the content was undesirable. The |ess
was the sum of the content of the al kali 3etal oxides, the significant

ef fect of inproving the nmechanical strength was obtained by adding the |ess
anmount of rare earth oxides. Wien the sumof the additive 15 anobunts of the

al kal'i nmetal egndesicms, tthe sukfhtechdlidhn@sflofoxhdeglass dP NM6.by wei ght,
the i nprovenent in mechanical strength was observed by adding the rare
earth oxides was 0550 %Ahyangi tine . ghise el ,Novhéh wialse 18d0i Ag asntmriceof t he
rare earth oxides was less than 0.5 % by weight, 20 the effect of

i nprovi ng t heasathenofathe tiglasgt 6f Wis. 70t Asigpplfained abdef eftomas t he
content of the rare earth oxides is desirably in the range of 0.5 - 30 % by
wei ght. The gfewsd thetwhencthetantegt of B, preseded 20viehy weighds a
sufficient strength by adding the rare 25 earth el enents. Therefore, the
cheni cal | ¥ stteagmeragepartide giast thedepnsitedefiine pagddclesor t he
conventional glass_substrate, becones unnecessary. That neans, the gl ass
substrate of €XeepieddA0 1y enditdie F5ansmittance was less than 60 %,

the surface roughness of the glass was significant, and
the glass was inferior in surface flatness.
In accordance with the above findings, the content
10 of rare earth oxides such as Er,0, is desirably less than
20 % by weight. The average particle size is desirably
utmost 100 nm. The transmittance is desirably at least
60 %$. When the above conditions are satisfied, the
sufficiently small surface roughness can be obtained.
15 Using each of the above 8 kinds of glasses, amagnetic
disk was manufactured by forming magnetic film on the
glass substrate, and its characteristics was evaluated.
The composition of the £ilm of the manufactured magnetic
- disk is indicated in FIG. 8. In FIG. 8, the numeral mark
20 1 indicates the glass substrate, 2 is Cr precoat film,
3 is Cr base film, 4 is Co-Cr group magnetic film, 5 is
C protective film, 6 is an etching texture, and 7 is
lubricating £ilm.
After cleaning a magnetic glass substrate of 65 mm
2 in diameter, each of Cr precoat film of 25 nm thick, Cr
base film of 50 nm thick, and Co-Cr group magnetic film
of 50 nm was formed on the magnetic glass substrate. Then,

after forming carbon protective f£film of 10 nm thick, an



31 characterized in having no conpressive strengthening |ayer which
generates a residual stress at surface of the glass. The presence of the
conpressi ve strengthening |layer at the surface of the glass can be
determined by 5 a nethod, for exanple, wherein a |aser beamis projected
to the surface of the glass and the refl ected beamis spectroscopically
ahal yzed using a prism Using the above pgethod, the glass substrate of the
present invention was confirmed that difference of the residual stresses 10
bet ween the inside of the glass substrate and the surface of the gl ass

substrate hargdohigig %é&uﬂe”vﬁ'shﬁko%!&_éaa ﬂftéﬁrﬁéffoﬁ@fmj asfe/e
strengt heni ng | ayer” exi sted. The practical substrates were prepared

actually wthldmitigsa aligaeted 8¥skhfae meatifmiivredbd hbplyi

A
characteristics were evaluated. The glasses of No. 1, 5, 7, 8§, 15, and 35

were used. AscHé e ubanpaitdingy €igmadp! ehe Ehemchesi £aihed son éngithened gl ass
of No. 26, and SiJerr]- Alferr](err]-Zn0O MO RO group crystallized gl ass

substrat e i ndiwdfiazks noIdiilestibakratepdlanes.csubféquently Skepeodédt he
prepared gl ass substrate was 65 mmin dianmeter and 0.635 mmin thickness. -
Wat er resbst ayelithiems ofsthe amagnetsio ffddm ofugheesagnetiid diskshytt ance for
white light of the prepared substrates are indicated in
an alkali, and the presence of the film splitting were
evaluated.
Using the above magnetic disk, a magnetic disk
apparatus was manufactured. A schematic perspective view
10 of tHe manufactured magnetic disk apparatus is indicated
in FIG. 10. In FIG. 10, the numeral mark 8 indicates the
magnetic disk indicated in FIG. 8, 9 is a rotary shaft,
10 is a spindle motor, 11 is a magnetic head, 12 is a rotary
shaft of the magnetic head, and 13 is an output terminal
15 of electric system. Six magnetic disks 8 were fixed to
the rotary shaft 9 in the apparatus. Two magnetic heads
11 were provided at each of the both surfaces of the
substrate. The magnetic disk apparatus was manufactured
- by connecting a control system and others. The levitating
20 amount of the head during rotating the magnetic disk was
40 nm.
Using the above magnetic disk apparatus, record
:;egenerating characteristics was evaluated. The obsexved
results on the alkali corrosion, the film splitting, and

25 the record regenerating characteristics are indicated in

Table 8.



Table 7. 25 32 Table 6 No. Tg ([err] Q) [err] Hv

Remar ks 43 780 114 720 Crystallized glass 5 Table 7
No. Water resistance Heat Surf ace Transmi ttance Al kaline
resi st- roughness (% concentration (ppm ance Ra (A 5 10.0
[err] 4 74.0 35 15.0 [err] 4
94.0 26 312.0 [err] 37 4 95.0 43
2.0 [err] 9 15.0 1 11.0
[err] -4 94.0 7 11.5 [err] 5
67.0 8 10. 7 [err] 10 58.0 18
4.0 [err] 5 79.0 10
Table 8
No. (Alkali corrosion | Film splitting Record
regenerating
characteristics
5 @) O o
21 O o O
12 A A O
29 ~ o O A
5 When a ratio of the number of the magnetic disk

wherein the alkali corrosion was observed was less than
5 % to the total number of the obtained magnetic disk,
the alkali corrosion was indicated by O, and when the
ratio was 5 % or more, the alkali corrosion was indicated
10 by A. The magnetic disk relating to the present
invention scarcely had the alkali corrosion and/or the
" film splitting, and the record regenerating _
characteristics of the magnetic disk was preferable.
The alkali corrosion and the f£ilm splitting of the
15 chemically strengthened glass of No. 12 were significant,
and the glass was undesirable. The alkali corrosion and
the film splitting of the crystallized glass of No. 29
were not observed, but the record regenerating
characteristics of the glass was undesirable.
20 Using various kinds of glass relating to the present

invention, glass substrates were prepared, and a shock



33 The water resistance was eval uated by i mersing the substrate into warm
pure water of 80 m at 70 [err]C for 20 5 hours, determ ning the dissolved
anounts of total alkali elenents and al kaline earth elenments into the pure
water, and indicating the total dissolved amount by ppm The heat

resi stance was eval uated by heating the substrate at 350 [err]Cin a
vacuum and subsequently 10 analyzing th& surface portion of the substrate
by secondary ions nass spectronmetry. The test piece, wherein a diffusion of
the al kaline ions was observed at the surface |layer of the substrate, was

i ndi cat ed by [resdistamce thsttwed peirfoemedierBe sHduk diekfisthaneWwags not
observed, 15 were indicated by [err]. The surface roughness was eval uated
by an aver age evadiatedr vajhgassgriet ion\d iskisngwhishriat eeheosgheesslm est er .

The transmittance was evaluated as an intensity ratio of incident |ight and
transmitted | is§FUCHRTer agdingdicagedhin XIG s8r,fand oferecheasubsttated with a
white light source. The water resistance of the glass substrates of No. 1,
5, 7, 8, 18, %y faxaing Hbecnamretim|filmeddes probectiiveof ik, aamdint s of

t he al kal i pe emanés were snall. Thechem cal | ystrengt hened X
gl asssubst¥ at bﬁ\ﬂ?‘ BrieQnte batdy sysdaces| of e slasst aubatrabe Vi amount s

of the al kaline elenents V\@ﬁ 1§j’_ngnificant. Simlarly in the heat resistance
eval uation, a2f§Pggance wi same method as above.

The test was performed by clamping the prepared disk
with a jig, and colliding a dummy head to the disk by an
accelerator. The test was performed 30 points for each

10 of the various kind of magnetic disks, and the shock
resistance was evaluated by the frequency of the points
wherein any defects such as cracks, breakage, and the like
were generated. As the glass for the substrate, the
glasses of No. 1 ~ 5, 14, 18, 23 ~ 26, and 43 in Table

15 | 1 were used. The results of the shock resistance test are
indicated in FIG. 7. The abscissa indicates the Hv of the
respective glass, and the ordinate indicates the
frequency of generating the defects in the test by %. The

- hardness of the glass of 670 can be regarded as a boundary

20 of generating the defects. When the hardness of the glass
is lower than 670, generating the defects were observed,
and the frequency of generating the defects was increased
in accordance with decreasing the hardness. When the
hardness of the glass is higher than 670, generating the

25 defects were not observed. In accordance with the above
observation, if the hardness of the glass substrate is
at least 670, the magnetic disk having sufficient shock

resistance against the shock resistance test can be



amount of al kaline elenents were detected at the surface 34 | ayer of the
chem cally strengthened gl ass substrate of No. 26, and it was found that
the ions noving occurred. As expl ai ned above, the chem cally strengthened
gl ass substrate was unstable because it readily caused noving 5 al kaline

el ements. On the contrary, the glass substrate of the present invention was
desirable in both thermal and chemical st¥bility. Regarding the surface
roughness, preferable flatness such as Ra = 4 - 5 A was obtained with the
gl.ass 10 substrates ofNo. 1, 7, 18, 5,35, and26. On the contrary, the
surface roughmansfatttibedgl ass substrates of No. 8 and 43 were as |l arge as
Ra = 9 ~ 10 A The transmttance for white light of the glasses of No. 1,
7, 5, 18, 35, and Z& wheesamedeannen),) eopsical disks% ahd adhspticaisnm ttance
of the glasses of No. 8 and 43 were as low as 58 % and 15 % respectively.
A rel ati onshi gdisét apparahes swefeosanufathessd a ik inge thepgdasisng condi ti on
of the fine particles was studied. Regarding the glass of No. 7, the
content of Er BUbsteREes] oficthe pmesemt pvigaitdon, She epeicakrdigkparticle

size of the deposited fine particles was 51 nm The volunme fraction of the
fine 5 of which recording medium layers were scarcely split,

could be manufactured, and the record was regenerated with
a high efficiency.
As explained above, the information recording disk
of the present invention was superior in chemical
10 stabtlity, and defects such as film splitting were
scarcely generated. The record regenerating
characteristics of the information recording disk
apparatus was preferable. The disk and the apparatus could
be manufactured with a low cost, because no chemical
15 strengthening treatment nor crystallizing treatment

were performed.

(Embodiment 2)
A magnetic disk of the shape indicated in FIG. 9 was
20 manufactured using the glass substrate of the present
invention. Thickness of the substrate was 0.38 mm. The
glass of No. 5, which was not treated for chemical
strengthening, was used in manufacturing the magnefic
disk. The precoat film, which was generally formed in a
25 routine operation, was not formed, and the magnetic thin
film was formed directly onto the surface of the glass
substrate. The surface roughness of the glass substrate

was Ra = 4.0 A.



particles was 40 % The transmttance of the glass of No. 7 under the above
condition was 67 % On the other hand, regarding the glass of No. 8, the '
content of Er[err]derr] was 21 %25 by weight, the average particle size
of the deposited fine particles was 103 nm and the volune fraction of the
fine particles was 72 % The transmttance of the glass of No. 8 under the
above condition was 58 % Under the above4 conditions, the surface
roughness of the glass of No. 7 was 5.0 A, and the glass of No. 8 was 10.0
A-as twice as that of the glass of No. 7. As explained above, it was found
that when the cont ens dﬁmﬂa’da&:riﬁr]eoe%ﬁﬁ\gléé(}eﬂﬁgﬂeﬁﬂc%Ii’#k!"edré!f’é, 5 the
average particle size of the deposited fine particles exceeded 100 nm and
the transmtt aamfisetureds adimg Goda 1ime GUdsC e trengfthenedobyt he gl ass
was significant, and the glass was inferior in surface flatness. In
accordance w talkald shwreagthedingstrédement) arnd)l soldar dimeeglass oxi des
such as Er[err](err] is desirably less than 20 % by wei ght. The average
particle sizewighoadi thel plkabbsstitefgbhenihg treamtament arsyel i s desirably at
| east 60 % When the above conditions are satisfied the sufficiently small .
surface rolighfed¥stadadigedoplasaedas 16he substikates each of the above 8 kinds

of glasses, a magnetic di sk was_manufact ured by fornin% na%netic filmon
t he The results of evaluating the strength, flatness,

alkali corrosion of the magnetic film, and magnetic
characteristics of the magnetic disks are indicated in
Table 9. Preferable characteristics is indicated by O,

10 and the characteristics of not preferable is indicated

by A.
Table 9
Substrate Stren- |[Flat-|corro-|Magnetic Remarks
gth ness |sion" |charact~
eristics
No. 5 glass O O O O Embodiment
Chemically O O] A A Comparative
"|strengthened example
soda lime
’ lass
Soda lime A | O O Comparative
glass without example
chemical
strengthening
Crystallized | O A O A Comparative
glass example

1): Alkali corrosion of the magnetic film



gl ass substrate, and its characteristics was eval uated. The conposition of
the filmof the manufactured nagnetic disk is indicated in FIG 8. In FIG
8, the nunmeral mark 20 1 indicates the glass substrate, 2 is C precoat

film 3 is O base film 4 is Co-C group nmagnetic film 5 is C protective
film 6 is an etching texture, and 7 is lubricating film After cleaning a
magneti c gl ass substrate of 65 nm 25 in 4lianeter, each of Cr precoat film
of 25 nmthick, C base filmof 50 nmthick, and Co-Cr group magnetic film
of 50 nmwas forned on the nagnetic glass substrate. Then, after formng

carbon protective filemm@ignt®iemdiBkclf 8Re préSeft ChAvent B WA WS
provi ded. After perform ng tape cleaning, a magnetic di sk was manufact ured

by applying t deslirabileastngngthmahd Bhdckinkaswes 6 3awamogabet bt sarfaces of
t he substrate plane. Subsequently, corroded 5 conditions of the magnetic
filmof the msgféticdedtsktibgngtrh fbkapractaithl heepr EbetwesOivakheldd | m
splitting were evaluated. Using the above magnetic disk, a magnetic disk
appar at us was preferabler edorrositmnaf i the ansgesitio f MimewasOnoaf t he
manuf act ured nagneti c di sk apparatus is indicated
observed, and the magnetic film was not deteriorated even
if no precoat film was formed. The levitating amount of
the magnetic head could be set as utmost 30 nm, because
the flatness of the disk is preferable, and the magnetic
characteristics was also superior.
10 “The soda lime glass treated for chemically
strengthening obtained a high mechanical strength.
However, the magnetic film was corroded with the alkaline
component of the glass, because no precoat filmwas formed,
and, as the result, deposition of the alkaline components
15 onto the surface of the levitating plane of the magnetic
head after practical sliding test was frequently observed.
Furthermore, after the sliding test, splitting the
magnetic film was observed. Even for the magnetic disk,
- which did not cause any defects, its magnetic
20 characteristics was generally deteriorated. The magnetic
disk manufactured using the soda lime glass without the
chemically strengthening treatment had not a sufficient
strength for practical use. The crystallized glass had
a large surface roughness, and the levitating amount of
25 the magnetic head was too large to obtain preferable

magnetic characteristics, because the flatness was

undesirable.



in FIG 10. In FIG 10, the nunmeral mark 8 indicates the magnetic disk
indicated in FIG 8, 9 is a rotary shaft, 10 is a spindle notor, 11 is a
magnetic head, 12 is a rotary shaft of the magnetic head, and 13 is an
output termnal 15 of electric system Six magnetic disks 8 were fixed to
the rotary shaft 9 in the apparatus. Two nagnetic heads 11 were provi ded at
each of the both surfaces of the substrate The Wrat us was
manuf act ured by connecting a control system and others tating 20
anmount of the head during rotating the magnetic diﬁ M4 m]” ing the
was

above magnet i whdtsksapRaiaedsiskecord regeneratin :
eval uated. The observed results on the alkali corrosion,*tHe §il

splitting, and 25 the record regenerating characteristics are indicated in

Tabl e 8. 37 Table 8 No. Alkali corrosion Filmsplitting Record
regenerating dharad glassisitbstrate of didl€for recording informat £61 |
[err] 21 [err] [err] [err]

comprising a layer for recording information, which is

§ provided on at least a portion of surface of the glass
substrate, wherein

said substrate is made of glass containing at least

one of rare earth elements selectéd from a group consisted

of Sc, ¥, La, Pr, Nd, Pm, Sm, Eu, G4, Tb, Dy, Ho, Er, Tm,

10 Yb, dnd Lu.

2. A glass substrate of disk for recording information
as claimed in claim 1, wherein
no compressive strengthened layer at surface
15 pdrtion of said glass substrate exists, and
a stress distribution in said glass substrate is

substantially homogeneous.

" 3. Aglass substrate of disk for recording information
20 as claimed in claim 1, wherein
fine particles are dispersed in said glass, and said

rare earth element is contained in said fine particles.

4. A glass substrate of disk for recording for
25 information as claimed in c¢laim 1, wherein
said rare earth element is contained in said glass
in the range of 0.5 ~ 30 % by weight to the total amount

of said glass on a basis of converted weight to oxide of



12 [err] [err] [err] 29
[err] [err] 5 When a ratio of the nunber of the

magneti c di sk wherein the alkali corrosion was observed was |l ess than 5 %
to the total nunber of the obtained magnetic di sk, the alkali corrosion was
i ndicated by [err], and when the ratio was 5 %or nore, the alkali

corrosion was indicated 10 by A The magidetic disk relating to the present
i nvention scarcely had the al kali corrosion and/or tMnd
the record regenerating characteristics of the magnet ag,glﬂMﬂ,M,
preferable. Tha,® kahi isoar pareneartht&behenty) Splitti | I””"l
chem cally strengthened glass of No. 12 were significant, and the $gl ass was
undesi rable. The alkali corrosion and the filmsplitting of the
crystallized glass of No. 29 were not observed, but the record regenerating
characteristi &s of A gbags substaatensfdiskbfer r@@ording lisfowmataiorus ki nds
of glass relating to the present invention, glass substrates were prepared,
and a shock as3gladmedtdmcelaibmtl washexeiorned. The shock resistance was
eval uat ed usi ng magnetic di sks, which had the same filmstructure as
indicated in FIG 8&aidnparereantdhefsmenteds contained in said glass

in the range of 0.5 ~ 20 % by weight to the total amount
of said glass on a basis of converted weight to oxide of

Ln,0, (Ln is a rare earth element).

10 6. —A glass substrate of disk for recording information
as claimed in claim 1, wherein
said rare earth element is at least the one element
selected from a group consisted of Gd, Tb, Dy, Ho, Er,
Tm, Yb, and Lu.
15
7. A glass substrate of disk for recording information
as claimed in claim 3, wherein
an average particle size of said fine particles is
- in the range of 1 ~ 100 nm.
20
” 8. A glass substrate of disk for recording information
as claimed in claim 3, wherein
a volume fraction of said fine particles is in the
range of 1 $ ~ 40 % to the total volume of said glass.
25
9. A glass substrate of disk for recording information
as claimed in claim 1, wherein

said glass contains:



by formng the magnetic film the protective film and 5 the others onto
both surfaces of the glass substrate in accordance wth the sanme nethod as
above. The test was performed by clanping the prepared—disk with a jig, and
colliding a dunmy head to the di sk by an accel eratoryy

performed 30 points for each 10 of the various Ki nd”"ﬂ'&%iﬁwmmuts and
t he shock resistance was eval uated by thedffrequency of tchewrp rein
any defects such as cracks, breakage, and the |like were generated. As the
gl-ass for the substrate, the glasses of No. 1 ~ 5, 14, 18, 23 ~ 26, and 43
in Table 15 1 wer saiskedaréhearthudlemeart tite theogingesosioasce pesg are
indicated in FIG 7. The abscissa indicates the Hv of the respective gl ass,
and the ordi n&ye wedghtatesthactdtal)mmmntofofeaddagilagst ba dehasis in the
test by % The hardness of the glass of 670 can be regarded as a boundary
20 of gener adifhgonvierted amighttenoxhde laff dngds (bh iha ghzeseasth ower than
670, generatiN;g the defects were observed, and the frequency of generating
the defects engatedasEurtherceontaine, s otthar axsipopente thar dness. Wien
t he hardness of the ,glass is higher than 670, generating the 25 defects
were not observed. S zai:c‘b‘?dérﬁ‘g %Hilth wedghdhove observation, if the

har dness of the gl gs(? sub tra(g is at | east 670, the magnetic di sk having
suf ficient shock redrstan e"a% i hiRY (FRIMHock resistance test can be

RO ( R is an alkali metal) : 0 ~ 20 % by weight,

RO (R is an alkali earth metal) : 0 -~ 20 $ by weight,
and
10 —AlL,0, : 0 ~ 17 % by weight, and furthermore,

R,0 + RO is in the range of 10 ~ 30 %.by weight.

10. A glass substrate of disk for recording information
as claimed in claim 1, wherein
15 a transmittance for visible white light of said

glass is at least 60 %.

11. A glass substrate of disk for recording information
- comprising a layer for recording information, which is
20 provided on at least a portion of surface of the glass
substrate, wherein
said substrate has:
a hardness of at least Hv 670,
a transmittance for visible white 1ight of at least
25 60 %,
no compressive strengthened layer at surface
portion of said glass substrate, and

a substantially homogeneous stress distribution in



39 manufactured. In the sane manner, optical disks, and an optical disk
appar atus were manufactured. Using the glass substrates of the present

i nvention, the optical disk, 5 of which recording nedium | ayers were
scarcely split, could be nmanufactured, and the record was regenerated with
a high efficiency. As expl ained above, the information recording disk of
the present invention was superior in cheffical 10 stability, and defects

such as filmsplitting were scarcely generated. The recoerd—regenerating
characteristics of the information recording di sk appangi 11 nEREd Apabl e.
The di sk and shdédagpasat ssbsboatiebe nanufactured wit haunmmmmlltuzﬂnuse
no chem cal 15 strengthening treatnent nor crystallizimg tre&at nents were
performed. (Enmbodi nent 2) A magnetic disk of the shape indicated in FIG 9
was 20 manufactured using the glass substrate of the present invention.

Thi ckness of #Re sBb3iaes SuhsratesofmdisknéoyresordingolnEprngtion was not

treated for chem cal  ,strengthening, was used in manufacturing the magnetic
di sk. The pr eE6RPTLSLRAY IENLO &Rgonding dpfpgmakign, which is

5 provided on at least a portion of surface of the glass

substrate, wherein

said substrate has:

a thickness of utmost 0.38 mm,

a surface roughness of said substrate of utmost 5

10 nm as Ra,

no compressive strengthened layer at surface
portion of said glass substrate, and

a substantially homogeneous stress distribution in

said glass substrate.

15
13. A magnetic disk proQided with magnetic recording.
medium £ilm for recording information on surface of a disk
shaped substrate, wherein
said substrate is made of glass,
20 a thickness of said substrate is utmost 0.38 mm, and

said magnetic recording medium film is formed

directly on the surface of said substrate.

14. A photodisk provided with magnetic recording medium
25 film for recording information on one side surface of a
round plane of a disk shaped substrate, wherein
said substrate is made of glass,

thickness of said substrate is utmost 0.38 mm, and



25 routine operation, was not fornmed, and the magnetic thin filmwas
formed directly onto the surface of the glass substrate. The surface

roughness of the glass substrate was Ra = 4.0 A 40 Areﬁﬂﬂpar—ai_uLe\

exanpl es, magnetic di sks were manufactured using soda I|

strengt hened by al kali strengthening treatpent, normnal s Q ,"llim, L"[
ad gla

w thout the alkali strengthening treat ment4, and 5 crystallfz

the substrates. The results of evaluating the strength, flatness, alKkali
corrosion of the magpetic film and nagnetic characterlstlcs of the
magnetic di sks are FhreteRPE ﬁaingffléb trdreris a6l Leashrdd docheses s
indicated by [err], 10 and the characteristics of not preferable is
indicated by [err]. Table 9 Substrate Stren- Flat- corro- Magneti c

TS 9L 19 ok R A Sl rafh BRbrgaaks
[err] [err] at[féiét a disk %@p@'e%to'r\éin%t Eﬁ@giﬁggfgn,

exanpl e
5 a head for reading out information from said disk,

or inputting informétion into said disk,

a driver for said disk, and

a driver for said head, wherein

a layer for recording information is provided onto

10 at leastaportionof the surface of said disk for recording

information, and

a substrate of said disk is made of glass containing
at least one of rare earth elements selected from a group
consisted of Sc, ¥, La, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy,

15 Ho, Er, Tm, Yb, and Lu.



soda lime glass Soda |ine [err] [err] [err] [err]

conparative glass wthout exanpl e chem cal
strengthening Crystallized [err] [err] [err] [err]
Conpar ati ve gl ass exanple 1): Al kali

corrosion of the magnetic film 41 The mmgnetic di sk of the present
invention had a desirable strength, and t il ckness of 0. 380 nm gave it a
sufficient strength for practical use. Flatness was al so preferable.
Corrosion of the magnetic filmwas not 5 observed, and the magnetic film
was not det er iBpEtERFe RS e RISSHOSYEE fil mwas forned. The levitating
anount of the magnetic head could be set as utnobst 30 nm because the
flatness of the disk is preferable, and the magnetic characteristics was

Slt fgnzg E\g:\: (I‘)l(I:Z] oét0 ai m@%gﬁﬁ(%w Eglﬁaééﬁééggthfg%’,ergt %glalﬁégnet ic
fiLm was, oor T otk il 1P Al ch°rGO0RANED s Rfoddlfe SR on BSRANES "

§ oxides of rare earth elements and fine particles dispersed
therein, and a disk for recording information and a disk
apparatus for recording information using the glass
substrate of the disk are provided. The glass substrate
of the disk for recording information having a preferable

10 mechanical characteristics, and superior'chemical
stability, thermal stability, flatness, and transparency
is provided, and a disk for recording information and a

disk apparatus for recording information using the glass

substrate of the disk are provided.

15
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and, as the result, deposition of the al kaline conponents 15 onto the
surface of the levitating plane of the magnetic head after practi cal
sliding test was frequently observed. Furthernore, after the sliding test,
splitting the nmagnetic fil mwas observed. Even for the magnetic di sk, which
did not cause any defects, its magnetic 20 characteristics was generally
deteriorated. The magnetic di sk manuf actsred using the soda |inme gl ass

wi t hout the chemically strengthening treatnment had not a sufficient
strength for practical use. The crystallized glass had a | arge surface
roughness, and the levitating anount 54t he magnetic head was too |arge
to obtain preferable nagnetic charaéFi(ag cs, because the flatness was .
undesi r abl e. V\%% is clai mad is- A_gl ass QIIhQT rate aof disk for
recordi ng |nfornat|o gnpri si ng a Iayer for recordlng i nf or mat|li on, whi ch
is 5 provided on at legst a portion of surface of the glass bstrate,
wherein said substratggits made of glass cont ond of rare
earth elements selected|froma group con5|ngh Prl, Nd, Pm

Sm Eu, Gd, Tb, Dy, Ho, |Er, Tm 6
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10 Yb, and Lu. 2. A gl ass substrate of disk for recording information as
claimed in claim1l, wherein no conpressive strengthened | ayer at surface 15
portion of said glass substrate exists, and a stress distribution in said
gl ass substrate is substantially honogeneous. 3. A gl ass substrate of
disk for recording information 20 as claimed in claim1, wherein fine
particles are dispersed in said glass,2Aa8d said rare earth elenent is
contained in said fine particles. 4. A gl ass substrate of disk for
recording for 25 information as claimed in claim1, wherein said rare
earth elenment is contained in said i pythe range of 0.5 - 30 % by

wei ght to the total anount of said ﬁ@;\ga basis of converted weight to

oxi de of 43 Ln[err-ﬂﬁer” (Ln is n rare earth el enent) 5 gl ass
substrate of disk for recordi ng informtion as claimed in clain 1, wherein
5 said rare earth elenment is contained in said glass in t he range of
0.5 - 20 % by weight t%dthe total amount of said glgss on a basj s of
converted wei ght toes e of 8 B
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Ln[err]Jerr] (Lnis arare earth elenent). 10 6. A glass substrate of
disk for recording information as clained in claim1, wherein said rare
earth element is at |east the one elenent selected froma group consisted
of Gd, Th, Dy, Ho, Er, Tm Yb, and Lu. 15 7. A gl ass substrate of disk
for recording information as clainmed in claim3, wherein an average
particle size of said fine particles ig/gn the range of 1 ~ 100 nm 20 8.
A gl ass substrate of disk for recording information as clained in claimS3,
wherein a volune fraction of said fine particles is in the range of 1 %~
40 %to the total volune of said gl ;(ifgf. A gl ass substrate of disk
for recording information as clainmed i m 1, wherein said glass

cont ai ns: 44 said 6@0rkfﬁﬁ%4+ﬁﬂﬁﬁmaHP—Fﬁ—Phq—%aﬂge—e{—Qvé—a—Q0 % by
wei ght to the total anount of said glass on ggbasis 41
o °© 4
o 3% 0%%o0 42
680 [ 36" 38 40 .
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660 -
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640 ! 1 1 I | 1 ! l
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of converted weight to oxide of Ln[err](err] (Lnis a rare earth elenent),
further contains, as other conponents: 5 Sierr] : 40 ~ 80% by

weight, Blerr]Jerr] : 0 ~ 20 %by wight, Rerr]O( Ris an alkali netal)
0 - 20 % by wight, RO(Ris an alkali earth netal) : 0 - 20 % by wei ght,

énd 10 Alferr]Jerr] : 0 ~ 17 % by weight, and furthernore, Rerr]O +
ROis in the range of 10 - 30 % by weight. 10. A glass substrate of disk
for recording information as clainmed in claiml1l, wherein 15 a

transmttance for visible white light of said glass is at least 60 % 11. A
gl ass substrate of disk for recording information conprising a layer for
recording information, which is 20 ﬁfﬂ on at least a portion of
surface of the glass substrate, J2722; d substrate has: a hardness of

at least Hv 670, a tr snlttance for visible white light of at |east 25

60% no conpressive s ngt hened 'l ayer atTsurflace portfon df saj d gl ass
substrate, and a substantially honogepsous stress distribution jn
80
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45 said glass substrate. 12. A glass substrate of disk for recording
information conprising a |ayer for recording information, which is 5
provided on at |least a portion of surface of the glass substrate, wherein
said substrate has: a thickness of utnost 0.38 nm a surface roughness of
said substrate of utnost 5 10 nmas Ra, no conpressive strengthened | ayer
at surface portion of said glass substBABe, and a substantially honogeneous
stress distribution in said glass substrate. 15 13. A magnetic disk
provi ded with magnetic recording nmediumfilmfor recording information on
surface of a disk shaped substrate, wherein said substrate is nade of
gl ass, 20 a thickness of said substrate is utnost 0.38 mm and said
magnetic recording mediumfilmis forned directly on the surface of said
substrate. 14. A photodi sk provided!ﬂqwgiqunetic recording medium 25 film
for recording information on one side"surtdce of a round plane of a disk
shaped substrate, wherein
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sai d substrate 1s made of glass, thickness of said substrate is utnost 0.38

nm and 46 dianeter of said substrate is at least 2.5 inches. 15. An
i nformati on recordi ng di sk apparatus conprising at |east.-a.disk for
recording information, 5 a head for reading out |ﬁEP MENTT BIdERT

said disk, or inputting information into said disk, a dfi\
and a driver for said head, wherein a | ayét for recordl I

i
provided onto 10 at |east aAppehhéeNopf ik ey Sthd a| f%é@ﬁ”

recording information, and a substrate of said disk |s e_of.glass

cont a| ni ng at&p&a}s SO{&

consi sted of RECORDT

and Lu. TNEORINTIOS
In accordance with the present invention, a glass

substrate of disk for recording information containing
5 oxides of rare earth elements and fine particles dispersed
therein, and a disk for recording information and a disk
apparatus for recording- information using the glass
substrate of the disk are provided. The glass substrate
of the disk for recording information having a preferable
10 mechanical characteristics, and superior chemical
stability, thermal stability, flatness, and transparency
is provided, and a disk for recording information and a
disk apparatus for recot:ding information using the glass

substrate of the disk are provided.

Fig. 1



