1 SPECI FI CATI ON | NFORVATI ON RECORDI NG APPARATUS, AND GLASS SUBSTRATE FOR

| NFORVATI ON RECORDI NG MEDI UM AND MAGNETI C RECORDI NG MEDI UM USED | N THE

| NFORVATI ON RECORDI NG APPARATUS TECHNI CAL FI ELD [ 0001] The present invention
relates to an information recording apparatus, and a gl ass substrate for an
i nformation recordi ng nmedium and a magnati c recordi ng nediumused in the

i nformati on recordi ng apparatus. BACKGROUND [0002]In the past, as a
substrate for an information recording mediumin an information recording
apparatus utilized in a conputer I an al um num substrate has
been conventionally used, but a g?§§§§§ﬁﬁgFﬁgF% exhi bi ti ng hi gher hardness,
strength and surface evenness is increasingly enployed in conparison to the
al um num substrate. In the case of a magnetic recording di sk, high density
recordi ng together with downsizing and fornmation of a thinner flate IS

performed, ahdFQRHAGHEY BERRRUINE CABRPRAT 4E c oMIBnFRASHi FYEFERATE yFPR hei ght

of a magnetic head is noved froma CSS (Contact Start Stop) systemto a LUL
( Load INFORMATION RECORDING MEDIUM AND MAGNETIC RECORDING MEDIUM

USED IN THE INFORMATION RECORDING AFPPARATUS

TECHNICAL FIELD

[00011 The present invention relates to an information
recording apparatus, and a glass substrate for an
information recording medium and a magnetic recording

medium used in the information recording apparatus.

BACKGROUND

[0002] In the past, as a substrate for an information
recording medium in an information recording apparatus
utilized in a computer and so forth, an aluminum substrate
hag been conventionally used, but a glass substrate
exhibiting higher hardness, strength and surface evenness
is increasingly empleyed in comparison to the aluminum
substrate. In the case of a magnetic recording disk, high
density recording together with downsizing and formation of
a thinner plate 1s performed, and a magnetic head mechanism
accompanied with low flying height of a magnetic head is

moved from a C8S (Contact Start Stop) system to a LUL {(Load



2 Unl oad) system Since in the case of the LUL system |ow flying height
operation of the magnetic head is possible to be conducted in conparison to
the CSS system higher density recordi ng becones possi bl e, whereby | arge
capacity in recording can be taken care of. Thus, in accordance with the
novenent fromthe CSS systemto the LULssystem glass substrates are

i ncreasingly enpl oyed. [0003] The magnetic disk in which a nagnetic |ayer is
provi ded on a glass substrate is to be secured to a hub as the rotational
axis of a indle potor (SPM_install.ed in a eti.c.di sk .recording
appar at us.éﬁsogﬂg %%%ﬁ%ra'ofévl’s%cceuﬁrﬁgthae r?zlatagsneetcfrrilélgC |eskL Lo S}sﬁ_’u%,“ t%évre are a
nmet hod of | ding with a plane, at high accuracy.and another plane at high
accur acy m?fﬁlﬁgcﬁebggEr?gﬁﬁﬁtéﬂBtﬂtrgﬁﬁtﬂ%ﬁn% *hof'ad glﬁj?ﬂgﬁf$f%H§3at
hi gh accuracy and a toric protrusion. Specifically, the follow ng cases are
to be provP8edcn@ustad neRhedm™BRrr hoPHi Fg WREhCER &natfAcel8¥N@T spacer havi ng
the surface at high accuracy and another end face of a spacer having the
surface atddhghtgcraracgingt heeavasophesible) wherehpdlafghotapagiwth an
end face of a spacer having the surface at high accuracy and a cl anper
havi ng a toni eepoofitngi oan 13) tAkart bade odf holThury, wiri hhacdddnge hawing t he
identical protrusion to that of the clanper and serving as a nmagnetic disk

backup secth@nmodeRERQYI dedni Bhthesoutpstehr edntreenge aystbe, | gyeEsend
portion of the hub and an end face of the spacer having the surface at high

accuracy. [QR04}Thescase Qﬁcgggggngggng&ggoggaks secured to the hub is

£
taken as an exanple. A nagnetic di pacer, a magnetic di sk, a spacer

and a magnet | i sk prgvided in o . f i nser i.n, the
hub, and tﬁébg?grrper |r@”’% ﬂ§%$+§£%‘£egc§{r%}gr&a Hﬁhle&?g%q%ﬁf%%{?u]b%%i% cl anper
is worked via sﬁrin actiin, and, the cl anper is secured a% the top_of the
hub by act PYaYingat Alls@sBrRrRg SEPPBRatGhEreby %?eEEFHﬁe@o Re?i BUHefRr at ed
by the flange and the clanper, and the nagnetic disk is secured_to the hub.
[ 0005] The EBavEAtpbharaseawiPnglindt ABANELSt WetatgheFte dPrskahh8dalBeRuring
met hod by which the flat area of the disk is sandw ched and held by both
surfaces. Wagnetheréiek aeppotiingi sprarathe.| ike e tthethodhert
circunferential end portion of the magnetic disk secured to the hub, that
is, at thesksdneingi acuafaeenti ai skndopar hibn oheasghassasubshodt efas a
substrate of the magnetic disk, produced is a problemsuch that the tilted

magnetic dhskqisigf ixed hnpaagtahe afgdi stetthe, anddanBrhbe pasgeohta
substrat e havi ng weak necﬁanlcal strength, there appears generation of

cracks. Acqordi DgLYraKDOWR kS 8ol B8ResUPshhahRoRRY N BeRhod of
holding with a plane at high accuracy and a toric
protrusion. Specifically, the following cases are to be
provided. (1) A method of holding with an end face of a
spacer having the surface at high accuracy and another end
face of a spacer having the surface at high accuracy with
each other. (2) A method of holding with an end face of a
spacer having the surface at high accuracy and a clamper
having a toric protrusion. (3} A method of holding with a
flange having the identical protrusion to that of the

clamper and serving as a magnetic disk backup section



4 shape falling within the range of 0.35 pmby reference to the flat

pl ane of the main surface (refer to Patent Docunent 1, for exanple).

Pat ent Docunent 1. Japanese Patent O P.1. Publication No. 2001-167427

DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON

[ 0006] However, when the inventor performed experinents, the glass substrate
was often danaged even in the case of the shape at the inner

circunferential end portion as described in Patent Docunment 1. In this

case, there was.n ropl em produced in_the situation er gnetic disk
Fecor di ng BERLTATasTH FEeq e Frecunastoadhettar o LR%EE alt Ponal Iy

used, but when strong inpact such as dropping Lnpact or the |ike S
appl i ed t oPPREIAEgREL Flae dieR ?%@o?ﬂiﬂ@dag%%?a?tggh?h%p@F%§sh§Eb§$r ® was

often damaged at the portion in which the glass substrate was secured to
the hub. [900%8FReapriesght aFAVEREYon has been made on the basis of the
above-described situation, and it is an object of the present invention to
provi de ani0ff@4haged dJltesseaihsrf dilerdeomagne iforditivreeacmditny thedi um
and a magnetic recording nediumfitted with this substrate which 5

hub is taken as an exampie. A magnetic disk, a spacer, a

magnetic disk, a spacer and a magnetic disk provided in

order on the flange are inserted in the hub, and the

clamper is finally secured at the top of the hub. This

clamper is worked via spring action, and the clamper is

secured at the top of the hub by activating this spring

acticn, whereby pressing force is generated by the flange

and the clamper, and the magnetic disk is secured to the

hub.

[0005] The conventional securing method of the magnetic

disk was a securing method by which the flat area of the

disk is sandwiched and held by both surfaces. When there is

a protrusion or the like at the inner circumferential end

portion of the magnetic disk secured to the hub, that is,

at the inner circumferential end portion of a glass

substrate as a substrate of the magnetic disk, produced is

a problem such that the tilted magnetic disk is fixed in a

state of distortion, and in the case of a substrate having

weak mechanical strength, there appears generation of

cracks. Accordingly, known is a glass substrate having a



are stably secured to the hub of SPM (spindle notor), even though strong
inpact is applied to a magnetic di sk recordi ng apparatus equi pped wth the
SPM MEANS TO SOLVE THE PROBLEMS [ 0008] The above-descri bed problens are
solved by the following Structures. [0009] (Structure 1) An information
recordi ng apparatus conprising: a toroidally-shaped gl ass substrate for an
i nformati on recordi ng nedi um conprising a main surface having a flat area
and concentric outer and inner circunferential end faces, a spindle notor

conprisin t - i rst-hol di r i | rst
shape in 3%?%%8tﬁ%fﬁ%§?J%%??ﬁﬂﬁﬁ§ei@aéé% %% %Hgﬁg?égﬁggfaﬁ%?%%%%%%‘% t he
hub and insertgf into a hole fornmed fromthe inq?r circunferential end
face; a surfackl?bdrir,e neih BUt? aRRT 3% | St Shd- Aot fert out er
circunference of the facing surface has a circular shape of radius Rs with
a central 2¢eMeRTthe foT eexamrle) - a second hol di ng nenber having a
second shape conprising a toric protrusion at radius Pp smaller than the
Patent Document 1: Japanese Patent O.P.I. Publication

No. 2001-167427

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SCLVED BY THE INVENTION

[0006] However, when the inventor performed
experiments, the glass substrate was cften damaged even in
the case of the shape at the inner circumferential end
portion as described in Patent Document 1. In this case,
there was no problem produced in the situation where a
magnetic disk recording apparatus fitted with the glass
substrate was conventionally used, but when strong impact
such as dropping impact or the like was applied to the
magnetic disk recording apparatus, the glass substrate was
often damaged at the portion in which the glass substrate
was secured to the hub.

[0007] The present invention has been made on the basis
of the above-described situation, and it is an object of
the present invention to provide an undamaged glass
substrate for an infermation recording medium and a

magnetic recording medium fitted with this substrate which



6 radius Rs with the central axis as the hole, on the surface facing the
mai n surface, the information recordi ng apparatus in which the gl ass
substrate for the information recording nediumis sandwi ched and hel d by
the first hol ding nmenber and the second hol ding nenber to secure the gl ass
substrate to the hub, wherein posjtion Pl where distance RL fromthe
central axis of the glass substrate, on one contour of the main surface in
a cross-section perpendicular to the main surface in a radial direction of

the glass substrate, is set to RO of tge Eol radius .+ 5 and position P3
wher o di ot AHBe=REPE¥oRFERG=Bener BPoakIE OF FR¥ GFRYGILELRPFaLe: | BVeBt fo RO
of the hole radius + 0.35 mmare specified on the sane cross-section,
t he cont ouERPEYHi FEEPBE ARBYCEr bfh aPPéfeflefhedplafBehasSedidh the flat area
of the main surface to a thickness direction of the glass surface at
posi ti on P2ebetrvesp thpapatiti egqubppraddwihb pbsi EP¥n P3, and the fol | ow ng
conditions are satisfied: [0010]val ue of distance R3 < value of radius Its
< val ue of distance R2 val ue of distance R3 < value of radius Pp <
val ue of distance R2 7 0.001 mcc Ah ¢ 5.0 um
MEANS TO SOLVE THE PROBLEMS
[0008] The above-degcribed problems are sclved by the
following Structures.
[0009] {Structure 1) An information recording apparatus
comprising:
a toroidally-shaped glass substrate for an
information recording medium comprising a main surface
having a flat area and concentric outer and inner
circumferential end faces,
a spindle motor comprising a rotatable hub,
a first holding member having a first shape in which
the holding member is fit in an outer circumference of the
hub and inserted into a hole formed from the inner
circumferential end face; a surface facing the main surface
is flat; and another outer circumference of the facing
surface has a circular shape of radius Rs with a central
axis as the hole, and

a second holding member having a second shape

comprising a toric protrusion at radius Rp smaller than the



provi ded that a distance fromthe central axis of the glass substrate to
the position P2 is set to distance R2, and anot her di stance between the
reference plane and the position P3 is set to Ah. [0011] (Structure 2) The
i nformation recordi ng apparatus of Structure 1 conprising front and back
surfaces of the glass substrate, being gymetrical to each other in shape.
[0012] (Structure 3) The information recordi ng apparatus of Structure 1
conprising a magnetic |ayer provided on a surface of the glass substrate.

[0013](Structure 4) A gl ass substrate for an information recordi ng nedi um
conpri si ng-radies oli{%la‘WlE]Ha‘b]éec%%?¥§} Ny 5 ndf nt}é‘%rlﬂgi% havi hg® S‘Hfgiw%r ea
and concentric outer and inner circunferential end faces, where a rotatable
hub of a spipdhe woeonain awrfatermation recording apparatus is fit in an
outer circunference of the hub, and inserted in a hole forned fromthe

i nner circunf er etité alnBodndate; tdeogiass apbstatee sandw chethand hel d by:
a first holding nenber having a first shape in which a surface facing the
mai n surfageaks &lpktrand aprovher inBoghatichereocedbhigthediani ng surface

has a circul ar shape of radius Rs with a central axis as the hole, and

sandwiched and held by the first holding member and the
second holding member to secure the glass substrate to the
hub,

wherein position Pl where distance R1 from the
central axis of the glass substrate, on one contour of the
main surface in a cross-section perpendicular to the main
surface in a radial direction cof the glass substrate, is
set to RO of the hole radius + 5 mm and position P3 where
distance R3 from the central axis of the glass substrate is
set to RO of the hole radius + 0.35 mm are specified on the
same cross-section,

the contour is directed away from a reference plane
based on the flat area of the main surface to a thickness
direction of the glass surface at position P2 between the
position Pl and the position P3, and

the following conditions are satisfied:
[0010] value of distance R3 < value of radius Rs <
value of distance R2

value of distance R3 < value of radius Rp < value of

distance R2



a second hol di ng nenber having a second shape conprising a toric protrusion
at radius Rp smaller than the radius Rs with the central axis as the hole,
on the surface facing the main surface, wherein position Pl where
distance R1L fromthe central axis of the glass substrate, on one contour of
the main surface in a cross-section perpendicular to the main surface in a
radial direction of the glass substrate, is set to RO of the hole radius +
5 mm and position P3 where distance R3 fromthe central axis of the gl ass
substrate is set to RO of the hole radius + 0.35 nmare specified on the
sanme cross-secti®mMOl pm < Ahe dorft 0l is directed away froma reference

pl ane based on the flat area of the main surface to a thickness direction
of the gl ass surdmase daid pasit ol dretevefront e osirttiml Rikiandf tehe

position P3, and the follow ng conditions are satisfied: val ue of
di stance R31sc¥abussOfatadidistiRs sovat Uen o2 distedcerfRistance vRd ue of
di st ance < value of radius Rp < value of distance R2 0.001 mm< Ah < 5.0

mm 9 wheles G Al ehance; SLomL NS CRLE Andxerofedde glase substiate to the

position P2 1s set to distance R2, and anot her distance between the
reference plane and the position P3 is set to Ah. (Structure 5) A
magnetic reedPEAY RedtEntebnp?iffng a magnetic layer provided on a surface

of the glass substrate of Structure 4. . _
[0011] {Structure 2) The information recording

apparatus of Structure 1 comprising front and back surfaces
of the glass substrate, being symmetrical to each other in
shape.
[0012] (Structure 3) The information recording
apparatus of Structure 1 comprising a magnetic layer
provided on a surface of the glass substrate.
[0013] (Structure 4) A glass substrate for an
information recording medium comprising a torcidal shape
comprising a main surface having a flat area and concentric
outer and inner circumferential end faces, where a
rotatable hub of a spindle motor in an information
recording apparatus is fit in an outer circumference of the
hub, and inserted in a hole formed from the inner
circumferential end face, the glasg substrate sandwiched
and held by:

a first holding member having a first shape in which

a surface facing the main surface is flat, and an outer



EFFECT OF THE | NVENTI ON [0014] As to an information recording apparatus in
whi ch a gl ass substrate for an information recording nmediumis sandw ched
and held by the first hol ding nenber having the first shape and the second
hol di ng menber having the second shape which are specified, and is secured
to a hub, there is the specified relatignship between shape of the first
and second hol di ng nenbers and shape of the inner circunferential end
portion of the glass substrate [0015] The gl ass substrate is secured to the
hub of a sglndle not or whil e hayin apgrogriate contact area and quging
with the fFiEeERPEaRAoE NERSebBRA RO HEC HeRBare FOFCThIE PRRRBOL | npact

traveling fromthe hub to the glass substrate for_an information recording
medi um i s 5afirei BhtVytAbdoFpBETARdEFEFaRedtReCtfav@liting to the 10 gl ass
substrate through the first and second hol ding nmenbers. [0016] Accordingly,
not only the gl assseubad ravkding stembyr shavird a ose¢rnduphaPde SPM but al so
the glass substrate for an information recording nediumis not danaged even
t hough stroagpripany aasobeenpapplriusdohoaanradiosnipi smatéeor dhay the
apparatus. BRI EF DESCRI PTION OF THE DRAW NGS [0017]Fig. 1 is a
cross-sect -gaalisVhRe8WvEth tReacPhBP81 axis as the hole, on the surface
facing the main surface,
wherein position Pl where distance R1 from the
central axis of the glass substrate, on one contour of the
main surface in a cross-section perpendicular to the main
surface in a radial direction of the glass substrate, is
get to RO of the hole radius + 5 mm and position P3 where
distance R3 from the central axis of the glass substrate is
set to RO of the hole radius + 0.35 mm are specified on the
same cross-section,
the contour is directed away from a reference plane
based on the flat area of the main surface to a thickness
direction of the glass surface at position P2 between the
position Pl and the position P3, and
the following conditions are satisfied:
value of distance R3 < value of radius Rs < value of
distance R2
value of distance R3 < value of radius Rp < value of

distance R2

0.001 mm < Ah < 5.0 mm,



perpendi cul ar to the main surface, passing through the center of a glass
substrate for an information recordi ng nmedi um which shows an enl arged

schematic drawing of an inner circunferential end portion Fig. 2is
a schematic diagramof an entire structure of a glass substrate for an
i nformation recordi ng medi um Fig. 3 is a schematic di agram show ng

an exanpl e of a magnetic recording mediumin which a magnetic layer is
provided on the front main surface of a glass substrate for an information
recordi ng nmedi um is a schenmtic, cro s sect onal view of a

magnet i ¢ df%%r?e%oﬁlb‘f?@n%%pg?%?ugh?l‘ﬁ%ﬁr tHt i a’s?f’fbstrat es for
the information recordi ng nedium 11 Fig. 5 |s a flowchart show ng
an exanpl eS\@ps brabRUt ACERR | oS b B sE2 0f S aS Yt a"s% et T oraite

i nformation recordi ng medi um Fig. 6 is adrawing to explain ajig
for droppiagoexperdienisce betheeni thae ese fenegpetplang sknd edes di ng
apparatus for dropping experinents. EXPLANATI ON OF NUVERALS [0018]1, 1A,

1B, 10 G assssubshrpteifogct nfQramtion recording medium (G ass substrate) 2
Magnetic layer 10a Front main surface

(Structure 5) A magnetic recording medium comprising
a magnetic layer provided on a surface of the glass

substrate of Structure 4.

EFFECT OF THE INVENTION

[0014] As to an information recording apparatus in
which a glass substrate for an information recording medium
is sandwiched and held by the first holding member having
the first shape and the second holding member having the
second shape which are specified, and is secured to a hub,
there is the specified relationship between shape of the
first and second holding members and shape of the inner
circumferential end portion of the glass substrate

{0015] The glase substrate is secured to the hub of a
spindle motor while having appropriate contact area and
spacing with the first shape and the second holding member.
For this reason, impact traveling from the hub to the glass
substrate for an information recording medium is

sufficiently absorbed and relaxed when traveling to the



10b Back nain surface 13 Hole 14 Quter circunferential end face 15 Inner
circunferential end face 20 Screw 30 Hub 30a Fl ange 30b Mdtor bracket 40,
82 Base 50 Spindle notor 60A, 60B Spacer 70, 90 d anp

10

glass substrate through the first and second holding
members.

[0016] Accordingly, not only the glass substrate is
stably secured to the hub of SPM, but also the glass
substrate for an information recording medium is not
damaged even though strong impact has been applied to an

informaticon recording apparatus,

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] Fig. 1 is a cross-sectional view cut in a plane
perpendicular to the main surface, passing through the
center of a glass substrate for an information recording
medium, which shows an enlarged schematic drawing of an
inner circumferential end portion

Fig. 2 is a schematic diagram of an entire structure
of a glass substrate for an information recording medium.

Fig. 3 is a schematic diagram showing an example of a
magnetic recording medium in which a magnetic layer is
provided on the front main surface of a glass substrate for
an information recording medium.

Fig. 4 is a schematic cross-sectional view of a
magnetic disk recording apparatus fitted with three glass

substrates for the information recording medium.



12 70p, 30p Protrusion 80 Jig for dropping experinents 84 Cover 92 Ranp D,
86, 88 Magnetic recordi ng nedi um (Magnetic disk) Pl, P2, P3, Pt Position
R1, R2, R3, Ah Distance Rs, Rp Radius BL Contour SH Reference plane C
Central axis DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

11

Fig. 5 is a flowchart showing an example of a
manufacturing process of a glass substrate for the
information recording medium.

Fig. 6 is a drawing to explain a jig for dropping
experiments, which imitates a magnetic disk recording

apparatus for dropping experiments.

EXPLANATION OF NUMERALS

[0018] 1, 1A, 1B, 1C Glass substrate for information
recording medium (Glass substrate)
2 Magnetic layer

10a Front main surface

10k Back main surface

13 Hole

14 Outer circumferential end face
15 Inner circumferential end face
20 Screw

30 Hub

30a Flange

30b Motor bracket

40, 82 Base

5¢ Spindle motor

604, 60B Spacer

70, 90 Clamp



[ 0019] The present invention will be described based on enbodi nents as shown
in figures, but the present invention is not limted to the enbodi nents.

[ 0020] The i nventor studied details of a glass substrate damaged by applied
inmpact in the situation where it is installed in a nmagnetic disk recording
apparatus, and of a peripheral portionIf the glass substrate in the
magneti c di sk recordi ng apparatus. As the result, the reason why the gl ass
substrate to which inpact is applied is damaged is presunably as foll ows.
13 [0021] Thep es oy, suface Gfo he gl ass substrate secured to a hub as a
rotational axis of a spindle notor (SPM is a specular surface since the

f or egoi ng I N-.sur. i rf - ich a recording |ayer is provided,
and the eﬁgyfgg' d%?ﬁ%ﬁkﬁgﬁjgﬂée %%ggﬂgﬁg#ace of the spacer to fix by
sandmﬁchiq? anJass substrate is brought into contact has al so been

subj ect ed (X éﬁ?iing finish treatnment. Wen the spacer having such the
excellent flatness or flat surface is brought into contact with a gl ass
substrate,?and&®cured to the gl ass substrate, the surfaces facing to each
ot her are brought into contact with each other in |arge area, whereby

excel | ent 2ontfact8¥ héeauie tdan tse csistigion &¢dinsc dr@ionginic tHekdystemi s
firmy secured to the hub. Wen inpact is applied to a magnetic di sk
recor di ng BbpaPat Us3 el pPed iwiitdm SPM in this situation via dropping from
the outside, the portion secured to the hub by sandw ching the gl ass
substrate jpetween $Paggr spi styhbsated together with the hub. On the other
hand, the portion not secured to the hub by sandw ching the glass substrate
bet ween s ers. pr, bly produces | arge deformation in the direction
perpendicﬂ?%ﬁ %% fﬁ%ﬂﬁgin surface of the glass substrate, taking outer
circunferenti nd portion of the spacer secured to the hub as a
supportindﬂbo?kpﬁoﬁﬁgn this deform ng anount exceeds a certain limt, the
glass 14 substrate is considered to be broken. Therefore, the glass

subst r at e HbeSHAGCEHEIRIETE probl em such as breakage or the like even in
hi gh speed rotation of SPM but it is to be broken in application of inpact
such as dropgiengrerd ekesl i ke. Fromthis aspect, the glass substrate is
desired to be | oosely secured to the hub so as to absorb and rel ax i npact,
in such a way that the glass substrate is secured to the hub to such an
extent that no problemis produced even in high speed rotation of the gl ass
subst r at e,pEdERINEr N GEEEH® PRSFERISD HSheaEENTs such an extent that the
breakage occurs during application of inmpact. The present invention is

acconplishﬁgbfgﬁ focusbﬂ% %Qe%%%taQ%%%h@%%%f%Qﬁq @@ @%scribed based on

embodiments as shown in figures, but the present invention
is not limited to the embodiments.

[0020] The inventor studied detaiils of a glass
substrate damaged by applied impact in the situation where
it is installed in a magnetic disk recording apparatus, and
of a peripheral portion of the glass substrate in the
magnetic disk recording apparatus. As the result, the
reason why the glass substrate to which impact is applied

is damaged is presumably as fcllows.



[0022] Fig. 2 shows an entire structure of glass substrate 1 for an
information recording nediumin the present invention(hereinafter, referred
to as a glass substrate). As shown in Fig. 1, glass substrate 1 is in the
formof a circular disk where hole 13 is fornmed in the center. Nunerals 14,
15, 10a and 10b represent an outer circypferential end face, an inner
circunferential end face, a front main surface and a back main surface,
respectively. [0023]Further Fig. 3 shows an exanpl e of magnetic recording

medium D in h nag | ayer i s provided.on 15 front mai n_surface
10a of gl aégx\ghﬁst r at é%/% % Ozto NI SE | aLﬁpégrt? ar"i‘:'ebcur;?réovi ded
on back main surface 10b. Thlgkness of magnetic layer 2 is suff|C|entIy

thi nner thBf #ha¥PoPS ghatetatibeirat 81 @hddi SPHRA ?ym%BﬂEtéﬁ?M Fb¥ @his
reason, as to shape of the inner circunferential end portion in the present
i nvention, sgtavtasubsrface sincet phpefpdeneindl madn naghéace Eecardi ng
medi um D. Thus, after this, magnetic recording nmediumD is expl ained as

gl ass substuafecd beiwpiahsabstratéihbeiepér isl pssvididérwasé specefdcal |y
mentioned. [0024]Fig. 4 shows a schematic cross-sectional view of a

magneti c digker ReOndivRgcAPPREaUSsE bhiedavet Bt bheesphass subsixkabes
(magnetic recording nedia) 1A, 1B and 10. Nuneral 40 represents a base of a

magnetic diskqa{,€CRLALNY §PRAEALYSst MUPBT 8k ﬁQoﬁ&HEe§ﬁ855c@n§Qbﬂdh§s”DtOr
(SPM to rotate glass substrates 1A, 1B and 10. Nuneral s 60A and 60B each

ot ew to SBLEPeCEranBUHoc BoPnect BpEEFERNB %bﬁ%ﬁpwfg%g?@é%‘%néﬁg%eﬁ”?f‘ee”“ ]
rot at abl e hub 30, flan e 30 serve etic dis cku sectlon
provi ded |ﬁp?ﬁﬁrlBﬁ%?nanﬁuﬁnggSneﬁﬁ?éﬁ E?rgggpg?ﬁﬁcgr % ke &C%nd not or
bracket 30b to secure SPM 50 to the base.

is brought into contact with a glass substrate, and secured

to the glass substrate, the surfaces facing to each other

are brought into contact with each other in large area,

whereby excellent contact thereof can be obtained.

Accordingly, the system is firmly secured to the hub. When

impact is applied to a magnetic disk recording apparatus

equipped with SPM in this situation via dropping from the

outside, the portion secured to the hub by sandwiching the

glass substrafe between spacers is vibrated together with

the hub. On the other hand, the portion not secured to the

hub by sandwiching the glass substrate between spacers

presumably produces large deformation in the direction

perpendicular to the main surface of the glass substrate,

taking outer circumferential end portion of the spacer

secured to the hub as a supporting point. When this

deforming amount exceeds a certain limit, the glass



[ 0025] A hole to fit spacers 60A and 60B in hub 30 is provide in the center,
and the spacers are in the formof a 16 ring. Both end faces of the ring
shape are parallel, and are subjected to surface-cutting at high accuracy.
Spacers 60A and 60B nai ntai ns the spacing of each of glass substrates |a,
1B and 10 at a given distance. The radiyg of the outer circunferential end
of each of spacers 60A and 60B is radius Rs. Accordingly, spacers 60A and
60B each correspond to the first hol ding menber. [0026]Cl amp 70 is in the
formof a ciycular disk ma of terial exhibi r|n action. Toric
protru5|onsﬁﬁﬁtF§t§rb§lagﬁs?ﬂefﬁg gatB? %FP%ﬁﬂfeﬁgﬁi éﬁdqﬁg?ﬁﬂﬁﬁ5of one
surface of clanp 70, and the tip _portion of protrusion 70P js designed to
be broughtSFHFBréBﬁtﬁﬁ?SmF@H @F%@gcgu%sPFaPéemA?HﬁEr%?nb¥ﬁ?§a9?poﬁort|on
has a rounded shape. The tip of protrusion 70p is |ocated at the position
of radius Hpefidhet Aectehtenioh sbapp 7otaRagnuef RPFHs bwhl Lerie€hb® radi us
Rs. Accordingly, clanp 70 corresponds to the second hol di ng nenber.

[ 0027] Fl ange Bbakpnssasspslioattoprofr impant38pchraywi dedppingher ouber
circunferential portion of the surface by which glass substrate 10 is

supported, 12Rd. t herdn pc1pios tagiedd, prigd redon SR dsadesi gnaskivededr ought
into contact with magnetic recordi ng nedi um 10 wherein this tip portion has

a rounded ghapgodhg géeueédpﬁetﬁﬁélgabSQe hs tecabsdrBt ahherpogktion of
radius Rp fromthe CTenter of

impact, in such a way that the glass substrate is secured
to the hub to such an extent that no problem is produced
even in high speed rotation of the glass substrate, and no
deformation is also produced to such an extent that the
breakage occurs during application of impact. The present
invention is accomplished by focusing on the above-
described point.

[0022] Fig. 2 shows an entire structure of glass
substrate 1 for an information recording medium in the
present invention(hereinafter, referred to as a glass
substrate). As shown in Fig. 1, glass substrate 1 is in the
form of a circular disk where hole 13 is formed in the
center. Numerals 14, 15, 10a and 10b represent an outer
circumferential end face, an inner circumferential end
face, a front main surface and a back main surface,
respectively.

[0023] Further, Fig. 3 shows an example of magnetic

recording medium D in which magnetic layer 2 1is provided on



17 flange 30a. Accordingly, flange 30a corresponds to the second hol di ng
menber. [0028] Magneti c recordi ng nedi um 1C, spacer 60B, magnetic recording
medi um 1B, spacer 60A and nagnetic recording nmediumI| A to be provided on
flange 30a are inserted into hub 30 in order, and clanmp 70 is finally
secured to the tip of hub 30 with screw20. By doing this, pressing force
is generated between clanp 70 and flange 30a via spring action wth clanp
70. d ass substrate 1C, spacer 60B, glass substrate 1B, spacer 60A and

gl ass subsirate 1A can bg secrred %o ub 30 with éhi force..&OpZQ]The
shape of ihhePtcPRtUnTRr ERAEFat Yport i Bn*of ?HBSé¥% S iu%%?V%t% setured to
the hub enploying the flange, the spacer and the clanp, which has been

expl ai ned, 2w IMaBEtdes rawsay. 2 [TU3GA REDELD @ Gt Tut™d i £YH

perpendi cular to front main surface 10a, passing through the center of

gl ass subst®hat e Thistiovweed rofFimpgretiss tlaeat it aeldlimienthis drgseBect i on
is schematically shown in Fig. 1 by enlarging the peripheral portion of the
i nner circtnder enatabfegtdaper tubatohitgl assasdbstratarly dsntbanhe Hrape
shown in Fig. 1, since back main surface 10b is symretrical to front main

surface 10gntBoughshayi 89 8oNBREHE 6f pheceffengcereonfetbrtshtleendl front
mai n surface 10a wll be explained, and 18 explanation of the side of back

E?;“ iUfgéserQBn“&hltﬁs pruited. 15003LiFhe Gokkewsnpssygbel s agerghown in
be identical to magnetic recording medium D. Thus, after
this, magnetic recording medium D is explained as glass
substrate 1 being a substrate thereof, unless otherwise
specifically mentioned.

[0024] Fig. 4 shows a schematic cross-sectional view of
a magnetic disk recording apparatus fitted with three glass
éubstrates (magnetic recording media) 1A, 1B and 1C.
Numeral 40 represents a base of a magnetic disk recording
apparatus. Numeral 50 represents a spindle motor (SPM) to
rotate glass substrates 1A, 1B and 1C. Numerals 60A and 60B
each represents a spacer. Numeral 70 represents a clamp.
Numeral 20 represents a screw to secure clamp 70 to the top
of hub 20. 8PM 50 is composed of rotatable hub 30, flange
30a to serve as a magnetic disk backup section provided in
the lower end portion outer circumference of the hub, and
motor bracket 30b to secure SPM 50 to the base.

[0025] A hole to fit spacers 60A and 60B in hub 30 is

provide in the center, and the spacers are in the form of a



represents the central axis of glass substrate 1. BL represents the contour
of glass substrate 1 on the side of front main surface 10a. SR represents
the reference plane based on the flat area of main surface 10 a. Pt
represents a position of inner circunferential end face 15 where distance
fromcentral axis C of glass substrate {lsis PM P3 represents a position
where distance R3 fromcentral axis Cis RO+ 0.35 nm Pl represents a
position where distance RL fromcentral axis Cis RO+ 5 mm P2 is |ocated
bet ween position_ Pl and.pesition.P2, and éh val u f_di ecgg from
central axf&"& X2 %dgnﬁig ahce® g%%drf% sg?ﬁgﬁ %F%t%%%%ig§£’ H?our BL
extends toward inner circunferential end face %5 of the glass substrate

from posi t #bR PoPBeFheentBoSPFFBRe PIUAhERPodFt OB PRCCHRACY n (T %ct i on
moving away fromthe nmain surface. [0032] Taking a 2.5 inch glass substrate
for an exafphean@o&PBi BaiPbaipestifofPPR1BAJIOHOSREN AL PELAFE as fol | ows.
When the center of glass substrate 1 is 0, and position Pt is 10 nm (= RO,
posi ti on PgubstoaksslbammiBaaddpdsi &toa P3vbrcdretanoe3ds The radius of

[ 0033] Contour BL in the direction of the inner circunferential end portion
from front tnei ouseef aceclfcpasseslit bBhaugh pasht bénsPhcestasth dedl i ning
fromposition P2 to the substrate side; passes through Pt; and reaches

inner end gggeidSraliifgskil omBAord DO Wigsh ddies Ob @S Sausbsds adcisecured to
the hub is installed in a magnetic disk apparatus, and inpact is applied to

thi s magnel] L ppar Sgabteh out via experinents that
t he gl ass é%ggg%gggasg?ig giﬁék%ﬁeﬁéépﬁg§ﬁﬁgHggﬁditions (1? to (3) is not

d d. h I f dist ' dth
Val e of 1APAEI RS of CRETBILI Ll b e SR Rl FOAERE EE Ry Gos

each, satisfying the follow,ng condition. , val ue, of distance R3 <
val ue of ragiﬁsmﬁﬁeElﬁél8§th%HF§9aﬁ8Elﬁ§(Tftlon' Toric protrusion

70p is provided in the outer circumferential end portion of
one surface of clamp 70, and the tip portion of protrusion
70P is designed to be brought into contact with glass
substrate 1A wherein this tip portion has a rounded shape.
The tip of protrusion 70p is located at the position of
radius Rp from the center of clamp 70. Radius Rp is smaller
than radius Rs. Accordingly, clamp 70 corresponds to the
second holding member.

[0027] Flange 30a possesses toric protrusion 30p
provided in the outer circumferential portion of the
surface by which glass substrate 1C is supported, and the
tip portion of protrusion 30P is designed to be brought
into contact with magnetic recording medium 1C wherein this
tip portion has a rounded shape. The tip of protrusion 30p

is located at the position of radius Rp from the center of



Further, the value of distance R3, the value of distance R2, and the val ue
of radius Rp by which each of the position of toric protrusion 70p of clanp
70 and the position of toric protrusion 30p of flange 30a is specified

satisfy the follow ng condition. val ue of distance R3 < val ue of
radius Rp < value of distance R2(2) 207 In addition, the val ue of
radius Pp is smaller than the val ue of radius Rs. Di stance Ah

bet ween position P3 and reference plane SH based on the flat area of front

mai n surfa e 10a tisfies foII i ng candi tion. O. 00 'Am, < Ah < 5.0
sy Efangf 28 SHeSdinany . e 0 sy, 45 e he

circunferential end portion is forned so as to satlsfy the Conditions (1)
to (3), areceRdirkel #NHUB=TPEBNpl oyi ng those such as the clanp, the flange
and the spacer. In this case, the securing condition of glass substrates
1A, 1B andl[@@28hown HMEEITQE‘CHP iz ey gl Rsliyids]) BRACSIsE B gl ass
substrate A is as described bel ow The position where glass substrate | A

i s broughtmagmhet contactrdd hdn spacten BHA spatecatedl aud shaenebiec position
where toric protrusion 70p of clanp 70 is brought into contact with gl ass

substrate déeoF@ihheneai e PAStbi VO PhevedsPpaserf Bhdgansios oate protrusion
70p of clanp 70 are brought into contact with glass substrate |Ais a

posi tion '%éé?ée@nlﬁth@ %eéociﬁcaﬁégfenah@c%ﬂﬁ %6 0pk poshaiop P3, where
the main surface of glass substrate [A declines from main surface reference

SH. Therefgegurgéagg ?HQSEE thp o?sc?aanQCQSQEQn ohelgl, o appleding stress

forced fromtoric protrusio 0 and the out'er C|rcunferent|a
?1‘ pressing force is generated between clamp 70 and flange 30a

via spring action with clamp 70. Glass substrate 1C, spacer
60B, glass substrate 1B, spacer 60A and glass substrate 1A
can be secured to hub 30 with this force.

fo029] The shape of inner circumferential portion of
the glass substrate secured to the hub employing the

flange, the spacer and the clamp, which has been explained,
will be described.

[0030] A cross-section cut in a plane perpendicular to
front main surface 10a, passing through the center of glass
substrate 1 shown in Fig. 2 is taken into account. This
cross-section is schematically shown in Fig. 1 by enlarging
the peripheral portion of the inner circumferential end
portion of glass substrate 1. As to the shape shown in Fig.
1, since back main surface 10b is symmetrical to front main
surface 10a though having a margin of processing error, the

side of front main surface 10a will be explained, and



portion of spacer 60A. In this case, the spacing between spacer 60A and
position P3 of glass substrate | A beconmes Ah satisfying Condition (3).
Accordingly, glass substrate |Ais secured to hub 30 so as to give
appropriate contact area and spacing with the end face of spacer 60A
[0037]In the case of glass substrate 1Ggthe case can be taken as an

upsi de-down case with respect to the case of glass substrate 1A and is as
foll ows. The position where glass substrate 1C is brought into contact with
spacer 60B is_|ocated outside the position where toric protrusjon 30p of

fl ange 30aS¥BlBR3LFAL Phtbheoht @8t Ofi PACK nBEHP a3 %%%tf%?ewlﬁ%r?%er, t he
position where spacer 603 and toric protrusion 30p of flange 30p are
brought intomcbadact with glass substrate 1Cis a position |ocated on the
outer circunferential side fromposition P3, where the main surface of

gl ass subsfoast]l 1C declhiameIYommaisyseriacyes effervancer SH.9 THer efor e,

gl ass substrate 1C is sandw ched and hel d by applying stress forced from
toric prOtfé?k@Qeﬁ@ﬁ phef bangeaB0axandothglassesubstecanéer entBlal portion of
spacer 603. In this case, the spacing between spacer 60B and position P3 of

the glass §%§§éééﬁ€sb@ﬁ@”@énéeu§aéES§y&Qg copdithea {3dn Aseordaagby, gl ass
substrate 1C 1s secured to hub 30 so"as to give appropriate contact area

and spacin ith tk e S LSases, s e of

di stance Al résglh%v\ﬁgltﬂﬁ %ﬁgg%?go%%@p%e}%éﬁo‘%ﬁ? 5.%t glsée%‘%“%ct o?p
sufficient]y ahsorbi d relaxing inpact_is_diffjpcult e i.ned when
t he inpactb¥§e§e98rﬁggd%gﬁtr§5ﬁéiﬁ ¥'s nnﬁ%ﬁ%%?ecégt§Ct %?é%ﬂggg%%gﬁgglass
substrate | A and spacer 60A, as well as between gl ass substrate 10 and
spacer 6082 PGEER&PD Ph tHBCEaS&TE6PMACYPBEAACEeS ﬁ %Fcﬁ.éélwb?ﬁ?or | ess,
produced is no | ooseness (spacing) between glass substrate | A and spacer
60A, as weHlisasnbet fwem geassadubzirafeci0IAndsspuberrads, 1nhér 8By sfttess
is concentrated onto the surface of glass substrate | A brought into contact
with the owteptresencunhepesticabnentieper tishaoftespacérod0acnasahehkigsCof

gl ass substrate 10 brought into contact with the outer circunferential end
portion of jgpacel 60Bswhen i ppagépissgeneratedsitbsnl thege i @isoaaceuksition
of sufficient inpact resistance. [0039]In the present enbodi nent, radius

Rof as thegyalue spechf yiAg thegspasi Li ennf. the ik plotapeat baskesn 30p

¥
i ncluded in ?hange 30a is set to the same radius Pp as the val ue specifying

the positign gf ;Lhe ohi Bl QNS 93, 79Rdl Rekudaduen ol AR chlcebul they
are not negggs rely P
from central axis C exceeds distance R3 and less than
distance R1. Contour BL extends toward inner
circumferential end face 15 of the glass substrate from
position P2 between position Pl and position P3, and in the
direction moving away from the main surface.
[0032] Taking a 2.5 inch glass substrate for an
example, position P1l, position P2 and position P3 are as
follows. When the center of glass substrate 1 is 0, and

position Pt is 10 mm (= RO), position Pl becomes 15 mm, and

position P3 becomes 10.35 mm.



identical to each other and the value of radius Rpf may be 23 smaller than
the value of radius Rs, satisfying Condition (2). [0040] The gl ass substrate
satisfying Conditions (1) - (3), when both main surfaces are sandw ched and
hel d by spacers 60A and 60B in the case of glass substrate 1B, is not
damaged even though applying inpact in {de same condition as in the case of
bei ng sandwi ched and held with clanp 70 and spacer 60A, for exanple. For
this reason, simlarly to the case mhere both main surfaces are sandw ched

and held w acers OA and e s ace of f e .30a brought into
B0 s A e B Bl n

contact w fher”as Th the ‘case of the
end face of spacer 60B with no toric protrusion 30p, nmay be subjected to a
cutting fifiERUPEREETRAR aBRi BAT BT REYT Fﬁo?ﬁl§a%%s%ur§ﬁ%% %2 radius up
to the outer circunferential end face of the flange is set to radius Rsf,
radi us Rsfpagscpeetbrabdly pdehtieal Plo sharts fecbining Epareposibdadl] The

gl ass substrate for an information recording nediumin the present

i nventi on P8 not thenttedttatéheidagnesseesetbrdugy kedi angd amedchssusabl e
for a magnetooptical disk, an optical disk and so forth.

[ 0042] (Manyfiaetuehagracecessaef pgkassosubstrate for information recording

medi um 24

[0034] When the glass substrate secured to the hub is
installed in a magnetic disk apparatus, and impact is
applied to this magnetic disk apparatus, it has been found

- out via experiments that the glass substrate satisfying the
following Conditions (1} to (3) is not damaged.
[0035] The value of distance R3, the value of distance
R2, and the value of radius Rs of the outer circumferential
end of spacers 60A and 60B each, satisfying the following
conditicn.

value of distance R3 < value of radius Rs < wvalue of
distance R2 (1)

Further, the value of distance R3, the value of
distance R2, and the value of radius Rp by which each of
the position of toric protrusion 70p of clamp 70 and the
position of toric protrusion 30p of flange 30a is specified
gsatisfy the following condition.

value of distance R3 < value of radius Rp < value of

distance R2 {2)



The manufacturing process of a glass substrate for an information recording
mediumwi || be described. Fig. 5 shows a flowhart show ng an exanple of a
manuf act uri ng process of the glass substrate for the information recording
medium First, a glass material is nelted (A ass-nelting process), nolten
glass is cast into a lower die, and pregg-nolding is conducted wth an
upper die to obtain a glass substrate precursor in the formof a circular

di sk (Press-nolding process). In addition, the glass substrate precursor in
the formof a ciycul ar. di sk be prepared by cutting sheet glass forned
via a down-draw o%cgéjst]o?n’anﬁl%a‘fa%}eoc% ST lll%;lli%gl% sgt?a}ejﬁla‘?%gt%v%%el :
[0043] A hole is made in the center of the glass substrate precursor forned
via press-HoFdVAgUCerbl 597G aRk%ore-drill or the like equipped with a

di anond grindstone (Coring process). Next, both surfaces of the glass
substrate i s subpestatcd Al lgetwekmgops Dcess Pi emtdremfefarcexarpie, while
supplying grinding liquid to a commonly known dual -surface grindi ng machi ne

enpl oyi ng gijapRadapseh! ehs, rand arvhobe shane whihheugtass sodhstrate, that
is, parallelism flatness and thickness of the glass substrate are

prelininaré%giggkggtFg%gggg§5W£ﬂ§Pg§ﬁ%pE?8§$s). [ 0044] Next, the outer and

inner circunterentria aces ass substrate are cut and
chanfered, and the 25 outey dianeter dinens'%n and circularity of the

gl ass substrate, OtHetiher Htafrete? HF the htﬁe, and concentricity of the
gl ass substrate and the hole are finely adjusted (lnner/outer dianeter
processi ng proce@kyss Aftlestraies Ihe 1Bnenrdcl{ cuptes cri¢ alned face of the
gl ass substrate is ground to renove fine scratches and so forth (Inner

ci rcunf er estralimesdehatcal pendessirngopr bsessymefiQ048] Alexto sheibbyhtkerf aces
of the glass substrate is subjected to a grinding treatnent enploying

di anond petbgiscibasr (thagot hese wsedskbutba toratol appenglpyongss, and
parallelism flatness and thickness of the glass substrate are finely

adj ust ed (%sgedshaﬂpgggti%oe&é@b- %Eétﬂahg_eoahar tBEr spaterentilcend face

of the glass substrate is ground fo renove fine scratches and so forth

(bt nEtELor ERL| B 80d oL 8nRE ROBRSLRISRERESRbs c L OOACLAS Y m Bhher
1C shown in Fig. 4 is as follows.
[0036] The case of glass substrate 1A is as described
below. The position where glass substrate 1A is brought
into contact with spacer 60A is located outside the
position where toric protrusion 70p of clamp 70 is brought
into contact with glass substrate 1A. Further, the position
where gpacer 60A and toric protrusion 70p of clamp 70 are
brought into contact with glass substrate 1A is a position
located on the outer circumferential side from position P3,
where the main surface of glass substrate 1A declines from
main surface reference SH. Therefore, glass substrate 1A is

sandwiched and held by applying stress forced from toric

protrusion 70p of clamp 70 and the outer circumferential



gl ass substrate is inmrersed in chem cal strengthening liquid to forma
chem cal strengthening | ayer on the glass substrate in order to inprove

i npact resistance, vibration resistance and so forth (Chem cal

strengt heni ng process). The chem cal strengthening nethod is not
specifically limted as long as it is afomonly known chem cal

strengt heni ng net hod, but |ow tenperature type chem cal strengthening and
so forth, in which ion exchange is 26 conducted in the regi on not
exceeding a transition tenperature in.view of t | ass transition point,
are pref erBBF 6 CBxBhpFRECH ?ﬁé'al [‘ihjrfbl‘fae%e ’Sgﬁ,{g FOVE 10 Cheni cal
strengt hening include potassiumnitrate, sodiumnitrate, a nitrate salt
obt ai ned bypatgingoihasd, ramdtsenf B2t AL §da49] ApbeErakeslAt hecghagsih
substrate surface is subjected to grinding processing for precise finishing
whi | e suppkythngrgihgdeegaltqond(as. a greaeingygenylsue hedss tosriaimoXxi de or
the like into a comonly known dual -surface grinding nmachine in which

urethane fogpms-syede eb hiie kiksoi gsusedgioe appadptPatishbngaptosess). The
pol i shing process may be divided into plural process such as the first

pol i shing pracess and Lhe,seaend rokLshing ppoeesseby changing the pad and
gen e Ing erf

the grinding a t, pendi ng on manufact ur I clency and desired

surface rnggﬁgzs. Sur{r?(é@hé ogg%gg&g w%a%%&g@ e at‘rjleé'séa?& tofall

within the of 2 - nm an respectivel'y by adj usting
the utilized gad, grinding liquid, and the sehting constiog of a gr%nding
machi ne. | Real@BroA® fPRatR&dEecRYBe 85 8 tef§5PehtnCaf t8r CE8fdBtti ng a
washi ng process and an inspection process, the glass substrate as a product
can be proglged. supztreoas]ier érf, 1RaaecERLEPYWRI neThE PRTEL FORUGHHPSS) and
Rmax (maxi mum hei ght) are specified by JIS B0O601. These can e nmeasured with
an atoni c fbeee mubeosatpelC] @84Bkbngaddintonconhactewhsdt §baganub8Bt uri ng
a gl ass

is located ocutside the position where toric protrusion 30p

of flange 30a is brought into contact with the glass

substrate. Further, the position where spacer 60B and toric

protrusion 30p of flange 30p are brought into contact with

glass substrate 1C is a position located on the outer

circumferential side from position P3, where the main

surface of glass substrate 1C declines from main surface

reference SH. Therefore, glass substrate 1C is sandwiched

and held by applying stress forced from toric protrusion

30p of flange 30a and the outer circumferential portion of
spacer 60B. In this case, the spacing between spacer 60B
and position P3 of the glass substrate becomes Ah
satisfying Condition (3}. Accordingly, glass substrate 1C
is secured to hub 30 so as to give appropriate contact area

and spacing with the end face of spacer 60B.



substrate for an information recordi ng nmedi um nmay possess vari ous processes
ot her than the above-described. Exanples thereof include an annealing
process to relax internal stress of the glass substrate, a heat-shock
process to confirmreliability in strength of the glass substrate, a
washi ng process to renove foreign matteg,such as a grinding agent, a

chem cal strengthening treatnent solution and so forth which are |eft over
on the surface of the glass substrate, various inspection.evaluation
processes, and so forth. Further, the chem cally strengthened region on the
surface of [PR88}l ass sibtasa® TheTedic s HAREh AUt ™ 31 i shi ng
process. Wiether or not the chemcally strengthened region is left over on
the surfacecpfiithenglagsisubstiaheti 5. 00hum| i bhéedfrfant dhi ckness of the
remai ni ng strengthened region is not also limted. [0050]In such the way,
a glass SUDSEERLEhelyaloLOt At B! ARA Eéﬁgkghggirﬂﬁgbﬁr‘lgSdﬁﬁﬂ%éﬁzUESd- The
gl ass substrate for the 1 nformation recordi ng nedi um having shape of the
inner circunferential, end portion of tk j,nyent | iSO i ned by
appropriatg?yoég?ﬁg??nﬁﬂ?ﬁe9£§8l@8ﬁ8FtF%ngégéggkgai%ﬁe%égﬁ?%ﬁﬁfgégntiaI end
face processing Erocess to the golishing grocesg. LOOSlléGlaas substrate)
The gl ass ®HB8t Pat EOPE2Rbt 2EBBCPEFEEFPY STt BUPEETRERigtas®Pt FR2GPESss
capabl e of chemi cal -strengthening via ion exchange. Usabl e exanpl es t her eof
i ncl ude sof8Ali A8 Yradsaeohpbyeanoglapg2suRadpatandCcarrasPacpti Atk pal
conponent, alum nosilicate glass conposed of 5i02, Al 203, R20 (R = K, Na,
and Li) asrarphenci pal chenpasentbf bodosthheat Ahgbéiss,. 0bil2(mSbH21leyst em
gl.ass, Li20-Al 203-5i 02 system gl ass, and R10- Al 203-Si 02 systemglass (R =
My, Ca, Sr ?QQC@a)iquot hesgenakym Bpsth hgdt Beglass gndsBocaskti-gate gl ass
are prefergg e 1n view of excellent Inpact resistance and excell ent

vi bration sist.ance, [ O ] (Magnetic_re I I Al
infornatio%grgggrapﬁae%egﬁéﬁl8§nw%gﬁogﬁa§§é§g%§ gggﬁ?ﬂ%“?FtFSSEtmg
recording |ayer on the IaSﬁ sugstr te for _an info%nagign [ co%ﬂing medi um
of the pre&BHt SPAGEAt PR, TRETFB¥oFAFRGSI afel CFSREE A8pEcPP-Eal 'y Tinited,
and it is possible to use various recording |layers utilizing properties of
magnet i sm SHF§RES AAgHEREEPEIRSLERFCs A BFPRID utlnFﬁeCﬁﬁéjﬁét%i WithyEPe s
specifically preferable for preparation of a nmagnetic recording |ayer
(magnetic outer circumferential end portion of spacer 60A, as well as

of glass substrate 1C brought into contact with the outer
circumferential end portion of spacer 60B when impact is
generated, resulting in no acquisition of sufficient impact
resistance.

[0039] In the present embodiment, radius Rpf as the
value specifying the position of the tip of protrusion 30p
included in flange 30a is set to the same radius Rp as the
value specifying the position of the tip of protrusion 70p
included in clamp 70, but they are not necessarily

identical to each other and the value of radius Rpf may be



29 disk) in which a nmagnetic layer is used specifically as a recording

| ayer. [0053] The magnetic material used for the nagnetic |ayer is not
limted, and is usable by appropriately selecting commonly known material s.
Exanpl es of those containing Co as a nmjor conponent include CoPt, CoCr,
CoNi, CoNiCr, CoCrTa, CoPtCr, CoNi Pt, GoNi CrPt, CoN CrTa, CoCrPtTa,
CoCrPtSi O and so forth. Further, it is also possible to use a multilayer
structure in which the nagnetic Iayer is devided with a nonnagnetic film

G, CCM, O d oth t 0054 | ddi t to.t
gbove descFTd ﬁggbt§§§$£ﬁ%n%%%ﬁ$a$ g#ﬁgt B 5y8% hgﬁgfﬁélgﬁg%hgl??on rare

earth systen1nater|als gr anul ar haV|ng a structure in which magnetic
particles &6f) Fe, Co, CoFe, CoNiPt or the like is dispersed in a nonmagnetic
filmmade of 5i02, BN or the Iike, and so forth can be utilized as the
magnetic | &9e40] The negretdlagaysibse e ity g Sgididdiong Megnetic
recordi ng type nagnetic |ayer and a perpendi cul ar magnetic recordi ng type
magneti c | ayer. whe0Q55b4A8 maimet bodfatefoanengandwiaghedi andli haldabgonmonl y
known nmethod is usable. Exanples thereof include a 30 sputtering method,
an el ectrokgssepkatbnNdanBt POH, iA 8RENcEOat bRggMREBOGuBSErseef 0BT his

not damaged even though applying impact in the same

condition as in the case of being sandwiched and held with

clamp 70 and spacer 60A, for example. For this reason,

similarly to the case where both main surfaces are

gsandwiched and held with spacers 60A and 60B, the surface

of flange 30a brought into contact with glass substrate 1C

in the same manner as in the case of the end face of spacer

60B with no toric protrusion 30p may be subjected to a

cutting finish treatment at high accuracy. In this case,

when the radius up to the outer circumferential end face of

the flange is set to radius Rsf, radius Rsf is preferably

identical to radius Rs of the spacer.

[0041] The glags substrate for an information recording

medium in the present invention is not limited to the

magnetic recording medium, and is usable for a

magnetcoptical disk, an optical disk and so forth.

[0042] (Manufacturing process of glass substrate for

information recording medium)



[ 0056] A subbing | ayer, a protective layer, a lubricating |ayer and so forth
may be provided in the magnetic recording nedium if desired. Each of these
| ayers is usable by appropriately selecting conmonly known naterials.
Exanpl es of the material for the subbing layer include &, M, Ta, Ti, W
V, B A, N and so forth. Exanples of the material for the protective

| ayer include C, C alloy, C 2Zr02, Si02 and so forth. Further, exanples
of the lubricating |ayer include those in which a liquid lubricating agent
made of perfluorggo ethgr ﬁPFPE or the like is coated, and hayvi ng been
subjected to a hE3f TRRAFENTIRY QETTRY Chnd FPTFOrT .S‘ES&\WL%OTO%%H An
alum nosilicate glass substrate having an_outer dianmeter of 65 mm an inner
di anet er oiRNDOTRATARE BHepPaEEENFhTeRABEsWHE LobE38eRfATARSE  glBkE substrate
for an information recordi ng nmedi um was prepared al ong manufacturing
processes showa anfEpgchsrt[ 8D681Ghass emtwpilal ofoaposediafétsrdng Al 203,
R20 (R K, Na, and Li) as a principal conponent is nelted (d ass-nelting
process), pbbtepsgbasshesgtast bobotmRateweordike iRfoamdtpoass-nolding is
conducted with an upper die to obtain a glass substrate precursor in the

formof a gbeevbhangdingKi(Rr esstrdd di NGy PEHEaSer{ D05 Andmd£5 WasLdmgle in
the center of the glass substrate precursor forned via press-nolding,

enpl oyi ng ﬁeﬁ?'ﬁ%ﬁ%k%%e%ﬁgipﬁ@?t&htglésgi%EpegsgrEﬂgétgnﬁo&gPrBEQ,Process)-

Next, both surfa gl ass substrate is subjected to a grinding

process treatnment while. supplyin rindi.ng.liquid nl nown
el < sur f 4£8° BopPHGREat P Re B PpdhnEoa Tashdberb8ed PURB0tPERLR, and
parallelism flatness and thickness of 'the ss substrate re

! .
prel i ni narfl §88FuSHRATTREFsPTPEBHPRY bPoEEgs?Prm of’a' dizclilar aisk

(Press-molding process). In addition, the glass substrate
precursor in the form of a circular disk may be prepared by
cutting sheet glass formed via a down-draw process or a
float process employing a grinding wheel.

[0043] A hole is made in the center of the glass
substrate precursor formed via press-molding, employing a
core-drill or the like equipped with a diamond grindstone
(Coring process). Next, both surfaces of the glass
substrate is subjected to a grinding process treatment, for
example, while supplying grinding liquid to a commonly
known dual-surface grinding machine employing diamond
pellets, and a whole shape of the glass substrate, that is,
parallelism, flatness and thickness of the glass substrate
are preliminarily adjusted {(First lapping process).

[0044] Next, the outer and inner circumferential end

faces of the glass substrate are cut and chamfered, and the



[ 0060] Next, the outer and inner circunferential end faces of the gl ass
substrate are cut, and a length of about 0.1 mmthereof is chanfered with a
di anond grindstone in the formof a drum The outer dianeter dinension and
circularity of the glass substrate, the inner diameter of the hole, and
concentricity of the glass substrate angthe hole are finely adjusted
(I'nner/outer dianeter processing process). Next, the inner circunferential
end face of the glass substrate is subjected to brush-grinding while

| yi di I d.t f t h forth
i Tount or GHLTST GHPT D S BRRELTH M CLLSS] L= 557 9DGHINSS T he bot

surfaces of the glass substrate is again subjected to a_grinding treatnent
by a dual TUr§EERL$ appifigl WeRhi AR ERT dPanthd el et@%f #1500 nesh whil e
supplying grinding liquid to finely adjust parallelism flatness and

t hi ckness ofnedrt gyl asty sebsthat @l{Secoms { appd priokeskyle ange t he out er
circunferential end face of the glass substrate is subjected to

brush- gri nflimgl¢ cadfunved f ( ensc/ aticde sdzae ser f prode s Cinerpcocessf erent i al
end face processing process). [0062] Next, after washing the gl ass

substrat e, ather GLIRSS, SRSt 13hEr | 611 FUERE SLEnt faThend chhcst senghdeqiags | i qui d
to forma chem cal strengthening |ayer on the glass substrate. A chem cal

strengt hedmgs@ngm g %“P&;ﬁﬂd%@erﬁ@%%e%@rﬂ&?@s'@n@ £3tfor0h 51 5

is charged in a chemc trengthenlng vessel, and the systemis heated to
375 Cto PLERRE Ei‘n?curﬁ {,E theqi p cé éé’eséﬁq gﬂuf?é&%s fhis, the glass
substrate sturface 1s su o grin processn or precise finishing

(Pol i shing ss). In the i.S cess surfaces of the gl ass
substrate \‘;\gé'ggﬁubj ect%’d‘tt'o H?‘ﬂiﬂ %@Prpf(r)aoccees'SS f%&ﬁ r%elrﬁ Sy W RSh y
known dual surface grinding nachlne equi p ged with a pad while supplylng
grinding 1#quPdbl &rasd 5ab3t FaIRIING. t{e¥ RBL G9P haViRg 957TeUE shapes of

the inner circunferential end face as 33 _
pellets finer than those used in the first lapping process,

and parallelism, flatness and thickness of the glass
substrate are finely adjusted (Second lapping process).
Next, the outer circumferential end face of the glass
substrate is ground to remove fine scratches and so forth
(Outer circumferential end face processing process).

[0046] Next, after washing the glass substrate, the
glass substrate is immersed in chemical strengthening
liquid to form a chemical strengthening layer on the glass
substrate in order to improve impact resistance, vibration
resistance and so forth (Chemical strengthening process).
The chemical strengthening method is not specifically
limited as long as it is a commonly known chemical
strengthening method, but low temperature type chemical

strengthening and so forth, in which ion exchange is



sanpl es were obtained by changing conditions such as kinds and particle
di aneter of polishing material used for the grinding liquid supplied to a
grindi ng machi ne, the nunber of rotation of a surface plate fitted with a
pad brought into contact with both surfaces of the glass substrate, pad
pressure agai nst the glass substrate ang; so forth. Surface roughness of
these gl ass substrates falls within the Rmax range of 2 - 6 nm and falls
within the Ra range of 0.2 - 0.4 nm [0064] After washing the gl ass
substrate, a nagne ic filmwas, prepared on this glass sugstrate to forma
magnetic reTOTYT hg™ medi Uiy %§9+§? e PRGTETHI 171 W23 8ubBing 1 ayer (a

t hi ckness of about 100 nm forned of NNAl, a recording |layer (a thickness
of 20 nm) FOFRRER BRI TR - PEeundl atpR of bREF VEr #RF HY LA t AP ERhes3TDf 5 nm)
were |layered fromthe glass substrate side in order. In this case, the
magnet i ¢ fptreafaasblet hiBdawsisemah thd midihar e wflt magylaaed for
substrate. [0065]As for the produced magnetic recordi ng nedi um shown in
Fig. 4, a ghas$cslubstrahgthanspacencande apgtassigubsitatee) nsofiigmorder are
inserted into a hub of SPM having a flange to secure two gl ass substrates
enpl oyi ng A;ielanp, dhhstSPMWaSs1ENsbeklrddi By hgx8Agf Ohode PpELdJso
experinents as an imtated magnetic di sk recording 34 apparatus shown in
Fig. 6. Ingkigr80 for dropping experinments, numeral 80 represents a base
formed froman al um num di e-cast to place SPM nuneral 84 represents a

cover rrade[6>64 S, nur’g{ta%r's é’%%ﬂ?ﬁlﬁeﬁrﬁ% rﬁqggr : eamg_l@égesl strate, and

nunmeral 90°represents a clanp. , sl m to a practical magnetic
di sk recordin? agggratus,,r%ng 92 to hold a_nagnetic hefd [ grovided. Five
pi eces of FHGIEBEFIr CQr SHPRAG ExXBEPT FERt Rt brT eBERCSEfipf &74E88EPPbed bel ow
are arranged to be provided. 00661After this, when SPM of each Lig 80 for
dr oppi ng e¥PéiEnBRPRLVARI oBELBEERTAL 19900 #Bnf IRy ELNGaABPRENBECR 128 17
was operated with no problem Next, dropping experinments were carried out
to check wherhem cxadksoof thheljkasinpbadecamnenpyesearnofuabsentriaghe
above-described jig 80 for dropping experiments is horizontally secured to

a securi nggiigdpngvindetisepanatkl yh( sreuhbhentfwkar estthéegbasshsubskeate i s
horizontal) by the same securing nethod as in the actual nagnetic disk

recording appakakUsorJhOp88 fobldrappyngrexpek) Mentise tegetdieingv th this
securing jig is dropped In the maintalined horizontal situation. As to the

i mpact  of kB9 CKiyRaRarthes ghut-he pecuekByshits ke baedropped at
t he | ower g%ggg%gaﬁ%9d§%pg%ng hei ght mgrg adj%sted inssuch a ma§ t hat

acceleration of LBitLALn5"BAEke8E dhaAPRLATseVBLEN LS 19RARY" BloBY ALy
changing the pad and the grinding agent, depending on
manufacturing efficiency and desired surface roughness.
Surface roughness Rmax and Ra can be adjusted to fall
within the range of 2 - 6 nm and 0.2 - 0.4 nm, respectively
by adjusting the utilized pad, grinding liquid, and the
setting condition of a grinding machine. In addition,
flatness can be 5 um or less. Then, after conducting a

washing process and an inspection process, the glass

substrate as a product can be produced.



35 installed in the securing jig, was 1000 G, and tine span in which this
accel erati on was nmai ntained becane 1 ns. As to the nunber of dropping of
jig 80 for dropping experinments, three tinmes of dropping were conducted in
the situation where jig 80 for dropping experinents was installed in the
securing jig so as to have a hub placed,-pn the |ower side, and three tines
of dropping were also conducted in the situation where jig 80 for dropping
experiments was installed in the securing jig so as to place the

above-descri bed system upside down. [0067].The results are_sho in Table 1.
Speci fi cat FONE8bf "t he qu%r?dé, P?p\é\t@'e?rr[taﬁfd T3 e Ak PN RS ST g e ¢

recording mediumused this time to the hub of SMP are shown in Table 2. In
addi tion, Bhate(manbhenoheidlethlase SppeiFHee PasT & rReF U5- of TREFSMA2t he
val ue of distance R1 is 15 nm and the value of distance R3 is 10.35 WM
36 [0068] [FabteslieSanptie MNo. abbsianter®R(nigraddopd - Damage caused

[0049] In addition, the method of manufacturing a glass
substrate for an information recording medium may possess
various processes other than the above-described. Examples
thereof include an annealing process to relax internal
stress of the glass substrate, a heat-shock process to
confirm reliability in strength of the glass substrate, a
washing process to remove foreign matter such as a grinding
agent, a chemical strengthening treatment solution and so
forth which are left over on the surface of the glass
gsubstrate, various inspection-evaluation processes, and so
forth. Further, the chemically strengthened region on the
surface of the glass substrate is reduced by conducting a
polishing process. Whether or not the chemically
strengthened region is left over on the surface of the
glass substrate is not limited, and thickness of the
remaining strengthened region is not also limited.

[0050] In such the way, a glass substrate for an
information recording medium is manufactured. The glass
substrate for the information recording medium having shape
of the inner circumferential end portion of the present

invention is obtained by appropriately adjusting the



by dropping 1 12.8 0.003 Not danmaged 2 12.8 0.1 Not damaged 3 13.1 0.5

28

conditiong of the inner circumferential end face processing
process to the polishing process.
[0051] (Glass substrate)

The glass substrate is not specifically limited as
long as it is glass capable of chemical-strengthening via
ion exchange. Usable examples thereof include soda lime
glass composed of Si0;, Na,0, and CaQ as a principal
component, aluminosilicate glass composed of S5i0,, Al,;03, R0
(R = K, Na, and Li) as a principal component, borcosilicate
glass, Li,0-Si0, system glass, Li0-Al;0;-Si0; system glass,
and R‘0-Al,0:-8i0, system glass (R’ = Mg, Ca, Sr, and Ba).
Of these, alumincsilicate glass and borosilicate glass are
preferable in view of excellent impact resistance and
excellent vibration resistance.

[0052] (Magnetic recording medium)

An information recording medium can be obtained by
forming at least a recording layer on the glass substrate
for an information recording medium of the present
invention. The recording layer is not specifically limited,
and it is possible to use various recording layers
utilizing properties of magnetism, light, magnetooptics and
so forth, but the magnetic layer is specifically preferable

for preparation of a magnetic recording layer (magnetic



Not damaged 4 12.9 1.1 Not damaged 5 12.9 3.3 Not damaged 6 12.8 4.1
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disk} in which a magnetic layer is used specifically as a
recording layer.

[0053] The magnetic material used for the magnetic
layer is not limited, and is usable by appropriately.
gselecting commonly known materials. Examples of those
containing Co as a major component include CoPt, CoCr,
CoNi, CoNiCr, CoCrTa, CoPtCr, CoNiPt, CoNiCrPt, CoNiCrTa,
CoCrPtTa, CoCrPtSi0 and so forth. Further, it is also
possible to use a multilayer structure in which the
magnetic layer is devided with a nonmagnetic film (Cr,
CrMo, CrV and others) to reduce noise.

[0054] In addition to the above-described Co system
materials, ferrite system material and iron-rare earth
system materials,

granular having a structure in which magnetic particles of
Fe, Co, CoFe, CoNiPt or the like is dispersed in a
nonmagnetic f£ilm made of 8i0,, BN or the like, and so forth
can be utilized as the magnetic layer. The magnetic layer
may be any of a longitudinal magnetic recording type
magnetic layer and a perpendicular magnetic recording type
magnetic layer.

[0055] As a method of forming a magnetic film, a

commonly known method is usable. Examples thereof include a



Not damaged 7 12.7 4.8 Not damaged 8 13.2 4.9 Not damaged 9 12.2 3.1
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sputtering method, an electroless plating method, a spin
coating method and s¢ forth.

[0056] A subbing layer, a protective layer, a
lubricating layer and so forth may be provided in the
magnetic recording medium, if desired. Each of these layers
is usable by appropriately selecting commonly known
materials. Examples of the material for the subbing layer
include Cr, Mo, Ta, Ti, W, V, B, Al, Ni and so forth.
Examples of the material for the protective layer include
Cr, Cr alloy, C, ZrO,, 8i0; and so forth. Further, examples
of the lubricating layer include those in which a liguid
lubricating agent made of perfluoropolyether (PFPE) or the
like is coated, and having been subjected to a heat

treatment, if desired, and so forth.

EXAMPLE

[0057] An aluminosilicate glass substrate having an
outer diameter of 65 mm, an inner diameter of 20 mm and a
platé thickness of 0.635 mm as a glass substrate for an
information recording medium was prepared along
manufacturing processes shown in Fig. 5.

[0058] Glass material composed of SiQ;, Al.0;, RO (R =
K, Na, and Li) as a principal component is melted (Glass-

melting process), molten glass is cast into a lower die,



Not danaged 10 12.8 -0.003 Damaged 11 12.9 0. 001 Danmged 12 13.0 5
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and press-molding is conducted with an upper die to obtain
a glass substrate precurgor in the form of a circular disk
(Press-molding process) .

[0059] A hole was made in the center of the glass
substrate precursor formed via press-molding, employing a
core-drill equipped with a diamond grindstone (Coring
process) . Next, both surfaces of the glass substrate is
subjected to a grinding process treatment while supplying
grinding ligquid to a commonly known dual-surface lapping
machine employing diamond pellets of #1000 mesh, and
parallelism, flatness and thickness of the glass substrate
were preliminarily adjusted (First lapping process).

[0060] Next, the outer and inner circumferential end
faces of the glass substrate are cut, and a length of about
0.1 mm thereof is chamfered with a diamond grindstone in
the form of a drum. The outer diameter dimension and
circularity of the glass substrate, the inner diameter of
the hole, and concentricity of the glass substrate and the
hole are finely adjusted (Inner/outer diameter processing
process) . Next, the inner circumferential end face of the
glass substrate is subjected to brush-grinding while
supplying grinding liquid to remove fine scratches and so

forth (Inner circumferential end face processing process).



Damaged 13 12.9 5.2 Danmaged 14 12.8 5.6 Danaged 15 11.8 1.4
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[0061] Next, the both surfaces of the glass substrate
is again subjected to a grinding treatment by a dual
surface lapping machine with diamond pellets of #1500 mesch
while supplying grinding liquid to finely adjust
parallelism, flatness and thickness of the glass substrate
(Second lapping process), and the outer circumferential end
face of the glass substrate is subjected to brush-grinding
to remove fine scratches and so forth (Outer
circumferential end face processing process).

[0062] Next, after washing the glass substrate, the
glass substrate i1s immersed in chemical strengthening
ligquid to form a chemical strengthening layer on the glass
substrate. A chemical strengthening agent in which NaNO,
and KNO; are mixed in a ratio of 5 : 5 1s charged in a
chemical strengthening vessel, and the system is heated to
375 °C to prepare chemical strengthening liquid.

[0063] After this, the glass substrate surface is
subjected to grinding processing for precise finishing
(Polishing procegg}. In the polishing process, both
surfaces of the glass substrate were subjected to a
grinding process treatment by a commonly known dual surface
grinding machine equipped with a pad while supplying
grinding liquid. Glass substrates No. 1 to No. 17 having

various shapes of the inner circumferential end face as



Danmaged 16 11.6 2.7 Danaged 17 11.3 1.9 Danaged [0069][ Table 2] Nane
menber
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samples were obtained by changing conditions such as kinds
and particle diameter of polishing material used for the
grinding liquid supplied to a grinding machine, the number
of rotation of a surface plate fitted with a pad brought
into contact with both surfaces of the glass substrate, pad
pressure against the glass substrate and so forth. Surface
roughnegs of these glass substrates falls within the Rmax
range of 2 - 6 nm, and falls within the Ra range of 0.2 -
0.4 nm.

[0064] After washing the glass substrate, a magnetic
film was prepared on this glass substrate to form a
magnetic recording medium. As for the magnetic film, a
subbing layer {a thickness of about 100 nm) formed of Ni-
Al, a recording layer {(a thickness of 20 nm) formed of Co-
Cr-Pt and a protective f£ilm (a thickness of 5 nm) were
layered from the glass substrate side in order. In this
case, the magnetic film has a thickness much thinner than
that of the glass substrate.

[0065] As for the produced magnetic recording medium
shown in Fig. 4, a glass substrate, a spacer and a glass
gsubstrate in this order are inserted into a hub of SPM
having a flange to secure two glass substrates employing a
clamp. This SPM was installed in jig 80 for dropping

experiments as an imitated magnetic disk recording



Mat eri al Radius Rp Radius Rs Thickness Flange Alum numalloy 11.45 mm- -
Spacer Al um na
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apparatus shown in Fig. 6. In jig 80 for dropping
experiments, numeral 80 represents a base formed from an
aluminum die-cast to place SPM, numeral 84 represents a
covey made of SUS, numerals 86 and 88 each represent a
glass substrate, and numeral 90 represents a clamp.
Furthexr, similarly to a practical magnetic disk recording
apparatus, ramp 92 to hold a magnetic head is provided.
Five pieces of jig 80 for dropping experiments for each
sample described below are arranged to be provided.

[0066] After this, when SPM of each jig 80 for dropping
experiments was operated at 7200 rpm, any of Sample Nos. 1
- 17 wasg operated with no problem. Next, dropping
experiments were carried out to check whether cracks of the
glass plate were present or absent. The above-described jig
80 for dropping experiments is horizontally secured to a
securing jig provided separately (situation where the glass
substrate is horizontal) by the same securing method as in
the actual magnetic disk recording apparatus. Jig 80 for
dropping experiments together with this securing jig is
dropped in the maintained horizontal situation. As to the
impact of dropping, a back-up portion of the securing jig
to be dropped at the lower place, and dropping height were
adjusted in such a way that acceleration of initial impact

of dropping, which is measured by an acceleration sensor



- 11.9 mMm 2.35 mm d anp 5135410 11.45 mm 0.5 mm [0070]As is clear from
the results shown above, it can be confirned that the magnetic recording
medi um havi ng the shape satisfying Conditions (1) to (3) is stably secured
to a hub of SPM (spindle nmotor), and is not damaged even when strong i npact
Is applied to a magnetic disk recordi ngzgapparatus in which SPMis

I nstal |l ed.

ingstalled in the securing jig, was 1000 G, and time span in
which this acceleration was maintained became 1 ms. As to
the number of dropping of jig 80 for dropping experiments,
three times of dropping were conducted in the situation
where jig 80 for dropping experiments was installed in the
securing jig so as to have a hub placed on the lower‘side,
and three times of dropping were also conducted in the
situation where jig 80 for dropping experiments was
installed in the securing jig so as to place the above-
described system upside down.

[0067] The results are shown in Table 1.
Specifications of the flange, spacer and clamp to secure
the magnetic recording medium used this time to the hub of
SMP are chown in Table 2. In addition, since a hole of the
glass substrate has a radius of 10 mm, the value of
distance R1 is 15 mm, and the value of distance R3 isg 10.35

mm.



37 CLAIMS 1. An information recordi ng apparatus conprising: a
toroi dal | y-shaped gl ass substrate for an information recordi ng nedi um
conprising a main surface having a flat area and concentric outer and inner
circunferential end faces, a spindle notor conprising a rotatable hub,

a first hol ding nenber having a first shape in which the hol ding nmenber is
fit in an outer circunference of the hub and inserted into a hole forned
fromthe inner circunferential end face; a surface facing the main surface

is flat; t her rcunference of the facing surface has a
ci reul ar sﬂg%ég radﬂﬁ%&ﬁf Wilth a central axis as the hol e, and a

second holding ,rjremjpr having a second sh ising—a toric protrusion
at radius &SRS e t hRASERBCEaBRUSTRE i t At Hemdent|r RRTELESs Ca¥Sefe| hol e,
on the surface facing.the main surface, t he inf oPXafreRPE88or di ng
apparatus|in which the glass 3abstrate for t e 0i0af or mat Not desegeidng! nedi um
i s sandwi ched apd hel d by theibi.gst hol diing nmenher and tthe seecegedhol di ng
menber to|l secure the gl ass suhstrnate to tthe hghs 38 Not dahagedn
position wheg e distance RIjpromthe central axis of ibe ghasgegubstrate,
on one COItUU!ngL ETS;UF]E.?UﬁEagf T ?h rOSS3S%C[IO‘ PRICRE BahEELar o the
mai n surf ate 6(1 f-attar—at C\lbl-. A—of—the 1°L .b_lbuu>t | gy% d%m%_ ed RO of
t he hol e fadi-ds—+—5—+mand—pesitionP3-—where—di-Stanc mte—central
axis of the glads subdtrate i22sdt to ROlof tHeChole radiCls S2T8IEE 1 ar e
specifiedl .on th& same|cross-séétan 4.9 Not damaged
9 12.2 3.1 Not damaged
10 12.8 -0.003 Damaged
11 12.9 0.001 Damaged
12 13.0 5 Damaged
13 12.9 5.2 Damaged
14 12.8 5.6 Damaged
15 11.8 1.4 Damaged
16 11.6 2.7 Damaged
17 11.3 1.9 Damaged
[0069] [Table 2]
Name of member | Material Radius Rp | Radius Rs | Thickness
Flange Aluminum 11.45 mm - -
alloy
Spacer Alumina - 11.9 mm 2.35 mm
Clamp 5Us410 11.45 mm - 0.5 mm
[0070] As is clear from the results shown above, it can

be confirmed that the magnetic recording medium having the

shape satisfying Conditions (1) to (3) 1is stably secured to
a hub of SPM (spindle motor), and is not damaged even when

strong impact is applied to a magnetic disk recording

apparatus in which SPM is installed.



the contour is directed away froma reference plane based on the flat area
of the main surface to a thickness direction of the glass surface at
position P2 between the position P1 and the position P3, and the foll ow ng
conditions are satisfied: val ue of distance R3 < value of radius Rs
< val ue of distance R2 val ue of ¢l stance R3 < value of radius Rp <
val ue of distance R2 0.001 mm< Ah < 5.0 m where a distance fromthe
central axis of the glass substrate to the position P2 is set to distance
R2, and another distance between the sefgrence plane and the position P3 is
set to Ah. 39 2. The information recording apparatus of Caim1l
conprising front and back surfaces of the glass substrate, being
symmetrical to each other in shape. 3. The information recordi ng apparatus
of Claim1l conprising a nmagnetic |layer provided on a surface of the gl ass
substrate.l-4. Ay HIOBHst At T | FHRATHTY D TERIOF R MY medi um
conprising a toroidal shape conprising a main surface having a flat area
and concentric ocuterreidhlneshaped ydasentulsterit fiesnwhere a rotatabl e
hub of a spindle notor in an information recording apparatus is fit in an
out er circimfereacktonf réberdithyg madiunseohedi sing doheifosweflade om t he
inner circunferential end face, the gl ass substrate sandw ched and hel d by:
having a flat area and concentric outer and inner
circumferential end faces,
a spindle motor comprising a rotatabkle hub,
a first holding member having a first shape in which
the holding member is fit in an outer circumference of the
hub and inserted into a hole formed from the inner
circumferential end face; a surface facing the main surface
is flat; and another outer circumference of the facing
surface has a circular shape of radius Rs with a central
axis as the hole, and
a second holding member having a second shape
comprising a toric protrusion at radius Rp smaller than the
radius Rs with the central axis as the hole, on the surface
facing the main surface,
the information recording apparatus in which the
glass substrate for the information recording medium is
sandwiched and held by the first holding member and the

second holding member to secure the glass substrate to the

hub,



a first holding menber having a first shape in which a surface facing the
main surface is flat, and an outer circunference of the facing surface has
a circular shape of radius Rs with a central axis as the hole, and a
second hol di ng nmenber having a second shape conprising a toric protrusion
at radius Rp smaller than the radius Rsz3gMth the central axis as the hole,
on the surface facing the main surface, 40 wherein position Pl
where distance R1L fromthe central axis of the glass substrate, on one
contour of the in surface,in a cross-section [ dicular. to the main
surface in a raorlr"l’?lé?r H RF o Bt %%e%?%%sé%%%aslgg%ltofg? ]%]gs;onée h?o RO of the
hole radius + 5 mm and position P3 where distance R3 fromthe central axis

of the gl aSS"ETRst#4L8 PS EBE 9L28® BRPPhERhSI eCTatPasCI E048 Hie

specified on the sane cross-section, the contour is directed away
froma ref@rbRceupfane bAsedCHASFhECEFaPNaPREPBRALABLARI ROt aB@1Ro a

t hi ckness direction of the glass surface at position P2 between the
posi ti on Pgumhdcehiénpasikaidal P3irantdichecfothewphgseoadbstoaseares
satisfied: val ue of distance R3 < value of radius Its < val ue of

di stance R2et to RovaFuehef hdist aadeuR3+cs5vahuendf poadtilsnRp3 <whatee of
distance R2 0.001 mm < Ah < 5.0 mm where a distance fromthe central axis

of the gl agsssyhstratert8mt BRePOELELAN BRikSosetnboglhstasaBsRRatands
anot her di stance between the reference plane and the position P3 is set to

AN. set to RO of the hole radius + 0.35 mm are specified on the

same cross-section,

the contour is directed away from a reference plane
based on the flat area of the main surface to a thickness
direction of the glass surface at position P2 between the
position P1 and the position P3, and

the following conditions are satisfied:

value of distance R3 < value of radius Rs < value of
distance R2

value of distance R3 < value of radius Rp < value of
digtance RZ2

0.001 um < Ah < 5.0 um,
where a distance from the central axis of the glass
substrate to the position P2 is set to distance R2, and

another distance between the reference plane and the

position P3 is set to Ah.



41 5. A magnetic recordi ng nedi um conprising a magnetic |ayer provided on a
surface of the glass substrate of C aim4.

39

2. The information recording apparatus of Claim 1
comprising front and back surfaces of the glass substrate,

being symmetrical to each other in shape.

3. The information recording apparatus of Claim 1
comprising a magnetic layer provided on a surface of the

glass substrate.

4. A glass substrate for an information recording medium
comprising a toroidal shape comprising a main surface
having a flat area and concentric outer and inner
circumferential end faces, where a rotatable hub of a
spindle motor in an information recording apparatus is fit
in an outer circumference of the hub, and inserted in a
hole formed from the inner circumferential end face, the
glass substrate sandwiched and held by:

a first holding member having a first shape in which
a surface facing the main surface is flat, and an outer
circumference of the facing surface has a circular shape of
radius Rs with a central axis as the hole, and

a second holding member having a second shape
comprising a toric protrusion at radius Rp smaller than the
radius Rs with the central axis as the hole, on the surface

facing the main surface,



40

wherein position Pl where distance R1 from the
central axis of the glass subsgstrate, on one contour cof the
main surface in a cross-section perpendicular to the main
surface in a radial direction of the glass substrate, is
set to RO of the hole radius + 5 mm and position P3 where
distance R3 from the central axis of the glass substrate is
set to RO of the hole radius + 0.35 mm are specified on the
same cross-section,

the contour is directed away from a reference plane
based on the flat area of the main surface to a thickness
direction of the glass surface at position P2 between the
position Pl and the position P3, and

the following conditions are satisfied:

value of distance R3 < value of radius Rs < value of
distance R2

value of distance R3 < value of radius Rp < value of
distance R2

0.001 mm < Ah < 5.0 mm,
where a distance from the central axis of the glass
substrate to the position P2 is set to distance R2, and

another distance between the reference plane and the

position P3 is set to Ah.
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5. A magnetic recording medium comprising a magnetic
layer provided on a surface of the glass substrate of Claim

4.



