GLASS SUBSTRATE FOR MAGNETI C DI SC The present disclosure relates to subject
matters contained in Japanese Patent Application No. filed on , which are
expressly incorporated herein by reference in its entireties. BACKGROUND OF
THE I NVENTION Field of the Invention [0001] The present invention relates
to a glass substrate for a nmagnetic disc used for a nmagnetic disc.
Description of the Related Art [0002] Along with advancenent of information

technol ogy, information recording technol ogy, especially magnetic
recordi ng technol ogy has been significantly inproving As a magnetic
recordi ng nmedi um nounted on a hard disc dri ét @) which is one of the
magnetic recording medA%6r RETRAKE, F&R %&&H TilE $iISE has been known. The

magnetic disc is configured by including a film of nickel phosphate (N P)
or the like mhich i s deposited on a-netal substrate of alum num nagnesi um
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strength of the substrate surface to an al um num substrate. [0003]
Mor eover, a gl ass substrate having high rigidity

BACKGROUND OF THE INVENTICN

Field of the Invention
[0001] The present invention relates to a glass substrate

for a magnetic disc used for a magnetic disc.

Description of the Related Art

[0002] Along with advancement of information technology,

information recording technology, especially magnetic

recording technology has been significantly improving. As a

magnetic recording medium mounted on a hard disc drive (HDD),

which is one of the magnetic recording media, or the like, a

magnetic disc has been known. The magnetic disc is configured
by including a film of nickel phosphate (NiP) or the like which
is deposited on a metal substrate ¢f aluminum-magnesium alloy
or by sequentially laminating a foundation layer, a magnetic
layer, a protection layer, and a lubrication layer on a glass

substrate or a ceramics substrate. An aluminumhas been widely
used as a substrate for amagneticdisc conventionally. However,
along with space saving, flattening, and high density recording

of the magnetic disc, the aluminum substrate is replaced by a
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has an advant age because inprovenent of anti-shock property is required if
a | arge-volune substrate is to be nounted on a nobile phone or an
autonobile. Size of a substrate has been mniaturized to be nmounted in a
nobi | e phone. Therefore, a 1.8-inch substrate, a 1-inch substrate or a
smal |l er substrate has been requested instead of a conventional 3.5-inch or
2.5-inch substrate. As the substrate becones snualler, dinension error
beconmes snaller and nore precise shaping is demanded. [0004] Further, as
density growm h of magnetic recording technology is progressed, a nagnetic
head has @haf§edlastomte hawipd FuPRrieadt 3t e smgRetoHesi mtemeeraeath (VR
head) to a giant nmagnetic resistance head (GWR head) and fl oati ng anmount of
a magnet Pé ﬁEédsﬂbégFét§u§§¥faF§ Rasa2Be@hURAPEBWEHPEBrabAmM or | ess.

Because hi gher recording density is demanded in the future along with such
a dermand, [B0Rddnet i c ¥RERPTSE ald @ ldsfarsdes te tef heydindoRéph FHOOSTtAS a
technique to stabjlize control of the above-nentioned f|oating anpunt of a
magneti ¢ RBEFRT GIEATPHE PFEARF S FAMPRI T dfo Gt 2N &l T BePT FEREAINYedSdynani ¢
flying height, , as been recent|ly devel.oped, A heater elenent _is
erbedded. TP RgHEE | BRI O RS NUAY B S UF et Dydur st €s oA CRAGR t he
magneti c head is operated _and the magpetic ad is thermall expanded by
The heat BRATPs 11 ot | §UpPBPRIEd & oo Fmgtler o SPRsEce Thas PEeRe

posSID o eg38kya:TRA"ER. eSRAEHRIMLC HaniTRONRHLS SPaRe Bebyeen,the

1.8-inch substrate, a l-inch substrate or a smaller substrate
has been requested instead of a conventional 3.5-inch or
2.5-inch substrate. As the substrate becomes smaller,
dimensicn error becomes smaller and more precise shaping is
demanded.

[0004] Further, as density growth of magnetic recording
technology is procgressed, a magnetic head has changed from a
thin film head to a magnetoresistance head (MR head) to a giant
magnetic resistance head (GMR head) and floating amount of a
magnetic head from a substrate has been narrowed to 10nmor less.
Because higher recording density is demanded in the future,
along with such a demand, a magnetic head is also demanded to
float lower.

[0005] As a technique to stabilize control of the
above-mentioned floating amount of a magnetic head to realize
lower floating amount, a technique called dynamic flying height
(DFH) has been recently developed. Aheater element is embedded
in a magnetic head. The heater element generates heat when the

magnetic head is operated and the magnetic head is thermally

expanded by the heat and is slightly projected to a magnetic
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to be small only at that time. In other words, DFH is a technique which
enables to |l ower floating anount of the magnetic head from the nmagnetic
disc. [0006] Lower floating anmount is realized by the DFH head. However, an
MR el ement is nmounted in a magnetic head and as uni que troubles thereof,
head crash or thermal asperity may occur. Because they are caused by fine
convex or concave irregularity on the magnetic disc surface, the nmagnetic
disc surface is required to have high snoot hness and fl atness. [0007]
Above- nentioned gl ass substrate can be manufactured by cutting a plate

glass in aR<ANNULRLs S Soo‘f?s Eﬁ@si}@iét@o YRS £ DEs AGtdingd Jpy 5 @

her et of ore known netho such as a down-draw net hod, press nethod, a fl oat

met hod, amafgdraw B4 hOhe AR rat hushad et hod 3haws 1 e trrf&a(r)l%%ti@f‘ai@ecu”?nt
1 (Japanese "Publ i shed Unexam ned Pat ent Application No. 9-124345) using,

for exanpke,ndBhhen H13585t ahat tREE! | aln otk ERLRMusDOsHIRRl, 1L -dAapgnese
Publ i shed Unexam ned Patent Application No. H09- 124345 [ 0008] Meanwhil e,

there is angasendierss aofiohei g1 FBLE Y arldumUbEtdNe hAgMEE aBlneLORLaMAI nates a
gl ass substrate in a manufacturing process. There are tw types of the

foreign mBkt@egneneci aikbBat contaninates fromthe manufacturing equipnent,
the other is material of blank (plate glass) which did not nelt and

remai ned toobéla cryst@aber Alcexdmp emofint hies rfeeniered ol tigeDEE BEAAUM (Pt)

and boron (B) which are materials 3 of a nelting furnace. The latter

i ncl udes Eoweeprymn M} element ismounted in a magnetic head and as unique
troubles thereof, head crash or thermal asperity may occur.
Because they are caused by fine convex or concave irregularity
on the magnetic disc surface, the magnetic disc surface is
required tc have high smoothness and flatness.
[C007] Above-mentioned glass substrate can be
manufactured by cutting a plate glass in an annular shape. The
plate glass can be manufactured by a heretofore known method
such as a down-draw method, a press method, a float method, a
redraw method, and a fusion method shown in the Patent Document
1 (Japanese Published Unexamined Patent Application No.
H09-124345) using, for example, molten glass as a material.
[Patent Document 1] Japanese Published Unexamined Patent
Lpplication No. H09-124345

[0008] Meanwhile, there is a case where a foreign matter

(impurity) inevitably contaminates a glass substrate in a
manufacturing process. There are twce types of the foreign
matter: one 1is that contaminates from the manufacturing
equipment, the other is material of blank (plate glass) which

did not melt and remained to be a crystal. An example of the

former includes platinum {(Pt) and boron (B) which are materials



lithium (Li) and the |like. [0009] Then, the foreign matter exists as a
crystal in the glass. Although main surface or edge surface is ground and
polished nmany tines in the process of manufacturing a glass substrate, part
of a foreign matter is exposed froma surface |ayer of the glass substrate
while the rest is included in the glass substrate. [0010] In a case where
the foreign matter is exposed on the surface |ayer of the glass substrate,
because hardness thereof is different fromthat of the glass surrounding
the foreign matter, the surface | ayer does not come to have enou

smoot hnes8fby MekoMpof LEM 7Y- andhehdpEties dnsdsuian | #iycembem | g%ﬁfloatlng
anount of _a magnetic head is prevented. Moreover, since the foreign matter
is crystaﬂFFEéHm éﬁﬁ?pﬁﬁﬁstgﬁf%lkﬁagnetlc | ayer is slightly crystallized and

domai n wal i se gnetic wall noise) is ingreased. Further, an adherent

| ayer foﬂogpgiew a whtehéoaf%hwagtait&ﬁn §¥6PLERT ReCEYBsT L difethE  al so
slightly crystall f d therefore there occurs variation dherence in
t he adhergigsﬁayeé g%% 'Hﬁa+%w%?ﬁ AThet enddc SEY ?ﬁ%rlscg§§P5§ 8Rflent ati on
of the recordin Ea% arranged and ther ossibility that
hor ovensho L P HaANTERg: o s S bhebiat BAOCEDBaT BORGEAETURAREyS Shass

above- nent.i pned rob e not .occur gecause floah% amount f t he
nmagneti c ﬁ8§8 ra?%ﬁ 9§?lggugaF “Hehtnd Hot° %%WHPécaPa Ag=density

n recentla¥g%r§ftﬁﬂ§%lags SSEEQ aEe whl 2) tﬂg gégkngs inc ude heytgecane 4

glass substrate.

[001C] In a case where the foreign matter is exposed on

the surface layer of the glass substrate, because hardness

thereof is different from that of the glass surrounding the

foreign matter, the surface layer does not come to have enough

smoothness by mirreor polishing and there is a possibility that

low floating amount of a magnetic head is prevented. Moreover,

since the foreign matter is crystallized, amorphous soft

magnetic layer is slightly crystallized and domain wall noise

(magneticwall noise) 1s increased. Further, an adherent layer

for closely adhering the foundation layer to the substrate is

alsoslightlycrystallized and therefore there occurs variation

in adherence in the adherent layer, causing lowered adherence.

Further, crystal orientation of the reccrding layer may be
disarranged and there is a possibility that improvement of S/N

ratio is prevented.

[0011] Conventionally, the above-mentioned problems did
not occur because floating amount of the magnetic head was large.
However, due to demand for high recording density in recent

years, that is, demand for lower floating amount, they became
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problens. [0012] In other words, unlike a foreign matter attached on the
surface of the substrate, it is difficult to renove foreign matter with a
part thereof exposed fromthe surface |ayer of the substrate by cl eansing.
Mor eover, since greater part of the foreign matter exists in the substrate,
if it is renoved in the polishing process, there occurs a concave defect

on the gl ass substrate. Therefore, such a cause which increases roughness
beconmes an inportant problemwhen a substrate with a surface roughness
(arithnetic nmean roughness) Ra of 0.3 nm is manufactured along with a
demand for tgﬁ above-nentioned low floating anmount. [0013] Moreover, in a
case wher E*8°f6f'€irgn matter is included in the glass substrate, difference
in thermnal ansi on_coefficient bet t he Iass substrate _and. the

f or ei gn néppgé?beconeg a.%ﬁ?ﬁﬂ%ﬁﬁd%h.w€5g“?ﬁb Iéféﬁ? ?ﬁ&ﬁeisatFﬁéh?gundation
| ayer, soft netl Ia er nd I8¢ rdin IS uttering and
this procggsrﬁg SHEI q;ﬂ} ea:?ﬂﬁgprb e%%iﬂb %ﬂ% ¢ Béc5§@8 YEhe °
amount of %§§§n5|%2tgfr i% forelgg patter and the .gl.ass bstrage differ
due to the Pief'énc fhefnBP xpaﬁgFSﬁ SégPFFglgﬁPm' 8r5 r§35%case
where the S rpke gl substrate ken
during th%ggggt?zﬁgﬁéE%%%%@%%%hg§ 8%?£ # 8 @ﬁféo ?%&§”§h 5s ra?£8Fost, but

|t become ak%pﬁ éef£9e£€ﬁrﬁéﬁﬁ‘ %*}?é§(¥§3 bk ather 59l ass, g

substrate renovin ere ore, ﬁanufacturlng
process | §eﬁ%@\é'dl Yo thaf AYEPERFg process, there occurs a concave defect

on the glass substrate. Therefore, such a cause which increases
roughness becomes an important problem when a substrate with
a surface roughness (arithmetic mean roughness) Ra of 0.3 nm
is manufactured along with a demand for the above-mentioned low
flcating amount.

[0013] Moreover, in a case where a foreign matter is
included in the glass substrate, difference 1in thermal
expansion coefficient between the glass substrate and the
foreign matter becomes a problem. Each of the layers such as
the foundation layer, soft magnetic layer, and recording layer
is formed by sputtering and this processing includes sudden
heating processing. Then, because the amount of expansion of
the foreign matter and the glass substrate differ due to the
difference in thermal expansion coefficient, there is a case
where the glass substrate is broken. If the glass substrate
is'broken during the sputtering processing, not only is the
glass substrate lost, but it becocmes impossible to carry out
the processing for other glass substrates without removing
debris that flew. Therefore, manufacturing process is heavily

influenced.



5 SUMVARY OF THE | NVENTI ON [ 0014] Therefore, the present invention ains at
providing a glass subs t rate for a nmagnetic disc which significantly

| owers influence by afore ign matter in the manufactured magnetic disc and
in the manufacturing process thereof, on an assunption that it is

i npossi ble to prevent contam nation. [0015] To solve the above-nentioned
probl ens, a typical configuration of a glass substrate for a magnetic disc
according to the present invention is a glass substrate for a magnetic

disc for manufacturing a nmagnetic disc by form ng a magnetic |ayer wherein
a foreign matter, which is included in the glass substrate, exists in a

surface | ayer of the glass substrate for a nagnetic di sc, the gl ass
substrat e bei ng anorphous gqtgg\g}%,{af THfe OY he forei gn matter is

meaneti ¢ aPOG4s  nanlTSETHRE B BTRTRG A HAor oS Ay ot BRAVEACBApor at ed
the.si se GPHE SPBFbF Ghorth e G568 1ROt B B0SRD 110 CGT TG MBUREF ¢ i Sc
1l udes, 3-ha8h SURPLTALSo |G 18 TRANEL 6 9 3, AL TRRM L4t 10, et |
The ol ass Jeubbt FaES Rt TRe bt RGP SRArE DO FEC bx SUoed THORA RO or ags
substrate;and t g StzepoL the. LOLALON ABLES, BxLting in the surface | ayer
i's |Iﬁ!t€é to a Breée?ernlnea SiZe of sna#ﬁer ?or floating amount of a
magneti ¢ [0015] To solve the above-mentioned problems, a typical

configuration of a glass substrate for amagnetic disc according

to the present invention is a glass substrate for a magnetic

disc for manufacturing a magnetic disc by forming a magnetic

layer wherein a foreign matter, which is included in the glass

substrate, exists in a surface layer of the glass substrate for

a magnetic disc, the glass substrate being amorphous glass, and

the size of the foreign matter is within a size that does not

prevent float c¢f a magnetic head when a magnetic disc 1is

manufactured by forming a magnetic layer and incorporated into

a magnetic recording medium.

[001le] A specific configuration wherein the size of the

foreign matter does not prevent float of the magnetic disc

includes a glass substrate for a magnetic disc for manufacturing

a magnetic disc by forming a magnetic layer wherein a foreign

matter exists in a surface layer of the glass substrate while

part thereof being embedded in the glass substrate and the other

part being éxposed from the glass substrate and the size of the

foreign matter existing in the surface layer is limited to a

predetermined size or smaller for floating amount of a magnetic



6 head. [0017] Here, the size of a foreign matter can be understood as

di aneter of a circunscribing circle of the foreign matter. However, because
the foreign matter is partially enbedded, protruding height fromthe main
surface of the glass substrate, dinmension of the bottom part of the
protrusion, or a conmbination thereof can be a standard. That is, although
the size of the foreign matter basically nust be equal to or smaller than
floati ng anount of a head, even if height of the protrusion is higher than
the floating amount of the magnetic head, if the protrusion is extremnely
thin and 2@p@éred, crash does not occur even when the magnetic head hits the
protrusion. Therefore it is possible to regulate the size of the foreign
matter by!OWkél of a nBRE Gt Z65F O Rel PE? §HE Mef trot R BEngn PRFSE oA of t he
foreign matter and di nension of the bottom part thereof. [0018] According
to the ab%%éjjt?d‘%ﬁqedﬂloét ?oﬁ}r?‘ﬁm?‘ér”@b%%icb]f%c]t%osﬁ ghef feaRt o) T/ WeRT i nf | uence
of the foreign matter existi in the surface | ayer of he gl ass substrate,

to enhance"¥bvwer ??BQP?ﬁgtgég ﬁFeéﬁntﬁ@tﬁﬁﬁnéﬁ(f%ﬁ%&ﬁl%%mPTQﬁ@?ﬁﬁove hi gh
eoor o 0 TRl SE IR TRARE I o 0D Moneover, tert 2l o the
ol at | num ¢ BRSO SRERRF POF SErEl PG P 1d0e. Lo AT HAt 6P because
RS cryshallized dorelon mmiter, R0t MNSl gl Y LTBY D che
foreign matter basically must be equal to or smaller than
flcating amount of a head, even if height of the protrusion is
higher than the flcating amount of the magnetic head, if the
protrusion is extremely thin and tapered, crash does not cccur
even when the magnetic head hits the protrusicn. Therefore,
it is pessible to regulate the size of the foreign matter by
use of atcémbination of the height of protruding portion of the
foreign matter and dimension of the bottom part thereof.
[0018] According to the above configuration, it is
possible to significantly lower influence of the foreign matter
existing in the surface layer of he glass substrate, to enhance
lower floating amount of the magnhetic head, and to improve high
recording density of the magnetic disc.
[0019] Morecover, material of the foreign matter may be
platinum. Many types are included in the foreign matter which
inevitably contaminates the glass substrate. Especially, if
platinum (Pt) which is material of a melting furnace
contaminates, because Pt is crystallized foreignmatter, a soft

magnetic layer may be crystallized and domain wall noise

(magnetic wall noise) may be easily formed. However, according



(magnetic wall noise) maybe easily forned. However, according 7 to the
present invention, even if the foreign matter is Pt, it 1is possible to
prevent form ng of domain wall noise. [0020] It is preferable that the size
of the foreign matter existing in the surface layer is 2 pmor |ess. Then,
i't i's possible to nore surely elimnate influence by the foreign matter.
[0021] The foreign matter existing in the surface |ayer nay have a crystal
structure. Even in case of a crystallized foreign matter, it is possible to
elimnate the influence thereof according to the present invention and

t her ef or e 4 thg pPpesenblis i thravie aVefot Freth o f cofe idonaipt teal Ls i sdt
(magnetic  wall noise) by crystallization of the soft nmagnetic |ayer.

[0022] |t liSs porsidrlaplte PtREveditnérsngmdof faslogsdnt wed lomoigeporti on on the
surface | ayer where the foreign matter is enbedded is 3.14 pm2 or |ess.
Thus, it il$0sddsi bl e €6 isuPEEicrppLediatdele sdge ¢h tdher farel goUghtess.

[0023] It is preferable that the size of the foreign matter existing in the
surface | &ercHidaon iThes o facss et tife 4 el Ok r wi dben, TREs 18t is
possi ble to efficientl revent. decrease in_ surface roughness. [0024]
Nbreover,qu%hﬁkﬁﬂtQuﬁh'%nﬁ%ﬁ?%ﬁl%ﬁl%?%?%%slnghﬁgP?ﬁtEYfGpeafﬁﬁﬁﬁépic di sc
according to the present invention includes a processing step which

i ncl udes ﬁﬁﬁﬁﬁﬁg and a processing step for form ng a magnetic |layer to
manuf acture a glass substrate for a magnetic disc wherein it is preferable

[0021] The foreign matter existing in the surface layer
may have a crystal structure. Even in case of a crystallized
foreign matter, it is possible tc eliminate the influence
thereof according to the present invention and therefore it is
possible to prevent formation of domain wall noise (magnetic
wall noise) by crystallization of the soft magnetic layer.
[0022] It is preferable that dimension of an aperture of
a portion on the surface layer where the foreign matter is
embedded is 3.14 pn@ or less. Thus, it is possible to surely
prevent decrease in surface roughness.

[0023] It is preferable that the size ¢f the foreignmatter
existing in the surface layer is 10 times or less than the lead
track width. Thus, it is possible to efficiently prevent
decrease in surface roughness.

[0024] Moreover, a typical configuration of a glass
substrate for a magnetic disc according to the present invention
includes a processing step which includes heating and a
processing step for forming a magnetic layer to manufacture a
glass substrate for a magnetic disc wherein it is preferable

that the size of a foreignmatter included in the glass substrate
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that the size of a foreign matter included in the glass substrate 8 is 5 pm
or less. [0025] According to the above configuration, it is possible to
significantly | ower influence of the foreign matter existing in the surface
| ayer of the glass substrate, to enhance |ower floating anount of the
magneti c head, and to inprove high recording density of the magnetic disc.

[ 0026] A gl ass substrate for manufacturing a nagnetic disc through a
processing step including heating and a step of formng a magnetic |ayer
wherein the size of a foreign matter included in the glass substrate is
pref er abl ys55pnmopr| &ésss. [0027] The gl ass substrate for a magnetic disc may
be used to manufacture a magnetic disc which uses a DFH head for .

recor di ngl0TRAe] gl ass Audsstdiat®e ftor ahemgreeve diod Igvaifiagt,ur éd bysa

manuf acturing nmethod according to the present invention enhances | ower

fl oati ng pABaRPleftashaghéirentlsd asaninglgence oSubke ifaire ifasy mat kagnet i ¢

di sc manufactured by a conventional nethod. Therefore, it is appropriate

t hat the eylasinguipsthatsairfigceal arghat ehadidd@sacewhdt rgt € o tthenhrreent
invention_is used for a magnetic disc which enpl oys magnetic recording

net hod usifyesd DratHexwd anavnhge f Ghef Peale hyc difstht 2angfta impgeat kidkad.

[ 0028] The above-nenti oned nagnetic |ayer nay be a perpendicul ar nmagnetic
recor di ngrfaYERINAsORBALF¥nel BBBVBAINGt HEgHEEFc di sc manufactured by the

nanufacturing met hod _ according to the present invention hardly forns domain
wal | [0026] A glass substrate for manufacturing a magnetic disc

through a processing step including heating and a step of
forming a magnetic layer wherein the size of a foreign matter
included in the glass substrate is preferably 5 um or less.
100271 The glass substrate for a magnetic disc may be used
to manufacture a magnetic disc which uses a DFH head for
recording. The glass substrate for a magnetic disc
manufactured by a manufacturing method according to the present
invention enhances lower floating amount of a magnetic disc than
a glass substrate for a magnetic disc manufactured by a
conventional method. Therefore, it is appropriate that the
glass substrate for a magnetic disc according to the present
invention is used for a magnetic disc which employs magnetic
recording method using a DFH head having low floating amount
of a magnetic head.

[0028] The above-mentioned magnetic layer may be a
perpendicular magnetic recording layer. As mentioned above,
a magnetic disc manufactured by the manufacturing method
according to the present invention hardly forms domain wall
noise and therefore is suitable for a perpendicular magnetic

recording medium which requires high recording density. That



noi se and therefore is suitable for a perpendicul ar magnetic recording
medi um whi ch requires high recording density. That 9 is, a perpendicular
magneti c recording medi umincluding the glass substrate for a magnetic disc
i ncludi ng an adherent | ayer, a soft magnetic |ayer, a foundation |ayer, and
a perpendi cul ar magnetic recording |ayer can achieve high recording
density. [0029] According to the present invention, it is possible to
provi de a gl ass substrate for a magnetic disc wherein influence by a
foreign matter existing in the glass substrate is significantly reduced in
the manufactured magnetic disc and in the manufacturing process thereof.
The Best Msde2f 8FTEERAYCHY 20umaghetCralrfearPAvenitedh U000 uARnentbaEi nent of
a glass substrate for a magnetic disc according to the present invention
will be egpRacndilsHette fodiaBagnenlc fhser iafludhay enhedhepriet fayctuneri cal
nunbers shown_in the follow ng enbodi nents _are just exanples for easy of
under st andi Bt AP BIEldst lpgera @ duinfidrion Rarveri sand foPrerendifa lpresent
invention is not limted thereto. [0031] As a result of keen discussion to
achi eve | BREPEACOREFRGIARBURRYDF R PrerfrittS e hedd: 6 Caakiidge R §AYecor di ng
density, tgﬁﬁbnlentors f ound out tBat there agre cases where a foreign
matter contiffRates i ACECHFERE SUBSEIRETSHHd 1INEStiieN ohk 16T PREGLEL St hat

prevents | ow fl oating angunt. reover, [t was found out.that if the
foreign mit &r9E c?ygﬁéﬁﬁifggﬁqﬁﬁﬁﬁgﬁpﬁaﬁtgﬁgqqt%ﬂs 19F vEESY A ous

Lg;{;ﬁ?ﬁ:@QFﬂ%%%%%’byta of%féﬁJ%%t%%E %Q?EtEQS {gr§ﬂéﬁ%fg%%tgﬁbg@ggkgably

is significantly reduced in the manufactured magnetic disc and

in the manufacturing process thereof.

The Best Mode for Carrying Cut the Claimed Invention

[0030] An embodiment of a glass substrate for a magnetic
discaccording1xathepresentinventionvﬁjj_beexplained. Here,
dimension,material(andotherspecificnumericalnumbersshown
in the following embodiments are just examples for easy of
understanding and except for a case where there is a notice,
the present invention is not limited thereto.

[0031] - BAs a result of keen discussion to achieve lower
floating amount of a magnetic head to achieve high recording
density, the inventors found out that there are cases where a
foreign matter contaminates in a glass substrate and this is
cne of causes that prevents low fleating amount. Moreover, it
was found out that if the foreign matter is a crystallized
foreign matter, it also gives various influence. Further, it
was found out ﬁhat the foreign matter inevitably contaminates
in the manufacturing process of aglass and it is quitedifficult

to completely prevent contamination. Then, the inventors
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in the manufacturing process of a glass and it is quite difficult to
conpletely prevent contam nation. Then, the inventors 10 found out that
influence by a foreign matter in a manufactured nagnetic disc and in the
manuf acturi ng process thereof can be significantly reduced by regulating a
perm ssible range for a foreign matter inevitably existing in a gl ass
substrate. Thus, the present invention has been nade. [0032] A gl ass
substrate for a nagnetic disc according to the present enbodinent will be
explained. In the present enbodinent, a glass substrate is nmanufactured
t hr ough t Reungr@eeshasf infdugngg hivla dorgllassmphtoral plaamanygifassusgda
down-draw nethod; first wapping step (grinding); cutting step; second
wr appi ng 8eepetiti Alsardntd péheshrRyaCEpringreEoCceyds itdmirRpistcep RAd second
pol i shing step); and_chem cal @strengthening step, as described |ater.
[ 0033] | nStHBLELERTSL YT BRATRGY L ITaR [Jitddy 2abprat s yPassrangrifgdi Ag
anor phous _gl ass was forned b¥ use of a furnace _including platinum Anong
various typEEign BairPholsvyrassy X UmibinIa gares Ut 4 uséAluSF0034] On
t he gl ass ggbstrate, a magnetic _disc is nanufactured by form ng an adherent
|l ayer, a & tpﬁﬁﬁﬁgFiénwﬁgﬁﬁ?n H3PoGREAt MBRSFayer, a first magnetic
recordi ng | rr, a second magnpetic recording |layer, a coupling controlling
| ayer, an[03§§ﬁange c%dﬂf?ﬁbsﬂgﬁgfﬁtﬁ ﬁ%ﬂﬁhﬁgﬁp8¥égt?bﬁcl fgéﬁhta
| ubri cati | ayer. Fromthe. ad erggﬁ | ayer_ ta t.he exchang coupling | ayer,
filns are%ESréé&%ﬁﬁﬁmﬁﬂ?%ﬁ%@ﬁik %ag%ef?%’alneé% "A9Ene CBHRSEN
embodiment, a glass substrate is manufactured through the
process of: forming molten glass into a plate glass by a
down-drawmethod; first wrapping step (grinding); cutting step:;
second wrapping step; main surface polishing step (first
polishing step and second polishing step); and chemical
strengthening step, as described later.
[0033] In the step of forming a plate glass, a plate glass
including amorphous glass was formed by use of a furnace
including platinum. Among various types of amorphcous glass,
aluminosilicate glass was used.
[0034] On the glass substrate, a magnetic disc is
manufactured by forming an adherent layer, a soft magnetic layer,
a foundation layer, a first magnetic recording layer, a second
magnetic recording layer, a coupling controlling layer, an
exchange coupling layer, a medium protection layer, and a
lubrication layer. From the adherent layer to the exchange
coupling layer, films are formed sequentially by DC magnetron
sputtering method in an atmosphere of Ar using a depositicn

system after vacuuming. The medium protection layer 1is

deposited by CVD method and the lubrication layer is deposited
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sputtering nmethod in an atnosphere of Ar using a deposition systemafter
vacuum ng. The nmedium protection layer is deposited by CVD nethod and the
| ubrication layer is deposited 11 by dip coat nmethod. [0035] Inspecting an
obt ai ned gl ass substrate, a foreign matter contam nated in the gl ass
substrate. The foreign matter was a crystal matter including crystal of a
nmetal. There are two types of the foreign matter: one is that contam nates
from the manufacturing equipnment, the other is material of blank (plate

gl ass) which did not nelt and remained to be a crystal. An exanple of the
former in&ludé® prati AemMCRt) and boron (B) which are materials of a
nmelting furnace. The latter includes zirconium (Zr), lithium(Li) and the

like. I'n tIR@3pdesent InFRRAEIBH, 21 ROLFENSC (A3 SPL SN breawse IPESWEE not
included in the materjal of the glass, it is assuned that it is fromthe
furnace aR@tEERtEHR AR WEANHE glass stvdiradie wadenbPiekdn np§dss] Sone
foreign matters exist_in the surface | ayer of . the glass substrate in a
condi ti on"#fefeCRY Pt MHerTofl i UHMAFde A Phe? gt sudsiStst 856hil e t he
ot her par% i S exgoigg fromthe q{ass substrate. Sone foreign matters are
i ncluded G tHR=gI Us$HEUbST FAER MaHe® ¥ po8i%gh S et d oo B 8Hig G5 TFRB
surface I% er _was .one that mas.expoied ﬁronkbhe surface aﬁgr gﬁ tge gl ass
substrate é? Pﬁ&“&ﬁ&%ﬁ?ﬁ&gngﬁlBPeB ri SAFngt8FEpls Pa657 kePt, PLANE case
where the faqreign natier is exposed on the surface | r of the glass
substrate}pggggugéaﬁa dﬁ%ﬁ%hcﬁﬁgpg £ Qtd¥F%§F@ﬁﬁnﬁpoﬁ¥ﬁ%3@'SFyﬁﬁg gl ass
Surroundlﬁg Eggmple of the former includes platinum (Pt) and boron (B)

which are materials of a melting furnace. The latter includes

zirconium (Zr}, lithium (Li) and the like. In the present

invention, the metal was Pt and because Pt was not included in

the material c¢f the glass, it is assumed that it is from the

furnace and contaminated when the glass substrate was melten.

[003¢6] Some foreign matters exist in the surface layer of

the glass substrate in a condition where a part thereof is

embedded in the glass substrate while the other part is exposed

from the glass substrate. Some foreign matters are included

in the glass substrate. The foreign matter existing in the

surface layer was one that was exposed from the surface payer

of the glass substrate by the wrapping step or polishing step.

[0037] Here, in a case where the foreign matter is exposed

on the surface layer of the glass substrate, because hardness

thereof is different from that of the glass surrounding the

foreign matter, the surface layer does not have enough

smoothness by mirror peolishing and there is a possibility that

low floating amount of a magnetic head is prevented. Moreover,

since the foreign matter is crystallized, amorphous soft
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foreign matter, the surface | ayer does not have enough snoothness by mrror
polishing and there is a possibility that |ow floating anount of a magnetic
head is prevented. Moreover, since the foreign matter is crystallized,

anor phous soft 12 magnetic layer is slightly crystallized. Further, the
adherent | ayer for closely adhering the foundation |ayer to the substrate
is also slightly crystallized and therefore there is a possibility that
adherence in the adherent |ayer varies and adherence is |owered. Further,
crystal orientation of the recording |ayer may be disarranged and there is
a possibilit t hat _i nprovenent. .of S/ N ratio prevented. [0038] Further,

in a case”ﬁﬁé?élﬁ f%?ggﬁn Tt ter- 91y |nEF§3§81jﬁZFﬂe glésgtéﬁﬁstrﬁpé due to
the differ [ t her ansi on,. coeffi be Iass substrate
and ' the P%E&F&thm%]f@otrh%f%?iyg%s@m EhE ot i rdsl €2 2ng ogen.
As nentlone h of .th ayers s as. the _foundati a , soft
magnetic P 5% éﬁdl?é@~CﬂF%égﬁ5§¥rc¥%Ft%iﬁﬁﬁﬁfiEﬁd%BB?F% ?ﬁ%qgﬁﬂx¥ﬁﬁs
processing in ud en. tin roce s|n The because .t he _anmount of
expanS|on%o?ogFﬁ io? %#ﬁ%fﬁﬁééﬂ:he gFass fr ?%?%h%%%égﬁjuggoo t he

di 1 fer ence . Lherml. Sxpansi pn GOSLH S e dd fhgrgéﬁstl SybsEraLe is

br oken during tﬂe S utterlng pr ocessi ng, ass substrate

| ost, bUtr]tz:olE%ci?l@e§akDV|n U 265 ?eﬁogﬁdtﬁﬂﬁ Péolcsesa%ags& G1other ol ass

subst rat es Wi t hou bris tha erefore nanu uring

process '%h@%a!hbXOVb%%h%eB%eg/N ratio is prevented.

[0038] Further, in a case where a foreign matter is
included in the glass substrate, due to the difference in
thermal expansion coefficient between the glass substrate and
the foreign matter, there is a possibility that the glass is
broken. As mentioned above, each of the layers such as the
foundation layer, soft magnetic layer, and recording layer 1is
formed by sputtering and this processing includes sudden
heating processing. Then, because the amount of expansion of
the foreign matter and the glass substrate differ due to the
difference in thermal expansion coefficient, if the glass
substrate is broken during the sputtering processing, not only
is the glaés substrate lost, but it becomes impossible to carry
out the processing for other glass substrates without removing
debris that flew. Therefore, manufacturing process is heavily
influenced.

00397 Therefore, it was determined that in the present
embodiment, contamination of a foreign matter 1in the
manufacturing process of the glass substrate will be inspected
and a foreign matter judgment step for judging whether the

existence of a foreign matter is permissible or not will be
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[ 00391 Therefore, it was determned that in the present enbodi nent,

contam nation of a foreign matter in the manufacturing process of the glass
substrate will be inspected and a foreign matter judgnent step for judging
whet her the existence of a foreign nmatter is permssible or not will be 13
carried out. It is preferable that the foreign matter judgnent step will be
carried out after permssibility of the glass substrate is obtained and can
be carried out at any step after the first polishing step of the main
surface polishing. [0040] It was regulated that the foreign matter existing
in the sufFPaEecPaMEr- ofl tt he byiedsd alissthat e hehbaralapmatehar audgmest| ar ge
enough to prevent float of the nmagnetic head when . a magnetic disc is

manuf act uPEEPt ¥imanifad@ditd 4 mifnetfiter RIS S hebun?f TR #eams t hat

the size of a foreign tter existing in the surface | ayer has a dianeter
of 2 pm oPYpPgssate é@@rl,netﬂ ﬁ‘é‘ﬁ’s?%ﬂ%ﬁ R L5t PUFedbfalY 58P0 8Rt6R t he

surface | ayer whpr e} e OreLAD TR ool S, eMbetded Lo 0 AL o oS,
(he surf acgpbBYer |5 0 L ot ohes LR D Leat, bragk w gy (9041, The
LVer {0 sLECRLOLAGLOL L) o (RO e, oLt MG LY S . e0pt ol 1o
cont 9Ur 2598 94D RORRILF et NI IS, BT VIRTBack DcfT
a magnetic disc is manufactured to manufacture a magnetic
recording medium. This means that the size of a foreign matter
existing in the surface layer has a diameter of 2 um or less.
Moreover, dimension of an aperture of a portion on the surface
layer where the foreign matter is embedded is 3.14 pm® or less.
Further, it is preferable that the size of the foreign matter
existing in the surface layer is 10 times or less than the lead
track width.
[0041] The magnetic layer is for magnetically recording
information and the recording layer for recording infermation
and the soft magnetic layer for controlling direction of
magnetization correspond thereto (depending on the
configuration of the magnetic disc, there may be a case where
the soft magnetic layer does not exist). If a crystal foreign
matter is exposed on the surface layer and therefore the size
of the foreign matter should be the size that does not
crystallize the amorphous soft magnetic layer and also the size
that does not crystallize the amorphous adherent layer.

[00421Size of the foreign matter is measured by an optical

microscope and diameter of a circumscribing circle of the
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matter i s exposed on the surface |ayer and therefore the size of the
foreign matter should be the size that does not «crystallize the anorphous
soft magnetic |ayer and also the size that does not crystallize the

anor phous adherent |ayer. [0042]Size of the foreign matter is neasured by
an optical mcroscope and dianeter of a circunscribing circle of the 14
(crystal) foreign matter when the (crystal) foreign matter is observed from
a direction orthogonal to the substrate surface can be understood as the
size. Specifically, the dianeter can be 2 pmor |ess. Thus, the

above- nent Féh%ﬁa%gn%ﬁlﬁlcﬁﬁ M@drt FeWheol Fie | e WA toutt ofcgilgn metERFsi¢ime, the
substrate surface roughness Ra was 0.3 nmor |less. Here, Ra was cal cul ated
on the baBFereed defe chfarREEIBY AFVReTPERh TRoaddr EHEAErateasw¥faa®0 pm x
100 pm by a nmesh of 256 x 256 using, for exanple, an AFM [0043] In a case
that the FoR&AYHTRELEELORSAT HAluGed e nsPRRC1 bEChbY gltdiss ddaBetrat €Nt here i s
a possibi]ity that crack occurs due to difference in thermal expansion
coeffici eRE %ﬂ“?ﬁ%TéF§§s BNGS ¢ H'G SRSV MRt §h CoRE 1S g o EeFRRGPPr ocess
whi ch includes.  heating. Wen, the thermal expansjon coefficient differs,
size of %Hgﬁf%}% g%lﬂg?T%rE%h%t e Eh Sofe™ hthﬁoﬁgbﬁBFaH%nﬁbﬁg?%% gl ass
substrate bg ghan eRof tequgature i-n the eating process Thgr fore, the
size of th8IFBPEPYN BT ®r0i% WhtOh e t hEShhe “EhHRSdoR5CHDETRAuRR crack

even when u degihea kp i%) %ﬁf%ﬁ 0 E.. Qr eover stgndgr ;or a %oreign

mat t er mEﬁucdi%%l th ?%eagcgﬁ ass sﬁ]bscfpé’té \)Gégb&gt er ArRgd oli°the®badi 8" of

understangbggum % 100 ym by a mesh of 256 x 256 using, for example, an
AFM.
[0043] In a case that the foreignmatter is included inside
of the glass substrate, there is a possibility that crack occurs
due to difference in thermal expansion coefficient of the glass
and the foreign matter in the sputtering process which includes
heating. When the thermal expansion coefficient differs, size
of the foreign matter must be the one that dces not damage the
glass substrate by change of temperature in the heating process.
Therefore, the size of the foreign matter is set to be the one
that does not cause crack even when sudden heating is carried
out. Moreover, standard for a foreign matter included in the
glass substrate was determined on the basis of understanding
of relation between the foreign matter included in the glass
substrate and breakage ratio of glass substrates when the glass
substrates are heat processed so that breakage ratio of the
glass substrates is set within a permissible range.
[(0044] Specifically, size of a foreign matter included in
the glass substrate was set to be 5 ym or less. Thus, even when

thermal gradient was 25°C/sec, crack did not occur.
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of relation between the foreign matter included in the glass substrate and
breakage rati o of glass substrates when the glass substrates are heat
processed so that breakage ratio of the glass substrates is set within a
perm ssi bl e range. [0044] Specifically, size of a foreign matter included in
the gl ass substrate was set to be 5 pmor |less. Thus, even when thermnal
gradi ent was 25C/ sec, crack did not occur. 15 [0045] According to the above
configuration, it is possible to significantly |lower influence of the
foreign matter existing in the surface |layer of he glass substrate and a
foreign nBPEEF incl REEPTRIANe t§ ad§esuBReYat ool BNk 4 owér 16l oati ng
anount of the pagnetic¢ head, and to inprove high recording density of the
magnet i ¢ BPSELPEBO4EP I TR &FBPE LYty S dBEALCPRGSH: FBR fonF IS8 B8E8EFor a
magnetic di sc_which records infﬁrnation by a |l ow fl oati ng amunt magnetic

head, thaf*t§E1RIELbPAISHF S7sd LAY RRVITGS 31 aF8gidt T I Hetdnfid AOX6ARTor | ess

of floating, amount, aqﬁF{e uires SCggh snoot hness and fl at ness. _Moreover,

fromthe @gﬁﬁervi . etgﬁa ThstTFAPET 2R’ b Cs FREHISE usBlfor a

magneti c disc _which records.infornmationp, by, magnetic, recordin t hod using

a DFH heaEHRQSFHS F@ﬁupﬁoép%hgh%n%ﬁﬁPeg%cahﬁﬁgnef?¥j'ﬂ%aﬂwpf%6%7 193 is

preferabl e that..the %Ias su?s% ate for. a netic disc is used for a
SucRod E%C(ga

magneti c 5F§8rﬁ§99n8 a°todc mﬁgpg of 3to 4 nmor less. If the

tﬁgCh do“ﬂo%ﬁ%?ht isTﬁé§E%5¥%,Cg é”bﬁ@@@&%ai %%gﬁﬁﬁgl%g%e%eiﬂs%dc 3¢ wher e

a magnetic disc which records information by a low floating
amount magnetic head, that is, a recording medium having a
magnetic head with 10nm or less of floating amount, and requires
high smoothness and flatness. Moreover, from the same
viewpoint, the glass substrate can be suitably used for a
magnetic disc which records information by magnetic recording
method using a DFH head having low flcating amount of a magnetic
head.
[0047] It is preferable that the glass substrate for a
magnetic disc is used for a magnetic disc having a touch down
height (TDH) of 3 to 4 nm or less. If the touch down height
is too low, crash may be occurred often in a case where the
fluctuation of deviation formed on the glass substrate is large.
However, using the glass substrate for a magnetic disc of the
present embodiment enables to reduce fluctuation of deviation
portion than a conventiconal one. Therefore, if floating amount
of the magnetic head (recording head) is small, the magnetic
head can be prevented from crash.

[0048] Moreover, it is preferable that the glass substrate

for a magnetic disc according to the present embodiment is used
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fluctuation of deviation forned on the glass substrate is |arge. However,
using the glass substrate for a magnetic disc of the present enbodi nent
enabl es to reduce fluctuation of deviation portion than a conventional one.
Therefore, if floating amount of the magnetic head (recording head) is
small, the magnetic head can be prevented fromcrash. [0048] Moreover, it
is preferable that the glass substrate for a nagnetic disc according to the
present enbodinent is used 16 for a magnetic di sc having high recording
density of 200 Goit/inch2, or nore preferably, 250 Gbit/inch2. In the case
of such &°Ri gh PaFertlngddénsingying §i9k egarpedirg sensitgat?hg208nount of
the recording head,smaller. By use of the glass, substrate for a magnetic
di sc of tﬁ@lg/égé t SFoBArREic et By 205 Folkf 1pFdat i Ag BB ERSDP It he
recordi ng head and therefore crash can. be prevented, Here, it is.needless
Lo say { REECHNE T GFde SUBHIROE TPor i FEghatt S e debordi fooRbithe
pr esent invenhio% n be(g&g.eraq%¥ sed ffr a ﬂ%gss sub t%Ete sed for a
magneti ¢ 8"§&" a?in% 9 cLéEbr Eﬁg IS §Y t tHe Qbove® 8r3fdr a
gl ass substrate for_a magnetic.disc fo nuf acturin magneti ¢,disc
having | aPYBr SEBLEH Qo RETGHE (RS Chd TbBYeSSIF Etg Wertsf "Fo04s]
Herei nafter, enbodinents_of _a nmanufacturing net.hod, of, a gl ass_substrate for
a nagnetigodﬁggegn T§é%ﬁﬁ%e§$%u%?§%fuﬁQ$\ﬁﬂ(:r4Hﬂ9 3Fg§%ﬁpgiﬁégﬁF¥8ﬁeis
applied will he explained, . Jne gkass SEQSIEE%eeeéPé%S t@%%? Lt%ag' ?ﬁea.”d t he
magnetic diSC are marnufactured as a ragnetic di sc¢ having predeterm ned
shape glass substrate for a magnetic disc according to the present

invention can be preferably used for a glass substrate used for

a magnetic disc having smaller recording density than the above

or for a glass substrate for a magnetic disc for manufacturing

a magnetic disc having larger touch down height than the above.

[Embodiments]

[0045] Eereinafter, embodiments of a manufacturing method

of a glass substrate for a magnetic disc and a magnetic disc

to which the present invention is applied will be explained.

The glass substrate for a magnetic disc and the magnetic disc

are manufactured as a magnetic disc having a predetermined shape

such as a 3.5-inch disc (¢ 89 mm), a 2.5-inch disc (¢ €5 mm),

a 0.8-inch disc (¢ 21.6 mm), a 1.0-inch disc (¢ 27.4 mm) or a

1.8-inch disc (¢ 48 mm).

[0050]

(1) Shaping step and first wrapping step

In the manufacturing method of a glass substrate for a
magnetic disc according to the present embodiment, surface of

a plate glass is wrapping processed (ground) to produce a glass

base material. Then the glass base material is cut to produce
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such as a 3.5-inch disc (p 89 mm, a 2.5-inch disc (p 65 nm, a 0.8-inch

disc ((p 21.6 mm, a 1.0-inch disc (cp 27.4 mm or a 1.8-inch disc (p 48

nm. [0050] (1) Shaping step and first wapping step In the nmanufacturing

nmet hod of a glass substrate for a nagnetic disc according to the present

enbodi nent, surface of a plate glass is wapping processed (ground) to

produce a glass base material. Then the glass base nmaterial is cut to

produce 17 a glass disc. Various types of plate glass can be used as the

pl ate gl ass. The pl ate gl ass can be nanufactured by a heretofore known

met hod such own- dQQM/neth d, a $£e S hod a fl oat thod a redraw
o)

net hod, afid® a?ﬁs Bif met’RGdONRi FRPEP aﬁﬁ’l F@ﬂ BF & heSathteri al .
Anong t hes

h |
nanufactupzatSt %ﬁ/coggre %o%ﬂ a51°, géan kﬁ%sm ﬁﬁ?gg§g§ &92t3l||zed
T L R L b ST R

the |i ke can be USéd as na éri a

amr phousgiss canebe. prelerabl &S&%vg@f% 261, LAl BE-ghencol |y

strengthened and can provide ~& gf ass ‘su ef S a gnetic havi ng

Super i or Eg'tgl, NZBE-f @%anﬁah@t” %ﬁt@ﬂdgﬁﬂgét Latg %%ﬁ:%’%%'l [Qz%f:% gHeEQe

present e en a umnosificate glass is cast I'SC-shape by

di rect prg8s nUSENO {URSTesd OMELnoaand 4 molds 200t A pLaf epshaped

anor phous gl ass. "Here,” as t alum nosilicCateée gl nlcal strengthenlng
gl ass manufactured at a low cost. Amorphous glass, glass ceramics

(crystallized glass), aluminosilicate glass, soda line glass,
boronsilicate glass, or the like can be used as material of the
plate glass. Especially, the amorphous glass can be preferably
used because it can be chemically strengthened and can provide
a glass substrate for a magnetic disc having superior main
surface flatness and substrate strength.

[0051] In the present embodiment, molten aluminosilicate
glass is cast into disc-shape by direct press using upper, lower,
and body molds to obtain a plate-shaped amcrphous glass. Here,
as the aluminosilicate glass, chemical strengthening glass
including; 58 to 75 percent by weight of SiC.;; 5 to 23 percent
by weight of A1,0;3; 3 to 10 percent by weight of Li;0, and 4 to
13 percent by weight of Naz0, is used.

[0052] Next, both main surfaces of the plate glass is
wrapping processed to make a disc~shaped base glass material.
The wrapping process is carried out by an apparatus for both
surfaces wrapping using planetary gear mechanism and alumina
system loose grain is used. Specifically, wrapping platen is
pressed both from top and bottom of the plate glass, grinding

fluid containing loose grain is supplied on the main surface
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including; 58 to 75 percent by weight of Si02; 5 to 23 percent by weight of
A1203; 3 to 10 percent by weight of Li20, and 4 to 13 percent by wei ght of
Na20, is used. [0052] Next, both main surfaces of the plate glass is

wr appi ng processed to nake a di sc-shaped base glass material. The w apping
process is carried out by an apparatus for both surfaces w apping using

pl anetary gear nmechani smand alum na system /| oose grain is used.
Specifically, wapping platen is pressed both fromtop and bottom of the
plate glass, grinding fluid containing |oose grain is supplied on the nain
surface 2B tdfe PRatEl alesyl ) they apeyraratieeay inaisd frovedres @akry out

t he wrapping process. By this wapping process, a glass base material

havi ng snbt IR KUPEREESSs oBY at kel W0053]9 FEPCecstt PnglasePiTdri ng,
form ng, chanferjng) Next, using a dianond cutter, the glass base materi al
is cut aPRLErHRSCISREpRSHPAES RibRt TR TR %%toQﬁﬁlq?%n1the gl ass base
mat eri al . &ﬁx% using a dianmond drill, an inner hole is fornmed in the
center of [¥¥e blass substrate to forma toric glass substrate (coring).

Then, inn ci rcunference edge surface and outer_circunference edge surface
are groungéby %Pﬁﬁhﬁ%nﬁte%rﬂﬂﬂ%+“$0 %ﬁmbn%nnéhﬁ%iﬁﬁ%ﬁ%%ned chanfering

progess (10rm g  SIBILEC! 19Le L0813, Socud 0ol . stppy gt on

cut and a disc-shaped glass substrate is cut out from the glass
base material. Next, using é diamond drill, an inner hole is
formed in the center of the glass substrate to forma toric glass
substrate (coring). Then, inner circumference edge surface
and outer circumference edge surface are ground by a diamond
grinder to carry out predetermined chamfering process (forming,
chamfering) .
[0054]
(3) Second wrapping step

Next, on both surfaces of the glass substrate thus ocbtained,
second wrapping process is carried ocut in a similar manner as
the first wrapping process. By carryingout the second wrapping
process, it is possible to remove minute convex or concave shape
formed on the main surface in the cutting step or edge surface
polishing step, which are precedent steps, in advance and it
becomes possible to finish following polishing step of the main
surface in a short pericd of time.
[0055]
(4) Edge peclishing step

Next, by brush polishing method, outer and inner

circumference edge surfaces of the glass substrate are mirror
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second wrapping process is carried out in a simlar manner as the first

Wr appi ng process. By carrying out the second wapping process, it is

possi ble to renpbve mnute convex or concave shape formed on the main
surface in the cutting step or edge surface polishing step, which are
precedent steps, in advance and it becones possible to finish foll ow ng
polishing step of the main surface in a short period of tinme. [0055] (4)
Edge polishing step Next, by brush polishing nmethod, outer and inner
circunference edge surfaces of the glass substrate are mrror_ 19 polished.
At this tPRELSBERrr AT RERGIIRE cELPEEY I U B RSPYRUNGPHIdE ePBBSEVErain) i s
used as polishin rain. [0056] Then, the 9lass substrate after edge surface
step is EF@éﬁségo BhInAatRr . 1ByUBRfis2edgelsartagedpdlishi ng step, the edge
surface of gl ass substrate iis processed to have a mrrar surface
condition[ghggh can pr nﬁﬁ§éﬁgﬁﬁﬁiBHbBFraE%d?ﬁﬁ?%ﬁxﬁﬁi§§§ﬁéﬁﬁ FBBB7] (5)

Mai n surface polishing step As a in surface polishing. step, the first
polishingl§t%i%aﬁé§dﬁ%ﬁﬁb ﬁgﬁF'Thgng?%? 5 Iﬁéc§i8 1F§%ﬁﬁﬁnF§e8ined at
removi ng ack or distortion remai-ning on the mai.n surface after. the

r appi g SPBpCIPR THETFTT ST pUTT SHiAT SURS” i 16U PF R€E° oRds ‘ol ERed by an
apparat us ! L rRgLh SSHALALS HARRING IO o) ADELALY: 9581, MEEDAN s11 using

sodium or potassium.
[0057]
(5) Main surface polishing step

As a main surface polishing step, the first polishing step
was performed. The first polishing step is mainiy aimed at
removing crack or distortion remaining on the main surface after
the wrapping step. In the first polishing step, main surface
was polished by an apparatus for both surfaces wrapping using
planetary gear mechanism, using hard resin polisher. As
polishing liquid, cerium oxide abrasive grain used in the first
polishing step was used.
[0058] The glass substrate after the first polishing step
was sequentially dipped in cleansing tanks of neutral detergent,
pure water, and isopropyl alcchol (IPA) to be cleansed.
[0059] Completing the first polishing step, a foreign
matter judgment step was carried out. In an inspection step,
size of a foreign matter was measured by use of an coptical
microscope and diameter of a circumscribing circle of the
(crystal) foreign matter when the {crystal) foreign matter was
observed from a direction orthogonal to the substrate surface

was measured as the size of the foreign matter. When the size
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polishing liquid, ceriumoxide abrasive grain used in the first polishing
step was used. [0058] The gl ass substrate after the first polishing step
was sequentially dipped in cleansing tanks of neutral detergent, pure
wat er, and isopropyl alcohol (I1PA) to be cleansed. [0059] Conpleting the
first polishing step, a foreign matter judgnent step was carried out. In an
i nspection step, size of a foreign matter was neasured by use of an optical
m croscope and di aneter of a circunmscribing circle of the (crystal) foreign
matter when the‘(crystalé foreign matter- was observed froma direction
or t hogonalWafol R Fée & ISty 4t s iirtf Hed TSuRCheddlrdd agetimv5ra&hst SER8 forei gn
matter. V%%n t he siie 20 was larger than 2 pm it was rejected while one
havi ng t h@Ls?P8 ©&f L§dm BRSPEYs passed. [0060] Next, second polishing step
was perfor s the main surface polishing step. The second polishing step
is ai med [ﬁﬁ‘%p- ni shi ME¥he SRETL 1 AP 435 PRSEOLhrtags. ThA t he
second polishin te inh,surface polished by an apparatus. far both
sur f aces WFéBﬁ?ﬂa§ﬁ§$ﬁﬁngghﬁg§Ffpge2?ﬁﬁ§$ﬁ§ﬁ¥%ﬂ?PY%E}%%SEP@&%%Fémﬁasin f oam
pol i sher. @5 glisq%anfiﬁuig, qiriuqlo idg abn%sive grfin ha 'ng finer
grain t hafi 't he" £& it Sk e abtasd Ve tgr AF S (s B FRTt Hie 117 St é%ﬁ BRing step
was used. 0061] The 4l as ubst.rate after the se oqg ol i shin tep was
sequenti alsfeg;og:éﬁgpoel Sﬁ'lnl & %gﬁéf rrlngal "ankS of© HETtY & l%é? Pge“ﬂi ?ppﬁg?guﬁ/at er,
and i Sopr%BfYc' HAl¢ON0ly (R J. A8 G GANSEH pIBE S ar P! LLRSORLELYRY E NBS
applied to the tanks.

using flexible resin foam polisher. As polishing liquid,

cerium oxide abrasive grain having finer grain than the cerium

oxide abrasive grain used in the first polishing step was used.

[0061] The glass substrate after the second polishing step

was sequentially dipped in cleansing tanks of neutral detergent,

pure water, and isopropyl alcohol {(IPA) to be cleansed. Here,

ultrasonic wave was applied to the tanks.

[0062]

(6) Chemical strengthening step

Next, chemical strengthening was conducted to the glass

substrate after the above-mentiocned wrapping and polishing

steps. The chemical strengthening was conducted by preparing

chemical strengthening solution in which 60% of potassium

nitrate and 40% of sodium nitrate are mixed. The chemical

solution was heated to 400°C and the cleansed glass substrate

was heated to 300°C. Then, the glass substrate was dipped into

the chemical strengthening solution for about 3 hours. To

chemically strengthen the whole surfaces of the glass substrate,

the dipping was conducted while the glass substrate was placed

in a holder sc that a plurality of glass substrates are retained
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[0062] (6) Chem cal strengthening step Next, chem cal strengtheni ng was
conducted to the glass substrate after the above-nenti oned w appi ng and
polishing steps. The chem cal strengthening was conducted by preparing
chem cal strengthening solution in which 60% of potassium nitrate and 40%
of sodiumnitrate are m xed. The chem cal solution was heated to 400C and
the cl eansed gl ass substrate was heated to 300C. Then, the glass substrate
was di pped into the chem cal strengthening solution for about 3 hours. To
chem cally strengthen the whol e surfaces of the glass substrate, the

di ppi ng még EBREHCERACWARTE2ERe gl ass substrate was placed in a holder so
that a pl ity of glass substrates _are retained 21 by their edge.surface.
[ 0063] Bylfésﬁ%)ﬁ ng th%YgWa}stD%meatgéaiSﬁt §UPRETERENTBEP t38r €hghedt ng
solution, |ithiumion and.sodiumian an the surface La%en of the gl ass

subst r at eShF8"PEPFRCRY BY1E6dPHm ildr 13 Bt a@RFuRPAGHM d FheTtheRf cal

strengt heni ng_sol.uti on the gl ass substrate is_str t hened. Thi ckness
of comnr cBur a8 iusaof he et g 8A I RES G 5eBLRkGE Y ForR Gy G e
substrate__was getmeen about %99 pm_and éoo m E3064L The #ass substrate
after the®BRERTTET ST retigtiieniiitg L P 8F5888 nt'o"d a&%ﬁ 1PENK"Sf 20C to
be rapidkMFggﬂﬁgg gﬁg@ ggg_ﬁygtgﬁggthg %Qe tank for abaqut 10 ninutes.

n lckiiess o1 compresslion
Then, the g S substrate after e rapi d ¢oo own TS “di pp A

concent rated. sul fArd.c achdaheated Lo RPOUL AQG L8 P& g1ass substrate

was between about 100 pum and 200 um.
[0064] The glass substrate after the chemical
strengthening step is dipped into a water tank of 2C°C to be
rapidly cooled down and was kept in the tank for about 10 minutes.
Then, the glass substrate after the rapid cocl down is dipped
in concentrated sulfuric acid heated to about 40°C to be
cleansed. Moreover, the glass substrate after cleansing by the
concentrated sulfuric acid is sequentially dipped into tanks
of pure water and IPA to be cleansed.
[0065] As mentioned above, by carrying out the first
wrapping step, the cutting step, the second wrapping step, the
edge surface polishing step, the first and second polishing
steps, and the chemical strengthening step, a flat and smooth
glass substrate for a magnetic disc having high rigidity is
ocbtained.
[0066]
(7) Magnetic disc manufacturing step

As mentioned above, an inspection is carried out after the
first polishing step. An adherent layer including Cr, a soft

magnetic layer including CoTaZr base alloy, a foundation layer
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cl eansed. Mreover, the glass substrate after cleansing by the concentrated
sulfuric acid is sequentially dipped into tanks of pure water and | PA to be
cl eansed. [0065] As nentioned above, by carrying out the first wapping
step, the cutting step, the second wapping step, the edge surface
polishing step, the first and second polishing steps, and the chem cal
strengthening step, a flat and snooth glass substrate for a nmagnetic disc
having high rigidity is obtained. [0066] (7) Magnetic disc nanufacturing
step As nentjoned above, an inspection is carried out after the first

pol i shi ngtREEPILnG dither ént PeEPENdifcilddi n§2EBPetaCsoF BCORAGRBE | LAY er

i ncl udi ng, CoTaZr base all oy, a foundation layer 22 including Ru, a

per pendi ctat UAHPet PELFecorBi RFREPER SWEUdigd 0FEPt2 RAC BxEhatye

| ayer .inc] udin rbon hydroxi de, and a

Cohr cadi LaYeh P iy B I T et Tefl e it el Lare s y
Chove br otBabRELry o T R ied AR iR MrbRor | tedreat (1LY {he
Povever . SReb2bhen SL At B s croe BLREIRERPLEraE MR et se s a
o Cheout BRERTRRT AL Cathie: plliey A LRER o o htub 800 Rk Al L AT 1 2405

nmarn surtrace ~ca u ac%%?ed.
magnetic disc. Here, the present configuration is an example
cf a perpendicular magnetic disc (PMR). However, the above
example may include a magnetic layer or the like as a
longitudinal magnetic disc. Thus, a magnetic disc including
high flatness on theouter periphery portion of the main surface
can be manufactured.
[0067]
(8) Comparison between embodiments and comparison examples
Foreign matters existing in the surface layer of the glass
substrate of embodiments 1 t¢ 3 and compariscon examples 1 and
2 shown in Table 1 were compared. Diameters of foreign matters
of embodiments 1 to 3 are 0.7um, 1.0um, and 2.0um, respectively,

while that of the comparison examples 1 and 2 were 5.0pm and

7.0um.
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[0067] (8) Conparison between enbodi nents and conpari son exanpl es Foreign
matters existing in the surface | ayer of the glass substrate of enbodi nents
1 to 3 and conparison exanples 1 and 2 shown in Table 1 were conpared.
D aneters of foreign matters of enbodinents 1 to 3 are 0. 7pm 1. Opm and
2. Opm respectively, while that of the conparison exanples 1 and 2 were
S Omand 7.00m 23 [Table 1] Dianeter of Aide hit Aide hit foreign
matter nunber (A ide nunber (Aide (pm height; 5 nm height; 7 nm
Enmbodinment 1 0.7 0 O Enbodinent 2 1.0 0 O Enbodinent 3 2.0 0 0O Conparison
5.0 8 5 exanple 1 Conparison 7.0 10 7 exanple 2 [0068] As shown in Table
1, crash gidbggtl ccur in the configuration of the enbodi nent when the

S

gl i de hei he et to 5 nmand 7 nm In the configuration of the
conpari spn exanples, cfash occurred I p bofh of .the cases _and the nufber of
crash increased as the gl ildé™&ieghtinas sétt Gt Mor eovride hit
foreign matter | number (Glide | number {Glide
(pm) height; 5 nm) | height; 7 nm)
Embodiment 1 0.7 0 0
Embodiment 2 1.0 0 0
Embodiment 3 2.0 0 0
Comparison
5.0 8 5
example 1
Comparison
7.0 10 7
exanmple 2
[0068] As shown in Tabkle 1, crash did not occur in the

configuration of the embodiment when the glide height was set
toc 5 nm and 7 nm. In the configuration of the comparison
examples, crash cccurred in both of the cases and the number
of crash increased as the glide height was set lower. Moreover,
in the comparison examples, S$S/N ratio 1is worse than the
embodiment and spike noise from the soft magnetic layer was also
observed.

[0069] It is understood from the above result <that
regulating the diameter of the foreign matter enables to
significantly reduce influence by the foreign matter existing
in the surface layer of the glass substrate, to enhance low
floating amount of the magnetic head, and as s result, to achieve

high recording density of the magnetic disc. Especially, by
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in the conparison exanples, S/Nratio is worse than the enbodi nent and
spi ke noise fromthe soft nmagnetic |ayer was al so observed. [0069] It is
understood fromthe above result that regulating the diameter of the
foreign matter enables to significantly reduce influence by the foreign
matter existing in the surface |ayer of the glass substrate, to enhance | ow
floati ng anount of the nagnetic head, and as s result, to achieve high
recording density of the magnetic disc. Especially, by 24 regulating the
size of a foreign matter existing in the surface |ayer to 2pmor |ess,

i nfl uencerﬁgluﬂ-ﬂglﬁartéi%ﬁlr%ﬁt%ra g@ﬁﬁagﬁéﬂatpﬁreewéﬁﬂéélwgth%mhef airfaghis is
assuned to be because formation of domain wall noise as a result of
crystalli 28¥Fén %fLFhQrs%?§S'r&&ﬁ%ﬂ?%??é&@F PsipFeven st t9 06?01 SERBodi nent s
4 to 6 and conpari,sqn exa 3 to 5 were conpared for a case where a
foreign nﬁFFEgRFg |errcFIh|?d’§drTPa’r Si 5@lo°fl§ﬁésglp‘§§st%ﬁﬁskter%%e SSTBABWATI n Tabl e
2. Dianmeter. .of the foreign matters i odi nen 4 to 6 2 to 5pm and
tensile sPFéﬁﬂ?%”bVa&gcﬂogFefﬁ%ﬁ]ﬁ%%uﬂté) §F5?t5i§l§aﬁlRB/%§§$e soft
respectlve é g ﬁ er of the foreign matters in conparison exanples were

| ar ger, N§HLpm 2 ¥8hsi PePSEVERGER - of each of themwas 3.0, 4.0, and 3.0

8 ospoch el Liabhe A0 ket a1 Tet | Brsphag o 170 o
were compared for a case where a foreign matter is included
inside of the glass substrate, as shown in Table 2. Diameter
of the foreign matters in embodiments 4 to 6 were 2 to 5um and
tensile strength of each of them was 4.0, 3.0, and 5.0 kg/cm?,
respectively. Diameter of the foreign matters in compariscn
examples were larger, 7 to 10 ym. Tensile strength of each of

them was 3.0, 4.0, and 3.0 kg/cm?, respectively.

[Table 2]
Diameter of Tensile Breakage rate
foreign matter strength (%)
(pm) (kg/cm?) N=10,000
Embodiment 4 2.0 4.0 0.00
Embodiment 5 3.0 3.0 0.00
Embodiment 6 5.0 5.0 0.00
Comparison
7.0 3.0 0.03
example 3
Comparison
9.0 4.0 0.05
example 4
Comparison 10.0 3.0 0.05
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Enbodinent 4 2.0 4.0 0.00 Enbodinent 5 3.0 3.0 0.00 Enbodinent 6 5.0 5.0
0.00 Conparison 7.0 3.0 0.03 exanple 3 Conparison 9.0 4.0 0.05 exanple 4
Conmparison 10.0 3.0 0.05 25 exanple 5 [0071] Here, breakage rate neans
nunber of broken glass substrates when the tenperature of the glass
substrates were suddenly raised fromroomtenperature (25C) to 300C within
a predetermned period of tine (e.g., 10 seconds). Here, thermal gradient
may be 25C/ sec, as nentioned above. Myreover, tensile stress inside of the
gl ass supstrare is 4Kg/fnm2 and thi cknegss of the grasy was 0.635 mmmor |ess.
[0072] Thenex&@P§ﬁo®n in Table 2, althpugh their tensile stress are
simlar, breakage rate In the configuration of the present enbodiment is
close to O while sone glass substrates were broken by the configuration of
t he conparlson exanpl es. is understood fromthe Table that even in a
case wher &8’ %orelgﬁ*ﬁﬁbt@Fﬁ4¥59ﬁﬂn@§§dmﬁﬁ@ﬁd8u8Pth@ng5§§e§u%%%?%te
regulatlngPthe di aneter of the foreign natter small enables to prevent

breakage oFPEhEAGRASE UG HFRHP HiGhi Eafft Pyass substrates were

suddenly raised from rcom temperature {25°C) to 300°C within

a predetermined period of time (e.g., 10 seconds). Here,

thermal gradient may be 25°C /sec, asmenticned above. Moreover,
tensile stress inside of the glass substrate is 4kg/cm® and
thickness of the glass was 0.635 mm or less.

[0072] Then, as shown in Table 2, although their tensile
stress are similar, breakage rate in the configuration of the

present embodiment is close to 0 while some glass substrates

were broken by the configuration of the comparison examples.

It is understood from the Table that even in a case where a
foreign matter is included inside of the glass substrate,

regulating the diameter of the foreign matter small enables to

prevent breakage of the glass substrate and significantly
reduce influence to the manufacturing process.

[0073] A preferred embodiment of the present invention was

explained with reference to attached figures. However, it is

needless to say that the present invention is not limited to
this example. As will be understcod by the skilled persons,

various modifications and variations of the present invention
are possible in the light of the scope of the subjoined claims
and therefore all the modifications and variations fall within
the technical scope cof the present invention.

[0074] For example, in the glass substrate for a magnetic
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reduce influence to the manufacturing process. [0073] A preferred enbodi nent

of the prese
However, it
this exanpl e

i nside of ,th
gl ass subsPf
matter nm

h
magnetic %EQ
| ayer for

magneti c P%gﬁg

nt i
is

nventi on was explained with reference to attached figures.
needl ess to say that the present invention is not limted to

. As will be understood by the skilled persons, various

nodi fications and variations of the present invention are possible in the

| i ght of the scope of the subjoined clains and therefore all the

nodi fications and variations fall within the technical scope of the present
i nvention. [0074] For exanple, in the glass substrate for a magnetic 26
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nl ess. t he_forei tter prevents . formation of .a _magnetic |ayer
e ¢ St e Y g e et oA SR e

c layer %l]f)st rate.
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[0076] Fu&%?ﬁ%ti{:h?e%%?n uBst rate AGGr dl i d L6 o RRESERicLvENLion is a
ate fof a hag dr'sc

gl ass subs

magnetic recording medium,

[00

75]

Moreover, a crystallized foreign matter may exist

on the surface of the glass substrate, the glass substrate being
amorphous glass and the amount of the crystallized foreign
matter may be any amount unless the foreign matter prevents
formation of a magnetic layer when the magnetic layer for
magnetic recording is formed on the substrate.

[0076] Further, the glass substrate according to the
present inventicn is a glass substrate for a magnetic disc
corresponding to a manufacturing method of a magnetic disc
including temperature prccessing and processing to deposit a
recording layer on the surface of the glass substrate and size
of a foreign matter included inside the glass substrate may be
2 um or less.

[CC77] Further, the glass substrate according to the
present invention is a glass substrate for a magnetic disc
corresponding to a manufacturing method of a magnetic disc
including temperature processing and processing to depcsit a
recording layer on the surface of the glass substrate and the

foreignmatter having difference thermal expansion coefficient
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corresponding to a manufacturing nethod of a magnetic disc including
tenperature processing and processing to deposit a recording |ayer on the
surface of the glass substrate and size of a foreign matter included inside
the gl ass substrate may be 2 pmor less. [0077] Further, the gl ass
substrate according to the present invention is a glass substrate for a
magnetic disc corresponding to a manufacturing nethod of a nmagnetic disc
i ncl udi ng tenperature processing and processing to deposit a recording

| ayer on the surface of the glass substrate and the foreign nmatter having
di f f er encBT PRl dx pafsPOASEoRFFFeT @R 1A ydasmitisddcop it hlee of %S
substrate included inside of the glass_ substrate may have any size unl ess
the forei JAPHEFFEF BRSNS FBARIFE UR1ERE tBAPEPAELER PRoERESFHGEST t he
gl ass substra%e (due.to change of tenperature). & 078L Further, the gl ass
subst r at ePEEREFUF Nt &S REWPHFELBARE PRUERTT ORI I &DG 9458 upde?EdtFor a

magneti c gisc corresgond%n to a manufacturing nmethod of a magnetic disc
i ncl udi ng ' tBRpE? atBPRIPr T eSTMRGE ANdE pr bcessing to deposit a recording
| ayer on the surface of the glass substrate wherein relation between a
foreign matter included inside the glass substrate and breakage rate of

gl ass sub when 1 h | ass,, substrate_ i,s heat processed is understood
and a staﬁgg?%ﬂor tEEluereCs}%zré o?h?hgslfagrseisglhbsn% ateer F%E ﬁgéagi %sol déejh? he gl ass

subst rat eppRyche debenol0ed; 50t HAL A eRkAe Sl ¥ 4 faghdtns apbstrate i

set withiR perm ss
corresponding to a manufacturing method of a magnetic disc

including temperature processing and processing to deposit a
recording layer on the surface of the glass substrate wherein
relation between a foreign matter included inside the glass
substrate and breakage rate of glass substrate when the glass
substrate is heat processed is understood and a standard for
the size of the foreign matter included inside the glass
substrate may be determined so that breakage rate of the glass
substrate is set within permissible range.

[0079] The present invention can be used as a glass

substrate for a magnetic disc used for a magnetic disc.
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[0079] The present invention can be used as a glass substrate for a
magnetic disc used for a magnetic disc. 28 What is clainmed is: 1. A glass
substrate for a nmagnetic disc for nmanufacturing a nagnetic disc by form ng
a magnetic layer, wherein a foreign matter, which is included in the glass
substrate, exists in a surface |layer of the glass substrate for a nagnetic
di sc, the glass substrate bei ng anor phous gl ass; and the size of the foreign
matter is within a size that does not prevent float of a magnetic head when
a magnetic disc is manufactured by form ng a magnetic | ayer and
incorporated into . a magnetic recording nmedium 2. The glass substrate for a
nmagneti c '%ﬁ:%ﬁxﬁﬁ?ﬁWﬁéa%ﬁtlain1 1, wherein the foreign matter is Pt. 3.
The gl ass substrate for a nmagnetic disc according to claim 1, wherein size
of the foreign matter existing in the surface layer is gumor less. 4. The

g ass subplr 2, FacR IBORELC.l e agsording, o6l by Mberin e |

foreign matter “eXisting n e sur

The gl assasr;fg)(iﬁé@ltg or abmirrfqd‘i%a c?ﬁto.lréjil d0 claim 1, wherein

di mension o n apertiure oh o € surtace |ayer where the

foreign matter d&?ereém\egdfgréfgﬁ'ngagﬁ% %i'c?ﬁ%s ir?ncgltLﬁdecirH% Qﬁé‘sflhazé’%m rate

for a magnetic sc ‘according’to I wher €i e size 0 oreign
matt er exééﬁéﬁ%bﬁél1é§§s%%riﬁgpsurface layer of the glass substrate for

a magnetic disc, the glass substrate being amorphous glass; and

the size of the foreign matter is within a size that does
not prevent float of a magnetic head when a magnetic disc is
manufactured by forming a magnetic layer and incorporated into

a magnetic recording medium.

2. The glass substrate for a magnetic disc according to claim

1, wherein the foreign matter is Pt.

3. The glass substrate for amagnetic disc according toclaim
1, wherein size of the foreign matter existing in the surface

layer is 2um or less.

4, The glass substrate for a magnetic disc according to claim
1, wherein the foreign matter existing in the surface layer has

a crystal structure.
5. The glass substrate for amagnetic disc according to claim

1, wherein dimension of an aperture of a portion on the surface

layer where the foreign matter is embedded is 3.14 pn@ or less.
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| ayer is 10 tines or less than the lead track width. 7. A glass substrate
for manufacturing a nmagnetic disc through a processing step including
heating and a step of formng a nagnetic |ayer, wherein the size of a
foreign matter included in the glass substrate is preferably 5 pmor |ess.
8. The gl ass substrate for a magnetic disc according to either claim1 or

7, wherein the glass substrate for a nmagnetic disc is used to manufacture a
magneti c di sc which uses a DFH head for recording. 9. The glass substrate
for a magnetic disc according to either claim1 or 7, wherein the magnetic
|l ayer is & per gefd? tiF af UkRaghetect oF adHHgl ¢ ayeF. 2P r A seEperdiicul ar
magneti c recordi ng nedi um wherein an adherent |ayer, a soft magnetic |ayer,
a foundati 8HeF§§7grt,heaﬁHZ% ek PR faredrRM Mg tid SERErd el Cere

deposited on the gl ass substrate for the magnetjc disc .according to any of
Clgins 1 6§;q§b%0 times or %ess than the %ead trac widgﬁ. 9 y

7. A glass substrate for manufacturing a magnetic disc
through a processing step including heating and a step of
ferming a magnetic layer,

wherein the size of a foreignmatter included in the glass

substrate is preferably 5 um or less.

8. The glass substrate for a magnetic disc according to
either claim 1 or 7,

wherein the glass substrate for a magnetic disc is used
to manufacture a magnetic disc which uses a DFH head for

recording.

9. The glass substrate for a magnetic disc acccrding to
either claim 1 or 7,
wherein the magnetic layer is a perpendicular magnetic

recording layer.

10. A perpendicular magnetic recording medium,

wherein an adherent layer, a soft magnetic layer, a
foundation layer, and a perpendicular magnetic recording layer
are deposited on the glass substrate for the magnetic disc

according to any of claims 1 to 9.
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