DESCRI PTI ON METHOD OF MANUFACTURI NG A GLASS SUBSTRATE FORA MAGNETI C DI SK
Technical Field This invention relates to a nethod of manufacturing a gl ass
substrate for a magnetic disk. Background Art In recent years, the

i nformation recording technique, particularly the nagnetic recording

techni que, has remarkably advanced foll ow ng the devel opnent of information
technology. Wth the reduction in size and thickness and the increase in
recordi ng density of magnetic disks, glass substrates excellent in
substrate surface fl atness and SUbﬁééﬁﬁﬁﬂgﬁjﬁgpth have started to be used
as substrates for magnetic recordi Abh as HDDs (hard disk drives)
bei ng one of the magnetic recording nedia, instead of alum num substrates

t hat have conventionally been wi dely used. A nagnetoresistive head (MR head)
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disk. That is, the flying hei gh‘: @g\mﬂ%ﬁ@ﬂ@e ! head fromthe magnetic
disk is determ ned by a bal ance Qbe ween a positive pressure (a pressure

exerted in a direction in which the magnetic head flies fromthe magnetic
di sk) and a negative pressure (a pressure in a direction in which the
magneti c hefgh éﬂ gbed to the magnetic disk, generated by increasing the
vol une of a|r an thus reducing the pressure in a space intentionally

provided at the bpﬁlb(?mé?ﬂbh%lat@é tcha Phethed dﬁnéﬂlﬁactﬁﬁﬁg%tg’?]lﬁséﬂ@aﬂétréiénef at ed
by an air flow. As one of techniques for stabilizing the control of the

magneti ¢ hefd afrhngﬁgld'u@psght descri bed above and achi eving a further
reduction in flying height,

Background Art

In recent years, the information recording technique, particularly the
magnetic recording technigue, has remarkably advanced following the
development of information technology. With the reduction in size and
thickness and the increase in recording density of magnetic disks, glass
substrates excellent in substrate surface flatness and substrate strength have
started to be used as substrates for magnetic recording media such as HDDs
(hard disk drives) being one of the magnetic recording media, instead of
aluminum substrates that have conventionally been widely used.

A magnetoresistive head (MR head) or giant magnetoresistive head
(GMR head) controls the flying height by the pressure of air between the
relatively moving magnetic head and magnetic disk. That is, the flying height
of the magnetic head from the magnetic disk is determined by a balance
between a positive pressure (a pressure exerted in a direction in which the
magnetic head flies from the magnetic disk) and a negative pressure (a
pressure in a direction in which the magnetic head is adsorbed to the magnetic
disk, generated by increasing the volume of air and thus reducing the pressure
in a space intentionally provided at the bottom surface of a slider of the

magnetic head) generated by an air flow.



t he techni que called DFH (Dynam c Flying Height) has been developed in
recent years. A heater elenent is enbedded in a nagnetic head and, during
operation of the magnetic head, the heater elenent is heated. The magnetic
head is thermal |y expanded by its heat and slightly projected toward a
magnetic disk. By this, the nmagnetic spacing being a magnetic gap between
the nagnetic head and the main surface of the nagnetic disk can be reduced
only in that event. That is, DFH is a technique that can reduce the flying

hei ght of a nmagnetic head froma magnetic disk. Wth such a DFH head, a
further reductionﬁﬁﬁmlel iteghHavemiorss '%%ﬂ‘eaﬁ?ﬁté‘?)éﬂf‘hwgh&aﬁagnetic
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mai n surface of a magnetic disk ‘and evaluatingthe flying characteristics
by rel ati vegigkmoByABist tHe BlagHeti® Spakingbelhg & sRffHetic@dpisetieeneheéc di sk at a
predeterm ned glide height). Therefore, even glass substrates excellent in
flatness asmagmetic 68adidnd thalnvainuass bf the henetic @lidiecan beeduced ¢y have
further snoothness and flatness. Herein, simlar to or nore than snoothly
and flatly ipothateverd. t Tbaylsa®F-H subtdohnices thakcan ceducesihetflyirsg Height bhat
adhere to the main surfaces of the glass substrates becone a problem This
i s because imagaetimbyradiftonh ayeagnatid disked on a gl ass substrate contani nated

with particles, convex defects occur on a 3 magnetic disk to cause the head
crash failure or Wilkrsugh aDbdt hegd fanfurthes reduction in flying height has been

achieved. However, a magnetic head is mounted with an MR element and
there is a problem that it causes, as its inherent failure, the head crash failure or
thermal asperity failure. Since these failures occur due to minute irregularities
on the surface of a magnetic disk, the main surface of the magnetic disk is
required to have extremely high-level smoothness and flathess. As means for
evaluating the flying characteristics affected by the smoothness of a magnetic
disk, an inspection is carried out, for example, by a glide test (a method of
disposing a glide head (a head equipped with an impact detecting sensor such
as a PZT (piezoelectric element)) so as to face the main surface of a magnetic
disk and evaluating the flying characteristics by relatively moving the glide head
with respect to the magnetic disk at a predetermined glide height).

Therefore, even glass substrates excelient in flatness as compared with
aluminum substrates have been required to have further smoothness and
flatness. Herein, similar to or more than smoothly and flatly polishing the glass
substrates, particles such as dust that adhere to the main surfaces of the glass
substrates become a problem. This is because if a magnetic layer is formed

on a glass substrate contaminated with particles, convex defects occur on a



Therefore, the operation of form ng magnetic | ayers/protective |ayers etc.
on the main surfaces of the glass substrates is nornmally carried out in a
clean room Herein, there arises a problemof particles that adhere to the
gl ass substrates while transporting the glass substrates to a magnetic disk
production site fromthe manufacture of gthe glass substrates. Generally, in
a magnetic disk production process, the glass substrates are first cleaned
to thereby renove adhering particles. However, it is not possible to renove
any anounts of particles. If
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dust in the roomto be adsor ont wal I and fl oor "surfaces, thereby

mai nt ai ni NgdiskPredEMONGTECESS, the gl Bubkttatdicdre firel cledned ke thetéby 2002- 50499
di scl oses a nethod of blowing an air ion flow onto charged gl ass substrates

t o neutral i endveeadherinippartiorise bHowavey gahisi i ptiseible tsterhove anyanmziunts of
dust onto the glass substrates. Disclosure of the Invention Al though the

packagi ng tefcpartigies. f tfrtherecs endiffegencenh amaaitiod padiciesradnering todthelglasss s

substrates is proposed in JP-A-H7-284661, even if such a 4 packaging

t echni que i suksifatesdhere alacloagursoa diffegérsesinscameuntafgsarticies eemairing onn
the glass substrates after the cleaning. Therefore, it is necessary to reduce as
much as possible the particles adhering to the glass substrates at the time of
transfer-in (after unpackaging) and, for this, a packaging method, an
unpackaging method, a packaging structure, and a packaging material included
in a glass substrate or magnetic disk manufacturing method are extremely
important.

Herein, as a method of removing dust having a polarity and floating in a
room where glass substrates or the like are packaged, for example,
JP-A-H7-284661 discloses coating charged paint on wall and floor surfaces to
cause the dust in the room to be adsorbed onto the wall and floor surfaces,
thereby maintaining the cleanness in the room.

Further, for example, JP-A-2002-50499 discloses a method of blowing

an air ion flow onto charged glass substrates to neutralize the charge, thereby

preventing electrostatic adsorption of dust onto the glass substrates.

Disclosure of the Invention
Although the packaging technique for preventing contamination of

magnetic-disk glass substrates is proposed in JP-A-H7-284661, even if such a



adhesi on anmount of dust on the gl ass substrates after unpackagi ng has not
becone satisfactory. Therefore, it has not been possible to satisfy the
standard of snoot hness/fl atness required for nagnetic disks follow ng the
increase in recording density of nmagnetic disks and the reduction in flying
hei ght of magnetic heads in recent yearg. Thus, it is necessary to further
reduce adhesion of dust to glass substrates. Further, if the polarity of
the magnetic-di sk glass substrates is opposite to that of the dust, it is
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magneti c-dis ass substrtates. I n view of the prob escrl It
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substrat e manuf acturl ng met hod hat can nore reliably prevent adhesion of

dust to a naghedibs ofldakt 1Blglass sssgftesite in the course of a packaging
operation and a change in the state of surfaces of the nmagnetic-disk gl ass

substrate. To resBlnrtker He¢hebolaityobiheamagneticvadigheflass slitstragés ssoppdsiter at e
manuf act uri ng met hod according to an aspect of the present invention is

char act er i ztedthiay opthecdusd, ibispapsitle thati mhgnetisdisksibdson thei dush anddbys
adsor bi ng, when storlnﬁ the case into a ﬁackaglng bag, dust floating in air
by a char gi hgre iegipossib nargb@bwtammaimmfd elsacfaces of the magnetiy diskRovi ng it
from an atnosphere of a packa g oi)erat on, storing the case with the
magnet i c- di sk gl aAs degprbedine) A 002-50499, the charge can be removed by

blowing an air ion flow onto magnetic-disk glass substrates. However, even if
the magnetic-disk glass substrates are electrically neutralized, it is only possible
to prevent electrostatic adsorption, but it is not possible to prevent dust floating
in air from adhering to the glass substrates. Therefore, preparation toward an
increase in recording density is not sufficient and it is necessary to further
reduce adhesion of dust to magnetic-disk glass substrates.

In view of the problems described above, it is an exemplary object of
this invention to provide a magnetic-disk glass substrate manufacturing method
that can more reliably prevent adhesion of dust to a magnetic-disk glass
substrate in the course of a packaging operation and a change in the state of
surfaces of the magnetic-disk glass substrate.

To resolve the above problems, a magnetic-disk glass substrate
manufacturing method according to an aspect of the present invention is
characterized by placing a magnetic-disk glass substrate in a case, adsorbing,
when storing the case into a packaging bag, dust floating in air by a charging
device charged with static electricity, thereby removing it from an atmosphere of

a packaging operation, storing the case with the magnetic-disk glass substrate



pl aced therein into the packagi ng bag, and sealing the packaging bag in a
degassed state. According to the above manufacturing nethod, in the
packagi ng operation of placing the nagnetic-disk glass substrate into the
packagi ng bag, the dust floating in the atnosphere of the packagi ng
operation is adsorbed and renoved by thg charging device and, therefore, it
becones possible not only to reduce the dust that adheres to the

magneti c-di sk gl ass substrate, but also to reduce the dust included in the
packagi ng bag. erefore, in the course of, the operation of packaging the
magnet i c- di @%Cﬁa el ihiq the Rackagingbag and,sealing tBPeR?& ?QWHéPQQJEta floating
in the air ,from ggering to the magneti c-di sk gl ass substrate and,

t her ef or e, g?gqg§e§ € hle to provide the magnetic-disk gl ass substrate with
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positive, negative,” or neu polarity conmes to e same polarity

correspondi p@iice the BAsBiHat ¥dRErdshe thE Adlfitbtichiisk hRisSSuBsFaRabaedIsbitem t he
charged particle discharge device. Theretore, for exanple, by causing the

char gi ng depddeeelthe da¥einch@endnithe packsging bhy., it becones possible to
adsorb the dust whose polarity has been made negative by the charged

particles. A bi asTherefageinnthe dotirsodpf thecogeratitre ofipgciadging thesk gl ass
substrate to charge the magnetic-di sk gl ass substrate wth the sane
pol arity asmiagaetiodiskiglassisshstratg, it susossipie ie prexprd the ddsislloalingss teaibit r at e
to have the sanme polarit
from adhering to t?wle magnetic-disk glass substrate and, therefore, it is possible
to provide the magnetic-disk glass substrate with no influence of the dust on the
surfaces thereof.

It may be that charged particles are charged from a charged particle
discharge device into the dust floating in the air, thereby charging the dust, and
the charging device is charged with a polarity opposite o that of the dust
discharged with the charged particles.

By the above manufacturing method, when the charged particles are
discharged from the charged particle discharge device into the dust floating in
the air, all the dust regardless of having a positive, negative, or neutral polarity
comes to have the same polarity corresponding to a polarity of the charged
particles discharged from the charged particle discharge device. Therefore, for
example, by causing the charging device to have the positive polarity, it
becomes possible to adsorb the dust whose polarity has been made negative
by the charged patrticles.

A bias voltage may be applied to the magnetic-disk glass substrate to
charge the magnetic-disk glass substrate with the same polarity as that of the

dust. By causing the magnetic-disk glass substrate to have the same polarity



6 as that of the dust, the magnetic-di sk glass substrate can repel the dust
to prevent adsorption thereof. The magnetic-di sk gl ass substrate may be
used for manufacturing a magnetic disk that is recorded using a DFH head.
Since the magnetic-di sk gl ass substrate nmanufactured by the above
manuf act uri ng nmet hod has a reduced anmoung of particles as conpared with a
magneti c-di sk gl ass substrate nmanufactured by a conventional manufacturing
nmet hod, the snoot hness and flatness of the main surfaces of the glass
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systemin which t 'y ng hei g magneti ¢ hea m or |ess. The

magnet i c- di glangfR{SrifARENGH Rat & redasé@dmicun of paRridlidsCis coMpHIcCNIth ang a
magnetic disk with a recording density of 200Gbit/inch2 or nore. As

descri bed ahrigaetitlasksdass Bosstrata idahlfatiess bofa ddrvertibRalsnahatzeturingf t he
magneti c-di sk gl ass substrate manufactured by the manufacturing nethod

accordi ng t metisd, chakhpotiatessnand flathess ofithentiaimsanfacas oftthe Thagsef ore, a

magneti ¢ di sk manufactured using such a glass substrate can be suitably

appl i ed to subsiraietre higihs k Tieréfose rtbe onaigmeticadisk gltasscfub@atbaccardinigioor nore
this invention is suitably used for a magnetic disk that is recorded in a magnetic
recording system using a DFH head whose flying height is low.

The magnetic-disk glass substrate is adapted to be used for
manufacturing a magnetic disk over which a flying height of a magnetic head is
10nm or less in recording on the magnetic disk.

The smoothness and flatness of the main surfaces of the magnetic-disk
glass substrate manufactured by the above manufacturing method are high.
Therefore, a magnetic disk manufactured using such a glass substrate can be
adapted to a recording system in which the flying height of a magnetic head is
10nm or less.

The magnetic-disk glass substrate is adapted to be used for
manufacturing a magnetic disk with a recording density of 200Gbit/inch? or
more.

As described above, the smoothness and flatness of the main surfaces
of the magnetic-disk glass substrate manufactured by the manufacturing
method according to one configuration of this invention are high. Therefore, a
magnetic disk manufactured using such a glass substrate can be suitably
applied to a magnetic disk with a recording density of 200Gbit/inch? or more

whose high recording density is achieved by a recording system in which the



whose high recording density is achieved by a recording systemin which the
7 flying height of a nagnetic head is Iow Brief Description of the

Drawi ngs Fig. | shows diagranms for explaining a magnetic-di sk gl ass
substrate according to an enbodinment of this invention. Fig. 2 is an

expl anatory di agram of the flow from pl agi ng nmagnetic-di sk gl ass substrates
I nto magneti c-di sk gl ass substrate cases until packaging the magnetic-disk
gl ass substrate cases. Fig. 3 shows diagrans for explaining a state where

magneti c-di sk gl as ubstrates are. placed in cases. Fig. 4 is a schematic
di agr am of ﬁv'a&\bﬁ@‘tpi? ’P@W%ﬁe%ﬁQ'PwFi g. 5is a diagramfor explaining a
packaged state of the cases with the magnetic-disk glass substrates pl aced
therein. Fig. 6 is a diagramcounting the nunber of dust particles by
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will be des&é&é?&ﬁi\g tb! e&ubﬁﬁ%t;ﬂfg@%%ntfoﬂf expl ai ni ng a magneti c-di sk

gl ass substrate aCcording to odinent, wherein Fig. 1(a) is a

perspectve Vi ew Bl g afsipidodhgahmap e i el plactefmaBeasE ud ok

gl ass substrate 10 as a dis th an i nner ormeéd at the

center thergaks skBstratek in@i rﬁa?ﬂéﬁ@é%ﬁ glddd sbstrat@ahses LiRfil packaging the
recordi ng/ reproduci ng i nformation and thus is substantially snmboth for

al | owi ng  amageeticidingk dlassl stlgstfdte cabeseover. Fig. 1(b) is an X-X sectional
view of Fig. 1(a). The mamgnetic-di sk glass substrate 100 conprises the nain
surfaces 110 t hatFigi Blshesswdiagsams farraxptdining a state where magnetic-disk glass
substrates are placed in cases.
Fig. 4 is a schematic diagram of a device for removing dust.
Fig. 5 is a diagram for explaining a packaged state of the cases with the
magnetic-disk glass substrates placed therein.
Fig. 6 is a diagram counting the number of dust particles by
unpackaging a package with dust removed being an Example of this invention

and a package with dust not removed being a Comparative Example.

Description of the Embodiment of the Invention

First, a magnetic-disk glass substrate manufacturing method according
to an embodiment of this invention will be described. Fig. 1 shows diagrams
for explaining a magnetic-disk glass substrate according to this embodiment,
wherein Fig. 1(a) is a perspective view of the magnetic-disk glass substrate.
The magnetic-disk glass substrate 100 has a disk shape with an inner hole
formed at the center thereof. Each of main surfaces 110 is a region for
recording/reproducing information and thus is substantially smooth for allowing
a recording head to fly thereover.

Fig. 1(b) is an X-X sectional view of Fig. 1(a). The magnetic-disk glass

substrate 100 comprises the main surfaces 110 that will serve as information



8 recording/reproduci ng regions, an end face 120 perpendicular to the main
surfaces 110, and chanfered faces 130 interposed between the nain surfaces
110 and the end face 120, respectively. Since it may happen that the
boundary between the end face 120 and each chanfered face 130 becones
unclear by a |later-described end face pglishing process, this enbodi nent

al so includes a case where the end face 120 and the chanfered faces 130 on
both sides thereof cooperatively formone curved surface. |If particles or
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expl anat ory the flow fromplacing the magnetic-disk glass

substrat es thafedficdpkRRiveRIe dhddésivedlsaffaceubst rate cases until packagi ng
t he magneti c-di sk gFass substrate cases. Fig. 3 shows diagrans for

expl aining a stati¢pahiles dhfereigd nedtter-atirtkegtate majattiatrk giss pl aced in
the cases. Fig. 4 1s a schematic diagram of a device for renoving dust.

First, in osubstrate 108cpaititalady to dms pain stifaces 110 thereafybefore-adi sk gl ass
substrates 100, the magnetic-di sk gl ass substrates 100 are placed into the
magnetic-disk film forming process, smooth magnetic layers cannot be formed
on the magnetic-disk glass substrate in the film forming process and thus the
yield rate of magnetic disks as final products decreases. Therefore, a
description will be given of a magnetic-disk glass substrate manufacturing
method adapted to prevent adhesion of particles or foreign matter to the glass
substrate.
(Magnetic-Disk Glass Substrate Manufacturing Method)

Subsequently, a description will be given of the fiow from placing
magnetic-disk glass substrates 100 into magnetic-disk glass substrate cases
until packaging the magnetic-disk glass substrate cases.

Fig. 2 is an explanatory diagram of the flow from placing the
magnetic-disk glass substrates 100 into the magnetic-disk glass substrate
cases until packaging the magnetic-disk glass substrate cases. Fig. 3 shows
diagrams for explaining a state where the magnetic-disk glass substrates are
placed in the cases. Fig. 4 is a schematic diagram of a device for removing
dust.

First, in order to facilitate transportation of the magnetic-disk glass

substrates 100, the magnetic-disk glass substrates 100 are placed into the

cases (5200). Herein, the case for placing the magnetic-disk glass substrates



cases (S200). Herein, the case for placing the magnetic-di sk gl ass
substrates 9 therein will be described. Fig. 3(a) is an enlarged vi ew of
the generally rectangul ar parallel epi ped magnetic-di sk glass substrate case
serving as a container for storing the magnetic-disk glass substrates. The
case 300 is capable of accommpdating ongor a plurality of magnetic-disk

gl ass substrates and the magnetic-di sk glass substrates 100 are stored in
the case 300. A plurality of, for exanple, four, cases 300 with the

magneti c-di sk gl ass substrates 100 placed therein are arranged side by side
as shown in%ﬁ" !n@ﬁ'@eaﬁﬁpriﬁe& inthis state, placed in a packaging bag.
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However, nofcagéd 300evithipe maghdtasdiskglasoaibstatd @0 placed theren are st t he
dust having a positive polarity and the neutral dust with no polarity. In

\éi ew of thiasranged sﬁi@hﬂﬁlsﬁe_ agistoswlein Figy. Békeantgrd, iiry this Bateadlaced in af the
ust 310 floating in the air, a charged particle discharge device 330 is
used to di sphskagingibago the air, charged particles that serve to make
negative the polarity of the dust 310 (S220). Wth the above configuration,
when the charged phaetmagrsticadiek glass substrates 100 are placed in the case 300 and,
from dust 310 floating in air as shown in Fig. 4, the dust having a negative
polarity is adsorbed by a single or a plurality of charging devices 320 caused to
have a positive polarity (5210). Herein, in a room or the like where the dust
310 is adsorbed using the charging device 320, it is possible to produce a flow
of air (convection) by a fan (not illustrated) or the like to cause the air to flow
toward the charging device 320, thereby adsorbing the dust 310.
By causing the charging device 320 to have the polarity, the dust 310
having the opposite polarity is adsorbed and thus the number of dust particles
310 floating in the air is reduced.
However, not all the dust 310 has the negative polarity. There exist the
dust having a positive polarity and the neutral dust with no polarity. In view of
this, for example, in order to make negative the polarity of the dust 310 floating
in the air, a charged particle discharge device 330 is used to discharge, into the
air, charged particles that serve to make negative the polarity of the dust 310
(5220).
With the above configuration, when the charged particles are

discharged from the charged particle discharge device 330 into the dust 310

floating in the air, all the dust 310 regardiess of having the positive, negative, or



di scharged fromthe charged particle discharge device 330 into the dust 310
floating in the air, all the dust 310 regardl ess of having the positive,
negative, or 10 neutral polarity comes to have the sane polarity
corresponding to the polarity of the charged particles discharged fromthe
charged particle discharge device 330. {gherefore, for exanple, by causing
the charging device 320 to have the positive polarity, it adsorbs the dust
310 whose polarity has been made negative by the charged particles.
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310, H@&%ﬁg q 'H?:l.‘ie 100 310

plrJZE/ent adtso {)tlon ﬁglp%o i %yaizrf;i ?\tgrgbtest hesergggrazigns, ufthe dus£0310
I's not adsorbed opignéhm or@%gg%é)i/eﬂi%Qﬂﬁsﬁﬁﬁ&ﬁtﬂéﬁgédé&%ed%ﬁto&ﬁerem)Ved

by the charging device 320 ( . Then, the magnetic-disk glass substrate
char gi ng deiaghefiddiskglasiesasdiafdes N00) 4 headrmaialisie gRisslsubkirafe Shdrgingat es

and, in the state where the dust 310 is renoved, the cases are packaged
with a packdeviog 3480f FRR50k. attdehetdfor &plying 4 bias wvditage aottiomagretieidiskng a
packaged state of the cases 300 with the nagnetic-di sk glass substrates 100
pl aced t herglass substrétessliOftte ahargd theny negatiked. e thye same, palanity @sstbat 800 wit h
the magnetic-di sk gl ass substrates 100 placed therein are sealed in a
degassed st teglustheAcerdinghy) tha rmagneticatiskiglaiss Isubstiatgachasgingaisvies 840 bag

350, ther ebgags%rs%ggrn:g#e%icc:iféj‘igf g?aizs'substrates 100 to have the same polarity as
that of the dust 310 (S230).

By causing the magnetic-disk glass substrates 100 to have the same
polarity as that of the dust 310, the magnetic-disk glass substrates 100 repel the
dust 310 to prevent adsorption thereof.

By carrying out these operations, the dust 310 is not adsorbed onto the
magnetic-disk glass substrates 100, but is removed by the charging device 320
(8240). Then, the magnetic-disk glass substrate charging device 340 is
detached from the magnetic-disk glass substrates and, in the state where the
dust 310 is removed, the cases are packaged with a packaging bag (S250).

Herein, Fig. 5 is a diagram for explaining a packaged state of the cases
300 with the magnetic-disk glass substrates 100 placed therein. In the state of
being stacked together, the cases 300 with the magnetic-disk glass substrates
100 placed therein are sealed in a degassed state. The cases 300 are
packaged with a degassed packaging bag 350, thereby forming a package 352.

According to the above configuration, in the packaging operation of

placing the magnetic-disk glass substrates 100 into the packaging bag 350, the

dust 310 floating in the atmosphere of the packaging operation is adsorbed and



According to the above configuration, in the packagi ng operation of placing
t he magneti c-di sk gl ass substrates 100 into the packaging bag 350, the dust
310 floating in the atnosphere of the packagi ng operation is adsorbed and 11
removed by the charging device 320 and, therefore, not only the dust 310
that adheres to the magnetic-di sk gl assqgpubstrates 100, but al so the dust
310 included in the packagi ng bag 350 is reduced. The packagi ng bag 350 of
t he package 352 i s unpackaged in another room (not illustrated). This
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It can be use or a nmagnetic I'S recor In a recordi ng system

using a naghesddtefRinddWobi and Y4 tledm@oheiroRhichith prédidealitens systemin
which the flying height of a nagnetic head is 10nmor less, and thus is

required tophaxgediafersiPan Bidw istgdhdraRidgsas td-bé diretted toward e same poi nt
of view, the subject magnetic-disk glass substrate is also suitably used

for a magnepredateskinedaboms recorded in a nmagnetic recording systemusing a
DFH head whose flying height is low and, further, it can also be used for a
magneti c di sk w t heseinabovelithg désosption bas b26 Gmadd ohihleZmbodiorent ohittee hi gh
recordi ng density has been achieved by a reduction in flying height of a
magnet i ¢ hesthgneticatisk glass subktratenmanbfestsring metiadaecording tokthiseinuesliorur ed
using the Since the subject magnetic-disk glass substrate has a reduced amount of dust

as compared with a magnetic-disk glass substrate 100 manufactured by a

conventional manufacturing method, the smoothness and flatness of the main

surfaces of the glass substrate are high. Therefore, it can be used for a

magnetic disk that is recorded in a recording system using a magnetic head

with a low flying height, i.e. a recording system in which the flying height of a

magnetic head is 10nm or less, and thus is required to have high smoothness

and flatness. Further, from the same point of view, the subject magnetic-disk

glass substrate is also suitably used for a magnetic disk that is recorded in a

magnetic recording system using a DFH head whose flying height is low and,

further, it can also be used for a magnetic disk with a recording density of

200Gbit/inch? or more whose high recording density has been achieved by a

reduction in flying height of a magnetic head.

In addition, the smoothness of a magnetic disk manufactured using the

subject glass substrate can satisfy a standard of a glide height of 10nm or less

in a glide test.  This is because since a glass substrate manufactured by the

manufacturing method according to this invention has main surfaces with high

smoothness and flatness, the smoothness and flatness of main surfaces of a



subj ect gl ass substrate can satisfy a standard of a glide height of 1 Onm or
less in aglide test. This is because since a glass substrate nmanufactured
by the manufacturing nmethod according to this invention has main surfaces
wi th high snoothness and fl atness, the snoothness and fl atness of main
surfaces of a 12 magnetic di sk manufactyped using the subject glass
substrate are also inproved. (Exanple) Hereinbelow, using an Exanple, a
description will be given of a magnetic-disk glass substrate nanufacturing

method to which this invention is _applied.. Magnetic-di sk gl ass substrates
100 o be pRAENsE dekManutased g e shisadarsa b ae ate A5 o cks.

Al ternativel the gl ass substrates 100 nay be nmanufactured as magnetic

di sks havi nd%a"%fﬁ determ ned shape, such as 0.8-inch disks (inner dianeter

6mm outer mﬂ#g%ﬁ%%r 21. 7mm thickness 0.381 nm, 1.0-inch disks (inner
di anmeter 7 r) di ameter 27.4mm thickness 0.381mm), or 1.8-inch

magneti disks (1 BRBLAIELSa AT EanE s AR B LFbEKness

0.508mm . The gl ass 3u ratres ernativel'y to 3.5-inch

di sks. (1) M&ﬁ-ﬁé@&%ﬁ\§ s8B rﬁeﬁﬁ%g&l%%mrgg @%gf&st% Whichfthi® iGERRNTENt . as

a materi al gnet1c=di sk glass substrat there can be cite

sodal i e gl %gﬁiiciec&qﬂkggéﬂ'ié-'bfsﬂ?aﬁ Rstries Qﬁb:tb bRlgackhged are Hi¥Sded td zed

gl ass, or t ng the the alumnosilicate glass I1s preferable.

Since the abdrargfabtuted asd. SafctCadiBkobt Aiternatel thesflassuiitees NDoi dity,
the magnetic spacing, particularly the flying height of a magnetic head,

can be redueesy benearfifadtlised &3 mdyeetic idisksahavng agirbdeteimirgdasimapeasguoivt ai n
high rigidity and strength by chem cal strengthening. First, nolten

al um nosi | i aat®e8-ghctsdiskméinher diachetet ®man,dwtér dibaeted1.7dim gbickpesssi ng usi ng
upper, |lower, and drum nol ds, thereby obtaining an
0.381mm), 1.0-inch disks (inner diameter 7mm, outer diameter 27.4mm,
thickness 0.381mm}), or 1.8-inch magnetic disks (inner diameter 12mm, outer
diameter 48mm, thickness 0.508mm). The glass substrates 100 may
alternatively be applied to 3.5-inch disks.
(1) Shaping Process and First Lapping Process
In this embodiment, as a material of magnetic-disk glass substrates 100,
there can be cited sodalime glass, aluminosilicate glass, borosilicate glass,
crystallized glass, or the like. Among them, the aluminosilicate glass is
preferable. Since the aluminosilicate glass can obtain smoothness and high
rigidity, the magnetic spacing, particularly the flying height of a magnetic head,
can be reduced more stably. Further, the aluminosilicate glass can obtain high
rigidity and strength by chemical strengthening.
First, molten aluminosilicate glass was formed into a disk shape by
direct pressing using upper, lower, and drum molds, thereby obtaining an
amorphous plate-like glass. As the aluminosilicate glass, use was made of a
glass for chemical strengthening. Other than the direct pressing, disk-shaped
magnetic-disk glass substrates 100 may be obtained by cutting them out, using

a grindstone, from a sheet glass formed by a downdraw method or a float

method. As the aluminosilicate glass, use was made of a chemical



anor phous plate-like glass. As the alum nosilicate glass, use was nmade of a
glass for chem cal strengthening. O her than the direct pressing,

di sk-shaped magnetic-di sk glass substrates 100 may be obtained by cutting
them out, using a grindstone, froma sheet glass fornmed by a downdraw

met hod or a float method. As the alum nggilicate glass, use was nmade of a
chem cal 13 strengthening glass containing, as main conponents, SiQ2 : 58
to 75wt % A12083 : 5 to 23wt % Li20: 3 to 10w% and Na20: 4 to 13w %
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magneti c-di sk gl ass substrates fromthe gl ass base Ing a

cylindrical yed R Was lchrric ol B\Epredsing MPSingYuRkedlates (?ﬂ’é‘bbﬂi portion of

each magneti c-di sk gl ass substrat'e, thereby obtaining annular magnetic-di sk

gl ass subst saHases 8Ptheqsiaicnike glabe frondthenghpr airiSloerisice@, bappliinged
peri pheral end faces and outer peripheral end faces 120 using di anond

gri ndst ones grindieigefuid cantajning tioeifreprabaadies graing cotmtifeemnaingsirfavesiofdhe (3)
Second Lappi ng Process Then, second | apping was applied to both main
surfaces 11platé-likaghass, andhelativelyimedngdhemtio @athsither. aBy thisoleppatges 100 in
t he sane manner as in the
there was obtained the glass base member having the flat main surfaces.
(2) Cutting-Out Process (Coring, Forming)
Then, the glass base member was cut using a diamond cutter, thereby
cutting out disk-shaped magnetic-disk glass substrates from the glass base
member. Then, using a cylindrical diamond drill, an inner hole was formed at a
central portion of each magnetic-disk glass substrate, thereby obtaining annular
magnetic-disk glass substrates 100 (coring). Then, grinding was applied to
inner peripheral end faces and outer peripheral end faces 120 using diamond
grindstones, thereby carrying out predetermined chamfering (forming).
(3) Second Lapping Process
Then, second lapping was applied to both main surfaces 110 of each of
the obtained magnetic-disk glass substrates 100 in the same manner as in the
first lapping process. By performing this second lapping process, minute
irregularities formed on the main surfaces in the cutting-out process or an end
face polishing process as a previous process can be removed in advance, so
that it becomes possible to complete a subsequent polishing process of the
main surfaces 110 in a short time.

(4) End Face Polishing Process



first lapping process. By perfornming this second |apping process, mnute
irregularities formed on the main surfaces in the cutting-out process or an
end face polishing process as a previous process can be renoved in advance,
so that it becones possible to conplete a subsequent polishing process of
the main surfaces 110 in a short tine. {4) End Face Polishing Process 14
Then, outer peripheral end face polishing of the magnetic-disk gl ass
substrates 100 was carried out. First, the end faces 120 were independently
polished prior to_chanfered faces 130. A polishing nethod may, be, for
exanpl e, a met hodTgP“S?lﬂFﬁFPSHEW§F ?%&“F%E?'Fﬁ”%g B?WP&H‘?QWW‘XKSR@'&‘SS

magnet i c- di sk | ass substrates 100 usi a _bruysh, t he. machi nin
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si ngl e- waf er | ishin et hod. . Subs ent] y..the ch red faces 130 were
m rror-poli EHE _ec%?,rlqr%psc,ha q%&eddﬁzsappgf’@ﬁceﬂ%0!@&}}%@3@}%@%}{&%?%@ t he
chanfered f 3 f . | codi S eh:.L he
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magnet i c- di I S ayi . ' d face
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finished to a“mrror surface state can preveht precipitation sodi um
and pot assi yathdd this Exanple, it has been described that the chanfered
faces 130 were polished after the end faces were polished. However, this

order is optionagypsaqidntiRihedehainfiredrand 13tivetdmitbapbined. f ®yamisl30 are

first polished and then the end faces 120 are polished. Then, wi th respect
t o the innethediffepdtiedih surfdckaoceghneds dofethie kbantfordd fageed 30dieaghbl ock is

formed by stacking a nunber of the glass substrates
magnetic-disk glass substrate 100 over the entire circumference fell within the
range of 0.001um or less. Then, the magnetic-disk glass substrates 100
having been subjected to the end face polishing process were washed with
water. By this end face polishing process, the end faces 120 of the
magnetic-disk glass substrates 100 were finished to a mirror surface state that
can prevent precipitation of sodium and potassium.

In this Example, it has been described that the chamfered faces 130
were polished after the end faces were polished. However, this order is
optional and it may be configured that the chamfered faces 130 are first
polished and then the end faces 120 are polished.

Then, with respect to the inner peripheral end faces, it may be
configured that a block is formed by stacking a number of the glass substrates
and chamfered inner peripheral end portions are simultaneously polished using
a brush roll. In this event, as polishing abrasive grains, use was made of a
slurry (free abrasive grains) containing cerium oxide abrasive grains.

(5) Main Surface Polishing Process
A first polishing process was first carried out as a main surface polishing

process. This first polishing process mainly aims to remove cracks or strains

remaining on the main surfaces 110 during the above lapping processes. In



and chanfered inner peripheral end portions are sinmultaneously polished
using a brush roll. In this event, as polishing abrasive grains, use was
made of a slurry (free abrasive grains) containing cerium oxide abrasive
grains. (5) Main Surface Polishing Process A first polishing process was
first carried out as a main surface poligging process. This first polishing
process mainly ainms to renove cracks or strains remaining on the main
surfaces 110 during the above | apping processes. In 15 this first polishing

process, the main syrfaces 110 were polished | ng a doub]e-side polishing
machi ne hav thig st polisling Rfoerss: thip B1RIM SUHAGHS ﬁé W%r%QQ"S'EﬁfJ YSIR9Ad resin
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cl eaned. Then, ol i shing process was carried out as a main surface
pol i shi ng pﬁgg%@g.a?%?galgecond pol i shing process ains to finish the main
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main surfaces 110 were’m rror using a double-side’polT shing

mechi ne  hafiigolishihgHbasss WERS inffRERAIATAdIESedifiRg BhiR Sfaidutrasi n f oam

pol i sher. pol i ng material, use was cerTum oxl de abrasive

grains finegetdrgant, ?hﬁe fatdrUEh@ YA Bis 8oy aleosél?'imﬁuﬁ%aché to Bh€lehhed!
pol i shing proceSs. The magnetic-di sk gl ass substrates 100 havi ng been

subjected to the TaepoadcbOhd pblisHing bRERRES WS Sarriddei R e” 4 MaiPspdsate ve
cl eaning baths of neutral detergent, pure water, and | PA (isopropyl

al cohol') i npblishing pracesso Thicsemecholishingubocese aims Yafisishdlse apgihi ed to
each cl eaning bath. (6) Chem cal Strengthening Process Then, chem cal
st r engt heni sgrfaess appintednitror shdacasyndhitbisdiesknd lpadishing process, the main
surfaces 110 were mirror-polished using a double-side polishing machine
having a planetary gear mechanism with the use of a soft resin foam polisher.
As a polishing material, use was made of cerium oxide abrasive grains finer
than the cerium oxide abrasive grains used in the first polishing process.

The magnetic-disk glass substrates 100 having been subjected to the
second polishing process were immersed in respective cleaning baths of neutral
detergent, pure water, and IPA (isopropyl alcohol) in turn so as to be cleaned.

An ultrasonic wave was applied to each cleaning bath.
(6) Chemical Strengthening Process

Then, chemical strengthening was applied to the magnetic-disk glass
substrates 100 having been subjected to the above lapping processes and
polishing processes. The chemical strengthening was carried out by preparing
a chemical strengthening solution in the form of a mixture of potassium nitrate
(60%) and sodium nitrate {(40%), heating this chemical strengthening solution to
400°C and preheating the cleaned magnetic-disk glass substrates 100 to 300°C,
and immersing the magnetic-disk glass substrates 100 in the chemical

strengthening solution for about 3 hours. In order to chemically strengthen the

entire surfaces of the magnetic-disk glass substrates 100, the immersion was



substrates 100 havi ng been subjected to the above | appi ng processes and
pol i shing processes. The chem cal strengthening was carried out by preparing
a chem cal strengthening solution in the formof a m xture of potassium
nitrate (60% and sodiumnitrate (40%, heating this chem cal strengthening
solution to 400C and preheating the cl esgped nmagnetic-di sk gl ass substrates
100 to 300C, and imrersing the magnetic-di sk gl ass substrates 100 in the
chemi cal strengthening solution for about 3 hours. In order to chemically

t he magnetic-di sk gl.ass strates 100,
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surface | ay magnet I c- di sk ate 100 was about 100mto
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chem cal strengthening process were imrersed in a water bath at 20C so as to

be rapidly mr@ﬂic-m?mbrshahmésfmo aveCitierihenatit €Fhe fHickhesk g ar api dl y
cool ed magnetic-di sk glass substrates 100 were i mersed in concentrated

sul furic acicdmprassice shesdlayer fiedsin exchtsurfazedbgamafceadhumbdeetic-tisk
magneti c-di sk gl ass substrates 100 havi ng been subjected to the sulfuric

aci d cl eaniglagsvsibstraten®06 adsi abaut 4p8ptr te2@gani ng bat hs of pure water and
| PA (isopropyl alcohol) in turn so as to be cleaned. An ultrasonic wave was

applied to each dheanagnetisadisk gRssptbstiaten 0@ havingrbeen sybiected pe dess, the
cutting-out cﬁrer?\cigasi Ssiregg'ter\e%?n% process were immersed in a water bath at 20°C so as to

be rapidly cooled, and maintained for about 10 minutes. Then, the rapidly

cooled magnetic-disk glass substrates 100 were immersed in concentrated

sulfuric acid heated to about 40°C, so0 as to be cleaned. Further, the

magnetic-disk glass substrates 100 having been subjected to the sulfuric acid

cleaning were immersed in respective cleaning baths of pure water and IPA

(isopropy! alcohol) in turn so as to be cleaned. An ultrasonic wave was applied

to each cleaning bath.

By performing the first lapping process, the cutting-out process, the end
face polishing process, the second lapping process, the first and second
polishing processes, and the chemical strengthening process as described
above, there were obtained the flat, smooth, and high-rigidity magnetic-disk
glass substrates 100.

(7) Inspection Process

Cleanness inspection was conducted for the main surfaces 110 of the

obtained magnetic-disk glass substrates 100. Using a surface defect detection

apparatus (AOI : Automatic Optical Inspection, OSA (Optical Surface Analyzer)

or the like), the inspection process irradiates light onto the magnetic-disk glass



face polishing process, the second | apping process, the first and second
pol i shing processes, and the chem cal strengthening process as descri bed
above, there were obtained the flat, snooth, and high-rigidity magnetic-di sk
gl ass substrates 100. (7) Inspection Process C eanness inspection was
conducted for the main surfaces 110 of tie obtained magnetic-di sk gl ass
substrates 100. Using a surface defect detection apparatus (AD : Autonmatic
Optical Inspection, OSA (Optical Surface Analyzer) or the like), the
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cases 300 i vél.'ﬁ té}‘muf,ﬁ?%mb%{fa{‘f%gé’-me arranged side by side. Then, the
girven 10 dus

negative polarity t 310 floating in air, the nmagnetic-disk

gl ass subst gat used to have the sane polarity as that of the
O R Pl

dust 310, a st 310 was adsorbed and renoved by a charging

devi ce 320. Then, 25k, %Sdiéﬁala@s}(ﬁsbgnstégmweﬁeei ddh @a2h of klség at es 100

pl aced therein were put Iinto a“packagi ng bag 350 and this packagi ng bag 350

was seal ed BooandaBaaeds 300K thd RarRY of fluvitredarRAjedxside By Sidelhe package
352 in which the magnetic-di sk gl ass substrates 100 were placed in the

hi pped 1 om o ol Se ubet e Mt et i g ol Bt A T anepor ted (o a
magneti c di stagneticidisk glassgubstaatesilawvsie caused tai hgviesthe ,saene polarity as
that of the dust 310, and then the dust 310 was adsorbed and removed by a
charging device 320. Then, the cases 300 with the magnetic-disk glass
substrates 100 placed therein were put into a packaging bag 350 and this
packaging bag 350 was sealed in a degassed state, thereby forming a package
352.

The package 352 in which the magnetic-disk glass substrates 100 were
placed in the cases 300 and packaged with the packaging bag 350 as
described above is shipped from a glass substrate manufacturing plant and
transported to a magnetic disk manufacturing plant by a ship, an airplane, a
train, or the like.

(9) Unpackaging Process

The packaging bag 350 of the package 352 was unpackaged in a
predetermined room. Another room was adjacent to the predetermined room
and to a clean room in which the production line was provided, wherein an air
flow was generated so as to be directed toward the predetermined room
(illustration of the predetermined room and the another room is omitted).

(10) Transfer-in Process
In order to perform a film forming process of forming magnetic layers on

the magnetic-disk glass substrates 100, the magnetic-disk glass substrates 100



train, or the like. (9) Unpackagi ng Process The packagi ng bag 350 of the
package 352 was unpackaged in a predeterm ned room Another room was

adj acent to the predeterm ned room and to a clean roomin which the
production Iine was provided, wherein an air flow was generated so as to be
directed toward the predeterm ned room {gllustration of the predeterm ned
room and the another roomis omtted). (10) Transfer-in Process In order to
performa filmform ng process of form ng nagnetic |ayers on the

magnetic-di s | ass, substr s 100, the npgnetic-disk gl upstrates 100
189" ol aced Plackrandng esenabese tiansibrett GiP Ins eR odindiishabon
(illustration..o 't%ed wher e the production.line was provided. (Evaluation)
A descri pti BW'WﬂW =] g‘ih9e9{°§¥'°tm 'QE%Y"@%R&%‘QC’%‘F- this Exanple for the

magnet i c- di ?gﬁh%ﬁéﬂ)wbs”at es 100 unpackaged by the above processes. Fig.

6 is a diag I ng, using a surface defect detection apparatus

OSA6100), th 0f. AW A ' 352 with
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particles 430 such™as the dust 3 adhering to the nmain surfaces of the

three arbi th@himbes of aastashriBes Ol thpdickiginhane pakkags 862 withddudtor each was
counted to derive the average nunber of particles 440 as the average of the

three sanpl esmovddeegtherExaimplardridch package with duist abnesndyedcseingiang
particles with a size of less than 1.0m As a result, the average nunber of

particl es 4@bnoparatiee Examples Héfeiofthtdeesamplas! 410 of thedtanple3patkage e.
smal | er than, the average
with dust removed) and three samples 420 of the comparative Example
(package with dust not removed) were arbitrarily selected. Then, the number
of particles 430 such as the dust 310 adhering to the main surfaces of the three
arbitrarily selected magnetic-disk glass substrates 100 for each was counted to
derive the average number of particles 440 as the average of the three samples.
The number of particles 430 was obtained by counting particles with a size of
less than 1.0um. As a result, the average number of particles 440 of the
samples 410 of the Example is about 1/3 of, i.e. smaller than, the average
number of particles 440 of the samples 420 of the Comparative Example and,
therefore, there is observed a clear difference in the number of particles and
thus there is obtained a result where the former shows high superiority as the
packaging quality.
(11) Magnetic Disk Manufacturing Process (Film Forming Process)
This process is characterized by performing a film forming process of
forming at least a magnetic layer on each of the magnetic-disk giass substrates
100 packaged using the above package.
On each of both surfaces of each of the magnetic-disk glass substrates

100 obtained through the packaging method and the manufacturing processes

described above, an adhesive layer of a Cr alloy, a soft magnetic layer of a



nunber of particles 440 of the sanples 420 of the Conparative Exanple and,
therefore, there is observed a clear difference in the nunber of particles
and thus there is obtained a result where the fornmer shows high superiority
as the packaging quality. (11) Magnetic Di sk Manufacturing Process (Film
Form ng Process) This process is charactegized by performing a filmformng
process of formng at |east a nmagnetic |ayer on each of the nmagnetic-disk
gl ass substrates 100 packaged using the above package. On each of both

The §§§E%L@ﬁ%ﬁ%ﬁﬁpﬁ%ﬁpﬁ%@%&ﬁf{é?ﬂ%ﬁéf i;sipﬁri’“ '§@3rsweé3%%2%§%§§§ef :éﬁ”g“
gfllhgy, an u#y&f |°£§‘Z$‘%f'§‘rar?&8 @8)’@4&[‘]5{{%%3’ r'axﬁ'g‘ﬁf\éﬁdé8§%€%¢§icﬁg€°rﬁ§5‘é’% of IOa
ur | catt ng et 1Ay pRER oK poR¥fer Her? YRR o ERE OBt T ey
xami o of (RSN PR AindEAaranBRE PECURGTRNS Ty SUpRERE} e Sera:

and so on ”@kaﬁ@ié ngﬂfr;egst tGR ok Bé&)%‘ﬁdl&?eﬁ%é n&i&&sk.“@@ﬁ%fi%@%r@bove,

according to t of manufacturing the ghetic-di substrates

100 i n acconpgnetonhidy bdfemridadaAmiblaneimhgnetkogiskbl e to more reliably
prevent the dust 310 present in the packagi ng bag 350 and the cases 300

from adhering to {edamreibed iabolesicaraing toUhs Mathes of Manufddierieg e, a
magneti c di sk manufactured using this magnetic-di sk glass substrate 100 has

a reduced numdgietictdislogiess stebtrates H0Wintducordateawith thie eanbadhtent,iits i n
flying height of a nagnetic head to even 10nmor |less and an increase in
recordi ng deoessible toomd 6 @iablyi prek@nbtherdust 310 iresenthie tipe paekaging bagdHiOnent
of this invention has been described wth reference to the acconpanying
drawi ngs, i @ndshecadesS80tftom adheriag ta tiesmagnetic-disk glass substrates 100.
Therefore, a magnetic disk manufactured using this magnetic-disk glass
substrate 100 has a reduced number of convex defects and thus can achieve a
reduction in flying height of a magnetic head to even 10nm or less and an
increase in recording density to 200Gbit/inch? or more.
While the preferred embodiment of this invention has been described
with reference to the accompanying drawings, it is needless to say that this
invention is not limited thereto. It is obvious that a person skilied in the art can
think of various changed examples or modified examples within the scope of
claims and it is readily understood that those examples also belong to the

technical scope of this invention.

Industrial Applicability
This invention is applicable to a magnetic-disk glass substrate

manufacturing method.



invention is not limted thereto. It is obvious that a person skilled in the
art can think of various changed exanples or nodified exanples within the
scope of <clains and it is readily understood that those exanples al so
belong to the technical scope of this invention. Industrial Applicability
This invention is applicable to a magnet2g-di sk gl ass substrate

manuf acturing nmethod. 20 CLAIMS 1. A magnetic-di sk glass substrate

manuf acturi ng method characterized by placing a magneti c-di sk gl ass
substrate in a case, adsorbing, when Zbg@bﬂg said case into a packagi ng bag,
dust floating in air by a charging deti harged with static electricity,
thereby renoving it from an atnosphere of a packagi ng operation, storing
said case with said magnetic-di sk gl ass substrate placed therein into said

packagi ng bag, ang s ' sal: ' @91 ' &ﬁ% tate. 2. The
magneti c-di sk gl ag's g%@%&?@'%ﬁ&%ﬁﬁq}&gﬂﬁg n@bﬁg%tac ﬁ% ngé to claim1l,
characteriz ' ging charged particles froma charged particle

di schar ge d@\%@éteqizﬁgw he dust floating in the air, thereby charging the

dust, and chargin \ netieg; LES sWbdthatd iIRY &ddl Y opposite to that of

t he dust di scharglgga\?ndat ﬁ{%gigoleclar gd Sartt??:l els_. 3. The magneti c-di sk gl ass
substrat e manuf acjyddrbmhgTaheAkiatsPsaidhseliftc-a pabkdgifg b%?, Qbﬁrfﬂﬁiﬁﬁliﬁed by

applying a bias voltage to said nagnetic-disk glass substrate to charge

Zai f' nmagnet aig bt sSehargRREI UGS Ehadgedwiitihstatie eletificityp thereby yerdsvinat from t he
ust.

an atmosphere of a packaging operation,

storing said case with said magnetic-disk glass substrate placed therein
into said packaging bag, and

sealing said packaging bag in a degassed state.

2. The magnetic-disk glass substrate manufacturing method according
to claim 1, characterized by

discharging charged particles from a charged particle discharge device
into the dust floating in the air, thereby charging the dust, and

charging said charging device with a polarity opposite to that of the dust
discharged with said charged particies.

3. The magnetic-disk glass substrate manufacturing method according
to claim 1 or 2, characterized by applying a bias voltage to said magnetic-disk
glass substrate to charge said magnetic-disk glass substrate with the same
polarity as that of the dust.

4. The magnetic-disk glass substrate manufacturing method according
to any one of claims 1 to 3, characterized in that said magnetic-disk glass
substrate is used for manufacturing a magnetic disk that is recorded using a
DFH head.

5. The magnetic-disk glass substrate manufacturing method according
to any one of claims 1 to 4, characterized in that said magnetic-disk giass

substrate is used for manufacturing a magnetic disk over which a flying height



4. The magnetic-di sk gl ass substrate manufacturing nmethod according to any
one of clains 1 to 3, characterized in that said nagnetic-di sk gl ass
substrate is used for manufacturing a nmagnetic disk that is recorded using a
DFH head. 5. The magnetic-di sk gl ass substrate manufacturing method
according to any one of clainms 1 to 4, @yaracterized in that said

magneti c-di sk glass substrate is used for manufacturing a magnetic di sk
over which a flying height 21 of a nagnetic head is 1 Ohmor less in
recording on said na

netig.disk. 6. The magnetic-dis | ass. spuhstrate
rmnut act or 1% AEAGDRIGEEBRAS BN & aRg M REOBhg n S pRdle W nct or i zed
in that said magneti cydi sk al ass,. ,substrate i.s used. for. manufacturi
maneti o di sk wit Pa ot BrgRRC aisKAast SAbSeddfafiacf linte L Adoning
to any one of claims 1 to 5, characterized in that said magnetic-disk glass
substrate is used for manufacturing a magnetic disk with a recording density of

200Gbit/inch? or more.



