DESCRI PTI ON METHOD OF MANUFACTURI NG A GLASS SUBSTRATE FORA MAGNETI C DI SK
This application is based upon and clains the benefit of priority from
Japanese patent application No. 2008-048086, filed on February 28, 2008, the
di scl osure of which is incorporated herein in its entirety by reference.
Background of the Invention: This invention relates to a nmethod of

manuf acturing a gl ass substrate for a nagnetic disk. In recent years, the

i nformati on recording technique, particularly the mgnetic recording

t echni que, has remarkably advanced foll owi ng the devel opnent of information
technol ogy. Wth the reduction in size and thickness and the increase in
recording density of magnetic di sksPEGGERETIONbstrates excellent in
substrate main surface flatness and substrate strength have started to be
used as substrates for magnetic recording nedia such as HDDs (hard di sk

drives) being one o {i C Ln |8, o d al um num
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achi eved up to about 200Ghit/inch2. Following this increase in recording
density, magnetic heads have also shifted fromthin filmheads to
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flying height (magnetic spacing) of the magnetic head fromthe magnetic disk
in this madiselosuré ohehidheisingorperdiéd hieceinimpits eatitdte bypefdraged.oss to
i ncrease the

Background of the Invention:

This invention relates to a method of manufacturing a glass substrate
for a magnetic disk.

In recent years, the information recording technique, particularly the
magnetic recording technique, 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 main 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.

Magnetic disks have been required to be increased in recording density
and, in recent years, the increase in information recording density of magnetic
disks has been achieved up to about 200Gbit/inch®. Following this increase in
recording density, magnetic heads have also shifted from thin film heads to
magnetoresistive heads (MR heads) and giant magnetoresistive heads (GMR
heads), wherein the flying height of a magnetic head from a substrate

(magnetic disk) has been reduced to about 20nm to 5Snm. By reducing the



S/INratio (signal/noise ratio) and thus to achieve a further increase in
recording density. Such a nagnetoresistive head (MR head) or giant magneto
resistive head (GWR head) controls the flying height by the pressure of air
between the relatively noving nagnetic head and nmagnetic disk. That is, the
flying height of the magnetic head fromthe magnetic disk is determ ned by
a bal ance between a positive pressure (a pressure exerted in a direction in
which the nagnetic head flies fromthe 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 volune of air and thus
reduci ng t h8yipgdwightdmagnetic spacieg af the: magaelis hpad fome theamagnetio diskim
surface of a slider of the magnetic head) generated by an air flow. As one
of techni quthis mannerdbhas beag possibieia imirove theyepaging éqssaonear@ase |tb¢ ng

hei ght descri bed a nd achj evi a further reduction in flying height,
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recent yeara BIC|f|caIIy, a heater elenent is enbedded in a nagnetic head
and, during96P&Mation of the magnetic head t he heater elenent is heated.
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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.

As one of techniques for stabilizing the control of the magnetic head

flying height described above and achieving a further reduction in flying height,

the technique called DFH (Dynamic Flying Height) has been developed in

recent years. Specifically, a heater element is embedded in a magnetic head

and, during operation of the magnetic head, the heater element is heated.

The magnetic head is thermally expanded by its heat and slightly projected

toward a magnetic disk. By this, the magnetic spacing being a magnetic gap

between the magnetic head and the main surface of the magnetic disk can be

reduced only in that event (during operation of the magnetic head). That is,

DFH is a technique that can reduce the flying height of a magnetic head from a

magnetic disk.

With such a DFH head, a further reduction in flying height has been

achieved. However, a magnetic head is mounted with an MR element



i nherent failure, the head crash failure or thermal asperity failure. Since
these failures occur due to mnute irregularities on the surface of a
magnetic disk, the main surface of the magnetic disk is required to have
extrenely high-level snpothness and flatness. As neans for evaluating such
flying characteristics affected by the gnoothness of a magnetic disk, there
I's, for exanple, an inspection by a glide test. The glide test is a nethod
of disposing a glide head (a head equi pped w th an inpact detecting sensor
such as a PZT (piezoelectric elenent)) so as to face the main surface of a
magneti c di sk and evaluating the flying characteristics by relatively
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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.

As described above, even glass substrates excellent 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 magnetic disk to cause the head crash failure or
thermal asperity failure. Therefore, the operation of forming magnetic
layers/protective layers etc. on the main surfaces of the glass substrates is
normally carried out in a clean room.

Herein, there arises a problem of particles that adhere to the glass
substrates while transporting the glass substrates to a magnetic disk production
site from the manufacture of the glass substrates. Generally, in a magnetic

disk production process, the glass substrates are first cleaned to thereby

remove adhering particles. However, it is not possible to remove any amounts



of particles. If there is a difference in anount of particles adhering to
the glass substrates, there also occurs a difference in anmount of particles
remai ning on the glass substrates after the cleaning. Therefore, it is
necessary to reduce as nuch as possible the particles adhering to the gl ass
substrates at the tine of transfer-in (gfter unpackaging) and, for this, a
packagi ng net hod, an unpackagi ng nethod, a packaging structure, and a
packaging material conprised in a glass substrate or magnetic disk

manuf acturing nethod are extrenely inportant. As a related art handling
magneti c disks, not glass substrates, as packagi ng objects, there is a
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packaging objects, there is a technique wherein magnetic disks are transported
while being placed in a receiving container and double packaged with a first
packaging bag and a second packaging bag as described in, for example,
Japanese Unexamined Patent Application Publication (JP-A) No. H11-15675691
(Patent Document 1). According to this package, since the magnetic disks are
sealed in the packaging bags, it is possible to prevent invasion of particles or

foreign matter into the packaging bags.

Disclosure of the Invention:

The packaging technique for preventing contamination of the magnetic
disks has been proposed by Patent Document 1. However, even if such
packaging technique is applied to packaging of the glass substrates, this does
not achieve sufficient reduction in amount of particles adhering to the glass
substrates after unpackaging. Therefore, it is not possible to satisfy the
smoothness/flatness standard required for the magnetic disks following recent
development for higher recording density of the magnetic disks and lower flying
height of the magnetic heads. It is therefore necessary to further reduce the

amount of particles adhering to the glass substrates.



In view of the subject described above, it is an object of this invention to
provide a nethod of manufacturing a glass substrate for a nmagnetic-di sk
capabl e of inproving the nagnetic disk yield rate by nore reliably
preventing adhesion of dust or foreign matter to a glass substrate. As a
result of diligent studies on the above gubject, the inventors of this
application have di scovered that when packaging a case in which a gl ass
substrate is placed, particles are present in a packagi ng bag thereof and
the case, have found that preventing adhesion of such particles to the
glass substrate is effective for inproving the glass substrate yield rate
and thus inprovi Hyviemeofthgsabiact deskrisgdabovertiels agnebjpelef thisnBveértiadtonpl et e
this invention. In order to solve the above subject, a typical structure of

a met hod of to pigvideamiethag of r@araa‘gc@uagtarsiﬁés ﬁHPStéatﬁefahét"i‘%gQﬁtW'ﬁ%cor di ng

?rggﬁz't.scijﬁ.vggééﬁﬁosmgﬁwng eamasaema%ag TRty s Pk Sveatlss  ng
tﬂegolrrgfles;: %ﬂhlt?%ﬁe B4 el sl B GBS SHSEE g < he packagi ng bag by
state.  Accor ding 8 %M‘%ﬁ@’@‘@&ﬂ? iR e SRGEREGRSL M 18l %%gﬁifﬁe
of the packagid q&@td.ec&%ema NEoa Bk oot TR Ao

possi bl e € occurr énce o an-arr e case an

packagi ng bahaiiste it Bliteto paRiERICar8rLENER PbESeIin Ba%p?erreafsgﬁmﬁw bag and

the case wi thout ering to e gl'ass substrate. during the
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t he packagi ng bag from being noved by an airflow and thus to prevent such
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particl es iimproving the magnetic disk yield rate, and have come to complete this
invention.

In order to solve the above subject, a typical structure of a method of
manufacturing a glass substrate for a magnetic-disk according to this invention,
comprising; placing one or more glass substrates for magnetic-disks in a case,
placing the case in a packaging bag, degassing the inside of the packaging bag
by performing decompression at a decompression rate of 0.1MPa/sec or less,
and sealing the packaging bag by hermetically closing an opening portion of
the packaging bag in a degassed state.

According to the above configuration, by slowly degassing the inside of
the packaging bag at a decompression rate of 0.1MPa/sec or less, it is possible
to reduce the occurrence of an air flow in the case and the packaging bag and
thus to remove particles present in the packaging bag and the case without
adhering to the glass substrate. Therefore, during the degassing, it becomes
possible to prevent particles present in the case and the packaging bag from
being moved by an airflow and thus to prevent such particles from impinging on

and adhering to main surfaces of the glass substrate.

If degassed and sucked rapidly, there is a possibility that particles in an



6 atnosphere vigorously adhere to the main surfaces of the glass substrate
and thus are fixed thereto so firmy that the particles cannot be renoved
by cl eaning. However, according to the above configuration, particles can
be sucked while being carried on an airflow, so as to be renoved to the
outsi de of the packaging bag. Even if tlge particles are brought into
contact with the main surfaces of the glass substrate, the kinetic energy
of the particles is so small because of the degassing being slow that the
particles have difficulty in adhering thereto and that even if the
particles adhere thereto, those can be easily renoved by cleaning. Further,
by sealing BHBOQBWQQ«IIMOU&U aghenme torthe main sutacss elthergassopehstiaie ot i on of
the packaging bag in the degassed state, it is possible to renpbve air

containi g g2 2%‘?33‘*2@;?\‘??;??*3?*?5“‘* el g g o i Ceont i
}Nﬁt ?Levaggrk WW@M'EQ&% "(E)ﬁs :F’ﬁ\ée 5tae Il%l-{rj'zegrr‘]?%ﬁg}/'c 8§ C?Bﬁ%ﬁ/w%edeﬁ ; Omvapor

| quer yi ng PR GATIAd o 1 BT S 1 ApermicyeY 13 U5e alifideab B Packao

Fhes ol obRBo. By i ?Psagf 85§ e Bloudhtintd FoBia Mt‘ﬁha”% leBg a1 O
TRl ntai Nt e At S B o RRSGE KASH b0 &mauﬂnycaeg gro! the

gl ass subst packagi unpa ng t ereo after

transter th%&afe%agé?ﬁg Bﬁﬁu\éeslgﬁ‘iﬁﬁﬂﬂhﬁﬁuaa?g&?é%ag %ﬁiﬁ%@@’hms e héretst al

| am nate fil I nce” t I'm ng property

agai nst vat gind tMaP&NerPf tiEparticlRe £drré tieees 186 BN %@%a%qy ?émbbéd biyme of

packagi ng can be maintained over a |ong period of tinmne. a netal "of the
metal |am naleaningge can be suitably made of alum num a stal nl ess materi al,
chromum a steel plate subjected to chrom c-acid treatnent,

phosphoric-aci d t Feaathes iy, sezdlingthé @ackaging bag by hermetically closing the

opening portion of the packaging bag in the degassed state, it is possible to
remove air containing particles and water vapor in the packaging bag to
thereby obtain a state close to vacuum and further to prevent invasion of
particles and water vapor from the outside of the packaging bag. By removing
water vapor in the packaging bag, it is possible to prevent such water vapor
from liquefying due to the difference in temperature during transfer and
adhering to the glass substrates and thus to avoid a change in the state of the
main surfaces of the glass substrate. Therefore, it is possible to maintain the
state of the glass substrate to be good from shipping of the glass substrate
after packaging thereof until unpackaging thereof after transfer thereof.

The above packaging bag is preferably made of a metal laminate film.

Since the metal laminate film has high shielding property against water
vapor or gas, the state degassed and sealed at the time of packaging can be
maintained over a long period of time. As a metal of the metal laminate, use
can be suitably made of aluminum, a stainless material, chromium, a steel plate
subjected to chromic-acid treatment, phosphoric-acid treatment, chromate

treatment, or plating with nickel, tin, or zinc, or the like. As materials for



treatment, or plating with nickel, tin, or zinc, or the like. As materials
for 7 lamnating the above netal, there can be cited a polyethylene film
an alumnumfilm a drawn nylon (polyamde) film a polyethyl ene
terephthalate film and so on. By lam nating these materials, the water
vapor perneability and the oxygen permegbility of the packaging bag can be
reduced. It is preferable that the above hernetic closing be in a heat
sealing manner of |inear bonding under heat and pressure and conprise
performng first hernetic closing and then further perform ng second
hernetic closing inside a position of the first hernetic closing. By

carryi ng outamineting theabove meiahthateidander tited apalyalbdenadiimagn descri bed
above, it is possible to increase the heat seal strength. There is a

possi bi | i t y alyfainuphilinendrayamnylag (pelyagide)diimy apaxethyiepetarapathalater ation is
weaker than _the other sides industrially processed. However, with the double
seal i ngs, e@'L'Ha fnd £4O0; n%rlaﬁﬁmtﬁeﬁﬁﬂgtgﬂﬁ‘sb me ‘é’ﬁEﬁIIV@pE’BF?ﬁrmﬁatP'Lﬁyl due to
the differen i n_at nospheric..pr ure, the inside of the ckagi ng bag can
bo- i nt ai 480 the CXHaCR BRTERAGHE & 6 raked fo cad 4 ¢ redkiea Seali ng. 17 ¢ he
above heat sealings _ar nfor in order of first pn.the insi and
second on the out i'ﬁ@,rgngsbl?Mﬁg aBQf’ﬁg‘&ﬁmghFﬁi%é'}ﬂ Bgé'iﬁﬁ}?fgge% efore, in
the inventi t Bi. ' [ ' . ' |n order
of first on paest iadPEiRhuBRar BaPRd pieEs0ls hE oBhthisBiRdInd.c,

heat sealin [ ki 'g@? ' O ~therefore, even
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packagi ng  hagdélagositiin aqﬁérfifsﬂﬁeri-r%ﬂer(ﬁ;ﬁﬁ%b' e to further place in a second
packagi ng bag the  packagi ng bag sealed wth the case placed therein, to
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described above, it is possible to increase the heat seal strength. Thereis a
possibility that the heat sealing hermetically closed by manual operation is
weaker than the other sides industrially processed. However, with the double
sealings, even if the inner {second) heat sealing should come to fail due to the
difference in atmospheric pressure, the inside of the packaging bag can be
maintained in the sealed state by the outer (first) heat sealing.

If the above heat sealings are performed in order of first on the inside
and second on the outside, air remains between both heat sealings.
Therefore, in the invention of this application, by performing the heat sealings in
order of first on the outside and second on the inside, a region between both
heat sealings is maintained in a state close to vacuum and, therefore, even if
the inner heat sealing comes to fail, the incorporation of air into the packaging
bag does not occur.

It is preferable to further place in a second packaging bag the
packaging bag sealed with the case placed therein, to degas the inside of the
second packaging bag by decompression, and to seal the second packaging

bag by hermetically closing an opening portion of the second packaging bag.

According to the above configuration, since both the packaging bag



bag by hernetically closing an opening portion of the second packagi ng bag.
According to the above configuration, since both the packaging bag 8 and

t he second packagi ng bag are degassed and seal ed, perneation of water vapor
or gas can be prevented nore effectively so that the sealed state can be

mai ntai ned over a long period of time. Fgrther, by double packaging the
case, even if the second packaging bag is perforated due to collision or
the like during transfer, the inside packaging bag can be maintained in the
seal ed state. Hereinbelow, the inside packaging bag described earlier wll
be called a "first packaging bag". The subject glass substrate for a
magneti c di @rditbe seeprd pBthkagiee bapare degaased andisegled, pegreatien af wRtarhat i s
recorded using a DFH head. Since the glass substrate for a nagnetic disk
manuf act ur eNaBgr ehaas GambeRreventad meErfiteciivelysa thgt the sealed sfalefendie has a
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less in rec %Qké@ngga he magnetic disk. As described above, the cleanness of
the main su C he gl ass substrate for a nagnetic di sk nmanufactured

by the method of "I‘ﬁa%%ﬁédﬂrié& sutRGatelidt@ ﬁw%gh@fiédisRW@P}éf@FhBliuQé@'Poras
conpared with that of the 8| ass substrate foOr a nmagnetic di sk manufactured

by the converdnduradurin@auhaghetid ak 1Rt decordbg iy £ DFRH maaget i ¢ di sk
manuf act ured usi ng such a gl ass substrate has high

Since the glass substrate for a magnetic disk manufactured by the
manufacturing method according to this invention has a reduced amount of
particles as compared with a glass substrate for a magnetic disk manufactured
by a conventional manufacturing method, the cleanness of the main surfaces of
the glass substrate is high. Therefore, the glass substrate for a magnetic disk
according to this invention is suitably used for a magnetic disk that is recorded
in a magnetic recording system using a DFH head with a low flying height.

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

As described above, the cleanness of the main surfaces of the glass
substrate for a magnetic disk manufactured by the method of manufacturing
according to this invention is high as compared with that of the glass substrate
for a magnetic disk manufactured by the conventional manufacturing method.
Therefore, a magnetic disk manufactured using such a glass substrate has high
smoothness and flatness and thus can be adapted to a recording system in

which the flying height of a magnetic head is 10nm or less.

The subject glass substrate for a magnetic disk is preferably used for



snoot hness and fl atness and thus can be adapted to a recording systemin
whi ch the flying height of a magnetic head is 1 Oonmor |ess. The subject

gl ass substrate for a magnetic disk is preferably used for 9 nanufacturing
a magnetic disk with a recording density of 200Goit/inch2 or nore. As
descri bed above, the snoothness and fl atgess of the main surfaces of the
gl ass substrate for a magnetic di sk manufactured by the manufacturing

met hod according to this invention are high as conpared with those of the
gl ass substrate for a magnetic di sk nmanufactured by the conventi onal

manuf acturi ng nmet hod. Therefore, a magnetic di sk manuf act ured usi ng such a
gl ass subst marafacturing asmagaemc;/dlabpmtfeal recordingedgnsity of @09Gbikinbh a0t ecor di ng
density of 200Ghit/inch2 or nore whose high recording density is achi eved by
a recordi nf¥gstemin which the flying height of a magnetic head is | ow

According to this inventjon, it is possible to provide a nethod o
manuf acturing a ghagiessiibed aboues he snosthness én@|ﬂ§m®é§ﬁf5h%“@ﬁ'"lshlﬁ’?69$ ng the
nmagneti c dISk ield ra
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density of 200Gbit/inch? or more whose high recording density is achieved by a

recording system in which the flying height of a magnetic head is low.

According to this invention, it is possible to provide a method of
manufacturing a glass substrate for a magnetic-disk capable of improving the
magnetic disk yield rate by more reliably preventing adhesion of dust or foreign

matter, present in a packaging bag and a case, to a glass substrate.

Brief Description of the Drawings:

Fig. 1 shows diagrams for explaining a glass substrate for a magnetic
disk 100 according to this invention.

Fig. 2 shows diagrams for explaining a state where glass substrates
100 are placed in a case 200.

Fig. 3 shows diagrams for explaining a state where cases 200 with
glass substrates 100 placed therein are packaged with a first packaging bag
210.

Fig. 4 shows diagrams for explaining details of the first packaging bag
210.

Fig. 5 shows a diagram for explaining a state where the cases 200 with

the glass substrates 100 placed therein are packaged with a second packaging



210. Fig. 5 shows a diagramfor explaining a state where the cases 200 with
the gl ass substrates 100 placed therein are packaged with a second packagi ng
10 bag 220. Fig. 6 shows graphs each illustrating the relationship between
the deconpression rate and the nunber of particles. Preferred Enbodi nent
for Carrying Qut the Invention: First, ajglass substrate for a nmagnetic disk
according to this enbodinment will be described. Fig. 1 shows diagrans for
explaining a glass substrate for a nagnetic disk 100 according to this
enbodi ment, wherein Fig. 1(a) is a perspective view of the glass substrate
for a magnetic disk 100. The glass substrate for a magnetic disk 100 has a
di sk shape Waghi228h inner hole forned at the center thereof. Each of main
surfaces 110 is a _region for recording/reproducing information and thus is
substantial ly srmﬁt!gwgef ghows prarhseadh itestmtingtherelliopship ketweepdb®er . Fig.
1(b) is an X-X sectignal view of Fig. 1(a).. The glass substrate for a
magnet i c- di SRCATBresHN rate andHoe AUmberf €310 that will serve as

i nformati on recordi ng/ reproduci ng regions, an end face 120 perpendicular to
the main surfaces 110, and chanfered faces 130 interposed between the main

A L Bt B ot AR BEPBhtnihree, LY T hagpen that
e oo ot PSS 6P Ml o888 RSP0
oL o em, ARG LSl o'Wl SN EnGYS (e B pblRGEIYRES
particul arl g hetrildFoFBiragibticadisr 168 ActBRIifS to tHEERTR dment, wherein Fig.

1(a) is a perspective view of the glass substrate for a magnetic disk 100. The

glass substrate for a magnetic disk 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 glass substrate for

a magnetic-disk 100 comprises the main surfaces 110 that will serve as

information recording/reproducing regions, an end face 120 perpendicular to

the main surfaces 110, and chamfered faces 130 interposed between the main

surfaces 110 and the end face 120, respectively. Since it may happen that the

boundary between the end face 120 and each chamfered face 130 becomes

unclear by a later-described end face polishing process, this embodiment also

comprises a case where the end face 120 and the chamfered faces 130 on

both sides thereof cooperatively form one curved surface.

If particles or foreign matter adheres to the glass substrate for a

magnetic disk 100, particularly to the main surfaces 110 thereof, before a

magnetic-disk film forming process, smooth magnetic layers cannot be formed

on the glass substrate 100 in the film forming process and thus the vield rate of

magnetic disks as final products decreases.



magnetic-disk filmform ng process, snooth magnetic | ayers cannot be forned
on the glass substrate 100 in the filmform ng process and thus the yield
rate of nmagnetic disks as final products decreases. 11 Fig. 2 shows

di agranms for explaining a state where glass substrates for a magneti c-di sks
100 are placed in a case 200, wherein Fig4 2(a) is an enlarged view of the
general ly rectangul ar parall el epi ped plastic glass-substrate case 200
serving as a container for storing the glass substrates for a

magneti c-di sks 100. The case 200 is capabl e of accommodating 25 gl ass
substrates and the gl ass substrates for nmagnetic disks 100 are stored in
the case 200. A plkigaZishpwsfdidgrams fon explaningiacstatecwherecglass sabstratesfor he
glass substrates for a magnetic-disks 100 pl aced therein are arranged side
by side as amagnetin-dsks 10G Ble plagedirea qaset200s wheseis, Figu2(a) is an

| at er-descri bed first packaging bag 210. The nunber of glass substrates for
magnet i ¢ di skyargsd vipwaf dbe generadly saetangular pajalieteniped glastisr e and i s not
particularly limted. Fig. 3 shows diagranms for explaini state where the
cases 200 wi9IASSBHBSHRIGCAsE AN $ViDg 9%R CRAMRAT fer aloiikg t[ﬁg@?ﬁﬁ%t% ein
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packagi ng bag I'sTevent, the rate of degassing the insi
first packadhdghd\ed in Bt 2(15) MEERS Htiis 3tHEOMA ASiateUdsRtiBed@firdl: 1MPal sec or

| ess. By degassing at "such a deconpression rate, it is possible to prevent
ai rflow fronmdskagthg bag 210. The number of glass substrates for magnetic disks 100
placed in the case 200 may be one or more and is not particularly limited.

Fig. 3 shows diagrams for explaining a state where the cases 200 with
the glass substrates for magnetic disks 100 placed therein are packaged with
the first packaging bag 210. The plurality of cases 200 with the glass
substrates for a magnetic-disks 100 placed therein are, in the state of being
arranged side by side as shown in Fig. 2(b), first put in the first packaging bag
210 made of a metal laminate film as shown in Fig. 3(a). Thereafter, two pipes
202 connected to a decompressor (not illustrated) are inserted into an opening
portion of the first packaging bag 210, thereby decompressing and degassing
the inside of the first packaging bag 210.

In this event, the rate of degassing the inside of the first packaging bag
210 is preferably a decompression rate of 0.1MPa/sec or less. By degassing
at such a decompression rate, it is possible to prevent airflow from being
generated in air in the cases 200 and the packaging bag (first packaging bag
210) during the degassing. This makes it possible to prevent particles present
in the cases 200 and the packaging bag (first packaging bag 210) from being

moved by such airflow to impinge on and adhere to the main surfaces 110 of



generated in air in the cases 200 and the packaging bag (first packagi ng bag
210) during the degassing. This makes it possible to prevent particles
present in the cases 200 and the packagi ng bag (first packagi ng bag 210)
frombeing noved by such airflow to inpinge on and adhere to the main
surfaces 110 of 12 the gl ass substrates 4hor magnetic di sks 100. Further,
even if the particles are brought into contact wwth the main surfaces 110
of the glass substrates for a magnetic-di sks 100, the kinetic energy of the
particles is so small at the above deconpression rate that the particles
have difficulty in adhering thereto and that even if the particles adhere

t heret o, thothe @ass bubsitates Jorrroagnelic digks dD8anFughemieyesaf therparticles laee st at e
where the inside of the first packaging bag 210 is degassed as descri bed
above, the ob@hightinteenigst withithe maip sprigaex 440 ofthsaglass sobsisatesdena) y
bonded under heat and pressure in a heat sealing nanpner so as. 6 .to be

her met i cal | ym@g@pstierdiske Oy ihes kinetic gneray ¢fjthe papticles s %SW&E][ at the abgys,

hernetic cl osi ng conprises,.as,showm. n Fiqg. 3(b), first caprying out first
hont© seal | ngeoTuBIeRRIon TERLTR 03 RaTicles b itttz pBRHES eieBe™ing t hon
carrying ou econ eat seali 214h inside the heat .sealin l4a. By the
or ot 1o ol el RYSTATRS PRk pftfeRdipraBoinRs SR P AR RmIRATY <
possible to éggéﬁgse the heat seal strength. In this event, the heat seal
strength is . 15mm Further, by perform ng the heat sealings in order of
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sealings. Further, in"the case of the above doubl e heat sealings, the inside
of the to be hermetically closed, thereby sealing the first packaging bag 210. Such
hermetic closing comprises, as shown in Fig. 3(b), first carrying out first heat
sealing 214a near the opening of the first packaging bag 210 and then carrying
out second heat sealing 214b inside the heat sealing 214a. By the hermetic
closing with the double heat sealings in this manner, it is possible to increase
the heat seal strength. In this event, the heat seal strength is 24.5N/15mm.
Further, by performing the heat sealings in order of first on the outside
and second on the inside as described above, a region between both heat
sealings is maintained in a state close to vacuum and, therefore, even if the
inner heat sealing comes to fail, the incorporation of air into the packaging bag
(first packaging bag 210) does not occur.  If this heat sealing order is reversed,
air remains between both heat sealings.
Further, in the case of the above double heat sealings, the inside of the
first packaging bag 210 can be maintained in the sealed state over a long
period of time as compared with a case where hermetic closing is performed by
only one-time heat sealing. Further, even if the inner (second) heat sealing

should come to fail due to the difference in atmospheric pressure, the inside of

the packaging bag (first packaging bag 210) can be maintained in the sealed



first packaging bag 210 can be maintained in the seal ed state over a |ong
period of time as conpared with a case where hernetic closing is perforned
by only one-tinme heat sealing. Further, even if the inner (second) heat
sealing should come to fail due to the difference in atnospheric pressure,
the inside of the packaging bag (first packaging bag 210) can be maintai ned
in the sealed 13 state by the outer (first) heat sealing. Wth the above
configuration, it is possible to prevent invasion of particles and water
vapor fromthe outside into the packaging bag (first packagi ng bag 210) and
thus to maintain the state of the glass substrates for a magnetic-di sks 100
to be good fstate bhthpouter (first)ieat geaking. s Ubkthithe above coafiguighion; it isdi sks 100
after packagi ng thereof until unpackaging thereof after transfer thereof.
As descri bedpesgsitle to preverd drasigoobpartiplesiangbyatar vaponBom theroutgidelintgi ng bag
210 in the formof the nmetal lamnate filmso as to be sealed in the
degasggd s{atf@,pet]qlfagmﬁagéﬁwr@atc&alsmta@Zi@)zanchy;tﬁaf@kragmﬁ@ngg%st,ag%eﬁ 200
according to such a nethod, particles prese in e cases 200.an e
packagi ng p?@_e(sla?»%wtﬁ&@s?@fcﬁga Blg@tngngg@sgn{&%?%%%ﬁ??; Fﬁ@pta@g%tfﬁt Fng_and
erefore it _jis %o sible .o preven e n.o e particle e gl ass
substrates f@ASS Hﬁﬁ,‘ﬁ@??é@w ”fé'ﬁcﬁ f‘h@éﬂ?BP% gﬁ)f'Q: %‘Pﬁlﬁgﬁi on of the
mai n surfaces of the gl ubstr s for a magnetic-di sks 100. Further,
by the degas§?$é§&Qﬂhﬂéﬁev%H%a%5@ﬁ%ﬁ&ﬂgﬁg¢ﬁ$air in the cases 200 and the
packagi ng bag (fir | ' ﬁg r - Jdil 1S
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200 according to such a method, particles present in the cases 200 and the
packaging bag (first packaging bag 210) can be removed by the degassing and
therefore it is possible to prevent adhesion of the particles to the glass
substrates for a magnetic-disks 100 and thus to avoid contamination of the
main surfaces 110 of the glass substrates for a magnetic-disks 100. Further,
by the degassing, water vapor contained in air in the cases 200 and the
packaging bag (first packaging bag 210) is removed. Therefore, it is possible
to prevent such water vapor from liquefying due to the difference in
temperature during transfer and adhering to the glass substrates for a
magnetic-disks 100 and thus to prevent a change in the state of the main
surfaces 110 of the glass substrates for a magnetic-disks 100.

Fig. 4 shows diagrams for explaining details of the first packaging bag
210, wherein Fig. 4(a) is a diagram showing one example of the size of the first
packaging bag 210. The first packaging bag 210 is heat-sealed at a hatched
portion 216 so as to be formed into a bag shape. Thereafter, as described
above, the first packaging bag 210 is, after the cases 200 are put therein,
degassed inside and then hermetically closed by double heat-sealing an

opening portion 218.



210, wherein Fig. 4(a) is a diagram show ng one exanple of the size of the
first packaging bag 210. The first packaging bag 210 is heat-sealed at a
hat ched portion 216 so as to be fornmed into a bag shape. Thereafter, as
descri bed above, the first packaging bag 210 is, after the cases 200 are
put therein, degassed inside and then hgymetically closed by double

heat -sealing an opening portion 218. 14 The |ongitudi nal and transverse
size of the first packaging bag 210 is set to 500mx400mm and the wi dth of
the heat-sealed portion 216 is set to 10nm but these nunerical values are

only illustrative. As shown in the sane figure, four corners of the first
packagi ng bag 210 Hhelangitudinaliand transverse sizaiof/the frabpackaging bag 2d0us of
curvature of 1 mm_ Alternatively, the corners each may have an obtuse

angl e. The negatdp S08mmx=4@0mm m@ﬁww@hmm heavrsq;ﬁleqi@@n@ B isxsed thas hi gh
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second packagi ng bag 220 is effectively prevented.
packaging bag 220 (details will be described later) serving as an outer bag
uses a plastic film and therefore it has high flexibility and thus cannot obtain so
much strength. Accordingly, if the second packaging bag 220 directly
packages the first packaging bag 210 so that both are in tight contact with each
other, there is a possibility that the outside second packaging bag 220 is torn
due to the pointed shape of four corners of the inside strong first packaging bag
210. Particularly, it is fully expected that the corners of the first packaging bag
210 repeatedly contact the same portions of the second packaging bag 220
due to vibration or external pressure during transfer. Therefore, by chamfering
(rounding or making obtuse) the four corners of the first packaging bag 210,
tearing of the second packaging bag 220 is effectively prevented.
Experimentally, the chamfering of the corners of the first packaging bag
210 is satisfactory if, although depending on the strength of the second
packaging bag 220, the radius of curvature is about 1/10 of the width of a
portion to be heat-sealed. The reason for setting the radius of curvature to
Tmm in this embodiment is that this value represents a radius of curvature

being about 1/10 of the width of the heat-sealed portion 216 and thus is

sufficient for ensuring the tearing preventing function.



Experinmental ly, the chanfering of the corners of the first packagi ng bag

210 is satisfactory if, although depending on the strength of the second
packagi ng bag 220, the radius of curvature is about 1/10 of the width of a
portion to be heat-seal ed. The reason for setting the radius of curvature to
1 mmin this enbodinent is that this val uyg represents a radius of curvature
bei ng about 1/10 of the width of the heat-sealed portion 216 and thus is
sufficient for ensuring the tearing preventing function. 15 Fig. 4(b) is a
schemati c di agram showi ng a | am nate structure of the first packagi ng bag
210. In this enbodi nent, as described above, the first packaging bag 210 is
made of the metal Fign#tie arschematic diagranashowing a taminate strugtirenof theconposed
of a plurality of stacked filnms and at |east one of themis a film made of
a netal, thefilst packaginabrgd@19. ndn this eshadiment., |a8rdes&§lb§daboaen@@aﬁrst use can

be swtably made of aI um num a stainless material, chromium a steel plate
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hand, the oxygen perneability of the first packagi ng
That is, the first packaging bag 210 comprises, from the inside, a polyethylene
film 410, an aluminum film (metal film) 420, a drawn nylon (polyamide) film 430,
and a polyethylene terephthalate film 440 that are stacked together. By
laminating these materials in the above order, the water vapor permeability and
the oxygen permeability can be reduced.

The above water vapor permeability of the first packaging bag 210 is
preferably 0.1g/m? -day or less. By this, it is possible to prevent the glass
substrates for a magnetic disks 100 from being exposed to moisture and
contaminated and thus to prevent a change in the state of the main surfaces
110. On the other hand, the oxygen permeability of the first packaging bag
210 is preferably 0.1cc (ml)/m? -day or less. By this, as in the case where the
water vapor permeability is low, it is possible to prevent a change in the state of
the main surfaces 110 of the glass substrates for magnetic disks 100.

As described above, by packaging the glass substrates for a
magnetic-disks 100 with the metal laminate film whose water vapor
permeability and oxygen permeability take the above values, the shielding

property against water vapor or gas is enhanced to enable the degassed and

sealed state to be maintained over a long period of time and thus it is possible



210 is preferably 0.1 cc (m)/n2 -day or less. By this, as in the case where
the water vapor perneability is low, it is possible to prevent a change in
the state of the main surfaces 110 of the glass substrates for magnetic

di sks 100. As descri bed above, by packagi ng the glass substrates for a
magneti c-di sks 100 with the nmetal |am natyg fil mwhose water vapor

pernmeabi lity and oxygen perneability take the above val ues, the shielding
property agai nst water vapor or gas is enhanced to enable the degassed and
sealed state to be nmaintained over a long period of tine and thus it is
possible 16 to reliably avoid a change in the state of the main surfaces
110 ot her wi st retiablyeayois;a ghangeii the statergbtheuvainosurfgees ivl® athemwise gl ass
substrates for a magnetic-disks 100 to noisture, Fig. 5 is a diagramfor
expl ai ni ng acausaddby\Achemieal chasge duedogxprsureof @eﬁa%mtraéewrfa)r
magneti c di sks 100 pl aced therein are packaged with the second packagi ng
bag 220. As BReRgtic-Aisksgl00to matweses 200 packaged with the first
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second packaging bag 220 is hermetically closed by heat sealing 224 in the
form of linear bonding under heat and pressure so as to be sealed, thereby
forming a double package 222. This plastic film may be, for example,
polyethylene. Although the plurality of cases 200 are packaged in the state of
being stacked in this embodiment, packaging may be carried out per case 200.

According to the above configuration, since both the first packaging
bag 210 and the second packaging bag 220 are degassed inside and sealed,
permeation of water vapor or gas is effectively prevented so that the sealed
state can be maintained over a long period of time. Such degassing may be
carried out after filling an inert gas such as nitrogen. Further, by double
packaging the cases 200, even if the second packaging bag 220 is perforated
due to collision or the like during transfer, the inside packaging bag (first
packaging bag 210) can be maintained in the sealed state.

Further, according to the above configuration, it is possible to prevent
adhesion of particles to the glass substrates for magnetic disks 100 when
unpackaging the first packaging bag 210 and the second packaging bag 220 in

a magnetic disk manufacturing plant after transfer of the glass substrates for

magnetic disks 100. After the transfer, the outside second packaging bag 220



carried out after filling an inert gas such as nitrogen. Further, by double
packagi ng the cases 200, even if the second packagi ng bag 220 is perforated
due to collision or the like during transfer, the inside packagi ng bag
(first packaging bag 210) can be maintained in the seal ed state. Further,
according to the above configuration, it 475 possible to prevent adhesion of
particles to the glass substrates for magnetic di sks 100 when unpackagi ng
the first packagi ng bag 210 and the second packagi ng bag 220 in a nagnetic
di sk manufacturing plant after transfer of the glass substrates for

magnetic disks 100. After the transfer, the outside_second packagi ng bag 220
17 wit h par withpasticies adhering theretods ifisstrunpackagerd.c k bigers . in Beem d%eéﬁl‘rtoom
different froma roomwhere the second packagi ng bag 220 i s unpackaged, the
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I nvasi on of dust (particles) and nost of water vapor with the second

packagi ng bag 220 i ehbbliengritathiel gladfid film istude’l as the second packaging
bag 220. However, it is aiso considered to use the metal laminate film for both
the first packaging bag 210 and the second packaging bag 220. However, the
metal laminate film has a complicated structure as compared with a plastic film
such as a polyethylene film and thus the material cost is also high. Therefore,
by shielding water vapor or gas with the first packaging bag 210 made of the
metal laminate film and preventing invasion of dust (particles) and most of
water vapor with the second packaging bag 220 made of the plastic film, it is
possible to suppress the material cost to be low while ensuring the packaging
performance.

Hereinabove, the description has been made of the embodiment of the
glass substrate for a magnetic-disk manufacturing method according to this
invention. Since the subject glass substrate for a magnetic disk has a reduced
amount of particles as compared with a glass substrate for a magnetic disk
manufactured by a conventional manufacturing method, the smoothness and
flatness of the main surfaces of the glass substrate for a magnetic disk 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



possi ble to suppress the material cost to be |ow while ensuring the
packagi ng performance. Herei nabove, the description has been made of the
enbodi ment of the glass substrate for a magnetic-di sk manufacturing net hod
according to this invention. Since the subject glass substrate for a
magnetic di sk has a reduced anount of pagicles as conpared with a glass
substrate for a magnetic di sk manufactured by a conventional manufacturing
nmet hod, the snoothness and flatness of the nain surfaces of the gl ass
substrate for a magnetic disk are high. Therefore, it can be used for a
magnetic disk that is recorded in a recordin sa;ten1u5|ng a magnetic head
with a | ow finywhighttlee fiing height csfarmegnatmbeegss dbnrogor less \atidcthushe 1 yi ng
hei ght of a magnetic head is 10nmor less, and thus is required to have
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height of 15nm or less in a glide test. This is because since a glass substrate

for a magnetic disk manufactured by the manufacturing method according to

this invention has main surfaces with high smoothness and flatness, the

smoothness and flatness of main surfaces are also improved in a magnetic disk

manufactured using the subject glass substrate for a magnetic disk.

(Example)

Hereinbelow, a description will be given of an Example about a method
of manufacturing glass substrate for a magnetic disk to which this invention is
applied. Glass substrates for magnetic disks 100 to be packaged are intended
to be manufactured as 2.5-inch disks. Alternatively, the glass substrates for
magnetic disks 100 may be manufactured as magnetic disks having a
predetermined shape, such as 0.8-inch disks (inner diameter 6mm, outer
diameter 21.7mm, thickness 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 for magnetic disks 100 may alternatively be applied to 3.5-inch

disks.
(1) Shaping Process and First Lapping Process



of manufacturing glass substrate for a magnetic disk to which this invention
Is applied. dass substrates for magnetic disks 100 to be packaged are

i ntended to be manufactured as 2.5-inch disks. Alternatively, the gl ass
substrates for nagnetic disks 100 may be manufactured as nagnetic di sks
having a predeterm ned shape, such as 0. &g nch disks (inner dianmeter 6nm
outer dianmeter 21.7mm thickness 0.381 mm), 1.0-inch disks (inner dianeter
7mm  outer diameter 27.4mm thickness 0.381nm, or 1.8-inch magnetic disks
(inner diameter 12mm outer dianmeter 48nm thickness 0.508m). The gl ass
substrates for magnetic disks 100 may alternatively be applied to 3.5-inch
di sks. (1) Shapi nginRhiscexsnpledasarmateriappf algsesubsisatesdor a magneticediskil e, as
a material of glass substrates for a magnetic-di sks 100, there_can be cited
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amorphous plate-like glass. As the aluminosilicate glass, use was made of a
glass for chemical strengthening. Other than the direct pressing, disk-shaped
glass substrates for magnetic-disks 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
strengthening glass containing, as main components, SiO; : 58 to 75wit%,
Al,Os : 5 to 23wt%, Li;O : 3 to 10wt%, and NayO : 4 to 13wt%.
Then, lapping was applied to both main surfaces of the plate-like glass,
thereby obtaining a disk-shaped glass base member. The lapping was carried
out using a double-side lapping machine employing a planetary gear
mechanism with the use of alumina-based free abrasive grains. Specifically,
the lapping was carried out by pressing lapping surface plates onto both
surfaces of the plate-like glass from the upper and lower sides, supplying a
grinding fluid containing the free abrasive grains onto the main surfaces of the
plate-like glass, and relatively moving them to each other. By this lapping,
there was abtained 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



Al2C8 : 5to 23wt % Li20: 3 to 10w% and Na20 : 4 to 13wt % Then, | apping
was applied to both main surfaces of the plate-like glass, thereby

obtai ning a di sk-shaped gl ass base nenber. The | apping was carried out

usi ng a doubl e-si de | appi ng machi ne enpl oying a planetary gear mnechani sm
with the use of alum na-based free abrasiyge grains. Specifically, the

| appi ng was carried out by pressing | apping surface plates onto both
surfaces of the plate-like glass fromthe upper and | ower sides, supplying a
grinding fluid containing the free abrasive grains onto the main surfaces of
the plate-like glass, and relatively noving themto each other. By this

| appi ng, t hewtingsut disksshapediglasysabsiraias éormpapeetihdisks frommther glass hase
surfaces. (2) Cutti ng||_- Qut Process (Coring, Form ng) Then, the gl ass base
nenber was clemkemng Thedi usiba@ evlindeeal digmpagdriloan inner hole wias Taimsed ahaped
gl ass substrates for magnetic disks fromthe gl ass hase nber. Then, using
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magnetic di shlﬁ Mnhmj@p%pp&é@nner as in the first |apping process. By

perform ng thi's secon I Ng° process, mnute irreqgqularities forned on the

main surfaces in tiRegWddoRd 1aMing IR B'bAA thaih 2effaBes b ik @abk BFESS
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as a previous process can be renoved in advance, so that it becomes
possi bl e to grghtainedaylasdsassiRles PSHhabghétit FERS 409 iRthd S8memmamnéidd mces

110 in a short tine.

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

Then, outer peripheral end face polishing of the glass substrates for
magnetic disks 100 was carried out. First, the end faces 120 were
independently polished prior to chamfered faces 130. A polishing method may
be, for example, a method of simultaneously polishing a plurality of the glass
substrates for magnetic disks 100 using a brush, but the machining allowance
becomes large. Therefore, use may be made of, for example, a single-wafer
polishing method.

Subsequently, the chamfered faces 130 were mirror-polished. By this,
the difference in surface roughness of the chamfered faces 130 of each glass
substrate for a magnetic disk 100 over the entire circumference fell within the

range of 0.001um or less. Thereafter, the glass substrates for magnetic disks

100 having been subjected to the end face polishing process were washed with



(4) End Face Polishing Process Then, outer peripheral end face polishing of
the gl ass substrates for nagnetic disks 100 was carried out. First, the end
faces 120 were independently polished prior to chanfered faces 130. A
polishing nmethod may be, for exanple, a nethod of sinultaneously polishing
a plurality of the glass substrates for oqagnetic di sks 100 using a brush,
but the machining allowance becones |arge. Therefore, use may be nmade of,
for exanple, a single-wafer polishing nethod. Subsequently, the chanfered
faces 130 were mirror-polished. By this, the difference in surface
roughness of the chanfered faces 130 of each glass_ substrate for a nmagnetic
di sk 100 ovewateke Bythisens fasapoiskingdreeess, e and facas 12Qatdelass 0o1m or

| ess. Thereafter, the glass substrates for, magnetic di sks _100 having been
subj ect ed t oSYhidratesifarsoRaMRLic disks 0P msse digisheddoaayees surfacestate et By
this end face polishi npqé;.o?.ess, tBe end facies.lzo of the glass substrates
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are simltaneously polished using a brush'roll. In this event, as polishing
abrasive grains, TigéhWath FgRcPlo ieShiér pergHersl & RieXSit 8i#) Be) contai ni ng

cerium oxi de abrasive grains.
configured that a block is formed by stacking a number of the glass substrates
for a magnetic disks 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 this first polishing process, the main surfaces 110 were polished
using a double-side polishing machine having a planetary gear mechanism with
the use of a hard resin polisher. Cerium oxide abrasive grains were used as a
polishing material.

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

Then, a second polishing process was carried out as a main surface

polishing process. This second polishing process aims to finish the main



(5) Main Surface Polishing Process A first polishing process was first
carried out as a main surface polishing process. This first polishing
process mainly ainms to renpbve cracks or strains renaining on the main
surfaces 110 during the above |l apping processes. In this first polishing
process, the main surfaces 110 were polished using a double-side polishing
machi ne having a planetary gear nmechanismwith the use of a hard resin
pol i sher. Cerium oxi de abrasive grains were used as a polishing material.
The gl ass substrates for magnetic disks 100 havi ng been subjected to the
first polishing process were i mersed in respective cleaning baths of
neutral detes s Pl istaweireer, surfacesPA I this secpyd palisiung byogasst thenmai as to
be cleaned. Then, a second polishing process was carried out as a main
surface pol $WTAGRS bﬁ%we@mlmarr@ol%@gwmmaidﬁwblﬂgmsed&é@bmsirnaclalaefi ni sh the
main 22 surfaces 110 into mrror surfaces. In this second fDolishlng
process, theh@dng a plaretancgeanmegbarisy with thegse %a@qﬁsﬁeﬁ@ Ragbpeishesi de
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cleaned. An ultrasonic wave was applied to each cleaning bath.

(6) Chemical Strengthening Process

Then, chemical strengthening was applied to the glass substrates for

magnetic disks 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 glass substrates

for a magnetic-disks 100 to 300°C, and immersing the glass substrates for a

magnetic-disks 100 in the chemical strengthening solution for about 3 hours.

In order to chemically strengthen the entire surfaces of the glass substrates for

magnetic disks 100, the immersion was carried out in the state where the glass

substrates for magnetic disks 100 were placed in a holder so as to be heid at

their end faces 120.

By performing the immersion process in the chemical strengthening

solution as described above, lithium ions and sodium ions in the surface layers

of each glass substrate for a magnetic-disk 100 are replaced by sodium ions

and potassium ions in the chemical strengthening solution, respectively, so that

the glass substrates for a magnetic-disks 100 are strengthened. The



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
potassiumnitrate (60% and sodiumnitrate (40%, heating this chem cal
strengthening solution to 400C and preheating the cl eaned gl ass substrates
for a magnetic-disks 100 to 300C, and imgq]si ng the glass substrates for a
magneti c-di sks 100 in the chem cal strengthening solution for about 3 hours.
In order to chemically strengthen the entire surfaces of the glass
substrates for nmagnetic disks 100, the imrersion was carried out in the
state where the glass substrates for magnetic disks 100 were placed in a
hol der so asthicknessioflaccampresbiversiwesd layerdermed in sgcpeurfacedaygr oheachmer si on
process in the chem cal strengthening solution as described above, lithium
i ons and sodglagsisyhstraie fone ragneticedisl 18P waspabeutctDlumis 280pdt rate for a
magneti c-di sk 100 are replaced by sodiumions and Eot_assi umions in the
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ul trasonic wave was appliéd to each cleaning ba
and IPA (isopropyl 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 glass substrates
for magnetic-disks 100.

(7) Inspection Process

Smoothness inspection was conducted for the main surfaces 110 of the
obtained glass substrates for magnetic disks 100. Using an apparatus such
as a surface defect detection apparatus (AOI : Automatic Optical Inspection) or
an OSA (Optical Surface Analyzer), the inspection process irradiates light onto
the glass substrate for a magnetic-disk 100, measures one or both of the
intensity and displacement of light refiected from the glass substrate for a
magnetic-disk 100 to determine whether or not adhering matter, a concave
portion, or a convex portion exists, and evaluates the substrate state.

(8) Packaging Process

25 glass substrates for magnetic disks 100 were placed in each of



By performng the first |apping process, the cutting-out process, the end
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, snmooth, and high-rigidity glass
substrates for magnetic-di sks 100. (7) Igpspection Process Snoot hness

I nspection was conducted for the nmain surfaces 110 of the obtained gl ass
substrates for magnetic disks 100. Using an apparatus such as a surface
defect detection apparatus (AO : Automatic Optical Inspection) or an OSA
(Optical Surface Analyzer), the inspection process irradiates |ight onto
the gl ass subasgsa2@.f oFheicasem200 in thesmurnber, offioas wese, ibraestate pblb@ingf t he
intensity and di spl acenment of light reflected fromthe glass substrate for a
nmagnet i c- di skrranged sidedesigenplagpd imafirslpackagingteag A40 madeef any concave
portion, or a convex portion exists, and evaluates the substrate state. (8)
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double heat sealings, thereby forming a package 212.
Then, the package 212 was placed in a second packaging bag 220
made of a plastic film and the inside of the second packaging bag 220 was
decompressed and degassed. In this event, the decompression rate was set
to about 0.05 to 0.1MPa/sec. Then, in the degassed state, an opening portion
of the second packaging bag 220 was linearly bonded under heat and pressure
so as to be hermetically closed by heat sealing, thereby forming a double
package 222.
The double package 222 in which the glass substrates for a
magnetic-disks 100 are placed in the cases 200 and double packaged with the
first packaging bag 210 and the second packaging bag 220 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.
Of the double package 222, the second packaging bag 220 serving as
the outside packaging bag was unpackaged in a predetermined room, thereby
forming the package 212. This predetermined room is adjacent to another
room and airflow is directed from this another room (illustration of the

predetermined room and the another room is omitted).

Then, the first packaging bag 210 of the package 212 was unpackaged



made of a plastic filmand the inside of the second packagi ng bag 220 was
deconpressed and degassed. In this event, the deconpression rate was set to
about 0.05 to 0.1MPa/sec. Then, in the degassed state, an opening portion
of the second packagi ng bag 220 was |inearly bonded under heat and pressure
so as to be hernetically closed by heat ling, thereby form ng a double
package 222. The doubl e package 222 in which the glass substrates for a
magneti c-di sks 100 are placed in the cases 200 and doubl e packaged with the
first packaging bag 210 and the second packagi ng bag 220 as descri bed above
i's shipped froma glass substrate manufacturing plant and transported to a
magnet i ¢ di sk thammottreruoony plhasanbthes redpings aarnntermediate roemtadiacentde t he
i ke. O the doubl e package 222, the second packagi ng bag 220 serving as
the outside Magetegrrmeﬁg e @ngde legjean repm ipmadeh iedycten fife isher eby
form ng the package 212. This predeterm ned roomis adjacent to another
room and ai r PIOyifeds witereipttbe ainflay isgenaiatadeg as e ke diected toxardiher ¢ he
predeterm ned room and, the angther roomis omtted). Then, th i rst
packagi ng baBresetergingd, 0o ¢k Yremypp gtﬂ%@@kfﬁakéa‘ﬂ‘@g'q%b?%&bn%t her room
This another roqm.i s an intermediate room adj acent,.t .the predeterm ned
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the air suffjigci [Nt wrst packagi ng bag 210, the first
packagi ng ba%gg%ég%gé%?lggc éaﬂ%’?f’"“?ﬁ?%%at i on]

[Evaluation]

A description will be given of effectiveness of this embodiment for the
glass substrates unpackaged by the above processes. Fig. 6 shows graphs
each illustrating the relationship between the decompression rate and the
number of particles. In the packaging process of this embodiment, glass
substrates were packaged by changing the condition of the decompression rate
and, after the glass substrates were unpackaged in the manner described
above, the 15 glass substrates were extracted from each case per
decompression rate, thereby carrying out sampling.

Then, the number of particles of less than 1.0um adhering to the main
surfaces of the glass substrates was counted using the surface defect detection
apparatus (OSA6100) again and the average values thereof are shown in the
graphs. Herein, an allowable value represents an upper limit of a value
allowable as the number of particles with a size of less than 1.0um adhering to
a main surface of a glass substrate to be used for a magnetic disk. A glass
substrate exceeding this value is judged to be a defective product and thus
cannot be used for a magnetic disk.

Fig. 6(a) shows the relationship between the decompression rate and

the number of particles in the glass substrates to be used for magnetic disks



A description wll be given of effectiveness of this enbodinent for the

gl ass substrates unpackaged by the above processes. Fig. 6 shows graphs

each illustrating the relationship between the deconpression rate and the
nunber of particles. In the packagi ng process of this enbodinent, glass
substrates were packaged by changi ng thezﬁﬁndition of the deconpression rate
and, after the glass substrates were unpackaged in the manner descri bed
above, the 15 glass substrates were extracted from each case per
deconpression rate, thereby carrying out sanpling. Then, the nunber of
particles of less than 1.0m adhering to the main surfaces of the glass
substrat es wabosemetardingsdensity lie 280Gbitiachfef dstshimvreint Fign6(apyheattbe
(OSA6100) again and the average val ues thereof are shown in the graphs.
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substrates for use in a magnetic disk manufacturing process.

Fig. 6(b) shows, as a Comparative Example, the relationship between
the decompression rate and the number of particles in the glass substrates to
be used for magnetic disks whose recording density is 60Gbitfinch®>. As
shown in Fig. 6(b), in the glass substrates to be used for magnetic disks whose
recording density is 60Gbit/inch?, the allowable value of the number of particles
on the main surface of the glass substrate is 60 count/surface. Further, the
number of particles on the main surface of the glass substrate becomes the
allowable value when the decompression rate becomes 0.3MPa/sec.

As described above, in the glass substrates to be used for magnetic
disks whose recording density is about 60Gbit/inch?, the required standard of
smoothness and flatness of the main surface is not so strict and thus the
allowable value of the number of particles is high. Therefore, even by carrying
out decompression and degassing at a decompression rate of about
0.3MPa/sec, the number of particles does not exceed the allowable value and
thus the yield rate of the glass substrates does not largely decrease.

As described above, according to the method of manufacturing a glass

substrate of this embodiment, it is possible to more reliably prevent dust



surfaces of the glass substrates and thus to inprove the yield rate of the
glass substrates for use in a magnetic di sk manufacturing process. Fig.
6(b) shows, as a Conparative Exanple, the relationship between the
deconpression rate and the nunber of particles in the glass substrates to
be used for magnetic di sks whose recordingzdensity is 60Qittinch2. As
shown in Fig. 6(b), in the glass substrates to be used for magnetic disks
whose recording density is 60&oit/inch2, the all owabl e value of the nunber
of particles on the main surface of the glass substrate is 60
count/surface. Further, the nunber of particles on the nain surface of the
gl ass subst r dpartislespaeforeige matteoprgsest ndhepagkagingthagiand the easasdromat e
beconmes 0. 3MPa/sec. As descri bed above, in the glass substrates to be used
for magneti c adBPERG tofhnsalass sybairalgsdefbrrsforss amagnetodiskimandastured e
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of this invention has been described wth reference to the acconpanying
drawi ngs, it cl@msesd ieBsretadilp andéntdod that those examples also belong to the
technical scope of this invention.
This invention is applicable to a method of manufacturing a glass

substrate for magnetic disk.



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. This invention is
applicable to a method of manufacturing agglass substrate for magnetic
disk. 28 CLAIMS 1. A nethod of manufacturing a glass substrate for a
magneti c di sk, conprising: placing one or nore glass substrates for
magnetic-disks in a case, placing said case in a packagi ng bag, degassing
the inside of said packagi ng bag by perform ng deconpression at a
deconpression rate of 0.1 MPa/sec or | E¢&IM&d seal i ng sai d packagi ng bag by
hermetically closing an opening portion of said packaging bag in a degassed
state. 2. A nethod of manufacturing a glass substrate for a magnetic disk
according to claim11, wherein said packagin s made of a netal |amnate
film 3. A method bf ‘%ﬂ?ﬁlh@‘é@ﬁmaﬁb‘f@tﬁﬂ%éi %%%Wt&?(t@t?(ﬁ?r [AMAAIRICidiskdi sk
according to claim1 or 2, wherein said hernetic closing is in a heat

seal ing mann&PM{8N%ear bondi ng under heat and pressure and conprises

Per et c cl osing RIAGNGETE GaBRts dasopubsiaeniptrianePitaRcN e, 2. A
any one.of ol ai s M8 AR BIHRIGD D, fur her placing in & second
packagi ng bag sai ¢y Dackpdi A8 iRGde 27 2h&fhackaging bag by performing

decompression at a decompression rate of 0.1MPa/sec or less, and

sealing said packaging bag by hermetically closing an opening portion
of said packaging bag in a degassed state.

2. A method of manufacturing a glass substrate for a magnetic disk
according to claim 1, wherein said packaging bag is made of a metal laminate
film.

3. A method of manufacturing a glass substrate for a magnetic-disk
according to claim 1 or 2, wherein said hermetic closing is in a heat sealing
manner of linear bonding under heat and pressure and comprises performing
first hermetic closing and then further performing second hermetic closing
inside a position of said first hermetic closing.

4. A method of manufacturing a glass substrate for a magnetic disk
according to any one of claims 1 to 3, further comprising:

further placing in a second packaging bag said packaging bag sealed
with said case placed therein,

degassing the inside of said second packaging bag by decompression,
and

sealing said second packaging bag by hermetically closing an opening
portion of said second packaging bag.

5. A method of manufacturing a glass substrate for a magnetic-disk



wi th said case placed therein, degassing the inside of said second packagi ng
bag by deconpression, and sealing said second packagi ng bag by hernetically
cl osing an opening portion of said second packagi ng bag. 5. A nethod of
manuf acturing a gl ass substrate for a magnetic-disk 29 according to any one
of claims 1 to 4, wherein said glass subsééate for a magnetic-disk is used
for manufacturing a nagnetic disk that is recorded using a DFH (Dynam c
Flying Height) head. 6. A nethod of manufacturing a glass substrate for a
magneti c-di sk according to any one of clainms 1 to 5 wherein said glass
substrate for a magnetic-disk is used for manufacturing a nmagnetic di sk
over whi ch aattgrding tchampgbne of caimadniet4, wwherah $aid Hlaes substrases fora r ecor di ng
on said magnetic disk. 7. A nethod of nmanufacturing a glass substrate for a
magnet i c- di sknagnetiordisinis usedsioy mareifadtushgianmsagnetic diskihatrieirecarded ugings
substrate for a nagnetic-disk is used for manufacturing a magnetic disk
with a recor @bpH (Bynemig Flyingtie@ghtt headh2 or nore.

6. A method of manufacturing a glass substrate for a magnetic-disk
according to any one of claims 1 to 5, wherein said glass substrate for a
magnetic-disk is used for manufacturing a magnetic disk over which a flying
height of a magnetic head is 10nm or less in recording on said magnetic disk.

7. A method of manufacturing a glass substrate for a magnetic-disk
according to any one of claims 1 to 6, wherein said glass substrate for a
magnetic-disk is used for manufacturing a magnetic disk with a recording

density of 200Gbit/inch? or more.



