DESCRI PTI ON METHOD FOR PRODUCI NG GLASS SUBSTRATE FOR | NFORVATI ON RECORDI NG
MEDI UM PCLI SH NG APPARATUS AND GLASS SUBSTRATE FOR | NFORVATI ON RECORDI NG
MEDI UM 5 TECHNI CAL FI ELD The present invention relates to a glass substrate
for an information recording mediumused in a magnetic disc, 10 which is a
magnetic recording nediumfor an information recording devi ce such as a
hard di sc, a magneto-optical disc, and an optical disc or the like, and a
method for manufacturing the same. 15 BAGKERPPYNBNART Conventional ly, a

gl ass substrate for an information recording nedium nust have a surface
ssible to enable recording of information wth high

that is as s
20 density. ?ﬁﬁt@fﬁﬁ@ %&?R FEROBUGING a4 SSSIEBSTRATE FOR BNFORMATION
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and 25 %ollshed in steps broadly divided into four steps, rough grinding,

fine grindimegunicas! sghipshi ng, and second polishing. The type of
polishing pads, and the grain dianeter and type of polishing agent are

appropriately selected in accordance with the required polishing accuracy.

30 A polishing agent supply device for selectively supplying polishing
agents of differen 13ﬁ§§?%%uf?ﬂ?q¥&%mtreb@bﬁﬁ P anegbasst subkiersaeefor

polishing davia€obasthedNrkcording medium used in a magnetic disc,

10 which is a magnetic recording medium for an information
recording device such as a hard disc, a magneto-optical
disc, and an optical disc or the 1like, and a method for

manufacturing the same.
15 BACKGROUND ART

Conventionally, a glass substrate for an information
recording medium must have a surface that is as smooth as
possible to enable recording of information with high

20 density. Thus, the surface of the glass substrate is ground
and polished in plural stages during manufacturing to
Suppress the formation of microscopic protuberances (refer
to, for example, Japanese Laid-Open Patent Publication No.
11-154325) . That is, the glass substrate is ground and

25 polished in steps broadly divided into four steps, rough
grinding, fine grinding, first polishing, and second

- polishing. The type of polishing pads, and the grain
diameter and type qf polishing agent are appropriately
selected in accordance with the réquired polishing accuracy.

30

A polishing agent supply device for selectively
supplying polishing agents of different types and different

grain diameters to the same polishing device has been



roposed to change the type or grain diameter of the polishing agent at
gacﬁ pol i shi ng s?ep (refer to, for exanple, Japanese Laid-Open Patent
Publ i cati on No. 2000 218535). According to such a polishing agent supply
device, 5 a plurality of polishing devices do not need to be prepared for
each polishing agent that is used. This solves problens, such as that
related to installation space. Recent glass substrates are required to be

recordableprb@oﬂbﬁhtbigh@hg&ﬂﬁﬂé)byéa)Jﬂ“&fdﬂntéﬂéhéﬁgykg?m%ﬁ’ the

snoot hness _of .the glass substrate surface nhust be inproved. [n order to
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changi the _polishing agent in one polishing dévice under the above 20

condi ti-bns® EIBF65FEK1PE RRiléshing §@Wﬂ?@é%@k)ﬂhé:gkaﬁttgsuhsq?anﬁzhgfgrﬁs
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polishing step thereby mxing with the polishing agent having a fine grain
di ameter. Thus, usage of different types of polishing agents or polishing

ents havin i aj i rs.Ls.i iblLe in the conventiona
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In order to improve smoothness of the surface of the glass
substrate, the polishing agent must have a finer grain
diameter in each polishing step, and the grain diameter of

15 the polishing agent must become finer in a stepped manner as

polishing proceeds.

However, when polishing is performed while changing the

polishing agent in one polishing device under the above

20 conditions, a problem in which the surface of the glass
substrate becomes scratched arises. This is because a
polishing agent having a large grain diameter is- - impregnated
in the polishing pad during a preceding polishing step, and
the impregnated polishing agent falls out during a

25 subsequent polishing step thereby mixing with the polishing
agent having a fine grain diameter. Thus, usage of
different types of polishing agents or polishing agents
having different grain diameters is impossible in the
conventional art, and a plurality of polishing devices must

30 be prepared for each polishing agent when the grain diameter
or type is different. Further, when carrying out polishing
with a plurality of polishing devices, the task of

transferring the glass substrate between each polishing



2 device is troublesome and requires a long period of time. The present

i nvention focuses on the problens existing in the conventional art. It is
an object of the present 5 invention to provide a nethod for nanufacturing
a glass substrate for an information recording medi um capable of using
polishing agents of different grain diameters or different types in the
same polishing device, while inproving production efficiency. A further
obj ect is #8vioepidvideublghbans substreata fear 2an dritf QawtdDm I acakdi ng
nmedi um having high quality to enable recording at a high density.

DI SCLOSURE OF THE I NVENTION 15 To achi eve the above object, one aspect of

. . : . for
the present inveatppaséstai ApERRYhokmnwWagtunhng a glass suhstrate

an iﬁfornation reco$di%g neéiun1naﬁufa€tureg by p%?§%h|n§?Fh§?§ﬁ¥F§5é of a
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. erformng a first polishing process to roughly
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The second*potd ﬁﬁﬁ?%%e@%@ntmbﬁhdilﬁésranpot;rshnngipadtm@eo@f foam is

di vided i t ich are pre-poljshing with a polishing agent

includingnggﬁg%?vg§ggglﬁ% %? %%?i%%? xPd lﬁhﬂnﬁog?ybﬁﬁrsﬁgﬁée with a

pol i shi ng Jagamvirrgzlpmﬁmg:tahhaséﬂﬂigi@hdﬂ?, ofa sid . 30, pxide; s A ginsing

proces is perfornmed between the pre- polishing and the post-pollshlng to

rinse @heHééﬁ%é%eﬂﬁ%ﬂasiﬂ%ﬂﬁ§ﬁﬁ%&% ¥ eant hefpreapbbnshengrdinh a washi ng

liquid tomedium having high guality to enable recording at a high
density.

DISCLOSURE OF THE INVENTION

15

To achieve the above object, one aspect of the present

invention is a method‘for manufacturing a glass substrate
for an information recording medium manufactured by
polishing the surface of a raw material glass plate. In the

20 method, the polishing is divided into two steps, a step for
performing a first polishing process to roughly polish the
surface of the raw material glass plate to be smooth and a
step for performing a second polishing process to finely
polish the surface of the roughly polished raw material

25 glass plate to be smoother. The second polishing process,
which uses a polishing pad made of foam, is divided into two
stages, which are pre-polishing with a polishing agent
including abrasive grains of cerium oxide and post-polishing
with a polishing agent including abrasive grains of silicon

30 oxide. A rinsing process is performed between the pre-
polishing and the post-polishing to rinse the raw material
glass plate after the pre-polishing with a washing liquid to

wash away the abrasive grains collected in the polishing pad



wash away the abrasive grains collected in the polishing pad 3 in
pre-polishing during the rinsing process It is preferred that the abrasive

grains of cerium oxide have a nmean grain dianeter (D50) of 1.5 pm or
and 5 be smaller than the nap formation hole for the polishing pad.
preferred that the abrasive grains of silicon

t hat

aperture dianeter of the nap formation hole

is smaller than the grain 10 of the cerium oxide, a nean grain

di amet er ( DRObrefpbesshtifan durseaualnd o- honm gpgobessmal |l er than the

or the polishing pad. It
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preferred that the second polishing process have 15 a total task tinme of 7

to 45 m nutes. I rred, that he post-polishing have a task tine of
![tcl ;Lgi g&%ff% %éj%ﬁﬁjr‘@ ProtessOhaver Hitask of

1 to 40 m nutes.
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of the cerium oxide, a mean grain diameter (Dsgo) of less than

or equal to 0.2um, and be smaller than the aperture diameter

of the nap formation hole for the polishing pad.

It is preferred that the second polishing procesé have
a total task time of 7 to 45 minutes. It is preferred that

the post-polishing have a task time of 1 to 40 minutes.

It is preferred that the rinsing process have a task of
1 to 20 minutes. It is preferred that in the rinsing
process, load applied to the raw material glass plate by the
polishing pad be lower than that in the pre-polishing. It
is preferred that in the rinsing process, load applied to
the raw material glass plate by the polishing pad be the
same as or lower than that in the post-polishing. It is
preferred that load related to the rinsing process be 25 to

70 g/cm?®.

It is preferred that in the glass substrate for an
information recording medium obtained from the above
manufacturing method, micro waviness height (NRa) of a

surface measured by a three-dimensional surface structure

analyzing microscope, with a measuring wavelength (L) set at

0.2 to 1.4 mm, be 0.15 nm or less.



Anot her aspect of the present invention provides a polishing device for
manuf acturing a glass substrate for an information recording nmedi um by
polishing a surface of a raw 5 naterial glass plate. The polishing device
i ncludes a polishing pad made of foam The polishing pad perforns raw
material glass plate polishing that is divided into two stages, which are
pre-polishing with a polishing agent including abrasive grains of cerium
oxi de and post-polishing 10 with a polishing agent including abrasive
grains of silicon oxide. A rinsing process is performed between the pre-
pol i shing and tfABOpBSE- BEPESHI BF musdeny tihheerdviomegtierv adeglass pl ate

after the prespakishipg; Wit hj |.i.qui d. The polishing pad includes
a nap Iaye? Wit ﬁhgﬁ ?ggll.}r%%e?()?a\ﬁ{%?{u avﬁunrglqﬁg 9 L?ﬁﬁ%%)fﬁsqﬁf%é‘%eﬁ%rﬁn
bubbl es, " ahdfoamabiber rkayedihar mediiiumn idys gHrifdG@g AW NG Al 4 al ity of

nap fo%gatiog holﬁs with an extrenely fine size conpared to the
i ndeperdent®biibbfesIladhe Rapteor nBkfoROhbEBEnGpdavate thelsdekaee of the

pol i shi ng padispi rasi rai 20 collected i,n th ol i shing pad
in the pre?pol?gﬁ%%352§2ﬁa§§sﬁgd%§ﬁgy dﬁg?ngogﬁﬁk%?ﬁsPﬁa BF5?82§? FEYi s
pref erred maberisnk abps$ophateopohdkad naf thhe ipolishidea pad have a hol e

di anet er o;tz m or rﬁater_and 20_ .25 pmor. less, and a depth of 2 pmor
greater and-190°pn¥dFCT| 2] PHRePROIFERNAG WdEhi dePPlithénd melardes a | ower
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a rotation shaft, and a carrier, arranged between the upper 0 |sh|H§
pl at el8nd YHeh | dviRel behindi agept aipcliidingupboating grpkiusalift v iafi coaw

mater il AR P! & Ginsihg dae o Jhe A gsnal, otpss plate i
polishing and the post-polishing for rinsing the raw
material glass plate after the pre—polishingAwith a washing
liquid. The polishing pad includes a nap layer with an

15 inner layer, having a plurality of independent bubbles, and
an outer layer formed in its surface, having a plurality of
nap formation holes with an extremely fine size compared to
the independent bubbles. The nap formation holes open at
the surface of the polishing pad so that the abrasive grains

20 collected in the polishing pad in the pre-polishing are

washed away during the rinsing process.

It is preferred that the nap formation holes of the
polishing pad have a hole diameter of 2 pm or greater and 20

25 pm or less, and a depth of 2 pm or greater and 100 um or

less.

The polishing device further includes a lower polishing
plate and an upper polishing plate arranged rotatably about
30 a rotation shaft, and a carrier, arranged between the upper
polishing plate and the lower polishing plate, for
supporting a plurality of raw material glass plates. The

surface of the raw material glass plate is polished by the



polishing pad by rotating the upper polishing plate and the |ower
polishing plate in a state in which the polishing pad is attached to the
| ower polishing plate and the upper polishing plate as necessary. 5 BRIEF
DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a cutaway perspective view show ng
part of a batch-type polishing device; 10 Fig. 2 is a schematic view of a
cross-section of a polishing pad; Fig. 3 is a view show ng the state of

the surfacpodfishingapaamber irdh a@hiass thleat §dd) L 47 1t Y4 L an
el ectron n?cro:cogg;p&5 F?g. 4ai§‘§§viemf§ﬁ%mj g ﬁhe g?%?é 0 ?%e Cross-
section of 1PHerr Bl kEhénpablgltass nplatseadfe Rirg.widi drakere widih sHirey gdect ron

i : < Fl i L i f the raw
mater il ol So8 o5t arkd ROl tEE arRr e ldeihie Aldten 27sb W4 NANE el ect r on

m croscopepoanshFhg. pbats asvh@@@§ggw§ng the state of the cross- section of
the raw material glass plate of Fig. taken with the electron m croscope.

25 BESP MODE FOR CARRYI NG OUT THE | NVENTI ON An enbo?Lnegt of the ggeﬁﬁp}ng
invention i n ri.be i rence to e draw ngs.
I G 0

manuf act uri ng ass subs information recording nmedium a
raw material glass plate is cut out in a disc-shape froma sheet of glass
plate. The center of the raw material glass plate includes a circular 6
hol e. The gl ass EdBsttaté AsCréevey PRIsFlSctivey wimy showing part of a

batch-type polishing device;

10 Fig. 2 is a schematic view of a cross-section of a
polishing pad; '

Fig. 3 is a view showing the state of the éurface of a
raw material glass plate in one example taken with an
electron microscope;

15 Fig. 4 is a view showing the state of the cross—
section of the raw materiai glass plate of Fig. 3 taken with
the electron microscope; |

Fig. 5 is a view showing the state of the surface of
the raw material glass plate in a comparative example taken

- 20  with the electron microscope; and

Fig. 6 is a view showing the state of the Cross-—

section of the raw material glass plate of Fig. 5 taken with

the electron microscope.
25 BEST MODE FOR CARRYING OUT THE INVENTION

An embodiment of the present invention will now be

described with reference to the drawings.

30 _ During manufacturing of a glass substrate for an
information recording medium, a raw material glass plate is
cut out in a disc-shape from a sheet of glass plate. The

center of the raw material glass plate includes a circular



surface of the raw material glass plate with a polishing device. The glass
substrate is formed froma nulticonponent glass material, such as soda
lime glass, alumnosilicate 5 glass, borosilicate glass, and crystallized
glass that are manufactured using a float nethod, a downdraw nethod, a
redraw nethod, or a press nmethod. A magnetic filmand a protective film
made of netals or alloys of cobalt (Co), chromum(Cr), iron (Fe) and the

ike are fRomed omdneidds sunbaceaot (82 ghans BuPELATLG Ot qified from the

raw naterial glass plate to configure an int on‘recording nedium
such as a fAaghececodi sbe aamagadea-iadt ig:lasls_sjlplslcadteanditkg_na qpﬂhpﬁllidﬂlg sc. r15
As shown in Fig, 1,.a polishing device 41 includes a I sc-shaped uppe
pol i shi ng %?‘é%genzb%%cﬂ HrerSPoftsRFRgisplfareed24remap avd tisoaposiento

each ot hergasdsspacedi h1omsueachsother, iinfhe v t,i cal "gll ec.tli on.. An
annul ar_ i n?er nZI gea% 43 elrllci rclses tﬁe uppe% pgsl shi _rlllg px{oaﬁle 4%b %nd the
20 | ower polashi Ngoppaibidahe Alrotat bonl shafttadd i) edisss futem the cent er

of the lo iLshing plate 42 and a sun gear 45 is arranged on the
peri pher a}lﬁér&]??%%éuﬁ gt‘ﬁ%l’i]%m%r%l8ﬁ5 Blﬁt?“ﬁ’é"r 6t SOVeRrSafte tAwd A i nserti on

hol e 46 i sréorawchatnodp 6enseprobs! hecupeer ROLLSALRICPERLE 470, jand 25
the rotation shaft 44 is inserted through the insertion hole . The upper

pol i shi ng pratecubre fhbn| mede pbl nehedg opl afléofBapft hebadtter(ual) ,gear 43

and the suby, G645 Lve a r or the |like so as to be

i ndepende;{?[lly F ot a{‘g’%ﬁ AP{)%)%rgF?YyaggD%g?r gé}(g A7°i Eoﬁ‘regné’éldt@&v\een t he
30 | ohér poliEhiegplEie dlasansubberuppepbpakhshi pgopl ahe 42k A
plurality of circul holes 48 is formed in the carriers 47. Each circular

hol e 48 r &I h $AFhaR il tyl aeRfignaeean1infarnpsd ona rgearddagi s
formed on el perdutie’d a magnetic disc, a magneto-optical disc, and

an optical disc.

15 As shown in Fig. 1, a polishing device 41 includes a
disc-shaped upper polishing plate 42b and lower polishing
plate 42a that are parallel to each other and spaced from
each other in the vertical direction. An annular internal
gear 43 encircles the upper polishing plate 42b and the

20 lower polishing plate 42a. A rotation shaft 44 projects
from the center of the lower polishing plate 42a, and a sun
gear 45 is arranged on the peripheral surface at the lower
end of the rotation shaft 44. An insertion hole 46 is
formed at the center of the upper polishing plate 42b, and

25 the rotation shaft 44 is inserted through the insertion hole
46. The upper polishing plate 42b, the lower polishing
plate 42a, the ihternal gear 43 and the sun gear 45 are
driven by a motor or the like so as to be independently
rotated. A plurality of carriers 47 is arranged between the

30 lower polishing plate 42a and the upper polishing plate 42b.
A plﬁrality of circular holes 48 is formed in the carriers
47. Each circular hole 48 receives a raw material glass

plate 31. Further, a gear 49 is formed on the peripheral



7 portion of each carrier 47. The gears 49 are nmeshed with the internal
gear 43 and the sun gear 45. In the polishing device 41, a polishing pad,
which is 5 forned fromsynthetic resin foam is attached to the surfaces
of the | ower polishing plate 42a and the upper polishing plate 42b when
necessary. The raw material glass plate 31 is held between the | ower
polishing plate 42a and the upper polishing plate 42b or between a pair of

polishing pOrpads bA sashaterreeel ved i Anad gibeul ap hole A8, 0f; they, carrier
47. In this state, polishing agent is supplied from a supply section (not

shown) to the ipkereelogeshedBa@ndmither isain glemss 43.ate 31 by way of the
| ower polishing plate 42a, the upper polishing plate 42b, and the
polishing pad. 15 A plurality of supply holes (not shown) extend in the

thickness-wi se @hrekti po108hihg bewekePalii shi RY1RIRLS A2Rq, LHE UPPaY
pol i shi_ng glate 42b, and the polishing pads. The poli'shing agent is
suppl i ed t bP¥Redstipphys vetkstiFoies 1suSplan, sast atmnachiech tas tiet ank

cont ai ni ng i shi 2 nt. - By,rotating t upper .polishing plate
42b, the |%§£§a@%%|?§h?ﬁ% g?ggg é?%}gpﬁggiﬁﬁ@%ﬁapgﬁe§%d4§%%mﬂ?ﬂﬁﬁasun gear
45, each ceolishidd plyvobvespbabhuh hbeckebati onrshafi, ddarvbike KoLati ng
about its i S mgéh,the raw material glass plate 31 contacting the |ower
pol i shi ng Egr%‘f% a-anmrthePosvappet hpollpyRitngopli ahéng2bletet B&apainidshi ng

D25, T A BERATE LSS 0 10 CONDYSLLAL LSS5 BB Shigg ™
The. glfss Padstinate smmmamdeet veedithaoughcaldirsholpr a6essi Rgest ep, a
bevellng5%§¥%iéklfpplqg.%%3%’éiate, polishing agent is supplied from
a supply section (not shown) to the surface of the raw
material glass plate 31 by way of the lower polishing plate
42a, the upper polishing plate 42b, and the polishing pad.
15 A plurality of supply holes (not shown) extend in the
thickness-wise direction on the lower polishing plate 42a,
the upper polishing plate 42b, and the polishing pads. The
polishing agent is supplied to the supply holes from a
A supply section, such as a tank containing the polishing
20 agent. By rotating the upper polishing plate 42b, the lower
polishing plate 42a, the internal gear 43, and the sun gear
45, each carrier 47 revolves about the rotation shaft 44
while rotating about its axis with the raw material glass
plate 31 contacting the lower polishing plate 42a and the
25 upper polishing plate 42b or the polishing pads. This

polishes the surface of the raw material glass plate 31.

The method of manufacturing the glass substrate will
now be described.
30
The glass substrate is manufactured through a disc
processing step, a beveling step, a lapping step, a

polishing step, and a washing step.



l'ishing step, and a-washing step. 8 In the disc processing step, a sheet
g? glassgplatg is cut usingga cutter made of cemented carbide or di anpnd
to forma disc-shaped raw material glass plate having a 5 circular centra
hole. In the beveling step, inner-and outer circunferential surfaces of
the raw material glass plate are ground so that the outer dianeter and the
i nner dianeter have predeterm ned di nensions and so that the edges of the
inner and outer circunferential surfaces are polished 10 and beveled. In
the lapping step, a lapping process is perforned on the raw material glass
plate to correciint hbewariscofprichessdmlg recdmw aredieséal o gl Pt e Thys,
the raw material .15 glass plate becones a substantially Tlat plate. The
| appi ng pFB%eEE}nﬂh cutdes Pﬁ@ep@ﬁiiﬁmﬁfﬁﬁﬂﬂfﬁﬁbm%;}iiEﬁ?émﬁﬂﬁdT%&Br
sliding th rga (i a i.al S a (
pol i sh?ng g?gﬁe%ggsgnghtg Shugég?hgréﬁ slhagngipel% é)leaﬁffo Rk stppl ying the
pol i shing ageAules genndatlhko26.surfiacke Baktheng keept henpeki shing agent
of the | appi tocess, a slurry of abrasive grains, which are grains of
al um na an%“?%é E%ﬁst§F§ﬁ8Féeé PHIRGCES, Ahitdie der s tay i@l dilspes si on
medi um i spused. 228 JheuRal LSNERGLSLRR MG 4136n.dde Bl kgl ng, device 41,
is perforned in a state in which the pOLIShIﬂg pads are “attached to the
| ower poIi@h@mgtﬁrahévﬂZHraddteh31u$peElmﬁ@bushfﬂggp1akfgﬁabngﬁikgﬁyg?nthe

olishin I h surface of t raw material gl ass 31.
Ito he 30 p3|‘?§ﬁ?%§ gﬁ%ﬁ %ﬂ%‘ S %ﬁF nﬁlBFuﬁﬁsfﬁ8|til§H1 Y FAGSE SpSiries s 1 shimsl
snoot A@s tdred she¥atedof the raw material glass plate. |In the washing step,

foreign materials, such as polishing

In the lapping step, a lapping process is performed on -
the raw material glass plate to correct the warp of the
entire raw material glass plate. - Thus, the raw material

15 glass plate becomes a substantially flat plate. The lapping
process, which uses the polishing device 41, is performed by
sliding the surface of the raw material glass plate 31 along
the lower polishing plate 42a and the upper polishing plate
42b while supplying the polishing agent to grind the

20 surface. Further, for the polishing agent of the lapping
process, a slurry of abrasive grains, which are grains of
alumina and the like, dispersed in water, which serves as a

dispersion medium, is used.

25 The polishing step, which uses the polishing device 41,
is performed in a state in which the polishing pads are
attached to the lower polishing plate 42a and the upper
polishing plate 42b by sliding the polishing pads along the
surface of the raw material glass plate 31. 1In the

30 polishing step, the sliding of the polishing pads polishes
and smoothes the surface of the raw material glass plate.

In the washing step, foreign materials, such as polishing

agent, polishing powder, and dust on the surface of the raw



agent, polishing powder, and dust on the surface of the raw 9 materi al

gl ass plate subsequent to polishing are washed away wth a washlng l'iquid.
Thi s manufactures a gl ass substrate having a snooth surface and high
cleanliness. 5 The manufactured gl ass substrate has a surface roughness Ra
of preferably 0.4 nmor less. Further, the waviness height Wa of the
surface is preferably 0.5 nmor |ess. NbreovFr, th$hn1crofmaV|ggs?onghgggs
NRa of the - gge .| referably.0. 15 nmor |ess.. e surface

R i i Gat 5 ATV AT ud s W S i o 1T ke b r S dpes R oA Y The
wavi ness heiight aVashihbe 1syifiace Thisamsahdd Ay ed gddy aubstrate

mul tifunctjonal disc interferometer (Optiflat) manufactured by Phase

Met ri x CbrbBVéPgoﬂ BpostRnaiadg agpradethdrat rekeaelgiomsof the surface with
white 15 |light having a neasuring wavelength (A.) between 0.4 to 5.0 mm
The m cro waviness height NRa of the surface is a value neasured with a

t hr ee- di mensi on@he smafia€acshireet grle s saRAYEA MG L HSEone- fNew Vi ew 200)

manuf actured by Zygo_ Corporation by scanning a predetermnined region of the
20 sUrfacerﬁggﬁﬁeégi?% PfgREChEVARE Ya Omdadim iavg Wesee! edigrithea, ) thieet ween

: ' ight Wa d
0,2 Lo 1 dvindbemdhenbuihace LAUOMNGSS S J e MANINSSS dief gy & - and

the mcro wavi ness hei ght NRa respectively exce
0.15 nm thessur Mo ofet hetlyt asscsabstvahessonghgns. NREhYS, thhe gl ass

substrate have. | ower . s t hne and |lower quality. Wien the gl ass
substrat e asfa?%w%%u%f?fﬁfggﬁE QriSaHEeoﬁeﬂﬁéén t Reesgrrieeeof the

i nformati arougienssk NRa Negdusnesd Lheshead bakyeading it iy %Qoirr{lfcorf%c!eon
recorded on the information recordi ng nedi um génnot be Ehortened. us,
high-densfwﬁp?%ﬁﬁﬁﬁﬁn@Aﬁﬁboné@TS waviness height Wa of the surface is

a value measured with a multifunctional disc interferometer
(Optiflat) manufactured by Phase Metrix Corporation by

scanning a predetermined region of the surface with white

15 1light having a measuring wavelength (A) between 0.4 to 5.0
mm. The micro waviness height NRa of the surface is a value
measured with a three-dimensional surface structure
analyzing microscope (New View 200) manufactured by Zygo
Corporation by scanning a predetermined region of the

20 surface using white light having a measuring wavelength (k)

between 0.2 to 1.4 mm.

When the surface roughness Ra, the waviness height Wa
and the micro waviness height NRa respectively exceed 0.4
25 nm, 0.5 nm, and 0.15 nm, the surface of the glass substrate
roughens. Thus, the glass substrate may have lower
smoothness and lower quality. When the glasé substrate has
low quality, the distance betweéen the surface of the
information recording medium and the head for reading the
30 information recorded on the information recording medium
cannot be shortened. Thus, high-density recording becomes
difficult. This is because when the head moves on the

information recording medium, deficiencies such as the head

10



difficult. This is because when the head noves on the information
recordi ng, medium deficiencies such as the head 10 hitting or bei ng caught
in the wavi nesss of the surface tend to occur. In the conventional nethod
for manufacturing the glass 5 substrate, the polishing step is divided
mainly into three steps, which include a step for performng a first
polishing process, a step for perform ng a second polishing process, and

a step fornpeefiggnbpgpaihbi kd %Ei%@ﬁqgm§RE§f At surface roughness
Ra, the wavi nesséhei ght V\g ahl the mcro 1 l\?\n/gevsltgrﬂlggs%% hmg}egh%uﬂﬁ?ac%ftef‘ﬂ%

gl ass substPaPechas the above values. In the conventional first polishing
process, the surface of the raw material glass plate is roughly polished

to inprove the wavi ness height WA. In the conventional second polishing

process, the SUIﬁaﬁﬁeoéoﬁb§nE§$hg§tﬁ%&%bdi%tgj?%%d@é%ﬁ%ﬂf%éi%ﬁ%é%@ﬂ%%Sh?g

to inprove the mcro waviness height NRa an e surface rou

the cénvedthdhbdtehi tldeppplibhnggpstepsss Wheisied acd rafy tihg g aMrawt eri a
glass platg js_ultra-finel olished tq further inprove the mcro waviness
hei ght NR5§%%§StH%ﬁgﬁ?f%%%¥5ger8u§ ﬁBsgoﬁaPe?ﬁérH&P@b§eféﬁséaéﬁﬂﬁ#%@éEB is
to polish phecesyw amsespalbogl pssrBkalaqandsthusgt he s T €
pol i shing devi ces having the sgnp struc?uresare usgg. %gqﬂg 33§%g§?nce t he
i npr ovemerAR@ ubj TP di 9¥ v LpBNiBHi Agthpadsphavshgndi Stepesb hamdness i s

used 1 RIS oyl oo obRee, RNt LI RRCat ol Shn procese, and

in thé0seotndinsds dhiinghprkesst atldet §8as30stibstdapal haBi REPLOEESS.
values. 1In the conventional first polishing process, the
surface of the raw material glass plate is roughly polished
to improve the waviness height Wa. In the conventional
second polishing process, the surface of the raw material

15 glass plate is finely polished to improve the micro waviness

height NRa and the surface roughness Ra. In the
conventional third polishing process, the surface of the raw
material glass plate is ultra-finely polished to further
improve the micro waviness height NRa and the surface

20 roughness Ra.

The purpose of each process is to polish the raw
material glass plate and thus the same. Therefore,
polishing devices having the same structure are used.

25 However, since the improvement subject differs, polishing
pads having different hardness is used in the first
polishing process and the second polishing process, and
polishing agents of different types and different grain
diameters are used in the second polishing process and the

30 third polishing process.

In comparison, the polishing step of the present

invention is divided into two steps, which include a step

11



I n conparison, the polishing step of the present invention is divided into
two steps, which include a step 11 for performng a first polishing
process to roughly polish and smooth the surface of the raw material glass
plate and a step for performng a second polishing process to finely
polish and further smooth the surface of the roughly 5 polished raw.
mat erial glass plate. That is, one feature of the present invention is in

irS B [ I : teps, which are the step for
:)2?12 o: &?ngﬁbf_{rﬁgb?%??@g% i%s E?%%Rp%tgggs%ylaﬁr%%ioec s%_sept_? or’® ‘ ak?f%r%?%bﬂi‘ he
second pol RBHi AgopEbcebs. S\Ntréac@omf: Qiﬁﬁg:atvhendﬂiéﬁfdm rlglsﬁl%p%ﬁgcn% ﬁrté%mat e
steps, if e conventional .third polishing  process is . ,
nicPo mavi%gg ﬁgfgﬂ?r MaRE atﬁ§99ﬂqzﬂéi#%mwﬁhé§§mﬁ§3ﬁtqfﬁﬁnﬂﬁmﬁactured

| ass subspbaien uwhil £FALEnBENLAYEhNe HabQ ues s Wil |ower the
guality. F%rther, when t he conventiongl sggg% €b51|§hf%d*ﬁgldﬁbpess IS
si npl y “oni PPeéshederavmpaterialt pdabisnelpald.shirngt a§$$ﬁh@tggaghga b&ethe
tio t hi l'i shing.process becomes longer. This is because
ggrygﬂihgng%%ug%é%%ﬁg ﬁﬂY?ng?ﬁﬁ s %H@Fpa&uﬁpﬁgFﬁlﬂﬁﬁuﬁﬁhéﬁﬁﬁ1ﬂSh!ng_S|npe
a_ pol i shicgnapenéd oy Bgoasteps) GhALA Siree kAR k! (@30 AgLishi ng i's

used. It is an_object of the present invention to ure "ag
subst rat e thatfsest spebkshhegvaroessef anbe ther baep foeughrdssmRag tihe

i ness ' Abe micro waviness 25 hej ght NRa while conpleting
rﬁglpoIiSE%%%Q%%zﬁk%ﬁgﬁ%égs?g%é?ssThé*q?Ws?oﬁ%rfgﬁ?%gt%?oE%%és%hHgthe
secondOpol stsdp nign prwe estsep ©f ihetpée&gﬁvehaygﬁggoghkalBQQWSQQHGescrlbed.
The first polishing process is a process of removing 30 defects such as,

smal | war g5 O SeRg n]e%s%%mw p‘ﬁ\"h@?e‘éndthe micro waviness height NRa and

the surface roughness Ra of the manufactured glass substrate
will not achieve the above values. This will lower the
quality. Further, when the conventional second polishing

15 process is simply omitted, the time for ultra-fine polishing
associated with the conventional third polishing process
becomes longer. This is because the polishing amount per
unit time is small during ultra-fine polishing since a
polishing agent having a finer grain size than for fine

20 polishing is used.

It is an object of the present invention to manufacture

a glass substrate that satisfies the values of the surface
roughness Ra, the waviness height Wa, and the micro waviness
25 height NRa while completing the polishing step in two steps.
The first polishing process and the second polishing process

of the present invention will now be described.

The first polishing process is a process of removing
30 defects such as, small warps, wavinesss, chipping, and
cracks in the surface of the raw material glass plate. That
is, such defects are formed within a range of substantially

a constant thickness (depth) from the surface of the raw

12



cracks in the surface of the raw material glass plate. That is, such
defects are forned within a range of substantially a constant thickness
(depth) fromthe surface of the raw 12 material glass plate. Thus, by
removing part of the surface through polishing so that the entire raw
material glass plate has a thickness of a predetermnned val ue, the defects
are al so renoved. Anong the defects, wavinesss are formed 5 in lines on the

surface of S t n facturing t.he gl ass e, which is
t he naterig%Bgfg%%eélggﬁ'%&?&%Falﬁgpgésgglgfg,Vﬁﬁﬁbgﬁﬂ:_ﬁﬁjiﬁgvéuﬁﬁﬁ¥?%ned
float nethbdongd phéikhkegasd ahetpatentdradine prasemtdndhe ray naterial

| ass plate,_ Therefore, in the first polishing 10 process, anbng the
\?vavi negs heT@ht B@S EhbDifEPESRafitnds ®rasistgmminge wmia he lsurdeect s

roughness S r S ' inly_improved. In_the first
poI?shing g?%cigg? ?ﬁéafgﬁnval e t§h¥%?é%fgggpuéﬁvg§ F?ﬁlﬁﬁelgofgﬁg:dered
to be iPnpotkahineecemsthpastsfack bhet&&rba@%slgﬂa%?ruhé%ﬁecps is ;ennvgd
fromthe raw terial glass plate. Since the polishing step is perforne

to smooth T%%ug%??%fén%fLﬁﬁe?iaﬁﬁnﬁﬂéFﬁal%?%%%}ﬁﬂéﬁé%H@taﬂyﬁhEQﬁ1mﬂgch
the surfaceawimit@riaw gutssi ghagbassnpbats 200 SQuab rntalfotnff:erd ?é]%éaftl[ e
pol i shing process than before the process would contradict the ct o

t he pol i sHiighed egnd Hiper i be eaniinarhepbicest ipalliys pirkgeprod@sshet o-afmke t he

f i | as | at e snoot her than prior_ _to processing,
??rrgcﬁngonﬁgt%{#aﬁ%e Eg%?g%besrﬁelf CTaw 23 WateftaPtgpabishiage not be
danagéd(ﬁpﬁd@pSEMKﬁm¢m¢iBMén@avih@séhﬁeﬁbﬁﬁtWQ?'kﬁ@'Egcgbogg%ﬁPegshard

ol i sher havi hardness capabl e of scraping off the surface of the raw
gaterial FE QI irhothe strbfefe ngorabneasf Bee thet kerface

roughness Wa is mainly improved.

In the first polishing process, the removal depth for
15 rough polishing is considered to be important because parts
of the surface including defects is removed from the raw
material glass plate. Since the polishing step is performed
to smooth the surface of the raw material glass plate, a
state in which the surface of the raw material glass plate
20 is rougher after the first polishing process than before the
process would contradict the object of the polishing step.
Therefore, in the first polishing process, to make the
surface of the raw material glass plate smoother than prior
to processing, it is important that the surface of the raw
25 material glass plate not be damaged during rough polishing.
In the first polishing process, a hard polisher having
hardness capable of scraping off the surface of the raw
material glass plate without scratching the surface of the
raw material glass plate is used.
30
For such a hard polisher, a rough sponge-like foam made
of a synthetic resin, such as polyurethane or polyester,

having a surface including visible bubbles may be used. The
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raw material glass plate is used. 30 For such a hard polisher, a rough
sponge-li ke foamnade of a synthetic resin, such as pol yurethane or

pol yester, having a surface including visible bubbles may be used. The 13
JI'S A hardness of the hard polisher defined under JIS K6301 is preferably
between 65 and 95. Further, the conpressive elasticity nodulus is
preferably between 60 to 95% It is preferred that the hard polisher be

attached t h pald shin te 42a and, t he upper polishin | at e
12b so. that the abaeastrl e, h Btk Bt et b IS BOHDY dness
is | ess tham p5efehebtonpeessieve 6elast idd 1y rapdukys ithd esmptan 160, or

t he conpresiibilit 10 is higher than 4% the hard polisher does not have
the desireB AaF4REE¥E, MAAHLES| d8g PFaficsd oy thiaterden rEuic %0 Itedash a

certain re t n ditian the hard ol.i sher forns during
pol i shi ng gﬁ%?éﬁgggigﬁ?nggg Qér%pFE?u‘%¥%h §%a§ﬁ%”ﬁﬁvrﬁé§g§mT&Fﬁﬁﬂh t he
surface ofpoheslitngopisher 42deheact $hsuehrRs WRMIIReSTS; Patke 405 ned on the
surface of _the raw material glass plate and the surface of the glass plate
may not betgﬁBo{%%d?om?r?ﬁél L S1AYhdedkedsieens lgaast &% t han 95, the
conpressive elasticity nodulus is higher than 80% or the conpressibility
is less than 1% the 20 surface of the raw naterial glass plate nay be
damaged by thelhatlte pdl$shehardndsshéssuekacehaandist,i @maTaympew@Rare The

second pol i shin rocess is_a.process for scraping off an extrenely smal
part fron1?§%§%%h PV ui%% fgmﬁﬁgsnﬁpépiépﬁgl8§stﬁﬁaF@HEﬁeé§ﬂPééﬂty

M cr030opi Ts def@eds sueh £5, PhEr Ra¥aYHBEISRANHoRLCHAICPRLE REQt uber ances

present in the surface. Such mcroscopic defects are nostly formed by
desired hardness, and a long period of time is required to
reach a certain removal depth. 1In addition, as the hard
polisher deforms during polishing and, particularly, as
protuberances and wavinesss form on the surface of the

15 polisher, defects such as wavinesss may be formed on the

surface of the raw material glass plate and the surface of
the glass plate may not be smoothed. If the JIS A hardness
is greater than 95, the compressive elasticity modulus is
higher than 80%, or the compressibility is less than 1%, the

20 surface of the raw material glass plate may be damaged by

the hard polisher, and the surface condition may roughen.

The second polishing process is a process for scraping
off an extremely small part from the surface of the raw
25 material glass plate to correct microscopic defects such as
micro wavinesss and microscopic protuberances present in the
surface. Such microscopic defects are mostly formed by
polishing traces, such as those made during the lapping
process or the first polishing process, and distortions
30 resulting from stress during polishing and the like. The
- protuberances are evened out and corrected to be smooth by
scraping the high portions of micro wavinesss or the ridges

of microscopic protuberances. When entirely scraping

14



polishing traces, such as those made during the |l apping process or the
first polishing process, and distortions 30 resulting fromstress during
polishing and the |ike. The protuberances are evened out and corrected to
be snmooth by scraping the high portions of mcro wavinesss or the ridges
of m croscopic protuberances. Wen entirely scraping 14 m croscopic
defects, such as wavi nesss, polishing traces forned on the surface of the

raw mat eri gk -ghassyplaherupe rapi ff. t m ¢roscqpi c defects may
become new defects  and incrgéséﬁf ea%?@%%&é%%%@’dé¥%é¥%.quf%?%F%%cond 5
pol i shi ng prowedsonanbagsthéavaybiiesseheightnabéritthe glia p Mad nass hei ght
NRa and the surface %gu hness Ra, the mcro waviness height NRa and the

r

surface roughfBs39R3 he| mheEegoris (e fese ss@aondessinss Hiary dafsedss, the
removal dephh Qﬁcre££@etﬂg!ﬁ§@k?gc%§&@g#§fggggtan%nSLngsEh%n%urface of the

raw material glass plate is polis evenéd SO &s t o become a snooth
m rrorof i Peheshsuy frceceand swoapi ngeofiavankyst he ighppera,pate ofi dhe
m croscopi c_def ect mﬁtﬁgut ganaging the 15 surface of the raw nateri al
gl ass pl atB Y Consiabyed Nidp pe PHadacenreHghgessn®apoltinghimigro

process, a:$efiesHohdSher r@@é{iQﬂdseﬁér‘%%%f%@bkioﬂgP%SBO' S g W thout
a

greatly scraping the surface of the raw materi ass plate 1s used as

t he pol i shimRreeRrd- 20 For such a soft polisher, a fine suede-like foam made
of a synthetic resin, such as pol yurethane or polyester, having a surface
with fine bubbles that are hardly visible 1is used. The Asker C hardness of

the sobt polisher wdefisnesdbd podeshongi k¥cebs RUPRET rLRAYSHT YieptdPRR
Standard SRI S-0101, . . ,
.fine polishing is not important since the surface of the raw
material glass plate is polished and evened so as to become
a smooth mirror-finished surface, and scraping off only the
upper part of the microscopic defect without damaging the
15 surface of the raw material glass plate is considered
important. Thus, in the second polishing process, a soft
polisher having softness enabling of polishing without
greatly scraping the surface of the raw material glass plate
is used as the polishing pad.
20
For such a soft polisher, a fine suede-like foam made
of a synthetic resin, such as polyurethane or polyester,
having a surface with fine bubbles that are hardly visible
is used. The Asker C hardness of the soft polisher defined
25 under Society of Rubber Industry, Japan Standard SRIS-0101,
is preferably between 58 and 85. The compressive elasticity
modulus 1is preferably between 58 and 90%. It is preferred
that the hard polisher be attached to thé lower polishing
plate 42a and the upper polishing plate 42b so that the

30 compressibility is between 1 and 5%.

If the Asker C hardness is less than 58, the

compressive elasticity modulus is less than 58%, or the

15



- is preferably between 58 and 85. The conpressive elasticity nodulus is
preferably between 58 and 90% It is preferred that the hard polisher be
attached to the | ower polishing plate 42a and the upper polishing plate
42b so that the 30 conpressibility is between 1 and 5% If the Asker C
hardness is I ess than 58, the conpressive elasticity modulus is less than
58% or the 15 conpressibility is higher than 5% the soft polisher may

deform dur 66g@pPeLLSBE Mgt ands RAELLEULALY 5B BHOLNY RAGK, ANGNAV] nesss
formon the surface of the polisSher, defects such as Cro wavi nesss nay

be formed éafehe durfagepolisheng manyf getnirietilghdss plsaprothibdiwiced f the
Asker C hardness_.is %ée ter than 85, the conpressive elasticity nodulus is

hi gher t hah' 9096 Y oPcY BH%rQESFB?I?Pff?§€1@gétpﬁaﬁoiﬂfhﬁﬁé_C§ﬁ3¥§€% of
t he raW/nﬁé@%ﬁaésghﬁéﬁop&§§§n§§¥sbﬁagg@%g%%rﬁ£d bhe 52 YL sheys d the

manuf actured gl ass substrate may 10 ve a rougher surface. The suede-1like
sof t péli§h@¢Uf%@§@n$daglq53iplets.grﬁartyefrohfthhes@ghge-tlherhaéds_
olisher in_hardness and is_difficult to conpare with the sanme criteria.
-ghus, t he ﬂ%r o ?Ehg?a?sg?@p?%%eﬁ?@8r8§51§28923ﬁﬁﬁﬁﬁ§§sm&ﬁﬁlﬂﬁb3§bf;
pol i sher itsiglept esieant esopy Hskere démbrBacdpessty! Ast hessecand nael i shjng
process, the raw material glass plate is fine polished in two stages of
pre- pol i shitgt 23R oboshe peaw st rer ighi 9lbsst plpoki mhyt he dawamwtcﬁrbygl gl ass
20 plate t i he egree_as, the .conventional thir
polishingtg?%gggé?ﬂ%&?kgx?éb6H§§g§??sﬁ?ﬁafSF585gg.g?ﬁsfhgu PagE TSt e
firstlfal fhdwor 4 ineugods shinfgcd hatThd Ssuédilembﬂc@clécbﬁthiﬁhéfugry, I'n q
i i i i i rasive grains are disperse
rﬂl32tg:még%égtf§¥i§”gié¥éégqé¥;§§{¥|ggogstge spongeglike hard P
polisher in hardness and is difficult to compare with the
same criteria. Thus, the hard polisher is represented by
JIS A hardness and the soft polisher is represented by Asker

15 C hardness.

In the second polishing process, the raw material glass
plate is fine polished in two stages of pre-polishing and
post-polishing. This is to polish the raw material glass

20 plate to substantially the same degree as the conventional

third polishing process in the second polishing process.

In the stage of the first half for fine polishing, that

is, in pre-polishing, a slurry, in which grains of cerium

25 oxide serving as abrasive grains are dispersed in water
serving as a dispersion medium, is used as the polishing
agent. The reason cerium oxide is selected as the abrasive
grains of the polishing agent is in that cerium oxide
chemically acts with the glass material and polishes the

30 surface more effectively and efficiently. Further, it is
preferred that abrasive grains having a mean grain diameter
(Dsg) of 1.5 pm or less be used as the abrasive grain. The

mean grain diameter of the abrasive grain is more preferably
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serving as a dispersion medium is used as the polishing agent. The reason
ceriumoxide is selected as the abrasive grains of the polishing agent is

in that ceriumoxide chemcally acts with the glass material and polishes

the 30 surface nore effectively and efficiently. Further, it is preferred

that abrasive grains having a nean grain diameter (D50) of 1.5 pmor |ess

be used as the abrasive grain. The nmnean grain dianeter of the abrasive

rain is npeeywpEsf grablyqlé Betyeen;d. n 5 I f.the nean grain
gi anet er ofétg‘ﬁe abrgs%g grgi E}gpl sI?ogh?a?{Sé? g%rg]é cﬁégm%gﬁ g 6g‘le| shi ng
traces mayaboasiva gheissrfiaceoof lhheer,awdrateiiad glasss patiesHiud ng

pre-polishjn nmean grai n dianeter of 5 the abrasive grains 1s too

. If the / s

snal |, thetjf)%‘F?§hIfl?1§ LRBUnPTIpERe SHIFE aGeme§ §heedi?é%d}ataﬁ¥dﬁtlh@l@ﬂi Ehl ng
time assoc htbngPheaPabl shing My be o} e -urpher, . in e pre-
pol i shi ng,pﬁggma\ﬂér on%a%?%egéiagi}lgﬁ? NR%PaFIQEt gggugFggg &%grﬁaﬁﬁgsg Ra are
i nprovéd upie | alabasii vhagfaihe val tecobmbha, 1Gef ipl’oﬁtis@ﬁhﬂgsﬁ_mlﬁb@nlts pRahi eved.
In the last half.of the stage of fine polishing, that s, in .

post - pol i sHihg, "t Hat * ¥ n’-’ﬁ;ﬁ?gﬁdt hadblFhSi Peldraing tREV Rgsacdriies dildtet er
smal | er t hawethali #1506y Mat e PhLo18nRRKI Shi-RgRL e, di sPefsed, Lh water
serving as theﬁtgilspeflg?onayne%%moangenade jf?\t% s]?urry |€s ufgg . The grains
of silicorPolbidhnauckhasnterd ovauineski baighe t8edahdr thkesabrasieve

ins. F in dianeter 0). o e _abrasive grain is
g; 2:‘ gfabl ;gcf@gn?%gﬁR%Egg%g%ﬁé%%vl SZBPn l%gaDgPLBSgaéECEBSSVG. 6Pt k&S aw
mat erilél dliass: pateshacpnes adlanaged. i n post-polishing, and the desired

snoot hness is not obtained. In the relevant post-polishing, the mcro
wavi ness hei ght NRa and the surface roughness Ra are

In the last half of the stage of fine polishing, that
is, in post-polishing, that in which the abrasive grains
having a grain diameter smaller than that used in the pre-

15 polishing are dispersed in water serving as the dispersion
medium and made into slurry is used. The grains of silicon
oxide such as colloidal silica are used for the abrasive
grains. Further, the mean grain diameter (Dsg) of the
abrasive grain is preferably less than or equal to 0.Z2um.

20 If Dso exceeds 0.2um, the raw material glass plate becomes
damaged in post-polishing, and the desired smoothness is not
bbtained. In the relevant post-polishing, the micro
waviness height NRa and the surface roughness Ra are
improved dntil about half the value of the pre-polishing is

25 achieved.

In the second polishing process, a rinsing process is
included between the pre-polishing and the post-polishing.
The rinsing process is a process for rinsing the raw
30 material glass plate with a washing liquid after polishing.
During pre—polishing, abrasive grains of the polishing
agent, fragments of the abrasi#e grains, and glass powder

are attached to the surface of the raw material glass plate.
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i nproved until about half the value of the pre-polishing is 25 achieved.
In the second polishing process, a rinsing process is included between the
pre-polishing and the post-polishing. The rinsing process is a process for
rinsing the raw 30 material glass plate with a washing liquid after
polishing. During pre-polishing, abrasive grains of the polishing agent,
fragnments of the abrasive grains, and glass powder are attached to the

surface of +&h W. i.a lass .plate. .17 If such foreign terials
remain on %Eeggggf£§2%§?heh?gF§§§%s et erithl g cF%%%ﬁﬁgiﬁH}réﬁﬁ?%ﬁ%ria
gl ass pl ateatariags posldpabimsiiendheltusy rhengds adeed 1o d naludg, the

rinsing process to.rinse and wash the surface of the raw 5 material gl ass
pl ate wit lPPRE-RASAPRGNEI quTlus TheherasiAga peredess iscpedeotived by

suppl ying thg hi,p Lgui e | i_shi devi ce whi | liding the raw
material gl asgy\%ﬁa}%egcgﬁgt Iﬁg %g %’nglng%gﬁqéars,h gﬁ}? e a(5:reeiodcTe1 t}e‘f‘t éﬁ‘gl s are
renoved fmabetrhelsgiéasepdhttheitawtimet eaisiing asspplat eThy thesifgs!iding

of the soft golisher. Further, for the washin liquid, water, pure water,
al cohol sURTPEEST sbprBpfforapeoRyl suepdatingl yhiec washemgpoBtisiuied tchrtdiegh

el ectrol yt4&1 1 S§d f ous ; ti f _inaorganic salt such as
2l kal i ne et ol ool of sodi i eh g?ﬁggkgng%t%h%alwi g 3 eds Hlase e wat er
such as weewrrthk ssef vepoi shegasahd tihedforkighheaseeard spalres e wipcess,
t he pre-pq#}g@it t he gost-pokishing, and the rinsing process are
conti nuousty ™ pert of WetP CTnPf KENGhERAY HBFETaré keSSt BReteaby tde 20

- pol i shong grintass @Ndcide S€6PNMLHO} E5BI-NT MP@}??E; Fbat AL aéﬁix‘? mttently
perfornmed. That is, the first polishing and the second polishing process
are each éggqg&ﬁxiWQQ%;a.pure water, alcohol such as isopropyl
alcohol, electrolytic water obtained through electrolytic
processing of aqueous solution of inorganic salt such as
alkaline metal salt of sodium chloride and the like, or

15 functional water such as water dissolved with gas 1is used.

In the second polishing process, the pre-polishing, the
post-polishing, and the rinsing process are continuously
performed, unlike when there are two steps, a first

20 polishing process and a second polishing process, that are
intermittently performed. That is, the first polishing and
the second polishing process are each assigned with a
polishing device since they use different types of polishing
pads, and the task of transferring the raw material glass

25 plate between the polishing devices between polishing
processes 1is required. Cbnversely, the pre-polishing, the
post-polishing and the rinsing process are continuously
performed in the same polishing device since the same type
of polishing pad is used. Thus, the polishing agent used in

.30 the pre-polishing and the post-polishing, and the washing
liquid used in the rinsing process are selectively supplied
from the supply section to the supply holes of the polishing

device. At least three types of pipes are connected to the
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pol i shing device since they use different types of polishing pads, and the
task of transferring the raw material glass 25 plate between the polishing
devi ces between polishing processes is required. Conversely, the
pre-polishing, the post-polishing and the rinsing process are continuously
performed in the same polishing device since the sane type of polishing
pad is used. Thus, the polishing agent used in 30 the pre-polishing and the

ost-polishin and- t he hing..liquid used in the rinsin rocess are
gel ecf i vel %“%%%}Sl Tege ?F\gﬁf‘?hgg%ﬁb&?gs@&"i%ﬁ? tt® t%&%m‘g% ﬁ'o&ﬂé%s #Lthe

pol i shi ng p@BYéHﬁngAé?éﬁ@§taharﬁgshXB%slgkpﬂkﬂesTﬁEetﬁgn@ggggdo&o the 18
supply hole of the polishing device to supply two types o poli shi ng
agent s andPQbshhed | f#gent. afdethaowappesigofl iqudld stiengvagettednthd he

washi ng |1 gui [ wi £ ched an uppl ied to the supply hole by opening and
cl osi ng va?%fglf%gf%? %ﬁ% 5?883?’ (Sm@% b\)ﬂl CORAG % ﬁé“f\&;ocsylﬁ& G i shi ng
agent s 5andfot hehavashbag. | i qui d, the polishing agent inpregnated in the

polishing pad during pre-polishing may fall out of the 10 polishing pad
during post-polishing and the two types of polishing agents may m x. To

prevent this, t of t. L sh ich serves as._the polishing pad, that
is used resistéﬁ%ﬁp%%b%gg%% g%ép%??sﬁyﬁﬁsaaznpg;lfgl%g SR e8|y
shown in Rilge ﬁhsﬁiﬁg&iﬁ@ui@]iShérpolﬂghﬂﬂgsa@eﬁ@sﬁmﬁﬁéﬁh%%%dlﬁn‘Mﬁéﬁlis
made of a non-woven cloth or the |like, and a nap |ayer 12, which is

super i Mo 1 YH T hPIHrFHEE S P¥RePphsehimoenpsl fall The ndpthayer 12 has

a twoibayedo StdiGidrng & nehdi i r , Wth 20, a plurality of
independe§$)air.bu 6%23, and %ﬁpﬁﬁ%eggféﬁéﬁxslggémfﬁ% gwﬁlﬁyggﬁtﬁ%of nap
f or mat i on fvol i 8y oprarels atay heix. To preveént this, the soft

polisher, which serves as the polishing pad, that is used

resists impregnation of polishing agents.

15 As schematically shown in Fig. 2, the soft polisher
includes a base material 11, which is made of a non-woven
cloth or the like, and a nap layer 12, which is superimposed
on the surface of the base material 11. The nap layer 12
has a two-layer structure including an inner layer 14, with

20 a plurality of independent air bubbles, and an outer layer
16, with a plurality of nap formation holes 15 opened at the
surface of the nap layer 12. Each independent air bubble 13
is shaped like a water droplet, in which it expands toward
the inner side of the nap layer 12 and narrows toward the

25 surface of the nap layer 12, and is formed to extend in the
thickness-wise direction of the nap layer 12. Each nap
formation hole 15 has an extremely fine size compared to the
independent air bubbles 13, is shaped like a shallow vase,
and is formed independently without communicating with the

30 independent air bubbles 13.

During the second polishing process, the abrasive

grains of the polishing agent enter the nap formation holes
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surface of the nap layer 12. Each independent air bubble 13 is shaped like
a water droplet, in which. it expands toward the inner side of the nap

| ayer 12 and narrows toward the 25 surface of the nap layer 12, and is
formed to extend in the thickness-wi se direction of the nap |layer 12. Each
nap formation hole 15 has an.extrenely fine size conpared to the

i ndependent air bubbles 13, is shaped |like a shallow vase, and is forned

i nd d j t.__comrunicating with th 30 i_ndependent air bubbl es
13, Duri gt he TSC O EEl Ve Fa. BroBBLe =h EcaBiacnre car s 2ot t he

ol i shing ageatientglatbepnapef ammatd el ies; 24 18 (g, ab(asive grains
Bolish tge surface %f thepram/ mat eri al glaggyplate mh{szenpgrlﬁg and
exi ting t hEOHEptiPwrhateohShol Bni1thipnsthis, stheeabtrheiabr gsbvasgtiai ns i n

h f t] 15 r in in the nap.formation holes 5 15 w t hout
;oﬁngageeg{?%t% hgg%g%t%§9eggifssﬂ%céeﬁﬁé' dp We FRR FP IR LM 1% S not

comunicat B8l wi thotthego ndgpasdpnt ntai khubRies 213r The abrasivg 9if ns
remaining in the nap formation holes 15 are eaSily washed out fromthe nap

P . APl
formation HOFBREECRy Rhlehel WashPngoli gomaugdciangd: e thi @mgnbt@zgfr?im&s and
di schar ge tisi ef rasive. grains.are prevente rom
traveliggq%ggﬁééégasgﬁgﬁhag¥E%jgggaﬁgyga%aab?gmﬁgﬂfﬁﬁ%aﬁa§ntﬁ ©aBfBsi ve
grai ns in fdwenaiajon flovhet | bh hokesadllguibrgetheuti ARy thieoggss, the
pol i shi ng olishing is prevented fromfalling out 15

t. used j e- . Nt ¢ ! out
fromthe n%opr(a }?e%‘ilrf%f ﬁb#%nof% ﬁgtHuFPﬁgwaémmsoM@Hnﬁg.dumm itélei rrg npdahg
referted toraseds soealisth ogelubhicspad. thial, dpgs. not,Undergo, puf |

t polisher, Whic

polishing in advance is used "as the so Whr ch 'ncrudes the nap
| ayer 12 tH@1PD ds praventieyefronr biravedinBuiibepolingbi nger aber s ater

12, and by washing away the abrasive grains in the nap
formation holes 15 during the rinsing process, the polishing
agent used in pre-polishing is prevented from falling out

15 from the nap formation hole 15 during post-polishing.

A polishing pad, referred to as a so-called non-buff
pad, that does not undergo buff polishing in advance is used
as the soft polisher, which includes the nap layer 12 that

20 has a two-layer structure. Buff polishing refers to
polishing in which the surface of the polishing pad made of

foam is roughly scraped with a grind stone or the like.

Normally, a polishing pad made of a foam does not

25 include holes open in the surface in a state immediately
after manufacturing. Buff polishing is performed and part
of the surface layer is scraped to open the independent air
bubbles and form the nap formation holes. That is, when the
part of the outer layer 16 above the broken line in Fig. 2

30 is scraped off, the independent air bubbles 13 open at the
surface of the nap layer 12, and become the nap formation
holes. Therefore, in such a normal polishing pad, the nap

formation holes have large diameters, which differ between
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polishing in which the surface of the polishing pad made of foamis
roughly scraped with a grind stone or the like. Normally, a polishing pad
made of a foam does not 25 include holes open in the surface in a state

i mredi ately after manufacturing. Buff polishing is perforned and part of
the surface layer is scraped to open the independent air bubbles and form
the nap formation holes. That is, when the part of the outer |ayer 16

above the hpoken Lhpesl ' 2 Ls.scraped _off, e i,ndependent air

bubbl es 13 open a%h?hgk@sgkggée %?r%hégﬁﬁg%ﬁgﬁgﬁy1z?p nglﬁgggﬁgstﬁéenap

formation bbokesn Tbessloneo LM, SHER &ROI®):pald %@t%e‘?]a%o%%‘%@%o g
ol es,” an

formati on hol es have |l arge dianeters, which differ between 2

are deep. Wbre specifically, the dianeters are between 20 and 100 m and
the depth is between 400 and 700 Jim 5 Conversely, the soft polisher
serving as the polishing pad of the second polishing process in the

presentg enbodi Rt chyy ich_the nap formation holes 15 are forned
fron1n§broscopic aiEr3£ %ggfegh?ngghg grﬁ3§ﬁ§tSF§V1H8rﬁEIR§E%éF’ 0FF .
Thus, the pap ¢Oromei sachndesolbshang p@oaedisandt €he0bk@sst han 20 m and a
depth of less than 100 m The dianeter of the nap formation holes 15 is
preferablfﬁiﬁ HESrt t hanSerh efnaVhishotheppepl EssmaRann20omesl L5t kere

di ameter isohRss thaR s rasi.v ins.of . the l'ishing agent do
not easily enter the na%@%%%ﬁgy?gngﬁglggg%ge%S%glFﬁeoﬁa?ﬁet fire Shand, the
hol e di amet@m3 klyjreeraped thih. oTrequal the 240 folnd @i @ge Rapast 19f habeasi ve
grain t hat cannot be_ washed away during the rinsing process enters the
nap fipnafi6#?%ﬁ%?ﬁ5ﬁiﬂﬁ§%éﬁﬁﬁHﬁoth@ aRp podemthonf heke thanslgPeat er

than or e I 2 | es han 100
1&% &ﬂe dqﬁ%%ker o} Ehe nap formation holes 15 is preferably

greater than or equal to 2 um but less than 20 pm. If the

diameter is less than 2 pm, the abrasive grains of the
polishing agent do not easily enter the nap formation holes
15 15. If, on the other hand, the hole diameter is greater
than or equal to 20 pm, a large amount of abrasive grains
that cannot be washed away during the rinsing process enters
the nap formation hole 15. The depth of the nap formation
hole 15 is greater than or equal to 2 pm but less than 100

20 pm. If the depth is less than 2 um, the abrasive grains of
the polishing agent are not easily accommodated in the nap
formation holes 15. When the depth exceeds 100 pm, the
abrasive grains enter too deeply into the nap formation
holes 15 such that they cannot be washed away during the

25 rinsing process.

The soft polisher does not have holes opén at the
surface in a state immediately after manufacturing. Thus,
the surface of the soft polisher must be polished to open

30 the nap formation holes 15 without performing buff
polishing. A pad dressing process is performed on the soft

polisher in advance after the soft polisher is installed in
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20 m If the depth is less than 2 m the abrasive grains of the polishing
agent are not easily accommobdated in the nap fornmation holes 15. Wen the
dept h exceeds 100 m the abrasive grains enter too deeply into the nap
formati on holes 15 such that they cannot be washed away during the 25
rinsing process. The soft polisher does not have hol es open at the surface
in a state immedi ately after manufacturing. Thus, the surface of the soft

pol i sher she pen .30 the nap formation_hol es 15 wi t hout
perforningggﬁfpglggkﬁg igg&qﬁgpggtd%§§£¥ﬁb‘ﬁﬁdﬁ%§%s? IR R B0 t he sof t

pol i sher i fihadpadcdrabtengt beosefts ﬂ@iéﬂy¥oéé%éfFEf“ﬁéiﬁéH&n&%gkg?ga
pol i shi ng dgvice but before it is used for polishing. The pad dressing
process i sSatPPbc8¥eUREr OfolhehisHg famiey of tdle gl isatound wofd tuweirsurd ace of

(he pol shyRg:Bad, Ueing o disssgty Thedreseat my be 2, pad dresser.

formed by 5 el ectrodepositing dia drface of a

base net ereakchavdagoaitinguiaamphat abshapee Yra Reldett hdresseloe foF med
by enbeddi ng, di anond gellets in the surface of a base material. Anobng
these dresSeP25CiHatpadalrBe¥ERT psChretdeabpy afsedhiape,hemad mrldssi ng

rocess. ThisSsis-10 sgt .dre r h fi.ner ahrasive grains
Eonpared ?gé?%irbef?gfégrggsgﬁbggglgéeﬁiggPPshfﬁﬁﬂﬁ¥fﬁHé{ﬁgﬁﬁféhé¥%ﬂe t he

pol i shi ng @hda cansbensuppi @bsedmdisy delsese bede abeve, the peatyressef the
i invention is in that fine

second 15 polishin ocess of the present at f

pol i shi ng %P?s %?%Jf%g%g{%tbs?‘ﬁe“wbh%t_Baé_sdéreswégpapfwmsm Bhgs is
post - pol | édgusd hens i psd rkgr@§9§§8§asSf&ﬂgkugsgae%‘éeﬁQ i%x@e c%ﬁal%%'d shing
and t he post-polishing, the polishing agent Is switc &d'Det ieeh ot he
pre_p0|isrﬁqugﬁupq}ﬁﬁExﬁgesser and over-polishing of the surface of

the polishing pad can be suppressed.

As described above, the features of the second
15 polishing process of the present invention is in that fine
polishing is divided into the two stages of pre-polishing
and post-polishing, the rinsing process is included between
the pre-polishing and the post-polishing, the polishing
agent is switched between the pre-polishing and the post-
20 polishing, and the nap layer 12 having the two-layer

structure.

With such features, the second polishing process can be

performed using one type of polishing pad and one polishing'

25 device while changing the types and grain diameter of the
polishing agents during the process. Thus, by changing the
types and grain diameter of the polishing agents during the
second polishing process while completing the polishing step
in the two steps of the first polishing process and the

30 second polishing process, the glass substrate is
manufactured so as to satisfy the values of the above
surface roughness Ra, the waviness height Wa, and the micro

waviness height NRa. Further, in order to reliably satisfy
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20 polishing, and the nap layer 12 having the two-layer structure. Wth
'such features, the second polishing process can be performed using one
type of polishing pad and one polishing 25 device while changing the types
and grain dianeter of the polishing agents during the process- Thus, by
changing the types and grain dianmeter of the polishing agents during the
second polishing process while conpleting t he polishing step in the two
steps of t f olis g e d. the 30 seco pal.i shin rocess,
the gl ass gﬁ%s{tr%g%%gl ls)E Iem}g%ufaacl(:?’u%r &d 's6 As lioélggﬁl‘?ss% &?'het%l% 5% he
above surhatehtouwghness Rae fnlier\tbawlaﬁﬂ%%s@ll"@l[%h\ﬁa Negnd e mcro

wavi ness height NRa. Further, in order to reliably satlsfy 22 the val ues of
t he above %ﬁ’g?g@%t?ﬁh’@ﬁné§§d%lopﬁe rgaeitiess toheiaght ofa tfm@nehe mcro

wavi ness ctur cond |ons r Iat to each of the
pre- poI|2§|%g%h$ﬁ§'r%ﬁ§iﬁgﬁgggg gogn tﬁe p 61|sﬁ)&d

pref er &bl ypreterasl vieseti beddbekewbebdnbkhewpr e- pol i shing, the I oad applied
to the raw material glass plate by the soft polisher is preferably

bet ween 50 and 120 g/cnR. If the load is less than 50 g/cnR, 10 the raw
mat eri al gl ass i en I | i shed durin
pr e-pol i shi ng. f*a%fﬁs§€§§%0§¥%éh§ ruéégo og?hé HQ gigorgu hﬁ@%é Ra and
the micro M ness heaghtpNRae b the Haﬁufﬁoumsaérgh&8©r%wb&bbdye may
becone hlqp or t O|I§§ SOC|ated W th_the post- §O|Ishl ng nust
be 15 prol'ongad o Satidf @hg/Qﬂlu 0% hePadir Fackesduk hﬁ%s Ora/cand t he
m cr orvavimassrdiwighle N 0f146¢ @lass suDLEALRr £kl chiteyl eaf gyceeds 120
g/cn2, the surface of the soft follsher may deform an fi CF 0SC pi c
defects, SN HEHi®ping pre-polishing. In this case, the values of

the surface roughness Ra and the micro waviness height NRa

of the manufactured glass substrate may become high, or the
polishing time associated with the post-polishing must be
15 prolonged to satisfy the values of the surface roughness Ra
and the micro waviness height NRa of the glass substrate.
If the load exceeds 120 g/cm?, the surface of the soft
polisher may deform, and microscopic defects, such as micro
wavinesss, may form on the surface of the raw material glass
20 plate. This may result in deficiencies such as the values
of the surface roughness Ra and the micro waviness height
NRa becoming high or the raw material glass plate being

broken by the load during pre-polishing.

25 In the post-polishing, the load applied to the raw
material glass plate by the soft polisher is preferably
between 30‘and 100 g/cm®. If the load is less than 30 g/cm?,
the raw material glass plate is not sufficiently polished in
the post-polishing, and the surface roughness Ra, or the

30 micro waviness height NRa of the manufactured glass
substrate may not satisfy the desired values. If the load
exceeds 100 g/cmz, the surface of the soft polisher may

deform, and microscopic defects, such as micro wavinesss,
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wavi nesss, may formon the surface of the raw nmaterial glass 20 plate. This
may result in deficiencies such as the values of the surface roughness Ra
and the mcro wavi ness height NRa beconming high or the raw material gl ass
pl ate being broken by the |oad during pre-polishing. 25 In the
post-polishing, the |oad applied to the raw material glass plate by the
soft polisher is preferably between 30 and 100 g/cn2. If the load is |ess.

than 30 g/¢cn@, - the raw material gl ass plate is not sufficiently polished
in the poé?ypg?F%h?%gghﬁnﬁufﬁécguF&ééém?dﬁﬂhﬁ@§§q%%l(ﬂ1%3ﬁaﬁﬁ?Wﬁcro

waviness hehgbtmdfarebul he; araukactured &l asen SUbIHALS 1T ot Akl STy
(0}

the desired values. If the |load exceeds 100 g/cnR, the surface the soft
pol i sher nayrfdes oreyghnedsai Brosodpithedefientos wasticke sas haigyhcc WeRd nesss, 23
may form .surface of e raw materi.al. gl.ass plate. This may result
in deficigﬁ%%gﬁliﬁc%l%g ?ﬁe£€§|ﬁ§¥ HPtFﬁéalsg#?ééegﬁéGﬁhm§%QQQ?%9ﬁfqrm

m cro wavimesshéelghd. NRa becom ng high or the raw material glass plate
being broken 5 by the load. In the rinsing process, the |oad applied to
the raw material glass plate by the soft polisher is preferably |ower

than the | oad of, t pre-polishing., Further, the |oad 10 is preferably the
same or IOM/con%%r%ﬁ%t%}?%%é?o%ﬁog?the%ﬁﬁogP§goFP?ﬁﬂﬁé.tﬁngeSﬁ@%ﬁfically,
the | oad imapeeizl aplyss helaeeno25tn8dsé@t9b6MRshbl tBephedd rag 1hess than
25 g/cnR2, _foreign materials are not sufficiently renoved fromthe surface

of the ravr}_%?fer' n gt sl At et ofhabpasrelgphing - 155 erthar, poheshpag
agent 1 Dendi NS died i NARHOT LS 0F NobGScodBarLl 100,189 2xCeed3, 10 of cr,
this may result in deficiencies such as P raw nat eérial “glrass pPate bei ng
post-polishing. More specifically, the load is preferably
between 25 and 70 g/cm®’. If the load is less than 25 g/cm?,
foreign materials are not sufficiently removed from the
surface of the raw material glass plate or abrasive grains
15 of the polishing agent remains in the nap formation holes
15. 1If the load exceeds 70 g/cm?, this may result in

deficiencies such as the raw material glass plate being

broken by the load during the rinsing process.

20 . Among the pre-polishing, the rinsing process, and the
post-polishing, the task time for post-polishing is
preferably between 1 and 40 minutes. If the task time for
post-polishing is less than one minute, the surface of the
raw material glass plate is not sufficiently polished. If

25 the task time is longer than 40 minutes, the smoothness of
the raw material glass plate will not further improve, and
the amount of production would be lowered due to the

prolonged task time.

30 Further, the task time of the rinsing process is
preferably between 1 and 20 minutes. If the task time of
the rinsing process is less than one minute, the polishing

agent used in the first polishing process is not
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broken by the | oad during the rinsing process. 20 Anong the pre-polishing,
the rinsing process, and the post-polishing, the task tinme for
post-polishing is preferably between 1 and 40 mnutes. If the task tine
for post-polishing is |less than one mnute, the surface of the raw
material glass plate is not sufficiently polished. If 25 the task tine is
| onger than 40 m nutes, the snoothness of the raw naterial glass plate

will not f . ove, and . the anmouynt of production would be | owered
due to theg&%?§§%%§€dyt5%%0Y?ﬂe.a§§ Eﬁﬁﬂﬁ@ﬁﬁgtﬁé%9%§<ﬁ9ﬁﬁaQﬂ e rinsing

process i ssupreterabl ynberygenatcand 129 10Rutas o Lt hg d agk Liqre of the
rinsing process is less than one mnute, the polishing agent used in the

first poliBA hehbrHCRESCESS notEven suf fticéendby tempved, 1andepokhshi ng
traces for e rface of the.raw material glass plate at the second
pol i shi ng %%%@%é%ﬁ E§%§ﬁg? Tﬂéefég&stﬁ F?SﬁgﬁﬁgrpPH&ﬁhZ@ghﬁﬂﬁﬁﬁs, f or ei gn
materi 8 s eathoesbelunlr nokt shiAgyadenhnaStAaNARbURE LY Higldemyed, - and
the anount of production would be [owered due to the prol onged task tine.

The total Y&kd therelfexerd deeohed pbei phbhgnpedcesski $impr.ef erably between
7 and 45 mnutes. This is the task time 10 nade possi ble by continuously
performng the pre-polishing, the rinsing process, and the post-polishing
wi t hout the neethe ftort i chasigi e aye neher sakoghaps1pLat &S prBceLder to
have the total task tinme be |ess than 7 mnutes, at |east one of the
pre-polisﬁqﬁf%€?é§¥i9%§WﬁF&ch%%%,4%n@l@ﬁ§e§05ﬂﬁﬂ5wﬁﬁiﬁﬁﬁr@pﬂhstimave a

mater ol o ks e e ot ba strt i Bef o FnLhVohaY BPErRS dtPrate of

the raw the rinsing process, and the post-polishing without the need
for exchanging raw material glass plates. In order to have
the total task time be less than 7 minutes, at least one of
the pre-polishing, the rinsing process, and the post-

15 polishing must have a shorter task time or be omitted. In
this case, the surface of the raw material glass plate may
not be sufficiently polished or the surface of the raw
material glass plate may be damaged. If the total task time
is longer than 45 minutes, the task time of at least one of

20  the pre-polishing, the rinsing process, and the post-
péiishing is too long. If the task time of any one of thé
pre-polishing, the rinsing process, and the post-polishing
is too long, the effect of improvement in smoothness and

cleanliness of the surface cannot be expected. Moreover,

25 the longer task time may lower the production efficiency.

The advantages of the above embodiment will now be

described.

30 In the method for manufacturing the glass substrate of
the embodiment, the second polishing process is carried out
by dividing fine polishing into the two stages of pre-

polishing and post-polishing. Further, the rinsing process
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material glass plate may be damaged. If the total task tine is |longer than
45 mnutes, the task tine of at |east one of 20 the pre-polishing, the
rinsing process, and the post polishing is too long. If the task tinme of
any one of the pre-polishing, the rinsing process, and the post-polishing
is too long, the effect of inprovenent in snoothness and cleanliness of
the surface cannot be expected. Mreover, 25 the longer task tinme my | ower

t he productjo f|C|e o The, advant a t he above enbodi ment will now
be descrl%g fn % ¥W%? ghFoP ﬁhﬁ%ﬁd&%ﬂfﬁhé”?hé; RSSubstrate of
the enbodipent shihg. se;ecolrhplsrpmy shiagtBr 9@ea§ftér@ﬁﬁr tgg e%4hg @if‘%' %'eqltng

fine polishing into the two stages of pre polishing a post - pol i shing
Furt her, tHea+R n@%%‘@eb‘?é%eége a5eids flOrrcItth@e@rleedeenhum@ @ret pold shistg- and

t he post hlng ents fferent type and different
grain diaﬁg?gigﬁgﬁg use erT rech gl??h?ﬁﬁeﬁnﬂs?ﬁ 1poste FEFPEAi ng.
Furtheb, thelsehinpobishess umdluaegh%%e%@)d 12 yRe! '1§h'w'1thr OGERR 113 %ﬁdes
the nap layer 12 with a two-layer structure ang' formed so that the

pol i shi ng SlgenEtyse mypd 1ﬁpf@§ﬁ9ﬂe§0dééﬁkythﬁ phélsbﬁngp@bEQRems Imott he

second p o herefpre i genis of differ grain
d|anetersc%¢§%%§§é§g§t&§§%%% gﬁeéﬁseEO%% Pﬁ 1§gﬁ£ 10£%0YP§hFﬁ§OH§V|ce Thi s
enhances tihel pslodugtporcedd | cileaeyforkn pbdﬁéhﬁﬁgsabbﬁE% bire Malrueenef the

desired surface rou hness Ra, the wavi ness hei , and the mcro
wavi ness Hed Yht A REBEL A HoPT B hgeEeBH FHE?ScéﬁﬁeﬁﬁﬁénahlVhﬁe§@ﬂﬁes up to

the thord ol isbing abeicd S aonml elahaled en S SE00M s BO1 L BRL DY RLPCeSS.

This shortens the manufacturing tine and incr e anobu
producti oftn order to satisfy the values of the desired surface

roughness Ra, the waviness height Wa, and the micro waviness
height NRa, a polishing step that conventionally requires up
to the third polishing step is completed at the second

15 polishing process. This shortens the manufacturing time and

increases the amount of production.

The grains of cerium oxide used in pre-polishing has a
mean grain diameter (Dsg) of 1.5 pm or less. In addition,
20 the grains of silicon oxide used in post-polishing have a
mean dgrain diameter (Dsq) of 0.2 mm or less. Thus, the
number of steps associated with the polishing step is
reduced, the manufacturing time is shortened and the amount
of production is increased while maintaining the quality of

25 the manufactured glass substrate.

The total task time of the second polishing process is
between 7 and 45 minutes. During this period, the task time
of the post-polishing is between 1 and 40 minutes, and the

30 task time of the rinsing process is between 1 and 20
minutes. Thus, the task time is shortened while maintaining

satisfactory quality of the glass substrate.
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The grains of ceriumoxide used in pre-polishing has a nean grain dianeter
(D50) of 1.5 mor less. In addition, 20 the grains of silicon oxide used

i n post-polishing have a nean grain dianmeter (D50) of 0.2 pmor |ess. Thus,
the nunber of steps associated with the polishing step is reduced, the
manufacturing tine is shortened and the anmount of production is increased
while maintaining the quality of 25 the manufactured gl ass substrate. The
total task tineIoftbhe secaond polishing process is between 7 and 45

mi nutes. During Thir§p&rfiodl% kEAssicithe Wad mPblstd pet i Sire g w s
between 1 apdec49am RULES, t £ AT f . I1NSi 0ocess | s
between 1 and 20 mgnut es@%ﬁgsf%%t ﬁtg]ét ﬁl%élﬂn%qofgsﬁglr{ efn%'!’dé]gmﬁaen Ohat

mai nt ai ni n§orshbespaetppy ighdiniot proft Hehgoap tagso ISiisitirat e ThaG, I n the rinsi ng
process, tQSfLo§gnaE§Iied o the raw nmaterial glass plate by the polishing
pad is | ower than T SHoP fRe Sprésdiinhial§ siradie sot pole sthg. Thus,
defi ci enci esteuchl ag1sssapehiBY a2@d ALK NG O ihle A AW 'Q%r{“?ﬁa"tﬁ]zai'algs' ass
plate are prevented while foreign materials = are removed Trom the Sufface
of the rawrhat Eprareql dssmpkhee suirfagesatfi $fhac tramy marneral Hiesundlaae: of

t he gl ass bst factured through 10 the above manufacturing met hod
has a nicr%ngv%%ggggﬁggaﬁy "RRE€SF 0.15 nmor less. Thus, the gl ass
substrate has high quality and enabl es high density recordi ng. Exanpl es
enbodyi ng the above enbodi nent will now be 15 explained. Observation of
Pol i shing Pad I'hrexdwpface ahdtbenparasi vabskanpee minutfhe tsewohdhr2@gh

pol i shigng @ﬁ@c§§§v¥%ﬁé§§f£9£H?gnashggh%ds%%% BORE%Q%rwg%Q%ess height
NRa of 0.15 nm or less. Thus, the glass substrate has high
quality and enables high density recording.

Examples embodying the above embodiment will now be

15 explained.

Observation of Polishing Pad

In example 1 and comparative example 1, the second
20 polishing process was performed using a soft polisher made
- of polyurethane and having the properties shown in table 1.
The processiﬁg conditions for the second polishing process
were five minutes of the pre-polishing under a load of 80
g/cm®, five minutes of the rinsing process under a load of
25 60 g/cm®, and five minutes of the post-polishing under a
load of 60 g/cm’. A soft polisher that had not undergone
buff polishing in advance was used for example 1, and a soft
polisher that had undergone‘buff polishing in advance was
used for comparative example 1. The NRa of the surface was
30 measured for the raw material glass plate after polishing.
| The result is shown in table 1. The state of the surface
and the cross-section of the soft polisher of example 1

taken by an electron microscope (SEM) are shown in Fig. 3
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of pol yurethane and having the properties shown in table 1. The processing
conditions for the second polishing process were five mnutes of the
pre-polishing under a load of 80 g/cnR, five mnutes of the rinsing
process under a |load of 25 60 g/cn2, and five mnutes of the post-polishing
under a |oad of 60 g/cnR. A soft polisher that had not undergone buff
polishing in advance was used for exanple 1, and a soft polisher that had

under gone f l'i ghi { n_advanc s used for conparative exanple 1
The NRa ofg# nggffgée%%é;%ﬁ?%%a%grgﬁefﬁPr ﬁ@erﬁﬁpnggérF5P55F§§§tﬁP§te
after polishibge pdhesnesubt tsmphowm ik abhe 1L 1TheStals,ofifhe surd ace

and the cross-section of the soft polisher of exanple 1 taken by an
el ectron Rt oStdped ( SEN)e aimea ahowoi hf FgtiGn23fahteFegectrofihe state of

t he surface; C -Seciio of the polisher of conparative exanple 1
are shomanﬁégga%gé? %§§§F§§.£%.E?ﬁesF SgenﬁﬁﬁﬁﬁiéiﬁWﬂ1Hﬁ 5ﬂﬂ§'eﬁ%é¥ﬂgn

i cr osGopeb res at @l 4rd t hiee Simégeemsyat €1 REWBNI Rehinged 3 ARG D Fds5-100 and
the image nagnjfication related to the cross- section shown in Figs. 4 and
6 is 40. Tl BS&RIPT el Tohbas at # vand16Eiangle 1 Thi ckness nm 1. 13 1.08
Asker Hardness 4,18 1 C Conpressibility %2.1 1.5 Conpressive %71.9 86.7
El asticity Mdul us

Example | Comparative
1 Example 1
Thickness mm ' 1.13 1.08
Asker-
Hardness 74 78
C
Compressibility % 2.1 1.5
Compressive
oo % 71.9 86.7
Elasticity Modulus
Hole Diameter pm 10-40 30-80
Surface Roughness
19 35
Rmax of Nap Layer H
NRa of Raw material
glass plate After nm 0.13 0.16
Polishing

As apparent from Fig. 4, the soft polisher of example 1
10 had a nap layer with a generally two-layer structure.
Further, as apparent from Fig. 3, the nap formation holes
were densely and generally equally dispersed across the
entire surface, and the hole diameters were substantially
uniform. In comparison, in the soft polisher of comparative
15 example 1, large independent air bubbles were open in the
surface of the nap layer with a generally one-layer
structure, as apparent from Fig. 6. As apparent from Fig.
5, the nap formation holes were dispersed across the surface

and the hole diameters were not uniform. The micro waviness
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Hol e Di ameter pm 10-40 30-80 Surface Roughness pim 19 35 Rmax of Nap
Layer NRa of Raw material glass plate After rim0.13 0.16 Polishing As
apparent fromFig. 4, the soft polisher of exanple 1 10 had a nap |ayer
with a generally two-layer structure. Further, as apparent fromFig. 3,
the nap formation holes were densely and generally equally dispersed
across the entire surface, and the hole dianeters were substantially

uniform In co ipson, [p the soft polisher of conparative 15 exanple 1,
| ar ge i ndep&h gﬁ?ﬁg?rOEutEFe§aWem€Qﬁﬁﬁ?%rg%QR§ Rttt o3 torel hadpitayer

with a gengeal by19ngn! BYCexafbfiuCtULGd a5 APRA! G JAf i e Goxdifore
apparent fromFig. 5, the nap formation holes were dispersed acros e
surface ahd tHromhdilee ditzomet ergswete, not waisf ehownThaani che wamumesg 28
hei ght NRa of .the raw. erLal glass plate after polishing was 0.13 nmin
exanpl e 1 AREECLE NALTRCCORBarar VERBEs &Y £ Pbmithe aiodo rednt s, |
was shewn ihaghide frli@r@aps/ayaP@%ShB@ ghighRa- Mas, IHRI-OVAAL DY UsiAg, the soft
polisher 5 in which the nap layer had a generally two-l"ayer structure.
OGbservation of Nap Formation Hole Dianmeters In reference exanples 1 to 4,
the soft polisrﬁgségvgoig%agglﬁa% pas U ed,n %%- h Le.Q|qneters of the nap
formati on hol eS—w@ Hi—eatF

charged—i Ipte——a secohd polishing
process was perforned under the conditions shown in table 2. The residual
val ue of the polishing agent after the rinsing process and the surface
roughness Ra antP tFI$Ferecwavfmesss 1 to 4, the soft polisher of

10 example 1 was used, the hole diameters of the nap formation

holes was changed in each example, and the second polishing
process was performed under the conditions shown in table 2.
The residual value of the polishing agent after the rinsing
process and the surface roughness Ra and the micro waviness

15 height NRa of the raw material glass plate after polishing
were measured for each reference example. The results are
shown in table 2. The residual value of the pélishing agent
was calculated in the following way. That is, the
concentration was first changed in various ways for the

20 polishing agent used in pre-polishing, and a standard
solution for each concentration was prepared. Next, for
reference examples 1 to 4, the color of the drainage liquid
during the rinsing process and the color of the standard
liquid were compared, and the concentration of the polishing

25 agent in the drainage liquid of reference examples 1 to 4
was obtained. Then, using reference example 1 as a
-criteria, .the proportion of the conéentration of the
reference examples 2 to 4 with respect to the concentration
of the reference example 1 was calculated as the residual

30 value of the polishing agent.
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15 height NRa of the raw material glass plate after polishing were
nmeasured for each reference exanple. The results are shown in table 2. The
resi dual value of the polishing agent was calculated in the follow ng way.
That is, the concentration was first changed in various ways for the 20
pol i shing agent used in pre-polishing, and a standard solution for each
concentration was prepared. Next, for reference exanples 1 to 4, the color
of the dranggg |quid during the rinsing process and the color of the

standard i qui d were conpared, and the concentration of the pO|IShIng 25
agent in tlhe draindge Tiquid of Teference exanpl €s I Jt0 4 Was %Hggk§cgf
Then, usirng reference exanple 1 as a .criteria,.the proportiogn of gw
concentratjii on of .thHe refergence exanples 2to 4 with respect tjo thé_
concentratlion of tlhe reference exanple 1 was cal cul gt ed %s t Ne hesdrdual (30
val ue of the poli shi n§°&gent . Z%OIgprllﬁngg‘Jeal(Mry) of Rage L Wﬁ%er(%l%lss pl_fr)altg
Resi dual PRol i shi ng |Diagefar n) gl ass plate Dianet avdie0bs Af Afto
Pol i shing|Polishing Pad(p agent (nm Pre- R1n3|ngpggigﬁﬁge RaAfter
_ Polishing
Pad (pm} agent
v (nm)
Pre- Rinsing Post-
NRa Ra
Polishing | Process | Polishing
Reference
5 - 10 5 5 5 1. 0.17 | 0.31
Example 1
Reference
5 - 10 5 10 10 0.3 0.16 | 0.30
Example 2
Reference
30 - 90 5 5 5 10 0.25 | 0.35
Example 3
Reference
30 - 90 5 10 10 4 0.22 | 0.37
Example 4

From the results of table 2, the residual value of the
polishing agent was less than or equal to 1 and thus small
5> for reference examples 1 and 2 having hole diameters of
between 5 ahd 10 ym, and satisfactory results were also
obtained for the surface roughness Ra and the micro waviness
height NRa. In comparison, for reference examples 3 and 4
respectively having an aperture diameter of between 30 and
10 90 um, the residual values of the polishing agent were 10
and 4 and thus large. Further, the surface roughness Ra and
the micro waviness height NRa were higher than reference

examples 1 and 2.

15 From these results, when the hole diameter of the nap
formation hole was increased, a large amount of polishing
agent remained even when the rinsing process was performed.
This shows that the quality of the manufactured glass
substrate was affected. |
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Pol i shing Process Polishing Reference 5- 10 5 55 1 0.17 0.31 Exanple 1
Reference 5 - 10 5 10 10 0.3 0.16 0.30 Exanple 2 Reference 30 - 90 5 5 5
10 0.25 0.35 Exanple 3 Reference 30 - 90 5 10 10 4 0.22 0.37 Exanple 4
Fromthe results of table 2, the residual value of the polishing agent was
| ess than or equal to 1 and thus snmall 5 for reference-exanples 1 and 2
havi ng hol e dianeters of between 5 and 10 pm and satisfactory results were
al so obtained for the surface roughness Ra and the m cro wavi ness hei ght
NRa. In conparison, for reference exanples 3 and 4 respectively having an
aperture di anet@ébsefvbeivsear30ocaad 10 90 pm the residual values of the
polishing agent were 10 and 4 and thus |arge. Further, the surface
roughness Ra and the micro wavi ness hei ght NRa were higher than reference
exanples 1 and h 2sul ts n e hol e djaneter of the nap
formation hol e g%sﬁgﬁg%gggéd§§§mpggge%aﬁﬁﬂﬁt’o%gﬁoﬁf§ﬁ1 FggdéﬁPjﬁbnained
even wlen phecesasiag peofesscdnaspayf eheedortThiog ishews dihat g ayal ity

of the nanufaftured | ass substrate was affected. 30 Observati on of Load
while changing the load for the pre-polishing, the rinsing

process, and the post-polishing as shown in table 3. The
state of each raw material glass plate was visually

observed. The results are shown in table 3.

10
Table 3
Load (g/cm?)
Pre- Rinsing Post- State
Polishing Process Polishing
Reference
Example 5 80 60 60 Satisfactory
Reference
Example 6 80 50 60 Satisfactory
Reference ~
Example 7 90 60 60 SaFisfactory
Reference Some Having
Example 8 80 90 60 Processing
Cracks
Reference 80. 80 o Some Having
Example 9 Scratches
Reference ' Some Having
Example 80 20 60 Processing
10 Cracks

From the results of table 3, in reference examples 5 to
7, in which the load of the rinsing process was lower than
15 that of the pre-polishing and the same or lower than the
load of the post-polishing, a visually satisfactory glass

substrate was obtained. In comparison, in reference example
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In reference exanples 5 to 10, the second polishing 5 process was
performed using the soft polisher of exanple 1 while changing the |oad for
the pre-polishing, the rinsing process, and the post-polishing as shown in
table 3. The state of each raw nmaterial glass plate was visually

observed. The results are shown in table 3. 10 Table 3 Load (g/cnR) Pre-
Rinsing Post- State Polishing Process Polishing Reference 80 60 60

et or ence 90 A6 S0 SR FEFRArEry e laNpl B 7 Sae YOy 26! ST GhEE Bb700 60
Processi ng thexawyl @r&-Goddlsh i nidef1Eses Sop®) Havidy, 80,80 60, Examples 9
Soratehes B leLeIE I done B (HE Manutactured row nateroal giase
plates. 1In addition, in reference example 9, in which the
5 load of the rinsing process was the same as that of pre-
polishing, scratches were formed in some of the manufactured
raw material glass plates. Such results showed that it is
preferable that the load of the rinsing process be lower
than the load of the pre-polishing and the same or lower
10 than the load of the post-polishing. Further, when the load
of the rinsing process is lower than that of the pre-
polishing, processing cracks sometimes formed in reference
example 10 in which the load was excessively low. This is
thought to be because the glass substrate could not be
15 sufficiently pressed by the polishing pad during polishing
and thus could not be hold in the carrier. The load of the

rinsing process is preferably between 25 and 70 g/cm?, and

more preferably between 50 and 60 g/cm®.

20 The present embodiment may be modified and embodied as

described below.

A chemical strengthening process may be performed on
the raw material glass plate in a step before the polishing
25 step, after the polishing step, or between each polishing
step to satisfy impact resistance, vibration resistance, and
heat resistance characteristics required for the information
recording medium. The chemical strengthening process refers
to ion conversion of a monovalent metal ion such as lithium
30 ion and sodium ion contained in the composition of the glass
substrate to a monovalent metal ion such as sodium ion and
potassium ion having a greater ion radius. Further, it is a

method for enabling chemical strengthening by applying
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Fromthe results of table 3, in reference exanples 5 to 7, in which the

| oad of the rinsing process was |ower than 15 that of the pre-polishing and
the sane or |lower than the |oad of the post-polishing, a visually
satisfactory glass substrate was obtained. In conparison, in reference
exanple 31 8, in which the load of the rinsing process was higher than _
that of pre-polishing and post- polishing proceSS|ng cracks were fornmed in

T e T S A Y S

reference exanmple 9, in which the Ioa

sanme as thﬁheothpmeeabobtshnggbenmnﬁ(ﬂﬁﬁhd&ﬁﬁsfb@ﬁﬂﬁiﬂéh i@f

nanufacturg r?m/nate i al Iass pl ates. Such results shomed that it is

preferabl e gﬁa? tfig Fﬁéatﬁﬁ ?h@vﬁfnﬁlﬁfﬁﬁﬁﬁﬁﬁm§qﬁfIﬁmmﬂ intmare the | oad of
“the pre- pokhshiBg1 286, LhE 5aAB t;he 0621

postppoIPshlng Furt her, 8V\/nen ?%e (ﬂe rﬁﬁsﬂ%ﬁ rggé (%%?3%ﬁ%r

t han t Bat @tr@hetbealn@o$akh|thapm@mﬁ&@tmgmﬂﬁ@@k%n@pﬁgmﬁmﬁgféwned in
ref erence ich the |.oad was excessively low. This is

t hought to % gg%iu%Er?%%t PRL89sGBdtat e coul d not be 15 sufficiently

pressed by the polishing pad during polishing and thus could not be hold
inthe carrier. The load of the rinsing process is preferably between 25
and 70 g/cnR, ardeMpdRe Pf efleembbylbetweagthenand 681gkcriicl2@eThe present

nbodi t f ed and enbodi ed a descri bed bel ow. A cheni ca
gtrgnbrﬁgﬁpng 5?§€g2§£n%§t%e s%?%BWnE&QGﬁ%efhél YR mRiLErRAe §IS&Ss plate in

a stebObefxmdepémn¢mﬂ1ﬁrmmgas25 i epuraf ber athecpeti shbngrsteR @ Ret ween
each polishing st to satisfy inpact resistance, vibration resistance, and

heat resi t& Ta@ﬁ&wqﬁmﬂﬁ¥%¥kﬁﬁr@ﬁ the ¢hﬁm1¢ﬁbrm©x¢@@thenlng

liquid is a temperature that is preferably lower than the
distortion point of the material used in the glass substrate
by about 50 to 150°C, and more preferably the temperature of
15 the chemical strengthening process liquid itself is about
300 to 450°C. When the temperature is lower than the
distortion point of the material of the glass substrate by
about 150°C, the glass substrate cannot be sufficiently
subjected to -the chemical strengthening process. If the
20 temperature exceeds a temperature that is lower than the
distortion point of the material of the glass substrate by
about 50°C, the glass substrate may be distorted when
performing the chemical strengthening process on the glass
substrate.
25
In the above embodiments, the polishing process is
| performéd using the batch-type polishing device. However,
the polishing device is not limited, and the polishing
process may be performed using a sheet-type polishing device

30 for polishing glass substrates one at a time.

The lapping step may be omitted as long as the surface

conditions of the raw material glass plate, such as
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recordi ng nmedium The chem cal strengthening process refers to ion
conversion of a nonoval ent netal ion such as lithium 30 ion and sodiumion
contained in the conposition of the glass substrate to a nonoval ent netal
ion such as sodiumion and potassiumion having a greater ion radi us.
Further, it is a nethod for enabling chem cal strengthening by applying 32
conpression stress on the surface of the glass substrate. The chem cal

st rengt henj dis perfornmed by dippin he gl ass .substrate over a
predeterni%e gﬁféggin %ré’é%%%+gﬁﬁséfr8%6tﬁ ﬁih@ﬁﬁroéé§§sﬁﬂhﬁh§ i n which
the chem catsibestvengthentngr saht pbLained Rycheat{ngsapd HeLLLEARY Ay
chem cal strengthening salt. Exanples of chem cal strengthening salts
include potakstims nig ritethepdsarhetedte, silver nitrate used 10

i ndependently or as a mxture of at |least two of the above materials. The
tenperature of the chem cal strengthening liquid is a tenperature that is
preferably lower than the distortion point of the material used in the

gl ass substrate by about 50 to 150C, and nore preferably the tenperature
of 15 the chem cal strengthening process liquid itself is about 300 to
450C. When the tenperature is |lower than the distortion point of the
material of the glass substrate by about 150C, the glass substrate cannot
be sufficiently subjected to-the chem cal strengthening process. If the 20
tenperature exceeds a tenperature that is |lower than the distortion point
of the material of the glass substrate by about 50C, the glass substrate
may be distorted when perform ng the chem cal strengthening process on the
gl ass substrate. 25
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In the above enbodi nents, the polishing process is perfornmed using the
batch-type polishing device. However, the polishing device is not |imted,
and the polishing process nay be perforned using a sheet-type polishing
device 30 for polishing glass substrates one at a tine. The | apping step
may be omtted as long as the surface conditions of the raw material gl ass
pl ate, such as 33 roughness, warp, wavinesss, and the |like, satisfy the
desired vatpgsvyafter the beveling step. In such a case, the task time is
further shortened. 34 CLAIMS 1. A nethod for manufacturing a gl ass
substrate for an information recordi ng nedi um manufactured by polishing 5
the surface of a raw material glass plate, the nethod being characterized
in that: the poltshifhgi¢shes videdmpaLd ackoirsngps, gaastsepulart rager fonmi ng a

ol hes plats t bUpEEREEeS,  LetOPaIEY R TD: MBI b ARG Bredtiid T g
proces$ tothiénsiyfapeloshe thewsuataeeadf guhesr pughky ROk shetJpwdmalerial

gl ass plaiéhto be spoot her; the second polishing process, using a pol’ shing
pad nade OP2¥¥ANTT1%i ¥ dePthto two stages, which are pre- 15 polishing

with a polishinghagenti dnglydi ng casi,ve grains of cerium oxide and
post - pol i shing with a:boli§#iﬁg %gg%?éhigggad%ﬁa 5%?8§Yv5 5$§Fn§q§f silicon
oxi de; ander¥ommsing privcests psl pehiognpdobeswees Eb@gﬁ&?-p@QH%%hEﬂ@ and

t he post-polL;Q&ggﬂ;o rinse the raw material 20 glass plate after the

pr e- pol i shihg Wi sy B9 GRE Het 09 1ass plate to be smooth and a

10 step for performing a second polishing process to finely
polish the surface of the roughly polished raw material
glass plate to be smoother;

the second polishing process, using a polishing pad
made of foam, is divided into two stages, which are pre-

15 polishing with a polishing agent including abrasive grains
of cerium oxide and post-polishing with a polishing agent
including abrasive grains of silicon oxide; and

a rinsing process is performed between the pre-
polishing and the post-polishing to rinse the raw material

20 glass plate after the pre-polishing with a washing liquid to
wash away the abrasive grains collected in the polishing pad

in pre-polishing during the rinsing process.

2. The method for manufacturing a glass substrate for
25 the information recording medium according to claim 1,
wherein the abrasive grains of cerium oxide have a mean
grain diameter (Dso) of 1.5 pm or less and are smaller than a

nap formation hole for the polishing pad.

30 3. The method for manufacturing a glass substrate for
the information recording medium according to claim 1 or 2,
characterized in that the abrasive grains of silicon oxide

have a grain diameter that is smaller than the grains of
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wash away the abrasive grains collected in the polishing pad in
pre-polishing during the rinsing process. 2. The nethod for manufacturing a
gl ass substrate for 25 the information recordi ng nedi um according to claim
1, wherein the abrasive grains of ceriumoxide have a nmean grain dianeter
(D50) of 1.5 pmor less and are.smaller than a nap formation hole for the
polishing pad. 30 3. The nethod for manufacturing a glass substrate for

he, i or ki ponreeped g WESLUMACEOA NG Lo LA Ao 2, eharaot ot zed

in that the abrasive grains o i con “oxI

smal | er th@guahetgralhumpfaﬂa aeeiuﬁhﬁﬂkﬁemh@nﬁﬁﬁ@ ﬁﬁ@ﬂ%d%éﬂﬁﬂéﬂe&£§0) of
| ess than o ual 0.2 and _are smaller than the aperture di aneter

eq _Em
of the nap® oF%%t?%% ofBat 6p1t Relpolficghithy padishing Phael.net hod for
manuf acturing a gl ass substrate for the information recordi ng nmedi um
according to any one of <clainms 1 to 3, characterized in that the second

pol i shbng procéss Hﬂgeanebmad faskmbnmEaetu?fihg 45gMbRY e8bstd2e Hg
met hod f or,_ manuf act uri glass substrate for the information recording
nedlun1ac¢%9 H@g e %?rdépglW@diuﬁoaﬁcoéﬁéﬁﬁctérﬁ?@dqmﬁ tat t he

post - pol i sdi gndras t@ 3 as&&fzﬁ'@t@il%eﬁolﬁotg‘g@u£ﬁé s%éogd { TRk nad for

manuf acturing a gl ass substrate for rmat 1 on recor |ng “medium
accor di ng RIPEEEE dres of tetal neadkt bife oliafatbetbzadniiiethat the rinsing
process has a task tinme of 1 to 20 mnutes. 20 7. The nethod for

manuf acturing a gl ass substrate for the information recording nmedi um

accortidng to arfy. onertaf méﬂﬁbdﬁfdrtﬁaﬁuf&@@ﬁ@?ﬁéréZSﬁabQ Eﬂﬂgtk% Ehﬁ
rinsing pr cess, load applied to the raw material glass plate by t
e information recording medium according to any one of

claims 1 to 4, characterized in that the post-polishing has

a task time of 1 to 40 minutes.

15 6. The method for manufacturing a glass substrate for
the information recording medium according to any oné of
claims 1 to 5, characterized in that the rinsing process has

a task time of 1 to 20 minutes.

20 7. The method for manufacturing a glass substrate for
the information recording medium according to any one of
claims 1 to 6, characterized in that in the rinsing process,
load applied to the raw material glass plate by the
polishing pad is lower than that in the pre-polishing.

25

8. The method for manufacturing a glass substrate for
the information recording medium according to any one of
claims 1 to 7, characterized in that in the rinsing process,
load applied to the raw material glass plate by the

30 polishing pad is the same as or lower than thét in the post-

polishing.

9. The method for manufacturing a glass substrate for
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polishing pad is |ower than that in the pre-polishing. 25 8. The nethod for
manuf acturing a glass substrate for the information recording nedi um
according to any one of clainms | to 7, characterized in that in the
rinsing process, |load applied to the raw naterial glass plate by the 30
polishing pad is the same as or |ower than that in the post- polishing. 9.
The nmethod for manufacturing a glass substrate for 36 the information

di ' cording to any one of, clains 1 to 8, characterlzed in
that | 0ad POt BECEBEhen FFRSFAY G S50 SCAB B G i, GG A gl ass

substrate &oaims infersptkpArbecerdiRg NEGiHLD %ta%! ned J treQ:[ntt<ﬂ

manuf acturi ng nmethod according to any one of clains 1t e gl ass
pl at e charhtbeingedrpaesshas: 2hi tpo Ravi/meds hei ght (NRa) of a surface
nmeasured by a 10 three-dinensional surface structure analyzing m croscope,
with a measuring wavel ength (X) set at 0.2 to 1.4 mm is 0.15 nmor I|ess.

11. A polishingidevizegoss maaptachbei 19 a9l 35F1RatYRSt HASL fom é;a
i nformation recordlng medi um by polishing a surface of a raw materi al

gl ass pl atBediym Yot # sme Aol tewi tle lbénnéachalracgemezeddbyﬂcc@rphlrlgsItlong pad

f d for th raM/naterlaI gl ass
g?gfeopoﬁiéh ﬁ%n%ﬂg%RQE% |%nglg?deﬁpgﬁ?oggéﬁgs$385§ &ﬁF@ﬁ tardzed in

pre-polishimgtwi th a polishing agent including. abrasive grains of cerium
oxi de and poséEPollshlng wi th a polishing agent including abrasive grains

of silicon oxi diaviness height (NRa) of a surface measured by a
10 three-dimensional surface structure analyzing microscope,

with a measuring wavelength (A) set at 0.2 to 1.4 mm, is

0.15 nm or less.

11. A polishing device for manufacturing‘a glass
15 substrate for an information recording medium by polishing a
surface of a raw material glass plate, the polishing device
being characterized by:
a polishing pad made of a foam, the polishing pad
performing with the raw material glass plate polishing that
20 ié divided into two stages, which are pre-polishing with a
polishing agent including abrasive grains of cerium oxide
and post-polishing with a poiishing agent including abrasive
grains of silicon oxide; and
a rinsing process performed between the pre-polishing
25 and the post-polishing for rinsing the raw material glass
plate after the pre-polishing with a washing liquid, the
polishing pad including a nap layer with an inner layer,
having a plurality of independent bubbles, and an outer
layer formed in its surface, having a plurality of nap
30 formation holes with an extremely fine size compared to the
independent bubbles, the nap formation holes being open at
the surface of the polishing pad so that the abrasive grains

collected in the polishing pad in the pre-polishing are
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a rinsing process performed between the pre-polishing 25 and

t he. post-polishing for rinsing the raw material glass plate after the
pre-polishing with a washing liquid, the polishing pad including a nap

| ayer with an inner |ayer, having a plurality of independent bubbles, and
an outer layer fornmed in its surface, having a plurality of nap 30
formation holes with an extrenely fine size conpared to the i ndependent

bubbl es, the.n |,on_ho bei ng open at the surface of the
pol i shi ng pad et %ﬁé?ﬂ%ggﬁgr %gugvéflé“rsgir@ PT¥i9%%ted in the polishing pad

in the pre-polishing are 37 washed away during the rinsing process. 12. The
pol i shing device_according to claim1l, characterized in that the nap
formation hol estéf thBe5PPbEFBANAgIpad dfaees @ tiding dicarsltasm dif1,2 pm or

r eater anghZPacpO} fhehess cARP BndeRll oo AR (heal o g, 100 P or

| ess. 13. The polishing device accor further
bei ng Sharpeteshied pydahbowes holikskiikgatleat @ rand il URRY R 50 N

pl ate arranged rotatably about a rotation shaft, and a carrier, arranged
bet ween t u%f)efeﬁ%t i ehfny dpPhRecand tie droweeapelri emidng 08l atme,o1f or
supportingg@ssplurality of raw material gl ass plates, the surfaces of the
15 raw material glass plate being polished by the polishing pad by
rotating the upper polishing plate and the Ilower polishing plate in a

state in which e polishi ad i attached to the | ower polishing plate
and the upper %gtisﬁ#?mf?igﬁéb%% B¥éSs8apgcosding to claim 11 or f%,

10  further being characterized by a lower polishing plate and
an upper polishing plate arranged rotatably about a rotation
shaft, and a carrier, arranged between the upper polishing
plate and the lower polishing plate, for supporting a
plurality of raw material glass plates, the surfaces of the

15 raw material glass plate being polished by the polishing pad
by rptating the upper polishing plate and the lower
polishing plate in a state in which the polishing pad is
attached to the lower polishing plate and the upper

polishing plate as necessary.
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