DESCRI PTI ON GLASS SUBSTRATE FOR | NFORVATI ON RECORDI NG MEDI UM AND METHOD
FOR MANUFACTURI NG THE SAME 5 TECHNI CAL FI ELD The present invention relates
to a glass substrate for ‘an information recording nediumused in a
magneti c disc, 10 which is a magnetic recording nmediumfor an information
recordi ng device such as a hard disc, a nmagneto-optical disc, and an
optical disc or the like, and a nethod for manufacturing the sane. 15

BACKGROUND ART Conventional ly, a gl asgsuhsto@tsg for an information
recordi ng nmedi um nust have a surface that is as snoboth as possible to

enabl e recording of information with high 20 density. Thus, the surface of
the gl ass substrat ed in plural stages durin

manuf acturing to gﬁﬁ%¥g§§ﬂgﬂguggfﬁﬁf dﬁ@%?R¥ﬁ% %&c%%?@RB?H@uﬁgpéﬁges
(refer to, for exanple, alppaneseplabg- @@ﬁwﬁ@tr@@tm@%@%*pl

11-154325). That is, the glass substrate is ground and 25 pollshed in steps

broadPy divided into four steps, rough grinding, fine grinding, first

pol i shi ngpp gﬁglégﬁo ?ollshlng The type of polishing pads, and the grain
di aneter and typé 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 different :
types and diffelBRt PY§FERh dRHRBLEPE w6 lehessame apalliast rmytueviate hasr been

1 prOpOSQQQtth%%H&Eﬁéﬁ“%é&%@ﬁPﬁgQE@ﬁfuﬂ'@ggaeinog RQSneggklgqggg agent at
each pollshlng step (refer to,
10 which is a magnetic recordlng medium for an information
recording device such as a hard disc, a magneto-optical
disc, and an optical disc or the like, 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 of 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



exanpl e, Japanese Lai d-Open Patent Publication No. 2000 218535). According
to such a polishing agent supply device, 5 a plurality of polishing

devi ces do not need to be prepared for each polishing agent that is used.
Thi s sol ves problens, such as that related to installation space. Recent

gl ass substrates are required to be recordable 10 with higher density. To

fulfill this requirenent, the snoothness of the glass substrate surface
nust be i mpyrQyedy ddh A t,g,d Ve e e _surface of the
gl ass sugg{rate, t he péﬂﬁ%%ing agent %%Q?P%ggeégaﬁ%E%? 8?a?%e di aneter in

each pol i ghilnglsitrep,agd: tdte agrai pdi asteieg ofed5(tbeepotbshFpg agent nust
becone finer in a stepped manner as polishing proceeds. However, when

pol i shi ng S FerF orlfBE W9 TRy THee ol e hi ¢t heperntioi n28AB-pol i shi ng
devi ce undergd3tg abavec20:aendbt 5ARs, 2 RNARHEMJ | § ce. of the
gl ass substrate becomgs écreatched ar ias S. Tr}ﬁ sdig%%ct;[}slgbalf;%%ﬁ%'ng
agent haviengplaredride gfaipe ldisdnetedd st dapragnatechedd theb@obrspbhngdpad
during a precedi ng l.i shing step, .and .the inpregnated polishing agent
falls out%rﬁ:r N QChapp lsgfﬁ‘t}&@gl?&rﬁnpcpdﬁe}las iy &t ’t%@ﬂé‘b)}s%"ﬁ%g with the

pol i shi ngpragarinshaviuRe asf ithe tghilk AR & sHdUS + U595 e . di fferent
types of polishing agents or polishing agents having different grain
dianeters is inpossible in the conventional art, and a plurality of

pol i shing devi S b I f.or. each .pol i shi agent en the
grain di anet erﬁggreg;&yééglgg %iu?)fsgrggrr%t%.% Furt heri™y eednsccoa?%yi’%gc%i%\%ﬂ?i shi ng
wi t h 20 pl wiahi hygbbrpaehshicyy devi tesfithethaskrefuiteasster kihag the gl ass
- substrate betm%en eac% Eglishing 2 device is troublesome and requires a

| ong peri SBOBFPPERE. OFhélpr 848RF PHYERERSS Socfese ahstheprismmamedxi sting

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



in the conventional art. It is an object of the present 5 invention to
provide a nethod for manufacturing a glass substrate for an information
recordi ng medi um capabl e of using polishing agents of different grain
diameters or different types in the sane polishing device, while

i nprovi ng production efficiency. A further object is to 10 provide a gl ass
substrate for an information recording nedium having high quality to

enabl e recrdideg iat t@o@&%s&%n%ﬂd-r%é%%ﬁﬁﬁ% THE-{ DYENT ON s To

achi eve the above object, one aspect t he presen invention 1's a nethod
for manufacturing a glass substrate for an information recordi ng nmedi um

manuf actured b polishing.the surface of a raw material_ glass plate. In
the 20 net hod, %Pﬁepb’%rg??hi ﬁ&"ieélstdﬁﬂ é&d?‘ﬁﬁso g e‘b‘éoablaegf%% eprEoring

per f or m ngna thier sbnpehitsbhag precesstt 9sr QHng?eE@ b¥h thie o swdpace of the
raw material glass plate to be snooth and a sfep for performng a second
pol i sht ngipr68&dent of PReNVydepsl msl hiade four freee fefc el no g da o1 i shed r aw

mat eri al p e_to. t.her. The second polishing process,
whi ch useéﬁé’glﬁgﬁiﬁgh%ﬁ% Sgdlﬁg 'sefﬁggl%arﬁe%osrdsin\% s & AR T es, which
are pre-paokiisbi pglishhng pokhsbi by aAgeTe rentcloudiing Blbrasiames @ains of

cerium oxi de _and post-polishing wth a polishing agent including abrasive
grains ofdézf?ESH 36YBRFden APFi AelMRgPpldesday seydiceonr mdd Uset ween the pre-

pol I shi ng;aBdobhiggPOsbaneL i sh Barko bhase thecLav,Ip! gphal, glagg plate
after the pre-polishing with a washing Fiquid to was way Re abr asi ve
grai A cobretidd angihespetbshiragepédr3annipferpelishi mgodurding the rinsing
process. %édiémpﬂgéfﬂéegiéga&ugfgt§b£gsgxgbggakggoggiggrg%ng high

density.

DISCLOSURE OF THE INVENTION

15

To achieve the above object, one aspect of the present

invention is a methodvfor 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



oxi de have a nean grain dianeter (D50) of 1.5 pmor less and 5 be snaller
than the nap formation hole for the polishing pad. It is preferred that
the abrasive grains of silicon oxide have a grain dianeter that is snaller
than the grain 10 of the cerium oxide, a nean grain dianmeter (D50) of |ess
than or equal to 0.2pm and be smaller than the aperture dianeter of the
nap formation hole for the polishing pad. It is preferred that the second

pol i shi ng ;pr 0Gess, HaVve - Lot al . time of 7 to 45 minutes. It is
preferred it hg)t he poéﬁﬁgé’?ﬂ. s%lgﬁgt eg\sléélﬁaéjt@a%lé]f?crrees%f 1 to 40 mnutes. It
is preferred that the rinsing process have a task of 1 to 20 mnutes. It
is preferred that .in the rinsing 20 process, |oad applied to the raw

materi al gl ass 'pl &CePB§LiERE eI sFicdnhitily Fr asel Yo weia tharet hegriwnt he

pre-pol i shi i ey t t.he {insj Ag, pEoces appl i ed
to the rg§ﬂ%§tg%ygl§gﬁggg %F%?S E@EFEgIﬁSIg%ﬂ?nggp%dgbgﬁtﬁg h%%%eag or

| ower I haket baelilart hbaposhepokips tfiomgatlifori ©12% feef esheddhiathiwad rel ated
to the rinsi,ng process be 25 to 70 g/cn2. It is preferred that in the

gl ass subSffate for an information recordi ng medi um obt ai ned fromthe
above 30 manufacturing nethod, mcro waviness height (NRa) of a surface
measured by a three-dinensional surface structure analyzing m croscope, -
with a measuri A haverehgrhefdAthasethat abfazive tréims dfe <0.115%amm or | ess.

4 Anot her C h sent _ipvention provid a ol i shing device for
nanufactu??%ggaha?%sé gﬁgéﬁrg ém?g?ra%haFnﬁSrﬁgﬁﬁiﬁrrégﬁVH%ﬁf WU by
pol i sl ngo& shefaeceioh axiaw, Samateni gkhaghassapkate. (Phg npot i shinocdeyice
i ncl udes a olifhing pad made of foam _The golishing pad perfornms raw

or equal to~0.2Z2pm, and be smaller than the aperture diameter

of the nap formation hole for the polishing pad.

It is preferred that the second polishing process have
15 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

20 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

25 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
30 manufacturing method, micro waviness height (NRa) of a

surface measured by a three-dimensional surface structure

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

0.2 to 1.4 mm, be 0.15 nm or less.



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. Arinsing process is performed between the pre-
pol i shing and the post-polishing for rinsing the raw material glass plate
after the pre-polishing wwth a washing |iquid. The polishing pad includes
a nap layer with an 15 inner layer, having a plurality of independent
bubbl es, and an outer layer forned in its surface, having a plurality of
nap formati on Rologhew tdsramtextiy aried yofésmnisi izevaonpat edrboidébea

i ndependent bug]bl es., The n formation holes open at the surface of the
pol i shi ng P5ad *Ed "EhSEVEE atnadland i Wl B0 & 1338 eI PHEFAEE pbPF sAlng pad

in the prenFolrinsiiiog @&of@%@e%e@@mwlg&mﬁr{d f%!é\gr%@&eéf-a'lr S
preferred that the nap formati'on holes of the polishing pad have a fiol e

di aneter set2rgmloglgssardrtand ZDe2Bophsbingesieyiard imcdeptds of 2 pm or
greater a .pm ar. . |l ess. pol i shing device further includes a |ower
pol i shi nggq’&%%?‘elggné’aé*nmﬁﬁ*&ef’%%ﬁa&hi nﬁha Bleﬁf‘Fgﬁg@&dr SEHILBIF d5oUt 30 a
rotation shaktriaandlaseaplibee, paliahded betwean the urper;n@oldighi ng plate
and the lower polishing plate, for supporting a plurality of raw nateri al
gl ass pl af&89eTheWhdGhf ace Brerrelishimst eriitdl agloedsi ghliate dgerpol i shed by

the 5 pol ishhng; RAd.BY.LOLAt LR ;ihie JypRer pol ishing plate and the | ower
pol i shing plate | % a state i h whi'ch %t he pol i sﬁ?{ﬁgﬁj%pgéldaipsosa E5Ehed 15 t he
| onerl (ol wshhng pbatehand tbenupperlpalinghiabgapligie @ necessariyli & BRI EF
DESCRIPTICN.gF TQF DRAW NGS .
oxide. rinsing process 1s performed between the pre-
polishing and the post-polishing for rinsing the raw
material glass plate after the pre—polishinngith a washing
liguid. 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 um or greater and 20
25 um 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



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 showng the state of the surface of a raw
material glass plate in one exanple taken with an electron mcroscope; 15
Fig. 4 is a viewshowng the state of the cross- section of the raw
material glass plate of Fig. 3 taken with the electron mcroscope; Fig. 5

2 Lo PG MELA & Aol SHd AGR O poDef B TR SLALNY BR8P Ate

in a conparative exanpl e taken ectron 0SCOpe; "a
is a viewlshow myltisdistgtpd adfe tilre acradsste skctwlonciof thdeps asmBLEr pal gl ass
pl ate of Fig. taken with the el ectron mcroscope. 25 BEST MODE FOR
CARRY!I NG dﬁai%é‘c%ﬁ\‘?lzﬁﬂ &t BiFo AN 1819 12 b dehit thavereesn will now

be descridead swihl pekerence ddhe dr.awi ngs. 30 During manufacturing of a
gl ass substrate for an information recording medium a raw material glass
plate $s cut out in a disc-shape froma sheet of glass plate. The center

of the ra i pl incl circular 6 hole. The gl ass
substrate¥$§%%§?§§gRg%%§§ igﬁfﬁﬁkiﬁ%agﬁﬁvgﬁce of the raw material gl ass
plate with a polishing device. The gl ass substrate is forned froma

mul ti conponent églass material, such as soda |line glass, alumnosilicate 5
gl ass, borosiliddtde di dss,a it asapstadnInaet grassiehashaweng npaof acfured

using a fbg@khng&gggpfgigggggrg@%ggghod, a redraw nethod, or a press

met hod. A magneti m an proteétive filmnmade of netals or alloys of
cobal0 ( Co), 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



chromum (Cr), iron (Fe) and the like are fornmed on the 10 surface of the
gl ass substrate obtained fromthe raw material glass plate to configure an
information recording nediumsuch as a nagnetic disc, a magneto-opti cal
disc, and an optical disc. 15 As shown in Fig. 1, a polishing device 41

i ncludes a disc-shaped upper polishing plate 42b and | ower polishing

pl ate 42a that are parallel to each other and spaced from each other in
the verti i r i n I i nter enci rcl t he upper

pol i shi ng%lﬁje R qﬁﬁﬁﬁ?ﬁ?en%qﬁ{ Byt el A e
44 proj ectssir ffaaematthe heemteer reftdrtieal ogkeass popishe ngi phatepd2ashang a sun

gear 45 is, arranged, on the perjpheral surface at the |lower. end of the
rotation §ﬁg%Fe44.g h Pigéﬁtﬁﬁhgﬁ69§e46%E§QQﬂQQﬂf§ﬁmtQNQQﬁ#ﬂ%QmRﬁnﬁﬁ%

upper pol ig3hiskg malatrg 42D .sd a LT3 dde Tohatdpnsshalf 44,hs; %E‘éggéed
through the insertion hole 46. The upper polishing ﬂfate ¥, , the | ower
pol i shi ng91lpisat e beZg s itlieaitnt @rleals ,geard 43r woich t hizesing s ¥Whaar eredri ven

by a noto li ke sq_as _ta.be . independentl rotated. A plurality of
carriers @?Rﬁ§5§?F§ﬁ8e&sﬁgﬁm€e%1?@& §5S$b ﬁxﬁ%%ﬂéﬁﬁfpﬂ%ﬁ%@ Pa?and the
upper pol irebirag peahed42br aAppkuakidohd. cir aubacthel es 148 drsy formed in
the carriers 47. Each circular hole 48 receives a raw material gl ass

pl at e 31. PEQFERELVEatdélr madej o1 eked Sorpnt vd Jserd pHeragbadlpot@dbn of each
carrier 4 ears,49; he ' t.he internal gear 43 and the sun
gear 45. %thgﬁgugoﬁiﬁgﬁf nééggvi@%u%n\gag&cﬁ ilslﬁclengarp?a ,Or\m%c‘?hoﬁ sU% f or med

f romigynt herifeceesifntheaglass atibathedc @Htd nsidr fraces tofe thas | ower

pol i shi ng g#ate 42a1and t?e upger goLishing pl.ate 42b when necessary. The
raw mat er FaF SHtassIpPat BL3%Si 5Oheraiiatinsen™ Hefosmart ise izaficisiisiat e 42a
and medium such as 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



t he upper polishing plate 42b or between a pair of polishing 10 pads in a
state received in a circular hole 48 of the <carrier 47. In this state,
polishing agent is supplied from a supply section (not shown) to the
surface of the raw material glass plate 31 by way of the | ower polishing
pl ate 42a, the upper polishing plate 42b, and the polishing pad. 15 A
plurality of supply holes (not shown) extend in the thickness-w se

directi on ol ffih IdMeladpoldashiing: Pl € 1422, gedhhe AIPRELe RRldsd ng; phat e 42b,
and the polishing pads. The polishing agent is supplied to the supply

hol es frorale sidsinnade@siaon, 4 3uotd dsha swankgemnt4d ni ng the pol i shing 20
agent. By rotating the upper polishing plate 42b, the |lower polishing

pl ate 42a, the internal gear 43, and the sun gear 45, each carrier 47
revol ves about Itheheoialliiem ishalde ide Whi | & rgd Btdmth aboaty, 1§51 8xi SswWith

t he raM/nateriaIfgIass plate 31 contacting the lower polishing plate 42a
and the 2500856 fFom shnkgeplist &2 droamhe ippldtstialeads.tiihi s pol i shes

the surfa f e r ater | I pl at 1. e e d of nmanufacturing
the gl ase Chberra et eontps e LR 4 ARl der et e 1o
manuf act uped ishioggblatei 4eb phecessideg s, @nhbevali Ratstrepl 1l-arPi ng

step, a gﬁlishing,ste and a washing step. 8 In the disc processing step,

P Nt
a sheet oPlgit&sSipitat BSle PEGIEEE hfea IQaTe POtdd 6ty dardrht tPaartsl de or

di amond t enel opgea ghsesahagedieaw mieyabalass Bl ¥ N2 09, & & Glg oul ar
central hole. In the beveling step, inner an outer “circu rentia
sur f ddes p#dsheénr awstrater rakbegivasls inpleates ramud agr duriet S8 tdfattiehe out er

o (28rtRE BT, RIE S P8y e B PURE 8 L0, A TP05p R0 80 !
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
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.



of the inner and outer circunferential surfaces are polished 10 and
beveled. In the | apping step, a | apping process is perfornmed on the raw
material glass plate to correct the warp of the entire raw material gl ass
pl ate. Thus, the raw material 15 glass plate becones a substantially flat

pl ate. The | apping process, which uses the polishing device 41, is
performed by sliding the surface of the raw material glass plate 31 al ong
the |l ower polishing plate 42a and the upper polishing plate 42b while
supplying the polishing agent to grind the 20 surface. Further, for the

pol i shi ng agentlmtmeheiilsappinmgpesmiorgessstem s whigeofonbybséyepyaaenss Which
are grains of alumna and the |i dlspersed in water, which serves as a
dlsper3|oﬁm§é&%hﬂgl g§§r ?@d?thMHQWﬂﬂ G idhiTh ds¥8ORAetPol i shi ng
devi ce 41 forS apefifs@rRd ped 3 a5t %a%éﬂé@'gcl@§§1ﬁalpé)dé %{BJ%%P%’S are
attached to the | ower Flshlng pl ate 42a "and the upper ishing plate
42b b¢5slﬁdﬁﬁ@lﬁﬁecsﬁtﬁgﬁlhglpadslalbhg bheelsugfa¢epof1hherramuhater|al

gl ass plate 31. O|IShIn sl i di ng of the pollshlng pads
pol i shes &rsrcn%&cﬁm%etrﬁ& art 586 e[%é’é g%errd:taé“r “% $tag®. In the
washi ng spea,tef at-ei gRomBteEbaksatSHER 2% tRAl Ioﬁmnl&era%m m}@'i:ﬁ%f‘g
powder, and dust on the surface of the raw 9 material glass plate
subsequen?lﬁﬁeﬁéFl§HVﬁgPé?€e%ﬁ§ﬁéﬂeéw@}mamaﬂwné wwﬁmaq;ﬂhapuﬁhe'ﬁﬂgﬁs
manuf act ug,es g S t i Q surface and hi
C|€&ﬂ||ﬂ€é§ tgeT gﬁ%ﬁngpgcégﬁg %gg%gg %ggaﬁg ﬁggéggﬁﬁfﬁf%

of prldf er abbyb6vélam or | ess. Further, the waviness height Wa of the
surface is preferably 0.5 nmor |ess. Mreover, the mcro wavi ness hei ght
NRa of the surface is preferably 0.15 nmor |ess. The surface

In the lapping step, a lapping process is performed on -

ss Ra

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. In 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



10 roughness Ra indicates a value neasured with an atom c force mcroscope
(AFM . The wavi ness height WA of the surface is a value neasured with a
mul ti functional disc interferometer (Optiflat) manufactured by Phase
Metrix Corporation by scanning a predeterm ned region of the surface with
white 15 light having a neasuring wavel ength (?) between 0.4 to 5.0 mm
The m cro wavi ness height NRa of the surface is a value neasured with a

t hr ee-di i I r.f.ac r.u angl yzi i croscope (New View 200)
nanufactH?%%eggg%yggag%oﬁégﬁgt%g%&%vzscanﬁ%% émkﬁgﬂé é?ﬂ%n%%s ©Qi 0A7%f  t he
20 surfaceitdi agwakhtiegl ighuiblavi Dhia neasdbicngreavel engids (sUnst hetaeen
0.2 to 1.4 mm When the surface roughness Ra, the waviness height W and
the ni cr o \A¢PAe8s SHRPGHt SKRA 3CEs F&&t iN@INY Bedddd 85 25 nm 0.5 nm and
0.15 nm the surface of the glass substrate roughens. Thus, the gl ass
substrate may have | ower snpothness and |ower quality. Wen the gl ass
subst rat e has Thewnguufityprehe gdiastsased sietaneematshes surdf feoee of t he

i nformatign_recordi di um_and éhe head for reading _the 30 information
recor ded 5ﬁu9ﬁgefﬁfggn§?i8ﬁeF858P ng -fedfumt d&sivot BETERSEret®E. Thus,

hi gh- densivbyineser dengnberanes tdif Licyhte Thi §)_ﬂe§eli%9ﬁlg§%%%ﬂnt head
noves on the information recording nedium deficiencies such as the head
10 hi tti n§e8F - befpaeighttieh nherqavanessess ofiei plet SNRRacé tbrd to occur

In the co .on [ facturi t he gl ass .substrate, the
polishingggggé&gsgéiéfégﬁgﬁégﬁlggﬁﬁtgmtﬁfegg§§eps?hﬁh?gﬁ§Fﬁ8Iude a step for
per f al0m ngoaghness Ral 1sdiogtepr aceasncamsheprtar wpehf enMat®nad Seeand
polishing process, and a step for perfornin%ha third Eolishing step so
that the miﬁ??%%%p?oﬁﬁﬂﬁbssﬁﬁf WHELRRSS eIMei Wt oathangur hecai éfo

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 light 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 (A)

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 glass substrate has
low quality, the distance between 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



10 wavi ness height NRa of the glass substrate has the above values. In the
conventional first polishing process, the surface of the raw materi al
glass plate is roughly polished to inprove the waviness height Wa. In the
conventional second polishing process, the surface of the raw material 15
glass plate is finely polished to inprove the mcro wavi ness height NRa
and the surface roughness Ra. In the conventional third polishing process,

the surfa terd I I t i ne lis ed to
urther rtard e e e d P L RlSat oR A Or T e B255 P lighness

Ra. The pumpaeseuaf. each process is to polish the raw material glass plate
and thus the sane. Therefore, polishing devices having the sane structure
are used. 25 However, since the inprovenent subject differs, polishing

pads having di frhergat c@%@%%%na% %ec%dﬂ £die dar(éﬁamgpé g? §s and

t he second polishing process, and polishing agents o erentéfypes and
dlffer%ntsgbammatébaMBEepglaséluge@Uaptﬂﬁadmumﬁuﬁ[mﬁlnﬂyrmpﬂm(mhﬁéeand t he

30 third g | i shing. ocesi conpari on t he polishing step of the
present Vet 8h &88 2ntd &t BT LQHRIH ithcl de Pt 9 f or

per f or ni ngr@cElsé$t apgltb@hlfﬂg P@Qﬁf@%mh@ oWl PYdsisna smatdy the
surface of the raw materi al ass plate and a step for performng a second

pollshlngaﬁﬂoée§§epofPFné?VfoﬁﬁﬂhghaamﬂﬁmﬁEhéﬁ&hﬂngi$ﬁdﬂ33nuﬂkﬁﬂatﬁethe
roughly 5 e al .gla | at e. Tha one ture of the
SBRLROCoLANAIRLORLY CALARS RS, nHIth Sa o0 SHAT P of ons.

present invention I's the poli'shi ng s
mh|cmiarewahénssephémghpenkarﬁfnghetbeahsrsbbﬁakbi@ %@sp&ﬂﬁﬁ%ﬁxﬁﬂﬂ the step
for perforn&ng the second polishing. process. Wien conpleting the polishing
ués. In the conventiondal first pollshlng 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



10 step in two steps, if the conventional third polishing process is
sinply omtted, the mcro wavi ness height NRa and the surface roughness Ra
of the manufactured gl ass substrate wll not achieve the above val ues.
This will lower the quality. Further, when the conventional second
polishing 15 process is sinply omtted, the time for ultra-fine polishing
associated with the conventional third polishing process becones |onger.

This is bacause theniold shifng Amunt; Her j i i S durin
ultra-fine pol%feshi ng sidnCSdQ fggf pol'is llsﬁ{gal%gg;gl%é%%%/?ﬁtgé ar(?%%yggé?ﬁggi ze
than for fange sE@oEd itdlel mgdfsaesed. tle isavamabiecdl oflihe presensnd a

i nvention to n%nufactgre .a glass substrate that satisfies the val ues of
the surfald®h OGhhESL BIINOhE RRANKS P Hel YHN IO T FRE S he nf ER®LWavi ness

25 hei ght pRa shiahe eerRhetl Redohe ROd Shifve &t e i{he%VP $4gPg-  The first
pol i shing process and the second polishing process o the present
i nvent? onp@iliishegwrey deserilbdédglllses fdledte .pollhshi ng, proceseatsira priocess

of renovi 30 defects_such as, snmall_ warps, wavinesss, chipping, and
cracks in@gﬁepgﬁFFgceISVeP%éOPaWSW&PeF@Qﬁ'3?5%§m&¥ﬁ .ngﬂﬁﬁegnkﬁ such
defects acempoemed wyt e atepBgewdhi chubstantialdntp &Honst A i gkness
(depth) fromthe surface of the raw 12 material glass plate. Thus,” by
renovi ng paet férstheodiiphaBe PrREGEGH ap6l itdisi vg epo foratoetife mmitrig eclraw

mat eri al s ek Lcknes redet ermiped val.ue, the defects
are al so g%%%égdgb%%gﬁgﬁghgrégkggfs,ﬁ%%%i%%@ geg%gggkﬂﬁeﬁoglﬁﬁipﬁnes on the
surf dde obteheigl ass ptape, whénthaanohaehtriiong 1t he iglass 1alsatieig which is
the material of the raw material glass plate, through the above nmentioned

g . .
float nePh8G8Rd Ehe TPkE SRUTHFE. pbhenfiiigrry Wprésess Neighe MRa aral eri al
gl ass pl atee Jhergteor eouginths RLTr8F PALI 8ALN%actured 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



10 process, anpbng the waviness height Wa, the micro waviness height NRa,
and the surface roughness Ra, the surface roughness Wa is mainly inproved.
In the first polishing process, the removal depth for 15 rough polishing
is considered to be inportant because parts of the surface including
defects is removed fromthe raw material glass plate. Since the polishing
step is perforned to snooth the surface of the raw material glass plate, a

state in whitelritdie Gudaga 0l .t hentaw Bat ern@lv iHlass 4 e 3R IS, feugher
after the first polishing process than before the "process would contradict

t he obj ecthéPughe PEdlissHneg sst éhat THer efroriere irav heaifér's&il pol & shi n% )
rocess, Kk h rf of .the raw material glass plate ot her than
Brior tobgﬁggegg%ng,t?#cﬁg%%ﬁpgﬁigh@qﬁ%§¥%§ﬂ§Qﬁﬁ$%y H ot @%% 5% 255

mat eri al glasalpbatremdetdbe dasngedhdunicligcteyghapehieshisngre I thagy first

polishing,process, a hard polisher having hardness capable of scraping off
t he sJ?fa&g OfNeRe OPallendtisfrsE Gifaddepidias snitlvdi Wamat chi ng the surface

f the ra ! gl.a p i d. or. s a hard polisher, a
?oughespoﬁ%gﬁﬁgﬁgakégélEg eb§%§8a§§%§t ef?%lgé§f%&§§ﬂcen§§jpo y é%ﬁ%ne or

pol yest er rawvhmetrgialsyifasepintkydithg ovigsi hine lawiahzleeaxdm6301ci3ﬂgwsﬁpb?ﬂ'hebll3
JI'S A hardness of the hard. polisher defined under JI'S K630 is preferably
bet ween ergegﬁadg%PngP?hi%th ABAcBRpr £95PRe L adtlys Preisap tngdultds izaw

pref er abl ¥aber weeng80s40pPate. | iThsrepopLer 1RUck DAL LBE BaIY ROhEher be
attached to the Iower 5 polishing plate 42a and the upper polishrng plate
42b 46 thEPCERS, campresshei vavynesshbewgbn Waandh4Ymikfrot havin®ss har dness

. . M . 5 or
s less than b, nkfe GRAPLARSSLYPra8LagbLehtYTORY! USHls ol 835 Lhan 60%.
the conpressrbrlity

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,v

having a surface including visible bubbles may be used. The

13



10 i s higher than 4% the hard polisher does not have the desired hardness,
and a long period of tine is required to reach a certain renoval depth. In
addition, as the hard polisher defornms during polishing and, particularly,
as protuberances and wavi nesss formon the surface of the 15 polisher,

defects such as wavinesss may be forned on the surface of the raw materi al
glass plate and the surface of the glass plate may not be snoothed. If the

JI'S A har dnes i t t eSSk, I LCi S is
i gher ¢ han Bou e he camraeartid iy T HIPE SIS Ve BB S RE S e o
the raw nitsepiraifegladsy pledtveemayb heardhn®fed Fluythiehe hared qualdrshesriveand t he

surface caonditi.on nmay royghen. The secaond polishing process is a process
f or scrapieﬁfSStdfcflté(n%‘é)ﬂlﬁ_ Iy ?rﬁflqselp%?]ty R e %ﬁr?%o@@f the ¥aw 25
material ghage riledl @ Hb@ ¢Ok BGl dTiFI 10S9RP %@%@&&&%% Ahe MG

wavi nesss and mi croscopi ¢ protuberances present’in_t surface.
m cr ostopPeldehdegs pdréendsel pnforted Uppepaldlshilignd nelcese 4ichsas those

made duri he. |l appin process or. the first polishjng process, and
distortioﬁgago%Pgs%BFP%SSFﬁg%ﬁ§§Vé§§ &ﬁﬁ?ﬁﬁﬂb&1f¥ﬁfﬁg“and the like. The
pr ot uberances are evened out and corrected to be snmooth by scraping the

hi gh portions of mcro _wavinesss or the ridges of m croscopic .
pr ot uber ances. TfhERCeALPr 8] Yagenggisng s- LesH thiaer &Soopine dufmptesssuch as

wavi nesss kshing -f.o h 6urf ce.of the raw.nateria
gl ass p|a?%8§E%§9tgc?§§?%g§o%% ?%%gnggf%gg%%Vccgéggﬁﬁ§x¥ﬂﬁfﬁ§§%§%§}ﬁ¥ﬂ
def edts aamdhiipbeeasbahhé?pi theshapidc pddfieties. dokst hetsecard theol i shi ng

rocess, anong th vi ness_height WA, the nmicro  waviness height NRa and
Fhe surfa Es?gﬁahﬁﬁggnﬁﬁ?'tﬁ@gngcﬁ8HQMé@Fﬁ€§sOﬁe?dﬁ? NRa T&F 18 @t f ace

roughnessr&achr &8 céfpadMedemoval depth. In 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
4'protuberances aie 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



10 In the second polishing process, the renoval depth of ,fine polishing
is not inportant since the surface of the raw naterial glass plate is
pol i shed and evened so as to becone a snooth mirror-finished surface, and
scraping off only the upper part of the m croscopic defect w thout
damagi ng the 15 surface of the raw material glass plate is considered

i nportant. Thus, in the second polishing process, a soft polisher having
sof t ness j f ld.shi.ng S | hg: 1 he rface of the
raw mater ?{2%@5:53%59& g% éfl e%il%ss 'usseé:I rg%%{ hweag({olgfélgsisl ’n&g%gidg%z%gF%?g%%%h a soft
pol i sher, farinede osuéde- sivke afceamimade mfw anssygrihel i gl 4€Si ] asSechhas

pol yur et hane or, polﬁgst r, .having g surface wth fine bubbles that are
hardl'y vi SIBPEPFs OhdedeTHE CASREPPE h&lshiteds dad IREEe o | dpecH®f i ned

25 under §aai@h&r@BsBU@H@rmH&QHé&ﬁgbic”H%%éé@é%”d§hdx§B'§%Q%g11 i s

preferably between 58 and 85. The cConpressive elasticity ulus is
pr ef erabl pobéshieen B8oands90%nony ithepmefvamees Hehathtt hes harke poldsher be

attached to_the | oner | i.shin ate 4 and t he upper_polishing plate
42b so t it "RES30 EeABT eSEFDRITL § PFs Befcan TP ARG 19 (HE ABKBTO C

har dness ivavliassst hangh8, NkRBean@ORBEeSSIrR Rl asiigHnas mgulis. i s ess than
58% or the 15 conpressibility is higher than 5% the soft polisher may

def or m dut"RgOP8BHF shing and, particularly, as protuberances and wavi nesss
formon the surface of the polisher, defects such as mcro wavi nesss nay
be formed on the surface of the 5 manufactured glass plate. Further, if the
AskerlOC har dne$s ths geeahérpbhashBhg pheceespr essi vemelvast ideignh mxdul us is
hi gher than 90% .or the conpressibility is |less than 1% the surface of

t he raMIngf%?iB?lb?%%%gp}%t ChayBerHafhgednsg 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 is 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



the soft polisher, and the manufactured glass substrate may 10 have a
rougher surface. The suede-like soft polisher essentially differs greatly
fromthe sponge-like hard polisher in hardness and is difficult to conpare
with the sanme 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 nmaterial glass plate is fine

pol i shed 'c@mb%s%tl%ggﬁt(}f 1@ @11%1@15@%&91 and  posts @P% @gj[ﬁe Ghed NS, IS 1O

polish the raw material "gl ass plate to substant sane ﬁegree as
t he convedei@mmldumhmgdppduﬁ@hm@gameCQSErurtaluzryuxﬁmimm&t@b@ﬁ@n@égcess

h f the first half for fi lishing, that is,
pre-pol | SAERGR A SRaPPy LA i CHegraira st ort thniosl AT SAGPRES as

abrasi ve ghnahnssamngctoSREnIadsisB Wakehe STV A5 hdi SPEFSLON ARG UM 'S
used as the polishing agent. The réason ceriumoxide is selected as the

abrasi¥e m@ﬂafﬁ§tgteﬁhélp§5|9ﬁﬁﬁg agEntthsrunlfhahecéskew1cxbda;¥ﬁhﬁnlc?lIy
acts with.th I ter d polishes .the 30 surface e effectively

- and eff|C|%n§F a%é gﬁan b@ %E P@Péﬁﬁgd'FhéiEﬁﬁ?é?ﬁ@b“&%&i S ns¥ing a
mean gr ai hldhaHEtBén 6D50) o@f t&e5c@mp9bslsg$>§1QQw§%d 1’4 hg Aprasi vg,grai n.
The nmean grain dianeter of the abrasive grain is nore preferably 16

bet ween 0SBTiage aﬁrEEPvéaUrQPﬁ§rl?ﬂa@é@sﬁaplﬁ@ﬁwW@Waﬁéfdhmmmgﬁdfbyfua
abr asi ve HHétstﬂeﬁbﬁléhérP”hnﬁfEégemgﬁﬁ@a%%%%% g%nege%u stra e I%HEOO

| arge, scratches s as polrs
10 have a rougher surface. The suede-like soft polisher

essentially differs greatly from the sponge-like hard

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 € hardness.

In the second polishing process, the raw méterial 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
(Dsp) of 1.5 pm or less be used as the abrasive grain. The

mean grain diameter of the abrasive grain is more preferably

16



on the surface of the raw material glass pre-polishing. If the nmean grain
di aneter of grains is too small, the polishing anount per reduced, and the
polishing tinme associated with pre-polishing my be prolonged. Further, in
the pre- polishing, the mcro waviness hei ght NRa and the surface

roughness Ra are inproved until about half the value of the 10 first
polishing is achieved. In the last half of the stage of fine polishing,

that is, peftyRest 'Ole %I N9.5 that R Waic etal?xe gql%l%s 'd\é.l%.lng{]taéfﬂ'so d% ng a

grain dlaneter smal ler than that used int i ng are dispersed
in water @@mlsngeagmh@sm@pém dlargmdlaﬂnaartdqefmcmmmtas shall ¥ yhisgused.
The grain S l'COEp oxi d uch as colloidal silica are used for the

abr asi ve %6?§Fﬁsma¥u ﬁ@rontﬁ SERT IGSE P iRt Wiﬁﬁr%ﬁ the2S@br asi ve
grain is pngterabkyngepset-pan ighiegual 10+8e2p@Ln2Q Lf nD®Qa§%ﬁ%ﬁd%ﬁp ZEH]

the raw material glass plate beconmes danmaged in post-polishing, and
desir et shb6t BrEgsive geeinebtai ne. Sh@lﬂhetﬂeigvdnwhmng -podirsthipey; t he

m cro S | NRa and t rfac ughness are . i oved unti
about hal¥h?Ee§§§ ue ofegﬁe gfe p§|l ﬁlé%§%§'3 \ﬂﬁfoq%?ﬁ ldond
pol i shi ngppeepessshangi msyngepp@@%aglea i pakuded, behwegn phe-pre-polishing
and t he post-pol i shi The rinsing process is a process for rinsing the

raw 30 naP@%F§P1§9a5§g§I§ﬁ€rﬂnWﬁvénﬁé§hbﬁgghﬂq@ﬁ@-@ﬁ@eﬁh@OMQﬂﬁaﬂy Duri ng
pre- p0|'Spbﬂghnéggaﬁévﬁggr?hgmaggdtﬂﬂt@qlEﬁgb@ghaa%e%%e V'?QFEHH? fo the

abr asi ve grains S are attached fo the surface of the raw
mat erlilal §iass pbbiehlﬂg i auhmeﬁedelgn materials remain on the surface,
the foreign
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 0.2um.

20 If Dso exceeds 0.2um, the raw material glass plate becomes
damaged in post-polishing, and the desired smoothness is not
obtained. In the relevant post-polishing, the micro
waviness height NRa and the surface roUghness Ra are
improved 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, fragments of the abrasiQe grains, and glass powder

are attached to the surface of the raw material glass plate.
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materials would damage the raw material glass plate during post-polishing.
Thus, there is a need to include the rinsing process to rinse and wash the
surface of the raw 5 material glass plate with the washing |iquid. The
rinsing process is performed by supplying the washing liquid to the
polishing device while sliding the raw material glass plate on the soft
polisher, and the foreign materials are renoved fromthe surface of the

raw mat er ita @ﬂc@ﬁ%o&l ?@1 e tiche 250 sldding of Eﬁ% %%fa 0| 'éﬁ'&rfofgﬂt her,

for the washing water, pure water, alc as 1 Sopropy

al cohol , aé@ﬂﬂ@ﬂ@tM@U@dt@@m@mﬁmUhaindwwnqﬁemﬂ&&ngxﬂsﬂ|p&a¢mffes$n@gdof
salt of sodium

aqueous sogl uti i.narg C_sa such as aline neta

cﬂloride § é% glﬁl lngo u?UnE%FﬁﬁaFSwétQFe§u€ﬁ A8ACSEr tdisssol ved with
gas is US@dnShﬂgtb@O%@@@n@othh%@l%gmprgﬁﬁ%hé'B%ﬂ¥é%éngsﬁﬁ§gra&he .
post - polishing, and the rinsing process are continuously perforned, unlike

when ﬁher@aéﬁélﬁﬁogéﬁéﬁsplétﬁlW9¢h2®h§0Ma§huny¥ﬁmmE§t aﬁdeanmmiﬁ?¢f. t
pol i shi ng Syl ermttent] erfor at , the firs
polishingpgﬁgggghéssgg%ﬁ oFug%ungp8#88€ gﬁ' gl Wi @ hehe

pol i shi ngpd@ysbéngi deeitbeyhise dﬂﬁﬁ&h@n&hkygé&'%bt%&hbﬁhﬁﬂgx Pads,cand the
task of transgerrln the raw material glass 25 plate between the polishing
‘devi ces bBPwEBH B8f sRPhyShPF ocBBdes hes fpagdignedia tesrivdss eing, nemoved

Pre- pot i shi-ng, chiesuppsts ok ! hingadnd.the Lingng PLAgess i & gont | nuous! y
performed in the same polishing device Sinc & 8affe ty A pol i shi ng

bad il us%hldlhgsofthbep@¢fshpnglagent uE@ﬂth@rSOf@hetméewa@hnﬁblng and the
post - pol i & NY4 and, t he mashln d in the rinsing process are

0 supplwa%erfr%‘ﬁﬁ?h‘% ‘é%ﬁpl? BEPﬁoﬁUFB fRel8GPpPYYHol es of the

sel ectively
pol i shi ngaldensdTe. ePéc?lﬂaﬁﬁzticIElrﬁe@téfp§§t9£n95p€§réﬁﬁhc@@@@EE@Qyttgct he 18

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. Conversely, 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

18



supply hol e of the polishing device to supply two types of polishing
agents and washing liquid. The two types of polishing agent and the
washing liquid are switched and supplied to the supply hole by opening and
closing valves 5 for the pipes. Wen switching the two types of polishing
agents and the washing |iquid, the polishing agent inpregnated in the
pol i shing pad during pre-polishing may fall out of the 10 polishing pad

duri ng poghpmyh%h@go%n%h%h%otl\&%h%%e%é%}ficé)%Smé}gtggtﬁp Sy JBYs M ¥. To

prevent this, e soft polisher, which serves as t ol 1 shi pad, that
is used pediishsngnpueghat ron ok spdhnics Hiing:agentrae i&oAiy@Q?ﬁT?il&ﬂ!lK _
shown in Fig. 2, the soft lisher includes a base nateria , ichis
made of apﬁgﬁ§é698naggpﬁtﬁggrtgﬁeW?ﬁ@é?%ﬂﬁf%?%%ﬁ“#hf@P?BEGQWﬁ%% i's

super i npogegpenebiheosuhbagappf vt Re1Rass MILTIR b g vAYeLs 12 has
a Emo-rgyerggtructure inclug?ng an inné} Iaye;ﬁ£4, mjﬁh gg?a_§¥urallty of
i ndependefiprathebpbbkEés, and an outer layer 16, with a plurality of nap
formation holes 15 opened at the 25 surface of the is shaped |ike the
inner side surface of the thickness-wise formation hole nap |ayer 12.

Each i ndependemheai swhubhligglB8heatwat efpdisoplreto 1iiRHARIL R Jdntexpands toward
of the naE | ayer 12 and narrows toward the nap layer 12, "and is forned to
ext end i nthfevaghingt L 6ausd, t ReenapliaPéngl 2geBic Aimpae grs teak ian e renel y

fine Sizep&?ﬂpﬁiﬁg ﬁgdtggring pre-polishing may fall out of the
10 polishing pad during post-polishing and the two types of
polishing agents may mix. To prevent 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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i ndependent air bubbles 13, is shaped |ike a shallow vase, and is forned
i ndependently w thout communicating with the 30 independent air bubbles
13. During the second polishing process, the abrasive grains of the
pol i shing agent enter the nap formation holes 19 15. The abrasive grains
polish the surface of the raw material glass plate while entering and
exiting the nap formation hole 15. In this state, the abrasive grains in

the nap fargmatirgn hgles;la pemmin in .t f tion: hales 5 15 w t hout
goi ng deep into the napllaygrg%QgsFﬁgéQ?hgﬁﬁéﬁ 4%%¢%u3%ﬁjﬁ%F%?v15 are not
comuni catred-awmitl tgHesisnddperderitilaientmbiiesadd. esThei ahr asé veagr ai ns

remaining in the na formati on holes 15 are easily washed out fromthe nap
fornationfkﬁpgtfgnwgpﬁetHgﬁwagﬂiﬁBlFi&Gﬁﬁeduﬁpﬁg5%%&?%%Wﬁﬁ§ﬁf¥ﬂﬁ pifocess and

di schar ged nautsileo rhenghon ddhe Alvasl e 1,07alds A1 eepERYENtEd b om
traveling deep into the nap layer 12, and by washi ng away e abrasive
gr ai ns® i n1bherigdputf goragi cedpolied ol dumayy teheer i 1B nign s ogessSnapt he

pol i shing . agent used.in pre-polishing is prevented fromfalling out 15
“from the N8P g%ﬁﬁt§8%eﬁoﬁé RS [V gf%ﬂﬂﬁ&%ﬁﬂq%éﬂWﬁfh/$?ﬁﬂ%%ﬁﬁ9ﬁf?ﬁ@ﬁ

referred woragpubbsescabl.edrRenabubbivBagrathat rdRgs ey %%d%%gon%g;f
polishing in advance is used as the soft polisher, whi'ch i ncludes the nap

| ayer 12 £RaMafORaBoAepWRS| ayer estsidat wesheBufdfutpdiiahitie mefers to
pol i shi ng¢j I SUEf 0 h l.i_ shin a de of . foamis
roughl y sgkggéghgﬁthggeg??ngggpo%g%oga% énﬁi%é%q%éiégﬁﬁﬂgé?ﬁbﬁ%ﬂﬁ%ﬁ?pad

made 1df apfoamsdoesdndiscBbrigpal vde shakes vpepckBrthetrsdr hpeasinea state

innediatelg after manufacturing. Buff polishing is performed and part of
the surfaB&3t8jef FsPEEYaPEadt X80P eNElindefERTeAt tal rthep SH dvmrd for m

the nap fopMabkh@noPol8snidgabwh§. tWBeAtA8ive 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 1s 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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part of the outer |ayer 16 above the broken Iine in Fig. 2 30 is scraped
of f, the independent air bubbles 13 open at the surface of the nap | ayer
12, and becone the nap formation holes. Therefore, in such a nornal
polishing pad, the nap formation holes have |arge dianeters, which differ
bet ween 20 hol es, and are deep. Mirre specifically, the dianeters are
between 20 and 100 pm and the depth is between 400 and 700 pm5

Conver sel yiolths sefd pel icshey. s@pYENGRS ithe pali Shiag di%%t‘gr%]rﬁéecond
pol i shing process in the present enbodinment is such in which the nap

f or mat i onblediwesnl 2 0arad flOOMpd, f co ey ko ¢ Aide bl esod natde7 part
that is normally scraped off. Thus, the nap formation holes 15 have 10 a
di aneter 8-l ess than 20 pmand a depth of |less than 100 pm The dianeter
of the nap formation holes 15 is preferably greater than or equal to 2 pm
but less than 20 pm If the dianeter is less than 2 pm the abrasive

grai nss of the cpakbisBieng,agant sdetnelb18asidy fAhd e nap Y MBLh gh, hol es
15 15. If, on the other hand, the hole dianmeter is greater ‘than or equal
to 20 pm Padl afgéhanserendf rabigbing graiasss tiattheamrstsdng washed away

during th LASI pt Qc enters. the nap formation hole 15. The depth of
the nap fgpﬁggﬁgﬁgth%?egééhigggwgégér%Pﬁaﬁagrf@ﬁ@ﬁ%lPS QQ%Qﬁnlglﬁﬁ?than
100 20 pnfokhetihérdmphhcisstepsct han Buphilelshe nalbhasipue tgraiats iof the

pol i shi ng are not easily accommodated in the nap formation holes 15.

agen
When t he H%g?ﬂ5é¥c§86§p§@00ﬁf-tH@“J%br%%?v@aQrQQﬁ@aEh@@rh@é@SdééphyVEnto
th f i h h t th b hed awa uring the
© 0 e A ah8ler "aEeRed? PN, el gty RoRCRKDeSHorBs Soslh it the

25 rinsing process. e SO pol'i's e

surface igma strfl eridmERAAlE Yl LRI B ACI W it TS, 5 o preferably

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

diameter is less than 2 um, 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 pum but less than 100

20 pm. If the depth is less than 2 pum, the abrasive grains of
the polishing agent are not easily accommodated in the nap |
formation holes 15. When the depth exceeds 100 um, 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 open 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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the surface of the soft polisher must be polished to open 30 the nap
formation holes 15 wi thout perform ng buff polishing. A pad dressing
process is performed on the soft polisher in advance after the soft
polisher is installed in 21 the polishing device but before it is used for
polishing. The pad dressing process is a process for polishing only a
slight anount of the surface of the polishing pad using a dresser. The

dresser Meshd e Rad Y e&SAloe RIITRL PY- S £l ect rodepositi ng; digmond

abr asi ve graigé on tﬁg{surféﬁz of a base naterlag_ﬁaV|ngBa %Fr%ﬁﬁar-plate
shape, or Tél%@adetdrecﬁses@emrd@rsrmdlsﬁw qvmé@dmglgf@lr f\pﬁ}r@nﬂsgei&?gggé?na} ge
surface qf, .3.hase material. Anong these_dressers, the pa ‘
preferablf%ﬁﬂ? PR S dt@Fé§§Fﬁﬁ“ﬁ?d€%§§¥“ﬁﬂ%ﬂﬁﬁﬁq@ Preausénghe pad

dr esser h@&d§§&ﬁ.abEQSHY§s§é@iﬂ§yC9gp%r%%d.HQeE@%rpe@dyqég er and
over-polishing of the. surface of ~ the polishing pad can be suppressed. As

describeded odepesfiédngr €4 agfonchebsecont: i agiold shi ngheorocesscofof he

resent inv ion_is. i.nsthat .fine alishing.is divided into the two stages
gf pre- po igﬁ%ﬁgRagﬁaagénggépgsﬁi d." ql?ﬁj _W%‘%Vﬁ%%s§”f§ﬂﬁﬁﬁ{%%d _
bet ween tirespre; pabirsbingyasfbtle ipesitipldnehigeg.1 dhe peliwhi ng. s agent is
swi tched between the pre-polishing and the post 20 polishing, and the nap

| ayer 12 A anBaFﬁem?§6¥Fé}er Aergcthree Wehssueh fbat prdsdrelsesesecond

ol i shing;pr b etfo d i type of polighing.pad and one
Bol i shi nglgsgj Geeeett iﬁéeghéﬁg% PRY {&%gggﬁgﬁd%éfroa%e Sdi aﬁgﬂér i8f the

pol i d¥l ngbagenss thei pgdt Heepsoecebas Thu&ﬁ bbr@adﬁgi@%iﬁﬁE dores-eand a;a:g
di anet er of e polishi agents during the second polishing process
conpletingot%gepg?#gﬁgnggg?gﬁr ?ﬂgtﬁge WhCdt8pdngr ofhé hei s Tgsle $ifi ng
process atbetpPélishing 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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30 second polishing process, the glass substrate is manufactured so as to
satisfy the values of the above surface roughness Ra, the waviness hei ght
WA, and the mcro waviness height NRa. Further, in order to reliably
satisfy 22 the values of the above surface roughness Ra, the wavi ness

hei ght WA, and the m cro wavi ness height NRa, the manufacturing conditions
relating to each of the pre- polishing, the rinsing process and the

post - pol | shiengadne S g efies adov S aludse deseshedebel AW, +RetPSviness
pre-polishing, the load applied to the raw materi al gfass pl ate by the
soft pol i $¥¥edhits Werefedlhiie et ern bem®l 1900yt chRa, | thehe load is | ess

than 50 g/ . ter | l.ass. plate is not_sufficiently finely
pol i shed 5%?%55%%%%§g%{?%%§ﬁ634ﬁ?t |é§%§§§;%?kﬁﬁgglﬁgst f Ptfe surface
roughness pRd iahd righe tiiec i nagivig g di ghin dNRene Ofod hepdBIH a4 Used gl ass
substrate may beconme high, or the polishing tine associated with the
post - pol | SACAGTARSY & B HIAAGHIEFS dslatw sfy the val ues of the surface
roughness Ra and the m cro wavi ness height NRa of the glass substrate. |If
t he | oad exceeds 120 g/cnR, the surface of the soft polisher may deform
and m croscopi éndéhectse—podh shs na, crehe A esss], i gyt d aria ofed he surface
of the ram/gater'al | ass .20 plate, This may result in deficiencies such as
the val ue®® Sfl?hegégﬁﬁagéa 8u%ﬁh§§§ B n®PA e hitric whaffdabhei ght  NRa

beconi ng Begheeh bheanawimat gical. ot 8ssnpl abgqbeingeslr g%‘éﬂ By g'}%m'zoad
oa

during pre-polishing. 25 In the post-polishing, the | applied’to fhe raw.

mat erital §hassapl aeéepyathglesst ppeltiesher niog preffdralsint 1ybetiwedry 30 and 100
ot sut 11 BPenET g pa FAREat s BPTe R4t ot r shRAG Cara « heSsuPice Pbughness
Ra, or thehe 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/cm®, the surface of the soft polisher may

deform, and microscopic defects, such as micro wavinesss,
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30 micro wavi ness height NRa of the manufactured glass substrate may not
satisfy the desired values. If the |load exceeds 100 g/cnR2, the surface of
the soft polisher may deform and m croscopic defects, such as mcro

wavi nesss, 23 may formon the surface of the raw material glass plate.
This may result in deficiencies such as the values of the surface
roughness Ra and the m cro wavi ness height NRa becom ng high or the raw

meterial glassdkaln helng Laken o de the, ioad, 4y Lhe, ¢4 s} ng.pr ocess,
t he | oad aggfied to theeraw natef%al d?ass p ater%§ltiééé%f§i%g?fsher IS
pref er abl yhilsowery triesmltthenl oad iofidrivel gy esypdi isshitige Faltderort bieel oad 10

i's prefer%b&%.the sang or logw conpared to the | oad of the post-polishing.
More specitircal Ty TOPRETESSd Ft's 2Pref et apiyF t btaedie o5 hadyo ¥ene. 1f the

load is | essohiag 3308/ 6#2ihel QLG Gl vBLSII A1% A §NAle W fiGIEPLLY, r emoved
fromthe surface of the raw material glass plate or abrasive grains 15 of

t he potiskyn§hggértdremains in the nap formation holes 15. If the | oad
exceeds 70 g/cn2, this may result in deficiencies such as the raw nateri al
gl ass plate being broken by the load during the rinsing process. 20 Anong

the pre-polishiingrhtheinsnagngrpeeeess.thand daie appAastedpald shidigsai he task
time for post-polishing is preferably between 1 and 40 mnutes. If the
task ti mePPOPTIBbsELPSFi Bhfhg P¥ B§s SOHHén Podd shierutis, ned eatflace of the

raw materi g9l asnPLAaLe1b84N0F SHES Leienthy R kxi sheg, o e'LaLas time
is longer than 40 minufes, the snbot ngsg o¥s ? 'rampﬁ% g%fa%QSI gggplate
wil | Ifot farpheferabipveheasdmet he anwurbmehrproductthen 1wawd & fHaHower ed
due to the Qrolgnggd tas%ﬁtine. 30. Further, the task tinme of the_rinsing
process jRost-polishing. ore specifically, the load 1s 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. If 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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preferably between 1 and 20 mnutes. If the task tine of the rinsing
process is |less than one mnute, the polishing agent used in the first
pol i shing process is not 24 sufficiently renoved, and polishing traces form
on the surface of the raw material glass plate at the second polishing
process. Even if the task time is longer than 20 m nutes, foreign materials
and residual polishing agent 5 cannot be further renpoved, and the anount

Of o oauctr Ll e drpnRiced e 40 LA By o epged Lask L) (o The 1ot

task tinme of the second polishing process Is° prefera between 7 and 45
m nut es. Bhirdaice e thaskrav metEY inddey Ipassidl £ dyaconhé nuoushy per f or mi ng

t he pre-polishbn .. _the rinsiEg gro ess, and the post-polishing without the
need for P&XCH ﬁgﬁnﬁrﬁﬁﬁsﬁate Vel gras8eplacks tine drudengsharan t34e t ot al

task timemheulkess EB@%i@n”hﬁ%%@ﬁal%taH%?%%é%H%éi\ 5f§%ﬁ¥ﬁypgéé§ping,_the
rinsing process, and the post 15 polishing nust Q%e a shotter task tinme or
be oniitedanprt bRi fussber tkeoyed|acadofticheamawm et rpeddgttaissn pl at e may

not be sufficientl | i shed or the surface of the raw material gl ass
pl ate nayk gﬁga%%géagng%tﬁgetgpaF%Fa§%O'Qngqs§Q%ﬁd%Vm?han 45 m nut es,
the task tinme of at |east one of 20 the pre-polishing, the rinsing process,
and t he post- %olishing.is too long. If the task tinme of any one of the

[

pr e-pol i shi ng, ThRetPtadi RgSpr béBssOfaktiet e qpost edliighing pricasso 19ng,
the effect k-1 9B1 QVEARNL|,N7SOMQt hae nd_ cleanliness, of the surface
cannot bengpgctedg N%?e%egr7 %gatgg ﬁgﬁgggsfasﬁﬁﬁfnés 9elgﬁﬁg ?ﬁ@e

pr oduldt i omadéf pesenbye Bhecadvantagesyobetriierabove terbedismpal iWHilnglow be
descri bed h30 ln the nmethod for ganufacturing t he gl ass substrate of the
embodi ment St FE" €828 BEPFEhi AGC pFBEeBSSFsPRARPPé@Jow thout 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-—
pbiishing is too long. If the task time of any one of the
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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by dividing fine polishing into the two stages of pre polishing and

post - pol i shing. Further, the rinsing process 25 is included between the
pre-polishing and the post- polishing. Polishing agents of different type
and different grain dianeters are used for the pre-polishing and the post-
polishing. Further, the soft polisher used in the second 5 polishing
process includes the nap layer 12 with a two-layer structure and is forned

so that the pold1shicdy REGSRler S HO d IS egnat a4 Plyeip the soft
polisher. In the second polishing process, therefore, polishing agents of

di f f er ent Podrigihindi-anBoéi shongdrbketenioft yidd earatusgibd rartched isafeer i:
pol i shi ng de%ic%i Thi,s _enhances the production efficiency. In order to
sﬁﬁ%a

satisfy tHeVal Jé§"6t “tRe 2d&sir& ¢ BISUdIESY ¥l a7 WAYi Resk-

hei ght Wapoanéhtihg.nm eaprMay] ness sBeicgbb1NBRerauReld Shi ng Step dhat
conventionally requires up to the third polishing step is conpleted at the
second® 15PpdILSERNAgPEPEEESSs InTHusiesh ditee mst He yream if2actirh gt worel apelr

I ncreases n f.pr i;on. The.grains of. cerium oxide used in
pre-polisﬁ%%gcﬁgggagngeég g?gﬁ%dd%§h§F5?:6%ﬁbfx§ﬁ NG AT ek%. 7

addi ti on, iRPrebeagedi deepfiysiihi cor exifde gesaGhar .posh- paki skidgdhave a
mean grain &Eaneter (D50) of 0.2 pmor less. Thus, the nunber of steps
associ at eHOW R PHePPBFESR ngherepore . Peddekdnat ke amdrufac tdirf frranitre s

shor t enedgapdnt Re.ABPURL GF B PPUGLILEN ¢l S ngrea i it aining the
qual ity o? Zg thg manuf actured gl ass s gfr%f%.%$%§M?b SFE$§§¥M%inE of the
secodd pobpshshgngrdeessei s Tyt wemnaicandtUS prodtesiobueifngctbhsyperi od,

t he task i%ngr gf Qe %gst-$o¥%shin9 is b?twgen 1 and 40 m nutes, and the
30 task tiHeSBFFnhe°r? fﬁa ptoteS8 1§ hetwEeR #eandedo Sufifidt%es. Thus, the
task tinmerbsgehessered vhél gat@h8E3i AEAGht 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 (Dso) of 1.5 pm or less. In addition,
20  the grains of silicon oxide used in post-polishing have a
mean grain diameter (Dsg) of 0.2 pum 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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satisfactory quality of the glass substrate. 26 In the rinsing process, the
| oad applied to the raw material glass plate by the polishing pad is | ower
than that for the pre-polishing or the post-polishing. Thus, deficiencies
such as scratching and cracking of the raw 5 material glass plate are
prevented while foreign materials are renoved fromthe surface of the raw
material glass plate in a satisfactory manner. The surface of the glass
substrate manuf@ctayed: {4y oughrJQdhe ahove, manufact ugi hed, has a

m cro wavi ness hei ght NRa of gg.r15 nm or Iess(.) Thugsj,B tﬁé g ag}s?gsg Strate has
hi gh qualiaterdrd aends e igh endie yoobosh dhagpa&xaspl eseenbndyi agathe
above enbadi t wll now he 15 explained. Observation of Polishing Pad In
exanpl e 1%23%gecgl§nﬁarreatﬁovels_ | XCI,%? He° e RN S Bol iSHi%rg process was
per f or ned désiiRg e cSi@fd éﬂHH53&”8dFH&%HﬁnéKEﬂﬂ”5%@@@fn@ng¥h@Nénga&he
properties shown in table 1. The processing conditions for the second

pol i sh? ngTpreddsd Hess filpdaniang ex eoferttrd priet bol fehe hgn unaleeraal sad of
80 g/cn2, . fiv i nut f e rinsin ess_under, a | oad of 25 60 g/cng,
and five arut ety R BL e sd o Thaere o 1 gtk G196 whene. PReser
pol i sher timat badisdkcirder gamaeuf f polishing in advance was used for
exanple 1, and a soft polisher that had undergone buff polishing in
advance was wused for conparative exanple 1. The NRa of the surface was 30
measured for thgeray -pater bal +glkass jrlat ter ishing. ~The result is
shown in table 1. Thg state of the surf asglgasftd‘%&e?(r?\rleanilr@oascgc-usree&?ieto}hr%qglf he
sof t ool i $her abPvexaaphéattutrakgnmpy hanl éleecta el drcwescaps SEMgrar e shown
in Fag. SNgg 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 prolisher 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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and Fig. 4. The state of the surface and the cross-section of the polisher
of conparative exanple 1 are shown in Fig. 5 and Fig. 6. The inmage

magni fication of the electron mcroscope related to the surface state
shown in Figs. 3 and 5 5 is 100 and the image magnification related to the
cross- section shown in Figs. 4 and 6 is 40. Table 1 Exanpl eConparative

| Exanpl e 1 Thi cknessmnil. 131. 08 Asker- Hardness7478 C Conpressibility%.11.5
Conpr essi we1th.g286..7 BhasktgttyoMdukus Hee D @B&@ﬁﬁQ@&ngE%Eégﬁéwrface
Roughness pnl935 Rmax of Nap Layer NRa of Raw material glass plate

Af t er nnD. £30.the Pelliishierg oAs capprareniti o emafimgle 4, ate stodwn pohi Bher bf

exanple 1 d n ayer with a.generally two-1|ayer structure.
Furrﬁer, gg%ggggfe%f ?f%%1 |%ge3?89ﬁégﬁ§8tﬁSPnﬁFﬁ%HehSﬁé§j”%E}e densel y and
gener al | ymequalskypdi spensed aer @ss he rLN g Ufiacgs aldile hol g g

di aneters _were substantially wuniform_1In conparison, in the Sof t pol i sher
of combar at itve 198 ardnphe imapgr gadriddsaidem rsilatsbblesvererapen in the

surface oLcbReoRABbAHCE a2 genarald ¥ Loner | ayer

Table 1
Example | Comparative
1 Example 1
Thickness mm ' 1.13 1.08
Asker-—
Hardness 74 78
C
Compressibility % 2.1 1.5
Compressive
% 71.9 86.7
Elasticity Modulus
Hole Diameter Hm 10-40 30-80
Surface Roughness
um 19 35
Rmax of Nap Layer
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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structure, as apparent from Fig. 6. As apparent fromFig. 5 the nap
formati on holes were dispersed across the surface and the hole dianeters
were not uniform The m cro wavi ness 28 height NRa of the raw materi al
glass plate after polishing was 0.13 nmin exanple 1 and 0.16 nmin
conparative exanple 1. Fromthe above results, it was shown that the mcro
wavi ness hei ght NRa was inproved by using the soft polisher 5 in which the
nap | ayer rhadgm gerelc lohd Wonl ayle StAUCL UL 8s DSEEVAELOP gl%ﬂiﬁgr mat i on
Hol-e Dianeters In reference exanples 1 to 4, the soft polisher of 1

exanpl e 1v&ss Quded nt H@ eateardicanketasrd ©f16 hem nbip ¢ompatabhve hekespihas
changed in ea X | and_t he,secon ol ishin rqcess was performnmed
under theqdong?ﬂ%oﬁggs BRRCi ﬁetsg%l%g’zl "pf'ﬁg F&&“’g’uﬁ%ﬂ%aﬁt&be &lqrﬁ% pol i shi ng
agent aftenvtihessi nsiiRght NRICESS aRtbrdi S U a;seirﬁgf{)um@%éfﬁapéﬂgshég mcro
wavi ness 15 height NRa of the raw material glass plate after polishing
were measdfedPigh EREh NEEr degitde hedamplaeneaml nesiHaslayer showntiinet abl e
2. The residual value of the polishing agent was calculated in the
following way. That is, the concentration was first changed in various
ways for the 20bpelivehiing adeitpuFedmat ipre-Hadld Thiamgkteangd a standard
solution for each concentration was prepared. Next, for Treference exanples
| to 4, the color of the drainage liquid during the rinsing process and
the color of thg standapde Likghi re +conpar and coneent£ation of

t he polishing 25 agent in the d?gie\r%géetﬁ ggi olt(?%]'c ref e&%ﬁcle exa% es 1to 4
was dit ai aEdmpThRen, vasi ngedef éhenbe lexalipimeteras of tdrd trevd aortnme-ion
proportio t copcentration_of the reference exanples, 2 to 4 with

r espect tgo%g Q%ﬁcgﬁ??ﬂg??oﬁn of © hgxlag‘f)éﬂeénééldeiélﬁpls CONBL LA M ed as
the resi dpabcd8svabpepef fbbRepobihgbirnghagedihditions 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 pblishing 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 ﬁo 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 wvalue of the polishing agent.
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29 Table 2 Quality of Raw material Hol eResidual Polishing Tine (mn)glass
pl ate D aneterVal ue of After ofPolishing Polishing Pad (pm agent (nn

Pre- Ri nsi ngPost - NRaRa Pol i shi ngProcessPol i shing Reference 5 1055510.170. 31
Exanple 1 Reference 5 - 10510100. 30. 160. 30 Exanple 2 Reference 30 -
90555100. 250. 35 Exanpl e 3 Reference 30 - 905101040. 220. 37 Exanple 4 From
the results of table 2, the residual value of the polishing agent was | ess

than or equallet@ 1 and thus small 5 for reference-exanples 1 and 2 having
hol e di anpters of hefween and 10 pm and satisfactory results were al so
Quality of
Raw
material
Hole Residual
Polishing Time (min) glass plate
Diameter Value of
After
of Polishing
» Polishing
Pad (um) agent
: (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 wvalue 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 pm, 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 ym, 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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obtained for the surface roughness Ra and the mcro wavi ness height NRa_
I n conparison, for reference exanples 3 and 4 respectively having an
aperture dianeter of between 30 and 10 90 pm the residual values of the
polishing agent were 10 and 4 and thus |arge- Further, the surface
roughness Ra and the mcro waviness height NRa were higher than reference
exanples 1 and 2. 15 Fromthese results, when the hole dianeter of the nap
formati on hole was increased, a | arge anount of polishing agent renained
even when the rinsing process was performed. This shows that the quality
of the manuf acOksSsdvgraes ofuboecate was affected. 30 Observation of Load
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-polishilngretffeeenicasergmppeacess,o ang the pesiooldshi figidg shown in
table 3. The state of each raw material glass plate was visual

obser vid. PTRECPESUPEsPEF &OEREHN UPA NGakihe §9ﬁﬂ)PRﬂﬂ%?Q¥lRﬁuﬁ%@W&%@)l

Pre-Ri nsi g t - ol {,shi r | i shi_ng - Ref.erenc .
B0G060SS! Faras: Srg%}ﬁggggpl D B e R e ST S it ng

Ref er enceprocess, 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
80 60 60 Satisfactory
Example 5
Reference
80 50 60 Satisfactory
Example 6
Reference '
S0 60 60 Satisfactory
Example 7 .
Some Havi
Reference aving
80 90 60 Processi
Example 8 ' >rng
Cracks
Reference Some Having
80 80 60
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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906060Sat i sfactory Exanple 7 Sone Havi ng Reference 809060Processi ng Exanpl e
8 Cracks ReferenceSonme Having 808060 Exanple 9Scratches ReferenceSome
Havi ng Exanpl e802060Pr ocessi ng 10Cracks From the results of table 3, in
reference exanples 5to 7, in which the load of the rinsing process was

| ower than 15 that of the pre-polishing and the sanme or |ower than the

| oad of the post-polishing, a visually satisfactory glass substrate was
obt ai ned. d,n ieonpardtsathe iNvd@fer eftee exaPhe Blo8esknwibi Bhghbe Laad of
the rinsing process was higher than that of pre-polishing and
post-poli§%FﬁgPﬁmHﬁﬁﬁﬁﬂLﬂf #Qﬁﬂé@dvﬁﬁ%ﬁf@ﬁ¥ﬁ§¢l®gsom§09®8$Feggangtaakyrﬁd
raw mat eri I | [ ti in reference ex e in iC
the 5 |oa&ﬂ%FQF%§%F¥ﬁ§?%gﬁﬁFégﬁgggk%§9 %ﬁ%&&%f%% %%%Im%ggg%%l BOrFEhi ng,
scrat ches piertesf.or iedaddisane, ofi nt e fraawiactwsehl & @y nmat efralh al@ss

pl ates, Such results showed that it is preferable that the | oad of the
rinsing prodds &b okem s IMFak 156 9D AR Dithhes e -3l t Rk ngf amdet he same

or | ower %)%ltig@zﬁnbbe_slcq%Q:c@lfest he ROosts RRld %LH NG U hﬁ%%@fé@@uéggd of
the rinsing process is |lower than that of the pre- polishing, processing
cracks somawi mesefrapded liassr eflertersce Sexanpkeul@si Bhwhiceh thke liead anas

exceSSive%¥e%%¥ébIgi%hg% 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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t hought 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/cn2, and nore preferably between 50 and 60 g/cnR. 20 The present
enbodi mrent may be nodi fied and enbodi ed as described below. A chem ca
strengt heni ng process nmay be perforned on the raw material glass plate in

a step befamendwsipol isshiasy 25 stlep, saf fecetbhe piodi ghasg stpptratehet wveen
act resistance, vibration resistance,

each polighing, step.to satisfy i] resi
and heat%?5§%§F§H6%10ﬁ%?ﬁﬁ¥¥ﬁﬁ%ﬂ% $ W%E%??eﬂsfRﬁrf%Em?ﬁfBYnﬁ#PEhﬂg
recor di ng tfRdigums sTReEhemGal o/ F engt he ﬁerfPfr? &Séirg fers, Lo ion .
conversion of "a nonoval ent netal ion such as |ithium Ion and sodi um i on
cont ai ned chemilsa 1c srpesiotthem iofg the o @s sl 1 quitst rratweh 1 oh at FeNneNahess 1 et al

ion such as _sodi.um i.on an potassi umion having a greater ion radius.
Furt h(Lagr, ist%riesngg' e%%é{lﬁo&aﬁ& Og)rrrzﬂjllr} kﬁ%ﬁ?ﬁ%@i”%ﬁ’éﬁgﬁ%ﬂ%@ Py appl yi ng 32
conpressi@ne&ﬁkgass@@ehgeh§%ﬁ§@pgﬁgﬁ;1he gl ass substrate. The chem cal

strengthening nethod is performed by dipping the glass substrate over a
predetermned tine into a chem cal strengthening process liquid in which

t he chem cal t heni |_t. Qht ain by, heat i and ting a
cheni cal stren%?%@h?%% §§|Fggﬂéﬁﬁﬁ]églﬁ¥lq%§ A %%ﬂ%%gVHéﬁﬁ#b salts
include potassiium nitrate, sodiiwem miitdrate,, $illwer Riitd@aie usedy 10

i ndependent|ly or as ﬂ m xture of at least two of the above materials. The
t enpettat ur BIGPEPAENEAENPEaP SsBr BAGHES v ati deicsti v dhpdratahave hat i s

pref erabl yakewer1thanridie oflh St 9 LQNoPOLAL Lal i)n the
gl ass subs?rate by aboute% to 1SOC,OanE nn?%e%?g?gﬁggﬁ$ggﬁ§%§gn erature
of 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
V performéd using the batch-type polishing device. However,

the polishing device is not limited, and thé 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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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 gl ass 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 di stehedsehewapsr harTinkg dde shenikal 1 std engd hedF pg-Reocess on the
gl ass substrate. 25 In the above enbodi ments, the polishing process is

per f or med 9§$itA§ %t Ne lygisc Rittgge thel inshialg e e e - HAwevierch & gl itghe ng

devi ce istggklkﬁﬁkt%g’f%QQh%§889§r%%ﬂ%Q9 process may be performed using a

I
sheet-type p i'ng dévice rr polishing glass substrates one at a
time. The | apping step may be omtted as long as the surface conditions of
the raw material glass plate, such as 33 roughness, warp, wavi nesss, and
the like, satisfy the desired values after the beveling step. In such a
case, the task tine is further shortened. 34 CLAIM5S 1. A nethod for
manufacturing a gl ass substrate for an information recording nedi um
manuf actured by polishing 5 the surface of a raw material glass plate, the
met hod being characterized in that: the polishing is divided into two
steps, a step for performng a first polishing process to roughly polish
the surface of the raw material glass plate to be snoboth and a 10 step for
perform ng a second polishing process to finely:

34



polish the surface of the roughly polished raw material glass plate to be
snoot her; the second polishing process, using a polishing pad nade of

foam is divided into two stages, which are pre- 15 polishing with a
pol i shing 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 perforned between the pre- polishing and

t he post- poliIsising 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 netho f rd a .gl ass substrate for. 25 the
i nf ormation regérdi%gﬁﬁégﬁgggggbg% Eﬁ%ﬂgﬁué%ﬁ %:éia eret e Yt anr ¥si ve
grai ns of acedhfiorexicdenhaeeoadi®gn megriain ndirarreicaiu AP Dy Qo i sibifun or | ess
and a&g snEIIer than a nag formation _hole for the polishing pad. 30 3. The
met hod f oF Mraflf48c6r PhgdatgiadstetBst slesmoplatife itiomnaitiah Yeivor di ng

medi um acegrdihPRgt9-ehaim Lh9k .2, characterized in that the abrasive
grains of silicon oxide have a grain dianmeter that is smaller than the

grai ns of 35 ctheupprdxsbéngaimednvgdeidn iditametver stBpl), of dtess fidvan or

equal to 0.2 and are.snpller.than the aperture dianeter _of the nap
fgrnationpﬁgfg}Tﬁ?gtﬂe§b5$?sﬂPibSBé89 gr@?g?ﬁetﬁeﬁﬁﬁﬁhﬂd?Fﬁﬁﬁﬁﬁhéﬁﬁﬁing a

gl ass substrabeefor thberhnfapatian ﬁ@g@gdbmgt@E@bu@k@%ﬁQkQﬁﬁgu&Peﬁny one
of clains 1 to 3, characterized in that the second polishing process has
a totl® takRPtiae performing ai pacesd polsshthe peblkedsf ¢o Mameflact uring a

of o1 ai 1P 9% el PE PR et SR or e g hdel © T O
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 (Dsg) 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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a task time of 1 to 40 mnutes. 15 6. The nmethod for manufacturing a gl ass
substrate for the information recordi ng nedium according to any one of
claimse 1 to 5, characterized in that the rinsing process has a task tine
of 1 to 20 mnutes. 20 7. The nethod for manufacturing a gl ass substrate
for the information recordi ng nmedi um according to any one of <clains 1 to
6, characterized in that in the rinsing process, load applied to the raw

material gleagsmploati@ey at h@anp?ﬂaahi ngi peckd:s | Yer okhapskhahahn the
pre-polishing. 25 8. The nethod for manufacturing a gl ass substrate for
t he i nf or R&MPdn te foPéiMng amediane - sgcorldihg an dye o ofurel| diasetleto 7,

characteri i.n ate | rinsin rqcess lgad applied to the raw

mat eri al Sﬁgggep %Ee%8§%?%g%§oh6§fﬁgﬁﬁhgﬁﬁé&ﬁ%%%hkp%éﬁﬁﬁas or | ower than
that in the post- polishing. 9. The nethod for manufacturing a gl ass
substrate for 36 the information recording nmedi um according to any one of
claim® 1 to 8, 4char 4BEefFEB8Y] AorhaR MEas el ifed o) asre substimstiagter ocess

is 25 to ¥R.0keRLom104 raf: r i.nf ormation recordi ng
medi um obt ai ned frgn?%ﬁé %%%é?ggpgfﬁﬁgﬁﬁg{%%5%25%%ﬂﬂ3%;%%y %%@'%ﬂe of
clains 1 tbadmst hetgl asschhatetehdract dni zedti Rthet Ralcond Gl MV MESS

hei ght (NRa% of a surface nﬁasurﬁf hy a 10 three-dinensional surface
struct ur ePAREFYIi RSn cFBEROpEaSH FA™ME Rdadulrnd waNeEsst-h (k) set at 0.2
to 1.4 mm is 0.15 nmor less. 11. A polishing device for manufacturing a

gl ass
10 5. The method for manufacturing a glass substrate for

the 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 that in the post-

polishing.

9. The method for manufacturing a glass substrate for
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15 substrate for an information recordi ng nedium by polishing a surface of
a raw material glass plate, the polishing device being characterized by: a
pol i shing pad nade of a foam the polishing pad performng with the raw
material glass plate polishing that 20 is divided into two stages, which
are pre-polishing wwth a polishing agent including. abrasive grains of
ceriumoxide and post-polishing with a polishing agent including abrasive
grai ns of t$id iie@drietden aretox diinds i NP CLSSo PEL A QT #5021 Het ween,khe
pre-polishing 25 and the post-polishing for rinsing the raw material gl ass
pl ate aft &LaHS gr &pdi-i shicdg et z& dhalshitept i bpad, re etegotd shhag pad

i ncl udi ng I r..with_andnner,|ayer.. having a plurality of
independeﬁ?n%g@glg%$m§h5 gﬁ %&tgg 7fL§%§H$drned inits surface, having a
plurality of nap 30 formation holes with an extrenely fine size conpared to
the independent bubbles, the nap formation hol es being open at the
surfacﬂ of thelfoli hidhGSsadubsterae tioe @By dsifarmptaian rewidci@ed in the

pol i shi ng kN . - ishing 7 : ring the rinsing
process. T%éq%ﬁeo%g%ﬁgﬁgnggggv?gg g%%%F|ﬁ%¥§%ﬁ%f§¥%¥f€%cﬁé%é%ﬁﬁeﬁ?zed in
that the map Poenmafi chahosed ©b Bhethepolliasts ng gqrad have @ ol di et er  of
2 pmor ¢ gg%er and 20 pmor less, and a depth of 2 pmor greater and 100
pmor |ess” 13. The polishing device according to claim1l or 12, 10

further being gharaciavizedsbhedghoWeiirRy! ib$hiang Rlrale ad ANJIPRS) o

pol i shi ng glate arranged rotatab?y about a rotation shaft, and acarrier,
arrarged betaeefiirpesippel purfshengtrpratecangatiye ingwer qrolscsirieng pl at e,
for supporting.a, plurality of raw mterial glass plates the surfaces of

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 polishing 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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15 raw naterial glass plate being polished by the polishing pad by
rotating the upper polishing plate and the |lower polishing plate in a
state in which the polishing pad is attached to the | ower polishing plate

and the upper polishing plate as necessary. 38

washed away during the rinsing process.

12. The polishing device according to claim 11,
characterized in that the nap formation holes of the
5 polishing pad have a hole diameter of 2 um or greater and 20
pm or less, and a depth of 2 pm or greater and 100 pm or

less.

13. The polishing device according to claim il or 12,

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 rotating the upper polishing plate and the lower
pOliéhing plate in a state in which the polishing pad is
attached to the lower polishing plate and the upper

polishing plate as necessary.

38



