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
gl ass substrate for an information recording nmediumused in a magnetic
disc, 10 which is a magnetic recording nmediumfor an information recording
device such as a hard disc, a magneto-optical disc, and an optical disc or
the like, and a nmethod for manufacturing the sane. 15 BACKGROUND ART
Conventionally, a glass substrate for DRSCRIfEGI®At i on recordi ng nmedi um nust
have a surface that is as snooth as possible to enable recording of
information with high 20 density. Thus, the surface of the glass substrate

is ground and poliches iuiytats sﬁ@fgeﬁw@mmmwﬁ@@mm%eguﬁuppress

the formation of m croscopic protuberances (refer to, for exanple

Japanese Lai d- OQpen Pat enfNPUBETE@DI 6ARNYANUTACTER3NE) THEh®AMES, the gl ass
substrate is ground and 25 polished in steps divided into rough grinding,
fine grinding, first polishing, and second polishing (final polishing).
The firstTPOHENSOADQFIBLAR Sstep using a polishing device 30 to polish the
surface of the glass substrate with a hard polisher until the surface
roughness Rmax thereof is about 10 nm The second polishing is a step

using the same rpol LOLAAIEKLERLADA e LISt (ROL SHING. step. Lo pollsh the

1 surface of the glass substrate wth'a O|IS I'n p ace
polisher aﬂoinf¢mm§mﬂmeW$¢pfmﬁm@ oédihe tséstlnpalmabhaglandlhbe second

poI| |un1OX|de zjrconi um . oxide, and _colloidal silica and the
Iike ont h}ﬁ magnetic recording medium for an information
recordlng 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 divided into rough grinding, fine
grinding, first polishing, and second polishing (final

polishing).

‘ The first polishing is a step using a polishing device

30 to polish the surface of the glass substrate with a hard
polisher until the surface roughness Rmax thereof is about
10 nm. The second polishing is a step using the same

polishing device as the first polishing step to polish the



5 particles of and silicon oxide is selected and used in accordance with
the required polishing accuracy or the |like. Recent glass substrates are
required to be recordable wth higher density. To fulfill this
requi renent, the 10 snoot hness of the glass substrate surface nust be
inproved. In order to inprove snoothness, polishing nmust not only be
divided into two stages of first polishing and second polishing but nust
further bewifddedfi fthe noressstages; rauchiids & it d%@xgg@eandngpigaét h
e

st age. Fbm%y r, ZF the steps 15 related to polishing beconme divided into
many steps, t%@( Ah {° Yr-oubPéséhe aRd 1shdtngr egisinte of 1y ferdtod of

time increAseniSlchrRsks ineldide JJansferd i ng 53, Substrate
bet ween pgﬁﬁéhiﬁg%geyices and perfgiéiEghgﬁéaggﬁ%hﬁ%gkaggﬁ’t%%r% %b " This
has a shorodsi®, ngnidn codoitded 20 lprcedwctd wiley laind yd@lth depigase. The
preseng inventiﬁn fo&uses on.t.he above problemof the prior art. It is an

obj ect> of PPRE 15T ESeRt PAVertildir o OXgSvilde Selqcted tHRE ¥or an
i nf or mati ercoeeandengi2h wedi waGlhakd MRYIQES R QluGhiAn, &f f itcﬂﬁeﬁfj}’kea“d
qual i ty,

that increases the anount of production while “maintaining and a
met hod for manufacturing the sane. DI SCLOSURE OF THE | NVENTI ON 30 To

achi eve the ab | one,aspect of the present invention praovides a
net hod for nan§¥§8§gr§%ésg § g%zgagﬁﬁséfgtgeﬁgﬁﬁﬁ$iHﬁ(ﬂ%ﬂﬁQQﬂ¥ di ng

medi um marutachiigedr2dbyspeki. shragrt hei surtace péqairawennt echal gl ass
plate. In the nmethod, the polishing is divided into two steps, a step for
per f orthi n§R9CFPREES pBfi SAPngLpracaubstaateughirfags! msist fiee iswrioass .of t he

ram{naFerkﬁ|09&@§5t8|§ﬁ§r59eb§m§59ﬁﬁg Q?daéggsﬁﬁﬁg &%Etp%%ko%%hggF%zsecond
polishing process to finely polish the surface o € roughly pofi1shed raw
mat eri al divided into two stages of first polishing and second
polishing but must further be divided into more stages, such
as a third stage and a fourth stage. However, as the steps
15 related to polishing become divided into many steps, tasks
that are troublesome and that require a long period of time
increase. Such tasks include transferring the glass
substrate between polishing devices and performing cleaning

between the steps. This has a shortcoming in that the

20 productivity and yield decrease.

The present invention focuses on the above problem of
the prior art. It is an object of the present invention to
provide a glass substrate for an information recording

25 medium that improves production efficiency and that
increases the amount of production while maintaining

quality, and a method for manufacturing the same.

DISCLOSURE OF THE INVENTION
30
To achieve the above object, one aspect of the present
invention provides a method for manufacturing a glass

substrate for an information recording medium manufactured



glass plate to be snoother. The first polishing process is a process,
using a polishing pad nmade of a synthetic resin foam that slides the
polishing pad on the surface of the 10 raw material glass plate while
supplying a polishing agent to roughly polish the surface. A pad dressing
process is perfornmed on the polishing pad in advance before being used in
the first polishing process. The pad dressing process is a process for
pol i shi ng sheoclurdtacey athet beiyraldes b Moa pagls bya dér 541 diy ngs & he1 ReLi shing pad
on a pad dresser including _abrasive grains. The pad dressing process is
pr ef er abl &}Feﬂe&hr?éjd &€ Prdt R Driciutvisted ot q grewpyteppl | @dstept he
pol i shi ng 203 : ad: and { Gmn) required for the
pad dressing g%ggﬁgﬁ:ﬁ? E%Ogl'?](’)s%; Oo%la#ﬂle&%}ﬁgdlr%gssi{r% %Or%?e:heisj% ﬁ)%ljp%)]%ferabl y
per f or med tde stlvdta geoloifs frheg reat ea twhiich il asvallue d ncdh Gad | igopeh | Shing 25
armount per %gzieltp tinme in_the.first polishing process, is maintained in a

a

X hG&. PRRERTTREIG ISSHNYG Patld S60d mepqanfediateinebf ter the

predeter mne
pad dressipdd iBhO€@ss shg rREEl BrMRd dl %d&gﬁq A RS val ue, the
polishing rate is preferably maintaine bg?\?\)eeﬁs 80 Zﬁrr%?fﬁf%g%%%fabfhe

ref er ence9valsgePlang thebpadmdpédsirng Theotessti sopeshongegrobesst he
val ue. 3 The nesh size of

pol i shing._r iLs.less.than 80% of the referenc i

t he pad d?egggrcglgg’prﬁg%éﬁaﬁl ?"géﬁ Ra) pﬁ@oﬁléd“f’hé’%pﬁ‘d SEredSdrl G £6N such

that whenfbhe,patadr essees tBeapbangedngnphhe osukhace @fr ke J1oldpshi ng pad,
t he \gfoight 5 %ggl ied to the surface of tﬁe ol ishing pad per 1 cnR is

pr ef erabl y2Bel@eghi Bl 594a8S 2P bage Wﬁélﬁoﬁgﬁpgwﬁghian@OdfiSﬁﬂi@gr agemat er i al

gl ass platg kBughl §£i§§hp@ﬁ%sgkggagégcqgs%éé ReLL o1
material glass plate preferably has an arithnetic nean
performed on the polishing pad in advance before being used

med_until the raw 10
ng process 1s

in the first polishing process. The pad dressing process is
a process for polishing the surface of the polishing pad by
15 sliding the polishing pad on a pad dresser including

abrasive grains.

The pad dressing process is preferably performed so
that the product of load (g/cm®) applied to the polishing
20 pad by the pad dresser and task time (min) required for the
pad dressing process is 500 to 3000.

The pad dressing process is preferably performed so
that polishing rate, which is a value indicating polishing
25 amount per unit time in the first polishing process, is

maintained in a predetermined range.

When the polishing rate obtained immediately after the
pad dressing process is performed is used as a reference

30 wvalue, the polishing rate is preferably maintaiﬁed between
80 and 100% of the reference value, and the pad dressing
process is performed when the polishing rate is less than

80% of the reference value.



roughness (Ra), which is neasured by an atomc force mcroscope, of 1.0 nm
or less, an undul ation height (W), which is neasured by a _

mul ti-functional disc interferoneter w th a nmeasuring wavel ength (A) of
0.4 to 5.0 nmM of 1.0 nm15 or less, and a m croscopi c undul ati on hei ght
(NRa), which is neasured by a three-dinensional surface structure
analyzing mcroscope with a neasuring wavelength (A) of 0.2 to 1.4 mm is
0.3 nmor less. 20 The first polishing step is a process for roughly
pol i shing the ;,rface of the raw material glass plate in two stages,

pre-pol i shing BES fdEsmingha oad PR IRK o5 Rirfebaphnt €823l tgl ass

plate by thmonol kebi pgapadebBetnes tirst, pal ighing process is preferably
greater during pre 2% pol i shing than Eu%ﬁﬁg E@EF_%g%ps%%ﬁbpﬁﬁtigesser
under goi ng = ke rpadedr essithg puodess, dfhesurdadceshiofg tgwed potishiaggpad
preferably has an _average undul ation.  height, which is neasured by a stylus
measurlsang)‘é\ip stlregrréﬁ)t %%15 ﬁ%&%%@&&ﬁ%@%&&%m% MeHfl EW5itso 1.4 nm
of 4 to 25ep@radng ﬁe%%é%ﬁcg,goggan@s@,gwhich is measured with a cut-off
value (AC) of 2.5 mMm of 3 to 8 pm 4 Wien perform ng the pad dressing

process, the load is preferably 20 to 100 g/cnR. Task time for performng

the pad dressi SS | referably 10 to 60 mi.nutes. 5 The gl ass
substrate prefgggbpégﬁgsgg%§ggﬁpﬁn8?iE%ﬁe§ﬁw FEGGHh @gsgaﬁfﬁ Biiditeh 3ty
nmeasured byieaniasonpolishtrg proreseope, pef rBrhedm@k ihesshe anundul ation
hei ght ch_is neasured b¥ a multi-functional disc interferoneter

(V\aé whi . .
with-a me% E?Fﬁ@kmﬁ%éFéna%ﬁt?Ayrﬁ egaklyohgspammpréthges ismme@nor | ess, and
a m croscophghHegyl akkpn @ﬁi@ﬁtighﬁggsupghpg I8, Oeasyred by a -
t hree-di nensional surface structure ana y2|n§ m Croscope Wth a neasuring
wavel engt BLEAPSePr®, 20f 0l 10 Anmmpr desH, 15nnmmdulkessn height (Wa),
which is measured by a multi-functional disc interferometer
with a measuring wavelength (A) of 0.4 to 5.0 mm, of 1.0 nm
15 or less, and a microscopic undulation height (NRa), which is
measured by a three-~dimensional surface structure analyzing

microscope with a measuring wavelength (A) of 0.2 to 1.4 mm,

is 0.3 nm or less.

20 The first polishing step is a process for roughly
polishing the surface of the raw material glass plate in two
stages, pre-polishing and post-polishing. Load applied to
the raw material glass plate by the polishing pad in the
first polishing process is preferably greater during pre-

25 polishing than during post-polishing.

After undergoing the pad dressing process, the surface
of the polishing pad preferably has an average undulation
height, which is measured by a stylus measuring instrument

30  with a measuring wavelength (A) of 0.25 to 1.4 mm, of 4 to
25 pm, and a surface roughness, which is measured with a

cut-off value (AC) of 2.5 mm, of 3 to 8 um.



15 A further aspect of the present invention provides a polishing device
for manufacturing a glass substrate for an information recordi ng nmedi um by
polishing the surface of a raw material glass plate. The polishing device
includes a polishing pad formed froma synthetic resin foam and a pad 20
dresser including abrasive grains. The polishing pad slides on the raw
mat eri al gl ass plate when roughly polishing the surface of the raw

mat eri al gI ass et epemhﬁdmﬁmoptt}yda ngad heresyihacgrotetbe raw maharial gl ass
plate with ol i Shl n age and the pad dresser sli des on the surface of

the 25 polf? 1St %ﬁh Q/f'fé“pol L'3Bikng 1p&d L oTh@epde raviess éheham
circul ar-pl,ate Qﬁ,o(j’g’é% I]:[S %ipé n%egot\pgt {)he di aneter and thickness
the

are substanti al ﬁ&a the sane a ter and the thrckness of the raw 30
mat eri al gl ass plate. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a cutaway

per spective vi shaow ng rt of a batch t pe pol i shing device cut; Fig. 2
is a p%an Vi eweT (1 Sg’g%f S drte eerir g. %Sl%naaﬁ%ial’pfﬁe%h@vﬁlﬁgnthe

rel ati onshigy fe\é%ermtahe whiRQ iihinig, iy and
m croscopi c t??ﬁlul ations in the lsurface of a ass &b)% BEST MODE FOR

CARRYI NG (WJFI’PHEOIPNVEN'fI ON 41 A re niteod , ment mfdulhaetmxes}&fﬁghmvamm on wll

now be A b |n detall W th r &re ce to the draw ngs. During :
manuf acturl (r:\liglhoﬁg’ ﬁass ubst Paf® %'f & ARCHIG i Bh TECOT R R um a

raw mat er walthgbaaaaabatlagl walelemigtout )N & & sc-shape fem s shept, of
glass plate. The center of the raw mat erl al glass plate i'ncludes a

circul OﬁollgssThénel dsBisypsceric vadudmtddrbyhepatits hiNRp t,hevhisur fiace of
t he raw glas _ Li-shin devi.ce. .The S substrate
MRteLhaky b? s phate Hﬁﬁ%g%l Qlaly @ G, str’éﬁmg% % ¥41RS gl ass,

is formed froma nmufticonmponent gl ass fateria
al um nosi hicapecope with a measuring wavelength (A) of 0.2 to 1.4 mm,

of 0.15 nm or less.

15 A further aspect of the present invention provides a
‘polishing device for manufacturing a glass substrate for an
information recording medium by polishing the surface of a
raw material glass plate. The polishing device includes a
polishing pad formed from a synthetic resin foam, and a pad

20 dresser including abrasive grains. The polishing pad slides
on the raw material glass plate when roughly polishing the
surface of the raw material glass plate while supplying the
surface of the raw material glass plate with a polishing
agent, and the pad dresser slides on the surface of the

25 polishing pad to polish the polishing pad.

The pad dresser has a circular-plate shape, and it is
preferred that the diameter and thickness are substantially
the same as the diameter and the thickness of the raw

30 material glass plate.

BRIEF DESCRIPTION OF THE DRAWINGS



gl ass, borosilicate glass, and crystallized glass that are manufactured
using a float nethod, a downdraw nethod, a redraw nethod, or a press

met hod. A magnetic filmand a protective film made of netals or alloys of
cobalt (Co), 25 chromum (Cr); iron (Fe) and the |ike are fornmed on the
surface of the glass substrate obtained fromthe raw material glass plate
to configure a information recording nediumsuch as a magnetic disc, a
magnet o- opt i calFigj.sd, ianch cart=opty Gadr gh&es i 39 ﬁe@%iﬁ%ﬁ;grt lorag
pol i shing,device 41 includes a _disc-shaped upper block 42b ‘and | ower bl ock
42a t hat §@§Ch§§ﬁﬁfiéFﬂﬂ§hé§8hd§WHéﬁféﬁdiépaced fromeach other in the 6

vertical directhijgn. sAn annylar, i ; 43 encircles . the upper block
42b and the Iowé%nblocf 42%. Rlﬁ£€¥{%ﬁ$&¥§§ﬁ% 3&é¥n?ﬁ%§ﬁ%’f?%%1the center
of the lower bFdgk 42ds aandaphsuihogeary 4hd Self@angath QN Bdhe,oer i pher al

surface at ?.tﬁe Io%er enddof the rotation shaft 44. An insertion hole 46
i s formedP&t 'tHe"8entBF & tﬁ@eugﬁérgh& ddie b migiPaanPiq otndulont st 44

i's inserted theouwghrhbe bmsarbigasheh@48.,t.The upper block 42b, the |ower
bl ock 42a, the internal gear 43 and the sun gear 45 are driven by a notor

or the like so 10 as to be independently rotated. A plurality of carriers
47 is ar e t n I and t he upper block 42b. A
pIuraIityégsgcﬁ?gglggﬁhgéggYigﬁféU?o?ﬁgdﬁgﬁEpﬁéONCarriers 47. Each circul ar
hol e 48 receives a raw material glass plate 31. Further, a gear 49 is

forng% on the 15 peripheral portion of each carrier 47. The gears 49 are
nmeshed with t Ha%i APRPAANCYeaPt 4Bhanarerensuangeatiss. wid 1t hewpdld shi ng

devi ce 4l4eac-pPobighifg ; | ' d._fr synthetic resin foam is
attached to the 20 sur?gggélg?igﬁekégaégﬁggogﬁ gg% éﬁawaQSUpper bl ock 42b

when

During manufacturing of a glass substrate for an
information recording medium, a raw material glass plate is

15 cut out in a disc-shape from a sheet of glass plate. The
center of the raw material glass plate includes a circular
hole. The glass substrate is formed by polishing the
surface of the raw material glass plate with a polishing
device. The glass substrate is formed from a multicomponeﬁt

20 glass material, such as soda lime glass, aluminosilicate
glass, borosilicate glass, and crystallized glass that are
manufactured dsing a float method, a downdraw method, a
redraw method, or a press method. A magnetic film and a
protective film made of metals or alloys of cobalt (Co),

25 chromium (Cr), iron (Fe) and the like are formed on the
surface of the glass substrate obtained from the raw
material glass plate to configure a information recording
medium such as a magnetic disc, a magneto~optical disc, and
an optical disc.

30

As shown in Fig. 1, a polishing device 41 includes a
disc-shaped upper block 42b and lower block 42a that are

parallel to each other and spaced from each other in the



necessary. The raw material glass plate 31 is held between the |ower bl ock
42a and the upper bl ock 42b or between a pair of polishing pads in a state
received in a circular hole 48 of the carrier 47. In this state, polishing
agent 25 is supplied froma supply section (not shown) to the surface of
the raw material glass plate 31 by way of the |lower block 42a, the upper

bl ock 42b, and the polishing pad. A plurality of supply holes (not shown)
ext end |nth¢1cah|@kmeS$lwm5e gdhr eahudaronntkenkowefed ack Ara,rdihe; upper
30 bl ock and tgﬁ1 |IShIn ads. The polishing agent is supplied to

t he suppl olué?effr P&ksdppl sk dticononsire ek o 2ank Ac ewtaitriiony t he

pol i shi ngs@ﬁ%ﬁt44B%r69reétc'sn§rtoplethlépp:%é}t e 430 DR L WEIC P! prk B2a. the

i nternal gear 43, and the sun gear carrier r'evo “rabout the
rotation ghaf 8 44nwhkeke ﬂétaslagrah@@w mhst&xs@@Mﬂﬁhéﬂ&ﬂréﬁ!fé@é65ﬁa|

gl ass at e 3% contactlng %Pe ower bl ock 42a and _the upper block 42b or
the po |sh|ﬁg BES. ©7Hi 8 Fsh8s2510Re S8t tadd -of ARhénFawtigteliodle gl ass

pl ate 31. 4Ghesnebhrdaf gt HﬁeuEéﬁEEEIBQ the g g, Wi ow be
descri bed. 1OSThe gl ass substrate i s manuf ac%%%gd%ﬁﬁg%ﬁ% fAd che

proce55|n§0§ﬁéb0nasbéﬁélﬁﬁglstepseatbdpphmgughemhea1mmantﬂmnumdMéxn6and a
washi ng s h C ocessi ste et of glass plate is 15
cut u5|ng&§80u%€e£ b1 &E ééngﬁ eggESFbB&8CSr g?anﬁ § t6tesrmla gear

di sc- shaped BHM/ﬂnéesmﬁlg@éasg5pbaéedBQVbﬂgb9 aChbeuk-ab CenLr al; aolg, In

t he ﬁ vellng ste inner and _outer circunferential surfaces of the raw
mat eri’al gFake P Ihﬁ%e%?%d%?%hhdrgbaFﬁﬁt theebutakity apet earandrshé’i nner

20 diametes havenpsedsierained,di 15psiogeoand;so LNt che gddes  of the

i nner and outer circunferential sur aces are po
42b. A plurality 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
15 peripheral portion of each carrier 47. The gears 49 are

" meshed with the internal gear 43 and the sun gear 45.

In the polishing device 41, a polishing pad, which is

formed from synthetic resin foam, is attached to the

20 surfaces of the lower block 42a and the upper block 42b when
necessary. The raw material glass plate 31 is held between
the lower block 42a and the upper block 42b or between a
pair of polishing pads in a state received in a circular
hole 48 of the carrier 47. 1In this state, polishing agent

25 is supplied from a supply section (not shown) to the surface
of the raw material glass plate 31 by way of the lower block
42a, the upper block 42b, and the polishing pad. A
plurality of supply holes (not shown) extend in the
thickness-wise direction on the lower block 42a, the upper

30 Dblock 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 ‘agent. By rotating the
upper block 42b, the lower block 42a, the internal gear 43,



In the lapping step, a |l apping process is perforned on 25 the raw materi al
glass plate to correct the warp of the entire raw material glass plate.
Thus, the raw material glass plate becones a substantially flat plate. The
| appi ng process, which uses the polishing device 41, is perforned by
sliding the surface of the raw material glass plate 31 along 30 the | ower

bl ock 42a and the upper bl ock 42b while supplying the polishing agent to

grind the ssul frhee sufutehar 4 5,0feddie cpotishi g agentvos 11h6eu+ apRing
process, a slurry of abrasive grains, which are grains of alum na and the

like, di sp&'$edo8 Shakdt dd, hHileh dntdn askewi sifet s1:ohs metilunthé srased.

The poli shiRg SE8P q1WRISC S Hh |.i shi evice 41, - is perfornmed in a
state in wﬁich thegpolfs #%g%pg s%§$§: arﬂgéﬂgﬁ %%V%ﬁmp%%ﬁﬁngﬁﬁwﬁ€%§42a and
t he upper thleoclkré2bbbypckskdi bg tthe polliishiing pads al ong st he1swHeace of the

raw teE al %Igss plgtg 31. In the polishing step, the sliding of the
pol i shi ng bgdg POPFERES LRE LAVOMRESTIRd Sdsac@lorte tHe raw material gl ass
plate. In the washing step, foreign 10 materials, such as polishing agent,
pol i shing powder, and dust on the surface of the raw material glass plate
subsequent to pbei BAthgdaferwashedaaway iwigt hhe widskisnguddttate Thils,

manuf act u g substrate having a snooth surface and high
cleanlineé§§ %E aﬁgéﬁﬁﬁﬁéactured gl ass substrate has a surface roughness

Ra of preferably 0.4 nmor |less. Further, the undul ation height Wa of the
surface is preferably 0.5 nmor |ess. Mreover, the mcroscopic undul ation
hei ghtY NRa of BBCt#eassrsabetratpr éfemaphfagtBedntbrobgssa Mescsurface

roughness,Ra-4 84 gat £s.a valy r it n_atomc.force mcroscope
(AFM). The undulat?on %gig%t %&gggﬁghgggﬁ?fgcgapPéng ViFfe feasured with a
mul tifuncppbhalhinysstep, and a washing step.

In the disc processing step, a sheet of glass plate is
15 cut using a cutter made of cemented carbide or diamond to
form a disc-shaped raw material glass plate having a
. circular central hole. In the beveling step, inner and
outer circumferential surfaces of the raw material glass
plate are ground so that the outer diameter and the inner
20 diameter have predetermined dimensions and so that the edges
of the inner and outer circumferential surfaces are polished

and beveled.

In the lapping step, a lapping process is performed on
25 -the raw material glass plate to correct‘the warp of the
entire raw material glass plate. Thus, the raw material
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
30 the lower block 42a and the upper block 42b while supplying
the polishing agent to grind the surface. Further, for the
polishing agent of the lapping process, a slurry.of abrasive

grains, which are grains of alumina and the like, dispersed



interferoneter (Optiflat) manufactured by Phase Metrix 25 Corporation by
scanning a predeterm ned region of the surface with a white light having a
measuri ng wavel ength (2) between 0.4 to 5.0 mm The m croscopi ¢ undul ati on
hei ght NRa of the surface is a value neasured with a three- dinensional
surface structure anal yzing m croscope (New View 30 200) manufactured by
Zygo Corporation by scanning a predeterm ned region of the surface using a
white |ightn weehdmg vén imBasiadveg ey el enghe f 2) obehaeedn 0. 2st @sdg4 mMm 9
When the surface roughness Ra, the undul ation height Wa and the

m croscopi ¢ undul ati on height NRa respectively exceed 0.4 nm 0.5 nm and

0.15 nm the sutfaee 19fsH; r r ens. . Thus, .the gl ass
substrate may have%g)ISMEPEE%%%%ﬁngggggﬁdﬂ%%ﬁégﬂ% d?f%@bl%%éﬁaYh%ggﬁiss
subst r at e LvaPeirdwrgeal iiny a thetdi strande detibeendhesisitd aseds ofrd he

i nfornati r rdi.ng di,um and .t he head for reading the information
recorggd %Etﬁﬁégﬁn gr%ggi&ﬁwFébgﬁ& YrEdiddn [shittP e stk el biThus,

hi gh- densisty diegotdengobecamny HAdi Lhidgll tn This A5 because when the head
noves on the information recordi ng nmedi um deficienci es such & the head
hitting ofaberhglcadghe Phathe3dndulattbaspolishéngustape thendltaiegcur.

15 In the,go niLenal . net faor .manufacturing the glass substrate, the
polishingogtgggiébgggbégg E%gﬁl o4 gth?8§ S?%&&@?F\Hﬂ%ﬂ?%ﬁﬁﬂ%ﬁé”% step
for perfothengaw mhtstipml§$hbﬁgpmé@é6531natﬁée@agggn@egggﬁni@gr@igﬁcondo

[ 2

pol i shi ng rocess, and a step for performing a third pol i shing stép.
This%?hpr%eggrfﬂzsquﬁFF?yaﬁfp?ﬁésﬁﬁﬁafaéﬁﬂFedpQﬂa§§1§9b@pwdEeJ Tmel first

pol I shi ngastePon t e SEGRAI-POLESPLA0, 23! £0: o300, Be LRI LG PRl shing st ep
are respectively rough polishing. fine poltshrigoaRd uPtP&Stine polishing
of the gFaRsequdRt rbe epoThehstguetareashetihewpol wshhng devheagused

fluid. This manufactures a glass substrate having a smooth
surface and high cleanliness.

15

The manufactured glass substrate has a surface

roughness Ra of preferably 0.4 nm or less. Further, the
undulation height Wa of the surface is preferably 0.5 nm or
less. Moreover, the microscopic undulation height NRa of

20 the surface is preferably 0.15 nm or less. The surface
roughness Ra indicates a value measured with an atomic force
microscope (AFM). The undulation height Wa of the surface
is. a value measured with a multifunctional disc
interferometer (Optiflat) manufactured by Phase Metrix

25 Corporation by scanning a predetermined region of the
surface with a white light having a measuring wavelength (L)
between 0.4 to 5.0 mm. The microscopic undulation height
NRa of the surface is a value measured with a three-
dimensional surface structure analyzing microscope (New View

30 200) manufaqtured by Zygo Corporation by scanning a

predetermined region of the surface using a white light

having a measuring wavelength (A) between 0.2 to 1.4 mm.



25 for each process is the sane. However, the polishing pads that are

mai nly used differ between the first polishing process and the second
pol i shing process, and the polishing agents that are mainly used differ
between the second polishing process and the third polishing step. This is
to 30 inprove the snoothness of the polished raw material glass plate in a
stepped manner as each process is perforned. Since the optimal polishing
pad and pol i shiWrgpraget saurfacseleni@hdos RSE tHe eachupPaEOCESShe9RBLE Wa

ol i shing deyice is 10 assigned for each process. This reduces the task
?ine forgi?ﬁ%ﬂiﬁiﬂ&ﬁﬁﬂ%%ﬂﬁ%&]%ﬁﬁﬁ#%ﬁkp%r%@%%ﬁ§ Wi pgSBECHiTEeYent types

of polishidlgagen s ! M oPIPArigA.ot | i.shin of -t present
invgntionﬁ?gzdiv?%edlﬁ%tg)tmo st eps, mﬁ?%ﬁgﬁhgﬁg%égéééfe% g?ogﬁ%e? %Fﬁlng a
first pol ististgagreocesgyhems.oufhliyg, pahieshy] aand ssimeatds Hehenasunfaee of the

raw material glass plate and step for. performng a second polishing
procesd t d Firel S hﬁ‘(ﬂsissﬁnéﬁc}wszlrﬁ%t hse Ser &d@sst the roughly

' pol i shed s traier inals glo@ﬁ%;buréllatt%z-, Hhat discane f}:‘f‘@év&g{n I She i&#%‘z&‘éet he
polishing step is conpleted by two stages, which are the step for

per f or mi n@ft k&ef ilndorpaltiioni e qerodess mat unt rﬁaflcsLté}E fkoafaqéeﬁcf]mrmai@im@e_ ¥
second pol.i.shi. s. _.This 15 reduces .t task tinme. Eac. rocess w
now be degb%iﬁggogﬁ%%g§ ai’ FofﬁS%fPﬁbﬁ ol'i ﬁﬂfﬁﬁ9ﬁxﬁﬁ§q§éifiamﬁ§%%mfor
renovi ng cdehect besgabrasnesnal thudy phiyndabati 0hS reFHeHIBEOBES 2R s

undul ations,_ _chi pping, and cracks fromthe surface so that ~ the entire raw
mat ert@l  Graddcpitite %%%Sa?%r%%%@@$%1ﬁbﬁn theckaedsmomgsngnt hbedef ect s,

undul at i oRg rakRaROLANLEALLYin rﬁéari"}zmi nd%%c&%ﬁc%ts.ersiu%lh gl asc%ﬁqlhaetagd and
are mainly fornmed on the surface of & glass plate i nstreaks en 25
gl ass pl ahéttwhigchri betthg matghtalinoththendawamdbesi alf ghassurface

tend to occur.

15 In the conventional method for manufacturihg the glass
substrate, the polishing step is divided mainly into three
stages, which include a step for performing a first
polishing process, a step for performing a second polishing
process, and a step for performing a third polishing step.

20 This improves the quality of the manufactured glass
substrate. The first polishing step, the second polishing
step, and the third polishing sfep are respectively rough
polishing, fine polishing and ultra-fine polishing of the
glass substrate. The structure of the polishing device used

25 for each process is the same. However, the polishing pads
that are maiply used differ between the first polishing
process and the second polishing process, and the polishing
agents that are mainly used differ between the second
polishing process and the third polishing step. This is to

30 improve the smoothness of the polished raw material glass
plate in a stepped manner as each process is performed.
Since the optimal polishing pad and polishing agent are

selected for use in each process, one polishing device is

10



plate, is manufactured through the above nentioned float nethod and the
like. That is, these defects are forned w thin a range of a substantially
constant thickness (depth) fromthe surface of the raw nmaterial glass

pl ate. Thus, 30 when polishing and renoving part of the surface so that the
entire raw material glass plate has the predeterm ned thickness, the
defects are renoved together with part of the surface. Therefore; a first
obj ect of atstee drierds tf qpoldasiii mgake g3 0CE3S § TR ILNOR & L8 @ik past, Whi ch
includes defects, fraomthe surface of the raw material glass plate. The
removal  défin oM Ergh SHomids Mats i s Gerled ok beg ¢ hpdi f&atensSince the

pol i shi ng tstRR ¥ ?%qﬁ%%qgg tRe$moth 5 the surface of the raw nmateri al
glass platé, a state in which the surface of the raw material glass plate

is rougher after the first polishing process than before the process
woul d §ontradi t the OEJect of the palishing step. Therefore, a second

obj ect® of the fi'r SPTREEISATNg (hfoOELs ST N $tER fottha e stftace of the

roughly pehivehedohawsmat f bakl igk%s%w@i§%%p§} W 'éﬂnﬁyéfﬂgetgl t certain
part of the surface of the raw material glass plate be renoved w-thout

damagi ng £R& BerfasmingsaThérsécond ipdlinshipngcstsep tics mywidoess figh

scrapi ng trenel mal |l part of the surface of the raw materia

gl ass pIagégt8ﬁ§8?§eéﬁenﬁéfggggppg 5@Fe5?¥ gﬁ%ﬁr&§, IeSoRGlic and a
undul at i ossepndori peoscopiAgPaOEEBERANERS 1 sPhageRrRR dhe Surifagg, That is,
in sggﬁ nicroscogic 20 defects, the high portions of undul ations “or the
ri dged of POpt Bl uBRfahbEthar eSkephelhsf surdaeeen ft hbcumduioatlivons and

further fLaitsRefiheasuy ; I ubs e,. Therefor t he obj ect
of the se%ond p%lis%ingggggégis&?gsgoaﬁggﬁfsh%%%% %%éno?%eEgﬁg?ﬁgele t he

raw nat erial tighisshel poi 2Bingt stepsimwothmpiretedr bli nivshed ageisf age.: ckhe

removal quehthe step for performing the first polishing process and
the step for performing the second polishing process. This

15 reduces the task time. Each process Will now be described

in detail.

The first polishing process is a process for removing
- defects such as, small warp, undulations, microscopic
20 undulations, chipping, and cracks from the surface so. that
the entire raw material glass plate has a predetermined
thickness. BAmong the defects, undulations are potentially
present in the raw material glass plate and are mainly
formed on the surface of a glass plate in streaks when a
25 glass plate, which is the material of the raw material glass
plate, is manufactured through the above mentioned float
method and the like. That is, these defects are formed
within a range of a substantially constant thickness (depth)
from the surface of the raw material glass plate. Thus,
30 when polishing and removing part of the surface so that the
entire raw material glass plate has the predetermined
thickness, the defects are removed together with part of the

surface. Therefore, a first object of the first polishing

11



for fine polishing is not inportant. However, scraping off only the upper
part of mcroscopic defects wi thout damaging the surface of the raw
material glass plate is considered inportant. 30 The first polishing
process and the second polishing process are both performed to polish the
surface of the raw material glass plate but have significantly different
12 objects as nentioned above. Mre specifically, in the first polishing

process, themsunts ob tlemosur face ditncludiag:, defeet siterpysd fLeorthe raw
mat eri al ass plate, that is the renoval depth is considered inportant.

It is not%%IWhﬁ S TERSt Ofhé heureat enaite tivel rave mtekate . giTiss plate be
scraped widhewt 1bgipgrdapaged,; N nmay;i L. 1N the second polishing
process, the renova? dept h isu gtpgghpoffgﬁpf; véﬁ%ﬁﬁﬂgﬁfyt?ﬁgadefects

r emai ni ngigwothentsur$amee ofhé hpot avhimtesiap gkaps rifbated thatsmicsth

snDotqgngF%O t he surfa etbnto a mrror-finished surface and polishing the

surface of "FhE8YFAGC FaPer FAF gPYsTapeialnidlRed Rdareyi iy timee s face i s
i nport ant whThusthal 6hevghet Be paki shingdeviica gqgﬁghgf% fgrfgﬁigé%is
ond poli

used in the first polishing process and the se shi ng process,
di ff erent 2p6PFshhAagfpads p8laabipal pshicregsageans barfe resethd praceydance

with the ect] jects, Ln.the fir pol i.shing process, a hard
pol i sher ﬁégﬁﬁggghggaﬁgég éﬁnggﬁgC?hgfsikﬁaEQl6Fkﬁ%€ c&%Pmaterial gl ass 20
plate to Deesefaped wi sbovhdgopabty damegengitBe punfiaes nigs p43edfarg the

polijging ad to satisfy the objects of renoving the surface at a constant
reno dﬁgtﬁmﬁﬂﬁh She ot hgce hef stihrageushlyhpol awhedt ervamagleass Ipl at e.

For such a1hasdopolésher i3 royallsnangesdi ke Joam meds, of 3,28, gynthetic
resin, such as pol yurethane or "pol yester, having a
surface of the raw material glass plate be removed without

damaging the surface.

15 The second polishing step is a process for scraping off
an extremely small part of the surface of the raw material
glass plate to correct microscopic defects such as,
microscopic undulations and microscopic protuberances
present on the surface. That is, in such microscopic

20' defects, the high portions of undulations or the ridges of

| protuberances are scraped off to even the undulations and
further flatten the surface of the glass substrate.
Therefore, the object of the second polishing process is to
polish and even the surface of the raw material glass plate

25 into a smooth, mirror-finished surface. The removal depth
for fine polishing is not important. However, scraping off
only the upper part of microscopic defects without damaging
the surface of the raw material glass plate is considered
important.

30

The first polishing process and the second polishing
process are both performed to polish the surface of the raw

material glass plate but have significantly different

12



surface including visible bubbles may be used. The JIS A hardness of the
hard polisher defined under JIS K6301 is preferably between 65 and 95.
Further, the conpressive elasticity nodulus is preferably between 60 to
95% It is 30 preferred that the hard polisher be attached to the | ower

bl ock 42a and the upper block 42b so that the conpressibility is between 1
and 4% 13 If the JIS A hardness is |l ess than 65, the conpressive

el asti ci t phiedtlsusi s sengsoriciamboig. oMotrke sperrrassilaii,i tiyy dhe highar than
4% the har 3:|sher does not have the desired hardness, and a | ong period

of tine |§mﬂé§ iPdd QO C5 Sre e §m9%QQHQfrQﬂﬁmﬁHrﬁﬁﬁﬂrﬂnqlﬂQﬁmmtlon as
the hard daekisBercABhoumy du kg BolJ shing and.q pAL gl ALl v, 25

pr ot uberances and undul ations formon t poli's erlsﬁefects
such as uﬁh@laﬁmowglndﬁpb@ fior medsdnletrteel isywrdracmtof the ikaworat eri al gl ass
pl ate urf | f the JI'S

d[ﬁnd.the agg % éo t he Iassépl te may not be snoot hed.
A har dhes$™PPEtgPEat B Yt FRR 681 T ﬁS OSmitss Giave A tedtiadi 19 arsiut At ¢
hi gher thaa 95%pen hensarphessibikitydds '@ﬁSCBJﬂBQ 1%t hey %Wface of
the raw material gl ass plate may be damaged by the ﬁa po |sher and the

surface c&REPPHoROHAFhABAgREACESEE, | Ahtheegevearnid depitibshisngigir ocess, a soft
pol i sher of t £ abI O|IS of the surface of the raw
o SR AT S LA B8 T B P e Sar B, ghe

mat eri al Ss p ate €used for the

pollshlngspadate sﬁttEéyrthm@bEEQélobléﬁgnFmgtgo Eﬁ%tSQ%fa%%d®EHﬂHqJEWV
mat er.i al | ass glate into a smooth mrror-fini shed surface. For such a
sof t bl i SRerSuaffrRelnkQedeM FRer T bR FREE §ﬂr§a§?n?ﬁétp@lﬂ§§ﬂ@g'§mch as

pol yur et haner 9k PQEYESL €F S e t .are . not
vi si bl e may be %sed The %2E§§t@ %%d géggoF%%gg ?Ee sgit |sﬁgr 4& i ned

under Socé$erfaoé Rebbepotrwaustrylhus, although the pollshlng device

of the same structure is used in the first polishing process
and the second polishing process, different polishing pads
15 and polishing agents are used in accordance with the

respective objects.

In the first polishing process, a hard polisher having

hardness enabling the surface of the raw material glass

20 plate to be scraped withbut greatly damaging the surface is
used for the polishing pad to satisfy the objects of
removing the surface at a constant removal depth and
smoothing the surface of the raw material glass plate. For
such a hard polisher, a rough sponge-like foam made of a

25 synthetic resin, such as polyurethane or polyester, having a
surface including visible bubbles may be used. The JIS A
hardness of the hard polisher defined under JIS K6301 is
preferably between 65 and 95. Further, the compressive
elasticity modulus is preferably between 60 to 95%. It is

30 preferred that the hard polisher be attached to the lower
block 42a and the upper block 42b so that the

compressibility is between 1 and 4%.

13



Japan Standard SRI S-0101, is preferably between 58 and 85. The conpressive
elasticity nodulus is preferably between 58 and 900_ It is preferred that
the hard polisher be attached to the |ower block 42a and the upper bl ock
42b so that the 30 conpressibility is between 1 and 5% If the Asker C
hardness is | ess than 58, the conpressive elasticity modulus is less than
58% or the 14 conpressibility is higher than 5% the soft polisher may

def orm duri ng pdl it3ts ngISamd,hapameimulmIyes§5t}m@t@l@,er@m@%omﬁggssive

undul ations form.on the surface of the polisher, defects such as
ni cr oscopi alf‘?f J;?Wl givs B H&iTRed i RS s T ddee SCorPEfies Mahit gt ur ed

lass pl atie, HyHde ®hanl 4ehe tAskey, rAness d s great §r. than 85, the
gonpregsi vle ellélgglti Ci tg;m nodul us i sar%} erld{lﬁan_dQO%/?;g o1t aevecorrp?esm bility
is |less desdre% halvenewst aeedof tieng gwe miederdfalt igleasiss ptadel rey be

damag b etah% séof al.i sher, he manuf actured gl ass 10 substrate may

dt .
have gbdroéghé:r surcthgg}nTﬁgméjﬁ’ggeﬁleﬁ@'soﬂf’ ageitdRBr 8SséhE dAnd differs

reatly fpemitherspergenki kariRar @onaldrsiher 4y hay-dness,and "s difficult to
gorrparg wipthl thg sane glri terrila:% %hus, tﬁgjhard g%I i sher 1's represented by
JI'S A har Bressbgrancre suflt upelilsiérniss frogpr eserithed shy fal® AskerhdC

har d . : fi i shi.hg_process, .a slurry, in which grains having
aaaegﬁsargFglﬁﬁgﬁétggkggegbgggﬂlég B@F%ﬁ@tlﬁpfpgﬁ e&eiﬁtW€F%%(§bHVth as a
di sper si onumgdicanpfi shusedw2fagsrtibe pokisshipngtagent tSech grains dncl ude
rare %prt oxides, such as cerium oxide and | ant hanum oxi de, due to the
superi‘or BBFig PG BffFgi BARyNCAnBRgSEQEkhedre Bhrthe %P ddshacdneam oxi de

ef f oot 1vely gorrshee Tha St i nce coBParPhe®oPLal - aRTsM BT second
polishinghbg ebskhan 8btrrgr thewhomhressibility is less than 1%, the
surface of the raw material glass plate may be damaged by
the hard polisher, and the surface condition may roughen.
15
In the second polishing process, a soft polisher having
softness enabling polishing of the surface of the raw
material glass plate without greatly scraping the surface is
used for the polishing pad to satisfy the object of evening
20 the surface of the raw material glass plate into a smooth
mirror-finished surface. For such a soft polisher, a fine
suede-like foam made of a synthetic resin, such as
polyurethane or polyester, having a surface with bubbles
that are not visible may be used. The Asker C hardness of
25 the soft polisher defined 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 the lower block 42a and the upper block 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

14



grains having a grain dianeter smaller than that used in the first
pol i shing process are dispersed in water serving as a 30 di spersion nmedi um
is used as the polishing agent. Such grains include grains of silicon
oxi de such as colloidal silica. The nean grain dianeter (D50) of the grain
is preferably 0.1 pmor less. |If D50 exceeds 0.1 pm the raw 15 materi al
gl ass plate may be damaged in the second polishing process, and the
desired snmootthreess gy tyoti hé iapteai neghn Conpl ©id ngo fhep S DNYRAL | ﬁQ?'

ace

pol i shing st with only 5 tw steps lowers quality, such as sur

snoot hnes?segf%prﬂhéj%ﬁ@f 2 drsdd gl aasrbdrsdb?sﬂléf&a%r Pt ®| BRgsUPdEapeEEshi ng

time in eagly RMREASS oMl $drsh Recayse i et sit ed snoet hness of

t he gl ass substnr ate (::Lgnnot be obt al nedﬁtﬂﬁfyalgsél n%?y%%i% flnégﬁg e %%n%% ti onal

third pol issisihngsprocess cbP iandnbedausieortshengyolbes hi drgndd nen of hé heurface

conve ion%l hird %ol i_shi gjg rocess becones |onger if the conventional
858 TPET 6

second p6ihi $REng9pH el Pt i EUFAPRY, PlotthesPsHker Cef erred

to as ski nauepesandsdgpeassiroRsanelel r ethd @ A% Ild: vofd s dend to form at
t he peripheral portion on the surface 15 of the glass substrate.” The

pol i shi ngMetEgusoipebighele thehaP@%of drhitdepemimpherssdipdrittiyon.s Thesg eason

the perip | -.portion i $_shaped _in this nner .is in that the contact
pressure gﬁg?‘h'el"{)oﬂlghlslﬁé%%gﬁ §|%f ftglres "5t wngr‘?rtlﬁel @éﬁsp%néﬁ?flte Py iRsh of
the surfademagddobherhpasbstopollhghsuy,f age $hacea2@ fhe 8dges 1Qfsd he inner
and quter circunferential surfaces of the raw material glass plate are
subj &t edStBStRBtBeVRY | RgVestepouphegnisypriRecsecBhe pukfshilngepsoéess and

the thi rdpopebhshi 69sPALEESE, AnecoLLL Bdeathy GonLeghion of Jhe ghape of

t he peripﬁeral portion is Insufficient. IS wou I"ower surface quality
at the pehiptiepalipbeti on. hahéneber endi nsodéfitaleomnpl ebapblte palinshi ng
step in EM@ §£§QSC¥@{é§i§F'l%hdg?rgﬁ%rﬁg¥h(go 1 ﬂgglfg %Qgrgggkéég

by JIS A hardness and the soft polisher is represented by

15 Asker C hardness.

In the first polishing process, a slurry, in which
grains having a mean grain diameter of about 1.2 um are
dispersed in water serving as a dispersion medium, is used

20 as the polishing agent. Such grains include rare earth
oxides, such as cerium oxide and lanthanum oxide, due to the
superior polishing efficiency. BAmong such rare earth
oxides, cerium oxide is more preferable since it chemically
acts on glass material and effectively polishes the surface

25 of the glass material.

In the second polishing process, a slurry, in which
grains having a grain diameter smaller than that used in the
first polishing process are dispersed in water serving as a

30 dispersion medium, is used as the polishing agent. Such
grains include grains of silicon oxide such as colloidal
silica. The mean grain diameter (Dsg;) of the grain ié

preferably 0.1 pm or less. If Ds; exceeds 0.1 um, the raw

15



of the manufactured gl ass substrate, the quality of at |east 30 one of the
first polishing process or the second polishing process nmust be inproved.
The hard polisher and the soft polisher serving as the polishing pad used
in each process is thereby subjected to a pad dressing process before
being 16 used for polishing and after being attached to the polishing
device 41 to inprove quality in the first polishing process and the second
pol i shi ngmaritecesd. g3aklse ppad edmessibeg qaneeess s thrasessd thal 1 sisesga pad
dresser and slides tge Eolisth pad on the surface of the pad dresser to
pol i sh th&*SiFPace®Bf thE PGSR GORd PaIRPS Mervbvidtprist Ltk aire’d- and
unevenness fromthe surface to form a flat surface. The pad dressing
process is performed by 10 hol ding the pad dresser between a pair of
pol i shi ng padsCompthtiheg pbki shhngnpadsadt adhedth ity tdteed owerh hirock 42a and

th bl 42b, respectively, in the polishing device 41 and rotating
thg :Jgﬁomg tHPS%EeHEalaﬁﬁrghguﬁgbéﬁﬁ'bFBS ASp SUFE AT SHEPHESE 9hvid i on,

the pad dmessifagtpreaegsask stBethard, pPahissheb1wsed ichd he ifidist,pol i shing
process is especiallyginportant. This is bgcause%%t IS gﬁ)objecfpof t he

present i A¥BAt iBnedehi ppPE9est helljial i yb%)cﬁam@ tlas uhatélaata%fgl ass p: ateI
r oughl L L LLSt-polishing 2 rocess to_abou sane | eve
as ?ha¥ gg%g?pgﬁegﬂgéﬁggé%%oéglQé%cg% gﬁoﬁpgﬁ?ﬁa%ﬁrgéggg. ErF%Eﬂ%QQ%u t he
surface obythemphw omtetiag gheSSOpbaheibﬁathﬁiEukpbiikﬁi%@dp&?ﬁﬂﬁ@ﬁed

co red to the second polishing process since the renoval dep IS
inggﬁ{hnta?ﬂ Prgayse sthpoPPShe o Thige 261 gEbat F9nupnédpaaduahimg

LoD Srerepar bt muLsian | 9 SRESBIALLLL A1 hon
obt ai ned Palideing reropess shé ngnptioedss Bfrttimilprelsentpronmentéos with a
hard p0|i§£%%rred to as ski jumps and depressions referred to as roll
offs tend to form at the peripheral portion on the surface
15 of the giass substrate. The polishing step corrects the
shape of this peripheral portion. The reason the peripheral
portion is shaped in this manner is in that the contact
pressure of the polishing pad differs between the peripheral
portion of the surfacé and other parts of the surface since
20 the edges of the inner and outer circumferential surfaces of
the raw material glass plate are subjected to the beveling
step. If only the second polishing process and the third
polishing process are omitted, the correction of the shape
of the peripheral portion is insufficient. This would lower

25  surface quality at the peripheral portion.

Therefore, in order to complete the polishing step in
two steps while still maintaining or improving the quality
of the manufactured glass substrate, the quality of at least

30 one of the first polishing process or the second polishing
process must be improved. The hard polisher and the soft
polisher serving as the polishing pad used in each process

is thereby subjected to a pad dressing process before being

16



30 Accordingly, the inventors selected the pad dresser wused in the pad
dressing process and the conditions of the pad dressing process to

m nimze defects of the surface of 17 the hard polisher that directly
affect the surface quality of the raw material glass plate. The surface
quality refers to the quality of the entire surface, and includes the

| evel of surface snoothness and the accuracy of the shape of the 5

per i pher aluspgr tfioon poAd sshown ainl Rifg.e 2, betihey pad dresseroc 1dnd ned LOES: Ry
circular plate 1% made .of netal such as, stainless steel, alumnum and
steel, andS¥1EFr&dl &P RBPECYS WA lAdded the 10 tHe Rehtring niecess cul ar

plate 12. by Ehgssghgﬁglgblgggggg ocdJy urality of grinding portions 14
are arranged near the periphery on the surface. The grinding portions 14

are generally trapezoidal and arranged at equally spaced in the

circquerentia# diregtion of the circular plate 12. Each 15 grindin
portioh 14 is f8rnBa bJrEFSLPPoRERESESI A @i BAONESSabhadi v e & madis on

the surfageegbethgngi seuhias Phat Bol2snifepaur bace @ Lhehar 4 pqlsher is
polished as the hard polisher slides along each grinding portion 14.

Further, Pefledgefhdrngoppplishstha snecfeaseothéhehipokrieds nof dahe spad 20
dresser 1 p. n urface of the hard polisher fromdirectly
}eﬁﬁge éﬁg@ ber 8?% 193¢ ?ﬁFXGHEF§§eﬁF§Rtﬁ Chard L1555 S FFbm

contacting t circarar pla

grinding &heletrsuttacel atthdbaRtdsssnprefssed wa%eirbsrﬁéaebg?f t he pad
substantially the same as the size of the manufactured raw

d 1 ,
n;SZﬁi;Ilﬁ?ggkn%l%ﬁ%.Pﬁ%r%r%%%%FfP%EW?9P ftPRsr pfePeliedinghpadshe
di amet er @{tﬁh@h@'ﬁ&iﬁ§ﬁiﬁ%3§§d§2ap€aﬁ$eéot85tg€]%ﬁagg %Egckoﬁa%r%ggﬁznizs

of the circular plate 12 and the 30 thickness e grindig p
be 0.5 totHe mprathdnlock 42b, respectively, in the polishing device

41 and rotating the lower block 42a and the upper block 42b.

15 In the present invention, the pad dressing process of
the hard polisher used in the first polishing process is
especially iﬁportant. This is because it is an object of
the present invention to improve the quality of the raw
material glass plate roughly polished -in the first polishing

20 process to about the same level as that after the
conventional second polishing process. Particularly, the
surface of the raw material glass plate is more likely to be
roughened compared to the second polishing process since the
removal dépth is important in the first polishing. This

25 greatly affects quality improvement. In addition,
substantially the same quality as the conventional second
polishing process, which uses a soft polisher, must be
obtained in the first polishing process of the present
invention with a hard polisher.

30

Accordingly, the inventors selected the pad dresser
used in the pad dressing process and the conditions of the

pad dressing process to minimize defects of the surface of
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the size of the pad dresser 11 is substantially the sane as the raw
material glass plate, the weight of the pad dresser 11 is reduced, and the
| oad is prevented frombeing applied 18 to part of the hard polisher in a
bi ased manner during pad dressing process. In addition, the pad dressing
process is perforned by acconmodating the pad dresser 11 in each circul ar
hole 48 of the carriers 47 of the polishing device 5 41 and by perform ng
an oper at itdre Siarid quoltichiehre thiartstdi 0t ti Shi H0F QEOCESS . s NEL Bk SqEaS et
portions of the hard polisher actually contacting the surface of the raw
material Of &8¢ %t BadGriRgd FIEShig e e maienlSyréaceeaued. i tho rRfee i ght
of the paddn L il u t hat, - a Sser i S arranged on
t he surface g?ﬁf%gaﬁgngogoﬁ?ghgﬁflt eqﬁélg(¥Qag%ﬁqgguﬁgﬂ%%%-§%?fa%%ggf t he
hard pol ic$heurgecel sowRthaepsebedaliihe betoweercyd.& antk Zihge of thde

wei ght. applied,.to the surface per 1 cnR is less than 0.5 15 g, the circul ar
plate 12 %ﬁggpggrg i BMEGP8 reduce weight. This would | ower the strength
of the pad dresser 11. Wen the strength of the pad dresser 11 is | owered
in this manner, the pad dresser 11 defornms during the pad dressing
process. This AgysShewghén Fhe-sdrf abe pld Wedsased Adl iishdnude20 4 f the

wei ght ex 0 he,pad .dresser 11 is forced ,against the surface of
the hard %gﬁggﬁé%‘ p%gﬁgi g%ﬂe‘{?f*?/ BRofiesta &ﬁctla‘cﬁéd 53R S GnST A ek 424,
nor e t hanaheméssmfyandl stébis sagea thecsukfraseief 18he shand pRIdpshar may be
roug ad dressing process, and defects such 25 as

ned _during the
protﬂgbraﬁﬁﬁscﬁgﬁeﬁnﬂ | 5P oRsTFBEATORLBkE d@rf abl. thhsthbrpadadr pdser 11,
the mesh spze;0b;thg1 9¢ i, ngE NG5 Rk L L0 1.8 Pk ef b 325 to #600. |f
the nesh size %xceeds %600,@¥ﬁe %&giﬁoﬁﬁéhéfepgogEghé¥g PSSV ESgai n 15 30
becones ska¢|perhehaby ash vehgraiingads. edshéd ygf adind fpdromwns hessurbace of

the Circuégﬂep£fi§ %%apéggﬁ giagﬁéi£¥rgggégeat equally spaced in the

circumferential direction of the circular plate 12. Each

15 grinding portion 14 is formed by electrodepositing diamond
abrasive grains 15 on the surface of the circular plate 12.
The surface of the hard polisher is polished as the hard
polisher slides along each grinding portion 14. Further,
the grinding portions 14 increase the thickness of the pad

20 dresser 11 and prevents the surface of the hard polisher
from directly contacting the circular plate 12. This
prevents the hard polisher from grinding the circular plate

12.

25 It is preferred that the size of the pad dresser 11 be
substantially the same as the size of the manuféctured raw
material glass plate. More specifically, it is preferred
that the diameter of the circular plate 12 be 65 to 95 mm,
and the total thickness of the circular plate 12 and the

30 thickness of the grinding portions 14 be 0.5 to 1 mm. When
the size of the pad dresser 11 is substantially the same as
the raw material glass plate, the weight of the pad dresser

11 is reduced, and the load is prevented from being applied
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pad dresser 11 is shortened, and the pad dresser 11 nust be frequently
changed. If the nesh size is smaller than #325, 19 the grain dianeter of
the abrasive grain 15 becones |arge, the pad dresser 11 roughens the
surface of the hard polisher, and forns defects such as protuberances and
undul ations on the surface. 5 The pad dressing process is perforned over a
predeternmined task time while applying the necessary load to the hard

pol i sher Wia Patte qfadhdér ésser pollistwer |ioac dnichddd mimé&rtqﬂmin@\h?@h are
the conditjons .for the pad dressi 10 process, are in an inversely
proporti orﬁfarl%%rserl ipgr?schelpsﬁ wi th agggﬁé&“'t & @a«?ﬁdofjﬁ«?rs.“%ﬁrqcﬁe?sc ask tine
i's | ong whenfidieed @@da@@@hin@@attqntdm:mrpﬂacpqﬂer&eér by, the pad,dresser 11

is small, and the task tinme is short when the load is Iargg: The | oad and
the task CilfsudrE Ajlestidd oifn thec sedanice ani4h dfb tite pelsipectiyedaal tes. |t

is preferped at. .| ressing.process,. the load (g/cn2) and the
t ask ﬁne‘l?‘mah. by, Bek 08ty dpnat ot 50t vesort SO0 Sk 3000, 11
the prodpoflishihheplroadsand thechaskchkBp pbsrtesast BanthA0LaRq exceeds

3000, the pad gressing rocess cannot be 20 sufficiently perfornmed on the
hard poIiEﬁZFs ?rtﬁ@tﬁéglde€§§?ﬁ§lﬁ€oéé§SSM§fﬁ§ﬁf§ﬁﬂﬁ$a Eam1m%?$§%ahe
manner. Thi Ldergughg .sytface of ar Qlisher and form
defects 02 ?ﬁgmggrfgcegg.zg %ggééggégi F%ap%gsl hglééﬁfq%fpreferably
between 20 and 200 g/cnR. If the load is | ess than 20 g/cn2, the hard

ol i sher cannot, sufficiently, slide on the pad_dresser. Thus, the surface of
Phe ﬁg%d pol i sha¥ W%§gh§to%et§8rP@§tgH?SSF thelPogdclxtbeds vIeg Fhene, the

surface opatiherbasdr301potisheanheasehapgd BRLesthaprnegesgaky; by the pad
dresser. This may roughen the surface of formundulations. Further,
polisher,; the weight applied to the surface of the hard
polisher per 1 cm® is preferably between 0.5 and 2.0 g. If
the weight applied to the surface per 1 cm? is less than 0.5
15 g, the circular plate 12 must be thinned to reduce weight.
This would lower the strength of the pad dresser 11. When
the strength of the pad dresser 11 is lowered in this
manner, the pad dresser 11 deforms during the pad dressing
process. This may roughen the surface of the hard polisher.
20 If the weight exceeds 2.0 g, the pad dresser 11 is forced
against the surface of the hard polisher, particularly the
one attached to the lower block 42a, more than necessary.
In this case, the surface of the hard polisher may be

roughened during the pad dressing process, and defects such

25 as protuberances and undulations form on the surface.

In the pad dresser 11, the mesh size of the grinding
portion 14 is preferably #325 to #600. If the mesh size
exceeds #600, the grain diameter of the abrasive grain 15

30 becomes small, the abrasive grains 15 easily fall off from
the surface of the circular plate 12, the durability of the
pad dresser 11 is shortened, and the pad dresser 11 must be

frequently changed. If the mesh size is smaller than #325,
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the task time is preferably between 10 and 180 mnutes. If the task tine
is less than 10 m nutes, the pad dressing 20 process is not sufficiently
performed or the | oad nust be applied nore than necessary in accordance
with the task tine. If the task tinme exceeds 180 minutes, the effect of
the pad dressing process does not further inprove, and the 5 anmount of
production reduces due to |l onger manufacturing tinme. In the hard polisher
af ter undetiyoi gngp thed pagk deesst nghe pabeassyet heaaven agecundulsatizegchei ght
of the surﬁ§ce Hﬂgﬁ 10 contacts the raw material glass plate is preferably
4 to 25 prittERINSIEEITHT stt FaedretighhBessrsipref efabhg Bard 8 pm The

average u | adHOoN | i r ' measuri ng
instrunenpg%% mhiéhnﬁgggﬁ??ﬁEqa%€%?§%g$ éH(%? $§0899§E§h$?8 74 mm The
surface roughnedsidrss alrsdhe ISividae. neasured by the stylus neasuring

i nstrugent of which cut off value (AC) is 2.5 mm In the pad dressing
process, it is difficult for the average undul ati on height to be |ess

than 4pm and t hews WaeRdidhnassod £ be; L esse t0ARd PpL, Further since
pr

this would take a | ong period of tine, the 20 anount o oduction may be
decr eased PTRKetsuitiacs dsk tharad vol ishawphaviqgtlae eeeeager yndohat ton

“hei ght ex di d a.surface roughness exceeding 8 pmis_ raough.
When suc%%% ﬁ%%g o%lllersgﬁ%;} M &S PF r‘?%?‘?ﬁ?%eﬁfi r st diehiaty Hrocess
on a raw rmtser itdimegl asd opl atre, tihe candiacRmiatdt o 12b ©fdtdecsapgateri al
gl ass @Iate is low. The above pad dressing process does not necesSarily
have 1% bETOSFFFad 366t 1ih&RevEr stise I mtonsyltiishialy 18 e stisp pertlor med.

POl i Shi ng Fare Tn U he ot Tr SLTbal | CRIRY bFcoes eb Phat ot A6 ol TeR M6 T ate
is mai ntalped applied to the hard polisher by the pad dresser 11 is
small, and the task time is short when the load is large.
The load and the task time are adjusted in accordance with
15 the respective values. It is preferred that in the pad
dressing process, the load (g/cm?) and the task time (min.)
be such that their product be between 500 and 3000. If the
product of the load and the task time is less than SOO or
exceeds 3000, the pad dressing process cannot be
20 sufficiently performed on the hard polisher or the pad
dressing process is performed in an excessive manner. This

would roughen the surface of the hard polisher and form

defects on the surface.

25 More specifically, the load is preferably between 20
and 200 gfcmz..If the load is less than 20 g/cm®, the hard
polisher cannot sufficiently slide on the pad dresser.

Thus, the surface of the hard polisher may not be corrected.
If the load exceeds 200 g/cmz, the surface of the hard

30 polisher is scraped more than necessary by the pad dresser.
This may roughen the surface of form undulations. Further,
the task time is preferably between 10 and 180 minutes. If

the task time is less than 10 minutes, the pad dressing
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within a predeterm ned range. The polishing rate is a value indicating the
renoval depth of the raw material glass plate 21 per unit tine with the
hard polisher in the first polishing process. The polishing rate, which
uses a value nmeasured imediately after the pad dressing process as a
reference value, is preferably maintai ned between 80 and 100% of the 5
reference value until the next pad dressing process is perfornmed. If the
pol i shi ng @& 9% 1wt hant B0%enthey serfaceequaki tyeof obbemtiaw mat eri a

gl ass plate l-owers due  .to reduction in the polishing amount and the
Eﬁﬁbq‘¥{ﬁ%”%%é8ﬁﬁé-ﬂ%ﬁﬁﬁﬁ%fxrﬁ?rﬁgc RBRAr fetit tht hephdsHr essing 10

manuf act ur
process i sipes.formedheheaskhe ipel bshicrg s at GRES; | 0% In
this way, when the pad dressing processsi?iﬁgggaoprldtgﬁ%a6%§§%§$k9 in
accor dancé&hfi PR K& 9ssliinghinnpcasst elogsheraturfbrthey ofptdes hasddpohiesher is
pr ol onged. [t t urface quality of the raw material glass plate 15
as wel agmfﬁgtngﬁL §E?§¥ﬁﬁé”%fﬁé%%§%u%§ﬁ|§%25ﬂ%¥*ﬁﬁﬁ?ﬁ%ﬁ9ﬁ¥@ﬂ@%e

pol i shingtrake. In the first polishing process, it is preferred that the
rough polishing of the raw material glass plate be 20 divided into two
stages, pre-polishing and post-polishing. In this case, regarding the | oad

applied to therpa risa I |at he palishin d, the | oad of
the pre- poli sﬁiylnghigg%%rﬂgf E)Fégﬁgl%%i %ﬁgre%t E%ln&etrr?eﬂncgaéﬂbef %Eﬁjg Cb‘beﬁs-mg

pol i shi ngprByepai sihg terbgaduotupre-ipel iheHigrg, dhe b Rl nchd@te for
pre-ggLingggaigcrggses and acon tant renoval depth is rapidly renoved
fromthe surface porti bA"oRetEhéFaflretePila@ite §isags fleardl Fur tiver25 by

| oweri ng e |mackhof, pastd - ot £ 50 Ngoudhe rfac a terial glass
plate is pol i shed by the hard poli $her<5vm%%%u§§b§f%ge%$§é%|31ggogsgfnaped.
Thi s incr£%§e§v?ﬁ@g§nﬁaﬂﬁhé§soﬁfh@hgh§uﬂ$aeeya1natmebsurbw thargi ng t he

I oad bet veep; L 50954501 59: ABE-BA8ht of which measuring wavelength

(A) is 0.25 mm to 1.4 mm. The surface roughness is also a

15 value measured by the stylus measuring instrument of which
cut off value (AC) is 2.5 mm. In the pad dressing process,
it is difficult for the average undulation height to be less
than 4um and the surface roughness to be less than 3 pm.
Further since this would take a long period of time, the

20 amount of production may be decreased. The surface of a
hard polisher having an average undulation height exceeding
25 pm and a surface roughness exceeding 8 pm is rough. When
such a hard polisher is used to perform the first polishing
process on a raw material glass plate, the surface quality

25 of the raw material glass plate is low.

The above pad dressing process does not necessarily
have to be carried out whenever the first polishing process
is performed. The pad dressing process is preferably

30 performed in accordance with the polishing rate in the first
polishing process so that the polishing rate is maintained
within a predetermined range. The polishing rate is a value

indicating the removal depth of the raw material glass plate
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pol i shing and having the |oad for pre-polishing being higher than the |oad
for post-polishing, the surface of the raw 22 material glass plate is
rapidly renoved at a constant renoval depth while inproving the snoot hness
of the surface. Wen dividing rough polishing into the two stages of 5
pre-polishing and post-polishing, the pre-polishing and the post-polishing
are continuously perforned, whereas the two steps of the first polishing
process amPx hoisedome widlh stiingharacessi swett di haviee t 01 bet peol oERRd g

intermttentl Thib is, .the.first polishing process and the second 10
R BbdIeRe

pol i shing pprrooceéssss' e Ngs&pdifad WSS RISTE deviddalaameashigdt he raw

material ghassiiplally i degquined 4o hesdf ?Lecfé&ds bel wee ef)é){’eiaﬁgieng
e e Do bh iponsocia | oy Pre- POl TSIl BNy e b
post - pol i rar oY : nengo i &g dexi ce by
15 Chqggi%%fgyé%é%h%ah%%dUnlhﬁr fore, when dividing the first polishing
process into the two stages ¢ %P@-&ﬁ%%ﬂﬁ i S PUB RS Shi b9, the

transferripeg fofrickie raw oméepbal sghAgSrapbatie hasB0LnLGAWigked ynl i ke when
dividing the polishing step into two steps of the first polishing process
and the S8TLEEENAYBSILIEYhPAY tPrOEEYS Mak araw Inatlerisalp gitas sl qtaate dinat

under goes +Lhe Hi st o,P9LI $hLN - usi ng.the hard polisher, which has

under gone theepag gfgsgkngn%rg8gé§§§§§s%?%ﬁ#%éﬁﬁpﬁﬁﬁb BEYF9 0 nm or

less in téime bécambshmehgerneannrbmg@neﬁSOﬁameﬁegutagegagydgggng@01-1994.
t he surface gndulation height Wa is 1.0 nmor |ess. Mreover,

Furt , . A 1S

tﬁg qgjrfgggcﬁf'érﬂ)ECBﬁF Oﬁrﬂﬁﬁl‘é{PFBntﬁgi §RLiRRANOS rote MRcomesedsss That i s,

in the ranwhant eokal o agsi Plate, when the %%daé£%Q%P$%$%PBEQSEOE hness Ra
is 1.0 n r

is 1.0 nmor less, the undulation height €SS, "and the
m cr oscopfEPTroRduRhel vnraef ghmediRani scOo8damcer whehs theheosiBbtimress i s

rate, the durability of the hard polisher is prolonged.
Further, the surface quality of the raw material glass plate
15 as well as the manufacturing time is stabilized by

maintaining the polishing rate.

In the first polishing process, it is preferred that

the rough polishing of the raw material glass plate be

20 divided into two stages, pre-polishing and post-polishing.
In this case, regarding the load applied to the raw material
glass plate by the polishing pad, the load of the pre-—
polishing is preferably higher than the load of the post-
polishing. By raising the load of pre-polishing, the

25 polishing rate for pre-polishing increases and a constant
removal depth is rapidly removed from the surface portion of
the raw material glass plate. Further, by lowering the load
of post-polishing, the surface of the raw material glass
plate is polished by the hard polisher without being greatly

30 scraped. This increases the smoothness of the surface. That
is, by changing the load between pre-polishing and post-
polishing and having the load for pre-polishing being higher
than the load for post-polishing, the surface of the raw
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i nproved conpared to the conventional first polishing 23 process in the
first polishing process. Thus, the polishing tinme in the second polishing
process for correcting defects, such as mcroscopic undul ati ons, does not
have to be prolonged. Further, other polishing processes subsequent to 5

t he second polishing process do not have to be perfornmed. Therefore, the
polishing steps are conpleted by the second polishing process, and the

pol i shi ng mateer irdquileest fodrattche s segointl potdsdveg PF 0gessnisashort ened.
Undul ations _cannot., bhe sufficiently corrected in the second polishing
process 16 SHRY 2dulERte Ml 1dte pERISAt NG & ol 57800 e egere £ ofha $unBacegr ai n
dianeter. Thus, it is preferred that the undulation height WA in the first
polishing process be 0.7 nmor less. The glass substrate manufactured from

the raw mat eri #hegl ddyidphat echgh adiighisiy fiace quad itye dbadde @dvant ages

of thqaabg%%_engod'nent wi | now be ., described. The glass substrate of the
enbodi Tren |spﬁaﬁﬁb589u?88 Po§ 5§O§é %7 nd- Neh @ 55019 SlHi sty g egnd ridhedi ng

the two spagespelithenti bt PohishLBY sRLOLRST ARt d he second ol ishing
process on the raw material glass platé. "In the first péﬁlshlng pr ocess,
the hard PbPP§hef that fisstisedliishangobirskieng pad tard swasndder gone pad

dr essi ng - I ad _dressin 5 process, the pad dresser 11 that
is used iﬁ%?g%gg“?hérégggg wgPéguﬁﬁygpl8t§61§e5ﬁqﬂm9ﬂ1%ﬂ?%ﬁﬂﬂiQﬂﬂﬁ%ﬁwe
grains 15That is} echeodepssi pedishiunghprockhe @nigndihRg Reitipons 14 are

fornﬁg)on tge surface of the circular plate 12. The hard polisher slides
on tHE grPAUE Ay POrPTBResS4°aEh e phlie39saiensdr polisThing pelviiskesriche

Surface bosomes 1 st MRer el e 671 BPLRL L8 FPOHETRE Fends by the hard

pol i sher transferred between polishing devices between polishing
steps. In comparison, pre-polishing and post-polishing are
continuously performed in the same polishing device by

15 changing only the load. Therefore, when dividing the first

polishing process into the two stages of pre-polishing and
post-polishing, the transferring of the raw material glass
plate is not required unlike when dividing the polishing

step into two steps of the first polishing process and the

20 second polishing process.

A raw material glass plate that undergoes the first
- polishing process using the hard polisher, which has
undergone the pad dressing process, has a surface roughness
25 of 1.0 nm or less in terms of arithmetic méan roughness Ra
regulated by JIS B0601-1994. Further, the surface
-undulation height Wa is 1.0 nm or less. Moreover, the.
surface microécopic undulation height NRé is 0.3 nm or less.
That is, in the raw material glass plate, when the
30 arithmetic mean roughness Ra is 1.0 nm or less, the
undulation height Wa is 1.0 nm or less, and the microscopic
undulation height NRa is 0.3 nm or less, the smoothness is

improved compared to the conventional first polishing
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i he flat surface has a high smoothness in which the 24 arithnetic nean
rghgh;ess Ra is 1.0 nmor Iess? the surface wundulation height Wais 1.0 nm
or less, and the mcroscopic undulation height NRa is 0.3 nmor |ess
subsequent to the first polishing process. Thus, a polishing process
having a 5 high polishing accuracy does not have to be perforned after the
second pol ishing process to inprove the smoothness of the surface of the
nanufactwﬂﬁpﬁﬂ%%sﬂsm&ﬁrﬁﬁnﬁt1@¢$i8bhsgrp50téaﬁ.tMmugu|§%@r§b§1§pi§§n be

leted,n atwy- stage step.. Accordingly, the number of stages relating
fgngoetﬁet%beﬁs4ﬁ%§%ﬂ%§¥?qgrwﬁﬁhéhﬂn?h%gﬁ¥%ﬁﬁc¥?6nc%¥f?@Féﬁ@ydﬁ§?CFS,
| mproved, santh e aMuodyi PrAdUCLd Ofbhs, | A5t eazsd ML e mpLNtal ning
quality. Further, in the ﬁad dresser 11, the abrasive grarns 15 5 are ]
el ect r odepdsioagesh t Rergheegul atbpirape 112:h iThy @rmo@\sesreatd i S sijlajs;de;qnlg&ncﬁonaﬁlzuc

t hes surfac i.reul ar | at e being scraped when slidi
har d S5o| i gﬁ%r %g(r%fot %%O}léﬁﬁl& S&F%Cs%si%g‘?%r‘g‘?‘h?’%‘gﬁ 1T hPDfPeFFORTERe
circul ar Tplatgorthushet belictghress afs the sufacs E;het}li@rge&%n ol i sher
is reliably corrected. The pad d&géfln jﬁégceséfls E;L;?&g;g;iﬁeﬂggg t he

Ot P | Sy iver i i

product oP°tRENHFdPEGFERSY apf! i iyt Sheribyd the gad

reseer st Beasnt (B 1 BD.AR 000y g5, e L it e o

the hard polisher is correcte requiredi _ _
rougheningetﬁéffégﬁEaCéy Therpadedr éssSithg ReeeRSS poMisti s J1icqey formed
rocess is perforned, is perforned in

fi | i shi per '
ggcg?'aﬁggﬁﬁ;?ﬁbfééa%Bgﬁghgﬁéngagé Pﬁetﬁ@lﬂﬁﬁépgp69ﬁ§ﬁiﬁ§"@rd@égs and when
the pol i shi-agnratemeaspot mald stye 1he prederesmpned [ANOE; qThe, pglishing

rate uses the 25 . , ,
a height Wa in the first polishing process be 0.7 nm or less.

The glass substrate manufactured from the raw material glass
plate has a high surface quality.
15 \
The advantages of the above embodiment will now be

described.

The glass substrate of the embodiment is manufactured

20 by performing the polishing step including the two stages of
the first polishing process and the second polishing process
on the raw material glass plate. In the first polishing
process, the hard polisher that is used is a polishing pad
and has undergone pad dressing process. 1In the pad dressing

25 process, the pad dresser 11 that is used includes the metal
circular plate 12 on which diamond abrasive grains 15 are
electrodeposited. Further, the grinding portions 14 are
formed on the surface of the circular plate 12. The hard
polisher slides on the grinding portions 14 of the pad

30 dresser 11. This polishes the surface of the hard polisher
and corrects the roughness so that the surface becomes flat.
The raw material glass plate polished by the hard polisher

with the flat surface has a high smoothness in which the
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.polishing rate neasured inmediately after the pad dressing process is
performed as a reference value and is maintained between 80 and 100% of
the reference value. This prolongs the durability of the hard polisher.
Further, the surface 5 quality and the manufacturing tine of the raw
material glass plate are stabilized. The nesh size of the. grinding
portions 14 on the pad dresser 11 is #325 to #600. This prevents
deflC|encﬁ@§1§W@ﬁxﬂ)mﬁﬁnfﬂpwﬂhmﬁﬁSMRQNERnB A5nhabti bgsef f theoputhgce
circul ar fple 12 the q;&fce rouq?ness of the hard Eollsher not being

corrected, an&at lednsuhr ¢ e d'pott she?S be? iy F%u@h@ﬁ@écﬁyl?he pad

dressi ng mmﬁml&@wl@mlma WY | 3 il igAl e g & LLgy the pad
dr esser the 15 surface of the hard pollsherQ?s ?? %ne% %%dtg%

surface sﬁ%ﬁ@tthws@fl%@wsrﬁat efhals, glaawlplsanmgt tpﬂtoamx:berlrgﬂas]g the
first poli n th t he rd pol i S nproved. 20 The wei ght
of the@pa 1 rhe ser%%? i°s suc T 4 Haf O\ﬁﬁseﬁlqthz“a‘ﬁaot%rké%s%?rﬁcirm%dp‘?’%’é%ﬁ on

t he surfa¢®eo%etbadh@bdlsmqh@5@che%@eﬂMﬂﬂﬂﬁrdﬁgﬂﬂﬁgiéﬂbéﬁﬁhé&gf@fe of the
hard polisher per 1 cn2 is between 0.5 and O g. This prevents the

strength & etﬁérﬁéﬁedpéé§@ﬁ Tfnpﬁ@ﬁﬁﬁé@ﬂbgﬁaﬁfaﬂubSErimeveﬁtss
def|C|encbg§ur§gthg§ the ?%qlg%§% t%# %%In%e %%%§>Eﬂaﬁg%§£§¥ﬁéugrigégice

of the hard polisher nore essa uring
Ther ef or estehe SgapfaC@C©®rdhmghﬁrdtm@lhﬁmbérlSffbahb@@e@eléﬂgnbh%osurface
snoot of ti% aw_na erial pl ate that undergoes 30 the first

polléhlng Brokg it'H £h&Phard gPF?HertP§ PReFs\Ed oTEedfpicdsrsty the above

enbodi ment mpkbbeapwaha aagcameagt 26 Brammle:lnThe nad,dressing Arocess was

performed on a sponge-like
maintaining quality.

Further, in the pad dresser 11, the abrasive grains 15
15 are electrodeposited on the circular plate 12. This
prevents deficiencies such as the surface of the circular
plate being scraped when sliding on the hard polisher or the
diamond polishing grains falling off from the circular
plate. Thus, the roughness of the surface of the hard

20 polisher is reliably corrected.

The pad dressing process is performed so that the
product of the load (g/cm?) applied to the hard polisher by
the pad dresser 11 and the task time (min) is 500 to 3000.
25 Thus, the surface of the hard polisher is corrected as
required in a sufficient manner without roughening the

surface.

The pad dressing process, which is not performed

30 whenever the first polishing process is performed, is
performed in accordance with the polishing rate in the first
polishing process and when the polishing rate cannot satisfy

the predetermined range. The polishing rate uses the
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5 hard polisher nmade of pol yurethane using the pad dresser 11 shown in Fig.
2, and the first polishing process was perforned on a raw materi al gl ass
plate with this hard polisher. In the first polishing process, the raw
material glass plate was roughly polished by perform ng pre-polishing 10
for 30 mnutes under a | oad of 150 g/cn2 and then perform ng
post-polishing for a predeterm ned tine under a load of 40 g/cnR. The raw

mat eri al godsShginat & alas mese rasl tineneshingt «l y faoftexarpt epdd dhespesh si ze
of the pa size of the circular plate 12 was

% dresser, 11 was #600, and th _ _

the sane 15 °$i7¢ ad OR&TPARCTREST ifalr YU G atd Y A chs tHel b haRndss

was 0.6 Mietideenosietndi agekeb Mas 55 JFE - HIE the inery, igﬁ‘%t s 20
mm Conparative Exanple 1 20 The first p&iishing processlgb pé%?gﬁﬁed on a
raw nat et dgira®d lpkat efwiche salar dpiolstsher fhathkas moke sundergone t he

pad dressi C . ~The_har | isher was the sane as that used in
exanpfg 1§ﬂgégﬁﬁe§§étﬁgefP?EP?§§%55HP§hFﬁ§EbF&?&&? VEY P TRl 9t he
same nmanneilaae kfte exabplezdd.This was the sanple for conparative exanple

1. Conparative Exanple 2 30 The pad dressing process was perfornmed on a
hard polisher using a pellet dresser, and the first polishing process was

perfornmed on apfaw, o8t eL! asg.plat i.n his hard polisher. The same
hard pol i sher as exanpléigémgg gﬁeuéggﬁdgﬁg %ﬁé%ﬁPPgt%éoF?%ﬁ?ﬁbEﬁ?%cess was
perforneddiasshe lsame #Hahhero #600n exabhpl prdvedbs sdvasct Bacsarpkechor

co rative ampl e 2, The pellet _dresser has a pluralit of di anond
pengps, ﬁftﬁé%ng?ﬁﬁ%%%? %?gﬁ S éﬁié&ﬁ@doﬁﬁ §g9mb5§§ %ﬂﬁ%ﬁi%ﬂr havi ng a

di aneter phatei s2 subsé antiphdy £H8gnARABE SkZ€haSharGapbh gknthat, jieceives

raw material gl ass
being corrected, and the surface of the hard polisher being

roughened by the pad dressing process. Accordingly, while
maintaining the durability of the pad dresser 11, the

15 surface of the hard polisher is flattened and the surface
smoothness of the raw material glass plate that undergoes
the first polishing process with the hard polisher is

improved.

20 The weight of the pad dresser 11 is such that when the
pad dresser 11 is placed on the surface of the hard
polisher, the weight applied to the surface of the hard
polisher per 1 cm® is between 0.5 and 2.0 g. This prevents
the strength of the pad dresser 11 from decreasing and

25 prevents deficiencies, such as the pad dresser 11 being
pressed against the surface of the hard polisher more than
necessary during the pad dressing process. Therefore, the
surface of the hard polisher is flattened, and the surface
smoothness of the raw material glass plate that undergoes

30  the first polishing process with the hard polisher is

improved.

Examples of the above embodiment will now be.described.
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pl ates. The pellet dresser also corrects the surface of the hard polisher
but conpared to the size of the abrasive grain 15 of the pad dresser 11,
the dianmeter of the pellet is 10 apparently different. Wth regard to the
sanpl es of exanple 1, conparative exanple 1, and conparative exanple 2,
the relationship between the polishing tinme and the m croscopic

undul ations 15 in the post-polishing of the first polishing process is
shown in the graph of Fig. 3. The graph shows that in exanple 1, the

m croscopi_c unﬂulﬁtion hei ght NRa was reduced fromO0.4 nmto 0.2 nmin the
pol i shi ng 538167 15 minutes and then maintained at 0.2 nm 20 In
conparison, in conparative exanple 1, the mcroscopic undul ation hei ght
NRa remai ned at approximately 1.4 nmand did not inprove regardl ess of the

pol i shing timeTheWren! dre spdlinigs pirg et smevaex gaedeshrids imu eSsodd®-11 ke

m croscopic_25 undul ati on hei ght NRa increased as the polishing tine
elapség. bﬁf%hgpglﬁheEoWSQFa %v@oé%%ﬁQQQQEetQR%Qﬁ(ﬁhﬁuﬁﬁﬁ(ﬁrQﬁﬁﬁﬁallon

hei ght NRanhdi,d Bat FigCr @asanas thd ¢OMRAr M ; ywas maintai ned
at 0.4 nm which was the initial value,%g%d é?gﬁﬂg?&§§%$£§§§;as in exanple

1. 30 FroRfthesecfesnl esrawt mpseappar giesthatlabye partfrortiiing hahe pad
i dul ations of the raw materi al | ass

dr essi ng - t 1.Croscopic U ,
pl at e masB%gggﬁgfhe %plﬁédﬁ%%%t %fh?%lﬁg RbPCFhcr e588. TRYr PREPL1BY usi ng
the pad dgesserpldte wher 28QgRlLe pBdukatiyop; e HeGh - 65, 2 and
3 angéfo ara%ive,exanples 3 and_4 were 5 gé?ghgned 6%@31 tﬁgﬁggﬁgﬁﬁ%ons

i ndi cat edtPh £APPEN4LES BBH&rnagladd sfindbPapésmiseddashsanptesofuing

exanpl es go3nd,31 1 REnGORBAT gt L¥E4EXATRL F8q3+3NE 4nqlhe tement tled "pad
g/cm®. The raw material glass plate was used as the sample
for example 1. The mesh size of the pad dresser 11 was
#600, and the size of the circular plate 12 was the same
15 size as the raw material glass plate in which the thickness
was 0.6 mm, the outer diameter was 65 mm, and the inner

diameter was 20 mm.

Comparative Example 1
20
The first polishing process was performed on a raw
material glass plate with a hard polisher that has not
undergone the pad dressing process. The hard polisher was
the same as that used in example 1. Further, the first
25 polishing process was performed in the same manner as in

example 1. This was the sample for comparative example 1.
Comparative Example 2

30 The pad dressing process was performed on a hard
polisher using a pellet dresser, and the first polishing
process was performed on a raw material glass plate using

this hard polisher. The same hard polisher as example 1 was

27



dressing process” in table 1 indicates the type of dresser that was used.
Further, "load" in table 1 indicates that 10 the first polishing process
was divided into the two stages of pre-polishing and post-polishing.
Further, for "tinme required for polishing step” in table 1, +15 mn
indicates the transferring time of the raw material glass plate between
polishing devices. 29 Ex. 2 Ex. 3 Table 1 Polishing Condition Polishing
Surface Polseshi rgdcanei tfiias tPeldlshinighg Gorghdd OvRacbdr esshéq ikr 06€ss
Polishing Abrasive Gain Abrasive_ Gain D aneter Load Tine Required
for POIiSﬁ@H& Hﬁ@ﬁﬁ&éPSDéBtﬁxample 1. This was the sample for

comparative example 2. The pellet dresser has a plurality
of diamond pellets, with a diameter of 16 mm, embedded in a

5 base material having a diameter that is substantially the
samé size as a carrier that receives raw material glass
plates. The pellet dresser also corrects the surface of the
hard polisher but compared to the size of the abrasive grain
15 of the pad dresser 11, the diameter of the pellet is

10 apparently different.

With regard to the samples of example 1, comparative
example 1, and comparative example 2, the relationship
between the polishing time and the microscopic undulations

15 in the post-polishing of the first polishing process is
shown in the graph of Fig. 3. The graph shows that in
example 1, the microscopic undulation height NRa was reduced
from 0.4 nm to 0.2 nm in the polishing time of 5 minutes and
then maintained at 0.2 nm.

20

In comparison, in comparative example 1, the
microscopic undulation height NRa remained at approximately
1.4 nm and did not improve regardless of the polishing time.
When the polishing time exceeded 10 minutes, the microscopic

25 undulation height NRa increased as the polishing time
elapsed. Further, in comparative example 2, the microscopic
undulation height NRa did not increase as in comparative
example 1 but was maintained at 0.4 nm, which was the
initial value, and did not decrease as in example 1.

30

From these results, it is apparent that by performing
the pad dressing process, the microscopic undulations of the

raw material glass plate was maintained or reduced and did
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NRa(nm) Ra (nnm) Pad Dressing Process Polishing Abrasive G ain Abrasive
Grain Dianmeter Load First Polishing Process Pad Dresser Cerium Oxide 1 um

150 g/cn2 (30 min) + 40 g/cnm2 (5 mn) 35 mn + 15 mn 35 pmO0.23 1 Pad
Dresser Cerium Oxide 1 pm 150 g/ cnR

not increase. Further, by using the pad dresser 11,

microscopic undulations were decreased.

Examples 2 and 3 and comparative examples 3 and 4 were

5 performed under the conditions indicated in table 1 to
obtain glass substrates used as samples for examples 2 and 3
and comparative examples 3 and 4. The item entitled “pad
dressing process” in table 1 indicates the type of dresser
that was used. Further, “load” in table 1 indicates that

10 the first polishing process was divided into the two stages
of pre-polishing and post-polishing. Further, for “time
required for polishing step” in table 1, +15 min indicates
the transferring time of the raw material glass plate

between polishing devices.
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(30 mn)+ 40 g/cn2 (5 mn) Second Polishing Process Pad Dresser Coll oidal
Silica 0.05 pm 25100 g/cn2 0.12 0.23 Pad Dresser Colloidal Silica 0.02 pm

25100 g/cn2 Third Polishing Process None None Total Time of Polis hing
Step

Table 1
Polishing First Second Third Total
Condition Polishing Polishing Polishing Time
Process Process Process of
Polis
hing
Step
Ex. | Polishing | Pad Dressing | Pad Dresser Pad
2 Condition Process Dresser
Polishing Cerium Colloidal
Abrasive Oxide Silica
Grain
Abrasive 1 um 0.05 pm
Grain
Diameter
Load 150 g/cm? 25~100 None
(30 min) + g/cm?
40 g/cm® (5
min)
Time Required {35 min + 151 10 + 15 75
for Polishing min © min min
Removal Depth 35 pm 1 pm
Polishing NRa (nm) S 0.23 0.12
Surfaée
Ra (nm) 1 0.23
Ex. | Polishing | Pad Dressing | Pad Dresser Pad
3 condition Process Dresser
Polishing Cerium Colloidal
Abrasive Oxide Silica
Grain
Abrasive 1 pm 0.02 um
Grain
Diameter
Load 150 g/cm? 25~100 None
(30 min)+ g/cm2
40 g/cm® (5
min)
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75 mn 30 Tinme Required35 mn + 1520 + 1585 for Polishingm nm nmn Step
Renmoval Depth35 pril um Pol i shi ngNRa(nm) 0. 220. 12 Surface Ra(nm) 1.10.18 Conp
Ex. 3 Co np Ex 4 Polishing Condition Polishing Surface Pad Dressing
Process Polishing Abrasive Grain Abrasive Gain D aneter Load Step
Renmoval Depth for Polishing

Time.Required 35 min + 15 20 + 15 85
for Polishing min min min
Step
Removal Depth 35 um 1 pm
Polishing NRa (nm) 0.22 0.12
Surface
Ra (nm) 1.1 0.18
Compj Polishing § Pad Dressing Pellet Pad Pad Dresser
Condition Process Dresser Dresser
Ex.
3
Polishing Cerium Cerium Colloidal
Abrasive oxide oxide Silica
Grain
Abrasive 1 pm 0.8 um 0.05 um
Grain |
Diameter
Load 150 g/cm? 25~150 25~100
{25 min) g/cm? g/cm?
+40 g/cm?
(5 min)
Time Required |30 min + 15|20 min +15}{10 min + 15| 105
for Polishing min min min min
Step A
Remoﬁal Depth 35 um 10 pm 1 pm
Polishing NRa (nm) 0.42 0.2 0.12
Surface
Ra (nm) 1.1 0.5 0.22
Co Polishing | Pad Dressing Pellet Pad Pad Dresser
mp Condition Process Dresser Dresser
Ex
4
Polishing 1 um 0.8 um 0.02 pm
Grain
Diameter
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Time Required NRa (nm) Ra (rinm) Polishing Pad Dressing Condition Process
Polishing Gain D aneter Pellet Dresser Ceriumoxide 1 pm 150 g/cn2 (25

mn) +40 g/cn2 (5 mn) 30 min+ 15 nin 35 pmO0.42 1.1 Pellet Dresser 1 pm
Pad Dresser Cerium oxide 0.8 pm 25150 g/cn®

Load 150 g/cm? 25~150 25~100
(25 min)+40 g/cm?2 g/cm?2
g/cm2 (5
min)

Time Required |30 min + 15| 20 min + |20 min + 15| 115

for Poliéhing min

15 min min min
Step
Removal Depth 35 um 10 um 1 pm
Polishing NRa (nm) 0.42 0.2 0.12
surface .
Ra (nm) 1.1 0.5 0.19
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20 mn +15 mn 10 pm 0.2 0.5 Pad Dresser 0.8 pm Pad Dresser Coll oi dal
Silica 0.05 pm25-100 g/cn2 10 min + 15 nn 1 pmO0.12 0.22 Pad Dresser
0.02 pm 105 nmin 31 Loadl50 g/cnR2515025-100 (25 mi n)+40g/ cnR2g/ cnk2 g/ cn?
(5 mn) Time Required30 min + 1520 min +20 min + 15115 for Polishingm n15
m nm nm n Step Renoval Dept h35 pnmlO unml um Pol i shi ngNRa(nm) 0. 420. 20. 12

10

15

20

25

30 .

From the results of table 1, in examples 2 and 3, the
microscopic undulation height NRa of the raw material glass
plate after the first leishing process was 0.23 nm and 0.22
nm, respectively. This indicates that the polishing process
can be ended by the second polishing process. In
comparison, in comparative examples 3 and 4, the microscopic
undulation height NRa after the second poliéhing process was
0.2 nm. This is approximately the same value as after the
first polishing process in examples 2 and 3. With regard to
comparative examples 3 and 4, approximately the same NRa
value as after the second polishing process of examples 2
and the 3 was obtained only after the third polishing
process was performed. With regard to comparative examples
3 and 4, when the polishing step was performéd by simply
omitting only the second polishing process, the peripheral
portion of the raw material glass plate did not have the
desired shape after the first polishing process. The shape
of the peripheral portion could not be corrected even when
the third polishing process was performed over a long period
of time. Thus, the glass substrate could not ultimately
satisfy the minimum specification required for the glass

substrate.

From these results, in examples 2 and 3, the
microscopic undulation height NRa obtained through the first
polishing process was substantially the same as that
obtained through the comparative examples 3 and 4 in the
second polishing process, which are the conventional
polishing steps. This shoWs that the polishing step can be
completed without performing the third polishing process.
With regard to the total time of the polishing step,

examples 2 and 3 were shorter than comparative examples 3

and 4 by about 20 to 40 minutes. This shows that a glass
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surface. Ra(nm1.10.50.19 32 Fromthe results of table 1, in exanples 2 and
3, the mcroscopic undulation height NRa of the raw material glass plate
after the first polishing process was 0.23 nmand 0.22 nm respectively.
This indicates that the polishing process 5 can be ended by the second
polishing process. In conparison, in conparative exanples 3 and 4, the
m croscopic undul ation height NRa after the second polishing process was
0.2 nm Trﬁtg»sitgaamommmiejry duhel isanecaral e @staftes thea £hest polishing
process in exa 2 and 3. Wth regard to 10 conparative exanples 3 and
4, apprOX|ﬁﬁié¥§ &ﬁg %me NRa value as after the second pol i shing process
of exanples 2 and the 3 was obtained only after the third polishing
process was perforned. Wth regard to conparative exanples 3 and 4, when
the polishing Sheppwasepér feglbﬁ@ulrr@yltsinm wd?aﬁr}nﬁiamgam?leymEWif@ci)@gl e
olishin rQ h eri phera portion of the raw material gl as
8Id no% gé@% %§%%ddésﬁr§d sﬁape after the first polishing process. The
shape of the peripheral portion could not be corrected even when the
third polishing process was perfornmed over a long period 20 of tine. Thus,
t he gl ass subsgréﬁéméééﬂdsﬁéﬁnambﬁﬁapgl@rogaﬁﬁsWWMﬂha menﬁnnmeqmmnflcatlon

requi red r.at Fron1these results les 2 and 3,
thg 25 nlﬁggsggglgggﬁguﬁ Bi% % Egﬁt V= obt§|ﬁe@rﬁﬁfﬁhéﬁJﬁﬁnglrst
pollshlngppﬂmshssgmaSeﬁubstanépabEye&hehéaﬁﬁla%hhﬂ@tstQQiakHdehﬂkﬂﬁgh the

co tive xanp 3 and 4 in the, second polishing process, which are
thgp vehff nB aFPghFﬁﬁpsF8p§atTﬁ¢¥ §R6WLBPERAL TElSd SEENcshi ng step can

be 30 ConﬁhﬁkggthtbggisggﬁEQrnbﬂg ngttPEEQSgghhgh RG RLReeS S i A Eh
regard to the total time of the polishing st
reguired for a 1nformatlon recordlng medlum The chemical

strengthening process refers to ion converting a monovalent
metal ion such as lithium ion and sodium ion contained in

15 the composition of the glass substrate to a monovalent metal
ion such as sodium ion and potassium ion having a greater
ionic radius. Further, it is a method for enabling chemical
strengthening by applying compression stress on the surface
of the glass substrate. The chemical strengthening method

20 is performed by dipping the glass substrate over a
predetermined time into a chemical strengthening process
fluid obtained by heating and melting a chemical
strengthening salt. Examples of chemical strengthening
salts include potassium nitrate, sodium nitrate, silver

25 nitrate used independently or as a mixture of at least two

- of the above materials. The temperature of the chemical

strengthening fluid is a temperature that is preferably

lower than the distortion point of the material used in the

giass substrate by about 50 to 150°C, and more preferably

30 the temperature of the chemical strengthening process fluid

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
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exanples 2 and 3 were shorter than conparative exanples 3 and 4 by about
20 to 40 mnutes. This shows that a glass 33 substrate with high quality
can be obtained in a short period of tinme. The present enbodi ment nay be
nodi fi ed and enbodied as 5 described below. A chem cal strengthening
process may be perfornmed on the raw material glass plate in a step
preceding the polishing step, a step after the polishing step, or between
10 each pehitshiqigrstlep stub jsattiesf ytd hehd et c£5i St a86gtheNiBEat i on

resi stance, and heahéreaistance characteristics required for a information

recor di ng BFEHSHH- ThE ERBnFERPeTetHERgERESIENS pr deaPe nadfers that orp
. | i _ 0l 4 d o AN U1 Ol
converting %R hle TR+ ﬁ]bgﬂ]?%ﬁ 'ﬁﬁgﬁﬂﬁ’% Zf?f L, $0gj um ]i%%?

contained in 15 the conposition of gl ass s 0 a nonov

netal iosuduchaae sgdabouitonoand pReagIbe@ kOBshawicRI @ Whrater ionic
radius. Further, it is a nmethod for enabling chem cal strengthening by
appl yithg Edmpréssconherr essfonming inef ademicfalt vs mprasshaubsy ratece Jhe

chem cal ghr%ggtggggggsggggggtéo is perfornmed by dipping the gl ass
substrate over a” predetermned'tine into a chem cal strengthening process

fluid obtained by heating and nelting a chemi cal strengthening salt.

Exanpl es of cheHicTI strengthening salts include potassiumnitrate, sodium
nitrate, silver'851APPrAeSGSBIMRRdBSerldHtef g6 dong miskttire frfacd east

two of thenabevengubertabs ahRaternenalyLe 0 c hcal, strengthening
fluid is a tenpergture thatr?s p?efera%lyﬁaggw%%%?%énﬁgﬁ%l%f%tortion poi nt
of tRé narerphheasedvwinpt henghissisubst natiethy ahaet, 5Qttief15@Ge and nore

pr ef er abl he_tenperature of the chem cal strengthening process fluid
i tself isg%%%g &3665?% 4%%%??V%§% %ﬁgeﬁéﬁﬁeFEFHre fR7pedRra FAak-t hee
di storti obaphi bimef 1t heurneheri shoptchba. gl ass

The soft polisher used in the second polishing process
15 may be used as the polishing pad used in the first polishing
| process. In this manner, when the same polishing pad is
used in the first polishing process and in the second
polishing process, the first polishing process and the
second polishing process of the polishing step may be
20 performed by the same polishing device. This enables the
task for transferring the raw material glass plate between
polishing devices to be'omitted and further shorten the

manufacturing time.

25 A buff polishing process may be performed on the
polishing pad before performing the pad dressing process.
The buff polishing process is a process for polishing the
surface of the polishing pad so that it becomes slightly
rougher than in the pad dressing process using polishing

30 material, such as a grinding stone, sandpaper, and a
polishing agent, irrespective of the attachment of the
polishing pad to the polishing device 41. When the buff

polishing process is performed in advance in this manner,
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substrate by about 150C, the glass substrate cannot be 34 sufficiently
subjected to the chem cal strengthening process. |If the tenperature
exceeds a tenperature that is |ower than the distortion point of the
material of the glass substrate by about 50C, the glass substrate may be 5
di storted when perform ng the chem cal strengthening process on the glass
substrate. The lapping step nay be omtted as |ong as the surface
condi ti ongshef tasé rtaweneicar itdle glaas i g piebcass 10s r Nghnessy, Waha,
undul ations, and the |like, satisfy the desired values after the beveling
step. In §E@haE08§§ePftﬁéoqﬂ%ﬂ%QHrﬁ?i@??iﬂ%?ﬁ%n%ﬁﬁ#$%®ed. The soft
polisher used in the second polishing process 15 may be used as the
polishing pad used in the first polishing process. In this nanner, when
t he sane polishhrg pae ifsresedaln shhend igstcqrd iishidigr pdacesscanghén t he
seconq? p%Iishing gro ess, the first poljshing process and the second
pol i shi ng "PPoE&E8C5f CEhETFoPPLHISHG St &5 IridP Be P20 it inst meld! A4 Hel erame
pol i shi ngtdevheaqgihhi shenabhes th f: errj terial
glass plate bet\(\genG pol i shi ng ge%igggﬁ%%ug%;g%??%%%z%%§9¥%?$ﬂ%$ﬂ% orten
the manuPaghufif§erens. t2peA bdf Popdishshionggemdcess Imayube pechereyed on
the polishic fore. perform ng.the.pad dressi process. The buff
polishingigrggegggfgggggrgggésg%grp%&ﬂﬁgﬁ%ﬁga€ﬁ§ §E&T§€§féF*?he pol i shi ng
pad so thpblithbegoneseshi gbhk¥err gughar stihan thant ke Pl 1dressine fupcess
usi-n oli,shing 30 material, such as a grinding stone, sandpapéer, and a
pol i ngfaﬁeﬁg? P??E§B@é%?bén6f thelat fachnent ietreasespbheshi ng pad to
t he. polishi [ 1 t . pal i shi rocess is perforned in
dvanne i%@%%?ggﬁ%nﬁgFé ggymﬁge BngBBEng 8%5 thgles G525 Sy Y YT

the raw material glass plate to be more smoothly polished

during post-polishing.
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the task tinme for the pad dressing process is shortened, and the anmount of
production is further increased. Wien the first polishing process is
divided into the 5 two stages of pre-polishing and post-polishing, in
addition to changing the |oad, the polishing device may be supplied wth
different types of polishing agents. In such a case, it is preferred that
the polishing agent for the pre polishing have a coarser grain size than

t he polishiidgMsgent 10 for the post-polishing. This further increases the
polishing rate for pre-polishing and enables the surface of the raw
material glass plate to be nore snoothly polished during post-polishing.

36 CLAIMS 1. Aqnet hed f j |l ass substrate for_ . an

i nformation reédrdi%gm%%&ﬁ?ﬁ?#ﬁﬁ3%%%#%83§H%§§§&Ii %%ﬁ;%ﬁ%%ﬁf%ﬁﬁf%%% of a
- raw mat er ipal igifassapliane retche divichaetdieinngaraifaranterd 288 pon tdatngt he
poIis@%ngt's di vi_ded igto two steps, a step for performng a first

pol i shi ng bFo§8§§aF8 PSughiF G pBRLSH 1tHe I1amst e tet, the mavhad &40 gl ass

plate to baassaeethiand anl@nskep for perform ng a second polishing process
to finely polish the surface of the roughly polished raw material gl ass
plate to be snbbeheplishénfi ist dpolidshi dgtpr ceesstepsa pr auess,fdiSi ng a

pol i shi ng de of a.synthetic.resin foam that slides 15 the polishing
pad on thggggP aceJof ?ﬁgggaﬁphﬁﬁgﬁpglp§P§§§SpF8t§qH%W%¥fﬂﬂﬁﬂ%ﬂrﬁf%a

pol i shi ngsageatet o1 enghkywpahtshiathg1sukf %Q%teatl%a%ed%%z%ﬁtﬁlg RIPCESS i's
perfaormed on the polishing pad in advance before being used in the first
pol i stfi ngSteP pPEcREICHAENEhe PaBCHFAersSIlAghpRacesocessa tor ddess yf or

pol i shing,tP€sh the surface of the roughly polished raw material
glass plate to be smoother;
the first polishing process is a process, using a
polishing pad made of a synthetic resin foam, that slides
15 the polishing pad on the surface of the raw material glass
plate while supplying a polishing agent to roughly polish
the surface; |
a pad dressing process 1is performed on the polishing
pad in advance before being used in the first polishing
20 process; and
the pad dressing process is a process for polishing the
surface of the polishing pad by sliding the polishing pad on

a pad dresser including abrasive grains.

25 2. The method for manufacturing a glass substrate for
an information recording medium according to claim 1,
characterized in that the pad dressing process is performed
so that the product of load (g/cm?) applied to the polishing
pad by the pad dresser and task time (min) required for the

30 pad dressing process 'is 500 to 3000.

3. The method for manufacturing a glass substrate for

an information recording medium according to claim 1 or 2,
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surface of the polishing pad by sliding the polishing pad on a pad dresser
i ncl udi ng abrasive grains. 25 2. The nethod for manufacturing a gl ass
substrate for- an information recordi ng nmediumaccording to claim1,
characterized in that the pad dressing process is perforned so that the
product of load (g/cnR) applied to the polishing pad by the pad dresser
and task tine (mn) required for the 30 pad dressing process is 500 to

3000. 3. Themmitod Jeor imRRUACtUId Neh@ G EaSSi SybstEalesf oL papei mation
recordi ng nmedi um according to clainpgaor 2, 3% %E%racte?izedp?nf?ﬂggathe

pad dressiSfy thedc &sd iisdriper frovtred whsich hist povd ki ngndatcetimdii ch is a val ue

i ndicatin i.shi unt r.yniit. time in the first polishing process,
is maint aig)r?égcglhﬁ%? %r gglre%&e r%rﬁgl l;{ar;cglenfe 4" 'Irﬁ?se nrg]tlﬁ%% f?%fl‘?ﬁjrflu@? acturing a
gl ass subgtrcates sf,oris aainthaneat i1on J eeerdl fig B A rding to claim 3,

characterized in that, when the polishing rate obtaine i mredi ately after
the pad dressing process is perfornmed is 10 used as a reference value, the

polishing rateg s mahatainedy B nd .100% of, t he reference val ue,
and the pad dreéssing pr ocess i ?%@%?’5&%5 u\%ﬁ&? th& 15515 HHg Tt %r/%r | ess
t han 80% eh tihéormbérnenceevalruénglmedli ukheomwidnchd afo ranufact uri ng a gl ass
substrate for n Lnfgrnati n recordin%gnediun1according to any one of

claims 1 £8%43CEREMaE el 2683 n YHED the ROIH SHilPY SR tehebtgddiadt esser i s
#325 t0 #68Req28t61yTherBRt had Hay e@@'«gfs%gugr%e%sgli%siae %%ret%}%g or an
0 o5,

i nformation recordi ng medi um according to any one of <clains
char dct erPged A Bhacfehenpadvdlessethiespsét shsugh righat iwhem ihe ipadi

dresser i g t surtace of _the polishing pad, the wejght
appl i ed t%e?ﬁéégus a%gdo?89ﬁe055€§8IF§ﬁFﬁﬁn deﬁgPel @ﬁ% it&ep&Akeen 0.5 and
2.0 g. dressing process is performed when the polishing rate is

less than 80% of the reference value.

15 5. The method for manufacturing a glass substrate for
an information recording medium according to any one of
claims 1 to 4, characterized in that the mesh size of the

pad dresser is #325 to #600.

20 6. The method for manufacturing a glass substrate for
an information recording medium according to any one of
claims 1 to 5, characterized in that the pad dresser is set
such that when the pad dresser is arranged on the surface of
the polishing pad, the weight applied to the surface of the

25 polishing pad per 1 cm? is between 0.5 and 2.0 g-

7. The method for manufacturing a glass substrate for:
an information recording medium according to any one of
claims 1 to 6, characterized in that the rough polishing of

30 the raw material glass plate in the first polishing process
is performed until the raw material glass plate has an
arithmetic mean roughness (Ra), which is measured by an

atomic force microscope, of 1.0 nm or less, an undulation
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7. The method for manufacturing a glass substrate for. an information
recordi ng medi um according to any one of <clainms 1 to 6, characterized in
that the rough polishing of 30 the raw naterial glass plate in the first
polishing process is performed until the raw material glass plate has an.
arithmetic mean roughness (Ra), which is neasured by an atomc force

m croscope, of 1.0 nmor |ess, an undul ation 38 height (Wa), which is
measur ed e igghiul (Bie)f,unctiiconals diestsutdd 65 ef aneter - Wi br 8o ARASHE kAJ
mavelengthléfo of 0.4to 50 mm of 1.0 nmor |less, and a m croscopic
undul at i o HEFGRECTENRE) Y LIli ¢h Te@ SHEET SRR enNa i eBA i @BnGi bnad Subf ace

5 structu apal yzipn 1,Gr pe .\ nmeasuring. wavel engt h A) of 0.2 to
Lamm ot S e Tose, ot A MG WG T pale™
substr at e (N&e) , anhiighorsaticas urecbidi g tedidqd iaceey g toaycone of 10
cl ai 1 to 7, characterized in that the first polishing step is a process
for ro ghﬁgrBSFF§ﬁiﬁaagﬁélgﬁrﬁé€§oépc$ﬁéWH@QN%nﬂQﬁﬁQﬂlQﬂzﬂﬁﬁ?ﬂ%ﬂ%ﬁhn t wo

st ages, pr&jpeki shbngoandyg past 1ROl shipg.,Mergi n | oad applied to the raw
material glass plate by the polishing pag inthe first polishing 15
process is greater during pre-polishing than during post- polishing. . 9.

The net hod for8nanu%ggtgékﬂg a ﬁlass sibs rate for _an information
recordi ng medi Um according To any BABUGACIHLLNG As 91aSS PURtHdid@ didzed in

that afteanundesgesngohheecpadidhemnstindnPheeesslinlyne oS WAk Ofo he
polishing pad has an_average undul ation height, which is neasured by a
styl dd nBheUPFng FAslrurRAfaGeRiaeAeasutha§ Wheelfdmgtth pOAY sBfimg, 25 to

cut-oft vl B (AG BosEe i S or BRI Ry o TR st crop T the M1 °
manuf act urédmgnat gt bss slbssratetéoin aroi ptagasl i pRerpeQndhig gmagiqum
accordi”%péékfggifgﬁﬁﬁg, wherein load applied to the raw material
glass plate by the polishing pad in the first polishing
15 process is greater during pre-polishing than during post-

polishing.

9. The method for manufacturing a glass substrate for
an information recording medium according to any one of
20 claims 1 to 7, characterized in that after undergoing the
pad dressing process, the surface of the polishing pad has
an average undulation height, which is measured by a stylus
measuring instrument with a measuring wavelength-(A) of 0.25
to 1.4 mm, of 4 to 25 um, and a surface roughness, which is

25 measured with a cut-off value (AC) of 2.5 mm, of 3 to 8 um.

10. .The method for manufacturing a glass substrate for
- an information recording medium according to any one of
claims 3 to 5, characterized in that when performing the pad

30 dressing process, the load is 20 to 100 g/cm?®.

11. The method for manufacturing a glass substrate for

an information recording medium according to any one of
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clainms 3 to 5, characterized in that when performng the pad 30 dressing
process, the load is 20 to 100 g/cn2. 11. The nethod for manufacturing a

gl ass substrate for an information recordi ng medi um according to any one
of 39 clainms 3 to 5, characterized in that task tine for performng the
pad dressing process is 10 to 60 mnutes. 12. A glass substrate for an

i nformati-on recording 5 nmedi um manufactured by the manufacturing nethod
accor di ng dlainanys are 59f Glaaiakelrited, i charactesdized; hd that: the glass
substrate has an arithnetic nean roughness (Ra), which is neasured by an
atomi ¢ f oPEE TtEYesc she, Ped dresSiMDrrIeesss arf untiulat §@rmieighs . (W),
which is neasured 10 by a multi-functional disc interferoneter with a
nmeasuring wavelength (A) of 0.4 to 5.0 nm of 0.5 nmor less, and a

mi croscopi ¢ unddl-at PoglheisgbubEhRa)te bt sineasueihbbdYrdcording _

t hr ee-Egi nensi.onal surface structure analyzing mcroscope wth a measuring
wavel ehgt FCEAPTofagUsackuted hy toe mamsifantums ner neddpnd EZ:CPiohg st ng
devi ce fopngRBHLAGEUEIAYN 9! 88S7,SUBSLLALS fQl. AN J nharmmtion recording
medi um by polishing the surface of a raw material glass plate, the nethod
for 20 manuf actbei agaasgbabstsabst hatse ahora rdn himeftdaratcaon rlr']cﬁfg)fr%sl‘hg rr]\cedi um
bei ng chargcterized, by: a polishi pad fornmed froma synthetic resin foam
and a paéﬂaﬁ és‘é“érlcpn#u@?%@uasgaggvéngtaaioﬁ‘é,c WRECE ALUHOS G989 siifng pad
siides onothenmavrmabet] aknghagsiakabe WaeRneS (@Yol iRel Lshing, dieq
surface of the raw material glass plate while supplying the surface of the
raw ret erP¥l 2ghassi-praceianeh dipel iskengeagapnterandthhe padsiresser

sl i des 0nwa§@?e§&£ﬁa?§)O&ft8?4p9£i%hbnngagftB.gok&sgrtH%sgg”aﬁy g pad.
30 microscopic undulation height (NRa), which is measured by a
three-dimensional surface structure analyzing microscope
with a measuring wavelength (A) of 0.2 to 1.4 mm, of 0.15 nm

15 or less.

13. A polishing device for manufacturing a glass
substrate for an information recording medium by polishing
the surface of a raw material glass plate, the method for

20 manufacturing a glass substrate for an information recording
medium being characterized by:

a polishing pad formed from a synthetic resin foam, and
a pad dresser including abrasive grains, wherein the
polishing pad slides on the raw material glass plate when

25 roughly polishing the surface of the raw material glass
plate while supplying the surface of the raw material glass
plate with a polishing agent, and the pad dresser slides on
the surface of the polishing pad to polish the polishing
pad.

30

14. The method for manufacturing a glass substrate for
an information recording medium according to claim 13,

wherein the pad dresser has a circular-plate shape, and the
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14. The method for manufacturing a glass substrate for an information
recordi ng nedi um according to claim 13, wherein the pad dresser has a
circul ar-plate shape, and the 40 dianeter and thickness are substantially
the sane as the dianeter and the thickness of the raw material gl ass

plate. 41
diameter and thickness are substantially the same as the

diameter and the thickness of the raw material glass plate.
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