DESCRI PTI ON GLASS SUBSTRATE FOR. | NFORVATI ON RECORDI NG MEDI UM AND METHOD
FOR PRODUCI NG 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

Conventional Iy, a glass substrate for gfgsé %Q%f@ﬁion recordi ng medi um nmust
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 polGIASYSUBSHRWF Ik ri O _suppress

the formation of nicroscopighggg%ﬁ Eﬁgﬁ?@gﬂbbﬁégfﬁﬁﬁbﬁiﬁﬁﬁﬁQ&gﬁypgAbﬁg

Japanese Lai d- Open Pat ent PubIimmnﬂgmpqu{pktﬂﬁ§§%&§gﬁm@§at is, the glass
ed 1nto

substrate is ground and 25 polished in steps divi rough grinding,
fine 5grinding, first polishing, and second polishing (final polishing).

The first ;SR Ng..1 step using a polishing device 30 to polish the
surface o?gﬁﬁgfg%gsgiéhgstrate with a hard polisher until the surface

roughness Rmax thereof is about 10 nm The second polishing is a step
using the sane Eolishing device as the first polishing step to polish the
1 surface of thé&Nhgl RE§ssnbstinaeabiiorh e lstfds o) iSherasd Phderate for

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




of the hard polisher. For the polishing agent of the first polishing and
the second polishing, ceriumoxide, zirconium oxide, and colloidal silica
and the like containing 5 particles of and silicon oxide is selected and
used in accordance with the required polishing accuracy or the like.
Recent gl ass substrates are required to be recordable with higher density.
To fulfill this requirenent, the 10 snoot hness of the glass substrate

surface nmusiried ] Al i mptove_ snoot hness,  pol i, shi ng nust
not only be di&%ggaq¥§f ]fﬁ%;§%§§%%£%¥éfu%§? %o??gﬂiﬂ% éﬁag§e&8n81ace
pol i shi ng dutt heusia ridupolidshleer .di Foded Hetg NONE ref 3RSt e haSe-dihird
stage and a.fourth stage, However, as the steps I5 related to polishing
become di VCddd R0 2RENY ISt 85€onchaiesl 1 $ihimg areet rwubdebder andcohatm

require aockopg,Pahyo |l i;AGrease. ch tasks include transferring
t he gl ass subst?gFegggPa%gggpgﬁ?sC%hﬁ”&éﬁ%?%&' ﬁﬁﬁ%%ﬁ?ﬁ%@ cl eani ng
bet weén therstiepss dhi anHasidisbor eamMad d sditatcdeRd wagduetivity and
yi el d decrease., The greéent invention focuses on the above problemof the
prior art2CFPIHaNGR BhFRcEN8f reREigess @l iishient iaorrum cyprawi e al iftass
substrate for an information recording 25 nmediumthat inproves production
efficiency and that increases the anmount of production while maintaining

quality, and aReeehbdgiassnamsbchuesngrehecs@i®ed PoSELOSURE QA hdE

DOVENT O30 Ty 0L e 1y S0 bl oel ope, aopect o he presen

infolﬁatismbmﬁﬁNEéﬁ'EmfmﬁﬁiU@lﬁ@@“&@ﬁéﬁ&%@ezsurface‘must be improved.
In order to improve smoothness, polishing must not only be
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 éleaning
between the steps. This has a shortcoming in that tﬁe

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




by polishing the surface of a raw material glass plate. In the nethod, the
polishing is divided into two steps, a step for performng a first
pol i shing process to roughly polish the surface of the raw naterial glass
plate to be snmooth and 5 a step for performng a second polishing process
to finely polish the surface of the roughly polished raw material gl ass
plate to be snoother. The first polishing process is a process, using a

pol i shi ng .of jc. resin foam, that sljdes the polishing

pad on théggg¥?g%§u%§'?ﬁ%y%%nﬁgﬁﬁ%é?gr?afaﬁl@é%eﬁ}%}egyﬁ?Fep appryity a

pol i shi ng tagemtethioal,r ahghlpy el isty the suviase. it pad.dresshag Qr%gg's is
In the

perfornedfon the polishing pad in advance before being use t irst
pol i shi ng *FfofESS OTPREIpad fdredsinmyl brlotrg spiecess processgliby polishi ng t he
surface okpkhgpeLi-shisrg d 5.sliding the palishin ad on a pad
dresser incl udillngalcgbpgsfc\gg ér%é'l n%ls?telﬂjeaga%fﬁ%égliarﬁ pq‘gckg%ssm%oﬁﬂe@%ﬁiabl y
per f orfnedasetept fiat phefpradugt aofsd@at (84 G FRELO dherpolighi ng

20 pad by tge Rad dresser and task time 5%%5) ﬂé%ﬁ?{ed for tika{é%ﬂ%ressing
process i BO566"t bNS0BBrIFRe PAd theessiuah i aedsshies! preaf evaitd i ger f or med so
that polighkBg paLe i I L ue i.ndi cating lLishing 25 anount per
uni t tinegin th% fi?s¥®p§Pi§ ?ﬁaﬁggﬁcegg? %%r iﬁgg?ﬁgﬂnﬂnp§oﬁﬁééeﬂ§rnined
range. Wi@nprheeps) ishimg aapeldbhaingepadmdicabel ¥ akihehdthe. Rad dressing

process i erfornmed js. used as a_reference 30 value, the polishing rate is
preferabléog%in?%?ﬁe%ﬂi&ﬁ%e e BRlisBingompet onhsheepurdnse wdl ddie and t he

gggﬁggefﬁtﬂ?é?ﬁﬁﬁﬁﬁiﬁJ%Fiﬁfrﬁpﬁﬂgdwﬂﬁﬁg %nEpE9kh§h5ngb15%%%n5§ab%gﬁ.than
. to roughly polish the surface. A pad dressing process is
performed on the polishing pad in advance before being used
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 6btained immediately after the
»pad dressing process is performed is used as a reference

30 valqe, 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.




3 The nesh size of the pad dresser is preferably #325 to .#600. The pad
dresser is set such that when the pad dresser is arranged on the surface
of the polishing pad, the weight 5 applied to the surface of the polishing
pad per 1 cnR is preferably between 0.5 and 2.0 g. The rough polishing of
the raw material glass plate in the first polishing process is perforned
until the raw 10 material glass plate preferably has an arithnetic nean
roughness (Ra), which is nmeasured by an atomic force mcroscope, of 1.0 nm
or less, an undul ation height (Wa), which is neasured by a

mul ti - funct i ondlhedingcsti ntierd esONERETpadhi §RedscPRASULLBECPAKELERGLR (A) oOf
0.4to 5'%éﬂn} o& 1.0 nm 15 or less, and a m croscopi c undul ati on hei ght
(NRa), whi s ThEaBafedrBySaTt hvesadi mardi drdt stidradhestpattdresser

anal yzi ng i sMaGH Qs | th, in velength (A) of 0.2 to 1.4 nmm is
0.3 nmor |ess. 2% Thé%%ir§$ poilg%%ﬁgfgeg% ?%9b$ i%%e@%dfth?oﬁﬁﬁgpt
pol i shb ng apipd isdr fracehel stived acawommtieid gho Dl Sissnp! gl héh t WocpBtages,
pre-polishing an ost-polishing. Load applied to the raw material gl ass
¢ E, f? © : . ed 1 ;
pl ate by PRELFEPPLN RGLYEET §-Ohénd i%-&t Dol i shing process is preferably
greater during pre 25 polishing than during post-polishing. After
under goi ng the pad dressing process, the surface of the polishing pad
preferably hasTha avsghgpolndhiiayi of thei ghiw maticah 415 gmasinethty #, styl us
measuring,.instrunent 30 with a neasuring wavel ength (A of 0.25 to 1.4 mm
%Q %lrs y : .
of 4 to 2B°phTahdP] sirf B8eProtgRReds, PRifermes medsr édenindw a  cut - of f
val ua 0( AGhadér2ad §as8fpBat® BrBferdbly has an arithmetic mean
roughness (Ra), which is measured by an atomic force
microscope, of 1.0 nm or less, an undulation 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 iﬁ 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 péd 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.




When perform ng the pad dressing process, the load is preferably 20 to 100
g/cn2. Task tine for performng the pad dressing process is preferably 10
to 60 mnutes. 5 The glass substrate preferably has an arithmetic nean
roughness (Ra), which is neasured by an atomc force mcroscope, of 0.4 nm
or less, an undul ation height (WA), which is neasured by a

mul ti-functional disc interferometer wth a neasuring wavel ength (A) of
0.4 to 5.0 mMm Men0-5e ng 10. or l.ess, and a m croscopic undul ation height
(NRa), which is Feditredt B % e 22di HERsSdRa Piecrase sheudradeis

anal yzi ng pré fgescope wtd 2o ing I ) to.1. 4 of
0.15 nm orp less. 15 A furt hermggg/f)éé{it o{[\é{t%\rq(: tg%gaggnc%ﬁipﬁ\%rﬁqﬁmér?gpr%ﬁ é)ggsg a
pol i shi ng WEACOS mrraraasf aict wiafpmalgl psiosubsenanenfieesan i nformati on
recordi ng nmedi um by polishing the surface of a raw material glass plate.
The polishing device includes a polishing pad forned froma synthetic

resin $oam andhe RAGs20 MRS qﬂé@%{lgb rﬁ%"?n%?if‘ﬁm Qe.lrﬁo‘lai shi ng
pad slides on the raw material glass plate en roughly polrs |n8 the
surface ofCURENEs® r&edri ahighass plextsumbd | ley sapphybmpce thercsur face of the
raw mat erj I pl ate wi,th a polishing agent, and the pad dresser

sl i des onh?%ggggr% géeoéff Or e ™55 B0 iesSH b AN ¢l #et e he keghtpolWahi ng pad.

The pad dwbssar ibameasaireaubg’ aphalie iShapt:r AL i tyd S '%{f‘édreféxe dhat the
di aneter anpd thickness are substantially the sane as the i aret ef and t he
t hi ckness¥bFPt ReMPaRNBONFararPARNIghassh )plctt &) . BRIERS .DESGRI BE QN Ol HE

DRAVWINGS op Fi8s, 13h§ @ ﬁfﬂ&?&@XOB?ESB%%tdl\é%ivolnevl\'/lesi% N n(%R%a}r,t wcﬂcicah 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 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




bat ch-type polishing device cut; Fig. 2 is a plan view show ng a pad
dresser; and Fig. 3 is a graph showng the relationship between the 5
polishing tine and the height NRa of mcroscopic undulations in the
surface of a glass substrate. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON 10

An enbodi ment of the present invention will now be described in detail
with reference to the drawings. During manufacturing of a glass substrate

for an informatFii n rlecordi ng medium a raw material glass plate is 15 cut
out in a disc-shape from% AHfPYF BREChI HEeVigHeSheshnar ottt hd raw

materi al ghash-plake JolGlsides; a&Hfcul @i . hole. The glass substrate is
formed by polishing the surface of the raw material glass plate with a

pol i shing devfée. Phésglkasd agubsitenatshowihgraeshd r@re asau} t iggnmponent 20

gl ass materi al iéucg as soda |line glass, alumnosilicate gl ass,
borosilicate gfa%s, “add & y&eah i Graskhe g laronshimifetweed théng a

fl oat 5met bodlishidgwmadmawapgt , ; r d, or_ a press thod. A
magneti c ?i | m andga pr ot ect :&3% Pi%ll%%ﬁgo;@éng&a?%osoﬁo%ﬁ o%dlgfagb%’f’t
(Co), 25 thrbheusirEeye pfom (Repsamtitsterdtike are formed 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- OPEST atODE SEQR aDARRANNGPOUGAlr ue Servrg@d (A% shown in Fig. 1, a
pol i shing device 41 includes a di sc-shapeé( upper bl ock 42b and | ower bl ock

42a that are parallel to each other and spaced fromeach other in the 6

10 An embodiment of the present invention will now be

described in detail with reference tb the drawings.

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 ﬁéing 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




vertical direction. An annular internal gear 43 encircles the upper block
42b and the |lower block 42a. A rotation shaft 44 projects fromthe center
of the lower block 42a, and a sun gear 45 is arranged on the peripheral

surface at 5 the lower end of the rotation shaft 44. An insertion hole 46
is formed at the center of the upper block 42b, and the rotation shaft 44
is inserted through the insertion hole 46. The upper block 42b, the | ower

| ock 42a;,.t i-nt er:nal nd t.he su ear. 45 are driven by a ot or
gr otChe I ?Iyeersr&gc%g géri‘t%gt%gﬁl{'ndé%e%(ﬁlenr%%f r:'t)rincaeiq%rtﬁl AR Uret iSO CES riers

47 i's artaegegpbet heerk HeY owel tHOCkoW2a BNG: ke Hpper M%oxﬁ%: A
plurality of circular holes 48 is forned in the <carriers 47. Each circul ar

hol e 48 r&P&iledarraierisedizam tlaseepliear eoB1thEutoher, bhogkad 249 i s

formed on e,1l erLphenal .portion of each carrier 47. The gears 49 are
rrgshed Wi tatrr\let ﬁeg}lﬁt lre%gl llgealrl?S A ERPThE S Uy - UBn el t Het BRFE shf ng

devi ceéb 41tha pokeshend padihehirehtaits of HEd f4om syntiheld ¢ i1 esiy foam is
attached the_20 surfaces of the lower block 42a and the upper block 42b
when necégsé?yfoﬁ’ﬁ%dr aly, thet eendlerglofs $hel awe3l hilodiel 4Pihetavwdnthd he

r blo n 2b_or be n a pair of polishing
pads. in a ot oRoearvEa Ints IhRelicar el i tnd e E Y Thi s
state, poFhehiprendgehocR54Pb, suppl ledelr 8oz ksuppl Y tSRC iR (20t ) to
t he surfagg of the raw rrateri4a| glass plate 31 by way of the I_okvver | ock
42a, the UppEIY btETKS WIS ARd*Pha BofFéNPARgbYag. m_/sztomt ;sprrﬁmént?/tlﬁq; alsgmr y

e n S §5@n ess .
B?Lcﬁobgsttﬂg%p%ﬁ 0 b?(gr(l:%(bgﬁ%ggﬁgat heA 0 |§%|i%g§pggs?alfﬁléeﬁal I ﬁl ng
agent is 1Sard detkesupphy hoves bionkadg8upphy séet upherswbaldas

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,va 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 block 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,




a tank containing the polishing agent. By rotating the upper block 42b,
the I ower block 42a, the internal gear 43, 7 and the sun gear 45, each
carrier 47 revolves about the rotation shaft 44 while rotating about its
axis with the raw material glass plate 31 contacting the | ower block 42a
and the upper block 42b or the polishing pads. This polishes 5 the surface
of the raw material glass plate 31. The nethod for manufacturing the gl ass

substrate wJ liy,.n b cfd bed. 10 The.gl a substrate i s manufactured

t hr ough aamdsghepr%\gge?s?%ﬁ%{‘ ops oGl b%@EFiL%ﬁ i?eﬁ?vﬁll"gﬁp?ﬁ@%t Epe a

pol i shi ng rstteyri candha fwashi R StEProt &t L AS %é&tpiegegﬁeggigﬁpthé gheet of
i

glass plate is, 15 cut using a cutter nadé of cenented car e or dianond
to form Fedicsdadngpedsr adaks 67§ atont assipy atlee hawvag Blockr ¢ghasngent r al

hole. In i ep.-d nner,_.and uter circunferential surfaces of
the raw rrtegthgr nggé ggg%tkpﬁaztbe ar etrb? Yirhdadhe JUtet REEMRRS and the

i nner 20 dhenBUBfahavefptﬁ@e&%wﬁdkﬂbfﬂ&@Qikﬁﬂ§é§ﬂ9$éo jhat the edges of
the inner and outer circunferential surfaces are polished and beveled. In

the | apping step, a lapping process is performed on 25 the raw materi al

glass plate topgorf h f the .entire raw material gl ass plate.
Thus, the raw nnter:égfm&g?%gh%f%tfgcbé%&r?@s t&%lﬁgﬁ%ﬁ‘é@?@r‘?t}%twﬂ%te. The
| appi ng peeckssdesdirthedses 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 block 42b while supplying the polishing agent to
grindot he surfpee. gFsd NeiwsEPELENSs manufactured through a disc

processing step, a beveling step, a lapping step, a

polishing step, 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. 1In the beveling step, inner and

outer circumferential surfaces of the raw materiéi 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 slurrylof abrasive

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




polishing agent of the | apping process, a slurry of abrasive grains, which
are grains of alumna and the like, dispersed 8 in water, which serves as
a dispersion nmedium is used. The polishing step, which uses the polishing
device 41, is perforned in a state in which the polishing pads are 5
attached to the | ower block 42a and the upper block 42b by sliding the
pol i shing pads along the surface of the raw material glass plate 31. In

t he poli shi tep, the.slidin of the polishing pads polishes and

snoot hes pﬁgqgﬁfﬁgceQﬁChtﬁﬁngﬁ/ﬂﬁt@r?é?p§F§§§an§ﬁéthnlﬁhésﬁdshing step
foreign 10 materials, such as polishing agent, polishing powder, and dust
on the surface of the raw material glass plate subsequent to polishing are

washed away wi tTh€a PRdsisiigng 4t Whishnnae%aﬁharp61asgha?8déUb§br@&?
15 The manufactured gl ass

having a rface and high cleanliness. The
; i%ggggfgzr ggén Fbﬁﬂﬁﬂ%%sl¢kﬁ $Chreheradlysbingnaprds pess.

substrate

Furthes, theachedulaticer hejuaht Yoof ihe éﬁéf%ﬁf kﬁa@%]?{;gé%ﬂ%zgu%nm of

| ess. Moreover, the mcroscopic undul ation hei ace is
pr ef er abl §189159nkh6r PPédshiTie mads ackong otighnesst Ree | Ofi €3¢ esam val ue

measur ed w a .¢ force icroscope (AEM . The undul ation hei ght Wa
of the sur §§5§Q}S§Q§E§a 48 Credsur e nwFBﬁ Fohistiingnsttiepnalthgi sdiding

interferométehe(Eplibhahy paaul aehured Py fhase ' oration by
scanni ng redet erm ned_r egi on@ﬁ the surface Clv\ﬁ%é guﬁi{ée){ﬁpa}%%téﬁavi ng a
measur i ng"-WavErBgt ket !l Béemeerlate -t oI6. OhanmwaThéngi crtepsofoeeineul ati on

hei ght . NEgcoridle, SERERCEs! Bodi¥RkUG TR ed i A LS, ang

dust on the surface of the raw material glass plate '
subsequent to polishing are washed away with a washing
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. Furthér, 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 surféce

- 1s.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.




di nensi onal surface structure anal yzing m croscope (New View 30 200)

manuf actured by Zygo Corporation by scanning a predeterm ned region of the
surface using a white light .having a neasuring wavel ength (X) between 0.2
to 1.4 mm- 9 Wien the surface roughness Ra, the undul ation height Wa and
the m croscopi c undul ati on hei ght NRa respectively exceed 0.4 nm 0.5 nm
and 0.15 nm the surface of the glass substrate roughens. Thus, the gl ass
substrate may %%%% % Iomerffnnothness and |l ower qualit When t he gl ass

substrate has I'ow quafi £)i° ﬁﬁ?cﬁ%?%ﬂ%%sﬁeﬁﬁee%h?h%ngﬂiééé@n beighé Wa
| nf ormat i and eser diieg oFedigim antst her NeAdnLasne 4 ngoshbE L pLoymt i on

recorded on the information recording nmediu canno ortenéd. Thus,
hi gh- densF&Feedc8r-di g, b&comesn, Endli®figuhh, e ssisfhecausetbeglbbe head

noves on information recordin i um._ deficiencies such as the head
hitting o%ﬂggfﬁaggaﬁaﬁgﬂﬁﬁsrhenggurggﬁbﬁgiﬁﬁ BHEsEdRftgc day diiVe o occur .
15 | ns heleaayephbefnhe8Bt Aad fiox,dmnyfaciy i ngrihe gla bstrate, the
polishing step is divided nainlyvﬁntgﬂghré%y sggggsfgﬁ%?@ﬁuﬁﬁclude a step

for perfofhPa§ratei hes povi ghirdg tpr,oddss, diststree frart wiesd orlé nguarsesond
pol i shing_..p e and. a step for,..performng a third polishing step. 20
This i npr8€e§9§h§§585 ‘TQ‘IF‘}/OBf rgﬁé’rﬁi&ﬁiﬁ FAUBE s disad aker 1Pd¥Rg st
pol i shi ngtkéepnfshrasesantepokbsli Be tHLhn RN *Pefc%ﬁﬂfrii*}hé@j[xﬁﬁ ep
are respectively rough polishing, fine polishing and ultra-finhe polishing
of the ¢FaRROSUPRtFAPELCTRE- stFluesurbigh-thespoyi shcagddeyi becused 25 for

each1processeisytbe ST HOURKEL, cLhgnBY! LRDI 9. 8308 L8, 2hg minly used

differ between the first polis |ngS .88 LR i¥adnoveson The
information recording medium, deficiencies such as the head
hitting .or being caught in the undulations of the surface

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 stép 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. Howevér, the polishing pads
that are mainly 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
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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 inprove the snoothness of the polished raw
material glass plate in a stepped nanner as each process is perforned.
Since the optiml polishing pad and polishing agent are selected for use
in each process, one polishing device is 10 assigned for each process. This
reduces tgg Easkdtine for replacing polishing pads and prevents m xing of
di f f er ent *>Fyd8§%f °poFrShi R Cﬁﬁﬁﬁ%s.ﬂ?%%1ﬁﬁ§%ﬁ%ﬁ:§hﬁ tafek goinishiarg st ep
of the presentcihBVveBlLion;l I\ ! t eps., ieh,ipelude a step
for perforn?ng a Pi?st ggﬁ?gh?ﬁﬁk%?gg£ 58%%&?3§§ﬁlyuﬁxﬂ%ghdlgﬁ%r%ﬂBoth t he
surface ofyphé pAwahishinh gbhastsplate and a step for performing a second
pol i shing process to finely 10 polish and further snooth the surface of the
roughly polished raw material glass plate. That is, one feature is in
that ®he poli shhNgomb&P; 8nCO e Ry i are the step for
performng the firé?épolishlngﬁgrggggg%gﬁgpEfﬁgggﬁ%ﬁﬁg%ﬁykﬁﬁﬁéﬁrﬁ ng the
second potREdhioprbeedbvidhidsinabor educesade wadkcH iim1dReh pHagess wil |
now be defgrigg fogﬁ.detai%. TFe f'ns%,polishing process is a process for
renovi ng — deffect S EUCH &8, L iRl PRALS ! I0Yd RIrREES s tonravsddapire 12gh

undul at i cnsd ShbgH Nthe ane- £586ksef eam the surkage;s { 4 re raw
material gl ass plate has a predeterm ned thick%ggé.%%%%%bg?%gﬁhgggtﬁs,
undul ati RriepaefiaEing preseandi poflhiehinw pabeesal tgl #5seilat e and

are Pgi nlgo1 £ Nheh e sWhase, of 2 glass plate, in SLLSRS When a
pdlished raw material glass plate. That is, one feature is
in that the polishing step is completed by two stages, which
are the 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, c¢hipping, 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 giass 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




25 gl ass plate, which is the material of the raw material glass plate, is
manuf actured through the above nentioned float nethod and the |ike. That
is, these defects are forned within a range of a substantially constant

t hi ckness (depth) fromthe surface of the raw material glass plate. Thus,
30 when polishing and renoving part of the surface so that the entire raw
mat eri al glass plate has the predeterm ned thickness, the defects are
renmoved toget her wt art of the surface. Therefore, a first object of

h p .
the firstPpEFFSRi A§ 12 pFBOESs 3 £e%-dbroRerh cerich nipaledeshieferhs) udes

defects, rikbamchbBesgurfase 6f e | ass te. e renoval.
depth for rough poli shi %S |og ggl%sirr erer$’%g(;ﬂbagi C‘fqirfapsosrtan‘_i(‘a’?e‘Si T t he
pol i shi ngrsmepailsdpethofaedrbagbmpathi shihe surdace dfrddecs aye mat eri al

gl ass pl ate, a stgteeé'.n which the surface of the raw material glass plate
i s roughet™PEFFEPTT he? 195t oI PRAi G iBLoséss fRanebépsmed: v Procdss

woul dsconthadsGtrhbe | t 1 _shi step..,. Therefore, a second
obj ect of the first pgpi gﬁ%ngggr g%etrség']llazl 1@%863 g’%&t% the it ade of the
roughly périchetheasunbiesiaf thkasswphatterildl i3 asapentant thatow@gartain
part of t% teisu,gfac .of the raw . material glass plate be renoved w thout
danagi ng $heSsurtace T35 Rkl SRLBAIPFOCESH g ast b6 fogea theo e eas

Scr api ng 0 1d afordutd eIl Ve RTRbb DL o1 (e 8y LAGRLOL e Taw material
glass plate to correct mcroscopic defects such as, “mcroscopic
undul at i ORCEHEP 76 ¢ rdstpind pelel eber aficebe fiesenpodhshhegspiriasss That is,

in spygh mperoseani 60 defects, the high. rtions of undulations or the

ri dges of ~ prot uberances araeéesc?%pggeo PuQBQXVBHTfﬁ]@eE{nH_BWaF‘PG%lérlrd
glass plate. It is important that a certain part of the
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

20A defeéts, 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




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 snmooth, mrror-finished surface. The
renoval depth for fine polishing is not inportant. However, scraping off
only the upper part of mcroscopic defects w thout damaging the surface of
the raw material glass plate is considered inportant. 30 The first

pol i shi ng r.0Cess and t he second polishing process are both performed to

pol i sh t h€PIGTac &S RF FRAER i alMefiaszPgstidtiecduty have signfirsant |y
di fferent ;13 ;Qhjig e@ﬁﬁtﬁﬁﬂf rﬂ99¥ : specificall ,n_the first
polishingppréceés%t?ﬁSQEHant 0 q% e sﬁr ggéﬁ?ncﬁﬁg?ﬁ% lHéFggﬁggreaned
from t he daWemtisericalovglidasarapl attes thatmiseridhegres®val adept brks is,
consi dere is . not 5 inportant that the surface of the raw

i mportant. It , . .
mat eri al gf‘sggeﬁ‘%@i d5e tc dgp &PnA i d bnrry toeimaged.t 1i® gorpari son, in
the secong,pekishi r S Y th i,s hot. ipportant. Evening
only the de?ects regg?ﬁi%ggoﬁufﬁg&migg?gg%agﬁgfﬁ??%ﬁ%%%l%f?%f %f%%% pl at e,
that is, beapethapgdl@itheusubkdoe idnagedi r mer chinpiashedrsurifraaaand
polishing the _ sur acg.of the raw material glass plate w thout damaging the
surface i 8°FBAr PRALSPFREsPLRCERSugHt & Pstishidap tdeviicenotof t he same

SUTUCt Ureioeaficl N dgn fikd Shn P! 48! BALBERCESSnadlld g Segand pol i shing
process, different polishing pads 15 and polishing agerts are used in
accor danceuife@et he thespeet nveeohpdctydasin plhe i tstatpdld, shimgpyogess, a
hard160|'§ﬁ§r599¥égg into a mirror-finished surface and polishing the
surface of the raw material glass plate without damaging the
surface is important. Thus, although the polishing 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%.
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. hardness enabling the surface of the raw material gl ass 20 :plate to be
scraped wi thout greatly damaging the surface is wused for the polishing pad
to satisfy the objects of renoving the surface at a constant renoval depth
and snoothing the surface of the raw material glass plate. For such a hard
pol i sher, a rough sponge-like foam made of a 25 synthetic resin, such as
pol yur et hane or polyester, having a surface including visible bubbles my
be used. The JI$ Ahehdd@néshaaiiridses hios dlpeki shen €sf i nigd FedbpyK6301

is pref e(railglg.be;ween 65 and 95. Further, the conpressive elasticity
modul us i 8 pPef&raBl oRENeeS68S5S dHvan 160%s 30 phefermpreshibbit heyhar d

pol i sher bs Ribagheshnba be LAveha bl gk A28 and the ypRor blgck 42b so
0

that the conpressibility Is between J $har dness is
| ess thand@siredehgodpeessi ued el dstiCiger MW Us: infe |85 S dhan-&9%o 0r the
her than_4% the hard polisher does not have the

conpressibility 1is Elg

desi r8d hardhes?, Caht2al| bRYCpeLi §8Pst -t i AR Bddigdans edst bheShredch a
certain nespvah iti0 . har al.i.sher defornms during
pol i shi nglﬁgﬁd, %gre(%gﬁfﬂégl ?Qggb g?%?%gg@nca W kG é‘trﬂgns F%rm on the

surface diretebepviceheand defidel stivaB &®rundw ahicoRs HaY-be f ejed on the
surface of fh raw materjal glass plate_and the surface of 10 the gl ass

pl at e na}xhngH%rgﬁﬁ%{?ﬁﬁﬁ ?&E?h%SJPSdﬂlﬁéﬁ@ﬁés@aYi§egf@am@d ohathes, the
'S Toce Lhan 196 The urtace or i Pharimlort el rastoruf Ehe e
damad@d e tHemmil 3ot imfhernotanee t flostihbdce THNehd iDrs Myh4 caghes. 15
is greater than 95, the compressive elasticity modulus is
higher than 95%, or the compressibility is less than 1%, the
surface of the raw material glass plate may be damaged by |
the hard polisher, and the surface éondition 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 Induétry,
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 Soft 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
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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 snooth
mrror-finished surface. For such a soft polisher, a fine suede-like foam
made of a synthetic resin., such as pol yurethane or polyester, having a
surface with bubbles that are not visible my be used. The Asker C

har dness SO e§H Slot kY pbt i Bhehedethaad S5¢ndaheSscifét podfi sReberyl ndust ry,

Japan Sta = | erahly between 58 and 85.  The conpressive
eIgsticitggﬁﬁgﬂfggﬁfgﬁgﬁg%%g%%{§$b% aéeﬁag lcﬁﬂar é@baFtPthHggFéfggﬁsthat
the soft pold shetulke iainachedn ¢9 the kawencdhl @%ktﬁ%aé;%QQShQ%,U@l%%recl%lcs:OCk

0

42b so that the 30 conpressjbility is between 1 and 5 I f the Asker
har dness IS8 Yed$ MHGT SEORIfe undibr biengemayabei Eorpedodul bhei sulrésset han

58% o the (14 ihility, is. higher than 5% the saft polisher may
def or m duri ng po |gﬁ{f%gcsdé%(%d p(%lllr%SlSc arky; gﬁulbt%b%ﬂbe]r%n%é% ZP%llﬁ%lr

undul at i ohs rbeemsor st ke esirdmathal 8he PrEi sbapre98ioct s1a5H¢hi 8§

m croscopi ¢ undul ati ons may be formed on the surface 5 of the manufactured

gl ass pl aP@IUEYSt h&r Pighethdhask10C  Piar Hheseonrrgretbilitnahs 8besshe
conpr essi ygagl ast i ¢y us, d | gher 90% or the conpressibility
is less than 1% the gﬁ??g%éig) ?ﬁ%!raM/ﬁ%?%??%?lggg%gsp?%?genﬁﬁyb%e
damaged bylamhgedobly poki skdit, padd steer memd actdiresh g assudéd sybsssat e may

have 3 rogggg%ﬁégrface, The suede-li ke soft polisher essentially differs

gr eat1y from SpBAgel'Pivke® RRPEDSTT i ¥HeraG%r hatdnssedend iike S fFicult to
conpare wpbhisher essentially differs greatly from the Sponge—like

hard polisher in hardness and is difficult to compare with

the same criteria. Thus, the hard polisher is represented

by JIS A hardness and the soft polisher is represented by
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. Among 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 (Dsq) of the grain ié

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

15




the same criteria. Thus, the hard polisher is represented by JIS A

har dness and the soft polisher is represented by 15 Asker C hardness. In
the first polishing process, a slurry, in which grains having a nean grain
di anmeter of about 1.2 pmare dispersed in.water serving as a dispersion
medium is used 20 as the polishing agent. Such grains include rare earth
oxi des, such ‘as cerium oxide and | ant hanum oxi de, due to the superior.
polishing efficiency. Arong such rare earth oxides, ceriumoxide is nore

pr ef er abl 8a&&fdé )i t9idwnirkty martke odaghgsd nmt shieakeanddebbédtsinielgy

pol i shes fa f e gl ass erial. In the second,. pol.ishing
process, E sf%#%y,eﬁﬁiﬁ%ﬁ%ﬁéékgégwsﬁ%gﬁﬁﬁeﬁngQVnnaFaﬁﬁt8 tapgfrer than
that used in the first polishing process are dispersed in water serving as

a 30 dispersion nedium is used as the polishing agent. Such grains
i ncl ude gr ai ns “ORPdiEtidsh g deosirit benebl pol dahingi stem. wThe neay grain

di aneter 0 t rain. s . .preferably 0.1 pmor less. |If D5Q exceeds
0.1'pé$ t%g%réag%g 2%?%??%Fﬂ§ﬁg§§”pﬁa¥%1ﬁ%§ %%rg%ﬁ%géﬂo?ﬁh?%%ssg ohfe
pol i shi ngmapuGeessreandlise desistath tDAUANESSo IBYgHotLdEe, P & DRY.

Cbnpleting,the,conventional polishing step with on?y 5 two steps’| owers
quality, SUBR A% §BFPaP&CSHSSt-hnBB4Sof St e cavmeuftdet wldd mgltady substrate,

e atel g deor B PR e e L A IR T B G AR e
by sinpl yoynsimphy oheéttdongenhicorahn viehigidbrpol itghimg groeasind baddebgcause
t he H%Ijsgéngbtine of _the conventional third polishing process becones
| onger i 2 e %%%V%ﬁtFéﬁaPogéé ngdg time of the conventional third

pqlishing process becomes longer if the conventional second
polishing process is omitted. Particularly, protrusions
referred to as ski jumps and depressions referred to as roll
offs tend to form at the peripheral portion on the surface
15 of the glass substrate. The polishing step corrects the
shape of this peripheral portion. The reason the peripherai
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
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polishing process is omtted. Particularly, protrusions referred to as ski
junps and depressions referred to as roll offs tend to format the

peri pheral portion on the surface 15 of the glass substrate. The polishing
step corrects the shape of this peripheral portion. The reason the

peri pheral portion is shaped in this manner is in that the contact
pressure of the polishing pad differs between the peripheral portion of
the surface gnd other parts of the surface since 20 the edges of the inner
and out er YeFAchRFePEAL PRI NSt Lt T eibng aaf hacked atogthesppl askinge

subj ect edgg;Ehesheygl i en,.,df:anly the second polishing process and
the third pélishinggpﬁgggg§%aru%%ﬁ éé? ?%% €%¥?8c§?£hsgfn8h§r%ﬂ%i% of
t he peri phedathposetondi poilistfifiCipaidceddj s woul d | ower 25 surface quality
at the peripheral portion. Therefore, in order to conplete the polishing

step in two steps while still maintaining or inproving the quality of the
manuf act ured gtgss,syb t jty. of at |east 30 one of the first
pol i shing process lBrat ﬁ%gggggﬁdgggﬁ%s% ng Do T b THprovef The
hard pol i dhessendantiessblies paki pben s$Emy fadASH P STHM Padsed in
each proces is thereby subjected to a pad dressing process before being

16 used fi7 p%¥?§%?ﬁgt%nﬂoéf?8rt5§iﬁ@réﬁFétWédth§tﬂﬂi#ﬁﬁiﬂgﬂnﬁﬂ afeli ce 41
to 'nprOVfé£E$%'éﬁbtﬁbéf&néééSEnB°hh§Q@%§e@%°%?%§%ﬁé@gsﬁﬂ:aﬁﬁgqg91%§%£5hlng

process. 5 The pad dressing process IS a process uses a pa ser
and slidezs fhaet pplishiag bt grd hirsssfagepobcthe ipagedressed bg polish

t he rfac f tqi olishin ad ng renove . pr ot uberances and unevenness
fromfﬁhe%scﬁlr L q'beof%a}(ind)ég?gﬁf gﬁ VEEB. 2TRE 1 palTdPeddishd NSr B3€Ss i s
perfornmedviyh the polishing pads attached to the lower block 42a and

the upper block 42b, respectively, in the polishing device

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

15 In the present invention, the péd dressing process of
the hard polisher used in the first polishing process is
especially ihportant. 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 blate 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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10 holding the pad dresser between a pair of polishing pads wth the
polishing pads attached to the | ower block 42a and the upper block 42b,
respectively, in the polishing device 41 and rotating the |ower 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 inportant. This is because it is an object of the present

i nvention . to iinprove -t.h uality of the raw material glass plate roughly
pol i shed i s rﬂo P&llpsgﬁ’ '%¥2@15?65é¥sa€§eéboﬁbet rersame Hewdlitys that

after theorcameentbionalt n L Shi pragess. Particularly, the.
surface of the raw nnterﬁ%gi%plg?%g%éilg%gg?é Orrltc)hrez 4 é%/et%uab ly}(o{@ﬁ%ﬁ%d
conpared @ tthe Q@@dddypmﬁ:ﬁ?eupmmﬁteSSusfac@,f@ﬁdf%ﬂamuaésdﬁﬁéhlé§el
important in the first polishing. This 25 greatly affects quality

i npr ovemar?tf1 ° %S&Si Ff"é’r?f%hnselft?staaﬂﬂi%}l‘? yAEFeraayec fubhet yhaset @é the
c0nveqiiop@kiﬁgggaq pekiishi ng process, which uses a soft polisher, nust be
obtained 1n the firs? pol i shing process of the present invention with a
hard polisher. 30 Accordingly, the inventors selected the pad dresser used

in the pad dreégingogrocesiuand the conditions of the pad dressing process
to mininze defect88F tRefddrf fee e PeA (deesifm Polirmkirdehar directly

affect theisuniacepuueki iy mafet be nawJmiEdAlL Ol ass plate, Jhe surface
quality refers to the quality of the entire surfiace, ‘and 1nc udes’ t he

level ~of 2&BPiRER, sHBdt keSS, apddt ke cigmurlany hofld He shapmafudde &
periﬁbera{hgoééﬁggr 6% §98m@ikguﬁgg'p%ét%h%ZPadIgrgﬁigrc%%ch?ggugﬁgtg
12, a plurality 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
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 cqntacting the circular plate 12. This
prevents the hard polisher from.grindihg 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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circular plate 12 made of netal such as, stainless steel, alumnum and
steel, and a circular hole 13 is included at 10 the center of the circular
plate 12. In this circular plate 12, a plurality 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
circunferential direction of the circular plate 12. Each 15 gri ndi ng
portion 144 s, f,9r ngd r ositing di anond = abrasive grains 15 on
the surface %P t he cﬁ?%hﬁ%?ﬁ%léggfié?r ﬁeas FaEd BAPPRE RYFdNSoPRSher s
pol i shed alretsisé nlgapttoceals sham slddiasi o Onecheasiy ai g FoLons 14
Further, the %rinding portions 14 increase the thickneggggg t%e %ahszo
dresser 1PSIH@IPREY Bt £ adRERQAF taleg ofhe heatiadde pskrshér inf paohdi rect |y
contacti ng;the iy guhar t 2. This. preyents the hard polisher from
grindi ng the circuﬁa%%pﬁglgugl .eEE?FEl?ESp¥£f%§r%ﬁetﬂaﬁlFﬁéngiQﬁvb?ethe
pad driesséi ahdbby pubstantirg) lah tdpe SaFEo@RSs 1e] $i Z€, 0f h & he; prpuf act ur ed
raw nateri?L llass plate. More sgecifically, it is. preferred that the
di amet er BPtRe1EPr BGPEESHI-at én1Phpe €Bsee P&rmonsand tihe thetmal t hi ckness
of the cipgukanpl ate n t hi.ckness .of the_qgrindin ortions 14
be 0.5 tobl mm . Wen u%%é§§?§%n%¥§gﬁ516%53&?8§§b‘3£ﬁfi Subd S¥13Lt he
sane as ghessamlabeedialingl ped iphdig; drhe magigRt Qfride-qpad dresser 11 is
reduced, and the load is prevented frombeing applied 18 to part of the
hard polisher in a biased manner during pad dressing process. In addition,
the pad dressimige proLgss b tREr hAHTBY 2 AC dati g (L he pad dresser 11
in each circular holg§38 of the %arriess 23 g?ngﬁé%%%ﬁgéﬁfﬁbvvéVfE ©

~ pad dresser 11 is arranged on the surface of the hard

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
p;ocess. 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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5 41 and by performng an operation simlar to the first polishing
process. In this case, portions of the hard polisher actually contacting
the surface of the raw material glass plate during polishing are mainly
corrected. 10 The wei ght of the pad dresser 11 is such that when the pad
dresser 11 is arranged on the surface of the hard polisher, the weight
applied to the surface of the hard polisher per 1 cnR is preferably

between 0.5 and 2.0 g. If the weight applied to the surface per 1 cn? is
| ess t han ©0'% 454G %ﬂﬂ??ﬁ%ﬁnﬂ%rt%$a@€r§2lﬁﬁsgrbéntﬁﬁnh@domasrédmge,meight.

TheS o rlogria e ssiheng! i Al fes Peflect gpeet. 1oy ey the Sirsnath of

the pad dressér 11 is lowered 1n"this nmanner, r 11 deforns
during t heodddhdres sinag fqrmecesstedhs SsoBl koughspubheasdetaggqof the hard
polisher. 20 If the weight exceeds 2.0 g, the pad dresser 11 is forced

agai nst t RO ALAO8 S0P b eh 4 §77F§ sher, particularly the one attached to
the | oywer bl ock 42a, nore than necessary. .In this case, the surface of
the hard polisher may be roughened during the pad dressing process, and
-def ects such 2%hasppdotivbesdnce g rangs s sintsll gd + ehsnd @r @A she surface. In

t he pad dresae% 11, tag nezh size of the grinding portion 14 is preferably
#325 to #BOGICFRIPBeHelASE Fdmeoptvd® B0ty inthethy aiecesssaey etoad the

 abrasive grai Rat5 BO1bsgares;sialh,e §Q§1q§&§§'%g gy ai 15 easily. fall off
from the surface of the circular plate 12, téhee dlur'abi%l%let3!_;05‘1“:{5t‘_”hr%eéj th
dresser 1%apk Ehoet emkichaadet hbepadrdiigsisers Fhimiste head fdeoueivd y
changgd. v£O&Q§SnE§€ si%eaksignalle& than #325, 19 the grain dianeter of
the abrasive graf n S becded"I'SFGEY PHOBRAT 1ereds ére et rdiighgh st tHe
surface ofespectiatd each other. Thus, the task time is long when the
load 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 500 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 g/cmz._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/cm?, the surface of the hard

30 polisher is scraped more than necessary by the pad dresser.
This may roughen the surface of form undulations. Furthef,
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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polisher, and fornms defects such as protuberances and undul ations on the
surface. 5 The pad dressing process is perfornmed over a predeterm ned task
time while applying the necessary load to the hard polisher with the pad
dresser 11. The load and the task time, which are the conditions for the
pad dressing 10 process, are in an inversely proportional relationship with
respect to each other. Thus, the task tinme is |long when the |oad applied

to the har%opolisher by the pad dresser 11 is small, and the task time is
short whe& "tHé& Podd P§EI§¥ 1CheRt{ vaRchAgrMAd oBskhei keadrmuatj bsted in

accordancgpwitibglaot-he I | ues. i referred, that in the pad
dr essi ng p%%tess, thgquiyﬁiséﬁg§g€%d§$h%ég%%éat?%ﬁwfﬁﬁn?§e %asguch t hat
their prodage-belbetiveena5B80tane 36QRedd Itdte mipnaduct wfe tdrerd@ad,and the
t ask tinetbs Ieas than.500 or exceeds 3000, the pad dressing process
cannot be 35 Bift FEFERERY PEOSSTedRS tiHet har et ot | Shierove , t aed ple

dr essisng BHBGRESoFSHP I C ive manner. Thi woul d roughen
the surface of the ﬁa?gﬁgg??ghé?xgﬁz 6?%? %Eﬁ%ﬁﬁ%?%ﬂ@?@ﬁf%ﬁﬁ?%&%g 25 More
specificaFl®e-the load is preferably between 20 and 200 g/cn2. |If the |oad
is less than 20 g/cnR2, the hard polisher cannot sufficiently slide on the
pad dresser. Thus, the surface of the hard polisher may not be corrected.

| f the | oad exceesise 209rg/ 68RishBe Synf f qPE,,ar 3 lisher. is
scraped nore than necessarg by the pad r2g§5%%% |§qﬁagﬁg§68ﬁ§ﬁ“¥ﬁ%
surface FTPePHs unehf advonsgeFunthéntionhdectigbk bifme hies spirefefcalinatbet ween

é?egggné@omﬂsesthé frabNgat@sk,tl g‘iaisss Ip Sa?:et g%np]f%frgrg%tﬁzs '4 ttD)e 2p5ad

pum. Further, the surface roughness is preferably 3 to 8 um.
The average undulation height is a value measured by a
stylus measuring instrument 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 4pm 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 foughness 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 preferablyv

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

indicating the removal depth of the raw material glass plate

21




20 process is not sufficiently performed or the | oad nust be applied nore

than necessary in accordance with the task tinme. If the task tine exceeds

180 m nutes, the effect of the pad dressing process does not further

i nprove, and the 5 anpbunt of production reduces due to | onger nanufacturing
time. In the hard polisher after undergoing the pad dressing process, the

aver age undul ati on hei ght of the surface that 10 contacts the raw nateri al

.glass plate_ ] referably. 4 to 25 pm ~Further, the surface roughness is
pr ef er abl ;f?%’! ts%rp]at ) f%]eéévgl?ﬁgggﬁﬁdE?Pétlisé‘ﬁrhéﬁg khei §ixstalped imddsgr ed by
a styl us pRasaHd Ng ThaS bbdTaM; ich r velength (A) is 0.25
nmmto 1.4 mm The surfa?e rouglrﬁsfgﬁll% a‘?@g&g ‘%%g?/\zg?u\ga%é srﬂ?%‘gu%ﬁdt he

styl us neadWSHgtalst rafifent toie whadhdressiaff pyatues(AE) ai $e2eFem@e I N the
diffjcult for the average undul ation height to

pad dressi r ocess it

be | ess Fﬁ%ﬁﬂﬁpﬁim%f%ﬁﬁ§%§}¥eﬁﬁ%?%%bﬁﬁ@s?eﬁﬁe%@ $@sandhaf03 pih thEurt her
si nce $ hi sefeuethdeake 12lco0ng Hier | i t : unt of production may
be decreased. The surface of a harga%% ?gﬁgrgﬁ%%ghggg%rgggFﬁgésundulation
“hei ght ex®&&dioagied25 pi hhd poddshdcg reughnesd eexcaetim®®@ prars rough.
When suc r.d li.sher is,used to performthe first polishing process
on a raw %ﬁ?éfrg?gl qggz'}slzypp tz,het I‘F@"%d‘?%)%ﬁ:‘élﬁhaﬂli%%ﬁ lafe thevenw dateri al

gl ass pl ate kedhenﬁoﬁhenaba%eg@%iéﬂfﬁﬁ“é%b&q@ e S N0l rDeceSsari 1y
have to be, carried out whenever the first polishing process 1S per?orned.
The pad dF&8€i R§Cpreeesenperpr efpr abliy 8@bpdifentpdthe pacoddacans th the

PglL%FL?g?ﬁgggsgni§h§e£k5§ﬁedp9hg%h%%% %&8%% in%°£Q¥§ gégééggifgggg rate
than 80%. 1In this way, when the pad dressing.process is
appropriately performed in accordance with the polishing
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 highér than the léad of the post-
polishing. By raising the load of pre-polishing, the
25 polishihg 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

22




within a predetermned range. The polishing rate is a value indicating the
r enoval dgpth of the raw material glass plate 21 per unit time mﬁtthheh
hard polisher in the first polishing process. The polishing rate, iC
uses a value neasured immediately after the pad dressing progess aﬁ a5
reference value, is preferably maintained between 80 and 100% of t ? ]
reference value until the next pad dressing process is performed. { FaF
pol i shi ng r%kgaéﬁsl 555}h n 80% the 'sgrface qual ity of thgargglgﬁeen
O ; %j&nkﬁ|¥ﬁﬁl%tghgeggzﬁéhﬁzgiaqoﬁz gd dressing 10
manuf act Uk t C or ,
process igbg%yﬁérgg 3%gﬁﬁﬁhgqb j%% %ﬂ y% es%ggghgis?e% t?%aﬁu§53§?rn
this way, when the pad dressing process is appropriately pﬁrfgrnel_lﬂ s
accor dance mﬁtB thedpoLlshlng rate, the durablélty of thgatar poflfafe 2
prol onged.  FulPREr lf’l’rgl_§ﬁr Fé’_é]@hq_lﬁﬁ:lllf#’???ttfg (anenat_t‘ﬁ(: :aj n?%daascrs]ep
as welsl & h - act n e | _
polisﬁingéfgtg?m?ﬁHE%g ?Ps%oggﬂsﬁgii;ﬁNQﬁxééf R%glrgﬂﬁ%giﬁ?e%n%the t he
rough poIP@ﬁthObighhegranenabetﬁapqﬁgxysg&gﬁdyﬂgagnkﬁgﬁgégxk%ﬁﬁfhémg ! oad
st ages, p§€'§°"§3¥ﬁ§ nd Eost-polgshlng. In thlstﬁg;e’ regar ;hg the lot
applied tO-TH2 ¢ t Hf? Pgiééﬁ ﬁgapﬁq@ﬁ&iwe@ae;pﬂad lﬁqﬁgﬁ L
the pre- polishing psopeslerahhy Ahgher than e e B St 1y
polighinIQQBy ra?gi%g the | oad of pre-gﬁﬁls Fﬁb,‘?ﬁ?dzﬁ ﬁﬁﬁﬁ%ﬁﬁﬁfg%ﬁe ;or
pre- pol i shidlg 1%cr%%%¢§lam? pﬁﬁuahuagtp?gffgrabnﬁgggapFifgﬁﬁkur{hgsnngs
f on.o e raw 1l . plate. Fur r,

]Ic(r)aenﬁ)ﬂg ﬁlrelﬁ%oé) 0%#5%%%? i s‘ﬁfﬁg?gfghéS§&f3f“§%e98flltsﬁénlga\ﬁeﬁﬁtc@r iagld gl ass

thus the raw material glass plate is required to be

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
,undulétion 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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plate is polished by the hard polisher w thout being greatly 30 scraped.
This increases the snoothness of the surface. That is, by changing the

| oad bet ween pre-polishing and post polishing 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 snoothness of the surface. Wen dividing

rough pol i.ghi i nt t s of 5 pre-polishing and post-polishing,
o o po antog and het 1EaS B0 PBiinag PR <Bant | Hiibhs! §npapr bi HBana

the pre-polishing an _ g Fe
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sostoned poyshinn SepLgeyand LS L L er o glase plste s
et or et n Lhe. sant pol | Shipq Gou co by 1o Chakg r e v Reredy ™Y

Ther ef or e, “®hEMCEFvi dPRgPOHE shilng strib$ shf @ge@nubeissd i Iy ot ihiesévongt ages
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surface 9rain diameter. Thus, it is preferred that the undulation
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 gless plate polished by the hard polisher

with the flat surface has a high smoothness in which the
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undul ati on height Wa is 1.0 nmor |ess. Mreover, the. surface mcroscopic
“undul ation height NRa is 0.3 nmor less. That is, in the raw materi al

gl ass plate, when the 30 arithnetic nean roughness Ra is 1.0 nmor |ess,
the undulation height Wais 1.0 nmor |less, and the m croscopic

undul ation height NRa is 0.3 nmor |ess, the snoothness is inproved
conpared to the conventional first polishing 23 process in-the first

pol i shi ng Hr{Q98%Sk 5 t Lshi A in the second polishing

process forJborreé%?ggé%%f£§?§?£é§§cﬁga§Sngg#%§@bﬁﬁb Ful &0 e not

have to beinsholadniged. h&Eighhewa Dgheropﬂhi%Hiﬂ%s@ﬁo%%%s%%esHg%@@gg%pfé) 5
0

t he second pol.ishing process do not have to be perfornmed. Therefore, the
pol i shi ng Y EHS AT disdsT ek HHRBy1 s he- depondr pelsisssivbgepuenesso ame t he

pol i shi ng siy® rRAUI 4, secgqnd polishin rocess i s shortened.
Undul ati ons. canr%)g1 be s%%lf%:%]%n?] yclcc:holf’sr’ec?e%IOJrhE%il 9 SRR PR ERfga
process 10ighd psoulisdruentasdenscy e 1IS8oPOhLSRI pg BEEBL 5 AL rain
dianeter.tThus, it is preferred that the undul ation hgiéﬁtrvggi%%Fﬁg first
pol i shi ng*PFoEEESTSe RY 1A SiHingt Rracess The ghmssveubker ameotmnafacodr ed from

t he raw maher kg S I igh surface quality. 15 The advant ages
of the above en%ggkﬁéﬁ¥fafﬁ%§$om/Egnh%%%%r %%ﬁ? %ﬂ%sé¥% & sUistYate of the
enbodi nenenpyraanthact whed pald syt eerdaspn dgn tihe eahh shidg st ep Epsluding
the two sfpges o% the first. polishing process and the second polishing
process on the° 3&/'@%@??5@1895& ph&t eumber o€ fstegespaieilsitiimy tpr ocess,

the hard peéipbeishhal ksepsed E%d%dgajsﬂﬂéuﬁﬁgghction efficiency is
improved, and the amount of production is increased while

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 corrécted 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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and has undergone pad dressing process. In the pad dressing 25 process, the
pad dresser 11 that is used includes the netal <circular plate 12 on which
di anond abrasive grains 15 are electrodeposited. Further, the grinding.
portions 14 are fornmed 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 suataﬁe becones flat. The raw material glass plate polished by
the hard BBItEREPY WRLR FESMLRd shiifre@bahaty aafitgh sheophdedsesninki ch t he

24 arithnmglbbecgBanNsr gUGR ' or less, the surface _undul ation
hei ght vgpis 70 nﬁ1gr Igg@%dgﬁgg?%ép%$%$%%%%pY%fu%n@ﬁ?af?oﬂaﬁBFﬁﬁPeﬁRa i's
0.3 nm orbgevsesuBSequdnt 006G tife tHd rsd £ Pebnshi Vel B 0Cagsis TWSloys

pol i shi ng,_progess, having a 5 high polishing accuracy does not have to be
perfornedtg?té ra?hzl§¥08§dtﬁﬁl%ﬁmqu?qﬁkﬁh%%-tdiuﬁﬁwnvefﬂhe:Enﬂﬁthness of

the surfageaof+{hgndapulagty St rate., . This ensures th t he
pol i shi nggst ep $(]:annbe conp%e"t:lg c?rkfﬁﬁﬁlmﬁ aogfg ts}feep]?a"ﬁd'&%tr%?hﬁi ygfili‘?\% ,
nunber ofpkabgesreesnsbnyiredl0 the polishing step is reduced, the
production efficiency is inproved, and the anmount of production is

increased while nmaintaining quality. Further, in the pad dresser 11, the

abrasi ve grainshdSnedip &f £cebectfodepasit circular plate 12. This
prevents deficiencies such as t he sgrgig%% f%?ﬁgméqﬁnﬁ%ﬂon[ﬁhﬁe?%)ing
scraped sty dihgionf3he har#i6p6l i shieis opréhent di aspndipakishi Bgcgr ai ns

oo K20, P 0 P 2L B o1 2MOREE L urface o
plate 12, the surface roughness of the hard polisher not
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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The pad dressing process is perfornmed so that the product of the |oad
(g/cn2) applied to. the hard polisher by the pad dresser 11 and the task
time (mn) is 500 to 3000. 25 Thus, the surface of the hard polisher is
corrected as required in a sufficient manner w thout roughening the
surface. The pad dressing process, which is not perforned 30 whenever the
first polishing process is perforned, is perfornmed in accordance with the
polishing rate in the first polishing process and when the polishing rate
cannot satisfy the predeterm ned range. The polishing rate uses the 25

pol i shi ngEkampliaeasured i mediately after the pad dressing process is
performed as a reference value and i s maintained between 80 and 100% of

the reference value. This prolongs the durability of the hard polisher.

Furt her, the syﬂéaégde%%%ILty and the manufacturing time of the raw
material glass  plafe are Stabi PSS S STHE SreRpr 5psredfon e sporaeniike

‘porti 6ns Hdrenpbhespad mduesser pbl yhs 4325, d Q%E?gﬁr@nifaocflff"ees”ste%f HL1

deficiencies such 10 as the abrasive gralns rom
circul ar preve 12 Fige Zur fadetheudliness ofl tdteiharskqpaldshers not  bei ng

correcte rface of the.hard_polisher bein roughened by the pad
dr essi ngd%ergfg(ggéggﬁ?:}éo%dgﬁﬁl If/l,atcﬁﬁilfaz grJréiisn?_t aﬁlrﬁtr?g "flﬁg‘ dirabinand, of the pad
dresser Iolidteed5 surfaae of rdheobar shpg lﬁ%Eegé,fkﬁEt gngdrgnd, the
surface snoothness of the raw material glass plate that undergoes "the

first pol9sHihPtloeedas wendkhe Raldspeli biyeparsormiproyee-p2Q 1B ei ght
of the padhdrfsseinddes Susdeh 1 hpL ¥hep the gﬂjf and then performing
post-polishing for a predetermined time under a load of 40
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 hm, 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 poelishing
process was performed on a raw material glass plate using

this hard polisher. The same hard polisher as example 1 was
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pad dresser 11 is placed on the surface of the hard polisher, the weight
applied to the surface of the hard polisher per.1l cn2 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
agai nst the surface of the hard polisher nore than necessary during the
pad dressing process. Therefore, the surface of the hard polisher is

flattened t he rface snoofhness of the raw material glass plate that
under goesus%ggt REY %??t afé&%%rﬁ PR HBESBIRFERSt Heshapafpsmedhaen jthe
inproved.Saﬁéamghg%rogsthglQggﬁﬁigngQinﬁp# i ow scribed. 26
Exanpl e 1 The pad dressing process was per %&%%%tgﬁaéggggﬁﬁef??ke 5 hard
pol i sher RRE®aSRLATEYeratipdiee Uisi et e Jpast diesser Hhs shguuia 9. 2,
and the finfsti %Iighin g&ocess was perforned on a raw material glass
plate witRt AE™RY dpeE& itSheM L bth & Héiameker pof i Lhimy peoeeddedt he eaw
mat er isal bgkasmapbat 81Was vi gl ¥y iReld S pel f.orm re; pol i shing 10
for 30 mnutes under a Iogé g? 156Eg$cﬁgpg%§?%kﬁél%ﬁé%%ﬁh#@%ﬁfy thd

post - pol i 8AAgSi8e aspredetrenmimedat neeamdesrs ardwathtfr 401 @l £s€. The raw

mat eri al pl at.e was, used as the sanple for exanple 1. The nesh size
of the pa%igﬁégée?hfiI%%%H%%déFeﬁﬁartﬁgs§iE@réﬁcFﬁetéﬁr§HK§ﬁC§1aﬁétigfmas
the sane H&rai el ashéhephanchRbaricdl 13 ass deiaztee Jh M ‘éfbdnfal&&é‘icﬂ%‘ler?s

was 0.6 the outer dianeter was 65 mm and the inner aneter’was 20

nm ConpatatPhetEappfiedyesper 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 miéroscopic 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

28




The first polishing process was perforned on a raw material glass plate
wWith a hard polisher that has not wundergone the pad dressing process. The
hard polisher was the sanme as that used in exanple 1. Further, the first
25 polishing process was perforned in the sane manner as in exanple 1.
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, &t tiheddd p perforned on raw nmateri al.
gl ass plate usi ng fﬁ%s %g?ﬁh%ﬂ?lgﬂ% ﬁé% amePf rarﬁBF?ghg}'as exanpl e 1
was 27 usédcnmﬂ¢qnu§funduquﬂmshlmgrera@@$éa%@a,perforned in the sane
manner as in exanple 1. This was the sanple for conparative exanple 2. The
pell et dresser has a plurality of dianond pellets, with a dianeter of 16
mm enbedded i Bxam® 1l r laneter t bstantially
the same size asmg ggf?ig§kfﬁzﬁhygg%¢@gsg?gm1ﬁa?é??QPeﬁl s@ng ﬁawg§e The
pel | etd dr §§§épralleglou@d|e|redﬂsa tdncit f ace Dhdibgcedard pgbisher tBUt conpar ed
to the SI%E t i abrasb rain 15 of the pad dresser 11, the dianeter
of the pe Ef‘ 9185 SpFRPSHIAF &R fHad S wrﬁmlqa%gé@d @mmmbesai‘rphed af -
exanpl e 1angoapﬂ ath¥eyel opparati ve exa t.he

P h é%%ﬁ!erjs 35‘%91& m e l% ER&&%% dAdtions 15

rel ationship between the polishing tine and
i-n the po§¥e§§+nghpﬁgC©$thenfmam1quﬂ|xﬂﬂﬂmhuygxﬁﬁ@ type ShoW-dHsdPhe graph

of Fig. ho at _in 1, the m croscopic undul ation
hei ght hﬁ%h%gs %%Sﬁ%%% h% S4- nn%?ﬁ 0. anﬁﬁpﬂetHelﬂéﬂﬁ§ﬁﬁﬁgt@@¢e of 5

. m nliPes @ne f1hen p@lﬂéﬁhﬂ@dpébc@s% Wls 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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20 I'n 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 polishing tinme. Wen the polishing tine exceeded 10 nminutes, the:

m croscopi ¢ 25 undul ati on hei ght NRa increased as the polishing tine

el apsed. Further, in conparative exanple 2, the mcroscopic undul ation

hei ght NRa did not increase as in conparative exanple 1 but was naintai ned
at 0.4 nm mhiqg i initial value, and did not decrease as in exanple
1. 30 Fromthes %@%u ts, it is apparent t hat by perfornlng t he pad

dressi ngf process, the T1C§&§E§ﬁh uuuuuﬁt. ns—ef—the p—ater-al—glhass
pl at e mai nt ai ned of reduced gnd di & 25 ot |n€?x§ge Fur thHéf, bjTUsiig
the pad {dresser 11, n1cﬂé§5@ﬁ#@nunduP@&l&hugmm=ﬁ©ldenneﬁ>@dﬂ¢sﬁxa@p esme
and 3 and conparative gxanples 3 and 4uere  5(peg rfgrned qg%kgtge
conditigns indicated ih table 1 to obtain glags Su es Us&d’as sﬁﬁples
for exanples 2 and 3 pnd conparative exanples;3 and 4. [The item enjkdllie
"pad drjessing process| in table 1 indicates the type of| dresser thg}n S
used. Frther, "load" |n table 1 indicates thaf 10 the fjrst polishjng >
process jwas divided into the two stages of pre-polishing and Step
post - poljissdi ngolHdlihger padi Ofresh A | BROWrEELe OT  PRId STy Step —Tn—tabtp
1, +15 Min i ﬁlgg%e%n t he transferrlng time off the raw nmaterial gl ass pl pte
bet ween | pdl ifshihy devilces F¥98°5fanl d 1 Dresser
Polishing Cerium Colloidal
Abrasive Oxide Silica
Grain
Abrasive 1 pym 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 + 15 10 + 15 75
for Polishing min " min min
Removal Depth 35 pm 1 pm
Polishing NRa (nm) - $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 ym 0.02 pm
Grain
Diameter
Load 150 g/cm? 25~100 None
(30 min)+ g/cm2
40 g/cm?® (5
min)
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Pol i shing First Second Third Tot al
Time Process Process Process of Polis
Dressing Pad Dresser
Col | oi dal
D anet er

Condi tion Polishing Polishing Polishing

Load 150 g/cn2 25100 None

Time Required 35 mn + 15 10 + 15 75

Depfth:’SE ping 1 Pm Pol i ﬂn N na 23 0.12  Surface (nm 1 0.23 Ex.
Pol-i shirjg Pajd Dressing| oeqlﬂgg 599 pAg Mg dohd| t 2Bn* Ijr5ocEss Dr esser| 85
Pol i shing Cefri um Col | of &t PoAbbsatiyp Oxinde Sil| ca n{g ai nj Abrasive I pm0
pm Step
Removal Depth | 35 um 1 um
Polishing NRa (nm) 0.22 0.12
Surface
Ra (nm) 1.1 0.18
Comp| 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 pm 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
Remoﬁal Depth 35 pum 10 pm 1 pﬁ
-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 pum 0.8 pm 0.02 pm
Grain
Diameter

Pad 2 Condition Process Dresser
Abrasive Oxide Silica Gain Abrasive 1 umO0.05 um Gain

‘hing Step Ex. Polishing Pad
Pol i shing Cerium

(30 mn) + g/cnk 40 g/cn2 (5 mn)

for

Polishing mn mn mn

Renoval
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Grain D aneter Load 150 g/cnR 25-100 None (30 mn)+ g/cn2 40 g/cn? (5
mn) 30 Time Required 35 mn + 15 20 + 15 85 for Polishing mn mn mn
Step Renoval Depth 35 pm1 pm Polishing NRa(nm 0.22 0.12 Surface Ra(nm
1.1 0.18 Conp Polishing Pad Dressing Pellet Pad Pad Dresser Condition
Process Dresser Dresser Ex. 3 Polishing Cerium Cerium Col | oidal Abrasive
oxide oxide Silica Gain Abrasive 1 pm0.8 pmO0.05 pm Gain D aneter

Load 15Q g/ ¢gnm2 25150 25-10 5 mpn) cnR g/cnR _ +40 g/cnR (5 mn) Tine
Required 30 Jmrin + 15 30 rrigl)toJF'i 10 |mh +g?%m105 P6i>Pol | shf gt n Prrin m n
mn . (25 min)+40 g/cm®2 g/cm?2
g/cm® (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 pm 1 pm
Polishing NRa (nm) 0.42 0.2 0.12
surface .
Ra (nm) 1.1 0.5 0.19
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Renoval Depth 35 pm 10 Um1 um Polishing NRa (nm 0.42 0.2 0.12
gfj(ra]?ace Ra (nm pl. 1 O.E 0.22 Co Polishing Pad Dressing Pellet Pad Pad
Dresser np Condition Process Dresser Dresser Ex 4 Polishing 1 m0.8 pm
0.02 pm Gain Dianmeter 31 Load 150 g/cn2 25150 25100 (25 min) +40 g/cnl2
g/cn2 g/cn2 (5 mn) Tinme Required 30 mn + 15 20 mn + 20 mn + 15 115

I . : ) . 1 Pm
for Polishing mn 15 mn mn mn Step Renoval Depth 35 pm 10 um
| i shi NRa 0. . u e. . Ra(nm 1.1.0.5.0.19 32 Fromthe
rpgshlst!sngf ta(b?ghln, ti%ﬁe grx%srrlgligegs %fa%%gg? %hegnmeéraﬂlgc}&ﬁl& G‘_Hauﬁat £88& hei ght
NRa of theicawsiraper aindyilassioplies oqaf {RRat be Ehestaohi2hiagippoGess was
0.23 nm an respectively. This indicates that the polishing

.22 .. nm _Thi
process SPgQgebéfEﬁﬂe(‘}h@y fies ts qeOhiEs pbh g shiagepsowess).PA nm and 0.22

nm, respectively. This indicates that the polishing process
5 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

10 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

15 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 procesé was performed over a long period

20 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

25 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

30 . 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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conparison, in conparative exanples 3 and 4, the m croscopic undul ation
hei ght NRa after the second polishing process was 0.2 nm This is
approximately the same value as after the first polishing process in
exanples 2 and 3. Wth regard to 10 conparative exanples 3 and 4,
approximately the same NRa value as after the second polishing process of
exanples 2 and the 3 was obtained only after the third polishing process

was perfor ith regard to co rative exanples 3 and 4, when the
pol i shi ng Sg?’%ﬁr\ixwés? Bférec o et b?l%nf%ﬁycﬁ’% Bfi ePERGNBAI Y1t AeSBeEBNd
pol i shi ngppirdcessf theeperi pheral 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 polishin r s _perf.ornmed over, a long _period 20 of tinme. Thus,
the gl ass subs?P%t gg’%%%pﬁaﬁgﬁ)ojw%q d13Y Ramiyfied A edpedi #Fcati on
requi red Hescthbegl B83owsubstrate. Fromthese results, in exanples 2 and 3,

the 25 m croscopi c undul ati on hei ght NRa obtai ned through the first
pol i shing process was substantially the sanme as that obtained through the

conparati ve ex . nd,4 in.the. second polishing process, which are
t he conventioﬁ§rphgﬁf§g i%argpgﬁbgnﬁﬁ%sgﬁﬁﬁé%%tﬂﬁthﬁaHﬁﬂﬁQﬁﬁﬁﬁ)%@ep can
be 30 conphet eawvihdbouiapeyfiassl pgatthe itthid &Y ihigRPeess. Wth
regard to the total tinme of the polishing step, exanples 2 and 3 were
shorter tRah Sotparatfhe 8xahpPesfseranties oplishdmy 200 40 mMetwes: This

shoug ot hatadn GhapSsRBng UBBLELE WLLR SR IRHAUALLLY. 30 g gt ned in a
short period of tine.
vibration resistance, and heat resistance characteristics
required for a information recording medium. 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. Fﬁrther, it is a method for enabling chemical
‘st:engthening 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
strengthehing 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 temperatuferéfrthé éhéﬁiéél

strengthening fluid is a temperature that is preferably

lower than the distortion point of the material used in the

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

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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The present enbodi nent may be nodified and enbodied as 5 described bel ow
A chem cal strengthening process may be perfornmed on the raw nateri al
glass plate in a step preceding the polishing step, a step after the
polishing step, or between 10 each polishing step to satisfy the inpact
resi stance, vibration resistance, and heat resistance characteristics
required for a information recording nmedium The chem cal strengthening

process r t.o i vert a monoval ent metal ion such as lithium
i on and so&ﬁfﬂCl?Péikl ngéaciﬁglgotﬁ S GR5T4 Ceilors tofendiedqjliass substrate

to a monoyalmsdtet ale dion sygh As5001 U Log. and, patassiymi ep_aying a

‘greater ionic radius. Further, I's a net I'ng c
strengtheﬂ#ﬁ@ﬂb}ﬁéﬁpHyvhgdn@hprESGnoposhtess eneth%t%&hbaC%f @het A a@lsass
substrate. The chemical strengthening nethod 20 is perforned by dipping the
gl ass substisttEadFePya ake eg@ﬂmlﬂﬁﬁtqkﬁﬁ$rﬁwbsmna9e1may bér engt heni ng

proces f atln and neltin chem cal strengthening
salt. § cj ggrg cﬁgﬁgkg¥'9 ?E%@ eﬂ?ﬁg hgg}ggflﬁEFﬁﬁétﬁépé§§lHﬁpﬁﬁﬁﬁate
sodlun1nibmateg gilbwer A dttd@as e used i ndependently or as a m xture of at

| east two of the above materials. The tenperature of the chem cal
strengthening fluid is a. tenperature that is preferably |ower than the

di stortion poi g0 d in the glass substrate by about 50 to
150C, and nore p?ePSF§§F$B gﬁgthe gﬁ%eré¥ﬁ?égd?st%%n8h@ﬁlEB? éFFgﬁ@?hening
process franditiosel bfi $habautw 30010 A5QQastheim 4he, t gApRrasure is | ower

t han {de dlst rtion 50|nt of the material of the glass substrate by about
150C % he §P98LC SRt PaPe ERANJE O and the like, satisfy the

desired values after the beveling step. In such a case, the

_task time is furtherkshortened.

The soft polisher used in the second polishing process

15 may be used as the polishing pad used in the first polishing
process. 1In 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 fof 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 dévice 41. When the buff

polishing process is performed in advance in this manner,
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sufficiently subjected to the chenical 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 distorted when perform-ng the chem cal strengthening process on
the gl ass substrate. The | apping step may be omtted as |l ong as the surface
conditions of the raw material glass plate, such as 10 roughness, warp,

undul ati o the |i satisfy the desired values after the beveling
step. In sncﬁjc%a%%é‘agel,met #Zdrt‘g&? P¥%3F§Sf3aflﬂh@¥0§ﬁéust dfe@hoThensdst and

poli sher used dnibuifte czeqonturoL 1SRI DG PrOCRSS ;A8 MBY he used as the
polishing pad used in the first polishing process. I'nthis manner, when
the sane polishing pad is wused in the first polishing process and in the
second poli shi process, the first, polishing process and the second
pol i shi ng procgggnoF%thaﬁﬁﬁiﬁﬁi&f%%g% Payces 20s peivoeaddinyot heesane

pol [ st ngtdeviseageThbs pnablies iheing sk Fosod La0s{eREl0g Lhe. ngu mater i al

gl ass plate between polishing devices to ed an
the manuf8cthrpagngi be 25adl buftfe podlsshng ploekss may He pesHoragd on

t he ol i shi r erform ng the pad dressin rocess. The buff
polisﬁing§grggg§gg?ggégp§3§§§sQé;p%iﬂghﬂﬁaqu@ﬂﬁssur pé@Qﬂ & & ssol i shing

pad so that is peepseseal tabt! ¥ha Quahem than jdht he, pagd, dressing process
usi ng poliégin .30 material, such as a grinding stone, sandpaper, and a

pol i shi ngPagehting rhakpedt Fearerrt lveadnt admeerthaof tthe pgildishingdgat t o

the. jpol i ghi nghdevice_ : t he.puf f i shin rocess is perforned in
advance in this ﬁ%nnerééllgﬁgﬂg- TQES fuggher 1ngrgases the

polishing rate for pre-polishing and enables the surface of

the raw material glass plate to be more smoothly polished

during post-polishing.
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35 the task tine for the pad dressing process is shortened, and the anount
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
t he pol i stiLadM&gent for the pre polishing have a coarser grain size than
the polishing agent 10 for the post-polishing. This further increases the
polishing rate for pre-polishing and enables the surface of the raw
material glassiplat @ h&hb® fSFh&uPaReidY ¥ g dBARAe o hiif¥BrRARy PO! i shing.
36 CLAIMS: 1. A nethod for nanufacturlné a glass substrate tfor an

i nformat i moﬂﬁ@mddimgl memifmhmedrbwfmd:mhmgmetﬁprﬁacﬁ ofswamgmatesalsglassapdate,of a raw

mat eri al met.hod being characterized in that: the

pol i shi ng %P\%S%Hgf’ %dé? " a step for performing a first
polishing pr Oﬂﬁ%ﬁ)hblﬁh?% davﬂ‘dba ﬁito BRb bP4, AGtdpaer flrferminey 4 fiRe bbBdhig t O
roughly polish the surface of raw materi al glass plate to be snoot h

and a st eprocess usigrading mjwbmge@é @ﬁ ajbatd MIShg to mugbbsgoluh ithegsuafase ebihe

pol i shi ng 49 Hin Iy sh.t he sur e.of the
Pougnly SERY bl g B o 80 be Bibarth Gnly A toP SerbsHhite Fsckbhd fplle ' (e
surface of)rdcb@ uisingsi seperld ;ﬁhisnmg@ad oflasoft pobsher efenelpolishtth®surhet ghtheof 4
to 25 m which is, nmeasured hy a | us nmeasuring instrunent with a

measur i ngm‘\gﬁb’el?‘%‘ﬁbﬁdrfamatéﬂalcgl% a4e 10 be spRofhel a surface roughness of 3 to

8 p,m which i §heTRAGHY psm” f a erein
the first poli Slklll ng sFeSp ?ég&fq%%%géd 2 rgulh%ﬁ%%/ ?éé Lﬁ%ugu%e]ér?%@e of
t he raw nitel$ an, gfhicsis pleasieed byawlwmmmphs&mhmmm@ n&aghnn
post-polishing, wherein |oad applied to the raw material glass pI ate by

the pol i sWergengthy (rpfi0x tojl4 mmpand & surfage spughaess of 3 to 8 um, which is

measured with a cut-off value (AC) of 2.5 mm; and

wherein 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, wherein load
applied to the raw material glass plate by the polishing pad in the first polishing process
is greater during pre-polishing than during post-polishing.

2. The method for manufacturing a glass substrate for an information
recording medium according to claim 1, characterized in that

a pad dressing process is performed on the first polishing pad in advance before
being used in the first polishing process; and

the pad dressing process is a process for polishing the surface of the first

polishing pad by sliding the polishing pad on a pad dresser having abrasive grains.

3. The method for manufacturing a glass substrate for an information
recording medium according to claim 2, 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 pad dressing process is 500 to 3000.
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is greater during pre-polishing than during post-polishing. 2. The nethod
for manufacturing a glass substrate for an information recording nedium
according to claiml1, characterized in that a pad dressing process is
performed on the first polishing pad in advance before being used in the
first polishing process; and the pad dressing process is a process for

pol i shing the 2-urfa76be aethoddof imagufactping e iglass)syhatiath forsdn idfomgatiore pol i shi ng

pad on a e r._hayi br asi v. rains. ..3. e t hod. f or .

ranut act g e BR e B cHiBPRret ol el iR peteenesne

accor di ngpérforfiledisontidit polishimeiagy, ivttch isa vallRtindiBAinR3d1igKiAS GMOEntIPeP BRSES | S
perfornmed so that the product of |oad (g/cn?) applied to the polishing pad
by the patimedp thedupt polighing rocepsyis maintaineddn @ipred¢tarminedirangsad dr essi ng
process is 500 to 3000. 37 4. The nethod for manufacturing a gl ass
substrate for an information recording nmedium according to claim 2,
characterized 5n th&he tlethodddr mamsfactigng b gies subsgate P& dncibfoeshateén t hat

polishing rate, which is a, val ue.indicating palishing anobunt per unit tine
in the fiYeSPrdyg me ng%ﬁ?rga& Ci}l@ %&ﬁ%r@gp%’é ip that, Whenfbe pplishingrateange. 5.
The net ho : i : .« J
recordi nggﬁéﬁ%{n{?gg%gﬁgﬁ%&%@% aiﬁ?ﬁts . C gérsggs'?pgl;r@;lggm}sndg{iﬁéﬁ}éﬁ]}g?\cet he

pol i shi ngvaleg,ethe phd drensing provesti is pedfyrnaddtvelientthepglistingrrateds kgs than §6%sofl s
perfornmed,is used as a reference value, the pad dressing process is
per f or medPRATORRYHBF-i shing rate is | ess than 80%of the reference val ue.
6. The nethod for manufacturing a glass substrate for an information

recordi ng medi um according to any one of clains 2 to 5, characterized in
that the mesh 6.si zeThd methodfenmanufacturing 8 gls9Sibstrate 6@Gan idforfikdomet hod f or

manuf acturing.a gl ass substrate for ap .inf ion recar.ding nmedi um

accor di ngreg%&g}%fggcﬁgmcgpccg? g?rtg a3y £ge 8{,3018%0%@?% FB?@‘&CWI?F lﬁélﬂaqfl??em

dresser i §izseftthe paddichatl is¥B23 th BEo@ad dresser is arranged on the surface of
the polishing pad, the weight applied to the surface of the polishing pad

per 1 cn2 is between 0.5 and 2.0 g. 8. The nethod for nanufacturing a
gl ass substrate forTﬂé]nfeﬁfoﬁrfméﬁﬁ'acmring a glass substrate for an information

recording medium according to any one of claims 2 to 6, 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 polishing pad per 1 cm? is between 0.5 and
20¢g.

8. The method for manufacturing a glass substrate for an information
recording medium according to any one of claims 1 to 7, characterized in that the first
polishing process is performed until the raw material glass plate has an arithmetic mean
roughness (Ra) of 1 nm or less, which is measured by an atomic force microscope, an
undulation height (Wa) of 1 nm or less, which is measured by a multi-functional disc
interferometer with a measuring wavelength (A) of 0.4 to 5.0 mm, and a microscopic
undulation height (NRa) of 0.3 nm or less, which is measured by a three-dimensional
surface structure analyzing microscope with a measuring wavelength (A) of 0.2 to 1.4

mm.
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recordi ng nmedi um according to any one of clains 1 to 7, characterized in
that the first polishing process is performed until the raw material gl ass
plate has an arithnetic nmean roughness (Ra) of 1 nmor less, which is
measured by an atom c force m croscope, an undul ation height (Wa) of 1 nm
or less, which is measured by a nulti-functional disc interferometer with
a neasuring wavelength (,% of 0.4 to 5.0 mm and a mcroscopic undulation
hei ght (NRa) of 0.3 } | t he.ee- di pensi onal
surface structu?é agg y2|ﬁgg§?g?§§%%%gh/at ﬁggﬁ§g§%¥P§31@@¥§P§ﬁ%th (?) of
0.2 to 1. fecording fidim ddeerdimd toathyfone offelaithe? a8, dhgradtegietbin thatbslienat e for an
information_ recordi ng medi um according to any one of clains 2 to 8,

char act er PSEerMIAe thenad deessing process thelgad e20iad 08 g&s ng process, the | oad
is 20 to 100 g/cn2. 10. The nmethod for manufacturing a glass substrate for
an information recording nmedium according to any one of clains 2 to 9,
characterized i0. t hdhe tethodtformanbfactupiag iqlaxss sgpstrhie fppah Mf@amtiog process i s

10 to 60 mnutes. 11. The nethod for uf acturi a gl ass substrate for an
nf or mat | BIFONEE e Ao O A0 AP0 O GIAES S OB e L Batagg e,

wher ei n t g RArAMSIBSpad Bessthg Froé&ViT0 @ G Ringliape, and the dianmeter and

t hi ckness are substantially the sane as the dianeter and the thickness of

the raw material glass plate. 12. A glass substrate for an information
recordi ng medi maRyf act.ur b he .manuf act yrj ng stet hod according to any
one of claims Tp?to %e n?ﬂﬁ’ﬂi@f%%@@ﬁ“f’ﬂg? ?S‘%{ish@@d‘?razg’s‘_ng‘ﬁﬁ?ﬁ?’éte has an
arithmet i gecoRiip mediahn@esrdingad 28l ode 4f BRIRS 2 LEEG ,wﬂé’fEiﬂthegﬁdflﬁ&%éﬂlﬁg aby an

atom c force mcroscope, an undul ation height (Wa) of 0.5 nm or |ess,

whi ch is fisadyrRiateshane, aad the diameter apdghickness aterpubstangiaiprdhesan asithe
measuri ngg; I f a mcroscopi c undul ation
hei ght (N&lg}%\éﬁ‘? aﬁ&%ﬂ%ﬁeg?ofﬁrgéé&/ I %%al@sﬁﬁggeured by a three-di nensi onal
surface structure analyzing mcroscope with a neasuring wavel ength (?) of
0.2to 1.4 mm %9 ) ) ) )
12. A glass substrate for an information recording medium manufactured by
the manufacturing method according to any one of claims 1 to 11, characterized in that:
the glass substrate has an arithmetic mean roughness (Ra) of 0.4 nm or less,
which is measured by an atomic force microscope, an undulation height (Wa) of 0.5 nm
or less, which is measured by a multi-functional disc interferometer with a measuring
wavelength (M) of 0.4 to 5.0 mm, and a microscopic undulation height (NRa) of 0.15 nm
or less, which is measured by a three-dimensional surface structure analyzing

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