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DESCRI PTI ON  GLASS SUBSTRATE FOR | NFORMATI ON RECORDI NG
MEDI UM AND METHOD FOR MANUFACTURI NG THE SAME 5

TECHNI CAL FI ELD The present invention relates tol'ﬂ”'"unl |’||"|I|I|“|m”|||
gl ass substrate for an information recording ne A
used in a magnetic disc, 10 which is a magnetic

Such as'a hard i sc. a mgnamsapreeon i sc. anq MMM

optical disc or the Iike, and a nethod for «GOO002*
manuf acturing the sane. 15 BACKGROUND ART

Convent i amgddy, S@Bﬁm%spbﬁtmtémﬁhéﬁ P@E@@@WGO'NIE‘]}]DIUM
recording medi um nust have a surface that is as snoo

as possi bl e t &NéndbITEODe ¢RI IMAG UGTAQ THIROING It TIOD SWNE

hi gh 20 density. Thus, the surface of the gl ass

substrate is ground and polished in plural stages
TECHNIgANBROEAOt Uri ng to suppress the formation of

m croscopi ¢ protuberances (refer to, for exanple,
Japanese Lai d- Open Patent Publication No. 11-154325).

That 8§, polished or
inatst I(;Igls %%r@sl nto roug ergérllsa |E’(rigu{]Cg 7 glgéérl n‘é’bsg te f

ahi isfopoktshinngecandisgcordipal n;sh:ldngn(fal mélgnetic disc,
oljshing). The first polishing is a step using a
BE)F sﬁan rB%@P‘EElcSﬁeFBrB&PHSﬁ‘gfiﬁé‘mslflofra@é‘ dfnft%rfé“atlon

r8tasainybgtvate whth asharﬁa99la§§%f Wt ﬂéﬁ%fqﬁ}fggi
roughness Rmax thereof is about nm THhe seco

dpsri shndgansocat eep ds%sﬂgorhéheaﬂrekepolamsihlang\edtémd:éor

mdtukfELERS PRL ShLEY step to polish the 1

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
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
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
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
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surface of the glass substrate with a soft polisher in

pl ace of the hard polisher. For the polishing agent

of the first polishing and the second poli shing,
cerium oxi de, zirconium oxide, and colloidal silica

and the like containing 5 particles of and silicon

oxide is selected and used in accordance with the
Fetfiiqeed pdallish s acowsicyatoe whehl akeof Repedt spkassn place

substrates are required to be recordable wth higher
ocxtgn et;’}ll.ar'ldo Rﬁllfsie}?qﬁr‘t h% I & Inhe@ggnt of the first
pomHitesaref tihe Hasy Sg%@ié}ﬂﬁg,s%éﬁf&nng%{dge. zirconium

inproved. In order to inprove snoothness, polishing

aruste nan ool Isd dadi \Aideid-d rand tee st blgescofitédinshg

1.shi_.ng second  pol i shi ng. but st further be |
p%l%cl%lelg% r?t%g%r?oafeﬂs lé:gogns,oxsluéc% Sass%féj%tr?‘a %?%g%s%\‘ﬁdl%
alcouiridansieagd t fHaWRY elequas ddN oSt i dp &t @E Lyt Or the 1ike.

pol i shing becone divided into many steps, tasks that
are troubl esone and that require a long period of tine

i ncr %%%%ntsg?%stsa%lﬁ%sit'}%ltlé%e trrearksefcﬁflrf ghe gl %a%csordable

substrate between polishing devices an pef?orm
wiltdahiigherbelensdn yt.heTot Ep3£iThi shhas ragahieeime@r, NG Hen

that  the 20 producti_vit d yield d ._Th
=B BLBE S enEr on HOCHS ST AR QUOVEH SbiTmidy inmeoved.

IRr b@Hedr to Ehp&%vénsﬁQbQ%he%%,t@%H%Eﬁ?ﬂ&_ﬂdg%ﬂﬂéf"bﬂiy be
provide a glass substrate for an information recordin
d2¥ifedi dREPhAWOI BbRE®ESs Oopr ddusti o léfshiicicernd awbdrivht
LRG S e u raduct.i il e maintainin
PhAEARRSeEkfeaatB el Shol” AU IDAMN STDEN M, sucr

abl 8CLOBUREs ORgeéHENUNYERGLONh3@ tEgeachievevehg abovBe steps
i,nvention provides

obj ect,, . one aspect OE the present
rSth?ﬂoaéfBP?ﬁgﬁbFac GFPRG d1grEss 18GPsfPae staPsan tasks
thatos et tesubeesbfengnaedhdm Fepufiaet B 8dng period of time
increase. Such tasks include transferring the glass
substrate between polishing devices and performing cleaning

between the steps. This has a shortcoming in that the

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
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
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
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2 by polishing the surface of a raw material gl ass

plate. In the nethod, the polishing is divided into

two steps, a step for performng a first polishing

process to roughly polish the surface of the raw

material glass plate to be snooth and 5 a step for

perform ng a second polishing process to finely

polpahi dthiengs urfeaceuofaddieof oughhy potéshed Hawss plate. In
terigl glass plate to be snpother. The first .

%H%i@ﬁﬁ pricttedOlShiingr be edkvided ngnbopbipPshtrgspad step

; tds : i des . .

O e oA O STk R R E0s%s L nab sy porion

@%S‘ﬁl’rﬂaaiele Q/ﬂ‘liﬁl'ﬁi Sﬂﬂ)p:cn}atEgrEabc%leﬁiH; nglagento be smooth and

ro Y. polish the surface. A pad dressing process is.

apesﬁ%é’r d é%?rtr%r?e“bldlq ShifF P A R P pefore bei Agnely

péseGh ithel Reidfiacst droldndhi N9, P BF§5iSE 1 e P d&&?ékggl
process is a process for polishing the surface of the
Passswlrgepae e BRositidimg The pokisshipod ipdd nan prquasks is

dr I.dJ ncludin ahr.asi.ve grajns., The. pad dressin i
b gggggsVs%E#g e%aﬁ%}ﬁiﬁ%%ﬁgﬁﬁlg@d?lﬂﬁ QtﬁyﬁﬁQﬁﬁkg resin
fofan, oathatgse iRk sapple @b 1tiGHiRy RRId YH MhGwathdy dhethe
pad dresser and task time (mn) required for the pad
T3 TStRE1pL088SSi #1866 v idcosu iped adreslsi Hying agent
thr @ kS r y f dasQ. 4t i shi .

A e S i AR
ppafounet phnthenpphé shiingt ppal iishianly aproec &g ores being used
.ai_ntai-ned,in _a.predeterm ned r e. en the. )
lgﬁkﬁéhfﬁﬁsFa 8§6§%épﬁeﬁr9ﬁﬁ§&raﬁﬁﬁ§ ﬁggengﬁélnﬁaHrocess is
adpesseng PooCcpSEibAipgr tAEMBArifacesed ahed JAMYILE pad by

go val ue, the_polishing rate is preferably_naintqine§
spafhBEntheoPahdshdng, BRdt RE RePafeAEe svairudncdmdinge
aBadsdyessi-R9nsprocess i s performed when the polishing

rate is less than

The pad dressing process is preferably 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.

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

maintained in a predetermined range.

When the polishing rate obtained immediately after the
pad dressing process is performed is used as a reference
value, the polishing rate is preferably maintained 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 wvalue.
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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 cn?
is preferably between 0.5 and 2.0 g. The rough
polishing of the raw material glass plate in the

first_ polishing process is rformed until the raw 10
materrqtfﬂ “bqsgks&pqpea_t%fept_rké?@ |§* #a&CBnlar PERABERELiRAR2S to
yepmhness pRA) drwhiseh s F%%S%ﬁﬁ91Q% ﬁﬂéHnéﬁéa%%§ dresser

mcroscope, of 1.0 nmor less, an undulation
narrangscen Shessunrfatdya the tpeiisict ngnabddi she weight

i nt.erf t ith i length (A) of 0,4
PEGR Y el s eor e NS IR ohebpf com s
prefdralt1gn detivglin (ONBR)anaMii ah ¢ s neasured by a

t hr ee- di nensi onal surface structure anal yzi ng
m croscope with a neasuring wavel ength (A) of 0.2 to

1.4 [ . r. | e Q. The first i shin

st equﬂée gjoplg%c%sogm glrmrgoz)g%ﬂtéle pot'l sr?}alltnegrf%e %ﬂ??%o%late in

tife tﬂie'lsmaworhitséﬂiig@l pgiomlspliﬁi Epeirffdrvmgéd SII?QEF&,the r?qw
re-pol.ishing a ost-polishing. Load a ied to the

m%&ﬁrﬁﬁgepﬁgﬁggP§§§%pﬁﬁéiqﬂﬁ% egﬁﬁi%ﬂﬂQ%yﬁﬁﬂFﬁ#thﬁﬁn

rbluighheBsl (R8I NI WhiRECSS SRR 3 Yo frAaerc di) i

pre 25 polishing than during post-polishing. After

MyFIEPGOPRY ©Ohe lpAdndr egsileg spr ecessidulled isur fracisghtof (Wa) ,

pol.i shi d,pref l.y [has . an _aver age %ﬁgyl I on
<HIEseb! Rat.Ralr € SLANLY ARE AR ANeLA0E WA e
wilhkt Buneabud@nyi thvalerashr i(ng wave.angtdh 5(A) rf, 29 .0 nm
to.1.4 mm of 4.to 25 pm and_a surface roughness, _ _
O%hitERSt sPhdauPLGTRFERPAC BRAUdALiPR height) BRad,5which is
mBBLu@Ed3by0a8tAMke-dimensional surface structure analyzing
microscope with a measuring wavelength (A) of 0.2 to 1.4 mm,

is 0.3 nm or less.

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

polishing than during post-polishing.

After undergoing the pad dressing process, the surface
of the polishing pad preferably has an average undulation
height, which is measured by a stylus measuring instrument
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 pum.
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4 \When perform ng the pad dressing process, the |oad

is preferably 20 to 100 g/cnR. Task tine for

perform ng the pad dressing process is preferably 10

to 60 mnutes. 5 The gl ass substrate preferably has an
arithnmetic mean roughness (Ra), which is nmeasured by

an atomc force mcroscope, of 0.4 nmor |ess, an
undulW@iérorpeei giiifd\dhe mhdilchréssimgspredeby,athe load is
mul ti-functional disc intgrferometer wth a measuring
%ﬁ%%}h AP Lig s, 0TRmk Mg, 5 aFmPEr ferrmigws, the pad
A & {8 GRQ%A G j ei ght o (DRay, 5 ich is
neaéﬁ?g%%%y a thﬁgg&§#%§%§$%%2|1§u§ ace S%PﬁgF%fe

anal yzing mcroscope with a neasuring mavelsngtﬂ (A

of 0.2 to.1.4 of 0.15 nmor |ess. 15 A further

aspec %ﬁg%ﬁﬁ§:gqgﬁﬁﬁaq§nﬁﬁﬁ et BV dRseR 2peFPeREAG mean
rdrig R SOT (RIBNURAGIAH 1110 nfe L8 B8Sd PSEK 3L €0h 0k 8By ce

i nformati on recordi ng nmedi um by polishing the surface

mgiC rps qopR metfer -l ngl @5 Ists e.aThengiol dshomghdeyhte (Wa) ,

' i shi . d_f ynt het |
SIS R IS, BRSO O R SYILN E e onecer
wgitai @s meblsariolg stiveg epatis! (2desof an, 4 heo rswvo eherdal 0.5 nm

| 3ss plate when roughly polishing the surface of the '
o%a SFEr e PNY AgMEST OFiCaRd N atpiayihriae (MRg¥ acehich is

meh s d & EH%%&%%LdQH@ﬁ%ﬂHﬁgfféﬂfﬂhégfgﬁéé Lng, analyzing
agent, and the pad dresser slides on the surface o
mijggozgopel Wilthng ped st ipg wstvellagid] | @i ngf pad thel.4 mm,
a Lesser _h a circular-plate shape, and it is
ogrgfgprgg ?ﬁa?gfﬁé di aneter and thickness are
substantially the sane as the dianeter and the
thickness of the raw 30 material glass plate. BRIEF
DESCQI%VFERPGFa?HECBRRﬁVNGS 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
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

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

material glass plate.

BRIEF DESCRIPTION OF THE DRAWINGS
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Fig. 1 is a cutaway perspective view showi ng part of a
bat ch-type polishing device cut; Fig. 2 is a plan view
showi ng a pad dresser; and Fig. 3 is a graph show ng
the relationship between the 5 polishing tinme and the
hei ght NRa of m croscopic undulations in the surface
of a glass substrate. BEST MODE FOR CARRYI NG OQUT THE

| NVENTIGON 110l sAre ericdianepe oépédiei peeseal sR¥QANLOBart of a

il L now be described in detail with reference to the
el &g}@e B ) e 6L R i Bt of a gl ass substrate

for ang.inf ardref ik el S WBel um o8y T i

gl ass pﬁ ate is 15 cut out in a di sc-s%g%eé%‘\%grgn&g’s%égt

of glfdss @ dte.a Draplcahearing the ralathdeshab gekassen the

l.ate .includes a circular, hol The g)] ass substrate _
pllg)sﬁTs%’rlrrrlgd tﬁf/nepé"lng iy }}eh]eqhq% Lhﬁ?‘aac%l?dgl(f]ﬁ%s?%zlc undulations
imatedrd ahrglaass of at @ dh il dshi g device. The

gl ass substrate is formed froma multi conmponent 20
gl ass material, such as soda |Iinme glass,

ekl | IHga sl | ss, and
cryst aI%l%i zF‘g((gIQ g ggg@ﬁ?ﬁ?ﬁn&#ﬁ@@t%@d using a
fl oat met hod, a downdraw nethod, a redraw nethod, or

a press tgod. An%gntic'filman.da protective film

made“0f eE’E’P FEeBt & 6% EF SSEHA t2(VESEL 25 Whrlori @k be

deSkYyibehoAn( Getaandytike E@%%r%%%éfka%%énafggaﬂ?s.
rom

surface of the glass substrate obtained f raw
material glass plate to configure a information

recordl.k ' 1.as magneti c disc,
mgnor sig, HEALEALEHERNET o2 B BBt stiREratey fr an
ishowmat hofti gechrdanpohedhiung devheemdteriehud@sisks plate is

di sc- shaped E er plock 42b and | ower bl ock 42a that
c‘éJFeouga} I13e1Lj gﬁ'ﬁ 8RSof RER &nghephced Phamserd@tet-nelhe

céAtéheof 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
glass material, such as soda lime glass, aluminosilicate
glass, borosilicate glass, and crystallized glass that are
manufactured using 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),
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.

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
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6 vertical direction. An annular internal gear 43
encircles the upper block 42b and the | ower bl ock

42a. A rotation shaft 44 projects fromthe center of

the | ower bl ock 42a, and a sun gear 45 is arranged on

t he peripheral surface at 5 the |ower end of the

rotation shaft 44. An insertion hole 46 is forned at

v icent el nefettimn upﬁer abpnodle 42t eandh It hpear A Rté@O@ircles

th tion hole 46
e giids stk 2435 2 the HO kT Jeko@Bad o he A ichafsion
sGeat 4‘1&3@&@51% SHdrPf8He Acﬁerﬁf@r qs f ﬁﬁ]ebYo@ePDgfécﬁr42a,

the like so 10 as to be independently rotated
am%raalawy gefarc dry iler aANdesd ar artyedbdeipleenat heurface at

wer l.oc nd th per 42b. A plurality
C|OF}C%urI élellrﬁd;]1 hf8 5 d‘sq]anfc HE! - c Yy iigisefAon hole

4Baciis (florrmkztldahth(ﬂh% fb%nrt%qeld@&rﬂg nawdmtEerédl 48hassnd the
plate 31. Further, a gear 49 is fornmed on the 15

rﬁélaltpﬁér ghagsr ﬂ.%ﬁ%ﬂ%@éﬁ%rﬁh@pg@ thﬁc}elrﬁﬁe@r@m@ hole 46.
e h t he  hat t.he sun

Tﬁ% upgg%hgqg\gkllsa |bng ggv?ce Qﬁg) po% |ng ad’ %%ﬁﬂ?a% gear

4Bsanﬂothedsﬁnogeaynﬂbehme ﬁeﬁwpnf@wnaImbﬁﬂﬁiﬂﬁﬁﬂhé(llke so

2 f of the |ower block 42a and the upper
aB| g8kgﬁgggﬁ%§§%dﬁ€8é¥s5P§at?ﬁ1e rAwPhEtatiky gfasgrriers 47

iBl akQaﬁ ebiSbBeldehRetweenowkhre ph QWgr 4@|a0%|f1d42@1earﬂ%§ block
per block 42b or between a pair of polishing
4?E a%trahéraJe@éy\@ﬁ ¢hreukarcubhes h8l es48oohetihén the

cQ@EE d Z gL 4 85 é&ﬁ§% ﬁ%&ésgénge% en%s?% %%g material

supp |e roma supp y section (not™s
gtasfapdatef3ihe Ewwth&ﬁﬁnaeqe@&a$s P af €rmdd bynwaye of
t he bl ock 42b, and the

bl ock
p%%fpé%?%% B%ggl$P ?u?%?bt%ggFlgﬁpﬂly hBhesdeabs 49 are

méﬂ@@@)wﬁ%ﬁeﬂﬂelDnﬁ@?naihbégﬁe§§ &haetﬁbfgﬁk'88ﬁ9”4%he
| ower bl ock 42a, the upper 30 block 42b, and~t

pol i shing pads. The polishing agent is
In the polishing device 41, a polishing pad, which is

formed from synthetic resin foam, is attached to the
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
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
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,
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supplied to the supply holes froma supply section,

such as a tank containing the polishing agent. By

rotating the upper block 42b, the | 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 gl ass
PpldtteheSIsworgemt i 41y tdwech overrbéock742avandest BBoupPehe
bl.ock 42b or_the pqglishing pads. This polishes 5 the
KhEE shafife YWt eridtainesapPat el B3, axhe wethotthe raw
nfa‘Her’IQﬂUI?Q%tlslH[F{]lgaﬂéq%lgltﬁﬁgtas&‘tpfﬁéj%ﬁemiyernBWobE 42a and

descri bed. 10 e gl ass substrate’i s manufacture

tlt}'lﬂ OURgHe Ta bdicsk @tolczesﬁ]hm mhmhm%)ey@dm n%_’l&tﬁp,pcﬁlishes
appi ng st ep, olishing step, and a washing step

tlhr?otsﬁle §iSe 9 r%@é?gﬁaﬁ”g MGteF 13l s (ﬁli‘j‘F%s%%pl ate is

15 cut using a cutter nade of cenented carbide or

di anond to forma disc-shaped raw material glass plate
havi Ageameéinoguifar gemutacthoting Ithe hel drevedungt saep, will

el aad . ouLer circunferential surfaces of the raw

mat eri al gfass ‘pl ate are ground so that the outer

di aneter and the inner 20 dianeter have predeterm ned

dine&gion and so that the edges of the inner and
out el "Ei PLARFePERELAR tSUABaFEd Ufas tidlack idyrouad a disc

bevekedng! Bttpe hLappi,Rgi5ie | apRiNG i1 OGESS, IS
pper_for.mra1 on BQS the raw tggre' Al %gﬁg l&gg%g g °
Pedipbéngt Abepar pndf at WesBAngntsitep.raw material gl ass

pl ate beconmes process, which uses sliding the

surface
In the disc processing step, a sheet of glass plate is

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 material glass
plate are ground so that the outer diameter and the inner
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

‘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
the lower block 42a and the upper block 42b while supplying
the polishing agent to grind the surface. Further, for the
polishing agent of the lapping process, a slurry.of abrasive

grains, which are grains of alumina and the like, dispersed
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the | ower block 42a the polishing agent glass plate.
Thus, the raw material a substantially flat plate. The
| appi ng the polishing device 41, is perfornmed by of
the raw material glass plate 31 along and the upper

bl ock 42b while supplying to grind the surface.
Further, for the polishing agent of the |apping
Proezssy, avislorgeoveabeaasaveisgeaknsn Weldehmdr 8 s used.
grains of alumna and the |ike, dispersed 8 in water,
whi ch serves as a dispersion nediin]p!s uaed: Thi1
ol i sit i YW S S g Lce , :
s porformed e e ROt Re Ba PoRt R pdagevice a1,
%ﬁ(PQ¥Eﬁﬁmﬁﬂuiﬁtﬁ)3¢E¥¢OMmrwhiOhktﬂéapamdshhﬁgupﬁaé are

i ding . the polishin ads al ong the
als)éur¥aceéggﬁcp%/ﬁwheesrlgov&elrgra]?g?(f’glJ‘%‘T a%%gp %?eugfi?rl Rlerk 42b by
id istj teyl, i dHin s I g 10 1 O g thee POLE BREDI PAPS. .
q%ﬂ fgﬁggg:ﬁéﬁgﬁbothéilihe surfé%e of the ram?na?e?lgﬁw
"%1 a &léss plate vishi Ag §ﬂ7@pp0ﬂarsélligmh_ﬁtep, vtvdhe sliding
teeyd v ol i shi agent, polishin owder , _
ey e s By B N P I i Ui s P et Tace o
tpleatrew saltsedadnigline spelliaatd ngTar enwashen 1A% téid," & reign
washi.ng  fluid. This manufactures a glass substrate
TRaving & s fE60h 25 BPLASE 1890 AsegH: rc IRl Shiess . paidhe and
disrubactueeduglfase S4¥PHALS NS ¢ ﬁ%Llf agcl%t%g PHYNESS
Ra of preferably 0.4 nmor less. Further, e
sHH&SBHﬁPEntﬁePQﬁﬂSVaHGfaﬁEEWQ@MEdceway;w%ﬁem?mdsﬂlﬁh
: . he m croscopi ¢ undu| ati on
Cahe S B S et 1S dL FES T EPeF aBFy b YSRAnmopmooth
stie§sceThrdshifhaceleanliness.

The manufactured glass substrate has a surface
roughness Ra of preferably 0.4 nm or less. Further, the
undulation height Wa of the surface is preferably 0.5 nm or
less. Moreover, the microscopic undulation height NRa of
the surface is preferably 0.15 nm or less. The surface
roughness Ra indicates a value measured with an atomic force
microscope (AFM). The undulation height Wa of the surface
is. a value measured with a multifunctional disc
interferometer (Optiflat) manufactured by Phase Metrix
Corporation by scanning a predetermined region of the
surface with a white light having a measuring wavelength (A)
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
200) manufactured 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.
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roughness Ra indicates a value nmeasured with an atomc

force mcroscope (AFM . The undul ati on hei ght WA of

the surface is. a value nmeasured with a

mul ti functional disc interferoneter (Optiflat)

manuf act ured by Phase Metrix 25 Corporation by

scanning a predeterm ned region of the surface with a

whi t éthémghthdavinfaee measyghnogs\Waue!l engt inGA)l atheWeRn ght wa
0.4 to 5.0 nm The mcroscopi c undul ati on height NRa
Pt SUFERICIRIG Wl kA hkaBuhedohit NRa rrepectively
& pEasi enal s urd tr ugeq anglyzj ] 0

R Vi oy 3872008 i rieg b eaPpinyy RE BLEEAZEPEE e g1ass
Sdasig aiee aroygtedes er fhwed rdgi aylafs theostird e enagi Rgve

_@ white |ight havhﬂ%ka neasuringymavelenq;h (A

A e "W 2T L. W hm O e heY suMhite tha g
Ribsthe il atdwrypiel ohy, ' i

undul at i on heigthhRai?gépg%??3@?§EQ§§%L€%Q§§§HngPeO§grface
Hmthad rf ommnatmon e andiace ndditre apdsshe shibstir Abe reading

e s substrate may have 5 | ower _

el 20 Al ol i o i it creee 84Ehg medsium
CsubBitr dtee shas demedjualrhtig, hhghdidehanes belaen dd®ecomes

Cﬁgﬁ%gc of the information recordin% medi um and t he
t.r ed8tfigiSt RECRHEET HBENokDEcBiGademonies e the

inH R IoeN IR0 g ot . sho e
TR ich, ﬁ%&?{dgn%gcor e SENARS AL the head
hithitg nigs ofebgdsw wheghtthd rhadd nondsl anidrie of the surface
i.nfornmation recordi ng nedi um deficiencies such as the
tﬁgggtgﬁfngﬁg or being caught in the undul ati ons of

the surface tend to occur. 15 In the conventiona

met hod for manufacturing the glass substrate, the

pol i SHi h§esFepVERLtdPPRdeBeHECR f dnflenufasd usingashe glass

swbiseRaiacl vee §O§E§Hi58rsﬁ%beQWEHQi@éfi%giﬂ¥yii I hree
g pol'i shi ng

process, a step for performng a secon
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.
This improves the quality of the manufactured glass
substrate. The first polishing step, the second polishing
step, and the third polishing sfep are respectively rough
polishing, fine polishing and ultra-fine polishing of the
glass substrate. The structure of the polishing device used
for each process is the same. However, 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
improve the smoothness of the polished raw material glass
plate in a stepped manner as each process ié 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 a step for performng a third polishing

step. 20 This inproves the quality of the

manuf act ured gl ass substrate. The first polishing

step, the second polishing step, and the third

pol i shing step are respectively rough polishing, fine

polishing and ultra-fine polishing of the glass

amigyent ef o Mhea s rpd e es of Thies poddisde NIt levi 86k Usele for

25 for, each prqgess is the sane. However, the .

T5a T AHITHY RSN HRPaES RA nPyeVieRES dM KéPgbefueés ferent

ﬂ§§é§idﬁgxgqgﬁﬂﬂdmhgéggggss and the second polishing

process, and the polishing agents that are nainly

used differ between the second polishing process and
This,is to 30 Lnprove the

the third poli.shing . step

snoot necsosn%oafrjtshoé]’pot] %%%l%%%t%??%loﬁrgg§ Ppraeat
iinventsioeped dIRIA A 1RACTW P DEESS, 19 PELT PhEBLde a step
Since the optimal polishing pad and polishing agent

fore Pegdiogaried forf ivsd ineleladhi oy qeesss s ko podiighi pgpolish
Vi [ assj f ach pracess.. This. reduces
A Eie s;fn g)é) Ig%t |Jc(i)rrlee ?rr%%%plogzitﬁjge pol'l sr?léfethegrjpaagsg]a?]ﬁs plate and a
spregv oirs peicfiongioly di fdeycert pdlipasind Peddsdd NGo Finely
aﬁenbs. g I.n conparison, the polishing step of the
PBréSEne Y AVERTIES SFEOHN ithed SRR I Istieps, Tamalely
pbhékuda @a&tﬁBte&Q%lp%ﬂE%%”kﬁ%t%.f'&ﬁgtpqghsg'%gfe ture is
.process to roughly polish and snooth the surface G
iphéhpiwthet epllashdngsstepatie ammhpd etstdefpyf dwo stages, which
r ' a c ol i.shin racess ta . finely 10
B R ey £oF B R, RELraTe Pt A A fgpss and
thel Eshpdfoawpsrtferimahgghkass selcane pbhalshihg Y¥cess. This

feature_js _in that the polishing step is conpleted by
r?aﬁcgﬁabbg,t@ﬁkcﬁlmﬁre Fpeh sSPEPCEDE Betioravnget Hescribed
ifhi @8tapol i shing process and the step for performng

the second polishing process. This 15 reduces the task
time. Each process will now be descri bed

The first polishing process is a process for removing
defects such as, small warp, undulations, microscopic
undulations, c¢chipping, and cracks from the surface so.that
the entire raw material glass plate has a predetermined
thickness. Among 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
glass plate, which is the material of the raw material glass
plate, is manufactured through the above mentioned float
method and the like. That is, these defects are formed
within a range of a substantially constant thickness (depth)
from the surface of the raw material glass plate. Thus,
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
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in detail. The first polishing process is a process

for renoving defects such as, small warp,

undul ati ons, m croscopic 20 undul ati ons, chipping, and
cracks fromthe surface so that the entire raw

materi al glass plate has a predeterm ned thickness.

Anmong the defects, undul ations are potentially

prassd in theranaweared erd ot a gh assrp| akeisndiaeeudBknb¥rects,
jg‘d:orne on the surface of a glass plate in streaks when

Ik Gis s iags olwitg §av tmetemt ki alass pheteaw The
g | .
PRI e oD hih o KB A0 10 Son DLEHARA1 B8 pe

'above menti oned fl oat

s agdf.ecBsnaeether ped 1 shiithy Bty drgeeaffdrmed to smooth
fromthe

ubstanti al | nstant thickness (depth .
ti‘t?r .fsélcrga&e { e%?lfwr.r‘?é‘f SRH TR LB i tféf.a%us? sbatBehn
wibAlohS iRy saitd alc@MM R P& Ly Haddie SUTdBLS SO Lbat ;L h?ougher
entire ramhnaterlaLéggéss pl ate has the predetern ned
afffficak ides firrs pefldshs ner @ nasramee dhaydidrran tie pardcess

h rf . eref.ore, fi,rst abject of the
Wi Sonttahiet: (RROCBECE | (gl it T e T
Therefowki,ch isecbndesbdeiecis, tHawﬂmﬂéﬂifamféﬁ¥héﬁpf56éss is
ept

raw mat rigl %Iass plate. The renoval depth for™ rough
LRoPMERtRg tNe EYrsPas:r 84 thepeouahdor ol shsichamv eaterial

RakisSBhRgeSt ept i S5 PER t t ~ ace Qf
gthe rgw wgterial %laségéﬁggg’Qgég?gtge?ggﬁﬁhﬁgkﬁtﬁg the
syyfhgeeosf thheraawnpteaiipdl gdlkbass piladiee bies remighel without

. th i st -palishing process than before the
d%&%?%?é €a%u Hrggﬁ?fadict t he object of the polishing

step. Therefore, a second object of the first

poliﬁFin Ero ess_is 10 to snmooth the surface of the
r ought'§ g% PRAcHOt+ A3 HBTeFLEP 1§l asBrprass. for issraping off

ahNBRELaRb 1L haha 81 CEALRI BrPRRL Qﬁrkgge.ggrEﬁgerg@ hg%erial
raw material glass plate be renoved w thou
glass plate to correct microscopic defects such as,

microscopic undulations and microscopic protuberances
present on the surface. That is, in such microscopic
defects, the high portions of undulations or the ridges of
protuberances are scraped off to even the undulations and
further flatten the surface of the glass substrate.
Therefore, the object of the second polishing process is to
polish and even the surface of the raw material glass plate
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.

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
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damagi ng the surface. 15 The second polishing step is

a process for scraping off an extrenely small part of

the surface of the raw material glass plate to

correct mcroscopic defects such as, mcroscopic

undul ati ons and m croscopi ¢ protuberances present on

the surface. That is, in such mcroscopic 20 defects,

dideedtigha pordrioinsned abwhed at iMans: Gpddief Te4igeg, ofn the first
ra&g?erances are scraped off to even the undul ations

WY RG9S IR okl PRt Rergpagsincluding
U Ah R movERETE B & hd rlea\ft}h%érf 15@%%%28?91; that is,

polishing process is to polish and e surface
tdfe tieemavad e als glassidqe @ Bipontana. smotis not
mrraqr-finished, surface. The_ renoval depth  for fine
B e g e O bR ehev S spF et 094258 plate
penlsy dale U RAeh AT theQfn JYidHnRsiip] C 19efRedes MAdIPUti n the
damagi ng _the surface of the Taw material glass 'plate
segogigh Poddsdd ng pyeaess,. 3@ Memdialstdqmth shs ngot

: and . SecC pol i shi process are bot
R T AT e R R
sgirfasepldt eheutrawave teirgailfl igdandd Y iddd eret 125, smoothing

bject% as nentioned above. More specifically, in the
t%ﬁr§9r A6Fi SRRy ApFacess ~Himd shpslimurdiagheandirBekishing the

sh edi Bg f I f raw v I
e D T st s o e Bl g che
sppfeceans. imporsanst SThwpor&idnhotpht thhepsilikadagotdevice
he,ra terial .glass _plate .be scraped wthout being
O%aﬁ%ﬁegéﬁgngggﬁﬁggfgoﬁf ' othé™ 3 o%gﬁﬁﬁip iify!ing process
apdochessetbadr podvahidgpbRoce skt diifFReENto1BUSNINY pads
onl ﬁhe defects remaining on the surface of the raw
aﬁﬁtﬁP'APthsségspsﬁe?rﬁhaﬁeﬂs}ﬂsﬁﬁ@pﬁﬁﬁ@ce with the

respective objects.

In the first polishing process, a hard polisher having
hardness enabling the surface of the raw material glass
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
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
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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10 the surface into a mrror-finished surface and
polishing the surface of the raw material glass plate
wi t hout damagi ng the surface is inportant. Thus,
al t hough the polishing device of the same structure
is used in the first polishing process and the second
pol i shing process, different polishing pads 15 and
pol i shi ndheagelt A drardisesls i hsateosdangg ¥h} hthBecompressive
res ectjveﬁggjects._ln the first golishin% process, a
e

H - 5ol 6 MW i HeseineRanehdbl i @ the sampaessdbility
tdhe, 1, | e gl I - e L.t ho

T DEPITAL] U 85 LR B0 esaoRRY HhLLOHh

deol st Mgk st satd < yldhe pdbf eod sobf t imendyi pgqtiheed to

surface at .a.constant repoval depth and . snoot hing the
L&A G S e Fa‘?ﬁ%ler%t%1 a% At 190y asudihe hard

praAriGHd ideRrmsa dURUGRy SIWINgenid earﬁ@ﬁ‘%é@@fc@faf‘l?? as

synthetic resin, such as polyurethane or polyester;
PRAHURG ra2ncaigr Padk unedlladi mps/i 50 im eotbutd esunfgcdeof the

. e Jl rdness of,the hard polisher defined
p&f}iﬁ%}le}psd&g&?% Isg%cpr &rera Cfuylagtejt%seﬁpa% ba‘?}df%%‘?ed on the
shurfialver oft lhéeC erpr essietd alel A i tOHAUSEKS surface of

referably between 60 to 95% It is 30 preferred that
t{e‘ﬁeg acs§ %&Pi@hé‘ﬁybé‘%ttb&cﬁ@@qtéﬁ%e Féwehe WIIScR dzgdness

18N¢ rbhe c¥PRBAENDLACK f2h e ressi Bidd -
l[s%getmgen 1 gndg4%f 13ﬁ§&4%§?%ﬁ%%/§qégg;é§§yfﬁééégéﬁ S
highereshanh85&enpresbiev eonglrastsidiitly typdid Usedss dless 1%, the

09 t C ressi.bilit i.s .hi gher than 4%
SPEggﬁgr é%pghes g?’ %gggrrl}gtl 4GS St Iﬁ)ela&gs?r\aé'd %l‘gaﬁ‘?&fd by
thadharbopglpehied ahdt ithe isuirfege hdi® ion h%gﬂh:cﬁlghen.

ar

certain renoval depth. In addition, as the h
pol i sher deforns during polishing and, particularly,

g? tEQOEHQegéagﬁﬁ ﬁggiQHgHbabEggﬁsggrg]g%fkh%diqg%%&ehaving
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
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
the soft polisher defined under Society of Rubber Industry,
Japan Standard SRIS-0101, is preferably between 58 and 85.
The compressive elasticity modulus is preferably between 58
and 90%. It is preferred that the hard polisher be attached
to the lower block 42a and the upper block 42b so that the

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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pol i sher, defects such as undul ati ons may be fornmed on

the surface of the raw material glass plate and the
surface of 10 the glass plate nay not be snoothed. I|f

the JIS A hardness is greater than 95, the

conpressive elasticity nodulus is higher than 95% or

the conpressibility is less than 1% the surface of

ddmep reaevs it leirti yal 1 gl lasgh @t at Baneys petHameged byilikher may
hard polisher, and the surface condition may roughen.
dJ.eSfQWPtqw‘é“sréI:d?flepﬂﬂ%i%@dprlé%é‘s%‘?u%\a%fs’t p6l P§REnberances

A}@/id}gﬂumf&?&ssﬁ@ﬂ?b&ﬁ %@Oéﬁff‘é.ﬁg ok 1he ﬁgﬁﬁéﬁsrsﬁ defects
the raw material glass plate W t hout greatty Scraping
suteh s freicer dsscopiisedirfarl 4 theops | mshi bg padmea sat tabysurface

t bj ect of ' 20 th face of the ra
DS hESh SLeSen] 1 20 LE, T A0S 8T NS F Al oker
hEdrRGER  iROTgraiahe @ 30fd 9] ishercofpflhgiv u@ﬁgékig§ty

foam made of a synthetic resin, such as polyurethane
medudolsy dsyt dyigheavitdhgra Xk f ave whe coubbéesibihatyaie less

IS Rl e used. .The Asker. C hardness of. 25.

t?%é] \sio°f’t t%pglo %ﬁc(?eﬂ néd Uncef r@otce?léﬁa/{ ogf‘??ﬁ%b%]rate may be

dandigedd Yoy thapan St ardardheRl Sl Ghe imapii€f @béd glass

between 58 and 85. The conpressive elasticity nodulus

substrater IFYy Medtnder SWheinFwoobace 1 Theprsatesiadd ke soft
I i ; t t ck.

R Chetisher Bl ol 20 B fhay i oee BofeOetie

headppedsishielri iy ihs roetewsermntd dred G%E idulthet Askanpdre with

ardness is.less th 58,.the,_ ¢ ressive el asticit
t?r’%dﬁfa@se F§l|t8§§arhaﬂﬂ%§% tb? PREd1 oL Féséisbiﬁeupﬁ?%‘ye@ted
blyi glier At hardh¥s st hadsehle RAShR iker dof WdprBEdMN%Ed by
ol i shing and, particularly, as protuberances and

P
Agk&Y &t PERENESEmM on the surface of the polisher,
defects such as mcroscopi c undul ati ons may be forned

on the surface
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
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

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
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 is

preferably 0.1 pm or less. If Dsg exceeds 0.1 pum, the raw
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5 of the manufactured glass plate. Further, if the
Asker C hardness is greater than 85, the conpressive
el asticity nodulus is higher than 90% or the
conpressibility is less than 1% the surface of the
raw material glass plate may be danmaged by the soft
pol i sher, and the manufactured glass 10 substrate may

nizeheer i Ir qyigher slartfacey e daesgedi ke s0ét sepohiSpeN ishing
essentially differs greatly fromthe sponge-Iike ard
BFAGeSter a9 e msssi tath Seooti e ewl may onebripar ebipthed.
the sane criteria. Thus, the hard polisher is
represented by JI'S A hardness and the soft polisher
i s r&ompdentied hhe orAskeridhdiarsinesshindg $hepfwish only
pal i shi ng .process Sslurry, in which grains having a
CHBat tER 1 oo CP 107 Yab UL B RHEFACE (PRt Bees prot the
AT cCERINEdN ¢ 13% s sAibBREHON ARAIB1d Sy SEk 200 ASshi
t he polishing agenﬁ. Such grainsiéﬁﬁtuﬁ?rare é%?tﬁShlng
tafieddd, eaGdh Paecessi-unTbksdésahdchasehahemudxiidet edye
. L.aor. _pald shing .efficiency. Arong such rare

A2 iRl SR el B O BB R AP bt dobeained
biyt sd¢heliycatmliy tiagt $hen cghass tirireni ahiard RffeMHiNg! Yrocess

ol ishes the surface 25 of the glass material. In the
288cBREAHEFI SRPnBOprebésy, tamel it fhe wammest iqgral ighird
pBaYkA9ng BE@b@sg'BQEBﬁEssqﬁhgg& thanthal, 4sed i, e o cona
first polishing process are dispersed in water serving
pasigh30gdpspeessonsnedibinedi.s Beediasléheéypobirshirngions

Such__grains_incl ud rains of silicon oxjde

rgggﬁkgg ‘g§| F8i aar JEWPFcﬁFSTﬁspﬁﬁﬁﬁlﬁPéi i €die (o as roll
ofP50)endl tbefgemi ati sheppekepdbkr10pbrRALAr dnE%he Idfurface

Ego excgeds 0.1 En] the raw 15 material glass plate
ohafhBedtardgedPshrehe - s P bl s GigSt o ceeEEechadthe

shBged88i {RTs SPRLI PRESS1 "BY rPObnbe Abt aided, the peripheral
portion is shaped in this manner is in that the contact
pressure of the polishing pad differs between the peripheral
portion of the surface and other parts of the surface since
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

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
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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Conpl eting the conventional polishing step with only

5 two steps lowers quality, such as surface snpot hness

of the manufactured gl ass substrate, and prol ongs the
polishing tinme in each process. This is because the
ultimately desired snoothness of the glass substrate

cannot be obtained by sinply omtting the

useay éotri @odli shiingd apel i=ftiag e neesst déemdd PeCaHECpolishing
the polishing time of the conventional third

dsyiicsnitly tor GEELS ISe C3iFES Wibnigerthe fiestdpebhshbnal process

C ISl ol ' jtted. Particularly,
aPEeCcoRgd s%%'nar gf%qlr;;h %t%,swo%{{g

protrusions erre o as ski junps and depressions

referred to as roll offs tend to format the

peri?Feral partion on the surface 15 of the gl ass
subst P&t BA9THE S PhPRG SS5eD Tcorr &HACate thsnapeses a pad

drBksepehhANgN aleBOLhieOBo 1T i i@ﬁﬁf

port?on i's shapgd in t%ﬁs naﬁﬁgfiggiﬁﬂﬁt at the e or the

pegndaessepr ésspréish the polrfsivieng fpadhediddlersh bref veed and
erl ortion of the surface a ot her_parts

ey RebERPRREanRaE L8 BhevatoRd s A 5tnE thma e to form

aofilet surcaater eThd abadWifasesngf rbbéséaWsn?E%Eio%hed by
%Iass plate are subjected to the %eyeling step. If
hghflyngheheckdAdddpBrFeki R§tHESBedsPaRd Oife pdiiishing pads
pehi shin oni t Lr .on.gf the
wshape éo o?%gﬁgéﬁi%Eg?a?kE%?ganQ?S%?ﬁSE%H%%(Qqqcknﬁ%§ and
theubppéowelo@k 42bpf acesgeakivelsg, tihetper pphersdling device

ortion., Therefore,.in order to,conplete the polishin
Erapd TRt hbnd, BhS ber'ee ETpek 4€PneRAntRg GPPer Plock 42b.

improving the quality of the manufactured gl ass

substrate, the quality of at |east 30 one of the first

pol i 5hi Hee pPERERRL ol nY PRt $8BonBhPOPRENHAGSSpRACEESCESS Of

tﬂ@fﬁa%ﬁ’ﬁ&qgéﬁgg-uggﬁ DﬁrgTQoh&§Q€rggﬂgshgﬁpsggchss is
pol i sher  serving as the polishing pad used rn“€ac
especksbly | Enpdwetaby. sibjiectied b-augadi dressamgobject of
tﬁ%‘%%%é%é%”fﬁ&%é%ﬁéﬁ gg improve the quality of the raw
material glass plate roughly polished in the first polishing
process to about the same level as that after the
conventional second polishing process. Particularly, the
surface of the raw material glass plate is more likely to be
roughened compared to the second polishing process since the
removal depth is important in the first polishing. This
greatly affects quality improvement. In addition,
substantially the same guality 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.

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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used for polishing and after being attached to the
‘polishing device 41 to inprove quality in the first
pol i shing process and the second polishing process. 5
The pad dressing process is a process that uses a pad
dresser and slides the polishing pad on the surface of
the pad dresser to polish the surface of the

tiod itshichpqlaicstend tHamyEr & 01 Yber 886€StBAAsUREXEBNESS 11ty
fromthe surface to form a flat surface. The pad

8 fR'hrsdessiaks Pasorpmatoy Mhehdiuhfrre euphity refers
Y &SRer Al Q)f_atﬁ?%r i POl L §PF g, pa LLh,Lhe
polishing pads attac éﬂgg% ?h%§$%€§?’b %%kyﬁég“%%a-the level
atheswfjpere [Eruck MRigs reaspedie vetyurady tde podi SRAPE of the

devgﬁp éﬁé and rotating the | ower block 42a and the
P it PA2H-°™5 I n the present invention, the pad

dressi ng process of the hard polisher used in the
first polishing process is especially inportant. This
i s bdsasdewnt iins Fag.ol¥,edtheofpad hrgwssentl i ivehidos a

.Q. ] ARr.ov he .qual_i t the raw material glass
ctﬁ)'l(%gltue rroé’gﬁj}tf &% i“‘?ﬁ*&g O%L "ie&?lfisr%qh Fol7i sHidigh ss steel,
apuadess,t anabetketlhe agaim lGvweluias thate af$ ers tH8-1uded at
conventional_second polishing process. Particularly,
thRecegterafd bhet Ra rembafaddtsl 1 asdnpthie cdremler plate

lbLKE| lh?a@gt rg¢g %@%@iﬂﬁmﬁﬁﬁ%iocﬁpggﬁﬁhcgg%anged near

pol i shing proCess Since the  renobva
theppetraphery phether surfalkieshi e Fhiad2hggpeatliyns 14 are

ffec quality i ovenent. In addition, i
9BiBER ALY S FRIBAne ey Oel eite SCbdt iSpRAed in the
cseeamderpatishi a9rpeeeess o Whheh cuses 13 rS@hktRohisheggch

must be obtained in the first polishing process of
IrhRApREsRALtipAyeAt ienfarmRdabard egsirosieposizdng diamond

wBEC850L0unk NP YRS Suses! of LI RIS AAES e 12,
Th@esurface 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
dresser 11 and prevents the surface of the hard polisher
from directly contacting the circular plate 12. This

prevents the hard polisher from grinding the circular plate

12.

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

11 is reduced, and the load is prevented from being applied
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pad dressing process to mnimze defects of the

surface of 17 the hard polisher that directly affect

the surface quality of the raw naterial glass plate.

The surface quality refers to the quality of the

entire surface, and includes the Ievel of surface

snoot hness and the accuracy of the shape of the 5

tweriapttere tgor thaomd pisl shtoen im &ilgiaRedthenpad during pad
resser 11 include§ a_cjircular plate 12 nmade of netal ,

dgtfcsr?l&q REiSHi s s T8t 88AE L3N Path g TRINg pEegess is

pdrfathdd 1) & debrnbod clifathatpd@ hessent £ &?Ié Lhen

circular plate 12. In this circular plate 1
Gingudian hadfe ¢ i idvporat misrd 4 aref athangetli skang device

t,h K ry- on .t he surface. The grinding portions 14
W %n%gé)ﬁg&%lﬁffortlr}lgﬁeza& SF: TR tdl%r} r%r{‘éje Lt CRqbBAF | Elrst
peQdeed ngh piriee s63.r cUAT eneBt kalsedi REHIOM Ot h81e hard
circular plate 12. Each 15 grinding portion 14 is

PRIAFEG Thy CéUedtlro FOFE At Ing dinaroritr f e asf viehersdwsmaterial

n .t S f f.ithe .ci r_pl at The
T Pabe Sr e hg, Foddtharld S e P e o
pol i sher slides al ong each grinding portion 1ﬁ.
Further, th ri.ndin ortjions 14 increase the
tﬁ{cgﬁgsgeéﬁ ﬂgfpgbegﬁggrgéﬁﬁsﬁﬂ.%ﬁni%n%ﬂﬁﬂn?@%qmyhen the
padr izeesekr theikandrpabieshen oMLY | rqgﬂé aelidd

the circular plate 12. "This prevents the ha _
PpéiEBREr thengiohdi agrilhedcitoe har spirdflaeel 2 2%hd thdsd

e hat _t he. si % pad, dresser .11 he

PBLSEREL ek 3l kb, 9\ g6 oL Ahe Paddhenogt siibey o oo 1
thammehghérBaplgbdsSoptaéesuMﬁEEeSp%@lﬂlQﬂF|ys Résbstgan 0.5

pr %erred hat the diameter of the circular plate 12
IheTBE For68L At P1ahs L RemtistaPet fikAESS 61 epbice weight .
TeisCwbaldplaverl2handttBgg8h bl ekress 0hihegr 1Adi Nghen

ortions 14 be 0.5 to 1 nm Wen

the strength of the pad dresser 11 is lowered in this
manner, the pad dresser 11 deforms during the pad dressing
process. This may roughen the surface of the hard polisher.
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

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

frequently changed. If the mesh size is smaller than #325,
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the size of the pad dresser 11 is substantially the
sane as the raw material glass plate, the weight of
the pad dresser 11 is reduced, and the load is
prevented from being applied 18 to part of the hard
pol i sher in a biased manner during pad dressing
process. In addition, the pad dressing process is

tpes foraed dyamecomotiathagabhaspad grgssenslbelddm®aCN arge,
circular hole 48 of the carriers 47 of the polishing
iR Frepsend byr pevhorsi hgeapuspecat Péntiiemhiad t o

cfh LSt | 4 shi S [ ortions
e N T peT T en e P e ey B ot o r S REBe BREtrer dbe
widu et rave mat ethaalsugfass. pl at e during polishing are
mai nly corrected. 10 The wei ght of the pad dresser 11
is such that when the pad dresser 11 is arranged on

the suHd aGRy Afrddie hprdhoRodd sher eff‘@rﬁ{\@%gg% app! i ed
to the surface of the hard po i sher per P i S
prestedreail iy age thasdn tOnE avull 2 Gagplying ttiee weégbbssary load to

i to.t.he surf.ace ,per 1 is less than 0.5 15
tg%otq?g%ciprocllﬁsglrerplw %g] fg’ern%ﬁ&ﬁteﬁﬁ% !t o Tsgfqad and the
teailghtime, Thing chowlr@ ltomercdrie stde ot dr ofhd hSaPadressing

dresser 11. Wen the strength of the pad dresser 11
BreASSer €4S ANt Bils 1NVehsaly theonsaet idtress ere lat Hefiohip with
rddidRg the pagd digssi ng OCegS. hS r.qughen t he
su?#ace of the har poIFEE%f.%gg F%g#hgq%éidﬁtqéQIeéﬁgﬂl the
1220 gppilhedpad dhesberdlpdls sfhercdd, tAgaipwd dfesser 11 is

BERAn RS BhEnEEbwar 8l dck RS A (R Yk sUarhazae-

The tbad aagerhkheasw tame @frd ReharddPald Shefo Mhde with
roughened during _the pad dressing process, and defects
thgchespessigpovabeprancelt ahd prRgbearEdnshedr Anothehead

OBHSLIRG ot DR el b 8 S EBOL (ran.
behsughshhstzeheir 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
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.

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

the task time is less than 10 minutes, the pad dressing
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exceeds #600, the grain dianeter of the abrasive grain

15 30 becones snall, 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 nust be frequently changed. If
the mesh size is smaller than #325, 19 the grain

i et eri ofndhesabf hsi amet Uy aber 15rhegosesthar 48ad &t be

a%{dr sser 11 roughens the surface of the hard
%%ﬂ' MOLH R MECRITREY SUCACE]rPRrBERDEL ShcEbeandsk

@leaﬁTOQ%SOQa%WEtﬁﬁéf%g%eé%éqxﬁp) éﬂfSSIn roffect of

is perforned over a predeterm
tdyppIpach it s irer gesares d adwke s onot hEuhandrp@ﬂnpgbeé WehB the

t he ad ress 11. The. load and the. task tine, mhlch
TS T ST Gt et g bO A9 4D BRBGEaSFuring

tae.in an inversely proportional relationship with
respect to each other. Thus, the task time is |ong
when the |oad applied to the hard polisher by the pad

dr esser mal.| and the task,tinme,is short when

t he ﬁ§a§%£ ﬁaéfgémllﬁ$eﬁ<ﬁ§}%ﬁuPQ?ﬁEQ%&ﬁ9tFm% Rp@ dressing

p&@p@sbedtm@ AcRAdRN R AN It ikh tHhe JIesPeEtiye Y@ HESe that
is preferred that in the pad dressing process, the

CP&&&C(CG/ &he) rand mare riadk ?1314?@ @hiaty 133@rssufz';¢1rakbﬂay 4 to 25
F?e'FuPEQQPCttQQ Q@Ef@gg ﬂﬂg %Oqg % E%&l%r%d%o 8 um.

of the |oad and the tas ess
Tagc é@@gagaoundmﬂetpa@ @eeg@mg$mm$¢ arxduhel 3y a

gy ntI erforqed on.th g E{d ol i sher, or the pad
ess ng 5 ocegslpg pEFES e SEEEEG VY Mrkength
(Xhi $s woabdmmotghen 4t hea. surﬁécgue‘fatzberbabﬁne%' $hegiso a

and form defects on the surface. .
vaheei pragrrgd PHetPSaétwéuﬁr@ﬁéﬁ&ﬁﬂ@gbérwéémmamt of which

cut off value (AC) is 2.5 mm. In the pad dressing process,
it is difficult for the average undulation height to be less
than 4um and the surface roughness to be less than 3 pm.
Further since this would take a long period of time, the
amount of production may be decreased. The surface of a
hard polisher having an average undulation height exceeding
25 pm and a surface roughness exceeding 8 pm is rough. When
such a hard polisher is used to perform the first polishing
process on a raw material glass plate, the surface quality

of the raw material glass plate is low.

The above pad dressing process does not necessarily
have to be carried out whenever the first polishing process
is performed. The pad dressing process is preferably
performed in accordance with the polishing rate in the first
polishing process so that the polishing rate is maintained
within a predetermined range. The polishing rate is a value

indicating the removal depth of the raw material glass plate
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and 200 g/cnR2. If the load is less than 20 g/cn2, the

hard polisher cannot sufficiently slide on the pad

dresser. Thus, the surface of the hard polisher may

not be corrected. |If the |oad exceeds 200 g/cnR, the
surface of the hard 30 polisher is scraped nore than
necessary by the pad dresser. This nmay roughen the
gﬂmfunxicﬁ1M&wwmuhuhﬂeumawB p&ut shet, int BRet @sksti B 1ishing

refer en 10 and 180 mnutes. If the task
S3% |35§ Pﬁg STeng Fdtés, whwlecfpabﬁ%ﬁe%swbu@oneasured

ﬂHﬁB&¥ﬁtéE§'H%té%”gﬂénﬁgﬂ|d%é§%19%n§gogésgh§slga?ﬁ Fﬁgnce

be applied nore than necessary i ccordance w
vadgle , tigmprdfienaid vt arskirtti aven ek deettse dB808 0 aniesp0shef the

t of the pa sin rocess _does. not further
ARG vt AT i T KA AT S 8 e BSC RS 6
;Jeqrmﬁrmenmnufmctnél BE1likhABg lAtlhg shard Pl 5D8foaf 1l

under goi ng t he pad dreSS|ng process, the average
siddcat |%W1Hé|}’gl¢tf dhet Ir@vsmafmlatlhalams q@hi et Sovdes due

3 19 I refer bly 4 to 25
lgurteh e 1glu??1 ED § oug SR e?y ng ddis %a’i“ggn%‘:turlng
tpme bEh@m&weﬂ@@@ewndukﬁttﬁmsh@h9561M§n@ Vahie paRadHaL i ng

by a yl us neasuring instrunment of whi ch measuri ng
P\%\?&Séndtshpe(rﬁfrff@dow S Nnhiteo pPleSrHﬁngTr@@Jrkaes less

thaudBoess I§ @h$9 Ray? MﬁéHetHEa Haeg an ?kéf%%s is

measuring instrument of whi ch
aQPSOEWﬂaFﬁthéepéérmeéssmngcgma@a&&e muth:thhfﬁdkmﬂnlng

a u duI ion e less than 4pm
raft. | Re2YAraBT KBS R LR, AS8 boad sPxn, 35° mmoLohadd]
FRuthbey ShGCeuthh&emqubdltgkbfahﬂﬁgrﬁﬁrh@@dﬁiéﬂ'&iass plate

amount of production may be decreased. The

t h
a§u}?’?§8 agf the %Pafﬁswghée kalendsagtabéddged by
miDAh ki AY Bﬁé%&l%ﬁ?ﬁgl Pgte25 pmand a surface -

roughness exceeding 8 pmis rough. \Wen

In the first polishing process, it is preferred that
the rough polishing of the raw material glass plate be
divided into two stages, pre-polishing and post-polishing.
In this case, regarding the load applied to the raw material
glass plate by the polishing pad, the load of the pre-
polishing is preferably higher than the load of the post-
polishing. By raising the load of pre-polishing, the
polishing rate for pre-polishing increases and a constant
removal depth is rapidly removed from the surface portion of
the raw material glass plate. Further, by lowering the load
of post-polishing, the surface of the raw material glass
plate is polished by the hard polisher without being greatly
scraped. This increases the smoothness of the surface. That
is, by changing the load between pre-polishing and post-
polishing and having the load for pre-polishing being higher

than the load for post-polishing, the surface of the raw
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such a hard polisher is used to performthe first
polishing process on a raw material glass plate, the
surface quality 25 of the raw material glass plate is
| ow. The above pad dressing process does not
necessarily have to be carried out whenever the first

polishing process is performed. The pad dressing
mertoveissl el grefEratd yi Sorgper d by nedmbhedceer daneaswahi
t he l'i shi rate in the first polishing process so
RQQﬂ&$%éﬁﬁHﬂ?§m%ﬁfr%ﬂR??%%?ﬁﬂF@%Jﬁ@@OthP?ﬁEnoé the surface.
predeterm ned range. The polishing rate is a val ue

i ndicating the removal depth of the raw material glass

pl at #hzn ghvighing tiowghwigdil tdtel iar dnpol t sdetwbnsthges of
first ;pali.shin process.. .-The, polishing rate, which
Fﬁ?éioégfaﬁﬁg ﬁ%ﬁgéFg —HQﬁﬁéh ¥ ythg tRFethel halging and the
pdiseS$iolg SPrOGL ST At ch tHiefLRNRNGE pd/dd Mned S PEEEEL QD

mai nt ai ned between 80 and 1003?&% t he éareferenceé the tuo

SF&Pge Cdnttite fHe stepolisd idepsiane gy cvedstis second
f.arned f e lyi shi rate is less than 80% the
pgg% gégaqggkff§goﬁgg%§§E&&%haCé|%ﬂp%ﬁ e Akt kently .

THae ibp reductiren poltikéipel ipHydeg At NG dhshg
In this

nﬁgu acturin% time becones | onger. o
PE AT RENPF OFRESpaacr 88§i f§e16 S5ictess Ral isdring mrivice and
thhﬁnthéerﬁﬁ|hﬁhb@gaﬁagﬁaggcgﬁ%%elQ§§rédﬁ¥}égy%olﬂk

this way, when the pad dresSing process 1s
tEppFéprratdebgtyernopaddshangc devdarese baithearh@olishing

L shi . rabiljty, of the hard, polisher
S?gb%fof%gé&ﬁﬁéﬁiﬁéﬁkﬁgk?rﬁ?%b%?h%% ﬁﬁglP?ﬁtﬁFohhéhﬁﬁw are
comt énualis yy apsrpbaned 1dnagheekhmas pohe skandf dettidaGy

tine,is stibiI%zeg b% mai ntai ni ng the polishing rate.
changiadtPPLY LRFi $ARfg priiertorer vaeprdieidingt hhe first
pdNEsk ONGho POLESHI PR O thBer 8Ws PBLEL S he

20 divi%g%.into two stages, prg-p I%s%%ngkgngoalgkﬁng and
PPYSTPPbi $RHrGg. 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

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
of 1.0 nm or less in terms of arithmetic méan roughness Ra
regulated by JIS B0601-1994. Further, the surface
undulation height Wa is 1.0 nm or less. Moreover, the.
surface microscopic undulation height NRa is 0.3 nm or less.
That is, in the raw material glass plate, when the
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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In this case, regarding the | oad applied to the raw

material glass plate by the polishing pad, the | oad

of the pre- polishing is preferably higher than the

| oad of the post- polishing. By raising the | oad of
pre-polishing, the 25 polishing rate for pre-polishing

i ncreases and a constant renoval depth is rapidly

peroves Imorhe helssit fpckiphihyopreteskhe Tl@M\é]ETHtﬁéi Bblishing

| ass, Iqie. Further,_ by lowering the load o
%hﬁﬁ-ﬁﬁ;? fi HEOMhePeht FatRIoPrPRESFaficateriralctdngsslefect s,
Al & d snokd shgsh by, ol jgher \without bei

greatly 30 scrapé%.u%'|%Q?%g?gésgégghg$%n58¥ﬁn§§s%%f

Hlﬁel@wefdacefu”fh@tgr,i Q,th@yfl @tﬁl@m%hﬁdd@ﬁs@ﬁtﬁ\?ﬁﬁﬁquent to
re-pol i shing .and post polishing an aving the | oa

éﬁﬁ %%%9.4L3 '%hfdhﬂgﬁﬁﬁﬁﬁﬁeqo RPhnhete Fealief pprformed.
Testefotd S pdihessild age9f 1he é@ﬁ{‘bf@té@t Sgg%eafecond

glass plate is rapidly Tenoved at a constant
PPt i [REAGesTSov | tiee bl $iness fme heegui fadefor the

Waep digdi r ishing into the two stages of 5
Spr e- p?(cj)lpi\eslﬁiér%ngg%%%ﬁpo 5 s%?on%erﬁcg‘ p é]-db’;‘—’\tslrﬂr}?g cannot
bene uftfd cipostl-ypeorshict@drie oy | Suisd YodBf SR8 rocess
whereas the two steps of the first polishing process
ARRd SURS eoEEDhd StEESi Shidty Usteo Redlsl skl aaant tof be fine
ReihouTBehetBEEr MPALENt EY. § STRAL | hephir :
gpqlishing'eprgcess and thelgegg%gb?Sego?Péhi%éepnggéﬁtlon
hedghtu¥e thethssifgmed polliishiimgy gevicemsamd ¢ husd her less.
w ri s plate is required to be ,

LR F 50l s e R E T b iects B gt material glass
ppekeshikrga -hiighssuktiacenpakilser,. pre-polishing and
post-polishing are continuously performed in the sane
pol i shing device by 15 changing only the | oad.

Thereher gdvihelqdsVvihdi pHet BBLLS gk rogs?

into the t Wo st ages of p?e-pglks%bﬁaaghgﬁq Wl 5w Be
de®s¥ibedi shing, the transferring of the raw nateria

gl ass

The glass substrate of the embodiment is manufactured
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. In the pad dressing
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
dresser 11. This polishes the surface of the hard polisher
and corrects the roughness so that the surface becomes flat.
The raw material glass plate polished by the hard polisher

with the flat surface has a high smoothness in which the
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plate is not required unlike when dividing the

polishing step into tw steps of the first polishing

process and the 20 second polishing process. A raw

mat eri al glass plate that undergoes the first

pol i shing process using the hard polisher, which has

under gone the pad dressing process, has a surface

ablighmessc 2Beah to@ghness Resssi b.vends oef lakist hidld Gurface
ted by JI'S BO601-1994.

mean. roughness r egul

$Q§#+§ﬁ%§bﬂ%e%%ﬁga%% 9%nﬁu afMoRThéPghr WAY $he oigmoscopic

Wdlessi o enyer  Nkdeis USTage P capj

undulat?%n hei ght NRa is 03 ﬁﬁ18?]?é§§.gg$%§guF§F 5 the

fest ave bedleinal pypesss pl dtheys werpahissiBh@rpt bo@ss Chaving a
undul ati on

: is 1.0, nmor |ess, the
TR ANINGRS Blondy DO ool Biet 18, penarEbkata aster
thelWeatoran gl iHHi MRp Ascds 3 1N Bipt 698, thBCsmoothness of
snoot hness is inproved conpared to the conventlonaF
& stufAGes g 1B gt ured held$s ssulbst rshéng This

. 1.Shi [ i,n the second .

SRR TSnd Wl el Ml e LB EERR i cuo-
stiageostepi.c Bodokdtingldy, daes nmabeiavE tsd s relating to

rol onged.. Further,, other polishing processes o
tg‘ﬁb&é’&ﬂé%‘tmtgo SR HE SEBHE Dol ihiRi Prolekar @bl hotency is
ihprevied, bankerdher mRbuntThar ¢fidicdg pal | S A% SI8RSHi 1o

are conpl eted by the second polishing process, and
MEREtaadniiewi wgatliify -required for the second polishing
process is shortened. Undul ati ons cannot be

sufficiently corrected in the second polishing process

10 aRdrsbbesequenthet ppst diratssese 109! itshd REpragente rins 15
it is preferred that the

akLne g%aig dianﬁt%r. Thus, _
GRAGESFEERACREEGHEMEN hheh&iriqd@rpBliadie Ag pr 3bass
pbevBn¥snBeghcliensiesThACH! a8s taubstihatempufact yied .,
fromthe raw material glass plate has ahigh surface
paagﬁip?;ng 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

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.
Thus, the surface of the hard polisher is corrected as
required in a sufficient manner without roughening the

surface.

The pad dressing process, which is not performed
whenever the first polishing process is performed, 1is
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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15 The advantages of the above enbodi ment will now be

descri bed. The gl ass substrate of the enbodi nent is

manuf actured 20 by perform ng 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,

Rl Hakrey poltisherasiatd | smusddlatslg pokeshihe pad d@RGsing
has under gone pad q§essing rocess. In_the pad. _ ,
p&r"e%%?%&%?%?ﬁ%%%%, et p%%f%i‘”%%%rviiuﬁhafldi dsygadntained
Batldeies ¢ hehd eI s Of Mok aF e BLALRCd 2y 9 u&“;' ﬁ‘hﬂ% aﬁ?ﬁgongs

abrasive grains 15 are electrodeposited. Fu
tgye wilinapl lgont iahs et heed pol ieldeon therthef acehofsurface

e .ciycul ar .plate . .The hard, polisher slides on,
%‘%ellgerbij ﬁgioﬁd:f%oﬂain SH LY Het %00 Oty ek3¥rmaterial glass
plhite pald shepitiheesur face of the hard polisher and
corrects the roughness so that the surface becones

flat. The raw material glass plate polished by the
har d mpel i oWt flat: surface has a hjgh
snoot h(r%el]s%g?ln S\%/r\%ec%f: ﬁzlez A |Crlh]{r§t9%r EAN Bo‘gg‘?]rﬁe'ége pad
dresiserl 10 Am ¢B25ess, #60d .surhaee preneultat ideFikgicHies such
V. is 1.0 nmor |ess, d the mcroscopic undul ation
2foit R SRRESHEC0 9% SAREor 3 &8s Sags @fferfiram e cirestar
pRakiesh2ng tRE08ASEacENY¥dughirRAd HH NG PIRGEF S AV NG, 8ot
5 hi gh polishing accuracy does not have to be
bgergorregeateds anHetbecesnd fgole sHi ndeprhaoes pdlasher being

' t 0 e f . the surface of the, .
rngﬁﬁgggguggdﬁggaégasggg F&Pg.pﬁ%9§ssén58F8§rSﬁHPlyheWhlle
mpohishnnggstkp danabeliegpbet ethel pad WWesserade step

A di ngl t mber of stages relating to 10 the
SREFRERI A5 Lhepirad, BALLSheT: fa  EiausEnFen 26K ieermty face

sh8othiPEOVEeH, tRedraNenatB¥ih10G1R5QdPeLEAN ths ¢ undergoes
I ncreased while
the first polishing process with the hard polisher is

improved.

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
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
the first polishing process with the hard polisher is

improved.

Examples of the above embodiment will now be'described.
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mai ntai ning quality. Further, in the pad dresser 11,
the abrasive grains 15 15 are el ectrodeposited 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 dianond polishing
grains falling off fromthe circular plate. Thus, the
roughness of the surface of the hard 20 polisher is

religbly corrected. The pad dressing process is
so that the product of the |oad (g/cnR)

applied to the hard polisher by the pad dresser 11
and the task time (mn) is 500 to 3000. 25 Thus, the
sur f dde gfad hirdmrihpaiatess iwasopeetbededsonr 80¥pbREe-11ke
i_n suf.fi ci ent nner w t hout roughening the
Ny £Ra SR af s FTg oA Whi RS Taenped dresser 11
sPRWnOrife i 30 Mhengy amnd he fd¢ | sh S§,LS
perforned,gﬁs performed in ac?%%ggiﬁéggﬁgﬁg§%ég Was
PeéIticgHiesy onatie Hay Mad efriradt giad s s p Tak @rwtesstlahd nbes

li shiipg te.capnot .sati.sfy the predeterm ned )
pkgﬁégnghekgoFﬁ§h|ﬁﬁs aP@lﬁgbénﬁhQrfgeﬁ§Pi§ engavafi@terial

gieasuped tiemimdi alboelgh15f el itdhedas, %&?ﬁﬁﬂing{)rﬂ@?olishing
is &@rforned as a reference val ue and i,s maintaine
£8Lt wleR1B8HtERd UIE6% 6f loRe odf &i%éh il @ad Thies performing

pselpBassnihg ¢ehabi birkye? rd ROl SIS -
pFurEEer, the%surfracebg anIfeirEng%ae% tt nge ﬁjélrfjl%fel;ca[ ulrolan of 40
g¢ Fite- ofTheher avamatetsralalg Igi s plat atwa siressd abs | tB€dsample
e i ze the grinding portions 14 on the_pad

f%?e§g§§8i§ ﬁé #3725 19 G%b?eTﬂfsgﬁ?eQQHtérﬁéFPEié ches
#600h dfdashéheiabrasi YRegkairBa13% balkltiend 2004 o D thee

circular plate 12, the surface roughness of the har
Sbﬁ?i%ﬁthﬁofaw material glass plate in which the thickness
was 0.6 mm, the outer diameter was 65 mm, and the inner

diameter was 20 mm.
Comparative Example 1

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
polishing process was performed in the same manner as in

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

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

this hard polisher. The same hard polisher as example 1 was
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bei ng corrected, and the surface of the hard polisher
bei ng roughened by the pad dressing process.

Accordingly, while mintaining the durability of the

pad dresser 11, the 15 surface of the hard polisher is
flattened and the surface snoothness of the raw

materi al glass plate that undergoes the first

yotd, s my tfireodeisss wigdil 1dtei hardrpotssheasi sertopmededn the
20 The weight of the pad dresser 11 is such that when

330 MRS S PRIP IR abed TH & meSsUTeaceargtl € heor

ipgh r RO S RBIamdihe el ghte IlI Q:d otr%stgé% %%?%géﬁality

the hard polisher per 1 c I'S etmeen
orhidsi gorame ptesl 1 etttyg s/«tlrténgat h ifmd ther patl 16 emser ebefidet in a

S drmed el DA B SR L g Ao 1 et b bfy the
§a|?rﬁs hard R iasherrieie dian rHeCBasSArya WUl for1 H Q?st

dr essi ng ﬁrocess Therefore, the surface of the hard
Ddditiesher The pealebnddesand BASOsgoraeet sskbet mesaad of the

%]FS AW TREET hale Yo Sclr%l :tﬁo: ie hgrdercgﬁoetss}heersq?ga51ve grain

pol 1 shi ng proc
1|5mmrf0\te1<é pE)daﬂiﬁtleeSe@f 1t1he tAEOE spidredi et vd | pe DM beg
descri b Exanple 1 The pad dressing process was

aB@PF&PﬁE@ gﬁf§e§ﬁ859e like 5 hard polisher made of

pol yur et hane using the pad dresser 11 shown in Fig. 2,
and the first polishing process was perforned on a

raw Matér nralgagriaég phet @awptllest loifs examghlepdl,i shewpatative

fLr st E rLQcess terial S,
<kplptelde PR PR R RES Sy Srmitnts ol Ry
bé@wéeh Sﬁenpbmﬁeﬁlugdeﬁma boad toke ¥3Qre/serpiantiddifihtions

erformn olishing faor a predeterm ned tine

nd8F Rop aBo hgn 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.

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
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.

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

raw material glass plate was maintained or reduced and did
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g/cn2. The raw material glass plate was used as the
sanple for exanple 1. The nesh size of the pad
dresser 11 was #600, and the size of the circular
plate 12 was the sanme 15 size as the raw materia
glass plate in which the thickness was 0.6 mm the
outer dianmeter was 65 mm and the inner dianmeter was
IR nimc r@omgrar atfluee hiexanlye uls 120y Tihtee fpadtdpess8hi 1y,
rocess was perforned on a raw material glass plate

i TP SE WD Yot Hetothate Fasdfst e2dfRder gone the pad
dressing process. The hard polisher was the sane as
that used in exanple 1. Further, the first 25

pol i $hiamp mrocksmndad et formedranivheezamplaandeands4 were
arative

inc.exanple 1. This was,the sanple, fo 0
R hp e VB a TS PSeTHedpah Bress: Agto
dteaes y1wRs RRIFAIMRGONfedaid saphi ShefoHSEQEnBles 2 and 3
pel l et dresser, and the first polishing process was
apek fComped adr Ve rexRrdiest ihlang abs [lhat ¢ hegi reptitthlied “pad
rd . i I ¥ g [-NE ar-d .poli sher exanpl e was
dl%% S%'sl (Eell , p:}]r%?etsﬁe it 2‘[%%&2? i's hjilq.'négl cpar%%ségtssh%va%%%r?%r%asser
thatt was s@eel .mafnechas,i Nlexanplie tablki S vasiitd¥@es that
ampl.e for _conparative exanple 2. The pellet dresser
this T4 SIru PR Lo RECSRAR ) IBHELI% {1160 cilafroter stages
o¢f pk6-pon iemieddedd PR RASESHBEL | FuRAWNI Ry “time
diameter that i's substantially the sane size as a
regeired €oeat Prddsivayg sawpiatier italbly dss +1 atigs.irfldiecates
I al corrects the surface of. the _hard
B R Thgsafied oo Wik el ae . A wiRES
bgtaean pblakhtihg pedideesser 11, the diameter of the
pellet is 10 apparently different.
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Wth regard to the sanples of exanple 1
and conparative exanple 2,

exanple 1,

conmpa
the rel a

bet ween the polishing tinme and the m croscopic
undul ations 15 in the post-polishing of the first

pol i shing pr
The graph sh

undulBébb b hei ght NRa was reduced

ocess i s

ows that in

exanpl e 1,

the mcros

rative
tionship

shown in the graph of Fig. 3.

copi c

fromO0.4 nmto 0.2

30

nmin the polishing tipe of 5 miputes and then
mai nt ai ned aj PR ismin@0 | n dompari spn,Secangonpar athive Total
exanpl e 1, the cdHqgt0sc0Pi Gpdindyl Al i Boi‘lgér&'%{g N1 ishing | Time
remai ned at ppproximately 1.4 nman nprove
regardl ess of the polishing Bricgess eRredrsspol | Hrviongss of
time exceedefl 10 m nutes, the mcrosicopic 25 Polis
undul ation hei ght NRa increased as tlhe polishijng tine .
el apsed. Furfher, in conparative exanmple 2, the hing
m croscopic undulatlon helght NRa di d not inclrease as Step
. . ‘o, nt ain Q.4
ﬁ?ﬂ%\resﬁﬁ??a Pa\?apﬁ%sseénd difd%ot |decrease
1.Pr8Geds om|t hese resullt sprdstseirs |appar ent
rPAgsnide fad %%ﬁ'nc f%%?é 1 [the
roscopi c jundul ations gf t raw|materiar gl ass
i ntATREdVer redu@éﬁd%nd di dllzgénot
FUrt hegrafty usilng the pad |dresser 11,
undqjatlons wer e decreaced Exanplles 2 and
at i V& 28480l és 3 laMl 4 er® 055HBedf or med
der the cgnditGomis i ndijcated in table 1 to gbtain
gllass substriat es; J4sed, as {sanpl es forl exanples|2 and 3
and conpar atfji ve exanples|3 and 4. The itementitled
" Had dr essilng preédss" iinlbapséent i|nd2Tato®s fhe tppe
of} dresser (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 pym
Polishing NRa {nm) - 0.23 0.12
Surface
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 um 0.02 um
Grain
Diameter
Load 150 g/cm? 25~100 None
(30 min)+ g/cm?
40 g/cm® (5
min)




that was used. Further,

"l oad"

in table 1 indicates

that 10 the first polishing process was divided into

the two stages

of pre-polishing and post-polishing.

Further, for "time required for polishing step” in
table 1, +15 mn indicates the transferring tine of
the raw material glass plate between polishing
deyi ces. 29 [rAbte RegPbredshingiki + stSeconddhisr difot al 85
Copdi tion Po| tshigagPol i ingPQl#shingTirW__.Ln nin
PrpcessProcepsProcessof Holis hing Step
Ex| Pol i shi ngPad C¥e¥si ngRad Dr esser Had
2Cpndi ti onPr B esssdh [Pol sshingCar i ugCol, | oi dal
Abkasi ideSilica Grain Abrasivel lpo0. 05 pmi3ain
Di 150Rg/AemR251/00Ndhé&€2( 30 |mi nP.+gy/ ¢ 40
g/ Ti me Requi rfed35 mn + 1510 + 1575 for
Po i nm n Renovdl De?th35 gl pm
Poj i shi ngNRal( nm)'F 286, 12 -1 .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 + 1520 min +15{10 min + 15] 105
for Polishing min 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 0.22
Co Polishing | Pad Dressing Pellet Pad Pad Dresser
mp Condition Process Dresser Dresser
Ex
4
Polishing 1 pm 0.8 pm 0.02 um
Grain
Diameter
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Surface Ra(nm 10. 23 Ex. Pol i shi ngPad Dressi ngPad
Dr esser Pad 3condi ti onProcessDr esser

Pol i shi ngCeri unCol | oi dal
Abr asi vel pnD.02 pm Grain D aneter

Abr asi veOxi deSilica Grain
Load150

g/ cm225- 100None (30 min)+g/cnm2 40 g/cn2 (5 min) 30
Ti me Required35 mn + 1520 + 1585 for

Po| i shi ngmi npi nmi koSt ep Renmmdoaly/Bebt h3%spudo pm  25~100
Pol i shi ngNRaJ nm) 0. 220. 12 (Suy.f ace Bg)(nn) 1.19 18 )
CohpPol i shi nEPad Dr essi ngP(ééIrSI S PhdPAd &8 s%r g/cm’2
Cohdi ti onProkessDr esser Drlesgéem®Exs 3
Pol i shi ngCer} unCeri unCol I|oi dgl,
Abf asi veoxi deoxi deSi | i ca |G ain rasii vel pn0O. 8 pnD. 05
pn| Time Required |30 min + 15| 20 min + |20 min + 15} 115
for Polishing min 15 min min min
Step
Removal Depth 35 um 10 um 1 pm
Polishing NRa (nm) 0.42 0.2 0.12
surface .
Ra (nm) 1.1 0.5 0.19
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Grain Dianeter Loadl50 g/ cnR2515025100 (25 _

m n) g/ cn2g/cn2 +40 g/cn2 (5 mn) Tinme Required30 mn +
1520 m n +1510 mn + 15105 for Polishi ngm nm nmi nm n

Step Renpval Dept h35 pnllO pnil pm Pol i shi ngNRa

(nm 0. 420. 20.12 Surface Ra (nm1.10.50.22

CoPol i shi ngPad Dressi ngPel | et PadPad Dresser

rrpCorR:ﬁdrri ariRr coessDresserixlesset, Exn4eRampibsnglapa038 the

m G ai Dlamat r 31 Load150 g/ cn22515025100
“{] 9&%0@)/ g“ %2 n%)tl‘r?nﬁameaaﬁﬁéaeé glass

ﬁﬁdté*é@%g}'HHE'%%%éﬂ'b&lﬂéﬂﬁ#bfﬁ%oé@ééswéggﬁl§§5nm and 0.22

m nm nm n Step Renoval Dept h35
npo| iresipegRa(eing 0. EZ@SZ@nﬁicates that the polishing process

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

substrate.

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

examples 2 and 3 were shorter than comparative examples 3

and 4 by about 20 to 40 minutes. This shows that a glass
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surface. Ra(nnm)1.10.50.19 32 Fromthe results of table
1, in exanples 2 and 3, the mcroscopic undul ation
hei ght NRa of the raw naterial glass plate after the
first polishing process was 0.23 nmand 0.22 nm
respectively. This indicates that the polishing
process 5 can be ended by the second polishing
qricesste lwithcdmpg i Goanl ity coNPBE abbveip¥amphes 3nharde
4, the croscopi ¢ undul ation height NRa after the
Cg%lj§ﬁing process was 0.2 nm This is
apprOX|nater the sane value as after the first
pol i shing process in exanples 2 and 3. Wth regard to
10 cd}f{mrpaidsaeltemrt;ﬂdaisné}nanmlaﬂ,b@ppmcd)jgfimdieiaydthﬁbodied as
ane .NRa ue as after the second polishing process
i% %é’ ‘and the 3 was obtained only after the

third pollshlng process was perforned. Wth regard to
conparative exanples 3 and 4, when the polishing step
was ébrcﬂwm@lbyﬁtg‘qngtyﬁelarmnpma@ssmhawtm pecbodmed on
[ i shj r S the erl her al ortion of.the raw
tﬁ&ié%“éﬂgﬁghgéﬁp % i Jﬁhﬁ%:?ﬁ P R Lk

pai‘ltlelhltnl@e sftlelpst ap&|tle$ﬂ‘llaffg:eﬂzr %&S%olﬁ%ﬁgﬁp@te@f éPepetween
perip portion could not be correct even when

elaﬁ%l Pﬁﬁr &hﬁrc?lgl ShieRy tor Fédds fva s hserifwasdd l’cﬁﬁe]rs wlemg
vA®a@d 040 ref iitABce[hlsiq %@%ﬂﬂfggiéﬂ%ﬁg Ha Lol g not; o

ultimately satisfy "t he mi ni mum speci |cat|on require
reguiried glgse iodlosmestion Eeoonrdiese messiuin.s, The chemical

n the 2S m croscopic undulatlon he ht
R Er Al PrPsotn REeFi €6 PRI MRy s s v Lent
m&MbStabhiabbh bbeliaﬁﬁuﬁs1bhabnd0@b@ﬂﬂmjﬂdﬂ“ﬂ&ﬂiéfﬁ%d in

onparative exanmples 3 and 4 in the second polishing
tBFoEQE‘QOS%FBH 8fethRe9é8AvelibSitalate to a monovalent metal

ion such as sodium ion and potassium ion having a greater
ionic radius. Further, it is a method for enabling chemical
strengthening by applying compression stress on the surface
of the glass substrate. The chemical strengthening method
is performed by dipping the glass substrate over a
predetermined time into a chemical strengthening process
fluid obtained by heating and melting a chemical
strengthening salt. Examples of chemical strengthening
salts include potassium nitrate, sodium nitrate, silver
nitrate used independently or as a mixture of at least two
of the above materials. The temperature of the chemical
strengthening fluid is a temperature that is preferably

lower than the distortion point of the material used in the

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

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

34



10

15

20

25

30

pol i shing steps. This show s that the polishing step
can be 30 conpleted wi thout performng the third
polishing process. Wth regard to the total tine of
the polishing step, exanples 2 and 3 were shorter
than conparati ve exanples 3 and 4 by about 20 to 40
m nutes. This shows that a glass 33 substrate with
fu i cleaitily o) detobted neldei Bhamsbhant stRenigeMedfing
time. The present enbodi nent may be nodified and
Riffgtfied dd thedésamegad uE qwcoRdteni teperature that is
[ o) .perferped on, the.ra
%%&%?9% gﬂggég%ﬁa(zé%ﬂa%.é?%%gp%gce FngeEREeL 8% the glass
AW IS 1) &boit AER, Al gtlfb%sooaldbﬂwwtitrﬁ s 95
bet ween 10 each polishing step to satisfy the iInhpact
dietiogttast evherny iggeid i re st lse avlveni@ntl beatngebeatiagcerocess
6%1 1act riggi(ﬁg {Fqﬂired for a information recording
medi um2 e dem c&l strengt hening process refers to

ion converting a nonoval ent netal ion such as lithium
ion and sodiumion contained in 15 the conposition of
t he diNgsdaniaa &ten day shovel tergd s alongoasstich asrface

i ' ot [ ' hayi ter jonic
AT RO RS I A DI B P8 Shushofta
rougdngtsise niwag rhy vaysil b tigregnares ilen Stkesssonishe the

ur.f ace f the gl ass _substrate. The chem ca
BB NaliRg Aethad G RE st Mty QPpRUsS: ehease, the
tAlskS & 1mebS sl Fue tOe shorlegdeiermned tine into a

chem cal strengthening process fluid obtained by

heating and nelting a chem cal strengthening salt.
Exanphes s0f R8T GRS 1eR0LReNI0 s sal f s inel yde

pot assi um ni tfate, sodiamnitrat %,gséa’l O\Pecf %glln%]rréq Process
nayebei ndegendehkypol iahiagnpeidineecaf it diRasti A0 pdfishing
t he above_nmterials. The tengerature of the chenica
process. 'In this manner, wheh 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
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.

A buff polishing process may be performed on the
polishing pad before performing the pad dressing process.
The buff polishing process is a process for polishing the
surface of the polishing pad so that it becomes slightly
rougher than in the pad dressing process using polishing
material, such as a grinding stone, sandpaper, and a
polishing agent, irrespective of the attachment of the
polishing pad to the polishing device 41. When the buff

polishing process is performed in advance in this manner,
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strengthening fluid is a tenperature that is

preferably |ower than the distortion point of the

mat erial used in the glass substrate by about 50 to

150C, and nore preferably 30 the tenperature of the

chem cal strengthening process fluid itself is about

300 to 450C. Wien the tenperature is lower than the
tdiesttordk dninpoi fidr ofhd headrediess@ingf ptbeegkass shortened, and
éﬁgstrate by about 150C, the glass substrate cannot be

HE ARGUTS &Ht IRF s el dl ¢ of Y Ren@Rehnerpased.
strengthening process. |If the tenperature exceeds a
tenperature that is [|ower than the distortion point

of t themattdrd Himft tdvel iglassy subsésat £sbyiabos DA€o the

t he gl ass substrate may be 5 distorted mhen_perforning_ _
e SRR A ﬁrﬁé@ﬁ%%e%}w AU RSt el hehingssin addition

cethslrRtiog T NaRRI,NG 1Y &R 1B Bty Al d1ed Ay 089588011 ed
the surface conditions of the raw materi al gYass
wiltdy €li ffeaiends typesowdhmesls shiarg, agerdus at ilonsuand case,
the |ike, tisfty th desir.ed val ues after the
ltk'):e\%sl ?ﬁ%fgigggsltﬁlagu%ﬁ]ea pcoalslesﬁ'”tr}’% aqeé%a% f‘?ﬁe@}i’% pre-
pblritshehgs hateeaedoakize rs ¢frtaippld ifert sk Hd gdBishing agent
second polishing process 15 may be used as the
£981 itRi RGShadodded ing -t hEhipr SUTEHRTSANRGeagescads | n
pbi ShIRBNEL WRER E)Q%-%)%'ﬁsmqlrfgs!yrng A1 S gﬁqeed ddkface of
the first polishing process and in the secon
tpel rghi mgtprdeédsglasise pfliatst tpoldesmiong Erecadsl ansb X ished
nd_polishin rocess of the polishing step may be
dgggggrP§Fﬁ§80g§gPEEQSane pol i shing device. This
enables the task for transferring the raw materi al
gl ass plate between polishing devices to be omtted
and further shorten the manufacturing tinme. 25 A buff
pol i shing process may be perforned on the
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pol i shing pad before perform ng the pad dressing
process. The buff polishing process is a process for
polishing the surface of the polishing pad so that it
becomes slightly rougher than in the pad dressing
process using polishing 30 material, such as a
grinding stone, sandpaper, and a polishing agent,
GuaBspecti ve of the attachnent of the polishing pad
to the. polishing device 41. Wen the buff polishing
process is performed in advance in this manner, 35 the

task qtine i ss IL.$_shortened
A R i S R
anhem fidvenatiirest  madd shimy nedes smasu thyt deddi pyopbheshing
Wwo stages of_pre-polishing and post-polishing, 1n _
it Cet&fcr?arfgip‘*hg“attr%“t%]aoqlﬁ% t2hi Kge deetbed being

dmyr ke supRld 6d, twWdih different types of polishing
agents. In such a case, it is preferred that the

pol i $hieng@odgemtingori s ek yirde ol ntshi trwp hatvep s, coassep for

I ad i.ze than the palishing agent 10 for the
p%orasyto-l}f)nglnﬁsr?’l %.r RSP ES ggiﬁfg'?eesa%e ot%ug}bﬂYi%‘Fl]rh@h the
stuatfe cleoio fp itérep Qlains iant@ ranrd ey £t st fmeesbott Neng 2

raw material_ glass plate to be nore snoothly polished
S§GPi AGTpESELILEMiSN Ry SeTerd MAVE shing metdresds oro finely
paRuhachur isng ra Ql ass b Qf . | pf ormati.on .
Precording r?egl u%%ngﬁuftzlclét ?ro;ugﬁ@ g%lllg%}én&g i fiaterial
gdasbapéatt &or bw wabertihalr ;gl ass pl ate, the net hod

being characterized.in that: the polishing is divided

into Pﬁo dF&5sPOA S &p 9% &7 °G5E ot @rEFGTt using a
ppolikRlihggpREOREEE bE éogghlt}ﬁemlcl sl stibe £outl,f 238119751 i des
the raw material glass plate to be snooth and a

the polishing pad on the surface of the raw material glass
plate while supplying a polishing agent to roughly polish
the surface;

a pad dressing process is performed on the 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 polishing pad by sliding the polishing pad on

a pad dresser including abrasive grains.

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

pad dressing process is 500 to 3000.

3. The method for manufacturing a glass substrate for

an information recording medium according to claim 1 or 2,
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10 step for performing a second polishing process to
finely polish the surface of the roughly polished raw
material glass plate to be snoother; the first
polishing process is a process, using a polishing pad
made of a synthetic resin foam that slides 15 the
pol i shing pad on the surface of the raw material glass

Platactwh il 2ed upplshaty eheopashiings agegt ptecesdghlky performed
ol is t he surface; a pad, dressing process is

%értf}lﬂqnecbor}dﬁ M gt i shi vy ChatSi & sabdfcéngéraikang

| Nt Use hridurdthgdd eti 00k im0 DY R0 PE PSESS:, 1204 :Hhe
%gif'dﬁg§§ing progéss i;'a process ?or po?%sh?ﬁg_?ﬂé B
maderse ofs e el dinstd nigh pado bydst ¢ dhihged heapgkl shi ng
pad on a pad dresser including abrasive grains. 25 2.
The nmethod for manufacturing a glass substrate for an

i nforgnat | ahd eeAMING JPEHINA AU Y 4 OgThas Mdpstrate for
characterized in that the pad dressing process Is

FPerfGrERtion tegondid Ppmsilicim ofcdoedii fg/ toylappl 8ed
li.shi:ng d t ad dresser and task tine
%rtr?)%ecfgguzie?ie&%f cJ)cP%tq;He%rggchedrpeogLs'%b”bq 0cess (?%t%b%ed
imme30@@ely. athe rmethiogafddrd masuifraf tofdds 8 O §5Srformed is
substrate faqr an infgynation recordi ng nmedi um

UZECoATi g FEGCERRCHR YagMer, e apdriadtidld Zab e nis Heaintained
peft@eRad sdr a8sl N90R" 8¢CEhd TR ANIED 2150 t halg the pad
polishing rate, which is a value indicating polishi'ng

dEREEANIPPECGRS LisnPeird orimedf iwhen [pdle smlrigshimhgnmtse is
[ L.at.akped .in p rm ned.range. 5 4. The
lﬁéfggggbopﬂﬁaﬁgfggFuggggggnﬁfagglgﬁbstrate for an
i nformati on recordi ng nedi um according to claim 3,
5. The method for manufacturing a glass substrate for
an information recording medium according to any one of
claims 1 to 4, characterized in that the mesh size of the

pad dresser is #325 to #600.

6. The method for manufacturing a glass substrate for
an information recording medium according to any one of
claims 1 to 5, characterized in that the pad dresser is set
such that when the pad dresser is arranged on the surface of
the polishing pad, the weight applied to the surface of the
polishing pad per 1 cm? is between 0.5 and 2.0 g.

7. The method for manufacturing a glass substrate for
an information recording medium according to any one of
claims 1 to 6, characterized in that the rough polishing of
the raw material glass plate in the first polishing process
is performed until the raw material glass plate has an
arithmetic mean roughness (Ra), which is measured by an

atomic force microscope, of 1.0 nm or less, an undulation
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characterized in that, when the polishing rate

obtained immediately after the pad dressing process

is perforned is 10 used as a reference val ue, the
polishing rate is maintai ned between 80 and 100% of

the reference value, and the pad dressing process is
perfornmed when the polishing rate is |ess than 80% of
fteneghtef Glencevivatiuei s ibedsufbd bpt hodufleh - functional disc

manuf acturing a glass substrate for _an infornmation

TR TR U Sk corBR L E o nyaBREEBET G I MOEL Otd to 5.0
rfn, racs e ' hat, & h L.Ze. of .
e S 00 B0 o heSePhoaUpaR1atn neignt

aif,acthurdmgl & g assradibsy rat ehfee-damehaf ongat ko face
recor.di ng nedi um accordin one of clains | to

N to anY
S TG AT 138 P 1 "fjhca?o%%%p%a‘ﬂ WP e2sBEaFerépg wayehength

hato fMer the pad ndk eSSero i3 @ repgedsen the surface
of the polishing pad, the weight applied to the

surface of the 25 polishing pad per 1 cn? is between

0.5 and 2. o b T or, manuf acturi ng a gl ass
subs?r'at e oe? meaitrmdqn?focgrleng{gﬁ'g#ar%%%?m%ga n%{j"f‘ﬁgr] subsfrite for
amc dorfdinmg tiorame caneliofy nedcpium® deddrding hes agh @rbgedor
in.that the_rough polishing of 30 the raw nateri al

cgedas &I§Pe7vnéﬁﬂ§qqq%ﬁlﬁﬁﬂi%ﬂﬂ@ﬁ??ﬂ?ﬂﬁ%ﬁ#r$% polishing
skef esmad Il st a1 3 e

e oot & oce T ounnes IR P01 B3Ry B S 0PEap ot the
ran matewiie lf glessnicdedscdpe tvaf st.aawn @rd-gsslisiming and

ul.ati.qn. hej ght_ . ). Which.is asyred by a _

R Al SRR R SO FERS
qlasel piagth bA) tak Hod ikhifg0 padmirofthk GiMB1Opd BS$hing

and a m.croscopi ¢ undul ati on height (NRa), which is
PRRSEGFed ShY a3t RFe8UdRENOTFETRC 14 Fhiade thant dyetinre post-
pahakyzhgg m.croscope with a nmeasuring wavel ength (A)

of 0.2 fo 1.4 mm is 0.3 nmor |ess.

9. The method for manufacturing a glass substrate for
an information recording medium according to any one of
claims 1 to 7, characterized in that after undergoing the
pad dressing process, the surface of the polishing pad has
an average undulation height, which is measured by a stylus
measuring instrument with a measuring wavelengthv(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 pm.

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

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

11. The method for manufacturing a glass substrate for

an information recording medium according to any one of
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8. The nethod for manufacturing a glass substrate for
an information recordi ng nedi um according to any one
of 10 clainms 1 to 7, characterized in that 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

¢ lomidnsapplticed t actidwadoar ipéerial thgt assspl aigebyothe

%éfhlng pad in the first polishing 15 process is
é% ffy BRE-PotiSHI AP I PGPS dui § ng0pbet 60 minutes.

pol i shi ng. 9 The nmet hod for manufacturing a gl ass
substrate for an information recordi ng nmedi um
accorldi.ng & cglams canb oif r 20e cf @t ndn linPormation recordlng

ch racteri zed af t er undergoing the
rbés C?%@’§ﬂF?d%%n a%%ﬂ?é%ﬁ|@%Fh@dpa90ﬁa§lng to
a&fy W%@edl%qlrﬂsatﬂ QR hei affa r 20 &by ) g nBasurgd. by a

tylus neasuring instrunent Wi th a measuring
waveﬁ@@g@ﬂa@ﬁ)S@bﬂlﬂ&iethaﬂ_ahrﬁnltﬁmetim)méb@nroagﬂness

ur r S i.ch | neasured with a
B0 orP By 1 IR e A SRt o e Sgpe, of
On@t med ofroﬂemnufaaCMdetacgi ass gUbstwat e difch a's measured

|nforn%t|on recqordi ng medi um according to any one of
by & MY1EirduBctiRRfde Casic dd HaT karamsitien Wit ;¢ mersuring

w%%l@ﬂ@t%o dnessi By 4prt%0%550’ 1€ J08d Shngoql.t (ﬁélso§ and a

11. The met hod for manuf’acturing a g
mSGEQﬁpQPeCfUnduéatunhohﬂagmmn(méeﬂndmmgdhﬂﬁaﬂmeasured by a
r any one_of 39 clains 3t

ARERLEe BB b2gRRl BB eSrscR iR s, arpdsidr My arRscope
what dr meas0gingoeesslengtd t(0)6QmMonyt % 112 nh,9l#89.15 nm
suﬁstrate for an |nfornat|on recordlng 5 medi um
Ohanfifdct ured by the manufacturing method according to

any one of claims 1 to 7, characterized in that: the

gl ass substrate has an arithnmetic nean roughness
13. A polishing device for manufacturing a glass

substrate for an information recording medium by polishing
the surface of a raw material glass plate, the method for
manufacturing a glass substrate for an information recording
medium being characterized by:

a polishing pad formed from a synthetic resin foam, and
a pad dresser including abrasive grains, wherein the
polishing pad slides on the raw material glass plate when
roughly polishing the surface of the raw material glass
plate while supplying the surface of the raw material glass
plate with a polishing agent, and the pad dresser slides on

the surface of the polishing pad to polish the polishing

pad.

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

wherein the pad dresser has a circular-plate shape, and the
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(Ra), which is nmeasured by an atom c force m croscope,

of 0.4 nmor |less, an undul ati on hei ght (Wa), which

is nmeasured 10 by a nulti-functional disc

interferoneter with a neasuring wavelength (A of 0.4
to 5.0 mfm of 0.5 nmor less, and a mcroscopic

undul ation height (NRa), which is neasured by a
dﬂamﬁﬁaﬁrﬁﬂﬂﬂﬁhﬁﬁknﬂﬂﬂzﬂnessmbmtmmelahayyzhegsame as the

i_Crqscope 'th asurin vel ength (A) of 0.2 to
A By s {5 RS [€e NS P00 Bt Phhp gauaspelate.
for manufacturing a glass substrate for an

i nformati on recordi ng nedi um by polishing the surface
of a raw material glass plate, the nmethod for 20
manufacturing a gl ass substrate for an information
recordi ng medium being characterized by: a polishing
pad forned froma synthetic resin foam and a pad
dresser including abrasive grains, wherein the
pol i shing pad slides on the raw material glass plate
when 25 roughly polishing the surface of the raw
material glass plate while supplying the surface of
the raw material glass plate with a polishing agent,
and the pad dresser slides on the surface of the
polishing pad to polish the polishing pad. 30 14. The
nmet hod for manufacturing a glass substrate for an

i nformation recordi ng medi um according to claim13,
wherein the pad dresser has a circul ar-pl ate shape,
and the 40 dianeter and thickness are substantially
the same as the dianmeter and the thickness of the raw
material glass plate. 41
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