SPECI FI CATI ON GLASS SUBSTRATE FOR | NFORMATI ON RECORDI NG MEDI UM | NFORVATI ON
RECORDI NG MEDI UM AND METHOD OF MANUFACTURI NG GLASS SUBSTRATE FOR

| NFORVATI ON RECORDI NG MEDI UM TECHNI CAL FI ELD [0001] The present invention
relates to a glass substrate for an infennation recording nmedium the

i nformation recordi ng medium and a nmet hod of manufacturing the gl ass
substrate for the information recordi ng medium BACKGROUND [ 0002] Al um nt hn
substrates have been widely utilized as substrates for a magnetic recordi ng
medi um such as a magnetic disk or the Iike as an information recording

medi um but along with high density recording together with downsi zi ng of
the magnetic di sk, the alum num s§SBEGIBR&STHOMNd to be repl aced by gl ass
substrates each exhibiting excellent strength and excellent recording
surface flatness, conmpared with the al um num substrates. [0003] In recent

years, reducASOSUBSTRAYENDIREVBORMLT @mg;mmm@mmbw dlhﬁizﬂ/i‘ﬂidﬁs

been demanded in order to inprove the recording density, to respond to
t hi s demaidiCORBING MIBREIMAND MIGHd ODCOF 8EANUIFAG Imhﬁ%‘tsmm TRABE

surface of a gl ass subs{pat diumis desired to
be finished as an extre lﬁtnlFg?ﬂﬂggﬂgﬁgéRIﬁgggg#ﬂﬂH at ent Docunent 1
di sclosed is a magnetic disk with a fine undulation having a period of 0.1

--5 mMm an anplitude of 0.1 - 1 ant [0005] In Patent Docunent 2,
dlsclosed1W%ﬂaHC ABLDc di sk for which the undul ation on the surface when

nmeasurin n tude, W of 0.1
et a2 TR RO R R SIS Sosin Ot BB Al TRl G
neasurlngn%hnﬂmﬂﬁﬂsdm@nﬂﬂﬁmmmﬂehﬁﬂgﬁbfm&nﬂ@mﬁﬂ@GMQmﬁaﬁbﬁm&ﬁaﬂh@np|ItUde Wb

of 0.3 nin_or |ess; and a value W/ WA obtai ned by dividing nmean anplitude
of the fiNETNAHICSYIHADFAL t h anplitude of the undulation Wa is 0.6 or

nor e.

BACKGROUND

[0002] Aluminum substrates have been widely utilized as substrates for a magnetic recording
medium such as a magnetic disk or the like as an information recording medium, but along with high
density recording together with downsizing of the magnetic disk, the aluminum substrates tend to be
replaced by glass substrates each exhibiting excellent strength and excellent recording surface
flatness, compared with the aluminum substrates.

[0003]  In recent years, reduction of flying height of a magnetic head (glide - height) has been
demanded in order to improve the recording density, and to respond to this demand, the surface of a
magnetic recording medium, that s, the surface of a glass substrate for a magnetic recording medium
is desired to be finished as an extremely uniform surface,

[0004]  In Patent Document 1, disclosed is a magnetic disk with a fine undulation having a period
of 0.1 5 mm, and an amiplitude of 0.1 — 1 nm.

[0005]  In Patent Document 2, disclosed is a magnetic disk for which the undulation on the surface
when measuring at a measurement wavelength of 5.0 mm has an amplitude Wa of 0.1 --0.5 nm; the
fime undulation formed on the foregoing undulation when measwring at a measurement wavelenpth
of 30 -- 200 pm has a mean amplitude Wb of 0.3 nm or less; and a value Wb/Wa obtained by
dividing mean ampiitude of the fine undulation Wb with amplitude of the undufation Wa is 0.6 or

more,



[ 0006] Flying height of a magnetic head is often indicated by a dAide

Aval anche value (GA value) via evaluation of the flying height of the
magneti c head (for exanple, Patent Docunment 3). A magnetic recording nmedium
beconmes suitable for high recording density when the GA val ue becones

smal | er. PRI OR ART DOCUMENT PATENT DOCUMENT [ 0007] Patent Docunent 1:
Japanese Patent O P.I. (Open to Public Inspection) Publication No.

2000- 207733 Patent Docunent 2: Japanese Patent &Pl Publication No.

2007- 164916 Patent Docunent 3: Japanese Patent O0.P.I. Publication No.

2003- 173517 DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE SCLVED BY THE

Lhe onse WhikTo i REEHE b ARk aPY TR s R R AR R BHACE O B 4

magnetic i §J€1!1§h@ﬁ¥fﬁiﬁl~t i @siehi Ped nheSn@iP BEAdf op Shahipl PRI DofRssMENt A| and
Pat ent Docunent 2. [0009] The present invention has been nmade on the basis

of the aboywciieserdibeacmsbeemes anidbly for high mogbpdersitophenbe Ghegbet
inventio &&n&sﬁmhde a glass substrate for an information recordi ng nmedi um
capabl e acquiring a |l ow GA value, an information recording nmediumin
whi ch the gl ass substrate for the information recording nedium and a
nmet hod of manufacturing the glass substrate for the information recording
medi um  PRIOR ART DOCUMENT

PATENT DOCUMENT

[0007]  Patent Document 1: Japanese Patent O.P.L. (Open to Public Inspection) Publication No.

2000-207733

Patent Document 2: Japanese Patent O.P.1. Publication No. 2007-164916

Patent Document 3: Japanese Patent O.P.1. Publication No. 2003-173517

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] However, a desired low GA value is not obtained even in the case satisfying the condition
where the profile of a magnetic disk or a magnetic disk substrate described is specified in Patent
Document 1 and Patent Document 2.

[6009]  The present invention has been made on the basis of the above-described problem, and it is
an object of the present invention to provide a glass substrate for an information recording medium
capable of acquiring a low GA value, an information recording medium in which the glass substrate
for the information recording medium, and a method of manufacturing the glass substrate for the

information recording medium.

MEANS TO SOLVE THE PROBLEMS

[0610]  The above-described problem can be solved by the foHowing structures.

[0011] (Structure 1) A glass substrate for an information recording medium, wherein a surface of
the glass substrate has an arithimetic mean undulation Wa of less than 0.6 nm at a measurement
wavelength of 0.1 — 5 mm, and a {ine undulation having a root-mean-square height Rq of less than

0.01 nm at a measurement wavelength of 80 - 120 pum in a radial direction.



MEANS TO SOLVE THE PROBLEMS [ 00101 The above-descri bed probl em can be
solved by the follow ng structures. [0011] (Structure 1) A glass substrate
for an information recordi ng nmedium wherein a surface of the gl ass
substrate has an arithnetic mean undul ation W of less than 0.6 nmat a
measur enent wavel ength of 0.1 5 nmm and3a fine undul ation having a

r oot - mean-square height Rg of less than 0.01 nmat a neasurenent wavel ength
of 80 120 pmin a radial direction. [0012] (Structure 2) The gl ass
substrate of Structure 1, wherein the arithnetic mean undul ation Wa is | ess
than 0.55 nm and the fine undul ati on has a root-nmean-square height Rg of

| ess t han 07 _nut 100 uct nf or ymat i on recor nmedi um
conpri si nﬁﬁéﬁm@%‘t“t’lbg}ﬁ %? %V?t@}éfc?{ g‘ﬁ“‘%l}’tépd“fhﬁ’s? lga Wpelp gcgy m§{eg’ﬂ@t ure |
or 2. 100%4)is esLKHGIH MG, 4ld th MRLAGI R hm%&@& alsd R 1R fg,ﬁ f@f]&d aghoabe for
an information recording medium conprising the step o i shing at not

nore thanmB00 kg/ n2 as a |load applied to the gl ass substrate froma platen
of a polighing machi ne

rotat i onsﬁ]@* Cren g e Uw‘%%’?’é?"ﬁ"%O%C{‘ﬁ@r“ércg’é“”b‘"r"“%lh“”“g? ““‘é‘? “Dﬁmo lé’t’@“’ fter the
fore90|ngﬁ@ghgshhﬂgLstgﬁwm&ﬂ<§a arithmetic nmean undul ation WA of | ess than
0.6 nmat a neasurenent wavelength of 0,1 - 5 mm and a _fine undu] ation
havi ng a W8MI- nSarchag did eether ghnamicnring eglass sHghtolonan Nimatos reerling ement

wavel engt h mmt(?)mﬂmg’%:‘ rthe stté]‘p oi%oﬁs?lﬁ)é,al ndl] nﬁﬁq 4n 0 I\éﬁgg{?} éos%p )H&fl%l% [ﬁ%ﬁ The

net hod of Ic ne ess

t han 0. S55subktie famda biken lf)ﬂdf]ﬁ)hslﬂ@uhe&hln@Ehdwﬁotauﬁ ©hhn Tt‘ﬁ@m as qeanebbeifght Rg of
| ess than 0.007 nm EFFECT OF THE | NVENTION [ 0016]. In the resent
i nvent i onolgspRv e laicaniseing sl diswkey *ai?%l e uét*P PHEDP B FBRE FEYEs di ng

medi um Ca@ﬂ?@ﬂlﬁﬂ@%@ 11@51 Wl Iopf@(s%t\(}%llﬁ'ﬁ?at a%bastp&ﬁ{nmrt\kféﬂgﬁl%f:@ § d'S’f'thmad' um

in which ass su Stra for the information recordi ng” medium and
nmet hod ofmﬁﬁMﬂ&&ﬁﬁﬂﬂnm@nh@a1qhamﬁnsmbﬁﬂm@hﬁhfwﬁu$henOﬁfmnm&hmemumemmrd|ng
medi um BRI EF DESCRI PTI ON OF THE DRAW NGS

wavelength of 80 — 120 pm in a radial direction.

[0015]  (Structure 5) The method of Structure 4, wherein the arithmetic mean undulation Wa is less

than 0.55 nm, and the fine undulation has a root-mean-square height Rq of less than 0.007 nm.

EFFECT OF THE INVENTION

[0016] In the present invention, provided can be a glass substrate for an information recording
medium capable of acquiring a low GA value, an information recording medium in which the glass
substrate {or the information recording medium, and a method of manufacturing the glass substrate

for the information recording mediom.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] Fig. 1isa diagram showing a glass substrate for an information recording medium as a
whole,

Fig. 2 is a diagram showing an example of a magnetic recording medium in which a
magnetic film is provided on a front main surface of a glass substrate for an information recording

mediun.



100171 Fig. 1 is a diagramshow ng a glass substrate for an Man-illation
recordi ng nmedium as a whol e. Fig. 2 is a diagram show ng an exanpl e
of a magnetic recording mediumin which a magnetic filmis provided on a
front main surface of a glass substrate fgr an information recording

medi um Figs. 3a and 31) each are an enl arged cross-sectional view
of a glass substrate, and Fig. 3a shows an undul ation and a fine

undul ation, of the surface of a glass substrate and Fig, 3b shows the fine
undul ati on approxi mately in one period, obtained by enlarging a part of the
undul ati on. Figs. 4a and 4b each are a diagram schematically show ng
a surface profil el aandgneth ec di glergaddrospseetivent view af gt sybsodteanhiigdia and

Fig. 4a shows, .t : e. easyrement | ength LI of a fine undulation
exeeeds 120" SASOERM G, AR TR Mhe u Rk e Sl e dornoe Beor a
fine undul atfinemdufatibegHrdxhadielBH opBheriod, obtainefbPeni@ging a fai®NHE @cklGbNg st ep
di agram to expl ai n, manufacturing steps of a glass substrate for an

i nfor mati on recor dighgasRti D DESEREPT RO e oPRERERHED EMBON AVEMTSIc
0018] The pf. i Fon il ol ai he.basis of di ment s,
[ 1 The RILS&NholdheRHa B s abﬁﬂ%mﬁ@g. ?% @]t%q% 912 %sg%«h%%ﬁ{@a_sﬁ Glr}%g?cg};['h . 8 S

but the present 1nvention 1s  not I e I

shows the eofafie wtinihuk@cof12gliassd SUDAS hawehk cieiwhaR hAb@ETBLBPN 1.2 of 4
recordi ng nedium (hereinafter, referred to also as glass substrate I') as a
substrate i AnauidHeti esdhaid0fior. an i nformati on recordi ng medi um of the
present inventiong As. shown.in.Fig. .1 glass substrate 1 is in the form of
a torus-shaped di Isll%%(s)'f'S d%ﬁ%ﬁcg'ﬂmgégg d\ag'a’g’(f? FreRlf Wmﬁ‘ﬁ%&%@ﬁ%@% of g plaspyulstpatery |
201, 7a andfofln ngpmas@iteotingOdé®in ci rcunferential edge face, an inner
circunferential edge face, a front main surface and a back main surface,

respectively. Further, Fig. 2 is a diagram showi ng an exanple of a magnetic

recordi ng ' efer " S : ' i.sik D) in which nmagnetic
film2 is Brﬁ %?Eaelgi@ﬁg@ﬁii%@ﬁﬁﬁgwggjﬁg&% s substrate | as shown
in Fig. 1. [esletTie miskiRcain igbeb:eRiRa oy e RaskmeRk hubMs hags: 7b-

100201 An enl arged cross-sectional view of a glass substrate is shown in
each of Fi g&vensgn ipgt lnpited fo hepmepditneiés- i n Fig. 3a is measuring

Cross-secti CiHtL, Vi OV, s ur-f,ac fil-e of . l.ass sybstrate.
Furcher . & Baeleq Finah SO RS TRS TR by o BB ST R RS s

t he surf ace(hekinafiq)rabsediu bk sail@s subltghte Bhs i Subsrad iB@mBFhETR NMRIEGHN 3B toPf
Fig. 3ais gnlﬁ%rged, sh?vx,i ng fine undulation curve 13 as a roughness curve
generat ed | ReUHBEMELRE 0! bgpirecnt pveniign Ay bpvBEdied . alasvsabsupte denin the form of a

wavel engt . o shaped disk of which hole 5 is formed in the center. Symbols 10t, 20t, 7a and 7b represent an
outer circumferential edge face, an inner circumferential edge face, a front main surface and a back
main surface, respectively.  Further, Fig. 2 is a diagram showing an example of a magnetic
recording medium (referred to also as magnetic disk D) in which magnetic film 2 is provided on
front main surface 7a of glass substrate I as shown in Fig, 1. Magnetic disk 2 can be also provided
on back main surface 7b.
[0020]  An enlarged cross-sectional view of a glass substrate is shown in each of Figs. 3a and 3b.
A solid line in Fig, 3a is measuring cross-sectional curve 11 showing a surface profile of a glass
substrate.  Further, a dashed line is undulation curve 12 representing undulation of the surface ofa
glass substrate.  Fig, 3b is a diagram in which a part of Fig. 3a is enlarged, showing fine undulation

curve 13 as a roughness curve generated in undulation eurve 12, and L represents a measurement

wavelengtl.



[0021] In HDD (Hard Disk Drive), infirmation is nmagnetically read and
witten by a head when a head is noving on a nagnetic disk. In order to
make the magnetic disk to respond to high recording density, infornmation
shoul d be recorded and reproduced by the heads at |ow head-flying height.
As to a test of the magnetic disk, neasurenent of a glide aval anche val ue
(GA value) is provided as a nethod of evaluating the head-flying height.
[0022] The GA value in the present enbodi mrent neans head-flying height at a
time when the head-flying height is gradually | owered, and has becone
unstable on a na?netic disk for tests. The smaller the GA value, the

snal | er t 19821 eda HIL iHuyd Risk Phvehinformatios pevignetoally mabmetinittedibg k heariga and

this is i to high recording density. 0231 It has appeared so

far that eﬁbelsé%%} Ioﬂen}aé’]%lhﬁfi’%@er}%@%btﬁ}“ aﬁﬁﬁigm&{ﬁg&@%wrﬁmﬁ ©heltire

magnet i ¢ 1disding dunbitydihfophata ABdtEsabloficg b Perodited PEtcMELR S Y& h%&duﬂihgf t
ound” ou

concerni ng, how the GA val ue can be mnimzed, the inventor has f

that the gt diidut Estobhe masrdiedisla gicasurasianbefvighide vhlaachvaghe (G4 vaigks | ar gel y
i nfl uenc . : e that the.fine undul ation observed from

t he radi 2%0 (?br%ggfﬁfn\éﬁwgﬁ%é}g%&ggm%imﬂﬁh%h{a head, may influence the GA
val ue norl@i2] grilt Geaveyn tht: pesdnnyreiidicnhdsas tlidewath 1Bt RLEFRLh Beent i on
by focusi%%_h_ n the fjne uq&;l ation in the radial direction of the nagnetic
disk. | ?Y%'ﬂef%é}s sradpalixdenvqin@ddeblrgonp apstabisonnanampti i for e wibe t he
GA val ue @nge, e LAk, HRAMLAL R8s NGl heo. renent wavel ength
L of fi neS ‘u'ncllul ation was lI %n‘%t%g to a@%@g@@#éﬁj@%dﬁgﬁ%ﬁﬁggﬁ@&? cally,
when a vdhises aRuicdik aihiphdedoydirgeteaditg- | i ni ng hei ght of the fine undulation in

t he radi jrection with root- n-square (hereinafter, referred to also
as root-%%ﬂLqE‘j’l‘}%dHR@l ’I{Q atﬁg%% '%?’E%ﬁ?dr%@’élué%ﬁth)“@f@ﬁeﬂm 120 pm
vwas set tghgh@BStisk AN ShsitEMlc SR FlipL iy i A3 Q. 007
nm it was g{)o be _under_stO(S)]d t hat su%ﬁ?ﬁ%ﬁe(’n%liyﬁpjé%év c{}%{ ﬂeogvst\ﬁv%?npvralél&i cally
obt ai ned caf FoRBmizdnbathverer ofolhou thet the fie wddeatontin o kgl dhetian gRAasur emrent
wavel engt h L _exceedi 120 t .in the case of fhe fine undulation

havi ng a HE3% C?@ﬁ@f’ﬁ‘*%@@%ﬁ“@%@h@ﬁ"@ﬁﬂl gsaupipg haidpe 6 undulgtiqnobagysddion t hat

t he head ggamiaahediol, LRV eGBvdiAtorY F&@uﬂ, Ak ﬁlﬁluaﬁé @A QMﬁélﬁ&e\éfgfntﬁHa% surface

obtai ned by including the fine undul ation having a neasuremnmen wavey’ength L
of |ess thsarvesior g acheeyed thamuset inventiph by fodesirgr tblinesyidtiationdn hepdasent s a
surface {1 ] e-.0f a tic disk, and synbol H schematically represents
novenent e{rg’_ﬁé]{”lle%ftt%?’?a%xf’n?%ﬁ‘ ad. Measurement wavelei Igth Li of fine 6

undul at i 8240 Fingher, favak Sndryck gy €% CARIdhMG bERLLR e GAJaiEAIW SNt L2 of
fine undulation in Fig. 4b is a value less than 80 pm 100261 I't would
appear t Wahilaipewpsnagecahlserhen measiarenemveltagte Lad §rdnidubfiof wasdinirduw @t i on i s

80 - 120_pm i.Snt range close to the |l r. lLimt value at which a head can
ol | ow oaoRt e Tankty Aol e = ey Qi by CEEETBRE gl O fine

r oot - meagndafdat B theaadls diee (STRALS W AT ol leP Gorl 08 ¢ Jrenent

wavel ength, and Rg is to t%}{g{;}gr aéeg‘&?m n t@?ggﬁeﬂge%ﬁdﬁ?‘?%ﬁgﬁ e
entire dikedeightdeg afonedsinemas asuclenpd I aftfe; [ 20tmappert ® l&hatn df hgrance

bet ween a subst{)atﬂe c]gga]g%\)e of realizing a_|ow GA val ue and a substrate not
capabl e WS FEERPLY iS¢0 165 tan U7 wa, {havas 1 brandesytend that peffigienlydew (ddvaheowas] | n
addi ti ony kiR dbefincliO Obtain a | ow GA value, the fine undul ation was

descri bed above, but it is also desired that the undulation to which the
fine undilileti ofs hiwl caufidipivipolsedndidatombbiting amdasammani wHaRhAE | FRaBdiHNMY at i on
WA of less than 0.6 nna is necessary and an arithnmetic nmean undul ati on WA
of |ess HHdnte Beeagrol ﬂit%f-lmﬁrvé'ﬁlé%h@a hyvirgragasaieyentypyeloneiak of lsssibradi0ati,on of

dul at i : , N ) ] ~t.h t.i,
subst 1 at oo P ke heeld e oy S AR bR R KPS RS e P ence
neter ( @RiRUAY inchbgfiaciienadulfin Riasea SlashienbORNBIA8Y L df REs than 8-53 1 a8

measurenment principle is with a nethod by which the surface of a ass

subst r atéeVhadc. extipBigedh ang Aufyndol § rgpresenta a durfase prodletof 2 chagnagie diskusdgmipl H
i nterf gene f | | ght | i ght i
o't £ or ert s SRR HALERS B R EIHALE oL Plibu” MeGRREH PReleagh Phisiir o

undul ation is neasured fromthe resulting nmeasured data at a n{asurenent
wavel ength of 0.1 -- 5 mm and arithnmetic undulation Wa is deteimned in
accordance with JI'S 80601 : 2001.




100301 The fine undul ation of fine undul ation curve 13 generated on

undul ation curve 12 in the radial direction in Fig. 31) is neasured with an
optical surface anal yzer USA (RMS application, nmanufactured by CANDELA

| NSTRUMENTS) . The neasurenment is conducied at a neasurenent wavel ength of
80-- 120 pmto detemai ne root-nean-square Rq in accordance with JI'S 80601
:2001. [0031] As to the neasurenent of fnme undulation in the radial
direction enploying an optical surface anal yzer USA, a gl ass substrate is
divided into 125 parts in the circunferential direction so as to result in
each angle of 2.88, and each of the divided parts is neasured in each step
of 0.89 pwdilpionhreligadiisd vabiceretdion! K omandecasnrarentdiaofiine indubatioh & g BT
diameter .to calculate root-nean-square R q. 7 The glass substrate relating
to the pr‘%‘ééaﬁ‘f“l?sﬁg’é%g(?@ﬁ' has a not-mean-square Rq of less than 0.01 rimin
each of t i ged i .

( Manuf actigﬁa{%ﬁgqﬂg&eps 8{‘:&] g@g&%ﬁx&%ﬁg}ﬁ%ﬁs%s%%?e;?t%%%@% %%@%@@p udlfitﬁogn 1SrrgeOdT um
Manuf act U2 po is the pmgoflosa ghabs/eslits vatat 22 whinh a dendicaf Gllvatddnfineeaneiong

medi um w édz Pe ,des?ri bed referring to the manufacturing steps in Fig. 5.
100321 THEPLD | Sipgtheriressips wadeky reptracappquprgrags & avgremearhsn boadraingdid.  For
exanpl e, ). Aavi S ter i c 0feal. 5.1 nches, 1.8
T N VL S S

|i mi t at i onrfdco frHicoknesisg ohpgitghass sudiftieatcdetvantda tibergt apshlsohsdizal e

havi ng a,t hjckness of mm 1 or.0.64 can be used. 10033] A gl ass
subst r at &% ?%?@F‘F@’d‘? iy %’I%%Ec %@P%‘@Ofé?a@ﬁ‘}lg gg)]“ﬁ@f\t"é © g oS Bropuanensebspiiech g

| ower di go028Dd 1iPARFRHN L oEY 16 btEn b fveQRAMEE SRk ﬂﬂetuadlﬁﬁjdﬁ%rde%iﬁodta%{)\%bﬁ Ih a
di sk-shaped gl ass substrate precursor (pressure nolding step). In qadi ti on,
a di sk- shapdw dgbived ghashb sadubatien forvdidrrtsofinervagulseonfy @paiepbshyis smtl, ambana  sheet

glass forned wth a grindi Stone | ayi ng a down-draw process or a float
process, aijtgnrneé\%(%fﬁglu&gulwofl#g%?ﬁﬁéElé’ﬁg‘lgp ' %ﬂ“‘?ﬁ@yﬁ}lﬁbﬂlﬂgn RfeR yrdiasipn
10034] Usbdese ik eomed promtsl halessdsed for the glass substrate include

soda Iirrqul ass conposed of Si02, NaZOQ and CaO as principal conponents,
al um nosit®fat &s gl wesladarpivabirtion cgiOl n K da themadulgtRnol Kie eMire giassLi ) as

A 203- 5 0V STRRLR e R B RSB s PP, .
or Ba). GlantfbesedbaPhied SI08Tbdaabgy. Hcds STiNEcReeAsk blifable isaliBSSndh@ by
preferable in view of excellent 1 npact resistance and excel l ent vibration
resi st an®@ich the surface of a glass substrate is exposed fo white light, and intensity change cavsed by

interference generated by reference light and measurement light having different phases to measure

delicate shape change of the swiface.  The undulation is measured from the resulting measured data

at a measurement wavelength of 0.1 - 5 mm, and arithmetic undulation Wa is determined in

accordance with JIS B0O601 : 2001.

[0030]  The fine undulation of fine undulation curve 13 generated on undulation curve 12 in the

radial direction in Fig. 3b is measured with an optical surface anatyzer OSA (RMS application,

manufactured by CANDELA INSTRUMENTS).  The measurement is conducted at a

measurement wavelength of §0 - 120 pun to determine root-mean-square Rq in accordance with JIS

30601 : 2001,

[0631}  As to the measurement of fine undulation in the radial direction employing an optical

surface analyzer OSA, a glass substrate is divided into 125 parts in the circumferential direction so as

to result in each angle of 2.88° and each of the divided parts is measured in cach step of 0.89 ym in

the radial direction from the inner diameter to the outer diameter to caleulate root-mean-square Rg.



[0035] A hole is made in the central part of the glass substrate precursor
havi ng been subjected to a pressure nolding step enploying a core drill

equi pped with a dianond grindstone on the cutter part of the core drill
(coring step). [0036] Next, both main gsurfaces of a glass substrate are
subj ected to polishing, and the whole shape of a glass substrate, i.e.,
parallelism flatness, and thickness of the glass substrate is
prelimnarily adjusted (first lapping step). [0037] Then, the outer
circunferential edge face and the inner circunferential edge face of the

gl ass sub t@tﬁgwgre ground enploying a grindstone such as a drum shaped

di anond  t egtBet AT Hemadntic pigteat ingingiorshas o 1q-Basgiuars Rd aiikess thamdObuner

i amet er ReRAGIRLOM AR, 125 hat A0 alRtaoh e | nner circunf evential edge
face of the glass substrate i's subjected to Ib’rush-grl ndi ng enpl oyi ng

pol i shi ngMangfactdritestepaéda]as abstnerfoaffoangibardetdiad npdiuiijon to becone a curved
surface, resul t;\i/{n%i n..rem)va{;%@f fine sg}rat‘ches and so _forth (inner

ci rcunf erent i al™MEYFsHRELeHP %%F‘H’@‘“g?_ hyo mfoPB%Tg’@}'@CRE&Iﬁ% MEBHR Wil
Surfaces_&fsm‘bﬂﬁ'eﬂzllﬁlﬁ%ﬁ@pﬁﬁﬁﬁcﬁﬁng%@pﬁﬁﬁgsﬁed again to finely adjust .
paral lelism flatness, and thickness of "the glass substrate (second | apping
step). 1d0W3] Tihew s toHimiptiedp sict oloupiisesubsitaicab bedge fiAcexofiplt, hsghbsgies

substrate_j,s subjected.to brush-grindi.ng enpl oyi ol.ishing liquid to nmake
a coi ner eta)dfhsh_ém(’:lfﬂﬁ’ﬁ?ué?] e f’#%%”@lf%’gg’%ﬁ%ﬁgp‘%q?}r@B%'Sg‘ﬂ‘r]’f‘%é?g?e@suI ting in
renoval offorbdveg tieediahlc i@ Sinddos® (HihbR of PHER LGS W 8180k &bt %%vifx?& €
processing step). [0041] Order fromthe first |apping step to the outer

ci r cunf ed@gifiessiof dage e or phboeswihgusstiep after the coring step is not

limted t 0S€ ribed in Fig. 5..it can be appropriately change
dependi né&ggp t Exegl%i%? %ﬁé‘?%‘ﬁ fn_{’&ﬁlﬁg@ﬁ]ééi‘im&psﬁﬁd “égﬁtélbg%gl WE’E‘“’&X%@‘?’@&S and
then, therdssunenolding iish@ictet Wadiah 8ppcPHi0 RABEENAS SRped dhs subaRdte precursor
circunferential edge face proc,essing step and the outer circunferenti al
edge f ac& pyeawidingpiay.cdn editigrea @dﬁg@kﬂd&ﬂﬂé ss Jubslatciccursheme pboprapaalbpi ng

Facdprasenl iches dorelaztlats e Lo
ci 1 ount or Sy e Al B Dl BB ol P A RS BB bR Yy BBt ng

the fi rsforlcaapmiagvi&bmme;mdmgb@tthfwgm-eaﬂ@ldi@glgtegs. di anet er processing step.
[0042] A _palishing machine to polish a glass substrate in the first and

second | &Pt g Usttisiaapples ofjeatenabesed fsthe glrgs sibgivsic inghdsgodrdivng gless compiseee i s a

wel | - knowne;po sk . chi.ne. d -8l de i.shi chine. The
doubl 6 oF Hag” pp Ol PRk E R ohidaue S BT SER PG RS, | Over
pl at en i R:®lie=oNmnooi.i)as pluslpal sohipoienarbapbsitized ghey; BL,OSIO! gseagisgtier, so
that they. rot act)e to egch other in the reverse direction. There are adhered

a pl ur al PP SIOCYHFB BHSHEIG R PsAliRs-gibh Byssm glas Rppie. a.ar enBaindOf hesel ower
pl at en f agi.ng.t; TEMala i.shj 2e.,:hal , f | as
I S R R L R e S L S
al so useekcelfenpibegoroksisamaond pel | ets. Bet ween the upper platen and the

| oner pl , there is a pluraljty aof carriers which rotate by conbi ning
with int @’?’%& éé’ﬁfﬂés padedp ﬁc%f’c“'al]??ét OEGPWWP%F%@%@@*WWH@ sHbigied tRat en

L R e
pr epar edef thrnabradigl (asmgstepstrate is inserted in this hole to place

[0036]  Next, bothmain swrfaces of a glass substrate are subjected 10 polishing, and the whole

shape of a glass substrate, i.e., parallelism, flatness, and thickness of the glass substrate is

preliminarily adjusted (first lapping step).

[0037}  Then, the outer circunierential edge face and the inner circwnferential edge face of the

glass substrate are ground employing a grindstone such as a drum-shaped diamond to conduct inner

and outer diameter processing (inner and outer diameter processing step).



9 the gl ass substrate. The upper platen and the | ower platen, the internal
gear and the sun gear can be operated via a separate driving system 10043]
The polishing operation of a polishing nachine is perfornmed as follows. The
upper platen and the |ower platen rotatg to each other in the reverse
direction. The earlier inserted into the platen through the dianond pell et
orbitally rotates in the sanme direction as that of a |ower platen while
axially rotating, in the situation where a plurality of glass substrates
are supported. In the polishing machi ne operated as descri bed above, a

gl ass substrate can be polished by introducing grinding |iquid supplied

bet ween t Q838 p et gheainaer @W@Df@f@ﬁélfﬁlg% fawgdtthaapless whelrde isnpibiectehéo bovler

pl aten a 441 \We e- S hi ng
e ne 10URE TR HREHEBEe sp ARt o\ Bl Rl ECe R PG, e
nunber ofsurfidcatdsolisg f Idﬂlﬁﬁ”ﬂpbﬂtﬁﬁ@ sa’é@h@pzm’dow fathelivnendjildsh RebnAg CRALEIRG t o
desired pollshln% conditions. As to the load in the first and second

| appi ng SYEHESNESEP) s preferable that the load is 600- 1200 kg/ m2. Mor eover,
t he nunb § out 10-30
o and TP o erE b Rl e D Sy B e B o A s

pl at en tqnaim@daboﬂuttmsgandﬂmﬁ%mmdg%sstuhmtd(b@ozmqumig @fp)rotations of the

| ower pl | oad fromthe plate ncreased and the nunber of
rotati onﬁb‘@‘@ltw&ﬂbﬁﬁ e Sropniralest S5 ai ‘L“hf: & iswitbiecrh &y B, but
the sur i 3gRaiheUAPRESE pishing Mkia ACEARPa Mf@%ama $fidn6 LRIRIN o fleqt N

| oad i s excessSive he ot hand, flatness wl econe satisfactory
when theSw@ﬁbeﬂﬁﬁﬁmyotamuUNSOf§n¢0@5hh§h%ﬁh®xﬁm&ekmkmhmnmhﬁﬂmhﬂaﬂge§k@nal
and the nunber of rotations of the platen is low, there is little polishing
quanti ty PEESRE F&1 t, manufacturing efficiency becomes | ow. (0045] At a
time whenod4pi i o HRCRG e sBP R (Noidr@PeuntBbecH édg%tm pﬂﬁfggag &8 after

undul ation, voids and cracks are preferably renoved, and sur roughness
of the rrélitﬁwom Stqn@nmunaocgﬂoélsse dasribred o lag. (S éﬁ@rtalamsromseladmﬁged(dnpmdmg m

hei ght) an. .1 ou of about

o 10 b, Syt it Rubi e B PR e e P el hsbwedan be
efficie ntpl(yﬁ@ﬁk: u@}h@@ il EiR@midEnShl Qg faéé}h@&ssﬁﬂge:ﬂap ah@ BGlicl Arcagid, 511'1191” in
order to efficiently conduct the second 1 apping step, |arge undul ation,

voi ds, afdecdpepraesing Sﬁebu?ghbsycqnéw(ediﬂswad Fhe seqoné fapping glepdhosep.  For t hi s

o d d | | et
nayi ng #60 AEsH Sl SEBB-RVR: 56 i ipelghic” BB RSl et B s RE e P s
havi ng #43008c B@ﬁlhcté@afﬂé&iﬁﬂudﬁ%ﬁhcﬁm RepikksSQEh Ank tHehifned @ﬁmﬁeru@ﬁﬁien}go&%ﬁ@g At a
10 tinme when conpleting the first lapping step, it is preferable that

surface f8Righness Rz and Ra are roughly 4 - 8 pm and roughly 0.3 -0.8 Jun,

CFane LUl A5 dhal il RSN A Mol BONIR SR LB SH95 JASEM L o

gl ass substrate ‘are grlndl

ci rcunf edentiicd] adgpol fshmgnﬁ&ﬁmmblags aswam@n@l ﬁob@ul@uﬁaﬁm@dﬂw%&wtl al
edge face processnig step. The brush made of nylon, polypropylene or the
li ke of iniéﬁbml@%m@phzlenn{hqﬂoahl@s@cthm118@11@%@@?%qunp@éaflth FUYRpEaten
polishin o f v

ot e s M8, BRI O S LR SR

br ush- gr et inds ib@rsdirf@ios r’lt}id@h:tﬁﬁﬁiﬁmeiﬂ a phedityuidfanehd gelilsen esthicftheedge
face and surface roughness of the outer circunferential edge face,

appr oxi neRRsT Blalgm afﬁzﬁlblpwel paten facing 19 carheailerr 1 PrRishir ey 1pgin sgfagyof ammsar e
prefer ab%;%ﬁhd% L0, &gipéiga%tlﬂfwhwﬂg dﬁﬂ% d%ﬁﬁﬁmﬁz 18 }%le@tﬁia cﬁﬂp{alﬁgo%(% m]?}l LG been
subj ected to inner and outer dia processing ste

ci r cunf edienbidapeilergeBdwem (mquzaqﬁatdagms ﬂeﬂo@ﬂ(ﬂ)ldtémeﬂlaleﬁﬁplﬁﬂaﬁiy ufdagicgnt i al

edge face proceSS|n st.ep, . dr oop- down shape appears fromthe nmain surface
at a posVBirhptds wabn@nzswmnfqmabmaf%ca tatshhe ewﬁwﬁwafeaw Hithedenye platime

i nce a GOrEk s AANE Sih U DR HRhB R BG R0 Ry BB IR TSud im0V e

therefro
111 this carrier, a plurality of holes are prepared, and a glass substrate is inserted in this hole to place




[0048] Incidentally, Ra (arithnetic mean roughness) and Rz (rmaxi mum hei ght)
are defined in accordance with JI'S B0O601 : 2001. These can be neasured by
an atom c force mcroscope (AFM or the like. These definition and
nmeasuring nethod are simlarly applied to Ra and Rz described | ater on.
10049] In the above-descri bed exanple, dianond pellets and grinding liquid
are used when polishing a glass substrate, but a nethod can be arranged to
be a nethod by which a pad is attached onto the polishing surface of each
of upper and | ower platens, and polishing liquid to conduct polishing by
supplying a golishing agent. Exanpl es of the polishing agent include cerium
oxi de, zi PéslIFUPYRicdel beappmplismakiheowermnign Heducndisde, and diclswi ghat casbki ca
and di ano .ﬂ%ﬁg I 2 e dispersed in water, and used in the form
{/)]1%1‘ A %aa%Ealng&?\ﬁn@%aR

of a slun can be arated into a hard pad and a soft pad, but
the pad cHi4lle Tirgshshirpwpeaiineth polishiag mhehindis pledimneths éifova. hahspadiag pad
made fron]%éﬁgteragk such as a hard velour, K a urethane foam a pitch

coni ai ni niodbriawer tenpate tq qagh othy inle Enpplisaionan dheamier eited ol the plasad
made fr om,a,BRihe WaRon P e At LV el [ enhpl oyed
100501 The ;l)lgi? i Shi nS“sft’LeE‘Oggﬁa%\ﬁg’ﬁ%%ﬁ%%g{cgllg‘%ﬁOf‘gﬁ‘%&’%&?&% pRERSEEE 0T e
to conducaxiailyughtinggh iehitragort whape eplinsligns gadsissisirnes daysuphargi np thhy@ligasd i cl e
size of a_polishing,agent. a type of pad, This step. enables to renove
ot ge. un RSP RER RACRRE p e kB A K PO U b N Sp e 1 he
second | ﬂﬁjaldr‘sﬂjlalﬁfe@[?@tﬁ@mﬁﬁeﬁ I REG Ad Ma%}agé%%ﬁ%@?ﬁﬁ'bb%gn &Hﬁ{vfegﬁla{eﬁ%%”ess

by appropriately using the kind of a poOlishing agent, parti size of the
pol i shi nghegesssutairde.a pad thereof in conbination. 100511 Further, it is

desi r abl C uct. eani.ng. step tao renove a i shing agent and gl ass
powder r g%ﬁln ﬁgg%h&“? ﬁ%”%ielﬁlcpegé)ghsﬁ?‘g aghinGis “?éif"slf’?‘g‘ﬁjéheégi‘t@%@ ‘1%@ fthe %Iﬁssgn d
second | apRina@ afd @B Sumbl) OBélatidild cAE blalc Bre apHEpRANY RINAG LBLNLDG ddSed I n the

first |apping step has the_sane_conklguratlon as that in the Second | apping
step, butpoligunggosdsonsabhetoths lpadrif Sefrbandekéont lapging gepsalt isqmeferigt tyithg a

di fferent LShi bi prepar ed exclusiyvel or, each step. This is
because g%g&%(ﬁohﬂggggf'quQgﬁé 5”P§%Fé#§§f§?§ % 1§ﬁﬁ&§pﬁﬁgﬁghﬁﬁﬁéFlets
are excl ubbutedy 3atpmaehed is ppilighlOBREl (§AhuatheTRst@idnd Bf the upgay Shied vk ?l?()ut _
readj ustnent of the polishing conditions, whereby manufacturing efficiency

i s | ower 8t~ 49¥osyler bierf relatings pithelawewdateut Vélianghe loahitiu thiepbptehhe

outer ci kU i sﬁ% £ as . ...ln the anneal.i,n ,ste gl ass

substrapgﬁﬁg&%%ggﬁg%%h anﬁgFecﬁP$§ﬁ$%W%g%§?mgﬁﬁﬂéﬂggﬂﬁgﬁQPWE%W@? 266°- - 400
C i s mai bhahawdaéabughngs il iabeohe bilisfacbAOVIENIY SSountldTehd 16MNSERLNAE- I T Si ng
rate and the coollggarate are not specifically limted, but tenperature may

be rai se&ntle qthis hyde Beteess wilhneybacamp sstisteelpry When disprskprdreitiond 1§ too hag.

m nut es, : L , I. roxjimat el y 110-, 60. mi nut es.
e L R DR A T

hayi ng bedishingqdantityesk :mesultananidianipgg efitieasddeddyesidiw.s anneal i ng st ep.
Further,_tge annealig% step.is preferably cried out in oil such as silicone
oi | or tHO4p) kétalipe sher Bugingtheserendileppsig stepalekgl seches lageamduaticanvaidsneal i ng
t enpci at U ! 1., " : L S.. he Like or in
nitrogengggggkgﬁ%ﬁ&%%% a Pﬁg&?gﬁéggggggmgﬁ%sPﬂﬁgﬁgﬁggﬁmggg%éﬁﬁg¥ﬁgﬁgIatness
of the gpeferihst:aneRz GaRIbE MBI af HEE 251 1168 afParl ROESEhFIRSIADERNLS) of
penetrated into the glass substrate surface. 100541 The subsequent

pol i shi ngpogtp-Rdyube IBokpogedhofsudme seteepe glosstsubmtgte ban lprdficemdpholissainposed
of two s@g?s_ Inytbeﬁgresent enbodi nent, the polishing step is conposed of
two step ?19%%Hm88h8 ting a polishing step alter the annealing step,
Stress- Sned|n hsddiebeasedeieiBBuiyohdlR: OF s@bRBEy nir‘(!{k{?ﬁ R NSRBI Kilad
generated in the polishing step, resulting in reduc i On é% an 1 nci defice
ratio ofandifasks ae rpelsuenaeyed oSSkt Iaipisststepi nFortilgs faesopt inged firg hbpigg &gep, not

| f igh i S | d , hat. 1t h f h

Lo be 1 1narrgo GUaRr Etoh poR LR Shs oD i S b o0 Ehe hieh e ol BhEnc 1y

obt ai nediiamdidtpeBbis BavRd #1300 ﬁngshité#mnﬁ@ﬁitoqjétu_swn%%&oadYa@yigg Hgi tfig surface
e

profile of a glass substrate of the present invention can ffectively
obtained in the second polishing step.



100561 A polishing machi ne having the configuration identical to that of a
pol i shing machine enployed in the first | apping step and the second | appi ng
step is used, except that in the polishing step, a suede pad and polishing
liquid are enployed in place of dianondgpellets and grinding Iiquid each
havi ng been used in a | apping step. [0057] The pad is a hard pad having a
har dness A of about 70 - 90, and it is preferable to use urethane foam for
exanple. A hard pad is preferably used since change of the polishing
surface becones | arge in shape when hardness of the pad becones sou because

of heat generated by polishing, It is preferable to use a polishing
materi al  BYe Wheirapgichg persimpagiskn, iHaeRepbls by purfaes wugingsehzendbpag. 2 1.5

pmin wat for - The,pixing ratio of water to the polishing
agent is 1%?%?%? agf@]’%ﬁ%ﬁ‘ig\ﬁ?":ﬁgo‘?%““gm%’e‘f‘%""y[ 0058] A load applied to the
gl ass sub§04At eTHemoR adpliet @GRk e@gféﬂﬁdé@éﬂaaéleﬁé Mbaehdist QfbjcclRlito 1t 1S
preferably_ 9Q0 - 1100_k?/n2. The load largely affects shape of the outer

ci r cunf eri&ghing bydwrse-egpdng B ithe ipwepirupdrangaedgaiporspesssisapiepand tieoner si de of
t he outerggihewntarentd al edge portian t . 0QI Ng _.up. t owar d
t he outerms?&e.Iﬁ%?@%g%%b“%%%ﬁ%ﬁ§£lgﬁab%gﬂ %%Fgg g%?gﬁﬁgmgﬁ‘égﬂmﬂmCOFa

ci r cunf errenghiyag 0.2 dgetoard mmils HoRWSlyAIstde NUeley, plishinR GG Siasd RecALISWHAEEN
roll-off, when the outer circunferential edge portion becones close to the

pl ane. THEWBadehavpa radtle dismssaolaiby mispsaetgisn gThrppgh readiserayed V00591
Further, .0+9f%: (WO f I hpess, t:he nunber, of rotations of
the. pl ot AIEHEEe b0 B0 R BE A SN iR e LY oSt R
view of pifadiecter shictuyiferaatd el eadeapBRikintttely & 14 bfO1s- 0f iNedURREbF PHAL 804 1 S
preferably set to be 30 - 40 % smaller than the nunber of rotations of the
| oner pl ategre prefpdBo 1 Asitrabapadf éeaigafecedé s glbsebbirsloheiing iows subgecpeditd isttirng
amount is gr%E .abk¥ set.tov30ﬁ-40 ELn. %%ﬁpge e%sqqu a.polishing anount
less ¢ han" SO H ALY BREHENE L M APECT S BERE GG BHATTEr IR SReiB0Rd, | n
the case cRbundfeRial &dpk: Mo BBUTEy 4E 8REH-ASVAH Bl fSh «
excessively: mhergg?knan%facta%iﬁg e??iciengeﬁﬁ? Iom%?gggn?%%%%?hﬁﬁe second
pol i shi ngogtew!Pg 4. Smepiays the outetmeeupfsiangs cdey fadesinseiz fane poflvaddl dss
substrate precisel y.after. conpleti the first polishing step. The pad used
in the s§¥%h ”%%ﬁ?éﬁf ggg?ﬁﬁg%?ogﬁ%%¥éﬁﬁt pad having a hardness of about
65 - 80 (46KBY - Gloidentily; Ra (:8ittHedit feat RAPhHAF ¥, MEREIhADR) i dehhediR! T shi ng
step, and urethane foam or suede, for exanple, is preferably used. As a

pol i shi ngccatsiange withdls Bo0dxPeH, Ehesk eandmimespirgdly natopiie furédaicmegppbeA g d

urtace S PHET GhebakeRlh 7L Ry SR e e B SR Mt B R o1

di anet er ldpget her with reduced variation in particle size is preferably
used. A polishing agent having an average particle dianeter of 10- 50 ran
and pr ef 1043 ylnalg@ﬁ povedesgierl examne dicgwad pdlciranderindggpiopidarased whamny, and

the resultii | IS | : ishing liguid. 100621 .The l i shin

liquid pb%kggggﬁy ﬁ%éﬁggﬁﬁg?%%mgap#iggFg¥$d8Hpgrg%%g ywﬁg?gw§8§¥3§%gg a
rati o of omatiepolishplsigiee bfcadigenipperandicher blens, arl Ustiny ligidas bshdaad hydr ogen
peroxide are added therein to be acidized to a pH of l'ower than 7 and

pr ef er abPsEng by gpplyegapoishing agentwrerames ebhepelshing agoot inglhde gstnth skidng agent
can be ided, | 1. shi an. d . rticle-diangeter of

can e SRR oA RN SRS SRRCUILER Al yPRLLLE SRl agRLe
conduct eatay b 1§632d nnvaerpal usddinge $:f 2 Slugh.asBeiab shtatseyarBedSblaggtied to
applicatian gf %H%oad to be processed, simlarly to a |l apping step. Wen
the gl as&<stitasslhiad, ik theppd e ghasen slphly wawse bril dpirel. | d&@ hadmediaed on of

e SUba el soba B0k Bt PSR R SRTEN OUBRLLTRIOR BLBR: 0, .

state where the substra

further medbomahloycd, dilas poiftipgaliargd siadépioh uimddral wuoldss sakdepreloflice e iRs been
forcibly s ressed reverts back when renoving the | oad fromthe gl ass
substraﬂ@@ﬁ%ﬁﬁﬁg t he undul ati on becones | arger than before renoving | oad.



100641 Not nore than 600 kg/n2 as the applied |oad | ower than a
conventional applied load is designed to be set in the second polishing
step, and a range of 550 - 600 kg/nRis preferable in view of productivity,
though no lower limt value is specifigally limted. Wien reducing the
applied load at | ess than 550 kg/ n2, the applied | oad becones insufficient
to polish a glass substrate, and a |onger period of tinme is gradually
consuned fbr polishing, resulting in no practical availability. [00651
When a | oad of not nore than 600 kg/nm2 is applied in the second polishing
step, forcible relaxation to undul ation caused by applied | oad is reduced,
and at t h|%5Yoi Hre popdingsish ngng apad endiupdicidng sgcptiven be wileedbooseluctraughndul at i on

of the gl ass.: rate. F hi.s. reason, .after conducting a polishing step,
o ever b B RL BB S e bl bR R R B L of R SR e P B e b o
smal |, whEkiehyp dobldedto etirloat lagie vaddatoh&rofds Bl dRBeinald a8 1§5hilshep Hhdi e
substrate can _be di m ni shed. 100661 Further, not nore than 18 rpmis

desi gned TEEPTSAPBE SI5B 5 45d0 Pl Be lsvedessrlhed harfase rquglanass bt aspropiey usilethaunber
of rotatighs,s (W aTn KIRVE ' - ' otating.pl.aten,

O or 4201 9@t RD A0 A KL OLOM NS ARG b0y KBS LARRIGE e |
nunber of {063 atiiuoths:, i0f dedreblploabedtuci sclehfing pop Oreh@&, polisiiadetangd gager at ed

to the platen are suppressed, whereby the undulatiqn and the fine

undul at i ™ ‘fflﬁé‘m@‘f%éigémé‘agﬁ ?{%thgia‘;&‘ St @FM*%#@W@ SCopR@lapRigFersi nit i s not
speci i capbspy ! iFhdc@ithn, Bbibor st TBAS AN M N
reduced,qa Iérger perlodﬁ%ﬁnngwgggﬁﬁgﬁﬁggm?%¢ﬁg%ﬁ%gﬂ?ﬁﬁﬁkﬁggéﬁgﬁﬁgﬁ%ﬁ no
pract i calas@whinltasitant japping 866 Bl iMedamirabld to pel fappl jobshingopchdoghadeisubst r at e

and the nugber af . rotations are desi d tq be segf. as described above, an
ari;hnetf%ﬁﬁggﬁgﬁ%ﬂﬁpﬁgp%ﬂxﬂﬁﬁﬁﬁ@%@“%@ﬁgéﬁ85$¢%e?ﬁF6§¥§§§e@%%WOWﬁEGﬁn] and
a fine ungtaadionideReNQRincBAMMDA FIIEO Rk cRBANE/HMHE, RR) %Jlxgﬁlﬁﬁ%}aﬂgxgﬁgt to

| ess than 0.01 rimat a neasurenment wavel ength L of 80 - 12
radi al dipeiel §n reafipgagit obticipslishing chrslitons Wby yandmduoipediceyicyain loamtdnt

i val . 5 Wien t t falls within this. t onl
Fime r oudtimals Anuilih ey’ B onlrRr Bucnfie fre Subrrhunl e MiSerone
def ects sniGl agmaliigh@pSChat aibesatdE phitd it W@%&%&ﬁd&&%ﬁ@m&% gPs0NaNh ”ge

been cani ed out so far can be renmpved therefrom In addition, in the cas
of appl i catsipantgnediar sppevengydy | GhiHmistiep, Tihhtenfrerabtre-peihg shiang ttsegdingn t he

resent di . be.om tred. (00691 After .conpleting the second
Bol i shi ng@é?glﬁg%g&bq%}é&h@ﬁe@&uﬁ %}n elidglgcsrﬂﬁj%é’é?lé%ﬁ? e r%ﬁﬁ%“%ﬁﬁ“?%‘ﬁ@&i on to
conpl et eaphexigh@ls 0s Boshih@beatdie prduillosiERpctting SpRHLALY T8I bH RinufR.

obl i que gerspeqtive vi ew of magnetic disk D as a magnetic’ recording nedi um
i n whi ch>EeSape generafed inside shoplasy subaitricon prpcesbiag slepsiioeing hea cphrivctad frefar daeen

expl ai ne Lk oS, L. Filg.. 2., Magnetic di sk.D..s one in whic
gt | 005 FftareBby e IR W8y Lok ndBHRThE fef kARG s g1 ass
subst r at slidont bil oahe liled, @higRisidlic166 B GarRehshBeHed axEé&ﬁﬁﬂin%%nﬂfcmhﬂ@, i iﬁér[‘} ng

met hod of magnetic film 2 include a nmethod of firmng the nmagnetic film by
spi n- coaBPSETias AHER s Beliings el kel o1 iwhiregengag ndVhen gpasalingis egriet et in
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[0055]  First, in the first polishing step, not only surface roughness is improved in such a way that

the surface roughness to be finally desired in the second polishing step can be efficiently obtained,



15 acquire high coercive force, and the Co systemalloy in which NN and Cr
are added is preferable in order to adjust residual magnetic flux density.
Exanpl es of the Co systemalloy containing Co as a main conponent include
CoPt, CoCr, CoNi, CoNi Cr, CoCrTa, CoPtGrp, CoNi Pt, CoN CrPt, CoN CrTa,
CoCrPt Ta, CoCrPtE, CoCrPtSi O and so forth. A multilayer structure in which
magnetic filns are sandw ched and isol ated by non-magnetic films (C, C M,
Cry and so forth, for exanple) to nmake noi se reduction may al so be
utilized. Exanples thereof include CoPtCr / CMb / CoPtCr, CoCrPtTa / CrMd
/| CoCrPtTa, and so forth. A granular structure in which magnetic particles
made of Fhutaggpolishigyis capsd @ gpchsuedy that icdingise pole of a ghsrrohstregfigei ¢ fil m
formed from.a,: AW m,.an. krogn-rare earth.system Si02, EN or such,
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Ni Al /CrV so, forth, f0Q731 Ex | es of .the protectiye |ayer to prevent
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and so f gotiencaWhiethe pad ismeoasddythé mnersiiewt thh ogter dinourh fanatitlyepge pish teidi 00

apparatus. .The protective |layer.may.be a single Layer, or a nultilayer
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silane is diluted with an alcohol based sol'vent, on a G [ayer, urther
by baki ngpiepriatefoginsied usi isseilislT ablewnf o viewnd piadhigivitatand thememberadf ng nedi um

relating _tq.th resent .inventi are.n Limted to a, nmagnetic recordin
rod um CRgiBr TR RRR Mot R LB, BLEPES) 50 Tayhblecfesiof R Snabrgpt | o
di sks anthe$®wdrplateddl. EXAMPLE [ 0075] d ass substrates and nagnetic di sks were

prepared as descri bed bel ow.
[0060]  Under the above-deseribed conditions, a polishing amount is preferably sef to 30 — 40 pm,

In the case of a polishing amount less than 30 um, scratches and defects cannot be sufficiently
removed.  In the case of a polishing amount exceeding 40 pum, polishing proceeds excessively,
whereby manufacturing efficiency is lowered.

[0061] The second polishing step is a step of further polishing the surface of a glass substrate
precisely after completing the first polishing step.  The pad used in the second polishing step is a



(Preparation of glass substrate) Mol ten gl ass was subjected to
pressure-nolding to prepare a blank material enploying alumnosilicate
glass (Tg: 500 C) as a glass material. A glass substrate having an outer

di ameter of 65 nm and an inner dianeterj3of 20 nmwas prepared via the inner
and outer circunferential processing steps and the | apping steps.
(Anneal i ng step) An el ectrically-heated furnace is used in air

at nosphere in the annealing step, and 100 gl ass substrates for each exanple
were prepared at an annealing tenperature of 350 C for an annealing

duration of 10 mnutes. The tenperature-dsing time fiomordinaiy

t enper at U8 Pidavgera hagnge ofrbawied s- S04fgker-Gb whisb s safert tharethe wrdtubeel o Adifinar y

t enper at 4 S -hour | ishing.st In the first

| apping. gy b R B e RSP B HAPE sty e PlRBistaiBhoyed
and cer i umiaxiogiglc,wakioidis stikads tha ROk ebd 3ed agRaty 1o (htORABblishig LB HSER BRI,

pol i shi ng i{g&p a ruedegpad_manuf actured by FILWEL Co., Ltg. was used, and
ceri um oxP g&hgrsmasin ey ypcesf fhe glassbstgigegrotighing qgentihering g sugbmtticleddorrs | n

o 2L 0 L 0l o0 AN U R R D,
roughly 28cagpariive didneetqof 10shitngn kidprefekabl alseit 20 am ds dibpetd @ Wi aggiatd on of
upper and TERAF e (Rt v PABRE B oad  (K/ nE) ar o shown i Tabl e
1. 17 (Mesd2) nahe hehing liquid preferably has a mixing ratio of 1 : 9 to approximately 3 : 7 as a ratio

of water : polishing agent, and further, a sulfinic acid and hydrogen peroxide are added therein to be

acidized to a pH of ower than 7 and preferably a pH of lower than 2, whereby coagulation of the

polishing agent can be avoided, and polishing can be conducted at a particle diameter of proper

polishing agent.  Thus, the polishing can be more precisely conducted.

[0063]  In apolishing step, a glass substrate is subjeoted to application of a Joad to be processed,

similarly to a lapping step.  When the glass substrate is subjected to application ofa load,

undulation of the substrate is to be forcibly relaxed to conduct a polishing step in the state where the

substrate is planarized.  The undulation of the substrate is further reduced via the polishing step, but

the undulation which has been foreibly suppressed reverts back when removing the load from the

glass substrate, whereby the undulation becomes larger than before removing load.

[0064]  Not more than 600 kg/m” as the applied load lower than a conventional applied load is

designed fo be set in the second polishing step, and a range of 550 - 600 kg/m? is preferable in view

of productivity, though no lower limit value is specifically imited.  When reducing the applied load

at less than 550 kg/m’, the applied load becomes insufficient to polish a glass substrate, and a Jonger

period of time is gradually consumed for polishing, resulting in no practical availability.

[0665]  When a load of not more than 600 kg/m? is applied in the second polishing step, forcible

relaxation {o undulation caused by applied load is reduced, and at this point, polishing is conducted in

the state closer to undulation of the glass substrate.  For this reason, after conducting a polishing

step, a revert-back amount of undulation after removal of applied load becomes small, whereby the

undulation and the fine undulation of the glass substrate can be diminished.

[0066]  Further, not more than 10 rpm is designed to be set as the number of rotations of the platen.

When the number of rotations exceeds 10 rpm, vibrations occur in the rotating platen, whereby



In the washi ng step, brush-washing was conducted with a roll scrub machine
or a cup scrub machi ne, and washi ng was subsequently earned out with an

ul trasoni ¢ washi ng machi ne. (Measurenent of undul ati on hei ght and fine
undul ati on) Undul ation of the surface of the resulting glass
substrate was neasured to determne arithnetic nmean undul ati on W4,

enpl oying Opti Hat (nmanufactured by Phase Shill Technology Inc., and a
measur enent wavel ength of 0.1 - 5 mMm). 100781 Hei ght of the fine undul ation
I's measured at a neasurenment wavel ength L of 80 - 120 pm enpl oyi ng an
optical surface anal yzer OSA (manufactured by CANDELA | NSTRUMENTS; RI MS
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Not less than 3 run

[0068] Polishing is preferably conducted by an amount equivalent to 2 —5 pm.  When the
amount falls within this range, not only fine roughness and undulation generated on the surface, but
also fine defects such as fine scratches or the like generated in the steps having been carried out so far
can be removed therefiom.  In addition, in the case of application of only one polishing step, the
first polishing step in the present embodiment may be omitted.

[0069]  After completing the second polishing step, a glass substrate is subjected to washing and
inspection to complete the glass substrate for an information recording medium.  An oblique
perspective view of magnetic disk D as a magnetic recording medium in which a magnetic film is
provided on a glass substrate which has been explained so far is shown in Fig. 2. Magnetic disk D
is one in which magnetic film 2 is directly formed on each of the surface of circular glass substrate t
for an information recording mediom.  Examples of the forming method of magnetic film 2 include
amethod of forming the magnetic film by spin-coating a thermosetting resin in which magnetic
particles are dispersed on a substrate, a method of forming the magnetic film via sputtering, and a
method of forming the magnetic film via electroless plating.  The layer obtained via spin-coating
has a thickness of roughly 0.3 — 1.2 pun, the layer obtained via sputtering has a thickness of roughly
0.04 - 0.08 pm, and the Jayer obtained via electroless plating has a thickness of roughly 0.05 0.1
pm,  The film formation carried out via sputtering and electroless plating is preferable in view of
thin film formation and high recording density.

[6070] Magnetic materials used for magnetic films are not specifically limited, and commonly

known ones are usable, but Co exhibiting high magnetocrystalline anisotropy is taken as a base to



[00801 Table 1 Exanple 1 Exanple 2 Exanple 3 Exanple 4 Conparative exanple
1 Conparative Exanple 2 Conparative Exanple 3 Conparative Exanple 4
Applied |oad ' (kg/ nm2) 600 580 580 600 600 650 650 700 The nunber of

rotations 10 8 10 8 15 8 10 10 15

acquire high coercive force, and the Co system alloy in which Ni and Cr are added is preferable in
order to adjust residual magnetic flux density. Examples of the Co system alloy containing Co as a
maia component include CoPt, CoCr, CoNi, CoNiCr, CoCy'Ta, CoPtCr, CoNiPt, CoNiCePr,
CoNiCrTa, CoCiPtTa, CoCrPiB, CoCiPtSiO and so forth, A multilayer structure in which
magnetic films are sandwiched and isolated by non-magnetic films (Cr, CrMo, CrV and so forth, for
example) to make noise reduction may also be utilized.  Examples thereof include CoPtCr/ CrMo /
CoPtCr, CoCrP(Ta/ CrMo / CoCrPiTa, and so forth. A granular structure in which maguetic
particles made of Fe, Co, FeCo, CoNiPt or such are dispersed in a non-magnetic film formed from a
ferrite system, an iron—rarc earth system, SiO», BN or such, other than the above-described materials
may also be utilized. Further, the magnetic film may also be utilized in any of an in-plane type
recording method and a perpendicular type recording method.

[0071] A lubricant may be thinly coated on the magnetic film surface in order to improve sliding
of a magnetichead.  As the lubricant, provided is one in which a liquid Jubricant such as
perfluoropolyether (PFPE) is diluted with a freon based solvent.

[0072]  Anunderlayer and a protective layer may also be provided, if desired. The underiayer
provided for a magnetic disk is selected depending on the utilized magnetic film.  The underlayer is
made of at least one selected from the proup consisting of Cr, Mo, Ta, Ti, W, V, B and Al as non-
magnetic metals, and Ni.  In the case of a magnetic film containing Co as a main component, they
are preferably a single piece of Co and a Co alloy in view of improvement of magnetic properties.
Further, the underlayer is not always a single layer, and a multilayer structure in which identical
layers or non-identical layers are laminated may be allowed to be utilized. Examples of the
underlayer having the multilayer structure which may be usable include Cr/Cr, Cr/CrMo, Cr/CrV,
NiAL/Cr, NIAYCrMo, NiAYCrV and so forth.

[0073] Examples ofthe protective layer to prevent wear and corrosion of magnetic films include a
Cr layer, a Cralloy layer, a carbon layer, a carbon hydride layer a zirconia layer, a silica layer and so
forth.  These protective layers, together with underlayers, magnetic films and so forth can be
continuously formed with an in-line type sputtering apparatus.  The protective layer may be a single
layer, or a multilayer structure in which identical layers or non-identical layers are laminated may be
allowed to be utilized. In addition, a different kind of a protective layer may be formed on the

above-described protective layer, or the above-described protective layer may be replaced by a



Wa (nm) 0.47 0.52 0.56 0.28 0.045 0.072 0.53 0.68 Rq (nm 0.0
0.008 0.031 0.021 0.015 0.032 CAvalue (nm 2.3 1.9 2.7 2.8 4.
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different kind of a protective layer.  For example, in place of the above-described protective layer, a
silicon dioxide (SiO,) Jayer may be formed by coating one, in which colloidal silica particles are
dispersed in what tetraalkoxy silane is diluted with an alcohol based solvent, on a Cr layer, and
further by baking it.

[0074]  Glass substrates for the information recording medium relating to the present invention are
not limited to a magnetic recording medium (magnetic disk), and also usable for magneto-optical

disks, optical disks and so forth.

EXAMPLE
[0075]  Glass substrates and magnetic disks were prepared as described below.
(Preparation of glass substrate)

Molten glass was subjected to pressure-molding to prepare a blank material employing
aluminosilicate glass (Tg: 500 °C) as a glass material. A glass substrate having an outer diameter of
65 mm and an inner diameter of 20 mm was preparext via the inner and outer circumferential
processing steps and the lapping steps.

{Annealing step)

An electrically-heated fumace is used in air atmosphere in the annealing step, and 100 glass
substrates for cach example were prepared at an annealing temperature of 350 °C for an annealing
duration of 10 minutes. The temperature-rising time from ordinary temperature was set to 30
minutes, and the cooling time to the ordinary temmperature was set to one hour.

(Polishing step)

In the first lapping step, a urethane pad manufactured by Nitta Haas Inc. was employed,
and cerium oxide was used as a polishing agent.

[0676]  In the second polishing step, a suede pad manufactured by FILWEL Co., Lid, was used,
and cerium oxide or colloidal silica was used as a polishing agent.

[0077]  In the polishing condition of the second polishing step, the pad has a hardness of 80 (Asker-
C); the polishing agent has a particle diameter of roughly 20 — 30 nm; the polishing liquid is set to a
pH of 2 via addition of hydrogen peroxide; and the conditions of the number of rotations of the upper

and lower platens (rpm), and applied load (kg/m?‘) are shown in Table 1.



[0081] As is clear fiom Table 1, magnetic disks each having an arithnetic
mean undul ati on WA of less than 0.6 nm and a fine undul ati on having a
root - mean-square height Rg of less than 0.01 nin in the radial direction
have a GA value of less than 3 nm | eadiing to excellent results.
EXPLANATI ON OF NUMERALS 100821 1 d ass substrate for information recording
medi um (gl ass substrate) 2 Magnetic filmb5 Hole 7a Front nmain surface 7b
Back main surface 101 Quter circunferential edge face 11 Measured

cross-sectional curve
(Washing step)

I the washing step, brush-washing was conducted with a roll scrub machine or a cup scrub
machine, and washing was subsequently carried out with an ultrasonic washing machine.
(Measurement of undulation height and fine undulation)

Undulation of the surface of the resulting glass substrate was measured to determine
arithmetic mean undulation Wa, employing Opti Flat (manufactured by Phase Shift Technology Inc.,
and a measurement wavelength of 0.1 - 5 mm).

[0078]  Height of the fine undulation is measured at a measurement wavelength L. of 80— 120 tm
employing an optical surface analyzer OSA (manufactured by CANDELA INSTRUMENTS; RMS
application) to defermine a root-mean-square height Rq thereof,  The results are shown in Table 1,
{Preparation of magnetic disk)

CoPt magnetic particles were sputtered on the surface of the resulting glass substrate to
form a 0.05 pm thick magnetic film.  Thus, a magnetic disk was prepared.
{Measurement of GA value)

The magnetic disk is installed in a specialized device for measuring GA values as an
mnspection disk and rotated at constant speed to float a head above the disk.  In this situation, the
space in which the head was floated above the inspection disk was depressurized while measuring
signals from the head, and air pressure was obtained at a time when the signals fiom the head
became unstable to determine GA values from this air pressure.

[0079] A GA valie of less than 3 nm was practically desired, and evaluation results in Table 1
were shown with symbols of A, 3 and C in accordance with the following criteria.

At Lessthan 2 nm

B: Notlessthan 2 mm and less than 3 nm

' Notlessthan 3 nm



12 Undul ation curve 13 Fine undul ation curve 20t Inner circunferential edge
face D Magnetic disk 19 CLAIMS |I. A glass substrate for an information
recordi ng medi um wherein a surface of the glass substrate has an
arithmetic nmean undul ation Wa of less tjgan 0.6 nmat a nmeasurenent

wavel ength of 0.1 ---5 nmm and a fine undul ati on having a root-nmeansquare
hei ght Rg of less than 0.01 nmat a neasurenent wavel ength of 80 120 p.min
a radial direction. 2. The glass substrate of Claim wherein the
arithnmetic nean undul ation Wa is |less than 0.55 urn, and the fine
undul ati on has a root-nean-square height Rqg of less than 0.007 nm 3. An

i nf or mat i ¢W8Pecor di ng nedi um conprising a magnetic filmprovided on the

gl ass Table 1
Applied £0ad ['he number Wa Rq value Evaluation |
e (kgfm) | ofromtions | (o) () gy resalt
Example | 600 4 10 4 047 0009 | 23 | B |
Example? | 580 = 8 (.52 0006 | 19 A
 Ixample3 . 580 10 0.56 0.008 27 1. B
Example 4 600 8 . 0.28 0.008 . 2.8 B
Comparative | ¢ 5 0045 | 0031 | 42 C
example 1 . .
Comparalive 650 8 0072 | 0021 | 33 | C
Comparative | oo 10 053 | 0015 | 45 C
Comparative 700 10 0.68 0.032 4.8 c

[0081] Asis clear from Table 1. magnetic disks each having an arithmetic mean undulation Wa of
less than 0.6 nm, and a fine undulation having a root-mean-square height Rq of less than 0.01 nm in

the radial direction have a GA value of less than 3 nm, leading to excellent resuits.

EXPLANATION OF NUMERALS

[0082] 1 Glass substrate {or information recording medium (glass substrate)
2 Magnetic {ilm

5 Hole

7a  Iront main surface

7b  Back main surface

10t Outer circumferential edge face

11 Measured cross-sectional curve

]

13 TFine undulation curve

Undulation curve

o

20t Inner circumferential edge face

D Magnetic disk



Ssubstrate of CGaiml1. 4. An information recording mediumconprising a
magnetic filmprovided on the glass substrate of daim2. 5. A nethod of
manuf acturing a gl ass substrate for an infornmation recordi ng nmedi um
conprising the step of polishing at not nore than 600 kg/n2 as a

| oad applied to the glass substrate froma platen of a polishing nmachine
and at not nore than 10 rpm as the nunber of rotations of the platen,
wherein a surffice of the glass substrate after the foregoing polishing
step has an arithnmetic nican undulation WA of less than 0.6 irri at a
measur enent wavel ength of OA 5 nm and a | i no undul ati on having a

r oot - mean-square hei ght Rg of | ess than 01 nm at a neasurenent wavel ength
of 80- 120 un in a radial direction. G“Mshe method of Caimb5, 20

1. A plass substrate for an information recording medium,
wherein a surface of the glass substrate has an arithmetic mean undulation Wa of less than
(.6 nm at a measurement wavelength of 0.1 — 5 nun, and a fine undulation having a root-mean-

square height Rq of less than 0.01 nm at a measurement wavelength of 80 — 120 un in a radial

direction.

2 The glass substrate of Claim 1,

wherein the arithmetic mean undulation Wais less than 0.55 nm, and the fine undulation

has a root-mean-square height Rq of less than 0.007 nm.

3. An information recording medium comprising a magnetic film provided on the glass

substrate of Claim 1.

4. An information recording medium comprising a magnetic film provided on the plass

substrate of Clamm 2.

5. A method of manufacturing a glass substrate for an information recording medium,
comprising the step of:
polishing at not more than 600 ke/m” as a Joad applied to the glass substrate from a platen
of a polishing machine and at not more than 10 rpm as the number of rotations of the platen,
wherein a surface of the glass substrate afler the foregoing polishing step has an arithmetic
mean undulation Wa of fess than 0.6 nm at a measurement wavelength ot 0.1 -5 mm, and a fine

undulation having a root-mean-square height Rq of less than 0.01 nm at a measurement wavelength

of 80 — 120 pum in a radial direction.

6. 'The method of Claim 5,



wherein the arithnmetic mean undul ation Wa is less than 0.55 nm and the
fine undul ation has a root-nean-square height Rqg of I ess than 0.007 nm

20

wherein the arithmetic mean undulation Wa is less than 0.35 nm, and the fine undulation

has a root-mean-square height Rq of less than 0.007 nim.



