1 METHOD FOR PRODUCI NG GLASS SUBSTRATE, AND METHOD FOR PRODUCI NG MAGNETI C
RECORDI NG MEDI UM TECHNI CAL FI ELD [ 0001] The present invention relates to a
nmet hod for producing a glass substrate and a nethod for producing a

magneti c recordi ng medi um BACKGROUND ART [ 0002] Conventionally, as

i nformation recording nedia used for cohputers, magnetic disks are

avai l abl e. As magnetic di sk substrates, alum num substrates have been
commonl y used. However, over recent years, with the demand for reduction of

magnet i ¢ DRAHODIOR PROVOCING GIASNREBSIRATESARDVBIHUINFORPRODEEING

substrates are used at an increasing percentage, with which glass substrate
the magnetic floating anouMMAGNEBEUREGORMINGsMEINEM substrat es exhi bit
superior surface flatness and have fewer surface defects than al um num
substrates. [0003] These gl ass substrates of nagnetic disks are produced by
pol i shi ngraiESIC AUPHrPt es referred to as blank materials. It is known that
such gl ass substrates (blank materials) are produced by a production nethod

enpl oyi niP0BHe s Shemsesantrinycatinn relatsy to @urethod forpradueng ¢ glasysplstiatp angraangiodder
pr oduced g ] i . G ass substrates cut out in a certain
shape ha“?‘g’)ﬁ@%@e@%‘F@%@?‘f%@ﬁﬁ. ormty as such. Therefore, the surface
needs to be polished. Further, to neet the demand for higher density, the
technol o of hi q_ﬁ\ggreci sion polishing is required. [0004] As well known
convent i KGROUND dRJcess of surface finishing of glass roughly contains
the fol | g d Lds i eisdi 00 HLARPI Sl 8@ first
polishin sggpggﬁﬁghogagg%ﬁﬁng%aﬁgﬁgr%&step?%f%g? exzfl"rrpl gl,n gfer to Patent
Docunent availablel Petreagnetioaliskrretstratdy, alufnfDoGibstiates hdve beenlcappionky usdde pHowewr,st ep
in which both surfaces of a Ss . substrate | ished to prelimnarily
i ot -t R PR raR ek @af B ReS Lot o el oeRasmp fEhyhge
subst r at gcorlitg d@l%ﬁ?,%si RBRIaRE aR UG ot n ifcrSdsRB preentdgB SvithABcH JMRs AMEFkd B | sm
the flatness, "and the thickness of a glass substrate. [0006] The first
pol i shi ngnagesip flaating emeuns ssedvdedtiscaushiglasy sesegiesaxbibis supergriserdacp Batneshianddays eps.
In the fi.rst Ii(irf\i %g%st . scrg}tches and defects are elimnated and the
Bas et

surface Sefweés Y SUYRed to have predeterm ned surface

r oughnes 0003} hgh&ablaglsubstrited dfenspa&ie Ak PeE pdticad by patishing fless substrasgefofeditbe
gl ass substrate is polished further precisely. Recently, since a glass

subst r at & ‘Plélﬂqré%j@l‘iaisgd Itisdmpyy Sahjughelps sestrates{blapksmaterials) Bis rpdpesd by ar st

DO por 1 snigbgtin kol SRpBAE AEARARG: RAdiortnd 5 g pE RS O
DOCUNMENT a RAdt miethodaulVENTTas S6lsirgtesieat cmnin alderaimshape Have hegeamése ndregiifotrmityed

Patent Publication No. 3184261 Patent C nt 2: J nese Regi stered
Pat ent PS¢ Aksrefprenge susfaceneads t‘d’@@?@%&?{éy crrigenge for%?glher density,

the technology of high precision polishing is required.
[0004] As well known conventionally, the process of surface finishing of glass roughly contains the

following steps: a first lapping step; a second lapping step; a first polishing step; and a second polishing
step (for example, refer to Patent Document 1 and Patent Document 2).

[0005] The first lapping step is a step in which both surfaces of a glass substrate is polished to
preliminarily adjust the parallelism, the flatness, and the thickness of the glass substrate. The second
lapping step is a step to fine-tune the parallelism, the flatness, and the thickness of a glass substrate.
[0006] The first polishing step and the second polishing step are so-called polishing steps. In the
first polishing step, scratches and defects are eliminated and the surface of a glass substrate is allowed to
have predetermined surface roughness. Thereafter, in the second polishing step, the surface of the
glass substrate is polished further precisely. Recently, since a glass substrate is required to have high-
level flatness, in both the first polishing step and the second polishing step, a polishing method
employing a polishing liquid containing polishing agent is used.



OBJECT OF THE | NVENTI ON [ 0008] However, in the conventional polishing steps
as described in Patent Docunent 1 and Patent Docunment 2, it has becone
extrenely difficult to efficiently produce a gl ass substrate having

hi gher-1evel flatness. [0009] In view of the above problem the present
invention was conceived, and an object bhereof is to provide a nmethod for
produci ng a gl ass substrate in which a glass substrate havi ng enhanced
flatness can be efficiently produced and a nethod for produci ng a magnetic
recordi ng_nmediumin which a nmagnetic recordi ng nedi um havi ng enhanced

f I at ness REAATAD o&E BOCUMENT Sduced.  MEANS FOR SOLVI NG THE GBJECT [ 0010]

I n order (MR re-nmentioned objects, the present invention has
the foll gﬁ%ﬁ%ﬁ%@&resﬁf%ll} I[tem 1. A method for producing a gl ass
subst r at §0067)vi Raera Docursdnt rdbpagése Rggistereg Paterd Peblwatwoid. pidLahi ng st ep of

polishing a sugface of the glass substrgte wi.th ol'sléu)' i quid containing
pol i shi ng agent 2C{t Q¢ ?’ﬁgdg%ﬁsﬁﬁe tﬁrﬁqﬁ%{er}ligﬁ]chﬂtg’ng\ioe {Sg'?ggneati ng the
substrat e, wherein the heating step is perfornmed after the first

polishing step is performed and before the second polishing step is
per f or re®ISCDOSPRE QEHHE INVENT#ONod f or pi oduci ng a gl ass substrate of

item1, ol el i pis a step of heating at 100 C to 300 C.
[ 0013] I?@@jn?hmmﬁﬁaékgroduci ng a glass substrate of item1 or 2,
wher ei n {40SP e ERRevapah the Bbrventihnd Polishing Stehss desdribadsi Paért Bocunheat haewitHargt St ep.

[0014] Item 4. The nethod for e&erUCi ng a gl ass_substrate of any one of
i tems |t &ogumeryd, ivhas hesame exsrmedy diiculbieeifisiently praduce a glasssubstrats hydneigs™-and

t he heat itléﬂx'/glfﬁ#neé%: a cleaning step of cleaning the glass substrate; and a
drying step 0o fying the glass substrate. 3 [0015] Item 5. The nethod for
pr oduci ngoea9p! asvew ufthé shaveproblein; thaprésentitremntormwasrtondeavedayd appbgcetherefadoi s

bl own agai nst the gl ass substrate. . . .
J provide a metho% for produglng a glass substrate in which a glass substrate having enhanced flatness

can be efficiently produced and a method for producing a magnetic recording medium in which a

magnetic recording medium having enhanced flatness can be efficiently produced.

MEANS FOR SOLVING THE OBJECT
[0010] In order to solve the afore-mentioned objects, the present invention has the following features.
[0011] Item 1. A method for producing a glass substrate having a first polishing step and a second
polishing step of polishing a surface of the glass substrate with polishing liquid containing polishing
agent, the method comprising:

a heating step of heating the substrate,

wherein the heating step is performed after the first polishing step is performed and before the
second polishing step is performed.
[0012] Ttem 2. The method for producing a glass substrate of item 1, wherein the heating step is a step
of heating at 100 °C to 300 °C.
[0013] Item 3. The method for producing a glass substrate of item 1 or 2, wherein the second
polishing step is performed just after the heating step.
[0014] Item 4. The method for producing a glass substrate of any one of items 1 to 3, the method
comprising, between the first polishing step and the heating step:

a cleaning step of cleaning the glass substrate; and

a drying step of drying the glass substrate.



[0016] Item 6. A method for producing a nmagnetic recording nmedium the

nmet hod conprising the step of formng a magnetic filmon a gl ass
substrate produced by the nmethod for producing a glass substrate of any one
of items 1 to 5. ADVANTAGE OF THE I NVENTI ON [ 00171 According to the present
invention, aftei a first polishing stepshas been carried out, a heating
step is carried out prior to a second polishing step, thereby the gl ass
substrate surface is activated by heating and then chem cal reactivity is
substantially enhanced as conpayed w th i nmedi at el fter the first :

pol 1 shi niOUE plient e padhog fr Feesbeiga B sUHgo Slea “Opsddn PAADIBSERIFT Ey i s
t hus enhg ﬁﬁq'Mﬁ“@@§5§ @i quid is unifornly spread over the entire
surface o thg gl as§ substrate, whereby polishing for a short period of
time real00i6s hemh. A hethné &5 prod0Gis) magneticberdng mbdive, themethed dorpdsing et hod
for producing a glass substiate in which a glass substrate having high

f1 at ness SFRO fficiently produced and a nethod for manufacturing a nagnetic
recording nedi ghing a\WMHchdticEIABAR 's%uﬁsﬂ%gﬁhwdgﬂkma‘fwﬁ)dh&@h st ness
is efficiently manufactured. BRI EF DESCRI PTI ON THE DRAW NGS [ 00191 FI G
1 is a dishgiraewishpomenfitehel it ire constitution of a glass substrate;

FIG 2 is a diagram show ng an exanple of a magnetic recordi ng nedi um
having a magnetic filmon the front main surface of a glass substrate;

FIG 3 i apvANTAGE OFTHE DVEENTIONgr am showi ng steps in production of a
gl ass substrate; and Figs. 4a and 4b are_enl arged sectional ,views of a

subst r at @03 i Acepsdipgiodha mesentanventins. afier 3 Brslpolsiingsion hasbegm eamicdioub A BCARE t he
| . Y . . 0
O asan: - b Eufied SleRlon koo T hSORE QG Gl B s Bt Shbacd ORE0e

shown wi hbsitg atdtaerphersialtredctivigris substarbiellynenhbricad ssedmplred withimmgdigdy jfieFhe, 1
shows the entjre constjtutipn of a gl ass subst@gte 1 acgﬁrdi nfﬂgélo%t he

present iy ERlishiggstems Tousihe seeend@oishingsicr, sgics the reagfydty fshus cqh

doughnut ggf#ﬁg.lg%%ts %hﬁffoﬂh?ﬁ)réa!a%p& thd bnitfRiseifac@of R Bast sibstrdt® WHedb@bolikhisy for

center. represents the outer circunferential edge face, 20t
r epr esentashdrhygeriodof tinmerealizeshighnflabresmat i al edge face, 7a represents the front

el n st f[(?DCl‘g] q’ﬂgrefgpe, {hgr% risepsrgwnée% atrrrlle%lordefgrrpr%l:ﬁg 3 glré;s-s%sﬁate in which a glass substrate
having high flatness is efficiently produced and a method for manufacturing a magnetic recording

medium in which a magnetic recording medium having high flatness is efficiently manufactured.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] FIG. 1 is a diagram showing the entire constitution of a glass substrate;
FIG. 2 is a diagram showing an example of a magnetic recording medium having a magnetic
film on the front main surface of a glass substrate;
FIG. 3 is a production process diagram showing steps in production of a glass substrate; and
Figs. 4a and 4b are enlarged sectional views of a substrate to illustrate undulations surface and

minute undulations of the glass substrate.

BEST MODE FOR CARRYING OUT THE INVENTION

[0020] The present invention will now be described with reference to an embodiment shown without
the present invention being limited thereto.

[0021] FIG. 1 shows the entire constitution of a glass substrate 1 according to the present invention.
As shown in FIG. 1, the glass substrate 1 has a doughnut-like circular disk shape in which a hole 5 is
formed at the center.  Symbol 10t represents the outer circumferential edge face, 20t represents the



[0022] Fig. 2 is a perspective view of a magnetic di sk of an exanple of a
magneti ¢ recordi ng nmedium according to the present invention. In this
magnetic disk D, a magnetic filmz2 is directly formed on the surface of a
circular glass substrate |I. Herein, the magnetic film2 can al so be

provi ded on the rear main surface 7b. [Q023] FIG 3 is a production process
di agram of one exanple of the nethod for manufacturing a glass substrate
according to the present invention. [0024] The production process of the
present enbodi nept has _a fegfure in i.ch after.a first polishing step has
been carFP@dmﬁﬂFgﬁﬁmﬁggFﬁW& §F@B$P§S£gﬁwmgﬁmﬁﬁph r?@ﬁgﬁﬁgﬁﬁgggﬁﬁgqﬁ%?ishing
step. Whekreference to FIG 3, the production process of the glass
substrate of the present enbodinent will now be detailed. [0025] It should
be not ed[@0R2lt Fige? ighasspestinsyiavenfa nedgnetivalisl obaegrempla o Empgngte . g mpdiited

for magnetic.recording nedi.a byt .nmay be.u f 'l . 1 i and
opti cal a?cgiéé“g%? %’6?@]36%%?’%’&81&1 |Li8 H“ﬁﬂ%%’gtécsd?%ﬁ) ’é?%é%ﬁgg? f %ﬁlfb&eq of ﬁe
size of ukast ukaiglad Mbititd10t HeRes inﬁi?\étﬁt filrh Drcdredio byafovided biythe feaed

gl ass substrates having outer dianmeters of 2.5 inches, 1.8 inches, 1 inch,

and 0.8 imattseefacg’b. avail abl e. Further, the thickness of such a substrate is

f ol . ] . ' ! ; ! ' 1
- and B3 kR SRR SR R Bl R A Y TR ERcings T
gl ass nmalgREd sabstiat at®idigdo tHe@OR& inVationat eri al of a gl ass substiate is not
specifically limted. dass able to be chem cally_ strengt. qud LS, i
pr ef er abll§02dk e dhe predustion ppeessef dhe.nresaR e@g%fg@e@gﬁsc %ﬁe‘m‘rﬁ & ‘g‘i“g?",‘ eﬂ%lé’ét polishipeca o

; Lo >0 Pl - | 20 0
(R Dk, REPRATER] Gric oA ABBA U, G e B e e e
gl ass, Lit@PIGAB ARSprodudfenasesh ofirginss shstra of Ore ptef@BemiRidppen willbnpvifiealsilqdR =

, Ca, S d Ot , i 1. te qgl d .
bor os: 11 08T g tsbaldheroieai e i ST PEE b bk aetis o el meneic pac
resi stangg, N Rk in@f'bé & lﬁﬁ‘ aﬁﬁﬂéne[gg%%skﬁ faepacaMubigi ng St ep)

Mol ten glass supplied into a lower die is press-nolded using an upper die,
and a ci [en2ehr <@icsiketioh Beeks gf Gloss pbgiterat e precursor is obtained. Herein, a

ci rcul ar di sk-shaped gl ass bst.rate p he . in such
! hanner that SHESEE ojabes pEARGY B) SePERIY A o VablipAg BLoatists | © o
float nmethads sm it tf 2Bincheg iBhisthag 1 sichaad 08 ixheart ovhilabki nBufhes fe

nol di ng nmet hod. [00301 (Coring Ste

5 In_ a press-nmpl ded gl gass
subst r at ¢hipnessiof sush a subsiee is np U@Eﬁél%)@%frl ,{}lpqqéu@gmset}av@ggé}r@mn&f&qﬁﬁg aﬁior e

drill praqvided wt i inding stone in the cutter section. [0031]
(First L GW)IB‘ 1811)5?%1&6% rgfn%@aggﬂagfe.

[0027] (Glass Melting Step)

Initially, a glass material is melted.
[0028] The material of a glass substrate is not specifically limited. = Glass able to be chemically
strengthened is preferably used.  Usable are soda-lime glass containing SiO,, Na;O, and CaO as main
components, aluminosilicate glass containing SiO,, ALO;3, and R,0 (R =K, Na, and Li) as main
components, borosilicate glass, Li,O-SiO,-based glass, Li,O-Aly0;-Si0;-based glass, and R’O-ALOs-
SiO,-based glass (R’ =Mg, Ca, Sr, and Ba).  Of'these glasses, aluminosilicate glass and borosilicate

glass are specifically preferable because of excellent impact resistance and vibration resistance.
[0029] (Press Molding Step)

Molten glass supplied into a lower die is press-molded using an upper die, and a circular disk-
shaped glass substrate precursor is obtained. Herein, a circular disk-shaped glass substrate precursor
may also be produced in such a manner that sheet glass formed by, for example, a down-draw method
or a float method may cut out by a grinding stone, instead of using press molding method.

[0030] (Coring Step)



Subsequently, both surfaces of the glass substrate are subjected to

| appi ng, and whereby the entire shape of the glass substrate, that is, the
parallelism the flatness, and the thickness of the glass substrate is
prelimnarily adjusted. [0032] (Inner and Quter Di aneter Machining Step)
Next, the outer circunferential edge fage and the inner circunferential
edge face of the glass substrate are subjected to inner-and-outer dianeter
machi ning and is grinded, for exanple, using a drum shaped grinding stone

such as di anond. Through this jnner-and-outer diangter machini . the outer
di amet er di menBj adﬁesm?qeﬁglagq SHRSHRIS PTECYFSQsf 2 qff‘és @?@&mgﬁl’}gﬁ@ﬁ%@? FRHer

di anet er ygi %:Pin ' - ih bR GeReRRs i city between the gl ass
substr at gﬁ‘%{@{ﬁta e &ﬁ{g&ﬁ@g@#ﬁggt&%ﬁ gnd al so the inner and outer

ci rcunf ef8a1} a(FisdrappingSwep) t he gl ass substrate are subjected to chanfering

of 45 with a wdth of out - 2 mn. [0033],.(lnner Cir | al
Edge Face I\/tac\r,:llfS S?f@‘e@{yg%th Sm'écemq“ﬁ%afﬁsggt? a‘rler?hp%]%e%it%{?@m% %ﬁdgﬁ%%&tg%eti al
edge facgudl sHafofPhedsss Sbhshd Mhbs, tidparadaishemhe Ghndsiont hatidnes ophe glhsn i s
made to have a curved face by brush polishing with polishing Iiquid, and
m nut e ssubstahisprelimnaglyadivstehgl y el i mi nat ed. [0034] (Second Lappi ng Step)
Next, bo urf.aces t |a ubst e are again subjected to | appin
to fine- ﬁ(ﬂ)ﬁz] th@%&?ﬁ%@ﬁ@ﬂﬁe@ﬁg&ﬂuﬁsﬁ%&, and ?he t hi cjkness of thepgl ags
substrate. [008R}: hOwitecirirfereiad sdpRifica inditlg@nérateunifarehtiahédpg fise efthe glass

Then, in the outer circunferential edge face of the gl Z.g subsltrate, t he
cor ner ofulishiae ata awtiested ¢ iportandautprdi maghipigg and4s S‘H}%@g TP HSBE tish

pol i shi ng_engl ayj i I shi; i Ol g WTN )Y - the
Becor di ngrgari Aol oG8 pny, it I BB SaNAT IR te e
out er ci bakrdighaatdiaénsodgad thacieculEinhif tentssbgratef theinneraliameter dimspsionsofithst
limted to one shown in FIG 3 ang? cap be a&glrgﬁlrﬁi ately ¢ an‘?égd ependi ng
on the shplgeanddis copsspirigifhehyesn theglasgsupgiraiciapyl fie f’re(ﬁHF'ém 8¢ 4¥p %‘5“%{’% i's
enpl oyed and .i niti al.ly r t b BR8ITe f DetoRth JGiiadet er
machi ni ng?uef%%mél%eé&lg%llCpﬁlglrgﬁ@lgg@%ﬁ?%s?gﬁﬁegﬁﬁ%t%n og?gﬁr@gci rcunferenti al
edge facehsmehihlpeghnstep are carried out. Further, it is possible that a
first |lapping step and an irnerouter djaneter machining step are carried
out, fol I[&Pﬁég &W@%%W@@H%Bacgg\@ﬁfuﬁlﬁatsﬁ’ﬁ) inner circunferential and an
outer circuntf ergnllal hﬁﬂeﬁmé@&&nﬂﬁfeﬁﬁaw@ fle@Pthe gss kRS, tHe dflel SRS
carrying out lapping’of a glass substrate in the first and the second

| appi ng shapfevddipbrtioniv nivele thetmve & tiedkd fies by beishplisking with polisking Ligib apd HBEs her
referred to as a dual, gli ded. tgcili sher is usable. The dual sided polisher is
provi ded SFRACReSE S aCeiTdip Hie]é‘EH-‘g ped upper and | ower platens arranged above

and bel o a | to each other, and these platens are rotated
06%3] 2SéBnPEapRL R : p
in the r\éyverées(déorgrelct ipgng V\;Iép'?h respect to each other. A plurality of

di amond pel | et Next, both swthees of theeglashsubgiiatssre again seliectd 19 lyaaine QBe 5§ | ower
pl atens to the ;main suyrnfac f I trate. Between the upper and
| ower pl aaﬁahgl?ﬁr{,ﬁlglﬂgmgﬁs,eangﬁﬁﬁag |St0§mg1gﬂ;§:szs}l§§l&gt§'s whi ch rotate being engaged
W th an i[d3s) Nqbuipeiamitarehil EdgeHaecdachiningsstety t he outer circunference of
the | ower platen and a sun gear placed around the {A%Ot at n?qO shaéé cg{%&he
| oner pl at en. Eaml@ﬁwpv@rm@nﬁre@ml@@&@fw%thag%ﬁw tfﬁeﬂ“% THEHPIEEC qred
arranged in.pl.ace, w I . j : " mHRRer
and | omerpoﬂ;?dgltl%rﬁl%qe% h%eigﬁ@%g‘%%@@%@@@Lﬁﬁlgéﬁ%ﬁéﬁgggmgﬁgﬁat ed with
separ at e @fidhesare §083BLlylehimidard] appi ng operation of the polisher, the upper
and |l ower platens are rotated in opposite direction nd.the carriers
hol di ng aIOer alheoydep fromg thedist dappiag E’sthea%’ger B%?%ﬁm%@%mﬁ%n%&& at ens
via the d inhi : QhrAel ifBN¢HRheedldepengingbmt ens
A@Wﬁ%ﬁisﬂgﬁuﬁ%ﬁg (?ffg: \REJWH@'IG henfl aﬁ?g ridicyEHahgedidepending

in the sane on as r platen while rotating. In the pol|sher
oper at i ngthé sitvatimh  Homaxample, it i possibliertiapt prily onedanpingfste igrmpied andiaitiglhyseriod| at en

and the gl ass substrates,k as |1 as between t l. ower. gl ass
subst r at e&b apﬂéﬁgg@,@gﬁﬁ@-ﬂ&@%@nﬁvﬁag BEFR g}%gag m%%@%%gﬁ%pﬁ% ual

si ded pol iigh@kerdrtialldg facd iahiBRicp aRGaRie@sSUr Burthr, it gpopitdd dars, firstupping step
applied to a glass substrate, and the rotation speed ther g are

appr opr i adnelay inngi-Quier diisies mEChNN SIS WP&W@@W@%{@&@O@?\E PRIRE FiER A Gn

pressure in the first t . i o eferably from 5884
Pa to 1178BTEEEGY %%%{Hjat“ﬁg%%f&aél oer?lug%ggéd]ﬁ%%h%ﬁe %ISfaé?'ens is preferably 10
ipiii to 30 rpm and the rotation speed of the upper platen is preferably
smal l er than that of the |ower plate by about 30%to 40% Wen the

machi ni ng pressure of the platens is inueased and the rotation speed
thereof is increased, |apped anount is increased. However, if the machining
pressure is excessively increased, obtained surface roughness is not good.




flatness is not good. Still further, if the machining pressure is small and
the rotation speed of the platen is small, |apped anmount is decreased and
production efficiency is hence decreased. 100401 At the tine of term nation
of the second | apping step, defects such as |arge undul ations, chips, and
cracks are effectively elimnated. Wthgregard to the surface roughness of
the main surface of a glass substrate, it is preferable that Rz (maxinum
hei ght roughness) is 2 pmto 4 pmand Ra (arithnetic average roughness) |s

about 0.2 pmto pm Since such_a surface s bt ai ned, .after .
fol I owi n§f Wewﬁdféztlststqagwggﬁ@tﬁtp@glggf%easSMSFeﬁw&Ee%ﬁtﬁ"% © SPRCEARRRg fePey r| ed
out in tﬁ?wBQhéséﬁBeﬁg Al ﬁppohsﬁer[eggefh%om ffbﬁetfrbﬁéd th Q@thﬁ&l&ﬁ%@hshéﬁs usable.

efficiently carry out the second |apping step, large undul ations, chips,
and cracHlhe duaesm@ltmhéhyer iepiomdadwittcietlar dislkeshaped upfiirendlbwerplatens ﬁlpmgetﬂahm/t h

d d hn f #1300 #1700 h d
e seco bpias o beuaesk SrbnuSpuR e i Ro R it e SLasr bR Rl V8o, "
mesh to #&3&%@@&%&%6 @f)l%f‘aﬁfyﬂ)tfht‘émﬁ Ogeuet\d\é&l&oﬁ@w@cﬁ Sppbie fax bftae,e upper

roughness at the tinme of conpletion the first |apping ste it is
pr ef er ablaad lpWatplmnsut@lanﬂmp matrmue“moémalassaubsgatabdéﬁtwwn&hem@ptr@n fowelmttltertsooztz]

The i nner, Ci rcu i al. th

gI ass sugseferaé? gﬁnseﬁse‘éfﬁﬁ ro%} eHI po 4gs %S{lﬁg%ﬁg\él nner tsrlge

ci Ircunrf emférul ]tea&,?oaﬂg@b eﬁcag%hézrgwlaf pgggaganataem geéﬁpl?,d&é aﬂgﬁm&hl eroguythgmlaﬂtﬁf the lower

pol ypropyl ene of about to mmis preferably_ u Furt her

pol i shi n@latenguEerhspmieids providedwith %Plh@lﬂ&‘@f]i“ﬂ‘?ﬁa@@(lswWpiaoﬁﬁttﬁg]@?séu@?%t er

of about ASTH, Intéifh 2k, i Wh0Ghn gl il SpidfeaCe

roughnesga%%iel[lﬁleeseg%eg' facéﬁg‘%r%gggheg@at&ﬁgth?nner %‘a}rcumc ere ecand Ot'i)hél out er
circunf ervﬁm(‘separaitédrives preferable that Rz is 0.2 pmto 0.4 pmand Ra is about
0.02 pmto O Wth regard to the shape of. the %F%e the%gof the gl ass

subst r at d00381i %&55@ paresatign pHhepRYsherihe YRR loNET AP HORRE ML PPREE i ni ng
step and @%j AR t he
corP\er fo?rgrr‘glgh%%?f V\%en E%Lﬁ @%@gggﬁﬁs?\%&ggdﬁ%ce i E“ eg:b??ﬁ]e%ﬁz and
t he st at eiathe dismopl ﬁetletmetzd»ieearmmdtlmmtfaemml mtemfémIgaler@tlﬁht samy direcign as the
position _of about

0.2 n f h
face, [odsy pmar o e ol et SRR sttt G A0 <t el
hei ght QHegt g’% 'c)tenad'ng il dsd\RBstiaes dd welBR Bhicdfid lowtisisen Sdrthefassmbstiakesd
a

usi ng an ¢ force mvcroscope (AFM. These specifications and the
measur endidrebydappog teerglasssubbtiatgsl y applied to Ra and Rz to be descri bed

At A o

pol i shi ngo FBlafadbstratd, a8 ﬂféhot&ldh&ﬁeeﬂ shehonate apprepriarlytadibted tmeqocm d (k:mrad@apped

surfaces of the upper and | ower platens and pol.ishin
thereto. see Jbemapinge rgwwe i he trad th ersgqongﬁagp,xﬁggteptggtefega?g:lyofmnaggﬁj’a,t%om um

oxi de, I en
These ar eLiz%sper se vxii %@g@e@ gﬁegﬁﬁ%p%égéer&@é%%‘pg%t@g@ ﬁ%%ﬁgwgad i's
cl assi f i egeddiif heappeplitepachrefadbla sialfet thamthat oﬂﬂtedcbwera]ateﬂpg abgppﬁ@%rto H“el y

sel ected and used based on the intended r d agds

f or med ofwhﬁ‘t tb? matmweﬁeeﬁéﬁap@%ame%%gt@ﬁ%m@ﬁ egftﬁ @Séﬁ?(gl ni ng

suede ar g tﬁ%&&sids wead, 1f@@ﬁ§cﬁﬁﬁ%ﬁ%s&% iSRRG VN m&@&‘;@d, abtaimeede or
| st e The

vel our ar pol’i shi ng net enpl oying a pad and
pol i shi ngsuefg@nbughsesefsfnetgopde Fuothgroif the minmeriodrogrtiongs i ¢>@¢ﬁswdw3§&€, gineshi ng to

preci sion_poli.shin y in the1art|cle si ze oI|

B the. tgEsur o bR Rer e MaeRBint isiir Fo e S RlRG BndhaRh .
particle gz 0 &%ﬂﬁdlté&t@a&da&ﬁ@b@m&@ﬂaﬂe mafén&@ecr&eecapproml ately
sel ected so that in the first | apping step and the second | appi ag step,

| ar ge undi@040]i oNghe tirhg gfdermamationceidlzdescand ppag étmldéfﬁ@ﬁtqc asdprigg e
achi eve th Icﬁ?ﬁb% rfa yeelrougelaneﬁ,s %%%glh Ingf tsto?'ih It‘{hgn;ut.fggeto(ggnd

t he secon?f’ eanli ng s IS pre era y carr out

el i m nat egas Msﬁr&é"hﬁ%@@ﬁﬂk ﬂatmtz @ﬂxa@c&ﬁmﬂﬁ&i@ﬁ&oﬂgﬁxﬁ@sﬁ‘u N@n ¥ fuhendRi (asithencié a
gl ass substrate [[00 The polishers used in the first Iapp| ng step and

t he seconavetagppigess) spbm()é ptrh‘fe Odlame  cBmestshehpsidace stgsieabigined &t e
pol i shers_excl usi vel ared for_.each s ar f

Dol i ahi ngroleng i e BAu P RS g AT g ie BIRArkn
pell ets, an extensive replacenent operation is required to replace the
pellets, and further a cunbersone operation, for exanple, to reset
polishing conditions is required, resulting in decreased production

efficiency. [0048] (Chem cal Strengthening Step) Next to the second
| appi ng step, a glass substrate is imersed in chenical strengthening




[ 0051] A chemi cal strengthening liquid is heated so as to have higher
tenperature than the tenperature at which the above conponent is fused. On
t he ot her hand, when the heating tenperature of the chem cal strengthening
liquid is excessively high, the tenperature of a glass substrate becones
excessively high, resulting in the possybility of defornmation of the glass
substrate. Therefore, the heating tenperature of the chem cal strengthening
liquid is preferably |ower than the glass transition 9 point (Tg) of the
gl ass substrate, and nore preferablg | ower thaneégg_te erature. of the

gl ass tr BR4H: i Brhefastiaprngsigp.¢o clfigemlycameru fis s PRV 18188 %hd
m nut e cg@ﬁs@ﬁg@aﬁ%ﬁ% %h@ﬂﬁlﬁmiiéd &ﬁ&aﬂye TiRrdRE BRbars Rk diGANRERINR M Pei g

i mrer sed em cal strengthening liquid, pri or to’inmmersion in
t he chemoughnessaf eyt #6300 ngsH to 1700, mesh peed irth¢ senopddappmgnmayetitianmond eltisdvitn

br ehaat | REUEAER OO0 i ARTEEe FBr AL etk cAT TGt KERGPABREd | ayer

i's pref efo%gl}'@aésg' aamkhﬁle%g&&ﬁﬂ%P BPRLErsSapielsRp Libis Bfdtdrdbleth Wz &4 i@ S aace of

strength e ncenment of the glass substrate and time reduction in the
pol i shi nga gtabeut OMAMtotOBrhhi ckness of the strengthened layer falls in this

, th I bstrat xhi biti ) |l ent, fl d j t
65t st anbW4dhh, The inke ERHRFEA GG FRURFTSah g B s EPOUSTRRRE shape
of the 0§51i§hed¢ﬂyfb?+éﬂfg§|§s§ﬁ 'tirﬁ&,e &H&%@Q&t&!&an%eﬁmeég@% nfiBifinSHE. 208 héa

after th em’ca ening step is nearly unchanged conpared with
prior t obfudg nglosoi misprapllepniefiaben 0.9 todtehmmenprefetnblyantd. r Euher, fagpolshing liguid| ass
substrate is alnmost uniformy covered by a chemical stren tﬁgne | ayer of
about 5 prefarablyl®niains seriugneasdde ithe: pamsisledlianiets gEgboytspyesl Hpg)| A S?@%%

Next, a poljshing st L1 ngw [l i shi t he
sur f ace ’fus}ép(&s}?ig% ugtﬁggn}(ﬂrtag?rgu esg‘r%g@:égg e;@?ﬁ?@ﬁ%ﬁﬁaﬁﬁ% Icg‘ﬁ";s)dg&g%cl%i shing is
cant ed Ooyhef QouhftRonsd) # RS r&Trablb hatRit i80.2 Gint 100 6% et Rak atwiip®0Nan td @M wh. t he
main surface. [0056] Initially, to effici entlé realize the surface

r oughnes &Vitti mgdrd tp thesheperos theiedget fhs of the glass spbstats hpvins aep passqdihrppgh the ipagr

o er i crepie dellier eoibos darl st chBe R T i eiE RUANISRS 182
pol i sher chawi fhghdiibemeaie amstificd hidhe aige floeisplininated and heslateafztodprironhtae

first and the second | apping step is used except éhat i.nstead of the
di anond mn%ﬁamamwmggiwmsmmafab@é&%fﬁmﬁ% S BPREEAEh a pad and

a polishing |iqui r sed. [0058] The pad is a hard pad with hardness A
guririf o iy

inthe raH to 90. For exanple, foaned urethane is preferably

used. \WhggodBhe Hemvi Regaitiofetic beerap doughneds andBis eubxituen heighi eaghuges) ercalefingd
resulting frompolishing, |arge shape variati on. of the pol @%n suerface i's
gener at e%}’“ﬂ'@?@f-@?@; $55 £ Bodpearuodysmisan AR fHes Fucrsepe 'h?ﬂbes agent is
pref er abl oy UBEEh Bnd (EmERLMeht ndMbd¥ird sty Ghplied fd BN RzAEbe desdribed ld@t

silica, ztrconium oxide, titani um oxide, of manganese oxide with a particle

di amet er [0644D. Gn fhaehaye BxeBnpbaywhen aiglas eutsate is polisheds diamppdpality g gsindiag [igrid
water to atrehu%ecg © lﬁo%vrzelvert]r?mg eené[rnﬂlc)syeg A S(];h% 'aE }r%éth% ,?rll{[vhi]c'h 3 pcltdols Bonfled tob&kh of the

polishing surfaces of the upper and lower platens and polishing liquid is fed thereto. The polishing

agent includes, for example, cerium oxide, zirconium oxide, aluminum oxide, manganese oxide,
colloidal silica, and diamond. These are dispersed with water and used in the form of slurry.  The pad
is classified into a hard pad and a soft pad, which can be appropriately selected and used based on the
intended purpose.  As the hard pad, pads formed of material such as hard velour, urethane foam, or
pitch-containing suede are listed. ~ As the soft pad, pads formed of material such as suede or velour are
listed.

[0045] The polishing method employing a pad and polishing agent is effective to polishing ranging
from course polishing to precision polishing by changing the particle size of the polishing agent and the
type of the pad.  Therefore, the combination of polishing agent, the particle size of the polishing agent,



[ 0059] The machining pressure of the platens applied to a glass subsate is
preferably 8826 Pa to 10787 Pa. The machi ning pressure of the platens
applied to the glass substrate largely affects the shape of the outer
circunferential edge portion. As the machining pressure increases, the
inner side of the outer circunferential gedge portion tends to be | owered
and to rise toward the outer side. In contrast, as the nmachining pressure
decreases, the outer circunferential edge portion becones nearly flat and
face droop, tends to increase, Wth obseryation of such trends, .th

machi ni ngHTEd SR SBRPHE RISt IR 1 PoBEDPRE YRaR: the 6 it Foprlaree

1 3¢ ness gD, BE8 i EALLRHHORA GG Ay LRGP GabLythy S0a dmcAgiep and in

addition, t e surface roughneSs, the rotation speed of the platens

i s al | onfid46lo Bathes aftep the-fi5dandthg seeond lappig stop,atcleaning genig prgferablyecaigpevt tp| at en
is preferably 30% [0 40% S | er than t.hat o{hsth | omer pl . [ 0061]
Accor di n “’E“BXEF ABOLS gggeﬁﬁﬁn@hfsrp@vvésrﬁgflmgagl} agﬁ%f\gle%%gﬂlﬁ%ﬁ%s preferably
30 pm t O[e@7]PMrhd fH1iEHRE SABE tHeffird RPSing §1and theRBond Lipbiap Qep lanethdednget s cannot
be sufficiently elimnated. In contrast, in the case of nore than 40 pm

surface rasthiiens s Howaver,separdtepalishersexelysiveby preparach forsagiostamarg micferabliisegforrz  and

2 nmto 4 nmin terns of, Ra,. ,but g .S hi s S oSk Jeed,

resul ti nBOlfS a'ecliléégcél&seﬁl?ecﬁﬁ)g%ﬁeflglﬁg’{e@&%ﬁéﬁi&é@a%h@%B%‘és ’Zagl’?l ng J§t ep)

Using a yéladeer@@yperatibh lsaspitedtoveptdas thg peikahinddirther ghuaderssmbsperaive, fors washed

to renmove pol i shi ngﬁﬁ% 0063] (Drying St ep(f A.g]{lafgs Substrate

aft er wa SN fogesst ngifiprsds sAiedapsltiga v depregind PIqdirtds cthciency-

cont am ngty . W d. The gas may be air or high-purity inert
46f, [ ENAPS B

gas such erature of the gas is preferably 15 Cto
200 C, nore pr skenaihb yecdl 1Gping RH0a gass Gibstrai iownmgrseilin shanoenl steengtheningdigrid]

m nute, preferably re than m.nytes so. as, to_t he.noisture, having adhered
to the gF%@@éﬁ@%‘P?aﬁ?é”?gg@?ﬂ%y&%%gg’ﬁSélh‘%a[eoog at‘?—‘?e(gsts?c:ﬁ‘él ‘e fg’A gl ass
substr at g i : 119 e RS hachRE sthite Vikiah esbisthcedariddider at ur e
of 100C Stcr) %A%Q%m%@?g%%ﬁtﬂut es. [B%GS]S(Second Pol ilsshic?g St ep)

The secomgisantd. shing step is a step to further precisely polish the surface

of a gla bstrate.after the first polishin ; i

cecond pdtBhy e S eitetaie sy PR R P PR ER el a A ukiRe
the fir sty RohbshididindhédRd #1kaldd shethitib&RNGBIR treahRyiliqold and Boreby'alkaimdi]l. For
exanpl e, © 11 foaned urethane or suede |s.£referably used. As the ig%ll shi ng

agent, céorn woh aplitden iquend sdium iogiiy replaced with apalkalimealionsuch 3sPSRFTHR 9 PYAE or
manganese oxi de as _used i he fd polid shi diBEret@&ithon HRMEBIET .
to furthdf™ %%?ﬁaé erﬁf?gﬂ?&? ;fge %ﬁﬁg&l&gg{g&gﬁgﬁbte, 2 pol i shing agent
havi ng s nRihk afea RiMitd tebiesubljea@ todsn exchdngs tahpressivnistadsh Srgenesatqk wherepthgsufaed. A
pol i shing agent having an average particle diameter of 40 nmto 70 nmin
terns of oftheteiasy whsitateas srgngiheigbr sed in water to formslurry to be used as a

pol i shi ngaddafui T ' ; ol %E, i arRond shireiaRIRNknbwn
prefer abﬁ?/égggoﬁeil?%ﬁ%agg%b%&%%%ﬁalﬁ?tt e%%z}lltggig{rl]t?@i nve%?@éﬂ%ai nredi atel y
af ter t hehbawblistergiinipg liquidis usable. bEfwlly aandedsads conthining aotassivanipher ayadied

exhi biting high tenperature via,the heating, step is cool the second
pol i shi ngak W?IP%&WE;?&}H%}O&WFW?%%‘E%% &?Igﬂ%ﬁaaltscf’ep can be

carried Basénﬂn Eo%%ﬁc‘fédaﬁu?rl WherBrdid) 8 cbRR, i ASEIRAS f podsshac® sbdsmpserll asa
activate ue to the heating step, and the chem cal reactivity has been

subst ant iraixkdmelted aaittbeteafo nathest, i theiviewpeintafdew making poiptsad the pevention | shi ng
step. ability of deformation of a glass substrate, a nitrate is preferably used.

[0051] A chemical strengthening liquid is heated so as to have higher temperature than the

temperature at which the above component is fused.  On the other hand, when the heating temperature

of the chemical strengthening liquid is excessively high, the temperature of a glass substrate becomes
excessively high, resulting in the possibility of deformation of the glass substrate. Therefore, the
heating temperature of the chemical strengthening liquid is preferably lower than the glass transition



[ 0067] Thereby, imediately after the second polishing step is perforned,
the polishing liquid is uniformy spread over the surface of the gl ass
substrate, which has extrenely enhanced reactivity, and then in a short
period of time, uniformpolishing characteristics are obtained over the
entire surface of the glass substrate. pH0068] The machi ning pressure of the
pl atens applied to a glass substrate is preferably 8826 Pa to 10787 Pa. The
machi ni ng pressure of the platens applied to the glass substrate l|argely
affects the ape of the outer, circu renti gl edge portion in the sane
manner agoquﬁ&pgﬁpigkgﬁsu |a¥es%#ﬁ&r%ﬁfé%gaglﬁi%%g}a?§§?%ﬁ§f%? ?fglilﬁ lﬂﬁs gﬁﬁ%ﬂ“i s

| ow, the ARG ogannot be changed efficiently conpared with in the first

pol i shing step. The shape of the outer circunferential edge portion changes
in the s{082]maHeein, taprevent bieekdgt astmipute csbiisofths glag, subitrate thae tottermhal shhaskise and

he. | nnofuss e PoTRETRIRER OF PR G ECaEE POt POf G e ognge
| ower ed aﬁeggéa?stfeh M éﬁ}@ﬂe@ﬁﬁg%f%p%.&a?%e ploRidéPR twhidhithe dds slbSraAg datting

pressure reases, the outer circunferéntial edge portion becones nearly
fl at andtdamweletimoiogd tempetatutean & preheatisghatliTo real i ze the shape of the outer

achi ni nipUBsle Jus BRGSO gL A B R st AP AR DI PO AR, | <

15 zpui L ' | ST o heher abl y
smal | er Eﬁgﬁ%ﬁ%{@%@@?ﬁé&?gﬁer g‘?‘en 3&??8{01/106 o} 48(%{% [(%18%%4]%1@1:%% t(r)le above
manner, bylisailp ssp.i NMghenahe thickmegs eftirdirerigthesed layet falls wdtuondgetk ghvsntisttep, a
desired shape of the outer cjrcunferential, ed ortion.,is real.i zed, and
the sur f seEoitiRg fyrelieatdlatmsgss ap F‘i‘PaFtﬁeSESF?é‘Cf’r‘éiﬁgéls M@ﬁﬁw %% s of R

and 0.2 Wﬂ?sg]o PhéhAB detheloBtelBircRinfdRehtial elige poRROAQE thE RSNl SPREE AMRke | S
pm W I

preferabI[y pm - en the polished anount is in this range, mnute
r oughnes shearichl stredgthertingstep i$weailygnchagnd cpomared el prier tp Fis cheamipd sleengthening nut e

def ects such m nut e. scars, havj ng _been nmanufact ur i precedi
st eps car"‘f‘el?ré'r“g.}?’1E FW%W?F Iaig}?ﬁsrﬁt’s@%t:e 5 ﬂ]’mﬁéﬁrpf u%ﬁe??dnbénd sct(}algglr?% Sg%glﬂigﬁ%ng
step, th yg_llﬁ%&@g ¥ th 85 HnQk &LrieadhRR. I N the glass substrate surface is

decr eased. ere1s nolimtation whether the chemcally reinforced region
of the gl[eoss] s@istPdisleng$tef)ace remai ns or not and how much the thickness of

t hei eni ai ni i cal |, i n d 7
Step) (1 nepec NoR: spdpyie & MiSHEE el Indpe seifel v p BEMBcoB"Y, o,
the gl as %ub%#{é {spRdcRell %nﬁﬁ&?ﬁﬂ@ls@?ﬂishiﬁg peaiiedoafiréic shiiR of the oner qxohrhfetentia

step. [00/3] It 'should be noted at the method of producing a gl ass
subst r at edgaportionfodthantainshrfaegcor di ng medi um may i ncl ude vari ous steps ot her

t han t he e-descr.i bgd. st eps. FEar t i _
anneal | SUEOL ol PR o TG s P s R e ol B RETORRR,
shock st %{é}),f if the G polishing Step, BSlisBing &giried ot td inpraye asfacs tongliresstand toaiiitiantdly i ous
i nspection/ eval uation steps. [0074] In addition, in the second polishing
step, i ngeadizgia &birgdshang. t he polisher used in the first polishing step as is,
a differ ohj - i g tgﬂm)q e e for
each st egﬂ(lsss?i) p%@%ﬁ%@gg@@&%@?@@gﬂg@%@gé élﬂgﬁ% e &Iﬁlieg?&?&tﬁé\% ng been
_useg in tt]ike%réti;h&thf @&?i;}@lb}bpm@g gdpémem}ﬁﬁ}aaEStbw,of :Hadiaprgaﬁp@{e?md;ﬂfe gpi:)diihg hi ng
is decreased due to_the remainjng pol.ishing .agent, used in e firs
pol i shi ndl%@élﬁeddﬁ@eﬂql?émgﬁtﬁ%,a%‘:iml%ﬁé’togswhlqg’&@?eruéﬁia cunber somre work such as
resettin bah ki 12Rineés@S 1lhd fsheioRadlE80HE 00.6 AR etathple, foamed
3?(%5{}%? Pg%?ﬁlb ?ﬁ/g&ﬁ%ﬁl S wl elo exafple, foam

producti ghetic FilmForm ng Step) _
urethane is preferably used. When the hardness of the pad is decreased due to heat generation

resulting from polishing, large shape variation of the polishing surface is generated. Therefore, a hard
pad is preferably used.  The polishing agent is preferably used in the form of slurry in which cerium
oxide, colloidal silica, zirconium oxide, titanium oxide, or manganese oxide with a particle diameter of
0.6 um to 2.5 pm is dispersed in water. ' The mixture ratio of water to the polishing agent is preferably
about 1:9 to 3:7.



A magnetic film2 to be fornmed on the glass substrate will be described
bell ow. A nmagnetic recording nmedium D having the nagnetic film2 will be
described in reference to Fig 2. [0076] In order to formthe magnetic film
2, conventional known nethods can be used, and listed are, for exanple, a
met hod in which the substrate is spin-cqated with thernosetting resin with
magnetic particles dispersed therein, a sputtering nethod, or a

non-el ectrolytic plating method. The thickness of the filmis about 0.3 pm

to 1.2 b i n-coati hod, aboyt 0.0 to, Q.08
sput o | IYHet FOTAABO e IS0 3 5D AP s A 5 B DERO PR Bt ng
met hod. ?@7%7%9.“ o RHintTE QG QU tHepRatdh® Aob @O K| 348 bubstkAhrcflg affRESIRA 1 S

preferably used fromthe vi ewoint of form ng thinner and higher-density
films. $Bpf olTquichsiromtiaeital edgoportitre e dheandchining|pressureiagreasesstha smersiseiof | ¢

limtatign, and copventionally kn teri,al ;can d. ver,

pref er abﬁ@ofl@r %%&@Emgﬁgewr%ﬁtqﬂﬁ?m%ﬁ%q@ aﬂ%{fgdjs%%s%%a aes?uéér_'gnla 'e(l::ﬂI; al for

hi gh magpsiiiag, & @R edcMiRink presRrcditekelNes, e ofer diuRtteRdal toBgeadjtion bedofifes fdaell flat
magnetic flux density To be specific, listed are CoPt, CoCr, C oN , CoN Cr,
C, oCr Ta, a@bReadirooplak Rringese h Wighebspiaton ofgichtrends.theraicRiningIresiiRcaebeNi o Pt |
C, oN CrT?t Co%rdPtTa, CoCrpPtB, CoCrPtSi O The magnetic film my be

const i t uPEFTN mul ti - | ayer structure (for exanple, CoPtCr/CrM/ CoPtCr,
CoCr Pt Taf¢06bp/ EaieRtohaaintainthe) flatieys e eitlg baen geatiaud-bofagrid ¢hemical strergilening xteprpl e,
Cr, M, OV, etc.) to reduce noise. Qher than _the above- rre%tlgnﬁjfp

mat er i al 8nd ingdditions irimprove Saiics reygmess. theroBhon e af fhe Platend j5 alloyyed s 4 HPBas ed
material, Qr_gr I ' j - ' bl BoyRe 15295 figdc. in
whi on gt B8 Riplof {X81 B e Bl TBRS bl 0T S R 1
addi ti onJowdnglagagnetic fil mmay be an in-plane recording type or a

vertical -recording type. [0078] Further, to,enhance the sl.i e of a
magnet i c [¢¥3H, A{CPfgdlﬁé e qoeve IPH“%)&HOP%E@SW&}?E Ay P%P“’tfgﬁlflgg‘? ’%Ptt(h% Hm.

| ubricant. .The | ubri.ca incl i j : ﬁ%ﬁ{g{ghe, :

per fl uor E%W%Fﬂéﬁsﬁﬁﬁgéfmsgﬁ#?‘%m}é@%m Wlfyﬁgllrﬁ?gglﬁ{yel s di I'utlggor\lit\faf ma

sol vent  uicdscdFnidrdth@QI0 PR S6Ehce RfighleN AR Fall S the tanfeisfioie to 6AmmLindemns afjfer and
a protective layer may be provided as appropriate. Such an under |ayer in a
magnet i ¢ add 2 kmits4 swlietemecbf depan winegesey palishingis Frapired, ©epyling indeckratedr i al  of

t he underlcﬁi)éerh ?ﬁ% | east one type of material selected from nonnmagnetic
metal s s X anple, G, M, To, Ti, W V, B, Al, and Ni is cited.
In the caeespf (@ecimmepmed)c fil mcontaining Co as amain conponent, fromthe
vi ewpoi nt of magnetic characteristics enhancengnt,  si n%o_l e (Efr%or a C alloy
i s preferabl e. Usienfsi-knpyie ulaweic/vasiapg maching: a glasssybatrpis 1 Washed RIPLO%: but
may be a n}lslh'gﬂ la é(ngred structure in which an identical |ayer or different

t ypes of I10a{yergs are | am nated, For exanple, a nultilayered under |ayer such
as O/ Cr,[0683] C(dBingBtépdr V, NNAI/Cr, NNAI/CrM, or NAI/CrV is enployable.

0080] Th tective | t t abr asi on. and i on, of ti
1 Im 1 ncl udes. A 8sssaigt dher yoeansgiarm ad et St B eSpatiidzpdon Taver . a
hydr Oge“%ﬁ&rﬁ%ﬁ@%véﬁééﬁélmﬁ%ta.r CiPRioRs thaAMRMir oRFGh-Burkt lrieﬁ%ad SBOHEs nitWerOifas.

t hese protective | ayers can be continuously formed together with an
under | ay eFheadtbetatureofithd gas isfpréferably il H1RC @r20D AT mere prefeeablyA0t°Cde 2R Cap pras at us.

Further, these protective |ayers y.be formed into a ol ayer .or. a

mul ti | ayelevdng dyrafion s 4 leas 4 muige, ﬁ&p&ﬂ%y %lali?éh%ggﬁ@?utssrsoaf o e DAL of

| ayers. | ﬁgﬂottﬂ s st %s?fn%l&&&hﬁ&i. | ayer or instead of the protective
anot her Ia%ibrs may abe

| ayer, Ve ornmed. For exanple, instead of the protective
| ayer, a [8064] cqHealing$tede (Si 02) | ayer may be formed in which on a Cr |ayer,

colloidal silica fine particles dispersed.in al cohpl - based, sol i~ where
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(Chemi cal Strengthening Step)




A gl ass substrate was heated in a preheating chanber at a predeterm ned
tenperature. Then, the glass substrate was immersed in a chem cal
strengthening liquid having been heated at 300 C. For the chem cal
strengthening liquid, potassiumnitrate was used. [0085] (First Polishing
Step) A urethane pad (produced by Nitta Haas Inc.) was used, and as
pol i shing agent, cerium oxide was used. Polishing conditions were as
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then in a short period of time, uniform polishing characteristics are obtained over the entire surface of

the glass substrate.

[0068] The machining pressure of the platens applied to a glass substrate is preferably 8826 Pa to
10787 Pa. The machining pressure of the platens applied to the glass substrate largely affects the
shape of the outer circumferential edge portion in the same manner as in the first polishing step.
However, since polishing speed is low, the shape cannot be changed efficiently compared with in the
first polishing step.  The shape of the outer circumferential edge portion changes in the same manner
as in the first polishing step, due to the increase and decrease of the machining pressure. Asthe
machining pressure increases, the inner side of the outer circumferential edge portion tends to be
lowered and to rise toward the outer side. In contrast, as the machining pressure decreases, the outer
circumferential edge portion becomes nearly flat and face droop tends to increase.  To realize the shape
of the outer circumferential edge portion, with observation of such a tendency, the machining pressure
can be determined.  The rotation speed of the platens is 15 rpm to 35 rpm, and the rotation speed of the
upper platen is preferably smaller than that of the lower platen by 30% to 40%.

[0069] In the above manner, by adjusting polishing conditions in the second polishing step, a desired
shape of the outer circumferential edge portion is realized, and the surface roughness can fall in the

rangeonnmto6nmintermsofRzandO.2nmtoO.4nmintermsofRa.



In the second cl eaning step, brush cleaning was carried out using a
roll-scrub machi ne and a cup-scrub machi ne, followed by cl eaning using an
ul trasoni c cl eani ng nachi ne. [0092] [ Conparative Exanpl e] In
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and Conparative Exanpl e. . L "
step and the like, or there is required a cumbersome work such as resetting the polishing condition,

resulting in the decrease in productivity.
[0075] (Magnetic Film Forming Step)

A magnetic film 2 to be formed on the glass substrate will be described bellow. A magnetic
recording medium D having the magnetic film 2 will be described in reference to Fig. 2.
[0076] In order to form the magnetic film 2, conventional known methods can be used, and listed are,
for example, a method in which the substrate is spin-coated with thermosetting resin with magnetic
particles dispersed therein, a sputtering method, or a non-electrolytic plating method.  The thickness of
the film is about 0.3 um to 1.2 um by a spin-coating method, about 0.04 um to 0.08 um by a sputtering
method, about 0.05 pm to 0.1 pm by a non-electrolytic plating method.  The sputtering method or the
non-electrolytic plating method is preferably used from the viewpoint of forming thinner and higher-
density films.



[0100] [Table 1] Heating Tenperature T1(C) Wa (nm) uWa ' (nm) Judgnent
Polishing Rate (pmim n) Exanple 1 90 0.35 0. 16
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[0077] Asmaterial for the magnetic film, there is no specific limitation, and conventionally known
material canbeused. However, preferable is Co-based alloy in which Co is used as a basic material
for high magnetic coercive force and Ni or Cr is added to adjust residual magnetic flux density. Tobe
specific, listed are CoPt, CoCr, CoNi, CoNiCr, CoCrTa, CoPtCr, CoNiPt which contain Ci as a main
material, and CoNiCrPt, CoNiCrTa, CoCrPtTa, CoCrPtB, CoCrPtSiO.  The magnetic film may be
constituted in a multi-layer structure (for example, CoPtCr/CrMo/CoPtCr, CoCrPtTa/CrMo/CoCrPtTa,
etc.) divided by a non-magnetic film (for example, Cr, CtMo, CrV, etc.) to reduce noise.  Other than
the above-mentioned materials, there can be used ferrite-based material, iron-rare-earth-based material,
or granular in which non-magnetic film made of SiO,or BN, etc. in which magnetic particles such as Fe,
Co, FeCo, of CoNiPt are dispersed.  In addition, the magnetic film may be an in-plane recording type
or a vertical-recording type.

[0078]  Further, to enhance the slippage of a magnetic head, the magnetic film surface may be thinly
coated with Iubricant.  The lubricant includes those in which, for example, perfluoropolyether (PFPE)
serving as liquid lubricant is diluted with a solvent such as a Freon-based one.

[0079] Still further, an underlayer and a protective layer may be provided as appropriate. Such an
under layer in a magnetic disk is selected depending on the magnetic film. ~ As material ofthe
underlayer, at least one type of material selected from nonmagnetic metals such as, for example, Cr,
Mo, Ta, Ti, W, V, B, Al, and Niiscited. Inthecaseofa magnetic film containing Co as a main
component, from the viewpoint of magnetic characteristics enhancement, simple Cr or a Cr alloy is
preferable.  Further, the underlayer is not limited to a monolayer but may be a multilayered structure in
which an identical layer or different types of layers are laminated. ~For example, a multilayered under
layer such as Cr/Cr, Cr/CtMo, Cr/CrV, NiAl/Cr, NiAVCrMo, or NiAV/CrV is employable.

[0080] The protective layer to prevent abrasion and erosion of a magnetic film includes, for example,
a Cr layer, a Cr alloy layer, a carbon layer, a hydrogenated carbon layer, a zirconia layer, and a silica
layer. Any of these protective layers can be continuously formed together with an underlayer and a
magnetic film using an inline-type sputtering apparatus. Further, these protective layers may be
formed into a monolayer or a multilayered structure containing the same layer or different types of
layers. In addition, on the protective layer or instead of the protective layer, another layer may be
formed. For example, instead of the protective layer, a silicon dioxide (SiO;) layer may be formed in
which on a Cr layer, colloidal silica fine particles dispersed in an alcohol-based solvent where
tetraalkoxysilane is diluted is coated, followed by firing.

[0081] [Examples]



B 0.14 Exanple 2 100 0.33 0.14 A 0.18 Exanple 3 300 0.32 0.14 A 0.20
Exanpl e 4 310
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Glass substrates of Examples 1 - 4 were produced as follows.
[0082] (Producing Glass Substrate)

Based on the production process diagram described in FIG. 3, with regard to glass substrates
of Examples 1 - 4, 100 sheets each were produced. In Examples 1 - 4, glass substrates were produced
for varied heating temperature T1 (°C).

[0083] As a glass material, aluminosilicate glass (Tg: 500 °C) was used, and then melted glass was
press-molded to produce 300 sheets of blank materials.  Via the inner and outer diameter machining
step and the lapping step, each glass substrate was made to have an outer diameter of 65 mm and an
inner diameter of 20 mm. The thickness of the glass substrate was made to be 0.64 mm.

[0084] (Chemical Strengthening Step)

A glass substrate was heated in a preheating chamber at a predetermined temperature.  Then,
the glass substrate was immersed in a chemical strengthening liquid having been heated at 300 °C.  For
the chemical strengthening liquid, potassium nitrate was used.

[0085] (First Polishing Step)

A urethane pad (produced by Nitta Haas Inc.) was used, and as polishing agent, cerium oxide
wasused. Polishing conditions were as follows: pad hardness: 76 (hardness A), polishing agent
particle diameter: 0.6 (um), rotation speed: 30 (rpm), and machining pressure: 10787 (Pa).

[0086] (Cleaning Step)

Using an ultrasonic cleaning machine, 10-minute cleaning was carried out.
[0087] (Drying Step)

Clean air of ordinary temperature was blown to both sides of the glass substrate for 1 minute
for drying.

[0088] (Heating Step)

The glass substrate was placed in a heating chamber and heated for 10 minutes. The heating
temperature T1 was 90 °C, 100 °C, 300 °C, and 310 °C for Example 1, Example 2, Example 3, and
Example4, respectively.

[0089] (Second Polishing Step)

A suede pad (produced by Filwel Co., Ltd.) was used, and as polishing agent, cerium oxide
and colloidal silica were used.  Polishing conditions were as follows: pad hardness: 80 (Asker-C),
polishing agent particle diameter: 30 (nm), rotation speed: 30 (rpm), and machining pressure: 10787
(Pa).



0.34 0.16 B 0.20 Conparative Exanple - 0.36 0.16 C 0.12 [0101] In the
judgnment of the measurement results, the case where the average val ue of
undul ation Wa is I ess or equal to 0.335 nmand the average value of fine
undul ation 'Ma is less of equal to 0.145 nmis ranked as A; the case where
the average value of undulation Wa is lgss or equal to 0.35 nmand the
average value of fine undulation uWa is less or equal to 0.16 nmis ranked
as B; and other cases are ranked as C. [0102] As shown in Table 1, in
Exanpl e 2, the average val ue of undul ati on WA and the averag&avalue of fine

undul at i B89Qlt VBorthes; i walwiﬁ&w@etmlﬁm@gm@@ﬁwry edes I HnERNS e 3,

undur ot 1 B g o R W ERR 1= S HER G Ei Al adishing
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minutes and 16.7 minutes for Example 1 and Example 2, respectively and 15 minutes for Example 3

and Example 4, respectively.  The polishing rates were determined based on the polishing amounts of
experimental polishing for a predetermined period of time which were conducted in advance under the
polishing conditions of Examples 1 - 4.
[0091] (Second Cleaning Step)

In the second cleaning step, brush cleaning was carried out using a roll-scrub machine and a
cup-scrub machine, followed by cleaning using an ultrasonic cleaning machine.
[0092] [Comparative Example]

In Comparative Example, the first polishing step, the cleaning step, the drying step, and the
second polishing step were carried out in this sequential order without heating step.
[0093] The targeted polishing amount is also 3 um for Comparative Example. Based on the
polishing rate previously determined experimentally under conditions of Comparative Example,
machining time was made to be 25 minutes. Temperature conditions in each step are the same as in
Example 1. In Comparative Example, 100 glass substrates were produced.
[0094] [Measurement Method]

Undulations and fine undulations of a glass substrate as well as a measurement method thereof
will now be described.
[0095] FIGs. 4a and 4b are enlarged sectional views of a glass substrate. Solid line 11 of FIG. 4a
represents a determined sectional curve showing the surface shape of the glass substrate. Further,
dotted line 12 represents an undulation curve showing undulations of the surface of the glass substrate.
FIG. 4b is an enlarged view of part of FIG. 4a, representing fine undulations 13 occurring on undulation
curve 12.
[0096] The height Wa of undulations of undulation curve 12 of FIG. 4a is measured over the entire
glass substrate surface using a multifunctional disk interferometer (OPTIFLAT, produced by Phase
Shift Techniology, Inc.). The measurement principle is a method in which a minute shape change is
determined based on the change in interference between reference light and measurement light which
are different in phase, which change in interference is measured while the surface of a glass substrate is
irradiated with white light.  The thus-obtained measurement data was designated as Undulation Wa,

after a component with 5 mm cycle or more was cut off therefrom.



and the average value of fine undulation u. W were 0.35 nmand 0.16 rim
respectively, and in Exanple 4, the average value of undul ation Wa and the
average value of fine undulation .tWA were 0.34 rimand 0.16 nm
respectively, whereby judgnment was B. 17 [0103] It is understood that the
heating tenperature of Exanple 1 was |oyer than that of Exanple 2 and a
hydrated | ayer was Sufficiently elimnated, whereby chem cal reaction with
a polishing material was insufficiently accelerated, resulting in judgnent
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%?rs]sszt:&@]t@éf\t &% rTagneti c filmb5: hole 7a: front main surface 7b: rear

circunferential edge face 11: neasured sectional
curve 12 undul ation cur veT Heatmgr Wa Wa e Polishing Rate
ey | @m | @) & (pm/min)
Example 1 90 0.35 0.16 B 0.14
Example 2 100 0.33 0.14 A 0.18
Example 3 300 032 0.14 A 0.20
Example 4 310 034 0.16 B 0.20
Comparative Example - 0.36 0.16 C 0.12

[0101] In the judgment of the measurement results, the case where the average value of undulation
Wais less or equal to 0.335 nm and the average value of fine undulation uWa s less of equal to 0.145
nm is ranked as A; the case where the average value of undulation Wa is less or equal to 0.35 nm and
the average value of fine undulation uWa is less or equal to 0.16 nm is ranked as B; and other cases are

ranked as C.
[0102] As shown in Table 1, in Example 2, the average value of undulation Wa and the average value

of fine undulation uWa were 0.33 nm and 0.14 nm, respectively, and in Example 3, the average value
of undulation Wa and the average value of fine undulation ©Wa were 0.32 nm and 0.14 nm,
respectively, whereby judgment was A.  Further, in Example 1, the average value of undulation Wa
and the average value of fine undulation tWa were 0.35 nm and 0.16 nm, respectively, and in Example
4, the average value of undulation Wa and the average value of fine undulation uWa were 0.34 nm and

0.16 nm, respectively, whereby judgment was B.
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disk 18 CLAIMS 1. A nethod for producing a glass substrate having a first
polishing step and a second polishing step of polishing a surface of the

gl ass substrate with polishing liquid containing polishing agent, the

met hod conprising: a heating step of hegting the substrate, wherein
the heating step is perforned after the first polishing step is perforned
and before the second polishing step is performed. 2. The nethod for
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any one
of fine undulation tWa were 0.36 nm and 0.16 nm, respectively, hence judgment was C.

[0106] Further, the polishing rate of Example 1, the polishing rate of Example 2, the polishing rate of
Example 3, and the polishing rate of Example 4 were 0.14 pm/min, 0.18 um/min, 0.20 pmy/min, and
0.20 pm/min, respectively. In contrast, the polishing rate of Comparative Example was 0.12 pm/min.
Thus, it is understood that in Examples, the machining time of the second polishing step was
substantially reduced.

[0107] As described above, according to the present invention, provided is a method for producing a
glass substrate in which a glass substrate having enhanced flatness can be efficiently produced and a
method for producing a magnetic recording medium in which a magnetic recording medium having

enhanced flatess can be efficiently produced.

DESCRIPTION OF THE NUMERALS
[0108] 1: glass substrate

2: magnetic film

5: hole

7a: front main surface

7b: rear main surface

10t: outer circumferential edge face

11: measured sectional curve

12: undulation curve

13: fine undulation curve

20t: inner circumferential edge face

D: magnetic disk
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CLAIMS

1. A method for producing a glass substrate having a first polishing step and a second polishing step of
polishing a surface of the glass substrate with polishing liquid containing polishing agent, the method
comprising;

a heating step of heating the substrate,

wherein the heating step is performed after the first polishing step is performed and before the
second polishing step is performed.

2. The method for producing a glass substrate of claim 1, wherein the heating step is a step of heating at
100 °Cto 300 °C.

3. The method for producing a glass substrate of claim 1 or 2, wherein the second polishing step is
performed just after the heating step.

4, The method for producing a glass substrate of any one of claims 1 to 3, the method comprising,
between the first polishing step and the heating step:

a cleaning step of cleaning the glass substrate; and
a drying step of drying the glass substrate.

5. The method for producing a glass substrate of claim 4, wherein in the drying step, gas is blown
against the glass substrate.

6. A method for producing a magnetic recording medium, the method comprising the step of:
forming a magnetic film on a glass substrate produced by the method for producing a glass

substrate of any one of claims 1 to 5.



