1 METHOD FOR PRODUCI NG GLASS SUBS | RATE, AND METHOD FOR PRODUCI NG MAGNETI C
RECORDI NG MEDI UM This application is a National Stage of

I nternational Application PCT/JP2009/065916 filed with Japanese Patent
Ofice on Septenber 11, 2009. TECHNI CAL Fl ELD [0001] The present invention
relates to a method for producing a glass substrate and a nethod for

product N9 GBI ok PROPUCIVG CEASS URARNFICA AFTIBYFOR prODUCING

Conventi o Iy, "as i nf'ormation _recor r conputers, nagnetic
di sks are avail able. As nagH@$GQWHH€&H¥3%BPF&G£4ED i num substrates have

been commonly used. However, over recent years, with the demand for
reduction of nelmepplicatienisla Nadaiki Stape afiinteniatibred Applivaini BT/ IPSeBY bSO filedsi ty,
gl ass substrates e used at_an increasing percentage, with which gl ass
substrat e PG é%?k8§%§ﬁﬂ$%ﬁm§ﬁbUn Ps reduced because gl ass substrat es
exhi bit superior surface flatness and have fewer surface defects than

al um numrgyég};?égé%mmp%] These gl ass substrates of nagnetic disks are

pr oduced Ishing glass substrates referred to as blank materials. It
i's known [DOiH] Slhe preginbmsersioh sfata tesmétbbdiok prodicerg agdlas) substatepnd dusdddiiyr a

production t hod enpl oyi press nol ding and a production nethod in which
plate gl a@edﬁg%am? 5 carragﬁg&f‘ﬁ‘uﬁbt hod is cut. dass substrates cut out in

a certain shape have | arge surface non-uniformty as such. Therefore, the
surface nNeeERGEOBRPPRRYshed. Further, to neet the demand for higher
density, the technology of high precision polishing is required. [0004] As
wel | knovifita2p n\eenvéntiorally yes inforenaperoeesdngimediamded da compiterhinmgnaitc dgksaas

hi ins.the fall.owi teps: a first | appi t ep: d
| opniny avalsblen i Pagnefistibites Alindn gostaes (BREbBT ittty fel T iVeyen
exanpl e, dvefedent RaRatienthe RACHATRA tedho &f RagRAt hdl @Ué’tﬁ?fam&)nt fc[r@ﬂ%l‘in% he

a

first lapping step is a step in which both surfaces of gl ass substrate is

pol i shed reesrdimadensiiynglass sybsaaigspes usehal ap tcrghding ferjentage, with which alass subsiratetthee

t hi ckness_ of | assS. subshr Th e I: j e

1 ne- t und il Ba B RBD Rl froalid0R e BORTIILERE, ARl bR

subst r at dewdr @B dfbes thirr Sdmipahisstitrigs. St ep and t he second polishing step

are so-called polishing steps, In the first polishing step, scratches and
el

def ect s a3k gThf%q@%aé%iuaweﬁ REMaREtcAbsks ae PEpdyredsy Pe upgraies r?%_m@ﬁ g0
R i e g i

step, the surface of e glass su cisely.
Recent | y preiuctive netlgkdasploying ptasainelding aneapriodwtdon methad m Whidipldtegleds pfddateddss,
in both

B T e e

RELATED A¥Rh DEcdAERTHhE: Mﬂ%’ygwished. Further, to meet the demand for higher 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 ] and Patent Document 2).
[000S] 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 flatmess, 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 1s polished further precisely. Recently, since a glass substrate is required to have high-
level flamess, in both the first polishing step and the second polishing step, a polishing method
employing a polishing liquid containing polishing agent is used.



[ 0007] Patent Docunent 1: Japanese Regi stered Patent Publication No.
3184261 Patent Docunent 2: Japanese Regi stered Patent Publication No.
3184495 DI SCLOSURE OF THE | NVENTI ON OBJECT OF THE | NVENTI ON [ 0008] However,
in the conventional polishing steps as described in Patent Docunent 1 and
Patent Docunent 2, it has beconme extrengly difficult to efficiently produce
a gl ass substrate having higher-1level flatness. [0009] In view of the above
probl em the present invention was conceived, and an object thereof is to
provi de a _nethod for producing a glass substrate in which a glass substrate
havi ng e%ﬁ%@@)ﬁlﬁﬂm be efficiently produced and a nethod for

produci ng qﬂwﬁ?@ﬁ\mﬁordi ng nmediumin which a nagnetic recordi ng nedi um
havi ng enf?anced | at ness can be efficiently produced. MEANS FOR SOLVI NG THE

OBJECT [ Q@07] Paters Debewmndnd | SlapaneseRegistafed PatentEnblicativedNoB] 826, t he present
invention has the:follow ng features. 01 |.t em od for producing
a gl ass substratem é’\‘i‘i“ﬂﬁ’tg'gj?ﬁ’arngie %@?ﬂﬁb@ﬁ%ﬁ%i@%ﬂd pol i shing step
of polishing a surface of the glass substrate with polishing liquid

contai ning polishing agent, the nethod conprising: a heating step of
heat i ng THSCEOSVREQOE THE INVENIE@Nei n t he heating step is performed after
the firs L-shi i formed and before the second polishing step
is perfoﬁq@d?@algfﬁﬁmaﬁle met hod for producing a gl ass substrate of
item 1, \GU®BEI Blotveeerigtikichdestionfl polishingStcpPasabschibaltin Rgem Dot@fknC] ol F3GAL C.
[0013] Item 3. The method for producing a glass subsirate of item 1 or 2,
wher ei n Tpeused 8nﬂ1a§b¢q0§ﬁieﬁ§enze§)3ébfﬁcglt toeticisntkeprosuss & elapssabstrats BaviRgtiglvg st ep.
[ 0014] Itleq,ghfa eg'she met hod for producing a glass substrate of any one of
itens Ito 3, nhe'rrethod conprising, between the first polishing step and
t he heat ijom9pt &pview oftheaiovaproblempthe presehiiavintion wiseogdeasd, asdivsibjat therectmdoa
drying Stp(raerid%fa ge%dr}gr ptrorzi% i tlgg gl%ssssu bs%rgtg%le\irlrﬁchaglass 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] Item 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] Ttem 3. The methed for producing a glass substrate of item 1 or 2, wherein the second
polishing step is performed just after the heating step.
[0014] Ttem 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.



3 [0015] Item 5. The nethod for producing a glass substrate of item4,
wherein in the drying step, gas is blown against the gl ass substrate.

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

met hod conprising the step of: formng a magnetic filmon a gl ass
substrate produced by the nmethod for pragducing a glass substrate of any one
of itenms Ito 5. ADVANTAGE OF THE | NVENTI ON [ 0017] According to the present
invention, after a first polishing step has been carded out, a heating step

i s carde t prigr_to cond, polishin tep,. thereby. th | ass, substi ate
surface %EﬁgktEVB éﬁwwv%wggﬁnmﬁu ﬂaghﬁﬁgﬁﬁ@ﬁB@5T1{§%@¥WV?&?%ﬁ?gmq%gﬁm
subst ant bRl 8RRAReRE B&uaReMPared with imediately after the first
polishing step. ThuS, in the second polishing step, since the reactivity is
t hus enh#fdel, Item poh insthod fpripioguding 4 wagnetid e mpdiemdheomethod deenpaping the
surfare of the glass substrate, whereby polishing for a short period of
time reaffR8s hi gh flatness. [0018] Therefore, there is provided a nethod
for producing @r@indsmaHEREIRbLEa bRssMIbsttte Broghas By fHéRstiod fe phoavtinga flhgh
flatness is efficiently produced and a nethod for manufacturing a magnetic
recordingmﬁ%@$QHmVﬁmmﬁ%@ﬁSéKﬁhgnetic recordi ng medi um havi ng high flatness
is efficiently manufactured. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0019] FI G
1 is a diagram showi ng the entire constitution of a glass substrate;

FIG 2 | AapVANTAGEOF T INVENTE®NNpl e of a nmagnetic recordi ng nmedi um
having a magnetic filmon the front nmin_sur at.e,

) f I .Sub
FIG 3 i4007h dgerdingie %ﬁ%@é@éﬂvapwﬁﬁ%%wohgmcﬁe Sé“:BO o ?Pﬂbg B P Ifté HpE o
gl.ass sugé{,gs%ﬁ%edan n&ltggsegé}l?da@%ﬁigb% I RerBty (AE Q8L sSREAE Qb Y h@VEe Sy @

substrat 'ustrate undu urface and m nute undul ations of the
gl ass sulhsdting tuel thBERTMIVIDEACHGR I CABRMIAIG @bFhcHHE doMyENT WINImh@lRgy aftehthe
present inventjon will_now be described with reference.tpo an enbodi nent
Chown wi (FRORISERE S o B 1t (o sRERGRITa &R S Pegernay s B i3] mra 1
shows they, Ni§uif RNt §28hd @ferdhddinBR Suie 61 thafits dutReLQ ndierRBy podishilefor
pr esent |nven§yon. As shown in FIG 1, the glass substrate 1 has a
doughnut -alshdeepatipd efitineg redizeshighiigness. n which a hole 5 is fornmed at the
center. T3P ThGkrh S RLETSHb Aol Mm@ty sROAEHEE BB A A6s e
having high flatness is efficiently produced and a method for manufacturing 2 magnetic recording

medium in which a magnetic recording medium having high flatmess 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 iltustrate 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



4 inner circunferential edge face, 7a represents the front main surface,
and 7b represents the rear main surface. [0022] Fig. 2 is a perspective
view of a magnetic disk of an exanple of a nmagnetic recordi ng nmedi um
according to the present invention. In this magnetic disk D, a magnetic
film2 is directly forned on the surfacg of a circular glass substrate I.
Herein, the nagnetic film2 can al so be provided on the rear main surface
7b. [0023] FIG 3 is a production process diagran1of one exanpl e of the
met hod for manuf acturi ass sub ate acc t he esent .
vent i oo oo B she e Rarspobe b Gt B ah et R o
feature ppyhi ch after a first pollshlng step has been carried out, a

heating step is carried out prior to a second polishing step. Wth
ref erencW02y FFig2ig apmctp@dmfa@wgmﬁ@@@k of agfexrile i apagnslifyseordingmediurp he

P oo A ls B ikl inPlaR® 1Bl hdedio AT Thnabler AL £ i flabhak e

e pres nven 'S o
recor di ngrfaBsbfa chtiilarFRys sl&Bstﬂa&eld H@feu@ﬂat: trfaglhewﬁmﬂ%armﬁ ibs h@vﬂ&tblﬂbé teqal
di sks [0026] <Production Process of (G ass Substrate> The size of a

gl ass supwisgfece’8. not specifically Ilnlted Varlously si zed gl ass

substrat av &&5@ and

0.8 inch@sﬁ gr epgg?ﬁlﬁfg‘?dug@% s e fﬁ’ln%: ne %Of e Z&E% é{ar ate 1s not

limted glashebsiratChensligubtic a£@$HMGﬂbmg varlous thlcknesses of 2 nm 1 nm

and 0.63 mm are avail abl e. 7] (Has I.ni.ti.all ass

mat er i al [0034lelhegpyod T‘Aﬁfgﬁﬁé’f%wa@ Qﬁ%?‘ b"l‘sgsfs Eé’s }F?haé)‘ef Es%'ﬁté’f)h&n

speci fi C )%[513( Ibbéﬂéaﬁ-@%o@aﬂ?éﬁ 1§é&n’kbﬁ0€ﬂ%@h€%ls&)6n§f>dl s@ﬁ?f‘eWMﬁ'eference
Usa :

preferab used | e"are so | 1 me gl ass containi ng Na20, and CaO
as main md?fﬁomelmmoduathqmmrmwtfﬂngtaas sgbsirets of b prgsant engpogingept will npede detaidpdR2 0

Ol ass. LIDBSTA Bt 5ol ey BE PR S0s ofFt P Rent o O A3 i 7 bz, 22
My, Ca, Rierdfadndd@but @yﬁél@&?fo%@%ﬁ%g@ﬂcdﬁkﬂ@@bbﬂx@ﬁh&sw ass and

borosilicate glass are speC|f|caII preferabl e because of excellent inpact
resi st an¢®26hd <Viodvction Breceseef Glesfulstraled029] (Pr ess Mol di ng St ep)

Mol ten gl ass s I|e per die,
and a circular%§$%¥”)ﬁgp ugggﬁéﬁﬁk? %@g precursor |s§§%Eﬂfne FEFEIH a
circul ar h@l\hﬁgmﬁéaamﬁﬁteglms u’idhbﬁl Baicbesprﬁclulaﬁcb(DSnnlyesaieswmlahleprﬁdﬂncreﬂiel n such
a manner that sheet glass forned by, for

2 e el SHESL Qiaes, LU B L el £ 8, Sou Lo o @
mol ding 5H NGfn, @33 RIaVAGLIS! €P)
[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
strengfhened is preferably used.  Usable are soda-lime glass containing 8i0;, Na;O, and CaO as main
components, aluminosilicate glass containing SiO», ALO;s, and RyO (R =K, Na, and Li) as main
components, borosilicate glass, Li;O-8i0,-based glass, LizO-AlOs-Si0-based glass, and R’0O-ALOs-
SiO,-based glass (R’ =Mg, Ca, Sr, and Ba). Of'these glasses, aluminosilicate glass and borosilicate

’C

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)



5 In a press-nol ded gl ass substrate precursor, a hole is opened in
the center thereof using a core drill provided with a dianond gri ndi ng
stone in the cutter section. [0031] (First Lapping Step)

Subsequently, both surfaces of the glass substrate are subjected to

| appi ng, and whereby the entire shape ok the glass substrate, that is, the
parallelism the flatness, and the thickness of the glass substrate is
prelimnarily adjusted. [0032] (lInner and Quter Di aneter Machining Step)

Next, the outer circunferenti edge face and the jnner circunf.erential

edge face of tﬁ’eafﬁ?séﬁ?l‘gﬂﬁgﬁsrsgésgmﬁﬂ’?%%j 3@’6’?@801?68 Wﬂ@”ﬁﬁ@%@@?ﬂ%ﬁ@ﬁ%t er

machi ni ngril?ﬁgvigédxg{ﬂ{M%ﬂondfﬁﬁadiﬁ%?tﬂiﬁéiﬁﬂle‘éﬁé?gecﬁorgrUm shaped grindi ng stone
I anond.

such as Through this 1hner-and-outer di aneter machi ning, the outer
di anet er [WB3tenfimilappdgBtep) ci rcul arity of the glass substrate, the inner

di anmet er di nengi.on of  t hol. e d the concentri.cit et.ween. th l.ass
substrate and LTINS g(%%s aﬁéé-o? Elﬁ SSSU% atgﬁrsegutp%céed?{%ﬁg?m%%&d ‘%}ﬁ%%b?ﬂ% .
ci rcunf eemié itdbe Sss Qbsthde the i $i% parabelisiadhe flanes, stdbihe elickeless of tibgiagser i ng
of 45 with a wdth of about 1 mma - "2 nmm [0033] (lnner Gircunferenti al
Edge Faceubtahisprahmirgribgyjusted. Thereafter, in the inner circunferential
edge fac the gla S tr 1 he ner of the chanfered portionis
made to ﬁ()é)@%] aﬁgﬁe?\%ds tgrtzﬁeggrgflt%{)hr%hs" "d’o#%%éhi ng with polishing liquid, and

m nut e scr at chakxtaheogecitdhightal &lgeficoatidilc ind@eBdimftSatbatie bappi thoplss ep)
Next, both surfaces of the glass substrate are a aé-ir}[d%qlljg&em ecf ta | appi ng
to fine- sehstate pre syhiges teinngwpd-pie diamgies geehimgg andiip, (R ITEERIBIRER gl ass

substr at 1 3 ti € | G B RNin
Then, in é%ﬁ%ie?& (((;ﬂlﬁ %%ﬁqg%%ﬁ ﬁ&gdg’g{r?%g%%ﬁﬂﬁﬁg&%ﬁgﬂss subs% rate. tl%ehe
cor ner ofutehdiaraétardiraesion pod the circulasityroithe gtass subsiretegthe nereiinfetee dimysidsraf e

pol i shing enplaoying with polishing |iguid, d,. m nute scratches are

accor di n%Pl)‘% @ﬁiﬂ?ﬁoﬁ%qe@ﬂf’m[@ﬁw %ﬂ%ﬁﬁﬁ'ﬁ@oﬁﬁ%@@?i@?&“ﬁg% ﬁi‘? t@e‘t%ﬁf’%d t he
outer cirgupf.orent.l i ‘ HRMAGRE LIS SHEBR widh 6Pt
limted tog one s o&mﬁhioﬁg%ﬁ&fﬁg@%ﬁ%gﬁb%g%%ﬁi at el yrgchanged dependi ng
on the siaboal ingh-2koi. exanple, it is possible that only one | apping step is
enployed and initially carri out , d th an inner-and-outer dianeter
nachi ni ndo@pbp_(%ﬁ%”@f?@ngﬂg%%B%g@Wﬁgg%d an outer circunferential
edge face machimlehes e Bhe SalhifeRetiDbdee il bf 8 Blessistibsirie MRS®IlR! e tidhat a

first lapping step and an inner outer dianeter machining step are carried
out, f ol lchaveidredyporios seuadd td happi augvesitfess bahastaprlishing it pelishing kquih erdminglsd an
outer circunferenti al dgle fa,[g(«le machining step. 6

scrafc y elimminated.

=

<

¢s are accordin
[0034] (Second Lapping Step)

Next, both surfaces of the glass substrate are again subjected to lapping to fine-tune the
parallelism, the flatness, and the thickness of the glass substrate.
[0035] (Outer Circumferential Edge Face Machining Step)

Then, in the outer circumferential edge face of the glass substrate, the comer of the chamfered
portion is made to have a curved face by brush polishing employing with polishing liquid, and minute
scratches are accordingly eliminated.

[0036] The order from the first lapping step to the outer circumferential edge face machining step
after coring step is not limited to one shown in FIG. 3 and can be appropriately changed depending on
the situation.  For example, it is possible that only one lapping step is employed and initially carried
out, and then an inner-and-outer diameter machining step and an inner circumferential and an outer
circumferential edge face machining step are carried out.  Further, it is possible that a first lapping step
and an inner-outer diameter machining step are carried out, followed by a second lapping step and an

inner circumferential and an outer circumferential edge face machining step.



[ 0037] A polisher carrying out |apping of a glass substrate in the first
and the second | apping step will now be described. As the polisher, a
wel | - known polisher referred to as a dual sided polisher is usable The dual
sided polisher is provided with circul ar di sk-shaped upper and | ower

pl atens arranged above and bel ow so as §o be parallel to each other, and
these platens are rotated in the reverse directions with respect to each
other. Aplurality of dianond pellets are bonded to each opposite face of

t hese upper_and | qwer platens to lap the main surface of a gl.ass substrate.
Bet ween mémpéaoﬁﬁlﬁbcwmépu RINGHE 2 Slpsiarhsiralp ip the %ﬁaﬁﬁwﬁh@&?&%r"éﬁ

whi ch rotgfee Qgsk%ﬁ%d.e NYe@e Poﬁ@hér,rﬁ LR pORsherG6R e B Bfl SidcRbaIRRE ke de
the outer circunference of the |lower platen and a sun gear placed around
t he r ot aflhedus sidddtpobshet ib providedwitlpéimtilendiskedepedcppar ed lowsr platens pdagedwbore a

luralit f holes and ig .arr d i | ace with ss,substrates placed in
!to hgse IhoIy elopp %ﬁba@rpa%ﬁﬁlt?ﬁ?fﬂgﬁﬁr é—{aggeg?ﬁgtﬁt\gaﬁ{?%teﬁg} ﬂ%lgeg‘?r%e (grn 0 V(é-fﬁ:‘lgun |
gear can  QgecPRRAM Rebr Wi A PlufBRAIT kol paties are bORRE 1o dath dppeside &P b tHeso pEeAt | ON

of the polisher, the upper and | ower platens are rotated in opposite
di r ect i onrd lowaeplaténs telap Hearin sidhagiong lasssrlskar tBetwgendhedpper apdowerigesangd

bei ng sandw ched by the pl at | i he
ot ati ondiereing ey of e Wbl et nlslPR el ot A RERI 2
whi | e 1 otiidufd cirdummfdréiee phihé Bhver plagemd hisiggdanpiaied broandthewotating shaft nfthalgwier qui d
is fed between_the upper platen and {he gl ass substgg(gte as.well as between

the | onellasnat Beehsaaet inproyidedwitha plureliy ofiRolesapd s apgn 35 With glagssupstrarcs
19 o T . : . . 55
o oesur e Phed S RCidlBer diPlow ! HREh ARG IR ecal sHARL bl RSBl

rot at i on vitheeshrdtdiiveof are appropriately adjusted based on a desired | apped

state. The nmachining pressure jp the first and,fhe second | ing step is
pr ef er abllQ038} o BglsBpipg opegtioq ?%Be pgﬁ@he,t;—,&lgetqu?r, and t?@’ %G @?@i‘s’l a{ﬁ{oﬁﬁg She

pl at ens i(ﬁe&{oﬁ%%g@ﬁé ¥ Hd&lﬁ% Qplé@lirx B3lasd stk ah@t)éﬁ% RAIEERE By ek pladhas upper

platen is prefer y smaller than that of the | ower plate by about 30%to
40% \Whervidthedinmar pelletgrepolesaound tasfrotatimalsieateesf she plateng éy thagsey derdion phe

rotation speed thereof is increased, |apped _amount s _incr ) r,
[ the bR e ctnng: | BHSTRRES eliRe R R I TG BAReE
roughnesspd ®p&§ﬂat&%g thefplbsd SBstratek fis Wlas Berweal thefoweoilatn aishd gasesubemk v el y

| arge, obtained flatness is not good. Still further, if the machining
pressur e theehyragipingdhaplasheubptetest | on speed of the platen is small, |apped
anount i r ed, .and, pr, i f o ElnsRnd ; 9@1@@ ] At
the ti neslgﬁiesﬁﬁer@i“ls W%ﬁ%@gﬂéﬁgon ’t‘“g%pl ng gsl%?%sg,ﬁggle g@f&g&gﬁ%ﬁhlgé | ar ge
undul at i aps glagspsrateand fereaakc speed tefdbat inpedpyiatelyiadjusted Brded aVadesired dpppell t o

t he surface roughness of the main surface of. a glass subs L e, cddy o

pr ef er abl a4t h e RAchipBgPIRITHIE @ﬁ‘@t g thyrirres 3app1§g %W?e%ra}s’iyﬁfﬁn&ﬁ%ﬁgﬁ%
(arithnetj r%g@: %_@Jg ' s DrdBaAHL |, BEPhS ko
surface sftlz?ggyale's 0 tézg’i ne @Sﬁ%ﬁfﬁ%‘ﬁ%ﬁgﬁnl@rg@r ng csﬁ}a(%‘l?ggﬁggﬁgn t heni ng st ep,
pol i shi ngspeairof the upje: platen it praferalaly sinatir thee thatof thedovprs platstbly abous B fo 40%0.[ 0041]

In the first | apping step, to efficientl . th 1 appi
Step, | arbbenabhaT e ReS piaist i Peied At Sl o RRRl L adeak
ef fi ci ent e TGHR {sHiFeasO MPR B, W thOmeA IR W@t seksesid Yinéredsed) ghtaiasds of

about #13013(4j mesh to #1700 mesh used in the second | apping, rough dianond
pel | et s viutfhceaougbueshisastgood. abuther, if e oumbes lof roftignsinexcersiy ply drge, ‘g?‘féﬁ@r abl y

used. Wth regard to,t urfa r oughn . gl i t he
irst | apbireepagedy S Rher B pagle L i RS TR BB
0.4 mto @sBalMaphlhimt Ehi@cicit@ bendhrbdustidrestBidricals hend dedreasalit er
circunferential edge facia of a glass substrate are polished by hrush,

pol i shi ngl0P4P]t st theines ofseraningtionce! g seenrfappiag stem MefseRaich adars PRI,
As the bry I - : yl rble i Sirfdeefgr abl y
used. Fur?‘ﬁgﬁ(‘ﬁ%ﬂ%ﬁ%@vﬁl n%]}{ﬁagegi dﬁ@fﬁé ar agﬁlgtscont éu%lg‘l&%gjrfﬁlgn;m@(i de eWi th a
particl e ghsemiseste,afis gbotable SaVRE @haxpnam Asglit keighess) it joh td emlandiBi(arithmetic
polishing, in the surface roughness of the edge face of each of the inner

Ci r cunf eravewac whghnessyis ebeus .2 ¢att 1o Orff Hon-e e spgh & syrfase sligisabtanclyplier e is 0. 2
to 0.4 d i. b 0.0 : - W : ] f
{n heoedge %@n@ﬁ?ﬁ%l egéée%n Sﬁ?f@?le&éﬁgﬁa een %c%i%%&{uﬁh%ﬁ%%ﬁ?ﬁ%&?ﬁﬁe?

and outer dianmeter machining step and the inner and outer circunferential
edge face nmachi ning step, the corner fornmed between the main surface and
the edge face is elimnated and the state of droop fromthe main surface is
created starting froma position of about 0.2 mMmto 0 5 nmfromthe outer
circunferential edge face. [0043] Herein, Ra (arithmetic average roughness)




[0047] The polishers used in the first |apping step and the second | appi ng
step have the sane constitution. However, separate polishers exclusively
prepared for each step are preferably used for polishing. It is because the
polisher is bonded with dedicated di anond pellets, an extensive repl acenent
operation is required to replace the peklets, and further a cunbersone
operation, for exanple, to reset polishing conditions is required,
resulting in decreased production efficiency. [0048] (Chem cal

Strengt hening Step ) Next to the secqnd | appi ng step, a gl ass
substrat (mgliﬁa%ﬁ Sdnpinesiid? et yF@ﬁﬁ@ﬁgﬁ?ﬁﬂ“&ﬁﬁﬂ%ﬂwﬂbgﬁﬁ e cal | y
strengt haﬁg%aﬂdaa%r{s dr@rorugﬂ?/ tahﬁiﬁae@éfﬁa&{t@.t eTherFbriRbnpite@itd Sighom fellasivid | Y

st rengt hen | ayer nake possi bl e t0 enhance inpact resistance, _
vi br at i omuglesssifabmet 1380 thedetat!] Fdanesh ased & thé S0l lapping, ohgrdianadnd pellets with

strengt heni ng st i rri enpl oyi n_iqgn han h in
SRR AT U R R R S AR T T o

treat menty ol 4 iR RtheloP&ingidkioR bk irsBipile steBlit 8 Preferbfe thit RR i iNirh @8  Adghd
sodiumion’is replaced wth an alkali nmetal 1on such as potassiumion
havi ng i ®aishbaur®tdamm todx§@n. t han the fornmer. Due to distortion manufactured
by the difference in jon diapeter, in the area havi een subjected to ion
exchangelmﬁghpﬁb%§W3ﬁH§P#@?§gﬁ? &ﬁﬁ@#ﬁ?&ﬂ?&ﬁﬂ@ﬁ@%@eg%§§§§EF _@F?Fhe gl ass
substrat Bolisfodly L] @ in hO DR and BRerlterhedhti-s bdoe Btk ARG dtéfluind dies not
specific y II'mted and~ any appropriate well-known chem cal strengthening
| iquid i ruslsablos or pdiypadpylene of abelt H84 ts¢.3 mooapraferablygisabt Hedhenmpelishingliqaid

nel ted salt containing potassiumion, and sod% mion is co nl u§ﬁ&% As

the mel t efaaily contsis srvihexidsoviiaaaticledsmele ot Dgeiseral b e
b . a sy ' ; el | Lxednael t ed
cal 0 1 nepasf Poiftng 8L FpClroREhAS B HTLAL (REYE UM ofiflc M irdinfErall ARENT | ©

reo

prevent i QuteAdiclinteyentd, it defreferaBit tarR ok 02 L@l 89St s hsk Rait ehous.0f [im &t @04 jsm.
preferably used. [0051] A chemical strengthening liquid is heated so as to

have hi gWith regandlertaa shans of Higredzarfacerof fhs gless substraighayipg basn paseed imBved gmSnent
is f d. t h ] - i -at f : incal
Is ts e ﬁ ;? n gﬁﬁuter AN haRan Stesovgﬁﬁ ﬁTeyi}%{ Qﬁ?}h%eﬂarcm&ﬁﬁ cH %&a& mfIcH@ng BERIEA

g Iquird 1's extessli ve e tenperature of a SsS

subst r at eolechiiRg bexeeshe malnsutiicg ind thesdgk ficay climintted aptibsstie df dropdiom the
deformati on of the glass substrate, Th refﬁre, erature of

the_h i t
t he chenines susfesednereaiehiadye o a pesitign phabpt D73pm 19 @Mﬁg hrgﬂaetoﬁ gl ass

transiti RO Eg) of the glass substrate, and nore preferably | ower
t han theqﬁgﬁ%;rafgégkégkthe glass transition point - 50 C. [0052] Herein,

t o preverjo0dsf edlcee Ra talithmhatio brecrage awighnass) andhiz ghaxisuns hiight egi) eredgfineder mal

shock cays ing, imersed in the heated chem cal st t 1..Ng

i qui d, Bﬁﬁ&%@ﬂgﬁcﬁer Tnest o pemasnlyiedt 20 CRSE M r R ?ﬁ{a&éﬁ
preheat | E?ec?ﬁc@tﬁbngﬁ)ﬂ RemBAs@¢ind@GndiibdWh sﬁmatrlgamgieammbam@m@les@ibaamd to a
predeterm ned tenperature in a preheating bath,. OOSglpThe t hi ckness . of

t he chenil6@#] y Inthe eyt emade, whoes gliss sppefieis aplished, diamped pellpfy andgrindigg lquid pm

to 15 pmin view of the bal ance of sti. ] ; -

Subst r ot SRR B ARy Rt RO SEP Eiag PREF AR Rindt B et

the strenglienadiaysithd ipbSnd Dwiehplatctisand polishingliglidis fedshdoetd.r afhe pelishingi t i ng
excellent flathess and inpact resjistance which is nmechanical strength can

i s real i zgent inchdexior pramplshegsimeidervarceiivne pXigs, pRTHTUE} SHYS WANEGE OFETt i on of

the 1 ront, Bl <UL LAl Raa’ e hDRisSHRRAR\aRE AERBLNR Mo SRS TIR3E Y

unchanged conpar prior to the chem cal strengthening step; and the
entire susflasiedintom latdgd asdbstfirpad evhic cah besppropriatélp seldoied eod esed bashd/orathe

hem cal st th d | f abopuyt 5 to 15 r i bed .
0055] - ( Fesied PPy A sy pac, B fomeg Qe s RF et b SR RRB e
descri b e&:it]gﬂll-%rg%ggé)ﬁlleﬁe??é RSt &R thelsbepRIUS &I RRmES oftndtrRBhicISaRedde 8F RlduBare

preci sel and al so polishing is carried out for the shape of the
out er cirlswdf erential edge portion of the main surface. [0056] Initially,

to effici y tealize th urface roughness.finall: i J . second
pol i shin gﬁ@{i p ﬁﬁe Roksﬁ’@gﬂeﬁ@ﬁ 616'8%?’1% R gﬁl?smﬂ)lg Iagesrﬁé ﬁggﬁ%gé t(r(:)grglr1 #@&E%%Pét 0
i Mprove sgyh afilseHORLARNE eSSe@dch folistahd bycdhanigthd Raddezstzcaf tie poliskitl sgvapad the

type of thepad.  Therefore, the combination of polishing agent, the particle size of the polishing agent,



[ 0057] In the polishing nethod, a polisher having the sanme constitution as
the polisher used each in the first and the second | apping step is used
except that instead of the dianond pellet and the grinding liquid used in
the | apping step, a pad and a polishing liquid are used. [0058] The pad is
a hard pad with hardness A in the rangegof about 80 to 90. For exanple,
foamed urethane is preferably used. Wen the hardness of the pad is
decreased due to heat generation resulting from polishing, |arge shape
variation of the polishing surface is generated. Therefore har ad is
b e or aby 4R dan bRt sefsted Gomen BERb BRt N ol By Sihed Retilfont e
slurry i gnyMehs, Qs NPk A8n bEGELS N limatell ©Phchidhd tROMoWRuERdedSughhds, ani um
oxi de, or manganese oxide wth a parficle dianmeter of 0.6 pmto 2.5 pmis
di sper setDMo} whuéer, affdnéherfirst aud the seaeriddanping\wiep.avclaaping sep ip otefesiymgrisg ewito i s

referably about .1-9 to 3:7.. 10 [0059]. The hi-ni n [ re of the

D) ot ano. SprREA polshie pialind syt Gy IR SORQL BB AEIRER 077 Pa. The
nmachi ni ngyares I pliserd el inkiaifea fappRg btbishdliee schid oaiag steplipst thatend ar gel y
affects the shape of the outer circunferential edge portion. As the

machi ni ngonstiwtenr dloweearseprate paliskers exglusivaly prepagad fprracthiigpare melpablred 4ot i al
edge portion. te 1 i.de. In
contrast?ogﬁﬁlhggﬁggﬁﬁgﬁﬁégﬁggggB@gggg@Pgg%%%?gﬁﬁgﬂ%hﬁgFgg%g%ﬁ%?érentiaI
edge por kdpberhet opeesion Baeduited toadplaza thepelis, alxddiathet ®anisbetsomt npara@s.dor Wt h

observation of such trends, .the nachinin ressure can be deferm ned.
10060] FEF4MR, fo resst paiishipgganditings iy Ileawwasr amfgec@%%ﬁipﬁ()@%“?& 9f%ore the
chem cal n ol E}]]ﬁ%‘ﬁ jn addition, to inprove surface roughness,
t he rota‘ﬁ%ﬁfsgeeg o¥ fﬁgﬁp ate g is allowed to be 25 rpm-50 ipm and the
rotation speedNeft b the secpmblappingtepna glass pubstrae iabhyeisahia chen ¢néng lignign
that of the | ower .platen.  10061] .Accordi ng to the abov lishin

condi t i of$OTPELILH yé‘ﬁ%]ﬁﬁfneﬁia’%'r%ﬁ?rg%? s)pg%t'@%p ?rglaﬁ(a“ie)frﬁ(%larlcﬁ?rﬁlé"g Rase of
l'ess t hag,3BmRRad 156F AEIES R PoBIbE: t@é{}ﬁﬁdeﬁmgzﬁ:ﬂféﬁktmhﬁ, vahtfonGéseihbey arklHesti nat ed.

In contrast, in tHe case of nore than 40 pm surface roughness can fall in
the rangeessfange. nmto 60 nmin terns of Rz and 2 nmto 4 nmin terns of Ra,

but unne r lishing i.s requited, . I [ i,0: 1L,QN

o i of ond0POf oY BBSTerieAL BpsirB e ' hicl S bl o R AR aRIo 42

washi ng g@ﬂuﬂﬁrateas BiriGsed SLiRGlA dictnidss stinaghathg teathemdigeidpad thelebyndkadigaetdl .

[0063] (Drying Step) . A glass substrate after washing is.blo and

dried wi tionehyasdisdum jpngng sadivamion israplaced ith Ap #kal B¢l Fop Cihs PRtaRIYTHCR ST

The gas nay;,. i i [ eSVAR o T= 2 L ks :

terpor at dpLg e BT DB br R pa PO ARGERATRBIMES -

200 C. Gasthbhewhngnhgtisemdubitted ® i@t exclemge, cdmpressivh strespisebreragdsl, ywherehyehe surface3

m nutes sqQ as. to %he noi st re?(sﬁavi ng adhered to the glass substrate is

conpl et eldy thgefasysu 1”@@6&15]“%5%@ ‘ng Step) A glass substrate is placed in a

heati ng er : : - iehited arkR 2l eCihesn 5 to
S0P TR E PR AR BBt it Rhidhs A FRemall i artily Syicpridiive

30 m nut 0 ol 1"'shi n .. L
chemical strengthening liquid is usable.  Usually, a melted salt containing potassium ion or a melted

salt containing potassium ion and sodium ion is commonly used.  As the melted salt containing
potassium ion and sodium ion, a nitrate, a carbonate, and a sulfate of potassium or sodium, as well as a
mixed melted salt thereof.  Of these, from the viewpoint of low melting point and the prevention
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 chernical 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



The second polishing step is a step to further precisely polish the surface
of a glass substrate after the first polishing step. A pad used in the
second polishing step is a soft pad which is softer than the pad used in
the first polishing step and has a hardness of about 65 - 80 (Asker-C). For
exanple, 11 foamed urethane or suede ig preferably used. As the polishing
agent, cerium oxide, colloidal silica, zirconiumoxide, titanium oxide, or
manganese oxide as used in the first polishing step can be used. However,
to further, sppothen. the surface of the, glass substrate, a | i,shi ng..agent
havi o SRR et SR T e iy o i tron e ol eRdbiddca. A
polishingd@gg@bchaving an average particle dianeter of 40 nmto 70 rimin

terms of "particle size is dispersed in water to formslurry to be used as a
pol i shi n{os2jqulidreinTiogravent breakage and roinofe creltsaf theglasdrabsateidetionitprag elacki s

f er abl t.1:9.to 3:7. [0066] In th ent inventi i.medi at el
B ter { neNELY IRy eoE Py t Do g Rist salereane el PETe RO Bk
exhi bi ti gebniiéd) Breh 8B AAIHdSa %&kﬁeaﬁﬁg%t Qiatyiba grovidePiniwhiGaRd Babs sdbieSiehand

polishing step is carried out, whereby the second polishing step can be
carri ed tnapredeterhmedicmperataredn epicheating ks substrate surface has been

subst ant (WP TGRS Catpar R PR E LT By STy LR e IR g
st ep. [02§ t il DRl e bhIFRERAF SRl cHah@nehitR 1R GHI Db Rel Al iR rcdh @B inthe

perforne e polishing liquid'is uniformy spiead over the surface of the
gl ass subslishiafeiep.WiWhién thathickodss it spremgtieaatleytr fallaintthiv fahgs, theghistsestraten a
short perid.of tipe, uniformpolishing characteristics are.obtained over
the enti FEIHRg %G@{%fﬂap’l‘?@ ag¢ H%@@W%W@C ’[S(’ﬁréfﬁ%mcﬁ‘]ﬁge’?%b%f’ fi fﬁ%”ﬁ]es sure of
the pl at gRE4pPRhé Spd & iR BlRSRumARSIHRRdSe pRtid oF HiRIRR MaiS&2fcd A dter D787 Pa.

The machining pressure of the platens applied to the glass substrate

| ar gel y ahdnsicil strangéershgiep ipfieattihunchansed campacadrvidynaiat to e chergisal semethening n t he
e e e iy . Fer S
e o o SR E G Je il B s Sl RO O

pol i shi ngdygg(ngouwgﬂﬁgqudg%@%@e_ circunferential edge portion changes
in the sane manner as in the first polishing step, due to the increase and

decr ease [@55] h&irstRdAishingBtepr essure. As the nachi ni ng pressure increases,

the inner side,pf the guter circu renti.al . i

| ower ed and to&ﬁ%%pﬁﬁﬁzﬁgg‘m%n{m{% SRS Pﬁtﬁ%ﬁo&@ﬁﬁaé%tébn%% { Eee&ngcg%@sm ng
pressur e sGaehe ﬁ%ﬁ&isel%r'ﬁﬂjsﬁédl& &1d ab pelising iseatried butdsigies shagetof the obierdneaferential | y
flat and face droop tends to increase. To realize the shape of the outer

ci r cunf eredganogioneodthe mpgrurfens. wi t h observation of such a tendency, the

T i 1 052 i AR eIt R A BPkea i h B0 ol Bl | S
pr ef er ablsepsidlelfest pblishing stag bolishing hecalriotent tpingtrew sirfacs Akghresstdso cid@89] | n

the above manner, by adjusting polishing conditions in the second polishing
step, a dedivsadesexbihePcof the outer circunferential edge portion is

lized, t . i i
realize [g I‘gﬁ’& ﬁ%ﬁs{%ﬁ ?ﬁe{tﬁ&%%ﬁﬁﬁr 1R iR) shmé El%nfstliFEgt-ld'naa?gﬁ p@ﬁs%& WE achit NM

in terns to 0.4 run interns o [0070] The
pol i shed tanfistraind ihe sgrond lappty sfepds wal eXxsepithat Wetear! of the dpoiond hellét andbhrpringisg | n

this range,. mnute roughness and undul.ati.ons havi ng been generated in the
sur f ace gﬁﬂﬂﬁﬁ%U?gwéﬁpgg§@956@$k@%?W##hﬂ&?%ﬁ?ﬁF@m vi ng been manufactured in
the pr echéssg_ 3t P& S ARarl Pacel it 15 BiREsl A inShd vthgdadr Bsbut 8 190 1] Fof btaapi) fokidned

i

second polishing step, the chemcally reinforced region in the glass
subst r at erelant seeefirablyrede aWben th havieess of thepafl iseeraaspdbipeiheahganerntin

hem [ 1 i nf . i f . i t
e how i RS RplecBleR ot ol LRI AR i PURLAEE. NERITS 2 Rl O
i's. [0073jad (spesreritsly Gde@anTtigofitiip)agirt igpefatblo nseBlirethg 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.



The gl ass substrate wll be conpleted after the glass substrate is cl eaned
and i nspected after the second polishing step. [0073] It should be noted
that the nmethod of producing a glass substrate for infornmation recording
medi um may i nclude various steps other than the above-described steps. For
exanpl e, there may be included an annealp step for relaxing internal strain
in the glass substrate, a heat shock step for confirmng the strength of
the glass substrate, and various inspection/evaluation steps. [0074] In
addition, in the second pO|IS ng.step, d of usi.n her used
"n the f 10058l bk eahmpesteped bl apalied ére?aswfbﬁtgaf?é? Db iR sane
SLIUCt Ur gy@ng,| Srlﬁﬁl%ﬁhﬁg REhYe Jrdfe pRAHE ﬁﬂ@@m'ﬂ%%%@&ﬁé@@% obl$ 8fbcts i S 1S
because it the polisher gV|ng been used in the rst polishing step is
used as ilspe oftfie gutee cirginderensiol quigt partiomg Aisshedeashising oressitrinerenseshibe nasrgidaiohg

pol i shing agent. used he fir padt K or, there is
r equi red%Q ﬂﬁmf&r&%@h%&%@Wﬁ%@&S&"i’sz eﬂﬁn‘%ﬁ)&sﬁ qlﬁen%meéglﬁ%l t on,

resul ti ngorist ! thehRRRIARS ?rdsslﬁrane@f@Ms% ihéiotiér cilcORRRdnti4l M@]ﬁtﬂoﬁ bédotries frarliilig
St ep) A magnetic film2 to be fornmed on the gl ass, substrate wll be

descrl be@hdf@fbd <hmp tmdpriagheedse  NEdoekgrTigiome g irerdn e FTinNg PRABFRENECf i | m 2
w | | gqscrleged inreference to Fig. 2. [0076] In order to formthe
rragnetl c , conventional known nethods can be used, and listed are,
for exanmposy] aFﬁﬁkhaﬁnmﬂmmummaw@sémmmmﬁmﬂmmoatkmgﬂtmmg step

t hernobsetting resin with magnetic particles disperse ther in ttering
met hod, &vd ia addtinetodapioye riec PPENFSIESRERAALSP B?? det?aﬁ%f#rpmm is

about 0.3 Fh® 30@@@4@%&3& Rk SR8 pm
by a sput tsgl‘l rf%mr}retgﬁ gogé%outgﬂ%% rlr%t%}gisgsl p% by a non- e eelrctrol ytic
pl ati ng ieidhpldten. The sputtering nmethod or the non-electrolytic plating

hod f bl y d f h f f i
hi gher - L RMBAY y Reepdie s GO TEC LR B e Amp R Sk S Hr e e o
IS no sp t;hfg'fsa%?lgl gh}%}g%m&?ﬂ &%@%ﬁ%@f&@%n&%e%%ﬁ%ﬁ lafeh. Clﬁ@orﬁl%st}iﬁed

However, ase 'n wh 'S us as a basic

mat eri al oQhselif fiord RGNS dun@ s@wmumemamumeumg@mfm ios0adna trooffd] ust
resi dual magnetic flux density. To be specific, listed are CoPt, CoCr,

CoNi , Cohnd? pmGonal teDurt e, buCamierassapr P feapiredaeswiingdn decreassat er i al |
and CoN Cr Pt CoﬁgCrTa CoCrPt Ta, CoCrPtB, CoCrPtSi O The magnetic fllmmay
be consti f‘}ﬁl{"@&’ Kl ti -1 ayer structure (for exanple, CoPtCr/C M/ CoPtCr,
CoCr Pt Ta/i§oi /@@&B;T yetc.) divided by a non-magnetic film (for exanple,
C, M, O etc to reduce noi se. r than the above ti oned

materi al s, theﬂl@mgahveﬂéma%altrﬁ@ﬂwmﬂé@%@ﬂm W%lbswt?ﬁﬁaﬁg& TEAPYh- based
mat eri al {hm%r &lt” ar in which non-magnetic filmmade of Si QRor BN, etc. in
whi ch maé’n gartlcles such as Fe, Co, FeCo, of CoNi Pt are dispersed. In
addi ti on,[0063k BgietStep)fi |l m may be an in-plane recording type or a

vertical -recordi ng type. 078 Furt her ce the.slippage of a
magneti ¢ head, ﬁﬁ%sﬁ‘ég%? W%%Wl?%@wwgﬁ &4 ¥ V@B‘zg‘tc@% aaﬁ?t
| ubri cant,, 1#] AW elhfﬁﬁét&ijesrhﬁ Q&Qﬁwg@ aWafﬁgh_pﬁle 2a53L6h as nitrogen gas.

perfl uor opo yet PFPE) serving as quid lubricant is diluted wth a
sol vent ﬁﬂtﬁlﬂen@ﬁra&n&f&hﬂ‘gab&qmderaiﬂyels C[tb(I@Q]’C&oreprefembtyr?@fc@ﬁ)ﬁfﬁbeﬂaayer and

a protective |ayer nay, be_pr.ovide ropriate. Suc der l.a er in a
magnet i ¢ AVERS qhgat@gp%aé eéﬂléé%ﬁﬁfegﬁﬁ’?}h@‘%éhaﬁé 'tltfsbs faf{]ﬁ? ntf’ﬁ?thg of
t he under] g{to §§I§§m gc%ﬁ’/pq)g%gan&iat erial selected from nonmagnetl c

metal s suich as r exanpl e To, Ti, WV, B, Al, and N is cited.
I n the cd8@4pf (Heamagﬁep) c filmcontaining Co as a mai n conponent, fromthe

vi ewpoi nt of g et| chara te nce | oy
i s preferable. trate 5@ %ﬁ%@?ﬁiﬁ%ﬂg%@ ﬁlbatn hﬁ%ﬂg%gmﬁlgﬁ%ﬁyé@ @u
may be a Eélfér%)ﬁ?g@ gucture in which an identical layer or different

types of yers are | am nat ed. For exanple, a multilayered under |ayer such
as Cr/Cr,[065] Cr(8xondPdlichig Stp)Al / Cr, NiAI/CrM, or NNAI/CrV is enployable.

[ 00801 The protective |layer to revent raS|o os L on of , a netic
filmincludes, ﬁ'&secé%l?@ﬁéng %{q@ga PERa B’Pé’y% Ofgglraﬁsosﬁgﬁg%e a
hydr ogenalgehnC AN sHithy&: ﬁpéaﬁ&amtﬁeée%uﬁ hﬁﬂcgseepssdgoﬁ@adahﬁh;ssmyﬂﬁﬁ

t hese prot ectl ve layers can be continuously formed together with an

under | ay ethe padaisal inthyriet podishing stepiaidings @hﬁr@m&i oh ebaul, e kear®ngFaspanme us
Further, these protective layers nmay be fornmed into a nonol ayer or a

mul til ayered structure containing the sane |ayer or different types of

| ayers. In addition, on the protective |ayer or instead of the protective

| ayer, another |ayer may be forned. For exanple, instead of the protective
| ayer, a silicon dioxide (Si Q) |layer may be formed in which on a O |ayer,




14 d ass substrates of Exanples 1 - 4 were produced as follows. [0082]
(Producing G ass Substrate) Based on the production process di agram
described in FIG 3, with regard to glass substrates of Exanples 1 -4, 100
sheets each were produced. In Exanples 1 -.4, glass substrates were
produced for varied heating tenperatureyli (DC). [0083] As a glass
material, alumnosilicate glass (Tg: 500 C was used, and then nelted gl ass
was press-nol ded to produce 300 sheets of blank naterials. Via the inner

and out di t hi ni d [
subst lrJate r@ﬁwiﬁgg‘%ﬁ’g% qugqqlﬁiglé’? ﬁ%ﬁ&?&n d‘?‘%‘ﬂg?‘g’?aﬁgé Q%%t?%ﬁ%ﬁﬁ‘r?g%g’?f’o%&?i ?ﬂi‘éﬁ amet er
of 20 %%Hmﬁ%r{({kh kitgan fidd, Bﬁm&kgaﬁée aﬂ@éasm@égq% R FirsiBSHehih £st@feal bSdselm

[ 0084] al Strengt heni'ng Step) | ass substrate was heated in
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[0067] Thereby, immediately after the second polishing step is performed, the polishing liquid is
uniformly spread over the surface of the glass substrate, which has extremely enhanced reactivity, and
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.  As the
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

range of 2 nim to 6 nm in terms of Rz and 0.2 nm to 0.4 nm in terms of Ra.



[ 0089] (Second Polishing Step) A suede pad (produced by Filwel Co.,
Ltd.) was used, and as polishing agent, ceriumoxide and colloidal silica
were used. Polishing conditions were as foll ows: pad hardness: 80
(Asker-C), polishing agent particle dianmeter: 30 (nn), rotation speed: 30
(Wi n), and machining pressure: 10787 (Pg). 15 100901 Further, in Exanples
1 -4, the targeted polishing anobunt each was nade to be 3 pm In the
present step, based on the polishing rate of Exanples 1 -4, the machining

time realizing a polishing amunt of 3 pm was_det ermi ned, and the poli shing
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cup-scru i ne, by cleaning using an ultrasonic cleaning
machi ne. s@ﬁﬁ@e$m@&nﬂpamaumm&mﬂhameEhﬂwﬂndmﬁEDﬁh€mﬁmmmadmmmq§%ﬁﬁﬁmﬁﬂthe
first polishing step, the cleaning step, the drying step, and the second
pol i shi n§FE¥'éh were carried out in this sequential order without heating
st ep. [@Qﬁ@ﬂ Iﬁqmgﬂﬁl %?ﬂlshlng anount is also 3 pmfor Conparative
Exanpl e. Based on the polishing rate previously determ ned experinentally
under condi ti offgspedtio@Stephr at i ve Exanpl e, machining tinme was made to be 25
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substrate as wel | measur enent net hod theg[ eof wi |l be descr.i bed.
[0095] FIQ3] 4&sh¢@bnmo@nd@aéﬁpaw&@e o ERrpaciBg AIEI SRS for AT gIEen BEHEPE ot o

Solid Iine edlu%haz% ﬁg&e v%ﬂoﬁs% SERG S TredBERIARB: 96 | RR Bhanf] m@re%w%ng

t he surface the g s substrate. Further, ‘dotted Iiné
r epr esentigchisd ainhubah stepfor feuamng irsdrnabistregn inrich glass SubstEtaph hetahﬁloemwpa“mecooﬁxnmh&
gl ass substrate. FIG 4b_.is an enlarged vi ew‘f*?PU&ngl_ﬁrt of FIG A4a,

r epr esentl e‘?ﬁt}h‘e‘cﬂéﬁ%{;%{bﬁ%a@?’aﬁﬁlﬁ “R¥i on curve 12. [0096]
The hei gf[@g-)ﬁf Hféﬁhﬁlhiegasén lsmﬁi%lét mgteadquwﬁgé@p@fsh&h@d ifHhe it podisking ed
sur

over the en ass substrate ace using a nultifunctional disk
i nt erfer(stmh.eals a(diﬁ%r'd:rfpdh‘ﬁherp\dwdne&efbe iymerractee S i premased-anby f@g%ac *FtPR:lS) The
measur enent, pr.i nci.p

h
det er ni nd®elH }éﬂseg %IS B?fﬁ‘r‘isﬁéﬂﬁ qhghe\gﬁ'v%}gé) iji%qween g%g i i ISand
nmeasur emgRd prbdi i of Whlis gi’sr Rerdistd @lctfihe lrdih@ﬁ@}ﬁ)hsh&ﬂig a’ghntmmmg theifirst polishing

|nterference is neasured while the surface of a gl ass tﬁéb Efgte i.S,

i rradiat @ttp\mld the like, ertherg iglequiradrecunbasomns varkaeh arResetingthe pelskins congiien.

desi gnat ed U “éec}ehs%'}nﬁl}%ducﬁ%?r a conmponent with 5 mmcycle or nore was
cut off t '

[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 pm by a spin-coating method, about 0.04 um to 0.08 pm by a sputtering
method, about 0.05 pm to 0.1 um 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.



16 [0097] The height of fine undulation Wa occurring on undulations of FIG
4b is neasured using a three-dimensional surface structure analysis

m croscope (produced by Zygo Corp., brand nane: NEWI EW5000). The

wavel ength was neasured in the range of 30 - 200 m and the neasurenent was
made in a 1 unp area at 4 locations, angythen the average val ue thereof was
designated as fine undul ation WA. [0098] Herein, to nmeasure a polishing
anount, a thickness gauge was used. [0099] [Determ nation Results]

Table 1 shows the average val ues_of . each neasurenent r |t of dul ati
W, i nel0idul A meimadr GeTreEscmehag o AP R A el casaimaly KPR

oo Wi 06 A O i U et e of

Tenper at forbigh higghetaodreing foice antBNian§) is added to adjust residual magnetic flux density.  To be
specific, listed are CoPt, CoCr, CoNi, CoNiCr, CoCrTa, CoPtCr, CoNiPt which contain Ci as amain
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, CrMo, 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 SiOzor 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 lubricant.  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 of the
underlayer, at least one type of material selected from nonmagnetic metals such as, for example, Cr,
Mo, Ta, Ti, W, V, B, AL and Niis cited. In the case of a magnetic film containing Co as a main
component, from the viewpoint of magnetic characteristics enhancement, simple Cr or a Cralloyis
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/CrMo, Cr/CrV, NiAl/Cr, NiAl/CrMo, or NiAI/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, cofloidal silica fine particles dispersed in an alcohol-based solvent where
tetraalkoxysilane is diluted is coated, followed by firing,
[0081] [Examples]



Judgnent Polishing Rate (unimn) Exanple 1 90 0.35 0.16 B 0.14 Exanple 2
100 0.33 0.14 A 0.18
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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
Exampled, 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: 107 87
(Pa).



Exanple 3 300 0.32 0.14 A 0.20 Exanple 4 310 0.34 0.16 B 0.20 Conparative
Exanple - 0. 36
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[0090] Further, in Examples 1 - 4, the targeted polishing amount each was made tobe 3 pm.  Inthe
present step, based on the polishing rate of Examples 1 - 4, the machining time realizing a polishing
amount of 3 um was determined and the polishing was performed.  The machining time was 21.4
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 conducied in advance under the
polishing conditions of Examples 1 - 4.
[0691] (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 methed 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 Technology, 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.



0.16 C 0.12 [0101] In the judgnent of the neasurenent results, the case
where the average value of undulation WA is less or equal to 0.335 nm and

t he average value of fine undulation uWa is less of equal to 0.145 nmis
ranked as A, the case where the average value of undulation Wa is |ess or
equal to 0.35 nmand the average value gf fine undulation uWa is |ess or
equal to 0.16 nmis ranked as B; and other cases are ranked as C. [0102] As
shown in Table 1, in Exanple 2, the average val ue of undul ation Wa and t he

average value of fine undulation 1.1Wa were 0.33. nm .14 n :
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undul at i sas adeind | yims aceat 4 lpsatioas, ged Ben the perags yineheree] Windesigsred .18 nm and
0.16 nm r .ect{]\%/ely, wher eby judgnent was B. 17 [0103] It is understood
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reaction wt olishing naterial was insufficiently accelerated,
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t he other hand, in Conparative Exanple, the average value of WA and the
aver age \satistratesyfroducertfoveadiud Eixamples 1 t HandeomepaptiseExampleand 0. 16 nm

respecti\{&w] ?Farf)feei}j udgnent was C.

Heating Wa pWa Polishing Rate
Tempo® | ) | @) | M) gunimin
Example 1 90 0.35 0.16 B 0.14
Example 2 100 0.33 0.14 A 0.18
Example 3 300 0.32 0.14 A 0.20
Example 4 310 0.34 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
Wa is less or equal to 0.335 nm and the average value of fine undulation uWa is 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 iWa 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 tWa 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 pWa 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 pWa 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 pWa were 0.34 nm and

0.16 nm, respectively, whereby judgment was B.



[0106] Further, the polishing rate of Exanple 1, the polishing rate of
Exanple 2, the polishing rate of Exanple 3, and the polishing rate of
Exanple 4 were 0.14 minin, 0.18 mlnn, 020 mrain, and 0.201. m mn,
respectively. In contrast, the polishing rate of Conparative Exanpl e was
0.12 mrain. Thus, it is understood thaj7in Exanples, the machining time of
the second polishing step was substantially reduced. 10107] As descri bed
above, according to the present invention, provided is a nmethod for
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flatness can"be efficiently produced. DESCRI'PTI ON OF THE NUI\/ERAL% [0108] 1:
gl ass subas matffci@tly seglestadcresultingigjudgnodneB7a:  front main surface 7h: rear

mai n sur 10t: quter. ci nf tial f L '

cur ve 1210t e G R ey G B G i ARG 803

ci reunf epgivhé ghss®EHE dfR GRS wisAEHHRAllyCchekh el in riBrosdoficBriions, whereby uniform
polishing was not carried out, resulting in judgment B.

[0105]  On the other hand, in Comparative Example, the average value of Wa and the average value
of fine undulation 1Wa 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 pum/min, 0.20 pm/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 flatness 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 circumnferential edge face

11: measured sectional curve

12: undulation curve

13: fine undulation curve

20t: inner circumferential edge face

D: magnetic disk



1. A nethod for producing a glass substrate, the nethod conpri sing
successi vel y: a first polishing step of polishing a surface of the
gl ass substrate with polishing Iiquid containing polishing agent; a heating
step of heating the substrate, al8econd polishing step of polishing
the surface of the glass substiate wth polishing |iquid containing
polishing agent. 2. The nethod of cl g wherein the heating step is a
step of heating at 100 Cto 300 C. 3. e method of claim1l or 2, wherein
the second polishing step is perforned just after the heating step. 4. The
met hod of any one of clainms 1 to 3, the hod .conpri si.ng, between the
first polli @ﬁ%ﬂ@gg?f@ﬁﬂdaﬁag ¢ %Sﬁ@%ﬁ%&%?@%%@ﬂ@ﬂ%ﬁ%ﬁﬂ of cleaning the
gl ass substrat g firpslisRinglé stPofidheip aQhrfe ¥i MPghRuiBtAs 6B BIBhingliguid 5- The
met hod of claim4, wherein in the drying step, gas is blown against the
gl ass sulsentpiping polghingagest.hod for produci ng a magnetic recordi ng medi um the
nmet hod conpri si { he st of . formng a magnetic filmon a glass substrate
produced by th%“%@?%% mﬁ%gm.ﬂgﬁ% Bfclaims 1 to 5.

a second polishing step of polishing the surface of the glass substrate with polishing liquid

containing polishing agent.
2. The method of claim 1, wherein the heating step is a step of heating at 100 °C to 300 °C.
3. The method of claim 1 or 2, wherein the second polishing step is performed just after the heating step.
4, The method 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 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 of any one of claims 1
to 5.



