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BACKGROUND
[0002] Aluminum substrates have been widely utilized as substrates for a magnetic recording

medium such as a magnetic disk or the like as an information recording medjum, but along with high
density recording together with downsizing of the magnetic disk, the aluminum substrates tend to be
replaced by glass substrates each exhibiting excellent strength and excellent recording surface
flatness, compared with the aluminum substrates.

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

[0004] In Patent Document 1, disclosed is a magnetic disk with a fine undulation having a period
of 0.1 — 5 mm, and an amplitude 0of 0.1 — 1 nin.

[000S] In Patent Document 2, disclosed is a magnetic disk for which the undulation on the surface
when measuring at a measurement wavelength of 5.0 mm has an amplitude Wa of 0.1 — 0.5 nm; the
fine undulation formed on the foregoing undulation when measuring at a measurement wavelength
0f 30 - 200 pum has a mean amplitude Wb of 0.3 nm or less; and a value Wb/Wa obtained by
dividing mean amplitude of the fine undulation Wb with amplitude of the undulation Wa is 0.6 or

IMore,



Fl yi ng height ofa magnetic head is ellen indicated by a dide

Aval anche val ue (GA value) luation of the flying height of the
magneti ¢ head (R s exanple, Patent Docunment 3), A magnetic nxirding
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DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

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

[0009] The present invention has been made on the basis of the above-described problem, and it is
an object of the present invention to provide a glass substrate for an information recording medium
capable of acquiring a low GA value, an information recording medium in which the glass substrate
for the information recording medium, and a method of manufacturing the glass substrate for the

information recording medium.

MEANS TO SOLVE THE PROBLEMS

[0010) The above-described problem can be solved by the following structures.

[0011] (Structure 1) A glass substrate for an information recording medium, wherein a surface of
the glass substrate has an arithmetic mean undulation Wa of less than 0.6 nm, and a fine undulation
having a root-mean-square height Rq of less than 0.0]1 nm at a measurement wavelength of 80 — 120

pm in a radial direction.
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W[N%] In the present invention, provided can be a glass substrate for an information recording

medium capable of acquiring a low GA value, an information recording medium in which the glass
substrate for the information recording medium, and a method of manufacturing the glass substrate

for the information recording medium.

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

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

medium.



100171 Fig. 1 is a diagramshow ng a glass substrate for an

i nformation recordi ng medi um as a whol e. Fig. 2 is a diagram
showi ng an exanple of a magnetic recording tnedaun in which a
magn.etic filmis provided on a front nmain surface of a gl ass
substrate for an information recording Pfnedi UM 3a and
3b each ate an entarged c sssectiunal view of a glass substrate, and
Fig. 3a shows an undul ation and a fine undul ation of the suidhee of a
gl ass substrate. and Fig, 3b shows the fine undul ati on approxinaiely
in one period, obtained by enlarging a part of the undul ation.
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[0019]  Fig. I shows the entire structure of glass substrate 1 for an information recording medium

(hereinafier, referred to also as glass substrate 1) as a substrate in a magnetic disk for an information
recording medium of the present invention. As shown in Fig, 1, glass substrate 1 is in the form of a
torus-shaped disk of which hole 5 is formed in the center.  Symbols 10t, 20t, 7a and 7b represent an
outer circumferential edge face, an inner circumferential edge face, a front main surface and a back
main surface, respectively.  Further, Fig. 2 is a diagram showing an example of a magnetic
recording mediwm (referred to also as magnetic disk D) in which magnetic film 2 is provided on
front main surface 7a of glass substrate ] as shown in Fig. 1.  Magnetic disk 2 can be also provided
on back main surface 7b.

[0020]  An enlarged cross-sectional view of a glass substrate is shown in each of Figs. 3a and 3b.
A solid line in Fig. 3a is measuring cross-sectional curve 11 showing a surface profile of a glass
substrate. Further, a dashed line is undulation curve 12 representing undulation of the surface of a
glass substrate.  Fig. 3b is a diagram in which a part of Fig. 3a is enlarged, showing fine undulation
curve 13 as a roughness curve generated in undulation curve 12, and L represents a measurement

wavelength.



of a glass substrate is shown in each of Figs. 3a A solid line in
Fig. 3a is nmeasuring cress-sectional curve |Ii showi ng a surface
profile of a glass substrate, Further, a dashed line is undulation
carve 12 representing tendul ation oldie surface of a glass substrate.
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fine undul ation canto 13 as a i m ghness curve generated in undul ati on
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[00291 As to undul ation of undulation curve 12 in Fig. 3a, the

undul ation of the entire glass substrate surface is neasured with a
mul tifunctional disk interference neter (OPTIFLAT, manufactured by
Phase Shift Technology. Inc.), The neasurenent principle is with a
met hod by which the surface of a gl ass Substrate is exposed to white
light, and intensity change caused by interference generated by
reference |ight and neasurenent |ight having different phases to
nmeasure delicate shape change of the surface. The undul ation is
measured fromthe resulting neasured data at a neasurenent wavel ength
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measur e IS: \Y h.af 80.-.120 !
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Rq. th ss substrate relating to the present invention has a
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1.8 inches inch, and 0.8 inch can be used. Moreover, the
no | i mit atbwiteserfachisshereyed with amyltifssticnabdsl intedreamranditrd OFTERIAT,

subst r at il thiekn f,2 | .mp or 044 1M1 can, be used.
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for the glass substrate include soda |ine glass conposed of Si02,
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measurement wavelength of 80 — 120 pm to determine root-mean-square Rq in accordance with JIS
B0601 : 2001.

[0031]  As to the measurement of fine undulation in the radial direction employing an optical
surface analyzer OSA, a glass substrate is divided into 125 parts in the circumferential direction so as
to result in each angle of 2.88°, and each of the divided parts is measured in each step of 0.89 um in

the radial direction from the inner diameter to the outer diameter to calculate root-mean-square Rq.



100351 A hole is made in the central pan of the glass substrate
precursor having been subjected to a pressure nolding step enploying

a core drill equipped with a dianond gine on the tamer pail of the
corn drill (coring step). 100361 Next" both main surfaces of a glass
substrate are subjected to polishing, arld the whol e shape of a gl ass
substrate, i.e., parallelism flatness, and thickness of the gl ass

substrate is prelimnatily adjusted (first |apping step), [0037]
Then, the outer circurrifereuisl edge- face and the inner
eircanferential edge face of the glass substrate axe ground enpl oyi ng
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first lapping step to the outer circunterential edge taco processing
step aft el003He & glrsrmybsitateps msltaddglassinmdtingdtep)pa hotiseglae Ssamitthed ailgwdridg, and

5, It eau_be appinpfi at hanged depending on . the situation, Only
one | appi HG*8F 5?? l‘iﬂlgg ' f’?r?f‘gtg‘gwg]b%l wHer ‘g‘?ﬁ? obﬁ‘gh'" ‘Hikfﬁtg‘a?eﬁr?’iﬂss SHog g prgpursor
di anet er @roseSHbABgSEP. It MRito ,Wsk@hﬂﬁé!_d%}a@i £BthRlpr&A86r h&F e prepared by
pneessing step and the outer cinunferential ridge thce process?%

step may WEIng@nbestglat formed vétha grindieg stwsomibyingmiony-dsave proctsser & fiowe process,

circunfergnti al , ed ce pi-mmng ste nd the outer CGMIIIlferetal
edge theei%.f)?xgrcnglses\lwﬁlgquftg?pggf%vtg%p@g%ilﬁ%&%ft%l der conducting the
first lappidy StepleaRgnflBcofiniifginl Redopit glascthBiiiceic Rl Q6@SHh¥as boRposed
100421 A polishing machine to polish a glass substrate in the first

and secordf SiQupPiraty 2ad €3 apprincipplecomperanishadningglicateniiss emhprgedetchiOn d10s,

ble i 9 i hi j | = i d .
por i shi ngRouen her e bR ik BeD a3 o s Loo-
W th an uppes-Sigh,ayseim glad, d ROORA,P-8iDebysicth diae (L'of Mgoa, &r 6 B4, OhiLEdR,

the placed parallel to each other, so that they rotate to each ot her

in the reiEnigesiaieslass g1 bomsidipae glpw aarelFieble i Yipw ohexcelient igtrastagsisance and
pell ets 295 : r platen and the |l ower platen facing to

each ot hcegr?“‘?or p%%tllotgﬁlgsﬁ%ﬁt ie nmain surface of a glass substrate, .A

resi n shel@d3s|n Avhole is raaddiirathe behtrgirjant@$ the prasd ssbenkegdetotaninB@edl sihjected to a
used in place of dianond pelleis. Between the upper platen and the

| ower pl dFEHTE PSR §I9 enieR GorsAridredpippgd Wigya «5m1@n¢p grisggene apyhe cutter part
combi ni n%fﬂetchréﬁﬁl?&ﬂﬁk m | ocated at the outer circunference of the
|ower platen in a circfe State and a sun gear |ocated in the

ci rcunf erf@ding Ofiext,vethmbaim yurSbaiof a pihsstshiesthhiewersupkasdro polishirghing f@arngs |,

P o o e 8 B aate, £, SRR, fitfesd ol BifnoRhe Jhs suemieie

preliminarily adjusted (first lapping step).

—

[0037] Then, the outer circumferential edge face and the inner circumferential edge face of the
glass substrate are ground employing a grindstone such as a drum-shaped diamond to conduct inner

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



the gl ass substrate. The upper platen and the | ower plate!ln, the
internal gear and the sun gear can be operated via a separate thiving
system 100431 The polishing operation of a polislirag nmachine is
performed as follows. The upper platen and the |ower platen rotate to
each other in the nmverse direction. TheScarrier inserted into the

pl aten through the dianond pellet orbitally rotates in the sane
direction, as that of a lower platen while axially rotating, in the
situation where a plurality of glass substrates are supported. In the
pol i shi ng machi ne operated as descri bed above, a gl ass substrate can

be pol i shpdaly Neittr ©6 UsdeP Gir&ik e leh S i *

pl at en an[?jt%]e gl z;’ss substg]rrgiug,gleg%(]j etti)%h'l[”\?g%%yF%eélls‘%msggﬁpﬁge%ﬂ%ﬁ%&)?ﬁgmm
gl ass subgmdiagemploingmoliviemliqud © ddubl ensr déd chohfestipogiomeo hettend $ curved

used, a | of p n lLo d to.the glass.substrate and th
nunber of &?%?eatrs%lﬁggo 16}%@8%6'03?@ Y g;raéchgt)ﬁﬂgrsioa{o 15/(?’5’8{ tfgf‘éﬂpeé"(‘,l&gr efigs gface
to desir egopaiingdkplg conditions. As to the load in the first and

second | a Béﬂrig steps, it is preferable that the |oad is 600 1200
kg/in- M erNexthothiismarfagss of e glapowbstiste aransligied pgain tosfinsheddasabl v

set to b = Lt le it et .the nunber of
rotati ongp%?@ﬁ%:k@%gg’raag Sﬁg@gﬁgp gﬂlgg]a%b%g%ya%g&o MJEPQ%&SF%’E t han the
nunber  of (048] at Tiens thefoutch eirtwnfareplidtedge fAdhen tichgladsaabsifakOm dubfcipl a8 Sfish-

is increased. and the nu?qer of rotations of the platen is increased,
a pol i shi#f' MOM&ROIF% to 1pike & (Encs GF £ seantersd grrEsJo WRgamerpeurved

become safiialactalife WELmbE AR bcrRihel Qﬁ? ;sgffé;d; oft? %frgdn\{%re%aeﬁ&g? face

ot her hand, ff_at ness will not becone satis e nu
r ot at i onsproesstingstdp).gh. Moreover, when the load is snmall and the

nunmber of ations.of .the platen is |lo there is |iftle polishin
qﬂant ity, log‘gﬁa ¢'§§'ﬂff‘fm ﬂ’ﬁ&{ﬁﬁ%&@{lgﬁtﬂlﬁg ﬂ’@fo\;‘v_feé?‘é‘?fe er'ﬁ'@@l)‘%%é chﬁ%oclfﬁs’@leﬂlgl]’ after
At a ti menhVheebicpissbi ngidihe ms QRO ARINY, iBLARe aﬂﬁ%%\ﬁlaﬁeezy afaé%ged%ending

| arge undul ation, voids and cracks are preferably re
sur f ac, e adbyfimess. oPnlytvae lpping stap & dcecanfluciedy kastbers thesteasrel outer diameter

fer abl i hei.ght) .of about 2 ---4 d an_Ra .
Phr & ottt eo e BRIl s o2t S Epe R i a@iremhial
surface sddgéfice plbeesﬁh@\ﬁgaorg%i&%dbﬂd&te@.anlnaéad?ﬂl%%ﬁdﬁa pingabg,a{%eirn the

first polishing step, In addition, in order to efficiently
conduct tWeusEEDH clzpipratyosstsang stp andibe awddingtifrentigloil g facaprdeessiarite

are roug i.p.t f . i n te For thiss reason, in
fho tirarrbasaBRdRy e Bt he PR R0% SoB0 et Syl Feteirabeonype
#800 nmeshstdpp 41200 net h, which are coarser than dianond pellets

havi ng #1300 nesh to #2200 nesh to be used in the second | apping

step. At [8042) o polishingeghipoinppishiardpss fbstrateis thel fiag phchepcenddppping staps will be
f er abl f i ni 4 - d .midd
b 5 °0° Eited, ISRy i FafOl s SR L e ook R E AT

edge fauwsidefl palisyingsmcliugs thatdeutas-sdslligtiadadhtheROdquipbbd\gitodh upper platen
bassh-gri ?g in the inner circunferential edge face pros-tensin

ndi ! . 9
step and apﬁé Q{5 Bleten in the form of a disk, whickaee st Rargigl feaeh ether, spribat Brew svate to

made of : r [ | ¥ t :
ram s piar e Py bRRRRY RN ThEE ak el o MU oL om0 b S o o ine
made fi xtipher ptagani andhtlesiovee phigenifmingao pachbthet fr polahig ee nefin arfheyyMighsan
neters, Th‘gﬁ?‘u h 'sults obtajned via brush-grinding, as to surface
roughness" heAinﬁi‘e@i“FE’ (2 figmpndendgges is 58 cag hefalge ased in place of

OBl . oo, .
Re of | 0, 3 R P 2 lcch 2B PRRATA E GG bl PRI 5t il

to shape vofichthetedygembaie wiftantgialygars idosted attles dizarichgintfe@nced @@ @ @laten
G r cunt erShEraR St 45 ei SPRSEF SRuplafie sHEe BiFbmegohbHuIenaan

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

Y




,00491 In the above--thscrilva exanple, dianond pellets and grinding
liquid ate used when polishingass substrate, but a nethod can he
arranged to be a nethod by which a pad is attaches onto the polishing
surface of each of upper and | ower platens, and polishing liquid to
conduct polishing by supplying a polishﬁhg agent Exanpl es of the
pol i shing agent include cerium oxide, Tife01l.33Ul111l oxide, alum num
oxi de, manganese oxide, colloidal silica and di anond. Each of these
istay be dispersed in water, and used in the formof a slurry. The
pad can be separated into a hard pad and a soft pad, but the pad can

be chosen b ¥rate
froma nat}%lréll al Eﬁﬁ?h agﬁiuﬂﬁgpplét{?/ne&gﬁl}eq&gﬂur et ﬁ%ﬁ@ﬁﬁdg%&l gﬁlﬂp&t%gw{’rge%em b
cont ai ni ngp@'alefﬂeaaéﬁpaltahdltwnkwsm he enpl oyed, and as a soft pad, a

Gl oyed, IWET 7 oBBNToHReorBiEPa farg S iR e ol 1w pleten

agent canakiBhelloivet glgen fo&t&t@@ﬂ:ﬂ%ﬂwf iﬂltlﬂaé\ﬂelﬁé‘airbc‘ﬁbhngrﬂe%nerl serted into the platen
prm si on-pol i Shl ng by changl ng the panicle size of a poli thl ng agenP

and a typBraeh gwdiangg pelit enbit@dlyapplesinths spaerdivestipasgleat ofiellovat platen while

L0 oD A PR P SRR hOREL g

appr opri at;nal:}ynemp@tateg aiﬂmdbeﬂdbcﬂ'é aApl3Ohibsttd@n 88 BBHshed Y htrédRing isAfdiR]
t he poli s{t Ig)ent and a pad thereof in conbinati on, Further,

it is deshg kg W%%UBP%P%@HW%E% splstrpteAad betwepothe khenplaten and
agent saig, suQ@ er remaining on the surface al's gI ass
substrate er th irst and second | apping steps, 100521 in

addi ti on, [00#d pBibees histgublesidedelisisegmachiteieudsd adbad o prRiphgerSbaied Ase glass
t he sane figuration as hat in elsecondlap step, but it is
desi r abl eSnggﬁﬁ%nfig} F@Fﬁ%@]‘)@b@?g’?‘?%{ﬁa@mﬂ % Jq&teélafsqoech@mto desired
pol i shi ng,dmG %&ﬁtdmoﬁpame% 8% &l § tMSh: %egweﬂ&tagﬁgg 1%5&1@8&% §

operation for the exchange is large-sca si nc S ar
excl usiv e109d atbGe i keand démrpivis teedmbpef atttions ofshd piatai i @ebfdrabily set to be

dj ust f i.shi di t f act
ci 11 1 ncPorelt o0 BEeRle ' il apsiots bs e B Geabont
(=duct i ng3¢-hg0oQuh@ler Gah qwmbémm&noﬁéﬂ&%élaw&r &p- M{bntﬂttqoﬁgﬁ)&ﬁhte%m

step, a glass substrate is placed in an el ectrlc furnace
t enper at uls cespsed@od thaoembe of mmm&mlemmmmpohﬂu@ amaft willincrease,
m nut es

apoci 11 et oretas e W Biol Bt Putitoh e BRemttplsiiabics Sdessive
predet er rﬂ)ﬂﬂﬁoﬂﬁi‘m& aﬂamm Wil nBRESHE SRy YWhen 13 QuRbar &SiaticRD tdGuigh.

gradual |y cool ed spendl ng approximately 10 60 m nutes, Stressstrai n
gener at edVipiesydevhandhegpais smelband tharanibar firesations piige sletepss lnathargisibiglen

conduct e eal | n step. Further, the
anneal i ngw?l?h"@é %Pajtg %gg‘t’%%%gﬁf’tgﬁn%%g]mﬁy e‘torrk&fl ‘as silicone oil

or the |ikess|whicdtichswhknf finishitlglthe secdng ldpﬁﬂ@%&?ﬂe&% blﬂi)@ﬁ'l  udBulation, voids
anneal i ng tenper ature | n inert gas such as arfgon gas, i um gas or

the |ike,angeracks 3¢ prefsdly rgaev urZaA Eaiehiegs ¢isheragin s'gﬂ:cggfa glass substmte
t I d
o 1 oni zdacapyaE e BBk P TE RS ﬁg%i@et‘%ﬁ emgppughicss) of
00541 T %
Lray be pt%?%ﬂglegngg{npggeﬂgﬁggag:h%mmwt{ﬁe?he pr esent e %é’ngﬁ?lg”édm

two steps
t he pol i she figt wligdpng gepconposed of two steps. Wien conducting a

pol i shin p.after the nne ng step,, stress-strain is released in
t he insi gg&‘{ﬁ @ﬁo fﬂ% ‘E‘%ﬂ ncf)ugt ‘B%?P&?f&’tlww@ﬂérgﬁaptl%a}tpwonds

step, resyliti Bﬂ;dré‘roﬁ féﬂ&edﬂfm@ﬂisll QREE F r
product s. 6[108551 Fi r%gyl in the Fastt ii|§%IM|§Sftzlelif;ng (gtﬂggfeggon IH%ﬂrarag?lP%St%D it

r oughnes s desiribipioawedianandpelkts havieg#80A atesh foef1 260 meshhrekicln mﬂgd)ms&art 0
diamond pellets having #1300 mesh to #2200 mesh to be used in the second lapping step. Ata




[ 0057] The pad is a hard pad having a hardness A of about 70 90, and
it is preferable to use urethane foam for exanple. A hard pad is
preferably used since change of the polishing surface becones | arge

i n Shape when hardness of the pad becones soft because of bet
generated by polishing. It is preferabléoto use a polishing materi al
by di spersing cerium oxide having a particle diameter of 0.2 - 1,5 pm
in water to formshiny. The m xing mho of water to the polishing
agent is preferably about I 9 to 3: 7. 10058] A load applied to the

gl ass substrate froma platen can be appropriately adhatted, but it

i's pref er albwh0&mpe - f

t he outer circunf erpé%ngllég{a %ﬁéggﬁé%?tﬁgﬁ%ﬂéﬁgiﬁﬁﬁﬂgé%gdgﬁ@ ??@?%%gg e
t he i nner rasigllg 4018 ihendutighly 6.3 dfruesenkitatlyedge portion tends to go
down, goi[b% ﬂp ward the outer side, Further, when the load is

decr eased!V¢ e &0 BReT G Ui CEEHERAIR! etgs Ecptipickhs Sheiate e subieteddy of
i ncr easi ngol@ahisbb - = inARes, gj’%%&?'gp]i

portion bg%%neg %Figgleé?lgingg ﬁiﬁ’ﬁf ane.1 Cﬁl'lﬂgere{ﬂg% %eghée e de r#rpﬁgggﬁ%h%ﬁere
obser vi ngcitdunderersinbrdge face fro859)g Rt hdhe brush addef nlon, ipolypmweleseisf taeltke of
roughness s, .of the n . be appropriately

t nb tati | at . G -
adj ust ed, f%ﬁsfﬁb&i@%g‘é‘%??@%ﬂrgn%blVH?ﬁdi nt e fSﬁ’ggéiﬂ't!iéﬁ Ryeferpblyapagle from

he nunbe in 3 i r | y e

50° 20 o i GxReheliBDFp ! MEmBRFR By BIh hack! PHESAR eRE bl e

[ 0060] Unblesh-grindinghasvesutiesorighadss obthd inmenasym frgptdlieddn fage mdwsiifice r@ghness
r ef er abl et .to. 30 40 In the case of a polishing anmunt | ess
than 30 pihBeeHa cumoucrgtil oige Gice-aPpaRmatcny RAMOI e Ghbmang an e 02 n0.04
t he ease iL.5hin j 4 i shi race .
excessi ve’?@,aﬁ’ g%llg@)gf rr'gsntggg%? E’ff‘ég‘%& clgglfae%g%%%bss Siﬁé‘?‘&n&%ﬁ@@ﬁ%%@na
second podridshitengiamttepprocssingsteppthoinndd dturRlehtd efi@ fteredeédRt@eplhd fe outer

WAss subst.rat g{ﬁeci sely after conpleting the first polishing step.
The pad LRy SIS EHRPrgoYt-&pvn shape app m theankin sviaogata
har dness Qfitdh 69 57 = Q. LCh he pad.used
o the i naioRert2 B sl o RSl sirbhieid St Shel g SRR TE

i s pref ermbhyursednd thsedze fiok isstrhovgd dgeafioyn. cer i um oxi de, col | oi dal
silica or ik e ysed simlarly to the first polishing step,
but in or Igé&ﬁt o{“f“ﬁ?'%r]g%% ¢ meargaygaess) ¥ Ra{maymasshagipiare gqﬁé?dla
pol i shi ng,cag8itce haN TRBEOS MRl ' | i |

reduced variation i nlspa();sgii;g%jeohs?gléé%gng)fg‘*egﬁ‘%ﬁy%g%%@%%e%%ﬁ?oﬁa(um
agent havirfieg lde. aViesedsdinition andihneasoliirgrmetterd ad sithardy apphd to8a aAadBz described
pref erabl%t about 20 ran is dispersed in water to prepare a slurry,

and the r i ng slurry is used as polishing liquid. [00621 The

pol i shi ngobdggui 1 (R 85RS @R M BNl HXnBE SAbk Sy Pdrinking 1

appt oxi rrgt e_Igy]( 37 as aratio of water : plgl i shing aggr%l%lf,ﬁdgﬁedas uerH?er,
a sul f uriplistgigk desd sibpdatadotra pehakiad de aregadivédd anivdrodiby vitichbepad is attached

acidi zed t H of | ower than 7 and ef erabl y 1. of | ower than 2,
wher eby 0. aogﬂl’if3 g?lfsglﬂg 8‘?%?%%%6%] ?%‘RP%@“‘Q@%’H’E pl%ﬁ‘?‘?’ ‘B’g pg{i%’i"&llﬁ?‘ pgonduct
pol i shi ngpotigtinddey wERGME b BelisBingBePAr tHx@h@les bANEH&HEhiA BEuRLehsh!
agent, T%)t_j)g, _t%@l pgjibllﬁs%_i ggh c.a% %e nor e gr eci seﬁgxi/}s(:]o%auc%/lgléll}l [Oo‘égfgilq?i
a pol i shizgoswepxidg alyizsen sxife maapmesenxglekiodoideldilicoampbimanlt | Sachaff thase

load to (oTe simlarly.t | appi.ng step. en the gl ass
cubst ot STOISEEESE0n P Tl B B QPR Ry R e g o
subst r at guatl and ©sdieall, Bcthb bt dag baXeberd RitgM@UEE it af REkdds hiagg h%?@d, iagad
the state where the substrate is plamlized. The undul ation of th
subst r at én3ds oy & walerigl sephesahy yelpwea wethpretpam, astiteh contaming $vede, or the like

dul at i ' o] d. r. back .
romovi ng TRe G oY F Rt 4ok RUPPETRS Ry TN BBt e

becones lmayderentphdnd.bef ore rei nosing | oad. 10064] Not nore than 600




14 undul ation is to be generated to a glass substrate. \Wen the
nunber of rotations of the platenis | O ipmor |ess, vibrations
generated to the platen are suppressed, whereby the undul ati on and
the fine undul ation of the glass substrate can be di m nished. The
lower limt is not specifically limted!Tbut when the number of
rotations are gradually reduced, a larger period tine is consuned for
polishing, resulting in no practical availability. 100671 Wen a | oad
applied to the glass subsaate and the nunber of rotations are
designed to be set as described above, an arithnetic mean undul ation
WA there anTREepohisti +B1idit f s '

t her eof hgj\i/)isﬂg ar 0033;1'![33?l %ﬁf@gg?ﬁg%&ﬁ{g R aggﬂ @asmzoesdgpﬁ q[dt){g EA{S&H@%‘]
0. 01 urn pelishingteaxenisiamerlishieatel danging the witicBGize20a potishing pent aradh e of pad.

di recti one. 100681 Pol i shi i S ferabl y .conduct e an anount,

equi val ent ¢ %te&ig’aéle%tol%mwvgﬁg%‘@dﬁ%ﬁ%Ym&a%fi§1 lﬁf‘ﬁ%ﬁtﬁ(@l’%ﬁ@% ?ncf-ggtthe
only f i nesdeniiperasstepio atd dblmtdh o Geaes Mo shrabe ol msW iy apSropiittly akisOine
fine defects such as fine scratches or the |ike generatéd i n'the

st eps havkipgobraeishing saealdpagisle sizs of Be pelishing egantanshaadd theesoé forcombiriation.
addi ti on, ggnhky it h . . I, j .on| n lishing st t.he
first ol (LRl gRufBSRileRBR 0 CRULRY LhuRf e BRADEh St Bhd oS
100691 Af perdec enpiniitg onghd fuefacel 0 fdsspobsuaiiafig s R and@s@babpmnpatdsat e

Subst rat CPER) o S AEh RePP SRNEGRSHEF R s R TR RaEepaPs pubEies
Substrate a ) n
view of mmtﬁeéﬁc&h@ st RO RldeGirabfe Qfoﬂg\%ﬁﬁﬁj{} ot &by
magnetic filmis provi éﬂﬁon a gFass su%s‘?éate I'C H%]a?g%een picyinga
expl ai peddl_ﬁ‘delﬁﬁmﬁsliim;_ 184vbivn preparbd exchuBivelVgratisepdi Thij )s bieSauss @ efafionMoir 613
magnetic film 2, IS directl %or d on each of the surface of circular
gl ass subSEPRERSTEGY S‘i“fgﬁ . ?‘Wgﬁi%ﬁeﬁfgﬁ%’i‘%ﬁsﬁ’f@y ﬁ@?ﬁﬁ Eomipicaied geration s
the form oot BodalsaiBgBahd folfiih M Rdiibe, W& m&ﬁ&%@k@% n!é%‘lg gkalt}:ged.

magnetic fibmby spin-coating a thernosetting resin in
particl esl08338 dis paneslang stsn isscasigh sttraditiesonductieg thedutefeirban ferangaltetige face step.

magnetic filmyvia sputterin and t hod, of. f.orm ng .t he magnetic

B via dRATee i el haratisg e g fniEedtii - RRRAIHg O <00
t hi cknessogf maRugH Yor@pgroximbZlyPin— td0enih@yer TabieaipRathdi L& [He G0l
has a thi cknlélss of _r%ugﬁloy 0.321 - 0. 2318 um and tphe |%§§‘F§‘§§ta§?§*§3&’h"g
vi a el ectipiglaesst gieafirally linaisd. dut thinpkeatessnayfbe rased i the predSermited terpparatiii é

filmfor ' resedsout via.svultering.and el.eetrol es tipg.is
br ef er aoi BPRTARLI0F 30 il oY ey S SR Birrp Qe GRa RO okl Bindss.
[0070J Mepreed dreinRhehte@inSide 60 @labQibiR@neprotesihd érefpsaaa@n,i@@éen conducted so far can
specifically limted, and commonly known ones are usable, but Co

exhi bi ti i§ reipaged helgieneelystia | Fudheatheroneatipy stemsis pekasablneardedyastie ofl guch as

15 acqui rg. hi ive f.ora; :) < |l oy .in which N. .
and Cr arsglcgfﬁ%l ;ﬁgglggre ’e‘?lgfr:}g ﬁ@%ﬁ%@%ﬁﬁéﬁ%@ g]r e %@gfcnm&r?,énmert
f1ux densiat yuch exagpl £8, efiuh s Gohetikel@m Ehb@y g60 NI aR8af: @ Sarfled Gt h
conmponent include CoPt, CoCr, CoNt, CoNi Cr, CoCtfa, CoPtCr, CoN Pt,
CoNi Cr Pt ,Sueh aEngherediaineesef thegatribtimice cothePranianghuncsaofieaeH substance is
mul til ay néata[euqﬁtg[}ggﬁg%y@hc%s etic filnms are sandw ched and

i sol at ed by non- nagn Cl-100, CV and so forth, for
exanpl e) [0@54iraKkhesobssguentyehlictinguepmayy il dmpbed of e stptbut I BPbERrably

t hereof includ PtCri CM CoPter, CoCrPfCrMo. CoCrPtTa, and so
forth, AC@W&H&?ﬁQ ey §iepst uindhe mesicpRofimsRie e 8olishingisiep ssomrensd of twpeteps.
CO,  FeCb,ywiaN, I {: saghet | pql: or.ed
frolll a ferri ﬁuﬁg?@ﬁh@%@ﬁeﬁg@?rﬁ%ﬁg&dﬁwg{% em qge%ta%éfi“g%&&sﬁgd
such, ot hyass, whareby he caldoi gerdesalin hegolshir@rstea) rssulting irateg@ctibe ofkni ihdideRek ratio
Further,(?&h? rraﬂjg)gtic filmmy also be utilized in any of an inplane
type recOFBIAY FEERSY and a perpendicul ar type remding nethod,

[0055]  First, in the first polishing step, not only surface roughness is improved in such a way that

the surface roughness to be finally desired in the second polishing step can be efficiently obtained,
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[0058] A load applied to the glass substrate from a platen can be appropriately adjusted, but it is
preferably 900 — 1100 kg/m®. The load largely affects shape of the outer circumferential edge
portion. When the load is increased, the inner side of the outer circumferential edge portion tends to
go down, going up toward the outer side. Further, when the load is decreased, the outer
circumferential edge portion shows a tendency of increasing a surface roll-off, when the outer
circumferential edge portion becomes close to the plane.  The load can be determined while
observing this tendency.

[0059] Further, in order to improve surface roughness, the number of rotations of the platen can be
appropriately adjusted, but it is set to 25 — 50 rpm in view of productivity, and the number of
rotations of the upper platen is preferably set to be 30 — 40 % smaller than the number of rotations of
the lower platen.

[0060] Under the above-described conditions, a polishing amount is preferably set to 30 — 40 um.
In the case of a polishing amount less than 30 im, scratches and defects cannot be sufficiently
removed. In the case of a polishing amount exceeding 40 pum, polishing proceeds excessively,
whereby manufacturing efficiency is lowered.

[0061] The second polishing step is a step of further polishing the surface of a glass substrate
precisely after completing the first polishing step. The pad used in the second polishing step is a
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The resul i, al-e SReWRaddle 18 a LRLERAIALY Hydrogen ENAS Sl a8 herein to be
acidized to a pH of lower than 7 and preferably a pH of lower than 2, whereby coagulation of the
polishing agent can be avoided, and polishing can be conducted at a particle diameter of proper
polishing agent. Thus, the polishing can be more precisely conducted.
[0063] In apolishing step, a glass substrate is subjected to application of a load to be processed,
similarly to a lapping step. 'When the glass substrate is subjected to application of a load,
undulation of the substrate is to be forcibly relaxed to conduct a polishing step in the state where the
substrate is planarized. The undulation of the substrate is further reduced via the polishing step, but
the undulation which has been forcibly suppressed reverts back when removing the load from the
glass substrate, whereby the undulation becomes larger than before removing load.
[0064] Not more than 600 kg/m? as the applied load lower than a conventional applied load is
designed to be set in the second polishing step, and a range of 550 — 600 kg/m?is preferable in view
of productivity, though no lower limit value is specifically limited. When reducing the applied load
at less than 550 kg/m?, the applied load becomes insufficient to polish a glass substrate, and a longer
period of time is gradually consumed for polishing, resulting in no practical availability.
[0065] 'When a load of not more than 600 kg/m? is applied in the second polishing step, forcible
relaxation to undulation caused by applied load is reduced, and at this point, polishing is conducted in
the state closer to undulation of the glass substrate. ~ For this reason, after conducting a polishing
step, a revert-back amount of undulation after removal of applied load becomes small, whereby the
undulation and the fine undulation of the glass substrate can be diminished.
[0066] Further, not more than 10 rpm is designed to be set as the number of rotations of the platen.
When the number of rotations exceeds 10 rpm, vibrations occur in the rotating platen, whereby
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[0067] When aload applied to the glass substrate and the number of rotations are designed to be
set as described above, an arithmetic mean undulation Wa there of can be set to less than 0.6 nm, and
a fine undulation thereof having a root-mean-square height Rq can be set to less than 0.01 nm at a
measurement wavelength L of 80 — 120 pun in the radial direction.

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

[0069] Afier completing the second polishing step, a glass substrate is subjected to washing and
inspection to complete the glass substrate for an information recording medium.  An oblique
perspective view of magnetic disk D as a magnetic recording medium in which a magnetic film is
provided on a glass substrate which has been explained so far is shown in Fig. 2.  Magnetic disk D
is one in which magnetic film 2 is directly formed on each of the surface of circular glass substrate 1
for an information recording medium.  Examples of the forming method of magnetic film 2 include
amethod of forming the magnetic film by spin-coating a thermosetting resin in which magnetic
particles are dispersed on a substrate, a method of forming the magnetic film via sputtering, and a
method of forming the magnetic film via electroless plating. The layer obtained via spin-coating
has a thickness of roughly 0.3 — 1.2 um, the layer obtained via sputtering has a thickness of roughly
0.04 — 0.08 pm, and the layer obtained via electroless plating has a thickness of roughly 0.05 — 0.1
pm. The film formation carried out via sputtering and electroless plating is preferable in view of
thin film formation and high recording density.

[0070] Magnetic materials used for magnetic films are not specifically limited, and commonly
known ones are usable, but Co exhibiting high magnetocrystalline anisotropy is taken as a base to
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acquire high coercive force, and the Co system alloy in which Ni and Cr are added is preferable in
order to adjust residual magnetic flux density. Examples of the Co system alloy containin gCoasa
main component include CoPt, CoCr, CoNi, CoNiCr, CoCrTa, CoPtCr, CoNiPt, CoNiCrPt,
CoNiCrTa, CoCrPtTa, CoCrPtB, CoCrPtSiO and so forth. A multilayer structure in which
magnetic films are sandwiched and isolated by non-magnetic films (Cr, CrMo, Cr'V and so forth, for
example) to make noise reduction may also be utilized. Examples thereof include CoPtCr / CrMo /
CoPtCr, CoCrPtTa/ CrMo / CoCrPtTa, and so forth. A granular structure in which magnetic
particles made of Fe, Co, FeCo, CoNiPt or such are dispersed in a non-magnetic film formed from a
ferrite system, an iron-rare earth system, SiO,, BN or such, other than the above-described materials
may also be utilized. Further, the magnetic film may also be utilized in any of an in-plane type
recording method and a perpendicular type recording method.

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

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

[0073]  Examples of the protective layer to prevent wear and corrosion of magnetic films include a
Cr layer, a Cr alloy layer, a carbon layer, a carbon hydride layer a zirconia layer, a silica layer and so
forth. These protective layers, together with underlayers, magnetic films and so forth can be
continuously formed with an in-line type sputtering apparatus.  The protective layer may be a single
layer, or a multilayer structure in which identical layers or non-identical layers are laminated may be
allowed to be utilized. In addition, a different kind of a protective layer may be formed on the
above-described protective layer, or the above-described protective layer may be replaced by a
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different kind of a protective layer. For example, in place of the above-described protective layer, a
silicon dioxide (SiO,) layer may be formed by coating one, in which colloidal silica particles are
dispersed in what tetraalkoxy silane is diluted with an alcohol based solvent, on a Cr layer, and
further by baking it.

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

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

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

(Annealing step)

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

(Polishing step)

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

[0076] In the second polishing step, a suede pad manufactured by FILWEL Co., Ltd, was used,
and cerium oxide or colloidal silica was used as a polishing agent.

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

and lower platens (rpm), and applied Joad (kg/mz) are shown in Table 1.
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(Washing step)

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

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

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

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

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

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

A: Lessthan2nm

B: Notless than 2 nm and less than 3 nm

C: Notlessthan 3 nm
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[0081] Asis clear from Table 1, magnetic disks each having an arithmetic mean undulation Wa of

less than 0.6 nm, and a fine undulation having a root-mean-square height Rq of less than 0.01 nm in
the radial direction have a GA value of less than 3 nm, leading to excellent results.

EXPLANATION OF NUMERALS

[0082]

2 Magnetic film
5 Hole

7a  Front main surface
7b  Back main surface
10t  Outer circumferential edge face

11

Measured cross-sectional curve

12 Undulation curve

13 Fine undulation curve
20t Inner circumferential edge face
D Magnetic disk

1 Glass substrate for information recording medium (glass substrate)
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CLAIMS

)8 A glass substrate for an information recording medium,

wherein a surface of the glass substrate has an arithmetic mean undulation Wa of less than
0.6 nm, and a fine undulation having a root-mean-square height Rq of less than 0.01 nm ata
measurement wavelength of 80 — 120 um in a radial direction.

2. The glass substrate of Claim 1,
wherein the arithmetic mean undulation Wa is less than 0.55 nm, and the fine undulation
has a root-mean-square height Rq of less than 0.007 nm.

3. An information recording medium comprising a magnetic film provided on the glass
substrate of Claim 1 or 2.

4. A method of manufacturing a glass substrate for an information recording medium,
comprising the step of:

polishing at not more than 600 keg/m” as a load applied to the glass substrate from a platen
of a polishing machine and at not more than 10 rpm as the number of rotations of the platen,

wherein a surface of the glass substrate after the foregoing polishing step has an arithmetic
mean undulation Wa of less than 0.6 nm, and a fine undulation having a root-mean-square height Rq
of less than 0.01 nm at a measurement wavelength of 80 — 120 pm in a radial direction.

S The method of Claim 4,
wherein the arithmetic mean undulation Wa is less than 0.55 nm, and the fine undulation
has a root-mean-square height Rq of less than 0.007 nm.



