METHOD OF MANUFACTURI NG A GLASS SUBSTRATE FORA MAGNETI C DI SK AND
METHOD OF MANUFACTURI NG A MAGNETI C DI SK This application is
based upon and clains the benefit of priority from Japanese patent
application No. 2011-217894, filed on Septenber 30, 2011, the

di scl osure of which is incorporated herein in its entirety by
reference. Technical Field: This invention relates to a nethod
of manuf actMETHE R OH MPNGACSTURING AGLATRGURS ERATEK @R AAGNIET K3
a recording nediumfor a conputer or the Iike and to a nethod of
manuf act uri ng aDrhﬁlévﬁNDMEITHQD Ofr MM%%MR‘M@@CW%ET@IWSK gl ass
substrate for a magnetic disk”™ may also be referred to as-"a magnetic
di sk gl ass substrate.” Background Art: Follomﬁng devel opnent
of information t
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e cone oty ‘@‘ens?%T“,%'i’rO@%"’ﬁlegf%Qr'ﬁﬂ%%Z@fé@8&‘35‘%??%0% HDD,

recordi ng and reprodu0|ng operations are carried out by rotating, at
a high speed, the magnetic di sk conprising a disk-shaped substrate
and a magnetic IryRpichPFigRfl thereon and keeping a magnetic head
flying above the nagnetic disk. Fol | owi ng an increase in
access speed, thehis pivehtion réagedoef metrod@gnahifactliriply 4 §lasoeubstssd for
al so. Therefore, the magnetic disk is required to have a higher
strengt h o mdgeeticbskriatbe udad adherewrdingfrobtiom fog sacompuateeasthel like and
recording density, the magnetic head has shifted froma thin film
head to a toz meffmst of mahutaclusingeamhaguRtinglisk) dmthe pesenbspedification, "a
nagnetore5|st|ve head (GWR head) and a flylng hei ght of the magnetic
head fromd! ﬁ%ﬁ RefRfeate (forcﬁ‘ §agnglc giskn maalse desfeifslio s rﬁr{“agﬁ%ﬁ? diske
ci rcunst an if a surface of the magnetic di sk has an uneven shape,
various def %ﬁ @ﬂﬁﬂ as a head crash failure and a thermal asperity
failure nmay be caused to occur. The head crash failure is a failure
in which the magnetic head collides with the magnetic disk. The

t her mal asper|t¥3(ﬁ§dﬂﬁ @ a failure in which a read error occurs
due to heating caus y ‘adi abati c conpression of air or contact
between the mag rl%ll'o@vu@é@véﬁﬂnbﬁ?oﬂﬁﬁﬂﬁidﬂ%n%&lfnolééy Al RiforhatRAPPr ess

those failures caused at the magnetic head, It Is inportant to finish
a mai n suritgerligy tdoMdidurRg repaticdias Hhemﬁé{?rﬁllc&ébér@mﬁ techhRjuesissf ace.
Under the circunstances, at present ass substrate has been

i ncreasi ngbmarkahﬂymivanwgnelhla:nﬂgﬂbtlsdtsskttoaiewsedsmeﬁHDtﬁI(Haard Disk
conventional al um num substrate. As conpared with the al um num

substr at e [y witha likerwhichss knewh asmiteesfi magnetieregoedisg sdsia,rrapil
made of a glass as a hard material is excellent in flatness of a
substrate lm@meng hass eprftnelegttpwaidsa salier pigeda rgducreethipkagss, an
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cl oses) attac ereto ass s e I's sandwT e etween the
upper and the I qv&lbmﬁmg éﬁ@rﬂ:réb@é ﬁﬁacdéyélsls%eedp%l f@mtm dgedi ¢f the! urry)
cont ai ni ng abrasive grains suspended therein is supplied between the
pol i shi ng pagdaetindisk heirghessedsalbst r ahereféreetry magnstidaiskad equireaged
relative to the upper and the | ower surface plates. Thus, each of the
have a higher strength of the substrate. Furthermore, following an increase in

recording density, the magnetic head has shifted from a thin film head to a



In one aspect, the glass substrate is a brittle material. Therefore,
in a manufacturing process of a magnetic disk glass substrate, the

gl ass substrate is dipped into a heated, chem cal strengthening liquid
so that lithiumions and sodiumions irda surface | ayer of the gl ass
substrate are replaced or ion-exchanged by sodiumions and potassi um
ions in the chem cal strengthening solution, respectively. Thus, a
conpr essi yaaghetesssistiveciieads (MRMead) andtthen fuafggne nhayrestoekistice hgkbdss
substrate to strengthen the gl ass substrate (glass strengthening
step). (GMR Heaad) kedrafiyifigbeight abthprroagsatiodieadieomebe etagnedic slisk has
gl ass substrate, in addition to flattening by the grinding and the
pol i shi ng waicesikiesd to gbpet ango  dédndernibe caaumgtasiseeni asurfasewé theren a
little contam nation on the surface of the glass substrate so as to
keep the Jupgaelc diskire aj %@/@Lﬁ&apleavan@wegﬁfecistsucﬁr agdheadgsash in
order to keep the substrate suyrface finally clean, the glas
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In a manufactufring apparatus used 1 n the nmanutacturing process
magneti c diedd Shdffe muBhEi@tRk. a|rfbRihE8apSe8sthdRMRalre¥eaURRd 48 Bk
in a grinding apparatus and a polishing apparatus. In a chem cal
st r engt hemhagnétichead J0is impsitantioefifists b eedinBaitfate af tHeagaetic aidk ihtd
case where a step using an apparatus nmade of stainless steel is
carried owun extetraklycitaitsanfeoants (in particular, iron-based foreign
matters) derived fromstainless steel may be 4 generated fromthe
appar at us and adhwteidhe sircwastingss, atussentt 8. gl subsinate bas haen
indirect material used in each step, for exanple, abrasive grains
used in tH@C@aﬂﬁ@i%ﬁs%ﬁﬁlaaﬁ‘ﬁgr‘%ﬁbd'§'ﬁé%ﬁﬁ@ﬁﬁ‘ﬁ@a‘éﬁﬁé@ﬂ“é{@[‘“%
vari ous con 1 hations

t ai tal . 1 i ts. Al
af fect | ng ARDINESUBSERE: ; ASSOMPRTSE LA UM SHPRERtEJRRIS of @

Skt SR ML S I TS

degr adat i g0 cOf o (Rl R G ﬂgft\'\egg%‘@%ﬁ%{rﬁ | Sitach S1n&PatERERNAH Gndiiq)

reproduci ng characteristics, roducts an ecrease yi el o%y'the

products. THe ¥ia8WshbsirAR BPAYEIn iR hBgnEMWERES HanlthddiRetRfWRh t he
magneti c di sk glass substrate, such contam nations nust be renoved.

I'n parti curivding and ipd@shing proedssebef Gifding 1l gélishirg ithmalrmantides.
head fromthe magnetic disk is reduced follow ng the inprovenent in
r ecor di ng Tengiindingiandithe petislsiang pyotassescs ithke glash asibsitatet rmay bant s
derived fromthe material of each apparatus. However, the
met al contpafaraedsbwesing @dddutdensideapolisbiig aprarhtusriaving dipjansianyghsd
and, therefore, hardly renoved by an acidi c aqueous solution or an
al kal i aqUBBERaY®MNuti on general Iy used in a cleaning step. In order
to renove the netal contam nants, Jt.] ecessary to use ap acidic
sol uti on havi ng '%St‘F‘?ﬁﬁj'bﬁgdeg?\?’l&T%PO@f%if?é%a@ﬁ?@a{ #htubr the Riapetpry
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(Béh&hﬁ@ cﬂ)fseggéﬁgc hg?e;tP A gqggs %@%ﬁg%@? zss§éu|ﬂ%|ched between

di sadvant ageous I'ncreased. ore,”in er 1 nprove
snoot hnes n e ol ; t it is
dosi Tod T o e T o o RS Pl PR B3 Tt i

i s capabl epftaifgesira¥iobyyraRERspandEd ter6ipns %UFB!%H Betdem the PANSHiIRY
to the glass substrate and whi ch does not affect the glass substrate.

pads and the glass substrate, the glass substrate is moved relative to the upper

and the lower surface plates. Thus, each of the main surfaces of the glass



(Dynam ¢ Flying Height) technology, i.e., a DFH head. By this
technology, it is possible to bring a head device portion closer to a
medi um surface than before so as to redgce a magnetic spacing. On the
ot her hand, it has been found that, intase where the DFH head is
used, the main surface of the magnetic di sk nust be snoother than
before and nust be clean with | ess defects such as foreign matters.

I n the DFhsuUb=tichie ard finishgdirtto arftajsdritbe head device portion is
protruded to be close to the nedium surface w thout reducing a flying
hei ght of a headnneyaspechrthaglassesubstidichisdybrittle seatedal hd hepefbes; én af
the magnetic disk. Therefore, even a little disturbance of surface
unevennessmenuaskrEE Pracess pba anagneatigidisk glassgubstraiet therglaspadbdmie i
portion. i . For exanple, .in order to achieve the recording
density ofdigpeditea heated ﬁ@?mépai .Sgel‘ﬁ@ﬁnf?édfﬁ’é‘ﬂq 80 #hatdithipreons ahdnce
bet ween t he (ﬁr ot.r udi n% ortion aqd t he magnetic di sk nust

head devi c
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di sk by usdtfhdiheninggngs)i ¢ di sk gl ass substrate. In order to
sol ve the above-nenti oned problem and to achi eve the above-nenti oned
obj ect, a net hodnaife memufactlting peocessrdtied nagaetié digkagiass suisstrate an
according to this invention has any one of the follow ng structures.
(St ruct ur eaddition teefldttahing byniimeifacdingiang the pedsieing procedseg) issalso an
substrate, conprising: a polishing step of polishing a main surface
of a gl assmmmrfémtaf@,eraﬁa rameve&Yen lﬂﬁ@poa nynatien ag thesudaeesef the
substrate after the polishin sttgﬁ, wherein: 6 in the cl e(lani ngéstep,

the cl eani#lgss SUbRIFate SRS syEage Of Himalees SHDBEARETRAR | dhifi ng
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the oper att e et i S aB NNl e Satfiis BrindhGiaFls v,

t he cl eaning: E%lll_l)rla As a nethod (operation) of reducing the
cl eani ng |‘|&g'§‘|m, usge?r%eys'be made of a method of adding a reducing

agent such as ammRscehlkhe n?ég%(rﬁbtic(o%l( yakssabsttatd it RO Gu@hce flattened by

manuf acturing a magneti c di sk gl ass Substrate, conprising: a

pol i shi ng theepindingahd tHe pdishinpprocesséaeethid filth ghagsetiubgén) abeingand
thickness on the order of several nanometers is formed and then a

recording/reproducing track is formed.

Summary of the Invention:

In a manufacturing apparatus used in the manufacturing process of the
magnetic disk glass substrate, a stainless-steel member may be used in a
grinding apparatus and a polishing apparatus. In a chemical strengthening step
also, a stainless-steel material may be used. In case where a step using an
apparatus made of stainless steel is carried out, metal contaminants (in

particular, iron-based foreign matters) derived from stainless steel may be



a cleaning step of cleaning the glass substrate after the polishing
step, wherein: in the cleaning step, the cleaning is perfornmed under
an acidic condition using a cleaning |iguid containing oxal ate ions
and bivalent iron ions, the cleaning Ii%uid bei ng subjected to |ight
irradiation in parallel with the cleaning step or before the cleaning
step or after the cleaning step. (Structure 4) The net hod
accor di ng generhtadcfromehd appheates and bdherddoo the gadisaiubetratef.  tFigthermore,
cleaning liquid is an ultraviolet ray or a visible light. (Structure
5) Theamitdivedt aedenialiusgdtmeath stapyfar ekampier ahrasiveerains needoh ¢ie
ray or the visible Iight has a wavelength in a range between 300 nm
and 450 nngrindsng apparadusind thepolishing appanatusc may eentainmagiadt i ¢ di sk
gl ass substrate, conprising: a polishing step of polishing a main
surface ofcgmi@tsubstrate; and a cleaning step of cleaning the

gl ass substrate , after the polishing step, wherein: 7 [

_in the
cl eani ng step, WY @IRUsFIdarpatignsadestingtheglasssehstratedaipertisylar,

,uglngg a cl & érrﬁ e{tfoﬂléib(gl acc%nets?oinnci){' r%e%)f-%lagég ﬁiwg r;]a%rt%r!]éjs (t:)éuvsael Sr?éveinrnggs on
the surface after formation of the magnetic layer. This results in degradation of
electric characteristics, such as recording and reproducing characteristics, of
products and decrease in yield of the products. In view of the above, in the
manufacturing process of the magnetic disk glass substrate, such
contaminations must be removed. In particular, considering that the flying
height of the magnetic head from the magnetic disk is reduced following the
improvement in recording density, it is necessary to consider those contaminants
derived from the material of each apparatus.

However, the metal contaminants derived from stainless steel are hardly
corroded and, therefore, hardly removed by an acidic aqueous solution or an
alkali aqueous solution generally used in a cleaning step. In order to remove
the metal contaminants, it is necessary to use an acidic solution having strong
reactivity (for example, hydrofluoric acid).

On the other hand, in case where the acidic solution having strong
reactivity is used as a cleaning liquid, the surface of the glass substrate is also
affected and its surface roughness is disadvantageously increased. Therefore,
in order to further improve smoothness and cleanness of the surface of the glass
substrate, it is desired to perform a cleaning process using a cleaning liquid
which is capable of effectively removing metal contaminants firmly adhered to
the glass substrate and which does not affect the glass substrate.

In recent years, in order to further improve the recording density,

development has been made of an HDD having a head which incorporates DFH



in parallel with the cleaning step or before the cleaning step or
after the cleaning step, trivalent iron ions generated by oxidation
of the bivalent iron ions contained in the cleaning liquid are
reduced. (Structure 7) The net hod according to any one of
structures 1 to 6, wherein the polishing step is carried out by using
a polishing apparatus having a polishing surface plate containing

i ron, and {Oynaotie&hiimg Height) icksologgs.€.r @ DAvhbead.f oBeithye tewtroorgy, it is
(Structure 8) The net hod according to any one of structures 1 to
7, wher ei rpassiletehring g heagldevicaiporion aesardd asmadiuor ganfaes theindefore
havi ng a carboxyl group. (Structure 9) The net hod accordi ng
to struct fxas! w@p@iaqm@ﬁ@em ge@ied.acPn the other apexifihas beendowsd thay,
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cont ai ned Hdhd &\l the Hetid Bod) Sose RPtHeesLfdcerahe tie s Ko
amoniumiron (I1) sulfate, iron (I1) sulfate, and iron ') oxal ate

as a bi val'Bdrefdie coveriplittlel digtusberiieastatifaeBdinevenness & cohtggitrat i on
of ammoniumiron (lI1) sulfate in the cleaning liquid is not smaller

t han 0. 00(f8Beigm ividiteas chayoaffent éae bead Mawnic®.p@dfioh.mol / L when t he
bi val ent ion supplying substance is anmoniumiron (I1) sulfate.
or example, in order to achieve the recording density of 500GB or more
per a 2.5-inch magnetic disk, the distance between the protruding head device
portion and the magnetic disk must be reduced to preferably 1nm or less.

In view of the above-mentioned situation, this invention has been
proposed. Itis an object of this invention to provide a method of manufacturing
a magnetic disk glass substrate, which is capable of effectively removing metal
contaminants adhered to a surface of a glass substrate while suppressing an
increase in roughness of the surface of the glass substrate and to provide a
method of manufacturing a magnetic disk by using the magnetic disk glass
substrate.

In order to solve the above-mentioned problem and to achieve the
above-mentioned object, a method of manufacturing a magnetic disk glass
substrate according to this invention has any one of the following structures.

(Structure 1)

A method of manufacturing a magnetic disk glass substrate, comprising:

a polishing step of polishing a main surface of a glass substrate; and

a cleaning step of cleaning the glass substrate after the polishing step,

wherein:



(Structure 13) The net hod according to any one of structures
1 to 12, wherein the glass substrate after the cleaning step has a
surface roughness of 0.2 nmor |ess. A nmet hod of manufacturing
a magnetic disk according to this invention has the foll ow ng
structure. (Structure 14) A nmethod of manufacturing a magnetic disk,

conpri si ng: formng at |least a nagnetic |ayer on the main
surface of the radmetieantigsitep) theslsaisg isspafarbiaal maderan adidicropnbitibn
according to any one of structures 1 to 13. In the nmethod of

manuf act urisigg a cieayrieg liguidicsintajhingoxaigie iors andibivaledit irgntang, hi s
invention, in the cleaning step, cleaning is perfornmed under an
aci di ¢ condi ti orthasiafying steedn¢Hdinpiajupreretion af redvgingdaealeaniog §quaidd
bival ent iron ions. The _cleaning step includes an operation of
reduci ng the clégﬁpﬁ@"¢?§uid. Therefore, the cleaning liquid

deteriorated (oxidize air. oxidation is regenerated .
phot or educt i on. Xﬁk}ﬁjtg\,eﬂ%qc})%/csc%@ggﬁﬂs Uelirely y@??@%&f PBW@%”@@(‘%@UCW
cont am na Q. Sur : strate while
suppr essi ﬁ@ga@%}ﬁ’ﬁg‘é@@ I% ﬂ&l&gﬁgﬁ%@&%}@ﬁg%ﬁﬁg@ﬁpof t he gl ass
substrate. An o i f i [, ) i j as
a result of oxi ﬁ?mé{g?&t(%&gﬁéh Pgn%apglghq%ﬁgaggﬁtIga&{]@%g‘gl%ﬁ%? %@g

cl eani ng Irhgub @f BBHPRASHHIIRY #Hedidhdagent flchd &h é@@orﬁh%?a.ng step
or before or after the cleaning step. Thus, I1n this
invention, the qbgasiurg3)iquid deteriorated (oxidized) by air

oxi dation is regenerated by photoreduction. Therefore, it is possible
to provide 9 aAmietust of mamofacaaing a nagnetiagisi glassissikstgitassomprising:
substrate, which is capable of effectively renoving netal

cont ami nant s adleep@ishing stepwf Patishing saanginessfasenita glass shbsteate; and
suppressing an increase in roughness of the surface of the glass
substrate and t @ geaningstep peelraaingfthaginmsaubstiptatierthg malishingistdo. by
usi ng the naegrnet_i c disk glass substrate. Brief Description of the
Drawi ng: WheTeIN: mig 1 i's a schematic view showing a structure of a
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Substrat e] n order to r | nprove snoot

cl eanness garfingeeELdi efdicthedtiessing $ess bRhRsr thBRIdHrRsesfepl Nvent or s
conducted the study Then, the present inventors encountered a problem

t hat netal cont g8troetates4ffor exanple, iron-based foreign matters)
derived froma material of a manufacturing apparatus for a magnetic
di sk gl ass substitatethud dcoonding to stiuckice 3nwherdinlighisfed irradiation ofutbe
steps are adhered to the Lgl ass substrate and cannot sufficiently be
removed byEleaniag tinwdrs ag) WBaavialgt prioees yisible light.
(Structure 5)
The method according to structure 4, wherein the ultraviolet ray or the
visible light has a wavelength in a range between 300 nm and 450 nm.
(Structure 6)
A method of manufacturing a magnetic disk glass substrate, comprising:
a polishing step of polishing a main surface of a glass substrate; and
a cleaning step of cleaning the glass substrate after the polishing step,

wherein:



In particular, in case where a polishing step of polishing a nain
surface of the glass substrate is perforned by using a polishing
appar atus having a polishing surface plfate containing iron, it is

hi ghly possible that iron-based foreign' matters are present on the

gl ass substrate. Therefore, in a cleaning step, the iron-based
foreign matters nust be renoved. In view of the above, the present

i nvent ors have tihdh@clkganingastdp, the diedring & yerformticednddraut acidicetomdiionf
removing the nmetal contamninants derived fromstainless steel while
suppr essi nésiag ai tieaning §quid contdining axelajemersand bivatengirasdonsbst r at e.
As a result, it has been found that, by using a cleaning liquid

cont ai ni ng an oxAPREaligt withdhe clgapiesieriar hiefereribe clragnasiepdriatier e,

the netal contam nants (in particular, iron-based foreign matters
Lo BF 1 oct IeRRpOISE drEn: il foaS Hraarated P HAIOR A Jeh D ANt ons

surface of trge. gl as?qaesulbst.r atle. .J:er einafter, description wll be nade
of a speci?q aig grﬂ) BFAMRE "HHNIE 'GP UReuf act uri ng a magnetic di sk
gl ass SUbS”ate'(Structure7 The net hod of manufacturing a nagnetic disk

gl ass substrate ‘according to this enbodinent is characterized by

conprising a cl egp mgt}%oeé’?ﬁrdﬁhgé{é:ngg}ng}ﬁ @Ju%ﬁfr@g%te' %ﬁré'iﬂqﬁé

an
acidic condition using a cleani contalning oxalate 1ons and
bi val ent i ' i i ' I Solishi
Vet L on D e o B pRb R rhang plshing
step or befwufeeqlatefdamitaihing idreandng step, trivalent iron ions (Fes)
generated as a result of oxidation of the bivalent iron ions
cont ai ned i n t hdheckmmingstepglissbharsarorelasedifdreignehgtigsevent i ng
deterioration in cleaning ability or power of the cleaning |iquid.
The cl eani ng | i d&trdctwss 8pe obt ai ned by adding, to an oxalic acid
aqueous sol ution, a substance capabl e of supplying bivalent iron
ions. As the subdieanethadgrasrdingto anyeng ofstiiciuiesitoir: whereinghe use
may be nade of. one ar re of ammoniumiron(ll). sulfate, iron(ll)
o tate. " dierTing Mo uRaT et ARSI halingid PRV
sulfate is pref ?ﬁﬁg&grgéfause of high chem cal stability. The
cleaning liquid adjusted to be in a range not snmaller than

1.8 and not gre | rrpﬁgﬁigﬁ%c%rdiﬂgﬁgra ug%@g\fzvgé%lﬂ%o} AL 4ci@ganot

greater than 4. IS S e ro ness of "t he
gl ass SUb%arr@é@liﬁ%)éiooﬁé\ﬁh@aymg%cblﬁr\z\_?@@iﬁ(breéfer%@ Q'ﬁncﬂéﬁ%gﬁ/efghgof Ta@e
foreign matters on the glass substrate cannot effectively be renoved.
Adj ust nentoxalictbil. pH nmay be performed by 11 using an acid such as a
sulfuric acid or an al kali such as potassi um hydroxi de (KCH) or

sodi um hydr oxi dé€S{rd&iOr) 10) In the cleaning liquid, the
concentration of the oxalic acid is preferably in a range not snaller
t han 0. 015 nol / Thendethod apceading to hay obef shvictures [ ftothavherein the
concentration of the oxalic acid is snmaller than 0.015 nol/L, the

ef fect of JaRING Aguidihas arHwtsamaliesthan 18 andnetgreptanthan #.2. he
concentration eiéeecﬁ 0.@3 nol /L, the effect is no | onger changed. As
a matter of coutSBURtoncentration exceeding 0.24 ol /L is

al | owabl e. Herei th oncent.ration of the oxalic,gcid is a .value
i ncl udi ng di sso::TirP] t@ﬁﬁ’gfgaﬁcgtoé 'P%h% ?”h‘ﬁé‘ecogﬁéré‘ﬁﬁ}rﬁ? i1gﬂ 1§f W?"ﬁée'Bﬁal ic
acid can P | ed: ' Ihdui
' qui d cnroncetdiEek s R dai 9l SBERNG KBNS AIEH A 1o
conpri ses 68 Sf@hbEqgRGher tﬁgﬁ RFARHpm i ron(l1) sulfate added
thereto, the concent?ati on of ammoniumiron(ll) sulfate is preferably
in a range not sgmldtare thpn 0. 00038 nol /L and not greater than
0.0077mol/L. If the concentration of ammoniumiron(ll) sulfate is
smal | er than 0. qhe3Bethold/ dccotding tobal dnertdistiectures 1tthe10lWaskein the
substrate cannot effectively be renoved. |f the concentration exceeds
bivalent iron ions contained in the cleaning liquid are supplied from at least one

of ammonium iron (1) sulfate, iron (ll) sulfate, and iron (ll) oxalate as a bivalent



12 stably obtain a high cleaning effect over a |long period of tine
and to reduce the frequency of exchange of the cleaning |iquid.

When t he photoreduction is carried out,othe organic acid is
deconposed. Then, the oxalic acid is dectreased so that degradation in
cl eaning effect or variation in pH may be caused to occur. In view of
the above, at |east one carboxylic acid (organic acid having a

car boxyl ¢po@ypplydigsuhsianoeomnd group including a malic acid, a
tartaric acid, a gluconic acid, and a citric acid, is preferably.
added as an auxia $ISENEiaganof aguneniv ifeie (ID1sedfataniy the glaamingljauwd imnot
organi c acid,

it is_possible to suppress a, decr of the oxali.c
acid due tSTBHESBRRARIAGMONL and ot ageateratgn,d §04F ol gviarcthedaivelet

oxal i aci oheLPpb LA hsTals & Anenl o @ S8 fossi bl to

effectively supqgﬁaguﬁgqg osition of the oxalic acid. Among others;
a malic acid, a'tartaric acid, a gluconic acid, and a citric acid are

pr ef erabl e beca W%(gﬁ by I i | L g {hSor i
smal | when suchuggil H(?Iiélts a eorléjIﬁgtt?%g?cﬁgﬁi%ggcpﬁgﬁﬁc}bsl2’ Wh%?élﬁfihé(t hi s
case, the gaspkepsthfte Hittr HOABAKINGGEh ARE aldIffalkir¥@gRtss] SFOL hANSY
absorbs the ultraviolet ray to generate bivalent iron ions and carbon
di oxi de adge§®l | ows. Fe3 + [carboxylic acid] -> (+hv) -> Fe2+ + CO2 As
the oxalic acid has small nolecules, CO2 is directly generat ed.
2[ Fe3+( C204) 2] 3-A retliochof) maru2ickevy L£Latatnelic diskGXbo2ding G@othis invention By
an increase of such organic acid, a pH buffering effect is obtained
al so. Everhastherfelleviggrmstreictised i s deconposed due to phot oreducti on,
the pH can be stabilized. Irradiation |ight for photoreduction
preferably has dStHGrendt h bet ween 300nm and 450nm The wavel engt h
shorter than 300nm i sgo} gre erabl e because not only the conpl ex but
tpd,er magy

a: S0 theI or gani ¢ & s Wing @ S1aghedic ds '|§B§\5’ '5%‘9'6 hed )
wavel engt h 1 ongdp e AR A A Tashetc et en i B Sulke GHEE magrEiics
hardly fabScﬂélpg%sg%ubg‘ﬁat‘é%méiﬁégmﬁ)&ghg}ﬁgtﬁw‘%ﬁéﬂdﬁb %aécrﬁ)e%nnéﬁﬁg&ﬁfctures 1

Fig. 1 is a sthemtic view S uctur
appar at us gyl eaning bath) used in the nethod of manufacturing a
magneti c di sk gl ass substrate according to this invention.

U traviol et irraditgd h@tho® of miahufiti@ilig amddidtieisk flassBapétrate Fi g.
1, a cleaning liquid 7 passes through a quartz pass-through portion 1

wher e t he adceadingdo thisinvenfion sinithe atdamiredstept bleahingdy pelfetmeayinder an
emtted froman ultraviolet |lanp 2 outside the quartz pass-through
portion 1.agpecohiditiahlusing a cleaming kguid egntainipg oxalate logaranadgpivalgot dory
stored in a tank 3 is supplied by a punmp 4 through the quartz
pass- t hr oughs-pofb¢ ék@amwtgostapem@xa%@%gn paeraton offedeciag the pleasingHiasityh

: Fretakfﬁgllf%r}‘é@ré,e%sa%%ai@n:i S@E%t?@é%?q&éﬁﬁz%‘@?ﬁéﬁﬁ?‘ﬁ%% 5 h
| . 1 . fauid 7S i .. .
Gt avi ol dEOP RS s Py Blolaieaiie: ui sy 167 Bodsbi s SRHN AR rth La R
bath 5, . . . . : .
Taui d 7 SR ad o35 T SHactbink AP AR e b SLERRSERg 2
overfl ows iﬁﬁ%fébéf?ﬁ—‘ r&dg%ﬁ:‘s%f B Burba ﬂh%@é%s&ﬁ%é&r%‘t@h An "o@%Pe){ nYof
Thus, I 19 qui d st

pipe 6 to the tank 3. _ the cleaning | / circul at rough
the tank JFegldinghevabeairdmBnlajdhepateBHs é‘geédﬂ%f?dxfd"a‘#ibﬂtdf% b{vﬁ%nt iron

cleaning liquid 7 is irradiated with the ultraviolet ray at e
quartz passns Bostafrtediarthe @feahing liquid may be carried out in parallel with the
cleaning step or before or after the cleaning step.
Thus, in this invention, the cleaning liquid deteriorated (oxidized) by air

oxidation is regenerated by photoreduction. Therefore, it is possible to provide



As a tenperature of the cleaning liquid is higher, a dissolving
effect is increased. However, the tenperature is too high, there
arises a problem of increase in surface, roughness of the gl ass
substrate and anot her problemthat the Lubstrate is dried duri ng
transfer. Therefore, the tenperature of the cleaning liquid is
preferably within a range fromthe roomtenperature to 60C.

I n the cl eanistigod bfiathufdstwddgeamagraticidisicglabe 2udstedte, whizhgsdapaible of
trivalent iron ions (Fe3) so that the bivalent iron ions are reduced
whi | e t he effactiselyrenmavory métaliconmnainenisredtheasdth a Shiface sf awiladsy
attributed to air oxidation. Due to dissolution of iron-based foreign
mat t ers (Fa®sfratgwhite sopeeessing an iggregsetingoughrass(afdire-swmédeg ofdhetdiass
bivalent iron ions and trivalent iron ions is slightly changed but

thi s changdibsafegnd & pravidesaegthpd of manufactaiing ginegraticatisk Rk using
iron-based foreign matters, c | ex ions of the bivalent iron ions
donati ng 3@6?%{?%[}'03% H[?SFrSHEg%%&eed foreign matters are changed into
the trivalent iron ions. Simultaneously, however, the iron-based
foreign matters are dissolved as the bivalent iron ions. Therefore,

t he amount of the. hi . i dn the cleaning liquid is not
changed. The tr%ﬁen%cﬁﬁg%ﬁ ?Dgﬂ\se @%'h@ cleaning liquid are increased
correspondi ng t g : - Lihe, d = QLel :

ovever . the amput T 510 PRCT fu YER SHoing BN e ALIHiAE BPparatus (a
does not cA&drihg bath)lield o MefiRRSEF hntfetdring\whRghetic ARk ghass _

[ & her Enbodi nent s] In the nmethod of manufacturing a magnetic
di sk gl asssubstrate ateordingaodhisdniention. s i nvention, ultraviolet ray
irradiation to the cleaning liquid may be carried out in the
following manner. In the cleaning bath or in the tank, an ultraviol et
| anp is disposed in the cleaning liquid. By the ultraviolet |anp, the
cl eani ng | i qui d Ressuption éthe ExemplargEm edtsirradi ated with
ultraviol et ray. . In the cleaning bath, air and chen cal

sol ution (cl eaniNRYvI9essiigtionwd! bemads eienbodimantsphibis inveriicupper

pad of the cleaning bath (surfac f . the cl eani | i qui #5 d at a
part where the Eﬁigﬁ‘ﬁdﬁaem ‘?ﬂﬂﬁ%éﬁfm agiugRg agpg%ﬂ acglé’tsﬁ and
flows int recovery pipe. By nitrogen (N2) purging at these
parts, ox?‘%‘%&ﬁ@r@gf the cleaning liquid can be prevented. Al so by

bl owi ng an N2 938 JrddQodith&f imﬂ}%@s%%gqé;)s%pe{rﬁi Qgéﬁrj\&'s fté)mléﬁh?ti(t: he

reduction by ultraviolet irradiation an revent oxi dation~o

cl eani ng |di§9%@\s_3 [sMBstraf B plesEhembRtls bEMEuEEs &hd BIUAQN Yhéh, the
made of a mechani sm of renoving the iron-based foreign mtters

adher ed t presentgheestordsddumteredya pribkemithat rabedsbn@midantsi(fpwiestample,
cont ai ning an oxalic acid aqueous solution and bivalent iron ions
added t herietrebased foreignAnattens} teredde fromng niade i) e tal man $@ctuting
description will be nmade of the case where an oxalic acid w thout

bi val ent iapparaivadona dwmpnetierdisloglass subsirate anddraneanindigedtirgatedal used
General ly, iron-based forejgn matters adhered to the glass substrate
i ncl udes’ ilPYANBYUS gtersa/eRghaRed i e glass AubgiEate andir@nnpbsufficienty be
havi ng an oxi dat,ion nu Therefore, consideration wll be nade

3.
of renoval CBIOVEASY, %H%ﬁ%f@{&emw REPSEdat i on nunbers 2 and 3.

[ Equation Set 1]ln particular, in case where a polishing step of polishing a main surface
of the glass substrate is performed by using a polishing apparatus having a
polishing surface plate containing iron, it is highly possible that iron-based
foreign matters are present on the glass substrate. Therefore, in a cleaning
step, the iron-based foreign matters must be removed.

In view of the above, the present inventors have thoroughly and



Cl eaning Liquid H2C204 4> C2042- + 2H+ (1) Iron (Il) Oxide FI9-0 +

H+ spu-Ati. (2) N-01-1*+ C2042- <4. [Fe-C204]- + H20 (3)

Fe 201 e P00 ) 4 [R(C003 1y, (B Lion(111) Ol et

di ssolution [Fe-C204 |--4[31"-C204 ]+ roduction 4 [ FR3(C204)3 ]3- °
intensely studied about a method of removing the metal contaminants derived
from stainless steel while suppressing an increase in surface roughness of the
glass substrate. As a result, it has been found that,'by using a cleaning liquid
containing an oxalic acid and bivalent iron ions (Fe**) added thereto, the metal
contaminants (in particular, iron-based foreign matters) can effectively be
removed while suppressing an influence on the surface of the glass substrate.
Hereinafter, description will be made of a specific example of the method of
manufacturing a magnetic disk glass substrate.

The method of manufacturing a magnetic disk glass substrate according
to this embodiment is characterized by comprising a cleaning step of cleaning
the glass substrate under an acidic condition using a cleaning liquid containing
oxalate ions and bivalent iron ions. Furthermore, the method according to this
invention is characterized in that, in parallel with the cleaning step or before or
after the cleaning step, trivalent iron ions (Fe**) generated as a result of
oxidation of the bivalent iron ions contained in the cleaning liquid are reduced
thereby preventing deterioration in cleaning ability or power of the cleaning
liquid.

The cleaning liquid may be obtained by adding, to an oxalic acid
aqueous solution, a substance capable of supplying bivalent iron ions. As the
substance capable of supplying bivalent iron ions, use may be made of one or
more of ammonium iron(ll) sulfate, iron(ll) sulfate, and iron(ll) oxalate. Among
others, ammonium iron(ll) sulfate is preferable because of high chemical
stability.

The cleaning liquid has a pH adjusted to be in a range not smaller than
1.8 and not greater than 4.2, preferably not smaller than 2 and not greater than 4.
If the pH is smaller than 1.8, the roughness of the glass substrate may possibly

be increased. If the pH exceeds 4.2, the foreign matters on the glass substrate

cannot effectively be removed. Adjustment of the pH may be performed by



-(7) E(N-C204 ]1- <=> ] isl-C204 (8) [ Fe- C204] [ Fe2+- C204]
(s)-dissolution (") [L921C204)3 ]4- (4) When the oxalic
acid is used as the cleaning liquid, Hg reaction of iron (Il) oxide
(oxi dation nunber 2) is as shown by Equations (2) to (4) in Equation
Set 1. The reactions (3) and (4) relatively quickly proceed even in
t he oxalic acid aqueous solution. Therefore, iron oxide foreign
mat t er s hasimg anteecid $6choas dagulfaric meithberar alkah sheh mepotasdiloy hydroxidd he
oxal i ¢ acid aqueous sol ution. Wien the oxalic acid is used as
the cl eani(f@H) qusetiumhydrexide (¥aOHT). i ron oxi de having the oxidation
nunber 3 is as shown by Equations (5) to (8) and (4) .in Equation Set
1. Herein, the rledee ptﬂa@lr(g?bq%dh@@pnge@tr@ﬂwﬁthetqa@ll@aa!mI& peafeably in
agueous solution. In order to increase the reaction s
hi gh- t enped éanﬂeen%trﬁdnwfegﬂh@n ad1® raotf'eﬁafimoe&egeaé@reth.a@dﬁ% gpl/L. Ifthe
Therefore, the face,roughness is in ably Jincr as Th wth
the oxalic® %ea?faﬁ%&ﬁﬁ*%@%? g isjgmal rd{"@q& P m P@ @ﬁﬁﬁ@ tjﬂ i ron
oxi de for erlegrpoJIWé fr&h %xl&%\/pﬁé}ﬁclgg% l%)élnq% en?.n ﬁ%@%ncéntra’uon exceeds 0.24
mol/L, the effect is no longer changed. As a matter of course, the concentration
exceeding 0.24 mol/L is allowable. Herein, the concentration of the oxalic acid
is a value including dissociated oxalate ions. The concentration of the oxalic
acid can be confirmed by analyzing a sampled cleaning liquid by liquid
chromatography.

In case where the cleaning liquid comprises the oxalic acid and
ammonium iron(ll) sulfate added thereto, the concentration of ammonium iron(ll)
sulfate is preferably in a range not smaller than 0.00038 mol/L and not greater
than 0.0077mol/L. If the concentration of ammonium iron(ll) sulfate is smaller
than 0.00038 mol/L, the foreign matters on the glass substrate cannot effectively
be removed. [f the concentration exceeds 0.0077 mol/L, no further improved
effect is obtained. As a matter of course, the concentration exceeding 0.0077
mol/L is allowable. The concentration of iron ions can be confirmed by
analyzing a sampled cleaning liquid by ICP (Inductively Coupled Plasma)
analysis.

The bivalent iron ions contained in the cleaning liquid are changed into
trivalent iron ions mainly by oxidation due to air. The trivalent iron ions form a
complex with an organic acid in the cleaning liquid. When the complex is
irradiated with ultraviolet ray, the complex absorbs the ray to cause
photoreduction. As a consequence, the trivalent iron ions are changed into
bivalent iron ions. By the photoreduction, the cleaning liquid deteriorated by air

oxidation is regenerated. By regenerating the cleaning liquid, it is possible to



Generally, nost of the iron oxide foreign matters exist in the form
of the iron oxide having the oxidation nunber 3. Therefore, cleaning
Is insufficient by the use of the oxal ¢ acid aqueous sol ution al one.
Next referring to Equation Set 2, desc??pt ion will be made of the
case where the oxalic acid with bivalent iron ions added thereto is
used as the cleaning liquid. [Equation Set 2] 17 Ceaning Liquid
H2C204 <4 @l dbtain 2Wigh cleBningeéfiest oveFalongperi¢d-BRHmMEZ0W th re@9ge theon
(Il't) Oxide + Wre- OW (5) Fe-At+ C2042- <=> [Fe-C20(6) (still4]-
adsor pt i orfrequehpy cfexghar|geecidhe sieasiing Bpod] - [ Fe2+- C204]

When the bhotoreduction is carried out, the organic acid is decomposed.
Then, the oxalic acid is decreased so that degradation in cleaning effect or
variation in pH may be caused to occur. In view of the above, at least one
carboxylic acid (organic acid having a carboxyl group) selected from a group
including a malic acid, a tartaric acid, a gluconic acid, and a citric acid, is
preferably added as an auxiliary organic acid to the cleaning liquid. By such
organic acid, it is possible to suppress a decrease of the oxalic acid due to
photoreduction.

As the auxiliary organic acid, a carboxylic acid having a molecular
weight greater than that of the oxalic acid is preferable. In this case, it is
possible to effectively suppress decomposition of the oxalic acid. Among
others, a malic acid, a tartaric acid, a gluconic acid, and a citric acid are
preferable because pH change in the cleaning liquid is relatively small when
such acid is added to the cleaning liquid.

In this case, the complex of the organic acid and the trivalent iron ions
absorbs the ultraviolet ray to generate bivalent iron ions and carbon dioxide as
follows.

Fe® + [carboxylic acid] -> (+hv) -> Fe?* + CO,

As the oxalic acid has small molecules, CO; is directly generated.

2[Fe®(C204)3]* -> (+hv) -> 2[Fe?*(C,04)s] + 3C,04% + 2CO;

By an increase of such organic acid, a pH buffering effect is obtained
also. Even if the organic acid is decomposed due to photoreduction, the pH
can be stabilized.

frradiation light for photoreduction preferably has a wavelength between

300nm and 450nm. The wavelength shorter than 300nm is not preferable

because not only the complex but also the organic acid as a single substance



(10) [Fs-C2041- [ Fe2+- C2041%[ N- C204] - [Fe3+-C204 |+ '  (11)
(tg-C2041- [ Fe3+- C204 ; scgi on[ fsg- C204+ [cF3+-C204 ]+ ' (12)
[ Feu- C204] - di =tio[ tr- C204] [ L921(C204) 3], 4--  (4)

absorbs the ultraviolet ray so that decomposition is intensely performed. The
wavelength longer than 450nm is not preferable because the light is hardly
absorbed by the complex and photoreduction hardly occurs.

Fig. 1 is a schematic view showing a structure of a cleaning apparatus (a
cleaning bath) used in the method of manufacturing a magnetic disk glass
substrate according to this invention.

Ultraviolet irradiation is carried out as follows. As shown in Fig. 1, a
cleaning liquid 7 passes through a quartz pass-through portion 1 where the
cleaning liquid 7 is irradiated with ultraviolet ray emitted from an ultraviolet lamp
2 outside the quartz pass-through portion 1.  Specifically, in the cleaning step,
the cleaning liquid 7 stored in a tank 3 is supplied by a pump 4 through the
quartz pass-through portion 1 to a cleaning bath 6. The quartz pass-through
portion 1 comprises a transparent narrow tube which allows the cleaning liquid 7
to pass through its inside. In the quartz pass-through portion 1, the cleaning
liquid 7 is irradiated with the ultraviolet ray emitted from the ultraviolet lamp 2.

In the cleaning bath 5, a magnetic disk glass substrate is dipped in the cleaning
liquid 7 to be cleaned. The cleaning liquid 7 in the cleaning bath 5 overflows
from the cleaning bath 5 and returns through a recovery pipe 6 to the tank 3.
Thus, the cleaning liquid 7 circulates through the tank 3 and the cleaning bath 5.
During the circulation, the cleaning liquid 7 is irradiated with the ultraviolet ray at
the quartz pass-through portion 1.

As a temperature of the cleaning liquid is higher, a dissolving effect is
increased. However, the temperature is too high, there arises a problem of
increase in surface roughness of the glass substrate and another problem that
the substrate is dried during transfer. Therefore, the temperature of the
cleaning liquid is preferably within a range from the room temperature to 60°C.

In the cleaning liquid, bivalent iron ions (Fe?*) are changed into trivalent

iron ions (Fe3+) so that the bivalent iron ions are reduced while the trivalent iron



When bivalent iron ions are added to the oxalic acid, a conplex is
formed. Then, the bivalent iron ion conplex is effectively adsorbed
to the surface of the iron oxide forei gig matters having the oxidation
nunber 3 to cause a reduction reaction'dnd a dissolution reaction of
the iron (I111) oxide can effectively proceed ((10) to (12), (4) in
Equation Set 2). The reactions (10) to (12) in Equation Set 2 are
caused by isnpplyingeddeal. biTHd Bhainioattiiluisd to airfoxidatiehi ¢ Daeitd aqueous
solution. In detail, solid Fe(ll) in Equation (12) disappears by the
reaction (diysolitien of wor-based fordign mattews {Fedl) bytthe ciearning byuidnthe ratio
rightward re gtigns are pronoted in the three chem cal equations (10)
to (12). Afedrbengloythesiivalentison jans and wivsteat irbndonoisralightly dihargsid et
to di sappear. Thus,. by s_u,pPI ying the bivalent iron ions to the oxalic
aci d aquedtis dngs ismedligivleyi sascificaly in disspludignsi thesonhased tergign

brocead. | THAGS g oLSIAL onST THebUP BRHTAG o Amesnarle gians © tei d
agueous s_oll ur;t_i)ogl ]18 obt ai eerd bré c?]ddi n@.tth? b'm\glal er%tr in_rion ions to the
?xal ic aci't)"PY ?’% VB BPESP S B 8eere dly he _\%er} e 'PB%- oxi de

or ei gn ; 4o : i 0

O 1 90 RNl e 20 5o 8 e B e
the pH of dipachi PaRIE, | MiIgtols he ShRARLY HRAYSLAFIGR ichdiRTGE NOt

smal l er than 1. t greater than preferably not smalTler
than 2 and:lagiingigaldeis rio'ﬂ@ﬁai‘?%e_d.f ThetrRBldn® irbAYSHs A8 cledhind Iuid are
anount of the conplex of the bivalent iron ions and the oxalate ions
i s reducednsmeasbdicotiiespbndifyenthe anooatof theneh-Phdsddreigs seattdrson
reaction conprising (10) to (12) and (4) is reduced. If the pHis

gr eat er t hdowdve, thehamabob ef threntdnelpasbd feasign omsite®)s amdll @GY does not

i nhi bited. . After the cleaning step, a second cleaning step
usi ng an atacdlibutadoder ircseass efdhetdvalert iceirioned out. Since the
above-nentioned cl eaning step is acidic cleaning, a heterogeneous

| ayer (nodified [CRYEMRAYIMENEL oduced on the surface of the gl ass
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het or ogenasury ey 1R Rlst b, AR T kAR o uE LA B it
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insing, 1orgd obt FTLIOA] nlity | RRESEATRy bR Ao an,

ions on t hﬂtréﬁbfe@%ﬂn?ﬁs HRPoSEQHPthRUDSAriAg Qquific C BythBAlitYaviblkt laPnp, the

possible to conpletely prevent corrosion due to an acid left on the

surface ofclédsinglligar sobatitiaé alteficét lahpaniimgdiatad witie ukesioiet elyeani ng
step, ultrasonic treatnment nmay be applied. [Steps of Method of

Manuf act uri ng a IMilge etganing bathGChnasnd Shesticatse]ution (cleanindeliqiidiedreer ,
description wll be nmade of each step of the manufacturing process of
t he magneté¢antagted te @psh obher at Bmeuppad pariydf theslestndgsbathy(sapacaptf thet el y
be changed. (1) Material Processing Step and First Lapping Step At
first, in dearipadlindid) gndadssparywhetptheClpaning ligHigdsay W%gfoﬂtﬂf@. The
19 plate gl ass be nuf actured, for exanple, by a wn oo

manuf act ur§ g REERGyan UBWSdEtOé‘E‘Sr%E%Y% PR&: h(ﬁ’, n'?[y %?BZ@MF&&S@, aty

ol ten ol Aceoabere el 0P E<inging Bhuf e Rstfeh e ASLRY pfpving

h I : .
n o i s Ngenan@ Zforlhess part, €8 TRSHIET) HoTelhotr BY Gk
are | appeqpigidiBhing H‘%Cﬂré%nttcﬁ@détd?‘]tmﬁé,c?é?ﬁ(i)ﬁé‘ﬁ‘%ﬁi@j ckness of the

gl ass substrate. The | apping nmay be carrie y a doubl e-si de

| appi ng appar at ymdeashizen 8f Cledi@igdry gear mechani sm using
al um na-based free abrasive grains. Specifically, |apping surface

Now, description will be made of a mechanism of removing the

iron-based foreign matters adhered to the glass substrate by using the cleaning



In a coring step, an inner bore is forned at the center of the glass
substrate, for exanple, by using a cylindrical dianmond drill, to
obtain a ring-shaped gl ass substrate. Ig a chanfering step, inner and
outer peripheral end faces of the glasg substrate are ground by a

di anond grindstone and subjected to predeterm ned chanfering.

(3) Second Lapping Step In a second | appi ng step, the both

mai n sur f aepsd obntaireng baswadicbsidragquecobtsaiutiod sl bigalenbinenl icisoadsear e
subj ected to second lapping in the manner simlar to the first

| appi ng stiépretBy the second | apping step, it is possible to 20
prelimnarily reppve fine unevenness forned on the main surfaces, for
exanpl e, in the Afipl refereingfo &sluation Sebdi Aesatpdipn withbpenade of the case

Fini shed | NNSPRAb P 7O "WUpUERRS Rt EoRnTSpdRE Greso s Ussd asithe an
d f |i.shin h he i i pher.al f
of 't ho. o1 ge R aRMEE CRaeriet Y o R ahisior JeRles? UGB o s
Tt ot SRR | R, RN ¥8ag RS ol Blia SRR GbeP oS ifoh LEES
gralns) containing cerium gxi de abrasive gai ns nay used.

By the e”%éxﬁﬁ@aﬁ%xﬁcﬁd%ﬁoﬂﬁ&ﬁt?&&t hentBbrE idrafiEwill S fhaidbsit rat e

are put into a mrror-surface condition capable of preventing
occur r enceefiovdeBpfie ik&ﬂo%fﬂe§ﬂdvmg1cﬁ<ﬁ&atiéﬂtrﬂﬁﬁbé@@§ﬁh gf suppressing
generation of particles causing thermal asperity or the |ike and
adhesi on of the [Baukiieh 8gttip the end faces. (5) Main Surface
Pol i shing Step (First Polishing Step) As a main surface
polishing step, a first polishing step is at first carried out. The
first polishing st ¥ a]ms to renove cracks or strains left on
the both main surf Qﬁ%imd:ilng above- nentioned | apping step. In the
first polishing step, th&:GofhCHal r Blirfacéd are polished by a
doubl e- si de polishing apparatus having a planetary gear nechani sm
using a hard resin_polisher As a polishing agent, cerium oxide
abrasi ve grains maylrbe(M)s®dde The gl ass substrate after the first
polishing step is cleaned by a neutral detergent, pure water, |PA,
and the like. (6) Cheni!f&a@*éfﬁﬁ%pﬁ'éni'hdz& ep In a chemni cal
strengthening step, th SS psirat 1 t he  J.appi ng step and
Se s Ry R G A

the polishing step is C y st ned.” As chem cal
strengthening liquid (el salt )edisedy i e gal ustr.epgt heni ng,
for exanple, use may bg%rﬂrggg‘]ﬁolu@n{%l ?&i‘]?afgg ngég)a]m' xt upj'g (m xed
solution) of potassiumnitrate (60% and sodiumnitrate (40%. In the
chem cal strengtheping,—the—chem cal strengthening liquid is heated
to 300C 400C. The glreisdlsY¥de fate 21 after cleaning is preheated to
200C- 300 C and di pped in the chem cal strengthening liquid for 3 to 4
hours. Preferably, the [r@pHhg f&Oberor®kd in a state where a
plurality of glass substrates are placed in a holder so as to be held
at their end faces in dgdei* Gf” tRdEG6iT Imai v (8lur f aces of the gl ass
substrates are chemically str®agihhened entirely.

[(E)%'CZOA‘ - [E$3+'C204 "= [F$3+ G0 =++(7)

(a

reduction

[Fe-C,0,) & [Fe-C,0,) +++(8)
[!(:SQI;CZO,; ]t;is;;;:ionlgsh‘czoa,] - [E$2+(C204)3 ¥ -ee(a)
When the oxalic acid is used as the cleaning liquid, the reaction of iron
(I1) oxide (oxidation number 2) is as shown by Equations (2) to (4) in Equation
Set 1. The reactions (3) and (4) relatively quickly proceed even in the oxalic

acid aqueous solution. Therefore, iron oxide foreign matters having the



By di pping the glass substrate in the chem cal strengthening liquid
as described above, lithiumions and sodiumions in a surface |ayer
of the glass substrate are replaced by éodiunlions and potassiumions
contained in the chem cal strengtheniné liquid and having rel atively
| arge ion radii, respectively. Thus, the glass substrate is
strengthened. The chem cally strengthened gl ass substrate is cl eaned
wi t h sul f upiidataei nuraher 2 lsan bel rearmedvidyt bsinalthe oxalieracid agheolis &aluti¢ry.)
Mai n Surface Polishing Step (Final Polishing Step) Next, as a
final polishing\&hep, theaog@lts:oamd ifousechas theselepning ligwid, dhererpctivhef iron
second polishing stt§$alns to finish the both main surfaces into a
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subjected to a eani ng step e cleanin

particles réﬁh%qﬁeﬁ:@ntda@déwé@ﬁqaa@érstmmgj ﬁq%soﬁ&khﬁirfﬁjrﬁbémer the
chem cal strengthening step. t he cl eaning step, a cleaning
step i s pabéosmty mbstadf theﬁoamxtdlﬁfoaélgnmnaﬁerﬁ@&tsam thegfothefagha@ien
substrate with a cleaning liquid containing an oxalic acid and

bi val ent ioxige haviag dinel okighatiog namiteriot Tdwendfoes, ddamming isSinanfficieat by &
greater than 4.2, preferably not smaller than 2 and not greater than
4 (an opt |uﬁ@r@f¢hﬁ@e<ab&ﬁcls|aqu¢@ua soditigasalong.ssol ution effect is pH3).
SpeC|f|caIIy as a cleanin qui d, a substance su pIy| bi val ent
iron ions is addéxtreferiing %ﬂ‘l‘%’“%§§t 2,gyscErtigpnd!l b? ﬁ@‘éﬂfsthﬁﬁéée may

ovaaror MeRe et BBl bivelEPL rbh s Bade FiecSlp 1 bSRd S he

car boxyl h as a nallc acid, a tartaric acid, a gluconic
aci d, andq{yEQ %9“§H§0|d |s preferably added to the cleanlng liquid
as an aUX|I|ary e ggﬁq¢: For exanple, in case where
anmmoni um i ron (II? su ate and the malic acid are added to the oxalic
acid to obtain the cleaning liquid, it is preferable that the
concentration of the oxalic acid is adjusted to a range not smaller
than 0.015 nol/L and not greater than 0.24 nol/L (typically, 0.022
nol /L) and the concentration of ammoniumiron (lI1) sulfate is
adjusted to a range not snmaller than 0.00038 nol/L and not greater
than 0.0077 mol/L so that the concentration of the bivalent iron ions
is typically 0.00078 nol/L. Preferably, the concentration of the
malic acid is in a range not smaller than 0.007 nol/L and not greater
than 0.4 nol/L, typically 0.040 nol /L. In parallel with the
cl eaning step or before or after the cleaning step, trivalent iron
ions (Fe3+) generated by oxidation of the bivalent iron ions
contained in the cleaning liquid are reduced by ultraviol et
irradiation. Typically, the wavelength of the ultraviolet ray is
365nm By the above-nentioned cl eani ng operation, the
iron-based foreign matters which are derived fromthe materi al
(stainless steel or the like) of the apparatus or the indirect

mat eri al and which are adhered to the surface of the glass substrate
can effectively be renoved whil e suppressing an increase in roughness
of the surface of the glass substrate. Even if the iron-based foreign
matters adhered before and during the chem cal strengthening step are
firmy adhered to the glass substrate by the chem cal strengthening



Herein, description has been nmade of the structure that the cleaning
step using the cleaning liquid containing the oxalic acid and the

bi valent iron ions added thereto is per, ornmed after the chem cal
strengthening step. Alternatively, the cl eaning step may be carried
out before the chemi cal strengthening step or before and after the
chem cal strengthening step. For exanple, the cl eaning operation
usi ng the above-nentioned cleaning liquid may be carried out after
the first | appi step_angf or the second | apping step. (9) Mgnetic
Di sk Manuf act ur dﬁ%?mﬁg HAY%ecor di ng Layer Form ng Step) On the
mai n surface of the gtass«salogt wade obt-gijned through the ‘
above-nenti oned steps, for exanple, an adhesion |ayer, a soft
magnetic | ayer, a n@opgrebi+esyndec,d,ayer.-(9 perpendi cul ar magnetic
recording layer, a protection I'&yer, 'and a lubrication |ayer are
successively fornmed. Thus, a perpendicular magnetic recording disk is
manuf act ur ed. i of the adhesion layer, a C alloy or the
| i ke may be usedlrorA§eOxide ¢ri al of the soft nagnetic |layer, a
CoTaZr-based alloy or the Tike nay be used. The nonnmagnetic under

| ayer nmay be a granul ar nonmagnetic |ayer or the |ike. The

per pendi cul ar magnetfed + HEG Ge-AF* | aydp) may be a CoPt granul ar
magnetic layer. As a material of the protection |ayer, hydrogenated
carbon or the |ike fgyoiie 49¢d.< Mg-6Ondit eri-#6) of the |ubrication

| ayer, fluororesin or the |ike may be used. For exanple, the

adsorption

recording | ayer an thegpal rss feonmedirn.d e 24..4@l | ow ng
manner. Specifical ﬁgé%ﬁt h@gglcgg‘g %%agiﬁfé?‘é, tWS C%trz?f] adhes({l@n

|l ayer, the CoTaZr/ Rf¢-CaddZr - frettC,Oppret [Fe-0,@yker - [keAeCLOolr St (21)
nonmagneti c granul ar under | gcygr tbpewrp@fCr Pt -Si ?23+Ti 02 granul ar
magnetic |ayer, andbEgRePydr @erpaPeH Ta Eﬁtﬁaop]rb &t 0nl’l ayerlldre
successively fornmed by using an _inline sputtering apparatus. Then,
the perfl uoropol yet KE&CiQulri+48§°6RQadye 8 EC:Pok red - bYf4Mi ppi ng.

I nstead of the CoCrSi 02 nonmagneti c granul ar under |ayer, an Ru under
| ayer nmay be used. Furthernore, a NiWseed | ayer may be added between
the soft magnetic |ayer and the under |ayer. Between the granul ar
magnetic | ayer tect ; ef i r may
be added. Exarrpﬁ’ggeﬁ B lﬁ@x‘?@ﬁt@ﬁ?%‘% ?Ooﬁ%w)%“gt?gﬁ%% edng?lgg)p{)ici fic

exanpl es Gafrhe€d PHEN | ReWidBéntifbrCioAldohyplER R &fd@icbiyHdsbed to the
invention. (1) Material Processing Step Alum nosi | i cate gl ass

in a nolt esurfscated the fronxitefdraiyn neattirs hasMybe DkidditioBHureSS td@ause
usi ng an upper die, a lower die, and a body die to obtain an

anor phous pteatuetigh agactiohsariche didsoiitivnsebeiiat ef hkedss (Hl)lsexid@sanade of
a glass containing 58 to 75 wt%5i02, 5 to 23 W% Al 203, 0 to 10 WMt %
Li 20, 4 t cfEstivglyoracoeet1dhnion(12brdinehasatiorn8etnt dite reacliorz0(1Pago be
greater than O wt% and not greater than 7 wt% (2) First Ginding
(Lappi ng) ($2kjp Equation fetd areeausesdivrsuwplying e bivalentiran ignsdpdbe @xalic
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noved with respect
bivalent iron ions to the oxalic acid aqueous solution, the dissolution reaction of

the iron oxide foreign matters having the oxidation number 3 can effectively
proceed.

Thus, by using, as the cleaning liquid, the oxalic acid agueous solution



25 each other. Thus, the | apping was perfornmed. By the | apping, a
gl ass substrate having flat main surfaces was obtained. (3) Shaping

Step (Coring, Chanfering) Next 182N i nner bore was forned at
the center of the glass substrate by usi'ng a cylindrical dianond
drill to obtain a ring-shaped glass substrate (coring). Then, inner

and outer peripheral end faces of the glass substrate were ground by
a di anond obtairgst lynedding tsebjvadand drondoms tedibeexalio adid; itdspessiblg to
(chanfering). (4) Second Lapping Step Next, the both main
surfaces offfediveiy rggrovelbstiroatexidé fryeign mptiers (tepartisulsr,deineekide having
second | apping step in the manner simlar to the first |apping step.
By the sechedPXidgignHrabens) adhered foiha glpes sebgFalei ni narily renove

i N T R

2o ST T 5 BB 0P b B b
i ph I trat i - i

et oner el g% SRR oo A2 B B PP B AR °
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cl eaned W fr&qWeHc§ of dBtufrBBc® BfltHeadiSsRBtidrd hié&ﬂoﬁfcéﬁmprfsm (?'@9 td a8 el

the gl ass substrate were put into a mrror-surface co i on capabl e
of prevent g mucedenifehebHiieppsater erarod 25t atvo\&theptbAsS FaHbtioh§)2)

Mai n Surface Polishing Step (First Polishing Step) As a main
surface pohndB)rayesntapited first polishing step was at first carried
out. The first polishing step mainly ains to renove cracks or strains
| eft on the bot MAfteiithe slgamingstepnatsesond cleaningnstepusing appikadj asepus
In the first polishing step, the both main surfaces were polished b
a doubl e- s$ElIgBMAYHeATHER AUAt uSincedhe pRovernentiongd Sleaningstap is acidic
mechani sm using a,hard resin polisher.,. a polishing agent, cerium
x| do- abr IFRRNG, APRERarBeaYer (modified TayarEPay eutiuRFed 8 4% er
the first | shi C Lvely di d in_respective
cl eani ng ba ésc%oéﬂgeﬁia r%@%gﬁeeﬁﬁiﬁh"%ﬁvh‘ghgﬁ&? ?@%ng Eﬁ\pﬁ 8%%‘?%‘6’;}1
al cohol) t g Q& £hgRREkIdIE BonRBM).Cah this &AM eI 8Bt the second
cleaning step using an alkali aqueous solution or water rinsing, the
heterogeneous layer can be removed. Furthermore, by carrying out the second
cleaning step using an alkali aqueous solution or water rinsing, it is possible to
completely remove a residue of oxalate ions on the surface of the glass
substrate. Accordingly, it is possible to completely prevent corrosion due to an
acid left on the surface of the glass substrate after cleaning. In the second
cleaning step, ultrasonic treatment may be applied.
[Steps of Method of Manufacturing a Magnetic Disk Glass Substrate]
Hereinafter, description will be made of each step of the manufacturing
process of the magnetic disk substrate. The order of the steps may
appropriately be changed.
(1) Material Processing Step and First Lapping Step

At first, in a material processing step, a plate glass may be used. The



Next, the glass substrate after the main surface polishing step was
subj ected to chem cal strengthening (ion exchange). The chem cal
strengt heni ng was perfornmed by prepari H% a chem cal strengthening
liquid conprising a m xture of potassi nitrate (60% and sodi um
nitrate (40%, heating the chem cal strengthening liquid to 400 C,
preheating the glass substrate after cleaning to 300 C, and di ppi ng
the gl ass platsglaas maynbe hancifectureal, feteanyilegny agnbiwqunandfactusingour s.
The di pping was perforned in a state where a plurality of glass

subst r at esMgétas, sLak @8 a preasinglrdeihodoadloat mefieoch @l dovandravenethaad) a
faces in order that the entire surfaces of the glass substrates were
cheni cal | yre§fawWiRgiAened, enaifisipy method, usingsg raplias @lgss Re agnatasial. I
substrate jn the .chem. cal .strepgtheni | i qui d, as, descri bed above,

i thi um i oS RIRESIGANRPY éh st dmosg faremeljess. die bhie glasssan be
substrate re.replaced by sodiumions and potassi umions contained
in the cher\ﬁggﬂfacg"ﬁﬁar%?ﬂ@%{i%ﬁI iquid, respectively. Thus, the gl ass
substrate was st . ' r.f Lshi t e i nal
Pol tshing St epy o HsUEBRlg 18 SGh R < fBpeT B a3NChaRs Lol 47
second polLshé : ihsh) .8
o fimni oh TR ey fieRy ORI REEES pRd B BB RY Vi s SRR
mirror- surTW@%pf)myimby% &arie@lous B B AUIELETIAESPiNE apbaiEs havR a
formed on the glass substrate so as to reduce a predeterm ned

t hi ckness.planetahy geaxaephanistheasipgtdiumbriarbased fe€ abrie grains.
mrror-polished by a doubl e-side polishing apparatus having a

pl anet ary JemnificadigHappisgsudaceglaies 2 pressat bgamst therlmsth mainlsusfhess of
As a polishing agent, use was nmade of fine colloidal silica abrasive
gai ns (avdhagiskgshanedglass Fermygpgde andalawnsidehi ohgriediagfliqnisr carfiaininghe
cerium oxi de abrasive graijns used in the first polishi n? step. (9)

d eani ng d0gfjree abrasiveigalgs 268 synpked ante theterinsheiarear! the dnlgshapetg

was di pped,into.g water bath ke at 20C to be.rapidly cqol ed and

ei 't or - Ao TS e Pabsai 1 HRtaArs (e TV &G Peeetide
renovi ng i pde lic . d chem cal .solutdon, the glass
Subst r ate SRS Ehe TSRSl e iy ae arpil st B IRy T o
an aqueou A G i u -

ot al's. (Fanay b e ReEIASdngert SRR 1aPplir Bl sy gV ft
therei n. Thg, sugfdcebicahald obtamlgam nat ed substrates were prepared.
For the artificially-contam nated substrates, an initial count of
foreign matters (ReShaging f&eﬁg(eaﬁm@ﬁtéﬁ ebr ovasing ROBbrel CHARTe Ay SYgy G-
The artificially-contam nated substrates were di pped in cleaning

l'i qui ds ofFaraningaLamttired Susfas @aMendrPdréibhe (Quico and InheaPedbhefheEnd
processing time was 3 minutes and the processing tenperature was 50C.
Then, each’ytiars) (SltesifeeaceSuifaee Fornmgi $igphlas successi vel y di pped

into respective cleanjng baths of pure water and | PA to be cl eaned.
Thereafter, the |lyBRLEING ISR 2 BNRRSOMH isdarmed at the geptexefiihpaiass 17

and Compe e IR el Toike A kot Elemiagres
o S BBl AR ATt 3 e
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had a pH exgretdt freietdthifOBRARkIMNR), Exanpl e 1, a substance
supplying bivalent iron ions was not Used. In Conparative Exanple 1,

the cleaning |i qg) SessrRpLasing®M@i n iron ions and, therefore, no
effect is obtained by ultraviolet irradiation. Each of Exanples 1-17
and Conpar ati ve licaasebad lappisg etes tiiedothngiam eunfacd8 of the glass substrate
artificially-contam nated condition. The results of Exanples 1-17 and
obtained as mentioned above are subjected to second lapping in the manner

similar to the first lapping step. By the second lapping step, it is possible to
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preliminarily remove fine unevenness formed on the main surfaces, for example,
in the shaping step as a preceding step. Therefore, a polishing step for the
main surfaces as a subéequent step can be finished in a short time.

(4) End Face Polishing Step

In an end face polishing step, the outer and the inner peripheral end
faces of the glass substrate are mirror-polished by a brush polishing method.
As polishing abrasive grains, for example, a slurry (free abrasive grains)
containing cerium oxide abrasive gains may be used. By the end face polishing
step, the end faces of the glass substrate are put into a mirror-surface condition
capable of preventing occurrence of deposition of sodium and potassium and of
suppressing generation of particles causing thermal asperity or the like and
adhesion of the particles to the end faces.

(5) Main Surface Polishing Step (First Polishing Step)

As a main surface polishing step, a first polishing step is at first carried
out. The first polishing step mainly aims to remove cracks or strains left on the
both main surfaces in the above-mentioned lapping step. In the first polishing
step, the both main surfaces are polished by a double-side polishing apparatus
having a planetary gear mechanism, using a hard resin polisher. As a polishing
agent, cerium oxide abrasive grains may be used. The glass substrate after the
first polishing step is cleaned by a neutral detergent, pure water, IPA, and the
like.

(6) Chemical Strengthening Step

In a chemical strengthening step, the glass substrate after the lapping
step and the polishing step is chemically strengthened. As a chemical
strengthening liquid (molten salt) used in chemical strengthening, for example,
use may be made of a molten salt of a mixture (mixed solution) of potassium
nitrate (60%) and sodium nitrate (40%). In the chemical strengthening, the

chemical strengthening liquid is heated to 300°C-400°C. The glass substrate
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after cleaning is preheated to 200°C-300 °C and dipped in the chemical
strengthening liquid for 3 to 4 hours. Preferably, the dipping is performed in a
state where a plurality of glass substrates are placed in a holder so as to be held
at their end faces in order that the both main surfaces of the glass substrates are
chemically strengthened entirely.

By dipping the glass substrate in the chemical strengthening liquid as
described above, lithium ions and sodium ions in a surface layer of the glass
substrate are replaced by sodium ions and potassium ions contained in the
chemical strengthening liquid and having relatively large ion radii, respectively.
Thus, the glass substrate is strengthened. The chemically strengthened glass
substrate is cleaned with sulfuric acid and then cleaned with pure water or the
like.

(7) Main Surface Polishing Step (Final Polishing Step)

Next, as a final polishing step, a second polishing step is performed.
The second polishing step aims to finish the both main surfaces into a
mirror-surface condition. In the second polishing step, the both main surfaces
are mirror-polished by a double-side polishing apparatus having a planetary gear
mechanism and polishing surface plates containing iron, using a foamable soft
resin polisher. As a slurry, use may be made of fine cerium oxide abrasive
gains or colloidal silica abrasive grains which are finer than the cerium oxide
abrasive grains used in the first polishing step.

(8) Cleaning Step

After the chemical strengthening step, the glass substrate is subjected to
a cleaning step. The cleaning step aims to remove particles adhered to the
surfaces of the glass substrate after the chemical strengthening step.

As the cleaning step, a cleaning step is performed which has an
operation of contacting the glass substrate with a cleaning liquid containing an

oxalic acid and bivalent iron ions and having a pH not smaller than 1.8 and not



1 or less 1 or less ssei JOI, 1 or less 1 1 or less 1 or less 1 or

|l ess 1 or

| ess SSer JOI,. 1 or less two or nore 1 or |less two or

nore nunber of defects 29

greater than 4.2, preferably not smaller than 2 and not greater than 4 (an
optimum value exhibiting a largest dissolution effect is pH3). Spécifically, as a
cleaning liquid, a substance supplying bivalent iron ions is added to the oxalic
acid. For example, the substance may be ammonium iron (1) sulfate, iron (Il)
sulfate, or iron (ll) oxalate. Preferably, a carboxylic acid (organic acid having a
carboxyl group), such as a malic acid, a tartaric acid, a gluconic acid, and a citric
acid, is preferably added to the cleaning liquid as an auxiliary organic acid.

For example, in case where ammonium iron (ll) sulfate and the malic
acid are added to the oxalic acid to obtain the cleéning liquid, it is preferable that
the concentration of the oxalic acid is adjusted to a range not smaller than 0.015
mol/L and not greater than 0.24 mol/L (typically, 0.022 mol/L) and the
concentration of ammonium iron (Il) sulfate is adjusted to a range not smaller
than 0.00038 mol/L and not greater than 0.0077 mol/L so that the concentration
of the bivalent iron ions is typically 0.00078 mol/L. Preferably, the
concentration of the malic acid is in a range not smaller than 0.007 mol/L and not
greater than 0.4 mol/L, typically 0.040 mol/L.

In parallel with the cleaning step or before or after the cleaning step,
trivalent iron ions (Fe®*) generated by oxidation of the bivalent iron ions
contained in the cleaning liquid are reduced by ultraviolet irradiation.  Typically,
the wavelength of the ultraviolet ray is 365nm.

By the above-mentioned cleaning operation, the iron-based foreign
matters which are derived from the material (stainless steel or the like) of the
apparatus or the indirect material and which are adhered to the surface of the
glass substrate can effectively be removed while suppressing an increase in
roughness of the surface of the glass substrate. Even if the iron-based foreign
matters adhered before and during the chemical strengthening step are firmly
adhered to the glass substrate by the chemical strengthening step so as not to

be removed by a physical removing technique using scrub cleaning or the like,
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the iron-based foreign matters can effectively be removed by the cleaning
operation. In particular, in case where the apparatus used in the chemical
strengthening step contains a stainless steel material, the above-mentioned
cleaning operation is effective. As the cleaning step, another cleaning
operation may be combined in addition to the above-mentioned cleaning
operation. For example, in combination with alkali cleaning, a removing effect
for other contaminants is obtained to improve a total cleaning ability or
detergency.

Herein, description has been made of the structure that the cleaning
step using the cleaning liquid containing the oxalic acid and the bivalent iron ions
added thereto is performed after the chemical strengthening step. Alternatively,
the cleaning step may be carried out before the chemical strengthening step or
before and after the chemical strengthening step. For example, the cleaning
operation using the above-mentioned cleaning liquid may be carried out after the
first lapping step and/or the second lapping step.

(9) Magnetic Disk Manufacturing Step (Recording Layer Forming Step)

On the main surface of the glass substrate obtained through the
above-mentioned steps, for example, an adhesion layer, a soft magnetic layer, a
nonmagnetic under layer, a perpendicular magnetic recording layer, a protection
layer, and a lubrication layer are successively formed. Thus, a perpendicular
magnetic recording disk is manufactured. As a material of the adhesion layer, a
Cr alloy or the like may be used. As a material of the soft magnetic layer, a
CoTaZr-based alloy or the like may be used. The nonmagnetic under layer
may be a granular nonmagnetic layer or the like. The perpendicular magnetic
recording layer may be a CoPt granular magnetic layer. As a material of the
protection layer, hydrogenated carbon or the like may be used. As a material of
the lubrication layer, fluororesin or the like may be used.

For example, the recording layer and the other layers are formed in the
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following manner.  Specifically, on the glass substrate, the CrTi adhesion layer,
the CoTaZr/Ru/CoTaZr soft magnetic layer, the CoCrSiO, nonmagnetic granular
under layer, the CoCrPt-SiO TiO, granular magnetic layer, and the
hydrogenated carbon protection layer are successively formed by using an inline
sputtering apparatus. Then, the perfluoropolyether lubrication layer is formed
by dipping.

Instead of the CoCrSiO, nonmagnetic granular under layer, an Ru under
layer may be used. Furthermore, a NiW seed layer may be added between the
soft magnetic layer and the under layer. Between the granular magnetic layer
and the protection layer, a CoCrPtB magnetic layer may be added.

Examples

Next, description will be made of specific examples carried out in order
to clarify the effect of this invention.

(1) Material Processing Step

Aluminosilicate glass in a molten state was molded into a disk shape by
direct pressing using an upper die, a lower die, and a body die to obtain an
amorphous plate glass. As the aluminosilicate glass, use was made of a glass
containing 58 to 75 wt% SiOj, 5 to 23 wt% Al,O3, 0 to 10 wt% Li>0, 4 to 13 wt%
NaO as main components. The content of Li,O may be greater than 0 wt%
and not greater than 7 wt%.

(2) First Grinding (Lapping) Step

Next, both main surfaces of the disk-shaped glass substrate were
lapped. The lapping was carried out by a double-side lapping apparatus having
a planetary gear mechanism, using alumina-based free abrasive grains.
Specifically, surface plates were pressed against the both main surfaces of the
glass substrate from upside and downside. A grinding liquid containing the free
abrasive grains was supplied onto the main surfaces of the glass substrate.

The surface plates and the glass substrate were relatively moved with respect to
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each other. Thus, the lapping was performed. By the lapping, a glass
substrate having flat main surfaces was obtained.

(3) Shaping Step (Coring, Chamfering)

Next, an inner bore was formed at the center of the glass substrate by
using a cylindrical diamond drill to obtain a ring-shaped glass substrate (coring).
Then, inner and outer peripheral end faces of the glass substrate were ground
by a diamond grindstone and subjected to predetermined chamfering
(chamfering).

(4) Second Lapping Step

Next, the both main surfaces of the glass substrate thus obtained were
subjected to a second lapping step in the manner similar to the first lapping step.
By the second lapping step, it is possible to preliminarily remove fine
unevenness formed on the main surfaces in a cutting step or an end face
polishing step as a preceding step. Therefore, a subsequent polishing step for
the main surfaces can be finished in a short time.

(5) End Face Polishing Step

Next, the outer and the inner peripheral end faces of the glass substrate

- were mirror-polished by a brush polishing method. As polishing abrasive grains,
a slurry containing cerium oxide abrasive grains (free abrasive grains) was used.
The glass substrate after the end face polishing step was cleaned with water.

By the end face polishing step, the end faces of the glass substrate were put into
a mirror-surface condition capable of preventing occurrence of deposition of
sodium and potassium.

(6) Main Surface Polishing Step (First Polishing Step)

As a main surface polishing step, a first polishing step was at first carried
out. The first polishing step mainly aims to remove cracks or strains left on the
both main surfaces in the above-mentioned lapping step. In the first polishing

step, the both main surfaces were polished by a double-side polishing apparatus
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having a planetary gear mechanism, using a hard resin polisher. As a polishing
agent, cerium oxide abrasive grains were used.

The glass substrate after the first polishing step was suécessively dipped
in respective cleaning baths of a neutral detergent, pure water, and IPA
(isopropyl alcohol) to be cleaned.

(7) Chemical Strengthening Step

Next, the glass substrate after the main surface polishing step was
subjected to chemical strengthening (ion exchange). The chemical
strengthening was performed by preparing a chemical strengthening liquid
comprising a mixture of potassium nitrate (60%) and sodium nitrate (40%),
heating the chemical strengthening liquid to 400 °C, preheating the glass
substrate after cleaning to 300 °C, and dipping the glass substrate in the
chemical strengthening liquid for 3 hours. The dipping was performed in a state
where a plurality of glass substrates were placed in a holder so as to be held at
their end faces in order that the entire surfaces of the glass substrates were
chemically strengthened entirely.

By dipping the glass substrate in the chemical strengthening liquid as
described above, lithium ions and sodium ions in a surface layer of the glass
substrate were replaced by sodium ions and potassium ions contained in the
chemical strengthening liquid, respectively. Thus, the glass substrate was
strengthened.

(8) Main Surface Polishing Step (Final Polishing Step)

Next, as a main surface polishing step, a second polishing step was
performed. The second polishing step aims to finish the both main surfaces of
the glass substrates into a mirror-surface condition by polishing a compressive
stress layer formed on the glass substrate so as to reduce a predetermined
thickness. In this example, the both main surfaces were mirror-polished by a

double-side polishing apparatus having a planetary gear mechanism, using a
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foamable soft resin polisher. As a polishing agent, use was made of fine
colloidal silica abrasive gains (average grain size being 5 to 80 nm) which were
finer than the cerium oxide abrasive grains used in the first polishing step.

(9) Cleaning Step

The glass substrate after chemical strengthening was dipped into a
water bath kept at 20°C to be rapidly cooled and held for about 10 minutes.
Then, in order to confirm the effect of removing iron oxides by an oxalic acid
chemical solution, the glass substrate after the final polishing step was dipped
for 24 hours into an aqueous solution containing oxides of a plurality of kinds of
metals (Fe, Ni, Cr, Cu, Zn) dispersed and partially dissolved therein. Thus,
artificially-contaminated substrates were prepared. For the
artificially-contaminated substrates, an initial count of foreign matters before the
cleaning step was about 10,000 on average.

The artificially-contaminated substrates were dipped in cleaning liquids
of various conditions shown in Table 1 to be cleaned. The processing time was
3 minutes and the processing temperature was 50°C. Then, each glass
substrate after cleaning was successively dipped into respective cleaning baths
of pure water and IPAto be cleaned. Thereafter, the glass substrate was dried.

In Examples 1-17 and Comparative Example 1 shown in Table 1 below,
cleaning was performed under the conditions described in the foregoing
embodiment while carrying out ultraviolet irradiation of the cleaning liquid as
described in the foregoing embodiment. The ultraviolet ray used in irradiation
had a wavelength of 365 nm. In Example 16, the cleaning liquid had a pH
smaller than 1.8. In Example 17, the cleaning liquid had a pH exceeding 4.2.
In Comparative Example 1, a substance supplying bivalent iron ions was not
used. In Comparative Example 1, the cleaning liquid does not contain iron ions
and, therefore, no effect is obtained by ultraviolet irradiation. Each of Examples

1-17 and Comparative Example 1 was executed under an
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artificially-contaminated condition. The results of Examples 1-17 and

Comparative Example 1 shown in Table 1 were obtained at a first batch.
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Next, it was confirmed that, by ultraviolet irradiation of the cleaning liquid,
the cleaning effect was sufficiently maintained. In other words, it was confirmed
that, in case where ultraviolet irradiation was not performed, the cleaning effect
was not maintained and the cleaning liquid was deteriorated at an early stage.

The result is shown in Table 2.

Table 2
wavelength of | number of
irradiation light defects
Example 18 365nm 157
Example 19 365nm 148
Example 20 254nm 175
Example 21 310nm 150
Example 22 450nm 152
Example 23 470nm 167
Comparative Example 2 no irradiation 421

Specifically, a cleaning apparatus having the structure illustrated in Fig. 1
was used. Cleaning was continuously performed for 19 batches under the
condition same as that in Example 4 (corresponding to the first batch: 150
defects), using the substrates without artificial contamination. At a twentieth
batch (1 to 1.5 hour after the start of cleaning for the first batch),

| artificially-contaminated substrates were cleaned. Example 18 with irradiation
of ultraviolet ray (having a wavelength of 365 nm) and Comparative Example 2
without irradiation were executed.

In Example 18 and Comparative Example 2, the surface roughness was
equivalent to that in Example 4. However, the number of defects was equal to
157 in Example 18 and 421 in Comparative Example 412. Thus, the number of
defects was considerably increased in Comparative Example 2. This shows
that, in Example 18, the cleaning ability was maintained because the cleaning

liquid was regenerated by photoreduction using ultraviolet irradiation. In
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Example 18, the number of defects was slightly increased as compared with
Example 4. Presumably, this is because decomposition of the oxalic acid also
occurred due to ultraviolet irradiation so that the amount of formation of the iron
complex is slightly reduced.

Then, in the manner similar to Example 18 except that 0.04 mol/% of
malic acid was added, continuous cleaning was performed and the result at the
twentieth batch was examined in Example 19.

In Example 19, the surface roughness was not changed and the number
of defects was equal to 148. Thus, the result was equivalent to that in Example
4. Presumably, this is because the iron(ll) complex was regenerated by
ultraviolet irradiation and decomposition of the oxalic acid due to ultraviolet
irradiation was suppressed by the malic acid so that the cleaning ability was
maintained at a very high level.

Furthermore, as Examples 20 to 23, experiments were performed under
the condition of Example 19 except that the wavelength of the irradiation light
was changed, and the result at the twentieth batch was confirmed. Herein, the
wavelength of light represents an approximate peak position in spectral
characteristics.

The wavelength of the irradiation light was 254 nm (Example 20), 310
nm (Example 21), 450 nm (Example 22), and 470 nm (Example 23) and the
results were compared. Then, the number of defects was 175, 150, 152, and
167, respectively, each of which is a level causing no problem. The surface
roughness was not changed.

In Example 20 (irradiation light having a wavelength of 254 nm), the
number of defects was slightly increased. Presumably, this is because light
energy was excessively strong so that the amount of decomposition of the oxalic
acid was increased. In Example 23 (irradiation light having a wavelength of

470 nm), the number of defects was slightly increased. Presumably, this is
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For Examples 18 to 23 and Comparative Example 2, magnetic disk glass
substrates were manufactured under the conditions without artificial
contamination and various layers were formed thereon to produce magnetic
disks. Thereafter, a DFH touchdown test was performed. The result was
excellent in each case.

[Defect Evaluation Method]

The glass substrates obtained in Examples and Comparative Examples
were subjected to defect inspection by an optical defect inspection apparatus
(manufactured by KLA-Tencor, trade name: OSA6100). In this event, an area
of 15 mmto 31.5 mm from the center of the glass substrate was measured
under measurement conditions that a laser power was 25 mW, a laser
wavelength was 405 nm, and a laser spot size was 5um. Table 1 shows the
number of firmly adhered defects (per 24cm?) among detected defects having a
size not greater than 1.0 um. The number of defects was measured, with
reference to those defects present on the surface of the glass substrate before
the cleaning step, by counting the number of defects remaining at the same
positions after the cleaning step. The defects in Examples refer to metal-based
foreign matters (more specifically, fine particles) adhered to the surface of the
glass substrate. Furthermore, 20 defects were randomly picked up from the
remaining defects and analyzed by using SEM/EDX (Scanning Electron
Microscope/Energy Dispersive X-ray Detector) to detect adhered residual
substances. Thus, the number of iron-based defects was measured.

[Evaluation after Cleaning by Acidic Cleaning Liquid]

[Method of Performing Surface Measurement of Glass Substrate]

The glass substrates obtained in Examples and Comparative Examples

were measured by using an atomic force microscope, NANOSCOPE
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manufactured by Japan Veeco, at a resolution of 256 x 256 pixels per 2um x
2um square to obtain a surface roughness (arithmetic mean roughness (Ra)).

Referring to Table 1, by using, as the cleaning liquid for the glass
substrate, a cleaning liquid containing an oxalic acid and bivalent iron ions
added thereto, the number of foreign matters firmly adhered to the glass
substrate could be reduced as compared with the case where a cleaning liquid
containing an oxalic acid without bivalent iron ions added thereto was used
(comparison between Comparative Example 1 and each Example). In
particular, the number of iron-based defects could effectively be reduced.

By adjusting the pH of the cleaning liquid containing the oxalic acid and
the bivalent iron ions to 1.8 or more, the surface roughness of the glass
substrate was reduced. In addition, by adjusting the pH to 4.2 or less, the
number of foreign matters firmly adhered to the glass substrate could effectively
be reduced (comparison between Examples 16 and 17 and the other Examples).

When the concentration of the oxalic acid was not smaller than 0.015
mol/L, the number of defects could effectively be reduced (each Example). In
addition, when the concentration of the oxalic acid was 0.24 mol/L or more, the
effect of removing iron oxide particles was not substantially changed (Example
10).  Similarly, when the concentration of ammonium iron (11) sulfate in the
cleaning liquid was 0.0077 mol/L or more, the effect of removing the iron oxide
particles was not substantially changed (Example 9).

From the above-mentioned results, it has been confirmed that, by using
the cleaning liquid containing the oxalic acid and the bivalent iron ions added
thereto, the metal contaminants (in particular, iron-based contaminants) could
effectively be removed without affecting the surface of the glass substrate.

In this invention, the concentrations of the oxalic acid and so on are
defined by mol/L.  Alternatively, the concentrations may be represented by wt%.

For example, the concentration of the oxalic acid is not smaller than 0.19 wt%
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Magnetic Disk: A 2.5-inch glass substrate (inner diameter: 20 mm, outer
diameter: 65 mm, thickness: 0.8 mm) was manufactured and a recording layer
and other layers were formed on the glass substrate.

Evaluation Radius: 22 mm

Rotation Speed of Magnetic Disk: 5400 RPM

Temperature: 25°C
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acid and bival enf pplishihg S o?%‘ﬁé’hihg%r R strfseebisd gass s%&Piﬂe?‘Sn ead

device portion is brought into contact wmth the magnhetic di sk could

be reduced. a cleanihigsstep e BlebAmgi the YPisd duBstiate hRert e polishing step,
above-nmenti oned enbodi ment but may appropriately be nodified and

enbodi ed. Wogrefixanpl e, the materials, the sizes, the order of the
operations, the inspection nethods in the enbodi nent are no nore than
illustrative exdnpheslebningnsigp viheialemling sepenfatirfddedndardaneadididiceddition
w thin a range exhibiting the effect of this invention. In other
respects aHsiRg atdieaning liewdicontatangaxelaieiona and bivelembiohiies, and

enbodi ed as far ﬁs }he_ nodi fication is not deviated fromthe scope of
this invention. the cleaningrfep inGydingiashoreratipn of dicing heLleaning Hawe.
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pol i shi ng isitdrer ei n: in the cleaning step, the cleaning is
performed under an acidic condition using a cleaning liquid
cont ai ni ng oxal at polishirgy steg dfipvisieing a mam sfie dfheglabeanbsteats! &id
i ncludi ng an operation of reducing the cleaning |iquid. 2.
The net hod accoradilagning st¢@mbhcléaningdheighasshaibspratasitemthefpatiskingistep,
the cleaning liquid is light irradiation of the cleaning |iquid.
3. A net hodh&einfanuf acturing a magnetic di sk gl ass substrate,
conpri si ng: ) . . - .
in the cleaning step, the cleaning is performed under an acidic condition
using a cleaning liquid containing oxalate ions and bivalent iron ions,
the cleaning liquid being subjected to light irradiation in parallel with the
cleaning step or before the cleaning step or after the cleaning step.
4. The method according to claim 3, wherein light for irradiation of the
cleaning liquid is an ultraviolet ray or a visible light.
5. The method according to claim 4, wherein the ultraviolet ray or the
visible light has a wavelength in a range between 300 nm and 450 nm.
6. A method of manufacturing a magnetic disk glass substrate,
comprising:

a polishing step of polishing a main surface of a glass substrate; and



a polishing step of polishing a main surface of a glass substrate;
and a cleaning step of cleaning the glass substrate after the
polishing step, wherein: in the cleani@% step, the cleaning is
performed under an acidic condition using a cleaning liquid

contai ning oxal ate ions and bivalent iron ions, the cleaning |iquid
bei ng subjected to light irradiation in parallel wth the cl|eaning
step or before theleanBwnstag of ciggnisng tetdass substiaéaaftagthetrglishing step,
4. The method according to claim3, wherein light for irradiation of
the cleani¥§eT8uid is an ultraviolet ray or a visible |ight.
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using a cleaning liquid containing oxal ate’ions and bivalent iron

i ons, containBdnati?d tehnitgtifyuidarecleRianeg step or before the
cleaning step or after the cleaning step, trivalent iron ions

generated by oxitatTisneithddacdirdimgetotanyrare ofagisineont Rianed, ivnetdig the
cleaning liquid are reduced. 7. The method according to any
one of cl agpatishing Seprisl carriedtmrt diyrusimg apolisising mppsataips haviogra paishog
by using a polishing apparatus having a polishing surface plate

cont ai ni ngpurfase, platedcontaining iron, and

the cleaning step dissolves iron-based foreign matters.

8. The method according to any one of claims 1, 3 and 6, wherein the
cleaning liquid further contains an organic acid having a carboxyl group.

9. The method according to claim 8, wherein the organic acid is a
carboxylic acid having a molecular weight greater than a molecular weight of an
oxalic acid.

10. The method according to any one of claims 1, 3 and 6, wherein the
cleaning liquid has a pH not smaller than 1.8 and not greater than 4.2.

11.  The method according to any one of claims 1, 3 and 6 , wherein a
concentration of an oxalic acid in the cleaning liquid is not smaller than 0.015
mol/L and not greater than 0.24 mol/L.

12. The method according to any one of claims 1, 3 and 6, wherein the
bivalent iron ions contained in the cleaning liquid are supplied from at least one
of ammonium iron (ll) sulfate, iron (Il) sulfate, and iron (ll) oxalate as a bivalent
ion supplying substance, and

a concentration of ammonium iron (ll) sulfate in the cleaning liquid is not

smaller than 0.00038 mol/L and not greater than 0.0077 mol/L. when the bivalent

ion supplying substance is ammonium iron (Il) sulfate.



the cl eaning step dissolves iron-based foreign natters. 8.
The net hod according to any one of clains 1, 3 and 6, wherein the
cleaning liquid further contains an orggpic aci d having a carboxyl
group. 9. The met hod according to claim8, wherein the
organic acid is a carboxylic acid having a nol ecul ar wei ght greater
than a nol ecul ar wei ght of an oxaljic acid. ) 10. The met hod
accordi ng to any!®nellt® mathpdgceordingdn@ny ongrefrdaimst hd andkdnwhgrein the
liquid has a pH pot s I?r than, 1.8 and not greater than 4, 2.
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when the biaygbent ion supplying substance is anmoniumiron (I1)
sulfate. 39 13. The method according to any one of clains
1, 3 and 6, wherein the glass substrate after the cleaning step has a
surface roughness of 0.2 nmor |ess. 14. A method of

manuf acturi ng a magneti c di sk, conprising: formng at |east a
magnetic | ayer on the main surface of the nagnetic disk gl ass
substrate obtained by the nmethod according to any one of clains 1, 3
and 6.



