1 DESCRIPTION [Title of Invention] METHOD FOR MANUFACTURI NG GLASS
SUBSTRATE FOR MAGNETI C DI SK 5 AND METHOD FOR MANUFACTURI NG MAGNETI C
DI SK [ Technical Field] [0001] The presentl invention relates to a

met hod for manufacturing a magnetic disk gl ass substrate to be
provided in a magnetic di sk device such as a hard disk drive 10 (HDD)

and to a nmethod for manufacturing a i i sk. [ Background Art]

[ 0002] A nmagnetic disk is one of thgﬁjﬂﬁ@mpﬂ)n recordi ng nedi a
provi ded in magnetic disk drives such as hard disk drives (HDDs). The
magnetic disk is configured with a thin filmsuch as a nagnetic | ayer

formed on Hideb&hvahteonland 15 conventional |y an al um num substrate
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used. The gl ass substrate surface is highly precisely polished to
achieve a high recording density such 20 that the flying height of
t he magnet [Techwgal Bealdl be as smal| as possible. In recent years, the

demand for ith a | arger .storage capacgjty.at |ower cost has beer
e nas! LI e BrGenfidehudh MIRS 1o 7 Bitithed fof mmamiigety iR v ae i disk
and cost r i r-mﬁ%i i - al
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that is ne&%assary for a high recording density In order to attain a
hi ghly sno ark Argl di sk surface, after all, a highly snooth

substrate ce is required, and.it. LS thus necessary,to highl.
oot soly BEPP R releli AiiGe sl Bf ieub bR rAEESRE ottt Brendieity 1o
prepare sugfofell @SR BHBSEEH & hAdWhd@ing (MY Th haohX8daRk is
abrasive grains that uses a dianond sheet in a [apping step where

| oose abr asinfeEugedawith ahtwe fibe enclusea nepmetionlayen firingdion gpsuipased apflor

exanpl e, Patent Docunent. 1). The_di anbnd sheet refers to pellets in
which B n coryRat sarwugi)*iauws&&}s&ram hasbagyiusgd gs the substiate. However,

recently, in response to the pursuit of high recording density, glass substrates with
which the space between the magnetic head and the magnetic disk can be narrower
than that attained with aluminum substrates have been increasingly used. The glass
substrate surface is highly precisely polished to achieve a high recording density such
20  that the flying height of the magnetic head can be as small as possible. In recent
years, the demand for HDDs with a larger storage capacity at lower cost has been
increasing, and in order to meet this, further quality improvement and cost reduction
of glass substrates for magnetic disks are also required.
[0003] As stated above, it is essential for a magnetic disk to have a highly smooth
25  surface to achieve a low flying height that is necessary for a high recording density.
In order to attain a highly smooth magnetic disk surface, after all, a highly smooth
substrate surface is required, and 1t is thus necessary to highly precisely polish the
surface of a glass substrate.
[0004] 1Inorder to prepare such a glass substrate, a grinding method with fixed
30  abrasive grains that uses a diamond sheet in a lapping step where loose abrasive
grains have been used conventionally is proposed (for example, Patent Document 1).

The diamond sheet refers to pellets in which diamond abrasive grains are fixed using a



2 support such as resin (for exanple, acrylic resin) (or a sheet to
whi ch such pellets are attached). Wth conventional |oose abrasive
grains, abrasive grains with uneven shap&s are present non-uniformy
bet ween the surface plate and the glass, and thus the | oad on the
grains is not uniform If the |oad concentrates, glass cracks deeply
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mrror-polishing step, thus making it t to reduce processing
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roughness ufthesabgaquentsedrospolisiees stap, thes nmedune i, diffloslt horakee proceseng

b t ' d, d.th . | osts . b d .
s s R
e e A A AL O Gl 35 APAES A o

gi gabi1(s pédess@yadrechfiat. dnddidfonexedaRive griihs e fasSiohe shébt SRt resin,
about 250 gliygabyt es of information on a 2.5-inch (65-mmdi aneter)
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resi stant gl ass terial also for_a 25 substrate. [Citation List
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[0005] Meanwhile, current HDDs can achieve a recording density as high as about
400 gigabits per square inch, and for example, it 1s possible to store about 250
gigabytes of information on a 2.5-inch (65-mm-diameter) magnetic disk. As a means

20 for achieving even a higher recording density, such as 500 gigabytes and 1 terabyte,
thermally assisted magnetic recording, for example, has been proposed. Magnetic
disks applied to this thermally assisted magnetic recording are required to have a
higher heat resistance than the heat resistance that is currently required.
Accordingly; it is suitable to use a highly heat resistant glass material also for a

25  substrate.
[Citation List]
[Patent Literature]
[0006] [PLT 1] JP-A-2001-191247
[Summary of Invention]

30  [Technical Problem]
[0007] As stated above, according to the grinding method using a diamond sheet with

fixed abrasive grains, the roughness of the processed surface can be reduced, the



fi xed abrasive grains, the roughness of the processed surface can be
reduced, the 3 burden on the subsequent mrror-polishing step is
reduced, and the processing costs of gla8s substrates can be reduced.
However, the research conducted by the inventors reveal ed the
following problens. That is, with a grinding nmethod that uses fixed

abrasive grains, i 5 observed that the grindi rate decreased

as the pr og%@?lr?& @Pmﬁgﬁ’iﬁﬁbﬁ%’%‘?@@ 'P‘ﬁw‘sg‘nglsq% gﬁlﬁa’éﬁ&? E‘ﬂ‘ih&‘el”@f:eﬁsﬁg costs of
grinding r 99% NEed CRRS - r

where ordi argi/ g glgas (aaﬁlﬁmrﬁﬁr%ggﬁd?cate eg %E%%g%gg@%%*ﬁt%?g&&%%
convent i ongdvegledshe follostinigpebldned. magnetic di sks) is used, the
grinding rate decreases as the processing tine proag);es_ses, and in

particular, in thBatigswithigermndingmetherd ’@taéﬁﬁesl@(egl '@swergragms, it was
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for mapuf aglabs (Tgofap htely 0GC drtdbatedds uded) s ?riﬁ&thré@t@creases
obt ai ned by said nethod. [Solution to Problen] 20 [0009] As a result

of havi ng sigsdicanilgstlt igdhad nptpossibds wreimutanemiskt puvetwepich quality
grinding rate decreases as.the ]fps:ocessi ng time progresses in the case
of a gri nd?ﬂ‘grﬁ?ﬁpﬁ PSS9 xed abrasive grains, the inventors

inferred aﬁ)Obgl | oup prosent invehiiorl R&s B&%ecoﬁéeﬁ%%g%&%%blvg e frhin

processi ng that useS | oose abrasive grains, rasive gralns Tove
freely, thesmvestiendltpralsibmsy aiddeolgeatn thepregentridiaigicis to pivaideZbmethod
generated as grinding processing progresses adheres to the abrasive
gr ai nslb antr manufpeuiag gelassubpirate fona maspetin diskdhateriables gyingdies and
gl ass wi thout gri ndi dyst building up on the abrasive grain
Jurrace.  rtepai Rt Abeaile Soll il o SR Bt ertas s ape that
abrasive &8 RanubRE@YICHiBRGAAINEAEAIDStrBLatThor @bt AT 28 BoPfRl NS
do not rotate when grinding dust adheres thereto, and grinding dust
bui | ds up aatuf@twohg dinfidagetiodidkithatibhsamsi glessgnbistratanitaimed by Bagl method.
resulting jn.the b&ocﬁg{g of fixed abrasive grains by grinding dust
and decr eas®lyfon ied'igbiemtli ng rate by inhibition of processing. In
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grinding rate decreases as the processing time progresses in the case of a grinding
method that uses fixed abrasive grains, the inventors inferred as follows.

In the case of conventional grinding processing that uses loose abrasive grains,

the abrasive grains move freely, thus repetitively rotate even when grinding dust that

25  1is generated as grinding processing progresses adheres to the abrasive grains, and are
discharged by friction between the surface plate and glass without grinding dust
building up on the abrasive grain surface. On the other hand, in grinding processing
that uses fixed abrasive grains, because abrasive grains are fixed, abrasive grains do
not rotate when grinding dust adheres thereto, and grinding dust builds up and

30  solidifies on the abrasive grain surface, thus resulting in the blocking of fixed abrasive
grains by grinding dust and decrease of the grinding rate by inhibition of processing.
In this case, it is difficult to wash away (remove), by the action of a lubricant (also



called a coolant) supplied to the surface on which processing is
performed, the grinding dust that has built up on the abrasive grain
surface. Another reason is that grindi ng4processing with fixed
abrasive grains yields a smaller grinding anount and enabl es nore
preci se processing than grinding processing that uses | oose abrasive

grains, and.b.therefare partjcles of grinding dust. di.scharged as . ..
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grinding step of grinding a ndin surface of Ss substra sing a
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with a fixed abrasive grain
small.

[0011] Thus, as a result of having focused on a lubricant on which research was not
conducted previously and carried out extensive research to solve the foregoing
problems, the inventors found that adding Al=Os or the like to a lubricant to allow Al3*
30  tobe contained therein can inhibit build-up and solidification of grinding dust,
prevents blocking of fixed abrasive grains caused by grinding dust that inhibits

grinding processing performed with fixed abrasive grains, and can improve the



10 contai ning dianond particles, Al 3+ being contained in the

| ubricant that is supplied to the surface on which grinding
processing is perforned of the glass substrate. [0013] (Aspect 2)
The net hod for manufacturing a glass substrate for a magnetic di sk
according to aspect 1, wherein A 203 is added to the |ubricant.
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substrate contains: Si Q2in_an anmount of 50 to 75 nol % Al 203in an
anount of evipdimepspessing perfarmed analss thet I@Stacﬁnzalh@ilu%m@somtwb in an

anmount n unt _.of ;0 t Na20 and 1(20
in a total R)%Ln¥n"§¢1e%wog%ghgﬁqe@en% Séﬁﬁ%]gp @elc%' a total
anount of {spbe §5 nol % and Zr02 Ti 02, La203, Y203,
Yb203, Ta205, Nb205, and H 02in a total anobunt of 2 30 to 9 nol % and

has a nolar rati An:te(tlsrg@f@aﬁ hiifhtOriDaCtSa gHBbBYthtd for a magngticdiskDirgbiding a

1 and a nolar .ratio 0+Cal a_range of Oth 0.3Q.. 6
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4. 10  containing diamond particles, AI3* being contained in the lubyicant that is supplied to
the surface on which grinding processing is performed of the glass substrate.
[0013] (Aspect 2)
The method for manufacturing a glass substrate for a magnetic disk according
to aspect 1, wherein Al»O3 is added to the lubricant.
15 [0014] (Aspect 3)
The method for manufacturing a glass substrate for a magnetic disk according
to aspect 1 or 2, wherein the lubricant has an Al3* content in a range of 0.05 g/Li to 1.0
g/L.
[0015] (Aspect 4)
20 The method for manufacturing a glass substrate for a magnetic disk according
to any of aspects 1 to 3, wherein the glass substrate contains:
Si1021in an amount of 50 to 75 mol%,
Al2O3z1n an amount of 0 to 5 mol%,
BaO in an amount of 0 to 2 mol%,
25 LisO in an amount of 0 to 3 mol%,
Zn0 in an amount of 0 to 5 mol%,
Naz0 and K20 in a total amount of 3 to 15 mol%,
MgO, Ca0, SrO, and BaO 1n a total amount of 14 to 35 mol%, and
ZrOg, TiO2, Lag0s, Y203, Yb203, Taz0s, Nb20s, and HfOzin a total amount of 2
30  to9mol%, and
has a molar ratio [(MgO+CaO)/(MgO+CaO+SrO+Ba0)] in a range of 0.85 to 1
and a molar ratio [Al,Oy/(MgO+Ca0)] in a range of 0 to 0.30.



5[ 0017] (Aspect 6) A nmet hod for manufacturing a gl ass

substrate for a magnetic disk, including a grinding step of grinding
a main surface of the glass substrate usbng a lubricant and a surface
plate that has a grinding surface provided with a plurality of fixed
abrasive grains, an additive to facilitate di scharge of an aggregate

of sl udge at e n the 10 grinding surface due to grinding

bei ng cont@lﬁﬁggu%p?%éﬁl ubricant that is supplied to the surface on
whi ch grinding PAQE&HSA RE rhenPREACHEROMAEndtREdiO 38 udiB Foinding at 1R8]
(Aspect 7) The nethod for manufacturing a glass substrate for
a magnet i crdiga&ticlayer o amdgnetis disktglais swhstraicrobtdinedbp slse muahsfactirng s
conposed of gl ass, containing Si02 as a main 15 conponent and Al 203in
an anount B¥ f ang %ecfsgb%‘}- (Aspect 8) The net hod for

manuf agt urj ubstrate for a magnetic di sk according to
aspectq'§6 o’rO%g?]a\A%lesﬁgl&nét he lubricant is conposed of an aqueous

sol ution cont ai NARgetANE fRmAMifRcttein®H dbss fuPBirhhefof h Yhkbeeio disk! ildBidhe a
am ne, mneral oil, kerosene, mneral 20 spirit, water soluble oil

emul si on, pohdipgisidperdgrindinges metihgindaee ditheglass suhsbetdusio atitmacant and a
di et hanol am ne, triefhanol am.ne, propyl ene, gl.ycal, am ne bgrate .
bor i o aci dsurdaeplate ThibRin & eundigeRutls brovigte Bt A pigaiy o 1af abrasive
am de, hex - PRI Az i i i

ey capt Samst i hddichelth NI I-BEhDE of £RLARENLL Bf BREE @B lRed on the
t et r adktet apéndipgenyhenéugtomriidingbliyik cettagied iR Shbairvhnt Betls sugpplicd

2- pyridinet hi ol- 1- oxi de, and_hexyl ene glycol. [0020] (Aspect 9)

The net hodthegiuripgs on sduch erpdiag grecsssing nerfrmefl of the glasgratbe@ath. sk
accordi ng toglggy of %sr?ects 6 to 8, wherein the additive added to the

| ubri cant 1 85Ped P r om Al 203, al umi num amoni um sul fate, al uni num

brom de, al um nupheHeERddPRr @i AL DM ARt HSe (& A HaBNBE @k Y6cording
al umi num nitrate, alum num phosphat e, “al'um num pot assi umsul fate, and
al um num stol dspte. 6, WR2dH thé\glaes sulddate is composed of glass containing Si0z as a main
15  component and AlsOsin an amount of 0 to 15 wt%.
[0019] (Aspect 8)

The method for manufacturing a glass substrate for a magnetic disk according
to aspect 6 or 7, wherein the lubricant is composed of an aqueous solution containing
one or more selected from the group consisting of amine, mineral oil, kerosene, mineral

20  spirit, water soluble oil emulsion, polyethylene imine, ethylene glycol,
monoethanolamine, diethanoclamine, triethanolamine, propylene glycol, amine borate,
boric acid, amine carboxylate, pine oil, indole, thicamine salt, amide,
hexahydro-1,3,56-triethyltriazine, carboxylic acid, sodium 2-mercaptobenzothiazole,
isopropanolamine, triethylenediamine tetraacetate, propylene glycol methyl ether,

25  benzotriazol, sodium 2-pyridinethiol-1-oxide, and hexylene glycol.

[0020] (Aspect 9)

The method for manufacturing a glass substrate for a magnetic disk according
to any of aspects 6 to 8, wherein the additive added to the lubricant is selected from
Al;O3, aluminum ammonium sﬁ]fabe, aluminum bromide, aluminum chloride,

30  aluminum hydroxide, aluminum iodide, aluminum nitrate, aluminum phosphate,
aluminum potassium sulfate, and aluminum sulfate.

[0021] (Aspect 10)



7 The nethod for manufacturing a glass substrate for a
magneti c di sk according to any of aspects 6 to 9, wherein a content
of the additive added to the lubricant i§ in a range of 0.05 g/L to
1.0 g/L. [Advantageous Effects of Invention] 5 [0022] According to
the present invention, it is possible to inprove the decrease of the

rinding rate in,gonventipnal grinding processing that uses .fi.xed .
abr s ve grai ns. Thngicthad B fnp gl ARS B FPeh RGeS Gk acoording
processi ng : o
O ndi ng T ool epERs B0 Do KBl Rpmcht b LARAESUART B labng oin o
cost. The edrfgecif0i05 gLgmilDigllant particularly in grinding processing

on heat resjstant 10 glass (in ot_hgf wor ds, gl ass whose al um na
content is 3geopp Bfectg oplentigyl r esul ting gl ass substrate nakes

it possi bl o] LR a highly rel.iable netig.disk. [Briyef,

beser ot oV 57 ot g0 kst iniyfor TR Bhosio | Saprig i dqorease ofthe
showi ng t herifAmBGaLOM dofferftidnall bREdMBRoseBsing kRAt 128s fifed MSraRivAGBSRLE NY
time in a conventional grinding step perforned on a glass substrate

15 usi ng f Thetlisai ispissblaogientorn @igling prieb@in@with fxediohmpsim i wighout
t he change aof the inding.rate in relation to the nuynber of

processi ngagﬁ?r@ﬂ%es‘%{the EXRRmErate and R %W%O}é!ﬂﬁ\ﬂé‘aﬁ%’aﬁﬁ%ubsuate at low
(conventio ). O 11 = . i el i.ng.

change of ?t%g ngr‘}llene |er?glsrsé%x{e]ﬂ|: n trpé%%%:l#lbﬁhly %bélﬁ%&glg??%%{%ﬂelg Bg\tﬁeg&ets{éﬁam

pr ocesH} ngglags ((heshdrivdeds aidse whobe altnthaCoamsdt & snvgle X Al Gse of the
(conventional ). [Description of Enbodi ments] [0024] Enbodi nents of

t he presentes lpsmsubstiateimakpeitpestblelbe dbtiam g dighly rdmbleumaghetic disk.

present inpention i.s,. as.descriled in aspect 1 above, a nmethod for 25
manuf act ur ﬁ&efla[?eﬁpaggo%ﬁgg’tarvﬁpgaf or a magnetic disk, including a

gri ndi ng_SIGRRaPY [19E! 191001 3, Rl S BG Dol REngl e SRR H5loDdion

a lubrican nd a as a grindrng su ce provi de

wi t h fi xedtetheasosessigr sinnsincoaimientiog] grmdngstp peifeines] orbh glash eulbdrate
contained in the lubricant that is supplied to the surface on which
gri ndi% pﬂ@i@é%?@i@b?@“ﬁ#ﬁ%}sned of the glass substrate. 30 [0025] A

et 9K 0L 058 AT AL B R AFLLS e BRI g
grindi ng  steihelRinSi5drf BRock &bk BﬂtcﬁéseiEJ)Ex:ﬁﬁ?lg Nch 4,385 cHBphRBexEpR 2
mai n surface polishing step, and a chem ca
(conventional).
[Fig. 3] FIG. 3 is a diagram showing the change of the grinding rate in relation
20  to the number of processing batches in Example 2-1 and a comparative example
(conventional).
[Description of Embodiments]
[0024] Embodiments of the present invention will now be described in detail below.
The present invention is, as described in aspect 1 above, a method for
25 manufacturing a glass substrate for a magnetic disk, including a grinding step of
grinding a main surface of the glass substrate using a lubricant and a surface plate
that has a grinding surface provided with fixed abrasive grains containing diamond
particles, Al3* being contained in the lubricant that is supplied to the surface on which
grinding processing is performed of the glass substrate.
30 [0025] A magnetic disk glass substrate is usually manufactured through a rough
grinding step (rough lapping step), a shaping step, a precision grinding step (precision
lapping step), an end face polishing step, a main surface polishing step, and a chemical



8 strengthening step. In the manufacture of this magnetic disk
gl ass substrate, first, nolten glass is nolded into a di sk-shaped

gl ass substrate (glass disk) by direct pBessing. O her than using
such direct pressing, a glass substrate (glass disk) may al so be
obtained by 5 cutting plate glass that has been produced by a
domndraM/nﬁ;h%% or. a float nethod into a glass substrate with a
predet er m & P?@ng n, this nolded glass substrate (glass disk) is

ground (lapped) pptHeMRARYECARE oFHHIERSEANE! didk Eléﬁ@é‘gﬂbs%%,sﬁl@@ $holten glass is

accuracy. In this grinding step, a double-side |apping machine is

used, and mbBleddhto sdiskahepedflashmibgtrass(chsodiskabe darve messingl (Biheg than
hard abrasive grains such as those of 10 dianond.. By grinding . the
mai n sur f aBEBE sNCh Haegpaessing;, thsatsgb‘@tﬁat@ﬁs@%@ﬁwép,ay plse b ghtaiped by i s

processed a8.R5 oifle IS (B BIEL S Eda DL ClE 0. 21k b L RS 950 ARdihod

attain a prede surrace ro ness. e presen

invention b alehsbAbatiate ALY pi&izterinbd kize 9 TR, Bis $i@fed JBSs substrate
grinding step in the present invention is a grinding step that uses

fixed abr akglase digkdisgronsd dlepped) b rgpuivatbe dinpensidrel escuragychrfdoshape

hold by a EEPFG: reites GediERie e dontle s ap R o in s yant the main
f I . ( . € '

surface pl g,g5.k Bf&@!gziés%ﬁbét?&% aléQ %ﬁ%gaﬁp&}ﬁﬁéﬁfﬁgﬁiﬁé BehSaG oftPof

di anond abrasive graihs are fixe port such®as resin (fo

exanpl ¥ adibylond. r Byigndigs the ahieeiurfeesdli thb ghiss Bulisttdte s tlds tanner, the
attached (referred to as a dianond sheet or the like)) 20 are

attached, $uhstraphis rypepssedsprtp daze ppredaferminefl shickress andHlatngns andaitein
| ower surfacgﬁéﬁl at es il.e the ]ilgass substrate is pressed by the

upper and T BUEFUETIPEL 8laceTRUelRess o edet er ni ned pressure, and thus
both mai n RYLERCER EREINGb RS RUREE [ AL AP RvEMBHIGE tBl 'Eﬁﬁcﬁﬂg% I'YTh
At this tiﬁj\g, E Iu%?litegant (coolant) 1s supp 1| gd In ordesr to cool 5the ©
processed suindiagetpandhé acdseiht mivenpiorwsesginding Steipshhtiwdsdant abfdsire grains

bei ng used is 25 sduippli d back to _the Iaplﬁi ng nmachi ne_and used _.
cycl i chl | yeontaapng digop@asiades andiforaammie 1 ardouglersidn lagrmeapachine, a

A+ 1o bet RnruRHal flhe 2 RRRA AL Ak iR beb ol B8 bl Bl Bller
a_subst anceurf&dpates iAWRER pellbftin WHISIRhAY Mradind shEEOHRS dsQBhdeddi N

an aqueous sol ution is convenient. The substance to be added nay be
sol i d 30 ombiasiyaigtainantk fixed wsinpaveppeh sutha resinefosehaphs aciyic resin) (or a

O 32 et i hebE it pabi St TRt e Sl T )
N BN . . . L uc

armoni i s rapied o the A SdigRUT, BARMCIRIRE 0GR uhef AMTIOHEY surface
hydr oxi de, platesrilymhieqdisdeubetraiwio groseéd bptle, upped Bha lswhehoapRites at a

al um num pot assi um sul fate, alum numsulfate, and the like, Normally
Al 203 is pewdpterminespressuresandethusibgth madie sudades ghthe@asssuhsfiratedneas
ground simultaneously. At this time, a lubricant (coolant) is supplied in order to cool
the processed surfaces and facilitate processing. This lubricant after being used is
25  supplied back to the lapping machine and used cyclically.
[0027] In the present invention, the grinding step is performed using such an
Al**-containing lubricant. In order to allow Al3* to be contained in a lubricant, for
example, a method that adds a substance, such as Al:Os, that contains Al and becomes
ionized in an aqueous solution is convenient. The substance to be added may be solid
30  or liquid, and it is convenient that the substance is dissolved in water or the like in

advance and added in the form of an Al3*-containing fluid. Other examples of the

substance that contains Al and becomes ionized in an aqueous solution include



5 in grinding processing, a high-tenperature and hi gh-pressure
environment is locally created, and thus Al 203 partially |eaches and
supplies Al ions. Also, in the case wher® Al 203 is added to the

| ubricant, use of Al 203 having a small particle dianeter of 1 pmor

| ess makes it possible to prevent scratches on the main surfaces of a

gl ass substyate. [0028] .1n thi .allpwng A,3+.to be contained in
The T ubr i cARERRRL RO Relel A5 fifrete imitiias Bl Al
sol i di Ti capi@ixffe, AnfidlRGiodide! aluffhyuinSnifbed btn AR bhHAG, aluminum
processi ng progresses, and prevent bl ocking caused by grinding dust

t hat i nhi bpbttasginimslilfage, plwoassh sglfper dmd thedile. t h fi xed abr asi ve
grains. Accordingly, th ecrease of the grinding rate_that i.s the

probl em of conveRPFBALY A AzPeRglypTobEde 1 Watarut wises a figtslgad spndifion as
Ot o e R RS eshl PREh MRl o R PERERd s osly

the gl ass tratedhed tﬁusSAﬂl@o@ﬁaméusrqee{mbé hid sinsplaal ionst h&18f ek cBfe where
improving the decrease of the grinding rate attained by al i'owi ng Al +

to be cont Alxhkds addadte thebrirant, vse obAlgs hivaagl snalbpatislerdaameter of 1 pm

[ 0029] The Ifjbri cant . usedbir;é t he prese invel{lti on is._.not

par ti cul ar PYIeFS TREsIt PRRRILlS To preyaRErcratohen PR themrim sfacengha glgss gpbstrate.

| arge cool | f - j i . i j i :
bar U5 cut ar 10028E 1 fiis R8¢ difowBh SRl e dnflingl BY GHL1EHL G thAeeiPoossible to

t hat cont akmspresehudld-upaad sblidifitat®n ofgriadBlg dist thdtds asetd aspriiflieg
spirit, water soluble oil enulsion, polyethylene imne, ethylene
gl ycol , noResessaRDPLOETasses, gheprevest blerlnag cahsaddaroinding dus

8
Pndore. ¢ nPRaArReaErnE prBned i PR EeS APl fae decrease
car boxyl i CofiioGrin?idth 1t 2idTas ARNLOPRAZ HdBhidftldhal HSABNERANRLEE BEat uses

triethyl enediamne tetraacetate, propyl ene glycol nethyl ether,
benzot ri azfiked slmdsivmgzPaipy civdbehpiosdd. 1 -Iaxpiasttculan dn gengineneogkyiog! .
The tenperature of the lubricanf when used (fluid t erature) is
al so n pa?#qn@aﬁdaqn heatirpsiptagt gl&ﬁ%inhwh@fiﬁg? sonfent %f#’ﬁéﬁzﬁmmg the glass

| . _ _ . o o DR
by o er abi o ehe Ents {HpBAEID pldhibO i MAE AL AR B0 ing thd Becroqgs gfthe
contai ns AbriafihgRaEIRSNE@BY aBGwing A% t80%d k&5 iWithe Tubricast is sidifificantly

content of the substance that can supply Al3+ ions, is in the range
of 0.05 g/ demongtrated/L. 10 When the content of the substance

t hat i in the |l ubri t.is | th 0.05 g/L, th

e rect of [HEeby DheldikanbereiosepreRet ientnaG riPE AR GriRg ad a
bl ¢ . e . o .

O ne] . MarHRRMERRicPht B0k 1. B4R 5000, dnfl aiPR higty SRR eA b ftion

decreases sionipdetiallhply stitblgr | el axgniple cesgjurgudsolivied isiseithbleahht

glass, and it is thus not possible to inprove this grinding rate )
decrease. GNtaIS OBE REMOKE AL mingrehoil, keresgne.antnesil spiret, watsrsahbie oil

t hat Al3, i in t.he | i t 1..0 g/L,,. ffect
ChaCan sy, Ao L B LG e st oicecdh, 10 0L e Stice
the presentidtA¥RANLIHRb, p&'&p}}lérlleoélﬁéo?,ra%gﬁ&l% HoRAk, IQJrﬁ‘:Sa%i(I{ll bfnt ¥BAHoLflate, pine oil,

glass) 10 constituting the glass substrate Is anorphous

al um rigisi | irclalee tlgbamsne Mit; nondg bkkslpideg 113e tisethiAreziae, cwledxyhc gtidssdium
substrate can yield a snooth mrror-finjshed surface, and the

post - pr oce$3nsrgariobargtiarale. asppsenasolamine piriethylapeBamineigtraaestatiuch
al um nosi | | I i s _tihat .cont.ai Sif)2 a 18i,N_conponent
o o bRl R R, PR PR o S B 50E8
that cont 2hagyl Nyt A WPfefpkRaiRREBOThE Hibidditht 12315 A (il MBSt AR) is
greater than 15 wt% is nore preferable. Specifically, it is possible
t o use phosishopupaticibelyflmeked mmdEtenypeahivme aosind 405€Ces géwdly sultable.

30 [0030] In the present vention, it is preferable that in the Iubricant the content of

the substance that contains Al and becomes ionized in an aqueous solution, i.e., the

content of the substance that can supply Al3* 1ons, 1s in the range of 0.05 g/ to 1.0 g/L.



amount of 5 wt%to 15 w% Li20 in an anount of 4 wt%to 10 wt% Na20
in an amount of 4 wt%to 12 wt% and ZrQ2in an anmount of 5.5 wt%to
15 wt % and has an 20 Na20/Zr02 weight rHtio of USto 2.0 and an

Al 203/ Zr02 weight ratio of 0.4 to 2.5. It is desirable that glass
does not contain an alkali earth netal oxide such as CaO or MgO An

R BT oS U0 AR s
g ase NSO 06; BIORMINI AU 8 0500 o acEh AL AR TR e

amount of frobten3 of@inYentze@l ignindingaprocsstingfthlt tises Sixowd hbjasNa2Pameds Agt20
in atotal apount of 3 to 15 nol 0/3 O CaQ Sr0, and BaOin a total

amount of Juheigndyapigimd. Jhyp ar; rindipayate goqpgaseygomsderahlyan

ratio o | euueresseibs dEheTORE Rl A i W s R Pog e B Rl s
a ol ar _r aififcinaAR3cMiRE CAO) thé St Baidb96n Whol tho cbhidfk GFiHe Bibstance

preferably used. Al so, glass nay contain Si Q2in an amount of 56 to 75
mol % Al 208iat cam sugply &4 derts iofthd lubpicantretceed=al .R alli, theeidct okintetsing the
selected fromthe grpup consisting of Li20, Na20, and 1(20 in a total
amount of &1 gﬁa%df%eaﬁ?aﬁ‘?qrﬁfgcg%%% metal (s) selected fromthe

group consfapki ng - . 30
ToL% and. SopaLCufthe iEborkBNentll Filabldult Thet A AU 0R5 o84, 02
Y203, 10a20&nst20d; thyle24ds substanid id agdpplivud al@halostitatedlagf Wlie@t-@blishing
than O and no greater than 10 nol % In the present invention, the

Al 203 cont @etsuirface hesughasglagsombsite e yield grasenth ipriyror fingshpel srrfaess and
and nore preferably the Al 203, coptent.is 5 mpl %.or |ess. [0Q33] The
G ndi ng. SUEIFEPERTG AN o . o RETPrAb RSP S o
stages, i .RumifodiRE8 ok RANAG thhLerthink HOJA NHARE cShEMerRARdAl0sin an
precision grinding step (second 10 grinding step), and in this case,

it is desismablnt hog@pdrithan @0iwtdd. ndwtlepnidngtglassehaf conetdnaBisisemain
grai ns, cont ai ni ng di agimd particles and a lubricant in accordance

Wi t hd_tlf% proERRament Ae Alalyin an At nogreaier ﬂb@tntléwg‘ﬁa@e%ﬁg@@abh
Convent rondrergi gl FERUfeR b Eob s R e BB A iR o s

exanpl e, c@fl chitahdRYmAR ReifariREiIdsREAARGuRNfdIy L 8535 ¥2%IABR;in an
nol di ng nmet hod, and al so a grinding step that uses fixed abrasive

grai ns conaabninhef ivtnte 3 pats Lilss saminewhiufrivei@hto 1hwilbcagancan
or i ndi g SEBBTHA VITRGu LA G P0G 250 S UG 11 T G 15 30k BRbAES an
parti cjges, NﬁR?/%?bX%e%i@@rQﬁo éf’(gg 195 020%h %l?(})%%%@z' WeidRY 8 498 28 Ttis

[ 0034] After s grinhdi ng p, mrror p ng processing 1s

perforned deiebleaihat glaks @hdshope@ttadeah hkalisdifhaetal bride Rectpae€e0tor MgO.
invention, the grinding step uses a grinding nethod perforned with

fixed abr adhesagpl fsuth glase maydieddd Mlass (kade pametmanufactured by HOYA
opposed to.a cont\llenti onal grinding nethod perforned with | oose
abrasi ve gP&BEaNGh s naking it possible to reduce the roughness of
the procesppgop UAL AteafoRRG Rt HnRE heat RRistdlft MBRUAL a8 b ik FTOY S N
t he subsequent mrror-polishing processing step Is

25  amount of 50 to 75 mol%, AloO3in an amount of 0 to 5 mol%, BaO in an amount of 0 to

2 mol%, LizO in an amount of 0 to 3 mol%, ZnO in an amount of 0 to 5 mol%, Na20
and K0 in a total amount of 3 to 15 mol%, MgO, CaO, SrO, and BaO in a total
amount of 14 to 35 mol%, and ZrOz, TiOg, Lag0s, Y203, YbeOs, TazOs, NbeOs, and HfOs
in a total amount of 2 to 9 mol%, and has a molar ratio

30 [(Mg0+CaO)/(I\IgO+CaO+SrO+BaO)] in the range of 0.85 to 1 and a molar ratio
[Al:05/(MgO+Ca0)] in the range of 0 to 0.30 can be preferably used.

Also, glass may contain Si0z21n an amount of 56 to 75 mol%, Al2O3in an



smal |, the processing load is reduced, and the processing costs can
be reduced. It is suitable to performa mrror-polishing

met hod on the gl ass substrate using a pollshing pad with a

pol yuret hane or |ike polisher while supplying a slurry (polishing
l'iquid) containing an abrasive that is made of a netal oxide such as

i 30 i d | oidal i1 ) i | | b i
can bo. obt aissgt B &0l STl e SeHed Foah iRt ettt 0.
a ceri um oxi;68; BAFRD R hastaY 8mblihf Ste R015 ﬁtﬂj‘yﬁlgiﬂgi]ﬁféee%ﬂlf'ﬁkteﬂ@}jsie%ected from

final-polishing (mrror-polishing) the glass substrate using

col | oi dal #hd groap atmsastingeof @D NSa sabfrD poh tethl agopntoafd9o B6)mol%, and
[0035] In th resent_jnvention, the surface of a gl ass substrate

after the @P&@@i@qﬁ&ﬁ#mﬁﬁwuﬁ%ﬁ@%g@ AP R P LogBs, (GdsPaNb20s,
rocessi ng. . J ref.er L rf i ith i

Perage 1 oab R TRIGHBLABLA gt bbbrefll RGO N O Bfhe R U TPl o

i nvention both dpNeHeepresdghiRation e AISOS@ntditah el FRsAEHRpdbaEisW t h
t he Japanese Industrial Standards (JIS) B 0601. From a

practical piedeypblnts wither dassfasemomuprefeashly theAl:bk soptent isdaxplinr less.

roughness ithnmetic average roughness Ra) in the present

i nvention e r a »
A3 Fhe kot e G RRaLY PemneL 2 statt b Eatius teinise stages

obtained b SUBR .G Af . {1 ;
[0036] In %/%ga pr%s;%]‘t I n%gnpﬁ%t%gﬁaﬁg%%@ﬁaﬁ%@?@%rior%g@ﬁgﬁl&é%
st r engthengrigdingeadpienid iaf théy cakhidt fsidesiralleth spplp e grralieg siep ghatskes fixed

before the polishing processing. As a nethod for_ the chem cal )
st r engt henbbrgsive &aine sentaining digsperidpaticles pad adabrieat in ngeppilanceavith the

e B AR TR A Pl RSB TR A R
exanpl e, afhAflABPSLAL %L?g}%nﬁﬁﬂgsﬁéb, JEERLoRN G P &bp kRSSused Berface
chemi cal strengthening treatnment 1s a treatnent 1n which a gl ass

substrat e pktdsrougiosed of foreaamatd, cadt itonamapbé perfamerd dadending on the glass
strengt henin hat an al kali netal el enent having a

|
rel at iyl yds %@&&gﬁq‘é’& oflcgnd alse A srindme e that uses Bxrgt uAsiNg 23iPs  and

an al kal i | . i L af J: | ol i i
the gl ass Eidmid SPEM N Buf B1bHERCIn FRBNEE b g QL i Bon
havi ng a rglagthe\u@lplied & GR fokRs-abastiush PRIGRAsEep. tTheoatY &Hiﬁsi%'%fsﬁﬁ@

| ayer of the glass substrate, and conpressive stress is generated on

t he sur f acareofotiimaitey] twsbamohd parides, abkasivergrame dnaylead otlmrbsatesinks thagbe
excel lent | ct resistance, and it is thus particularly suitable to
provi de t hB%t%enpered gl ass substrate in, for exanple, an 25 HD]) for

nobi | se a 1:.Calk: i . - i i e
such 2 polo0sa] SARSEE BlimEll et AERR BoR by pRte Bt lenclEb Ao 4 080 P
[0037] ThehighBspretise Aveaiifae. ahsthepsrevdteavantival iednholingsteyiaed akiinding
a magneti c di sk using the above-described nmagnetic disk gl ass

subst r at e. mephadgerfraedrwith Aivehabrasive ghamgiyaecordangg sith the present invention
manuf actured by form ng at, .l east. a.magnetic | ayer ,on,,30 the magneti.c
ik gl assasomberd i Bfnehuo A Euict Pt neRed 33 Pace drage ehss.
magneti c 'ﬁﬁﬁrmaﬂiﬁééﬁﬁd@fbié?b%ﬁﬁﬁe%grﬁ’&'}ﬁ?e%%f&% P Iecgéfalageiﬁ—gme. Accordingly,

ferromagnetic alloy with a large ani sotfopic mag can
used. Zhe thgnedu df glees rémoypsdaihehablihsequent mirror-polishing processing step is

small, the processing load is reduced, and the processing costs can be reduced.

It is suitable to perform a mirror-polishing method on the glass substrate
using a polishing pad with a polyurethane or like polisher while supplying a slurry
(polishing liquid) containing an abrasive that is made of a metal oxide such as cerium

30 oxade or colloidal silica. A highly smooth glass substrate can be obtained by, for
example, polishing the glass substrate using a cerium oxide-based abrasive (first

polishing processing) and final-polishing (mirror-polishing) the glass substrate using



13 formed on the glass substrate by a sputtering nethod, for exanple,
a DC magnetron sputtering nethod. Interposing an underl ayer between
the gl ass substrate and the nagnetic | ayk2 nakes it possible to
control the orientation direction and size of magnetic particles in
the magnetic |ayer. For exanple, use of a cubic-system 5 underl ayer

h Cr- 11 k it L bl t. i t, .f le, th
oS o GRBRE e R bl GRSE B Fe B S a! oy xamPfe N
magnet i ¢ djglssUtd ARSorebdhtifchtR@Sthe é_lﬂﬁcgag? ngsﬁgﬁkaﬁfg@r the

| ongi tudi nal nagneti ¢ recording type I's nan ture

exanpl e, usfraheatidrexdagonbhg pyeteingmceriayepolishivigprocegidd is pheertbly a
makes is possible to orient, for exanple, the_direction of easy

magnet i zat BRI ugRcehavingyn atithmelg averagorryshnessia ofl).2 sm emess| igeand

of the g 1. di.sk. 1n thi t he nefic disk of, a . )
per pond! oot Biragha Eréstpt ByPafi o bR B RERR G TPt Sefetahinacrayapce
can be for g#h the JupSnSRTRINRHARStAal LIISINELOE | ayer by a

sputtering mathod.B[OOSS] It is preferable to forma protective |ayer

and a | ubri cati njrampgractical iesrpoirdethestirfne tdvehmagsriEiriexatrple maximum
anor phous hydrogenat ed carbon: based protectiye,layer is suitable as
t he protect “ﬂéﬂg%ﬁmﬂﬂtﬁﬂ%}"éﬁe?@@ @H?@eség?)ﬁé TR pyventigh 1s

crarml e, 2 EASI RIBLD 15 B Oy BTy L e

that has a group e termna arn o

per f | upy opah yiedrhieforee mpeteacbpedAFMH. used. In particular, it is
preferable_that the lubricant contains as a main conponent a 20 )
per f | uor opB8I036t hr theqrpeantdnvendionhids prefarablesty pexfoon phemical gutngthening
functional group at. the termnal. The |ubricati l.ayer. can be caated
and 1 or ned B9 ReR) A5 AGe FERRaliching pideosigg anf be b RrElis SR aeeians as
obt ai ned a tHb D& rtiRe RS RLES: ' i | | B et

obtain a h?%ﬁﬁry LI‘r{]g)ll?ﬁa IEe magnet | C %ﬁﬁggl[e%xfhla%{’(g?]sb{ée&%‘g?%g%g]&%eiﬁf)%amlj le,
enbodi ment s lof-térthperptwedon-ekehasiat nosthed eidt peeforias ton dxeHange idet @impebyture
way of exanples. Note_that the present invention is not limted tq

the fold owrangeaohapteeding the glase srapsitiongpoinfgivs eramagles Rt yfesreratipstof 80@°C
o oo, AR TREF AL A BHR  BAP 08, ey
(preci si onyw®idWlk1ags Sitate {sbro@atet hr@nbt with AthokbBRhelkiohl §BéRsthening
surface polishing step (first polishing step), (6) chem cal
st r engt hensalyssthep anzdkhal{ Mptalwlemenitfaaoe podlatghlnrge atomic radius in the
chemical strengthening salt and an alkali metal element having a relatively small
20  atomic radius in the glass substrate are ion-exchanged, thus the alkali metal element
having a relatively large atomic radius permeates through the surface layer of the
glass substrate, and compressive stress is generated on the surface of the glass
substrate. The tempered glass substrate has excellent impact resistance, and it is
thus particularly suitable to provide the tempered glass substrate in, for example, an
25  HDD for mobile use. As a chemical strengthening salt, an alkali metal nitrate such
as potassium nitrate or sodium nitrate can be preferably used.
[0037] The present invention also provides a method for manufacturing a magnetic
disk using the above-described magnetic disk glass substrate. In the present
invention, the magnetic disk is manufactured by forming at least a magnetic layer on
30  the magnetic disk glass substrate of the present invention. As a material of the
magnetic layer, hexagonal-system CoCrPt-based or CoPt-based ferromagnetic alloy

with a large anisotropic magnetic field can be used. The magnetic layer is preferably



14 step (second polishing step) as described below. [0040] (1) Rough
| appi ng step First, a disk-shaped gl ass substrate nade of

al um nosilicate glass and having a di anet®r of 66 nm and a thickness
of 1 0 M was obtained fromnolten glass by 5 direct pressing using
upper, lower, and drum nolds. O her than using such direct pressing,

a glass supstrate al s e obtained by cutti pl at e .gl ass, t hat
has boen_ pIBBEASE B Eitusnpmre e R e R et aDE Hoge
substrate gpﬁtbelﬁlq%%ﬁﬁ;d.er MR BchsfleZeh uderlddes betwtdh RS blaké 8hiktHi888d the
gl ass for chem cal strengthening containing St Q2in an anount of 62 to
75 W % Zr gRignetanlayooomakenit posdbledo ttntwl %he tfieaioR idiveetornmmdisize of 5

to 15 ww% Li20.in an,anount of 4. to 10 F% and Na20 t han. anount of
4th 12 w FAseeticprticlasan the magpeticlayer bifey exaraple ase of arugicivgteam

this glgass ' ' ' e
accur ac@. qﬁ?@%’%g%ﬁ%%%?%%%@%&%%ﬁ %Sgﬁ%m}q%gégﬁ%@%%%@gpi ng
machi ne angdiradtioasifégsyPmakhetRsionof fheamﬁéﬁéﬁdlﬁfréﬂ 4118 fHeaBRagrdtic disk surface.
Specifically, the glass substrate that was held by a carrier was

tightly plht8ds ereevidermagnetigsiiels ofaldngitudinabmagrete wetadog typhies | oad

was set at_about 10Q k t he sun gear t he internal of the. .
oot ng MG ¢ Slsg: 6 eXaaty nrcBRa TPl pntaining
gl ass subs ' 3 ' . :

o aurf ace. Roam BEROREBARII b bt B L EplCHE, (AR of Beg oA Ghe b o
about 1 pnoftA@ nhahedit 14y2) abiharhe goshelofliba plana of thd mdgnatil dige.i TadthBase,
was used tq create a hole in the center of the glass substrate, the

outer circtherpengticalislepin papendigalay magmetie secarding tatsria manufatavass ehe
f 65 h det . hant er | ' f d
on the. out BPet L P PE Riiel B FARE-GRE af U RaRn KR BT R s
end face. [Jfaensb surface roughness of the end faces of the glass

substrate at this tinme was about 4 pmin Rrax. Generally, a nagnetic
di sk wi t h K@38Lt Eris gieferablertodérnt s protecisvaisger and ahibrieating tayiedbin thiaoder

?:'if) l[:()i Sﬂ; \r{rg%?ﬁ plgf’gr%gg]];ﬁéc%)ﬁyeg; ?M&I@ aﬁg E}rf](glpgé}’?avp% cellrrll)gn'%ageo dulgjllo(t?éc%ilvg ?ayer is
suitable as the protective layer. The protective layer can be formed by, for example, a
plasma CVD method. As the lubricating layer, a lubricant that has a functional
group at the terminal of the main chain of a perfluoropolyether compound can be used.
In particular, it 1s preferable that the lubricant contains as a main component a

20  perfluoropolyether compound that has a hydroxyl group as a polar functional group at
the terminal. The lubricating layer can be coated and formed by a dipping method.

Use of the glass substrate obtained according to the present invention makes
it possible to obtain a highly reliable magnetic disk.
[Examples]

25 [0039] Below, embodiments of the present invention shall be described in detail by
way of examples. Note that the present invention is not limited to the following
examples.

(Example 1-1)
A magnetic disk glass substrate of this example was manufactured through

30 (1) rough lapping step (rough grinding step), (2) shaping step, (3) precision lapping step
(precision grinding step), (4) end face polishing step, (5) main surface polishing step
(first polishing step), (6) chemical strengthening step, and (7) main surface polishing



30 performed while the glass substrate that was held by a carrier was
tightly placed between the upper and |l ower surface plates to which
pell ets containing di anond abrasive partl4€les with a #1000 particle
size (abrasive particle dianeter of about 2 to 15 10 pm fixed with
acrylic resin were attached. A lubricant in which Al 203 (particle

di anet er of, about .had been, added, .to a cool ant (tenperature of

400) so asSt[P”B %W%@&%%%B&ﬂdeégﬁlﬁ%he Wis used. Specifically, the
| oad was spjp48] abRteH Uil stbpe sun gear and the internal 5 gear of
t he | appi ng machi ne were rotated, and thus both main surfaces of the

gl ass substrat e Hoshambelaslegped gldsheubstratcenadvofelhappeiticste gssstamdizweng

a surface raqughness_of about 2 pmin Rymax and about 0.2 pmin Ra.
The gl ass 8 ﬁb@ﬂ‘ﬁts% of 6 man amié thlgg}aie%g)f d{Uepmypyas phkgrresdom meleasdass e

| eaning b . | Ml i cati
o sy o B s KnB Ul DAL Bia SSRERIELY | OhB: HabRERGA R
this | appi pessihgpa %megsmme Haga;aﬁﬁb RN A BF iR Splad Had RS ESS Bébn

was performed on 10 batches. 2 shows the change of the grinding

rate that peducedhy adowndrayamsthed ea featonsthiod gnipracgjassubetrateagith he
data points represented by sol.id.s res), in the _figure As for a
conpar at i vareéﬁ%xﬁ%?& B %éﬂ%ﬂ%ﬁﬁaﬁ%@éﬁ%ﬂ&ﬁ foy Jemiced sGPneideREe
rate that 55-535-];;% A% ; A i '
data poi ntgﬁlﬁepre %%tﬁé%gﬁy 0 Emblog% %ﬁjﬁ?@@%%ﬁ%ﬁ?g %\?\Eﬁgﬁ%ﬁ%
preci silon AipRingn arepnvess tetd wtXWEdi:Onn bhemsaiie ofanned wa%, hid NagO in an

foregoi ng exanpl e except that no Al 203 was added to the | ubricant
(cool ant ) . ameuakef ble S Stesdged-r om the results provided in FIG 2,

i h Al 203 dded he 1 ubri. | . 20
1 ow Al 31 00HTE o e nRE AR b i iE B 3R Do the
trend of tagneHIdHAl Asbur Ay SuiBshapa bl 8PS Wselgpﬁiﬁ%%téﬁwlﬁs b&ormed using a

bat ch-w se processing progressed, and it is thus possible to 1 nprove
t he decr ead®ahié-stdadappingdiachineatrel dhirasive padivbearwitlyd a #400 perthdd sibe.wi se

' if th i i f d onl ith

D onvont ooahect i tna elare Susi P Shat vt RUGAY A cABTipOTASHERty Plader betwsen
e Ny . . :

Pre ol'nag EleABpHaRa 1S SAE pRRE, P Bha ISR ENTL 180 kEMle FBE g8y 0lna

rotated soil@Snt@nbBs@raf fiRUSHHAsmahiabRbte 10tatedBridithRabothaRin $ili€ices of

surface of the glass substrate after this end face polishing was
washed wi t thevglagsrsubg@afjeopd@hnoBntentinthe oufrier evepe lapphi no as teemaviefd suwface

o i ot or  RERTAAPP AGAAPAA SRR B BBNIS B BR A NSRSt op vas
perforgpd RLp &) @B'df?iln%'sfépde pol i shi ng machi ne.
Next, a cylindrical grindstone was used to create a hole in the center of the
glass substrate, the outer circumferential end face was ground so as to obtain a
diameter of 65 mm, and then predetermined chamfering processing was performed on
the outer circumferential end face and the inner circumferential end face. The
25  surface roughness of the end faces of the glass substrate at this time was about 4 pm
in Rmax. Generally, a magnetic disk with an outer diameter of 65 mm is used in a
2.5-inch HDD (hard disk drive).
[0043] (3) Precision lapping step
Using a double-side lapping machine, this precision lapping step was
30  performed while the glass substrate that was held by a carrier was tightly placed
between the upper and lower surface plates to which pellets containing diamond

abrasive particles with a #1000 particle size (abrasive particle diameter of about 2 to



16 I n the doubl e-side polishing machine, a glass substrate that is
held by a carrier is tightly placed between the upper and | ower
surface plates to which polishing pads hbkve been attached, the
carrier is meshed with the sun gear and the internal gear, and the
gl ass substrate is pressed between the upper and | ower surface

plates. Th ol.,shing liquid is, s i bet ween th ishin
pads and tﬁ@p@ﬁg@ggﬂb?myﬁ%ma gzgreS%Basck!LE& e‘gg@l’ﬁé‘\ﬁ%m Wbﬁg‘dﬁ%) %(Bartlcge
upper and pWedteSoFfHa6e1 Rhd 1R RER aHA@iReodki (FMiriiife 8F 4P8) so as to
substrate makes an orbital notion while rotating on its axis on the
surface pl atleevesn00bafL bottbntreasuseds f aces of the gl ass substrate are
pol i shed sinmultapeously. Specifically, the first polishing step, was
per f or med usi ng P‘Pf%&ﬁ iq?é]fw‘ﬁ'\%ﬂt&ti WrAd0rken e gurgeag ang the internal
pol i sheg . LN which.cerium axide L1 [ t
o 1. 3 o iR kPt Sehi S8 B R R0 PURLR, RADD biiecd GPHIR ke

liquid, a b§iRgradé addehi8bddted WbtheaRBliéefleredApdd® 4abhehé AguithéErodg@hness
15 m nut es. Thewgl ass substrate that had undergone the first

pol i shi ng stahipuidgmy mBresdndrhost p€atme Rel eani ng bat hs of a neutral
detergent, pure ter, re water, | PA (isopropyl. al cohql), and.|PA
(vapor 15 dryi ng;fﬁ? ﬁf Sgﬁﬁ%@ﬁ??ﬁﬂ%ﬂ mgﬁpeé’s‘%%%‘@e{ﬁeaﬂéé‘%?ﬁ?@%el y
cl eaned an ] D4 1 i . . :
Then, ¢ hem&g%ﬁ?? ;d g&lgt hee]rilzfe ‘%ﬂ%%gg%er rgf%?t%ﬁg %&P gll %P%lgéﬁ@gﬁlslta rsg?%enual
t hat hHd uncemgoasd thes dtexsemesdly dewaddcl eani ng. Chem ca

st rengt henbra%ﬂi/vas erformed by providing a chem cal strengthening
sol ution i ch gus lppingnted.ongbetdraclided J80 sdbstratesrad mpessng was

the. ol Sancheriaran it BEESTS HHC: 25pE®s e dingRar e it Riiall Riak fgfured
sol ution f g {1RNNMEL-difHoSessiBQASrebsbl (Ml the It GiRtIRbIcaBhRE by taPRolid

(second polishing step) Then, "a second polishing process was
per f or med sgiargs)théhesAgmetould for s icompafativelekatipiy FiGc blve shewssethiange

the fiyst polishing step, but poljshing pads. with a soft polisher
( sueo|e$5S ( paﬁo % SRR a00 BHALAE R TTat A oA L WP AR BSSIDE pvfzsre%ag ?%ébe

i o \ [RSKeEr e e _ S the
i sur s ada@Topidskesifha bp pRpIAALRRG) BMHIHRRAN I LRl R Eping
a surface siepahRgRsfodined i@ theessaiPn@nnabdin the foregoifk ckBslel e'?cg(gﬁ thht he

retaining the flat surfaces obtained in the first polishing step
descri bed Ab&savasRddedtethe InbuipardHcastanthi ol capitiei waletsivet figm tharesudise
dianeter of 0.8 p di spersed wa ed as oljshing |igquid,

oad of 108G EABREIE i R ST e Al ore S s peliatens Ghind
The glagss £~} | . | ; {,.Shing:
T b
det er gent , rgtemes\haiey obgutvel ewnerher £ baactdwidbroaapor plsgrtag), dml @ is

sequential manner_so as to be ultrasonically cleaned and dried.]
Al so, the thwmsmesabledogmipeas the desreaseenithe svindingsatsrthahis dpseryed as the

substrate t ai ned through the f.onegoi ng .processes s ;easur ed
Using an abB & POP eI OB AR ProrE o B A euad G VAT o
substrate wlﬁgnﬁ&ﬂl(@@%éﬁagé&éﬂémﬁmﬁ%@. 13 nmin Rmax and 0.20 nm
in Ra was obtained. In addition, the surfaces of the glass substrate

wer e &l yiedslin@e Endrfast mrishinfeatere ni cr oscope (AFM) and an el ectron

m croscope, thus_revealing that the glass substrate had mrror
sur f aces,p and  Then,t  Innier ang outer cw%umferentlal end ftaceso the glass substrate

were brush-polished while the glass substrate was rotated so as to have a roughness of
about 0.3 nm in Ra. Then, the surface of the glass substrate after this end face
polishing was washed with water.
30 [0046] (5) Main surface polishing step (first polishing step)
Then, a first polishing step to remove cracks or distortion remaining after the
above-described lapping step was performed using a double-side polishing machine.



10 no surface defects such as protrusions or cracks were observed.
The resulting gl ass substrate had an outer dianmeter of 65 mm an

i nner diameter of 20 nm and a thicknessl®f 0.635 mm In this
manner, the magnetic di sk glass substrate of this exanple was
obtai ned. 15 [0049] (Exanple 1-2) A precision | appi ng process

f ' . : i I - t..t hat t.he.
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Exanpl e 1-1 above. Then, a magnetic di sk gl ass 'substrate was obtai ned

i n the sanbavebeesratteched, (26 chxerpt methdd withahe st gedrhmndthedhiiroal gear, and
Tabl e 1 be|l ow sho t he change of the _grinding

| appi ng step.
rate that BlgRFabEEataE pls%ﬁseqﬂw“ée@na ® MBRY Wey Fadacedlates hEhen, a

pr eci sion EROLS ' i X
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Exanpl e 25gdbstra¥ 6Ehd polivhibd tthe upget aid lotee BREH G plaRs@e A6ded! BAd thus the
served as a lubricant had an Al 203 content of 0.03 g/L in the

preci si on Blagpsulptinte owdkes an opeitdlonetiah whilEreiatihe on 1ty axdsonethe Thface plates
magnetic dis ass substr.ate s obtaipned in the.sane.mapner as in
e 1 50 el P i Pyt o e e B ias Bt aptsh Sl altAscody &1
bel ow sho g he i ndi : q . 30

ot oh- v S Spb SR il pdilfir okl WROpé:Endd Win i HAE B8Ry DG

t hi s eManpheethhfdvhn) @GEagrobkker] - RD water &6 indiidhncerapp bxide faveegmsparesle

performed in the sane ngnner ,as in Exanple 18 1-1 except that the
cool ant (t diapeater ofle3 Bm) ape)disueasedasiarahsher was uprd asmpolishingliayig, Zolead

Exanpte 1. 9 DA whe PPdt A5 e RonsAER SheBLRTRRB e L e iR futgnte
in the sang,raARamdBSedne tﬁéﬁﬂ&'p%]iéhiﬁg%g@ex%s foPhetdlg h?f&%&&iv%&l%e@ﬂ?é Piths

step. 5Table 1 bel ow shows the chang the grinding rate tha

occurred aef4 heutbaltdehenges pprowetes; mure prabey, B34 Gsbrivopt! dcopolcirsli IRA. (vapor
| APPI g St g 00 1h A sequostill reanzier 8 a8 to b6 wltrasonienlly cléaned and dried.
[0047] (6) Chemical strengthening step
Then, chemical strengthening was performed on the glass substrate that had
undergone the aforementioned cleaning. Chemical strengthening was performed by
providing a chemuical strengthening solution in which potassium nitrate and sodium
20  nitrate were mixed, heating this chemical strengthening solution to 380°C, and
immersing the cleaned and dried glass substrate in the chemical strengthening
solution for about 4 hours.
[0048] (7) Main surface polishing step (second polishing step)
Then, a second polishing process was performed using the same double-side
25  polishing machine as used in the first polishing step, but polishing pads with a soft
polisher (suede) (polyurethane foam with an Asker C hardness of 72) was used. This
second polishing step is a mirror-polishing step to finish the main surfaces of the glass
substrate into smooth mirror surfaces with a surface roughness of, for example, about
0.2 nm or less in Ra while retaining the flat surfaces obtained in the first polishing
30 step described above. RO water in which colloidal silica (average particle diameter of
0.8 pm) was dispersed was used as a polishing liquid, a load of 100 g/em?2 was applied,

and the polishing time was 5 minutes. The glass substrate having been subjected to
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the second polishing process was immersed in respective cleaning baths of neutral
detergent, pure water, pure water, IPA, and IPA (vapor drying) in a sequential manner
S0 as to be ultrasonically cleaned and dried.]

Also, the surface roughness of the main surfaces of the glass substrate
obtained through the foregoing processes was measured using an atomic force
microscope (AFM), revealing that the glass substrate with an ultra-smooth surface of
2.13 nm in Rmax and 0.20 nm in Ra was obtained. In addition, the surfaces of the
glass substrate were analyzed under an atomic force microscope (AFM) and an
electron microscope, thus revealing that the glass substrate had mirror surfaces, and
no surface defects such as protrusions or cracks were observed.

The resulting glass substrate had an outer diameter of 65 mm, an inner
diameter of 20 mm, and a thickness of 0.635 mm.

In this manner, the magnetic disk glass substrate of this example was
obtained.

[0049] (Example 1-2)

A precision lapping process was performed in the same manner as in Example
1-1 except that the coolant (temperature of 40°C) that served as a lubricant had an
Al>03 content of 1.0 g/Liin the precision lapping process as performed in Example 1-1
above. Then, a magnetic disk glass substrate was obtained in the same manner as in
Example 1-1 except for the precision lapping step.

Table 1 below shows the change of the grinding rate that occurred as the
batch-wise processing progressed in the precision lapping step of this example.

[0050] (Example 1-3)

A precision lapping process was performed in the same manner as in Example
1-1 except that the coolant (temperature of 40°C) that served as a lubricant had an
Als03 content of 0.03 g/L in the precision lapping process as performed in Example 1-1
above. Then, a magnetic disk glass substrate was obtained in the same manner as in
Example 1-1 except for the precision lapping step.

Table 1 below shows the change of the grinding rate that occurred as the
batch-wise processing progressed in the precision lapping step of this example.

[0051] (Example 1-4)

A precision lapping process was performed in the same manner as in Example



[ 0053] As can be understood fromthe results presented in Table 1,
adding Al 203 to a lubricant can inprove the decrease of the grinding
rate that occurs as the batch-wi se 10 prbg®essing progresses if the
processing is perforned only with a conventional coolant. Meanwhil e,
in Exanple 1-3 where the Al 203 content in the lubricant is | ess than
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| ubri cant eonvehtopaldabiSeanin 14 @appll.noAlsb,ei3.can be understood from Example 1-4 where

15  the Al:O3 content in the lubricant exceeds the preferable range, the effect is not
different even when Al2Os 1s added in an amount exceeding a specific level.
[0054] Moreover, as Example 15, a precision lapping step was performed in the same
manner as in Example 1-1 except that aluminum ammonium sulfate was added in an
amount of 0.06 g/L to the coolant (temperature of 40°C) that served as a lubricant in

20  the precision lapping step as performed in Example 1-1 above. Then, a magnetic disk
glass substrate was obtained in the same manner as in Example 1-1 except for the
precision lapping step. The change of the grinding rate that occurred as the
batch-wise processing progressed in the precision lapping step was the same as that in
Example 1-1.

25 [0055] (Example 2-1)

In this example, as for the type of a glass substrate, heat resistant glass (Tg:

no less than 650°C) containing SiOzin an amount of 50 to 75 mol%, Al;Ozin an

amount of 0 to 5 mol%, BaQ in an amount of 0 to 2 mol%, Li2O in an amount of 0 to 3



10 [0057] In this exanple also, as for the precision | apping step,
one batch included 100 substrates, and processi ng was perforned on 10
batches. FIG 3 shows the change of the ¥inding rate that occurred
as the batch-w se processing progressed (see the data points
represented by (solid circles) in the figure). As for a conparative
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| appi ng process as perforned in Exanple 2-1 above. Then, a magnetic
di sk gl asssuhsbstesnnnd nascesdingivae geiformédos dbbatrhan e rFles 3isho®s tiExchamige of

2-1 t for.t j Si I [ tep. . Tabl 2 bel h
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the sanme nBIRET alas showsHhrbhagoflthe xeeding 1hdd thadtecaoeddbdy the batch-wise
(tenperature of 40C) that_ served as a |ubricant had an A 203 content
of 0.0 g/ processingpiostasses (Gee twtﬁgomt@mgsea@qw@&lmbmdeémﬂpﬂ e

2-1 5 abO\r/Tﬁ. TFGE‘E a m@net ':[c di skt ﬁl ass e?’%bSt rate was obtained i b
the same nHEF VAR APTESISIR 1APRIIE SteR UPeF Gt Hieceins BPRGE Hghe
st ep. foreghttd Scadn I WS BRNSEAIOLRED I8 tol HE IHricAft REIaADE ABRin
occurred as the batch-w se processing progressed Iin the precision
| appi ng st kpunderstvod fexathe esultOpE]dedbn IO 8, iRt4d cAdRAvIpIre Allf)omas added
| appi ng pr oc%si was perfornmed in the same manner _as . in Exanple
to the lubricant (coolant) to allow Al3* to be contained therein as in this example, a
20  downward trend of the grinding rate was barely observed even when the batch-wise
processing progressed, and it is thus possible to significantly improve the substantial
decrease of the grinding rate that occurs as the batch-wise processing progresses if the
processing is performed on a heat resistant glass substrate only with a conventional
(comparative example) lubricant.
25 [0058] (Example 2-2)
A precision lapping process was performed in the same manner as in Example
2-1 except that the coolant (temperature of 40°C) that sexved as a lubricant had an
Al203 content of 1.0 g/Ls in the precision lapping process as performed in Example 2-1
above. Then, a magnetic disk glass substrate was obtained in the same manner as in
30 Example 2-1 except for the precision lapping step.
Table 2 below shows the change of the grinding rate that occurred as the

batch-wise processing progressed in the precision lapping step of this example.



2-1 except that the coolant (tenperature of 40C) that served as a
| ubricant had an Al 203 content of 1.5 g/L in the precision |apping
process as perfornmed in Exanple 2-1 abov&) Then, a magnetic disk
gl ass substrate was obtained in the sanme manner as in Exanple 2-1
except for the precision | apping step. 15Table 2 bel ow shows the
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2-1 except that the coolant {(temperature of 40°C) that served as a lubricant had an
Al:03 content of 0.03 g/Liin the precision lapping process as performed in Example 2-1
above. Then, a magnetic disk glass substrate was obtained in the same manner as in
Example 2-1 except for the precision lapping step.

Table 2 below shows the change of the grinding rate that occurred as the
batch-wise processing progressed in the precision lapping step of this example.
[0060] (Example 2-4)

A precision lapping process was performed in the same manner as in Example
2-1 except that the coolant (temperature of 40°C) that served as a lubricant had an
Al>O3 content of 1.5 g/Li in the precision lapping process as performed in Example 2-1
above. Then, a magnetic disk glass substrate was obtained in the same manner as in
Example 2-1 except for the precision lapping step.

Table 2 below shows the change of the grinding rate that occurred as the
batch-wise processing progressed in the precision lapping step of this example.
[0061] Table 2

Table 2 Grinding rate [pm/min]

1st batch 5th batch 10th batch
Example 2-2 4.6 4.3 4.0
Example 2-3 4.0 3.1 3.0
Example 2-4 4.7 4.3 4.1

[0062] As can be understood from the results presented in Table 2, adding AlzO3 to
the lubricant can significantly improve the substantial decrease of the grinding rate
that occurs as the batch-wise processing progresses if the processing is performed on a
heat resistant substrate only with a conventional coclant. Meanwhile, in Example
2-3 where the Al2O3 content in the lubricant is less than the preferable range, the effect
of improving the decrease of the grinding rate that occurs as the batch-wise processing
progresses if the processing is performed only with a conventional lubricant is small.
Also, as can be understood from Example 2-4 where the AlsO3 content in the lubricant
exceeds the preferable range, the effect is not different even when Al20Os is added in an
amount exceeding a specific level.

[0063] Moreover, as Example 2-5, a precision lapping step was performed in the same




Exanple 2-4 4.7 4.3 4.1 [0062] As can be understood fromthe results
presented in Table 2, adding Al 203 to the lubricant can significantly
i nprove the substantial decrease of the Zkinding rate 20 that occurs
as the batch-w se processing progresses if the processing is
performed on a heat resistant substrate only with a conventi onal

cool ant. Meanwhile, iLn Ex e 2-3. . where the Al 203 .cont int .
obr et PR o in rhs Tl Bx EpbUIE o SR AHERORPBL T e Fsal e an
‘ho d LT ‘ ~ TP ovIng

e decr eagg bt E0AELE tHYcdobhf (EderRGid E)Pél(?glr) %}‘E% %ﬁe&%ﬁ@t ]Elﬁlélcant in

processi ng progresses if the processing I's per

convent i ontle prelisiondniping stepaisipeebriAbd i EasmehiR-babovid e Mheaodinfagastic disk
Exanpl e 2-4 where the Al 203 content in the lubricant exceeds the

pr ef er abl eglpghgbstiapewas phigingdsnibe sywe meamner asve Example Al 2geent or the

added in an_anount exceedi ngywa specific | evel . 063l Moreover,, as
Banp! & 2- SR PRESHS. DR CRREELof e el oAt b e 1
manner as hfchWAEPpRcEssinNneeRissdd Althe Hé'@iéié&ﬂa??ﬁ@ﬂtéﬁﬂmﬁ%ﬁ@ézﬁn&@@th ti
added in an am)u%bofc 5 O%ﬁg?%rs?o t he (h:)ool ant enperature of 400C) avm
t hat serveBxampk 2-lbri cant in the precision | apping step as perforned

i n Exanpl e 2-1 ahove. Then, a magnetic di sk gl ass substrate was
obt ai ned |w%§%]e @g‘r@%ﬁ er as in Exanple 2-1 except for the 5

7S50 LA AR T A 00 S il RGN

as the batch-w se pr precis appi ng s
was the sap@f@asnihBehe follokkanfbefo?ming £t 0Althé Bxambliedidk glass substrateA

magnetic di sk for perpendi cul ar magnetic recordi ng was nmanufactured
by 10 per f evtained inHezamyile dyli degcrfibddabiove.ri ng st ep on the magnetic disk
gl ass substrate gbtained in e 1-1 descri hed.above. i
Specifically, anggﬁf%?ﬁ&@q %‘_ﬁégﬂ’ghaﬁeﬁénﬂ&ﬁﬁw?ﬁhi%@ %Cﬁﬂ%%ﬁ’{lb@l?’rﬁ soft
film a soff, bfipl R Gr B 4 OETLA! o thfh S A Rl Y o Fikibt o
an underlayer In the formof a Ru thin I'm a pger pendi cul'ar nagnetic
recor di ng Raykin film, therpaiditidir magoéidtecaldinylalbr inhthe ffxnh of a €oCePludivy
protective layer, and a lubricating |layer were |lam nated in a

sequertd al thiadlar a earbonerefeeae laversande dubrmaéinglaes srare damingsad ipa t o
PRt AENERE S IR SRR A B
hydr ogenat gghy6 At ofARE n¥d o@lfle rdBAling B es EAREE by contact with a magnetic head.
The protective layer 1s composed of hydrogenated carbon and yields wear resistance.
The lubricating layer was formed by a dipping method using an alcohol-modified
20  perfluoropolyether hiqud lubricant.
A specific glide characteristics test was performed on the resulting magnetic
disk. There was no particular defect, and favorable results were obtained.
[0065] Also, a magnetic disk for perpendicular magnetic recording was manufactured
by performing the same film forming step as above on the magnetic disk glass
25  substrate obtained in Example 2-1.
A specific glide characteristics test was performed on the resulting magnetic

disk. There was no particular defect, and favorable results were obtained.



The lubricating |ayer was formed by a di ppi ng nmet hod using an

al cohol -nodi fi ed 20 perfl uoropolyether liquid |ubricant. A
specific glide characteristics test was gerfornmed on the resulting
magneti c di sk. There was no particul ar defect, and favorable results
wer e obtained. [0065] Also, a magnetic disk for perpendicul ar

magneti c recordi ng was manufactured by performng the sanme film
formng step as above on the nagneti c ‘e @Iass 25 substrate

obtained in Exanple 2-1. A specific glide characteristics test
was performed on the resulting magnetic di sk There was no particul ar
defect, and favonahbi®iod EsthmbhauBiind dabeshibstrite fok Al Yot B8 B&€prising
for nanufacturlng a glass substrate for a magnetic di sk, conprising

a gri ndi ngasgtding stgp Dflgtmbng amaaim sufatcecka glfasas@sme gsmgtarlabncamamd a
a lubri ant nd 5 ace fe th t has i rface .
provid RalF‘B? 513?%% a&%ﬁ’f%“%dr%&l ﬁ aﬁ%ﬁ&%bﬂaﬁl‘fﬁ' P8,

Al 3+ belng gﬁﬁﬁ ﬁHﬁn ricant that is supplied to the surface
on whi ch gr@ﬁ I ng~ proces |ngEP§ performed of the glass substrate. 10
2. The net hod for Alfebheingbitaingl i thb dsisiGub sidtds euppliedao fRgnatice odiveliich
according to claim1l1, wherein Al 203 is added to the |ubricant. 3.
The met hodemadingmyareseingns performydofshe gloss sulstrator a magnetic di sk
according to claim1 or 2, wherein the lubricant has an Al3 content

in arange of 0.05 g/L to 1.0 15g/L. 4. The nethod for manufacturing

a gl asgy substr at @uf etRodRE @Eﬁﬁﬁa&%g%@ﬁs@uﬁ&r&ﬁé BPY nerelia ik a%c&rﬁmg

3, wherein the glass substrate contains: SiQ2in an anount of 50 t
nmol % to claim 1, wherein Al;03 is added to the lubricant.
3. The method for manufacturing a glass substrate for a magnetic disk according

to claim 1 or 2, wherein the lubricant has an Al3* content in a range of 0.05 g/Li to 1.0

15 g/l

4. The method for manufacturing a glass substrate for a magnetic disk according
to any of claims 1 to 3, wherein the glass substrate contains:
S1021n an amount of 50 to 75 mol%,
20 AlyO31n an amount of 0 to 5 mol%,
BaO in an amount of 0 to 2 mol%,
Li20 m an amount of 0 to 3 mol%,
Zn0 in an amount of 0 to 5 mol%,
NagO and K20 in a total amount of 3 to 15 mol%,
25 MgQ, Ca0, SrO, and BaO in a total amount of 14 to 35 mol%, and
ZxO2, ThO2, Las0s, Y203, YbaOs, TasOs, NbeOs, and HfOz1n a total amount of 2
to 9 mol%, and
has a molar ratio [(MgO+Ca0)/(MgO+CaO+SrO+Ba0)] in a range of 0.85 to 1
and a molar ratio [Als03/(MgO+CaOQ)] in a range of 0 to 0.30.
30
5. A method for manufacturing a magnetic disk, comprising forming at least a

magnetic layer on a magnetic disk glass substrate obtained by the manufacturing



20 Al 203in an anmount of 0 to 5 mol% BaO in an anmount of Oth 2 nol %
Li 20 in an ampunt of Oth 3 nbl% ZnO in an anpbunt of Oth 5 nol % Na20
and 1(20 in a total anmount of 3 to 15 m#® 25My0O, CaO Sr0, and BaO

in a total ampunt of 14 to 35 nol % and Zr02, Ti 02, La203,
Y203, Yb203, Ta205, Nb205, and H 02in a total amount of 2 to 9 nol %
and has a nol ar, rati o KMg0+CaO)/ (M0+Ca0+Sr0+Ba0)] in a range

of 0.85 tomethadplanyef daipadited[ Al 203/ (My0O+Ca0)] in a range of 0 to
0.30. 30 23 nmethod of any of clains 1 to 4. 6. A nmethod for
manuf acturing a gl ass substrate for a magnetic disk, conprising a
grinding sgep of AghdtRed RE rAa i fugiHel 288 ubRLEtaRS a ﬁH@sldJ&Lgﬂnﬁng
| ubricant and a 5 surface plate that has a grinding surtace provided
with a pl uagtintingsiter ofkathdibg asnaie syrfacmef a glass substhateadslhg avhebitient and a
facilitate di.scharge, of. an aggregate, of sl udge accunul ated, on . the |
orindi fy SHRIAEPRBEhREhE T RIFHGEEUAGE RO g ARPRDY GHpPdahrasive
that is su -'_ﬁd to the surface on which grinding processing is
per f or med e glass substrate. 10 7. The nethod for manufacturing
a gl ass substr at gn haditive tegRBIthe: didlaracsentigagedste 6f AudachccuielLbd on
the glass substrate is conposed of gllpass containing Si02 as_a main

Y

conponent dhedzrrdingpwlace duediomringingbding sontpired it tig: Inbsicaet thedissyipplied
manuf act urj a ass substrate for a magnetigc di sk.according to

Cr a6 or 1ot Julds i P i fins RocRuriRe maskBunsd S s stidte.

sol utign containing one or nore selected fromthe group consisting of
amne, mneral oil, kerosene, mneral spirit, water soluble oil

emul si on, Pol yet Thé¢ anehodion eareifinthieing agllasseubstimiedeat dangnatit dsk according

cliethanol am ne, trjethanol am ne, propyl ene glycol, am ne borate, 20 .
bori c aci dto d#he whesBxiheglass syppiaatsif compersi of glags epvpining (2 as a main

am de, hex - ethyltriazi arboxylic acid, sodium
2- mer capt O%M%}%Higgg@eztdﬁngélﬁ%(x)%oélﬁgégﬁl%%gwﬁgi et hyl enedi am ne
tetraacetate, propylene glycol nethyl ether, benzotriazol, sodium

2- pyridinet hi ol-1- oxi de, and hexyl ene gl ycol.
15 8. The method for manufacturing a glass substrate for a magnetic disk according

to claim 6 or 7, wherein the lubricant is composed of an aqueous solution containing
one or more selected from the group consisting of amine, mineral oil, kerosene, mineral
spirit, water soluble oil emulsion, polyethylene imine, ethylene glycol,
monoethanolamine, diethanolamine, triethanolamine, propylene glycol, amine borate,
20  boric acid, amine carboxylate, pine oil, indole, thioamine salt, amide,
hexahydro-1,3,5-triethyltriazine, carboxylic acid, sodium 2-mercaptobenzothiazole,
isopropanolamine, triethylenediamine tetraacetate, propylene glycol methyl ether,

benzotrazol, sodium 2-pyridinethiol-1-oxide, and hexylene glycol.

25 9. The method for manufacturing a glass substrate for a magnetic disk according
to any of claims 6 to 8, wherein the additive added to the lubricant is selected from
AlO3, aluminum ammonium sulfate, aluminum bromide, aluminum chloride,
aluminum hydroxide, aluminum iodide, aluminum nitrate, aluminum phosphate,
aluminum potassium sulfate, and aluminum sulfate.

30
10. The method for manufacturing a glass substrate for a magnetic disk according

to any of claims 6 to 9, wherein a content of the additive added to the lubricant is in a



25 9. The nethod for manufacturing a glass substrate for a magnetic

di sk according to any of clains 6 to 8, wherein the additive added to
the lubricant is selected from Al 203, al24i num ammoni um sul fate,

al um num brom de, al um num chl ori de, al um num hydroxi de, al unm num

i odi de, alum num nitrate, alum num phosphate, al um num potassi um

sul fate, and al ymi num sulfate. 30 range of 0.05 g/L to 1.0 g/L.
range o% 0.05 g/lito 1.0 g/l 9 g g



