1 DESCRI PTI ON METHOD FOR MANUFACTURI NG GLASS SUBSTRATE FOR MAGNETI C
DI SC AND METHOD FOR MANUFACTURI NG MAGNETI C DI SC TECHNI CAL FI ELD

[ 0001] The present invention relates to a manufacturing nmethod of

gl ass substrate for magnetic di sk used ir1 a magnetic di sk device such
as hard di sk device (HDD), and a manufacturing nmethod of a magnetic
di sk using such glass substrate. BACKGROUND ART [0002] Recently, a
gl ass substrate is used as one of timEsmptmane for magnetic di sk
suited to high-density recording. The glass substrate is higher in
rigidity as conpared with a netal substrate, and is suited to
application in high speed rotation of a magnetic di sk device.
Moreover, the glass substrate is capable of obtaining a snooth and
flat surface, MmtHP® %@RMBNMEA@BJJRM@m&&su&s;mmmmmm&rm:
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magneti c head.

TECHNICAL FIELD

[0001) The present invention relates to a manufacturing method of glass
substrate for magnetic disk used in a magnetic disk device such as hard
disk device (HDD), and a manufacturing method of a magnetic disk using

such glass substrate,

BACKGROUND ART

[0002]) Recently, a glass substrate is used as one of the substrate for
magnetic disk suited to high-density recording. The glass substrate is
higher in rigidity as compared with a metal substrate, and is suited to
application in high speed rotation of a magnetic disk device. Moreover,
the glass substrate is capable of obtaining a smooth and flat surface, and is
suited to application for higher S/N ratio and higher recording density, by
fowering the floating amount of the magnetic head.

[0003] Generally, the glass substrate for magnetic disk is manufactured by
executing sequentially a process of heating and melting a glass material to
prepare molten glass, a process of forming this molten glass into a glass
disk, and a process of processing and polishing the glass disk formed into a
plate and manufacturing a glass substrate.

[0004] The process of forming the molten glass into a plate-shaped glass



[ 0003] Cenerally, the glass substrate for nmagnetic disk is

manuf act ured by executing sequentially a process of heating and

nelting a glass material to prepare nolten glass, a process of

formng this nolten glass into a glass disk, and a process of

processi ng and polishing the glass disk fornmed into a plate and

manuf acturing a glass substrate. 00042 The process of formng the

mol ten gl asdiskris sealipedthy: piegsemejhedstloat meikods apdpthesdopying mathods.
met hod, float nethod, and other form ng methods. In the press nethod,
froma circlnl thre podasmathgHadromaseiraataerdcdumnarglass bfisskmategat.1g glass
| arger in thickness than the substrate for magnetic disk is cut out,

and i s shapgidkidlightsy rges inlitsikkneasdhars ther substratedior nagnatic diskigdut out, and
flatness and plate thickness. In the grinding process of processing

the glass dissihdpakioing egidssisk,a6Ress mocksebatiatd bi aédirsisflatieso@ra plate
| appi ng device, the glass disk is ground to a target thickness and is

e g1 2%, ST i 73yt e, e

upper surface p e an surface ate o i ng devi ce,

and is procgssed by, usi.ng,f a j .l I [idi;

otat i ng. | A o BE doick it e il B e s HiEre ground to 2
grains of a partjcle size suited to,the desir di mensi onal precision
and shape ptﬁgiﬁtstb'ﬁkn%ﬁs 2 '%PER??%‘?%&? ajptest flaingss; alriﬁa f o ﬁ'& is punched
process (lap 1), by using free abrasive grains of Iaﬁqe Particle,size .
(for exanpl ketwapoah uppepryTaceR/aleARe plomer sudacy plate ofthe lgpPiigdgwice, and is
ground until a plate thickness of 0.92 nm and in a second grinding
process (| aprozesgedey sising fregpbragiver gwénssisiurny wiilentptatingeinarmvassy direction.
grains of smaller particle size (for exanple, about 10 pmin average
particl e siBep, abriaeivpl giains aregmbrasiveugtdins af @ aadictehisiziensyitedofo thesdesired
mm [0005] In the float process, a glass disk is cut out fromthe

gl ass pl at eqifmneionst Breessiom ahbiasHabeairepisionasistheagidsd disks bagdn aritialhgrinding
gl ass disk is corrected, and the principal surface is ground and

processed. Jhecg @551 P bglRirgarad Arabive Yraifs bhardd SaticlBrspRegsr dxample, about

initially finished to a mrror-snmooth surface on the princi pal

surface. angy | g, Jﬁé@%é&?@ﬁrﬁncgé [s?zﬁsezﬁﬁé .p?d?é’lisg%r‘atllﬁd Ltk pfstritine 66R6.0d mm,

with the pres _ _ i ppi ng ~1 using free abrasive
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abrasive gr gizg)? thoef p!gtré%!slg%und until a plate thickness of 0.67 mm.
[0005] In the float process, a glass disk is cut out from the glass plate manufactured
in the float process, and the shape of the glass disk is corrected, and the principal
surface is ground and processed. The glass plate manufactured in the float process
is initially finished to a mirror-smooth surface on the principal surface, and is superior
in flatness and plate thickness as compared with the pressed glass. Hence, skipping
lap 1 using free abrasive grains of large particle size, from the beginning it is intended
to grind by using abrasive grains of smaller particle size (lap 2).

Patent Document 1: Japanese Laid-Open Patent Publication No. 2002-55061

[0006] In the grinding process of lap 2, by using fixed abrasive grains of smaller



3 particle size as conpared with free abrasive grains, as a grinding
pad, it is possible to nake shallow the cracks occurring on the gl ass
substrate, and the surface roughness can be reduced at the finishing
poi nt of grinding process of lap 2. For exanple, a dianond sheet
havi ng di anond particles adhered to a shéet is used as a grinding
pad. The dianond particles to be used are smaller than the particle

size of alym I ai . | ve.araLns, .

hal 1 over, LAV, FE8 et tRERed o B8 SErafis el 36 2oyt B i pisiore o
abr asi ve grains ,are eded, for palishi 0 _a desi.red at ness
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processing the mryror-snopoth _gl ass of surface roughne of Ra = 0.001
p{r}[ or !{e;st‘*‘@ﬂ&? '?sduﬁﬁgtaé_ﬂbef fai hwarﬁ%tc?f&fm?g/pm s§pP _%&QFC@'S%X.aCTFHI?' a
attenpted to process a mrror-snooth glass by using a grinding pad o
such fine &liaraend shept sawieg diamentbpaytigles atheredto prabeetisiuagy asiqerinding pad.
processing rate nust be suppressed to a very |ow speed (1/5 to 1'/ 10 _
of ordi nar yherdiamend pgrtickesdp beambdt dre gmallee tremipetpaniicle size@igémina grains
Besides, in the initial stage of processing, deep flaws known as

scrat ches aredlaskrdeyatirasibe gfaimgiemthd aracks dretshallalhvénand tite sufseablighness is
than the depth of scratches, the scratches cannot be renoved, and the
quality isgueened. [0008] As explained above, the problem of |ow
processing rate in the starting process of polishing is not Iimted

to the m rg@t{zmlgrﬁgLef‘BSraglvésér_aﬂ%”ﬁF@ﬁéé’&&Pfér”?(SII%ﬁi | Rak &@ilﬁﬂdﬁatness,

but it is emseen in the process of processing the
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glass manufactured by the float process. If attempted to process a mirror-smooth
glass by using a grinding pad of such fine abrasive grains, at the beginning of
processing, the processing rate must be suppressed to a very low speed (1/5 to 1/10
of ordinary processing rate), and the processing time is longer. Besides, in the initial
stage of processing, deep flaws known as scratches are likely to be formed, and if the
allowance is smaller than the depth of scratches, the scratches cannot be removed,
and the quality is worsened.
[0008] As explained above, the problem of low processing rate in the starting
process of polishing is not limited to the mirror-smooth plate glass manufactured in the
float method, but it is a common problem seen in the process of processing the

mirror-smooth plate glass by using a grinding pad of fine abrasive grains.

DISCLOSURE OF INVENTION
[0009] The invention is devised in the light of the above problems, and it is hence a

primary object thereof to present a manufacturing method of glass substrate and a



4 manufacturing method of magnetic di sk capable of realizing a high
processing rate fromstart of processing, when processing the

principal surface of a mrror-snooth plate glass by using fine fixed
abrasive grains, shortening the processi?g time, and preventing
occurrence of scratches. [0010] The nmanufacturing nethod of gl ass
substrate for magnetic disk of the invention has a surface grinding
process f omaHues@SHid thethdt bf ﬁfag%@ﬁ@ﬁf‘sk%éﬁaﬁlé)bﬁﬁe%liﬂﬂg'd\_ﬁigh dprocessing rate
mrror-snmooth surface on the principal surface, to a desired fl atness
and surfac ! j Si i Wf@ﬁ@o
gri nﬂi ng p?@@gggﬂg%@ﬁgﬁ?’i gg%hﬁgcaes%?&@ %%:?rﬁ{s&éds?%gﬁgééjgg?e y alt- th
rougheni ng : L =S : e .
surface to pggtgégafszse&g%@ﬁﬁ@%m)&ge%é&g&g%Iqrr%h%'dé%)?/{ e’?‘h@ ?} x%%kg%ﬁrg;s f"&‘g » and
grains by a nmechanical nethqd or, a chem cal nethod. [0011] According
to this mamFRL0e CAGHHEGRS SCEIF!%% the mirror-snooth glass plate
surface is é)rocessed by using fixed abrasjve grains, .the .

mi rror- smode®M | alhe gnaactyping Jeethed ofy glasacRbhshale dergmagnetis fliske obrthe
bei ng polished by the fixed abrasive grains by a nmechanical nethod or

a chem cal inkgnkion hagradsyfaaeegrinding arasesafer ProerssindA Miresgmastiaplafe glass
grains are forned on the mrror-snooth plate glass surface, and

sli ppi ng ofhakingeal siboasineethysaiface on thé@rintipabsurdansottt pHesieedyfiatpess and
surface is prevented, and a high processing rate is realized fromthe

begi nni ng alirfac® e@ginegs by dsingfixababreisive gramisnand [t $aifadhgrinding process
mechani cal nmethod in the rougheni ng process includes a polishing

process by jdHgnBel @8 Aa5o \GPaifls M Procedbd gghae FaLigiRleniigl frededd6f rUgReRing

met hod of etching action by using a chemc sol ution. According to

the ”ECha”gﬁé%iH‘é‘rt-Qﬂﬁ%%gﬁ @gs% T%ﬁ{t?ﬁ@é)fcﬁéi &K BhPshle lof bbm?ge@%gé@ by the

control and nmanage t e processed surface,

chem cal n‘?&?&gﬁpafsiv%tgcrjébg%ga_cHe%ﬂartﬁx?lﬁﬁ%tﬂgg ?r%@@hﬁ@élﬁé}w&i on can

prevent occUrTence of= par _ _ em cal net hod of

P CLo 0 TR Ao or L P LA o T bl mos

g;afs isngr ;a ajgics&gfagg a‘ﬁe ];pfgcl_)gels%gé '89 GSHS Qi?cgg dat}rgsi\?e %?gﬁse,ethteomﬁreor-%%éo?ﬁep?ate
glass surface is roughened to a degree capable of being polished by the fixed
abrasive grains by a mechanical method or a chemical method, and therefore bumps
and hooks for fixed abrasive grains are formed on the mirror-smooth plate glass
surface, and slipping of fixed abrasive grains on the mirror-smooth plate glass surface
is prevented, and a high processing rate is realized from the beginning of processing
by fixed abrasive grains.
[0012] The mechanical method in the roughening process includes a polishing
process by using free abrasive grains. The chemical method includes a method of
etching action by using a chemical solution. According to the mechanical method by
using free abrasive grains, it is easy to control and manage the quality of the

processed surface, and the chemical method of etching action by using a chemical

solution can prevent occurrence of cracks. In particular, the chemical method of



[ 0013] According to the manufacturing nethod of glass substrate for
magneti c di sk of the invention, the roughening process is preferred
to roughen the mrror-snooth plate glass surface having a

m rror-snoot h surface roughness of Ra = 0 001 pmor less, to surface
roughness of Ra = 0.01 to 0.4 pm [0014] In the manufacturing method
of glass substrate of the invention, the roughening process is
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manuf acturing nmethod of gl ass substrate faor netic disk of the
nvent i on, (03] prassesing o feqpaadaniyion esthed o Dags FubErle fremeadnalic disk

surface by using the fixed abrasive grains is preferred to process to

t he surfacef theuigneetinn, dhe Reugheping piecess isepreferreil itheoudhenribe snigbr-smoeth
or less. [0016] In the manufacturing nethod of glass substrate of the

i nventi on, plate gleastsudacadgreinga hayarsmeoth@unfade soughnessrodiReak GOOT aoeor
of the glass substrate manufactured by the nmanufacturing nmethod of

the gl ass Risbstorstface esughinees ofRave).0fl @04 yccording to the
i nvention, when polishing the principal surface of the mrror-snooth

pl ate gl aspp1a) hilghther AfRfdcsngahfethsd r&fabiz88 dsdstiatd hst f?\%g'lri%hﬂ@n Othe
the polishing process, and the processing tine is shortened, and
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condition of B/A < 50, where A is the surface roughness of the glass and B is the
average particle size of the fixed abrasive grains. According to this manufacturing
method, by satisfying the condition of B/A < 50, the mirror-smooth plate glass surface
can be roughened to a degree to be polished by fixed abrasive grains.

[0015] According to the manufacturing method of glass substrate for magnetic disk
of the invention, the process of processing the mirror-surface plate glass surface by
using the fixed abrasive grains is preferred to process to the surface roughness of Ra
= 0.1 um or less and the flatness of 7 um or less.

{0016] In the manufacturing method of glass substrate of the invention, at least a
magnetic layer is formed on a principal surface of the glass substrate manufactured
by the manufacturing method of the glass substrate described above.

[0017] According to the invention, when polishing the principal surface of the
mirror-smooth plate glass, a high processing rate is realized from the beginning of the

polishing process, and the processing time is shortened, and occurrence of scratches

can be prevented at the same time.



[0018] Fig. 1 is a schematic diagramof a part of process of a

manuf acturi ng nmet hod of glass substrate for nmagnetic disk in a
preferred enbodi nent of the invention. Fig. 2 is a schematic diagram
of a dianond sheet. Fig. 3 is a diagram ghow ng the processing rate

by precision | apping by using fixed abrasive grains dependi ng on
presence or absence of roughening process. Fig. 4 is a schematic

di agr am of BRIGFDESCRIBTION OF RAWHNGS i ¢ disk. Fig. 5 is a schematic
di agram of a process of a manufacturing nmethod of glass substrate for
magneti c di fJo18h Fight &f £scvsmatixtiggrarnéf Dpart beprosesid] @manbfagturihgirsethod

di agram of evaluation results of a preferred enbodi nrent and a

of glass substrate for magnetic disk in a preferred embodiment of the invention.

Fig. 2 is a schematic diagram of a diamond sheet.

Fig. 3 is a diagram showing the processing rate by precision lapping by using
fixed abrasive grains depending on presence or absence of roughening process.

Fig. 4 is a schematic diagram of a glass substrate for magnetic disk.

Fig. 5 is a schematic diagram of a process of a manufacturing method of
glass substrate for magnetic disk in a preferred embodiment of the invention.

Fig. 6 is a diagram of evaluation results of a preferred embodiment and a

comparative example.

BEST MODE FOR CARRYING QUT THE INVENTION
[0019] (Preferred embodiment 1}

A preferred embodiment of the invention relates to a manufacturing method
of a glass substrate for magnetic disk and a manufacturing method of a magnetic disk.
In the following explanation, the material of the glass substrate for magnetic disk is a
plate glass material manufactured by a float process. However, the invention is not
limited to the plate glass material manufactured by a float process, but may be applied
to any mirror-smooth plate glass manufactured by other methods. The application is
not limited to the glass substrate for magnetic disk alone, and the invention may be
similarly applied to other mirror-smooth plate glass surfaces processed by fine fixed
abrasive grains as far as the surface flatness and surface roughness are as desired.
Herein, the mirror-smooth surface refers to any surface having a surface roughness

(arithmetic average roughness (Ra)) of 0.01 pm or less.



conpar ati ve exanple. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON [ 0019]
(Preferred enbodi nent 1) A preferred enbodi nent of the
i nvention relates to a manufacturing nethod of a glass substrate for
magneti ¢ di sk and a manufacturing nmethod of a magnetic disk. In the
foll owi ng expl anation, the material of the glass substrate for
magnetic disk is a plate glass material manufactured by a fl oat

process. :@r/]tﬁzp Mn tng ’{5@%/@%4"9@9 W¥ethdd o ar%egsﬁ@st{)a@ & ﬁtagagtécaaﬁk in the

mat eri al cture process e app o any
mrror- snDot SS ufa u
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al one, and the |nve tion m be simlarl I|ed t o ot her

mi r r or - smoHROHFRPRNGRULtase If precassed Pé!d@é% pg the RwTersiaecthsugiars of the

grains as far as the surface fl atness and surface roughness are as
desired. Helate glasssurfase bymeghesics! aleherticalrepthod undl teyfixedrabuagive grains
havi ng a surface roughness (arithnetic average roughness (Ra)) of

0. 01 pm or mayspolish7 effégéizely bn theesurtavef Goirmorismpotieshiddce) ob thg qdate glass
substrate for nmagnetic disk in the preferred enbodi nent, the plate

gl ass nat emiaddriadf which principal surface is a mirror-snooth surface

I s processed by roughening the mrror-snooth surface of the plate

gl ass surf e21py whﬁ@bﬁéﬂwéﬂ ABREH C abr ”Rﬁ.@ﬂdnlh@t ithet Ipfatel Xfidbs material
abrasive grains may polish effectively on the surface (mrror-snooth

surface) Of"nlr'i'&esrﬁcé’thes@fa@éslné’@@é‘sr @|shlr{goﬁfﬁsln§h%mgﬂb ing8y9<urface

for roughening t | ate glass materia rrof-snooth ace

i ol udes pgaﬁ%mrg;qngeywé' 6 [ £fig? grgssayes%aprsnéoyh@ Wil SRrtace of the

pol i shi ng usi ng Yt Hal rasrve gra € entire sur

of the mrror-snmoot l.at ass ol f or

surf ace rowﬁwe%fgc’%ﬁ platg g%f%t'%%"%esﬁ? ooy ehfiadh Bl hnear%v 0.01
;E; F?;hg? o} ﬁéﬂ. ﬁgg\g@éatglggg %égagg enlngC tltne mgc%%nlca %99?%351 nc?ude ease of

control and management of the quality of the processed surface.

[0022] The chemical method for roughening the plate glass material mirror-smooth
surface includes a method of making use of an etching action by using a chemical
solution. The chemical solution to be used in the chemical method includes acidic
ammonium fluoride and hydrofluoric acid. By the etching action of acidic ammonium
fluoride or hydroflucric acid, the plate glass material mirror-smooth surface can be
roughened. Advantages of roughening by the chemical method include freedom
from cracks. It is also low in the initial cost when installing the equipment and it is
easy to automate. Frosting process is particularly preferred as the chemical method
of roughening the plate glass material mirror-smooth surface. Herein, the frosting
process is a method of processing the glass surface by using a chemical solution for
etching adding a roughening agent. In this frosting process, etching is progressed in
a state of the glass surface masked locally by the roughening agent, and the glass

surface can be roughened effectively (for example, surface roughness Ra after the



[ 0022] The chemi cal nethod for roughening the plate glass materi al
mrror-snooth surface includes a nethod of making use of an etching
action by using a chem cal solution. The chem cal solution to be used
in the chem cal nethod includes acidic ammoniumfluoride and
hydrofluoric acid. By the etching actiomof acidic ammoniumfluoride

or hydrofluoric acid, the plate glass material mrror-snooth surface
can be roughened. Advantages of roughening by the chem cal nethod

i ncl ude f rg@ﬁm [rocessds abRut 5 iimes of auracel roughnessH?a befire Hie frasding wFegess).
installing the equipnent and it is easy to automate. Frosting process

i s particufbe lrgugheding reg@nbma &echmyricoaipommti heapadfe 06 wybplyingg HFein the
plate glass material mrror-snooth surface. Herein, the frosting

process i Ss@uﬁ@{, %gh%fs HRE 0R25S NaB, KRec A A%k, S WIERBE aBjistisd i Goncentration
chem cal solution for etching adding a roughening agent. In this
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before the frosting process). The rougheni ng agent rray@qilie an
conpound caieanddydising fhad atirgsivegraing, upiachBving tha desi Sa@a%ﬁlatw&:@nd
NaF, KF, CaF2, etc. Also by adjusting the concentration or

t enper at ur thickneshie Tiefikehhbesivet grains areeprefested tofbe Bngrabrasiye gaaingdhan
adj usted. [0023] The plate glass material of which mrror-snooth

surface i stHeongbeadsive gramsnd Supposingatid sedaedreagivresgroff e pidte! glass
achieving the desired surface flatness and thickness. The fixed

abr asi Ve Ofaldit f o PASHRI §8vbRgihahidle 78 B MedUibdINe LA IR 5" it
t sur

free abrasive gralns. Supposing ace roughness of the plate

gl ass material.. . A" article size of the fixed
abr asi ve gpach,?érgﬁéggatlé?%ﬂ?en%ﬁtﬂg 03@‘\33‘? ‘0 satisfy the relation of

WA) < 50. _[0024] In a_preferred. enhodinment, in ordey to r ve flaws
e st o nIORa1 ¢ To\prefbie Srikedie G o e aBwoys Tasinatd Aes lef Eer

abrasive grains, by using a hard polisher as a polisher, a first

pol i shi ng pfterdbe grindingareegssry using figedabrasive grains by wsingeehard polisher as a
foll owed by a second polishing process of polishing the glass disk

sur face bypalishef,ta fick pshsting prsessdf pblighirg ther glapobubdimte stidace is followed
finishing to a snoother mrror-snooth surface while maintaining the

flat surfapg z08dcenaqsblishing Mroddsssdf pobhingithe gliseaiisicsurf4d@25] aBoft polisher,
gl ass substrate finishing the polishing process may be reinforced

chemi cal | YinoldhdPaH t]hiaodar&[?oué L fof fifRAhd o & RfdBkRS SmiRE-8hriodth Sfirface while

alum no-silicate glass, by chemcal reinforcenent, the rupture
strength is increased, e . f ss layer is
deepened. mﬂ%@%@%l@?@%ﬁ&{ﬁgf‘%&ﬁ %Pﬁ%@gﬁ@&% ée%g'rti cularly
specified gs. far as known conventjonally, and substantiall .
cheni cal r&%ﬁr cﬁl?erg?a%’?m%r 5 "i%rtrB%r%cﬂ'ﬁE'@gi BW%%HH%&Z’%?W&HCGC’
is preferred. [0026] In the manufacturi ng nmet hod of the al ass ..
substrate £aemMigalinet!nPagicar, Bethsrcasgfdee giass materiakohaiimino-siligrie glass,
plate gl ass surface by using fixed abrasive grains (before the
gri ndi ng pbycehssnieal frinfacaemiants the suetyre stiengihy ioincedsedn ndathe gleptiy of
compressive stress layer is deepened. The method of chemical reinforcement is not
particularly specified as far as known conventionally, and substantially a chemical
reinforcement method by low-temperature ion exchange method is preferred.
[0026] In the manufacturing method of the glass substrate for magnetic disk, before

processing of the mirror-smooth plate glass surface by using fixed abrasive grains

(before the grinding process of principal surface), the mirror-smooth plate giass



9 surface 1s roughened by a nmechanical nethod or a chem cal nethod
until polishing action by the fixed abrasive grains is effective. As
a result, bunps and |lunps for hooking of fixed abrasive grains are
formed on the mrror-snmooth plate glass surface, and slipping of
fixed abrasive grains on the mrror-smoojh plate glass surface can be
prevented. Hence, in the surface grinding process, a high processing
rate is realized fromthe begi nning of the process by fixed abrasive

grains. [Oﬁﬂﬂce' i8 rblighdtddnsy BaheshtricHt hédhod gl @%H@nﬂ@ﬁsrﬁethba%ntll polishing
mrror-snmooth plate glass surface is processed by using f
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recording density is obt ai ned. [0029] The nmaterial_ of the nmagnetic
layer is, %% SpPRgP fe‘xeéoahraglyggéam eﬂﬁ%ﬁ@fﬁ@ﬁrﬂo‘&thlw ighasgrsutace can be
hexagon system |l arge in anisotropic magnetic field. The form ng

met hod of peyeetedc Hsapee, in thd suffacegringinotprocens, avigioprocésaing:redens realized
met hod of form ng a magnetic |ayer on the glass substrate by DC
magnet r on fspmtthe begignimgtdite plyvesn by fikedgb@sivesgainayer between the

gl ass substrate and the magnetic |layer, it is possible to control the

orientati ogmodrr e ithe p}fncrﬁwrsafrfaée ggrmdmi; ipPodeRs, ﬂﬁgwrbrashaw ple® glass
the size of nmegnetic grains. [0030] 'S also preferredto orm a
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the magnetic recording head and the magnetic di sk
magnetic layer is formed, and a magnetic disk suited to high recording density is

obtained.

[0029] The material of the magnetic layer is, for example, CoPt system
ferromagnetic alloy known as hexagon system large in anisotropic magnetic field.
The forming method of magnetic layer includes a sputtering method, for example, a
method of forming a magnetic layer on the glass substrate by DC magnetron
sputtering method. By inserting a base layer between the glass substrate and the
magnetic layer, it is possible to control the orientation direction of magnetic grains in
the magnetic layer, or the size of magnetic grains.

[0030] It is also preferred to form a protective layer on the magnetic layer. By
forming the protective layer, the magnetic disk surface can be protected from the
magnetic recording head floating and flying on the magnetic disk. The material of
the protective layer is preferably a carbon compound protective layer. It is further
preferred to form a lubricating layer on the protective layer. By forming the

lubricating layer, friction between the magnetic recording head and the magnetic disk



10 can be suppressed, and the durability of the magnetic di sk can be
enhanced. The material of the lubricating |layer is preferably, for
exanpl e, PFPE (perfluoropolyether). [0031] According to the

i nvention, fromthe plate glass obtained in the float nmethod, it is
possi bl e to nmanufacture stably glass subkirates to be used in

magnetic disks to be nounted on a nmagnetic di sk device of | oad-unl oad
t ype advant ageous for high recording density. By manufacturing a
magnetic dic8R hwswrﬂgsetdhéngﬂa%guab%gy Phthe F@ﬂnﬁ%ﬁ@ki@nﬁ%ﬁngﬂ%ﬂnea’ he
by the manufacturing nethod of the invention, the manufacturing yield
of the gl assatetdlaf thae kricatinglaygerds peefdiably, far exagiple, &PE (perfluoropolyether).
manuf acturing cost of the magnetic di sks can be | owered. [0032]

( Exenpl ar y [eodnqdi Agatirdihy to the inventiohh éropr hkeplate ¢lasstoidained in thie fidae method,
i nvention is described specifically below by referring to exenpl ary

ermbodi ment g is bbsdbigtio Afarfictite SMOMLYRES stibdtatéd beysiit ihonagrietio@isks to be
limted by the foll ow ng exenpl ary enbodi nents al one. [0033] The

gl ass Substrﬁdasarge(g Un gag{aghgg%gwdemaé hosS 10U ST RS gvpg;@%ﬁfs&od%r high

manuf act ure procedure consistin cutting
process, (2) _shapi ro r.oougheni ng. pt: . LSy
appi ng. pr oteyorehslho HFidanisdh Ry A1 RabRIcRLSCRE einh He FhEF sbeifte or
surface polishing process, and (7) chem cal reinfoycing,process. .The
concapt of MaINAUEoBIKs SPIAY 19 (Be( AL Maherg Of e GRGtoRydhe
plate glass material for manufacturi n%a ?I ass substrate for nagnetic
di sk was prosnifaciuing fyieldt ofnthengiass) substeaies dert maanstie disk figdhigh, and the
solution was poured on nolten tin, and was solidified directly. The
bot h si des ménufhetuph@testgif Heesmageetic diskecanubé foveered. gl ass and an
interface of glass/tin, and were not polished, and a plate gl ass
mat eri al hqg(imﬁ a(EXehiphdry Smsydimentr flace of Ra = 0.001 pmor |ess was
obt ai ned. [0035] (1) tting process
The preferred embodiment of the invention is described specifically below by
referring to exemplary embodiments. It must be noted, however, that the invention is
not limited by the following exemplary embodiments alone.
[0033] The glass substrate for magnetic disk of this exemplary embodiment was
manufactured as follows in the procedure consisting of (1) cutting process, (2)
shaping process, (3) roughening process, (4) precision lapping process, (5) end face
polishing process, (6) principal surface polishing process, and (7) chemical reinforcing
process. The concept of the process from (1) to (4) is shown in Fig. 1.
[0034] The plate glass material for manufacturing a glass substrate for magnetic
disk was produced by float method. In the float method, a fusion solution was
poured on molten tin, and was solidified directly. The both sides of the plate glass
are a free surface of glass and an interface of glass/tin, and were not polished, and a
plate glass material having a mirror-smooth surface of Ra = 0.001 pm or less was

obtained.

[0035] (1) Cutting process



11 A plate glass material 1 of alum no-silicate glass of

t hi ckness of 0.95 mm manufactured by the float nmethod was cut to a
square shape of specified size, and its top surface was processed by

a glass cutter, and circular cutting lines 2 were formed to draw

outer and inner peripheral edges of the region as the glass substrate
for magnetic disk. This alum no-silicate glass was a chemcally
reinforced glass containing Si02 : 58 mass %to 75 nass % Al 203 : 5
mass % to 23 nassA@ateighss materidd ob alomimo-silisate lassnaf thickbess 4f K@% mm
%to 13 mass % The top surface of the plate glass 1 form ng such
cutting |i mesnuactareden the dlowt imethioeldviny cuat th @sdgeiare stmabd dfespeuified sixe, and its
lines 2 were advanced to the bottomside of the plate glass 1, and a

gl ass disk t&&huﬂfﬁeﬁﬁ@?fdte@é@d By &l s cL&tehaaﬁmmlaﬁrwmn@ IPes P @amt RFmed
was cut out. [0036] (2) Shaping process y grinding the

outer Circysri@agHUE akd Shric?GferpRerd i bQQﬁrtEE e i'd ?’LH t;%L.-ss.E‘é1 strate for

d
face, the outside (§I arreter was %I nlshe to 6

di aneter (

i i shed t 8 5hE Taka it Sfbiroaitdle e vfon ﬁﬁ% G ﬁ*f%’%?sﬁ’aﬁlass
I nner circunterent fa cha ec At this
e, ¢ he SIS SR tiIbwiess e 1925 et ghbios SHAHERE s a0 : 3
about 2 pm GCenerally, |n°the 5 (|nch) t)P/rEﬁ HDD (hard dISk drive)

a nmagneti c MAS§IedP 181mass%. andMazer: Hmags 13 massdb. [ Doz iqp %ng’ace of the
Rougheni ng process A nmechani cal nmet hod of usi ng free

abrasi ve gpstegldsy bigmingsachpotitisgilings ehwas rentively hapiedi tada hesitergand the
free abrasive grains, the entire surface of the mrror-snooth gl ass

di sk 3 was cptbihgs‘.ihesiZuveiréladaamtrddtortlTeboﬁém@deoﬁl@bm@e glefssRa and @ dlasspdisk
to 0.4 pm The target surface roughness in the roughening process is

I ren sy PITSHECN BB UBebRd RO A ettt fosrtngt (10
process. Aﬁ)d’%ﬁlt '(QTSHa&HQ‘ﬁ?ocetsQe 12
By grinding the outer circumferential end face and the inner circumferential
end face, the outside diameter was finished to 65 mm, and the inside diameter (the
diameter of the circular hole in the central part) was finished to 20 mm, and the outer
circumferential end face and the inner circumferential end face were chamfered as
specified. At this time, the surface roughness of the glass disk end face was Rmax
of about 2 pm. Generally, in the 2.5 (inch) type HDD (hard disk drive), a magnetic
disk of outside diameter of 65 mm is used.
[0037] (3) Roughening process
A mechanical method of using free abrasive grains by a surface polishing
machine was applied. Using free abrasive grains, the entire surface of the
mirror-smooth glass disk 3 was polished until 2 uniform surface roughness of Ra =
0.01 ym to 0.4 pm. The target surface roughness in the roughening process is

desired to be determined in relation to the particle size of the fixed abrasive grains to

be used in the subsequent precision lapping process. As mentioned above, the



average particle size B of the fixed abrasive grains is divided by

t he surface roughness (A) of the roughened glass disk 3, the relation
of (BfIA) <50 is satisfied. Herein, the surface roughness of the

gl ass substrate was Ra = 0.27 pm [0038] (4) Precision |apping
process The principal surface of2the roughened glass disk 3
polished by using a fixed abrasive grain polishing pad. The fi xed

abrasive grain |ISh a a di d sheet .10 .as,.S. in Fig.

> The. di arbRida eatiokD S5 aiohang: Hen Rt Graids 48 difad %Qhe slirace
grains. The di anond sheet 10 has a PET sheet 11 as a base mat al

The aver agdopahnass|(8) &f ke srucheans wpssrdiskhs. the wiation of (B/phr 50 is satisfied.
Therefore, B/A = 15, which satisfies the requirenent of (B/A) < 50.
[0039] In tmmfeb'r,ﬂlﬂsjrtmelrapghne@smfmfegls$s stkstrate yhe msd= §l27simdi sk 3

was set in a | apping machi ne, and the disk surface was | apped by

using the doed8Ind(4)Feetisidh I@pisdhpracesy Fig. 3, and was processed to
surface roughness Ra of 0.1 pmor less and flatness of 7 pmor |ess

at high processi nghg aﬁﬁcxﬁémm}:e bhtHehobgharbdglassdisk 8 csidll@heﬂ]’ by asipgla fixed
surface of the glass disk 3 is prelimnarily roughene n the

rougheni ng g Qgﬁﬁralﬁgmu@pmokmé %df?lﬂgsnf/é ¥R §Bnﬁﬁﬁgﬁaaws®d@ﬁ%m

formed on t ace of t ass di sk ppi ng o

fixed abr as%rwgt ?Q%g%%hhﬂﬁgem ﬁé‘h a%rfaa&?ee?% éb%té?ﬁ?\ﬁ%ﬁlic% %ﬁggleg as

t he process g process is reall

(5) End { acdbrRBYS SRR pfistaedon she‘* eSB! R?%t%o%ﬁeaz?ﬁ “Inétdrial

polishing, the surface of end faces (insjde, outside) of the glass

di sk 3 was Fw aviage paiticle sizg at diagondgraingd2 wask =34tua1rotnﬁﬁ@. & Rif =15,
about Rmax of 0.4 pmand Ra of 0.1 pm After the end face polishing,

t he surf acewhith satisfigs fhsretiurrmentat(B/AXKS8. i n wat er .

[0039] In the precision lapping process, the roughened glass disk 3 was set in a
lapping machine, and the disk surface was lapped by using the diamond sheet 10 as
shown in Fig. 3, and was processed to surface roughness Ra of 0.1 um or less and
flatness of 7 um or less at high processing rate.
[0040] In this manner, since the principal surface of the glass disk 3 is preliminarily
roughened in the roughening process, bumps as hooké for fine fixed abrasive grains
are formed on the principal surface of the glass disk 3, slipping of fixed abrasive
grains on the material surface can be prevented, and the processing rate in the
precision lapping process is realized at a high rate from the beginning of the surface
polishing process.
[0041] (5) End face polishing process

Successively, by brush polishing, the surface of end faces (inside, outside) of
the glass disk 3 was polished while rotating the glass disk 3 to roughness of about
Rmax of 0.4 um and Ra of 0.1 ym. After the end face polishing, the surface of the

glass disk 3 was washed in water.



13 [0042] (6) Principal surface polishing process To renove
flaws and strains left after the | apping process, a first polishing
process was executed by using a doubl e-sided polishing nmachine. In

t he doubl e-si ded polishing machine, the glass disk 3 holding the
carrier between upper and | ower polishing3surface pl ates to which
pol i shing pads are adhered is placed in contact, and this carrier is
engaged bet ane d the L nner gear, and the gl ass

disk is sup@ﬁgg]s %tﬁ%‘ 'ﬁ e %ﬂ 'Ing\/%?m?f&l i shing surface pl ates.
Consequently, a p i shin qutlon .S paured |nto t he space befwee

t he polishing pad'Q r{empwg %&MS.%W i3, 1§15 aleroihe; IRRPIRY REQCERSS R, f'fﬁtnEP’W'“Q
rotating, the glass disk rolls on the pol i shing surface plate_and
rotates, ankfOEeRs H¥h eXgciiede dyausingold slosdlesidenhepelishingt imachingsr e In the
specifically, a hard polisher (hard foanmed urethane) is used as the

pol i sher, atnubiéereidedrlisipodisdthing, jhe olass disls 3ehalding doe choiea Tjetviesnt upper
by using the sanme doubl e-si ded polishing machine as used in the first
pol i shi ng pdrat keser palisingsdripcd pRiesp whichqadiskiag pade cig edhbsed is placed in
repl acing the polisher by a polishing pad of soft polisher (suede).

In this seceyimladOhhd tHig Bamiep Besigagelitebwdd tHeaplBhethddi@ant!thé nﬁerrfg@@e and

obtained in the first pO|IShI ng process, this is a mrror snoot

surface polghyngs Rij . ngesfséﬁ"tﬁ}ﬂ”lﬁ@ &r Hrd"d pélfé’h %uﬁ‘écé gng’ates

glass disk to snoot snoot’h surtace of surface ro ghness

The washed GPAE Eﬁarﬂﬁ%éwﬁ b9 PR ol P 16 StdR3E88n the polishipgead
o Ut no- of 19TSPE B §@§S%E%é?%ﬁat Relg SR il er e gtsscisk rolls on the

| arger ion radi us and On the surface of the glass substrate
(for exanplRElishipgt rfaswlatsa@%mtaéﬁs tanel edalh sypacesae elishae &f thegame

ion exchange with atoms of larger ion radius, a conpressive stress is
appl i ed to time gMass speeifiealyy, aahard: pelishiey (hae faagnel! wyetbane)his gsetsas the
substrate is 14 enhanced. In this manner, the glass substrate for
magnet i ¢ dipHisher, ah@thmliretipmﬁshmgvmeceﬁstwamexbcuted.
[0043] Next, by using the same double-sided polishing machine as used in the first
polishing process, a second polishing process was executed by replacing the polisher
by a polishing pad of soft polisher (suede). In this second polishing process, while
maintaining the flat surface obtained in the first polishing process, this is a
mirror-smooth surface polishing process for finishing the principal surface of the glass
disk to a smooth mirror-smooth surface of surface roughness of Rmax 3 nm or less.
[0044] (7) Chemical reinforcing process.
The washed glass disk was reinforced chemically. lons existing on the
surface of the glass substrate (for example, in the case of alumino-silicate glass, Li*
and Na*) are exchanged with ions of larger ion radius (Na* and K*). On the surface
of the glass substrate (for example, up to about 5 pm from the glass substrate

surface), by ion exchange with atoms of larger ion radius, a compressive stress is

applied to the glass surface, and thereby the rigidity of the glass substrate is



[0045] By formng a filmas follows on the glass substrate for

magnetic di sk obtained in the enbodi ment, a nagnetic disk was

obtai ned. By using a sputtering device, on the glass substrate, a
bonding film a soft magnetic film a fiizt base | ayer, a second base

| ayer, and a nagnetic | ayer were forned guentially, and next by

pl asma CVD net hod, a carbon conpound protective |ayer was forned, and
further a | j in ol el i
[0046] The BacaCas ' EaniE HEAER SRR for MaghelicRRp (T8 chiisciment
t hi ckness a&g‘ﬂﬂbdthe soft magnetic filmwas fornmed as a Co all oy
thin filmina PI m't hi ckness of 60 nm the first base |ayer was

formed as | Loy thin filmin a filmthicknes fo 7 n h .
second basdoPaSE: Eictabd adimas ks o fsioheds SERT R of maGnplifisk obtained
t hi ckness of 40 nm and the nmagnetjc | ayer was forned as a PtCr |

al | oy thi n itheembogdinmenty@magnetie diskovasgbigiedth Yﬁ#ﬁyﬂ%ewggﬁl%‘é@‘"cel on
was fornmed as a dianond-1i ke carbon protective |ayer, by plasma CVD

met hod. Thetheuasscauhistigte, &/kending filnprarvgeft magnatie filn.ng firsh ®age dgyer.i & second
disk in a liquid lubricating agent of perfluoropolyether (PFPE), and
heati ng f orb&H® layeniard aanagretisdagenwereformad equemtialy, andenextéby ptadsena CVD
magneti c di sk of vertical magnetic recordi ng nethod was forned.

[0047] ( Conpathadi wecbamebmpblind protective Bgeewas formed.eamd further a lubricating
enbodi ment 1, a plate glass material 1 was nmanufactured from

al umi no- si | jagat\wadfoReedher@of By Haibpin Matke@ss by float method, and
was processed by the cutting process and the shaping process, and

al so by pr ﬁq@pﬁé ”Thé%@nﬂﬁgpfgﬁlcﬁéé 8&%@#%&9 T4 LGHHHRAPRRS i/ 8 f% ﬁliéieﬁqes%%f 10

t he roughe g process wa I ppe e processing rate In

Choun i i G e safREg3Rie Rl aY Ehined BECa Yoy ki R i &' Rl Rsg of o0
Totat i g an e e asedVel WS o Rt e glist (i B iy gfiss 6 7 o,

slurry containing free abrasive grains in a grinding solution on the
princi pal stiersgsengpass ayapwes fammedsas aRugloY $hipdipdn gfimiaiciessof 40 nm,
substrate contained in the carrier is ground (rough |apping process).

A hol e is damnd thednagnaticdavarveds fpamned as atGaPtgr aley BinBm iatediimdhigkaess of 20
outer circunferential end face and the inner circunferential end face
are chanf erem. a¥hse pecietiivedlayendas fiemstbae ai dampood-iks edrijopnurofesttiee layer, by
shapi ng process). The chanfered gl ass substrate is ground on the

princi pal splatmaeCib ridthod! aFise fubbishtira] RyOywas ifdvendd b irameesting/ the magnetic
grains of smaller particle size than the free abrasive grains used in

the rough | &BRING RGOS ESHdIRRE e Bf |p@ﬁﬁjo?<gpd?§étﬁ@fsﬁ?FPf}ﬂréﬂd?heatin@ for 60
order to renove flaws and strains |eft over after the precision

| appi ng pro os taﬁeﬂ?l%&lﬁﬂﬂ@%f §469RCcanOfhid ReareRSheS HRYMhERL QlidkSof vertical
pol i shed (polishing process).

magnetic recording method was formed.

[0047] (Comparative example 1)

Same as in exemplary embodiment 1, a plate glass material 1 was
manufactured from alumino-silicate glass of 0.95 mm in thickness by float method,
and was processed by the cutting process and the shaping process, and also by
precision lapping process by using fixed abrasive grains, but the roughening process

was skipped. The processing rate in the precision lapping process was investigated,

and it was very low as shown in Fig. 3.



[0049] In the |apping process, free abrasive grains may get in
between the carrier and the gl ass substrate, and the end surface of
the gl ass substrate nay be scratched or cracks. Accordingly, for the
pur pose of renmoving the flaws fornmed on the end surface in the

| appi ng process, too, the end surface poldshing process is executed
after the Iapping process. [0050] However, if precision |apping

process is ut af{er p |sh|n t he edge portion in the end
surface poI re | arge on the ridge portion on
t he boundary of the pri nci urface and the end surface of

th
gl ass substrate, HEniheq@pBe §turﬁ*89 Ryecessr plelherglass sHbstrate der D‘@Sf‘?%g'Sk by
Accordingly, the end surface polishing process is executed after the
preci si on |rai@png@npntem@geaaadd @eneextersil ggardend supplying ttheluiry @getaining free
portions in the edge polishing process is avoi ded. Patent Docunent 1:
Japanese LabtasDoegraletiar grifubilg scntiommorNbe fingpabsirtdce df bhdabekthe principal
Docunent 2: Japanese Lai d- Open Patent Publication No. 2007-115389

[0051] In tsuFfacslae ther s spbbirstBi etht@ined 9f Sthe hea¥Els g&sume(r@ugh lappmg
plurality of glass substrates are nmounted on a polishing tool w't

the princi pabe W?]fal@‘ﬁ%leolsa&‘ﬂ%df Acg éeatréﬁﬁspt dihtfe Qﬁgéﬁs@ra%é"é@d:@@e outer

may be bruised en over |l apping the gl ass substrates although a hi

surface qu%ﬁrbﬁ%férénﬁjaq;@{a?%\%g cfgﬁjy !'{éhln(?ltep% rcﬁ'tﬂfé(?eﬁlt'ieﬁ éﬁaefa%@daréu&{aq‘@‘éred as

pol i shing process i s recrsion process
surface grindi p ss by usin fre abrasi v rains e on
Surace O LR PLOERS B R L 5E R BB BH Bl TR
the ridge portions, it was forc to ex e the en sur
pol i shing [HasSsLOspteds gfeHndAn é?rﬁﬁ'ﬂagﬁw“&%@ ?frtB'éS gé%%t]e by ising free
exenpl ary enbodi nent pr esents a manufacturi n? met hod of a gl ass
substrat e fbrasiygrginsofsmatenpartislefiaainan the freg ahtasitsdrains Msad dnte reugh
di sk capabl e of removing flaws forned on the substrate surface within
t he pr ocesdapping prenese (precisionr ibppiog quadassy., Rurthecaipaitier tof reneawevilavegs and
damages in the substrate edge portion.
strains left over after the precision |lapping process, the principal surface of the glass
substrate is polished (polishing process).
[0049] In the lapping process, free abrasive grains may get in between the carrier
and the glass substrate, and the end surface of the glass substrate may be scratched
or cracks. Accordingly, for the purpose of removing the flaws formed on the end
“surface in the lapping process, too, the end surface polishing process is executed
after the lapping process.
[0050] However, if precision lapping process is executed after polishing the edge
portion in the end surface polishing process, damages are large on the ridge portion
on the boundary of the principal surface and the end surface of the glass substrate,
and defects may be formed from the ridge portions. Accordingly, the end surface
polishing process is executed after the precision lapping process, and the risk of

defects on the ridge portions in the edge polishing process is avoided.

Patent Document 1: Japanese Laid-Open Patent Publication No. 2002-55061



[ 0053] The manufacturing nmethod of a glass substrate for nagnetic

di sk of the invention includes an end surface polishing process of
polishing the end surface of the glass substrate to renove flaws on
the end surface, and a surface grinding frocess of using fixed
abrasive grains for grinding and process @g the principal surface of
the gl ass substrate after the end polishing process to a desired

surface r O%Qﬁéﬁ%&ﬂ%ﬁt!fhgﬁﬁse[&gé&e PR PbIERTNS. 2007115389

manuf act ur od, “since e end surrtace pollsning process 1s

substrate ST fcart iR Badk eRBllte PR askrE fouRleRarngs o Billy of olacs
CUbst r at o5, SURUPIER TS AIILALEH B0 BAIpHERHOBN YA PASCERYES Plaped (a6 t

surface grinding process, since fixed abrasive grains are used in
surface gr ifﬁ@ﬁ,rtge subsisate, sustaces iy bel bised whenfiveelagringfthe glass sybstrates
abrasive 17 grains, there is no damage on the edge of the gl ass
substrat e, althdugh awsgl sudacee quality isoteroandgdas Ors thesother bandirif e end surface
elimnated. The fixed abrasive grains used in the surface grinding
process ar epdhishihh esrotesspir followed Byzthet prepisicreldppig placass \oé sgrfacegrinding
and the surface grinding anount in the |later process can be | essened.

Further, sigigeedshsy asfgTHd asmishe! draisNthePiARag6 onsthbaubee@ & birface is
surface grinding process, plural processes for grinding and polishing

the end Surlér@%gﬁln&’ n bider EﬁeQ\?&d ?ﬂéﬁaﬁs{@ﬁ fhe AL @#rﬂﬁﬁé, iPWAS fre&Ftd Slecute the

grindi ng an shing t principal surface the gl ass substrate

Can b done A Tkng BRSPS AESTBASB b gpRERE L [ 00°%)

of pol | shi HQ0E e, bR REPBRATY PaREmSNt PRaeaT e PEOYBr g TrPBH s lass
surface grinding process, and the particle size of the poli sﬂi H%!‘ l
grai ns usedubstratecfor mpargtic disk and & SranaGingEsthad etz 5@9”? G Askigapable

particle size of the polishing grains used in the principal surface

pol i shi ng prfdeweying|fescpmres ordhe sHbsttate sgriaes wibinghe pregessdo enhance the
substrate for nmagnetic disk of the invention nay be applied in both

t he gl ass ssurfaceaualitypand capabtedf remaving daroagesnipithe qubsicate rdge pasion.
substrate manufactured in the press nethod. However, when the gl ass
substrat e i[8083]m Thermanufatiuring ahethgl asfsa efasshsubistrate fai pagnetic tiskeof the
is amrror-snmooth surface, in the precision | apping process by fixed

abrasi ve grig{ditionShélG@essati EAE SurlfasegitNering Brodss of poldHirPthesaciuiface of the
plate glass is low, the fixed abrasive grains may not be hook but

slip, and t@ﬁss"é%‘%ﬁé R%ehiRive IS ditthk A8 'surfhBe, SiHea 8uSASEgrindiiR process of

using a mrtor-snooth plate glass having a mrror-snooth surface on

e B P S A B AP 0L Bl ealni of
rougheni NG B10¢ 255 i0ke LAUSNENLAR objiSyBY hRELREl, SULARE RlabTollifRts and

flatness.

[0054] According to this manufacturing method, since the end surface polishing
process is followed by the surface grinding process, flaws formed on the substrate
surface can be removed in the surface grinding process after the end surface
polishing process when joining the glass substrates, and the surface quality can be
improved. Moreover, in the surface grinding process, since fixed abrasive grains are

used in surface grinding process, as compared with the process of using free abrasive



18 abrasive grains are forned on the surface of mrror-snooth plate
gl ass, and slipping affixed abrasive grains on the surface of
mrror-snooth plate glass can be prevented. As a result, in the
preci sion |apping process, a high processing rate is realized from
t he begi nning of processing by fixed abr&sive grains. [0057] In the
rougheni ng process sanme as in exenplary enbodinent 1, the plate

gl ass materi al rror-smoth surf rinc

Qur Tace 1 o SrBlINEIRED o RARAHm AN dae SHEPINS 4TS OEpScHBRTElS, AL Tauts o8 sdge
that fixed abrasive grains may be effective in pO|IShI ng action on

t he surfacdx{rh‘?ri PBQ'%%BP?V@E@E&@) elgminated. pﬂ'BPé'xgﬂégéaﬁﬁ\é& gfaing used in the
[ 0058] The nechani cal nethod of roughening the mrror-snmooth surface

of the pl atssrigcagsnding erocessiase swalleriepaniclesize Sramipeliteefabeasivhgrins, @nd
grains by using a surface polishing nachine sane as in exenplary

enbodi nent the slifece gémiicg bmoehhindhetateoprgbess can bdessenadr -Rmbet, [since the
surface of the plate glass material is realized by etching action by

using a chesridcalrfss Ebli@ihgﬁ@?ﬁte% i TolvRItP b rtie dtipra@e N@ding pldtess, plural
particular, as the chem cal nmethod of roughening the mrror-snoot th

surface of ﬁrB@eé%b@thr @hﬁ@ﬁg "Q‘fdeﬁélﬁ;h gf fh%séhﬁguﬁé&é‘se% tHes gl&%@fs%’bgﬁgte and

sane as in exerrp ary enbodi nent he manufacturi ng met h

a magnetic r

2 Tmgneti o TuplpRbetqtt bR Pﬂ Eoﬁﬁ%* ‘eeﬂf R PR ofs S?Bﬁate
magnetic di s nuf act acturing nethod of the glass
Substrate (G %@9{&?Oe*avg%'vm@%%ce%d?ﬂpe%m? SCturi ng. et hod,
flaws of t bsirate surface are r ved, and the nagnetic | ayer

can be for R@%&'ﬁ I r&ﬁ%c ting relhed 02 glagncubstratesio for magnaticodisk of the
flaws on the edge ortlon of the glass substrate, so that a magnetic

di sk high iinventigndiurtenneriedasea erRCPal Strnen Relishing preresshebipalishing the
[ 0060] According to the exenplary enbodinment, flaws forned on the
substrate priocipal sudacenbiethej glass sybstrate sftes thaserface peinding rotdss, and the
gl ass substrate can be renpved later in the surface grinding process

after the guadtice sizaoéthzopolshinggrainecesd in thedndf surfzee polistae parcessl isigrger
process is executed after the end surface polishing process, damage

on edge porthawthedpaitior Sreo$ tihe! Polishie gffs RSedlin m@@h@@paladﬂﬂfabé%ohshmg
phenonenon of defect of ridge portion of the glass substrate can be

avoi ded.  process.

[0056] The manufacturing method of a glass substrate for magnetic disk of the
invention may be applied in both the glass substrate manufactured in the float method
and the glass substrate manufactured in the press method. However, when the
glass substrate is a mirror-smooth plate glass of which principal surface is a
mirror-smooth surface, in the precision lapping process by fixed abrasive grains, since
surface roughness Ra of the mirror-smooth plate glass is low, the fixed abrasive
grains may not be hook but slip, and the processing rate may be lower. In such a
case, when using a mirror-smooth plate glass having a mirror-smooth surface on the
principal surface as the glass substrate, same as in exemplary embodiment 1, the
precision lapping process may be preceded by a roughening process of roughening

the principal surface of the glass substrate. As a result, bumps for hooking the fixed



[ 0061] The manufacturing nmethod of a glass substrate for nagnetic
di sk of the exenplary enbodinment is intended to manufacture a gl ass
substrate for magnetic disk to be used as the gl ass substrate for a
magneti c di sk mounted on HDD or the like . This magnetic disk is a
recordi ng nmedi um capabl e of recording an]d8 reproduci ng i nformation
signals of high density by, for exanple, a vertical magnetic

recordi ng SYSA&M gifitOdle fHhRedloRSHe SHRaES 8F MiOLsBORGIIAe ¢lass and slipping
d mmto 12 i nsi de

measur es 15 Mmto 30 mMmmin out5|qe I aneter, 5 mmin
di amet er, ao'?ﬂx?d ggragwrgég?aﬂs%nqﬂé SOrFRLPEEmi I SR IBOF Rla‘i’é‘alabé cé? be &)revented.
manuf actured, "Tor exanpl €, as a nmagnetic di sk havi hg a“specifie

di aneter, such as 0.8.inch type magnetic disk .(jnsi i ter 6.

out si de di aﬁ%? é?s"ﬂtl.'%twre&%frblapﬂﬁglﬁ{gg%sso?Qﬁgh %c%%gﬁgir_g% l|‘%nrce,f§1l' ypféOm

magneti c di sk (insjde dianeter 7 utside diameter 27.4 nm plate

t hi ckness GN&BediRMNY Wp@g&ysf@d AP QB nanuf acture as 2.5

inch type magnetic disk, or 3.5 inch type magnetic disk. The inside

di amet er rd0@5A tlp theaobgbeningPrefiesfetane @ b iexerplan|eabadiment h theeplate

center of the glass substrate. [0063] Fig. 4 is a perspective view

showi ng a qieds mategial bavio§ aamigtarssnanib surface ohdhe prigeieal surtlicelds roughened

manuf actured in the manufacturing nmethod of a glass substrate for

magnet i ¢ ditska aeehadicagmethodhr 4 chvemicalomethad, shidvat fixad Bbeasive grialrissmay be

a manufacturing nethod of a glass substrate for magnetic disk for

nmanuf act ur i gigcivedinsdishingsddtioh @nlthe fstifat@ gmetdranibctl shesceldbfahe plate glass

circular hole 22 in the central part. This glass substrate 20 21 for

magnetic digkelig, made of a glass material, and an excel | ent

snmoot hness 1S realized by mirror-snmooth surface polishing, and

nor eover si th i I M Q-4 ' [ Ltrd

excel | ent i[ﬁﬁfaési ipgﬁgeg:ﬂ? ﬁﬁ?@gt@'? Q%Ecg%g?eg@g tbghgh erlsrb??lg %ft’agﬁ)g‘h% plate

but may be enhanced.in breakdown strength chem cal reinpforcenmen

ol d'wt nd 1A% BIACEAL e PegEet, HapSISR by (T, SHREREE grai R BY Ushi'B urface

crystallizing neans. [0064] As the material fqr such ass substrate,

a pref er r ePYFRIBE Maching, a6 a3 N E’éﬁfaplaryaé@b‘f’%ﬁ’éefﬁl1um r’i'&-é?@i“ﬁ%ﬁ'@eﬁwd of

glass can realize an excellent surface snoothness, and is al so .

enhanced i rfobgheniaoie mwirfassmastihsudanernfine plaés alrss material isieatizad by glshing

[ 0065] The alum no-silicate glass is preferably a chem call

rei nf or ced ayttian shyraisirigy ac ongroicetl sofutigh 0same 229N %@mpmv@mg@dimem)ﬂ; In

5w.%to 15 wt.% Li20: 4 wt.%to 10 w.% Na20: 4 m.%to 12 w.%

and Zr02: ahtiovlaf te the oMentigalwhéthot hd reeglgdiing dite miobr-siaothasudface0d the

of 0.5to 2.0, and the weight ratio of Al 203 and Zr02 of 0.4 to 2.5.
plate glass material, frosting process is preferred same as in exemplary embodiment

1.

[0059] The manufacturing method of a magnetic disk of the invention is
characterized by forming at least a magnetic layer on the principal surface of the glass
substrate for magnetic disk manufactured in the manufacturing method of the glass
substrate for magnetic disk. According to this manufacturing method, flaws of the
substrate surface are removed, and the magnetic layer can be formed on the glass
substrate for magnetic disk free from flaws on the edge portion of the glass substrate,
so that a magnetic disk high in rigidity and excellent in smoothness can be obtained.

[0060] According to the exemplary embodiment, flaws formed on the substrate



[ 0066] The material for the glass substrate for magnetic disk to be
manuf actured in the invention is not l[imted to the materi al
nment i oned above. That is, aside fromthe alum no-silicate glass, the
material of the glass substrate may include, for exanple, soda line
gl ass, soda alumino-silicate glass, amind boro-silicate glass,
boro-silicate glass, quartz glass, chain silicate glass, crystallized

gl ass, and other gl ass.ceram cs. 0671 In th nuf act yri.n t hod

of 5 ol aos UHGE D P i Sl StaseS b e PORrAR Gal g Jamayes
of processes, may, be exchanged, for ex |l e, the surfage grindin .
orocess f ol FEMIHGCEHERER GMSdIng REPesh AHPHG oS REECHROTRNING RRICRES angyf the
the surface grinding process by using fixed abrasive grains, or the
surface griswiiaag gﬂﬂ%@@ﬁomﬁ i @x alter the end suAacepelishingr resess, damage
pol i shing process. [0068] The manufacturing process of a gl ass

substrat e favredggpettion of thke dglagsssubdtiaje eapdet eliminatady@ndethagreaontenon of
preci sion | appi ng process, end surface polishing process, and

princi pal sleféctoéripge pstionaf theglass sqlistratd caobe soigdpr ocess) . The
particle size of 21 abrasive grains (free abrasive grains) to be

used in eaqboPrOCERS rRANTSREriSgBhétBHd iof 4 BRisBeslbRRER: ffr MEESEtR ARk of the
| appi ng process, end surface polishing process, and principal surface
pol i shi ng i | &5 FSTEY j f ;
gri ndi ng p%xgegs Pse?ﬁadedgwttegtd%after tﬁtreoy%q%gpgﬁtrﬁ?eggo i%;”ﬁ%ﬁﬁtegﬂces 1et1c

flaws may tb‘?slgtgrﬂ"ée%qegrhpstatﬂgigg% s?fﬁ'é{rgt%%f%éﬁbngﬁg g%?g%%éécﬁﬁ HDD orthe like.

pol i shi ng because Size of ree al ns” us

in the surface grindin rocess is larger than the_ particle size of
he Tree. aiis ndrat el i aascat g Tostiim, Pitnle 55 FRtaig i deaBtucing
However, in the exenplary enbodinent, in the surface grinding . .
process, S eEmbRn SEnRisal h@ﬂgﬁm Yy Tols BXMPlex &y Vel P%'sWSg@i"hi"?f‘so,rd'“g
the end surface after end surface polishing will not be bruised if

t he surfaceéY§iehdi ng process is done after the end surface polishing
process. Hence, the quality off the glass substrate is not spoil ed,

and pl ural [PeeR]esTes glass sybstrate fior magngiis diskhinegsuries 1&mimstor3oamesinofutside
the gl ass substrate, and plural processes for grinding and polishing
the princi pidmeter,f armofo tiRemet &s Insidd siamdéter, cad De3sdeme to 0.5 mm in plate
continuously, and the process design is easier. [0069] Fromthe

vi ewpoi nt  qhicRidds! Bh& itSs ARan@fackireasioy exarhpleN as aNfladhetd digk Raving a specified
menti oned above, the particle size of abrasive grains used in %he end

surface poldishbed Q&&F%%SOBSirBhefyﬁérﬁggﬁ&j@%;ékggﬁgﬂet&%eﬁﬁ% RAAAt | fltide

size of abrasive grains used in the principa ace poli1shing

o1 "the gl asiraBe 2y 3R oo YiRRress S hirhy RES G B BB ffidae

(Exenpl ary a'laanrggt%'r rr1'1tm,23utside diameter 27.4 mm, plate thickness 0.381 mm). Magnetic

disks may be also manufacture as 2.5 inch type magnetic disk, or 3.5 inch type
magnetic disk. The inside diameter refers to the internal diameter of the circular hole
in the center of the glass substrate.

[0063] Fig. 4 is a perspective view showing a configuration of a glass substrate for
magnetic disk manufactured in the manufacturing method of a glass substrate for
magnetic disk according to the invention. As shown in Fig. 4, this is a manufacturing
method of a glass substrate for magnetic disk for manufacturing a glass substrate 21

for magnetic disk having a circular hole 22 in the central part. This glass substrate



A second exenpl ary enbodi ment of manufacturing nmethod of a gl ass

substrate for magnetic di sk and manufacturing nethod of a nagnetic

di sk is explained belowin the sequence of processes. Fig. 5is a

di agram showi ng a process sequence of th Omanuf acturing nmethod of a

gl ass substrate for magnetic disk in this exenplary enbodi ment. 22

[0071] (1) Rough | apping process (step Si) For exanpl e, when

manuf act ur i33g¢R rﬁé?f’r%‘-tlcsdtg?t{ Aoiel &' a r&?&ﬂ%%eh?f‘erﬂt SihdPhn %xgellé?ﬁ '&rﬁdﬁ?ﬁ’ness is
rc ra

magnetl c di sk, ul ar ass mate nmin dianeter and

1.15 mmin r&é} z%hrb |r 0?‘ s o%ﬂ?gﬁﬁace-raﬁlsﬁptb H{'n@'tno%@fe? s%ﬁ%é ?\Er sg is high

gl ass substr 0O a carri'er o

i nner gear and, the ter eay. are rotated m xe

or 1 ndi ng mr\ﬁﬁhaﬁe 8 nidh 2 vl rPélS%&Ba D BE, Sttt bt
princi pal surface, of the wor k, and the princi surface of the | ass

substrate CBHEERINOUT IMAY Re ewapsed i bregkdawa. f‘?ﬂ‘gfrhlb¥ G ?"ﬂd’e'"f rcement,
process, as free abrasive grains, alumna abrasive grains of grain

size (r ougmatslswmddamﬁmemgnﬁ opather eeiafossing patcess mnorystalizingmeassused,
and the surface is ground and processed until a plate thickness of

0. 756 mm [[0064]] Aséhaematarabforglals glasatsabstate 3 pecfgired glass s aluatiro-silicate
alum no-silicate glass being cut out froma sheet glass forned by

down- dr aw ngddsnd Therdlomimocdilioats glass ltapaealidedan exdsdlept wfateagmoothness, and
processed by relatively coarse dianond grains, and is fornmed into a

di sk of 65.d aﬁménﬂaﬁb@dmtlﬁéamrpst%tm'cﬁeﬁw'it!aﬂ@'t%ﬁ:enie?ﬁb?% Ke. t he

down-draw nethod, a circular gl ass materlal may be obtained froma

sheet gl as ﬁoé@é] ”Ef'hé’témfrﬁ.ﬁ@%mﬁfaﬁ &Féf’éﬁlng éﬂé}mé'llg‘r%lﬁfdréfed gla‘?‘as malnly

I
circul ar s ape,” and pressing t n I rect y usi ng upper

pattern, \éfgrfpg%%& f o, %&%ﬁg%'?s »LPQO, ﬂlzgfdz% v 15 Y5 AR Euhéph’&ﬂ % 0 10

process (st 31 s d tn tfRe cen ra1 porti on

chanter od. WobreiD M shipi 2ottty P80t fiectd o &g PTG Fiopptioof
o7 ound unt e hANAZ A 12 B ot ot 41 e Ata of A ordiee

edge are chanfered as specified. At this tine, the surface roughness
of the edgdORAlti Bhve materialfen theigtassmbstatefpemagnetis disktg bemameactured in
gl ass substrate was Rmax of about 1.5 pm

the invention is not limited to the material mentioned above. That is, aside from the

alumino-silicate glass, the material of the glass substrate may include, for example,
soda lime glass, soda alumino-silicate glass, amino boro-silicate glass, boro-silicate
glass, quartz glass, chain silicate glass, crystallized glass, and other glass ceramics.
[0067] In the manufacturing method of a glass substrate for magnetic disk of the
invention, the sequence of processes may be exchanged, for example, the surface
grinding process following the end surface shaping process may be replaced by the
surface grinding process by using fixed abrasive grains, or the surface grinding
process may be executed after the end surface polishing process.

[0068] The manufacturing process of a glass substrate for magnetic disk is usually
executed in the sequence of precision lapping process, end surface polishing process,

and principal surface polishing process (first polishing process). The particle size of



[0074] (3) End surface polishing process (step S3) 23 A
plurality of glass substrates were nmounted on a polishing nmachine, by
joining the principal surfaces, and polished by brushing while

rotating the glass substrates until the surface roughness of the edge
portions (corner parts, lateral side and?thanfered portion) of the

gl ass substrate becanme about Rmax of 1 pmand Ra of 0.3 pm This end
surface poljshi.n rocess i.s effecti or preventing defects under .
The 111 m ol TGRS dvasis Bt tabe B PasmBrsRSs RECnes smaler in
substrate princiBaI surface fromthe substrate edge portions

occurring 40€ tSREUENGR: bt Presisipdy Iapging, erefess s ead piitfageepdishing prasess, and
washi ng process. After the end surface polishing process, the glass
subst rat e \CiRak Budiagen pekiahing pfewes] Ag)in hist exsmplaiyndinhgdiment.ewben the
(fixed abrasive grains) (step $4) By using fixed abrasive

grai ns, thsugacegripdingquotesseisafxechiedgiftes the @ndt suadaeeimlighing mtlodessaflaws
desired plate thickness of 0.656 mmand flatness of < 3 pm The

princi pal suay befrobdidnehgkad sufabs fterthe 6AS sgracepbilingdicguse fHowiticle
abrasive grain polishing pad. For exanple, a dianmond sheet can be

used as t heideiofede ABE aBrakivOgAINS R i M 8uPRd. griflafhd érb@éssaierlé\@bgﬁngn the

grain polishing pad has polishing particles adhered™n a sheet,

suf ficiently dﬁ@%%@rofﬂﬁétf}e‘él %ﬁrggig%dgrgirsﬁ% d;fsl%ﬁ iPGth%g@ @lﬁfa%%%%ﬁﬂg%rwess.

alumna grains (10.0 pmto 1 ree rasive grain
[0076] When,fi . i i A ed in the surface grindin
process, SiHr%'\ée)%gl|ﬁ§h€%&(¥§'}pgrﬁser@tgogﬁrﬁeﬁiw & m&a%enggrgtﬁng. r‘ﬂ%]?‘f(eésf ?@89 the
abrasive grains,.particles will not get in between the carrier and
the ol ass SHEESS I8 Grouss Ryausing fixed brasive Giains, t €A HEAGR@HeT RR] surface
carrier and hé\n? | ass substrate, it is possible to elinm nate damages
due to sec®f @&? it ngt be byyisgddt the shifase grindingdxoessst hedangyafter the end
portion of the glass substrate. As a result, damages can be
el i m nat ed spifeen palishinglprecpes.t i enceotha pealiafidae glass subetrataris aok spoited,
edges of the glass substrate, and phenonenon of defect in the ridge
portion camand@lyralgprectsses f@igrindirtgendybeisbimgtlomend saddastofitine glass silskdate,
portion can
and plural processes for grinding and polishing the principal surface of the glass
substrate can be done continuously, and the process design is easier.
[0069] From the viewpoint of particle size of abrasive grains and flawing as
mentioned above, the particle size of abrasive grains used in the end surface
polishing process is preferred to be larger than the particle size of abrasive grains
used in the principal surface polishing process (first polishing process) for polishing
the principal surface of the glass substrate after the surface grinding process.
[0070] (Exemplary embodiment 2)
A second exemplary embodiment of manufacturing method of a glass
substrate for magnetic disk and manufacturing method of a magnetic disk is explained
below in the sequence of processes. Fig. 5 is a diagram showing a process

sequence of the manufacturing method of a glass substrate for magnetic disk in this

exemplary embodiment.



24 be prevented, it is possible to save the polishing all owance for
the surface and edges. [0077] Flaws forned on the principal surface
when joining the principal surfaces of the glass substrates in the
end surface polishing process can be elijgnated in the |ater process
of surface grinding by using fixed abrasi've grains. Moreover, since
the surface is ground after the end surface grinding, if the edge

portion is?dﬁgpe(q)t gapgm'\d/&ogggé &%ﬁ\gqn the end surface

pol i shing process ed portion of the edge can be cleared in

e e e e 8 IR O T i e 2

by using fixed abrasi've grains, W e

grains, the rface ro ness .of th |

decr eased. "Wih%é’@? "Tar%'eﬁgaﬁsghzi’ ﬁléc‘ﬁ?ﬁﬁﬂ% ﬁ%?q%ﬁgféaq.%bﬁgﬁﬁ@igggt%rfand 115 mm
principal surface polishing process can be saved. [0078] (5 , .

B i el bal SUHTGKAEShR PBRRY. b Be EhcuIRElRs aRferial as o dldeq sibgfrate s pyt into a
renove the flaws and strains left over after the surface grinding
process, a oBrvesof gdapring Amchinge 28d thminekgeanand the owderapah afuntaledeand a
pol i shing machine. In the two-sided polishing nmachine, between upper
and | ower mokedsiuny sfugriraing filuidiarsl freeabsivepraingisl sunmliag optaithe prrcipal
gl ass substrate held by the carrier is placed tightly, and the

carrier is seffgegetthe wbrkaapd dneprigeipal anthcanf tmglasgeabstratadontained in the
gl ass substrate is held and pressed between the upper and | ower

surface pl aapfer iISURAFAUET this lappRRl prdbesy) skl ftdedabirasive gpdins dalbeinseatrasive
the polishing pads and the polishing surface of the glass substrate,

and by rot éiﬂg’ofgﬂﬁn Q#zégg)ll.@is'lﬁg%ﬂ%%@é 278 Ié’@izb%kf'igrlﬂnw%é}ﬁw\gare used,

plates, and revolves to | e both sides simltaneously. re

Soee e ke e MR R Bk oaTE Al e

(e SaTe ¢ MBoPA ol WA 3 B0 Sl b Syt gass

e ST L i Gt e & ebestpins Praed By i S5arMeRbd s 3 iul Shape,
and it is ground and processed by relatively coarse diamond grains, and is formed into
a disk of 65.7 mm in diameter and 0.915 mm in thickness. Instead of the down-draw
method, a circular glass material may be obtained from a sheet glass formed by float
method, by cutting out similarly in a circular shape, and pressing the moiten glass
directly by using upper pattern, lower pattern, and shell.
[0073] (2) End surface shaping process (step S2)

A hole is drilled in the central portion of the glass substrate, and the outer
edge and the inner edge are chamfered. Using a cylindrical grindstone, a hole is
drilled in the central portion of the glass substrate, and the outer edge is also ground
until the diameter is 65 mm, and the outer edge and the inner edge are chamfered as
specified. At this time, the surface roughness of the edge portions (lateral side and

chamfered portion) of the glass substrate was Rmax of about 1.5 pm.

[0074] (3) End surface polishing process (step S3)



25 polishing process is a mrror-snooth surface polishing process for
finishing to a smooth mrror-surface while maintaining the flat
surface obtained in the first polishing process. [0080] Thus, by
exchangi ng the sequence of the end surface polishing process and the
surface grinding process (fixed abrasive?3yrains), processes for
grinding and polishing the end surfaces can be done continuously such

Malele i i ndi ng. and .
b0l 1 shi ng t hepr 1 eI AEBLR GBS PhaPaBeTaE ol tlE §siie mectine. by
Sur 208 91 LB, BESRa eSS B0 B TRl BRI gotoe o

(6) Chem cal rei nforc_'iotgg process (step S6 er the washing

) . ARt
process, t F¥Pgrales uptiibE shfacqsrugheess of tegedascprriions (Fomespartsx aderahgjde
on the surface of the glass substrate (for exanple, Li and Na+ in the

case of al @mdrebasiferedostiaf)f de glass subsiratrybecame abowimax of hugeand Ba of
radius (Na+ and 1C). On the surface of the glass substrate (for
exanpl e, alcdiunt dinig endrstrifecegpalisbingubstesstie effactivede) praventing Hefiegisnander
with ions of atons of |larger ion radius, a conpressive stress is

appl i ed tothddilrglaasarrigrdwe o stickiidiaf dubepartigiedidry thf glaBs siibagste principal
substrate nmay be enhanced. [0082] (7) Washing process (step S7)

Pol i shi ng wakaed abm BGUbERAE ddg@oMichsStdctikintCatttAe bR SIEdERNngthd Qﬁss
gl ass substrate, and they are renoved by washi'ng. The washi ng” net ho

Y el ud . : oy . - . :
| ncl udos SoBpTe R Ihe e BRELES! AR thEong AR rte) RS fing FRbkds the
i ncl udes etgﬂ%is%b?{ratglﬂﬁsswgwih%ﬁenChem cal solution washing for

I's

di ssol vi ng“npurities ‘and po img-materials sticking to the glass

2gent. 1 R8T e Rt GRS OB e bl (e e

reinforcing pr ocegi Usiﬁg tfixciecg abrasive grains, the principal surface of the glass substrate is
ground to a desired plate thickness of 0.656 mm and flatness of < 3 um. The
principal surface of the glass substrate was ground by using a fixed abrasive grain
polishing pad. For example, a diamond sheet can be used as the fixed abrasive
grain polishing pad. The fixed abrasive grain polishing pad has polishing particles
adhered on a sheet, and sufficiently smaller particles (< 4 ym) can be used as
compared with alumina grains (10.0 um to 10.6 ym) used in free abrasive grains.
[0076] When fixed abrasive grains are used in the surface grinding process, since
polishing grains are fixed on the sheet, unlike free abrasive grains, particles will not
get in between the carrier and the glass substrate. Since particles are not present
between the carrier and the glass substrate, it is possible to eliminate damages due to
secondary factors, such as scratch or crack on the edge portion of the glass substrate.
As a result, damages can be eliminated from the ridge portions on the boundary of the

surface and edges of the glass substrate, and phenomenon of defect in the ridge

portion can be prevented. Since the phenomenon of defect in the ridge portion can



26 is not specified, and the washing process may be executed anywhere
appropriately between the grinding process to the first polishing and
second polishing process. [0083] (8) Inspection process (step 58)

The inspection process includes 100% i nspgction and sanpling

i nspection. Were possible, 100% i nspection is applied, and if not
possi bl e, sanpling inspection is applied. Defects to be inspected are

flaws, st aigaspreaitbd, ot € possibR ©rdadb thke heishingpdlbuwaete forethe @0rfatdaid gdges.
.1, this process is specified after the chem cal reinforcing process,

but it is @é?"gp.eplia%efgnméﬁ‘gnﬁﬁ@ﬁﬂﬁ@ﬁél%_@b@%ﬁeﬁ jTRhgBe DFREINal Surfaces of
anywhere appropriately between the grinding process to the first
POl Shind.and gfﬁgomsna{és%g'tga RILEG e pllisfiin 't@%ggééSPQh bYelihaGIAR the

AFM (atom c Ceé m croscope e surface st ass substrate

= P o Ao PoP AR ST Do B AR, s ble o
ol owing e second pol LA 08 JLPSsss, ey 5. MISLTAE R e by

the glass substrate is inspected for presence or absence of crack,

dust, cut, excessivepolishingirethgieng paTacenmalighingtrspeasss thenstepped pertion of the
washi ng process followi ng the chem cal reinforcing process, the glass
substrat e iesigei canl be Clearatsipetbedadterissrface grinding puetessef Eutthem by asinding, the
the both sides of the glass substrate are judged whether to satisfy

or not the suefgoe hydusime fikéd abtasive gfaind)asr exmpatiedgvitufreaabradive ghaiss, the
manner, the glass substrate for magnetic di sk of the exenplary

embodi ment ypmcolb@iHiRGs df IS GlasksubReal esrs be ulstdaried.  Pleno@ghetjdtishing
di sk obtained in the exenplary enbodinent, filnms were fornmed in the

fol I ow ng Héﬂ&ﬁﬁ% ti‘%”l%tgﬂg@%@@bi‘ BrifdigA s%c@ﬁé@hﬁ}%dpro%sé;%r{‘ﬂe daved.

sputtering device, a yer, a soft magnetic layer, irst base

| ayer, a Sﬁ@@ﬁj b@ﬁ?rfgg%ggﬁumg Fﬁ’"%ﬁﬁ\?@ nggr/tgevagggre formed on the

gl ass subs on protec ay formed by plasnma
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[ filmthick f 1Q th ft tic | 1oy, .
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was a Pt alloy thin filmformed in a filmthickness of 7 n the |
second basenadyes. viastha trg-sidecpolishing machineo bRYLPSMURPST #1H {9/<iaalsting
of 40 nm and the nmagnetic |layer was a CoPtCr alloy thin filmfornmed
in a film tsiraka@iates proxtlednvitThelighing pads, tke plage subgitataihgleobyithe ¢asrier is
carbon protective layer fornmed by plasma CVD net hod. The lubricating
| ayer was fplacattighylyi antetheicagier ireeemgemeetwith apeket gear dnidaan idnéugearcanit the
of perfluoropol yether (PFPE), and by heating and baking for 60

m nutes at glddCsubdiratdiis hernaed prédsednbeinetn thdiuppef @ndviewer catface plates.

magneti c recordi ng system was manuf act ur ed.
Subsequently, a polishing fluid is supplied between the polishing pads and the
polishing surface of the glass substrate, and by rotating, the glass disk rotates on the
polishing surface plates, and revolves to polish the both sides simultaneously. More
specifically, a hard polisher (hard foamed urethane polisher) was used, and the first
polishing process was executed.
[0079] By using the same two-sided polishing machine as used in the first polishing

process, the polisher was changed to a soft polisher (suede polisher), and a second

polishing process was executed by using the new polishing pads. The second



[ 0086] The gl ass substrate for magnetic disk obtained in exenplary
enbodi ment is conpared with the glass substrates manufactured in the
follow ng conparative exanples 2 to 4, and the evaluations results
are discussed. [0087] (Conparative exanple 2) The gl ass
substrate was manufactured by exchangi ng?lhe sequence of

manuf acturi ng process of the glass substrate for magnetic disk as

follows: (1),r0ugh |apping_process 2) end surface shapin .QCess,
(3) end surPiIN drp8RR 5 pr R EESodts s fate HRARG BRRE D Ruchagag o 2
(using free abrasi.ve grains), and (5). pringipal_ surface pol,shi .
b ocess. | RO PP Wtie B otainl 1 fismiiaih obfedh i he st boiishing
surface was ground by replacing the surface grinding process by using
fixed abr af®€S§r ai ns by the precision | apping process by using free
abrasive grains (7 to 21 pm smaller than the particle size in the

rough | appil®@8Qir otluss by esoiaBIgingdihemecaenseotthemsdsusiace palishing presess and

process) This is the sane as the conventional process. That is, the
gl ass substhatsarfa2@ gvrslingaprdcass Ufieet iabradiee seajoei qgrocdsseanfof agindimgngnd
process of the glass substrate for magnetic disk as follows: (1)

rough | appipafistiihg ¢ies &nd (stfaeesl can ibeadenes bemint@usly Gteh Sas €@l sOfecd Shaing
| appi ng process (using free abrasive grains), (4) end surface

pol i shing praRsSer pRItcESds RIrighmRRY afd bbRAIEnP Bid pRmdiSaINPEes TanWitone
differs fromthe exenplary enbodi mént 1s that” free abrasive grains (7

(0 G2B 2 SEFIRY, b0 SFRCE ARG e EaH oA 4 8 e
pol i shing RLAS5ES [Sx')lishing process, and the process design is easier.
[0081] (8) Chemical reinforcing process (step S6)

After the washing process, the glass substrate was reinforced chemically.
lons existing on the surface of the glass substrate (for example, Li* and Na® in the
case of alumino-silicate glass) are exchanged with ions of larger ion radius (Na” and
K*). On the surface of the glass substrate (for example, about 5 pm from the glass
substrate surface), by exchanging with ions of atoms of larger ion radius, a
compressive stress is applied to the glass surface, so that the rigidity of the glass
substrate may be enhanced.

[0082] (7)Washing process (step S7)

Polishing materials and impurities are sticking to the surface of the glass
substrate, and they are removed by washing. The washing method includes
physical washing and chemical washing. The physical washing includes scrub
washing and ultrasonic washing. The chemical washing includes etching of glass
substrate, chemical solution washing for dissolving impurities and polishing materials

sticking to the glass substrate, and potential control washing by using a surface active

agent. InFig .1, this process is specified after the chemical reinforcing process, but it



[ 0089] (Conparative exanple 4) The gl ass substrate was
manuf act ured by exchangi ng the sequence of manufacturing process of
the gl ass substrate for magnetic disk as follows: (1) rough | apping
process, (2) end surface shaping process, (3) surface grinding
process (using fixed abrasive grains), (4% end surface polishing
process, and (5) principal surface polishing process. Same fixed

abrasi ve gnahdssgscifidd, bhe the Svashigyproebes ki e BRER e adywii¥retappropriately
differs fromthe exenplary enbodiment is that the sequence of the

surface grigagiéich Plerrithg probess folths br dﬁ%ﬁs‘-ﬂer all 8b&nd FEIRNINEPrERkss.

surface pollshlng process 1s exchange The gl ass subStrates

manuf actgr ex qézﬂ_?p@'c%ﬁg%%ggg&gé%%gg conparative exanple 2 to

conparat i v Wer e Ser vi deo m croscope i medi ately
before the princi surface palishi r s. and flaws_on,the .
i e pal sur f acel B moREciiheRPare MllieR) HEE FisoBhor aé‘%ame%"bspectm
t he substrate were al uated, and the s rface roughness Ra of

gl ass substWhe® %%IY\% A0V MspARIA I8 Nl g2t Pessp eﬁsaé'ﬁﬂm mspectton
eval uation results of exenplary enbodi mant 2 and conparative exa

2 to conparaieppiiedex Sefeals &0 beipspectedeare dlawso plainsdgrriiylasdcnatarighde gcbg,md
follows. 29 <Principal surface flaw> o: possible to renove by

| essened sulefarowtiopar Imrfognt, this process is specified after the chemical reinforcing

process, but it is not specified, and the washing process may be executed anywhere
appropriately between the grinding process to the first polishing and second polishing
process. In a clean-room, by using an AFM (atomic force microscope), the surface
state of glass substrate is inspected, and ID and OD chamfering angles are measured,
and the roundness and concentricity are measured. After the washing process
following the second polishing process, the glass substrate is brought into a
clean-room, and is inspected visually. At this time, the glass substrate is inspected
for presence or absence of crack, dust, cut, crevice, or remaining polishing materials.
After the washing process following the chemical reinforcing process, the glass
substrate is similarly inspected visually. By such defect inspection, the both sides of
the glass substrate are judged whether to satisfy or not the required specification of
the recording surface. In this manner, the glass substrate for magnetic disk of the
exemplary embodiment was obtained.

[0084] In the glass substrate for magnetic disk obtained in the exemplary
embodiment, films were formed in the following process, and a magnetic disk was
obtained. By using a sputtering device, a bond layer, a soft magnetic layer, a first
base layer, a second base layer, and a magnetic layer were formed on the glass

substrate, and a carbon protective layer was formed by plasma CVD method, and
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ble to renpbve by | essened surface wear anount. <End surface
etter than present quality. x: worse than present quality.
oughness (Ra)> o: surface polishing anount can be reduced.
pol i shing anount i s unchanged. [0092] As shown in Fig. 6,

in conparative exanple 2, flaw was found2in the substrate edge
portion. Because of precision | appi ng process by using free abrasive
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abrasi ve grg
in the pre
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I on Iappl ng process, the surface roughness Ra was 0.25 pm
the soft magnetic layer was a Co alloy thin film formed in a film thickness of 60 nm, the

first base layer was a Pt alloy thin film formed in a film thickness of 7 nm, the second
base layer was a Ru alloy thin film formed in a film thickness of 40 nm, and the
magnetic layer was a CoP1Cr alloy thin film formed in a film thickness of 20 nm. The
protective layer was diamond-like carbon protective layer formed by plasma CVD
method. The lubricating layer was formed by immersing the magnetic disk in a liquid
lubricant of perfluoropolyether (PFPE), and by heating and baking for 60 minutes at
110°C. In this manner, the magnetic disk for vertical magnetic recording system was
manufactured.

[0086] The glass substrate for magnetic disk obtained in exemplary embodiment is
compared with the glass substrates manufactured in the following comparative
examples 2 to 4, and the evaluations resulis are discussed.

{0087] (Comparative example 2)

The glass substrate was manufactured by exchanging the sequence of
manufacturing process of the glass substrate for magnetic disk as follows: (1) rough
lapping process, (2) end surface shaping process, (3) end surface polishing process,
(4) precision lapping process (using free abrasive grains), and (5) principal surface
polishing process. What differs from the exemplary embodiment is that the surface
was ground by replacing the surface grinding process by using fixed abrasive grains
by the precision lapping process by using free abrasive grains (7 to 21 um) smaller
than the particle size in the rough lapping process.

[0088] (Comparative example 3: conventional process)

This is the same as the conventional process. That is, the glass substirate



[0093] In conparative exanple 3, flaw was found on the principa
surface of the glass substrate. It seens to be a remai nder of flaw
formed in the end surface polishing process when joining the

princi pal surfaces of the glass substrates after the precision

| appi ng process. Sane as in conparative %&anple 2, the surface was
finally ground by using free abrasive grains, and the surface

roughness RBa was 0028 o #}Qeo gél%%én{&ﬁ ?gﬁﬁr{ Lﬂé&t\dﬁrg Fg{géé'-sg_loﬁ ;tl}é P%‘é’s WaBstrate
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eval uated to be satisfactory (o). In the exenplary enbodjment, th
process of foishinggrecass: and &)ﬁmm@bgurfﬁwmhgﬁng@r@%% n¥¥hed dﬁf@é%ﬁ'@@ the
it is highly possible to danage the substrate surface in the process
after the engnpiaryassebgdimeshinthap fieecatyasivag@raine (Fricridi pa) werefugsd in the
grindi ng process executed after the process follow ng the end surface
pol i shi ng peeord dapping ystesess pfiemthepahaping fEroeesy, i amdi thpt pthecsesmnlylapping
using fixed abrasive grains as a grinding nmethod not danagi ng the end

portion. T"ﬁbcés“s,wédﬁfél!@\ﬁ/é@@kpﬁé edye palRhirgf prodesy process is executed
after the end surface polishing process, and fixed abrasive grains

are used i e hshiyng process, which seens to be main
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reasons of . ( oth’the principal surface of the gl ass
substrate and ri d?ﬁe pgﬁééé %[]Bstpettet\ngs %qgrﬁﬁactured by exchanging the sequence of

manufacturing process of the glass substrate for magnetic disk as follows: (1) rough
lapping process, (2) end surface shaping process, (3) surface grinding process (using
fixed abrasive grains), (4) end surface polishing process, and (5) principal surface
polishing process. Same fixed abrasive grains as in the exemplary embodiment
were used. What differs from the exemplary embodiment is that the sequence of the
surface grinding process (using fixed abrasive grains) and the end surface polishing
process is exchanged.

[0090] The glass substrates manufactured in exemplary embodiment and
comparative example 2 to comparative example 4 were observed by a video
microscope immediately before the principal surface polishing process, and flaws on
the principal surface of the substrate and flaws on the end surface of the substrate
were evaluated, and the surface roughness Ra of the glass substrate was measured
and evaluated.

[0091] Fig .6 shows evaluation results of exemplary embodiment 2 and comparative
example 2 to comparative example 4. The criterion for judging each item is as

follows.



[ 0096] I medi ately before the principal surface polishing process,

t he surface roughness was Ra < 0.1 pm and the val ue was suppressed
sufficiently lower as conpared with Ra = 0.25 pm by using free
abrasive grains. Therefore, in the later process of principal surface
pol i shing process, the polishing anount &% the substrate principal
surface may be saved substantially. [0097] Exenplary enbodi nents 1
and 2 of the invention be conbi ned appropriately. Not [imted to
exenpl ary 5%5'5'85‘9 ?Hrgmf% 2, the invention may be nodified as
desired. In exenplary enbodinents 1 and 2, the materials, the size,
and the processi g POSgibitogreriove byilgssengesuace wear #@pUBle changed and
nodi fied wthin the scope of the invention. Various changes and
nodi fi cations ar eX: popesiible taremoye by Bsepredhaurfatgpuearamoyitom t he true
spirit of the invention. 31 CLAIMS 1. A manufacturing method of

gl ass subst<Emdesubiaae lawti cal magnetic recordi ng type magnetic di sk

conpri si ng: an end surface polishing pnocess of polishing end
surfaces of the ob.dsttestHadtpgrasentiquattgburr the end surfaces in
mounting a plurality of the glass substrate, a surface

grindi ng process ,BYydtsé fanf presshtafpafg! ve grains for grinding the
principal surface of the glass substrate polished the end face to a

desired surdgf@es %[gjm%§§(@é)g fl at ness, and

0: surface polishing amount can be reduced.

0: surface polishing amount is unchanged.
[0092] As shown in Fig. 6, in comparative example 2, flaw was found in the
substrate edge portion. Because of precision lapping process by using free abrasive
grains executed after the end surface polishing process, free abrasive grains invaded
between the carrier and the glass substrate in the precision lapping process, which
seems 1o lead to damage on the edge portion. After surface grinding by free
abrasive grains in the precision lapping process, the surface roughness Ra was 0.25
Hm.
[0093] In comparative example 3, flaw was found on the principal surface of the
glass substrate. It seems to be a remainder of flaw formed in the end surface
polishing process when joining the principal surfaces of the glass substrates after the
precision lapping process. Same as in comparative example 2, the surface was
finally ground by using free abrasive grains, and the surface roughness Ra was 0.25
pm.
[0094] In comparative example 4, flaw was found on the principal surface of the
glass substrate. This is also a remainder of flaw formed in the end surface polishing

process when joining the principal surfaces of the glass substrates after the precision



a principal surface polishing process of polishing the principal
surface of the glass substrate after the surface grinding process,
wherei n a di anond sheet using polishing parlides having the grain
size of less than 4 pmis used as the fixed abrasive grains polishing
pad in the surface grinding process, 30 wherein the grain size of
polishing particles used in the surface grinding process is |arger
than the grain si abrasive grains used in the end surface

pol i shi ng ﬁ%%%%%g%ﬁﬁﬁé wherein the grain 0:ve of abrasive

grains used_in.the end surface | i shi rocess,is larger than the
grain si zeh‘#@br@sﬁ]ﬁe Q}rséi ﬁgb%'%g% mﬂnqr}%%tabqqcﬁ%is%ﬁl e?ﬁ?‘ﬁ%@e%g’%ﬂj@ﬁrﬁ’g all
process. 2. The manufacturing nethod of, Iasscﬁub t%ate fo nagpetjc
di sk accor disRgction temgpere eMalpgledda be sabisfgeionticlg fﬂ ggxemptary embodiment,
characterized by processing to the surface Roughness Ra of |ess than
0.1 pm and th¢ erddessmdgaining substatehaurfapegmutuglly & alimaatadakecadsadt is highly
nmet hod of magnetic disk for formng at | east a nmagnetic Layer on a
princi pal possible to damage the substrate surface in the process after the end surface
polishing process, and the principal surface grinding process executed after the
process following the end surface polishing process includes a principal surface
grinding process by using fixed abrasive grains as a grinding method not damaging
the end portion. That is, the principal surface grinding process is executed after the
end surface polishing process, and fixed abrasive grains are used in the end surface
polishing process, which seems to be main reasons of high evaluation in both the
principal surface of the glass substrate and ridge portions of the edges.
[0096] Immediately before the principal surface polishing process, the surface
roughness was Ra < 0.1 ym, and the value was suppressed sufficiently lower as
compared with Ra = 0.25 um by using free abrasive grains. Therefore, in the later
process of principal surface polishing process, the polishing amount of the substrate
principal surface may be saved substantially.
[0097] Exemplary embodiments 1 and 2 of the invention may be combined
appropriately. Not limited to exemplary embodiments 1 and 2, the invention may be
modified as desired. In exemplary embodiments 1 and 2, the materials, the size, and
the processing sequence are only examples, and may be changed and modified

within the scope of the invention. Various changes and modifications are possible

within a scope not departing from the true spirit of the invention. .



surface of a glass substrate for magnet di sk manufactured by the
manuf acturi ng nmet hod of gl ass substrate br magnetic disk of daim1 or

2. 31
CLAIMS
1. Amanufacturing method of glass substrate for a verfical magnetic recording type magnetic disk
comprising:

an end surface polishing process of polishing end surfaces of the glass substrate to deburr the
end surfaces in mounting a plurality of the glass substrate,

a surface grinding process by using fixed abrasive grains for grinding the principal surface of the
glass substrate polished the end face o a desired surface roughness and flatness, and

a principal surface polishing process of polishing the principal surface of the glass substrate after
the surface grinding process,

wherein a diamond sheet using polishing particies having the grain size of less than 4 um is
used as the fixed abrasive grains polishing pad in the surface grinding process,

wherein the grain size of polishing particles used in the surface grinding process is larger than
the grain size of abrasive grains used in the end surface polishing process, and

wherein the grain size of abrasive grains used in the end surface polishing process is larger than

the grain size of abrasive grains used in the principal surface polishing process.

2 The manufaciuring method of glass subsirate for magnetic disk according to 1, wherein the
surface grinding process is characterized by processing to the surface roughness Ra of less than 0.1 pm

and the flatness of less than 3 um.



32

3. A manufacturing method of magnetic disk for forming at least a magnetic layer on a principal
surface of a glass substrate for magnetic disk manufaciured by the manufaciuing method of glass

substrate for magneticdisk of daim 1 or 2.



