1 DESCRI PTI ON POLI SHI NG BRUSH, PCLI SHI NG METHOD, POLI SHI NG APPARATUS,
AND METHOD OF MANUFACTURI NG GLASS SUBSTRATE FOR MAGNETI C DI SK

Techni cal Field [0001] The present invention relates to
pol i shing brushes or abrasive nmenbers, and polishing nethods and
pol i shi ng apparatuses using the sane. In particular, the invention
relates to a polishing brush or abrasive nenber, a polishing nethod,
and a polishing apparatus that are suitable to polish inner

peri pheries of glass substrates for smal'l - di amet er magneti c di sks,
and to a method of manufacturing a glass substrate for a magnetic

di sk and a nmethod of manufacturing [.,c disk. Background Art
[ 0002] As | T industry is rapi meﬁdﬁed, dramatic

t echnol ogi cal innovation is required of information recording

technol ogy, particularly magnetic recording technol ogy. A magnetic
di sk nount ed i ROABHINGRRESH.FMHOHSdBIGMEGHEEY POEISHINGHRPTARATHar AN sk

to 100 ot 111 iR O R R AT RE kL RE e ERIRa ARtk gime BRY. ©°
capacity. [0003]

Technical Field

[0001]

The present invention relates to polishing brushes or abrasive members,

and polishing methods and polishing apparatuses using the same. In

particular, the invention relates to a polishing brush or abrasive member, a

polishing method, and a polishing apparatus that are suitable to polish inner

peripheries of glass substrates for small-diameter magnetic disks, and to a

method of manufacturing a glass substrate for a magnetic disk and a method of

manufacturing a magnetic disk.

Background Art
(0002]

As IT industry is rapidly developed, dramatic technelogical innovation is
required of information recording technology, particularly magnetic recording
technology. A magnetic disk mounted in an information recording device, such
as a hard disk drive (HDD), requires an information recording density of at least
40 to 100 Gbit/inch?, responding to the growing demand for high capacity.
[0003]

While substrates for magnetic recording medium, such as magnetic disks,
have conventionally been made of an aluminum alloy, glass substrates are
being thought of as a magnetic disk substrate suitable to increase the recording
density. Glass substrates have a higher stiffness than aluminum alloy

substrates, and are accordingly suitable to higher rotation speed of magnetic



Wi |l e substrates for nagnetic recording medi um such as nagnetic

di sks, have conventionally been nade of an al um num all oy, gl ass
substrates are being thought of as a nmagnetic disk substrate suitable
to increase the recording density. d ass substrates have a hi gher
stiffness than alum num all oy substrates, and are accordingly
suitable to higher rotation speed of magnetic 2 disk devices. Al so,
the gl ass substrate can have such a snngth surface as the flying

hei ght of the magnetic head can easily be reduced. Consequently, the
S/N ratio of recording signals can advantageously be increased.

[ 0004] In,addition,,in order tp increase the recording density
of the magnet (USRS A IS st Ry R TES A SR PGB P T
gl ass subst r atigingiHafght'6H thdmaghetiehbid EdEed¥y B &dlidedC e CoRdtiquatt§ans he
shape of the peripheries. [0005] Pat ent Docunent 1 |isted bel ow

di scl oses a ne¥/Ndgakiof o reqoedingsignels canmsivaphgaoysipoe incegaged substrate. In
the nmethod, a ﬁid"@u' ar glass substrate having a circular hole in the
center is inné ed in a liquid abrasive containing suspended abrasive

grains, and the i mMgddiRe! infh@drYo Pbrebb@thg!resesdisy B isitpbhé faBfdticdikd i n
the liquid abrasive by rotation with a polishing brush or a polishing
pad i n cont acthighi Rrhceshiag resisionds eequirggheidle glass substyaje, inauding npt only
sectional vie i.shi t il i ng the known
pol i shi ng net %%&aﬁnsta&%‘%?’ Bktg%o?tgggﬁ%ﬁ(ﬁtﬂﬁ r?ﬁﬁ%%r%%() desi gnates a gl ass
substrate for [@ospgneti c di sk as an object to be polished; 61, a
substrate case accommodati ng maln}/ | ass substrates 60 imersed in a
g lis e@?Pﬁ

| i quid abrasive; d%terd Qogyrge loBt disqloseq a MtiedfanpiEhingd t he
ot 1 ( alt . s ned
by the i o pernsodta aBbubBig Mo & drellal flass it Fndlig

60; and 68, a ddiquiacdhadinase ventedninandredd ia@nigaidrabragiva cbhigining abr asi ve.
The substrate case 61 has a |iquid abrasive flow @Iath 70 through

whi ch the |iqiHePeaBrAaPGEve PRNs: Huckifie &wet PREPBRIY ST the olasa sebrYraledsi de of
the case, at i<HRRS iddi b tfoh Qi 2 HaRsH: t 65
i's conbi ned Wﬁs{%hﬁ%ﬁ;ﬁﬂ%uﬁ‘%ﬁa&%‘g@%b %b?égfr? %{&2 ardg? sar'["fa%@r%@p%ﬁ @‘#ﬁ*gﬁ)ﬁi he

rotation shaf tpa66 ¢amtacowidlt theisnbgtlage.r i ght and reverse directions with
a rotation driving device 67. The polishing brush 62 is connected to

the rotation St of another rotation drivi ng device 64
Fig. 10 is a sectional view of a polishing apparatus illustrating the known

polishing method. In Fig. 10, reference numeral 60 designates a glass
substrate for a magnetic disk as an object to be polished; 61, a substrate case
accommeodating many glass substrates 60 immersed in a liquid abrasive; 65, a
rotatable support rotatably supporting the substrate case 61; 62, a polishing
brush inserted in the hole defined by the inner peripheries of the stack of the
many glass substrates 60; and 68, a liquid abrasive container containing a liquid
abrasive. The substrate case 61 has a liquid abrasive flow path 70 through
which the liquid abrasive flows between the outside and the inside of the case,
at an appropriate lower position. The rotatable support 65 is combined with a
rotation shaft 66 and is rotated by driving the rotation shaft 66 ic rotate in the
right and reverse directions with a rotation driving device 67. The polishing

brush 62 is connected to the rotation shaft of another rotation driving device 64



3 for rotation in the right and reverse directions. Al so, the
pol i shi ng apparatus has a cam nechani sm (not shown) that presses the
bristle 63 of the polishing brush 62 on the inner peripheries of the
gl ass substrates 60 and allows reciprocal novenent of the brush al ong
the rotation axis. Conventional polishing is performed using such a
pol i shing apparatus by rotating the rotatable support 65 and the
pol i shing brush 62 in, for exanple, dir§ctions opposite to each

ot her. [0007] [ Pat ent Docunent 1] “Japanese Unexam ned Pat ent
Application Publication No. 11-221742 Disclosure of Invention

Probl ens to be So] ved. t. lnvention [0008] an

i or mat | on- orPaRELe Eate B g MG Pishtar o e e AT ppanetatus
magneti ¢ di skhaBadaRBmactanBh hHechbahNBaldRessks el isiid63 §a6é pdishing
rising. The peripheries of the magnetic disk are also required to be
snoot her and thoudhebdrobe gwetpaticheras diingrdassspesiiaddsdi? dnd alowhort er

time, and subsidi 3Ly AREGERR e FIH Ling R0 Hthtion'ak St | BBavehBHAP)
polishing is performed using such a polishing apparatus by rofating the rotatable
support 65 and the polishing brush 62 in, for example, directions opposite to
each other.
[0007]
[Patent Document 1] Japanese Unexamined Patent Application

Publication No. 11-221742

Disclosure of Invention
Problems to be Solved by the Invention
[0008]

As an information-oriented society is growing, demand for low-price
magnetic disks having a high recording density is increasingly rising. The
peripheries of the magnetic disk are also required to be smoother and to be
processed with a higher precision in a shorter time, and subsidiary materials
require longer lifetime.

[0009]

In addition, the above-mentioned hard disk drive is increasingly and
rapidly spreading in so-called mobile applications, such as cellular phones,
personal digital assistances (PDA), and car navigation systems, as well as
being mounted in personal computers. Since the space for mounting a hard
disk drive is limited for such mobhile use, the hard disk drive is required to be
small as well as requiring that the magnetic disk have a high shock resistance.
Hence, the magnetic disk used in the hard disk drive is also required to be small.

Accordingly, magnetic disks are proposed which are smaller than a relatively



I n addition, the above-nentioned hard disk drive is increasingly and
rapidly spreading in so-called nobile applications, such as cellular
phones, personal digital assistances (PDA), and car navigation
systens, as well as being nounted in personal conputers. Since the
space for nounting a hard disk drive is limted for such nobile use,
the hard disk drive is required to be small as well as requiring that
the magneti c di sk have a high shock resistance. Hence, the nagnetic
di sk used in the hard disk drive is also required to be small.
Accordingly, magnetic disks are proposed which are snmaller than a

latively 4 | | robile-ori o-cal l ed, 2. 5-jnch disk. Th
G el 1 er S metTe 2tp G Foreflbie Sna @t namesn al SrA Rt e,
di amet er of 48nsMAcand.saitn didkafavil ANRLERF dRfmelef ol B ma ahmll diGinedi Sk

having an outer dianmeter of 27.4 nmand an inner dianeter of 7 nmm

and a 0. 85-i natiargtekofHavimgp &fnchdisshadng ae peler GametRr oiR7hdmeandiamner

di aneter of 6 .mm [0010] . i er. of the r eti.c,di sk
s otuced, ¢ HO AIaCiENEiot” gymand 3t et BEE heling i P RS e
conventi onal dhskanguhsirdeptiamBes of6 ii.ckness of , for exanple, 0.635

mm a magnetic di sk having a reduced dianeter is required to have a
t hi ckness of dO&®1 nmm 0.381 mMmor |ess. [0011] The gl ass

Feduced ¢ hi okness. 4 08 ol B8 el et AT R OHARRS bt BRDR
, periphiery be fTinishedin a
substrate is reduced. While a conventional disk substrate has a thickness of,
for example, 0.635 mm, a magnetic disk having a reduced diameter is required
to have a thickness of 0.581 mm, 0.381 mm or less.

[0011]

The glass substrate for a magnetic disk, which has a reduced diameter
and a reduced thickness, requires that its inner periphery be finished in a
desired shape and a mirror-smooth state with a superior dimensional precision.
In addition, those glass substrates for magnetic disks, which are finished in high
quality with small variation among them, are required to be stably mass-
producing at a low cost.

[0012]

When many glass substrates for magnetic disks are manufactured by the
known polishing method as disclosed in Patent Document 1, unfortunately the
resulting glass substrates have large variations in inner periphery shape and
dimensional precision, and the inner peripheries cannot be finished in a highly
smooth state. Some defective substrates may be reworked, but the others
must be disposed of. Consequently, the cost is undesirably increased.

[0013]

Accordingly, an object of the present invention is to provide a polishing

brush or abrasive member, a polishing method and a pelishing apparatus that

can efficiently finish, particularly, the inner periphery of a glass substrate for a



desired shape and a mrror-snmooth state with a superior di nensional
precision. In addition, those glass substrates for magnetic disks,
which are finished in high quality with small variation anong them
are required to be stably mass-producing at a | ow cost. [0012]

When many gl ass substrates for magnetic di sks are nmanufactured by the
known polishing nethod as disclosed in Patent Document 1,
unfortunately the resulting glass substrates have large variations in
i nner periphery shape and di nensi onal pfecision, and the inner

peri pheries cannot be finished in a highly snoboth state. Sone
defective substrates nmay, be reworke but . t he her.s must .be di sposed
of . Consequent 9o ele S < EFARALC sl s L afRe Mefhaficr

Accordi ngly, &@s&hﬂi@gfto Bk dehendy 186RBYNd!DYRRE, iWhdsé SiaheteP [sQUHHiRddo
pol i shing brush or abrasive nenber, a polishing nethod and a

pol i shi ng appdrededised mith adugh rrofitycodiareasefthenieserding density @nd redyce thee

i g qual i Ly <Pt e ARl et R Poofioh ndrome T APRRY Bt il thB el o

the demands f QlassRgb@iateciofh Fegnetivhiikendiaan@hed of Banue@tirih§d niaynb:
reduced with a_high_priorit¥,_to increase the recording density and
reduce the cogtisk tagdtaisle aghiligning Yep b§ieg ibgpebahingrimetsod 1§ RRVE de a

met hod of man ' : S t [ d a
met hod of mandratt 1488 AR SRR b Fins e PR BB BB e
usi ng the pol izhbithe thvetchn echievely iyierRicoRinglicasy. resul ting from a
surface state of the inner periphery of the substrate, and that thus
can achieve a high recording density. Means for Solving the Problens

Means for Solving the Problems
[0014]

The inventors of the present invention have found that when the inner
periphery of a glass substrate having a peripheral wall perpendicular to the
main surfaces and two chamfers (intermediate faces) formed between the
peripheral wall and the front and rear main surfaces is processed by the known
polishing method, both or either of the two chamfers does not finished in an
appropriate shape, and that it is difficult to finish the periphery in a highly
smooth state. The present inventors have also found that those problems are
noticeable in glass substrates having smaller inner diameters. Furthermore,
the inventors found that when many glass substrates are stacked and are
simultaneously polished, the inner peripheries have large variations in surface
state among the substrates.

[0015]

The polishing brush used in the known polishing method as shown in Fig.
10 has a structure in which a bristle cailed a channel brush prepared by
arranging a plurality of bristle materials in parallel and folded at the center and
pinching the folded portion by a long metal member is wound around a round

{cylindrical) axis and welded. Since the axis requires such a stiffness that the



[ 0014] The inventors of the present invention have found that
when the inner periphery of a glass substrate having a peripheral
wal | perpendicular to the main surfaces and two chanfers
(internmedi ate faces) formed between the peripheral wall and the front
and rear main surfaces is processed by the known polishing nethod,
both or either of the two chanfers does not finished in an
appropriate shape, and that it is difficult to finish the periphery
in a highly snmooth state. The present inventors have al so found that
those problens are noticeable in glass substrates having snall er

inner dianeters. Furthernore, the inveptors fou t hat when nmany
gl a5 subst a1 Temy BHEE SER BG At AP B P S S A ERas, e
i nner peri pherlb@sccbavrn! aA&@Srdirily, Bidohéiba hRsS SidsREL hatiAg 8 sARP et he
substrates. [0015] The polishing brush used in the known

pol i shi ng net Hiignetsr, thiedensth of i kristie oushize wddeadianduiheelpsticupre bf the
bristle called a,channel ,brush .prepared.b rranqing a,plurali of
briotl o mat or PR RBNERe " MRS, HSRBAEE i B BRI PPyl Shichi o
the fol ded pordndath ixted In@AdicOit, Be JHRSHIRY brush ¥RMBOWEHK eifétiivaly bRENd

(cylindrical) axis and welded. Since the axis requires such a
stiffness thatglassgubgraghhayinglandrnes Hiageter eakgtifide Amsundn addiiongdihganet er
of the axis ¢ ingly. .t i a_glass
substrate navitigthPaRalE AR e el gl st e B bR B e

must be reducene palidhiherueh as b arded idReneddr thaArethbiringt diembter siapdiglask
Thus, it beconmes difficult to finish the periphery in a hi@%hl_ y snooth
state. |n par tSUBsiIa& tha prEShieg Pl AeFuBieq Siaraamiebima e kale dainingdhs on

a glass subst rate Ad .?Sﬁﬁﬁgdﬂ@%@%iaﬁﬁghgkaﬂ%t pg%@hggeﬁ\%rg e ! N

addi tion, the known po as a cons ter dianmeter in
t he axi s dir egietiphery bfentth@ughqlolishiigng pfaisibd héate thelpaldhérg Wlisiiet er t han
the inner dianeter of the glass substrate, the polishing brush

occupi es a | argaRrocaly MAYINGF TS, YRSIBHONSdR PcRTFInGality Resoes gl tar |
Accordingly, tdag,abrasive cannot be stably delivered to the periphery
even though polishing is perforned while the polishing brush is

reci procal |y n@iehg. Thus, variations in processing quality becone
liable to occur. [ 0# resent inventors have conducte

i ntensi ve research ?%Sr‘?@t iB‘é@W-{QrEB V& GoR0UHRR BlegaLe FesEREN P I 435S ,°T and
acconpl i shed Qe dR¥eBEdBBd fihddk/dnd accomplished the invention.
[0017]

The present invention has the following features to overcome the above-
described problems.
[0018]

(Structure 1) A polishing brush used in a polishing method for polishing
the inner periphery of a circular glass substrate having a circular hole in the
center thereof by rotating the polishing brush in contact with the inner periphery
of the glass substrate while a liquid abrasive is being supplied 1o the periphery,
wherein the polishing brush includes an axis and bristle materials protruding in
the direction perpendicular to the axis and defining two types of portions having
different outer diameters including a small diameter portion and a large

diameter portion, and the bristle materials of the small diameter portion have a



The present invention has the follow ng features to overcone the
above-descri bed problens. [00181 (Structure 1) A polishing brush
used in a polishing nethod for polishing the inner periphery of a
circular glass substrate having a circular hole in the center thereof
by rotating the polishing brush in contact with the inner periphery
of the glass substrate while a liquid abrasive is being supplied to

t he periphery, wherein the polishing brgsh i ncl udes an axis and
bristle materials protruding in the direction perpendicular to the
axi s and defining two types of portions having different outer

di aneters includin S | di er_portiqn and | ar ge di anet er
por £ on. ~ana iep s BpE than B BEFE a b o ik B e dRordibRe  on have
a 7 higher hapghyess than the bristle materials of the |arge dianeter
portions. [0019] (Structure 2) The polishing brush according to
structure 1, wher efShuctire 2br iThe pelishing drushlascafiing hesteigiurd 1.dvhersin te
portion are hardened by a resin 0020] _ .. (Structure 3). A

Dol | shi ng. et G Bregi PLRF RS AEMPRherrign PRI 0P & B cul ar

gl ass substratjgodepving a circular hole in the center thereof, the
pol i shing nmet hod conprising preparing a gﬁlishjng brush includi ng
portions having br{Skysteredat ériohshinganethed)ed pelisbing therinesetipsriptiereeita on
and protruded e dif i, out. j i istle. . .

mat eri al s of éﬁrglflr%l ql%gisg%fagér h%o%rgte} (](‘;)'% ﬁﬁbﬁ%&%ﬁgﬁ?ﬁﬁﬂﬁerﬁéﬁf @Eﬁ §|é5hfr}9an

the bristle nmah@RdBddniking ptepady 8 baIFRING brugdlinduding pRRns Haaig@pstal | y
vertically inserting the polishing brush into the circular hole, and
pol i shi ng t he Maieras Feaophaleps ar axindirestiar andptvdastte be¢ifirekt RPvishe

B o7, ok R ST s ERSRABhb P LA e
periphery whi Ihardness ten thesistes meterials ofle largeediadeteppdriien; and eubstantially
peri phery. vertically inserting the polishing brush into the circular hole, and polishing the
inner periphery of the glass substrate by making the polishing brush relatively
move with respect to the inner periphery and by rotating the pelishing brush in
contact with the inner periphery while a liquid abrasive is delivered to the inner
periphery.
[0021]

(Structure 4) The polishing method according to structure 3, wherein
polishing is performed in such a manner that a plurality of glass substrates are
stacked one on top of another so that the inner peripheries of the glass
substrates are simultaneously polished.

[0022]

(Structure 5)  The polishing method according to structure 3 ar 4,
wherein the circular hole in the center of the glass substrate has a diameter of
12 mm or less.

[0023]

(Structure 68} A polishing apparatus comprising a substrate cassette

holding means that holes a subsirate cassette accommodating a plurality of



[ 0021] (Structure 4) The polishing nmethod according to structure
3, wherein polishing is perfornmed in such a manner that a plurality
of glass substrates are stacked one on top of another so that the

i nner peripheries of the glass substrates are simultaneously
pol i shed. [0022] (Structure 5) The polishing nmethod according to
structure 3 or 4, wherein the circular hole in the center of the

gl ass substrate has a dianeter of 12 mmor |ess. [0023]

(Structure 6) A polishing apparatus conﬁrising a substrate cassette
hol di ng means that holes a substrate cassette accommodating a

plurality of 8 circular glass substrates stacked one on top of
Prother,the ¢iady desapaide sdtkas Radphir3t BIEK: 87 SidF eltthaBhe
cent er ther eofgacRnhiifh dir@iir sk \ethd@bhideihbras; ABIAME abRalve dBlveHRy S a
liquid abrasive to the inner peripheries of the stack of the glass

substrat es acduoeansdrat ddiviers a fnsicsalivasivedo éhedares eetigherigs piohe stachef the ush
hel d for rotatjon _an ontact with t inner, peripheries, .of the glass
cubst rat es.w 191 sERELTRerr arEhasL b BPRERe REseeRad bRy Raekit Phat
drives the polHefltoN@tddbnahd EdHtadt AitRiHemvier BBNbhArISLEHANSIgIEES MibBgatsEaNs
that relatively noves the polishing brush with respect to the inner

peri pheri es ofwithiiehe suRskaisfoapsrilogh ASEAYINGgTeans dat drvestiee BUBBINg at e
casset e, unergl i RoLN e a0 BRLHE 5o, ROLLLORD DR

bristle materialrs arrang al'ong an ax rection a otruded to

be different ipalighidgesrush wien@ksdtt &be inher ftibhdrled onietdcRlosthefglads
smal | -di aneter portion has a higher hardness than the bristle
mat eri al s of éuggfaé@ imwgfat@g@qspttﬁ] wherein the polishing brush includes

portions having bristle materials arranged along an axis direction and protruded
to be different in outer dimension and the bristle materials of a small-diameter
portion has a higher hardness than the bristle materials of a large diameter
portion.

[0024]

{Structure 7) A method of manufacturing a glass substrate fora
magnetic disk, comprising the step of polishing the inner periphery of a circular
glass substrate having a circular hole in the center thereof by the polishing
method as set forth in any one of structures 3 to 5.

[0025]

{Structure 8) A method of manufacturing a magnetic disk, comprising
the step of forming at least a magnetic layer on a main surface of a glass
substrate for a magnetic disk, which is manufactured by the method set forth in
structure 7.

[0026]

(Structure 9) A method of manufacturing a glass substrate for a
magnetic disk, comprising the periphery polishing step of polishing both the
peripheral wall of a glass substrate and intermediate faces between the main

surfaces and the peripheral wall of the glass substrate, the periphery polishing



[ 0024] (Structure 7) A nethod of manufacturing a glass substrate
for a magnetic disk, conprising the step of polishing the inner

peri phery of a circular glass substrate having a circular hole in the
center thereof by the polishing nethod as set forth in any one of
structures 3 to 5. [0025] (Structure 8) A nethod of

manuf acturing a magnetic di sk, conprising the step of form ng at

| east a magnetic |l ayer on a main surfac% of a glass substrate for a
magneti ¢ di sk, which is manufactured by the nethod set forth in
structure 7. [0026] (Structure 9) A nethod of manufacturing a

gl ass substrate for a netic dis conpri si t he peri pher

Dol T oh ng. st o et S pRIES Ui iresio PamBe R FREP A el
substrate and jganmrdBsHicH RaihBeRBsRRUIE BeriphBRI WY dhdSaH ihReRSiiaBthdehe
peri pheral wall of the glass substrate, the periphery polishing 9

st ﬂo be: _rlghperFfodjishiijQI@QM‘gailalM Paﬂﬂ{hﬁsgb%intﬁém@ﬁteﬁmm@“?aﬂi@lri? ph@gﬁﬁ
- t A t
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faces whil e a jhtefmddht@Ricasi ve contai ning abrasive grains is delivered

to the peri phe[ggzl_/_]wall and the internediate faces. [0027]

{Structure 10) The method according to structure 9, wherein the
abrasive member has a rotation axis, and the periphery polishing step is
performed by rotating the abrasive member with the peripheral wall-polishing
portion in contact with the peripheral wall of the glass substrate and/or with the
intermediate face-polishing portion in contact with the intermediate faces of the
glass substrate.

[0028]

(Structure 11) The method according to structure 10, wherein the length
of the abrasive member in the direction perpendicular to the rotation axis from
the rotation axis to the peripheral wall-polishing portion is smaller than the
length of the abrasive member in the direction perpendicular to the rotation axis
from the rotation axis to the intermediate face-polishing portion.

[0029]

(Structure 12) The method according to any one of structures 9 to 11,
wherein the abrasive member has a rotation axis, and the section of the
abrasive member taken along the plane including the rotation axis has a shape
matching the shape of the periphery of a stack of glass substrates.

[0030]

{Structure 13) The method according to any one of structures 9 to 12,
wherein the periphery polishing step is performed in such a manner that a
plurality of glass substrates are stacked one on top of another so that the inner

peripheries of the glass substrate are simultaneously polished.



(Structure 10) The nethod according to structure 9, wherein the
abrasive nmenber has a rotation axis, and the periphery polishing step
is performed by rotating the abrasive nenber with the peri pheral

wal | - polishing portion in contact with the peripheral wall of the

gl ass substrate and/or with the internedi ate face-polishing portion
in contact wwth the internedi ate faces of the glass substrate. [0028]
(Structure 11) The nethod according to gfructure 10, wherein the

| ength of the abrasive nmenber in the dirtection perpendicular to the
rotation axis fromthe rotation axis to the peripheral wall-polishing
portion is sngé%ﬁﬁ than the length of the abrasive nmenber in the
direction per fcular to the rotation axis fromthe rotation axis

to the interned at@irh@ae-1R9! TehmethoBAbédréiRg to 929k of structursd 9 tactayr e
12) The method according to any one of structures 9 to 11, wherein

t he abrasi ve rgenin theabrasivieseembes hagihederipiirial twed-polishinadertishs ghethe

2 Shape mat chiNg T RpaSit B RRF gt sPndedfnid BF ot ° "¢

substrates. [ Q&3] (Structure 13) The nethod according to any
one of structures 9 to 12, wherein the periphery polishing step is
performed in such @&iragweds) t hbg mather geedrding togmy gnaesstaighsts o ar e

ot acked one. SN ARG Ber b e LBt o 11
[0033]

(Structure 16) The method according to claim 15, wherein the peripheral
wall-polishing portion is an abrasive pad.
[0034]

(Structure 17) The method according to any one of structures 9 to 16,
wherein the peripheral wall-polishing portion is a polishing brush whose bristles
are hardened by a resin.

[0035]

(Structure 18) The method according to any one of structures 9 to 17,
wherein the abrasive member has a rotation axis, and the polishing step is
performed by retaining the abrasive member and/or moving the abrasive
member in the direction of the rotation axis.

[00386]

{Structure 19) An abrasive member used in a method of manufacturing
a glass substrate for a magnetic disk, including the step of periphery polishing
step of polishing both the peripheral wall of a glass substrate and intermediate
faces between the main surfaces and the peripheral wall of the glass subsirate,
the abrasive member comprising a peripheral wall-polishing potion mainly
polishing the peripheral wall; and an intermediate face-polishing portion mainly
polishing the intermediate faces.

[0037]



(Structure 14) The nethod according to any one of structures 9 to 13,
wherein the abrasive nenber has the peripheral wall-polishing
portions and the internediate face-polishing portions alternately
arranged in the axis direction. [0032] (Structure 15) The

met hod according to any one of structures 9 to 14, wherein the

i nternedi ate face-polishing portion is a polishing brush. [0033]
(Structure 16) The nethod according to Eﬂain115, wherein the

peri pheral wall-polishing portion is an abrasive pad. [0034]
(Structure 17) The nethod according to any one of structures 9 to 16,

wherein the periphgral -Rpol j.shi n ortion i.s a | ishing brush
whose bristl be. ar coaTEry ByolHedPRRRlsSRprnd's BRachlE et 15,
The net hod acaféghsMihat sOprnY aQids 8libsiated &libli€ abBsil® sdpblying BERisnndthe
abrasive nmenber has a rotation axis, and the polishing step is

performed by reppliesiadiguidiséraglye dsihednes perdherrd therglass\subgraidi@ abr asi ve

nber i he di i f th i i 0036] . S
1oy An abr asi VBT batPEe HBNIRER P TR e hss
substrate for palisAg sirich rﬁ&iﬁlg polishiguisk ftiph&rel G4IEd 19 giaRy JubBedty, and

polishing step of polishing both the peripheral wall of a glass
substrat e and dnitteiastitatasePalisingmertine ariniheclisaing inteimpdigedaeasd t he

peri p_he_r al V\ﬁlaetvpgeﬂttrbgﬁng!n%ﬁﬁacselé %EI lit?etrf?e’ri ﬁ%}gl v%?lro?ﬁ{elv as%f]@&{]ate' ang ﬁ
conprising a peripheral wall-polTshing Bo ron main pol'Tshifg the
peri pheral waldrivingftbafthantoendere abasiaaempel arsddrimgoved tHel fagii Nl y
polishing the internedi ate faces. ) _

member in the direction of the rotation axis with the abrasive member in contact

with the inner periphery of the glass substrate.

[0038]

{Structure 21) The polishing apparatus according to claim 20, wherein
the abrasive member is rotated with the peripheral wall-polishing portion in
contact with the peripheral wall of the glass substrate and/or with the
intermediate face-polishing portion in contact with the intermediate faces of the

glass substrate.

Advantages
[0039]

According to the pelishing brush (abrasive member), the polishing
method and polishing apparatus using the polishing brush (abrasive member),
even the inner periphery of a substrate having a small inner diameter of, for
example, 12 mm or less can be finished in a desired shape and a mirror-smooth
state with a high dimensional precision. In addition, even though the inner
peripheries of many glass substrates stacked one on top of another are
simultaneously polished, the variation in finished state is reduced among the
substrates, and, thus, glass substrates for magnetic disks, which are finished in

high guality, can be stably mass-produced at a low cost.



[0037] 11 (Structure 20) A polishing apparatus conprising a
substrate support means that supports a glass substrate; a liquid

abr asi ve supplying neans that supplies a liquid abrasive to the inner
peri phery of the glass substrate; a abrasive nenber having a rotation
axi s and including a peripheral wall-polishing portion mainly
polishing the peripheral wall of the glass substrate, and an

i nternmedi ate face-polishing portion najﬂgy polishing internedi ate
faces between the main surfaces and the peripheral wall of the glass
substrate; and a driving neans that rotates the abrasive nenber
and/ or noves t@g zbrasive menber in the direction of the rotation
axis with the AB%sive menber in contact with the inner peri phery of

the gl ass substratgcoldHyI8Ine method 6tFhaifdctlirBg 4 blass Rabdwatd i8ha ng
apparatus according to claim 20, wherein the abrasive nenber is

rotated with thengks diphaiced matiod opBRMgactuigFonegnsiic digk.demitdinga wi t h
the peripheral_wall of the glass,sub [or W

internedi ate & -"l?oﬁ??%ﬁ'%tgﬁﬁlfsmgﬁ n?ehﬁo%g%{eg@ﬁe W?ﬁ%ﬂg&p%%r medi at e
faces of the guBSEiShAGY DérRal MR ARhAGS DT [IBE3QInple, 12 mmAGd&dsHan Bet O

t he polishing brush (abrasive nenber), the polishing nmethod and

pol i shi ng appdiighessiniighyalitie Aen. ithenmel§ods craIPrevabt RIabIoBs resitiag fromeyen
t he inner peri Vi 1] .l er of,
for exanpl o founateReieR BT BL R Wfo8 Ry oBr ElpBhBTRAC .
m rror-snoot h nsdgabec dibK denaachiegdhigh PRV @nsipeLci si on. I n addition,
even though the inner peripheries of many gl ass substrates stacked
one on top of another are sinmultaneously polished, the variation in

finished stated.sp F PRI he substrates, and, thus, glass
substrates for r'ﬁﬁgé\%ﬂp@%gjl sks, ich are finished in high quality,

can be stably[oomgs- produced at a | ow cost. 12

Fig. 1 is a perspective view of the entirety of a glass substrate for a
magnetic disk, which has a circular hole in the center.

Fig. 2 is a sectional view illustrating the shape of the inner periphery of
the glass substrate.

Fig. 3 is a sectional view of a polishing brush according to an
embodiment of the present invention.

Fig. 4 is a sectional view of a guide used for placing glass substrates in a
substrate cassetie so as to be stacked in the axis direction with the centers of
the inner diameters aligned.

Fig. 5 is a sectional view of the state in which the glass substrates are
accommodated in the substrate cassette so as to be stacked in the axis
direction with the centers of the inner diameters aligned.

Fig. 6 is a sectional view of the state in which the substrate cassette
containing the stack of glass subsirates is placed in a polishing apparatus.

Fig. 7 is a side sectional view of the structure of a polishing apparatus
according to an embodiment of the present invention.

Fig. 8 is a schematic sectional view of the structure of a magnetic disk



[ 0040] According to the nethod of manufacturing a gl ass
substrate for a magnetic disk and a nethod of manufacturing a
magneti c di sk, including a polishing step using the polishing nethod,
even the inner periphery of a substrate having a small inner dianeter
of, for exanple, 12 mmor less can be finished in high quality. Al so,
t he nethods can prevent problens resulting froma surface state of
the i nner periphery, and the resulting g;ass substrate and nmagnetic
di sk can achi eve high recording densiti€s. Brief Description of

Drawi ngs [ 0041] Fig. 1 is a perspective view of the entirety of
a gl ass substrate fort % rra&net.i c disk, which has a circular hole in
the center. 2cCorgingto Bie;pieSentinYe il view illustrating the shape of

the inner periphergigafistahecitingaSst apeRsHidgddresh accordingitdandndrs a
sectional view of a polishing brush according to an enbodi nent of the

present i nventdngediment of th¢ gresantiinveatiafiect i onal vi ew of a gui de used

Stacked | n the axifodrreacranty B PSR ISR R RN Bl r

al i gned. polighindpmétBod sectional view of the state in which the
gl ass substrates are accommpdated in the substrate cassette so as to
be stacked in the axis direction with the centers of the inner

di aneters ali . 6is a sectional view of the state in
whi ch t he subg%r%{a%cecl\éus”s'ée:r%ge containing the stack of glass substrates

is placed in gogu|ishing apparatus.
1 glass substrate
10 magnetic disk
11 main surface of glass substrate
12  inner periphery of glass substrate
20, 25polishing brush
22  bristle material
34  substrate cassette

40  polishing apparatus

Best Modes for Carrying Out the Invention
[0043]

Best modes of the present invention will now be described in detail.
[0044]

Fig. 1 is a perspective view of the entirety of a magnetic disk glass
substrate (glass substrate for a magnetic disk) 1 used in the present invention.
The glass substrate | is a disk having a circular hole in the center, and has a
front and a rear main surface 11, and an inner periphery 12 and an outer
periphery 13 farmed between the main surfaces 11.

[0045]

Fig. 2 is a sectional view illustrating the shape of the inner periphery 12 of



Fig. 7 is a side sectional view of the structure of a polishing

apparatus according to an enbodi nent of the present

i nventi on.

Fig. 8

Is a schematic sectional view of the structure of a magnetic disk 13

according to the present invention. Fig. 9 is a sectional of a
pol i shing brush according to another enbodi ment of the present
I nventi on. Fig. 10 is a sectional view of a polishing apparatus

illustrating the known polishing nethod A Ref erence Nuneral s [0042]
1gl ass substrate 10magnetic di sk 11lnai n surface of glass substrate

the magnetic disk glass substrate 1. As shown in Fig. 2, the inner periphery 12
of the glass substrate 1 has a peripheral wall 12a perpendicular to the main
surfaces 11 and two chamfers (chamfered faces) 12b formed between the
peripheral wall 12a and the front and rear main surfaces 11. The inner
periphery 12 may not be chamfered between the peripheral wall 12a and the
front and rear main surfaces 11. Faces formed between the peripheral wall
12a and the front and rear main surfaces 11 are herein referred to as
"intermediate faces", and the intermediate faces may be the chamfers as shown
in Fig. 2.

[o046]

The magnetic disk glass substrate is finished into a small-diameter
magnetic disk having, for example, an outer diameter of 48 mm and an inner
diameter of 12 mm for a 1.8-inch disk, an outer diameter of 27.4 mm and an
inner diameter of 7 mm for a 1-inch disk, and an outer diameter of 22 mm and
an inner diameter of 6 mm for a 0.85-inch disk. The inner diameter mentioned
herein refers to the diameter of the circular hole formed in the center of the
glass substrate 1.

[0047]

As the diameter of the magnetic disk is reduced, the thickness of the disk
substrate is also reduced. For example, white the disk substrate of the
conventional 2.5-inch disk has a thickness of 0.635 mm, the thickness of the
substrate for a smaller-diameter magnetic disk is reduced to 0.581 mm, 0.381
mm or less.

[0048]

The main surfaces 11, the inner periphery 12, and the outer periphery 13
of the magnetic disk glass substrate 1 are polished (mirror-polished) to have
predetermined surface roughnesses, respectively. The inner periphery 12 is

required to be finished into the above-described shape and in a mirror-smooth



12i nner periphery of glass substrate 20, 25polishing brush 22bristle
mat eri al 34substrate cassette 40polishing apparatus Best Mdes for
Carrying Qut the Invention [0043] Best nodes of the present invention
wi |l now be described in detail. [0044] Fig. 1 is a perspective
view of the entirety of a magnetic disk glass substrate (gl ass
substrate for a magnetic disk) 1 used in the present invention. The
gl ass substrate | is a disk having a ci{§ular hole in the center, and
has a front and a rear main surface 11, and an inner periphery 12 and
an outer periphery 13 forned between the main surfaces 11.

state having a surface roughness of, for example, 0.10 nm or less in terms of
Ra.
[0049]

Fig. 3 is a sectional view illustrating the structure of a polishing brush
according to an embodiment of the present invention.
[0050]

The polishing brush of the present invention is used in the polishing
method for polishing a circular magnetic disk glass substrate having a circular
hole in the center.  In the polishing method, the polishing brush is brought into
contact with the inner periphery of the glass substrate and rotated to polish the
substrate while a liquid abrasive is delivered to the inner periphery. The
polishing brush 20 according to an embodiment of the invention includes an
axis 21 and bristle materials 22 protruding from the axis 21 in the direction
substantially perpendicular to the axis 21, as shown in Fig. 3. Two types of
portions having different diameters (D1, D2) are alternately arranged over the
length of the axis. The bristle materials of the portions having a small diameter
(D2) have a higher hardness than the portions having a large diameter (D1).
By polishing the inner periphery of the glass substrate with such a polishing
brush, the inner periphery can be appropriately finished into a predetermined
shape with a high dimensional precision and in a mirror-smooth state having a
surface roughness of, for example, 0.10 nm or less in terms of Ra, even if the
substrate has a small diameter of 12 mm or less.

[0051]

Preferably, the axis 21 of the polishing brush 20 includes a plurality of
stainless steel core wires having a diameter of several millimeters, and the core
wires are twined so as to be twisted around each other. The axis having such
a structure can be thin as much as possible, and can be used for a disk

substrate having an inner diameter of 6 to 7 mm. In addition, a minimum



[ 0045] 14 the magnetic disk glass substrate 1. As shown in Fig. 2,
the inner periphery 12 of the glass substrate 1 has a peripheral wall
12a perpendicular to the main surfaces 11 and two chanfers (chanfered
faces) 12b formed between the peripheral wall 12a and the front and
rear main surfaces 11. The inner periphery 12 may not be chanfered
bet ween the peripheral wall 12a and the front and rear main surfaces
11. Faces fornmed between the perlpheraleya 12a and the front and
rear main surfaces 11 are herein referred to as "internediate faces",
and the internedi ate faces nay be the chanfers as shown in Fig. 2.

0046 net | ass, substrate is finis 0 a
ol T di amet e e S et el ey el e o et Ba, st e ned el or
of 48 mm and Q:l’f‘tHdb?@éenﬂin@éTﬁiBﬁha?fbe%?anﬁTchu%dI@ytilarﬁfg'tﬁébluﬁﬂt:@‘bf cég outer
di aneter of 27.4 nm and an i nner di aneter of mmfor a 1-inch disk,

and an outer dﬂl@ﬁrmt!teﬁh&ﬁrlsmmatﬁrlahqblra:haﬂ hetereeluihawerteemre@f B thien for a
0. 85-inch disk. ,The jnner nt| ed her e

G amet oot HisaE P B RO et kg Bl ot flifaschelah

substrate 1. [dfHdeht diameterd)or biidiethASRAIELavitg thd earmigngth infaybieSlsed B

reduced, the thickness of the disk substrate is also reduced. For
exanpl e, whi | dohaebrskland aisthenappropriatele cy dhedivat thediamates. | nch di sk
has a thi ckneiéq&imo. 635 mMm the thickness of the substrate for a
smal | er - di amet gnetic disk is reduced to 0.581 nm 0.381 mm or

| ess. [0048] THa@righd Maeb4E ag afe deherdifi@nd prafiatpemb@heryiohdibe@nd
the outer periphery 13 of the magnetic disk glass substrate 1 are

pol i shed (mi rraﬁﬁﬂﬁdlqem)OfP@W‘Pﬁéefé'bB% eelurrepienedipes vinylgbloride llefines ses,
respectively. bEQPbréﬂQ%ﬁanB%lepE'.BJtA‘m%@s fﬁb%r r%?éé'd o‘?ﬂve n?lon?lb‘feﬂ nlz%rﬂ?ﬂe' nto

t he above-describe Fores
viewpoint of elasticity, preventing the reduction of the mechanical strength

under moist conditions, and durability, nylon fiber is suitable. Among nylon
fibers preferred are water-resistant nylons, such as 66 nylon and 610 nylon. A
fiber of the bristle material preferably has a diameter of about 0.05 to 0.15 mm.
An abrasive-containing nylon fiber may be used.

[0053]

The polishing brush having the alternately arranged two poitions having
different diameters can appropriately polish both the peripheral wall 12a and the
chamfers 12b of the inner periphery 12 of the glass substrate 1. More
specifically, the large-diameter portions having a first outer diameter (D1)
suitably polish and finish the chamfers 12b into an appropriate shape and in a
mirror-smooth state, and small-diameter portions having a second outer
diameter (D2) suitably polish and finish the peripheral wall 12a into an
appropriate shape and in a mirror-smoaoth state (functioning as a polishing pad).
The first and second outer diameters depend on the size of the disk substrate,
but the first outer diameter D1 is preferably 1 to 5 mm larger than the inner
diameter (final diameter) of the glass substrate 1, that is, the inner diameter of

the circular hole in the center of the glass substrate 1. Also, the second outer



15 state having a surface roughness of, for exanple, 0.10 nmor |ess

in terns of Ra. [0049] Fig. 3 is a sectional view illustrating
the structure of a polishing brush according to an enbodi nent of the
present invention. [0050] The polishing brush of the present

invention is used in the polishing method for polishing a circular
magneti c di sk glass substrate having a circular hole in the center.
In the polishing nmethod, the polishing b{ush i's brought into contact
with the inner periphery of the glass stbstrate and rotated to pol i sh
the substrate while a liquid abrasive is delivered to the inner

i ph . The_pol i shi b 0. di t dj f th
rvent’ on i noIAATBEodRPRES b sl e rasnas Bp FeEd33o BT Bl PedlRy
fromthe axis gbstdie § _lgﬂiyg%érﬂ 15 il leRBiahatdr ¥ ﬁ@bﬁ@@ﬁi&%@? to the

axis 21, as shown in Fig. wo types of portions having different
di ameters (DL,[0B% are alternately arranged over the length of the

axis. The bristle material f the rtions. having a.small di ameter
(D2) have a hi g_her]"f? 8“8@%’ "Bﬁﬁﬂr_ﬂ?ﬁ’g&%‘? pq"5hag H%?H@w%’ ?Lg?rgfga'?ﬁr{grnet er
(D1). By pol i ghi i3@pdii8Ging theehafird ieimedRte 1aB6s) Bhassuch BRidrabeasMahh
such a polishing brush, the inner periphery can be appropriately

fini shed i nt o reaghrteelchamiaisieoses kuipe nwin $uriaces) ghthdipaeptenoeidhe gassci si on

xampl e 0. 10 WG PR BeteRiolf Haly Bl Sdak DO RRREDeRle e, .

smal | di anet erwdifhalea M1y didnRSsr-thdrt88 kher diameteF 6fies ghbsysubbii@eanda 21
of the polishing brush 20 includes a plurality of stainless steel

core wires hawmifersdiameipithan ouer danelpuP ae p$ iorRelie 1§e pavrheralwat ot e
havi ng such a8 s Dratde Wiy AR 8 Teh 2a Possibi e, and can be
used for a di ggo55ubstrate having an inner dianmeter of 6 to 7 mm In
addition, a mni num )

In the present embodiment, the two types of portions having different
outer diameters (D1, D2) are alternately arranged over the length in the axis
direction. The length L1 of the portions having the first outer diameter D1 and
the length L2 of the portions having the second outer diameter D2 depend on
the size of the disk substrate, but are preferably, for example, about 3 mm each
for a glass subsirate having an inner diameter of 7 mm.

[0056]

As described above, the polishing brush of the present embodiment is an
abrasive member having both a peripheral wall-polishing portion for mainly
polishing the peripheral wall of the inner periphery of the glass substrate 1 {the
small-diameter portion having the second outer diameter D2 in the present
embodiment) and an intermediate face-polishing portion for mainly polishing the
intermediate faces formed between the main surfaces of the glass substrate 1
and the peripheral wall (the large-diameter portion having the first outer
diameter D1 in the present embodiment). Although the peripheral wall-
polishing portion is intended to polish the peripheral wall and mainly polishes

the peripheral wall, this portion may polish the infermediate faces in addition to



16 stiffness required for the polishing brush can be ensured. The
pol i shing brush of the present invention may be manufactured by
twning the plurality of core wires with the bristle naterials

pi nched between the core wires. In this instance, the bristle
materials may have different |lengths for the portions having
different dianeters, or bristle materials having the sanme | ength may
be used to forma brush, and are then gﬁproprlately cut to adjust the
di aneters. [0052] The bristle matetials 22 are general ly and
preferably made of nylon fiber, and may be made of polyester fiber,

pol ypropyl ene fi ber n ber istle .ano wre,
or stainiess ft%%B‘?”phPrr?L‘f"éLd%@F glqgh%'f? egﬁedlh?tsgqce 395 Wé‘@i Bwpoi nt  of
el asticity, pnﬁgﬁdadltagoﬁsh@hé iﬁféwﬁéa[&e fé%fes bhe mARGhANE Rl hShicAnadifieunder
noi st conditions, and durability, nylon fiber i's suitable. Anmong
nylon fibers ;ja@%ehhrsemrtwn@mmhthesemf‘amﬂ wal Incrsislitios tecthe iderg@diatel on
and 610 nylon.,_A flber of the bristle material preferably has a

di anet er of aB (> 0.05 to 0.15 nm An abrasi ve-cont ai ni ng nylon fiber
may be used. [[08573] The polishing brush having the alternately
arranged two portions having different dianeters can appropriately
pol i sh both the petepisechihewalighinguushir{abrapive tlerbbe pliowstbeof t he i nner

Far g6 ai Aot o PURTPdRBSTaIY Vi ep e BB B it B e

polish and fi mirehpédiheahaeadigssklbstiand, @nd hedp RiceParabEpdibiaqewieng in a
mrror-snooth state, and small-di aneter portions having a second

out er di amet eer(”[PZ?C'%‘Eﬂ t é%ﬁ@ﬂ'tﬁ)@l thg Iﬁ’o@l‘l‘ﬂ‘gfqnﬂﬁhsqfintaﬁ@roﬁ'@t?'hﬁ@'fsalthQ/val I
12a i nf[ 0 an a@MepB%IJBﬁESI af Iﬂﬁaeorﬁagg'g%qc Ek Sllagg éL{lerrat% tRY s%ﬂﬁ&@l&? B?IISh with

(functioning as a hi'n secon
di aneters dep@r‘pinngﬂng rastshagahe kitevndstreiktusl b s das@ibed eiboviehigarfl disg t

outer di aneter i referably 1 to 5 mm | arger than the inner
di ameter (fi n&F'V%ﬁ (é'r[’?é:{ é‘FE) r %F'Ytﬁ@agl'rh@gb'%& F?%ﬂaé'el'-‘se)( RAY t"iess'zetqiig‘e

i nner di anet e |s r&ﬁm@&'ﬁcﬂ% thOlA@cdnfi\eé ‘?hé:r‘ﬁg l%'ilcg fok bl nt@hﬂflﬁe

substrate 1. second out er i amet I's preferab
substantial ly I-tmmsmmeqwretﬂrmbé smal, aod amm’tsaﬂngdﬁe triagngjicalisk sswbm bate 1
(slightly Iar%er than the inner dianmeter of the %I ass substrate).

[ 0054] Hitapeniar MaRjiedse it FRUTBBRLTPERRSIThT 7 BRICHRY 1 RiEA§IOB s h
having out er fﬂ;h%@?é %{ thQ%nfePﬁeer%ﬂy%*ﬂhB%s%}?@oh?rﬁt%% RWer fhkh eI FEGHIGH 1R

faces) have su aneter as can reac e chanfers (closer to the
mai n sur f aces matdl-prdvesgeg thplspingle afotdertod agilis s Iispdoticutat ie a HbRIintrhebile

ortions having outer dianeter D2 for polishing the ri pheral wall
e o o e A hect AT GHoeaToR EY cByse BERBENS AR e Ress Bfhas r at o

and a smal | er d@héﬂ&% aﬁotﬁé}aﬁcpwc%mséia@g@sr%emheswea@seé&, viflech Sbtal MR

peri pheral wall of the glass substrate with reliability.
is therefore significantly important to increase the processing precision of the
inner periphery of a small-diameter magnetic disk used in, particularly, a HDD
for mobile use, even though the inner diameter of the magnetic disk is reduced
as the diameter of the magnetic disk is reduced. The polishing method using
the polishing brush (abrasive member) of the present invention can highly
precisely polish the inner periphery of the small-diameter magnetic disk glass
substrate and allows the ID tolerance to be reduced. Accordingly, the glass
substrate can be precisely clamped to the spindle motor, and thus the above-

described error can be reduced.



[ 0055] In the present enbodi nent, the two types of portions
having different outer dianeters (D1, D2) are alternately arranged
over the length in the axis direction. The length L1 of the portions
having the first outer dianeter D1 and the length L2 of the portions
havi ng the second outer dianeter D2 depend on the size of the disk
substrate, but are preferably, for exanple, about 3 mmeach for a

gl ass substrate having an inner dianeter, of 7 nm [0056] As
descri bed above, the polishing brush of "the present enbodi nent is an
abr asi ve nmenber having both a peripheral wall-polishing portion for
mai nly polishigg%ﬁhe peri pheral wall of the inner periphery of the
gl ass substrat (the smal |l -di anmeter portion having the second outer

di anmeter D2 in thenpreseiBhing b6k oNBa8 blesait@niddinitng kivesstsad Materials of
face-polishing portion for mainly polishing the internediate faces

formed bet weerifh@ RertipRF havingres saad Wet?rH82mad§§ highes hardpess thaivibiatidhe
peri pher al out er

di anet er D1 i n F%Ie'n%}ée@elﬁlg aq%@g‘g aﬁ{eteﬁ?b F lrbqydrﬁ%ﬁg Bﬁg%?é Feer al

wal | - pol i shi ngngeridls ointhé fortioriscraging atman@iansdnert b2) ip@fsuibientadhoyal | and
mai nl'y polishes the peripheral wall, this portion may polish the

i nternedi ate fRECOSS Fﬁ”%EIPRVPRfﬁth')bPVOQ‘S?etth%e%@F prﬁ@Fl&POLWQl”B henl t hough
t he i ntermedi t the
i nternedi ate 3£ﬁ5@9§ﬁgRQb?§P9ﬂgnBQEEMQPP e |n§€€ﬁ§g1 38$ es this
portion nmay pabsstin thengeiredbteapal wal |l in addition to the

i nternedi ate faces. [ 0057] The use of the polishing brush
(abrasive ment 95 al l ows the sinultaneous polishing of the peripheral
wal | and the inter, AfRfonehali oy trf | ass
substrate, and thegg)q%egf:ozg{ can lgg hﬁwﬁlﬁ@ ﬁéﬁaﬁ%fér% OYhth% g&%@}ggn In
addi tion, the bpadhitshavega blgl]e_thauﬂnssmpn tperpositon Yaynd a &Hngd diametenir),

h f th di s bstrate that fficult t
Dol i 5hw ¢ h o FBUPTRCHh (g OBR SR HIRR S1an HESksiguReLes gt e palshing
descri bed abo‘fﬁushhﬁé%éjihr%keg‘ﬂ'éfeﬂ‘%ﬁth @HE@A aRd Pus BRI tMge?tﬁ’éreaﬁqe' res.mb' ' e
use (portable use), d the size of the HDD is required to be smal
Accordi ngly, tnn@emymeub@rddeéelwmnmgaremtam tHWersncaarsapmeqmer ed to
be smal |, and do
mobi 6 use |'s "B AR e B SLRE] Fesry e SR fosbS apdeheufelns, |

processi ng t hernsMarhe e RS Norhading b%ﬁﬁlll%l&h@té@b% da® b'e%\ﬁ?(opﬁii@l? t he
preci si on |n nmet al - processi ng the spindle notor of

particul ar, radmsiq@@swmwe%u | le theselishing brnﬁa@fttheimeise@ eopeﬁlaehbwemy

cause nlsallg he eviate.to. a r tra
cause anor r oPreiRna@Rgs hOGaPF AR i Gurte ] Pl Ehveia gty
significantly Hamegé Bk tHaPof tAE pEBGR Habmgran@@eaﬁammmgcam @mg@f t he
i nner periphery of a small-dianeter magnetic di sk use
particul arly, hardaees meanspplyph alifinges or lashie meRuiLpe "Hmerhsudrmet er of
the magnetic r disk is
oduced Crhe g%%lﬁoﬁe%nﬁe%wﬁﬁgaﬁahﬂs &Ln%g?ts%et rﬂ{;hetr*bg ‘g% Si ve
menmber) of thenquRs@det highent i on can h|ghly preC|ser pol|sh t he
i nner perlpherg of the small-diameter magnetic disk glass substrate
and al | ows t hd?Q88l t ol erance to be reduced. Accordingly, the glass
substrate can be C , d thus the
above-descri bed eﬁ{] §f°'e§§°,ﬁf‘ge A'@?ﬁq}acﬁegg&g (éQét@%o%umBﬂ{e sl

diameter portions and the large-diameter portions, the polishing brush may use

bristle materials having different hardnesses.
[0081]

While the polishing brush shown in Fig. 3 as an embodiment of the



19 [0058] In the polishing brush of the present enbodi nent, the
bristle materials of the portions having a small dianeter (D2) have a
hi gher hardness than that of the portions having a | arge di aneter
(D1). If the hardness of the bristle materials of the portions having
a small dianmeter (D2) is insufficient, those portions cannot
appropriately produce the effect of mainly polishing the peripheral
wal | 12a (function as polishing pad), %ﬂ? t hus the periphery may
result in an undesired shape. [0059] In order for the portions
having a smal|l dianmeter (D2) of the polishing brush to have a higher
har dness than the portions having. a ] arqge di ter (D1 referably,
Che bri ot o mPERIGT Eelfes E A Sorilidiuns B be et B B8 Fon! ng
brush nay be 'éﬁEFn%Wér%g% bibrand 1884tR irREl aki HigednOmi Rkl SAH9RhE Bush dhe
resin is preferably "a rubber adhesive having a resistance to water

and an appr oprthapresérdirdnetis. is Exdmike & siich snembpdigient as lwob ad dvetypssy
resins and acrylic¢ resins. .The hardness of the partions having. a
Grml | amet o PRSP ORI S A9t AL B MR ¢ he
pol i shi ng br ushviph atifige BARER (D BRI Bosed BRer Bd 181 h&t sakesligbd of
the portions having a small dianmeter (D2) have a hi gher hardness than

that of the pdhe paien ewidgrmysmall dametediPinstdispogadiover taiadight flfighThus,

har dness neans, a,_hi gh. stiffness or. high elasti.c dul yus. "Hi gher

ar dnese" menthomeRs iy R Ret el Mgt LT bR, B porhf obe, o
that the el asthagingamfetansdibmeteas mgr{y g@afema[t&ﬂﬁﬂdeparatew hiaredalony hegi Ve
different hardnesses (elastic noduli) to the snall-diameter portions

and the | ar ge-r@riehasy efthepelishiog orush e siiss sesliag obing aK's fag Perdensori st | e

S e RN LAGR). Y | e ol
[0062]

Fig. 9 is a sectional view of a polishing brush according to another

embodiment of the present invention. The polishing brush 25 shown in Fig. 9
is the same as the polishing brush shown in Fig. 3 in that it has both peripheral
wall-polishing portions 24 {(small-diameter portions having outer diameter D2 of
the present embodiment) and intermediate face-polishing portions 23 (large-
diameter portions having outer diameter D1}.  However, the polishing brush 25
of the present embodiment is featured in that the section of the intermediate
face-polishing portions 23 taken along a plane including the rotation axis of the
polishing brush has an angular shape. The section (Fig. 9) of the entire
polishing brush 25 taken along the plane including the rotation axis of the
polishing brush has a shape that fits with the shape formed by the peripheries of
the glass substrates stacked one on top of another. Thus, the polishing brush
appropriately polishes the peripheries of the stacked glass substrates in such a
manner that the brush favorably comes into contact {(or is pressed on} along the
peripheries.
[0063]

The polishing brush of the present invention has both a peripheral wall-



20 invention includes tw types of portions having different
dianeters (D1, D2) alternately arranged over the length in the axis
direction, the polishing brush of the present invention is not
limted to such an enbodi nment, as long as two types of portions
having different dianeters are arranged. For exanple, the portion
having a | arge dianeter (Dl) may be di sposed over the left half of
the axis and the portion having a snmall_dianmeter (D2) is disposed
over the right half. Thus, the two port?%ns may be separately
arranged. Alternatively, the portions having different dianeters nmay

be alt tel . at el I th i ph f th
pol Lshi g br LR PR IR AR e (oG P oBEIon A WA A ng

di fferent di an®igi hdudifga badicUsatslid BSkibORd a pAPSHion. For exlahfpie, 9 1S
a sectional view of a polishing brush according to another enbodi nent

of the presentthé peripteizowall-golighipp bodinn ngy e aglolistigegwand theFig. 9 is
the sane as the poljshing brush shown in Fig.. 3 in that it has both
per i pheral vl MR SR 1HE PRITTORE I g FiaTandual Jols BRE"Favi ng
out er di anet erthéBadPhortidemBy BS Ratic 6MRE dhi® Maleriangd th& b&IsAMEipadl Gsed for
face-polishing portions 23 (Il arge-di aneter portions having outer

di anmeter D1). rMoeepdishing the mab swftcagobihe glsogubsirateliier prasiiaisoft pad
nbodi t is f din.t h ti f .t int ernedi at
emoodt et b el et 5356 A b BRI St o

axi s of the pgboethi ng brush has an angul ar shape. The section (Fig.
9) of the entire polishing brush 25 taken along the pl ane incl uding
the rotation axis U Righipbmpiad Atthe piesantiaxentonspphestthainngi ts with
t he shape for : i i I t t acked
one on top of eiRpeb Fafkr BRRLAERIAL kil 8L AT BRH LB BN D 3
pol i shes the pks pgligking aRtral, thb@olEhgkershgf 8Rpredehshvadtiesis n such a
manner that the brush favorably comes into contact (or is pressed on)
al ong the per iSgRERTREY verieagginsampd ip 16 dRiIAGNQe: G PefshehBedines ent
i nvention has ! - I S LA n
it or o at e Poag gl PENPRREE iR ool AR e bl Rling cF
i ncl udi ng a brin Beldrectwheddnglthgp@tatibo axiaand atgiag thrpogrdistong brish inesoatapt e,
t he peripheral wal I_-Fol i shin ortion may be a polishing Ead, and the
[ nt er medi at e PABAGBTRARETR LG & RUFSPTBYves dslead AGIPMR. 1 n thi s
i nstance, the p@%ﬁéﬁhé’@la@é’ub@ﬁ?ﬁ?de of the sane material as the

or

pol i shi ng pad use nrror-polishing the main surfaces of the

gl ass substr at[@d6bf or exanple, soft pad such as a suede pad or hard

pad such as f Oamdrh%rp%hs c'flnngema[:‘tﬁgcii gf) the present invention is suitable to
simultaneously polish the inner peripheries of a plurality of glass substrates
stacked one on top of another. Specifically, the polishing method can finish the
inner peripheries even of small-diameter substrates having a inner diameter of,
for example, 12 mm or less into a desired shape with a high precision, and in a
mirror-smooth state having a surface roughness of, for example, 0.10 nm or
less in terms of Ra. Furthermore, the variation among the substrates can be
reduced, and thus, magnetic disk glass substrates finished in high quality can
be mass-produced at a low cost.
[0066]

The polishing method of the present invention is suitable for small-



[ 0064] The polishing nmethod of the present invention polishes
the inner periphery of a circular glass substrate having a circul ar
hole in the center. In the polishing nmethod, the polishing brush of
the present invention is substantially vertically inserted in the
circular hole, and polishes the inner periphery 12 of the gl ass
substrate 1 by relatively displacing the polishing brush in the
direction along the rotation axis and rgtating the polishing brush in
contact with the inner periphery while @ liquid abrasive is delivered
to the inner periphery of the glass substrate [ 0065] The polishing
met hod of the Sent t o.si.mul t an ousé%ﬂpolrsh

the i nner peri %Té ?re%asﬁfsu %‘:t‘% Vi”?)? @I@&mérh%%q]?tﬁflg %t4tKed one

on top of anotdyetificaipare ;Bcrr@mh? YhetHoB@aP AhikIS thetheRBéAEryc el digd sh the
i nner peripheries even of small-dianeter substrates having a inner

di anet er of, fsybsteaiins adesirgd ﬁﬁ*ﬁF@rW'Ih@@Qh plegisian gedinadironapectivi th a

hi gh precisio h

roughness. of . % Raida Ruffp FlgnidkRal rio@hBi"Blp B BiSRl @Fs o
Fur t her nor e, tﬁaeeveanh@tghm i Rigani e @Ub&ﬁék&hﬂﬁra@@@ réRicegmuced, and
t hus, magnetic disk glass substrates finished in high quality can be
mass- produced &e0datipp Witk diet redyation ef tha Hemsiir o5 e mpoRea . of t he
present i nventb(%r}] is suitable for small- 22 dianmeter glass

substrat es haJ inga hole of 12 mMmmin diameter in the center.

Specifically, the mlpoﬁmrmnm6&My0%tﬁdtm&mfbbl&hlngtbﬁ.rsh@@ha\m‘fgéry of
the disk substrate into a desired shape with a gh precision and in
a mrror- srrootq'{feﬁ”é%teh@%’?‘ﬂtﬁr%{e%ﬂrF?QHE@”Q WH@%H@@@ %?"”SFBPOLE‘%aan e,

R s s L ey

di aneter of thiee &ﬂﬂgaetribodldiesk. The rotation speed of each polishing brush and the
pressure on the inner periphery of the substrate are appropriately adjusted for
polishing. In such a polishing methed, the large-diameter polishing brush
mainly polishes and finishes the chamfers of the inner periphery into an
appropriate shape and in a mirror-smooth state, and the small-diameter
polishing brush mainly polishes and finishes the peripheral wall of the inner
periphery into an appropriate shape and in a mirror-smooth sate (functicning as
a polishing pad). Thus, both the peripheral wall and the chamfers of the inner
periphery of the glass substrate can be favorably polished.
[0068]

A polishing apparatus according to the present invention will now be
described.
[0069]

Fig. 4 is a sectional view of a guide used for placing glass substrates in a
substrate cassette so as to be stacked in the axis direction with the centers of
the inner diameters aligned. Fig. 5 is a sectional view of the state in which the
glass substrates are accommodated in the substrate cassette so as to be

stacked in the axis direction with the centers of the inrrer diameters of the



[ 0067] The polishing method nmay use two types of polishing
brushes having different outer dianeters (each polishing brush having
a constant outer dianeter) together in the hole of the substrate

i nstead of the polishing brush of the above enbodi nent. The rotation
speed of each polishing brush and the pressure on the inner periphery
of the substrate are appropriately adjusted for polishing. In such a
pol i shing nethod, the | arge-dianeter poljshing brush mainly polishes
and finishes the chanfers of the inner %%riphery into an appropriate
shape and in a mrror-snooth state, and the snall-di aneter polishing
brush mainly polishes and finishes the per f.the i

per' phery | nt GUHEFHBRT-at B B eol e VP e P TS e Sapra
(functioni ng agsdetidUctShnbEhtiRg the: stéEh%metb@ésQ shibsraRRNid PR&IIaA teal | and
the chanfers of the inner periphery of the glass substrate can be
favorably pol imfiging 4::@@%}8 Fig. 7 /& gpeitié sdvtional sipyarf thewsbuetoeod di ng to
the present invention will now be desc |s a
sect fonal  vi edeBTS GRS R84 EPG S 57 SbREantel Testerert myarth.,

substrate casggf#op so as to be stacked in the axis direction mnth t he

centers of the inner dianeters aligned. Fig. 5 is a sectional view of
the state in whi chntfige4gd bk isiriended tesecirestha sohnidtiatiess substrates

Centore of tnaerimesardinaferBegtBRAgs de el N AN ' 67

i's a sectionalip ewn@f thrdighSihthend polshihg Brush @ igsdpst inid Betass@bt e
accommpdating the stack of the glass substrates is placed in the

pol i shi ng app@fageddn thepglishingiagparatyp deSeaeersidgman 37 aeinendedie Psetetict ur e
of a polishi ngt}%?gé{ 8%&@&%‘&5&#&3& ﬁc%P@tgu g%@&’ﬂhﬁ&g gtcggse%%aent

i nvention. to secute the

stack of t he Gna e BEhed inatdisk saep@amdzabled Tie dpacers Bbehcn atalscaseett e

34. The lid 31 has a circular hole 31la in the center throu h whi ch

t he polishing”bW8§ﬁemgmﬁﬁgﬁﬁﬁmﬂfﬁaﬁﬁénﬁﬁ%aEﬁ@%%W@é“b?%ﬁ@H“q h¢ he

pol i shing app - t he
oﬁéh‘x@ br??ﬂgﬁlrsérte%zmﬁqge ecejol%xér?dﬁﬂgﬁgj Lst iy eﬁ%ﬁ Ghus

stack of the gl ass substrates acconmp cassette
34, and are f dheedbstratecaibstite Bhapa @sncmcmohee asThehslparertms 38 and 33
al so have in their centers circular holes 32a and 33a re ectively

t hrough whi ch OPRENGB#3 SHPHPPHHALH Which @ glass psiraledy # AEk Ea8dt t e
placed in the el ,&dH. Ngn mﬁ@@ﬁ{nﬁéfqﬁe 3G are 4BSdchia e hﬁé‘ﬁ%ﬁ&ﬁaﬁ h%l‘é dlﬁs a

cylindrical shape as a as an openi ng 34a at
t hrough whi chtlaroggrewlscislhlbﬁetmﬁéoﬂms@shimtelahgdmégmlde Bf‘misnmae@tbr The

bott om of the pbstrate cassetie 34 has c r ar 4b t hr ough
oh e be St oneBtoRS Sbsiaes FubEosstelin aadimea g uSisAEa plush & o

pl acing the sybgkhedivRen fhe cE%ﬁE@ﬁ%Lﬁ% th& pslishi ‘&HSA?aIWE” thetﬁiﬁstrate

polishing brush is inserted when the cassette 34 'S in
pol i shi ng appatignnant gilde 36 as2 vetieal alengithibrite g&nte;tehaﬁﬂh@s ”Eeﬂedtl cal
rted thr é{%rt]ee[ he circul ar

ol 65 in the CERUAY T AHGLRS s bng Fppdisace Yo
[0071]

In this structure, the substrate cassette 34 is set from above along the
stem 35 of the substrate alignment guide 36, and the spacer 33 is first placed in
the substrate cassette 34. Then, a stack 30 of, for example, 100 glass
substrates is placed in the substrate cassette 34. The glass substrates may of
course be placed one by one or by some pieces. The other spacer 32 is set

on the glass substrates in the substrate cassetie 34 and the lid 81 is further set.



[ 0071] In this structure, the substrate cassette 34 is set from
above along the stem 35 of the substrate alignnment guide 36, and the
spacer 33 is first placed in the substrate cassette 34. Then, a stack
30 of, for exanple, 100 gl ass substrates is placed in the substrate
cassette 34. The gl ass substrates nay of course be placed one by one
or by sone pieces. The other spacer 32 is set on the glass substrates
in the substrate cassette 34 and the lig 81 is further set. 24 Thus,
t he acconmpdati on of the glass substrat'es in the substrate cassette
is conpleted (see Fig. 5). By use of the substrate cassette 34 and

ol ass subst r a e e ERer @t SN pRL Ata i Bh R B T e

centers of theopesd @earBt B SBRLsOGERE substriie cadetie @it aAE tHeGbstHE
substrate cassette containing the glass substrates is further secured

at the ends widignperiigeide 38:anaee @ essily PlacgdFlreheielpsa spatrateg &n Wgee
Fig. 6), and tJ&H@%EéQa%%& e"étaa ‘?Bn‘t%et N 8'c!a§?s”o?t A3 aH?et%?%e Y

Hence, the plurarli S5 'su stra €s stacke

direction w t halighe |ﬁﬂ'ﬂiaadsid[l@f:tldnhEThélﬁlﬁfstrdﬂe&ﬁEéeﬁé%or&thlhggmb G
subjected to polishing as they are w thout being unpil ed.

Consequent | y, %Jﬁ@ra\i%srlﬁQ{Whé?ﬁqCHreﬂ@&WGr?@%Wéﬁ‘ Pesfersttransi48yef #8n be

(pduced 1n @ il CRLARN G AL oh 0002l Rt) S gppar o s

appar at us has appsatatuscisitie tHeate, m@anplmamlovenariypglasm:bwma stackeeti e 34
containing a plurality of magnetic disk glass substrates 1 to be

pol i shed as i tih§ &xis q‘FF’ét'%’bB%ﬁ at"@”teré‘:soégﬁ'@%@'%rééwﬁ%@aﬁ‘@ec%r
exanpl e, abOUt’to ?thhiwgocls =) a?@@nt@u?ﬁén s@&ueﬂfh‘?tﬁe‘ﬁﬁatg-mﬁ

substrate casse ecure In t e po |s I ng appar at us
ti ght eni ng pusberdssfporestridrigtycaa ks yedlicedimth HedcH araiarhdng tasahss.

direction. [ 0(%8047]2]

The polishing apparatus shown in Fig. 7 will now be described.
[0073]

The polishing apparatus has a structure that can receive the substrate
cassette 34 containing a plurality of magnetic disk glass substrates 1 to be
polished as itis. The substrate cassette 34 can accommodate, for example,
about 50, 100, or 200 glass substrates at one time. The substrate cassette 34
is secured in the polishing apparatus by tightening pushers (pressing cocks) 47
and 48 from the axis direction.

[0074]

The substrate cassette 34 is supported for rotation on the axis on the
rotatable support 41 of the polishing apparatus 40 with housings 44 and 45.
The substrate cassette 34 is rotated on the axis at a predetermined rotation
speed by a driving motor (not shown). The housings 44 and 45 are supported
by a linear-motion guide for reciprocal movement in the axis direction of the
substrate cassette 34 as indicated by arrow A shown in Fig. 7. In the figure,

reference numeral 46 designates a bearing. The substrate cassette 34 is



The substrate cassette 34 is supported for rotation on the axis on
the rotatable support 41 of the polishing apparatus 40 with housi ngs
44 and 45. The substrate cassette 34 is rotated on the axis at a
predeterm ned rotation speed by a driving notor (not shown). The
housi ngs 44 and 45 are supported by a linear-notion guide for

reci procal novenment in the axis direction of the substrate cassette
34 as indicated by arrow A shown in Fig,_ 7. In the figure, reference
nuneral 46 designates a bearing. The s trate cassette 34 is 25
operated for periodical reciprocal novenent in the axis direction of

t he substrate cas e 34 b the drivin nd. the cam
ehan om a5, GHeRae o pdroaliyE05Eh eV el B 2 SRGIA e ¢ he
pol i shing br USJPJb@t%tQEagsBﬁ‘e A Sysﬁefdntnﬁq%tdr(&ﬂ ah@#Rdaftnédhahid® aent er
hol es of the glass substrates 30 contained in the substrate cassette

34, using the [8@15}i ng notor (not shown) with a brush rotation driving

not or shaft 49. T ol.i shin pa n ro at ol i sh| ng
brush 20 in either Qeﬁtt’”%?tgbaﬁéﬁlés '{0 @t}quﬁﬁ B@@E'&g Sﬁﬁh gtﬁ“?
brush 20 can ViafdnBsh BeérRemta deRiér haveds tt@@@sgsuﬁ&%egmr&omdan tHegh
level (7000 rpmor nore). As the inner dianmeter of the glass

substrate is rsbsitpieicasshite pblusishihegrvingstot@dngtshpwrjuiithedortigh letalien a
smal | outer d| I hol di n i ons vi.ded at
both ends t o 1PR0 ersFaLAS Mol oieiat i BRF AR R Eb e
reduced stiff nggs afin tettr@erlarrea‘en. | Thead@tidr speli of thelpBlighthgttheshi@ldag hi ng
brush 20 at both ends, the apparatus 40 has a nechanismin which an

air cylinder 5@gskeyesn @ o ’BY%é%bohtﬂO@pﬁ@“b@dtﬂ Rafs lewel {RA0IPMPrt he
di rection par %erg 51\9 tt]teh:ﬁng' t ﬁ’hetgﬁ s@rsﬁb/seﬁrat lrshgd)fgg t}?et ;!)ocllghl §et he

brush axis duri ng “wor King o] appara iI's varra

i ndependent | y Urmtshrzmnateqornecmeede Qfsm'alneutpﬂdharﬂhtleﬂg Aetorginglyaidaig on
speed of the substrate cassette, speed and wi dth of the reciprocal
novenent of tH@”@U%ﬂeﬁ?‘é‘j@a@?@?‘te@dsB}'&%WP@[@F P36 IpEHEhiAg brush

on the inner RﬁrubRéEéthé)JedE%% s?th ro?‘th@ brt[sﬂ()?ﬁ] ddltlon to t%rtﬁr{egelﬁ bl y, a

liquid abrasive 1s delivere e I nner perip st ack of
the gl ass subgiotigtiresbristo2l atrbgthomids,she a@oaratuswdma meclﬂmisnvmrwmdhean
[ qU| d abrasive, a |i d abrasjve deliveri nrg (g'ortl on énot shown)

P

ui
delivers the I"’-ﬁ'rcféi'i"lﬂjeag? BIERRRS PhPYRyROIANG PeripYe GtRAsthg diredion the
structure showgdg tb:'ttﬂ:rbrush :B&Hto% veMiah HQmeEtfaﬁlog%‘rL%PaaQﬁ%PNge a

swi tching sol énoid 52 or swtches the direction o iquid
abr asi ve f| owwarlamg.t H’tae@otmhnmra;tpaiameeﬂnswanabletmwpelrpimﬁyilndotatamt| on and
vice versa. In or

2br 51 ve. wi t h SPRFRED! a6 PUREES BFShelg S Srag pLiBe SEFEle asSetsesaotul d
abrasive fl OWaﬁBWHi@bﬁhMé&br&c%Pmﬂ@én%m 8f 6 suh@hietis88te, pressure of the
pelishing brush on the inner periphery of the substrate.
[00786]
Preferably, a liquid abrasive is delivered to the inner periphery of the
stack of the glass substrates 1 during polishing. In order to deliver the liquid
abrasive, a liquid abrasive delivering portion (not shown) delivers the liquid
abrasive through a slurry pipe 51 or 53 in the structure shown in Fig. 7. For
delivering the liquid abrasive, a switching solenoid 52 or 54 switches the
direction of the liquid abrasive flow from the downward direction to the upward

direction and vice versa. In order to prevent the change in fluidity of the



[ 0077] Abr asi ves used herein include cerium oxide, iron oxide,
magnesi um oxi de, zirconi um oxi de, and manganese oxi de. Cerium oxi de
is particularly suitable because of its hardness close to the

har dness of the glass substrate 1. An excessively hard abrasive
scratches the periphery of the glass substrate, and an excessively
soft abrasive cannot polish the periphery of the glass substrate in a
mrror state. The tenperature of the liguid abrasive is preferably
about 25 to 40C. [0078] The above-descri bed polishing apparatus
usi ng the polishing brush of the present invention can finish the

7t P Pher S T T SR L B R S

appropri ate didﬁ&ﬂ%l@ﬂﬂha?%@ér%ﬁ%oﬂé}%od.n a mrror-snmooth state having
a surface roughness of, tor exanple, 0.10 nmor less in terns of Ra.

Furthernore, t[B@7esulting nmagnetic di sk glass substrates have | ow

iati h such, hi gh. | i bstr be . .
s pr oduced at ACTEWCEBEH: TR TELEF SB4T Byoe SPhERCE REesB A

brush of the piresith okiBy eMdintihgBfsseRRIdk] D& UMD Bhfb@aB Suitanls er
di aneters, the liquid abrasive can sufficiently be delivered to the

i nner per i pherbgcafsetdhds bardaessglose éo/iba hemoesprof heeglssraybsttite et At

Cobstrate. [ ogrostey herltlva FiGles Wby EPE et BB Ele lebcom

i nvention can dhesedssielytol ablsie adtof sk tHegefphdry of the glabes@saate
substrates stacked and accompdated in the substrate cassette with
the centers ofhafaTensiade. dingriemesraiueg ¢f ghfciguidabrasveds peiegal e alqupds can
be subjected 3?48“8 i shing as they were w thout being unpil ed.
Consequently, the variation in roundness or cylindricity can be
reduced in a [@¥sbatch and anong bat ches. [0080]

The above-described polishing apparatus using the polishing brush of the
present invention can finish the inner periphery even of a small-diameter
substrate having a diameter of, for example, 12 hm or less into a desired shape
with an appropriate dimensional precision and in a mirror-smooth state having a
surface roughness of, for example, 0.10 nm or less in terms of Ra.
Furthermore, the resulting magnetic disk glass substrates have low variations
among them. Such high quality substrates can be mass-produced at a low
cost with reliability.  Since the polishing brush of the present invention has
portions having different outer diameters, the liquid abrasive can sufficiently be
delivered to the inner periphery of the substrate even though the large-diameter
portion has an outer diameter larger than the inner diameter of the substrate.
[0079]

Since the polishing apparatus of the prese.nt invention can receive the
substrate cassette as it is, the glass substrates stacked and accommodated in
the substrate cassette with the centers of the inner diameters aligned in the axis
direction can be subjected to polishing as they were without being unpiled.

Conseqguentily, the variation in roundness or cylindricity can be reduced in a



The polishing apparatus of the present invention can reduce the
amount of the liquid abrasive used in conparison with the known

nmet hod polishing the glass substrates inmmersed in a |liquid abrasive.
Accordingly, the liquid abrasive reservoir can be small and, thus,
the space for installing the polishing apparatus can be reduced. In
addition, use of a small amount of liquid abrasive | eads to a reduced
environnental |oad and is thus environq;pt-oriented. [ 0081] A
nmet hod of manufacturing a nagnetic di sk®glass substrate according to
t he present invention includes the step of polishing the inner

peri phery of | ass, substrate by the above-described polishing

nmet hod of the%ﬁ&g§5mengéﬁ%%ﬁﬁ [ 0082] A magnetic disk gl ass
substrate is gesgjal |y manufactured by perform ng some steps on a

gl ass substrate formed into a disk step by step, including grinding,
pol i shing, and cheRegulisiyingapraraftsheinhapresem tvetoneaardduce thetamduny f or

I Vi ti i sot t . tic | . Th | | shi t
Phel udes: por 1 SR aBRebRRe e B Ran TS waldrp8fed ST e Hech ng
the main surfafes sObstiahe iBhReRdIVA F§UiRbSasildO0d3tordingly, R Ry ass

material of the magnetic disk glass substrate is not particularly
limted. Exanpibssivefreseneirmandeisalall ghd.tthus, lempacsigbisstatingthemeliahig

al um nosilicate ) da; i | ass, soda-al um nosili.cat.e gl ass,
a1 um nobor os: 1AL 8 Esrd e, BREGEABIMAIRLE S35
silicate gl assbrand I§HdRIS a eRILeS 65/irdrmEKtNISéR] driddethug bas®nment-

Alum nosilicate glass is particularly suitable because of its high

i npact resist#®W€&e@nd vi bration resistance. For exanple, a preferred
28 aluninosilgﬁﬁﬁ? glass is a chem cal strengthening glass nmainly
containing 62%to” 75% by wei ght of Si02, 5%to 15% by wei ght of

Al 203, 4% to 10% hymeticdbt mafuthdtdihg Adadgretid 2k basy@itghrite abcdWaingio and

5.5%to 15% by weight of ZrQ2 with o ) )
the present invention includes the step of polishing the inner periphery of a
glass substrate by the above-described polishing method of the present
invention.
[0082]

A magnetic disk glass substrate is generally manufactured by performing
some steps on a glass substrate formed into a disk step by step, including
grinding, pelishing, and chemically strengthening, and optionally texturing for
giving magnetic anisotropy to a magnetic layer. The polishing step includes
polishing the periphery of the glass subsirate and polishing the main surfaces of
the glass substrate.

[0083]

The glass material of the magnetic disk glass substrate is not particularly
limited. Examples of the material of the glass substrate include aluminosilicate
glass, soda-lime glass, soda-aluminosilicate glass, aluminoborosilicate glass,
borosilicate glass, quariz glass, chain silicate glass, and glass ceramics or
crystallized glass. Aluminosilicate glass is particularly suitable because of its

high impact resistance and vibration resistance. For example, a preferred



a Na20/Zr02 weight ratio of 0.5 to 2.0 and a Al 203/Zr02 weight ratio
of 0.4 to 2.5. In order to elimnate protrusions fromthe surface of
the gl ass substrate caused by undi ssolved Zr02, the glass may contain
57%to 74% of Si02, 0 to 2.8%of Zn02, 3%to 15% of Al 203, 7%to 16%
of Li02, and 4%to 14% of Na20 on a nole percent basis. [0084]

Such alum nosilicate glass can be chemcally strengthened to forma
conpressive stress |ayer at the surface, of the glass substrate and is
superior in flexural strength, stiffness, inpact resistance,

vi bration resistance, and heat resistance. Also, the alumnosilicate
gl ass does not_separate Na out even ip a high tenperature.. . o
anvironment . Ao el dRteie s elo el ISR b Forfairina 3
hardness. The §6%af vielint 6hSI0L BB 15152 BPWBIRRT d181,08, 49010 1084 by weigRr | Y
limted as | ong as a known chem cal stren theningﬁis applied. The

cheri cal st rerfith@nthic $2% biaeighheidNasband ae% ¢ $5% oy Meiahbel B with
| mrersing the ol ass, SRRl kS, L 81 DEALRH GRSl L YcRt NGRS
Ychange n FTacE ot " e gloass

molten salt to e e 1ons at e su

substrate for |hergr toelietchenigels fionsihe @ Digddaen tHedyl a8 Istisdirataddused
[ 0085] Wien a chem cal strengthening gl ass_substrate is used as

the gl ass subd¥ruagissolyasidrQe.ithg)olpss PrICEBTAD P {7 M f4% ChelPzed toed-8%€Eni cal

strengt heni “9-an§‘%1%?d"‘4 %Hﬁgﬂﬁ, honk ’?Qoﬁqﬁ‘lid{f %ﬁ%f& f@gﬁ%ézﬁfﬁ gtate

of the glass substrate ren on exchange. I nc I sk or
smal | er of t en mgedercentiradisl e HDD' s, because the present invention
provi des an inpact-resistant magnetic di sk glass substrate capabl e of
achieving a hirfgqﬁ‘*i nformati on recording density. [0087]

Such aluminosilicate glass can be chemically strengthened to form a
compressive stress layer at the surface of the glass substrate and is superior in
flexural strength, stiffness, impact resistance, vibration resistance, and heat
resistance. Also, the aluminosilicate glass does not separate Na out evenin a
high temperature environment, can maintain the evenness, and is superior in
Knoop hardness. The method for chemical strengthening is not particularly
limited as long as a known chemical strengthening is applied. The chemical
strengthening of the glass substrate is performed by immersing the glass
substrate in a heated chemically strengthening molten salt to exchange the ions
at the surface of the glass substrate for ions in the chemically strengthening
molten salt.

[0085]

When a chemical strengthening glass substrate is used as the glass
substrate, texturing is preferably performed after chemical strengthening.
Chemical strengthening may disturb the surface state of the glass subsirate
during ion exchange.

[0086]
While the diameter of the glass substrate is not particularly limited, the

invention is useful and suitable in practice for small magnetic disks, such as 1.8-



The gl ass substrate preferably has a thickness of about 0.1 to 1.0
mm For a magnetic disk made of a thin substrate of about 0.6 nm or

| ess, in particular, the inner periphery nmust be finished in a mrror
state to increase the inpact resistance, because the inner periphery
having a | arge surface roughness nmay be cracked to cause dust by
contact with the spindle in use in a magnetic di sk device. The
present invention providing a highly i ct-resistant magnetic di sk
gl ass substrate having an inner periphery finished in a mrror-snooth
state is useful and suitable for a thin magnetic di sk gl ass

east a magnet i fis e ssorER Rkelotioba Y, BAeLE s Tl c oo

according to thevigdseaambattiyaint dibgnbiic G Pastl subdthee @B Borikhvilg
preferably has a seed | ayer, a base |ayer, a magnetic |ayer, a
protective | ayhighgfdmationyserdiag daepit.-ayer on the gl ass substrate.

[ 0089] T[BS"E? eed | ayer can be nade of alloys having a bcc or a
B2 crystal striucture, such as Al alloys, C alloys, N A alloys,

Ni Al B al | oys, Al RuTid dlasssubditariBrerdrddyisas dthcRnask loditsout ando F@Ahm.

all oys, fromthe viewpoint of reducing the size of the magnetic

particles. [OC%0Rmagnetic digfemadasel a ipetibsitae eleabrelded BM @vless oys, o Mo
SN o P TR e s B A PV 8 L
be made of an imph@yedmasticogheraudecihe hingsparipherdBaving a large surface

roughness may be cracked to cause dust by contact with the spindle in use in a

magnetic disk device. The present invention providing a highly impact-

resistant magnetic disk glass substrate having an inner periphery finished in a

mirror-smooth state is useful and suitable for a thin magnetic disk glass

substrate.

[0088]

A magnetic disk is produced by forming at least a magnetic layer on the
magnetic disk glass substrate produced according to the present invention. In
general, the magnetic disk preferably has a seed layer, a base layer, a magnetic
layer, a protective layer, and a lubricating layer on the glass substrate.

[0089]

The seed layer can be made of alloys having a bce or a B2 crystal
structure, such as Al alloys, Cr alloys, NiAl alloys, NiAIB alloys, AlRu alloys,
AlRuB alloys, AlCo alloys, and FeAl alloys, from the viewpoint of reducing the
size of the magnetic particles.

[0090]

The base layer may be made of Cr alloys, CrMo alloys, CrV alloys, CrW
alloys, CrTi alloys, and Ti alloys to adjust the orientation of the magnetic layer.
(0091}

The magnetic layer may be made of an alloy having an hcp crystal



structure, such as a Co alloy. [0092] The protective |ayer is
preferably made of a carbon-based material. The lubricant form ng the
| ubricating | ayer on the protective |ayer may be a PFPE

(perfl uoropol yether) conpound. Each | ayer can be formed on the gl ass
substrate by a known net hod, such as sputtering. Exanple [0093]

The enbodi nents of the present invention will be further described in
detail with reference to the foll ow ng ﬁyanple. The present invention
is not limted to the followi ng Exanple. [0094] Exanple 1 A
magneti c di sk gl ass substrate of the present exanple was prepared

t hrough the fq 1 NQ St eps: rough | apping step (rough grinding

step); (2) shzf!pt)ljiugtg@eé Lécf)n;"g% O%E}%{é | appi ng step (fine grinding step);

(4) periphery [padgshing step; (5) first main surface polishing step;

(6) second nain surface polishing steB; and $7) chem cal _

strengt heni ng st epthgmoigsijve layer is preferably made of a carbon-based material. The
lubricant forming the lubricating layer on the protective layer may be a PFPE
(perfluoropolyether) compound. Each layer can be formed on the glass

substrate by a known method, such as sputtering.

Example
[0093]

The embodiments of the present invention will be further described in
detail with reference to the following Example. The present invention is not
limited to the following Example.

[0094]
Example 1

A magnetic disk glass substrate of the present example was prepared
through the following steps: (1) rough lapping step (rough grinding step); (2)
shaping step; (3} fine lapping step (fine grinding step); {4) periphery polishing
step; (5) first main surface polishing step; (6) second main surface polishing
step; and (7} chemical strengthening step.

[0095]
{1) Rough lapping step

First, a circular aluminosilicate glass substrate having a diameter of 50
mm and a thickness of 1.0 mm was prepared from a molten glass by direct
press using a cope, a drag, and a frame. Alternatively, a sheet glass may be
cut into a disk of the glass substrate with grindstone by a down draw method or
a float method instead of applying direct press. The aluminosilicate glass was
a chemical strengthening glass containing 58% to 75% by weight of Si0Op, 5% to
23% by weight of Al,O3, 3% to 10% by weight of Li,O, and 4% to 13% by weight



(1) Rough | apping step First, a circular alum nosilicate gl ass
substrate having a dianmeter of 50 nmand a thickness of 1.0 nm was
prepared froma nolten glass by direct press using a cope, a drag,
and a frame. Alternatively, a sheet glass may be cut into a disk of
the gl ass substrate with grindstone by a down draw nethod or a fl oat
met hod i nstead of applying direct press. The alum nosilicate glass
was a chem cal strengthening glass containing 58%to 75% by wei ght of
Si02, 5%to 23% by weight of Al 203, 3%to 10% by wei ght of Li20, and
4% to 13% by weight 31 of Na20. Then, the glass substrate was

subj ected to a_l.appi St 0 increase the dinensional precision and
Form pr eci si or?! MiRG: | Eyspt 8 lePe sURlER 3 erodPinEla Ty 7 PHPe 5P Y e

| appi ng appar ahstsastife Hit{2Psiohd pedcisnGhadifdte pri®iion.s Mdeilddpmalstep warot h
surfaces of the glass substrate acconmpdated in a carrier was | apped

to a profile irarfeguadiviit 3twerside lppping gppasaies andsHihop ab@sive gtinse s Mo(Rmax)
f about 6 : f t 100 ' 40 j '
o i e by r ot apeaialBefl sBaR o AR sthbihd decdniRep A PL TS W

appar at us. [ 0Q8§led(@h plhiairBgLISHES 0 to 1 um ANEA surkite LAkl (RAEK) ¢tal
grindstone, a hole was fornmed in the center of the glass substrate
and the outer 3beH| ey algad ohapqus hake with#4P0AlEnian agRsiuBaiFs by
Subsequent |y, r I out er

peri phery and " {?géﬂqe%g%@%gg{,% @%e?ﬁ%tgg\?{]oﬁéﬁegéﬁ% grE‘Dﬁl];e‘:'\ti]@st'Jrface
roughnesses of[oeded peripheries of the glass substrate were about 4
p.min terns of Rmax. In general, a 1.8-inch HDD (hard di sk drive)
uses a magnet i@ HPROIFA ng an outer dianeter of 48 mm [0097] (3)

Fine lapping step Then, using a cylindrical grindstone, a hole was formed in the center of
the glass substrate and the outer periphery was polished to a diameter of 48
mm. Subsequently, predetermined chamfers were formed at the outer
periphery and the inner periphery. At this point, the surface roughnesses of
the peripheries of the glass substrate were about 4 um in terms of Rmax. In
general, a 1.8-inch HDD (hard disk drive) uses a magnetic disk having an outer
diameter of 48 mm.

[0097]
(3) Fine lapping step

Then, the surfaces of the glass substrate were lapped with #1000
abrasive grains to a surface roughness of about 2 um in terms of Rmax, and
about 0.2 um in terms of Ra.  After the lapping step, the glass substrate was
immersed in cleaning baths (to which ulirasonic waves were applied) of a
neutral detergent and water in that order for ultrasonic cleaning.
[0098]
{4) Periphery polishing step

Then, the outer periphery of the glass substrate was polished with a
known polishing brush and a known polishing apparatus. For this pelishing,

the bristie of the polishing brush was made of 6-6 nylon. The polishing brush



Then, the surfaces of the glass substrate were | apped with #1000
abrasive grains to a surface roughness of about 2 min terns of Rmax,
and about 0.2 min terns of Ra. After the | apping step, the gl ass
substrate was i mMmersed in cleaning baths (to which ultrasonic waves
were applied) of a neutral detergent and water in that order for

ul trasonic cleaning. [0098] (4) Periphery polishing step Then,
the outer periphery of the glass substrate was polished with a known
pol i shing brush and a known polishing apparatus. For this polishing,
the bristle of the polishing brush was nade of 6-6 nylon. The

|'i shi b h d d k of .
01 ass substr e e p1Abaitafa ot oarh Ul Eufhe Bl o g W

pol i shing br uske abpdefe GiRsEtioftoGrd paihiny bh abs@EPiny e AREuMaRide A | i quid
abrasi ve containing the cerium oxi de of about 30C was delivered
during pol i shiabipsiveasispd.s H inyic abnesivgeeoniainger tha ceriimenidssof abo@o9)
Then, the inn I of . S . . i W

The ot 1o po R PP R RS PUREMEES-BOARSRR A,
structure shovgodon Fig. 3 was used. The polishing brush had outer
diameter D1 of 14 mm and outer dianeter D2 of 12 mm and L1 and L2
were 3 nm each. ThEeBrihginner pritraery&f thegiaspadkstigie wasePaighesiviththe

bristle materi als.; i - i gﬂﬂl %I '[ﬁ@g r bound
together with pglrll&g%{)%?)t? Q%é@%gwgﬂ@:'g?l{i S |°ﬁg bﬂrgi vvasn%rt%%{de@gfrgt 1800
to 2700 r pm ( phewematid.\8 Wwa0ketlo PHEOSblishimg brusinklad dieerslidysdterad Lofcidsset t e

containing the stack of _mané BI ass_substrates was rotated in the
opposi t e di r ed?TERI Piet HaMBST PSR gmBt G8hLhanbe? Vi 3 meeasheedieand

width of the rbﬂgﬁegrfl?t%ﬁ%] WERYEIRY 6% nyidAe ?ﬁl@é&sﬁ!éhﬁtﬁ%&%ﬂ@eﬁoﬁ@%

pressure of the p ng brush on the inner periphery o
substrat e wer dagippsmpl diatnetey Dadyers baohd tddetheabith an epoxyassic.erihem oxi de.
A liquid abrasiy the ¢ oyt

el § ver e dur PRSI Hhs ol BOPTLRAAG0 mirsiaouiastt 24t )

m nut es. and the substrate cassette containing the stack of many glass substrates was
rotated in the opposite direction to the polishing brush at 60 rpm.  The speed
and width of the reciprocal movement of the substrate cassette and pressure of
the polishing brush on the inner periphery of the substrate were appropriately
adjusted. The abrasive was cerium oxide. A liquid abrasive containing the
cerium oxide of about 30°C was delivered during polishing. The polishing time
was about 8 to 16 minutes.
[0100]

Thus the resulting 100 glass substrates after polishing had outer
peripheries having surface roughnesses of about 0.1 um in terms of Ra on
average, and inner peripheries having surface roughnesses of about 0.05 um in
terms of Ra on average. The dimensional variation in inner diameter was
within 10 um. The surfaces of the glass substrates subjected to the periphery
polishing were washed with water.

[0101]

The polished glass substrate was measured for the shape of the inner



[ 0100] Thus the resulting 100 gl ass substrates after polishing
had outer peripheries having surface roughnesses of about 0.1 min
ternms of Ra on average, and inner peripheries having surface
roughnesses of about 0.05 umin terns of Ra on average. The

di rensional variation in inner dianeter was within 10 m The surfaces
of the glass substrates subjected to the periphery polishing were
washed with water. [0101] The polished ass substrate was neasured
for the shape of the inner 33 periphery with a contour tracer. As a
result, the inner periphery 12 had a shape defined by two chanfers

> he ot or - ST R e BTuBERh: A by Re el PR L (55

2. The outer Substant i a1

First main surszhap@dmbubhtwwm&hﬂ@mzb and & Re@ihded] wal 12ep@weer thaws and
di stortions remaining after the Ia[% ng steps, the first E/ ol i shing
step was perf@ﬁ@&rwaﬁﬁhﬁwm Rd-%i2de B%Pwtgmefﬁ'@h%rmbat#awhﬁant'w th¢game

t wo- si de pol i Ss'ﬂb;ﬁ@ apparatus, the glass substrate held by a carrier
was tightly pinchéd between an upper and a lower surface plate on
whi ch pol i shingigzads were stuck, and the carrier was engaged with a
sun gear and an internal gear. The gl ass substrate was thus

conpr essed bet%ﬁtﬁﬁﬁﬁﬂﬁﬁ%ﬁp%ﬂﬁ'ﬂ”g fl€P| ower surface plate. Then, the
gl ass substrate {

bet ween the poli gﬁﬁngd%tﬁg}d%%g\g%h% &5!0 '?%gnchg ?Q?gasft of giné;%geiag
substrat e. Thuisg fichmlighiegstes wbsperairaed entb bvwed side paksdimgtdpparatusf aloe
plates and rotated on its axis to ish both surfaces at, one tine.
More speci fi cdfg {ro- %"F?ep%ﬁh'ﬂ%ﬁl?ﬁ?@atgf{) é*EFQ{%Fé Sye?ifale held Py aicRgehyRY

pol i shers (ri glbﬂtumﬁdne%w@ﬁ% uaser%h 'awér%unmematgenwhtch%eﬁsw@ ng
an RO water in which cerium oxide (average particle size: 1.

di spersed as aati$ yaiedstathr arsd MepamEr wad @gdgad will0Dsgl ged ahdan Ihfernal

m nutes. After the t | { shin ste t he SS substrate S
Cubj ecred 1o GPET adbhpES R EaRRRy sy ear SageT He PR at hs
of neutral det&ge0kaceIIE. VIR the lé%?s%ﬁr%wdspﬁafebméQm?zjmd

al cohol), and I PA (steamdry) in that order, followed by drying.

abrasive was delivered between the polishing pads and the polished surfaces of

was

the glass substrate. Thus, the glass substrate revolved between the surface
plates and rotated on its axis to polish both surfaces at one time. More
specifically, the polishing step was performed using hard polishers {rigid foam
urethane) as polishers under conditions using an RO water in which cerium
oxide (average particle size: 1.3 um} was dispersed as a liquid abrasive, at a
load of 100 g/cm? for 15 minutes.  After the first polishing step, the glass
substrate was subjected to ultrasonic cleaning by being immersed in cleaning
baths of neutral detergent, pure water, pure water, IPA (isopropyl alcohol), and
IPA (steam dry) in that order, followed by drying.
[0103]
{6) Second main surface polishing

Then, the second polishing step was performed using the same type of
two-side polishing apparatus as used in the first polishing step and soit

polishers (suede pads). The second polishing step is intended to reduce the



[0103] (6) Second main surface polishing Then, the second
polishing step was perforned using the sane type of two-side
pol i shing apparatus as used in the first polishing step and soft
pol i shers (suede pads). The second polishing step is intended to
reduce the 34 surface roughness Ra to, for exanple, about 1.0 to 0.3
m or | ess under conditions using RO water in which cerium oxide
(average particle size: 0.8 gm was d|3£frsed as a liquid abrasive,

at a load of 100 g/cn2 for 5 mnutes while the flat surfaces produced
inthe first step were maintained. After the second polishing st ep,

t he gl ass substrate S ed Lo M Lc.gl eanin bei n
mersed i oruERig B TeRt aRe 8 e dp Al §RiTo S PR i el D, S
water, |PA, an@nbiftfhs(utrgaRo dea) inl whidhedriusr skefe, a\feraédeqmttldos{zedow L),
[0104] (7) Chem cal strengthening step After ,the conpl etion of

cl eaning, the vgasa&wewgeﬁrad@edwﬁ@sweahadead §f 180 piengiaidriaiguteswhile he
chem cal st engl il AgkesR SEH fifhe A4 SEOOE N1 eF RRLELRLIO

pot assiumnitr e and

st rengt heni ng donmngdstmshd@@és@mbttfat@&agsut@mbdtbe[tgbmec[emmg yabeing
after the above-described cleaning and dry mg was i mersed in_the
&

chemi cal st rer§MeEsAyCIPNRY BRI NBUIRY deieroenh RYrectdeh Rp mWater, IPA,
st rengt hened. ua]'ﬁpepﬁ %&P ¥ skt b tf(glgglg&lb?hﬁ@?lssub_st rate was

subj ected to rasoni c cf'ean |ng ed in cleaning baths
of sulfuric agoth4) neutral deter gent pure water, pure water, |IPA, and
| PA (steam dr 38 CI:hnerrglgﬁgtrgr{g?heern[nng(’[)e!pl owed by drying. [0105]

After the completion of cleaning, the glass substrate was chemically
strengthened. For the chemical strengthening, a chemical strengthening liquid
containing potassium nitrate and sodium nitrate was prepared. The chemical
strengthening liquid was heated to 380°C, and the glass substrate after the
above-described cleaning and drying was immersed in the chemical
strengthening liquid for 4 hours, thus chemically strengthened. The chemically
strengthened glass substrate was subjected to ultrasonic cleaning by being
immersed in ¢cleaning baths of sulfuric acid, neutral detergent, pure water, pure
water, IPA, and IPA (steam dry) in that order, followed by drying.

[0105]

After the completion of the above cieansing, the surfaces of the glass
substrate were subjected to visual inspection and detailed inspection using
reflection, diffusion and transmission of light. As a result, protrusions formed
by deposit or defects such as flaws were not found on the surfaces of the glass
substrate. The main surfaces of the glass substrate obtained through the
above-described steps were measured for surface roughness with an atomic
force microscope (AFM). As a result, it was found that the resulting magnetic

disk glass substrate had an ultra-smooth surfaces of Ra = 0.20 nm. Also, the

glass substrate was finished to an outer diameter of 48 mm, an inner diameter



After the conpletion of the above cl eansing, the surfaces of the

gl ass substrate were subjected to visual inspection and detail ed

i nspection using reflection, diffusion and transm ssion of light. As
a result, protrusions forned by deposit or defects such as flaws were
not found on the surfaces of the glass substrate. The main surfaces
of the glass substrate obtained through the above-descri bed steps
were nmeasured for surface roughness with. an atom c force m croscope
(AFM. As a result, it was found that the resulting magnetic disk

gl ass substrate had an ultra-snmooth surfaces of Ra = 0.20 nm Al so,
t he gl ass substrate was f.injshed n outer dianmeter of 48 nm an
inne? di ameterOf Tg@rg,ran%ftmc*negﬁaf (gi%ﬁringkness of 0.581 mm [0106]
About ten thoysfgyy magnetic di sk gl ass substrates were produced as
descri bed above and subjected to long run test. As a result, 90% or
nore of the subst rAfcstegdhiquspneragneye digkgissprpuhistiatee weshrrpaiced Rape,

pol 1 ahi g, TheRBRERAPaT R bREE FEPACRIPa Y g fecth ' BTRORAT: o

t hem conf or medné sudshase satistibes bredeletdBEd peripheral fhapBgn@bhgiordl sk 10 as
shown in Fig. 8 was produced by form ng a nonmagnetic netal |ayer 2
i ncludi ng a severigieRad DufaemEpuahness by thefisst pepohesy palighied i d"eayer 3, a
car bon- based ' 4 br i ' I

descri bed bel Qe o8 E e ueBRtbdRdd B bt Pt ot BP0
substrat e produsedriapave. [0108] Specifically, an Al Flu alloy
seed |l ayer 2a, a_CrM alloy base layer 2b, a CoCrPtB all oy nagnetic
| ayer 3, and 40t} bon- based protective layer 4 were forned in that

order on a main suf Fnﬁﬁr?et@fdgﬁ%_ag S AS%n §]Lﬁ9€tgh€ﬁtsepr%gd{c?? %%mgnet ron

Sputtering apparatus. |In addition, an al
per f | uor opol yetoheagheiib metsd idyag? Inalpding awasd fagemaachnara Bdse layar Bma- based
protective | ayer ngticblg e(:jriap B icgr%bn-ggge%’ rngtgceftivgti1 g?& | a%d%i Iﬁgric%t(i)n ayer 5
produced. [010%9 yer s, P ; g layer 5 as
described below on a main surface of the magnetic disk glass substrate
produced above.
[0108]
Specifically, an AlRu alloy seed layer 2a, a CrMo alloy base layer 2b, a
CoCrPtB alloy magnetic layer 3, and a carbon-based protective layer 4 were
formed in that order on a main surface of the glass substrate with a DC
magnetron sputtering apparatus. In addition, an alcohol-modified
perfluoropolyether lubricating layer 5 was formed on the carbon-based
protective layer 4 by dipping. Thus, the magnetic disk 10 was produced.
[0109]
The resulting magnetic disk was loaded in a load/unload (LUL) HDD
(hard disk drive). The magnetic head used a GMR element and had a flying
height of 10 nm. Thus, a LUL endurance test was performed by repeating
load/unload operation. The magnetic disk of the Example endured a million
cycles of the LUL operation without failure.

[0110]



The resulting rmagnetic di sk was | oaded in a |oad/unload (LUL) HDD
(hard disk drive). The magnetic head used a GWR el enent and had a
flying height of 10 nm Thus, a LUL endurance test was perforned by
repeati ng | oad/ unl oad operation. The nagnetic di sk of the Exanple
endured a mllion cycles of the LUL operation without failure. [0110]
36 Conparative Exanple The conparative exanple is different from
t he above-descri bed Exanple in that the3%nner peri pheries of gl ass
substrates were polished by the known polishing nmethod disclosed in
Pat ent Docunent 1. More specifically, the polishing brush had a
structure in descri bed channel brush was wound ar ound
a netal axis, Wﬂgdgh&3%£§g§ gtant outer diameter of 14 mm The bristle

was nade of 6-6 nyTiconfpagdtiae kxfipld BQifErés fosubstiavkessdidel Bgarhple
same shape and size as in Exanple 1 was imersed in a liquid
abrasi ve, and ipHat m%’é’ferB%ﬁ*ﬁhﬁﬁ%‘?Qf@§3§\é\d@tfﬁFﬁ§§V%P?'§h@HbY tAe EBYTUm
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substrat es af tm[srtlrlrgebrosrmpﬂcm statuod mpmimrsthe afoveatbsoritiedichp@tel ot i es
havi ng surface roughnesses of about 1 mon average in terns of Ra.
The i nner per iYATeYqU8d agund Rengjpl s %’Mﬁdraa‘f@gaﬁwt%ﬂﬂ'%%r of dh§Rmesses
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as | arge as about Th ape o e I nner ery
of the gl ass saabretshap@arafmmaqder&(mhalew vymlumsmmg wvaﬂaqu’rdzalsrame@l avwlth a
ry has two chanfers and a
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[0111]
The 100 glass substrates after the completion of polishing had outer
peripheries having surface roughnesses of about 0.1 um on average in terms of
Ra. The inner peripheries of the glass substrates had surface roughnesses of
about 0.20 pm on average in terms of Ra and dimensiconal variations as large
as about 20 um.
[0112]
The shape of the inner periphery of the glass substrate after periphery
polishing was measured with a contour tracer. As a result, the periphery has
two chamfers and a peripheral wall between the chamfers as shown in Fig. 2,
but recesses formed by probably unstable pressure of the polishing brush were
found particularly in the peripheral wall.
[0113]
In the Comparative Example as well, about ten thousand 1.8-inch
magnetic disk gfass substrates were preduced and subjected to [ong run test.
As a result, 70% or less of the substrates satisfied a predetermined peripheral

shape, dimensional precision and surface roughness by the first periphery

polishing. While some of the nonconforming subsirates could be repolished,



In the Conparative Exanple as well, about ten thousand 1.8-inch
magneti c di sk gl ass substrates were produced and subjected to |ong
run test. As a result, 70%or |less of the substrates satisfied a
predet er mi ned peri pheral shape, dinensional precision and surface
roughness by the first periphery polishing. Wile sone of the
nonconform ng substrates could be repolished, 37 50% of the

nonconf orm ng substrates could not be rgpolished and had to be

di sposed of because of excessive polishing. Furthernore, the
variation was | arge anong the substrates. [0114] The polishing
brush (abrasi vge r j ' ﬁ%}a iLLuted
for the known %OT I's ?ﬁ%ncgﬁfggrﬁﬁ%gutﬁzrgggic!ﬁtﬂ%!ﬁé‘ltt{?grg &ég%dro%p er;S}I) bé

pol i shi ng appalispbeed efhesinmenf excebsige pdibhinddy Fusthagndrdehepedriatidri wag br ush
(abrasive nmember) of the present invention in the known periphery

pol i shi ng appd®'de 38°ng Hie SYP$IERSS- of the present invention is produced,
so that peri p']@ﬁid,gs of magnetic disk glass substrates, particularly
smal | - di amet er substrates, can be highly precisely polished

ef fectively. 38 (halddishing brush (hbradivp olensder)rng tHerpiesentimeehtionm can be

pol i shing nmethod for polishing the inner periphery of each of a

plurality of @i”gg@l't%‘? %f@@%ﬂﬁ%ﬁ%@&{% . i%ﬁg@éﬁ%k@“ﬂ\ hegghery hole in

the center thﬁfoﬁsqﬁndoabfpafamtas%omﬁ Fﬂ%.l 105 NBPYsiRg thetbolishitgBth@ft Wi th

the inner periphery of each glass substrate while a 1 quid abrasive

i s bei ng suppl{awdsiveomemeenpet the paasgnt invention in the known periphery polishing
apparatus, the effect of the present invention is produced, so that peripheries of
magnetic disk glass substrates, particularly small-diameter substrates, can be

highly precisely polished effectively.



wherein the polishing brush includes an axis and bristle materials
protruding in the direction perpendicular to the axis and defining
two types of portions having differené outer dianeters including a
plurality of small diameter portions Rd a plurality of |arge

di anmeter portions, and the bristle materials of the small dianeter
portions have a hi gher hardness tha@th@ bristle materials of the

| arge di aneter portions; wherein the plurality of the |arge dianeter
portions are arranged along the axis and have a first length (L1)

whi | e the pl ut-al ftgolishingnbrushaksedimepelishing methed doe palishing dbe dhrerg

t he axis.ar th h .S hi brush

accor di nCeney BF el STHBLIARY ch bty glass.gubpfratel Bpia, SSER AP pREME"
di agefj e][ hplerin:t_be centerhthecof by l’ojfatialgrtﬁeinnlis?ing brlﬁsl:B].cin Aop’ialci aiithrtge i?ner
met hod for .polishing, the inner periphery of each of plurality o

e oul ar Peitteey &fseth ales RUGHARE wfiR % i altasva ds e Eieplighibcine
t her eof , péfighepp! i shing method conpri sing: preparing a polishing
brush including portions having bristle naterials arranged al ong an

axis direction and protruded to be different in outer dinmension, the

bristle nmaterVarginohepalishing brugh dicludes an axig ndebrisis: matrialsareirtding

hi gher har i St ' . ' . .

| ar ge- di g’n@?g‘f@b’g&?iﬁﬁs, dt dlea?pt Eipgﬁxﬁ/é@c# 8?@“?5‘?83@%%%?@&'08%rhtaylgﬁs
bei ng ar diffarpsll autemdianeiersxinciuding Rapiunglitp dfi smali | dageter( pdjiondhidnd a

axi s ancP ot 8 b8 sBier PoRERS, Bnd 366 pAEds, Mele B 3268 B Hater
respect partibhe hanaes higher frediyessnthanytheob rdtiengateral of itsdilage bdigm@tdrn
contact with the inner periphery while a liquid abrasive is delivered

to the i AP peri phery. 4. The polishing method according to
claim3, wherein polishing is perfornmed in such a manner that the

pl ural i twhelkirgthessiusliisst theasrgar dambrs sorticreare rig el aloMp tHeesxis and
that the inner peripheries of the glass substrates are sinultaneously

h
pol i shedhave a first lengthrilel) yile dhe plyratdy Rbiesredt diamgterpastiesnarg arranged
wherei n éleﬁg %é&)l‘i'é ahd F\Qb@a@%c&ﬁ?l&%m ﬁ_rz)_of the gl ass substrate has a
mm or | ess.

di anet er of

2. The polishing brush according to claim 1, wherein the bristle materials of

the small diameter portion are hardened by a resin.

3. A polishing method for polishing the inner periphery of each of a plurality of
circular glass substrates having each a circular hole in the center thereof, the

polishing method comprising:

preparing a polishing brush including portions having bristle materials
arranged along an axis direction and protruded to be different in outer dimension, the
bristle materials of a plurality of small-diameter portions having a higher hardness
than the bristle materials of a plurality of large-diameter portions, the plurality of the
large diameter portions being arranged along the axis and having a first length (L1)
while the plurality of the small diameter portions are arranged along the axis and

have a second length (L2);

substantially vertically inserting the polishing brush into each circular hole,
and polishing the inner periphery of each glass substrate by making the polishing



6. A polishing apparatus conprising: a substrate cassette hol ding
means that holds a substrate cassette accommodating a plurality of
circul ar glass substrates stacked one on top of another, the gl ass
substrates each having a circul ar hol 8% n the center thereof; a
liquid abrasive delivering nmeans that delivers a liquid abrasive to

the inne ri ' f . . . r -

ac commas 2l eRUL Al Bovll sPeBtt (Bt et plitety i o Blelia tiepolshing
rotati onbeusti inawntart wiiht thet ineei parphgpemibjiber limsd abrasive @ dsltvered to the
substrates within the substrate cassette; a first driving neans that

drives tFEehBERIIEYig brush for rotation; and a second driving means
that relatively noves the polishing brush with respect to the inner

peripheries of the p@liﬁﬂk? alethbee a6dRaing 36 RRAM B, dherdin PolisiHiHE 5 p&tdtmed
cassette, wherein the tﬁgbl shing brush includes portions having
a

bristle Maf¥sh alrganper thea ploiafity §f glass sHbskates dareastacknth epe dsdtopoof
be diffe | I | rd |

ol ur al 1 ¢ o et SoHEGIne WRIDARIBALs ‘hng'dSe Suitie S8 Fnufaneoraly
bristle pelishetlal s of a plurality of large dianeter portions wherein

the plurality of the large dianeter portions are arranged al ong the

2 s and haves arhd i - Heatibl %o LA B U Yn0Lird i ATBY e

di anet er portions are arfange he "axi s’ an ave a secon
| engt h ( tjter of the glas®.subsinetiehad aodiametarfdd2unmng lessgl ass substrate
for a magnetic disk, conprising the step of polishing the inner

peri phery of gag¢h of .a plurality of .circular ass_substrates shaving
el Foul ar - nd-enpetonfo BerpBis fafbuing A e Bl Ssss HhE bt the
forth i nheligiasdostraA® cassette aBcormsabivaf a0plursilubAelrtllaNgladsradaehics
di sk co risid(r)\gnthe steip of form ng at | east a magnetic | ayer

mai n sur $BEEELINeAR IPRPIANOaSL e dlfss $ubstrglasRpcahaing %feil,rcw e ingthe
manuf act geaer herddtea RulRPdorivef ®IVBrind) nfdaRk Thdt delivers a liquid abrasive to
the inner peripheries of the stack of the glass substrates accommodated in the
substrate cassette; a polishing brush held for rotation and contact with the inner
peripheries of the glass substrates within the substrate cassette; a first driving
means that drives the polishing brush for rotation; and a second driving means that
relatively moves the polishing brush with respect to the inner peripheries of the stack
of the glass substrates in the substrate cassette, wherein the polishing brush
includes portions having bristle materials arranged along an axis direction and
protruded to be different in outer dimension and the bristle materials of a plurality of
small-diameter portions have a higher hardness than the bristle materials of a

plurality of large diameter portions

wherein the plurality of the large diameter portions are arranged along the axis and
have a first length (L1) while the plurality of the small diameter portions are arranged

along the axis and have a second length (L2).

7. A method of manufacturing a glass substrate for a magnetic disk,
comprising the step of polishing the inner periphery of each of a plurality of circular
glass substrates shaving a circular hole in the center thereof by the polishing method

as set forth in claim 3.



40

8. A method of manufacturing a magnetic disk comprising the step of forming
at least a magnetic layer on a main surface of each glass substrate for a magnetic

disk, which is manufactured by the method set forth in claim 7.



