DESCRI PTI ON TI TLE OF | NVENTI ON METHOD OF PCLI SHI NG GLASS
SUBSTRATE AND PROCESS FOR 5 PRODUCI NG GLASS SUBSTRATE TECHNI CAL FI ELD
[ 0001] The present invention relates to a nethod for 10
polishing a glass substrate and process for producing a gl ass
substrate. BACKGROUND ART [0002] 15In recent years, glass substrates
are used in various industrial fi iJes conventi ona
applications. In the field of various el'ectronic devices, for

exanpl e, gl ass substrates suitable for respective applications are
used. 20[0003] For exanpl e, personal conputers (PC) or the

i ke areT%&QEj@%dngka%cmard disk drive (HDD) or the like as an

external "storage device. Tn general, the hard disk drive has nounted
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or the | . The magnetic
5 PRODUCING GLASS SUBSTRATE

TECHNICAL FIELD
[0001]
The present invention relates to a method for
10 polishing a glass substrate and process for producing a

glass substrate.

BACKGRCUND ART
[CO02]

15 In recent years, glass substrates are used in
various industrial fields besides conventional
applications. In the field of various electronic devices,
for example, glass substrates suitable for respective
applications are used.

20 {00021

For example, personal computers (PC) or the 1like
are provided with a hard disk drive (HDD) or the like as an
external storage device. In general, the hard disk drive
has mounted thereon a magnetic disk which is known as a

25 storage for computer or the like. The magnetic disk has a



configuration in which a magnetic |ayer or the like is formed on an
appropriate substrate, for exanple, an alum num based al |l oy
substrate. [0004] In recent years, glass substrates which
are materials having high strength and high rigidity have been
frequently used in place of rigid brittle netal substrates. Further,
t he gl ass_substrates havevﬁ}lracted attention as sub trg{es for

magnet i ¢ O Sk F- 25 erl el dphl T dRFIH 1 0t0H5)°F the Like 1s
Furt her i th a _proqgress .of, grow nenory capacity of hard
di sks, r&rog;mc?\gr otqio aﬁngca 4SS et yS‘\é%e%ﬁ/e,’ t%oﬁ E’d\‘,%fl‘?’ec%’?d readi ng

accuracy, e like i-gher-accuracy fl atness has been demanded
for the g1§§§j§@§&Eﬁ%?%fggggbfﬂﬁﬁﬁﬁgﬁr%‘disks, and particularly, it

has beenAqEﬁ&qded that mcro-waviness largely affecting floating
per f or mance of magnetic heads is nore decreased. [0006] As a

pol i shi ng_ machi nef o, faradycing sysh al ass, 20subst rates, pat ent

. . [=) .
docunent 1 discl oses ubl e-si pol i'shi'ng machi ne as own in
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carrier nmounting unit h an internal gear a’“sun gear

whi ch ar %r%glgnrénquiy\/?l@ et 2haldOn AL, B Sdalenm hed Jotall an Jald o,

25 and an upper sdrface p an ower surface p itch

are driVe?u&@ﬁe59t@BEOBlégge§§%E¥r%%e%a%gv%tQ%Eracted attention as
substrates for magnetic disks for a server application.
10 f0005]

Furthermore, with a progress of growing memory
capacity of hard disks, in order to increase memory
density, to improve record reading accuracy, and the like,
higher-accuracy flatness has been demanded for the glass

15 substrates for magnetic disks, and particularly, it has
been demanded that micro-waviness largely affecting
floating performance of magnetic heads is more decreased.
[0006]

As a polishing machine for producing such glass

20 substrates, patent document 1 discloses a double-sided
polishing machine as shown in Fig. 10. This double-sided
polishing machine 100 has a polishing carrier mounting unit
having an internal gear 101 and a sun gear 102 which are
each driven for rotation at a predetermined rotation ratio,

25 and an upper surface plate 103 and a lower surface plate

104 which are driven for rotation reversely to each other
2



with this polishing carrier nounting unit therebetween. Polishing
pads 106 are each nounted on faces of the upper surface plate 103 and
the I ower surface plate 104 facing to glass substrates 105. Polishing
carriers 107 nounted so as 5 to be nmeshing engagenent with the
internal gear 101 and the sun gear 102 perform a planetary gear

movenent . il thiss, Eic?ﬂestk?irryg gear, | ﬁ@ﬁ%lrﬁe{ﬁ@ | ShLng, card L er 9107

noves while rotating on a center o axi s and novin

around t g 1SWhiGRAML 2 8% A on Blhdases, ofsdde %@tgle%ﬁ%%r

substrate 105 are concurrently polished wth friction

pol i shi ngpadscl Q8 And 110 HAasthsubsidats, O£ stk by s hfaﬁcin%_o%o

pl anetary gear novenent. In this doubl e-sided polishing machi ne

it is necfssar pustmvesun dthe pppeshsupbl age rpkate 1003 mouR tedeo &
take out the polished 15 gl ass substrate 105 after the gl ass

substy at €0l®s heshibeprrpeldesived. Wil007Ahe internal Igegwli®hiaigy the
machi ne such as that descri bed above, glass substrates are polished
whi | e supgpliyigegra 12¢ peadetrar @i mddiraieagt aean ntdheenpolti shilng thads. As
such abrasives for glass substrates, for exanple, ceria particle
(ceri um BXPAE AN (9626 TepraSINVes tdfd B llisda marad it ie sl amves

di oxi de ﬁgr&hl cle) abrasives are known, [0008] 25d ass substrates for
use in e PoriPt2deVidc €8 anfFte s iKe,? tsﬁ?(,lﬁf & e RS HithRTEEs

for _rragn%t:‘:ig%al%ih%g% 3 d%sécg:i ?ﬁ% ahove, are re uitée%ﬁto havethi gh
preci sio i"gft qual 967, e i3 Tever8tLonpEEFt PontrR
gﬁ\éﬁlog pgr‘igég, sspgb%{%trtggg%g rq%gt %é:%hg:%ngcfucgrsegt Sye pacgl%.rsc})qceecrlS Swift%r gioc uicoinng
between the polishing pads 106 and the glass substrate 105
caused by this planetary gear movement. In this double-
sided polishing machine 100, it is necessary toc move up the
upper surface plate 103, in order to take out the polished
15 glass substrate 105 after the glass substrate 105 have been
polished.
[0007]
In polishing machine such as that described above,
glass substrates are polished while supplying a
20 predetermined abrasive to the polishing pads. As such
abrasives for glass substrates, for example, ceria particle
(cerium oxide particle) abrasives and silica particle
(silicon dioxide particle) abrasives are known.
[C008]

25 Glass substrates for use in electronic devices and

the like, such as the glass substrates for magnetic disks

3



5 polishing for producing the substrate. [0009] Pat ent Docunent 1:
JP- A- 2008- 103061 Pat ent Docunent 2: JP-A-2006-265018 Patent

described above, are required to have high precision and
high quality, and there is severe competition in
development. Patent documents 1 to 3 disclose a process
for producing such a glass substrate or a method of

5 polishing for producing the substrate.
[G009]

Patent Document 1: JP-A-2008-103061

Patent Document 2: JP-A-2006-265018

Patent Document 3: JP-A-2000-163740

10 PROBLEMS THAT THE INVENTION IS TO SOLVE
[0010]

In glass substrate polishing methods such as that
described in patent document 1, the operation unavoidably
involves a time period ranging from the completion of

15 polishing in the polishing machine to the introduction of
the glass substrates into a next step (interval between
steps). In this interval between steps, drying spots C
caused by the abrasive generate on the surfaces of the
glass substrate 50 as shown in Fig. 1i1. These drying spots

29 C are causative of recording head crushing in the case of
glass substrates for magnetic disks, and are causative of
the occurrence of exposure defects in the case of photomask
substrates for semiconductor production. Such situation is
an especially serious problem in glass substrates for use

25 in electronic devices and the like.



Docurent 3: JP-A-2000-163740 10 PROBLEMS THAT THE INVENTION IS TO
SOLVE [ 0010] In gl ass substrate polishing nethods such as
that described in patent docunent 1, the operation unavoi dably
involves a time period ranging fromthe conpletion of 15 polishing in
t he polishing machine to the introduction of the glass substrates
into a ne 1slt]ep (interval between steps). In this interval between
st eps, drt/blt ng spots C caused by t he abrasive generate on the surfaces

of the glass sub Ei These dr i s 20

C are causative o%% I‘ECOI‘%%} ng ehea carngjs aﬁ:ger%jt% C{%Cem%ee{lste of&egﬁ algob
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spots such as that described above.
[0012)]

Under these circumstances, the invention provides a

method for polishing a glass substrate, which employs a

10 silica abrasive and which can reduce spot generation on
glass substrates after a polishing step while maintaining
polishing efficiency and thereby heightening the quality of
the glass substrates as a final product.
MEANS FOR SOLVING THE PROBLEMS

15 [0013]

The present invention relates to a method for
polishing a glass substrate which comprises polishing the
glass substrate with a glass substrate polishing machine,
the method including a step of injecting a silica abrasive

20 and a high-boiling solvent having a beiling point of 150°C
or higher (hereinafter often referred to simply as a high-
boiling solvent) into the glass substrate polishing machine
in a final glass substrate polishing step. Incidentally,
the term "final glass substrate polishing step" means the

25 polishing step which is the final of one or more polishing



to heighten the precision of polishing. However, these 5 docunents
are not intended to elimnate the generation of spots such as that
descri bed above. [0012] Under these circunstances, the invention
provi des a nmethod for polishing a glass substrate, which enploys a 10
silica abrasive and which can reduce spot generation on gl ass

substrates after ol i shi te ile maintainin olishin

ef fici enc%eé)ﬁdect%g%egbﬁf}rﬁgf%én? ot i?‘&%‘?rg{gﬂg %‘Pfﬂs%hgng
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i ncl udi ng. g . i nj ecti.ng a silica abrasive and a hi gh-boiling
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refersg ed Iy a _high-boiling solvent) into the gl ass
substErF at ectl%gﬁlg%{ )néécae crﬁr}lﬁg llsn%ée‘?elrgﬁu g:\eacgcse‘)dsutbostar a{%r%bsﬁ shi ng
step. Incj | ly,..the term"final glass substrate polishing step”
means thgkgggggﬁﬁgﬁiﬁ ‘'step which is the final of one or nore
polishinq 019heps to be conducted on the glass substrate polishing
machi ne. 8onsequently, the gl ass substrate taken out fromthe gl ass
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high-boiling solvent into the glass substrate polishing

10 machine, a mixture of the silica abrasive and the high-
boiling solvent may be injected or the silica abrasive and
the high-boiling solvent may be injected without being
mixed together.

[0015]

15 The present inventors have found that the spot
generation can be reduced or prevented by using a polishing
slurry prepared by incorporating a high-boiling solvent
into a silica abrasive. The invention has been thus
achieved.

20 [0016]

There are cases where inclusion of a foreign
substance into a polishing slurry results in the damages of
glass substrates during a polishing step. The inventors

have found that the generation of such damages can be

25 reduced or prevented by using a polishing slurry prepared



5 cleaning step, and is never subjected to a further polishing step.
[0014] In the step of injecting a silica abrasive and a high-boiling
solvent into the glass substrate polishing 10 nachine, a m xture of
the silica abrasive and the high-boiling solvent may be injected or
the silica abrasive and the high-boiling solvent may be injected

wi t hout | ] t.oget her,.. [L0Q15], 15The present .inventors have
f ound thgot%} 'p%leégs g%qragtceﬁ%leigiihol 1}:gono lelnr%dsu%]gv rb? Jﬁ}te?/e?'ntse Jofla using a
polishin ). prepared by incorporating a high-boiling solvent
into a s%éﬂég%%%ésive. The invention has been thus achi eved.
20[0016][0017 There are cases where inclusion of a foreign

subst ance intg a polishing slurry results in the damages of gl ass

substrates duringﬁg H%%%%thg_ﬁggﬁ. Eﬂﬁ EnéﬁQ%%£%;q%ﬁg J%gﬁg Lgﬁagtge

generation of su damages can reduc pr event
pol i shi ng 3L PEERARD s on using the method for polishing a glass

substrate of the invention; and a glass substrate or a
glass substrate for magnetic disk each produced using the
production process.
ADVANTAGES OF THE INVENTION

10 [0018]

According to the invention, spot generation on a
glass substrate after a polishing step is reduced. It is,
therefore, possible to heighten the quality of the glass
substrate as a final product without adversely influencing

15 the steps to be conducted after completion of the
polishing.
[0619]
Incidentally, in the case where silica particles
such as colloidal silica are used as an abrasive, the spots
20 left after the polishing step are difficult to remove as
compared with spots formed from ceria particle abrasives.
The reasons for this are as follows. The glass substrates
for use in magnetic disks or the like are mainly
constituted of silicon dioxide, and the spots constituted

25 of silica particles, e.g., colloidal silica, are likewise



by incorporating a high-boiling solvent into a silica abrasive.
[0017] The invention includes: a process for glass 5 substrate
production using the nethod for polishing a glass substrate of the
invention; and a gl ass substrate or a glass substrate for magnetic
di sk each produced using the production process. ADVANTAGES OF THE
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particles, €é.g., °Co! 1 oi dal ica, are
Furthermore, the cerium oxide particles generally have an

average particle diameter of about 0.5 to 2 um, whereas the
silica particles such as colloidal silica have a small size
10 with an average particle diameter of generally about 0.005
to 0.3 pm. Because of this, the spots caused by silica
particles are difficult to eliminate even by physical
removal such as, e.g., wiping with a sponge. Consequently,
when silica particles such as colloidal silica are used as
15 an abrasive as in the invention, it is especially useful to
diminish spots by using a high-boiling solvent in the final
polishing step.
[0020]
In addition, in the case where silica particles
20 such as colloidal silica are used as an abrasive, inclusion
of a foreign substance into the abrasive is apt to result
in damages through the polishing step as compared with
ceria particle abrasives. However, by using a high-boiling
solvent in the final polishing step, the damages can be

25 effectively reduced. Consequently, the addition of a high-



constituted of silicon dioxide. It is therefore difficult to renove
only these spots by a chem cal renoving technique such as, e.g., wet
etching separately fromthe gl ass substrate. On the other hand, the
cerium oxi de enployed in 5 ceria particle abrasives does not contain
silicon dioxide and, hence, the ceria abrasives are free fromthat

probl em Fur.t.hernore, the ceriumoxjde particles generally have an
average partiidld sd?]avr%’fterlsofeséﬁeo‘fftﬁof% LF e%]prﬁen‘?/@%e‘?‘ 5°¢ h%aEH?ﬁ%S
particles _sych as | lojdal_silica have a ,small si.ze 10 with an

aver age ﬁéirctl#i &% |Cl(a%LrPeJtC%ea(ra St geterH § Y HBORS FOFPIH V'S pm  Because
of this, the spots caused by silica particles are difficult to
elimnate even by physical renoval such as, e.g., wiping with a

sponge. %9&%%q%§$@§%%§@§£Cﬁi%4ﬁiéﬁgﬁi§§§5 such as colloidal silica

are used as 15 as i éntion, it is especially
usef t g (@i-7i;ni sh spots by using a high-boiling solvent in the final
polis ing sted. [0020] In addition, in the case where silica

particles 20 such.as gol.l_oi.d i1 ar s an abrasive, ..
i ncl usion of a ng Fg% é&bgtggéé)f#éi%ﬁlﬁgoggg s?b Ut 40 s

i n damag r.0 old_shi o re ,th.ceria particle
abr asi veg.% %\?e\l#gl%,e Iléoglsfr??]gr}%daﬁ%oqaﬁ r%ln%o vsglr%)tv%tlrna ehe% T nal
polishingaﬁgggictQQSanages can be 25 effectively reduced.

Consequent I’y,” the addition of a high-
Pig. 2 is a sectional view of a double-sided

10 polishing machine according to the invention for a glass
substrate for magnetic disk.

Fig. 3 is a flow chart showing the procedure of
treatment with the double-sided polishing machine according
to the inventicon for a glass substrate for magnetic disk.

15 Fig. 4 is a graphic presentation showing an
experiment for comparing polishing spot generation on glass
substrates.

Fig. 5(a) and Fig. 5(b) are photographs of
peripheral parts of polished glass substrates obtained

20 using polishing slurries into which a foreign substance has
come. Fig. 5(a) is a photograph of the substrate cobtained
in the case where the abrasive was a cerium oxide particle
abrasive; Fig. 5{(b) is a photograph of the substrate
obtained in the case where the abrasive contained coclloidal

25 silica.



boiling solvent is especially useful when silica particles such as
colloidal silica are used as an abrasive. BRI EF DESCRI PTI ON OF THE
DRAW NGS 5[ 0021] Fig. 1 is a flowchart show ng a process
according to the invention for producing a glass substrate for
magnetic disk. Fig. 2 is a sectional view of a doubl e-sided 10
pol i shi ng nachin&,acc%{dln%_to the inventiaon for a glass_substrate

for magnetic dis tﬁbd' SHWIRG |G AR Shdi i t he
2228?8.“23 P HE A Toeh Yr%nt”} e"c@%‘e?p'sciy Absiriie ?q?%r?%aag”%éé‘é gﬁwwr
o A S R g
subst r at &3 g%et % gdsﬁrr%gs 67061 |alo E;EI At r .Wﬂ%r%‘i%% %’?%‘Je‘fegn
substgnc%gﬁi ﬁ§§?cxﬂ.%zé% <13 8 photograph of the substrate

()
obt ai ned case ]the abrasi ve was a cerium oxi de particle

abr asi ve; Flg. 5§9§ I8 gspgokg%ﬁ pgqa= &'F bstraﬁ% oQ&nged in the
S a

case where the abrdsive contaliné
comparison in the frequency of damage generation between

the case where glycerine was added to a colloidal silica
slurry and the case where glycerine was not added thereto.

10 Fig. 8 is a table showing the results of a
comparison in frictional resistance between the case where
glycerine or ethylene glycol was added to an abrasive
containing colloidal silica and the case where neither
glycerine nor ethylene glycol was added thereto.

15 Fig. 9 is a table showing the results of an
examination in which glycerine was added to a colloidal-
silica-containing abrasive in various concentrations and
the polishing rates (polishing efficiencies) corresponding
to the respective concentrations were determined.

20 Fig. 10 illustrates the double-sided polishing
machine described in patent document 1.

Fig. 11 is a view showing a glass substrate having

polishing spots adherent thereto.

25

10



Fig. 6 is a table showing the results of an investigation on the
frequency of damage generation (nunber of damages) in the case where
the abrasive was a cerium oxide particle abrasive and in the case
where the abrasive 5 contained colloidal silica. Fig. 7 is
a table showing the results of a comparison in the frequency of
damage genefd i,on between the case where glycerine was added to a
col | oi dal siliéa slurry and the case where glycerine was not added

(hereto 10F1o, Boka ckale Shuurg s caulls, of, & compan) spn, 11
o yool v aded, | o an abvasi e onyalaloeycoll oL, o1 e A Lhe
19719, 04 B S AN, Ul rasuld S plonn Sxaolofh gt of

var! ous comeanty ol ons 20 s 0l J g (oL, (LR e o e
determ negondOE. 10 Ldustialp b davblenal dad ol Lehisg e e

gl ass substratieay gt s.adherant, dhergia. . 25 o

photomask substrates, and glass substrates for thin-screen

TVs. However, the polishing method and production process
10 are especially suitable for use in producing a glass

substrate for electronic device which is required to have

high precision and high quality. In the following

embodiment, a glass substrate for magnetic disk is produced

as an example of the glass substrate for electronic device.
15 [0023]

A process for producing glass substrates for
magnetic disk 10 (hereinafter often referred to simply as
glass substrates) is explained by reference to Fig. 1.

This process for producing glass substrates 10 generally

20 includes a shape-processing step, a polishing step, and a
cleaning step. In the case where there are two polishing
steps, the following process is typical. Namely, the
process for glass substrate production including two
polishing steps typically has:

25 (1) a shape-processing step (S1);

11



[ 0022] Enbodi ments of the invention are described below in
detail by reference to acconpanying drawi ngs. The nethod for gl ass
substrate polishing of the invention and the 5 process for gl ass
substrate production of the invention are applicable to various gl ass
substrates to be processed with a polishing nmachi ne, such as col or

filter substrates,,,photomask substr.ates, and gl.ass substrates for
t hi n-screen TVS.( mgbgﬁfst g%&ﬁ%ﬁﬁﬁ%ﬂf?ﬁﬂh@%bdnd producti on process

10 are especially sui_tahl e .faor i r odu g a glass substrate for
el ectronic device{3 Fc%qutrgaﬁ¥$§ﬁm?éﬂﬁ*vé I'gdh precision and high
quality. In the fqllqQw i t., | ass bstrate for magnetic
disk is produced(gg %nsg%gﬁgrgg8' %ﬁggaéigi é&%gfr§¥ggfor el ectronic
devi ce. 15[ 0023] I . _pro ing gl ass substrates
for magnetic disésioa(ﬁgfgfﬁa%#%%%gﬁﬁg%tr fégggd to sinply as gl ass
substgaIQ%b2M§ expl ai ned by reference to Fig. 1. This process for
produci ng gl ass substrates 10 generally 20 includes a

shape- processin e li-shi a |_eani step. In the
pe-p g8k Qhﬁgeggfo%gs@gn t%geP Q%l% G EAN NG SLED

case where there are t i shin s, the'followng process is

UE' oo shAmbtpglbe ey U Sap i of A dng v
(2) a fig3hsRokiBRIRG 8! BR V(T a (Ran i S @eal N 5t ec%m(p%s:es a
cutting-out step of forming a through-hole (inner hole) at
10 a center of a rectangular sheet glass to process to a
circular glass, a chamfering step of subjecting edges (the
line of intersection of a main surface and an inner
peripheral end surface forming the through-hole and an
intersecting point of the main surface and an outer
15 peripheral end surface) of the circular glass cut out to
chamfering treatment, a step of polishing an inner
periphery and an outer periphery to a mirror surface, and a
grinding step of adjusting the thickness of the glass
substrate to 110% or less of the thickness of a final
20 product (to 699 pym or less, when the final plate thickness
is 635 pm). Incidentally, the main surface means a cyclic

part including a front surface and a back surface of the

glass substrate 10.

25
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(4) a second polishing step (S4); and (5) a second cleaning step
(S5). 5[0024] The shape-processing step (Si) is a step of preparing a
circular glass substrate 10 (for exanple, a glass substrate having a
di aneter of 65 mm and conprises a cutting-out step of formng a

t hrough-hol e (inner hole) at 10 a center of a rectangul ar sheet gl ass
to procesg 12 circular glass, a chanfering step of subjecting edges
(the line o |ntersect|on of a naln surface and an inner peripheral

end surface formIggt%I%efHQ % %t%% s(%tz I’SE%)%’[I n 1%2' g’:ﬁfoa[ﬁéa?e

mai n surface and an out er urfdce

gl ass cut, Out, ggl%@%nfs%ﬁo's@f [ aitdggma s RS DO AN | e

peri phery and amm outer peri mror sur figrlndlng
f t hy Lrat to or

oot of {RSAEEnERs P—%k%e u% PR SR SR 15 “nen

the ﬁ!nahe@h%&%ehhﬁ%%@%sSéﬁ%f@%@ly?dudﬂﬁiqPQ5§Jl%xnbagk gLt ;yrface

means a cyclic part including a-front surface and & sur ace of

t he glas%h%?QS%%QEEdlgn 29e %%Q%ﬁhu face o strate i%JQSt Q{ng

step (S2) he main surface JIASS su jec ed to

pol 1 shi NGl SRLIRALBY USiiRY %t%@suqlsﬁ Sitded PUNINING JRENINE 120
mirror-finished main surface.
[0026]

10 Specifically, in the first polishing step (S2),
polishing is performed using a urethane polishing pad, for
example, a rigid urethane foam pad, while supplyving a ceria
abrasive containing cerium oxide having an average particle
size of 0.5 um to 2.0 um, in the double-sided polishing

15 machine 20 described later. Incidentally, the decreased
amount of the plate thickness decreased (polishing amount)
is typically from 20 pum to 65 um. Like this, the main
surface of the glass substrate 10 is polished by the
polishing treatment in the first polishing step (S2), and

20 thereafter, polishing treatment in the second polishing
step (S4) described later is performed, thereby being able
toc cbtain the mirror-finished main surface for a shorter
period of time.

[0027]

13



5 described | ater, thereby reducing a fine convex-concave shape
formed on the main surface of the tabular glass in the

shape- processing step (Si) to be able to obtain the mrror-finished
mai n surface. [0026] 10Specifically, in the first polishing step
(S2), polishing is perforned using a urethane polishing pad, for

crampl e, 2 (181 0 HSLIane oam pac, AniJS oUBplyLg, 8 Sl g sl e
0 00 P SRS e S i
(pol1 1 g 3ounh) o LYBLEEL LY HLOm 20 RD L0 05 h L KG i, the
(RNt e ot BRSO SLeh (Rl 80, 20, Rer SRl s
L5, PeE 1O Jgighy boi g able Lo obtel n the m ror-fimi shed mir

Subsequeqbbbﬂ]in the first cleaning step (S3), the glass substrate 10
whi ch has fini'shed the first polishing step (S2) is cleaned. For

exanpl e, uItraso?%cggkgggggggﬁ%épg%gaﬁaﬁ ﬁ%f¥§fﬂﬁf@%ﬁwﬁﬁ§h§88 !acndt

or a strong al ka
secons pol] sHngoaesn (o0l S L SRR, LR sl 1.
pol i shing mAGhI N 20a5ain in the double-sided polishing machine 20
10 and the main surfaces thereof are polished so as to result
in a desired surface roughness. The main surfaces of the
glass substrates 10 are thus mirror-finished. In this
embodiment explained here, S4 corresponds to the final
polishing step.
15 [0029]

Specifically, in the second polishing step (54),
polishing is performed using a urethane polishing pad, for
example, a suede pad, while supplying a silica abrasive
(abrasive containing silica particles) containing silica

20 particles having an average particle diameter of from 10 nm
to 100 nm, in the double-sided polishing machine 20
described later, and the surface roughness (Ra) measured by

using an AFM (atomic force microscope) is adjusted, for

example, from 0.05 nm te 0.3 nm. Incidentally, the
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10 and the main surfaces thereof are polished so as to result in a
desired surface roughness. The main surfaces of the glass substrates
10 are thus mrror-finished. In this enbodi nent explai ned here, $4
corresponds to the final polishing step. 15[ 0029]

Specifically, in the second polishing step (S4), polishing is
perforne I ne_pol.i shi ad, . for exanple, a suede pad,
whil e sug%%?f':eg&gse? ;glrnﬁdc}gt a%fa%}?%ep?%%%agw%k%%ﬁ a ‘?lﬁ%a@?ﬁi ca
particles i N i.l.d.ca 20 i £] es. havi an_average particle
G et er P From R R e 1007 L o £he Bodbl 2 e a por 1B ng
machi ne ZH) cribed later, and the surface roughness (Ra) neasured
by using an AFM (atom c force mcroscope) is adjusted, for exanple,

fromO0.05 nmto Q. 1_nci tally,.. t decr.eased ampunt. of th

pl ate thickness g‘g%r %;Ilsleléﬁ( 6%1%5%‘}% lar?%ﬁunqe)s iS5 Typi cpéa}n%/lcf]reosm?f% Pm
to 3 pn1cfg%§@ ' : Sy lve jneludes silica
particles la aS l5O ndimsepgjelrusni omlddléuln%%%t %al(tg% )I 'y,ér%/\&/atn%éarf C%I?]%alrr%yomer
contai n otPef4iRgredignls ol he. ssity. [0031] The
silica partléiés conf%ineé%ﬁﬁfﬁﬁtqgr%?gé a£$§§fVe serve to

mechani caldgsjpol i sh the gl ass substrates. 10 The silica particles
preferably are colloidal silica or funed silica. Mre preferably, the

Siiica particl esrae gablal galesichieGa cdit 4. £ase e 16al ] of dal

silica or funed silica is uSed, the surface roughness o e gl ass

substrat @ % 1Rr @ refUGed s reonRanad, Wil P8 1288 s substrates.

10 The silica particles preferably are colloidal silica or
fumed silica. More preferably, the silica particles are
colloidal silica. In the case where colloidal silica or
fumed silica is used, the surface roughness of the glass
substrates is more reduced as compared with the case of

15 using other silica particles. When colloidal silica among
these is used, the glass substrates come to have a
considerably reduced surface roughness through the
pelishing.

[0C32]

20 In case where the silica particles contained in the
silica abrasive have an average particle diameter, as
determined by the laser diffraction/scattering method,
smaller than 5 nm, there is a possibility that polishing
efficiency might decrease slightly. Consequently, from the

25 standpoint of preventing polishing efficiency from being

15



15 using other silica particles. Wen colloidal silica anbng these is
used, the glass substrates cone to have a considerably reduced
surface roughness through the polishing. [0032] 20In case where the
silica particles contained in the silica abrasive have an average
particle dianeter, as determined by the laser diffraction/scattering

t hod, I than 5 bi | hat | i shi
ettt AR AN R CRER Y. %Zﬁ%@%ﬁ@g tHepeiRe o8 the
t and t L l.i shi ffi duced b
oo shal 104 CaaSreD?ZSQ ER T oS G ieter BT ﬁfae%%?t%{&é”?he ’
14.cl f th I ticl f bly 5
or larger nl)?eeppre%eraeﬁ% FAP ot e %aﬁm'dir CRESthertand, in

Fase S ISR Uegeat eles haveen arey iy damter
Pher &1 & HAE s ﬁaﬂ{lglef{%;ﬁ?%ic"lﬁo“. s°‘?%55‘%193‘%#%‘§”ﬁ%’%%f ohtly
LQ?Q?@‘EE?%&%&%&@[&“ Eachul rif??n%po. i OF AT P Thet et ass
subst rat yer%rg %écretdlé IR sCHLr n?e::%]pr%)re%%/ hro trt\rg or

pol i shi ng too arg aver age par e Silica

part o eSarldie MRAGD P! it HBLETS 0T LIS, Jjgﬁguﬁrgau?aa{t es

is preferabl’y 3 nmor sndl |l er mmame orsm er,

most prefp%rla_@mnlgo%l@ﬂto SRl & 093311 m&@e%mrs%éfaececome“t

of silica particles
10 roughness or a slightly larger amount of scratches.

Consequently, from the standpoint of preventing the glass
substrates from being reduced in surface property through
the polishing by too large an average particle diameter of
the silica particles, the average particle diameter of the
15 silica particles is preferably 300 nm or smaller, more
preferably 200 nm or smaller, most preferably 100 nm or
smaller.
[0033]
In case where the content of silica particles in
20 the silica abrasive is lower than 0.1% by mass or when the
content thereof is lower than 1% by mass or lower than 3%
by mass, then there is a possibility that the polishing of
the glass substrates might result in a slight decrease in
polishing efficiency or a slight increase in polishing

25 resistance. Conseqgquently, from the standpoint of
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20 the silica abrasive is lower than 0.1% by mass or when the content
thereof is lower than 1% by nmass or | ower than 3% by mass, then there
is a possibility that the polishing of the glass substrates m ght
result in a slight decrease in polishing efficiency or a slight
increase in polishing 25 resistance. Consequently, fromthe

st andpoi nt__of prevqptiqgﬁ}oo Iowaa coq#ent.of silica particles from

resul ti ng 5 & ‘d&& 55e Sol S8 &t i Ti iy R St i rige@® i n
pol i shing resi.stance, the content, of silica particles is preferably
0. 1% by ST 15T g RS U rdt GUY I B TS Y HGHE . most
pr ef er abl. % S r. _hi.gher. On.the other han i.n case where the
content & C%éei&lll%%éca%p rotq"ll&@%s% SHIGHEG anh&foo% s Lo WS t he

cont ent f s :30% or, hi.gher, there is ossibility that
i)%%rt%%le.s 1% 6r®fehr}%%iy O.rlioo ) AR (?rvihlcqg‘lselort,y_mopz\:se a

the sili abrasive ‘m-ght have-an i S

[oould EleTeebitR 1a0ERS IR TR DA AL | Bl oS LA s

handl e. nsequentl!y, m t he 'stan preventing -t he s

aPl oL oot ATORELN DRCLRASEENLR KLAGOSLEY e 0RDLO0,2 CaNLent Bl

silica particles, 'the confent 0 ta particles’is erabl y

40% b ; ; f I 0% I : 034] |
Y 39108, bAMRGCITY @ PLAGHAD chFORY RPIRY diiilon LORST] 11

this second p ng step int enbo i ng

sol vent rgpeesentad by rglivcaping 2Q s i) §Glgd 1 nt9 Lhe ;doubl e-si ded
5, be de e ater. helh

pol i shing machine 2 which w | scrib I gh-boi i ng

sol vent B_Bﬁs@%ih@jt?ﬁ%ﬁgﬁi Rh@ Lhe ipal i&%@%@ﬁ;&%&% $epar ately from

t he abrasive. Usua owever, the high-boil solvent 1s m xed

withghe;abragkug gndcbherresuhtant -polishi pgi2558h YEEY 250052LRI RY
the high-boiling solvent iS injected Into
be apt to gel or be difficult to handle. Consequently,
from the standpoint of preventing the silica abrasive from
being increased in viscosity by too high a content of
silica particles, the content of silica particles is
15 preferably 40% by mass or lower, more preferably 30% by
mass or lower.
[0034]
In this second polishing step (S4} in this
embodiment, a high-boiling solvent represented by glycerine
20 is injected into the double-sided polishing machine 20,
which will be described later. The high-boiling solvent
may be injected into the polishing machine separately from
the abrasive. Usually, however, the high-boiling solvent

is mixed with the abrasive and the resultant polishing

25 slurry containing the high-boiling solvent is injected into

17



the polishing machine. Details of step (54) will be explained |ater.
[ 0035] Subsequently, in the second cleaning step (S5), the 5 gl ass
substrate 10 which has finished the second polishing step (54) and
thereafter taken out fromthe doubl e-sided polishing machine 20 are
cl eaned. For exanpl e, uItrasonic cl eaning is conducted using water

?Rg Srgg;ggggxﬂhﬁﬁéron%ﬁﬁﬁb I as's E&% ﬁ%tggk%%% né%%gtﬁgl&l§ﬁ 10 in

the inve t be construed as being limted to the process
describe%&%§%1§mg#l%tﬂgbductlon process may be any process so |long as

it at 15 |ncludes the final polishing step. The production
process &ﬁy |Aclude the step of polishing the inner-periphery end

surface and the ry e surface r _may i nglude e e
SUESERELRANET Y (o SUIAGE: cgﬁ%%ﬂ sgthe (d9) ¥

of additionally poli mal N Surf aces.

doubl - sgg%@sp%hg%@r%n%h VR AR IS S0 ] Stk B 20

to be in the first polishing con

(S4) is explai I@gg 384 Ot}f%ﬁ:e%*}%"&’} 'eg]@rg ok £l qoubl e5 s degg ]TZ 24

pol i shi ng ch f the invention conprises a carrier

hol di ng b%@lghaﬁﬁ ﬁ%%%&%%t%Olgme@ngﬂﬂmﬂﬂpe%o§uE&gﬁgle, ultrasonic

cleaning is conducted using water and a detergent, strong
acid, or strong alkali.
10 [0036]

The process for producing glass substrates for
magnetic disk 10 in the invention should not be construed
as being limited to the process described above. The
production process may be any process so long as it at

15 least inciudes the final polishing step. The production
process may include the step of polishing the inner-
periphery end surface and the outer-periphery end surface,
or may include the step of additionally polishing the main
surfaces.

20 [0037]

The double-sided polishing machine (glass
substrate polishing machine) 20 to be used in the first
peclishing step (S2} and second polishing step (S4) is
explained next. As shown in Fig. 2, the double-sided

25 polishing machine 20 of the invention comprises a carrier

21 for holding the glass substrate 10, and an upper surface
18



plate 22 and a | ower surface plate 23 which can be driven for
rotation reversely to each other with the glass substrate 10

t her ebet ween. Poli shing pads 24 and 25 are each nmounted on faces of
t he upper surface plate 22 and the 5l ower surface plate 23 facing to
gl ass substrates 10. [0038] In order to nmount and take out the glass

Supeteat Skl Dof ik A0 Al ST L, B0 BN 1R IR M [0S (4PDFL,

surface plate 22 is nov an agai nst | ower ace

pl ate 23, zandgluyd ing, the,pald shing.eddhe pald shing, pags &ﬁa%d 25 are

constituted so as to be reversely rotatable while being brought into

abutti ng stoyd@aeit Mith dhe-dmidedd f age 1akhing PSS 2aubsid ate 24
Incidentally, |ike the conventional doubl e-sided polishing nmachine

100 of 1ERdh mjurtthel car rifeR bithdeigpdntad-fetatpvety 21D 4he the
upper surface plate 22 and the |ower surface plate 23, using the

i nternal lgemr B faek e tsur Yebrc QR twhiclha sy eswashralré v el f or
rotation at a predetermned rotation ratio. [0039] 20The poli shing
pad 24 nd@¥3&8d on the upper surface plate 22 and the polishing pad 25
nounted on the | ower surface plate 23 each have, fornmed in the
surface thereof, Igr covdes Mavimogndpprokitmteeloptt Hdhes yimasi didbsandite

di sposed at the sane interval in a lattice arrangenent. Due to this
25 const ilfutiedret wadalifdsivé her gedliisdting tetagimergan e diggterd but ed

to the whol e glass substrates 10 in polishing.
surface plate 22 is movable up and down against the lower

10 surface plate 23, and during the polishing, the polishing
pads 24 and 25 are constituted so as to be reversely
rotatable while being brought into abutting contact with
the main surface of the glass substrate 10. Incidentally,
like the conventional double-sided polishing machine 100 of

L5 Fig. 9, the carrier 21 may be rotated relatively to the
upper surface plate 22 and the lower surface plate 23,
using the internal gear 101 and the sun gear 102 which are
each driven for rotation at a predetermined rotation ratio.
[0039]

20 The polishing pad 24 mounted on the upper surface
plate 22 and the polishing pad 25 mounted on the lower
surface plate 23 each have, formed in the surface thereof,
grooves having approximately the same width and disposed at
the same interval in a lattice arrangement. Due to this

25 constitution, the abrasive or polishing slurry can be

distributed to the whole glass substrates 10 in polishing.
19



It should, however, be noted that grooves need not be al ways di sposed
in a lattice arrangenent and can be di sposed in any desired
arrangenent. For exanple, linear or curved grooves may be di sposed so
as to extend radially 5 fromthe center of the polishing pad 24 or 25
toward the outer periphery. Alternatively, grooves may be spirally
di sposed so that  the radius-direction |length thereof gradually
i ncreasesl ¥ rORWIY dEM ST oviRe e RA ottt PerPRRryecturehePfor e,
t he arrangenent of grooves in the 10 polishing pad 24 nounted on the
upper sur¥ DIEFPTERY hotabel 6 wigErIRae2d §3e B rangenent
of grooves. in the polishing pad 25 nmounted on the | ower surface plate
23. [004 ls/%osc@r‘fg PolAHhi HP PRSP AREDHLE usé Fark BENisde omesy
polishin ads d%Pe of all materials including nonwoven-fabric,
vel our, HEFE 1999 0T i P FadRPRF oHes® frdde ftenBeradurlhy
resi nous terial or a conposite materjal conmposed of these, besides
the pol | My RIS e (Bod bR, TR G130 o o | &hi i padisthe
especi ally for pradycing 2 | ass substrates for magnetic recarding
ot um WIS AR A T ac B LG gRATE Lo SE06E o B0 C65 SRhees 10, 2
nm it is.g;eE%%{ed t se .suede:-li ke polishin ads fornmed froma

|

pol ymer o0& BAr € FABRTE R Yo EiY HERA SR a
COMp o5 G185, IS ATOAN, oLl V8 20l At oty o vs
oot ent LTSGY,OF ROLLAREIS) YLD e Ul S0 oLl o,
Fo1d HSRHaGeINS o WSAEP LT LS duRl & sl qedpel T201 e
not be always the same as the arrangement of grooves in the
polishing pad 25 mounted on the lower surface plate 23.
[0040]
As the polishing pads 24 and 25, use can be made of
15 polishing pads made of all materials including nonwoven-
fabric, wvelour, and suede-like polishing pads and ones made
of fibers or a resinous material or a composite material
composed of these, besides the polishing pads described
above. However, as polishing pads especially for producing
20 glass substrates for magnetic recording medium which have a
surface roughness of about from 0.05 nm to 0.2 nm, it is
preferred to use suede-like polishing pads formed from a
polymer foam, in particular, a polyurethane foam, and

having a compression rate of 0 to 15% and a compressive

25 elasticity modulus of 80 to 99%.
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(1) a substrate nounting step (SAl); (2) an upper-surface plate

novi ng- down step (SA2); (3) a pressurization-acceleration step (SA3);
10(4) a main polishing step (SA4); (5) a pressure reduction-speed
reduction step (SA5); (6) an upper-surface plate noving-up step
(SA6); and (7) a substrate taking-out step (SA7). [0042] 15First,

gl ass subfi(gzglt]es 10 are nounted on the carrier 21 (SAl), and the
upper surface plate 22 is noved down (SA2) after the nounting of the

Bot han-abr a6l ve Fark 53 1 g B oh S ertE G o T FF ST e Ty 20
propar . 1K 9 T AN SELYR LI, AL e bolL 08,50 e
(ne o0l SA.MPG P PIoLhe HPRErLEU [ 36P PLALE, 22, 30d Lh ol 50t o
e 35S SRHIP ALY 25 1A AN DI DG d 8 P Lla i L RPPL, St 80
double-sidedpolishing machine 20 has:
(1) a substrate mounting step (SAlL);
(2) an upper-surface plate moving-down step (SA2)};
{3) a pressurization-acceleration step (SA3);
10 (4) a main polishing step (SAZ);
(5) a pressure reduction-speed reduction step (SA5):;
(6) an upper-surface plate moving-up step (SA6); and
{7) a substrate taking-out step (SAT7).
[0042]
15 First, glass substrates 10 are mounted on the
carrier 21 (SAl), and the upper surface plate 22 is moved
down (S5A2) after the mounting of the glass substrates 10.
Subsequently, while supplying an abrasive or both an
abrasive and a high-beiling solvent or a polishing slurry
20 prepared by mixing an abrasive with a high~boiling solvent
(hereinafter, these are inclusively referred to as
"abrasive etc."), the polishing pad 24 of the upper surface
plate 22 and the polishing pad 25 of the lower surface

plate 23 are brought into contact with the glass substrates

25 10 and the rotation of the upper surface plate 22 and lower

21



surface plate 23 is initiated and accel erated while pressing the pads
24 and 25 against the glass substrates 10 (SA3). Subsequently,
polishing is conducted for a given tine period (SA4). Thereafter, the
rotational speed of the 5 upper surface plate 22 and | ower surface
plate 23 is reduced and the pressure is reduced (SAS) . After

Subtr at st Bl DU e TR A A A0 Yobhe) 107he
d ' b i di 2 he fi
Dol 1< G BB L i () 1 0 Db DO SRy LAt (S SHOR | O
Fig. 1. | Lshi ' for.nmed .whi | | yi t he .
or oot er il ab? Ao U SrET v, o PBETGBERE S SoT LAY ads 292 25
f 15 the. -.S] | i shi [ Q d i_hed_ab .
Che | nvents Bn L TG B ng SOPTRRE 7 o Gs CREED ) °g1 yEBATNE S £1e

used 4 n the secondpal ishing 51 ep d SH.,d.0 LS emodient, . e, used
I 395 Si b

in the fi polishing step, an I Ca abrasive s usé% =S the

abrasi ve i thiss HERn 2 AL QA L ea Lo (8 )0e0hRan0 of e,

second polishing ste or Tfromthe m t’hi s~ step,

h S0 s aebtent s ot e e unenif, Bl DG peg 24

and 25 of the doubl e-si Sepatately

from t he saBLaskYe S0 o %rleh%aﬁ%rnmogt %%g_ﬁ% a3 WY Y PPar ed by

m xi ng the solvent with the abrasive.
hi gh- boi l;ippag 350l vent to be injected as an additive has the effect of
preventing the abrasive fromdrying. This solvent hence prevents the

abragj ve from5 ¥apogi-2kRgeaRd dhy-ng af H%%c%&%ggie QR 0f; L he second
polishing step (54), and the tine period require or the abrasive to

vapori zechaddryaessncan)beppr @i%&e"ﬂ)o@%s@ﬁ_’f%;a_rs%%pw > )C%}@n(td )Of@{e

steps. Consequently, the generation of polishing spots (Fig. 11)

caused b¥eabhasp¥@ishing step (S4) shown in Fig. 1. Each polishing
step is performed while supplying the predetermined
abrasive etc. to between the polishing pads 24 and 25 of

15 the double-sided polishing machine 20 as described above.
In the inventiocn, a high-boiling solvent represented by
glycerine is used in the second polishing step (S4) in this
empodiment, i.e., used in the final polishing step, and a
silica abrasive is used as the abrasive in this step.

20 Specifically, from the beginning of the second polishing
step (84) or from the middle of this step, a high-boiling
solvent is injected into between the polishing pads 24 and
25 of the double-sided polishing machine 20 either

separately from the abrasive or in the form of a polishing

25 slurry prepared by mixing the solvent with the abrasive.

22



10 drying in the interval between steps before the glass substrates
are introduced into the next cleaning step can be reduced. [0045] The
presence of polishing spots such as those shown 15 in Fig. 11 may
adversely influence various steps succeeding the polishing step
(e.g., the step of renoving spots is necessary). There also is a fear

t hat such%ﬁﬂﬁhs may deteriorate the quality of glass substrates as a
final product.” According to the invention, the generation of 20

PoLi 2 19 59Ot Ll o) B SUET S SVSEE g ILLUSNCEF, ) 3 cduced
o 0% S0, B LA B O 0 B8 v
AR R T g U
S0l YR VIS . BeT T S0 10 s LS, e L SHLCRlq for i ng
or adher ip%@its@litnla_;e s%"étijt(rSarﬂt)e,s atn% pcrh%t E{:(\thrnet rbeeﬁ%bétfe%ffred for the
abrasive to vaporize to dryness can be prolonged as
compared with conventional steps. Consequently, the
generation of polishing spots (Fig. 11) caused by abrasive
10 drying in the interval between steps before the glass
substrates are introduced into the next cleaning step can
be reduced.
[0C45]
The presence of polishing spots such as those shown
15 in Fig. 11 may adversely influence various steps succeeding
the polishing step (e.g., the step of removing spots is
necessary). There also is a fear that such spots may
deteriorate the quality of glass substrates as a final
product. According to the invention, the generation of
20 polishing spots, which may exert such adverse influences,
is reduced.
[0046]
The higher the boiling point, the more the high-

boiling solvent is effective in inhibiting the spot

25 generation caused by abrasive drying. Consequently, the
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There is hence a possibility that such a high-boiling solvent m ght
reduce polishing resistance and |l ower the efficiency of nechani cal
pol i shing. Consequently, the 10 nol ecul ar wei ght thereof is
preferably 300 or |ower, nore preferably 200 or lower, and is
typically 50 or higher. [0047] In case where the anmount of

he hi ghsbaqil.i | dded | tionint f t_of,th
s 19 G CHE G Hol T ol Voot & (6 AT THEFRERDr 300

e e AT e O L
RSP R R e
oL O R

0 1100 SOLYEI tded 15, Jarasr L 20ty e i, e gl e, oy
five. Comeny, Uonihe, g e gl as g e
coL 1 018, PSSR R N Bt 18, vl L B e 1

. Ly in t. f 1% b
SOl vent Log9esRdadyls e PLeher Ay L LG £A00e.0f L0 Q.06 bY

mass to en nor erera

from 0. 5%cby (7RSS ! @3, A%y, 085S 1 J1AU8) L OHgh=BgLLLRY SOk yent s
contal ni ng any of “one or nore
10  molecular weight thereof is preferably 300 or lower, more
preferably 200 or lower, and is typically 50 or higher.
10047]
In case where the amcunt of the high-boiling
solvent added (proportion in terms of percent of the mass
15 of the high-boiling sclvent tc the sum of the mass of the
abrasive and the mass of the high-boiling solvent) is
smaller than 0.1% by mass, there is a possibility that the
effect of preventing drying might be insufficient.
Consequently, from the standpoint of cobtaining a sufficient
20 drying-preventive effect, the amount of the high-boiling
solvent to be added is preferably 0.1% by weight or larger.
On the other hand, in case where the amount of the high-
boiling solvent added is larger than 20% by weight, the

solvent may cause particle aggregation or bring about the

25 danger of catching fire. Consequently, from the
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hydr oxyl groups, one or nore carbonyl groups, one or nore ether
bonds, and one or nore ester bonds have excellent solubility in the
wat er used as a dispersion nedium of the abrasive. Exanples of

hi gh-boi |l i ng sol vents which contain 15 any one of one or nore

hydr oxyl groups, one or nore carbonyl groups, one or nore ether
bonds, an

150G or M GHEPDTE S ol ReCtT i TS i oFC 00 G~ Tovkton iedde 1.
62) - pr o TSI g i S T6)e O JrOec I {19 Y 785 Satehihg
(107, 11805 1 JEGs 11506, o3fE W en o sd ool o1 o8 4 eyaca LS
) ) I ) ) C ) )

T r 3 dss o oW O, O e high-
(104, 1205 A ARt 5 g0l ShonBitnyl Teneraa0s O by nio
(205, 1500 2 2o Ry Tyt ARE & { BB Bt THE huHor St T e
par ent hesj I i-Ng sol.vent are boiling. point (unit: O
and ol ﬁc%u afﬁf%ﬁe?jg“‘h]} ibﬁfﬁg ot .t%E‘%)'odﬁf'g]rBef mass, arﬁ] _tl!£ s%?%f%‘??%d t hat
the nigh-bald| Ve ) vent, contal nin por._nore
hydr oxyl p%%éﬁﬁs%%%gcl\éus%&et %ﬁiqgeolo\?feﬁftrsﬁﬂas&%ifbr @%ﬁ%b%i%o an(Nater,
is lowy ic, and does not cause polishing pad dissolution. 10
Exanpl es of 'sol vents containing two or nore hydroxyl groups and
havi ng a ejsging point of 150C or higher and a nol ecul ar wei ght of

300 or |l ower i'nclude ethylene glycol,
10 High-boiling solvents containing any of one or more

hydroxyl groups, one or more carbonyl groups, one or more
ether bonds, and cone or more ester bonds have excellent
solubility in the water used as a dispersion medium of the
abrasive. Examples of high-boiling solvents which contain
15 any one of one or more hydroxyl groups, one or more
carbonyl groups, one or more ether bonds, and one or more
ester bonds and which have a boiling point of 150°C or
higher and a meolecular weight of 300 or lower include 1-
hexanol (157, 102), l-heptanol (176, 116), ethylene glycol
20 (198, ©2), propylene glycol (187, 76), 1,3-propanediol
(214, 76), 1,4-butanediol {229, 90}, 1,5-pentanediol (242,
104), hexylene glycol (197, 118), glycerine (290, %2),
diacetone alcochol (168, 116), diethylene glycol (245, 106),
diethylene glycol monomethyl ether (194, 120), diethylene

25 glycol monoethyl ether (202, 134), diethylene glycol
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propyl ene glycol, 1, 3-propanediol, 1,4-butanediol, 1,5- pentanediol,
hexyl ene glycol, glycerine, and triethylene 15 glycol. Mre preferred
exanpl es thereof include ethylene glycol, propylene glycol, and

gl ycerine. Ethylene glycol, propylene glycol, and glycerine, when
added to silica abrasives do not inhibit the dispersibility of the

Bgrhisg::lel i aQ{UQC o] |sh|enrg eds%éﬂougth ﬁ?ﬁ;%{] b%ojdy‘;s%ghﬁ%é% i }hg

(second 1o an ﬁ%@sﬁs’e .2""%%&“22, Just g l‘é%bl'@?éaf' %97 3 'the
Ki

a0 Ol S L0 %de DA e BAE0 bRl

Exanpl es g .i nygnt as being 5 1limted to
t he const(ltutlon\éﬁ ?ﬂgﬁgg#*%ﬁ#ﬁé“%§§ﬁ%?§£ %% 2] [ Test for

Conpay |nqd%gl shi ng Spot Generati on] In order to
i nvestigate the effect of preventing the generatlon of polishing

spots, @ final pohi shi ngesten 10483 enductedising, inanease, a

polishing slurry prepared by adding glycerl e as a ng
solvent tQR1d be a solvent containing two or more hydroxyl groups,

because this solvent has better solubility in water, is
lowly toxic, and does not cause polishing pad dissolution.

10 Examples of solvents containing two or more hydroxyl groups
and having a boiling point of 150°C or higher and a
molecular weight of 300 or lower include ethylene glycol,
propylene glycol, 1,3-propanediol, 1,4-butanediol, 1,5-
pentanediol, hexylene glycol, glycerine, and triethylene

15 glycol. More preferred examples thereof include ethylene
glycecl, propylene glycel, and glycerine. Ethylene glycol,
propylene glycol, and glycerine, when added to silica
abrasives, do not inhibit the dispersikility of the
particles.

20 [0050]

Although the high-boiling sclvent can be used in
all polishing steps (e.g., the first and second polishing
steps), the solvent is used at least in the final polishing
step (second polishing step), which is conducted just

25 before the taking-out step.
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silica abrasive containing silica particles which were coll oi dal
silica (colloidal-silica abrasive) or using, in another case, the
colloidal-silica abrasive to which no 15 high-boiling sol vent had
been added, and whether these two cases resulted in a difference in
t he nunber of gl ass substrates having polishing spots was exam ned.
After COW@G%ﬂP” of the final polishing step, the glass substrates
were taken out” fromthe polishing machine, 20 allowed to stand for

f 1m t t i , t-h it ) ,
rom1 ninute ngq% TS o AN 1t gﬂ”@gféa{pgraggbeg r%%@} ﬁlgnviaar}egcaan by

detergent. Thereafter, the nunber o

pol | shi ng.cspolch Adlher entarkdicletor vas: Coutad ol nbeaglishing, -

slurry, the anmount of the glycerine a

the mass pgfrihes Whehe %he@?u%g] TheuahnebCRadicblans e 8 Camlgt el ¥

the same 1n the two cases. [005 n the case where

col | i daly19iilicee RPras V& & Wi gL g higgh-thoi 1 ch as
glycerine} ﬁad been added wag'used In the}g?ﬁgﬁ'6%ﬁ?§§ﬁ%é§§%g%¥'0.68@6
of the gliagggubstrates suffered polishing spot generation (768

substrates/ 113, 000 substrates). On the other hand, in the case where

the polishing slyreycept-aicide ICeHdiNg ey Kzeddh 1he final
pol i shing step, g.l3@6of thehgﬁhséﬁﬁubstrateg'suffered poIisthg spot

generation (16 subsbi-abesit? i0QRs34Rslkates) efde MBS A IS RASGEMHAI ned
that the frequency of polishing spot generation in the case where
gl yceri nenbadeheen tiideoBorhiadniasy [sPls t RAFIHR 1t R 1ishing step
10 was conducted using, in one case, a polishing slurry
prepared by adding glycerine as a high-boiling solvent to a
silica abrasive containing silica particles which were
colloidal silica (colloidal-silica abrasive) or using, in
another case, the colloidal-silica abrasive to which no
15 high-beoiling solvent had been added, and whether these two
cases resulted in a difference in the number of glass
substrates having polishing spots was examined. After
completion of the final polishing step, the glass
substrates were taken out from the polishing machine,
20 allowed to stand for from 1 minute to 10 minutes, and then
cleaned with water and a detergent. Thereafter, the number
of glass substrates having polishing spots adherent thereto

was counted. In the polishing slurry, the amount of the

glycerine added was 2.9% by mass based on the mass of the
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15 case where glycerine had not been incorporated. [0054]

Separately fromthe conparison test given above, an experinent was
made in which the addition of ethylene glycol or propylene glycol, as
a glycol solvent, was 20 conpared with the case where neither of

t hese sol vents was added. Conditions under which addition of no

sol vent . Id ed, ik, d requency h%f E%kgﬁ_hyl%gl SPet e,? %e%?@g Lo 0 a/n (I;fe

subst rat es/ 340 substrates were resul't,

1.5% by mass. ethylgne. 9| veal. 5‘resul ted in a 25 frequency of poI i shing
spot generation of 0O substrate/l?O substrates, and the addition of
2. 9% by mags; gt hyl ene glycol resulted in a frequency of polishing
spot generation of O substrate/ 17 substrates. It was ascertai ned that

the addition of the sQl vent %%r%blﬁ%et Q Sansidar %E'MJ %%Cx%stdlhﬁe 36

frequency of spot generation ew se, con

unders whi,gh addidt 'hQ@hO-fborlQﬁﬁ_;l wentyifgsulied 40 & L}fcreerclq{?éﬁ'c M pee

pol i shing spot generation of 76 substrates/423°s bstratés were used

to 10 exadee Whe addid iion tefe k-ﬁéu%dﬁ%%ﬁf e @l eeolo s A, 2
result, the resultant frequency was substr at es/ 945 subst rat es.

[ 0056] glass substrates suffered polishing spot generation (768

ns

substrates/113,000 substrates). On the other hand, in the
case where the polishing slurry containing glycerine was
10 used in the final polishing step, 0.13% of the glass
substrates suffered polishing spot generation (16
substrates/12,000 substrates). It was thus ascertained
that the frequency of polishing spot generation in the case
where glycerine had been incorporated was lower than in the
15 case where glycerine had not been incorporated.
[0054]

Separately from the comparison test given above, an
experiment was made in which the addition of ethylene
glycol or propylene glycel, as a glycol solvent, was

20 compared with the case where neither of these soclvents was
added. Conditions under which addition of no solvent
resulted in a frequency of polishing spot generation of 6
substrates/340 substrates were used. 2As a result, the
addition of 1.5% by mass ethylene glycol resulted in a

25 frequency of polishing spot generation of 0 substrate/170
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It can be seen fromthe results given above that 15 according to the
i nvention, spot generation on glass substrates which have finished a
polishing step can be reduced and the quality of the glass substrates
as a final product can be hei ghtened w thout adversely influencing

the steps to be conducted after conpletion of the polishing 20[ 0057]

[ Test forg ggﬁgg i erati sequent |y,
a fore|gnL§u st ance mas a e 0 eggﬁ 2 aq%%I?¥n@ﬁﬁs g &br asi ve

and 2 conhum e ahigpi e s b lese, o aslves, s o used g pl L3

the nurbeye ofg %%"Pa@/tl'fjﬁsgg%e%ad@é’é'sw @argas%% m%q“th%hteat a

pol i shi ng nachlne havi ng s Was Used t o6 con uct poli shi ng at

10 kPa. %E&ﬂ%@t sl Q%é%%’wd%egiﬁé *&d"lécﬁ{s{@éﬁ#&{ﬁ%‘gb@d’ﬁégg&e

particle anet er of pntmes I'n an anoun nass

of each ahrasi-ve. The &lawJat ch abrasive was 100 cc/ m n.
[ 0058] éE%e y Fg (a dﬂ%ﬁﬁgshOM/photographs of peri pheral

parts of @@@%trates pollshed under t hose conditions. Fig. 10 5(a)
shows the case where the abrasive was the cerium oxi de abrasive,

while Fig. 5(b) showsithe %%%%f@%%ﬁ%tJHaéﬂﬂw%%dﬂaadﬁiéﬂdh of no

colloidal-silica abrasivé. Fig. 6 shows the frequency of danage

gener at i eeltremb%sdflt@@%e%) At RAGH Lase pdits Wasd s from the
results of this test that in

generation of 76 substrates/423 substrates were used to
10 examine the addition of 1.5% by mass propylene glycol. As
a result, the resultant frequency was 5 substrates/945
substrates.
[0056]
It can be seen from the results given above that
15 according to the invention, spot generation on glass
substrates which have finished a polishing step can be
reduced and the guality of the glass substrates as a final
product can be heightened without adversely influencing the
steps to be conducted after completion of the polishing.
20 [0057]
[Test for Comparing Polishing Mar Generation]
Subsequently, a foreign substance was added to each
of a colloidal-silica abrasive and a cerium oxide abrasive,
and these abrasives were used to polish glass substrates.

25 The polished glass substrates were examined for the number
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15 the case of using the abrasive containing colloidal silica,

forei gn-substance inclusion is apt to result in damage generation.

[ 0059] A conparison in the frequency of danage generation 20 was then
made between the case where glycerine, a high-boiling solvent, was
added to a colloidal-silica abrasive and the case where gl ycerine was

o, 7 IR WO bR Pttty TRRSEEL: bk it ion
A compar 1G0T ety YPLLRG R e R T S it case
By o ve B THE S e Thal 8 G CRE ToF This ¢ WS Edea | IARD.  The
[oSul ! ol GO 5P JESL s SO I Gk o P oL Lo iR aund
o obi] > e V' AREARNETIoL FUREE S SGBL i Sl 80 2 e
coll of dal e 1.6A AUAYMS, 1L AALLQUS, LONENI B QNS, and the

polishing rates (p Ing efficiencies) corresponding to the
respectivgxgncentrations were determned. The results

Figs. 5 (a) and (b) show photographs of peripheral
parts of substrates polished under those conditions. Fig.
10 5{a) shows the case where the abrasive was the cerium oxide
abrasive, while Fig. 5{b) shows the case where the abrasive
was the collecidal-silica &brasive. Fig. & shows the
frequency of damage generation (number of damages) in each
case. It was found from the results of this test that in
15 the case of using the abrasive containing colloidal silica,
foreign-substance inclusion is apt to result in damage
generation.
[0059]
A compariscon in the frequency of damage generation
20 was then made between the case where glycerine, a high-
boiling solvent, was added to a colloidal-silica abrasive
and the case where glycerine was not added thereto. The
results of this comparison test are shown in Fig. 7. It
was found from the results of this test that the addition

25 of given amounts of glycerine inhibits damage generation.
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15 of this conparison test are showmn in Fig. 9. It was found fromthe
results of this test that the addition of 5% by mass gl ycerine
results in a decrease in polishing rate. [0062] Those results may be
sumari zed as follows. 20 Conpared to cerium oxi de abrasives, use of
colloidal-silica abrasives is nore apt to result in mar generation

t hr ough tﬂﬁ¥§agishing step when a foreign substance has cone

t her ei nt 0. ver, by using a high boiling solvent in the final

i shi , b d. 251t th
Fﬁaltstkggafizilefl on gcf e gs d&ce&{% erersclosecerl“:cel ent” oﬁ‘hs‘?rillnc,?%]c? n
and enabl e &q{eeglssez(%zén ygelﬁgefﬁneef&ecéﬂ é/nedlétharged from

t he polishing pads case 0

copeci ai 1 3 BRI A0S oD genef%yggné%%nw%%_re_
nhi b e hercabne Lndss \hOWNRIoq nOLed Pat yhen e i oly bc%'t%gg

sol vent i s excessi vel to t ol dal -silica abraS|v

pol i shi ng k6 (e lt%ytn%&z‘ fékﬁinﬁfvent re@lsegaeﬁ%[so%%ln SR

t he amount of the high-boiling s be a i's reg ate SO as

to be prefarablsy di e range ofad ram Oaéﬁé@!oﬂ'aé? 4% ‘?/. S%Tng 5*

fromthe standpoint of dimnishing polishing spots or

danages. g I%e%mlémo@fetﬁa%emegfaglg%dl Nt SAlMENthd & ﬁd&eéjnﬂ Soffore

preferabl’'yin the range of from 0.1% by nass to 4.0% by mass, even
nor e prefreriakliyyni.n the range of fromO0.5%by mass to 3. 0% by nass.

10 [0061]

Furthermore, glycerine was added to a collioidal-
silica abrasive in various concentrations, and the
polishing rates (polishing efficiencies) corresponding to
the respective concentrations were determined. The results

15 of this comparison test are shown in Fig. 9. It was found
from the results of this test that the addition of 5% by
mass glycerine results in a decrease in polishing rate.
[0062]

Those results may be summarized as follows.

20 Compared to cerium oxide abrasives, use of colloidal-silica
abrasives is more apt to result in mar generation through
the polishing step when a foreign substance has come
thereinto. However, by using a high-beoiling solvent in the
final polishing step, the damage generation can be reduced.

25 It is thought that the addition of the solvent reduces the
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[ 0064] 20The timng of injecting the high-boiling solvent, the anount
of the solvent to be injected, etc. in polishing steps are not
particularly limted. By adding the solvent to the abrasive fromthe
begi nning of the final polishing step, the polishing step can be
simplified. This nmethod 25 was used in the Exanples When t he

i gh- ed I f the ab
%?Ehb?'s'%d@fbe"%lnﬁ%t 4 R t%"natgbﬁao% % %‘aeﬁﬂrirbo%@?%%%ég )
edoced. e&ﬂar%”rg e L Q{%%ﬁ*%fsé"su. T THee 5 RRARTT on of

frates is
ot T m Lo e S aRe i & gsdfné%ﬁlek#f! ac"OJklgo O AT on i s

[ I t t r electronJ evi ces
whch Zrébr%aguf"%ﬁde%%rhdé Ll atd Al & S ANALE boee)

The igniventid qulsrﬂa%@ glc?%o oa_Ltls‘?Jl (#)%a(}t%gﬁet rq;ég%r?a;sclo% 1] m teq’llbl tehda

enbodi nent s scrib ove, var i catlons can

e o g he gL ] ﬁ%b@@; JRBRch, Lhar &nsnswl%; gh ga%&‘m

i nvention. 15] ication s base apane

Patent Apphiveatd Qr 2008144531, fd %fﬂt%n e 3 g gpntents
2% IR

t hereof being herein incorporate y reference.
APPLI CABLkk-E¥ 5 %@LOQ@Q polishing rate (polishing efficiency)

decreases.

10 [0063]

To sum up, the amount of the high-boiling solvent
to be added is regulated so as to be preferably in the
range of from 0.1% by mass to 20% by mass from the
standpoint of diminishing polishing spots or polishing

15 damages. The amount of the high-boiling solvent to be
added is more preferably in the range of from 0.1% by mass
to 4.0% by mass, even more preferably in the range of from
0.5% by mass to 3.0% by mass.

[0064]

20 The timing of injecting the high-boiling solvent,
the amount of the solvent to be injected, etc. in polishing
steps are not particularly limited. By adding the solvent
to the abrasive from the beginning of the final polishing
step, the polishing step can be simplified. This method

25 was used in the Examples. When the high-boiling solvent is
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The invention can heighten the quality of glass substrates as a final
product w thout adversely influencing the steps to be conducted after
conpl etion of the polishing. The invention is hence useful for the 25
production of various glass substrates, in particular, the glass
substrates for electronic devices which are required to have high

I o] f t
G sks® [O6RE1 ot Wit 0 AR a;bosa.tséﬁf ST s
|
surface Fll gte%tl [ Sclillref el%lestp s"{t figoeooc!f SJHJ'% Qﬂa CLllS nc_:boﬁ‘%esph, n1'ghe

A nethod Ing a glass substrate Whi nprlse

the gl aS%n@tag& 3l @ thqgwoqaa@u%sof@eteﬁ Ro) i;shing. qrachi ne, sal d

nmet hod i nc ng a silica abrasive

hi gh- boi Ife@@c%a' veﬂ&tﬂﬁﬁgﬂgtﬁeb%bbﬁ@leﬁl L ghl%égﬁa%o@ gher into

the gl ass substrate polrshing machine in ss%Substr at e

pol i shing . §L@R+ion of glas% S-Erﬂv%\bn%ttré%d toﬁ:r ITEI éwhestrbl'd"%laskgs AS5e kind

substrate according to erein oi I1'ng Sol vent

sol vent Ravighgsa @Qb%%%ﬁ%%éwgﬁgWbﬂﬁlfﬁy%ég'é OVW'yss substrates for

magnetic disks. The invention is especially suitable for
the glass substrates for electronic devices which are
required to have high precision and high quality.

10 [0065]

The invention should not at all be construed as
being limited to the embodiments described above, and
various modifications can be made therein unless the
modifications depart from the spirit of the invention.

15 [0066]

This application is based on Japanese Patent
Application 2008-174551, filed on July 3, 2008, the
contents thereof being herein incorporated by reference.
INDUSTRIAL APPLICABILITY

20 [0067]

The invention can heighten the quality of glass
substrates as a final product without adversely influencing
the steps to be conducied after completion of the
polishing. The invention is hence useful for the

25 production of various glass substrates, in particular, the
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3. The method for polishing a glass substrate according to claim 2,
wherein the high-boiling solvent is a solvent containing any of one
or nore hydroxyl groups, one or nore ether bonds, one or nore
carbonyl groups, and one or nore ester bonds. 4. The rmet hod
for polishing a glass substrate according to claim3, wherein the

hi gh-boi | j)ng sol vent_is a solvent containing, two or, nore hydroxyl
groups. gTsks Sﬁ%é&r%feﬁTlo?ﬁﬁ %ﬁF?%ﬁlfxﬁ?é#ﬁ%ﬁ @hb?%s§r§u5§ﬂPg¥%d
di clal in the high-boili I t i
accordin ain erein e hi.gh-boili solvent co i ses any
of ethylgﬁ%qﬁ1f%gﬁkﬁ%#%%?$%ﬁﬁ9ﬁl@%%Iﬁk%ﬁuﬁ%ﬂ£ﬁkﬁ1rﬁﬁéh asngiaSSG. The
met hod f i.shi ubstrate according to claim1l1, wherein
t he high?%%l Hﬁgﬂ%£%§§%?&§§%%oh%a.%é%ﬁin an anount in the range of
fromO0. 1% ss to 4.0% by nass based on the total nass of the
hi gh- boi I'i ng sol vent and the silica abrasive. 7. The

net hos ngkgﬁkj%ﬂjng a ggﬁ%gss%gﬁ&&%t%eaccording to claim®6, wherein

the hig I'ng solvent “i's containéd in an anmount in the range of

from 0. 5tchy mass to 3. 0%y 1mass 1B Thg JIeLAGd ok, Bl | Shi ng a gl ass

substrate according to any one of clarns erein the silica

abrasi ve ;gont ai ns silicapartic d. t silica particles are
colloidal silica. 9. A prggggs %8?%€?%a€é?§§ a gl ass substrate,

conprisinpg using the nmethadfor pglishif gl ass substrate accordi ng
to any one of clains 1 to B?r suhTalc®p gt%o. A gl ass substrate

produced 2y Jhhe opr ocess fah RHQdUCHAG @ gl ass substrate according to
claim9.
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11. A process for producing a glass substrate for magnetic disk, said

process conpri sing: a nounting step of nounting the glass
substrate for magnetic di sk between an upper surface plate and a
| ower surface plate each having a polishing pad; a fina

polishing step of polishing both sides of the glass substrate for
magneti c di sk while supplying a silggg;ggrasive and a high-boiling
sol vent having a boiling point of 1 hi gher to between the
pol i shing pads of the upper surface plate and | ower surface plate,
after the nmounting step; and a taking-out step of taking

out the glass substrate fo0 etd c di sk di.sposed.between the upper
surface plate ang noheTRIAC et Pgﬁéf%épﬁéﬁ EHESH FAPSFHEShi ng

‘the | ower "surface p
mmonet i o BSE SSEBEATY £ Rl Eh R T S S b et
cont ai ns o3l 42 LRALNIHS AN thl i ¥, 13 LA LS ARG 01 dal
injecting a silica abrasive and a high-boiling
solvent having a boiling point of 150°C or higher into the

glass substrate polishing machine in a final glass

substrate polishing step.

2. The method for polishing a glass substrate
according tec claim 1, wherein the high-boiling solvent is a

solvent having a molecular weight of 300 or lower.

3. The method for polishing a glass substrate
according te claim 2, wherein the high-boiling solvent is a
solvent containing any of one or more hydroxyl groups, one
or more ether bonds, one or more carbonyl groups, and one

or more ester bonds.
4. The method for polishing a glass substrate

according to claim 3, wherein the high-boiling solvent is a

solvent containing two or more hydroxyl groups.
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5.

according

comprises

glycerine.

6.

accoerding

contained

The method for polishing a glass substrate
to claim 3, wherein the high-boiling solvent

any of ethylene glycol, propylene glycol, and

The method for polishing a glass substrate
to claim 1, wherein the high-boiling solvent is

in an amount in the range of from 0.1% by mass to

4.0% by mass based on the total mass of the high-boiling

sclvent and the silica abrasive.

7.

according

contained

The method for polishing a glass substrate
to claim 6, wherein the high-beiling solvent is

in an amount in the range of from 0.5% by mass to

3.0% by mass.

8.

according

The method for polishing a glass substrate

to any one of claims 1 to 7, wherein the silica

abrasive contains silica particles and the silica particles

are colloidal silica.

S.

A process for producing a glass substrate,

comprising using the method for polishing a glass substrate

according

to any one of claims 1 to 8.
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10. A glass substrate produced by the process

for producing a glass substrate according to claim 9.

11. A process for producing a glass substrate
for magnetic disk, said process comprising:

a mounting step of mounting the glass substrate for
magnetic disk between an upper surface plate and a lower
surface plate each having a polishing pad:;

a final polishing step of polishing both sides of
the glass substrate for magnetic disk while supplying a
silica abrasive and a high-boiling solvent having a boiling
point of 150°C or higher to between the polishing pads of
the upper surface plate and lower surface plate, after the
mounting step; and

a taking-out step of taking out the glass substrate
for magnetic disk disposed between the upper surface plate
and the lower surface plate, after the final polishing

step.

12. The process for producing a glass substrate
for magnetic disk according to claim 11, wherein the silica
abrasive contains silica particles and the silica particles

are colloidal silica.
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