- 1 METHOD FOR ETCHI NG DOUGHNUT- TYPE GLASS SUBSTRATES The present invention
relates to a nethod for etching inner peripheral edge surfaces of

doughnut -type s glass substrates. As a doughnut-type substrate to be used
for e.g. magnetic disk nenory devices, an alum num alloy substrate has
been mainly enpl oyed. However, along with the demand for high density
recording, a glass substrate has now 10 been enpl oyed which is excellent in
flatness and snoothness and of which the base material itself is hard as
conpared with an alum num all oy substrate. However, a doughnut-type
substrate made of glass which is a brittle material, is likely to break
during handling or during 1s use, which is regarded as one of the problens.
One of factors governing the nechanical strength of a doughnut-type gl ass,
substrate for magnetic disks, is scars which are present on the inner

peri pheral edge surface of the glass substrate where the maxinumtensile 20
stress will be exerted by high speed rotation during use - 2 of the
magneti c disks. In a doughnut-type substrate, it 1is conmon that the surface
roughness of the inner peripheral edge surface and the outer peripheral
edge surface (hereinafter sonmetinmes generally referred to as 5 the inner
and outer peripheral edge surfaces) is coarse as conpared with the main
surface (the surface other than
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METHOD FOR ETCHING DOUGHNUT-TYPE GLASS SUBSTRATES

The present invention relates to a method for

etching inner peripheral edge surfaces of doughnut-type
5 glass substrates.

As a doughnut—type substrate to be used for e.g.
magnetic disk memory devices, an aluminum alloy substrate
has been mainly employed. However, along with the demand
for high density recording, a glass substrate has now

10 been employed which is excellent in flatness and
smoothness and of which the base material itself is hard
as compared with an aluminum alloy substrate. However, a
doughnut-type substrate made of glass which is a brittle
material, is likely to break during handling or during

15 use, which is regarded as one of the problems.

One of factors governing the mechanical strength of
a doughnut-type glass .substrate for magnetic disks, 1is
scars which are present on the inner peripheral edge
surface of the glass substrate where the maximum tensile

20 stress will be exerted by high speed rotation during use



the inner and outer peripheral edge surfaces) required to have very high

| evel s of flatness and snoot hness. Nanely, for exanple, when a doughnut-type
gl ass substrate 10 is cut out froma rectangul ar glass plate, the inner and
outer peripheral edge surfaces are cut surfaces formed by cutting or coring
the disk out of the glass plate into a doughnut shape, and they are not
concerned with the magnetic recordi ng. Besides, they are curved surfaces,

is which require a high cost for finish processing, whereby finish

i d el v. ' ] he depth
processing C?’%e%te ?na%%ge%é%o Qg carehed S{AElg%QtQE?ﬁ%CEBbE%%‘A%% t 1‘?:y ept

of scars on inner utér “periphera e su es and theréby to
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outer periphéra ge surfaces is carrie rasive grains finer
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and outer p eral edge surfaces. In order to | \ _ fini shing of
the inner and,Qytet RELHRASLF 83 met MY Je8oradiNgl deted B LTS L O

decrease the roughness, nulti-step processing by nmeans of abrasive grains

having siepwhge j hedwC a0 LRI S ipess ghve 1&fif @eidey &uHMRMET i SUhrsd
mul ti-step processing has a probllem that productivity wll thereby be

subst anti al | ysdebaipla@edt 6drnafthe AR GO Hur iR r Rl g @asihe A B0l ass
substrate to solve the above-nentioned 5 problens, for exanple,
JP-A-7-23062%ndi $@n@$esindo odRRIY peripheral edge surfaces) required to
have very high levels of flatness and smoothness.
Namely, for example, when a doughnut-type glass substrate
10 is cut out from a rectangular glass plate, the inner and
outer peripheral edge surfaces are cut surfaces formed by
cutting or coring the disk out of the glass plate into a
doughnut shape, and they are not concerned with the
magnetic recording. Besides, they are curved surfaces,
15 which require a high cost for finish processing, whereby
finish processing can not adequately be carried out.

In order to reduce the depth of scars on the inner
and outer peripheral edge surfaces and thereby to improve
the mechanical strength, finish processing of the inner

20 and outer peripheral edge surfaces is carried out with
abrasive grains finer than #500 mesh, but considerably
deep scars may still remain on the inner and outer
peripheral edge surfaces. In order to improve the
finishing of the inner and outer peripheral edge

25 surfaces, that is, in order to decrease the roughness,
multi-step processing by means of abrasive grains having

stepwise reduced grain sizes is effective. However, such



an etching treatnent to a glass substrate by neans of an etching liquid
such as hydrofluoric acid or hydrofluoric sulfuric acid to reduce the
surface roughness of particularly the inner peripheral edge surface, which
10 governs the strength of the glass substrate. Further, JP-A-11-328665
di scl oses to cover the etched inner peripheral edge surface wwth e.g. a
protective film obtained by curing a coating conposition containing a

pol ysi l azane, so as to further inprove the strength of 15 such a gl ass

bstrate having ' ' Riped of
SUbSLrat e, haking138 R0 LESaL TR FoRRld A T O & {{pldipd o

etching the inner peripheral ur ass ‘substrate iI's i mersed

in an etchingihhauihd £0F Hhe Lhehiang ibnadt Mte it RIdNEr aRiiicatdon. 20 AS
nmenti oned above, in a conventional etching nethod, since the glass

substrate is maeLisedy AndReadlehing liquid, the entire glass substrate is
etched, and it is inpossible to apply an etching treatnment only to the

i nner peripheral xdge FWSAGbIMYLE GV IdISvd henLJsdvengd i tbnddie
substrate, to a desired depth. Accordingly, when deep scars on the inner

peripherat eggeblsuisl,agerak&atplle HeMRVed,2d0we If rnc 1k dack yfpaces of -
4 the substrate are also etched in a |large etching amount (depth), whereby
the surface aouUghreShgoft richenfenhent: card glkaek sibdheas tWNadskdrs hef an

significant, which may cause nmagnetic head crush, and destroy the entire
recordi ng etching liquid such as hydrofluoric acid or hydrofluoric

sulfuric acid to reduce the surface roughness of
particularly the inner peripheral edge surface, which

10 governs the strength of the glass substrate. Further,
JP-A-11-328665 discloses to cover the etched inner
peripheral edge surface with e.g. a protective film
obtained by curing a coating composition containing a
polysilazane, so as to further improve the strength of

15 such a glass substrate having an etching treatment
applied thereto. As a method of etching the inner
peripheral edge surface, the glass substrate is immersed
in an etching liquid for the etching treatment in either
publication.

20 As mentioned above, in a conventional etching
method, since the glass substrate is immersed in an
etching liquid, the entire glass substrate is etched, and
it is impossible to apply an etching treatment only to
the inner peripheral edge surface, which governs the

25 strength of the substrate, to a desired depth.

Accordingly, when deep scars on the inner peripheral edge

surface are to be removed, the front and back surfaces of



5 surface of the magnetic disk. In JP-A-7-230621, the etching anobunt on the
i nner peripheral edge surface is suppressed to be at nost a certain anpunt
so as to prevent such excessive etching on the front and back surfaces of
the substrate. If the etching anount on the 10 inner peripheral edge surface
is restricted in such a manner, if deep scars are present on the inner

peri pheral edge surface, they can not sufficiently be renoved by etching,
whi ch nmay decrease the strength of the glass substrate. is The above

probl em can bgesglygdrhyeparki allly cRPled A6 an 1ehCfd RE dHier) MMuranl y to
the inner peripheral edge surface of the glass substrate. However, if only

the inner perbppendl, etgeedyr taee sofrflke FHoaghneswbslfr alte ifs-drx kév@t ched so
that the front and back 20 surfaces of the glass substrate are not

subst anti al | paekcbedfaicksi $eh@@uitiethel @ipma\rarianithe weiictt mgy iciiise from
bei ng brought into contact with the front and back surfaces of the
substrate, imagnketiksheaduictedht,0 amEsidespaiclyi ahe eritdrrd hasrddd riginer
peri pheral edge surface of 25 the glass substrate, which decreases the
efficiency asdrfbhe odpatkt ymaohetthie etichi.ngInp&Pahi-Gr2and2iincrteases the
cost. Under these circunstances, it is an object of the present invention
to provi de aetehhod Bowouatclinndgheddmgleruperypheglads edehsturdiaess iwhi ch nakes
it possible to apply an etching treatnent only to inner peripheral
suppressed to be at most a certain amount so as to
prevent such excessive etching on the front and back
surfaces of the substrate. If the etching amount on the
10 inner peripheral edge surface is restricted in such a
manner, if deep scars are present on the inner peripheral
edge surface, they can not sufficiently be removed by
etching, which may decrease the strength of the glass
substrate.
15 The above problem can be solved by partially
applying an etching treatment only to the inner
peripheral edge surface of the glass substrate. However,
if only the inner peripheral edge surface of the glass
substrate is to be etched so that the front and back
20 surfaces of the glass substrate are not substantially
etched, it is required to prevent the etching liquid from
being brought into contact with the front and back
surfaces of the substrate, i.e. it is required to mask
portions other than the inner peripheral edge surface of
25 the glass substrate, which decreases the efficiency and

the capacity of the etching operation and increases the

cost.



5 edge surfaces of a | arge nunber of doughnut-type glass substrates all at
once. To achi eve the above object, the present inventors have conducted
extensive studies on a nethod for etching inner peripheral edge surfaces of
doughnut -type glass 10 substrates and as a result, found that an etching
treatnment can be applied substantially only to inner peripheral edge
surfaces of doughnut-type glass substrates, by lamnating a plurality of
doughnut -type gl ass substrates so that 'their circular holes at their 15

center forma cykipdri ¢alesh0l8r ARG t3WRRIYI NG an ehChivi®cd iguidor an
etching gas to the cylindrical hole to etch the inner surface of the

cylindrical ﬁ%geni{h@npéaa@ah tbhyesiliee Bamek@ea FecoRl-hshed on the basis
of this discovery. Nanmely, the present invention provides the 20 foll ow ng

met hod for egehi Hﬁudouggeugiwaesqba&sfat&@bsbvhat:asma@kle)s Atneied fier et chi ng
doughnut -t ype g ass strates, which conprises lamnating a plurality of

doughnut -ty peoghgﬁsys dhskeahesgeachahavenfgoalel teuliahe2Sphaligphairdit s center
so that the circu holes forma cylindrical hole, and applying an etching

t reat nents t oedganeurpacepherab edggesuumpdees odf dolhghphitr-alyigey Qfaddhe - 6
| am nat ed doughnut-type gl ass substrates all at once by neans of an etching
|l iquid or ansebshiragegasallwaer enpethe etching liquid or the etching gas is
supplied from one
To achieve the above object, the present inventors
have conducted extensive studies on a method for etching
inner peripheral edge surfaces of doughnut-type glass
10 substrates and as a result, found that an etching
treatment can be applied substantially only to inner
peripheral edge surfaces of doughnut-type glass
substrates, by laminating a plurality of doughnut-type
glass substrates so that their circular holes at their
15 center form a cylindrical hole, and supplying an etching
ligquid or an etching gas to the cylindrical hole to etch
the inner surface of the cylindrical hole. The present
invention has been accomplished on the basis of this
discovery. Namely, the present invention provides the
20 following method for etching doughnut-type glass
substrates.
(1) A method for etching doughnut-type glass
substrates, which comprises laminating a plurality of
doughnut-type glass substrates each having a circular
25 hole at its center so that the circular holes form a

cylindrical hole, and applying an etching treatment to

inner peripheral edge surfaces of the plurality of the



end of the cylindrical hole, made to flowin the 5 cylindrical hole, and

di scharged fromthe other end of the cylindrical hole so that it is not in
contact with exposed main surfaces of the doughnut-type glass substrates
at both ends of the | am nate consisting of the doughnut-type gl ass
substrates. 10 (2) The nethod for etching doughnut-type glass substrates
according the above (1), wherein the etching treatnent is carried out in a
state where the plurality of the | ami nat &d “doughnut -t ype gl ass substrates

are held SOlBR@haEQ@ 1Sl ?ﬁﬁu%x%§p%fgﬁ@%sC%UHgyfdggs'gyfadﬁségée
per pendi cul ar . The nmefhod for et ching doughnut-type gl ass substrates

accordi ng tomteaﬁsae@vsn( :cnwher aiibud adeet anhavidid gy fdaaw Ratdrand kide sane
di aneter as the dianmeter of the cylindrical hole |s connected to one end of

the 20 cylindeigahghaliguidaca paekichehiay BeGsa ifd @ugpatikdifidom st antial |y
t he sane dianeter as the dianeter of the cylindrical hole, and the etching

| iquid or thenateli Re @33 insirsdpNl hed et, 0 msadied tene 1en4d iaf dHe cylindri cal
hole enploying a flow path thus formed. 25 (4) The method for etching

doughnut -4 ypeyg@hiags i caabsbrat, e andc dasdhagded tthembte dther (63)d &f (3),

wherein the etching liquid or the etching gas after the - 7 etching

treat nent isthecyg¢lletdriohlThe leeishodhhar iet dhi mgtdaugiaritdatperigltass
exposed main surfaces of the doughnut-type glass
substrates at both ends of the laminate consisting of the
doughnut-type glass substrates.

10 (2) The method for etching doughnut-type glass
substrates according the above (1), wherein the etching
treatment is carried out in a state where the plurality
of the laminated doughnut-type glass substrates are held
so that the center axis of the cylindrical hole is

15 perpendicular.

(3) The method for etching doughnut-type glass
substrates according to the above (2), wherein a duct
having a flow path with the same diameter as the diameter
of the cylindrical hole is connected to one end of the

20 cylindrical hole via a packing having a flow path with
substantially the same diameter as the diameter of the
cylindrical hole, and the etching liquid or the etching
gas is supplied to said one end of the cylindrical hole
employing a flow path thus formed.

25 (4) The method for etching doughnut-type glass

substrates according to the above (1), (2) or (3),

wherein the etching liquid or the etching gas after the



substrates according to any one of the above (1) to (4),

etehing treatnent is carried out while 5 rotating the plu
| am nat ed doughnut-type glass substrates upon the center
cylindrical hole. (6) The nethod for etching doughnut-ty
substrates according to any one of the above (1) to (5),

et ching anount on the inner periphery edgg surfaces is fr
The doughnut-type gl ass substrates accordi'ng to any one

wherein the
rality of the

axis of the
pe gl ass

10 wherein the
om3 to 50 ~im (7)
of the above (1) to

(6), mhereineggﬁéﬁ%cggggtmghgaggeggc&%lgapried out by neans of an etching
[

liquid. is Accor

gl ass substrates @nerhamhoahsd 86rtBathih eaapghhﬁul-agfpao
forma cylindrical hole, and an etching lNquid or an“etc

g to the present invention, a plurality of doughnut-type

scat their center
ing gas is

supplied toghperextindrieakdiabetboaghChnkhesi RAQN aPiriaqa )ofd ha )20

cylindrical hole. Accordingly, an etching treatnent can

be applied

subst anti al | yn@pkYnt enknBeEhpah phebdhepdde s tUrfraces Rt &g 1¢oughnut -type

gl ass substrates without etching the front and back surf

aces of the

substrates, raedtfidgt bae, ptigalingr ofethphesalingded swiipers -afydde 25

| am nat ed doughnut -type gl ass substrates can be etched at
i nner periphgllaksedgpssiatasespoh @hkakgatemupidrs of @has
etched all at once at a - 8 |ow cost.

hole.

(6) The method for etching doughnut-type

substrates according to any one of the above

a tinme. Thus,
gysuibsiriaisds can he

glass

(1) to (5),

10 wherein the etching amount on the inner periphery edge

surfaces is from 3 to 50 um.

(7) The doughnut-type glass substrates according to

any one of the above (1) to (6), wherein the

etching

treatment is carried out by means of an etching liquid.

15 According to the present invention, a plurality of

doughnut-type glass substrates are laminated

so that

their circular holes at their center form a cylindrical

hole, and an etching liquid or an etching gas is supplied

to the cylindrical hole to etch the inner surface of the

20 cylindrical hole. Accordingly, an etching treatment can

be applied substantially only to inner peripheral edge

surfaces of the doughnut-type glass substrates without

etching the front and back surfaces of the substrates,

and further, the inner peripheral edge surfaces of the

25 laminated doughnut-type glass substrates can
a time. Thus, inner peripheral edge surfaces

number of glass substrates can be etched all

be etched at
of a large

at once at a



In the acconpanying drawings: Fig. 1 is a cross-sectional view schematically
ilbustrating one enbodi nent of the etching nethod of the 5 present
invention. Fig. 2 is a cross-sectional view schematically illustrating one
preferred enbodi nent of the etching mnethod of the present invention. Now,
the present invention will be described in 10 detail with reference to the
preferred enbodi nents. The doughnut-type gl ass substrate of the present
invention is a doughnut-type glass substr& e having a circular di sk shape
with a prede&gan%g%% radius and having a circular cut hol e having
substantiall y T he Sarre 15 center as the center of the disk at a center

portion of the @ﬁﬂ%héﬂg%%?@Q%ﬁ%fgﬁiﬁggﬂ{ I pheral edge surface, an outer

peri pheral edge surface an in surfaces. In the follow ng
description, theglass ;substraf jggyggi%5¥1¢aéunggﬁgg-gy | ass
substrate. 20 The di mensions ofE%%e oughnut -type g aséasdﬁg%g%tes are not

particularly ;hhmsted, idyd Jnae HRAHIS AS t HERRIANS hdbhdlNo fMhe f OF
exanpl e, be such that (a inner dianeter 7.0, outer dianeter 21.4, plate

t hi cknessg 0 sebl®) inRek idameter 12.0, outer dianeter 48.0, plate 25
t hi ckness 0.?5, (c) inner diameter 25.0, outer dianeter 84.0, plate

thickness 1.0, (did.nneridiamtas adimdervidl dmiafadtN1pl ate
t hi ckness 0.5, or 6%) i nner dianeter - 9
illustrating one preferred embodiment of the etching
method of the present invention.

Now, the present invention will be described in

10 detail with reference to the preferred embodiments.

The doughnut-type glass substrate of the present
invention is a doughnut-type glass substrate having a
circular disk shape with a predetermined radius and
having a circular cut hole having substantially the same

15 center as the center of the disk at a center portion of
the disk, and having an inner peripheral edge surface, an
outer peripheral edge surface and front and back main
surfaces. In the following description, the glass
substrate means such a doughnut-type glass substrate.

20 The dimensions of the doughnut-type glass substrates
are not particularly limited, and the dimensions as
represented by mm may, for example, be such that (a)
inner diameter 7.0, outer diameter 21.4, plate thickness
0.38, (b) inner diameter 12.0, outer diameter 48.0, plate

25 thickness 0.55, (c) inner diameter 25.0, outer diameter

84.0, plate thickness 1.0, (d) inner diameter 12.0, outer

diameter 48.0, plate thickness 0.5, or (e) inner diameter



25.0, outer dianmeter 95.0, plate thickness 0.8. The type of glass to be used
for the doughnut-type glass substrates of the present invention is
preferably a glass having the follow ng characteristics, for the s

. i nprovenent of the weather resistance. However, the glass is not limted
thereto. Water resistance: Wien the glass is imersed in water of 80C for
24 hours, the weight reduction of the glass (eluted amount) due to elution
of conponents from 10 the glass, is not Abre than 0.02 ng/cn2. Acid

resi st ance: eq tggﬁ%%aﬁia%%tggnggg%g h?a?gggéﬁcﬁng%%gqﬁqgoric aci d aqueous

sol ution of Cfor ours, tThéiei'g ion of the glass (eluted

anount) due to ghuti eOfong{eiEa%@ostk{]erqu%éw%cﬂl% &&e‘ﬂ%umﬁ%‘e 1s than

0.06 ng/cnR. Al kali resistan en ass 1's I mrers in a .1 N

sodi um hydr 06;?%%3?%5%%‘&%&%@%?'Eh%f p3RGeher i%xf‘\‘ren@‘brnsdé Lbei?ér’%ﬁlg %FUC“ on

of the gl ass anount) ue to elution conponent ass is
not more 20 {han<1naghaaP « HEDES 1RHE SRR 30k JHA1R itdhan £, 1§ @/ cn2. I n

the present invention, it is not required to use a chem cal reinforcing

method, and therevemeA® LeWehe hicHichelr RS ANt abwaledl kahi metal such
as Na or Li as the conposition of the glass with a view to nmaking 25

chem cal reigfgeeengntoROSSik@q ther@kass which nmay be used for the
doughnut -typé gl ass substrates of the present invention, may, for exanple,
be a glass havingis@Rr resistance: When the glass is immersed in
water of 80°C for 24 hours, the weight reduction of the
glass (eluted amount) due to elution of components from
10 the glass, is not more than 0.02 mg/cm®.
Acid resistance: When the glass is immersed in a 0.1
N hydrochloric acid aqueous solution of 80°C for 24
hours, the weight reduction of the glass (eluted amount)
due to elution of components from the glass, is not more
15 than 0.06 mg/cm®.
Alkali resistance: When the glass is immersed in a
0.1 N sodium hydroxide aqueous solution of 80°C for 24
hours, the weight reduction of the glass (eluted amount)
due to elution of components from the glass is not more
20 than 1 mg/cm?, more preferably not more than 0.18 mg/cm?.
In the present invention, it is not required to use
a chemical reinforcing method, and there is no lower
limit in the content of an alkali metal such as Na or Li
as the composition of the glass with a view to making
25 chemical reinforcement bossible. The glass which may be

used for the doughnut-type glass substrates of the

present invention, may, for example, be a glass having an



- 10 alkali netal oxide content of from1l to 20 mass% such as soda |line
sitica glass, alumna silicate glass, alkali- free glass or crystallized

gl ass. The present invention is characterized in that, as 5 nentioned

. above, a plurality of doughnut-type glass substrates are |am nated so that
their circular holes at their center forma cylindrical hole, and an
etching liquid or an etching gas (hereinafter sonetines they wl|l
generically be referred to as an etching }?qnid or the 10 like) is supplied

to the cylindgical, %Itglt 8x§rd%hc%ﬁ et O %L%rofma‘i]e g G %Vé“ ndrjgpladol e,

wher eby inner ™ perip eral e sur aces t he ass subs rat'es are - etched.

That is, whemoacphyral Ly s0h gqa%gnutamm%ag'saﬁ%casc%b@tf ales ane,lan nat ed

so that their CII’CU heir center are at t e sane pOSItIOI’] a

through- holefr@avg@gs@ el el @t gnassseatan o€ a cylindrical hole is
formed by inner péripheral edge surfaces of the glass substrates at the

center portion oirHhedagnatied Qltash, SURH S rAMeLIGDINhd i aid or an
etching gas is 20 supplied to the cylindrical hole to apply an etchlng

{reat nents t Ogbhe 1bARE aBULEACE ofl urha 16y} IFIHARInAl-ypanarahy the inner

perlpheral edge surfaces of the plurality of the Ianlnat gl ass substrates
are etched aglbs2ta®B&eardd1hminRe e 3L rhalth\ @Rt oki thig JWmere HPfatgl ass

substrates to be lam nated is not limted. In the

their center form a cylindrical hole, and an etching
liquid or an etching gas (hereinafter sometimes they will
generically be referred to as an etching liquid or the

10 like) is supplied to the cylindrical hole to etch an
inner surface of the cylindrical hole, whereby inner
peripheral edge surfaces of the glass substrates are
etched. That is, when a plurality of doughnut-type glass
substrates are laminated so that their circular holes at

15 their center are at the same position, a through-hole
having a circular cross-section i.e. a cylindrical hole
igs formed by inner peripherél edge surfaces of the glass
substrates at the center portion of the laminated glass
substrates. An etching liquid or an etching gas is

20 supplied to the cylindrical hole to apply an etching
treatment to the inner surface of the cylindrical hole,
whereby the inner peripheral edge surfaces of the
plurality of the laminated glass substrates are etched
all at once.

25 In the present invention, the number of glass
substrates to be laminated is not limited. 1In the

present invention, the inner peripheral edge surfaces of



present invention, the inner peripheral edge surfaces of - 11 |am nated

gl ass substrates are etched all at once, and accordingly, as the nunber of
substrates | am nated increases, an etching treatnent can he applied to the
. inner peripheral edge surfaces of a |arge nunber of glass 5 substrates al

at once. The nunber of glass substrates to he | am nated depends on the
thickness and is not limted, and in a case where thickness is fromO0.35 to
1 mm the nunber is appropriately froni abbut 20 to about 250, in view of

uni form etching; gt %B hggg;sﬁﬁslﬁ%%e%fa¥% Lheney R4 i.galo ol e,

productivity, wor et chi ng operation, operatloﬁ eff1ciency,

etc. For theaeés%gg?&geagge%eoaau;n@%f B3¢ RS AleIah andge St faces of

| am nat ed gl ass su fes i.e. i nner surface of e cylindrical hole,

a conmon etCBhEer%eEEtQﬁdeEthﬂba%%ea%%%Eta%a% et aghahicRg Jethed by nmeans
of an etching liquid or a dry etching nethod by neanS of an etching gas,

may, for exampher B%r@ﬁﬂé@ﬁ@ded QDRG r fhRem oF @BHaQ@%hh%ﬁ¢%ﬁiQﬁﬁfﬁﬁﬂﬁpylng
an etching liquid such as a hydrofluoric acid solution, a hydrofluoric 20

sul furic @aci dupgt¥hteB ani1skli estkuor tke aghfioe 628 h81aBEEEAHARY EBPI Oyed.
Particularly preferred is a method enploying a hydrofluoric sulfuric acid

solution. Intbhpeplamehhtedvaapeads ah ehehithd dkndwsd a0/d tike ndd ke is
supplied to the cylindrical hole forned by the 25 |am nated gl ass
substrates firemiead,eaddofint Becase where thickness is from 0.35 to 1
mm, the number is appropriately from about 20 to about
250, in view of uniform etching of the inner surface of
10 the cylindrical hole, productivity, workability of the
etching operation, operation efficiency, etc.

For the etching treatment on the inner peripheral
edge surfaces of laminated glass substrates i.e. the
inner surface of the cylindrical hole, a common etching

15 method for glass, such as a wet etching method by means
of an etching liquid or a dry etching method by means of
an etching gas, may, for example, be employed. Among
them, a wet etching method employing an etching liquid
such as a hydrofluoric acid solution, a hydrofluoric

20 sulfuric acid solution or silicofluoric acid, can be
preferably employed. Particularly preferred is a method
employing a hydrofluoric sulfuric acid solution.

In the present invention, an etching liquid or the
like is supplied to the cylindrical hole formed by the

25 laminated glass substrates from one end of the
cylindrical hole and is made to flow toward the other end

in order that the inner peripheral edge surfaces are



cylindrical hole and is made to flow toward the other end in order that the
i nner peripheral edge surfaces are - 12 etched. The etching liquid or the

| i ke supplied to the cylindrical hole contacts the inner surface of the
cylindrical hole and etches the inner peripheral edge surfaces of the glass
substrates while it flows in the 5 cylindrical hole toward the other end. In
the preferred enbodi nent of the present jnvention, the etching liquid or
the like after etching is discharged front¥he other end of the cylindri cal

nole and i suppLied 4t o Lhe.cylindrical hole) agai p.yiason ogt yLa a tank

for etching rquid or ft recyc , SO as etch the i nner

surface of t e gylidt Cabibokeota R pEedetarmned, depi or Ryd ng thi s

etching, the ing l'rquid or the like 1s adjuste the case requires.

Further, in the;ppesent hBYENLhaNerheCteli Ngnty HesaliRita 1l S ried out
preferably in“such a state that the glass substrates are held so that the

center axis ghirrhbesCyki Rael gahsRolepist rAeERendiiad ar, ferause, Wirn the
gl ass substrates are |l am natéd horizontally and the center axis of the

cylindrical hohenbsipglpaBdeCkbabrd the0dtheROSsidb! eThorABKErEREr@EENI NY
liquid or the like wuniformly flowin the direction of the center axis of

the cylindrigBbdhnkatand unef prekynet chvehe ioanetheuhata ef 1ifigd .
cylindrical hole. Further, when the etching liquid or the like Is supplied
to the cylindki eak heke, afftegtching is discharged from the other
end of the cylindrical hole and is supplied into the
cylindrical hole again via or not via a tank for etching
10 liquid or the like and recycled, so as to etch the inner
surface of the cylindrical hole to a predetermined depth.
During this etching, the etching liquid or the like is
adjusted as the case requires.
Further, in the present invention, the etching
15 treatment is carried out preferably in such a state that
the glass substrates are held so that the center axis of
the cylindrical hole is perpendicular, because when the
glass substrates are laminated horizontally and the
center axis of the cylindrical hole is perpendicular, it
20 1s possible to make the etching liquid or the like
uniformly flow in the direction of the center axis of the
cylindrical hole and uniformly etch the inner surface of
the cylindrical hole. Further, when the etching liquid
or the like is supplied to the cylindrical hole, it may
25 be supplied either from the upper portion or the lower

portion of the cylindrical hole. Further, although it is

usually preferred to hold the glass substrates so that



25 be supplied either fromthe upper portion or the lower portion of the
cytindrical hole. Further, although it is wusually preferred to hold the

gl ass substrates so that - 13 the center axis of the cylindrical hole is

- perpendi cul ar for etching as nmentioned above, it is possible to hold the
gl ass substrates in a state where the center axis is tilted at a
predeterm ned angle to the perpendicul ar % direction for etching. In a case
where the inner peripheral edge surfaces of "the | ani nat ed gl ass substrates

are etched byygeans.af. .30 etghing 'c'ggiliigﬁg%gatlg%ﬁg%efi%rf 1(§)teglt(%:j{1c%dnlga{’{]iequi g

cylindrical hole wth the etching |i eth

flow For exappl ec-Wiel hREnEheRbR@d hibdved 3% SWRIdLd HIromd Rk, upper
portion of the cylindrical hole, the amount of the etching |iquid

di scharged fgam HheskowabsRehkean iaf at ke a6\ Wil and et d:s Jvade 10 be the
sanme as or smaller than the supply is anmount, whereby the cylindrical hole

is filled withitha aet ghiphedeiatind neWhemgike tentidee gardemtiGalahol e is
filled with the etching liquid in such a nanner, the entire inner

peri pherai edgeestibacesrokthengespective |am nated gl ass substrates are
uniformy in contact with 20 the etching liquid, whereby the inner

peripheral edge 1sULf aces Garike teichetheaf fget igid palansigmi worfdyes Furt her,
the etching treatnent may be carried out by supplying the etching liquid to
the cylindriedl thel @aminated glass substrates are etched by means of
an etching liquid, it is preferred to fill the
cylindrical hole with the etching liquid and to make the
10 etching liquid flow. For example, when the etching
liquid is supplied from the upper portion of the
cylindrical hole, the amount of the etching liquid
discharged from the lower portion of the cylindrical hole
is made to be the same as or smaller than the supply
15 amount, whereby the cylindrical hole is filled with the
etching liquid. When the entire cylindrical hole is
filled with the etching liquid in such a manner, the
entire inner peripheral edge surfaces of the respective
laminated glass substrates are uniformly in contact with
20 the etching liquid, whereby the inner peripheral edge
surfaces can be etched efficiently and uniformly.
Further, the etching treatment may be carried out by
supplying the etching liquid to the cylindrical hole in a
state where the glass substrates remain stationary or may
25 be carried out by supplying the etching liquid to the

cylindrical hole while rotating the glass substrates upon

the center axis of the cylindrical hole. By rotating the



state where the glass substrates remain stationary or may 25 be carried out
by supplying the etching liquid to the <cylindrical hole while rotating the
gl ass substrates upon the center axis of the cylindrical hole. By rotating
.the - 14 glass substrates, the etching rate can be increased and further,
etching can be carried out nore uniformy. The flowrate of the etching

liquid in the cylindrical hole may suitably he sel ected dependi ng upon the
type of the 5 glass substrate, the type Hhd concentration of the et chi ng

I d, et T - th
iquid, etc. %19 %SESEEa?Q‘ée”E\,ﬁIg %h&ﬂgr %gegecgg ST e RGNy ONn the

i nner perlph ge surftace ern the |ng strength of the

doughnut - typﬁu%ﬂé? 1Qt§1—19§5r ahe bec%r%ehbﬂﬂ hbeat G%&tfox%%or dippgly, the
etching depth is preferably"from3 to 50 pm nore preféerablyfrom3 to 40

~im If the eighi PQthBEhthé le@s.ﬁmghamqalarmnr epevak16hadaen 1seRIE Present
on the inner peripheral edge surfacCe téends to be inadequate, whereby 15 the

nmechani cal shapnghhchBngsptosbeekewy abﬁéﬁdgﬂbyuﬁﬁﬁ thenekpeeldfphersal edge
surface of the glass substrate is partially etc the upper Iimt of the

etching depty1hss Babsbesessathky thei ahlly coaabhehlhed oas cgompar ed with
conventional etching. However, if the etching depth 20 exceeds 50 pm the

scar renoval eethesy Wiklhinp eeee increase, and high protrusions may formon
the etched surface.
The present invention is to remove deep scars

present on the inner peripheral edge surface, which
govern the bending strength of the doughnut-type glass

10 substrate, by an etching treatment. Accordingly, the
etching depth is preferably from 3 to 50 um, more
preferably from 3 to 40 pm. If the etching depth is less
than 3 pm, removal of deep scars present on the inner
peripheral edge surface tends to be inadequate, whereby

15 the mechanical strength tends to be low. Since only the
inner peripheral edge surface of the glass substrate is
partially etched, the upper limit of the etching depth is
not necessarily strictly controlled as compared with
conventional etching. However, if the etching depth

20 exceeds 50 um, the scar removal effect will no more
increase, and high protrusions may form on the etched
surface.

Further, in the present invention, when the etching

treatment is applied to the inner peripheral edge surface

25 of the glass substrate, the inner peripheral edge surface

is preferably ground by abrasive grains of from #200 to

#1000 mesh. When the inner peripheral edge surface is



Further, in the present invention, when the etching treatnent is applied to
the i nner peripheral edge surface 25 of the glass substrate, the inner

peri pheral edge surface is preferably ground by abrasive grains of from #200
.to #1000 nesh. Wen the inner peripheral edge surface is - is ground by
abrasive grains having a grain size within the above range, scars present
on the inner peripheral edge surface of the glass substrate can be
efficiently renoved by applying an etchi%@ freatnment to the ground surface.

> Accor di ngl rﬁana' @%S aﬁ&‘Qé‘ig@t %I; ?c}éis”%as}iﬁ Skf %@aﬁ%&%ﬁ%ﬁhw"ﬁﬂdﬂn %o

obt ai ned. Furt her, e ground s ace ma urt her subj ected to mrror

finish processibog 2adobhedcactoBiagel:s Rr khed oMby Bebguahdihedyy den of

grinding tends to inctrease. 10 Further, in the present invention,

chanfering may, kgccaBpl tBE 52269r BEHROLEEORS N0t RE FiiRARKL tASS IRhRRAlG edge
surface thus ground, and thén such gl ass substrates are |amnated and an

et chi ng tf?akyeagph§iﬁgphheéthﬁihgetrkaﬂ%bnﬁe%bpﬁ%%a roigR sWfreces, Wwhereby
chanfered is porirons can he etched sinultaneously. By such etching on the

chanf er eds poptierainghe, chagiaead ssuchtaees GaRikeg amade iEROT Hfaces
W t hout scar, whereby the strength of the glass substrate will further

i mprove by tR{elchpaf ebtagnetf eckuitheépnmbiRat §8BundO0sheracthgapr ef erred

enbodi ment of the present invention wll be explained with reference to

Figs. 1 and further be subjected to mirror finish processing and then
etching is carried out, although the burden of grinding
tends to increase.

10 Further, in the present invention, chamfering may be
applied to corner portions of the inner peripheral edge
surface thus ground, and then such glass substrates are
laminated and an etching treatment is applied to the
inner peripheral edge surfaces, whereby chamfered

15 portions can be etched simultaneously. By such etching
on the chamfered portions, the chamfered surfaces can be
made smooth surfaces without scar, whereby the strength
of the glass substrate will further improve by the
chamfering effect in combination.

20 Now, the preferred embodiment of the present
invention will be explained with reference to Figs. 1 and
2. However, the present invention is by no means
restricted thereto.

Fig. 1 is a cross-sectional view schematically

25 illustrating a method comprising laminating a plurality

of doughnut-type glass substrates 1 each having a

cylindrical hole at its center so that the circular holes



2. However, the present invention is by no neans restricted thereto. Fig. 1
is-a cross-sectional view schematically 25 illustrating a nethod conpri sing
lam nating a plurality of doughnut-type gl ass substrates 1 each having a
-cylindrical hole at its center so that the circular holes - 16 forma
cylindrical hole 2, and supplying an etching liquid 3 to the cylindrical
hole 2 so that inner peripheral edge surL ces of the glass substrates are
etched. 5 Each of the glass substrates 1 %vé a circular hole at its

center, and iebswl ANeKNGIAeNaAd0S SUAGEANG L OULE! Aenipheral edge

surface are groun to concentric circles havi ned i nner

di aneter andjquten 3diaMeher «yn8sRRGHavehh1The I qupd | gl peri pheral edge
10 surface and outer peripheral edge surface have desired surface roughness

(Ra), and freatipndrhackdiR RusWElReeHE MR RIQGERS SRbdta-drave Lesired
fl at ness and snoot hness. By prelimnarily making the outer dianeter and the

i nner di anekernheld.each of the glass substrates 1 have such 15 predeterm ned
di mensi ons, when the glass substrates 1 are |am nated so that they are

arranged on the basis oF die glaldersyaidRierall adge sard aeeslat heorent ers of
the |amnated glass substrates 1 (the centers of the circular holes) are

at the sane p@Siitisokenedqr Gindglits it FerieHdhar aldgdgasiidacasd
(cylindrical holes) of the
outer peripheral edge surface are ground into concentric
circles having predetermined inner diameter and outer
diameter, respectively. The ground inner peripheral edge
10 surface and outer peripheral edge surface have desired
surface roughness (Ra), and front and back main surfaces
are processed to have desired flatness and smoothness.
By preliminarily making the outer diameter and the inner
diameter of each of the glass substrates 1 have such
15 predetermined dimensions, when the glass substrates 1 are
laminated so that they are arranged on the basis of the
outer peripheral edge surfaces, the centers of the
laminated glass substrates 1 (the centers of the circular
holes) are at the same position. Accordingly, inner
20 peripheral edge surfaces (cylindrical holes) of the
continuously arranged and laminated glass substrates form
a cylindrical hole 2 as shown in Fig. 1. In Fig. 1, A
illustrates a center axis of the cylindrical hole 2.
In Fig. 1, glass substrates 1 to which an etching
25 treatment is applied at a time are laminated. The

laminated glass substrates are held by presser plates 5

via packings 4 at both ends and fixed by fixtures 6.



continuously arranged and | am nated gl ass substrates form a cylindrical
hole 2 as shown in Fig. 1. In Fig. 1, A illustrates a center axis of the
cylindrical hole 2. In Fig. 1, glass substrates 1 to which an etching 25
.treatnent is applied at a tine are |lam nated. The |[|am nated gl ass
substrates are held by presser plates 5 via packings 4 at both ends and
fixed by fixtures 6. - 17 A flow path 9 # make an etching liquid flow
therethrough is provided at a center portion of each of the packings 4,

presser plates 5aand §, ?taltrl,ps_, &0 andd he, gdcqygr;@tﬂ?%@ cates with the

cylindrical hole 2. In such a case, the dianeter of the flow path 9 is

adj usted tochersubsbagh aldl %,Mamta% the rdiramRhars &f dheaaylémndrical
hole 2, so that the etching liquid will not in contact with the upper main

surface of theet gacBiags 4SURTESAR FGtdre J QMR fBidh Sl facespf die bottom
gl ass 10 substrate of the lam nate consisting of the | am nated gl ass

substrates. Fhak bSth b comiMARGEER S &ifdhatt Hheyiatding 1l isi& i | Izpnot

| eak out fromthe flow path 9. By providing the flow path 9 for an etching
liquid, #Havisnght Becsaes dhanetiemeasd it tofe thewWdurdrd ciad 4w westddd 2, on
each side of the cylindrical hole 2 of the I|am nated glass substrates i.e.
a gl ass substpbabe shpaitaatealllle téleCHan@g ldsqwd JAiwinddt dxe sl y

i ntroduced to and discharged fromthe cylindrical hole 2, and the etching
l'iquid 3 wilkybéndedeallo hadief @r,msy fdhaw the etching liquid will not

in contact with the upper main surface of the top glass
substrate and the lower main surface of the bottom glass

10 substrate of the laminate consisting of the laminated
glass substrates. That is, it is arranged so that the
etching liquid will not leak out from the flow path 9.
By providing the flow path 9 for an etching liquid,
having the same diameter as that of the cylindrical hole

15 2, on each side of the cylindrical hole 2 of the
laminated glass substrates i.e. a glass substrate
laminate, the etching liquid 3 will be smoothly
introduced to and discharged from the cylindrical hole 2,
and the etching liquid 3 will be made to uniformly flow

20 from the introduction end to the discharge end of the
cylindrical hole 2, whereby the entire inner surface of
the cylindrical hole 2 will be uniformly etched.
However, the diameter of the flow path 9 does not
necessarily strictly agree with the diameter of the

25 cylindrical hole 2 so long as the above object can be

achieved.

In this embodiment, such laminated glass substrates



20 fromthe introduction end to the discharge end of the «cylindrical
2,»wWhereby the entire inner surface of the cylindrical hole 2 wll be
uniformy etched. However, the dianmeter of the flow path 9 does not

. necessarily strictly agree with the diameter of the 25 cylindrical hol
| ong as the above object can be achieved. In this enbodi nent, such

| am nat ed gl ass substrates -

cylindri cal
7 is supplie

hole 2 is perpendicul ar, tﬁelétéhing liquid 3 stored in a

a Hﬁﬂﬁg end ofa t | i ' | e
made to flowq"l %*ﬁﬁ%oﬁ rl{agg}ttl%eho e, so 't %tAt e t_ilglélneéryﬂ%‘;aé%%%l e
surfaces of thie ¢l ass AUDMIAIEH AL A Llahad by 116,81 NI doLdguid ol N

such a case,

It is preferred

where the cyldngricals halg12 ds vy 1d ghmhid MeLhe @Chigises i it doB bye

adj usting the amounts of 'the 10 etching liquid 3 injected and di scharged.

The et ching

H19HG 2 URRA LD (hd hady dhdriGal i hodige cpmid@rndyn Tl

toward the discharge end in a state where the cylindrical hole of whi
center axis Adie, ReJ penH aHarindey fiddgthavdh ddee ed i fed i gl ghd. 15

Accordi ngly,

the etching liquid 3 is evenly brought into contact with

hol e

e 2 so

18 1 are set so that the center axis A of the

t ank
2 and
dge

at the etching liquid 3 flows in a state

ows
ch the

t he

i nner surfacegefsd kit atdd calatoléachednd, Whd astd i@y chegsuide imner

peri pheral edge surfaces of the glass substrates 1.

10

15

20

25

such a case, it is preferred that the etching liquid 3
flows in a state where the cylindrical hole 2 is filled
with the etching liquid 3 by adjusting the amounts of the
etching liquid 3 injected and discharged. The etching
liquid 3 supplied to the cylindrical hole 2 uniformly
flows toward the discharge end in a state where the
cylindrical hole of which the center axis A is
perpendicular, is filled with the etching liquid 3.
Accordingly, the etching liquid 3 is evenly brought into
contact with the inner surface of the cylindrical hole 2
and uniformly etches the inner peripheral edge surfaces
of the glass substrates 1.

The etching liquid discharged from the cylindrical
hole 2 is returned to the tank 7 and then supplied to the
cylindrical hole 2 again by a recycle system to etch the
inner peripheral edge surfaces of the glass substrates 1.
During this etching treatment, the concentration of the
etching liquid is adjusted as the case requires.

Further, etching may be carried out in the same
manner by making the cylindrical hole 2 be filled with an

etching gas instead of the etching liquid and making the



The etching liquid discharged fromthe cylindrical 20 hole 2 is returned to
the tank 7 and then supplied to the «cylindrical hole 2 again by a recycle
systemto etch the inner peripheral edge surfaces of the glass substrates
.1. During this etching treatnent, the concentration of the etching Iiquid
is adjusted as the case requires. 25 Further, etching may be carried out in
the same manner by naking the cylindrical _hole 2 be filled with an etching
gas instead of the etching liquid and nﬁk}%g'the - 19 etching gas flow, or
by spraying . chi g n €1 r f ace .@f 1t |J i hol e 2,
which is notgggﬁ%§§ ?%SF?S?Qi.BEigyl%B?gygﬂ§r%§5?§§g%?§ha %A%ﬁ&ﬂﬁ@

schemati cal | y il LUSELALI BE enRe exanpkeiehit Ae1Rr ef eniadeniodident in a
case where an etching treatnent is carried out by means of an etching

liquid. An etgBiAgihi @yhd hs injected into a flow path in a duct (disk
pressure nozzle) 5A fromits upper portion, 10 passes through a packing 4

and is supplied #Qa oyhiQr icg@ls 1ol tdone il Ratdinati ddie uct 5A and
the hole of the packing 4 forma flow path 9. The etching liquid in the

cylindrical hohgs2rBassgSonkthequapla pECkinRg p4cfe@Pddenudsmesitd iof 4 he
cylindrical 15 hole 2, and passes through a hole fornmed on a presser plate

5B and is di sghar gadreTha Bekasnef thletpaeki 1g 4araidd kaitPngsseyary ate 5B
forma flow path 9.
of an etching liquid.

An etching liquid is injected into a flow path in a
duct (disk pressure nozzle) 5A from its upper portion,

10 passes through a packing 4 and is supplied to a
cylindrical hole 2. The flow path of the duct 5A and the
hole of the packing 4 form a flow path 9.

The etching liquid in the cylindrical hole 2 passes
through a packing 4 from the lower end of the cylindrical

15 hole 2, and passes through a hole formed on a presser
plate 5B and is discharged. The holes of the packing 4
and the presser plate 5B form a flow path 9.

As the packing 4, an O-ring may, for example, be
used, and its inner diameter is equal to the diameter of

20 the cylindrical hole 2.

The duct 5A is connected with the upper end of the
cylindrical hole 2 via the packing 4 placed on a glass
substrate laminate 10. The duct 5A functionally
corresponds to the upper presser plate 5 of Fig. 1, and

25 the diameter of the flow path in the duct is equal to the

diameter of the cylindrical hole 2.

Although one corresponding to the upper fixture 6 of



As the packing 4, an Oring may, for exanple, be wused, and its inner
dianeter is equal to the dianeter of 20 the cylindrical hole 2. The duct 5A
is connected with the upper end of the <cylindrical hole 2 via the packing 4
. placed on a glass substrate |lam nate 10. The duct SA functionally
corresponds to the upper presser plate 5 of Fig. 1, and 25 the di aneter of
the flow path in the duct is equal to the dianmeter of the cylindrical hole
2. Al though one corresponding to the uppetOfixture 6 of - 20 Fig. 1 is not

shown in Fiopig, @ V&I GBE WHLEA L5 BOL SNOWN.ceh CXATRhe, J g, itached to

the duct 5A a packi ng is pr éd again t he "upper surface of the

gl ass substr ghgbamkRgl exdpdy the dueh o SoTREPAGIING s LoD

uni formy pressed agal nst e upper surface of t ass substrate | am nate

10 by the d%ghgﬁ?h@r i%hgr%%@ii”gghiiﬁ‘éitd t'?@/u? ke tstﬂl;r@é% & pace between

t he packing e duct 5A or the upper surface of the glass substrate

l'am nate 10, jandst beplQgtehhagihbgul d Wil che igygorhact with the exposed
main surfacé of the doughnut-type glass Substrate which is the upper

surface of the ghﬁ%spg@%baheﬂa%mﬂaﬁ% 11 dinnAgrddidla thp pagking 4 is

uni formy pressed, r exanple, the duct SA has to be pressed against the
i s packing 4tas {ipbkewsurfhat b$. tRelyild@s( Rebsthawmr) 1fafinkeld ing gyhe duct

SA is fixed and provided on a frane

the duct 5A, or the etching liquid may leak through a
space between the packing 4 and the duct 5A or the upper
surface of the glass substrate laminate 10, and the

10 etching liquid will be in contact with the exposed main
surface of the doughnut-type glass substrate which is the
upper surface of the glass substrate laminate 10.

In order that the packing 4 is uniformly pressed,

for example, the duct 5A has to be pressed against the

15 packing 4 as follows. That is, a guide (not shown) for
setting the duct 5A is fixed and provided on a frame
which is not shown at an appropriate position
corresponding to the upper half of the duct 5A in a state
where it is pressed against the packing 4. The diameter

20 of the setting guide is larger than the diameter of the
duct 5A by from about 1 to about 2 mm. On the other
hand, the packing 4 is placed on the upper surface of the
glass substrate laminate 10 so that its center is at the
same position as the center axis of the cylindrical hole

25 2.

Then, the duct 5A is inserted into the setting guide

and put on the packing 4, the above weight is attached to



which is not shown at an appropriate position corresponding to the upper
half of the duct 5A in a state where it is pressed against the packing 4.
The diameter 20 of the setting guide is larger than the dianeter of the

- duct SA by f romabout 1 to about 2 mnm On the other hand, the packing 4 is
pl aced on the upper surface of the glass substrate lamnate 10 so that its
center is at the sane position as the peg%e[ axis of the cylindrical hole
25 2. Then, the duct 5A is inserted into e setting guide and put on the

packing 4, thgeabowe wRi, 0Bhd $hat bachedrt @he Zhctt R ducts A tANGAde axis
of the duct 5A is set to agree wth the center axis of the cylindrical hole

2. Since a gpapethk teameabatdisl oifo taloWk,/12 nARiics 1pRIeNt2 bekwaes at he
setting guide and the duct 5A as described above, it s is easy to let the

axi s of the dpateSAfagien abbitt he tcCemiorit @xinf dfs tdregeyd n¥tveadn hol e 2
even when the upper surface of the glass substrate |lam nate 10 i s not
conpl et el y hehezeatakngResdldel agldy theh@upaclsiaing A desscriiddrabdayepr eissed
agai nst the upper surface of the glass 10 substrate |lam nate 10 by the duct
5A. The ps esser epkat eoSBeltocatkedxial off the ldner ssurdaee wiftH hehegl ass
substrate lamnate 10 is fixed on the above frane, and the presser plate 5B
has a hol e weehtele agase ofdithreicer] iasirtikatl dloltehe eudmahesaltHeoluppger 15 The
packing 4 is placed on the presser plate 5B, and
surface of the glass substrate laminate 10 is not
completely horizontal. Resultingly, the packing 4 is
uniformly pressed against the upper surface of the glass
10 substrate laminate 10 by the duct 5A.
The presser plate 5B located below the lower surface
of the glass substrate laminate 10 is fixed on the above
frame, and the presser plate 5B has a hole with the same
diameter as that of the cylindrical hole 2.
15 The packing 4 is placed on the presser plate 5B, and
the center of the packing 4 is made to agree with the
center axis of the hole of the presser plate 5B. On the
packing 4, the glass substrate laminate 10 is placed, and
the center axis of the cylindrical hole 2, the center of
20 the packing 4 and the center axis of the hole of the
presser plate 5B are made to agree with one another.
The lower surface of the glass substrate laminate 10
is pressed against the packing 4 by a force from the duct
5A and the weight of the glass substrate laminate 10, and
25 the packing 4 is uniformly pressed against the presser

plate 5B. Accordingly, the etching liquid to be

discharged from the lower end of the cylindrical hole 2



the center of the packing 4 is nmade to agree with the center axis of the
hole of the presser plate 5B. On the packing 4, the glass substrate

lam nate 10 is placed, and the center axis of the cylindrical hole 2, the
- center of 20 the packing 4 and the center axis of the hole of the presser
pl ate 5B are made to agree with one another. The | ower surface of the glass
substrate lamnate 10 is pressed against_the packing 4 by a force fromthe
duct SA and the weight of the glass substfafe | aninate 10, and 25 the
packing 4 | s uaidar Ht RIESTEL 30AILS be R PER58M, B dingly,
t he etching P qtf’ie% to beg%di schar geéff rom thé ow_enrg engatrg% %ee%% ndIPi cal
hole 2 - 22 .pagssesg NQuah HNe A% &f diks RAd 0 £ %%éf@icﬂ{ esser

pl ate 5B (such holes forma flow path 9 at a portion below the gl ass

substrate | amgdiahe tHd) glialRowudrakitng 1RGN 130aGEeS iRaiverh ¢ 1&gy packing 4

and the lower 5 surface of the glass substrate lam nate 10 and between the
packi ng 4 angrihRigy epsfle PhRiteeeB W pdde iy asanq idnentdp Wil | be

described in further detail with referénce to Exanples. However, it should

be under s oo@rFalcd RE RIRSILINRIBItIHHS 1ALl 0 gRans Bbasiddgted to
such specific Exanples. 150 sheets of doughnut-type gl ass substrates having

an outer di areleehafki®? MMand thHNPredeiAatef 520 nm and a thi ckness of
0.9 mMm were prepared which were nade of glass having a conposition
conprising, as cals®ul aed present invention will be described in
further detail with reference to Examples. However, it
should be understood that the present invention is by no
10 means restricted to such specific Examples.
150 sheets of doughnut-type glass substrates having
an outer diameter of 65 mm, an inner diameter of 20 mm
and a thickness of 0.9 mm were prepared which were made
of glass having a composition comprising, as calculated
15 as oxides, 56 mass% of 8i0O,, 6 mass% of B,0;, 11 mass% of
Al,0;, 0.05 mass% of Fe,O03, 0.1 mass$% of Na,O0, 2 mass% of
MgO, 3 mass% of CaO, 15 mass% of BaO and 6.5 mass% of
Sr0.
The inner and outer peripheral edge surfaces of each
20 of the above doughnut-type glass substrates were
subjected to finish polishing with diamond abrasive
grains smaller than #500 mesh, so that the concentricity
of the outer and inner peripheries (the distance between
the centers of the inner circle and the outer circle) was
25 at most 25 um and the roundness was at most 25 um. Then,

the glass substrates were subjected to lapping with

alumina abrasive grains having an average particle size



15 as oxides, 56 mass% O Si 02, 6 nmass% of B203, 11 mass% of A1203, 0.05
mass% of Fe203, 0.1 mass% of Na20, 2 mass% of MO, 3 nmass% of CaO, 15 mass%
of BaO and 6.5 mass% of SrQO The inner and outer peripheral edge surfaces

- of each 20 of the above doughnut-type gl ass substrates were subjected to
finish polishing with dianond abrasive grains smaller than #500 nesh, so
that the concentricity of the outer and %ﬂner peri pheries (the distance
between the centers of the inner circle d the outer circle) was 25 at

most 25 ~i m apd ot he LOUNARLIS MRS AN B 3B JWRe s Pk cand G KlAS Sy Syibst r at es
were subjected to lapping with alum na abrasive grains having an average

particle sizgy. 23 of 9 pmand ground until the thickness becane about 0.9
nm 150 gl ass substrates thus processed were |lam nated and held as shown in

Fig. 1 so that thejg gidddlabdtdases @ud PlidcceMervdbsl thhormag
cylindrical hole, and a hydrofluoric sulfuric acid solution containing 5%

each of hydgeld wenic sacCisthownd isUlEiy.i & a6 s pt ied-dwl dhencles
cylindrical hole and nade to flowin the cylindrical hole to etch inner

peripherat edge therifracentelr WeR1E FimlQ Yhsiiatiesal hadepidyof about 20
}imall at once. After the etching treatnent, the |l am nated gl ass

substrat es weR@rsEnalcatied suafdidike ddirkersqlert idieradntedge ng B$ agash adf t he
gl ass substrates were visually observed
hydrofluoric acid and sulfuric acid was supplied to the
cylindrical hole and made to flow in the cylindrical hole
to etch inner peripheral edge surfaces of the glass
10 substrates to a depth of about 20 um all at once.

After the etching treatment, the laminated glass
substrates were separated, and the inner peripheral edge
surfaces of the glass substrates were visually observed
and as a result, it was confirmed that the ground inner

15 peripheral edge surfaces were etched.

Further, the inner diameters of the glass substrates
were measured to examine the dispersion and as a result,
all the diameters were within an acceptable range of a
specified dimension of +2 um, and it was found that a

20 large number of glass substrates can be uniformly etched
all at once.

According to the present invention, an etching
treatment can be applied to inner peripheral edge
surfaces of a large number of doughnut-type glass

25 substrates all at once. Accordingly, the present

invention can reduce the cost, and is useful for

production of high quality glass substrates for magnetic



and as a result, it was confirnmed that the ground inner is peripheral edge
surfaces were etched. Further, the inner dianeters of the glass substrates
were nmeasured to exam ne the dispersion and as a result, all the dianmeters
.were within an acceptable range of a specified dinension of 2 pm and it
was found that a 20 | arge nunber of gl ass substrates can be uniformy etched
all at once. According to the present ipvggtion, an etching treatnent can
be applied to inner peripheral edge surfates of a | arge nunber of

doughnut -typg;gkass 25 substrates all at once. Accordingly, the present

i nvention can reduce the cost, and is useful for production of high quality
gl ass substrates ther MRYARL IG sc1&burl S - JapHie £NPd et SOHOBLES Dbn
Japanese Patent Application No. 2004-352994 filed on Decenber 6, 2004
including sgeci boeatbengoal &ikd drAWrGHHRA 65UPTRIZY i@fﬁuﬁi:ﬂﬂ{?or por at ed
herein by reference in its entirety. - 25 CLAIMS: 1. A nethod for etching
doughnut - t ypapgkass caehshr, ate$i msWhiddhwa ol 35 Judiaiat iy a plurality of
doughnut -type gl ass substrates each having a circular hole at its 5 center
so that the ghcewbatahelbesererim dyCcdradianeal ikolies e @B}t yi ng an etching
treatnment to inner peripheral



edge surfaces of the plurality of the | am nated doughnut- type gl ass
substrates all at once by neans of an etching |liquid or an etching gas,
wherein the etching liquid or 10 the etching gas is supplied fromone end of
and di schar ged

. the cylindrical hole, made to flow in the cylindrical hole,
fromthe other end of the cylindrical hole so that it is not

in contact

W th exposed main surfaces of the doughg t-type glass substrates at both
ends of the is |lam nate consisting of the doughnut-type gl ass substrates.

2. The met hogrhemget chi ng doughnut -type gl ass substrates according to Caim
1, wherein the etching treatnent is carried out in a state where the

plurality of the kRt ed.d

that the center axis of the cylindriccal hole is perpendicular. _
net hod for e{ghicRYcSAPGRREE- KRG nGltassy aszjhsltﬂaqtﬂg,_ @ECQIdﬂigT&dtO-tgdﬁé m 2,
wherein a duct having a flow path with the sane dianeter as the di aneter of
the 25 cylingnheal shBke rasegorBest edtitngonre @rdafart h1eCc\dd ndrd cal hole via
a packing having a flow path with substantially the sanme dianeter as the

di ameter of thater26o eWaitndhieCali eller ad dheERtnch rgyliid tb0r Hdee,

etching gas is supplied to said one end of the cylindrical

hol e

QUAMNUg tadRgy I BS T IDGTAl £ @8 & hed

3.

& 20 so
The

enpl oyi ng

a flow path thdsapplgetg 4n Efehieihaedebamesitc iond mheug attidhgrealgl ass 5

substrates according to Claiml, 2 or 3, wherein the

edge surfaces of the plurality of the laminated doughnut-

type glass substrates all at once by means of an etching

liquid or an etching gas, wherein the etching liquid or

10 the etching gas is supplied from one end of the

cylindrical hole, made to flow in the cylindrical hole,

and discharged from the other end of the cylindrical hole

so that it is not in contact with exposed main surfaces

of the doughnut-type glass substrates at both ends of the

15 laminate consisting of the doughnut-type glass substrates.

2. The method for etching doughnut-type glass

substrates according to Claim 1, wherein the etching

treatment is carried out in a state where the plurality

of the laminated doughnut-type glass substrates are held

20 so that the center axis of the cylindrical hole is

perpendicular.

3. The method for etching doughnut-type glass

substrates according to Claim 2, wherein a duct having a

flow path with the same diameter as the diameter of the

25 cylindrical hole is connected to one end of the

cylindrical hole via a packing having a flow path with

substantially the same diameter as the diameter of the



etching liquid or the etching gas after the etching treatnent is recycled.
5.« The nethod for etching doughnut-type gl ass substrates according to any
one of Clainms 1 to 4, wherein 10 the etching treatnment is carried out while
. rotating the plurality of the | am nated doughnut-type gl ass substrates

upon the center axis of the cylindrical hole. 6. The nethod for etching
doughnut -type gl ass substrates accordin&ﬁ%o any one of Clains 1 to 5,
wherein 15 the etching anount on the i r~ peri phery edge surfaces is from

5 L0,0,P, L g, BRUSIU SRR oL aas RS HEL SR, SEE LA, L Aing one o
etching 'iqubgs %g supplied to said one end of the cylindrical hole
employing a flow path thus formed.
4. The method for etching doughnut-type glass
5 substrates according to Claim 1, 2 or 3, wherein the
etching liquid or the etching gas after the etching
treatment is recycled.
5. The method for etching doughnut-type glass
substrates according to any one of Claims 1 to 4, wherein
10 the etching treatment is carried out while rotating the
plurality of the laminated doughnut-type glass substrates
upon the center axis of the cylindrical hole.
6. The method for etching doughnut-type glass
substrates according to any one of Claims 1 to 5, wherein
15 the etching amount on the inner periphery edge surfaces
is from 3 to 50 um.
7. The doughnut-type glass substrates according to any
one of Claims 1 to 6, wherein the etching treatment is
carried out by means of an etching liquid.

20



