- 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 all oy substrate

has been mainly enpl oyed. However, along with the demand for high density

recor di ng,

a gl ass substrate has now 10 been enpl oyed which is excellent
‘flatness and snpot hness and of which the base material itself is hard

conpared with an alum num all oy substrate. However, a doughnut-type

substrate nade 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.

in
as

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
edge surface of the glass substrate where the maximumtensile

peri pher al

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
edge surface (hereinafter sonetinmes generally referred to as 5

peri pher al
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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
glass substrates.

As a douanut—typé 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
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
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, is
scars which are present on the inner peripheral edge
surface of the glass substrate where the maximum tensile

stress will be exerted by high speed rotation during use

and outer peripheral edge surfaces) is coarse as conpared with



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 gl ass
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.

Besi des, they are curved surfaces, 15 which require a high cost for finish

processing, ghenebmadridt s PIHeLssithg o Fdbudinrdegyrt elubdte-pas riad out.
In order to reduce the depth of scars on the inner and outer peripheral

edge surfacess ahidierayt tthd PIVEce Lhsu |6l g romgén, finish
processing of the inner 20 and outer peripheral edge surfaces is carried

out with alyasipieaidtgd i NerFfdlarnmd0dhseshtePUbe £0PIsE HLT abliye deep

scars may still remain on the inner and outer peripheral edge surfaces. In

order to i nphovEadde(hdidl il t@r ofohdiei ¥ efeddeh DL eFe PeFiphletal agdge 25
‘surfaces, that is, in order to decrease the roughness, nulti-step

processi By yhdreaiise OfaraDrast &€ 2l Mise PRV i ddige SECPIRSEsY edycedagsai n si zes
is effective. However, such - 3 nulti-step processing has a problemthat

product i vi t yas Wdrhpdhed ebir et isaibsd Bt dalf ycdetehé osat pdce apdnt her Raat
remar kably increases. As a glass substrate to solve the above-nentioned 5
probl ens, fathexpimd:e, and-dutle 236 1ple 581 08@5e t OUBPRLYs) required to
have very high levels of flatness and smoothness.
Namely, for example, when a doughnut-type glass substrate
10 1is 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 liqu
such as hydrofluoric acid or hydrofluoric sulfuric acid to reduce the
surface roughness of particularly the inner peripheral edge surface,

10 governs the strength of the glass substrate. Further, JP-A-11-3286
di scl oses to cover the etched inner peripheral edge surface wth e.g.

protective film obtained by curing a coajing conposition containing a

pol ysil azane, so as to further inprove the strength of 15 such a gl ass
substrate havilgi a9t €p Chidges & bod NeAé a appbbeemt braEt prodacaivetirod of
i nner peripheral edge surface, the glass substrate 1s inmersed
in an etchingill qtheréloy bdesebethamgi il bat aebérioratélier anpubhiecabien.
As mentioned above, in a conventional etching method, since the glass
substrate i srémaEksielly i tinéeagdéshing liquid, the entire glass substrat

etching the

et ched, and

it is inpossible to apply an etching treatnent only to t

i nner peripheral Aedgegitstasaebsvhath goveblset BRe23bst/eefighlt ioheldhe

substrate, to a desired depth. Accordingly, when deep scars on the in
peri pheral eggsblemsf ater aggahplde JTRARVRd230be1lf doBtlasdsbaskapgliaces of
- 4 the substrate are also etched in a |large etching anount (depth),
wher eby t he stréeackingughasssent tbeafgdassasdbsbaakesbyf meanst efidant o be

significant,
recordi ng
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whi ch may cause nmgnetic head crush, and destroy the ent
etching liquid such as hydrofluoric acid or hydrofluoric

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

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
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
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whi ch
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s surface of the magnetic disk. In JP-A-7-230621, the etching anmobunt on
the i nner peripheral edge surface is suppressed to be at nost a certain
anount so as to prevent such excessive etching on the front and back
surfaces of the substrate. If the etching ambunt on the io inner peripheral
edge surface is restricted in such a manner, if deep scars are present on
the i nner peripheral edge surface, they g£an not sufficiently be renoved by
etching, which nmay decrease the strength of the glass substrate. is The
above probl gthe auliat suie ardye bee téadhsd Hpph ylagganeetbhngganeeat nent
only to the inner peripheral edge surface of the glass substrate. However,
if only the (demthlperylphesly thigeswrfice erofighhesyl afsthesubsonttands to be
etched so that the front and back 20 surfaces of the glass substrate are
not subst antbadd yswtidees tends tedud retonbf pravent whhehenahi agusequid from
bei ng brought into contact with the front and back surfaces of the
substrate, imagnetiq sheadjuiresht camdsesporyivhe enheret hanordeéngnner
peri pheral edge surface of 25 the glass substrate, which decreases the
ef ficiency aurfade chpdes tnagicthe @ichi ngropdt-dtiDrR3RI ndtkemses t he
cost. - 5 Under these circunstances, it is an object of the present
i nvention t cprlvvigieanowet o floe breer nger tplughalt edgpesyrissesubst r at es,
whi ch nakes it possible
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 igs 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.



to apply an etching treatnment only to inner peripheral 5 edge surfaces of a
| ar ge nunber of doughnut-type glass substrates all at once. To achieve the
above object, the present inventors have conducted extensive studies on a
met hod for etching inner peripheral edge surfaces of doughnut-type gl ass
10 substrates and as a result, found that an etching treatnment can be
applied substantially only to inner perigpheral edge surfaces of
doughnut -type glass substrates, by lamnating a plurality of doughnut-type
gl ass substr at esUisdet halteddet ircumsthacedpl s A dhedbjdstcefit ehef orm a
cylindrical hole, and supplying an etching Iliquid or an etching gas to the
cylindrical gfwdsertto etwent idre tonarosind atenatfhodef oyl etneleizal hol e. The
present invention has been acconplished on the basis of this discovery.
Nanel y, the doegenit-twentglasprovislosatde, 2thich lmakeg etibosisflbieet chi ng
doughnut -type glass substrates. (1) A nethod for etching doughnut-type
gl ass substtatamlsrc e tcdmprd seiscd ttmemat dmly atpl inmé T tgeoiphevaghnut - t ype
gl ass substrates each having a circular 25 hole at its center so that the
ci rcul ar sholeslpd umfaceylahdr i sabgd ohwnbemn do A ppdydimguant gpe hghgssr eat ment
to inner peripheral edge surfaces of the plurality of the - 6 |am nated
doughnut - t ypaukigtasst sulst ¥ sttesorate . at once by neans of an etching liquid
or an etching gas, wherein the
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
liguid 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



etching liquid or the etching gas is supplied fromone end of the
cylindrical hole, made to flowin the s 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 glass substrates. 10
(2) The nethod for etching doughnut-type glass substrates according the
above (1), wherein the etching treatnment is carried out in a state where
t he pluralitlamiofattde danghnalted worighiags t yypesigtasss sabst aat escarkeyhel d so
that the center axis of the cylindrical hole is is perpendicular. (3) The
met hod for eteshismgidamghetuthinypel ghasd oswdost eatkinacgas di wgeteinhehabove
(2), wherein a duct having a flow path with the sane dianeter as the
di aneter ofettdleimyllimridabr hohe etscltimmegaedisosopelead dfonmhen0
cylindrical hole via a packing having a flow path with substantially the
sanme di anet endof hehali enkirdrfal heoleylnadei cal fhoveinandet he et ching
liquid or the etching gas is supplied to said one end of the cylindrical
hol e enpl oyayngiradfieml pache t hasd f @t stk r@&d (B¥omhehaethbedr f endev€hi ng
doughnut -type gl ass substrates according to the above (1), (2) or (3),
wher ei n t he Btehingindgical oroldeset thiingi gassahoer inheontdct weithi ng
treatment is recycl ed.
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 liguid or the etching gas after the



(5) The nethod for etching doughnut-type glass substrates according to any
one of the above (1) to (4), wherein the etching treatnent is carried out
while 5 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 glass substrates according to any one of the
above (1) to (5), 10 wherein the etching anount on the inner periphery
edge surfaces is from3 to 50 in. (7) The doughnut-type gl ass substrates
accordi ng t etdmynooneesftnent dlowedylldd (6), wherein the etching
treatnment is carried out by nmeans of an etching liquid. is According to the

present inventioff) &hel meihicdy fofr edaigmuutdaugberud -aspesulistgat es are

| am nated so that their circular holes at their center forma cylindrical
hol e, and amsultsthiatgd iagpdadddmaart eetaothy npggast ithes gpdved(1)t ocd hed) ,
cylindrical hole to etch the inner surface of the 20 cylindrical hole.
Accor di ngl y,wherredtrc Hiheg etradaitme itr esgmeriie igppldediesdibsttarwhfléy only to

i nner peripheral edge surfaces of the doughnut-type gl ass substrates

wi t hout set ctutreg itee theomtl waredl ibac ko fs wHeadesniofattde Gabghmat esype and
further, the inner peripheral edge surfaces of the 25 | am nated

doughnut - t ygelagsassisithsttrest ep@artie atrdieed atis oof i ke dhusndir el

peri pheral edge surfaces of a large nunber of glass substrates can be
etched all dtolence at a 8 -

(6) The method for etching doughnut-type glass
substrates according to any one of the above (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 be etched at

a time. Thus, inner peripheral edge surfaces of a large

number of glass substrates can be etched all at once at a



| ow cost. In the acconpanying drawings: Fig. 1 is a cross-sectional view
schematically illustrating one enbodi nent of the etching nethod of the 5
present invention. Fig. 2 is a cross-sectional view schematically
illustrating one preferred enbodi mrent of the etching nethod of the present
invention. Now, the present invention will be described in 10 detail wth
reference to the preferred enmbodinents._ Jhe doughnut-type glass substrate
of the present invention is a doughnut-type gl ass substrate having a
circular diskwhaps-wWth a predeterm ned radius and having a circular cut
hol e having substantially the same is center as the center of the disk at a

center portion ofn the gdtskmpangdingviipgwangknner peripheral edge surface,
an outer peripheral edge surface and front and back main surfaces. In the

foll owing descripigon: {beagbasss-subsirahe UBARSssHERaRidaughnut -type
gl ass substrate. 20 The di nensions of the doughnut-type gl ass substrates

are not particuhsdtyt indi dedl, et ihen€i SENShONSt8BingeREEEEAt 88 Bile M May,
for exanple, be such that (a) inner dianmeter 7.0, outer dianeter 21.4,

pl at e thiscknesssedk 3Bavémyismner dianmeter 12.0, outer dianeter 48.0, plate
25 thickness 0.55, (c) inner dianeter 25.0, outer dianeter 84.0, plate

thi ckness 1.0, (Higlnpeisdhasebes-idcliondletried anRbRnt48a01ypl ate
t hickness 0.5, or (e) inner dianeter
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



- 9 25.0, outer diameter 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 5
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 gl@ass (eluted anmount) due to elution
of conponents from 10 the glass, is not nore than 0.02 ng/cn2. Acid
resi stance: Mhan, tdhecegt adsamstérmmes sed phatte OtHichhéydrochloric acid
aqueous sol ution of 80C for 24 hours, the weight reduction of the glass
(el uted anount) Tikletypeebfit gbasef teomponsatisfbromhehdoghhast -tgpaot nore
15 than 0.06 ng/cnR. Al kali resistance: Wen the glass is inmersed in a
0.1 N sodi ungluyssl axilcket Bajteo ust sohelt poasait 8DiG/énti@4 iBoprsferhblyweaght
reduction of the glass (eluted amount) due to elution of conponents from
the gl ass | gles el thanfdl howin®, cnorecpeei et dbsy fiot tthee than 0. 18
ng/cn2. In the present invention, it is not required to use a chem cal
rei nf or cisng Mmppthwesmemtd ¢dhetlee | geaoheéovessistantei n Hdwewant eriie of an
al kali metal such as Na or Li as the conposition of the glass with a view
to maki ng 25gXdmes talnotki hio: cedenbepeissi bl e. The gl ass which nay be used
for the doughnut-type gl ass substrates of the
" Water 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 agqueous 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



present invention, may, for exanple, be a glass having an - 10 alkali
netal oxide content of from1l to 20 nass% such as soda |linme silica glass,
alumna silicate glass, alkali- free glass or crystallized glass. 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_cyhindrical hole, and an etching
liquid or an etching gas (hereinafter sonetines they will generically be
referred to sk etettdIngtidpicbriteritheoflOftdke) tS Supphsed, t outheas
cylindrical hole to etch an inner surface of the cylindrical hole, whereby
i nner peri pwedall eogesislirdaacesasd, tabugl@s ssslibhsdtatgbaas g akkabed. That
is, when a plurality of doughnut-type glass substrates are |am nated so
that their dreulgradwles atydtalhezed cgldes. are at the same position, a
t hrough-hole having a circular cross-section i.e. a cylindrical hole is
formed by i nner Peeiphesaht ethigeesui baces ohathetgkdssd $nbsheateasat the
center portion of the |lam nated glass substrates. An etching liquid or an
et chi ng gas ment2lorsapEbade t ;a tikurcyl itngdroL adlohoheut ot ppel glaaset chi ng
treatnment to the inner surface of the cylindrical hole, whereby the inner
peri pheral edgstsuatferesrofldmmatprdiraditlyaofthder| airoated hbass at
substrates are etched all at once. 25 In the present invention, the nunber
of gl ass 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
is formed by inner peripheral 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. In the

present invention, the inner peripheral edge surfaces of



Substrates to be lamnated is not limted. In the present invention, the
i nner peripheral edge surfaces of - 11 |am nated gl ass substrates are
etched all at once, and accordingly, as the nunber of substrates |am nated
i ncreases, an etching treatnent can be applied to the inner peripheral
edge surfaces of a |large nunber of glass s substrates all at once. The
nunber of gl ass substrates to be |am nated_-depends on the thickness and is
not limted, and in a case where thickness is from0.35to 1 nm the
nunber is afpmdpratade|gl daomuiiaiutatXés tarabotthe @5 1 i st voreee pf anwddi f or m
etching of the inner surface of 10 the cylindrical hole, productivity,
wor kabi | i ty agfcdrta nadtychiay) tdpemainiory, ependtstoratedd | Taeiwyte@t c. For the
etching treatnment on the inner peripheral edge surfaces of |am nated gl ass
substrat es iirmrddees, rmeretsthirar ec wdattientcydamdoe capp hie@, ta cloemon
etching is method for glass, such as a wet etching nmethod by neans of an
et ching |i quirhenr e udimphetalhiedgerstunofadys nefans bdrgametlodir ngf gabassmy,
for exanple, be enployed. Anong them a wet etching nmethod enpl oying an
et chi ng bi quubstsnedtesasalal tdraridealor iMheaciuhkzod Wi glase udrsoftates ¢ 20
sul furic acid solution or silicofluoric acid, can be preferably enployed.
Parti cul ar | ycqroef erangichd e daptdrots enptioyi thyl ekigsls ofihdorscnsul furic acid
solution. In the present invention, an etching liquid or the likeis
supplied to timited, ratrd cat dotasd orimexe byhidleness 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



25 |l am nated gl ass substrates fromone end of the cylindrical hole and is
made to flow toward the other end in order that the inner peripheral edge
surfaces are - 12 etched. The etching liquid or the like 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 s cylindrical hole toward_-the other end. In the preferred
enbodi ment of the present invention, the etching liquid or the like after
etching i s dtstiedr.getthér enchhiegofiieuidend ahet hekeylsupgiliieal tholtheand is
supplied into the cylindrical hole again via or not via a tank for etching
10 i quid orytlhHadrike lamdlrrecyritedit s les et cdunfree-e merthesur f ace of t he
cylindrical hole to a predeterm ned depth. During this etching, the
etching |iquiyd iodrtilke 1l iHod 6 ssindadjtustes] Ewe thmmeagerigtheraek.edgether, in
the present invention, the etching is treatnent is carried out preferably
in such a stsatrd atdest oft dhgylAss s uhsistataaseavdi e ditsof tdwad imetlent er axi s
of the cylindrical hole is perpendicul ar, because when the gl ass
substrat es ang ingininstlehdiey itzoreal |theansthdre ersent dn dphies pafe fichmred
cylindrical hole is perpendicular, it 20 is possible to nake the etching
liquid or tReHdddkiemenmidforoie driementn irmeendi rect ittre cftelngehienidxi s of
the cylindrical hole and unifornmly etch the inner surface of the
cylindrical dwlthe Rukeherftasheat alinetichidigs¢hapgetl 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 liguid 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



or the like is supplied to the cylindrical hole, it my 25 be supplied
either fromthe upper portion or the |ower portion of the cylindrical

hol e. Further, although it is wusually preferred to hold the gl ass
substrates so that - 13 the center axis of the cylindrical hole is

per pendi cular for etching as nentioned above, it is possible to hold the
gl ass substrates in a state where the cefniger axis is tilted at a
predeterm ned angle to the perpendicular s direction for etching. In a case
where the inter qeattiqhedsal s el eclsairddciasdr vfal hivol am sapedoghdssusabst r at es

are etched by neans of an etching liquid, it is preferred to fill the
cylindrical fmtetwhing hes eteii gpdd abbovandit olsakesshield0tethblidg |iquid
fl ow. For exanple, when the etching liquid is supplied fromthe upper
portion of ttlee gldsndvulcatrdmode, it e sttetwioérs hehet cénngr!| agilsdis
di scharged fromthe |ower portion of the cylindrical hole is nade to be
t he sane as wiltsadldtera tireedd hermsipapd yadglanoonthe wherpbydibelayl i ndri cal
hole is filled with the etching liquid. Wen the entire cylindrical hole
is filled wittedtiomtTdr ngtd¢hguid in such a manner, the entire inner
peri pheral edge surfaces of the respective |amnated glass substrates are
uniformy in conimacéd enstd Ebetrbetkéchnngr!| pguidhewhér eldget berfanes
peri pheral edge surfaces can be etched efficiently and uniformy.
Furt her, theofettthe nipniestednglany debsbrated avé byched by means of
an etching liquid, it is preferred to f£ill the
cylindrical hole with the etching liquid and to make the
10 etching liquid flow. For example, when the etching
liguid 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 ligquid. 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



supplying the etching liquid to the cylindrical hole in a state where the

gl ass substrates renmain stationary or

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 gl ass substrates, the etching rate can be increased and further,

etching can be carried out nore uniformygs The

may 25 be carried out by supplying

flowrate of the etching

liquid in the cylindrical hole may suitably be sel ected dependi ng upon the
type of theglasy asdssudettasat eshd he dhipey aretk & oreoerite ainareaged hendt chi ng

liquid, etc. The present invention is to renove deep scars present on the

i nner peri pHerdlhesdge tsilrifrar esarwthes ramgonast rou th endpem dimpf stmEngt IThef t he
doughnut -type glass 10 substrate, by an etching treatnment. Accordingl
et chi ng deptfilaws gatef erfablhe fatorthihg ol S imorlee qykimdabtyl fhobe3 to 40
}im If the etching depth is less than 3 jam renoval of deep scars
present on ey iswidrablperhep heyladcmet edenaridiosy tepwis tloe beypeaadequiat e,
whereby is the nechanical strength tends to be low. Since only the inner

peri pher al

upper limt of the etching depth is

alge s idateradfe t hehgl agse subdtoateentsrapaon i of | yhet ched,

conpar ed wi tdtchddaov dritquwinhl ettechi ng. However, if the etching depth 20
exceeds 50 }im the scar renoval effect will no nore increase, and h
protrusi ons may The reorsenie Bredrdion is to remove deep scars

10

15

20

25

present on the inner peripheral edge surface, which
govern the bending strength of the doughnut-type glass
substrate, by an etching treatment. Accordingly, the
etching depth is preferably from 3 to 50 um, more
preferably from 3 to 40 pym. If the etching depth is less
than 3 pum, removal of deep scars present on the inner
peripheral edge surface tends to be inadequate, whereby
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
exceeds 50 pm, 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
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

Y,

t he

i gh

t he

not necessarily strictly controlled as



surface.
applied to the inner peripheral edge surface 25 of the glass substrate,.

t he i nner peri pheral

Further, in the present invention, when the etching treatnent

ground by abrasive grains having a grain size wwthin the above range,
scars present on the inner peripheral edge -surface of the glass substrate

can be efficiently renoved by applying an etching treatnent to the ground
surface.

be obtained. Further, the ground surface may further be subjected to

mrror fini shopreocessgieng saradt 4 presestichvmgches narer qokwoidhewd hadgd t he

burden of grinding tends to increase. 10 Further, in the present

i nvention,
peri pher al

charflaerd 1f e lgel asgp et taot & arane rbgo oz ff fi joniserof 1§ heemowed

is

edge surface is preferably ground by abrasive grains

of from#200 to #1000 nesh. Wen the inner peripheral edge surface is - 15

s Acoundi oyt b sghvas grsubst rtatei i ngrairdesi zeedvstiemgtie Wl |

edge surface thus ground, and then such glass substrates are
| am nat ed amy appatychiogr redatinery tseappntede cclidegroumdrsypef apher al
surf aces,

made snooth surfaces w thout scar, whereby the strength of the glass

substrat e wwilllf dret hodot & imprcby e Floy tihieer , ¢ lrdnef erriowgnde fsfuetfia den megrbi nat i on.

Now,

the preferred enbodi nent of the present

10

15

20

25

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

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
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.

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
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

edge

whereby chanfered is portions can be etched sinultaneously. By
such et chi ngcamrdihgylghard erles portbamsate heachenf erdzs sued asesenaioh be

20



invention will be explained with reference to Figs. 1 and 2. However, the

present invention is by no neans restricted thereto. Fig. 1is a

cross-sectional view schematically 25 illustrating a nmethod conpri sing

|lam nating a plurality of doughnut-type glass substrates 1 each having a

cylindrical hole at its center so that the circular holes - 16 forma

cylindrical hole 2, and supplying an etchigng liquid 3 to the cylindrical
hole 2 so that inner peripheral edge surfaces of the glass substrates are
et ched. 5 Edoirmofa tdyel gidisscalibstYates dndaveppl gingubaretichengat its
center, and its inner peripheral edge surface and outer peripheral edge
surface are lgropunil 3 it tdomcent indricat dieke havsogtpaedeteem ned i nner

di aneter and outer dianeter, respectively. The ground inner peripheral

edge 10 sur fmoeimmrautetgeesupfecred etigghswIace davstdesesedresurface

roughness (Ra), and front and back main surfaces are processed to have
desi red fl ateiegsedand snoot hness. By prelimnarily naking the outer

di aneter and the inner dianeter of each of the glass substrates 1 have

such 15 predet erbackedofli tkasgbass sheasttheegl dsbavebsat careslarahele

| am nated so that they are arranged on the basis of the outer peripheral

edge surfaces; ite cemters aidthes lnmenatedighesslsedger avefade(&ahé

centers of the circular holes) are at the sane position. Accordingly,

i nner 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.



20 peripheral edge surfaces (cylindrical holes) of the 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 lamnated. The |am nated gl ass substrates are held
by presser plates 5 via packings 4 at -bath-ends and fixed by fixtures 6. -
17 A flow path 9 to nmake an etching liquid flow _therethrough is provided
at a center porthdhlef Ratedh dftotmekeaeRi pgshingptegydd plaves 5 and

fixtures 6, and the flow path 9 comunicates with the cyl

indrical hole 2.

In s such atderethnpual dfetrrobidedaat | p ettt Post el usf edachoobe

substantially the same as the dianmeter of the cylindrical
t he etchi ng thequmarkings ot PYSSITNtREILSH th AHE Libpenradi

hole 2, so that
f: saRfaekeof the

top glass substrate and the |ower main surface of the bottomglass io
substrat e off ke Radh rat@HHEI STy With hehe ofy hedaicyl aBeleubst rit es.
That is, it is arranged so that the etching liquid will not |l eak out from

the flowSpatfi@d? 2 BAgHovile il ATREeT ovf pelth DLewrrante? chfngdingted,

havi ng the sane dianeter as that of the cylindrical hole i

of the cylirff® iRAISHFAEEE LI nethe ofd PRt 2d Yrasdianpser af

substrate lamnate, the etching liquid 3 will be snpothl|

s 2, on each side
Esthee. a glass
iintroduced to

and di schar go8t ¥ Hm de R34S ndir 1 22 thF ete 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



and the etching liquid 3 will be made to uniformy flow 20 fromthe
introduction end to the discharge end of the <cylindrical hole 2, whereby
the entire inner surface of the cylindrical hole 2 will be uniformy
etched. However, the dianeter of the flow path 9 does not necessarily
strictly agree with the dianeter of the 25 cylindrical hole 2 so |long as
t he above object can be achieved. In thiig enbodi nent, such | am nated gl ass
substrates - 18 1 are set so that the center axis A of the cylindrical
hole 2 is per pasliset azo thet etledi cgntequazli8 Btof edhencalindnkcdli s
supplied by a punp 8 fromthe upper end of the cylindrical hole 2 and nade
to flow in theley?iisrneabesdhohbar sothdatt thingnhegqupér B psecakdedgea
surfaces of the glass substrates 1 are etched by the etching liquid. In
such a case,tankis psefeppkied oy & hpump chi Higohi gheduBpet| emd oA ahstate
where the cylindrical hole 2 is filled wth the etching liquid 3 by
adj usting t heyhimdmicabfhohe 20amd cedg toqglildw3innfket edl andriicsdhar ged.
The etching liquid 3 supplied to the cylindrical hole 2 uniformy flows
toward the dicsbharge tnatithe Staee mwherphehal eggéndni€atehobé dhewhi ch
the center axis Ais perpendicular, is filled with the etching liquid 3.
15 Accordi ngdlass heulesthigs | 1 qare Sti¢kedvewl yheretighingnidquidnt att with
the inner surface of the cylindrical hole 2 and uniformy etches the inner
peri pheral eslgehsarfases it is preferred that the etching liquid 3
flows in a state where the cylindrical hole 2 is filled
with the etching liguid 3 by adjusting the amounts of the
10 etching liquid 3 injected and discharged. The etching
liguid 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 ligquid 3.
15 Accordingly, the etching liguid 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
20 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.
25 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



of the glass substrates 1. 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 liquid is adjusted as the case requires.
25 Further, etching may be carried out -i Rot he sanme nanner by making the
cylindrical hole 2 be filled with an etching gas instead of the etching
| i qui d and reddhignd kms 9w etahilng s@saioyy, aore thyh spg agamgomantleé chi ng gas
on the inner surface of the cylindrical hole 2, which is not shown in
Fig. 1. Fig.inhdrs smfrapss-secthonall indm cchdnmelte ca) | yhibch| isishotati ng one
exanple of the preferred enbodinment in a case where an etching treatnent
is carried citowy imedfisy. of. an etching liquid. An etching liquid is
injected into a flow path in a duct (disk pressure nozzle) 5A fromits
upper portion, FHiJypasses & hcoogh-sepacknaly 4iewdschesappbaédyto a
cylindrical hole 2. The flow path of the duct 5A and the hole of the
packi ng 4 f arlmustftadvirpgatdne. eFdmep ke cbff nghée | e TeTred hemkgdiment cah hol e 2
passes through a packing 4 fromthe Iower end of the cylindrical is hole
2, and passemgehwhgie arhatech moetrenteepr essetapt ae@ SB- apy means
di scharged. The hol es of the packing 4

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



and the presser plate 5B forma flow path 9. 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
| am nate 10. The duct SA functionally corresponds to the upper presser
plate 5 of Fig. 1, and 25 the dianeter gf the flow path in the duct is
equal to the dianmeter of the cylindrical hole 2. Al though one
correspondi i d.0 1t Hes uppersHdwd une Biopf 2, 2 Greildl: which nd sdown in Fig.
2, a weight which is not shown, for exanple, is attached to the duct 5A
and the pactown 4 ficr pxesgde ada ttddiedippertisurdace 54, tdaed ghass
substrate lam nate 10 by the duct 5A. 5 The packing 4 has to be uniformy
pressed agaipstkirichet upperrengddacyaindthecld agpestibsirfdes |lafitiat e 10 by
the duct 5A, or the etching liquid may | eak through a space between the
packi ng 4 andadse it rmAeorl animatpper0 surdflec edwdt t3re. gl ass substrate
| am nate 10, and the 10 etching liquid will be in contact with the exposed
mai n  susface ofThdepaldugimut -liypetql las susibstmhby epnhssbdi sgahestupper
surface of the glass substrate lamnate 10. In order that the packing 4 is
uni formy prEssetperf crurhearnplef, thwe gllads Fulhsisrdtoe bbeapiestsedl @agay nst t he
is packing 4 as follows. That is, a guide (not shown) for
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



setting the duct 5Ais 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 dianeter 20 of the
setting guide is larger than the dianeter 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 |am nat-e210-so that its center is at the
sanme position as the center axis of the cylindrical hole 25 2. Then, the
duct 5A is itlserduckt iR o ahd thee tdxngs gof dehe addcpublonst het packagged, the
above weight is attached to - 21 the duct 5A, and the axis of the duct 5A
is set to agrieh whe hcemeexerts okishefcyhendylicalrheae Rol eScsSiace a
space of fromabout 1 to about 2 mMmmis present between the setting guide
and the ductsirasotebeen baloabovetoiabsut s2 emmyisopkesenhebakiveenf t he
duct 5A agree with the center axis of the cylindrical hole 2 even when the
upper surf ddee ofettthing sistde ued riehe duat ndheagsodescrbdbedcahpiet el
horizontal. Resultingly, the packing 4 is wuniformy pressed against the
upper subfacks Faghetql ket tloe sawss raf ethandnat e520agyeehwighcth8A. The
presser plate 5B | ocated bel ow the | ower surface of the glass substrate

| ami nate 10 ¢enfekeaxkbn ehethdovelindnheal aghdlehe presswhepl hhe 8BPRAs a

hole with the same dianmeter as that of the cylindrical hole 2.
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 ligquid to be

discharged from the lower end of the cylindrical hole 2



is The packing 4 is placed on the presser plate 5B, and the center of the
packing 4 is nade to agree with the center axis of the hole of the presser
plate 5B. On the packing 4, the glass substrate lanmnate 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 nmade to agree
with one another. The | ower surface of -the gl ass substrate lamnate 10 1is
pressed agai nst the packing 4 by a force fromthe duct 5A and the wei ght
of the gl asyasidsst rdtughmtie rdlss aid @5 theclphndki 4gardi shenpfessey
pressed agai nst the presser plate 5B. Accordingly, the etching liquid to
be di schar gedtfe &R t (ndloverl esof ofm tahef oW iprleh cilathoh epOrtig@  passes

t hrough the holes of the packing 4 and the presser plate 5B (such hol es
forma flowhsaltdw Fhe FH gror t9wrst prttow amnaft skl substhene leakiage 10)

w t hout |eaking through spaces between the packing 4 and the |ower s
surface of tHEQHHsSEARRR rkateveelm the cackird beaangerhe t hewprcki ng 4 and
the presser plate 5B. Now, the present invention will be described in
further det@urffas ofefdiemlassy Fegiprate Hynavere 10 an@ooetween
understood that the present invention is by no 10 nmeans restricted to such
speci fi c Exdipt eackisw shewttd Wie doRperir -Rydple gPRiss substrates having an
outer dianeter of 65 mm an inner dianeter of 20 nm and a thickness of 0.9
nm wer e preparedmm%icﬁhﬁepéeﬁﬁﬂé 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 S10,, 6 mass% of B,0;, 11 mass% of
Al,05;, 0.05 mass% of Fe,0;, 0.1 mass% of Na,0, 2 mass% of
MgO, 3 mass% of CaO, 15 mass% of BaO and 6.5 mass% of
Sro.
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 pym 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



of glass having a conposition conprising, as calculated is as oxides, 56
mass% of Si 02, 6 mass% of B203, 11 mass% of A1203, 0.05 nmass% of Fe203,
0.1 mass% of Na20, 2 mass% of MO, 3 nass% of CaO 15 mass% of BaO and 6.5
mass% of SrO. The inner and outer peripheral edge surfaces of each 20 of
t he above doughnut-type gl ass substrates were subjected to finish
polishing with di anond abrasive grains gmal-ler than #500 nesh, so that the
concentricity of the outer and inner peripheries (the distance between

the centers af % haniam@rordund euinidl ttee cthecknésellegdcams @Boat A0St 25 pm
and the roundness was at nost 25 }pm Then, the glass substrates were

subj ected tamapping with alum na abrasive grains having an average
particle size - 23 of 9 umand ground until the thickness becane about 0.9
mm 150 gl ass subs?ratesst susspratesselduacpeoraafadt edreahdmpebgeds shown
in Fig. 1 so that their circular holes 5 at their center would forma
cylindrical #wl diekhdra slyewniinofig. sl $artlkatctldessl aironlasnhalasng 5%
each of hydrofluoric acid and sulfuric acid was supplied to the
cylindriGal #oltheihd el ovorbl fermhe eylindrieal hole, andeéch inner
peri pheral edge surfaces of the glass_ 10 substrates to a depth of about 20
um al | at onegdroffueri¢haukbfehi age¢i@asabntionheonbainanad>yl aash of

substrates were separated, and the inner peripheral edge
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



surfaces of the glass substrates were visually observed 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 neasured
to exam ne the dispersion and as a result, all the dianmeters were within
an acceptable range of a specified dinmension of 2 um and it was found
that a 20 | arge nunber of glass substrates ean be uniformy etched all at
once. According to the present invention, an etching treatnent can be
applied to ﬁﬂﬁgﬁ-peripheral edge surfaces of a |arge nunber of
doughnut-type gl ass 25 substrates all at once. Accordingly, the present

i nvention can r et oisclarire qfsefapaneye Prtrietfppl bfahigh

qual ity glass substrates for magnetic - 24 - disks. The entire disclosure
of JapaneseNpat @f04Ag514904t ifdd eden Iyoamimaody f4QQ4 e bedirber 6, 2004
including specification, clains, drawi ngs and_sunmary are s incorporated
herei n by r &P&CeAdEatd s rtimset Wrawiygs andnauemay A%t hod for et ching
doughnut -t ype gl ass substrates, which conprises: (1) lamnating a
plurality of"¢OFPFRCS Perfids LY HAFATRESs ineddF tstFei®: having a
circular hole at



its center, so that the circular holes of the lamnate forma cylindrica
hol e, and (2) applying an etching treatnent to i nner peripheral edge
surfaces of the plurality of the | am nated doughnut- type gl ass substrates
all at once by contact with an etching liquid or an etching gas; wherein
the etching liquid or the etching gqszgs_supplied from one end of the
cylindrical hole, made to flowin the cylindrical hole, and di scharged
fromthe other end of the cylindrical hole so that it is not in contact

W th eXpaBEd: mai n surfaces of the doughnut-type glass substrates at both
ends of the |lam nate consisting of the doughnut-type glass substrates. 2.
The method % gretdiachifiny ddwgimar dopgéngitasyrsupsasat ssbsteabrdi nghid d ai m
1, wherein the etching treatnment is carried out in a state where the
pIuraI??WP¥ﬁS?%b Ianinated doughnut type gl ass substrates are held so that

the center is of the, ndr i rpendi cular to the horizonta
pl ane of thgf)leﬁﬁWﬁﬂ Iﬁiﬂ?aaﬁﬁg §Ia§§u§ﬁB§FF5¥%§ 9325Fhe net hod for
et chi ng doughnut t.ype ss su str ordlng to erein a
duct having a fl ovtlysgca]ﬁgt W't IF X he i aﬁr@t’é ?ﬁrcﬂi Zrtl%]\rmoaft t he

cyl indrical hol e is ganecteg h%tort%ee%qretlgbe ﬁ?[&é”gt'Eﬁé holsia a

packi ng having - ow path with substantta the sanme neter as
t he di aneter Offgfﬁééaayjyﬂdﬁyﬂalh@bqe apdgat he etchlng l'iquid or the

etching gas is supplied to said one end of the cylindrical hole enploying
a flow pat h(2 husag@ry®ty an etching treatment to inner peripheral edge
surfaces of the plurality of the laminated doughnut-
type glass substrates all at once by contact with an
etching liquid or an etching gas;
wherein the etching liquid or 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 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 so that the center axis of the
cylindrical hole is perpendicular to the horizontal plane of the
laminated doughnutFtype glass substrates.
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 c¢ylindrical hole 1is

connected to one end of the cylindrical hole via a packing having



4. The nmethod for etching doughnut-type glass substrates according to
Claiml, wherein the etching liquid or the etching gas after the etching
treatment is recycled. 5. The nethod for etching doughnut-type gl ass
substrates according to Claim1, wherein the etching treatnment is carried
out while rotating the plurality of t 28 | am nat ed doughnut-type gl ass
substrates on the center axis of the €ylindrical hole. 6. The nethod for
et chi ng doughnut-type gl ass substrates according to Claim1, wherein the
amountaotlewchanh ahthheubsnentipéiyphbieysedge diambaees aiss thieomMidmeaer0 pm
7. The nethod for etching doughnut-type glass substrates according to

d ai m ¢f wher aivil it istedhingyl & r eandehei stciringed. iauitd b<yr ctheacttohiin an
etching liquid. 8 The nethod for etching doughnut-type ass substrates
accor doag {9 TrPphiad Whepeld one ¢rdrefithe d?Y]tJ#Téil’ddlﬁjhg‘Lﬁlet e Loyliags
substrates is lamnated so that the center axis of the cylindrical hole is
per pendli Elpurpatmdt ey EA™dt h sides via a packi ng having a flow path

th bstanti al | di t t f th lind I
E“olé_s_ S “Ehéréméfaﬁ t%f%f@%h. 75 aghnaiow@x%%@ ;,i%”%eé@ : es{% 'g%@%%c?ng
o] al I r .co S, sgpar n a ughn ass
subst r 8t € d n# Ee :éémqﬁlatlé or@{% e dotel}g)ef'u %éh”}qny% f %s(g gublségnr a%/e(%s hg er

applylggstggtg}cgﬁggb{ ém¥geatmé%% rezg%lgﬁthOd for etching

doughntt -type gl ass substrates accor ing to Caim9, wherein the dianeters

of thescircuhar Retgsa Ooffodl | dihaisgrarRhiREhndeualpet - iiRe Ol asshstyhsidsat es
are uniformy
according to Claim 1, wherein the etching treatment is carried
out while rotating the plurality of the laminated doughnut-type
glass substrates on the center axis of the cylindrical hole.
6. The method for etching doughnut-type glass substrates
according to Claim 1, wherein the amount of etching on the inner
periphery edge surfaces is from 3 to 50 um.
7. The method for etching doughnut-type glass substrates
according to Claim 1, wherein the etching treatment is carried
out by contact with an etching liquid.
8. The method for etching doughnut-type glass substrates
according to Claim 1, wherein the plurality of the doughnut-type
glass substrates is laminated so that the center axis of the
cylindrical hole is perpendicular, and held at both sides via a
packing having a flow path with substantially the same diameter
as the diameter of the cylindrical hole.
9. The method for etching doughnut-type glass substrates
according to Claim 1, which further comprises separating each

doughnut-type glass substrate from the laminate of the doughnut-

type glass substrates after applying the etching treatment.



etched to within 2 pin of each other. 11. The nethod for etching

doughnut -type gl ass substrates according to Caim 10, wherein the
separat ed doughnut-type glass substrates are useful for producing nagnetic
di sks. 12. The nethod for etching doughnut-type gl ass substrates according
to Caim10, wherein the separated dogghnut type glass substrates have an
outer dianeter in the range of 21.4 t6°95.0 mm an inner dianeter in the
range of 7.0 to 25.0 mm and a thickness in the range of 0.35 to 1.0 mm
13. Thaoretitod deathel dum@ tdddglandbutipet gtass subss raflestratceordi ng to
Claim 12, wherein the glass of the separated doughnut-type gl ass

subst r acesriasgahoaCkain fretwheoxinetloontiemeteafs fofommhe tdr20lemshkéded 4.
The met hod for etching doughnut-type glass substrates according to Claim
7, wheedi alihghet eapagat eduiauglnget ehe diasesms uise rgtesp azenynsEpnglovf a
hydrofluorlc acid solution, a hydroflugric sulfuric acid solution and a

si |'i coftgsrAc Eacvithip) &t 7 orm q% e?%%‘ﬁﬂFﬁbd for etching doughnut-type

| ass s bstrates din m 1, rises | am nating from
about SRRISEG o rmies: Foeeghitst s e T areesd ket hg the

etchin Ccor atnegg &?a% lbnnﬁheperlp %%%¥¥ﬁd rggc %ftHP% g@gggated

doughnu type Iass sGoStrat es Vet ¢ ng

doughnutp¥pe akass SUbSELA! 3y ggvngtauaﬂda% herei n the

separated doughnut-type glass stratesnL gl'ass conposition
conpri siong B MBS 2 é%ching doughnut-type glass substrates

according to Claim 10, wherein the separated doughnut-type glass
substrates have an outer diameter in the range of 21.4 to 95.0
mm, an inner diameter in the range of 7.0 to 25.0 mm, and a
thickness in the range of 0.35 to 1.0 mm.

13. The method for etching doughnut-type glass substrates
according to Claim 12, wherein the glass of the separated
doughnut-type glass substrates has an alkali metal oxide content
of from 1 to 20 mass%.

14. The method for etching doughnut-type glass substrates
according to Claim 7, wherein the etching liquid is selected from
the group consisting of a hydrofluoric acid solution, a
hydrofluoric sulfuric acid solution and a silicofluoric acid
solution.

15. The method for etching doughnut-type glass substrates
according to Claim 1, which comprises laminating from about 20 to
about 250 doughnut-type glass substrates and applying the etching
treatment to the inner peripheral edge surfaces of the laminated

doughnut-type glass substrates.



mass% Ba203, 11 mass % A1203, 0.05 mass% Fe203, 0.1 nass% Na02, 2 nmass%
MO, 3 mass% CaO 15 nass% BaO, and 6.5 mass% Sr QO
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16. The method for etching doughnut-type glass substrates
according to Claim 12, wherein the separated doughnut-type glass
substrates have a glass composition comprising 56 mass% SiO,, 6
mass% Ba,0,, 11 mass% Al,0,, 0.05 mass% Fe,0,, 0.1 mass% Na0,, 2

mass% MgO, 3 mass% CaO, 15 mass% BaO, and 6.5 mass% SrO.





