TI TLE OF THE | NVENTI ON GLASS SUBSTRATE FOR ELECTRONI C DEVI CE AND METHOD OF
PRODUCI NG ELECTRONI C DEVI CE 5BACKGROUND OF THE I NVENTION 1. Field of the

| nventi on The present invention relates to a nethod of producing a
gl ass substrate for use in an exposed part of an electronic 10 device such
as a display device, and a nethod of producing such an el ectronic device.
2. Description of the Prior Art In an exposed part of a display device or

the like, it 15 i s necessar ¥ 1tonpsPViee @vekanspar ent covering nmenber for
preventing breakage and stain. Wile plastic is the nost convenient as the

covering retiel suBEPRATRECRNEOECEHASS WAL Ed: IxsioSuReidmort OrgARSHMGC 1N
visibility, durability, acid resistance, heat resistance and the like is

al so proposed ELECTRONIC DEVICE
5 BACKGROUND OF THE TINVENTION

1. Field of the Invention
The present invention relates toc a method of producing
a glass substrate for uge in an exposed part of an electronic
10 device such as a display device, and a method of producing such

an electronic device,

2. Description of the Prior Art
In an exposed part of a digplay device or the like, it
15 is necesgsary to provide a transparent covering member for
preventing breakage and stain. While plastic is the most
convenient as the covering member, application of glass which
ig superior to plastic in visibility, durability, acid
resistance, heat resistance and the like is alsc proposed
20 (Japanese Unexamined Patent Publication No. 2007-241179).
Also for a touch panel in a touch panel-incorporated
liquid crystal display, using glass in place of a film material
such ag PET (polyethylene terephthalate} is advantagecus
because of less restriction in production process and ability

25 of taking advantage of the aforementioned merits of glass.



20(Japanese Unexam ned Patent Publication No. 2007-241179). Al so for
a touch panel in a touch panel-incorporated |liquid crystal display, using
glass in place of a filmmaterial such as PET (polyethylene terephthal ate)
i s advant ageous because of |ess restriction in production process and
ability 25 of taking advantage of the aforenentioned nerits of gl ass.
However, when glass is used in an exposed part of an electronic device, it

is necessary togbaked hgRest 1 ABasHS essdonnPRAVERbSN thett eachnpanel and
the cover glass from being broken during production and use of the

el ectroni ¢1devire8icldevides 2kSOsifMAdany t6 (ke taenBastnzafs0f-epr eventing
glare in the glass surface due to reflection. The present invention

was devi seghy Brepasi 4ef ahkofowdn thacaboye tprobbess glasd fion Hedngobj ect of
the present invention to provide a glass substrate for electronic device
enabl i ng 10 gkhegls My prbhizeddoanafudeoE tthebl gtassn ity dameté or ati ng
brittleness of glass physically w thout causing increase in production
cost, and itpapEOVin@heraAnelertaRgiaCmeesmine £ oSl t Ohg Tl reNMENREON 15For
achieving the above object, in a production nethod of glass substrate
accordi ng d1a@ audfidce adyd Waldelfyeotighass substrates for el ectronic device

are produced from one sheet
The present invention was devised in consideration of the
above problems, and it is an object of the present invention
to provide a glass substrate for electroﬁic device enabling
10 effective utilization of merits of glass by ameliorating

brittleness of glass physically without causing increase in

production cost, and to provide an electronic device.

SUMMARY OF THE INVENTION

15 For achieving the above object, in a production method
of glass substrate according to c¢laim i, a plurality of glass
substrates for electronic device are produced from one sheet
of glass base material, through a resist step (ST2) for
providing a resist layer having hydrofluoric acid resistance

20 on a front face side of front and back faces of the glass base
material; a partition step (ST3) for partitioning the glass base
material into a plurality of use areas by forming a partition
line that does not penetrate the glass base material from the
front face side of the glass base material by laser light or

25 a cutter blade; and an etching step (ST4) for etching the glass



of glass base material, through a resist step (ST2) for providing a resist
| ayer havi ng hydrofluoric acid resistance 20 on a front face side of front
and back faces of the glass base material; a partition step (ST3) for
partitioning the glass base material into a plurality of use areas by
formng a partition line that does not penetrate the gl ass base materi al
fromthe front face side of the glass base material by laser light or 25 a
cutter bl agdee ardeainiehehing si@pgebEdhd euretchongtdpetglasin thase

mat eri al havi ng undergone the partition step to thin the glass base

materi al fylemsaback vhaeeisi dromhidekdeepeniidg , thiel jzadeepeéming ithe. I n the
etching step of the present invention, the etching 5 treatnent is

pr ef er abl paaxaeeubadlit ] e the gl ass base material with the back face side
up is held in a horizontal position. In the etching step, it is preferred
to spray a cheniraalhepetdishingtép guii thoprehent donenhhdn babk dtadeéngof t he

gl ass base material. 10Iln a production nethod of glass substrate according
to cl abm Zremtslentals pyedbérghlassxsubsed atedeftgre alest beseonal@ried are
produced from one sheet of glass base material, through a resist step

( ST11- ST13yitfrorhpr badldifegea sfidentp fiat dieddsinta |hpypdzoRael e siidhodt-| uori c
acid resistance discretely on a front face 15 side of front and back faces
of the gl a5s thesetahingi sticp whitl ésppoefarmy &DaPRkaVateCheIE! | ayer havi ng
hydrof l uoric acid resi stance on a back face side of the glass base materi al
in a posithwisgingesbordl Ay tle thHentrand Pratelfacrs of thi8Llass §38% i tion

step (ST14) for partitioning the glass base materi al
material.

i0 In a production method of glass substrate according to
claim 2, a plurality of glass substrates for electronic device
are produced from one sheet of glass base material, through a
regist step (ST11-8T13) for providing a front face resist layer
having hydrofluoric acid resistance discretely on a front face

15 sgide of front and back faces of the glass base material, while
providing a back face resist layer having hydrofluoric acid
resistance on a back face side of the glass base material in
a position corresponding to the front face resist layer; a
partition step (ST14) for partitioning the glass base material

20 into a plurality of use areas by forming a partition line that
does not penetrate the glass base material by etching the part
where no resist layer is provided in the glass base material;
and an etching step (8T16) for etching the entire glass base
material in the condition that the front face resist layer and

25 the back face resist layer are peeled off, to thin the glass



20 into a plurality of use areas by formng a partition line that does not
penetrate the glass base material by etching the part where no resist |ayer
is provided in the glass base material; and an etching step (SI16) for
etching the entire glass base material in the condition that the front face
resist layer and 25 the back face resist |layer are peeled off, to thin the
glass base material, while deepening the partition |ine. In a

product i op_net hod.pf- 0! ags 13ubstpah enacaer gergitooc!aime.3, a plurality of
gl ass substrates for el ectronic device are produced fromone sheet of gl ass

base material, throughachibashstnst e E2d-3E2Byateraprandidigngoa front
face resist |ayer having hydrofluoric acid resistance discretely on a front
face sideghifront, gng-back, bacgs ef stihengltassibasderatenialdevwhel e

provi ding a back face resist |ayer having hydrofluoric acid resistance on a
back face ssldgrofiuidie fHoassnbasraraberdlalsds baid rgeosili orhworghespondi ng to
the front face resist layer; a separation step (ST24) for separating the

gl ass base-«mieriadp i(pto1asd Ur abi prooldise saf eas: dhcglrassssulsyerat e by
etching the part where no resist layer is provided in the glass base

mat eri al ; rand rgy Bedosfmidrar step reST26indodideferedngnea ésanerfars regi on of
plate thickness in a glass end face into an arc face by further etching the
end face ofiddhergtmss subsbaadt éaces of thA Presdubtiomakerhsd. dftidi®ect roni ¢
devi ce according to claim9 includes the step of incorporating the gl ass
subst r at e gmivo.cdmgebhebtebnfacalevdsietasager overing ysredhreets myid user.

" resistance on a back face side of the glass base material in
10 a position corresponding to the front face resist layer; a
separation step (§T24) for separating the glass base material
into a plurality of use areas of glass substrate by etching the
part where no resist layer is provided in the glass base
material; and a deformation step (ST25) for deforming a center
15 region of plate thickness in a glass end face into an arc face
by further etching the end face of the glass substrate.

A production method of electronic device according to
claim 9 includes the step of incorporating the glass substrate
into an electronic device as a cover glass contacting a user.

20 Here the expression contacting a user means concept including
direct contact and indirect contact, and for both cases, the
cover glass allows artificial press.

A production method of electronic device according to
claim 10 includes the step of incorporating the glass substrate

25 into an electronic device as a member of user side in a touch



20 Here the expression contacting a user neans concept including direct
contact and indirect contact, and for both cases, the cover glass allows
artificial press. A production nmethod of el ectronic device according to
claim 10 includes the step of incorporating the glass substrate 25 into an
el ectronic device as a nmenber of user side in a touch panel of a touch
panel -i ncor porat ed di splay device. This nenber on the user side also allows
artificialpape@ssf a touch lgar@ny iatotheraloy&iisprent donsce.a phigal i ty of

gl ass substrates are produced fromone sheet of glass base material, 5
however, sierbercbhctid eisnceiak thecghBssvsswhstifatea ptegrat be cut
physically, a crack or the like will not occur, and nechanical strength is
greatly inprovedn &nybsi efhe above oOftettidies, caseltbatitey erfagkaexi sting in
circunference, in particular, becones a starting point of breakage in

gl ass, howesetrathe df: glradscsdilisbmatree pheducddgiasd hesprmessntiailnvent i on

| acks a crack in circunference of the glass substrate, so that brittleness
of theb5gl dssiavergr ety canelundeatede of the glass lwebistveneiwintlaceotrding to
claiml1 or claim2, since an etching step is provided to thin a back face
of the gl dss <15 bhgeiomteri & creckaofrom Fikee wviAd nobaekcvracendf the gl ass
base material, a crack will not remain not only in circunference of the

gl ass subgtaciraipal wirsacath 1easeatly tnprpgek. f dnriGinck: aptdiftes al
external pressure is applied on a front face side of the glass substrate
havi ng an H Fret |t§@piq)ﬁr@@ateixﬁg}:imé_@ circumference, in particular,

becomes a starting point of breakage in glass, however, the
10 glass substrate produced in the present invention lacks a crack
in circumference of the glass substrate, so that brittleness
of the glass is greatly ameliorated.
In the invention according to c¢laim 1 or claim 2, since
an etching step is provided to thin a back face of the glass
15 Dbase material, or a front face and a back face of the glass base
material, a ¢rack will not remain not only in circumference of
the glass substrate but also at least in the back face. Since
artificial external pressure is applied on a front face side
of the glass substrate having an antireflection coating, when
20 a crack remains on the back face side, glass may break from that
point. However, there remains no crack on the back face of the
glass substrate of the present invention, so that physical
strength of the glass substrate can be improved. Therefore,
excellent strength is realized even when it is used ag a cover

25 glass of a display device, for example. The glass substrate



20 a crack remains on the back face side, glass may break fromthat point.
However, there remains no crack on the back face of the glass substrate of
the present invention, so that physical strength of the glass substrate can
be i nproved. Therefore, excellent strength is realized even when it is used
as a cover 25 glass of a display device, for exanple. The glass substrate
of the present invention can be effectively used also as an alternative of

a filmmigriak yseseds idvicoueBnpaselne effectil@ly hesqil esent aknxenti on,
since an etching step is provided, even if acute angle arises in a

ci rcunf er entieghapard & durding aapariil iedsteps tbeclangireli.s snoot hened
roundly in the etching step. Therefore, even if sonmething cones into
contact with thengtasoreigecunt erencodurdinget he suldseguenteppieducti on step,
the probability of occurrence of a new crack is greatly reduced. 10In the
present i peentiden, aakid ef tdetpaiddld anikbendn 8 micticunéeesstaial pamade
penetrate in the etching step, nechanical strength of the glass substrate
can besi npraved apxiroatign by epakihegatdke pardndatdenkedneypeiiet Fatée On t he

ot her hand, when an enbodi nent that the etching step ends before the
partiti on ekshingestpgnet Tt esfoiss erpeoyiddsone Peals offies Lageraanttalsdr renovi ng
a resist layer is facilitated and secured. That is, although the glass base
mat eri al hdshatpardlistsisoni t¢uref, enemeepiodineg tba wifdaguensypi@ductder be
deteriorated because the peel-off treatnment can be executed as a unit as a
whol e. On gtie® . otherp2alpand tywhe rPacke TeBae | ¢g @ BYErchasky ek taft er
separation into individual glass substrates, an operation of aligning the

i ndi vi dualrgfusssl-substrates is required.

10 In the present invention, while the partition line is not
necessarily made penetrate in the etching step, mechanical
strength of the glass substrate can be improved maximally by
making the partition line penetrate. On the other hand, when
an embodiment that the etching step ends before the partition

15 line penetrates is employed, a peel-off treatment for removing
a resist layer is facilitated and secured. That is, although
the glass base material has a partition line, the proeduction
efficiency will not be deteriorated because the peel-off
treatment can be executed as a unit as a whole. On the other

20 hand, when the coating layer is removed after separation into
individual glass substrates, an operation of aligning the
individual glass substrates is required.

In the case of an invention according to claim 1 wherein
a resist layer is provided only on a front face of the glass

25 basematerial, it is preferred to forma resist layer by exposing



In the case of an invention according to claim1l wherein a resist layer is
provided only on a front face of the glass 25 base material , it is
preferred to foLina resist |ayer by exposing a dry filmresist |ayer
pasted on the gl ass base material to light. On the other hand, in the case
of the invention according to claim2 or claim3 wherein a resist |layer is
provided on a front face and a back face of the glass base material, the

gl ass 5 basargaterh alesiaybeayaskedted dhpphagililke ghassndiasdafnterial in a
maski ng agent without limted to the aforenentioned net hod. The

ant i r ef | edtiigbn .coat thgoekéi hgudsieschetsee bif aheviawes thynplraseddnéif er ence
between reflection light on the front face of thin filmand reflection

i ght on tthechadk f agecdiinhe vihkirridOa fidshstahalyqr éfsepabyidddhoiudes a Si 02
| ayer, a TiQ2 layer, a 5102 layer, a TiQ2 |ayer, and a Si02 |ayer |am nated
in this orfdemtofrd¢henglzaszsck fent dfacke iyl aspuidsr hageriadi tne tilasexi de |1 TO

| ayer may be provided in place of titaniumoxide TiQ2 |ayer, and a

f our - | ayerbaster nater e lmmde hpmebkad $i0dibmiesy theg Jiads hyee mat®raadi 02 | ayer,
and a Ti Q2 |l ayer may be enployed in place of the five-layer structure.

Pr ef er abl \in @ Resliag a9bat &/ iher ildnis ke Hook ko2 B keisnid ogedsethsince

al kaline glass is inexpensive, it is efficient, for exanple, as a cover

gl ass of an el e®hramité TaEY el oTaABR ekF B5T DO HETHE S| SCEAPT 2458 M ssi vity
than an acryl board and the like. It is also superior to an acryl board and

the |ike iy BOR&DIGLTEPTEPREE RATYGCECT AU YESiorahtE ARE Heaf PRSI C8nce as
well as in visibiljity. . . ,
of thin film and reflection light con the back face of the thin
10 film, and preferably includes a Si0; layer, a TiO, layer, a Si0;
layer, a TiQO; layer, and a 810, layer laminated in this order
on the glass front face by sputtering. Indium tin oxide ITO
layer may be provided in place of titanium oxide TiQO, layer,
and a four-layer structure made up of a 8i0; layer, a TiO; layer,
15 a 810, layer, and a TiO; layer may be employed in place of the
five-layer structure.

Preferably, the glass base material should be alkaline
glass. Since alkaline glass is inexpensive, it is efficient,
for example, as a cover glass of an electronic device, and exerts

20 more excellent transmissivity than an acryl board and the like.
It ig also superior to an acryl board and the like in durability
including acid resistance and heat resistance as well as in
vigibility.

According to the present invention as described above,

25 it is possible to produce a glass substrate in which brittleness



According to the present invention as described above, 25 it is possible to
produce a gl ass substrate in which brittleness of glass is aneliorated,
and to realize an electronic device effectively utilizing nerits of gl ass.
BRI EF DESCRI PTI ON OF THE DRAWNGS 5Fig. 1 is a flow chart illustrating a
first production nethod of a glass substrate,; Fig. 2is a flow
chart illustrating a second production nethod of a glass substrate; Fig. 3
i's a planc¥i gnasd | Uskmal i 0gaBes] et voerad: ianphat 01dOcramsk device Fig. 4
is a plan view showing a glass substrate provided with a resist |ayer;

Fig. 5 ise@fbkowehardtillilzisbr akigs aoft Rilsdspr oducti on nmet hod of a gl ass

Substrate; and
BRIEF DESCRIPTION OF THE DRAWINGS
5 Fig. 1 is a flow chart illustrating a first production
method of a glass substrate;
Fig. 2 is a flow chart illustrating a second production
method of a glass substrate;
Fig. 3 is a plan view illustrating a structure of a photo
10 mask;
Fig. 4 is a plan view showing a glass substrate provided
with a resist layer;
Fig. S is a flow chart illustrating a third production
method of a glass substrate; and
15 Fig. 6 is a plan view showing a glass substrate provided

with a resist layer.

DETAILED DESCRIPTION OF THE INVENTION
In the following, the present invention will be described
20 in detail by way of embodiments.
<First BEmbodiments
Fig. 1 is a flow chart illustrating a production method
of a glass substrate according to a first embodiment. Here,
a glass substrate produced through steps ST1 to 8T6 is used,

25 for example, as a cover glass of a liquid crystal display of



15Fig. 6 is a plan view showi ng a glass substrate provided with a resi st

| ayer. DETAILED DESCRI PTI ON OF THE | NVENTI ON In the follow ng,
the present invention will be described 20 in detail by way of enbodinents.
<Fi rst Enbodi nent > Fig. 1is a flowchart illustrating a production

met hod of a gl ass substrate according to a first enbodi nent. Here, a gl ass
substrate produced through steps ST1 to ST6 is used, 25 for exanple, as a

cover glass,Qbife bhgHid ehystalsdbaplayaiaf nad SRR heubbang a thasgl ass
substrate may al so be used aS a gl ass substrate on the user side formng a

touch panelgishearpasated |idHidser ¥Stdlngdbsphadh phed- iithporated
panel -i ncorporated |iquid crystal display, since one of two gl ass

substrat es, ;) 8@ sef¥es 2i8p1ay 9l asss shetr phee vfideuehrpasellig@igl ass
substrate produced in the process of Fig. 1 is used as the glass substrate

on the useirsitde daging tBengt ase stihstralesLonsbtiatdNglbbasdrivgui d crystal
display. In the follow ng, description wll be given with

5 as a glass substrate of touch panel, & glass substrate produced
in the process of Fig. 1 is used as the glass substrate on the
user side facing the glass substrate constituting the liquid
crystal display.

In the following, description will be given with

10 reference to Fig. 1. In the present embodiment, alkaline glass
GL having an area of about 400 x 500 mm, thinned to 1 mm or less
(preferably about 0.7 mm) is used. First, on either side (for
example, front face side) of front and back faces of a glass
base material GL, an antireflection coating is formed (ST1).

15 Concretely, on the glass base material GL, a silicon dioxide
810, layer and a titanium oxide TiO, layer are laminated
repeatedly plural times by sputtering.

It is preferable, but not limited, to form five films of

Si0, (Fal layer), TiO, (Fbl layer}, SiO, (Fa2 layer), TiO, (Fb2

20 layer), and S8i0, (Fa3 layer) in this order, as shown in Fig.
i(a). A&And in this case, the Fal layer is formed into a film
thickness of about 100-700 angstroms, the Fbl layer is formed
into a film thickness of about 100-300 angstroms, the Fa2 layer

is formed into a film thickness of about 100-500 angstroms, the

25 Fb2 layer is formed into a £ilm thickness of about 500-1500



10 reference to Fig. 1. In the present enbodi ment, al kaline glass G. having
an area of about 400 x 500 mMm thinned to 1 mmor |ess (preferably about
0.7 m) is used. First, on either side (for exanple, front face side) of
front and back faces of a glass base material G., an antireflection coating
is formed (ST1). 15 Concretely, on the glass base material G, a silicon
di oxide Si02 layer and a titaniumoxide Ti Q2 layer are |am nated repeatedly

plural ti ut [ f5 4 bk f fi
il of Srgs tRRr IS5 Rroe! Bl Py ER S &5 et avaroebi e Foa 20

| ayer), ang §bggt(f?§:hﬁ%ﬁ%b_s@rgmés order, as shown in Fig. 1(a). And in

this case, the Fal yer is orned into a f|In1th|ckness of about 100-700

angstrons, the Eplsdaygi:is Goynei r}te%l%tfiérﬁatsme@(&ﬁsé fin@laut 100- 300
angstroms, the Fa2 layer i's formed into a filmthickness of about 100-500

gggsg—gggs oft PRe 20 aERZd AY Rhc k81 PEIESL 2Rt & aclklraHehkskness ft iabout

5 coating, which is then irradiated with UV to form a resist layer
RS having hydrofluoric acid resistance (8T2). Fig. 1{a) shows
relation of lamination among the glass base material GL, the
antireflection coating and the resist layer RS.

Then, laser light is emitted on top face of resist layer
10 RS, tomodify the glass base material GL along a partition line
(ST3). Since a partition line by laser light is forwmed to have
such a depth that does not penetrate the glass base material,
integrity of the glass base material is kept even after the
treatment in step $T3. Usually, glass base material GL is
15 partitioned into rectangles of about 40 mm x 70 mm by this
partition line, however, it may certainly be partitioned into
any other shape including an approximate circular shape.
In place of laser iight irradiation, a scribe machine may
be used, and in that case, a partition line which is a notch
20 GV is formed by a cutter blade (ST3'). Fig. 1(b) shows a glass
base material formed with the partition line GV, and also in
this case, since the partition line GV does not penetrate the
glass base material GL, integrity of the glass base material
GL is maintained.

25 Next the glass base material GL having undergone the

10



angstronms, and the Fa3 layer is formed into a filmthickness of about

100- 1000 angstronmns. Subsequently, dry filmresist is pasted on a
font face of the glass base material G. so as to cover the antireflection 5
coating, which is then irradiated with UV to forma resist |layer RS having
hydrof l uoric acid resistance (ST2). Fig. 1(a) shows relation of |am nation
anong the gl ass base material G., the antireflection coating and the resi st

layer RS. TheRnehasgf ddghlrhsceniddedran {opdaeca ik esicsnkayer 10 RS,
to nodify the glass base material G- along a partition line (ST3) . Since a

partitionJdinenivg! as&iid idiMraiinihormpardoRave such esmept hridat does not
penetrate the glass base material, integrity of the glass base material is

kept even @fdifilcali Ngot188REN qhil phrePe SISy UsHahlys 1ghassopasegrat erial Gl
is 15 partitioned into rectangles of about 40 mMmx 70 mm by this partition

line, howeyemhydrbriayrcerdaidlayndbeopass ity aradninbe anyraiiercshape
i ncl udi ng an approxi mate circul ar shape. In place of |aser |ight

irradi ati alncengehiben BEGhOe TRy rhe dsadis pRdf éradiial - £abe wedghartition
line which is a notch 20 GV is fornmed by a cutter blade (ST3'). Fig. 1(b)
shows a glass dasepreterawly forredyWehghthe pasdiddmrerddraeiy, ofind al so in
this case, since the partition Iine CV does not penetrate the gl ass base
mat eri al GQulfuttiegacid iaf thiepgl assibadeqguatiers prefdralsl yvmab nd %% ired. 25Next
the gl ass base material G having undergone the treatnent of step 3T3 or
step ST3' wesigdttcheddwinbdbhe spiodiemiatdly 35-42% by weight.
By this etching treatment, the part not covered with the
10 resist layer RS in the glass base material GL is etched, so that
the partition line GV is deepened, and the glass base material
GL is thinned from back face side. As a result, even if a crack
occurs during formation of the partition line GV or during
subsequent transportation, the crack can be extinguished.
15 An etching amount is appropriately selected, and when
plate thickness of the glass base material GL is about 0.7 mm,
the glass base material GL is thinned to about 0.6-0.5 mm by
the treatment of step 8T4, resulting that the partition line
will actually penetrate the glass base material GL. The glass
20 base material thinned to such an extent can be freely bent to
an angle of 90° or less, however, in this embodiment, since the
partition line GV ig surface-smoothed while the glass base
material GL is thinned, there is no crack in an end face of the

glass substrate cut out from the glass base material GL, and

25 excellent cracking strength is exerted.

11



polishing liquid containing hydrofluoric acid (ST4). The chem cal polishing
liquid preferably contains 1-10% by wei ght of hydrofluoric acid and 20-50%
by wei ght of sulfuric acid. 5 Concentration of hydrofluoric acid is
preferably 1-5% by weight, and nore preferably 1-3% by weight. Also
concentration of sulfuric acid in this polishing liquid is preferably
30-45% by wei ght, and nore preferably 35-42% by weight. By this etching
treatment, the parthgb,cavered wehbnbhe Sk0st&sisst, lay ek Jxererthe gl ass
base material G is etched, so that the partition line GV is deepened, and
the gl ass aserABt €hd alneMs chs 1%@11&1&@@ nem:back: aeaowktecos batnesul t,
even if a crack occurs during formation of the partition line CV or during
subsequentod EaRSPEIIAELREA, arld@heRtik €adeher exkiqii=shade mkreAnatt ching
anount is appropriately selected, and when plate thickness of the gl ass
base nat erdiathét iissh@hoih Dndr iFdnddlepghastorbaseh rakasd @ f&be issdehi nned to
about 0.6-0.5 nmmby the treatnent of step ST4, resulting that the partition
line wsl | @ctualdisgpepsis abecthel ghasst hasersatwanihathresThe Iglyass 20 base
material thinned to such an extent can be freely bent to an angle of 90 or
| ess, howeEruip.i NGldds erpodetenial Sinde &beopardaitteidon bt nexzGV lies
surface-snoothed while the glass base material G. is thinned, there is no
crack in am endpbatel oftdimgeglass, sabdthyvatteroimg dute fooshrheaqd &fs base
material G., and 25 excellent cracking strength is exerted. By the
way, in thehd seatrapatcasfe shep aSTdshi tit éspafdbiedte digpeayytaneloheni cal
polishing liquid in a shower formboth on the front face and the back face
of the gl ags: bhswei st el Bhi@g timtid so hbpdartidinediirefVal Posiieron with
the back face side 5 of the glass base material G. not covered with the
resi stl0 aysinqRSthp pa@tdsd obabimmay eyegls GpvwindazdcrFafdtion PYadxanpl e, in
a special storage case, and by form ng the bottom face of the storage case
into a mesty the e copossi breatwend Mt Pohppryrihercheftess Pol hing |iquid
to the partition line GV. Further, 10 since the partition |line CV opens
downwar d, Re¥edHctdon \prodlict by the etching treatment will not remain and
adhere in the partition |line CV

Further, with the above configuration, since glass base
material GL is kept in a horizontal position, the glass
15 substrate separated from the glass base material GL will not
dissociate discretely even when the partition line GV is
deepened. On the other hand, when the glass base material is
dipped in a chemical polishing bath, the glass base material
will be urged by the chemical polishing liquid and easily crack
20 along the partition line, and the glass substrate will
dissociate discretely.
Once the etching treatment of step ST4 ends as described
above, the resist layer RS is peeled off to complete a cover
glass for a display device (STS).

25 <Second Embodiment:
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Further, with the above configuration, since glass base material G is kept
in a horizontal position, the glass 15 substrate separated fromthe gl ass
base material G will not dissociate discretely even when the partition
line CV is deepened. On the other hand, when the gl ass base material is

di pped in a chem cal polishing bath, the glass base material wl| be urged
by the chem cal polishing liquid and easily crack 20 along the partition

line, and the gkags -substralg white disseei-at englisSpretgtyion method Once the
etching treatnent” of step ST4 ends as descri bed above, the resist |ayer RS

is peel ed @f § §0:60MRURLCCOVESr BIRSSof T s@-disRhdyddeyhiee ¢BIS). 25
<Second Enbodi nent > Fig. 2is aflowchart illustrating a

product i oy 1RENaGdBfrad Ol ASS=suksHIA! eoRecandBdh i 8 dd speapredveabodi ment .
This gl ass substrate is also used as cover glass of a display device. The

gl ass substyeah@aBBY= MK nsekBso deglass subsinake eomstidre user side
formng a touch panel- incorporated liquid crystal display. Al'so in

t hi s esbodimemésr Eifstroaniagtd t@idrephnen icoatrpegaiedflidigued anysekiher face
of the glass base material G. (ST10). Structure of the antireflection
coating i fliapisgme as that of 10 the first enbodi ment, and five |ayers of
Si02 (Fal layer), TiOQ2 (Fbl layer), Si02 (Fa2 |layer), TiOQ2 (Fb2 | ayer), and
Si 02 (Fa3 | ayer plaverf onhednbndihest ofdest sasashovet liartEiog. catdng
| is formed on either face of the glass base material GL (ST10).
Structure of the antireflection coating is as same as that of
10 the first embodiment, and five layers of $i0; (Fal layer}, TiO,
(Fbl layer), 8iC, (Fa2 layer), TiO, (Fb2 layer), and 5i0O; (Fa3
layer) are formed in this order, as shown in Fig. 2(a).
Next, a photosensitive film material Fi is pasted on a
front face and a back face of the glass base material GL (ST11).
15 The photosensitive film material Fi used in the embodiment is
formed of a laminate of a translucent base film 1, a
photosensitive layer 2, and a release film 3, as shown in Fig.
2(b). 2and after peeling off the release film 3 from the
photosensitive film material Fi, the photosensitive film
20 material Fi is pasted on the front face and the back face of
the glass basgse material GL by a rotor.
Then the entire glass base material GL is covered with
a photo mask 4 for partitioning of the glass base material GL

into a plurality of use areas of about 40 mm x 70 mm. Fig. 3

25 is a plan view illustrating the photo mask 4, and an unexposed

13



Next, a photosensitive filmmaterial Fi is pasted on a front face and a
back face of the glass base material G (ST11l). 15 The photosensitive film
material Fi used in the enbodinent is formed of a |am nate of a translucent
base film1, a photosensitive layer 2, and a release film3, as shown in
Fig. 2(b). And after peeling off the release film3 fromthe photosensitive
filmmterial Fi, the photosensitive film20 material Fi is pasted on the

front face.and,hhe hagk hackiah é&&&)gh%%ngaéqiri@ eibiah & dypud Lotor. Then
the entiré glass base materi al is covered with a photo mask 4 for

partitionipgcef sthe o assHage mat eriatcHguiRkorang! Ui ifgtrofinuge areas of
about 40 mMmmx 70 nmm Fig. 3 25 is a plan viewillustrating the photo mask

4, and an YnexResedn: PAl bafdolld 9 abboakiNga panky saktpgra. | rng. w dth of
about 1 mmto 5 mmis provided in a rectangular ring like formin a

ci rcunf er entd)al s Rarosefs @ tusd AR Ud ity ehgtasaisihsthat ehelphgto2 (c) is a
cross section view show ng the condition that the photo 5 mask 4 is placed.

An unexposggipar ti o4/ 8fed he nphohexpisda daspeehf bestive poldtshinagk| 4 ne
(partition line GVY) in the etching treatnent.
specifies a polishing line (partition line GV) in the etching
Lreatment.
Subsequently, UV radiation is effected from above the
photo mask 4 to make an exposed part 2B of the photosensitive
10 layer 2 light cure (ST12). And the glass base material GL in
this condition is developed with analkaline solution, to remove
an unexposed part 2A of the photosensitive layer 2 (ST13).
Through the treatments as described above, the front face and
the back face of the glass base material GL are covered with
15 the resist layer 2B having hydrofluoric acid resisgtance except
for the unexposed part 2A. Fig. 4 is a plan view showing this
condition, and depicts the resist layer 2B that will not be
etched and the partition line GV that will be etched.
Next, the glass base material GL covered with the resist
20 layer 2B is dipped in a chemical polishing bath, and etched
(primary etching) with a chemical polishing liquid (ST14). The
chemical polishing liquid preferably contains 1-10% by weight
of hydrofluoric acid and 20-50% by weight of sulfuric acid.

Concentration of hydrofluoric acid is preferably 1-5% by weight,

25 and more preferably 1-3% by weight. Concentration of sulfuric

14



Subsequently, UV radiation is effected from above the photo nask 4 to nake
an exposed part 2B of the photosensitive 10 |layer 2 light cure (ST12) . And
the gl ass base material GL in this condition is devel oped with an al kal i ne
solution, to renopve an unexposed part 2A of the photosensitive |ayer 2
(ST13) . Through the treatnments as descri bed above, the front face and the
back face of the glass base nmaterial G. are covered with 15 the resi st

| ayer 2B @iidngnh&%‘rgi'r_]so%!o'igéh'n@?ii%ﬂi%iiétﬁf@f'ez%bq?p@ot@@%tﬂiﬁwﬁﬂéﬁﬁosed part

2A. Fig. isap iew showi ng this condition, and depicts the resist

llayer 2B that m%glpp@ge%lg; @@egzgng)(tmgw_tition line GV that will be
I a

et ched. Next, e gl ass base mater GL covered with the resist 20 | ayer

2B is dipped in;a cherdicalgokishidg kabhgrand jet gBegré pedim@e ¥hatchi ng)
with a chem cal polishing liquid (5T14) . The chem cal polishing liquid

pref er abl %h%ogtl%gsbalgé%t@h\é@i ght ; 8f pdwidriehledotheigiet d s m2@rb0% by
wei ght of sulfuric acid. Concentration of hydrofluoric acid is preferably

1- 5% by wej @t «s25-and 10REe 85 eiakabliyudi 3%iky wehghttheConsentinati on of
sulfuric acid in this polishing liquid is preferably 30-45% by wei ght and

more pref efabkye35:42%ky Wei e glass basd matheiel ofi ngwstepswath st ep ST14,
it is preferred that the glass base material G. is positioned upright, and

mcro 5 bubblraguaneiseh) oned ¢ poeenbiauoushievdnse aal ehgtéhegfasent face and
t he back face of the glass base material G.. Wth such a configuration, it
I S possi bl@nipdrheVentaam @l Wreduglkas sroomptinening( rgatti om Preoduct) from
adhering again to the partition line GV where the resist layer 2B is
absent. | mpdddision line GV where the resist layer 2B is absent. In this
10 embodiment, since the partition line GV is as thin as about 1-5
mm, partial variation in polishing rate may occur unless
re-adhesion of the reaction product is prevented, and the
etching depth of the partition line GV cannot be egqualized.
In this manner, the partition line GV is deepened, and
15 the primary etching treatment of step ST14 is ended in the timing
that plate thickness of the glass base material Gl in that part
reaches about 100-300 um. Fig. 2(e) depicts the glass base
material GL at the end of the primary etching, and shows that
an edge angle ED is formed in an upper end of the partition line
20 GV. This edge angle tends to be closer to 30 degrees as the
polishing rate increases.
Then the glass base material GL is dipped into a peel-off
bath, to remove the resist layer 2B (ST15}. Subseguently, the

glass base material GL is placed in an appropriate storage unit,

25 and a chemical polishing liquid is sprayed in a shower form on
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10 enbodi nent, since the partition line GV is as thin as about 1-5 nmm
partial variation in polishing rate may occur unless re-adhesion of the
reaction product is prevented, and the etching depth of the partition |line
GV cannot be equalized. In this manner, the partition line GV is deepened,
and 15 the primary etching treatnent of step ST14 is ended in the timng
that plate thickness of the glass base material G. in that part reaches

about 100-30 rodM rdddand(€le dRRKCESCE N PlRssubA%E FIBL 8 Idlcr@agat the end
of the primary etching, and shows that an edge angle ED is forneg in an

upper end wfeddthenparsitd)on khiee 20,041 2 dbin RAger @t e ctendoit-eebe cl oser
to 90 degrees as the polishing rate 1 ncreases. Then the gl ass base materi al

G is di ppedad Rbe: dopeel efdfi thathin tihe eBYegt heninesicst Fayer f2Be( ST15).
Subsequently, the glass base material G. is placed in an appropriate

storage unirdd t2% BAGk af LhewifCahe pol d shibagel gtk €l 415 nSPr BY ethuidtrsadashower
formon the front face and the back face, to execute a finish etching
treat ment (SESkppWbpleatdecigliags base material GL is placed in a
hori zontal position in the storage unit, the front face and the back face
of the gl ass bageymayerbalexmythiag auehsed & dhingntapprogit atthet i m ng.
partition line GV is further deepened, and also the front and
back faces of glass are etched. As a result, even when a
relatively acute edge angle ED arises in the partition line GV
10 during the primary etching (STi4)}, the edge angle ED will be
smocth-faced. Further, since the glass front face andback face
are etched, even if fine c¢racks remain on the glass front and
back faces, these can be extinguished.
And the finish etching treatment is ended when the upper
15 and lower twopartition lines GVpenetrate. As describedabove,
in the present embodiment, since the finish etching (ST16) is
executed after the primary etching for forming the partition
line GV (8T14), a separation treatment and a face-smoothing
treatment of glass subsgtrate are executed by the finish etching,
20 so that a firm glass substrate can be produced.
Further, since the glass substrate is eventually thinned
to about 0.5 mm or less, flexibility comparable to that of
plastic canbe exerted. Therefore, for example, ina production

process of a display device, merits of glass including acid

25 regsistance and heat resistance are effectively exerted.
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Anyway, by executing such an etching treatnment, the partition line G/ is
further deepened, and also the front and back faces of glass are etched. As
a result, even when a relatively acute edge angle ED arises in the
partition line G| 10 during the primary etching (ST14), the edge angle ED
will be snooth-faced. Further, since the glass front face and back face are
etched, even if fine cracks remain on the glass front and back faces, these
can be extdfpguiesheds sAnd drhg1 didi sheet chhngikipat MBptinbSagRged ivwhen the
upper 15 and lower two partition lines GVpenetrate . As descri bed above, in
t he presenirerhediagnt, since the finish etching (ST16) is executed after
the primary etching for formng the partition line G| (ST14), a separation
treatment and awhagesxsetiniBgal reaiHRRt tobaghass Suhst raiwei larecexecut ed by
the finish etching, 20 so that a firmglass substrate can be produced.

Furt her, simgecfhghgltassasshsidialeati s enentidall yoliliwingdtto famagh 0.5 nm or
|l ess, flexibility conparable to that of plastic can be exerted. Therefore,
for exanple,chimga(guriajycii o8 gasecesis taf daf cins ph apddmdecef therdliessof gl ass
including acid 25 resistance and heat resistance are effectively exerted.
Further, asimteover (wilass tiexeghbentr viusithi lat Yrandeditealn bEtplaake exert ed.
When an additional etching treatnent (ST25) simlar to that of the third
enbodi nentthiskmese) detd ehl o figeeheardd hbstnB hetrchiewpasSTL6% gliass| s

possi ble to deforman end face of the glass substrate (within the range of
-at to +atstfreomtienteeOFod. gl @e -t hi ckness) into an arc face, and to

further increase the glass strength (see Fig. 5(b)).
Radius of curvature R of the arc face should be preferably

10 0.4t or higher, and more preferably 0.5t or higher for all (a

0.5) or most (0.5 »> a = 0.35) of the glass end face having
a plate thickness t. Other content of the additional etching
is as same as that of the secondary etching of the third
embodiment (ST25), and the range to be deformed inte arc face

i5 (-at to +at) and an evaluation method of radius of curvature
R are alsgo as same ag that in a third embodiment.

While embodiments are described in detail above, the
specific degsceription will not particularly limit the present
invention. Inparticular, not limited to the production method

20 of the embodiment using a photosensitive film for masking
treatment, it is also preferred to form a coating layer by
dipping the glass base material GL into & liquid bath retaining
a masking material in the case of the second embodiment, for
example. With such a configuration, the coating layer can be

25 provided also in the circumference of the glass base material.
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Radi us of curvature R of the arc face should be preferably 10 0.4t or

hi gher, and nore preferably 0.5t or higher for all (a = 0.5) or nost (0.5 >
a0.35) of the glass end face having a plate thickness t. O her content of
the additional etching is as sane as that of the secondary etching of the
third enbodi rent (3T25), and the range to be deforned into arc face 15 (-at
to +at) and an eval uati on nethod of radius of curvature R are al so as sane
as that in a third enbodi nent. Wi | e enbodi ments are described in
detail above, the specific description will not particularly limt the

present i nventoRanhbdi Ratdd cular, not limted to the production nethod 20
of the enbodi nent using a photosensitive filmfor masking treatnent, it is

al so preferred #pifertmea Goatigng-dayencbys dkepity bheegbassihnsermteri al
G. into a liquid bath retaining a masking material in the case of the

second enhod gesist flakeexammhe:hdVebhosdEndaarh gl3AlS, 08T 4 )hetheat i ng
| ayer can be 25 provided also in the circunference of the gl ass base
mat eri &l . eteingdcEshothi®riay be conduMiiekiewhhee eftehiregitt eay@NLEI S
executed after peeling off the resist layer 2B in the second enbodi nent
(ST15, SThEmaitlee However, in this case, since glass base material GL
igs not thinned, it is preferred tec thin it in advance to an
appropriate plate thickness {(preferably, about 0.4-0.6 mm or
less) by an etching treatment.
10 Fig. 5 is a flow chart and a schematic view for
illustrating the third embodiment. A glass substrate produced
in the third embodiment is used, for example, as a cover glass
of a liquid crystal display of a mobile phone. Also, the glass
substrate may be used as a glass substrate on the user side
15 comstituting a touch panel-incorporated ligquid crystal
display.

In the third embodiment, in place of pasting a
photosensitive filmmaterial, a photosensitive filmis provided
by a dipping method (8T21). In the dipping method, a glass base

20 material GL in avertical position is dipped in a bath containing
a coating liquid (photosensitive agent), and the glass base
material GL is drawn up at a rate corresponding to viscosity
of the coating liquid, to form a photosensitive film having a

predetermined film thickness. Prior to the treatment of step

25 8T21, the glass base material GL may or may not be provided with
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5 etching treatnment may be conducted while the resist |ayer 2B renuins.
However, in this case, since glass base material G is not thinned, it is
preferred to thin it in advance to an appropriate plate thickness
(preferably, about 0.4-0.6 nmmor |less) by an etching treatnment. 10Fig. 5 is
a flow chart and a schematic view for illustrating the third enbodi nent. A
gl ass substrate produced in the third enbodi nent is used, for exanple, as a
cover gl ass eftarkipedth®r yslaalindi spl ay of a nobile phone. Also, the glass
substrate may be used as a glass substrate on the user side 15 constituting
a touch panel -i negt paitat U=t & qaised Gatystiall di.sp ayvered withld phlbeot hird
enbodi nent, in place of pasting a photosensitive filmmterial, a

phot osensirdsake4 fdol a3 its grrmMicded thye andi ppighgsseidrednd Sh2AB)L gl Antbe di ppi ng
met hod, a gl ass base 20 material G in a vertical position is dipped in a
bat h cont & ping: ki tgoaf bag drisgui, hrdtotragdemsidn ve eddent¢qd fabd atheegl ass base
material GL is drawn up at a rate corresponding to viscosity of the coating
i qui d5 t cHeopoeo phek asensekeva dxdoncddawd g2 ofirtddepeotdsared cfivkm
thickness. Prior to the treatnment of step 25 ST21, the gl ass base materi al
G may or lesematligdtprove de28)th Team aheiglefdsebesomaceatph @l in

Next, the glass base material G. is covered wwth a photo nask 4 so as to
partition @He eynditd ofl sxdebaterqrmverh ah aGkal ane selpkipal toyreglovese ar eas,
and NV radiation is effected fromabove 5 the photo nask 4 to nmake an
exposed pat WBXpPseAcPpiotdds @fsichievehebgagnsd Yivghilagere2 (SM23) .. Then the
gl ass base material G. in this condition is devel oped with an al kali ne

sol ution, to redBVevsh thrERFesedmpars. 2hedronkd asiforws Ehsibeckdacayer 2

ST23) .
( )10 of glass basematerial GL is coveredwith a regsist layer 2B having

hydrofluoric acid resistance. Fig. 6 shows the resist layer
2B that will not be etched, and a partition line GV and an open
window HO that will be etched., 2s depicted, the partition line
GV is formed through length and breadth to achieve partition
15 intouse areas as glasgs substrates. The open window HO is formed
into an oval shape inside a use area as a glass substrate. The
open window HO turnsg into a through-hcole by a primary etching
treatment of step ST24.
Next, glass base material GL covered with the resist layer
20 2B is dipped in a chewmical polishing bath, to effect primary
etching with a chemical polishing liquid (ST24). This primary
etching is effected until the glass base material GL is
penetrated by etching the partition line GV and the open window
HO in the direction of plate thickness of the glass base material

25 GL. Therefore, at the end of the primary etching, the glass
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Through these treatnents, the front face and the back face 10 of gl ass base
material G. is covered wwth a resist |ayer 2B having hydrofluoric acid

resi stance. Fig. 6 shows the resist layer 2B that will not be etched, and a
partition line G| and an open window HO that will be etched. As depicted,
the partition line GV is forned through |Iength and breadth to achieve
partition 15 into use areas as gl ass substrates. The open w ndow HO i s

fornmed i ntRsanmayalishane {iNsiefaracdse; ALa @suaagiai_soﬁtgtz&ts@ate. The open
wi ndow HO turns into a through-hole by a prinmary etching treatnent of step

ST24. Nextgyn@kagsebase.matigriale Gare9¥esed Md kvt he resist layer 20 2B is
di pped in a chem cal polishing bath, to effect primary etching with a

cheni cal pol i shirhg grifbi-gd <cSH24Y (sTER) St pstdmmedeteheadgh bsaeé basted unti |
the gl ass base material GL is penetrated by etching the partition line G|
and the opereMindow, HR iR the ghfiectdrer 0bspiaisd dnbi tkness ofambhe gl ass
base material 25 G.. Therefore, at the end of the primary etching, the
gl ass shas#E paterd)abrfGhé pasepatahediriento s pkudal inknefefrapglasic sabstrates 5
- 5 by the partition Iine CV. The primary etching (ST24) is
execut ed feneceaeh ghassctbaseamatertladdt Gonewbldes tHeese nacertak &L 25 sections
in the exanple 5 of Fig. 6) of the partition line CVis held. Preferably it
i S execut extdredsiinhoe nervreet hase orendglapsubaseynetfesrfalrag® dasest ored in
one storage case, and a plurality of storage cases are dipped into a
cheni cal potd shippgdbatte a chemical polishing bath.
Polishing rate of the glass base material GL is preferably
10 5 pm/min or less, and more preferably about 3 pm/min. This is
because if the polishing rate is too high, a glass component
(reaction product) eluted from the glass base material will
adhere again to the etched partition line GV to deteriorate the
flatness of the glass end face. Composition of the chemical
15 polishing liquid is as same as that of the foregoing
embodiments.
In either case, the glass base material GL is separated
into a plurality of glass substrates 5 - 5 at the end of the
first etching. End face of each glass substrate 5 is slightly
20 sharp and forms an acute angle, as shown in Fig. 5(b}.
Accordingly, a protruding portion PK can become an origin of
cracking during use of the glass substrate 5.
In the third embodiment, as the primary etching ends, the

plural storage cases holding the glass substrates 5 -+ 5 are

25 transferred to another chemical polishing bath, and end face
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Polishing rate of the glass base material G, is preferably 10 5 inimn or

| ess, and nore preferably about 3 i.mimn. This is because if the polishing
rate is too high, a glass conmponent (reaction product) eluted fromthe

gl ass base material will adhere again to the etched partition line CV to
deteriorate the flatness of the glass end face. Conposition of the chem cal
15 polishing liquid is as sane as that of the foregoing enbodi nents.

I n either gasgchihe=gl agshase maeriathdd ek she@parased imtldsaipfurality of
gl ass substrates 5 -. 5 at the end of the first etching. End face of each

gl ass substiat & SnkSssddrgit Ve 20 iShai § ard b-ap 1% samn Aty er arigher, as shown
in Fig. 5(b). Accordingly, a protruding portion PK can becone an origin of
cracking dyd rorusproéfetdifla@ssrsubghsaie 5. In the third enbodi ment, as
the primary etching ends, the plural storage cases holding the glass
substrates 5 .- ab mares2b: bransfteseechdaryanotinerg cheeaipeal ipodbn dhineg bat h,
and end face of each glass substrate 5 is further etched (ST25). Polishing
rate ob tlwy secondasyerewdhiing Hosape efertalbirye tehpn and toe pigherdingnd nore
preferably about 5 pmnmin. As a result of such secondary etching, the
partitiongddmegon PK formed in end face of the glass substrate is deformed
into an arc having radius of curvature R.
Fig. 5(¢) shows an end face of the glass substrate 5 at
the end of the secondary etching in an ideal manner. The
10 Jdeformation of glass end face into an arc results from
progression of etching in the horizontal direction in the
drawing due to peeling of a terminal end part TE of the resist
layer 2B from the glass GL. In other words, in the third
embodiment, the resist layer 2B having adhesiveness of such a
15 degree that the terminal end part TE is peeled off to a certain
extent by the etching liquid is formed.
However, in an actual producticn, the entire end face of
the glass substrate 5 need not necessarily be deformed into a
perfect arc face, and it suffices that the acute angular portion
20 of the protruding portion PF is deformed into an arc. That is,
in the secondary etching (ST25), it suffices that the range of
-at to +at from the center of plate thickness O of the glass
substrate 5 having plate thickness t is deformed into an arc

face having radius of curvature R (see Fig. 5(d)}. Here, 0.35

25 < o € 0.5 ig satisfied, and all (o = 0.5%) or most (0.5 > o 2
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5 GV and the open wi ndow HO are further etched and the protruding portion
PK fornmed in end face of the glass substrate is defornmed into an arc having
radi us of curvature R Fig. 5(c) shows an end face of the glass
substrate 5 at the end of the secondary etching in an ideal manner. The 10
deformation of glass end face into an arc results from progression of

et chi ng in t he horizontal direction in the drawing due to peeling of a

terminal gnd.parl \IE hathe.d el she |AXE, sR.Liomd hendbanss Gh ala of her

words, in't ment, SI st Tayer aV| ng adhesi veness of

such a 15 degr E?‘é%—-ﬁ trtc{‘%s g)rf ?46%&(% Rant, TEel ge@&géﬁq, ekbntpga certain

extent by tﬁ 1"qui However, i n an actual
product i O % e enti re end face of the glass substrate 5 need not
necessarlly € deformed into a perfect arc face, and it suffices that the

acute angul ar perfign, 24 af hwﬁlf&% la@' BY POLIdePR hSs defarmed into an

arc. That is, in the secondary etching (ST25), it suffices that the range

of -atgto +§h% thevcesh ety ofcphatestib L kpessad Lfcubhegpd@asengubstrate 5

havi ng pI ate t ness’t 1s deformed into an arc face having radi us of

Cur vature R (sSeg &&rv%@h)}def'ed’ ﬁvlcgogéogéa ¥Bel. 511 rsabksfdedheand all (a

= 0.5) or nost (O. ? of the end face of the glass substrate 5

becomes an, akGf ?QﬁsQaé(rlcf‘&aﬁédfé@l@fwﬁ:%ﬁ&ﬁatﬂé erfRdy ofhe. secandary et chi ng
(ST25). The arc face having radius of curvature R has actually 5 a slightly

Wavy CONCaVRrieRNYEXShRARA rWNeh tab aridmlengl 855 andetarential abserived under a
m croscope. Wien all or nost of the actual glass end face falls within the

range of Q:;}R8BrLsB2R spadiusaefioaur viat urig.ob (¢he gl ass éade flaoeirigs
evaluated as Rin the present specification. In Fig. 5(e), an arc face
havingo radius of curvature R is represented by a solid line, and an
arc face having radius of curvature R, = 1.02R and an arc face
having radius of curvature R. = 0.98R are represented by broken
lines. Therefore, when all or most of the actual glass end face
is positioned within the region represented by the broken lines
15 in Fig. S(e), radius of curvature of the glass end face is
evaluated as R.

By the way, polishing time is set so that radius of
curvature R at the end of the secondary etching is preferably
0.4t or higher (R 2 0.4t), and more preferably 0.5t or higher

20 (R> 0.5t) for all or most of the end face of glass having plate
thickness t. Considering the production efficiency, it is
preferred to set the polishing time so that radius of curvature
R gatisfies 0.4t £ R < 0.6¢.

As the secondary etching as described above ends, the

25 storage case storing the glass substrate 5 is dipped into a
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10 radius of curvature Ris represented by a solid line, and an arc face
havi ng radius of curvature R = 1.02R and an arc face having radi us of
curvature R = 0.98R are represented by broken |ines. Therefore, when all
or nost of the actual glass end face is positioned within the region
represented by the broken lines 15 in Fig. 5(e), radius of curvature of the
glass end face is evaluated as R By the way, polishing tine is set
so that radfftls BE Carbaand &R sesipe ¢ roRBt he mwnordaty etuglietg | S
preferably 0.43 or higher (R 0.4t), and nore preferably 0.5t or higher 20(R
0.5t) for @Y 9PSROBIPTI e e dedce BFiq) aosthavdianyrghay estidiiickness t-.
Considering the production efficiency, it is preferred to set the polishing
time so that*F&hs Ot EGPVAL dPECR 28136 PPePOVEER a0 disthis case, As
t he secondtg{% ﬁtchi nlgd as descri bed above _ends, the 25 storage case storing
the gl ass SIPEC B "¢ G PREds REdCaTePeditprp TmiEagrdviehks tdsi st | ayer
2B is rSem)vead to orrgl ete the glass substrate 5 (ST26). Prior to the
secondary ge]t ¢ r?él treatfeht , “RES esi st | ayer 2B may be renoved, and in

this case, the %Isags Cerni;{3 giacg may be defornmed into an arc face while the 5
gl ass substrate s ThinHed. 2°0Ve7 SASOGRY i &l 5B L OUMSHE by T HE t hi rd

enbodi mantpoéstibll% 98551':941&% % %rl%dslécgugsgrl'gtses o%r%t%%ggn?%ge &Yeer comng the
brittleness of glass, and merits of glass including acid

resistance and heat resistance can be effectively exerted.
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brittl eness of glass, and nerits of glass including acid resistance and
heat resistance can be effectively exerted. Wuat is clained is :

1. A nethod of producing a glass substrate for producing a plurality of
gl ass substrates for electronic device fromone sheet of glass base
material, conprising: a resist step (ST2) for providing a resist
| ayer havi ng hydrofluoric acid resistance on only a front face side of

front ancwl? the gl ass base material; a partition step
(ST3) for p%%ls[:?dg%?%%the gl ass base materi al into a plurality of use

areas by formng a partit hat do no Lrate

material fromthe fr %‘8@ %f: Be ufcnfl%e gazi"sssé kgszgﬁnn erPItqra%bﬁ{glﬁaser | i ght
or a cutter ase ching ste T, or ,et bot h front
and back #! %éLtYon tgﬁ’é %rad:%gn?r&ﬁe&t?o&} C%V?ﬁ‘?ﬁ ﬁii@ §shnge fﬁt gg%%su tion
step to thin the gl ass base material froma back face 5| de, whil e deepening

t he partibhdssrmpteraal conpgsingnt face side in such a manner that the
partition |ine penetrate the glass base material to partition the glass
base material . a resist step. (S¥Ndbhedovflipg edwsistdageybhasing hpdrafhiosicf or
producing a plurality of glass substrates for electronic device from one
sheet of gliaseshestermt enlyad feonfats sitg: of front and Raclkedasts oftthp gl8F11- ST13)
for providing a front face resist |ayer having hydrofluoric acid resistance
di scret ely,@matdient face of front and back faces of the glass base
material, while providing a back face resist |ayer having hydrofluoric acid

resistance, on g BaceibaSfs{diey aby AR AbANE tkANG.IBLES hfltolial fupes i on

corresponding to ront ace resist |ayer;
plurality of use areas by forming a partition line that does not penetrate

the glass material from the front face side of the glass base material by
laser light or a cutter blasé; and

an etching step (ST4) for etching both front and back faces of the
glass base material having undergone the partition step to thin the glass
base material from a back face side, while deepening the partition line
from a front face side in such a manner that the partition line penetrate

the glass base material to partition the glass base material.

2, A method of producing a glass substrate for producing a
plurality of glass substrates for electronic device from one sheet of glass
base material comprising:

A resist step (ST11-ST13) for providing a front face resist layer
having hydrofluoric acid resistance discretely on a front face of front and
back faces of the glass base material, while providing a back face resist

layer having hydrofluoric acid resistance on a back face side of the glass
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a partition step (ST14) for partitioning the glass base material into a
plurality of use areas by formng a partition |ine that does not penetrate
the gl ass base material by etching the part where no resist layer is

provided in the glass base material; a peeling-off step (ST15) for
di pping the gl ass base material into peel-off bath and renoving the resist
| ayer thereon; and an etching step (ST16) for etching the entire

gl ass bagg a8h L@l ih ﬁ&&tisﬁrwﬁésganaﬁ@ttotm fie6@nfach a66ist 88je3! | ayer and
the back face resist |ayer are peeled off, to thin the glass base material,

the back Tac:  |ayer ‘are peel | pase mter
1o deepent ng § ORRAL Lidy @114 06; b SERIA IRISKS PhA! nidBriBROkic! [ on 11 ne

penetrate the ase ial to partition the glass base materi al

(ST16). 3. A.nethod.of produgi a. gl as bStqk o) r i plurality
O gl ass tBURPEY 26 SreRrere iy Mehfist AT RO Sl B Ao

mat eri al conpyising: . t hi pni ng,step for. thinning.th | ass base
mat eri al tﬁﬁ Eif\?énggsec snatexiad gyn%cg}ng be P%rtt WWﬁe@%;re%lSt Fay%ramr esi st
step (ST21-23) for providing a front face resist |ayer having hydrofluoric
aci d resinyouitied i therglass haghmaterisht face side of front and back faces of
the glass base material, while providing a back face resist |ayer having
hydrof | uori ¢ aci geelesg-offastep &F'10) Hacr lippiow thalglass hase wagesabirle nateri al
in a position corresponding to the front face resist |ayer; a

separ at i greedoéh{thT4) rdravviepireatdsivg laher Heassnbmsk material into a
plurality of use areas of glass substrate by etching on the part on the
front and back fras@%ind stdpe(ST 18 Fobakbi AR LR catirvlpdiss merBatatal iayer is

provided in the glass
the condition that the front face resist layer and the back face resist layer
are peeled off, to thin the glass base material, while deepening the

partition line in such a manner that the partition line penetrate the glass

base material to partition the glass base material (ST16).

3. A method of producing a glass substrate for producing a
plurality of glass substrates for electronic device from one sheet of glass

base material comprising:

a thinning step for thinning the glass base material in advance to
0.4-0.6 mm or less in thickness;

a resist step (8T21-23) for providing a front face resist layer having
hydrofluoric acid resistance discretely on a front face side of front and back
faces of the glass base material, while providing a back face resist layer
having hydrofluoric acid resistance on a back face side of the glass base
material in a position corresponding to the front face resist layer;

a separation step (ST24) for separating the glass base material into

a plurality of use areas of glass substrate by etching on the part on the

25



base material; and a deformation step (ST25) for deformng a center
region of plate thickness in a glass end face into an arc face by further
etching the end face of glass substrate. S 4. The production nethod
according to anyone of clains 1 to 3, conprising a filmformation step for
formng an antireflection coating on the entire front face side of the

gl ass base material prior to the resist step. 10 S. The production
met hod adeeridiang baclke f@den & the glasehipd®i macsabhpvleirednglrasist Jaiast fat e has a
center region of plate thickness of glass end face deformed into an arc
face, anqn@@gkgﬁhpﬁmpé@ggture R of the arc face satisfies 0.4t R6t with 15
respect to plate thickness t of the glass substrate. 6. The
production nmethod according to claimb5, wherein the arc face is forned in a
range of -at to +at (0.35 a 0.5) based on center of plate thickness 0 of
the gl ass substrate 20 having plate thickness t. 7. The production
nmet hod according to claim4, wherein

2ba



as the antireflection coating, a Si02 layer, a TiQ2 | ayer, a S102
layer, a TiQ2 layer, and a Si02 |ayer are lamnated in this 25 order on a
glass front face by sputtering. S. The production nethod according
to anyone of clains 1 to 7, wherein the glass base material is alkaline
glass. 59. A method of producing an el ectronic device conprising the step
of incorporating the glass substrate produced by the production nethod of
anyone of iclal MBtd 191 8.addto an el ectronic device as a cover glass that
will be in contact with a user. 1010. A method of produci ng an el ectronic
devi ce conpri si RO3d Neir@R Ok LEMCRIREN atbiNGettbemPhass cetibst madgd opr oduced by
t he production nethod of anyone of clains 1 to 8, into an electronic device
as a menbeyr pfatsseniskilesd Ana §nUGhepafictedhta droueh fpasaly-furaniepor at ed
di spl ay devi ce.

etching the end face of glass substrate.

5
4. The production method according to any one of claims
1 to 3, comprising a film formation step for forming an
antireflection coating on the entire front face side of the
glass base material prior to the resist step.
10

5. The production method according to claim 2 or 3,
wherein a completed glass substrate has a center region of plate
thickness of glass end face deformed into an arc face, and radius

of curvature R of the arc face satisfies 0.4t < R £ 0.6t with

15 respect to plate thickness t of the glass substrate.

6. The production method according te claim 5, wherein
the arc face is formed in a range of -at to +at (0.35 <0 =0.5)
baged on center of plate thickness O of the glass substrate

20 having plate thickness t.

7. The production method according to claim 4, wherein
as the antireflection coating, a Si0, layer, a TiO, layer, a
Si0, layer, a TiO; layer, and a Si0, layer are laminated in this

25 order on a glass front face by sputtering.
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8. The production method according to any one of claims

1 to 7, wherein the glass base material is alkaline glass.

9. Amethod of producing an electronic device comprising
the step of incorporating the glass substrate produced by the
production method of any one of claims 1 to 8, into an electronic

device as a cover glass that will be in contact with a user.

10. A method of producing an electronic device
comprising the step of incorporating the glass substrate
produced by the production method of any one of claims 1 to 8,
into an electronic device as a member of user side in a touch

panel of a touch panel-inceorporated display device.
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