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DISPLAY DEVICE AND METHOD OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

The present invention relates to a display device and a
method of manufacturing thé.same, p#rticularly to a disPlay
device and a method of manufacturing the séme in which a

strength thereof such as impact resistance is promoted.

PRIOR ART

Fig.2 shows an example of a conﬁentional display device
and a method of manufacturing the same. In.Fig.z numeral 11
designates a glass éubstrate made of soda-lime glass,
borosilicate glass or the like 6n the surface of which a
sodium passivation film 12 made of Si0, is forméd and a film

of a transparent electrode 13 made of ITO is formed and
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Fig.2 shows an exanple of a conventional display device and a nethod of
manufacturing the sanme. . In Fig.2 nuneral 11 designates a glass substrate
made of soda-lime glass, borosilicate glass or the like on the surface of
whi ch a sodi um passi-vation film 12 nade of [err] is forned and a filmof a
transparent electrode 13 nade of ITOis fornmed and

patterned by a method of vapor deposition; sputtering or the

. like. A glass éubstrate 14 on the surface of which a sodium
passivation film 15 and a transparent electrode 16 are
successively formed aé in the glass substrate 11, and the
glass substrate 11 oppose each other, both are pasted
together by a sgaling agehtwi7 and a display material 18 such
as a liquid crystal or an electrochromig material is filled
in the clearance whereby a display device is formed.

Curréntly, such a display device is widely used ranging
from a digital wétch to a display for a computer by utilizing
its portability and low power consumption since it is a flat
panel different from a CRT.

.However, such a flat panel display currently uses glass
for the.subsfrates due to its high transparency. 'However, it
has a drawback in which it is ap£ to crack since it is made
of glass.

Especially, the flat panel display is often used in a
' 2
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2 patterned by a nmethod of vapor deposition, sputtering or the like. A
gl.ass substrate 14 on the surface of which a sodium passivation film 15 and
a‘transparent el ectrode 16 are successively formed as in the glass
substrate 11, and the glass substrate 11 oppose each other, both are
‘pasted together by a sealing agent 17 and a display material 18 such

portable type electronic instrument apd accordingly, it is
preferable that it is strong against drop impact. However,
the portable type elgctronic instrument is further required
to be light, thin, short and small. Then, the instrument
includes a conflicting problem wherein the thickness of a
glass substrate is thinned ‘and thé-strength is decreased to

satisfy the requirement;

SUMMARY OF THE INVENTION

To resolve the above problem, ﬁith a purpose of maintain-
ing sufficient strength even with a thin thickness of the
glass substrate, the inventors found a display device made of
soda glass which is chemically strengthened by substituting
atoms having an ionic radius larger than that of sodium atoms :
for sodium atoms of the surface and the method of manufactur-
ing the same.

According to the method of promoting the strength of
3
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as a liquid crystal or an electrochromc material is filled in the
cl.earance whereby a display device is forned. Currently, such a display
dévice is widely used ranging froma digital watch to a display for a
conputer by utilizing its portability and | ow power consunption since it

a flat panel

different froma CRT. However, such a flat panel display

currently uses glass for the substrates due to its hlgh t ransparency.

However,

it

glass of this igvention, a soda glass substrate or a cell for
a display device made by using the substrate is nmerely dipped
in a salt solution or a mblten salt solution including
cations having an ionic radius 1arger than that of sodium
atoms whereby'a display device having enhanced strength can
be provided in a very simpié way.

Essentially glass is provided with .a considerable
theoretical strength. chever; brittle fracture is very
easily caused in glass in practice. One cause is that when
defects in some form are distributed on the sﬁrface, sincé
tensile stress is present on the surface of glass, the stress
concentratés on the defects and the defects become fractﬁre
initiation points by which the g}ass is destructed at a value
of the -strengfh. copsiderably lowef than the theoretical
strengih. In view of such a fracture mechanism of glass, it
is'p:oposed to promote the strength of glass by using air

jets tempered glass, low thermal expansion glass, high

4
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has a'dramback in which it is apt to crack since it is made of glass. .
Especially, the flat panel display is often used in a 3 portable type
el ectronic i-nstrunment and accordingly, it is

elasticity  modqlus glass, crystallized glass, chemically
'strengthened glass and thé like.

In air jets tempered glass the strength against fracture
is promoted by changing the tensile stfess present on the
surface of glass into compressive stress. Specifically, air

" jets are blown on the surface of a glass plate heated
approximately at 700 °C and the glass §1ate is coolgd while
maintainiﬁg a temperature difference_between at the inner
portion and on the surface. Then, the sﬁrength of glass is
preserved in the solidified state“in forms of compressive
stress on the surface and tensile stress at the inner-portion
in accordance with the temperature difference by which the

strength of glass is promoted. At this occasion the compres-

sive stress on the surface reaches 900 through 1,500 kg/cmz
and the tensile stress at the inner portion becomes 300

through 500 kg/cm’.

.This Sheet Has Been Reﬂlaced




preferable that it is strong against drop inpact. However, the portable
type-electronic instrunent is further required to be light, thin, short and
small. Then, the instrument includes a conflicting problemwherein the

t hi ckness of a glass substrate is thinned and the strength is decreased to
satisfy the' requirenent. SUMVARY OF THE | NVENTI ON To resol ve the above
problem wth a purpose of nmintain-

The low thgrmal expansion glass was devised to improve
destruction by thermal stress causé& by heating or cooling
glass.

In the high elasticity modulus glass nitrogen having
strong bonding force is introduced in conventional oxide
glass by which a network of ‘glass is strengthened wherein thg
modulus §f elasticity can be enhanced by 30 to 50% thereby
achieving promotion of strength.

In the crystallized glass a kind of composite material is
formed by reheating glass and dispersing crystal particles in
a matrix wherein propagation of fracture crack is prevented
by the crystal particles.

 In the chemically strengthened glass the strength against
fracture is prohoted by changing'the tensile stress present
on the'surfacé of.glass into compressive stress as in the air
jets tempered glass. _specifically, glass including alkaline

ions (Li or Na) having a small ionic radius is dipped in an
6
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ing sufficient strength even with a thin thickness of the glass substrate,
the inventors found a display device made of soda gl ass which is chemcally
strengt hened by substituting atons having an ionic radius |arger than that
of sodiumatons for sodium atons of the"surface and the nethod of

manuf actur- ing the same. According to the method . of pronpting the strength
of

alkaline molten salt having a large ionic radius at a
temperature region ( for example 400 °C ) which is equal to
or lower than the glass transition point by which ion
exchange between both.is performed on the surface of glass.
As a result the volume is increased and.compressive stresé is

present after cooling the surface layer of glass. The

compressive stress is approximately 100kg/mm&

- When application of the air jets tempered glass, the low
thermal éxpansion glass, the high elasticity modulus glass
and the crystallized glass to a display device is considered,
there are restrictions in which the composition of glass per
se ig changed or the treatment is performed in manufacturing
glass and cannof'be.carried out in later working steps.
However, the chemically strengthened glass can be treated at
Qomparatively low témperatures and therefore the treatment

can be'incorporated in the manufacturing steps of a display
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4 glass of this invention, a soda glass substrate or a cell for a display
devi ce nade by using the substrate is merely dipped in a‘salt solution or a
mol ten salt solution including cations having an ionic radius |arger than
t hat of sodium atons whereby a display device having enhanced strength can
device and the treatment can be performed even after a step
particular to a display device (polishing step efc.) has been
performed, which does not considerably change and complicates
the manufacturing steps of the conventional display device.
Therefore, the present invention adopts chemical
strengthening as a method of strengthening glass, incorpo-
rates it in the manufacturing steps of a display device and

provides a displéy device having promoted strength by simple

steps without complicating the steps.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig 1 is a sectional view.of a display device according.
to the present invention.

Fig.2 is a sectional view of | a conventional display |
device.

Fig.3.is a view showing chemical strengthening steps

according to the present invention.
s
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be provided in a very sinple way. Essentially glass is provided with a
consi derabl e theoretical strength. However, brittle fracture is very
easily caused in glass in practice. One cause is that when defects in sone
formare distributed on the surface, since tensile stress is present on the
surface of glass, the stress concentrates on the defects and the defects
becone fracture initiation points by which the glass is destructed at a
val ue

Fig.4 is a view showing other chemical strengthening

steps according to the present invention.

DETAILED DESCRIPTION_ OF THE PREFERRED EMBODIMENTS
.'A specific explanation’ﬁill be given of the effect of the
present invention based on examples as follows.
(Example-1)

Fig.1l is a view showing an example 6f a display device
according to the présent invention.

'In Fig.l numeral 1 désignates a glass substrate made of
soda glass which is manufacfured by a method illustrated by
Fig.3. 1In Fig.3 (a) soda glass 31 having a thickness of
0.55mm is prepared. 1In Fig.3 (b) polishing is performed to

- a degree wherebj smoothness of surface is sufficient for the
display device. In Fig.3 (c) the soda glass is dipped in a

strengthening solution 32 composed'of a mixed molten salt of

9
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of the st're_ngth considerably lower than the theoretical strength. In view
of such a fracture nechanismof glass, it is proposed to pronote the

strength of glass by using air jets tenpered glass, |owthermal expansion
gl ass, high 5

50% KNO; and 50% KNO, at 430 °C by which a chemical strength-

ening is performed thereby forming the glass substrate 1 as
shown in Fig.l1l. On the glass §ubstrate a sodium passivation
film 2 made of SiO, is formed and a film of a transparent
electrode 3 made of ITO formed by a method such as sputtering
or the like is patterned. ‘; sodium passivation film 5 and a
transparent electrode 6 are formed on a glass substrate 4 the
" surface of which has been polished and chemically strength-
.ened as in the glass substrate 1, the glass substrate 4 is
' opposed to the élass substrate 1, the both are pasted
together by a sealing agent 7 and a. display material 8
cons;ituted.by_STN liquid crystals is filled in the clearance
thereby forming a display device.
In such a STN liquid crystal display device an accuracy
of % 0._0511m is recjuired with regard to lthe surface of

substrate to achieve an uniform thickness of a liquid crystal

10
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el asticity nmodulus glass, crystallized glass, chenically strengthened
glass and the like. In air jets tenpered glass the strength against
fracture is pronoted by changing the tensile stress present on the surface
of glass into conpressive stress. Specifically, air jets are blown on the
surface of a glass plate heated approximately at [err] and the glass plate
is cooled while maintaining a tenperature difference between at the inner

layer and accordingly; the polishing of the surface of glass
is an indispensable step. HOwever;.wheh the "strengthened
glass is used in the réw matérial from the start, the
polishing of the surfacé is difficult to perform and the step
is extremely difficult.  When the chemical strengthening'is
performed at comparativeljﬂlow temperatures after polisping
as in this example, the smoothness of the surface éf glass
can simply be provided, warp or undulation pf glass is
avoided -in ?he later steps of strengthening and the display
device ﬁith promoted strength can be achieved without
deteriorating display function. In fact no destruction was
found when the display deviée of this example was dropped
from the height of_z meters.

(Example 2)

A displaY devicg was manufactured as in Example 1 except
that the strengthening solutionlin Fig.3 (c) of the Example

1 is composed of a mixed molten salt of 50% KNO; and 50% RbNO;
11
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portion and on the surface. Then, the strength of glass is preserved in
the solidified state in fornms of conpressive stress on the surface and
tensile stress at the inner portion in accordance with the tenperature

di fference by which the strength of glass is pronoted. At this occasion:the
conpres- sive stress on the surface reaches 900 through 1,500 [err] and the
tensile stress at the inner portion becones 300 through 500 [err].

with an effect similar to that of Eiample 1.

(Example 3)

In Fig.l a sodium passivation film 2 made of SiO, is
formed on a glass substrate 1 made of soda glass having a
thickness of 0.55mm'of which surface has been polished and a
film of ITO is_successivel;.formed and patterned by a method
such as vapor deposition, sputtering or the like thereby
forming a transparent electrode 3. Similarly, a sodium
paSsivaéion film S and é transparent electrode 6 are succes-
sively laminated on a polished glass substrate 4, the giass
substrate 1 and the glass substrate 4 are opposed to each
othgr and both are pasted together by a sealing agent 7
thereby formingla display cell.

Next, a chemical strengthening is carried out by a method
illustrated by Fig.4.

In Fig.4 (a) the above-mentioned display cell 41 is

12
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6 The | ow thermal expansion glass was devised to i nprove destruction by

t her na

stress caused by heating or coollng glass. In the high elasticity

modul us gl ass nitrogen havi ng

prepared. One fhing to be careful about here is a néceésity
of sealing holes such as liquid crystal injection pofts,
provided on the display cell such that a solution does not
enter the holes. .1In ?ig.4 (b) the display cell 41 is
chemically strengthened by immersing it in a strengthening
solution 42 composed of a Eﬁostmolten salt that is heated at
4oo.°c. COntinuing the explanation.by'going back to Fig.1,
when a display device was manufactured by filling a display
material 8 constituted by liquid cells in the chemically
strengthened display.qell, an effeet similar to that in Fig.1
is provided. As a point to be careful about in this example
it is _pr'eferable that material of a sealing agent or a
sealant is provided with a sufficient heat resistance since
the display cell is dipped in the molten salt at 400 °C.

(Example 4)

In Fig.1 a sodium pasSivation film 2 made of Si0O, is

13
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strong bonding force is introduced in conventional oxide glass by which a
network of glass is strengthened wherein the nodulus of elasticity can be
enhanced by 30 to 50%t hereby achi eving pronotion of strength. In the
crystallized glass a kind of conposite material is forned by reheating

gl ass and dispersing crystal particles in a matrix wherein propagation of
fracture crack is prevented by the crystal particles.

formed on a glgss Substrate_l made of éoda glass having a
thickness of 0.55mm of which surface has been pelished and a
film of ITd is formed and patterned by a method such as vapor
deposition, sputtering or the like thereby forming a trans-
parent electr&de 3. Similarly a sodium passivation film 5
and a transparent electrodé 6 are successively laminated on_
a polished glass substrate 4, the glass substrate lland the
glass substrate 4 are opposed to each other, both ﬁre pasted
together- by a éealing agent 7 and a display material 8
composed of liquid crystals is filled in the clearance
thereby forming a display device.

Next, a chemical strengthening is performed by a method
illustrated by Eig.4.

In Figf4 (a) the_above-mentioned display device 41 is
prepared. In Fig.4 (b) the display cell 41 is chemically

strengthened at 100°C by dipping it in a strengthening

14
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In the chem cally strengthened glass the strength against fracture is
pronoted by changing the tensile stress present on the surface of gl ass
into conpressive stress as in the air jets tenpered glass. Specifically,
glass including alkaline ions (Li or Na) having a snmall ionic radius is
di pped in an .

solution 42 comprising an acidic solution of KNO;. At this
occasion hydrochlor;c acid, perchloric acid, bromic acid,
hydrofiuoric acid, nitric acid, sulfuric acid, phoséhoric
acid, formic acid, aéetic_acid and the like can be used to
make the solution acidic and an aqueous solution or the like
can be used for the soluti;ﬁ. An effect similar to thét in
Example 1 is pr;vided to the display device which has been
chemically strengthened as above. In this example the
temperéthre qf chemical strengthening is low and accordingly,
not so much heat resistance is regquired for material of a
sealing agent or the like, the treatment can be carried out
‘even after filling a display material having low heat
resistance as liquid crystals whereby a simpler method can be
performed.

As has been explained in details by examples, aécording

to the display device and a method of.manufacturing the same

15
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7 alkaline nolten salt having a large ionic radius at a tenperature region
( for exanple [err] ) which is equal to or |ower than the glass transition
poi nt by which i on exchange between both is perfornmed on the surface of
glass. As a result the volune is increased and conpressive stress is

present after cooling the surface | ayer of glass. - The conpressive stress
Is approximately [err]

in thié inﬁentipn, a soda glass substrate or a cell for a
display device which has been ;;;;}actured by using the
substrate is ﬁerely dipped in a solution or a molten solution
of a salt including cations having an ionic radius larger
than that of sodium atoms whereby the display devi;e with
promoted strength can be provided very simply.

According to the 'method a chemical strengthening is
performed by substituting atoms hav;ng an ionic_radius larger
than that of sodium atoms for sodium atoms on the surface of
glass and therefore, a sufficient strength can be maintained
even if the tﬁi?kgégémégﬁthé éi;;;.s;;sﬁ;;£;ﬁg; thinned.

Theréby a portable type display device with promoted drop
impact resistance can simply be provided.

WHAT IS CLAIMED IS:
1. A display device comprises,

a pair of substrates facing together,

electrodes formed on facing surfaces of the substrates,

16
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When application of the air jets tenpered glass, the | ow t hernal expansten——
gl ass, the high elasticity nodul us gl ass and the crystalliz ls%h&§ﬁastBQenQieplaced
dlsplay device is considered, there are restrictions in whic
conposition of glass per se is changed or the treatnent i's peUlH HM"" II Il
manuf acturi ng gl ass and cannot be carried out in |later workin

However, the chem cally strengthened gl ass can be treated at conparatively
| ow t enperatures and therefore the treatnent

in this inventi_on, a soda glass substfate or a cell for a
display device which has been man;-factured by using the
substrate is mere.ly. dipped in a sol.ution or a molten solution
of a salt including cations having an iqnic radius 1afger
than that of sodium atomé whereby the display device wij:h
promoted strength can be pfavi'ded very'simply.

According to the method a chemical strengthening is
than that of sodium atoms for sodium atoms on the surface of
glass and therefore, a sufficient strength can be maintained
even if the tl-licl;x:;sﬂs *t;:hthc.awg;:;: sn;bstrat;~1s thinned.

Thereby a _poftabl_e type display device with promoted drop
impact resistance can simply be provided.

WHAT IS CLAIMED IS:
1. A displdy dévice cdmprises,
a pair of substrates facing together,

electrodes formed on facing surfaces of the substraﬁes,
16 |
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can be |ncorporated I n the manufacturing steps of a display

device (polishing step etc.) has been perforned, mhlch does

8 device and-

the treatnment can be perforned even after a step particul ar Thi
consi derably change and conplicates ?“ "

i

and liquid crystal being enclosed between the substrates,

wherein said substrates are made of soda glass,
and sodium atoms on the surfaces are replaced with other
atoms which has largef jonic raius than radius of sodium to

be chemically strengthened.

2. A method of manufacturing a display device characterized

in that a pair of glass substrates are formed by chemically

strengthening soda glass plates by dipping thelsqda glass
plates in a'salt solution or a molten salt solution including
cations having a first ionic radius larger than a second
ioniq radiqg ofi?p?iqm atoms and fofmigg_Fransparent‘elec—
trodes on surfaces of the glass plates, the pair of glass
substrates are opposed to eaéh other and a display magerial
is filled iﬁ a clearance between i:he 'pair of glass sub-

strates.

17
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t he manuf acturing steps of the conventional display device,, T er fo

the present invention adopts chenical strengthening as i ph“d
strengthenlng gl ass, incorpo- rates it in the manufacturing

di spl ay device and provides a display device having pronote

sinple steps wi thout conplicating the steps. BRI EF DESCRI PTI ON CF THE
DRAWNGS Fi.g 1 is a sectional view of a display device according .

3. a method of manufacturing a displaj dévice.éharactériZed
in that a pair of glass substrates are formed by forming
transparent electrodes on surfaces of soda glass plates,.a
cell is formed bY opposing and pasting together the pair of
glass substrates, the cell is chemically stfengthened by
dippiﬁg the cell in a salt ;blution or a molten salt solution
including cations having a first ionic radius larger than a
second ionic radius'of.sodium atoms and a display material is
filled in a clearance of the cell.

4. A method of manufacturing a Qisplay device characterized-
in that a pair of glass.substrates is formed by forming
transparent electrodes on surfaces of soda glass plates, the
pair of.glass substrates are opposed to each other, a displéy
material is'filled in a clearance between the pair of glass
substrates and the surfaces are chemically strengthened by

dipping the pair of glass substrates in a salt solution or a

18
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to the present invention. Fig.2 is a sectional view of a conventional
di splay device. Fig'.3 is a view show ng chem cal strengthening steps
according to the present invention.

molten salt solution_including'catiohs'having a first ionic

radius larger than a second ionic radius of sodium atoms.

Sheet Has Been Rle
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9 Fig.4 is a view show ng ot her chem cal strengthening steps according to
the present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS A
specific explanation will be given of the effect of the present invention
based on exanples as follows. (Exanple 1) Fig.1 is a view show ng an
exanpl e of a display device .

[Type of document] . Abstract

In a display device in which glass.substrates are pasted
together and a display material.is filled therebetween and a
method of manufacturing the same, provided is a display
device composed of soda giass chemically strengthened by
substituting atoms having an ionic radius larger than that of
sodium atoms for sodium atoms on the surfaces of the glass
subétrates, and a method of manufacturing a display device
wherein a chemical strengthening is carried out by dipping a
soda glass substrate or'.a cell for the display .device
manufactured.ﬁy using the substrate in a solution or a.molten
-soiution of a salt including cations having an ionic. radius
larger.than that of sodium atoms.

[Selected Figure] -

Fig.1

20
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accordi ng to the present invention. In Fig.1l nuneral 1 designates a glass

substrate nade of soda gl ass which is manufactured by a method illustrated
by Fig. 3. In Fig.3 (a) soda glass 31 having a-thickness of 0.55mmis
prepared. In Fig.3 (b) polishing is performed to a degree whereby

snoot hness of surface is sufficient for the display device. In Fig.3 (c)

the soda glass is dipped in a strengthening solution 32 conposed of a m xed-
nolten salt of -

FI1G. 1
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10 50% [err] and 50% [err] at [err] by which a chemcal strength- ening is
perforned thereby form ng the gl ass substrate 1 as shown in Fig.1. On the
gl'ass substrate a sodi um passi vation f|In12 made of [err] is formed and a

filmof a transparent

FIG. 2
PRIOR ART

— _
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el ectrode 3 nmade of ITO forned by a nethod such as sputtering or the |ike
is patterned. A sodiumpassivation film5 and a transparent el ectrode 6
are fornmed on a gl ass substrate 4 the surface of which has been pol i shed
and chenically strength- ened as in the glass substrate 1, the glass
substrate 4 is opposed to the glass substrate 1, the both are pasted
together by a sealing agent 7 and a display naterial 8 constituted by STN
liquid crystals is filled in the cl earance

FIG. 3A E:::_:S\

31

FIG. 3B [—__________—} 3

31

/
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t hereby form ng a display device. In such a STN liquid crystal display
devi ce an accuracy of [err] is required with regard to the surface of
substrate to achi'eve an uniformthickness of a liquid crystal | ayer and
accordingly, the polishing of the surface of glass '

FIG. 4A

FIG. 4B
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i s an indi spensabl e step. However, when the strengthened glass'is used in
the raw material fromthe start, the polishing of the surface is difficult

.‘)02055.—5 -l =

to performand the step is extrenely di fficultj. ‘mmpﬁthgﬁq&e@hﬁai- T eG

N &

strengt hening i's perfornmed at comparafively | qWpteRperaLLL sci?i t.er,, raged 8

polishing as-in this exanple, the smesthness df Et’h‘f‘aﬁm ac . ,iit;,%n,,1
sinpl'y be provided, warp or undul ation, of - gl ass o By é}yb] -1} :d w)a
steps of strengt hen| ng and the di splay . . E’Abo&r e a “ggd_

| N DATE OF RECEfr...’E!ﬁ!ﬁe ........
. DISPLAY DEVICE AND METHOD OF MANUFACTURING THE SAME

BACKGROUND 'og'. THE IerianoN ':
The pfesent invention reiates to a_disp]_.ay_--device and a
me_tnod of manlifadturing tne same, p.ar_ticula;'cly to a-'display.
. devi.ce and a 'me_thod' of 'manulf'aetnr_:.iné'-the sanlie. in fwhl;.ch a

strength thereof such as impact_resilstance. is promoted.

PRIOR ART .
Fig.2 shows an example ef a ‘co'nv__e_ntional display device

and a me.the_'d of manufa'ct_uring the same. In Fig.2 numeral 11

des:l.gnates a glass substrate made of soda-llme glass,_

boros_ilic‘ate glass .'of the like on _th'e, surface of whi'ch, a

sodlum pa551vatlon f:leJ 12 made of 5102 is formed and a film

Ja .

P

of a transparent g.lectrodef E:ﬁ dé ,} Gf %ITO is formed and
Lo b b .:>\ L A
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¥
device with pronoted strength can be achieved w thout deteriorating
dlsplay function. In fact no. destruction was found when the display device
of “this exanpl e was dropped fromthe height of 2 meters. (Exanple 2) A
di spl ay devi ce was manufactured as in Exanple 1 except that the :
strengt hening solution in Fig.3 (c) of The Exanple 1 S conposed of a n1xed
nol ten salt of 50@6[err] .and 50@6[err]

patterﬁed"by_ézméthodlof-ﬁaéofjdéPoSiﬁion,'sputtering'¢r.théf 
liké;. A gié$s'$u5str§te 14 pn-the.surface'of which a.éodiﬁm'
passivation-lfiim *15 'éndfza _transparent  electrOdé i6 are
successively for@éé aé in-the.glass.substrafe il, and the
glass .substfaté .1;-10ppose. e;ch other,' both afe 'péSted
_toggther by.é éealiﬁg agent 17 and a display materiaiIiBISuch
~as a liquid_éryéiallﬁr_an_electrbchrpmic material ié-filied-
ih'the_cleﬁrahce-Whérgbyla.diéplay devicé is7formed.
| Curféntly, suéh,a diép;aj device is widelf.used ranging
from a digit&i waﬁqh“#o a.dispiay for-aléomputer.by:utilizing
its poftabiiity and low power COnsﬁmption sincé it is a flat
'  panel diffefent ffom'a_¢RTf_
. However;'sﬁchla'f;at_panel display éurrently uses gléss
for thg_sgbétratés'due to_it#lhigh-trénsﬁarency._ Howéyef,'it |
'~ has a.drawbaqk:in'yhich.it is aﬁf to créck.éince it is méde 
of glass. . Qii:";
;}Espécié;ij, tﬁe f1at paﬁel displgy is often ﬂsed'ip a

_ Th:s is the replacement sheet
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12 with an effect similar to that of Exanple 1. (Exanple 3) In Fig.1 a
sodi um passivation film2 made of [err] is formed on a glass substrate 1
rrgde of s_oda. gI. ass _ha.vi ng a _§_ ' ' '
3 po;table type eleqt’_':_f’conic, in_strument' and a_ccordingly_,' i.t: is
pi'efer_able -t'ha_t' 1t 1s Strogg at_gainét'_drép impact. 'Hov}evef,
the po_rtable 't.ypg__e'léct-ro'ni.'c.instrumént is -ft_.lrther reqﬁir'ed
.lto 'i)e_ light; th1n, sho.r't ang'i' smaZ_Ll'.'. Then, the .ilr_xstru-mex_it..
ihc_:lu&es 5. _Cc:':n.f'l'_i.cti_né' problem ._wl.jxerein ﬁhe thickhéss df a
glgés_' .é;u_];st.rate is. t_h.inn_ed.and. tl"_xe':'s'tréngth is decreaséd._ td___ .'

‘satisfy the requirement.

'smy OF 1.‘I-'IEl Iﬁirémio’n

io resolvg ti1e .abo.ve p];oblem',_ with a_.. purpose of maintain-; '
ing suff_':.i.ci'ent:_s'trengthl evgn ‘with a t.hih.t'h:'i.ckr.le.ss of ..the'
'glass sﬁbs_tfate, ,ﬁhe ir_iventors found a display device mgde of
soda glaé’é w.hic.:h-lis' qhémiéaiiy _stféﬁjthenéd by subétituting -
‘atoms having an .iorgic.: radius la_i:ger _thaﬁ that of sodium atoms
for sodium‘ aj:o.li_ls of _'tl-ie',s'u.z.'fa_ice' and tl;é method of _ménufa_ctnir- _
1ng ﬁhe same.

Acco_rding to. t;h"e method of ptomoj:itig the st_rength' of

s This is the replacement shewet
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t hi ckness of 0.55nm of which surface has been pollshed and a filmof ITOis
successively fornmed and patterned by a method such as vapor dep05|t|on '
sputtering or the like thereby formng a transparent electrode 3. _
Similarly, a sodium passivation film5 gnd a transparent el ectrode 6 are
succes-- sively | ami nated on a polished grass substrate 4, the gl ass
substrate 1 and the glass substrate 4 are opposed to each ot her and both
are pasted together by a seal i ng agent 7 o
glass of thls 1nyeptlon, a soda_glaSS'substrate or afceil for
a display device made by using the substrate is merely dipped
1n a salt 's_'ol_titibn or é.___ m_ol_teh -salt. solution inc'ludihg
cations having,an iohi¢ radius larger than that of sodium
atoms whgreby a diSplay deVice having’enhanced strength can
be provided in a very simple way.

'Essentially 'glass  is provided .with a consideréble
theorétical'étrength. Howévér, brittle_frécture is very
easily cauSed.ihf glass.in practi¢e. One cause is that_wheﬁ_
defects in sdme~f6rm are distributed_on the surface, since
tensile stress,is_present on the sﬁ:facélof giass, the stress
concentrates on the defects and the defects become fracture  
initiation points bY whi¢h the glass is destructéd at a value
of the strength considérably'.lower_ than 'the- fheoretical _
strength. In viéﬁ of such a fracture mechanism of_glass; it

' is'proposéd to prbméte_the étrength of glass by using air
jéts_'tempered glass, low thermal' e#pansion ~glass, high
ThSisthéreMacemenisheet-
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thereby formng a display cell. Next, a chenical_streﬁgthening Is carried
out by a nethod illustrated by Fig.4. In Fig.4 (a) the above-nentioned o
display cell 41 is 13 . ' : S _ L
: . . S - D
elasticify"medulqs~'giess,. crystallized..glass,-.chemically
st:engthehed gless_anq ﬁhe 1ike.

In ai?.jets tehpered.glase the.etrehgth.againeﬁ fracture
Iis.promqfed by.chenging tﬁe tensile:efieee.present en.the
surface of g;aSSiintq.eOmpfeseiVe.etress.' §éecifica11j; aif
jets are 'bleﬁe'.on ‘the surfece'eof ‘a glass .plaﬁe' heated
approXimate;y aﬁ-&Ob °C and.thelglese plate is cooled while
maintaining e'éemperafﬁre difference betweeﬁﬂat the inee:
‘portion end en theisﬁrfeee} .Then,.tﬂe.strength of.glase is
lpreserved.iﬁ'theeselidified_sta;e in forms.of compreesive 
etrees on the.surface:and tensile strees'at the inner porfién

| in aecordance.ﬁith:the tempe;atufe difference by'whieh the
.etrength of giees is pfomoted,'.At'this occasion ﬁhe ceﬁpfes-
sive stress on ;ﬁe;eu?feee reaches;QOOZthrough 1l,500'k'g/_cm.2
end:the tenSile_etreee at:the“ieﬁer portioh beeomes 300

through 500 kg/cm’.

This is the replacement sheet
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prepared. One thing to be careful about here isa necessity of - seal ing

hol es such as liquid crystal injection ports, prOV|ded on the display cel
such that a solution does not enter the holes. In Fig.4 "(b) the dlsplay
cell 41 is chenically strengthened by iémersing it in a st r engt heni ng

sol ution 42 conposed of a [err] nolten"salt that is heated at [err]. .
Conti nui ng the expl anati on by goi ng back to Fig.1, when a display deV|ce
was manufactured by filling a dlsplay

The low thermal expans1on glass was dev1sed to 1mprove
destruction by thérmal sﬁ;éss_causga'by heatihgfor coolihg
glass. .

In the-high'élgsticity modu1u$ giaés nitrbgeﬁ having_
_étrong.bonding_fqrge is'intr§§dced in conventional oxide
‘glass by WHiqh é_petWork of glas$li$ stfengthened whéreip tﬁe-
.modulus 6£ el&stigitf.céﬁ'be.énhanced_by 3Q to 50% theréb§,
'aéhieviﬁg promotion.of streﬁgﬁh;

In fhe'éfyétéllizedjgiagsga.kind,of composite materiél is
.formed.by reheating giasé and dispersing'crystai parti;lés in
‘a matrix whgréi# ﬁf@pagatién of fractﬁre c:agk'is prevehted

by the crysta; pérticles;  ' _ ' ' .

I# tﬁe_éﬁémicéily-stréﬁgthéﬁéd.glass the stréngth agéinst
frécture ié_préﬁéted'by'chaﬁging the tensilé stress:preSepf
oﬁ.the'surface éftglass:intd compreséivé_sfresslas in the ai#

'_jets.gempéred'glaés; SPecifiéallY,zgiass including alkéliné

~ions (Li or Na)_havi@g a small ionic radius is dipped in an

' Th@isiherep@cementshoetr
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v .
material 8 constituted by liquid cells in the chemcally strengthened .
display cell, an effect simlar to that in Fig.1l:is provided. -As a point to
be: careful about in this exanple it is preferable that nmaterial of a _
sealing agent or a sealant is. provided with a sufficient heat resi stance-
since the display cell is dipped in thenolten salt at [err] (Example 4) -
In Fig.l a sodlun1paSS|vat|on f|In12 made of S|C2 |s ' >

alkaiine' molten Salt haying. a;flargef_ionic.lradius at a
' témpératuré regidn (-fdtjéXéﬁplez400‘°c ).which is egual:£o |
qr  lowef .than tﬁé fglasé  £ransiti9n point by which ioﬁ'
exchange.betweén'both is_pérforméd on the surfacé'of glassf
As.a-resuit the_vélume is inc:eased énd.cqmp:essive'streSS.is'
_preseﬁt after cooling .the.'ég:fann layér' df Qléés. | The .
éompreésiVe stréss is app;oiimatély.iQOkg/mma
.When applicgﬁion"of-ﬁhe.air.jetg_témpéred glass,”tﬁg low
thérmal ékpansich giééé,'the.high éiasticity moduius élass
__and-the cryst&lli?ed glasS to a_diéglay device is ;dnsidergd,
there are restrictipné in which thé compositioh of glass per
se is qhahged or the treatment is pe:fb:med in ménufacturipér
gléss and canhbt 5e parried oﬁt_ih later working step;.
. However, tﬁe chemically sﬁréngtheﬁéd glass cén be tre5£¢d ?t,:
'compafaﬁivelylloﬁ tempeiatures and_theféfbrg the'tgéatment :

‘can be incorporated in the manufacturing steps of a display

This is the replacement sheet
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14 formed on a glass substrate 1 made of soda gl ass having a thickness of
0. 55mm of whi ch surface -has been.polished and a filmof ITOis fornmed and
patterned by a nethod such as vapor ‘deposition, sputtering or the |ike

t her eby fornlng a trans- _ - 8 CL ' o

———

deViCe'and_th%'treatmenf Canzﬁe_ﬁeffo;méd_éVen'after'a_step 
paftiguiér-t6 § disp;af'défiée.(ppl;shihg Step”et¢;)_has'been }
pgrformea,nﬁhiéh'ébes not_cdngiaeyﬁﬁly chéngeﬁand“compliCates
hfhe ménufaptﬁting stepslaf the_conven;ional displéyfdéﬁice.
Thé#éfore, thé'.present':inﬁention 'adopts ghemiéai
strehgthening aé a'method of stréngtheniﬁg glaSs; incorpof
'fates it'in tﬁe maﬁufacturing steps of a display device'and.
prpvides aldisplgy deviCe haviﬁg pfémoﬁéd strength bj simple

~ steps without cdmplicéting the'éteps.

BRIEF DESCRIPTION OF .THE_.DRAWING.S, |
Fig 1_is.a segﬁioﬁal view of a display devicé acéording |
- to the preéent invention.
'Fig.2 is 'a sectional .'vievll of .ai co_nvenfional _display
.'de'vi.c_e.'.
Fig.3 is:a.ﬁiéw showing;éhgmical étrengthéﬂiné steps
‘agéétdipg.to théipresént'iﬁﬁentibﬁ;

This is the replacement sheet
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parent electrode 3. Simlarly a sodium passivation filmb5 and a
transparent electrode 6 are successively 1aminated on a polished gl ass :
substrate 4, the glass substrate 1 and the glass substrate 4 are opposed to
each ot her, ‘both are pasted together byga seal ing agent 7 and a display
material 8 conposed of liquid crystals™Ts filled in the clearance thereby
formng a displ ay deV|ce Next, a chemi-cal strengthening is perforned by a.
net hod - SRR '

Fig.4 is a view showing other chemical strengthening

steps according to the present invention.

b_ET_AI_LED D_ESCl#iPT_I'ON_:bEf THE _PREEEREED EMBODIﬁ_ENTé -

A:spééifié expianation.will be giVenlof.the'effegt.of the
.prgéenf'invénﬁibn_béséd'oh_exampleg'as fdiiows,

(E#ample'ij:

Fig.1 is.é view $howing an exa@ple Offé di§P1ay:deVi9e
accarding to thé présent_inﬁeﬁtion.

In Fig.l'#uméral_i dééign;tés_;iglass Substrate mgde of
S6d§ élass which is mahufactured by a method-iilustrated by
Fig.3. Ih Fi§.3:(a)ls§da:§lass 3i havihg a thiéknestOf
0.55mm is'prepéred;  In Figfé.(b) poiishing is.ééffofmea to
a:dégree whé;eby smoothpe;§ of'surfacéiis'suffiéient for the

.'disp;aj'dgviﬁe. In'Fig.Bz(c5 the géaa glass is,dipped in g

strengthéning soluﬁibn_32 domposed of a.mixed molten salt of

. This i the replacement shest
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illustrated by Fig.4. In Fig.4 (a) the above-nenti oned -di'spl ay dé_\)i ce 41 is
prepared. In Fig.4 (b) the display cell 41 is chemcally strengthened at .
[err] by dipping it in a strengthening 15 B ' _ '
- 50% KNO.3 anid..'Sb% I_(N%)z_'at _4_36 °C by _.wh._.iéh_ a c.hem'ica-l'..s.t_:r.e.xllgt.h_-
ening 'is. péi:fo-rmed théigby lf_'Qrming the glass é’ubstx_‘até 1 as
| s'h_own. i_nl. Fig.1. On the gla.ss_l_ sﬁb_strate. a .'sodiun.l': paséivaﬁ_ion
film 2 macié of . Si0, 1s f'ormed'i' .._a.rlxd a .fil;n of a'.'tr'arlxspa_r-ent.
-electrode 3 ﬁtad_e_ df ITO fo_i‘me’d by a mefhod s.u;c_hl as épufiefing
or .thlé like is pa_tt_erfng’d. A sodium passivation film 5 and a
- tran_sp_éfent élec.:troae_'__s" ére fo_fmed on ;.;\.g'la'.ss substrate 4 tﬁe_
‘surface of:whj.c_:l; has been pélis’he’d'a_nd_ chemicalljl'r'str.eng'th—
.enec.i. as in the .gia_sé sqbs_'ﬁrate_l, the glass subsﬁrate.%l_ is
oppo'sed_' to _thé 'g.l_as.s s.ubst.ra_te_' 1, the both a?é past‘.:lec-l
together bj a _seaiing agéni.:.'l7 ‘and 'é. display 'matg;ial I8
cdlnstitutéd by' STN liq_uid cr_‘Ystals' j._s filled in thé clearalnce.
thereby _fofmiﬁg_ a d..:i;'sllal.a_y_ device.
In such a STN 1_i.qﬁ.id. crystal displé.y_ device an'.._a_'cc':uracy
- .of i ..0'.051:1'm. .is re_éuire’d w1th ..regai:_:._'d to .the surfacg of.

substrate to achievé an uniform thi_cknes's of a _liqui'd cryst_al

This is the replacement sheet
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solution 42 conprising an acidic solution of [err]. At this eccasion
hydrochloric acid, péerchloric acid, bromc acid, hydrofluoric acidzfnitric
acid, sulfuric acid, phosphoric acid, formc acid, acetic acid and the |ike
can be used to make the sol ution aC|d|c14nd an aqueous sol'ution or the like:
can be used for the solution. An effecT Sinilar to that in Exanple 1 is
provided to the display device mhlch has been chenlcally strengthened as .
above. I'n this exanple t he _
layer and accordlngly, the pollshlng of the surface of glass
. is an indispensable.eteb{ 'Howevef, when the strengthened
glass is used in the r_:aw material from the '_star.t, the
_polishing of the surface'is difficult_to perform and the step'.'
is extremely difficult. When'the_chemical strengthening is
- performed at comparatively 1Qw temperatures after polishing
as:iq'this example, the smoothness of the surface of glass
can simply be pro_v'ided, warp or undulation of glass is.
avoided in the later steps of stfengthening and the display
| device with promoted strength. can be achieved withdut
detériorating display functiqﬁ. In fact no destruction was
found when the dispiay deviée.bf this example was dropped
from the height of 2 meters.
(Example 2)n
A;display device was manufeétured as in Example 1 except

that the strengthening solution_in'Fig.3 (c) of the Example

1l is comfpds.e’d of a mixed molten sal.lt"b'f 50%.I<IW03 a.n_d 50% RbNO;

Thbisiherephcemenféhﬁet_-
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tenperature of chem cal strengthening is | ow and accordingly, not so much
heat resistance is required for material of a sealing agent or the like,
the treatnment can be carried out even after filling a display material _
havi ng | ow heat resistance as |liquid crygtals whereby a sinpler nethod can
be perfornmed. As has been explained inTdetails by exanples, according to
the di splay device and a nethod of manufacturing the sane '

' with aﬁ-effedt simil&r'to ﬁhat of Example 1.
(Example 3) .I
In. Fig.1 a soéium pas’s_ivla_..t'..iop .-film 2 made _o_.f:_ Sin is
| f.orm'e.d c.).n_a glaés_ substfate .1 made of soda : g‘lasls Having Ia
thi'c_:k_ness of 055mm of which surface hé.s _'béén .p'oli:.'shed aﬁd ;
i fi.lm of ]ETO' is sudce_s__sively. forrﬁed and patterned by a mgthpd
'.s'uch, as vapor depé_s'ition, .s._'putte'r.:iri'g or the ]..Iike theifeby
formlng a tfanspaifent e]_.ectr_ode 3 'simil"arsly, a. sodiuxﬁ o
passiv_ation f11m5 and a transparént electfo_de 6 are guccés—
sively 'lamir."aated._on a p.o.liéh'ed glass gubstrai_te 4, the';_gla‘.ss
substfate 1_' .and the _gl_aés_ s'ubs.tratl:e' 4 ar.e oppdSed to.. each
othe_r, ar-xld both _ are_'é&sted together; by a sealing agent 7
therel;j _forining _a.-_ .dis_plallr cel_i.
Néxt_, a l:':hemi'c'a'\l_l __s'trel'_'_xgthén'ing.' is ca.r_r'i..ed out. by a ineti_uc#d
_ill..ustra_.t_ed by Fig. 4

. In f‘ig'.4 (a) the 'aboxie—mentione_d display cell 41 is

* This is the repiacement sheet -
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16 in this invention, a soda glass substrate or a cell for a display device
whi ch has béen nanufactured by using the substrate is nerely dipped in a
solution or a molten solution of a salt -including cations having an ionic
radius | arger I 13 L

prepared. One thing.tﬁiﬁé;éarefﬁl abogt.héré ig a_ngcessity
_df-seéiing_hp;e§ sqch as'iiquia-crystal-injecﬁipn portg'.
 §r6vidéd on the diéplay-ggll.sﬁchlthat é'soiutiop Qoes not:
enéef thé-holé;.' 'in:Eig.4 (b)-thé diéplay éeli 41 is'
.Chemically Strengﬁhéned by immersing'it.in a.strengthening_
solutioq_42'coﬁposed §f_a'KNO,1malteﬁ éalt that is'héated at
40O ’C;:cbntinﬁing thé'eiplanégicn-by going back to Fig{l;
‘when a Qisplay'de§iée Qas:manﬁfactured by filling a display
'material.é cOnsfi#ﬁted by_liqﬁid cells in the chemically

--st:engthenéd.displ&y'qell? an'effé;t similar.to tha£ in Fig.1
:is pfbviéed. As a point:to.be careful about in this example
it_ is pr'ef_eif.'able tha'f, material of a s.eél_ing agent or a
sealant is provided witﬁ a'sufficigﬁt heat resisténcéfsinée
thefdiSplai cell is'dippéé'in the'molten'salﬁ at 400 °Cf 

(Examplé'4) | |

In Fig.1l a sodium.passivatidn.film 2 made of sioz is

This is the feplacement'.shﬁbt_ :
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than that of sodi um atons whereby the display device with pronoted strength e

can be provided very sinply. According to the-nmethod a chenica
sttengthening is performed by substltutlng atons having-an ionic radius

l arger than that of sodium atons for solidum atonms on the surface of glass .
and therefore, a sufficient strength can an be maintained even if the

t hi ckness of the glass substrate is thinned. Thereby a portable type
dlsplay device wi th pronoted drop

formed on a glass substfate 1 made of soda giass hav1ng a
 .thi¢kness of O.55mm_of wﬁich surface:hee'been polished and:a
fiim'of Ird.is ferﬁéd.and_ﬁetterned by a.method_euqh es.vapbr :
deposition; epgttering_or the.like'therebf forming a trans-
péréht'e;ectrede_s.. similariy.a sddiumlpessiveﬁibn film 5
_and_a trahsparentjelectrodeze are successi§eiy laﬁinated oh
a_pOiishea glees.sﬁbeﬁfate 4, eheﬂg;ass eubstrate 1:and t§e 
'glasslsubstrate 4 are.dppqeed'tp each other, both eré paeted__e
'tegether by a sealinlg. agent 7 .anlcli ‘a jdisp]._a..ty meterial 8 
composed of iiquid crfetels is._fiiled' in the _clearence )
thereby forming a Aiéplay deViee.
Nekt; a cheqical strengthenipg'is:performed by alméthod
illustrated by fig._4.' o
In Fig.4 (a)'the'aeove-menﬁionéd dieplay device 41_i$
_ prepered; In.fi§.4'(b) the diebley:cell 41 ;é chémicelli _.

_stfengthéned. at 100°C by dipping it in a Strengthéning_

“This is the replacement sheet
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| npact resistance can sinply be provided. WHAT IS CLAIMED | S: 1. A _
di spl ay device conprises, a pair of substrates facing. together el ect rodes
formed on faC|ng surfaces of the substrates,

A5,

501ution.42 eomprising en acidic_s6lutioe of KNOS; At ;his:
.occesiqn hyd;och1orie ecid, ﬁe:ehlgrie_ecid, bromie eCia,
hydfbfluori¢ aeid, nitriq;ecid, ee;furic.acid, phosphoric

- acid,.fo;mie ecid;:;eetic-ecid_end the like can"be_used tp_:

| emake the solutiqn aéidic and an aqueéus selution or the like
can be ueea fotltheesolufien;. An.effecﬁ similer_to that'iﬁ_
Example 1 is prefided_to'theldisptay deﬁice which has_been'
cﬁemically .etrenéthened'.as abgvet  In this eXample .the
tempereture ef.che@icei.Stfengthenihglis loﬁ'and accordingly,
lnot so.mueh heet'reSistanée is.rquiredlfo: materiai of a':_
-sealiﬁg agent ef the 1ike( the-ﬁreatﬁentléanibe'carried out
even after filiiﬁé b diep}af material haviné low heat
fesistance as liquid”efystals'ﬁﬁerebf'a'simpler'methed.cen_be_
pefformed.

 .As has beeneexpiained in detaiie by-examples;'aecofdihg.

to the display_device'énd'a method of manufacturing the same
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16 in this invention, a soda glass substrate or a cell for a display device
whi ch "has been manufactured by using the substrate is nerely dipped in a.
solution or a nolten solution of a salt including cations having an ionic
radius larger than that of sodlumzﬂ(nnawmereby ‘the display device with
-pronmoted strength can be provided very S|nply Accordlng to the nethod a
chem cal strengthenlng |s

‘in this in?éntioﬁ, a soda glass'eubStfate_or_a:¢e11 for a e_
displa_y devi_’cé wh.ic'-:h has been ménufeetured_ by ueing the
sqbstrate isﬂmereif.dipéed in e solution-or e molteﬁ solutign'
of a salt inciuding cations hajing:ah ionic radius larger '
than'that'ef sodium.atoms whereby the_display_device ﬁith
pfombfed-strengthlean be provided'veryrsimély._.

_Aecbrding to the methed a cﬁemical strehgthehiné. is
performedjbyesﬁbstifuting.etoms.havihg an ioﬁic :adiue latger.
thaﬁ that of so@ium atpms.for'eodieﬁ atoms on the surface ef

 glass andltherefore, aleﬁfficiént s;rength can be mainteined
-even if.thelthickness eflthe glass substrate is thinneq.'
- Thereby a.portab;e tyﬁe display device with promoted drop.
impact resistance cae simpiy be pfqvided.'
WHAT IS CLAIMED IS:
1f | A display‘deﬁice cbmpriees;'_
e:pairlef substrates facing togétnefg

' eléctrodes formed on facing surfaces of the substrates,

Th|s is the replacement sheet
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performed by substituting atonms having an ionic radius |arger than that of
sodi um atons for sodium atons on the surface of glass and therefore, a
sufficient strength can be nmintained even if the thickness of the glass
substrate is thinned. Thereby a portablie type display device with pronoted
drop inpact resistance can sinply be provided. WHAT IS CLAIMED | S: 1. A
di spl ay devi ce conpri ses,

in this inventioh,la soda glass substfate or a cell for'a
displaffgg;ice which has beeq nﬁnufacturéd by using.the
substrate is merely dipéed in a solutionlor a moltep solution
of a salt including cations having an:ioﬂic radius larger“
than that of sodium atoms wheréby the display device Qith
promoted strength caﬁ be provided Véry;simply. .

According to the method a chemical strengthening is
performed by substituting atoms having an ionic radius_lafger.
than that of spdium atoms for_sodi#m ;toms on the surface 6f
glass and therefore, a sufficient strength can be maintained
even if the thicknes; of the glasé substrate is thinned.

Thereby a portable tyﬁg display device with promoted drop
impact resistance can simply be provided.

WHAT IS CLAIMED IS:
1. A display devicé comprises,
a pair of substrates facing together,

electrodes formed on facing surfaces of the substrates,

This is the replacement shee

AU oue: < 9 25 o8
* c: L M s * . : o o



a pair of substrates facing together, electrodes forned on facing surfaces

of the substrates, 17 and liquid crystal being enclosed between the
substrates, wherein said substrates are made of 'soda glass, .

17

._énajliquid éfystal Séing'en§idsed Bethen-£helsubsﬁfates;'
wherein'said $ubstra£es are'mgdé of soda Qlass;

,and:spdiﬁm étgﬁézbﬁ“the surfaceslafe replacéd with Oﬁhgr

atoms WhiCh h§S'largef ioﬁic.raius than radius of.sodium to

be chemically strengthened.

2. A method of manufacﬁuripgla diéplay device gharac;erized
in that.a pair of{giass subStfatés'érg'forméd by éhemically'
_sﬁrengthening soda glass:plates.bf dipping thé sodalglaés
.piates in a Sai? sélﬁtion.or a_molien éalf sqlution.inciuding
- cations havingfé first ionic radius larger than a.secQﬂd_
ionic radius of sodium atoms and forming transparent éleé-
trodes on surfacég-of thé glaéé plates, the pair of giass
substrates are bppbséd:to e#ch-qthér aﬁd a display mater151 
is filled 1n a clearance b_étwee_n_ the "pa’ir '_of. _gla'SS'- sﬁb_ _

strates. .
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and sodium atons on the surfaces are replaced with other atons which has

| arger ionic raius than radius of sodiumto be chem cally strengthened. 2.
A ‘met hod of manufacturing a display device characterized in that a pair of
gl ass substrates are fornmed by chem calig strengthening soda gl ass .plates
by di pping the soda glass plates in a Salrt solution or a nolten salt
solution including cations having a first ionic radius |arger than a second - -

3. “A method 6f’@ahufaciufing'a'diépiay'agvice.éhatéctefizéd
_inlthat‘a-P#ir_of élgés sﬁbstrété#jafe formed by forming
'transpéfent e;ect;odéélon éﬁrfaces 6f.soda giaéé'p;ates, a
cell is forﬁed bf_bppoéiﬁg and;pasting togethér the bair of
glasé'Substraﬁes; #he pelL is chéﬁically_stfengthéned bf.
diPPing £he ceil iﬁ a_éa1t sdiﬁti@n.orra ﬁolten éalt sﬁlutiop
| indluding catipns havihg_a first'ionic radius 1afge; tﬁaﬁ'a
_lséconduionic fadius:of.sodiuﬁ'atoms:gnd.a.display'materiél.i$ 
filled in'a ¢1ea:ance;of the cell.
4; A methbd of:manufacturing a'display device chafaéterized.
in .that_ a pair of g.'_l..a.ss_. su_bstrlates'_-.is- formed by forming '
transparent eiectfodes dnisﬁrfaces of.soda glass platés,_the;
p&ir'of glgsé Subsﬁratés are oppred:to:each_other, a.d15pl;y'
'material is_filled.in alcleérgnce between_the.paif'gf glass
substrateS'and ﬁhg sﬁrfé§es'afe_chgmiéa;ly stréngtheped_by

' dipping the pair of glass substrates in a salt solution or a

This is the replacement sheet .
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ionic radius of sodiumatons and form ng transparent elec- trodes on
surfaces of the glass plates, the pair of glass substrates are opposed to _
each other and a display material. is filled in a clearance between the pair
of -glass sub- strates. . 19 ' o

'molten salt solll_tion including cations having a first ionic

radius larger than a second ionic radius of sodium atoms..
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18 3. A nethod of manufacturi hg a display device characterized in that a
pair of glass substrates are formed by formng transparent electrodes on
surfaces of soda glass plates, a cell:-is formed by opposi ng and pasting

together the pair of ql ass subst ﬁﬁ!ggl ,{#ﬁs%)&ﬁ}ggt hened
i I ud| ng

Y

by di pping the c& :
catlons haV| ng a first ionic radl us Iarger than a

~ [Type -of document] _AbstraCt | THIS SHEET HAS BEEN.
- R | o REPLACED -

In a dié_p__lay_ 'dev.j'_c_e-i'n "lwhi'ch '_’gi’a;ss__ s_ﬁbé_tfatég .are pasted
| 'to.éetlhe'r a.xz'xd' a display :m..a't'e.ri.aul ié_'-fiiled therebet_w.e.en 'ghd_ a
method of man'ufa:ct.:ur.ingl_' the same, p_rbvided 1s a | display
t_ievice_"c':omhp_bsed. of soda_l_ gléés .che'mica-.lly. strengt#engd by
substitutin_g é;'ﬁoins l.lavil.l'g. ar} ibnic_:_ radius la::"gef ‘than t;haﬁ.of
sodiurg atoms_for '_sq'd_iu:..n'atoms on the .surfaces of the gias_s '
'_.substrat'__es,_ énd a meth'odl o_f_ ﬁanufécf.urfing a '.d;is_lpiay dé\iicé
wherei;i_ a ch_emiéal 'strengt.heni.n.g_‘: is '.ca'rriedi out by dipping. a
s'oda_'g.'la.ss sub'str.ate. oi‘ 'a; cell for the dispiay.. de#iée
manufa;:{:ured lby. uéing _th.e'substrate.ir} a solution or a molten
solutioﬁ o_f.. a ,sélt ihc'::luding" cation_s.-_ having an ionic. rad_ius.
larger than thaﬁ of sodlum ?‘t°'_'"5-”
[_Seiecﬁed E‘i_.gure"]. .
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second ionic radius of sodiumatons and a display material is filled in a
clearance of the cell. 4. A nmethod of manufacturing a display device
characterized in that ‘a pair of glass substrates is formed by form-ng
transparent. ‘el ectrodes on surfaces of soda glass plates, the pair of glass
substrates are opposed to each other, ajdisplay material -is filled in a

‘cl earance between the pair. of glass sube++ates and the surfaces are
chenlcally ‘strengthened by - - : :

FI1G. 1

77T 2O O 37 3
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di pping the pair of glass substrates in a salt solution or a 19 nol ten
salt solution including cations having a fi rst ionic radius larger than a
second i.oni c radl us of ‘sodium at ons. ' :

 FIG. 2
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/N SEARCH REPORT |Application No. 9502055-8

TEXT OF THE ABSTRACT

DISPLAY DEVICE AND METHOD OF MANUFACTURING THE SAME =

In a display device in which glass substrates (1) are pasted together and a display material is
filled therebetween and a method of manufacturing the same, provided is a display device
composed of soda glass chemically strengthened by substituting atoms having an ionic radius
larger than that of sodium atoms for sodium atoms on the surfaces of the glass substrates (1),
and a method of manufacturing a display device wherein a chemical strengthening is carried
out by dipping a soda glass substrate (1) or a cell for the display device manufactured by using
the substrate in a solution or a molten solution of a salt including cations having an ionic
radius larger than that of sodium atoms.

Fig. 1
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