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DISPLAY DEVICE AND METHOD OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

The present invenf.ion relates to a display device and a
method of manufacturing the same, p#rticularly to a disPlay
device and a method of manufacturing the sé.me in which a

strength thereof such as impact resistance is promoted.

PRIOR ART

Fig.2 shows an example of a con.ventional display device
and a method of manufacturing t;he 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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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 Aue 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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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 stfengthened 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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glass of this imiention, 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 1ar.ger than that of sodium
atoms whereby a display device having enhanced strength can
be provided in a very simp'i.e way.

Essentially glass is provided with .a considerable
theoretical strength. However; brittle fracture is very
easily caused in glass in pract'ice. One cause is that when
defects in some form are distributed on the s‘urface, 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;l.ass is des_tructed at a value
of the -strengt.li copsiderably lowei: than the theoretical
strengih. In view of such a fracture mechanism of glass, it
is'proposed to promote the strength of glass by using air

jets tempered glass, low thermal expansion glass, high
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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 str'ess 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 piate 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
j.n 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’.
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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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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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device and the treatment cap be performed even after a step
particular to a d;splay device (polishing step etc.) hé.s been
performed, which does not considerably change and complicatés
the manufacturing steps of the conventional display devicé..

Therefore, the present invention adopts chemical
strengthening as a method ""af strengthening glass, incorpo-
rates it; in the manufacturing stepsl of a display device and
provides a displéy device havir;g 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.

8
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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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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. A 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_tituted 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
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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 surface 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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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_successivelQ.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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prepared. One fhing to be careful about here is a néceésity
of sealing holes such as liquid crystal injection poi‘ts,
provided on the display cell such that a solution does not
enter the holes. .In Fig.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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formed on a gla_.ss Substrate_ 1 made of éoda glass having a
thickness of 0.55mm of v(hich 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 electrc;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 afe 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 Fig..4 (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
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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
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in thié im}entipn, a soda .glass substrate or a cell for a
display device which has been .n;—r;:factured 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 ha.v_ing 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 tt;i?i;;;-s-s.hs—fﬁ.the- ;1;;; substrat-e~1s 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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in thié in'.venti_onl, 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 sf.rength can be maintained
even if thé thick;;ss*ofwthegla;; 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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and liquid crystal being epclosed 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.
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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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molten salt solqtiqn_including:catiohé'hAGing a firéf.ionic

radius larger than a second ionic radius of sodium atoms.
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