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LIQUID CRYSTAL DISPLAY DEVICE AND
MANUFACTURING METHOD THEREOF

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a liquid crystal display device,
and more particularly to technologies for enhancing the
structure of the peripheral area of the substrate of a liquid
crystal display.

2. Description of the Related Art

In conventional liquid crystal display devices, the sealing
of a liquid crystal layer between two substrates, and the
application of voltage between the electrodes formed 1n
pairs on the back side of the liquid crystal layer change the
orientation of the liquid crystals inside the layer, making it
possible to display various images. FIG. 7 depicts an
example of an enlarged cross-sectional view of the substrate
cdge area of a conventional liquid crystal display devices,
and FIG. 8 1s a perspective view from above showing the
overall configuration.

As shown therein, both the top and bottom substrates 1, 2
are constituted by clear glass plates, and transparent elec-
frodes 3 and 4 are formed in specified patterns on the
opposing 1nternal surfaces of substrates 1 and 2. Liquid
crystal layer 5 1s sealed between top substrate 1 and bottom
substrate 2 by means of sealant 6.

Bottom substrate 2 extends farther out to one side than top
substrate 1, and electrode pads 4a, which are conductively
connected to clear electrode 4, constitute external electrodes
are formed on this surface. Insertion pins 7, installed such
that they clamp bottom substrate 2, contact these electrode
pads 4a and connect to an external wiring substrate, or the
like. Insertion pins 7 with legs are attached to substrate 2 by
means of elastic jaws 7a and 7b, such that they clamp onto
bottom substrate 2; and these 1nstallation areas are secured
with molding material 8.

Multiple electrode pads 4a are positioned at a speciiied
minimum interval on the edge area of bottom substrate 2,
and are connected to transparent electrodes 4 formed on the
interior surface of bottom substrate 2. On the other hand, as
shown 1n FIG. 8, multiple electrode pads 3a are also formed
on the edge area of bottom substrate 2, and are connected via
conductive connection area 10 to transparent electrodes 3
formed on the interior surface of top substrate 1. The above
device 1s, for example, a segment-type liquid crystal display
device, and transparent electrodes 3 and 4 are used as
common eclectrodes and segment electrodes, respectively.

Such conventional devices have numerous drawbacks
problems and has a disadvantage for example 1n the above-
mentioned conventional liquid crystal display device, 1t 1s
necessary to 111l and coat the gap between top substrate 1 and
bottom substrate 2 with resin molding material 8 in order to
secure the area where electrode pads 3a and 4a and 1nsertion
pins 7 with legs are conductively connected, and to prevent
clectrolytic corrosion of electrode pads 4a, in the electrode
lead-out area where bottom substrate 2 extends outward
beyond the edge area of top surface 1. This kind of coating,
1s also used 1n making a conductive connection for the pad
arcas of a circuit board via bonding wires, and in making a
conductive connection using a conductive adhesive in the
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edge area of a flexible substrate and heat seal, 1n addition to
the conductive connection that 1s made via insertion pins 7
with legs as described above.

The reasons for using a resin mold for coating include the
following: to electrically coat the connections of the various
components connected to the above-mentioned insertion
pins 7 with legs, bonding wires, flexible substrates, heat seal,
etc. (conductive connection area protection mold); to secure
flexible substrates and the heat seal, etc. and to increase their
rigidity (reinforcement mold); to prevent electrolytic corro-
sion caused by the potential difference between electrode
pads resulting from the adhesion of a liquid such as water to
two or more adjacent electrode pads 3a and 4a (anti-
corrosion mold); and to prevent corrosion and erosion of
other structural areas of a liquid crystal panel (durability and
corrosion resistance enhancement mold).

As explained above, this kind of mold 1s often applied to
the conductive connection area where electrode pads 3a and
4a are formed. However, the type of reinforcement and
durability mold described above 1s necessarily applied to
arcas other than conductive connection areas. Therefore,
resin coating using a mold agent 1s sometimes applied to the
entire perimeter of a liquid crystal panel.

When such a mold, or coating, 1s applied, the hardening
and shrinking of the mold resin usually pulls the edges of the
top and bottom substrates closer, deforming them inward. As
a reaction to this phenomenon, the space between the top
and bottom substrates becomes wider toward the middle of
scaling material 6, causing negative pressure 1nside, and as
a result, low-temperature air bubbles and shock air bubbles
tend to occur 1nside the liquid crystal layer.

Furthermore, the stress accompanying the resin coating,
changes the cell thickness of the liquid crystal panel, and
tends to produce coloring and color irregularity. This cell
thickness change tends to be particularly large near the seal
arca, and 1t may become necessary to apply a black mask to
the perimeter of the liquid crystal panel 1n order to avoid
display quality degradation in this area. Because the forma-
tion of this mask reduces the liquid crystal display area, 1t
increases the overall cost of manufacturing a liquid crystal
display. The above-mentioned coloring and color irregular-
ity become particularly serious problems 1n large-size liquid
crystal panels since cell thickness may vary widely within
the panel surface.

The cause of the stress that brings about the above-
mentioned substrate deformation 1s not limited to shrinkage-
induced stress, and may include such factors as mechanical
contacts made during liquid crystal panel manufacturing or
during the incorporation of the liquid crystal panel into
various Instruments, and shock or vibration applied to the
various Instruments nto which the liquid crystal panel 1s
incorporated.

OBJECTS OF THE INVENTION

Therefore, 1t 1s the object of the present invention to solve
the above-mentioned problems and provide a new structure
for a liquid crystal display device, that can prevent substrate
deformation by dispersing the stress applied to the sub-
strates.

It 1s another object of the present invention to improve the
display quality of liquid crystal display devices by reducing
dimensional errors 1n the liquid crystal cell structure caused
by external stress.

It 1s a further object of the present invention to 1improve
product yield by preventing quality degradation of liquid
crystal display devices due to mold formation.
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It 1s a still further object of the present mvention to
achieve a method that does not require any special design
change or addition of manufacturing steps in order to
prevent substrate deformation caused by mold formation.

SUMMARY OF THE INVENTION

As a means of solving the above-mentioned problems, the
liquid crystal display device of the invention 1s provided
with two substrates at least one of which 1s transparent, a

liquid crystal contained between the substrates, a seal arca
formed between the substrates to surround the liquid crystal
layer, and support columns for connecting the substrates on
the outside of the seal area. The liquid crystal layer can be
based on any display principle, and the seal arca and the
support columns are not limited to any particular materials.
Furthermore, any number of support columns can be used,
and they can be formed in any shape.

According to this means, the formation of the support
columns on the outside of the seal area reduces substrate
deformation that may be caused by various elements that use
the seal area as the function. Therefore, 1t 1s possible to
reduce the occurrence of air bubbles 1nside the liquid crystal
layer, as well as undesirable coloring of the display area, and
color irregularity.

When a mold material for covering the edge areas of the
substrates 1s provided, the support columns resist the com-
pression force of the mold material, thus reducing the stress
applied to the substrates and providing the effect of sup-
pressing substrate deformation. The mold materials include
a type for fastening connection components, €.g., connection
pins and connection wires, that are conductively connected
to the external pins used for applying an electrical field to the
liquid crystal layer; a type for reinforcing the flexible
substrate that 1s conductively connected to the external pins
used for applying an electrical field to said liquid crystal
layer; and a type for preventing electrolytic corrosion of said
external pins.

In these cases, the support columns should preferably be
formed at the edges of the substrates. The support columns
formed at the edges of substrates offer the greatest resistance
to the stress applied to the edges of the substrates.

Furthermore, the support columns should preferably be
formed using the conductive paste used for making a con-
ductive connection among the wires inside the device. When
the support columns are formed using the conductive paste,
the support columns can be formed simultaneously with the
conductive connection areas (in particular, the top and
bottom connection areas for connecting the conductive
clements formed along the substrates that sandwich the
liquid crystal cells) inside the liquid crystal panel, or the
support columns can be used as the conductive connection
arca. In this way, manufacturing costs can be reduced
without any changes 1n the number of processes or the
process contents.

Additionally, the conductive paste should preferably be a
conductive ink containing carbon. When a conductive ink
containing carbon 1s used, the support column can easily and
precisely be formed using a printing method.

Furthermore, the support columns should preferably be
formed using a material containing a phenol resin as the
main ingredient, in which case their adhesion to the sub-
strates 1s relatively weak and they process an appropriate
degree of flexibility. This facilitates the cutting of the
substrates which 1s performed during the manufacture of the
liquad crystal display device, and avoids the risk of cracking
the substrates when they are cut at the areas where the
support columns have been formed.
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Additionally, the support columns should preferably be
formed using a material processing weaker adhesion
strength than the material comprising the seal area. This
facilitates the cutting of the substrates which 1s performed
during the manufacture of the liquid crystal display device,
and avoids the risk of cracking the substrates when they are
cut at the areas where the support columns have been
formed.

Furthermore, the support columns should preferably be
formed using a material processing the same hardening
characteristics as the material comprising the seal area.
When the support columns are formed using a material that
possesses the same hardening characteristics as the material
comprising the seal area, the support columns can be hard-
ened simultaneously with the seal area during the manufac-
ture of the liquid crystal display device. Therefore, unlike 1n
a case 1n which the support columns and the seal area are
separately hardened, the substrate positioning accuracy used
for hardening the seal area can also be used for the support
columns, thus avoiding increases 1n the number of manu-
facturing steps and the process time.

Additionally, according to the manufacturing method of
the lhiquid crystal display device, a seal area 1s formed
between two substrates at least one of which 1s transparent,
to surround the area that houses the liquid crystal layer, and
after the support columns for connecting the substrates on
the outside of the seal areca are formed, the edges of said
substrates are covered by a mold material. In this manufac-
turing method, the above-mentioned effects can be easily
obtained simply by providing the support columns.

Note that the seal area and the support columns should
preferably be formed using materials possessing the same
hardening characteristics, and the seal area and the support
columns should preferably be hardened at the same time.
The seal area and the support columns can be hardened
simultaneously if they are formed using materials possessing
the same hardening characteristics, e.g., thermohardening or
photo-curing characteristics, thus eliminating the need for a
new hardening process.

Furthermore, the conductive connection areas that con-
nect electrodes formed on the substrate with external pins
should preferably be formed simultancously with the sup-
port columns using the same material. The support columns
and the conductive connection areas can be positioned and
formed using a single process if they are formed using the
same material, thus eliminating the need for a new manu-
facturing process for positioning and forming the support
columns, and the above-mentioned effects can be obtained
by merely changing the formation pattern of the conductive
connection areas.

Other objects and attainments together with a fuller
understanding of the invention will become apparent and
appreciated by referring to the following description and
claims taken in conjunction with the accompanying draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings wherein like reference symbols refer to
like parts.

FIG. 1 1s an enlarged partial cross-sectional view of a first
embodiment of the liquid crystal display device in accor-
dance with the present invention;

FIG. 2 1s a top perspective view of the first embodiment;

FIG. 3 1s an enlarged partial cross-sectional view of a
second embodiment of the liquid crystal display device in
accordance with the present invention;
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FIGS. 4A—4D are process diagrams showing a first
embodiment of a manufacturing method of the liquid crystal
display device 1in accordance with the present invention;

FIGS. 5A-5D are process diagrams showing a second
embodiment of the manufacturing method of the liquid
crystal display device 1n accordance with the present inven-
tion;

FIG. 6 1s a top view showing the assembly structure of the
liquad crystal display device formed according to the second
embodiment of the manufacturing method;

FIG. 7 1s an enlarged partial cross-sectional view of a
conventional liquid crystal display device; and

FIG. 8 1s a top perspective view of a conventional liquid
crystal display device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Next, the embodiments of the invention will be explained
with references to the drawings. The liquid crystal display
device of the mvention can be applied to various types of
liquid crystal display devices, including known liquid crys-
tal display devices such as the TN type, the STN type, and
the GH type; those used for the relatively small display areas
of watches and calculators; and high-capacity types used for
personal computer displays and small-size TVs.

First Embodiment

FIG. 1 shows an enlarged partial cross-sectional view of
the first embodiment of the liquid crystal display device
related to the invention. In this embodiment, the liquid
crystal display device i1s provided with top substrate 1
formed 1n the same way as the conventional example
described above, bottom substrate 2, transparent electrodes
3 and 4. Liquid crystal layer 5, seal material 6, and electrode
pads 4a. Insertion pins 7 with legs are installed on electrode
pads 4a of bottom substrate 2 and are then fastened with
molding material 8. Depending on the liquid crystal display
method, a polarizing plate may be positioned on the outside
of the top and bottom substrates.

In this embodiment, support columns 9 formed using a
conductive 1nk containing carbon particles are formed
between the edges of top substrate 1 and bottom substrate 2.
As will be explained below, these support columns 9 are
formed simultaneously with the assembly of the top and
bottom substrates before mold material 8 1s supplied.

FIG. 2 1s a top perspective view of the first embodiment.
As shown therein liquid crystal layer 5 1s sealed between top
substrate 1 and bottom substrate 2 by seal material 6.
Transparent electrodes 4 (shown in FIG. 1) formed in a
specified pattern on bottom substrate 2 are conductively
connected to electrode pads 4a formed on the surface of the
cdge area of bottom substrate 2. Transparent electrodes 3
(not shown 1n the figure) formed 1n a specified pattern on the
inside surface of top substrate 1 are conductively connected
to electrode pads 3a formed on bottom substrate 2, via
top-bottom connection areas 10 comprising a conductive

(carbon) ink.

Electrode pads 3a and 4a are conductively connected to an
exterior structure such as a printed circuit board via insertion
pins 7 having respective legs. Note that the support columns
9 are formed at a speciiied spacing between the right edge
arca of top substrate 1 and bottom substrate 2, to provide
suflicient support between the edges of top substrate 1 and
bottom substrate 2.

Support columns 9 are formed to provide support between
the edge area of top substrate 1 and bottom substrate 2, as
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a result they should preferably be spaced evenly where
necessary as 1n the area described above. Although support
columns 9 are formed only on the right edge in this
embodiment, they can be formed on one or more other edges
if necessary.

By virtue of support columns 9 being formed using a
conductive 1k in this embodiment, it 1s possible to utilize
them as conductive connection areas, like top-bottom con-
nection areas 10, if the circuit configuration allows. For
example, 1t 1s possible to use support columns 9 to connect
clectrodes 3 formed on the inside surface of top substrate 1
to electrode pads 3a formed 1n the right edge area of bottom
substrate 2, 1n place of or in addition to top-bottom connec-
tion areas 10.

In the first embodiment, support columns 9 are formed 1n
locations that match the sparing of electrode pads 3a and 4a.
However, as evident from the fact that some support col-
umns 9 are formed 1n areas where no electrode pads exist,
the locations of support columns 9 are not limited to areas
on top of electrode pads, and support columns 9 can be
formed 1n any location. However, when using a conductive
material for support columns 9, care must be taken to
prevent support columns 9 from providing a conductive path
among adjacent electrode pads. This can be accomplished by
making the diameter of support columns 9 smaller than the
clectrode pad spacing. However, a simpler method 1s to form
support columns 9 on top of electrode pads as in the first
embodiment.

As will be appreciated by one of, mstead of forming
support columns 9 possessing circular cross-sections as in
the first embodiment, it 1s possible to form them such that
they possess elongated rectangular cross-sections along the
edge of the substrate. However, when forming support
columns 9 1n the electrode pad formation locations as 1n this
embodiment, they must be formed using an insulating
material, or msulators must be used between the support
columns and the electrode pads to prevent shorting of the
adjacent electrode pads.

Furthermore, although support columns 9 should prefer-
ably be formed on the edge areca of top substrate 1 as 1n the
embodiment 1n order to increase their resistance to stress,
they can provide a similar effect as long as they are located
outside of seal material 6.

The preferred material for the support columns in this
embodiment 1s the above-mentioned conductive ink. Con-
ductive powder such as carbon powder 1s mixed 1n with an
appropriate hardening element, and a phenol resin, for
example, 1s used as the hardening element. Because this
conductive 1k 1s the same material as that used in the
conductive connection area and can be formed in the same
process, it 1s superior 1n terms of ease of manufacturing and
cost reduction. Furthermore, because the phenol resin has
weak adhesion strength and 1s relatively soft, 1t facilitates the
cutting of the substrates during manufacturing and can
prevent the substrates from cracking during the cutting
operation.

In addition to the above-mentioned conductive 1nk, vari-
ous types of conductive pastes, such as silver solder, can be
used as the conductive material comprising the support
columns. However, the material of the support columns
related to this mvention need not be conductive, and can be
insulating. The material of the support columns should
preferably be a type that can be positioned in a semi-fluid
state and can then be hardened, 1n order to make the selective
positioning of the support columns easy. For example,
thermohardening or photo-curing resin can also be used.
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In terms of required characteristics, the support columns
should at least possess suflicient support strength after
hardening, and need not adhere to the substrates. Actually, 1t
1s preferable that the adhesion be weak for the following
reason. Because the support columns are formed on the
substrate edge, the desired level of adhesion strength will not
interfere with the cutting of the substrates as explained
below. If the adhesion 1s strong, cutting the substrates across
the arcas where the support columns are adhered becomes
difficult. Furthermore, even if cutting can be performed, it
will not be possible to separate the substrates, thus posing,
the risk of damaging the substrate edges. Adhesion strength
1s related to the shrinkage rate during hardening, and the
material of the support columns should preferably be weak
in adhesion and low 1n shrinkage rate sin order to suppress
substrate deformation and warpage.

Second Embodiment

FIG. 3 shows the second embodiment of the liquid crystal
display device related to the invention. In the second
embodiment, top substrate 1, bottom substrate 2, transparent
clectrodes 3 and 4, electrode pads 4a, liquid crystal layer 3§,
scal material 6, and support columns 9 are identical to those
in the above embodiment, and thus their explanations are
omitted.

In this embodiment, heat seal 20 1s adhered to the top of
multiple and parallel electrode pads 3a (connected to trans-
parent electrode 3; FIG. 6) and 4a. In heat seal 20, wiring
pads 21 are formed on the bottom of a thin flexible resin
sheet at the same pitch as that of electrode pads 3a and 4a,
and an anisotropic conductive layer (not shown in the figure)
1s adhered to the surface of wiring pads 21. This anisotropic
conductive layer 1s produced by dispersing conductive par-
ficles 1n a thermohardening resin, for example, and adhesion
with appropriate heating and pressurization can produce
conductivity 1n the adhesion direction only.

Electrode pads 3a and 4a can be conductively connected
to wiring pads 21 by applying a specified level of pressure
and heat after the wiring pads 21 are formed on the surface
of heat seal 20. Electrode pads 3a and 4a are then contacted.
Then, mold material 18 1s used for sealing to reinforce the
connection area of heat seal 20 and to cover electrode pads

3a and 4a.

In the second embodiment, as in the first embodiment, the
cdge area of top substrate 1 has a tendency to be pulled
toward bottom substrate 2 by the shrinking force of mold
material 18, and thereby potentially deforming top substrate
1. However, because the edge areca of top substrate 1 1s
supported by support columns 9, the deformation of top
substrate 1 1s suppressed. In the second embodiment,
because mold material 18 1s intended to reinforce the
connection area of heat seal 20, it must preferably possess
high levels of adhesion strength and hardness after harden-
ing. In this example mold material extends between seal
material 6 and support columns 9. However, such a material
will also have a high shrinkage rate during hardening, which
will apply a larger stress to the substrate edge during the
hardening of the mold material, thus making the formation
of support columns 9 even more effective 1n this case.

FIGS. 4A—4D show the first embodiment of the manu-
facturing method of the liquid crystal display device related
to the 1mvention. As shown in FIG. 4A, a pattern of trans-
parent electrodes not shown in the figure i1s formed on
transparent glass substrate 2, and then sealant 11 1s coated
onto the area corresponding to the perimeter of the liquid
crystal display areca. Conductive mnk 12 is then selectively
placed on the surface of bottom substrate 2 using screen

10

15

20

25

30

35

40

45

50

55

60

65

3

printing. This conductive 1ink 12 1s placed 1n the positions of
necessary conductive connection areas (for example, top-
bottom connection areas 10 in FIG. 2), and in multiple
locations along sealant 11 on the outside of the liquid crystal
display area.

Next, as shown 1n FIG. 4B, top substrate 1 1s placed on top
of sealant 11 and conductive 1ink 12, and top substrate 1 and
bottom substrate 2 are secured by a specialized jig to
maintain a specified gap (for example, several to dozens of
mm). The substrates along with the specialized jig are heated
to 150°-200° C. in an oven, simultaneously thermoharden-
ing scalant 11 and conductive 1k 12, and thus forming seal
material 6 and support columns 9.

Furthermore, as shown 1n FIG. 4C, the top and bottom
substrates are cut and separated for each liquid crystal
display area, and top substrate 1 1s cut as shown 1n FIG. 4D
to form the external pin area. If the adhesion of support
columns 9 to top substrate 1 1s too strong during the cutting
of top substrate 1, support columns 9 may protrude into the
cutting line, making the cutting operation ditficult, or the
cutting line may weave around support columns 9. The
reason for this 1s as follows. In a low-cost coating method
using printing, it 1s difficult to precisely control the amount
of conductive 1nk 12; and 1t 1s even more difficult to do so
orven the gap between the substrates during the substrate
alienment operation. Therefore, 1t 1s unrealistic to try to
control the diameters of support columns 9 and the degree of
protrusion 1nto the planned cutting line.

However, 1n this embodiment, the adhesion strength of
support columns 9, which are made of a conductive 1nk
containing a phenol resin, 1s relatively weak, and 1s much
weaker than that of sealant 11. As a result, top substrate 1 can
be cut without any problem even if the conductive ink
protrudes past the planned substrate edge line.

Insertion pins 7 with legs shown 1in FIG. 1 are then
inserted into the liquid crystal panel thus formed, mold
material 8 consisting of a UV-hardening resin 1s coated on
top of the external pin area and 1s hardened through light
irradiation. During this operation, mold material 8 may
shrink as 1t hardens. Even so, because support columns 9
have been formed between the edge area of top substrate 1
and bottom substrate 2, the shrinking force 1s absorbed by
support columns 9, thus reducing the stress applied to the
substrates and preventing substrate deformation.

When a liquid crystal panel 1s produced without 1njecting
liquid crystals into the gap between top substrate 1 and
bottom substrate 2, the substrate gap expands by a maximum
of approximately 1 mm 1n a conventional liquid crystal
panel. In contrast, in this embodiment, expansion of the
substrate gap was nearly nonexistent. When liquid crystals
were actually injected 1n a conventional liquid crystal panel,
the substrate gap 1s expanded by approximately 0.2—0.5 mm.
In contrast, m the first embodiment, expansion of the sub-
strate gap was at most 0.1 mm, drastically improving
product yield. For example, in the case of TNT—(Twisted
Nematic) type liquid crystal display devices, even changes
of 0.2-0.5 mm 1n the substrate gap cause problems in
product quality because coloring and color wrregularity
clearly occur when the change 1n the substrate gap exceeds
1 min. In the case of STN—(Super Twisted Nematic) type
liquid crystal display devices, even changes of around 0.1
mm 1n substrate gap affect color tone. Therefore, display
quality problems have occurred in TN-type liquid crystals,
and 1n particular, fatal defects have occurred 1n STN-type
liquid crystals 1n the past. However, the invention has
succeeded 1n drastically improving display quality.
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Next, the second embodiment of the manufacturing
method of the liquid crystal display device related to the
invention will be explained with reference to FIG. 5A-5D.
In this embodiment, transparent electrodes and internal
surface structures 33 and 34, such as polarizing film, are
formed 1n the interior surfaces of two transparent substrates
31 and 32 as shown 1n FIG. SA. As surface structures 33 and
34, common ce¢lectrodes are formed i1n area a, segment
electrodes are formed 1n the center of area b, and electrode
pads are formed on both edge arcas of the segment elec-
frodes. As shown 1n the figure, areca a and areca b are
alternately formed on the interior surfaces of transparent
substrates 31 and 32; furthermore, areca a formed on the
interior surface of transparent substrate 31 corresponds to
arca b formed on the 1nterior surface of transparent substrate
32, and area b formed on the interior surface of transparent
substrate 31 corresponds to area a formed on the interior
surface of transparent substrate 32.

Next, sealant 35 formed to enclose the liquid crystal
containment area and phenol resin 36 formed on the outside
of said sealant 35 are sandwiched between the two substrates
which are maintained at a speciiied gap by a jig, etc. From
this state, the substrates are heated to harden sealant 35 and
phenol resin 36.

When the transparent substrates 31 and 32 of the con-
tinuous panel thus configured 1s then cut mto individual
limits defined by said areas a and b, a liquid crystal 1s thus
formed that uses the area corresponding to arca a as the top
substrate (smaller substrate) 1 and the area corresponding to
area b as the bottom substrate (larger substrate) 2, as shown

in FIG. 5B.

In this liquid crystal cell, as shown 1n FIG. 5C, extended
arcas ol bottom substrate 2 exist on both sides of both edge
arcas of top substrate 1; and electrode pads 3a and 4a similar
to those 1n the first embodiment are formed in these extended
arcas. Electrode pads 3a and 4a are connected to transparent
clectrode 3, 1.e., the common electrode, and transparent
clectrode 4, 1.e., the segment electrode, respectively, formed
in the interior surfaces of top substrate 1 and bottom
substrate 2.

The liquid crystal cell thus configured forms the liquid
crystal display shown 1 FIG. 5D when liquid crystals are
introduced 1nto the area surrounded by thermohardened seal
material 6 and support columns 19 on the outside.

In this liquid crystal display, bottom surface 2 extends
past both edge areas of top substrate 1, and electrode pads
3a and 4a which act as external pins are formed 1n these
extended areas. Support columns 19 are formed on the
outside of seal materials 6 which face these external pins on
both sides. Because the support columns 19 are made of an
insulating phenol resin, they can be formed 1n any size or at
any position regardless of the formation positions of elec-
trode pads 3a and 4a. In this embodiment, transparent
substrates 31 and 32 are preferably cut near the formation
locations of support columns 19. However, the transparent

[

substrates can be separated without any problem even i
support columns 19 protrude into adjacent areas because of
weak adhesion of support columns 19 to the transparent

substrates.

According to this second embodiment of the manufactur-
ing method, a printing or coating process for forming
insulating support columns 19 must be mncorporated. Since
support columns 19 become 1nsulating members, they offer
the benefit of being able to be formed in the optimal
locations and shapes for preventing deformation of the
substrates of the liquid crystal display, without being limited
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10

by the relative positions of the electrode pads. The above-
mentioned structure 1n which areas a and b are alternately
repeated 1s preferable for mass-production of liquid crystal
display devices, and 1s effective 1n achieving cost reduction.

FIG. 6 shows an example 1n which the above-mentioned
liquid crystal display 1s connected via a flexible substrate
(heat seal) 20 to circuit board 30 on which a liquid crystal
drive circuit 1s mounted. The edge area of heat seal 20 1s
placed on top of electrode pads 3a and 4a formed on the
external pin area of the liquid crystal display, and 1s then
adhered via an anisotropic conductive adhesive layer to
wiring pad 21 formed on the bottom surface of heat seal 20
(back side in the figure) by applying heat and pressure. Mold
material 18 fastens the tip area of heat seal 20 adhered on top
of electrode pads 3a and 4a to the liquid crystal display, and
1s used for reinforcing the connection area.

As demonstrated by the various types of embodiments
explained above, and as understandable to one skilled 1n the
art to which the mnvention belongs, the invention can be used
in a broad range of applications regardless of the connection
structure of the external pin area of the liquid crystal display,
the liquid crystal cell structure, or the area covered by the
mold material.

Although the covering of the external pin area with a mold
material was chiefly explained in each of the above
embodiments, the invention 1s not limited to such cases and
can be applied to various types of liquid crystal display
devices, providing the superior effects of preventing changes
in the substrate gap due to various types of external forces.

As explained above, the invention provides the following
cifects.

In accordance with an aspect of the present invention,
formation of the support columns on the outside of the seal
arca reduces the substrate deformation that may be caused
by the various elements that use the seal area as the fulcrum.
Therefore, 1t 1s possible to reduce the occurrence of air
bubbles inside the liquid crystal layer, as well as undesirable
coloring of display area, and color irregularity caused by the
changes 1n the substrate gap.

Additionally, the invention is effective 1n suppressing
substrate deformation because the support columns support
the shrinking force of the mold material, thus reducing the
stress applied to the substrates.

Moreover 1n accordance with a further aspect of the
present mvention, the support columns formed on the edge
arca of the substrates provide the largest resistance to the
stress applied to the edge area of the substrates.

Furthermore, 1n accordance with another aspect of the
present 1nvention, by using a conductive paste for forming
the support columns, the support columns can be formed
simultaneously with the conductive connection areas (in
particular, the top and bottom connection areas for connect-
ing the conductive elements formed along the substrates that
sandwich the liquid crystal cells) inside the liquid crystal
panel, or the support columns can be used as the conductive
connection area, and thus manufacturing costs can be
reduced without any change 1n the number of processes or
the process contents.

In accordance with an additional aspect of the present
invention, by using a conductive ink containing carbon, the
support column can be easily and precisely formed using a
printing method.

In accordance with still a further aspect of the present
invention, by using a material containing a phenol resin as
the main mgredient for forming the support columns, the
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adhesion of the support columns to the substrates 1s rela-
fively weak and the support columns possess an appropriate
degree of flexibility, thus facilitating the cutting of the
substrates which 1s performed during the manufacture of the
liquid crystal display device, and avoiding the risk of
cracking the substrates when they are cut at the areas where
the support columns have been formed.

In accordance with still another aspect of the present
invention, the use of a material that possess weaker adhesion
strength than the material comprising the seal area for
forming the support columns, facilitates the cutting of the
substrates which 1s performed during the manufacture of the
liquad crystal display device and avoids the risk of cracking
the substrates when they are cut at the areas where the
support columns have been formed.

In accordance with still an additional aspect of the present
invention, by using a material that possesses the same
hardening characteristics as the material comprising the seal
arca for forming the support columns, the support columns
can be hardened simultaneously with the seal area during the
manufacture of the liquid crystal display device. Thus,
unlike 1n a case in which the support columns and the seal
arca are separately hardened, the substrate positioning accu-
racy used for hardening of the scal area can also be used for
the support columns, avoiding increases in the number of
manufacturing steps and the process time.

Moreover, the above-mentioned effects can be easily
obtained simply by providing the support columns.

In accordance with yet an additional aspect of the present
invention, by using material possessing the same hardening
characteristics, e.g., thermohardening or photo-curing
characteristics, for forming both the seal areca and the
support columns, the need for a new hardening process 1s
climinated because said seal area and said support columns
can be hardened at the same time.

In accordance with yet a further aspect of the present
invention, by forming the support columns simultaneously
with and using the same material as the conductive connec-
fion areas, the support columns and said conductive con-
nection areas can be positioned and formed using a single
process, thus eliminating the need for a new manufacturing
process for positioning and forming the support columns,
and the above-mentioned effects can be obtained by merely
changing the formation pattern of the conductive connection
areas.

While the mvention has been described 1n conjunction
with several specific embodiments, 1t 1s evident to those
skilled 1n the art that many further alternatives, modifica-
tions and variations will be apparent 1n light of the foregoing
description. Thus, the 1nvention described herein 1s intended
to embrace all such alternatives, modifications, applications
and variations as may fall within the spirit and scope of the
appended claims.

Reference Numerals

1: Top substrate

2: Bottom substrate

3, 4: Transparent electrodes
da, 4a: Electrode pads

5: Liquad crystal layer

6: Scal material

7: Insertion pin with leg,

8.18: Mold materials
9.19: Support columns
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10: Conductive connection area

11: Sealant

12: Conductive

20: Heat seal

What 1s claimed 1s:

1. A liquid crystal display, comprising:

opposing first and second substrates defining a gap ther-
ebetween for sandwiching a liquid crystal medium, said
first substrate including a plurality of external terminals
formed an edge portion thereof, the gap having a
predetermined length;

a molding member disposed on said edge portion of said
first substrate and contacting a corresponding edge
portion of said second substrate;

a sealing member 1nterposing said first and second sub-
strates for encapsulating said liquid crystal medium;
and

a plurality of support members disposed external to said
sealing member and proximate said molding member,
cach said support member substantially spanning the
gap between said first and second substrate for main-
tamning the predetermined gap length 1n the presence of
compressive force applied to said edge portions of said
first and second substrates.

2. The liquad crystal display of claim 1, further comprising
an external connection member electrically connected to
said plurality of external terminals.

3. The liquid crystal display of claim 2, wherein said
external connection member comprises a flexible substrate.

4. The liquid crystal display of claim 2, wherein said
external connection member comprises a plurality of exter-
nal pins.

5. The liquid crystal display of claim 1, wherein said
support members comprises a phenol resin.

6. The liquid crystal display of claim 1, wherein

sald secaling member comprises a first material having a
first adhesion strength; and

wheremn each said support member comprise a second
material having a second adhesion strength weaker than
the first adhesion strength.

7. The liquid crystal display of claim 1, wherein

sald secaling member comprises a first material having a
first cure rate; and

wheremn ecach said support member comprises a second
material having a second cure rate substantially equal
to the first cure rate.

8. The liquid crystal display of claim 1, wherein said
molding member applies the compressive force to said edge
portions of said first and second substrates.

9. The liquid crystal display of claim 1, further comprising
a conductive connector formed between the first and second
substrates to provide an electrical pathway between elec-
trodes formed on said first and second substrates.

10. The hiquid crystal display of claim 9, wherein said
conductive connector comprises a conductive paste, and
wherein said plurality of support members essentially com-
prise the conductive path.

11. The liquid crystal display of claim 9, wherein said
conductive connector comprises a conductive paste includ-
ing a conductive ik containing carbon.

12. A method for manufacturing a liquid crystal display
device encapsulating a liquid crystal medium between
opposing first and second substrates, comprising the steps

of:

forming a secaling member on the {first substrate for
surrounding the liquid crystal medium;
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forming a plurality of support members on the first
substrate proximate an edge portion thereof and exter-
nal to the secaling member;
arranging the second substrate on the sealing member and
the plurality of support members; and
forming a molding member between the first and second
substrates proximate the plurality of support members.
13. The method for manufacturing a liquid crystal display
device of claam 12, further comprising the step of forming
a conductive connector for providing an electrical connec-
tion among eclectrodes disposed on the first and second
substrates.
14. The method for manufacturing a liquid crystal display
device of claim 12, wherein the sealing member and the
support members exhibit substantially equal cure rates and

are formed substantially simultaneously.

15. The method for manufacturing a liquid crystal display
device of claim 14, further comprising the step of forming
a conductive connector for connecting electrodes formed on
one of said first and second substrates with external termi-
nals formed on the remaining one of said first and second

substrates simultaneously with said plurality of support
members forming step, wherein the plurality of support
members and conductive connector together comprise a first
conductive material.

16. A liquid crystal display, comprising:

opposing first and second substrates defining a gap ther-
cbetween for internally sandwiching a liquid crystal
layer, each said first and second substrates having a
perimeter edge portion, the gap having a predetermined
length;

a molding member disposed on and between said edge
portions of said first substrate and second substrates for
protecting said edge portions;

a sealing member 1nterposing said first and second sub-
strates for encapsulating said liquid crystal medium;
and

a plurality of support members disposed external to said
scaling member and proximate said molding member,
cach said support member substantially spanning the
gap between said first and second substrate for main-
taining the predetermined gap length 1n the presence of
compressive force applied to said edge portions of said
first and second substrates by said molding member.

17. The liquid crystal display of claim 16, further com-

Prising;

a plurality of external terminals formed at said edge

portion of said first substrate; and

an external connection member electrically connected to
said external terminals for applying an electrical field to
said liquid crystal layer.

18. The liquid crystal display of claim 17, wherem said
external connection member comprises a flexible substrate.

19. The liquid crystal display of claim 17, wherein said
external connection member comprises a plurality of exter-
nal pins.

20. The hiquid crystal display of claim 17, wherein said
molding member fastens connection components electri-
cally connected to external connection member.

21. The liquid crystal display of claim 16, wherein said
plurality of support members comprise a phenol resin.

22. The liquid crystal display of claim 16, wherein

said sealing member comprises a first material having a
first adhesion strength; and

wherein each said support member comprise a second
material having a second adhesion strength weaker than
the first adhesion strength.
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23. The hquid crystal display of claim 16, wherein

sald sealing member comprises a first material having a
first cure rate; and

wherein each said support member comprises a second
material having a second cure rate substantially equal
to the first cure rate.

24. The liquid crystal display of claim 16, further com-
prising a conductive connector formed between the first and
second substrates to provide an electrical pathway between
clectrodes formed on said first and second substrates.

25. The liquid crystal display of claim 24, wherein said
conductive connector comprises a conductive paste, and
wherein said plurality of support members essentially com-
prise the conductive paste.

26. The liquid crystal display of claim 24, wherein said
conductive connector comprises a conductive paste includ-
ing a conductive 1k containing carbon.

27. A liquid crystal display, comprising:

opposing first and second substrates defining a gap ther-

cbetween for internally sandwiching a liquid crystal
layer, each said first and second substrates having a
perimeter edge portion, the gap having a predetermined
length;

a molding member disposed on and between said edge

portions of said first substrate and second substrates;

a sealing member 1nterposing said first and second sub-
strates for encapsulating said liquid crystal medium;

a plurality of support members disposed external to said
sealing member and proximate molding member, each
said support member substantially spanning the gap
between said first and second substrate for maintaining
the predetermined gap length in the presence of com-
pressive force applied to said edge portions of said first
and second substrates; and

a conductive connector formed between said first and
second substrate electrically connecting electrodes
formed on respective interior surfaces of said first and
second substrates.

28. The liquid crystal display of claim 27, wherein said
conductive connector and said plurality of support members
all essentially comprise a conductive paste.

29. The liquid crystal display of claim 28, further com-
prising a plurality external terminals formed on an edge
portion of said first substrate.

30. The liquid crystal display of claim 29, further com-
prising an external connection member electrically con-
nected to said plurality of external terminals.

31. The liquid crystal display of claim 30, wherein said
external connection member comprises a flexible substrate.

32. The liquid crystal display of claim 30, wherein said
external connection member comprises a plurality of exter-
nal pins.

33. A liquid crystal display, comprising;:

opposing first and second substrates defining a gap ther-
ebetween for sandwiching a liquid crystal medium, said
first substrate 1ncluding a plurality of external terminals
formed an edge portion thereof, the gap having a
predetermined length;

a sealing member 1nterposing said first and second sub-
strates encapsulating said liquid crystal medium,;

a molding member disposed on said edge portion of said
first substrate externally from said sealing member and
over said terminals, said molding member contacting a
corresponding edge portion of said second substrate;
and
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a plurality of support members dispersed within said a sealing member disposed on said planar face of said first
molding member external to said sealing member. substrate circumscribing said liquid crystal medium;

34. The liquid crystal display of claim 33, wherein said a second substrate disposed on said sealing member

support members are disposed sporadically within said substantially parallel to and separated a predetermined

gap length from said planar face of said first substrate
to encapsulate said liquid crystal medium;

a molding member disposed on said edge of said first
substrate external to said sealing member and proxi-
mate said terminals, said molding member extending

_ _ . 0 into contact with said second substrate; and
a first substrate including a substantially planar face and a plurality of support members dispersed within said

a peripheral edge, said edge comprising a plurality of molding member between said first and second sub-

external terminals extending therefrom; strates and spanning the predetermined gap length.
a liquid crystal medium disposed on said planar face of

said first substrate; % % k%

molding member. 5
35. The liquid crystal display of claim 33, wherein said
support members are uniformly dispersed within said mold-
ing member.
36. A liquid crystal display, comprising:
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