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(57) ABSTRACT

In order to provide a liquid crystal display causing no
unevenness of the cell gap and preventing the occurrence of
non-uniformity of a display in spite of a conductive material,
for electrically connecting two substrates, provided in an
area inside a sealant, the liquid crystal display has a con-
figuration that a liquid crystal panel has a liquid crystal layer
between two transparent substrates which are adhered to
each other by a sealing adhesive and a conductive material
is formed in a spot form along the liquid crystal layer side
of'the sealing adhesive so as to electrically connect opposing
electrode connecting terminals to opposing common elec-
trodes formed on the transparent substrates.

19 Claims, 6 Drawing Sheets
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1
LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
provided with a liquid crystal panel having a liquid crystal
layer between two transparent substrates which are adhered
to each other by a sealing adhesive.

2. Description of the Prior Art

In recent years, a variety of sizes from compact to large
scale of liquid crystal displays have been produced as the
applications have been expanded. In particular, liquid crystal
displays have been put into practice for a variety of appli-
cations which have not conventionally existed by utilizing
the characteristics of the liquid crystal displays being light,
thin and compact. Examples of the above liquid crystal
displays include liquid crystal displays for laptop personal
computers having large displays relative to the body sizes
(ratios of effective display areas are large and frames are
small) and for car navigation systems that require display
sizes as large as possible relative to the prescribed sizes. As
described above, research has been carried out for narrowing
the width around the outside of the display (hereinafter,
referred to as frame) to the minimum limit.

In a general liquid crystal display, two substrates on which
electrode patterns, orientation films and the like are formed
are adhered to each other using a sealing adhesive or an
ultraviolet curing resin. At this time, it is necessary to
provide a conductive material between the substrates in
order to connect the electrodes on the two substrates. In such
a case, a conductive material is generally provided in an area
outside the sealant (on the side of the sealant opposite to the
display). However, a conductive material cannot apply to the
outside of the sealant due to the lack of space in some cases,
resulting from the liquid crystal display to be designed to
have a narrow frame.

Japanese Laid-Open Patent Application No. 2000-199915
discloses a liquid crystal display panel wherein two sub-
strates are electrically connected to each other by making the
sealing adhesive include conductors in a spherical form. It is
unnecessary to provide a conductive material outside the
sealant, so that the frame can be narrowed according to the
above configuration.

However, there is a possibility in the configuration of
Japanese Laid-Open Patent Application No. 2000-199915
that a sufficient conduction cannot be obtained. Therefore,
provision of a conductive material in an area inside the
sealant can be considered in order to secure a sufficient
conduction while narrowing the frame. In the case where a
general resistor paste is used as the conductive material,
however, unevenness of the cell gap and non-uniformity of
display may be caused during an adhesion process or during
a pressing process due to the rigidity of the resistor paste
higher than that of the sealing adhesive. In addition, a
resistor paste having a low viscosity cannot be used because
it spreads at the time of application.

SUMMARY OF THE INVENTION

In view of the above problems, an object of the present
invention is to provide a liquid crystal display causing no
unevenness of the cell gap and preventing the occurrence of
non-uniformity of a display in spite of a conductive material,
for electrically connecting two substrates, provided in an
area inside a sealant.
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In order to achieve the above object, the present invention
provides a liquid crystal display comprising a liquid crystal
panel having a liquid crystal layer between two transparent
substrates that are adhered to each other by a sealing
adhesive, wherein a conductive material, for electrically
connecting electrodes formed on the transparent substrates,
is provided in a spot form along the liquid crystal layer side
of the sealing adhesive.

The conductive material is provided along the sealing
adhesive as described above, thereby unevenness of the
thickness due to the cell gap is located away from the active
area so that unevenness of the thickness throughout the
display panel is reduced preventing the occurrence of
unevenness of the display.

It is desirable for spots formed of the conductive material
to be formed either in the four corners or in any three corners
out of the four corners of the liquid crystal panel on the
liquid crystal layer side of the sealing adhesive.

In addition, plastic beads for maintaining the cell gap at
a constant are mixed into the liquid crystal layer or ribs for
maintaining the cell gap at a constant are formed on surface
portions of the transparent substrates that make contact with
the liquid crystal layer, that is, plastic beads or ribs are
provided so as to avoid the conductive material, thereby the
conductive material is not provided between a plastic bead
or a rib and a transparent substrate without causing uneven-
ness of the cell gap, making the occurrence of the non-
uniformity of the display difficult.

It is noted that an ultraviolet curing material can be used
for the conductive material.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross sectional view showing a predetermined
portion of a TFT active matrix-type color liquid crystal panel
according to the present invention;

FIG. 2 is a diagram for describing application positions of
the conductive material according to the present invention;

FIG. 3 is a plan view of a liquid crystal panel showing
application positions of the conductive material according to
the present invention;

FIG. 4 is a diagram showing a place where a sample is
measured according to the present invention;

FIG. 5 is a table showing the results of the measurements
of shadow quality with respect to the number of spots of the
conductive material according to the present invention;

FIG. 6 is a graph showing the shadow ratio with respect
to the number spots of the conductive material according to
the present invention;

FIG. 7A is a schematic cross sectional view showing a
liquid crystal panel in the case where spacers are mixed into
the conductive material according to the present invention;
and

FIG. 7B is a schematic cross sectional view showing a
liquid crystal panel in the case where no spacers are mixed
into the conductive material according to the present inven-
tion.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described with reference to the drawings. FIG. 1 is a cross
sectional view showing a predetermined portion of a TFT
active matrix-type color liquid crystal panel 10. Reference
numerals 11 and 12 denote first and second transparent
substrates made of non alkaline glass or the like, and
reference numerals 13 and 14 denote polarizing plates
adhered to the outside of the respective transparent sub-
strates 11 and 12.
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In addition, a reference numeral 15 denotes a wire made
of metal thin film or the like; a reference numeral 16 denotes
a drain electrode for connecting the wire 15 to a TFT (not
shown); a reference numeral 17 denotes an insulating film
made of acrylic resin or the like formed on the wire 15 or on
the first transparent substrate 11; and a reference numeral 18
denotes a pixel electrode made of a transparent conductive
film for each pixel dot, which is connected to the drain
electrode 16 through a connection hole in the insulating film
17.

In addition, a reference numeral 19 denotes a color filter
adhered to each pixel dot inside the second transparent
substrate; a reference numeral 20 denotes a black matrix for
blocking light from the non-display portion; and a reference
numeral 21 denotes orientation films respectively applied to
the pixel electrodes 18 and to an opposing common elec-
trode 23 (which will be described below).

In addition, a reference numeral 22 denotes an opposing
electrode connecting terminal made of a transparent con-
ductive film, which is formed on the insulating film 17 and
which is connected to the wire 15 through a connection hole;
and a reference numeral 23 denotes an opposing common
electrode made of transparent conductive film, which is
formed on the color filters 19 and the black matrix 20. A
reference numeral 24 denotes a conductive material made of
a resistor paste or the like for the opposing electrode
connecting terminal 22 to the opposing common electrode
23, which is provided in a spot form. A reference numeral 25
denotes a sealing adhesive provided around approximately
the entire external periphery of the second transparent
substrate 12, which adheres the second transparent substrate
12 to the insulating film 17. Finally, the portion surrounded
by the orientation films 21 and the conductive material 24 is
filled with a liquid crystal layer 26.

Next, a manufacturing process for a liquid crystal display
provided with the liquid crystal panel 10 will be described.
The manufacturing process is divided into three main pro-
cesses: an array process, a cell process and a module
process. The array process is a process for preparing an array
substrate having the wire 15, the drain electrodes 16, the
insulating film 17, the pixel electrodes 18, the opposing
electrode connecting terminal 22, TFTs and the like by
processing the first transparent substrate 11.

The next process, the cell process, is a process for
carrying out the surface treatment on the array substrate that
has been completed in advance and a substrate to be opposed
to this, i.e., the second transparent substrate, then assem-
bling by adhering them to each other, and injecting and
sealing liquid crystal into and in the gap between the two
transparent substrates

The final module process is a process for attaching an
electronic circuit that drives the display through electrical
control to the array and cell substrate that has been com-
pleted in advance and, furthermore, is a process for attaching
electronic parts and materials, such as a backlight that
becomes a light source, to the array and cell substrate.

Hereinafter, the cell process will be described in detail.
First, the orientation film 21 is formed on the TFT array
substrate that has been completed. In order to form the
orientation film 21, polyimide resin or the like is dissolved
in a solvent, so that it is printed on the TFT array substrate
using a precise rubber plate or the like, or it is applied to the
TFT array substrate by means of a spinner method. Herein,
the printing is carried out so that the thickness of the
orientation film 21 becomes several thousands of angstroms.
After that, the substrate is dried and baked, so that the
thickness of the orientation film 21 becomes 500 to 1000
angstroms.

Next, trenches (not shown) are formed on the surface of
the orientation film 21 in order to determine the direction of

10

40

45

65

4

alignment of the liquid crystal molecules. Concretely, the
surface of the orientation film 21 is rubbed with a roller
around which cloth having thick pile is wound while rotating
the roller. Next, the sealing adhesive 25 is applied to the first
transparent substrate 11 or to the second transparent sub-
strate 12 by means of screen printing. At the same time, the
conductive material 24 is provided in a spot form on the
substrate along the liquid crystal layer side of the sealing
adhesive 25. In addition, spacers such as plastic beads are
scattered on the display in order to maintain a constant cell
gap. As for the scattering method, a method for scattering the
spacers in powder form by applying a high voltage to the
spacers can be used, so that the spacers are scattered through
the static electrical force (dry scattering).

It is noted that ribs having a constant thickness may be
formed on the surface of the transparent substrate 11 or 12
as another means for maintaining a constant cell gap.

Next, the two-electrode substrates are precisely adhered
to each other using a mask pattern for positioning that has
been prepared in advance. Pressure is applied to the sub-
strates that have been adhered to each other, in order to
enhance the tightness of the seal while the substrates are
irradiated with heat and ultraviolet rays, so that the sealing
adhesive 25 and the conductive material 24 are cured.

After that, the excess outside peripheral portion of the
substrates that have been adhered to each other is cut and
removed. In addition, in the case where the substrates are cut
into multiple liquid crystal panels, such described cutting is
carried out simultaneously.

Then, a liquid crystal material is injected into hollow cells
that have been separated by means of a vacuum-scheme
injection unit. After the injection of the liquid crystal mate-
rial, an adhesive is applied to the injection hole of each cell
and each hole is sealed through the application of heat or
ultraviolet rays.

Finally, the polarizing plates 13 and 14, to which adhesive
has been applied, are adhered to the transparent substrates 11
and 12, respectively, by applying pressure with a rubber
roller so that no bubbles remain. The liquid crystal panel 10,
which has been completed in such a manner, is passed to the
module process after undergoing an electrical test, an image
inspection and the like.

In this liquid crystal panel 10, the conductive material 24
is applied to the inside of the sealing adhesive 25 (the liquid
crystal layer 26 side) due to the restricted dimensions of the
outer panel form. At the time of adhering and pressing the
substrates together, the conductive material 24 is more rigid
than the sealing adhesive 25 and the cell gap becomes
uneven causing non-uniformity of the display. In addition, a
resistor paste having a low viscosity cannot be used because
it spreads at the time of application. The conductive material
24 having a viscosity of 35 to 45 PA-s is used in the present
embodiment.

In order to solve such non-uniformity of the display, the
conductive material 24 is separated from the active area so
as to be formed in the vicinity of the sealing adhesive 25
according to the present invention. FIG. 2 shows the appli-
cation positions of the conductive material 24. In FIG. 2, the
width of a sealant layer is 1 mm, the width of a frame BM
is 1.5 mm and the width of a frame region is 2.5 mm. In
addition, a conductive material application pad 30, to which
the conductive material 24 is applied, is in a square form
having 1 mm sides. Herein, the distance between a center
30a of the conductive material application pad 30 and the
sealing adhesive 25 is 0.7 mm.

In the case where a spot of the conductive material 24 is
formed, for example, at the center 30a of the conductive
material application pad 30, the difference in the cell gap
vis-a-vis the peripheral portion is 0.2 um. In addition, in the
case where a spot of the conductive material 24 is formed at
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a position 305 which is 200 um away from the center 30a of
the conductive material application pad 30 in the direction of
the sealing adhesive 25, the difference in the cell gap
vis-a-vis the peripheral portion is equal to or less than 0.2
um. On the other hand, in the case where a spot of the
conductive material 24 is formed at a position 30¢ which is
400 um away from the center 30q in the direction of the
active area, the difference in the cell gap vis-a-vis the
peripheral portion is 0.2 to 0.4 um. Herein, a carbon resistor
paste (trade name: TU-30SK manufactured by Asahi Chemi-
cal Research Laboratory Co., Ltd.) is used for the conductive
material 24. In addition, the diameter of the spots of the
conductive material 24 is approximately 250 um. It is noted
that the following measurements are carried out in the same
conditions.

It is understood from the above-described measurement
results that unevenness of the cell gap decreases as the spot
of the conductive material 24 is formed at a position further
away from the active area, that is, at a position closer to the
sealing adhesive 25. Accordingly, it is desirable to form the
conductive material 24 at a position close to the sealing
adhesive 25. In addition, non-uniformity of thickness due to
the cell gap exists at a place far from the active area by
positioning the conductive material 24 close to the sealing
adhesive 25; therefore, non-uniformity of thickness of the
display is reduced, making it difficult for the non-uniformity
of the display to occur.

In addition, according to another method for eliminating
non-uniformity of the display, the conductive material 24
can be formed in the four corners of the liquid crystal panel
10 on the liquid crystal layer 26 side of the sealing adhesive
25, or can be formed along the shorter sides of the liquid
crystal panel 10 or along the longer sides of the liquid crystal
panel 10.

FIG. 3 is a plan view of the liquid crystal panel 10
showing application positions of the conductive material 24.
Two liquid crystal injection holes 40 are formed along one
of the longer sides of the liquid crystal panel. FIG. 3
illustrates that the shorter sides of the liquid crystal panel 10
are 207 mm in length and the longer sides of the liquid
crystal panel 10 are 275 mm in length. The cell gaps of this
liquid crystal panel 10 in the case where the conductive
material 24 is formed at positions of Al to D are measured.

As a result of the measurements, in the case where spots
of the conductive material 24 are formed at the positions Al
to A4 in the four corners of the liquid crystal panel 10, the
difference in the cell gap vis-a-vis the peripheral portion is
less than 0.2 pm. In addition, in the case where spots of the
conductive material 24 are formed at the positions B1 and
B2 along the middle portion of the shorter sides of the liquid
crystal panel 10, the difference in the cell gap vis-a-vis the
peripheral portion is 0.2 um. Furthermore, in the case where
a spot of the conductive material 24 is formed at the position
D along the middle portion of the longer side of the liquid
crystal panel 10, the difference in the cell gap vis-a-vis the
peripheral portion is 0.3 pum. Furthermore, spots of the
conductive material 24 are formed at the positions C1 and
C2 along the middle portion between the position D and the
positions Al to A4 of the longer side of the liquid crystal
panel 10, the difference in the cell gap vis-a-vis the periph-
eral portion is 0.2 um.

It can be seen by the above-described measurement result
that almost no non-uniformity of thickness is caused by the
cell gap in the case where spots of the conductive material
24 are formed in the four corners of the liquid crystal panel.
In addition, it can be seen that the cell gap becomes more
uneven as the positions of the spots of the conductive
material 24 become further away from the four corners of
the liquid crystal panel 10. This is caused by slackness of the
transparent substrates 11 and 12 due to the conductive
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material 24 being more rigid than the sealing adhesive. In
addition, unevenness of the cell gap is, generally, easily
formed along the side facing the liquid crystal injection
holes 40 due to poor release of air at the time of pressing.
Accordingly, it is desirable for the spots of the conductive
material 24 to be formed at positions in the vicinity of the
four corners of the liquid crystal panel along the sealing
adhesive 25. As a result, the unevenness of the thickness of
the display is reduced, making it difficult for the non-
uniformity of the display to occur.

In addition, the amount of application (application area
and application thickness) as well as the number of places of
application of the conductive material 24 can be limited as
another method for eliminating non-uniformity of the dis-
play.

For example, in the case where the diameter of the spots
of the conductive material 24 is 369.8 um, the difference in
the cell gap vis-a-vis the peripheral portion is 0.1 um; in the
case where the diameter of the spots of the conductive
material 24 is 409.9 um, the difference in the cell gap
vis-a-vis the peripheral portion is 0.2 pum; and in the case
where the diameter of the spots of the conductive material 24
is 415.9 um, the difference in the cell gap vis-a-vis the
peripheral portion is 0.4 pm.

As a result of the above-described measurements, the cell
gap increases as the amount of application increases. This is
because the conductive material 24 is resistant to pressure;
therefore, non-uniformity of the thickness can be eliminated
by reducing the size of the application area so as to reduce
the amount of application. It is noted that the size of the
application area is controlled and the thickness of the
application area is measured in the conductive material
application unit.

In addition, unevenness of the thickness due to the cell
gap is occurred when the conductive material 24 is applied;
therefore, the unevenness of the thickness due to the cell gap
can be eliminated by reducing the number of places of
application. However, a predetermined conduction cannot
be obtained when the number of places of application is too
small. Therefore, the following measurements are carried
out in order to find the number of places of application of the
conductive material 24 that satisfies the predetermined resis-
tance value (e.g., 30 Q).

A 15-inch liquid crystal panel 10 is used as a sample and
BM-5A (Field=2°) manufactured by Topcon Co., Ltd. is
used as a measuring device. The measurements are carried
out under the condition that a backlight has been turned on
for one hour or more in an atmosphere of 25° C. Shadow
ratio=brightness at the time of window display/brightness at
the time of the entire background display —1.0 wherein the
evaluation is carried out by the naked eye with a frontal
view. The following three patterns that shadow can be easily
seen are used for the background pattern: half tone gray 1H
pixel diced pattern; half tone magenta 1H pixel diced
pattern; and half tone gray 2H dot diced pattern. FIG. 4 is a
diagram showing places of measurement.

FIG. 5 is a table showing the measurement results of the
shadow quality with respect to the number of places of
application of the conductive material 24, and FIG. 6 is a
graph showing the shadow ratio with respect to the number
of places of application of the conductive material 24. Eight
samples having different numbers of places of application of
the conductive material 24 are measured. Sample 1 has five
places of application of the conductive material 24 wherein
the application positions correspond to Al to A3 and C1 to
C2 in FIG. 3. Sample 2 has four places of application of the
conductive material 24 wherein the application positions
correspond to Al to A3 and C1 in FIG. 3. Samples 3 to 5
have three places of application of the conductive material
24 wherein the application positions correspond to Al to A3
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in FIG. 3. Samples 6 to 8 have two places of application of
the conductive material 24 wherein the application positions
correspond to Al to A3 in FIG. 3.

As aresult of confirmation of Samples 3 to 5 having three
application places by the naked eye, the occurrence of
longitudinal/lateral shadow is not recognized in the half tone
gray 2H dot diced pattern in which the opposing charge
shortage is severe. The lateral shadow ratio is equal to or less
than 1.5%. In addition, the lateral shadow ratio is equal to or
less than 0.9% in the 1H pixel diced pattern.

The shadow ratio becomes drastically higher in Samples
6 to 8 having two application places. The level allowing a
faint view of the half'tone gray 2H dot diced pattern may be
achieved while the level allows a fairly faint view of the half
tone magenta 1H pixel diced pattern, which is the worst
pattern for practical use (=at the time of completion of
WINDOWS (R) (except for XP)).

Accordingly, the level having no problems is considered
to be achieved as long as the conductive material 24 is
applied at two places without fail. However, it is desirable to
apply the material at three places taking into consideration
the possibility of failure of the application and margin
required in the case of small application areas.

It is noted that no problems arise in Samples 3 to 8 where
spots can be formed in the corners of the liquid crystal panel
10 while non-uniformity of the display easily occurs in
Samples 1 and 2 wherein it is necessary to form spots along
the longer sides of the liquid crystal panel 10.

In addition, according to the present invention, plastic
beads (spacers) are mixed into the liquid crystal layer 26 or
ribs are formed on the transparent substrate 11 or 12 in order
to maintain a constant cell gap so as to eliminate non-
uniformity of the display. Herein, it is desirable for the
spacers or the ribs not to be provided at the application
position of the conductive material 24. FIG. 7A shows a
schematic cross sectional view of a liquid crystal panel in the
case where spacers are mixed into the conductive material
24 while FIG. 7B shows a schematic cross sectional view of
a liquid crystal panel in the case where no spacers are mixed
into the conductive material 24.

As shown in FIG. 7A, in the case where spacers 50 are
mixed into the conductive material 24, the conductive mate-
rial 24 is placed between the spacer 50 and the transparent
substrate 11 or 12 causing unevenness of the cell gap. This
is because carbon powder is included in the conductive
material 24. According to the present invention, the spacers
50 are dispersed or ribs are formed so as to avoid the
conductive material 24, thereby unevenness of the cell gap
is eliminated, making it difficult for the non-uniformity of
the display to occur.

What is claimed is:

1. A liquid crystal display comprising:

a liquid crystal panel a liquid crystal layer between two

transparent substrates that are adhered to each other by
a sealing adhesive, the two transparent substrates
including a first substrate supporting an array of switch-
ing elements and corresponding pixel electrodes and a
second substrate supporting a common electrode;

a conductive wiring provided at least in a peripheral area
of the display and supported by the first substrate;

an insulating film supported by the first substrate and
provided over at least parts of the wiring and the
switching elements;

a transparent conductive pad supported by the first sub-
strate and electrically connected to the conductive
wiring through at least one aperture defined in the
insulating film, wherein the transparent conductive pad
is provided over the insulating film;
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a conductive material, for electrically connecting the
transparent conductive pad supported by the first sub-
strate to the common electrode supported by the second
substrate, the conductive material being provided in a
spot form along the liquid crystal layer side of the
sealing adhesive.

2. The liquid crystal display according to claim 1, wherein
spots formed of the conductive material are formed in the
four corners of the liquid crystal panel on the liquid crystal
layer side of the sealing adhesive.

3. The liquid crystal display according to claim 2, wherein
plastic beads for maintaining the cell gap at a constant are
mixed into the liquid crystal layer.

4. The liquid crystal display according to claim 3, wherein
the conductive material is an ultraviolet curing material.

5. The liquid crystal display according to claim 2, wherein
a rib for maintaining the cell gap at a constant is formed on
surface portion of at least one of the transparent substrates
that makes contact with the liquid crystal layer.

6. The liquid crystal display according to claim 5, wherein
the conductive material is an ultraviolet curing material.

7. The liquid crystal display according to claim 2, wherein
the conductive material is an ultraviolet curing material.

8. The liquid crystal display according to claim 1, wherein
spots formed of the conductive material are formed in any
three corners out of the four corners of the liquid crystal
panel on the liquid crystal layer side of the sealing adhesive.

9. The liquid crystal display according to claim 8, wherein
plastic beads for maintaining the cell gap at a constant are
mixed into the liquid crystal layer.

10. The liquid crystal display according to claim 9,
wherein the conductive material is an ultraviolet curing
material.

11. The liquid crystal display according to claim 8,
wherein a rib for maintaining the cell gap at a constant is
formed on surface portion of at least one of the transparent
substrates that makes contact with the liquid crystal layer.

12. The liquid crystal display according to claim 11,
wherein the conductive material is an ultraviolet curing
material.

13. The liquid crystal display according to claim 8,
wherein the conductive material is an ultraviolet curing
material.

14. The liquid crystal display according to claim 1,
wherein plastic beads for maintaining the cell gap at a
constant are mixed into the liquid crystal layer.

15. The liquid crystal display according to claim 14,
wherein the conductive material is an ultraviolet curing
material.

16. The liquid crystal display according to claim 1,
wherein a rib for maintaining the cell gap at a constant is
formed on a surface portion of at least one of the transparent
substrates that makes contact with the liquid crystal layer.

17. The liquid crystal display according to claim 16,
wherein the conductive material is an ultraviolet curing
material.

18. The liquid crystal display according to claim 1,
wherein the conductive material is an ultraviolet curing
material.

19. The liquid crystal display of claim 1, wherein the
insulating film is provided between the sealing adhesive and
the first substrate.
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