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LIQUID CRYSTAL DISPLAY DEVICE

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese Patent Application JP 2014-110118 filed on May 28,
2014, the content of which is hereby incorporated by refer-
ence into this application.

BACKGROUND

[0002] The present invention relates to a liquid crystal dis-
play device and more particularly, to a liquid crystal display
device of a narrower frame width that can ensure reliability of
a seal part.

[0003] Aliquid crystal display device includes: a TFT sub-
strate where pixels each including a pixel electrode, a thin
film transistor (TFT) and the like are arranged in a matrix; a
counter substrate opposed to the TFT substrate; and liquid
crystal sandwiched between the TFT substrate and the
counter substrate. The liquid crystal display device forms an
image by controlling transmittance of light through liquid
crystal molecules on a per-pixel basis.

[0004] Being flat and light in weight, the liquid crystal
display device has been finding wider applications in various
fields. Compact liquid crystal display devices have been
widely used in cellular phones, DSCs (Digital Still Cameras)
and the like. Medium- and small-sized liquid crystal display
devices are faced with a strong demand for enlarging a display
region while maintaining a small outside configuration.
Accordingly, the liquid crystal display device is reduced in
width between an edge of the display region and an edge of
the device. Namely, the device is adapted to a so-called nar-
row frame design. The device having the narrower frame is
reduced in seal width of a sealing material bonding the TFT
substrate and the counter substrate together and hernce, is
faced with a problem of a bonding force of the seal part.

[0005] An alignment film for initial alignment of the liquid
crystal molecules is formed on each of the surfaces of the TFT
substrate and the counter substrate, on which surfaces the
TFT substrate and the counter substrate make contact with the
liquid crystal. The prior-art technique has adopted a structure
where the alignment film is not formed on the seal part in
orderto increase the reliability in the bonding force of the seal
part. In the case of the narrow frame design, however, it is
difficult to exclude the alignment film from the seal part. To
address the reliability in the bond of the seal part, therefore,
consideration must be given to the bond strength between the
sealing material and the alignment film and the bond strength
between the alignment film and an underlying film thereof.

[0006] As a technique for preventing the rubbing off of the
alignment film on projections resulting from wiring on the
display region, Japanese Unexamined Patent Application
Publication No. 2012-189856 suggests an approach to
increase the bond strength of the alignment film by applying
ITO (Indium Tin Oxide) on the projections. Further, Japanese
Unexamined Patent Application Publication No. Hei
10-206871 discloses a structure where the wiring is formed of
ITO and the ITO wiring is laid under the seal part and
extended to a terminal part. Japanese Unexamined Patent
Application Publication No. Hei 10-206871 does not
describe a range of applying the alignment film.
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SUMMARY OF THE INVENTION

[0007] As to the reliability of the seal part, attention has
heretofore been paid only to the bonding force between the
sealing material and the alignment film. However, when the
increase in the bonding force between the sealing material
and the alignment film is achieved, then bond between the
alignment film and the underlying film thereof constitutes a
problem. The alignment film and the underlying film have
been considered in the art to have sufficient bond strength. As
the frame becomes narrower, the bonding force between the
alignment film and the underlying film thereof becomes a
problem.

[0008] The underlying film of the alignment film differs
between a TFT-substrate side and a counter-substrate side. In
most cases, an organic film called an overcoat film constitutes
the underlying film on the counter-substrate side while an
inorganic film made of Sin or the like constitutes the under-
lying film on the TFT-substrate side. The alignment film is an
organic film made of polyimide or the like. The bond strength
between the organic film and the organic film is generally
strong. However, the bond strength between the organic film
and the inorganic film is comparatively weak. Therefore, the
bonding force between the alignment film and the underlying
film poses a problem to the TFT-substrate side.

[0009] Itisanobject of the present invention to increase the
bond strength between the organic film and the inorganic film
on the TFT-substrate side in particular and to provide a liquid
crystal display device ensuring the reliability of the seal part
while narrowing of the frame.

[0010] The present invention is directed to solution to the
above problem and the specific means thereof are as follows.
[0011] According to a first aspect of the present invention,
a liquid crystal display device includes: a TFT substrate
which includes a display region and a terminal part, and has
an inorganic insulating film formed on an organic passivation
film and an alignment film formed over the inorganic insulat-
ing film; a counter substrate, the TFT substrate and the
counter substrate bonded together by a sealing material
formed at a seal part surrounding the display region; and a
liquid crystal sealed inside, and

[0012] has a structure where at the seal part, a transparent
conductive oxide film is formed between the inorganic insu-
lating film and the alignment film, an edge of the transparent
conductive oxide film exists inside an edge of the TFT sub-
strate.

[0013] According to a second aspect of the present inven-
tion, the liquid crystal display device according to the first
aspect thereof has a structure where at the seal part, the
organic passivation film is formed with a groove-like
through-hole surrounding the display region, and the trans-
parent conductive oxide film is formed inside than the groove-
like through-hole.

[0014] According to a third aspect of the present invention,
the liquid crystal display device according to the first aspect
thereof has a structure where the transparent conductive oxide
film is made of ITO.

[0015] According to a fourth aspect of the present inven-
tion, the liquid crystal display device according to the first
aspect thereof has a structure where the transparent conduc-
tive oxide film is made of IZO.

[0016] According to a fifth aspect of the present invention,
the liquid crystal display device according to the first aspect
thereof has a structure where the transparent conductive oxide
film is formed on four sides surrounding the display region.
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[0017] According to asixth aspect of the present invention,
the liquid crystal display device according to the first aspect
thereofhas a structure where the transparent conductive oxide
film is formed on the three sides except a terminal part.
[0018] According to a seventh aspect of the present inven-
tion, the liquid crystal display device according to the first
aspect thereof has a structure where the transparent conduc-
tive oxide film is continuously formed around the display
region, and the width of an overlap between the sealing mate-
rial and the transparent conductive oxide film is 100 pm or
more.

[0019] According to an eighth aspect of the present inven-
tion, the liquid crystal display device according to the first
aspect thereof has a structure where the transparent conduc-
tive oxide film is formed in a plurality of continuous lines
surrounding the display region, and the total of the widths of
overlaps between the sealing material and the transparent
conductive oxide film formed in the plural continuous lines is
100 um or more.

[0020] According to a ninth aspect of the present invention,
the liquid crystal display device according to the first aspect
thereof has a structure where the area of an overlap between
the transparent conductive oxide film and the sealing material
is 20% or more of the total bond area on which the sealing
material on the TFT-substrate side is bonded to the transpar-
ent conductive oxide film.

[0021] According to a tenth aspect of the present invention,
the liquid crystal display device according to the first aspect
thereof has a structure where the alignment film contains a
silane coupling agent.

[0022] According to an eleventh aspect of the present
invention, the liquid crystal display device according to the
first aspect thereof has a structure where the alignment film is
subjected to optical alignment processing.

[0023] According to the present invention, the liquid crys-
tal display device ensuring the reliability of the seal part is
provided because the bonding force between the alignment
film and the underlying film thereof can be ensured even in the
structure where the frame is narrowed and the alignment film
is applied to the seal part.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG.1isaplanview showinga liquid crystal display
device according to the present invention,

[0025] FIG. 2 is a sectional view taken on the line A-A in
FIG. 1 for showing a first embodiment of the present inven-
tion;

[0026] FIG. 3 is a schematic plan view of a TFT substrate
corresponding to FIG. 2;

[0027] FIG. 4 is a sectional view taken on the line A-A in
FIG. 1 for showing another mode of the first embodiment 1;
[0028] FIG. 5 is a sectional view taken on the line A-A in
FIG. 1 for showing still another mode of the first embodiment
L

[0029] FIG. 6 is a sectional view taken on the line A-A in
FIG. 1 for showing still another mode of the first embodiment
I

[0030] FIG. 7 is a sectional view taken on the line A-A in
FIG. 1 for showing a second embodiment of the present
invention;

[0031] FIG. 8 is a schematic plan view of a TFT substrate
corresponding to FIG. 7,

[0032] FIG. 9is a schematic plan view of a TFT substrate
for showing an ITO forming range;
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[0033] FIG. 10 is a schematic plan view of a TFT substrate
according to another embodiment of the present invention for
showing an ITO forming range;

[0034] FIG. 11 is a schematic plan view of a TFT substrate
according to still another embodiment of the present inven-
tion for showing an ITO forming range;

[0035] FIG. 12 is a schematic plan view of a TFT substrate
according to still another embodiment of the present inven-
tion for showing an ITO forming range;

[0036] FIG. 13 is a schematic plan view of a TFT substrate
according to still another embodiment of the present inven-
tion for showing an ITO forming range;

[0037] FIG. 14 is a schematic plan view of a TFT substrate
according to still another embodiment of the present inven-
tion for showing an ITO forming range;

[0038] FIG. 15 is a schematic plan view of a TFT substrate
according to still another embodiment of the present inven-
tion for showing an I'TO forming range;

[0039] FIG. 16 is a schematic plan view of a TFT substrate
according to still another embodiment of the present inven-
tion for showing an ITO forming range;

[0040] FIG. 17 is a schematic plan view of a TFT substrate
according to still another embodiment of the present inven-
tion for showing an I'TO forming range;

[0041] FIG. 18 is a schematic plan view of a TFT substrate
according to still another embodiment of the present inven-
tion for showing an ITO forming range;

[0042] FIG. 19 is a schematic plan view of a TFT substrate
according to still another embodiment of the present inven-
tion for showing an ITO forming range; and

[0043] FIG. 20 is a sectional view taken on the line A-A in
FIG. 1.
[0044] FIG. 21 is a sectional view taken on the line A-A in

FIG. 1 according to another mode of the present invention.

DETAILED DESCRIPTION

[0045] Before describing specific embodiments of the
present invention, a brief description is made on a structure of
a liquid crystal display device. F1G. 20 is a sectional view
showing an example of a seal part of the liquid crystal display
device. Referring to FIG. 20, liquid crystal 300 is sandwiched
between a TFT substrate 100 and a counter substrate 200. An
alignment film 106 is formed on each of the surfaces of the
TFT substrate 100 and the counter substrate 200, on which
surfaces the TFT substrate 100 and the counter substrate 200
make contact with the liquid crystal 300. At a narrow frame,
the alignment film 106 is extended to a seal part, where the
TFT substrate 100 and the counter substrate 200 are bonded
together by a sealing material 30. The prior-art techniques
have addressed the bond strength between the sealing mate-
rial 30 and the alignment film 106. As the frame becomes
narrower, however, bond strength between the alignment film
106 and an underlying film thereof is considered as a prob-
lem. On the TFT-substrate 100 side, in particular, the problem
is the bonding force between the alignment film 106 and an
inorganic insulating film 104 which is formed of SiN or the
like as the underlying film of the alignment film.

[0046] On the other hand, a so-called viewing angle means
much to the liquid crystal display. The IPS (In Plane Switch-
ing) system has excellent characteristics in the viewing angle.
Alignment processing for the alignment film 106 includes a
conventional rubbing method and a so-called optical align-
ment method which produces uniaxial anisotropy in the
alignment film by irradiating the alignment film with polar-
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ized ultraviolet rays. In the IPS system, the optical alignment
method is more suitable because the method negates the need
for inducing liquid-crystal pretilt angle on the alignment film
106.

[0047] The alignment film 106 is irradiated with the ultra-
violet rays in the optical alignment processing, which
involves a fear that the ultraviolet rays may reach an interface
between the alignment film 106 and the SiN film 104 as the
underlying film thereof, inducing a decrease in the bonding
force. Therefore, the problem of bonding force between the
alignment film 106 and the underlying film 104 can be more
critical in the IPS system.

[0048] The present invention to be described hereinbelow
is directed to solution to the above problem. The contents of
the present invention will be specifically described as below
with reference to embodiments thereof.

First Embodiment

[0049] FIG.1isaplanview showing a liquid crystal display
device to which the present invention is applied. Referring to
FIG. 1, the TFT substrate 100 and the counter substrate 200
are bonded together by the sealing material 30 while the
liquid crystal is sandwiched between the TFT substrate 100
and the counter substrate 200. The TFT substrate 100 is
formed in a larger size than the counter substrate 200. A
portion of the TFT substrate 100 that extends as a single layer
defines a terminal part 150. The terminal part 150 is formed
withan IC driver 160 for driving aliquid crystal display panel,
terminals for connection of a flexible wiring board for sup-
plying electric power, image signals, scan signals and the like
to the liquid crystal display panel, and the like.

[0050] Referring to FIG. 1, a display region 1000 includes
scanning lines 10 extended horizontally and arranged verti-
cally, and further includes image signal lines 20 extended
vertically and arranged horizontally. An area enclosed by the
scanning line 10 and the image signal line 20 defines a pixel
25. At the narrow frame, a distance w between an edge of the
display region 1000 and an edge of the liquid crystal display
device is reduced to the order of 1 mm. In this case, the device
can allow for no more than 0.5 mm of bond width for the
sealing material 30, which makes the bond strength at the seal
part a crucial matter.

[0051] FIG. 2 is a detailed sectional view of the seal part,
corresponding to a cross section taken on the line A-A in FIG.
1. Referring to FIG. 2, a first insulating film 101 is formed on
the TFT substrate 100 made of glass. The first insulating film
101 may sometimes be an undercoat film formed for prevent-
ing a semiconductor layer of the TFT from being contami-
nated with impurities from the glass. A second insulating film
102 is formed on the first insulating film 101. The second
insulating film 102 may sometimes be a gate insulating film of
the TFT. On the second insulating film 102, the scanning lines
10 and scanning-line lead lines 11 are formed. The rectangu-
lar scanning-line lead line 11 represents a cross section of the
scanning-line lead line 11 extended from an upper side as
seen in the drawing of FIG. 1.

[0052] An organic passivation film 103 is overlaid on the
scanning lines 10 and the scanning-line lead lines 11. The
passivation film 103 is formed thick or 2 to 3 um in thickness
and also serves as a flattening film. The passivation film 103
is formed of a photosensitive resin, negating the need for
photoresist when patterned.

[0053] An interlayer insulating film 104 made of SiN is
overlaid on the organic passivation film 103. In the display
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region of the IPS liquid crystal display device, this interlayer
insulating film 104 is an insulating film between a lower layer
electrode formed in a flat solid layer and an upper layer
electrode including slits. The lower layer electrode may be a
common electrode while the upper layer electrode may be a
pixel electrode, and vice versa. Both the lower layer electrode
and the upper layer electrode are formed of a transparent
conductive oxide film 105 represented by ITO (Indium Tin
Oxide). While the following description is made on the
assumption that the transparent conductive oxide film 105 is
made of ITO, the transparent conductive oxide film 105 may
sometimes be made of IZO (Indium Zinc Oxide).

[0054] Referring to FIG. 2, the ITO 105 is formed on the
interlayer insulating film 104, which constitutes a feature of
the present invention. This ITO 105 is at least insulated from
the ITO of the pixel electrodes in the display region 1000.
However, the ITO 105 is formed in conjunction with the
formation of the upper layer electrode in the display region.
[0055] The alignment film 106 is overlaid on the ITO 105.
The bonding force between the alignment film 106 and the
ITO 105 is so strong that the bond strength between the
alignment film 106 and the ITO 105 can be ensured despite
the narrow seal width. Although the bonding force between
the alignment film 106 and the ITO 105 also means much to
other parts, the bonding force particularly constitutes a cru-
cial problem to the seal part, where stress occurs between the
sealing material 30 and the alignment film with the ITO.
[0056] In a case where the alignment film 106 includes a
silane coupling agent, the bonding force between the align-
ment film 106 and the ITO 105 can be further increased. This
1s because an OH-group of the alignment film 106 is strongly
bonded to an OH-group of the ITO 105. Incidentally, the ITO
105 is also strongly bonded to the interlayer insulating film
104 as the underlying film thereof which is made of SiN.
Since the ITO 105 does not extend so far as anedge of the TFT
substrate 100, there is no fear of invasion of moisture through
an interface between the ITO 105 and other layers in contact
therewith.

[0057] The alignment film 106 is formed by applying an
alignment film material as a starting liquid by flexography,
ink-jet printing or the like. The organic passivation film 103 is
formed with recesses 65, 66,67 as a stopper for preventing the
alignment material from spreading so faras an outside edge of
the seal part. Further, a groove-like through-hole 60 formed
on an even outer side of the recesses also serves as the stopper
for the alignment film material. FIG. 2 shows the alignment
film material spreading beyond the three recesses 65, 66, 67
and ending at the groove-like through-hole 60 as the final
stopper.

[0058] Referringto FIG. 2, ablack matrix 201 is formed on
the counter-substrate 200 side. The black matrix 201 in FIG.
2 is disposed for preventing light leakage from the seal part
30. The black matrix 201 is formed of a resin and hence, the
black matrix is formed with a black matrix groove 2011 for
blocking moisture permeation through the resin. On the black
matrix 201, a color filter 202 is formed in a strip pattern
extended in a direction perpendicular to the drawing surface.
The color filter 202 is formed in correspondence to a column-
like spacer 40 formed on an overcoat film 203.

[0059] The overcoat film 203 is formed on the color filter
202. The overcoat film 203 is formed with protrusions at
places corresponding to the color filter 202. This protrusion
has a function to prevent the alignment film material being
applied from spreading toward the outside of the substrate. A
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first column-like spacer 40 is formed at the protrusion of the
overcoat film 203. The first column-like spacer 40 has a
function to define a distance between the counter substrate
200 and the TFT substrate 100 at the seal part. Between the
first column-like spacer 40 and the first column-like spacer
40, a second column-like spacer 45 which has a smaller
height than the first column-like spacer 40 is formed. The
second column-like spacer 45 has a function to prevent the
distance between the TFT substrate 100 and the counter sub-
strate 200 from being excessively reduced when an external
pressure is applied to the counter substrate 200.

[0060] The alignment film 106 is overlaid on the overcoat
film 203. A wall-like spacer 50 is formed at an end of the seal
part. The wall-like spacer 50 is placed on a boundary between
adjoining liquid crystal display panels on a mother substrate
where a plurality of liquid crystal display panels are formed.
Scribing is performed along the center of the wall-like spacer
50, followed by separating the individual liquid crystal dis-
play panels by breaking the mother substrate. The reason for
locating the wall-like spacer at this portion is that the mother
substrate cannot be broken despite the scribing performed on
the spacer if the sealing material 30 exists at this portion.
Referring to FIG. 2, the sealing material 30 is present in a
slight gap between the wall-like spacer 50 and the TFT-
substrate 100 side. However, this sealing material does not
affect the breaking operation significantly so long as the
thickness of the sealing material in this gap is 1 um or less. In
some cases, the sealing material 30 having a thickness of 1 um
or less may contribute to bonding between the counter sub-
strate 200 and the TFT substrate 100.

[0061] Referring to FIG. 2, the alignment film 106 formed
on the counter-substrate 200 side extends beyond the protru-
sions formed on the overcoat film 203 and ends at the wall-
like spacer 50. On the counter-substrate 200 side, the align-
ment film 106 is formed on the overcoat film 203. Both the
overcoat film 203 and the alignment film 106 are formed of
organic materials. The bonding force between the organic
materials is so strong that the bonding force between the
alignment film 106 and the overcoat film 203 does not matter
much.

[0062] At the seal part, the TFT substrate 100 and the
counter substrate 200 are bonded together by the sealing
material 30. Although the sealing material 30 is bonded to the
alignment films 106 as seen in FIG. 2, the bond between the
sealing material 30 and the alignment films 106 can be prac-
tically maintained. In FIG. 2, the liquid crystal 300 is filled in
space inside the sealing material 30.

[0063] FIG.3isaplanview of the TFT substrate 100 shown
in FIG. 1 and FIG. 2. FIG. 3 is a schematic diagram showing
relationships among the seal part, the display region 1000, the
interlayer insulating film 104, the groove-like through-hole
60 and the ITO 105. Referring to FIG. 3, an area outside a
dotted line 31 defines the seal part where the sealing material
is formed. Around the display region, the ITO 105 is formed
and its outside is surrounded by the groove-like through-hole
60, external to which is the interlayer insulating film 104
covering the organic passivation film.

[0064] The alignment film 106 covers the display region
1000 and an area between the display region 1000 and the
groove-like through-hole 60. At the seal part, the alignment
film 106 is formed on the ITO 105. The bonding forces
between the ITO 105 and the alignment film 106 and between
the ITO 105 and the interlayer insulating film 104 made of
SiN are strong enough. Therefore, the alignment film 106 at
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the seal part shown in FIG. 3 has high reliability in bonding.
Further, the ITO 105 does not extend so far as the edge of the
TFT substrate 100 and hence, there is no fear of moisture
invading from the edge of the TFT substrate 100 through the
interface of the ITO 105.

[0065] FIG. 4 is a sectional view showing another mode of
this embodiment. FIG. 4 differs from FIG. 2 in that the
organic passivation film 103 of the TFT substrate 100 is not
formed with the recesses. As shown in FIG. 4, the alignment
film 106 ends at the groove-like through-hole 60 of the
organic passivation film 103. As seen in FIG. 4 as well, the
ITO 105 is formed between the interlayer insulating film 104
and the alignment film 106 and hence, the bond performance
of the alignment film 106 can be ensured. Further, the ITO
105 does not extend so far as the edge of the TFT substrate
100 and hence, there is no fear of moisture invading from the
edge of the TFT substrate 100 through the interface of the ITO
105.

[0066] FIG. 5 is a sectional view showing still another
mode of this embodiment. FIG. 5 differs from FIG. 2 in that
the overcoat film 203 on the counter-substrate 200 side is
formed with a groove 70. This groove 70 is formed in a
configuration to surround the display region 1000. The over-
coat-film groove 70 has the same function as that of the
groove-like through-hole 60 formed in the organic passiva-
tion film 103 on the TFT substrate 100. Namely, this groove
blocks the external moisture invading through the overcoat
film 203.

[0067] AsseeninFIG. 5, the alignment film 106 ends at the
overcoat-film groove 70. Further, the sealing material 30 is
also filled in the overcoat-film groove 70. The other compo-
nents are the same as those of the FIG. 2 and the effects
thereof are also the same as those of FIG. 2.

[0068] FIG. 6 is a sectional view showing still another
mode of this embodiment. FIG. 6 differs from FIG. 5 in that
the alignment films 106 are not extended to the vicinity of the
edge of the sealing material 30 but ends at some point short of
the edge of the sealing material. In a case where the bond
between the sealing material 30 and the alignment film 106 is
somewhat weak, the mode shown in FIG. 6 is better adapted
to increase the reliability of the seal part.

[0069] Referring to FIG. 6, the alignment film 106 on the
TFT-substrate 100 side ends at the third recess 67 while the
alignment film on the counter-substrate 200 side ends at the
second protrusion from the display region. On the TFT-sub-
strate 100 side, the sealing material 30 is bonded to the align-
ment film 106, the ITO 105, and the interlayer insulating film
104. On the counter-substrate 200 side, the sealing material
30 is bonded to the alignment film 106, and the overcoat film
203. The bond strength between the sealing material 30 and
the ITO 105, the bond strength between the sealing material
and the interlayer insulating film 104, and the bond strength
between the sealing material 30 and the overcoat film 203 are
greater than the bond strength between the sealing material 30
and the alignment film 106.

[0070] As described above, this embodiment is adapted to
prevent the separation of the alignment film 106 at the seal
part on the TFT-substrate 100 side and hence, can increase the
reliability of the seal part.

Second Embodiment

[0071] FIG. 7 is a sectional view showing as second
embodiment of the present invention. FIG. 7 is a sectional
view also corresponding to the sectional view taken on the
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line A-A in FIG. 1. FIG. 7 differs from FIG. 2 of the first
embodiment in that the ITO 105 formed on the TFT-substrate
100 side does not extend so far as an inside edge of the sealing
material 30. In this case, as well, the ITO 105 exists between
the alignment film 106 and the interlayer insulating film 104
at a main portion of the sealing material 30 and hence, the
separation of the alignment film 106 at the seal part 30 can be
prevented. The other components in FIG. 7 are the same as
those of FIG. 2.

[0072] FIG. 8 is a plan view of the TFT substrate 100
corresponding to the structure of FIG. 7, or a schematic dia-
gram showing relationships among the display region 1000,
the range of the ITO 105, the interlayer insulating film 104,
the groove-like through-hole 60 and the like. Referring to
FIG. 8, an area outside the dotted line 31 defines the seal part
where the sealing material 30 is formed. The ITO 105 extends
within a range of the width of the sealing material 30 but not
so far as the inside edge of the sealing material 30.

[0073] The range of applying the alignment film 106 is the
whole area that is inside the groove-like through-hole 60
formed in the organic passivation film 103 and that includes
the display region 1000. This embodiment is also adapted to
prevent the separation of the alignment film because at a
major part with respect of the seal width, the ITO 105 is
disposed between the alignment film 106 and the interlayer
insulating film 104. Similarly to the first embodiment, there-
fore, this embodiment is also adapted to increase the reliabil-
ity of the seal part.

[0074] FIG. 21 is another sectional view corresponding to
the sectional view taken on the line A-A in FIG. 1. FIG. 21
differs from FIG. 7 in that the alignment film 106 is formed
until the edge of the TFT substrate 100 and the counter sub-
strate 200. In FIG. 21, the ITO 105 exists between the align-
ment film 106 and the interlayer insulating film 104 at a main
portion of the sealing material 30 and hence, the separation of
the alignment film 106 at the seal part 30 can be prevented,
even the alignment film 106 is formed until the edge of the
TFT substrate 100. Manufacturing becomes much easier if
imitation of alignment film 106 is not necessary.

[0075] In FIG. 21, the alignment film 106 on the counter
substrate 200 is formed until the edge of the counter substrate
200, however, the alignment film 106 on the counter substrate
200 can be stopped before it extends to the edge of the counter
substrate 200 in a manner as depicted in FIGS. 2, 4-7.
[0076] In FIG. 21, ITO 105 doesn’t extends so far as an
inside edge of the sealing material 30, however, ITO 105 can
extends beyond the inside edge of the sealing material 30 in a
manner as depicted in FIG. 2, 4-6. Third Embodiment
[0077] FIG.9toFIG.19 each show an example of the range
of forming the ITO 105 on the TFT substrate 100 according to
the present invention. In each of the drawings, the alignment
film 106 is formed on the whole area that is inside the groove-
like through-hole 60 formed in the organic passivation film
103 and that includes the display region 1000. However, the
alignment film 106 may also be formed on the whole area of
the TFT substrate 100, the area including the seal part. Fur-
ther, in the range of an overlap between the alignment film
106 and the sealing material 30, an outside edge of the align-
ment film 106 may sometimes be located inside the groove-
like through-hole 60 of the organic passivation film 103. In all
the examples, however, the ITO 105 is formed in the range
that is inside the groove-like through-hole 60 formed in the
organic passivation film 103. That is, the ITO 105 is formed
inside the outside edge of the sealing material 30.
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[0078] FIG. 9 shows an example where the range of apply-
ing the ITO 105 is divided into two line portions and the inside
edge 31 of the sealing material 30 is formed on the inner ITO
105. In this case, apart of the sealing material 30 is bonded to
the interlayer insulating film 104 but the greater part of the
sealing material 30 overlaps with the ITO 105. Therefore, the
separation of the alignment film at the seal part can be pre-
vented and the bond strength of the seal part can be ensured.
[0079] It is desirable that the range where the 1TO 105
overlaps with the sealing material 30 is 100 um or more in
terms of width. In the case where the range of the overlap
between the ITO 105 and the sealing material 30 is divided
into two line portions as shown in FIG. 9, the total of the two
line portions of the ITO 105 may be defined to be 100 um or
more. The same also applies to a case where the ITO includes
three or more portions.

[0080] FIG. 10 shows an example where the ITO 105 is
formed in a plurality of islands rather than in a continuous
configuration. Referring to FIG. 10, while the sealing mate-
rial 30 may have the inside edge located at any place, the
range of the overlap between the sealing material 30 and the
ITO 105 may preferably be defined to be 20% or more of the
bond area of the sealing material 30.

[0081] FIG. 11 shows an example where the ITO 105 is
formed in a frame-like configuration, each side of which
includes a gap extended toward the outside of the TFT sub-
strate. The ITO may sometimes be laid out as shown in FIG.
11 due to wiring reasons or the like. In this case, as well, the
area of the overlap between the ITO 105 and the sealing
material 30 may be defined to be 20% or more of the bond area
of the sealing material 30.

[0082] FIG. 12 shows an example where the ITO 105 has
three sides configured the same way as in FIG. 3 except for
one side abutting on the terminal part 150, or the ITO 105 is
not formed on the side abutting on terminal part 150. The lead
lines of the image signal lines 20, scanning lines 10 and the
like are concentrated on the terminal-part 150 side, where 1t
may sometimes be difficult to form the ITO 105 over the
interlayer insulating film 104 due to layout reasons. On the
other hand, the seal part on the terminal-part 150 side permits
the frame to be formed wider than the seal parts on the other
three sides. With the increased seal width and production
tolerance taken into account, an overlap between the seal part
and the alignment film can be omitted. In some cases, the seal
part can ensure the bonding force if the ITO 105 is not pro-
vided on the terminal-part 150 side. F1G. 13 and F1G. 14 each
show an exemplary modification of the range of removing the
ITO 105 from the terminal-part 150 side. The modifications
have the same effect as that described with reference to FIG.
12.

[0083] FIG. 15 shows an example where the ITO 105 has
the three sides configured the same way as in FIG. 8 except for
the one side abutting on the terminal part 150, or the ITO 105
is not formed on the side abutting on the terminal part 150.
FIG. 16 and FIG. 17 each show an exemplary modification of
the range of removing the ITO 105 from the terminal-part 150
side. The modifications have the same effect as that described
with reference to FIG. 12.

[0084] FIG. 18 shows an example where the ITO 105 is
formed in two lines on the three sides around the display
region 1000 except for the terminal-part 150 side, similarly to
the layout shown in FIG. 9, and on the terminal-part 150 side,
only the inner ITO line 105 is overlapped with the sealing
material 30. In FIG. 18, the scanning lines 10 and the outer
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ITO line 105 are not extended in parallel with the terminal-
part 150 side but extended to the edges of the interlayer
insulating film 104. FIG. 19 shows an exemplary modifica-
tion where only the inner ITO line 105 is overlapped with the
sealing material 30 on the terminal-part 150 side while the
outer I'TO line 105 is not extended to the edges of the inter-
layer insulating film 104 on the terminal-part 150 side.
[0085] While the various examples of the ranges of forming
the ITO 105 have been described above, what is common to
the examples is that in the case of the ITO 105 formed around
the display region 100, the width of the overlap between the
ITO 105 and the sealing material 30 is 100 pm or more and
that in the case of the ITO 105 not formed in the continuous
configuration, the area of the overlaps between the ITO 105
and the sealing material 30 is 20% or more of the bond area of
the sealing material 30. It is noted here that the term “the bond
area of the sealing material 30 means the area on which the
sealing material 30 on the TF T-substrate 100 side is bonded to
the ITO. In the case where a plurality of annular ITOs 105 are
formed and the plural ITOs 105 overlap with the sealing
material 30, the common feature is that the total of the widths
of overlaps between the plural ITOs 105 and the sealing
material 30 is 100 um or more.

[0086] According to the above description, the ITO 105 as
the transparent conductive oxide film 105 is formed between
the interlayer insulating film 104 and the alignment film 106.
The ITO 105 can be formed in conjunction with the formation
of the pixel electrodes or common electrodes made of ITO on
the display region. In the case where the pixel electrodes or
the common electrodes are made of IZO, however, the trans-
parent conductive oxide film 105 formed between the inter-
layer insulating film 104 and the alignment film 106 may be
made of 1Z0.

[0087] According to the present invention as described
above, the separation of the alignment film at the seal part can
be prevented and hence, the liquid crystal display device
having the narrower frame can ensure the reliability of the
seal part. When the optical alignment processing is performed
on the alignment film of the IPS system, the bonding force
between the alignment film and the underlying film thereof'is
decreased. Therefore, the present invention is particularly
effective in the IPS system using the optical alignment.

What is claimed is:

1. A liquid crystal display device comprising:

a TFT substrate which includes a display region and a
terminal part, and has an inorganic insulating film
formed on an organic passivation film and an alignment
film formed over the inorganic insulating film;
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a counter substrate, the TFT substrate and the counter
substrate bonded together by a sealing material formed
at a seal part surrounding the display region; and

a liquid crystal sealed inside,

wherein at the seal part, a transparent conductive oxide film
1s formed between the inorganic insulating film and the
alignment film, and

an edge of the transparent conductive oxide film exists
inside an edge of the TFT substrate.

2. The liquid crystal display device according to claim 1,
wherein at the seal part, the organic passivation film is formed
with a groove-like through-hole surrounding the display
region, and the transparent conductive oxide film is formed
inside than the groove-like through-hole.

3. The liquid crystal display device according to claim 1,
wherein the transparent conductive oxide film is made of TTO.

4. The liquid crystal display device according to claim 1,
wherein the transparent conductive oxide filmis made of 170.

5. The liquid crystal display device according to claim 1,
wherein the transparent conductive oxide film is formed on
four sides surrounding the display region.

6. The liquid crystal display device according to claim 1,
wherein the transparent conductive oxide film is formed on
the three sides except a terminal part.

7. The liquid crystal display device according to claim 1,
wherein the transparent conductive oxide film is continuously
formed around the display region, and the width of an overlap
between the sealing material and the transparent conductive
oxide film is 100 pm or more.

8. The liquid crystal display device according to claim 1,
wherein the transparent conductive oxide film is formed in a
plurality of continuous lines surrounding the display region,
and the total of the widths of overlaps between the sealing
material and the transparent conductive oxide film formed in
the plural continuous lines is 100 um or more.

9. The liquid crystal display device according to claim 1,
wherein the area of an overlap between the transparent con-
ductive oxide film and the sealing material is 20% or more of
the total bond area on which the sealing material on the
TFT-substrate side is bonded to the transparent conductive
oxide film.

10. The liquid crystal display device according to claim 1,
wherein the alignment film contains a silane coupling agent.

11. The liquid crystal display device according to claim 1,
wherein the alignment film is subjected to optical alignment
processing.
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