US 20070279565A1

a2y Patent Application Publication () Pub. No.: US 2007/0279565 A1l

a9y United States

Iwato et al. (43) Pub. Date: Dec. 6, 2007

(54) LIQUID CRYSTAL DISPLAY DEVICE (52) US. Cl ..o 349/139;349/138
(75) Inventors: Hiroaki Iwato, Mobara (JP); 57) ABSTRACT

Yoshiki Watanabe, Ootaki (JP); . . ) .

Keiichirou Ashizawa, Mobara (JP) The present invention suppresses the spreading by wetting

of an orientation film of a liquid crystal display panel outside

Correspondence Address: a display region and, at the same time, maintains the

Stanley P. Fisher uniformity of film thickness of the orientation film within a

Reed Smith LLP display region. In a liquid crystal display device which

Suite 1400, 3110 Fairview Park Drive includes a display panel which arranges a sealing material

Falls Church, VA 22042-4503 having an annular shape between a pair of substrates, seals

a liquid crystal material in a space surrounded by the pair of

(73) Assignee: Hitachi Displays, Ltd. substrates and the sealing material, the pair of substrates

form orientation films on surfaces thereof opposite to sur-

(21) Appl. No.: 11/798,278 faces thereof which face each other, the orientation films are

brought into contact with transparent electrodes which are

(22) Filed: May 11, 2007 formed on surfaces of transparent substrates by way of

insulation layers, at least one substrate out of the pair of

(30) Foreign Application Priority Data substrates includes an elongated groove portion which

extends in the direction along an outer periphery of the

May 31, 2006 (JP) .eeovvvrereeciceicienene 2006-151478 display region in a substantially annular region which is

L . . arranged inside a region where the sealing material is

Publication Classification arranged and outside the display region, and the groove

(51) Int.CL portion is formed of recessed grooves which are formed in

GO2F 1/1343 (2006.01) the insulation layer and an ITO film which extends along
GO2F 171333 (2006.01) side surfaces and bottom surfaces of the recessed grooves.
X 6 DL 7 6 7
NI
y
D
1144450 G11411010 DL
S—\ //// Z / 4/ A, ] éé S’

DL E ?L | =1 - f[
——
A, o *

77 7 N g o PDs1
Yl 2
N
PDs Z ) WW%Z /'
1|4
‘ 4 -

0

NN\

N NN NS NN

0 T o,
N
AR RA AR RAR AR




Patent Application Publication  Dec. 6,2007 Sheet 1 of 15 US 2007/0279565 Al

X 1 2 AR2 1c

AR1]

3

>
S—
>

DA



Patent Application Publication  Dec. 6,2007 Sheet 2 of 15 US 2007/0279565 Al

5 @ £ 3 3
5, J 4 L)
7; ................... N[ L
_ g%
Dif k/A g
............................................................. )/ —
N
I S |77 S N1 R R /.
) NV
% 4<
.
%
%
M [:::
Xy £ s
i\’
R, < @

7 / ///////// ;7 \
NI e L U il e

™~
L > > ~ ~ ~ ~




US 2007/0279565 A1

Dec. 6,2007 Sheet 3 of 15

Patent Application Publication

ZSVd ISVd ZSvd

¢Svd ISVd A4 ¢Svd g
N o [~ I

s ppp

|

, _ ,

|1

A AN ///7/

\\\\\\\\\.\\\\\\\\\\ m NNAN _



US 2007/0279565 A1

Dec. 6,2007 Sheet 4 of 15

Patent Application Publication

vdad

N N N NN NI 2 S s s
(A \\\\\\\\\\\m /7. “ ]
NN
HR
v
Hl il
; . AN sy TR
\“ 7SS SIS, ;“\\\\\\\\\\w\. L ”\‘ X
: ] | 7
i
|
| &




US 2007/0279565 A1

Dec. 6,2007 Sheet 5 of 15

Patent Application Publication

5 Zsvd Zsvd VS Zsvd 5
o rp S
meNm \ \ &
\ _ — \
N
g | )
L L 8 L 8 , L L
Zsvd Zsvd AW | VG ZSvd 5

.O. \/\

"3 |

\/\

NMAINAN ////////%///////// /////%//////////////////////////////////////////// MANNN //a//

\\\\\\\\\.\\\\\\\\\\\ N WNAN —

9 974



US 2007/0279565 A1

Patent Application Publication  Dec. 6,2007 Sheet 6 of 15

B 1 1 ] |

\le\kw\ 7777770777777 7777777 7777727772777 77777777777
g6

ooooooo

ooooo

oooooooooooooooooooooo
------------------------
oooooooooooooooooooooooooo
ooooooooooooooooooooooooo
oooooooooooooooooooooooooo

oooooooooooooooooooooooooo
ooooooooooooooooooooooooo
oooooooooooooooooooooooooo
ooooooooooooooooooooooooo
oooooooooooooooooooooooooo
ooooooooooooooooooooooooo
oooooooooooooooooooooooooo

.
)
.....
--------
.........
.............
..............
----------------
..................
---------------------
......................
.........................
...........................
.............................
...............................

B sdd

..........................
ooooooooooooooooooooooooo
..........................
.........................
--------------------------
ooooooooooooooooooooooooo
..........................
ooooooooooooooooooooooooo
..........................
ooooooooooooooooooooooooo
--------------------------

......................................
......................................
......................................
.......................................
......................................
.......................................
......................................
.......................................
......................................
ooooooooooooooooooooooooooooooooooooooo
......................................




Patent Application Publication  Dec. 6,2007 Sheet 7 of 15 US 2007/0279565 Al

FIG, &

~

1

6
Ny

x

5—0)
<o

-

y

-N-O

NN\
N
N
N

YDL

h PDst1

DLS

(- ]

o,

7727722 W
7

ANNSNANNNUN
.
NN
e -
2 |:\
SANNNN '
=

N

AANANNRNAE

I

AN
YY)
AN

N
NANUARUAAA USRI
L
@ % <
R \
ANSANANANA RN
\‘“\&

—J

SOOOONNNN
O

X

Aﬁﬂg ~
SOOI

PDs

YNV

D

. PAS2 | PAS?
DL E%i;%%; fz%hﬁ — \jii—

PAST SUB " PDsl




Patent Application Publication  Dec. 6,2007 Sheet 8 of 15 US 2007/0279565 Al

r T

/////

7/////f//////

2 // ”E// ‘ R

FIG, 11

7

R
=

\ s \ PAST1
YV 000N

SuB



Patent Application Publication  Dec. 6,2007 Sheet 9 of 15 US 2007/0279565 Al

8
PAS2 7- S A "CJ
/
D D

PAS2 4 \V\\ o s :f’:‘ ; SR
r)'/,-““ o ‘ ‘ ) ;&
= = / (.

o
Q



Patent Application Publication  Dec. 6,2007 Sheet 10 of 15 US 2007/0279565 A1

| FIG 13
X 6 !
e el
y F
N
§
PDsﬁ §
\ : <
\
& _
AR
SL SL
FIG, 14
PAS1T  PAS2 4 6 PAS2  past




FIG. 15

“

3\\\\\\\\\\\\\\\\\\\\\\\\

/

//// Nk /////////////////

6 ///////////////////

1 \\
- !..;...mlunuununmﬂ ........... m ...... %W,W//%/ |

................. S 1/ a—— %/Mﬁ N

I B — -




Patent Application Publication  Dec. 6,2007 Sheet 12 of 15 US 2007/0279565 A1

FIG. 16

7 6

VL L L L0 L //'g\/‘/////l
M | {—S o

5B \ A
B 77 i

PAS2

SUB

G G

(H) (H

FIG, 17
PAS2

1F ( PAS1

5B \ // ]

Um0
SUB

G G
(H) | Gl



Patent Application Publication  Dec. 6,2007 Sheet 13 of 15 US 2007/0279565 A1

FIG, 18
7 | 6

PAS2

VLLL L L AL L L L

SB

PAS1 ..
(H) v (H')

FIG 19

PAS2

PAS1 A

(H) (H )




US 2007/0279565 A1

Dec. 6,2007 Sheet 14 of 15

FIlaG, 20

Patent Application Publication

0 x\m Km
\

\\\ il % //////Z

.

3 CI—

/

//ﬁ/////////ﬂ///ﬂ////// QRN /ﬂwﬂ/ MANN /// /// ////// //////7///

------

. Kot m. (@) m e n )
N . .” N front e
81 R S8 Ml ks
NN \ | HRNEE
%]

L4 o o Dy |
. . .
. . .

I R Y //ﬂ////ﬂ///ﬂx///ﬂ//f//ﬂ/ N

.........

§§ I\ 52/ K1 o

n S Y a

s\m/‘

PX

K
TH

)

SD2




Patent Application Publication  Dec. 6,2007 Sheet 15 of 15 US 2007/0279565 A1

Fia, 21

, S

Y O
)

C | i
§§£~I!§Eﬁgﬁ¥W% "~ﬁf\PASZ-
N

DA

J CL GL SUB J




US 2007/0279565 Al

LIQUID CRYSTAL DISPLAY DEVICE

[0001] The present application claims priority from Japa-
nese application JP2006-151478 filed on May 31, 2006, the
content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display device, and more particularly to a technique which
is effectively applicable to a control of a coating region of an
orientation film.

[0004] 2. Description of the Related Art

[0005] Conventionally, as a display device which displays
a video or an image, there has been known a liquid crystal
display device which uses a liquid crystal display panel
sealing a liquid crystal material between a pair of substrates.
[0006] In the liquid crystal display panel, on one substrate
out of a pair of substrates, for example, a plurality of
scanning signal lines and a plurality of video signal lines are
formed. Then, a region which is surrounded by two neigh-
boring scanning signal lines and two neighboring video
signal lines corresponds to one pixel region, and a TFT
element, a pixel electrode and the like are arranged on each
pixel region. This substrate is generally referred to as a TFT
substrate. Further, another substrate which forms a pair with
the TFT substrate is generally referred to as a counter
substrate.

[0007] When the liquid crystal display panel adopts a
vertical-electric-field method such as a TN method or a VA
method, for example, a counter electrode (also referred to as
a common electrode) which faces the pixel electrodes of the
TFT substrate in an opposed manner is arranged on the
counter substrate side. Further, when the liquid crystal
display panel adopts a drive method which is referred to as
a lateral electric field method such as an IPS method, for
example, the counter electrode is arranged on the TFT
substrate.

[0008] Further, the TFT substrate and the counter substrate
form an orientation film thereon for controlling the direction
(orientation) of liquid crystal molecules in a state that no
potential difference exists between the pixel electrode and
the counter electrode and an arrangement and an inclination
of the liquid crystal molecules when the potential difference
is generated between the pixel electrode and the counter
electrode.

[0009] The orientation film is formed on an interface with
a liquid crystal material (a liquid crystal layer) of each
substrate and, for example, is formed by applying rubbing
treatment to a surface of a resin film made of polyimide
which is formed to cover the whole display region consti-
tuted of a mass of the pixel regions.

[0010] Further, a resin film which is formed on surfaces of
respective substrates is conventionally formed by a method
which is referred to as an aniline printing method, for
example. However, recently, there has been proposed a
method which uses an inkjet printing method (for example,
seethe following patent document 1). The ink jet method can
directly perform drawing on a substrate and hence, the ink
jet method has various advantages such as the low contami-
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nation attributed to a non-contact process, the reduction of
a solution consumption quantity and the shortening of an
initial setup time.

[0011] Patent document 1: JP-A-2001-337316
SUMMARY OF THE INVENTION
[0012] However, in forming the orientation film using the

ink jet printing method, it has been pointed out that a size
control and a shape control of a periphery of the orientation
film are difficult. That is, in printing a material of the resin
film on the substrate using the ink jet printing method, there
exists a drawback that a control of a printing region is
difficult.

[0013] Such a drawback is attributed to a fact that, for
example, the viscosity of a material which is used in the ink
jet printing method is low compared to the viscosity of a
material used in the aniline printing method or the like.
[0014] Accordingly, for example, when the orientation
film is formed using the ink jet printing method on the
surface of the TFT substrate on which scanning signal lines,
video signal lines, TFT elements, pixel electrodes and the
like are formed, for example, a printed material spreads by
wetting and may reach a region where a sealing material is
formed. When the orientation film reaches the region where
the sealing material is formed, for example, the adhesiveness
between the sealing material and the TFT substrate (orien-
tation film) becomes insufficient thus giving rise to a draw-
back that a liquid crystal material leaks.

[0015] In forming the orientation film using the ink jet
printing method, as a method which prevents the spreading
by wetting of the printed material to the sealing material, for
example, a method which preliminarily decreases a region to
be printed by taking a spreading-by-wetting quantity of
printed material into consideration may be considered. How-
ever, this method has a drawback that the method is liable to
easily generate the irregularities of a film thickness of the
material which is printed in the inside of the display region.
[0016] Further, as another method, for example, a method
which suppresses the spreading by wetting of the printed
material by increasing the viscosity of a material to be
printed. However, this method has a drawback that the
method is liable to generate a region which is not covered
with the material by coating due to an ejection failure at the
time of printing.

[0017] Accordingly, it is an object of the present invention
to provide a technique which can suppress the spreading by
wetting of an orientation film of a liquid crystal display
panel outside a display region and, at the same time, can
maintain the uniformity of the film thickness within the
display region.

[0018] The above-mentioned and other objects and novel
features of the present invention will become apparent from
the description of this specification and attached drawings.
[0019] To briefly explain the summary of typical inven-
tions among the inventions disclosed in this specification,
they are as follows.

[0020] (1) The present invention provides a liquid crystal
display device which includes a display panel which
arranges a sealing material having an annular shape between
a pair of substrates, seals a liquid crystal material in a space
surrounded by the pair of substrates and the sealing material,
and forms a display region in a region where the pair of
substrates and the liquid crystal material overlap each other
in a plan view, wherein the pair of substrates form orienta-
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tion films on surfaces thereof opposite to surfaces thereof
which face each other, the orientation films are brought into
contact with transparent electrodes which are formed on
surfaces of transparent substrates by way of insulation
layers, at least one substrate out of the pair of substrate
includes an elongated groove portion which extends in the
direction along an outer periphery of the display region in a
substantially annular region which is arranged inside a
region where the sealing material is arranged and outside the
display region, and the groove portion is formed of recessed
grooves which are formed in the insulation layer and a
conductive layer which extends along side surfaces and
bottom surfaces of the recessed grooves, and the conductive
layer is made of the same material as the transparent
electrodes.

[0021] (2) In the liquid crystal display device having the
constitution (1), the substrate having the groove portion
includes a plurality of scanning signal lines, a plurality of
video signal lines which stereoscopically intersect the plu-
rality of scanning signal lines, a TFT element and a pixel
electrode which are arranged in a region surrounded by two
neighboring scanning signal lines and two neighboring
video signal lines, and the conductive layer of the groove
portion is made of the same material as the pixel electrode.
[0022] (3) In the liquid crystal display device having the
constitution (2), the recessed grooves of the groove portion
which are formed in the vicinity of end portions of the
plurality of scanning signal lines to which scanning signals
are inputted are formed for every space defined between two
neighboring scanning signal lines.

[0023] (4) In the liquid crystal display device having the
constitution (2), the recessed grooves of the groove portion
which are formed in the vicinity of end portions of the
plurality of scanning signal lines on a side opposite to end
portions of the plurality of scanning lines to which scanning
signals are inputted extend between the end portions of the
scanning signal lines on the opposite side and the region
where the sealing material is arranged, and a length of the
recessed grooves along an outer periphery of the display
region is larger than a distance between two neighboring
scanning signal lines.

[0024] (5) In the liquid crystal display device having the
constitution (2), the recessed grooves of the groove portion
which are formed in the region close to end portions of the
plurality of video signal lines to which video signals are
inputted are formed for every space defined between two
neighboring video signal lines.

[0025] (6) In the liquid crystal display device having the
constitution (2), the recessed grooves of the groove portion
which are formed in the region close to end portions of the
plurality of video signal lines on a side opposite to end
portions of the plurality of video signal lines to which video
signals are inputted extend between the end portions of the
video signal lines on the opposite side and the region where
the sealing material is arranged, and a length of the recessed
grooves along an outer periphery of the display region is
larger than a distance between two neighboring scanning
signal lines.

[0026] (7) In the liquid crystal display device having any
one of the above-mentioned constitutions (1) to (6), a
conductive layer of the groove portion is made of ITO
(Indium Tin Oxide).

[0027] In the liquid crystal display device of the present
invention, at least one substrate out of the pair of substrate
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includes the elongated groove portion which extends in the
direction along the outer periphery of the display region in
the substantially annular region which is arranged inside the
region where the sealing material is arranged and outside the
display region. Here, the groove portion is formed of
recessed grooves which are formed in the insulation layer
and the conductive layer which extends along side surfaces
and bottom surfaces of the recessed grooves, and the con-
ductive layer is made of the same material as the transparent
electrodes. Due to such a constitution, in forming the
orientation film on the display region of the substrate which
includes the groove portion by printing or coating a resin
material in a liquid form, even when the printed resin
material in a liquid form spreads to the outside of the display
region, the spreading of the resin material can be prevented
by the groove portion. Accordingly, the spreading by wetting
of the orientation film on the liquid crystal display panel
outside the display region can be suppressed and, at the same
time, the uniformity of film thickness of the orientation film
within the display region can be maintained.

[0028] Although it is desirable that the groove portion is
formed on both of pair of substrates of the liquid crystal
display panel, it is particularly desirable that the substrate
having the groove portion is formed of a substrate (referred
to as TFT substrate) which includes the plurality of scanning
signal lines, the plurality of video signal lines which stereo-
scopically intersect the plurality of scanning signal lines, the
TFT element and the pixel electrode which are arranged in
a region surrounded by two neighboring scanning signal
lines and two neighboring video signal lines.

[0029] Further, in forming the groove portion in the TFT
substrate, the recessed grooves of the groove portion which
are formed in the vicinity of end portions of the plurality of
scanning signal lines to which scanning signals are inputted
are, for example, formed for every space defined between
two neighboring scanning signal lines. Here, when the
recessed grooves are formed in the vicinity of the display
region, for example, there exists a possibility that a film
thickness of the orientation film in a peripheral portion of the
display region becomes irregular due to splashing of the
printed resin material in a liquid form. Accordingly, it is
desirable to form the recessed grooves (groove portion)
away from the display region.

[0030] Further, the recessed grooves of the groove portion
which are formed in the vicinity of end portions of the
plurality of scanning signal lines on the side opposite to the
end portions of the plurality of scanning lines to which
scanning signals are inputted are formed between the end
portions of the scanning signal lines on the opposite side and
the region where the sealing material is arranged, and the
length of the recessed grooves along the outer periphery of
the display region is set larger than the distance between two
neighboring scanning signal lines. Here, it is desirable that
the groove portion is formed of one recessed groove whose
length along the outer periphery of the display region is
larger than the distance between two outermost scanning
signal lines out of the plurality of scanning signal lines and
the conductive layer.

[0031] Further, the recessed grooves of the groove portion
which are formed in the vicinity of end portions of the
plurality of video signal lines to which video signals are
inputted are, for example, formed for every space defined
between two neighboring video signal lines. Here, also in
this case, when the recessed grooves are formed in the



US 2007/0279565 Al

vicinity of the display region, for example, there exists a
possibility that a film thickness of the orientation film in a
peripheral portion of the display region becomes irregular
due to splashing of the printed resin material in a liquid
form. Accordingly, it is desirable to form the recessed
grooves (groove portion) away from the display region.
[0032] Further, the recessed grooves of the groove portion
which are formed in the vicinity of end portions of the
plurality of video signal lines on the side opposite to the end
portions of the plurality of video lines to which video signals
are inputted are formed between the end portions of the
video signal lines on the opposite side and the region where
the sealing material is arranged, and the length of the
recessed grooves along the outer periphery of the display
region is set larger than the distance between two neighbor-
ing video signal lines. Here, it is desirable that the groove
portion is formed of one recessed groove whose length along
the outer periphery of the display region is larger than the
distance between two outermost video signal lines out of the
plurality of video signal lines and the conductive layer.
[0033] Further, in forming the conductive layer of the
groove portion using the same material as the transparent
electrodes (pixel electrodes), for example, ITO (Indium Tin
Oxide) may be used as the material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 is a schematic plan view showing the
schematic constitution of a liquid crystal display panel of
one embodiment according to the present invention;
[0035] FIG. 2 is a schematic cross-sectional view taken
along a line A-A' in FIG. 1;

[0036] FIG. 3 is a schematic plan view showing the
schematic constitution of a TFT substrate in a region AR1
shown in FIG. 1 in an enlarged manner;

[0037] FIG. 4 is a schematic cross-sectional view taken
along a line B-B' in FIG. 3;

[0038] FIG. 5 is a schematic plan view for explaining
spreading of a material when the orientation film is printed;
[0039] FIG. 6 is a schematic cross-sectional view taken
along a line C-C' in FIG. 5;

[0040] FIG. 7 is a schematic plan view showing the
schematic constitution of a TFT substrate in a region AR2
shown in FIG. 1 in an enlarged manner;

[0041] FIG. 8 is a schematic plan view showing the
schematic constitution of a region AR3 shown in FIG. 7 in
an enlarged manner;

[0042] FIG. 9 is a schematic cross-sectional view taken
along a line D-D' in FIG. 8;

[0043] FIG. 10 is a schematic plan view showing the
schematic constitution of a region AR4 shown in FIG. 7 in
an enlarged manner;

[0044] FIG. 11 is a schematic cross-sectional view taken
along a line E-E' in FIG. 10;

[0045] FIG. 12 is a schematic cross-sectional view for
explaining spreading of a material when the orientation film
is printed;

[0046] FIG. 13 is a schematic plan view for explaining a
modification of the groove portion formed on a drain side of
the TFT substrate;

[0047] FIG. 14 is a schematic cross-sectional view taken
along a line F-F' in FIG. 13;

[0048] FIG. 15 is a schematic plan view showing the
schematic constitution of the TFT substrate in a region ARS
shown in FIG. 1 in an enlarged manner;
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[0049] FIG. 16 is a schematic cross-sectional view taken
along a line G-G' and a line H-H' in FIG. 15;

[0050] FIG. 17 is a schematic cross-sectional view for
explaining a first modification of the groove portions formed
in the opposite gate side and the opposite drain side of the
TFT substrate;

[0051] FIG. 18 is a schematic cross-sectional view for
explaining a second modification of the groove portions
formed in the opposite gate side and the opposite drain side
of the TFT substrate;

[0052] FIG. 19 is a schematic cross-sectional view for
explaining a third modification of the groove portions
formed in the opposite gate side and the opposite drain side
of the TFT substrate;

[0053] FIG. 20 is a schematic plan view showing one
constitutional example of one pixel of the display region of
the TFT substrate as viewed from a viewer’s side;

[0054] FIG. 21 is a schematic cross-sectional view taken
along a line J-J' in FIG. 20; and

[0055] FIG. 22 is a schematic cross-sectional view taken
along a line K-K' in FIG. 20.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0056] Hereinafter, the present invention is explained in
detail in conjunction with modes for carrying out the inven-
tion (embodiments) by reference to drawings.

[0057] Here, in all drawings for explaining the embodi-
ments, parts having identical functions are given same
symbols and their repeated explanation is omitted.

[0058] FIG. 1 is a schematic plan view showing the
schematic constitution of a liquid crystal display panel of
one embodiment according to the present invention. FIG. 2
is a schematic cross-sectional view taken along a line A-A'
in FIG. 1.

[0059] The display device according to the present inven-
tion is, for example, as shown in FIG. 1 and FIG. 2, a liquid
crystal display device which includes a liquid crystal display
panel in which an annular sealing material 3 is arranged
between a pair of substrates 1, 2 and a liquid crystal material
4 is sealed in a space surrounded by the pair of substrates 1,
2 and the sealing material 3. Here, a display region DA for
displaying a video or an image is formed in a region where
the pair of substrates 1, 2 and the liquid crystal material 4
overlap each other in a plan view.

[0060] Further, the pair of substrates 1, 2 differs from each
other in a profile size in a plan view. When the liquid crystal
display device is a large-sized display device such as a
television receiver set or a display for a PC (Personal
Computer), the pair of substrates 1, 2 overlap each other
along one side out of two sides parallel to the x direction and
along one side out of two sides parallel to the y direction in
a plan view.

[0061] Further, the larger substrate 1 out of the pair of
substrates is mainly referred to as a TFT substrate. Although
not shown in the drawing, on the TFT substrate, for example,
a plurality of scanning signal lines which extends in the x
direction and a plurality of video signal lines which extends
in the y direction are formed. Further, in the TFT substrate
1, a region surrounded by two neighboring scanning signal
lines and two neighboring video signal lines corresponds to
one pixel region and a TFT element and a pixel electrode are
arranged in each pixel region.
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[0062] Further, the smaller substrate 2 out of the pair of
substrates is mainly referred to as a counter substrate. When
the liquid crystal display panel is a RGB color liquid crystal
display panel, one pixel (1 dot) of a video or an image is
constituted of three sub pixels and, on the counter substrate
2, ared (R) color filter, a green (G) color filter and a blue (B)
color filter are arranged for respective sub pixels.

[0063] Further, when the liquid crystal display panel
adopts a driving method which is referred to as a vertical
electric field method such as a TN method or a VA method,
for example, a counter electrode (also referred to as a
common electrode) which faces the pixel electrodes of the
TFT substrate 1 in an opposed manner is formed on the
counter substrate 2. Further, when the liquid crystal display
panel adopts a driving method which is referred to as a
lateral electric field method such as an IPS method, for
example, the counter electrodes are formed on the TFT
substrate 1.

[0064] Further, out of two sides 1a, 15 of the TFT sub-
strate 1 which are arranged in parallel to the y direction, the
side 1a which does not overlap a side of the counter
substrate 2 is a side to which, for example, a driver IC for
inputting scanning signals to respective scanning signal
lines, or a COF or a TCP on which the driver IC is mounted
is connected. Further, respective scanning signal lines are
connected to gates of the TFT elements which are arranged
in respective pixel regions. Accordingly, in the following
explanation, the side 1a to which the driver IC for inputting
the scanning signals or the COF or the TCP on which the
driver IC is mounted is referred to as a gate side and another
side 15 which is parallel to the gate side is referred to as an
opposite gate side.

[0065] Further, out of two sides 1¢, 1d of the TFT substrate
1 which are parallel to the x direction, the side 1¢ which does
not overlap a side of the counter substrate 2 is a side to
which, for example, a driver IC for inputting video signals
(also referred to as grayscale signals) to respective video
signal lines, or a COF or a TCP on which the driver IC is
mounted is connected. Further, respective video signal lines
are connected to drains of the TFT elements which are
arranged in respective pixel regions. Accordingly, in the
following explanation, the side 1¢ to which the driver IC for
inputting the video signals or the COF or the TCP on which
the driver IC is mounted is referred to as a drain side and
another side 14 which is parallel to the drain side is referred
to as an opposite drain side.

[0066] FIG. 3 is a schematic plan view showing the
schematic constitution of the TFT substrate in a region AR1
shown in FIG. 1 in an enlarged manner. FIG. 4 is a schematic
cross-sectional view taken along a line B-B' in FIG. 3.
[0067] In the liquid crystal display panel of the embodi-
ment, to show a vicinity of an outer periphery of the display
region of the TFT substrate 1 arranged close to the gate side
1a in an enlarged manner, for example, as shown in FIG. 3
and FIG. 4, outside the display region DA in which the pixel
regions each of which is surrounded by two neighboring
scanning signal lines GL and two neighboring video signal
lines DL are two-dimensionally arranged, for example, a
common bus line 5A which is simultaneously formed with
the video signal lines DL is formed. Here, the common bus
line 5A is formed on a surface of the glass substrate SUB by
way of a first insulation film PAS1. Here, the first insulation
layer PAS1 is an insulation layer which is interposed
between the scanning signal lines GL and the video signal
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lines DL in the display region DA, and the first insulation
layer PAS1 is interposed between the common bus line 5A
and the scanning signal line GL in a region where the
common bus line 5A and the scanning signal lines GL
intersect each other.

[0068] Further, on the common bus line 5A, a second
insulation layer PAS2 and a conductive layer 6 are formed.
Here, through holes TH1 shown in FIG. 3, for example, are
formed in the second insulation layer PAS2, and the con-
ductive layer 6 is electrically connected with the common
bus line 5A via the through holes TH1. Further, for example,
the conductive film layer 6 is electrically connected by
through holes TH2 to common signal lines CL or holding
capacitance lines which are arranged parallel to the scanning
signal lines. Further, the conductive layer 6 is formed of the
same transparent electrode material as the pixel electrodes
which are formed in the pixel regions, and the conductive
layer 6 is made of ITO, for example.

[0069] Further, in the liquid crystal display panel of this
embodiment, in the TFT substrate 1, as shown in FIG. 3 and
FIG. 4, apart from the through holes TH1, TH2, recessed
grooves 7 are formed in the second insulation layer PAS2 on
the common bus line SA and these recessed grooves 7 are
covered with the conductive layer 6. Here, the recessed
grooves 7 are, for example, as shown in FIG. 3, constituted
of elongated grooves which extend in the direction (a y
direction) along the outer periphery of the display region
DA, grooves which are bent in the x direction orthogonal to
the y direction and grooves which are bifurcated. Further,
the recessed grooves 7 form a pattern of grooves formed
between two neighboring scanning signal lines GL as a unit,
and each pattern is formed for every space defined between
two neighboring scanning signal lines GL.

[0070] FIG. 5 and FIG. 6 are schematic views for explain-
ing the manner of operation and advantageous effects
obtained by the liquid crystal display panel of this embodi-
ment.

[0071] FIG. 5 is a schematic plan view for explaining
spreading of a material when the orientation film is printed.
FIG. 6 is a schematic cross-sectional view taken along a line
C-C' in FIG. 5. Here, FIG. 5 is a schematic plan view
showing the schematic constitution of the TFT substrate in
the region AR 1 shown in FIG. 1 in an enlarged manner.
[0072] In the liquid crystal display panel of this embodi-
ment, in forming the orientation film on the TFT substrate 1,
for example, using an inkjet printing method or the like, a
resin material in a liquid form is printed only on the display
region DA and on a slight region around the display region
DA and is baked. Here, the resin material in a liquid form
which is printed using the inkjet printing method, for
example, as shown in FIG. 5, spreads by wetting in the
direction toward outside from the display region DA. Fur-
ther, in a case of a conventional TFT substrate 1, in a region
close to a gate side 1a of the TFT substrate 1, a resin material
8 in a liquid form easily spreads by wetting along the
extending direction of the scanning signal lines GL and
reaches a region where the sealing material 3 is arranged.
[0073] However, in the TFT substrate 1 of this embodi-
ment, when the printed resin material 8 in a liquid form
spreads by wetting in the direction toward the gate side 1a
from the display region DA, before reaching the region
where the sealing material 3 is arranged, the resin material
8 in a liquid form passes the groove portion constituted of
the recessed grooves 7 formed in the second insulation layer
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PAS2 and the conductive layer 6. Here, the resin material 8
in a liquid form which spreads by wetting and reaches the
groove portion partially, as shown in FIG. 6, flows into the
groove portion. Here, the resin material 8 in a liquid form
exhibits low wettability to an ITO film and hence, by
forming the conductive layer 6 made of ITO on a surface of
the groove portion, the spreading by wetting of the resin
material 8 in a liquid form can be stopped by the groove
portion.

[0074] FIG. 7 is a schematic plan view showing the
schematic constitution of the TFT substrate in a region AR2
shown in FIG. 1 in an enlarged manner. FIG. 8 is a schematic
plan view showing the schematic constitution of a region
AR3 shown in FIG. 7 in an enlarged manner. FIG. 9 is a
schematic cross-sectional view taken along a line D-D' in
FIG. 8. FIG. 10 is a schematic plan view showing the
schematic constitution of a region AR4 shown in FIG. 7 in
an enlarged manner. FIG. 11 is a schematic cross-sectional
view taken along a line E-E' in FIG. 10.

[0075] In the liquid crystal display panel of this embodi-
ment, to observe an outer peripheral portion of the display
region of the TFT substrate 1 close to the drain side 1¢, for
example, in an enlarged manner as shown in FIG. 10, outside
the display region DA, a common bus line 5B is formed
along the outer periphery of the display region DA. Here, the
common bus line 5B is simultaneously formed with the
scanning signal lines GL, and the first insulation layer PAS1
is interposed between the common bus line 5B and the video
signal lines DL.

[0076] Further, a region which is arranged outside the
common bus line 5B as viewed from the display region DA
and the scanning signal lines DL are collectively arranged,
for example, as shown in FIG. 7 to FIG. 9, includes a region
PDs where protective diodes are formed. Here, in the region
PDs where the protective diodes are formed, for example, as
shown in FIG. 8 and FIG. 9, a groove portion which is
constituted of the recessed grooves 7 which are formed in
the second insulation layer PAS2 outside (drain side 1c¢ side
of) a protective diode common line (conductive layer) PDs1
formed in the region PDs1 and the conductive layer 6 which
covers the recessed grooves 7 are formed.

[0077] Further, on the drain side 1c¢ of the liquid crystal
display panel, for example, as shown in FIG. 7, a common
input pattern 9 for applying a common voltage to the
common bus line 5B is formed. The common input pattern
9 is simultaneously formed with the scanning signal lines
GL. In a region where the common input pattern 9 is formed,
for example, as shown in FIG. 10 and FIG. 11, a groove
portion which is constituted of a recessed groove 7 which is
formed in the second insulation layer PAS2 and the first
insulation layer PAS1 and reaches the common input pattern
9 and the conductive layer 6 which covers the recessed
groove 7 are formed.

[0078] FIG. 12 is a schematic cross-sectional view for
explaining the spreading of a material when the orientation
film is printed. Here, FIG. 12 is a view showing the
spreading of a material when the orientation film is printed
with the same cross-section shown in FIG. 9.

[0079] In forming the orientation film on the TFT substrate
1, for example, by printing a resin material in a liquid form
only on the display region and the slight region around the
display region using an inkjet printing method, the resin
material 8 in a liquid form spreads by wetting substantially
isotropically in the direction toward the outside from the
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display region. Accordingly, the resin material 8 in a liquid
form also spreads by wetting in the direction toward the
drain side 1¢ from the display region DA.

[0080] However, in a case of the TFT substrate 1 in this
embodiment, even when the printed resin material 8 in a
liquid form spreads by wetting in the direction toward the
drain side 1c¢ from the display region DA, before the resin
material 8 in a liquid form reaches a region where the sealing
material 3 is arranged, passes the groove portion constituted
of the recessed grooves 7 formed in the second insulation
layer PAS2 and the conductive layer 6. Here, the resin
material 8 in a liquid form which spreads by wetting and
reaches the groove portion, as shown in FIG. 12, partially
flows into the groove portion. Further, the resin material 8 in
a liquid form exhibits low wettability to the ITO film and
hence, by forming the conductive layer 6 made of ITO on the
surface of the groove portion, the spreading by wetting of
the resin material 8 in a liquid form can be stopped by the
groove portion.

[0081] FIG. 13 is a schematic plan view for explaining a
modification of the groove portion formed on the drain side
of the TFT substrate. FIG. 14 is a schematic cross-sectional
view taken along a line F-F' in FIG. 13.

[0082] In the example shown in FIG. 10 and FIG. 11, the
common input pattern 9 is a so-called matted pattern and
hence, a surface of the second insulation layer PAS2 around
the groove portion is flat. Accordingly, only with the pro-
vision of the groove portion, there exists a possibility that
the spreading by wetting of the resin material 8 in a liquid
form cannot be stopped.

[0083] Accordingly, in the TFT substrate 1 of the modi-
fication, for example, as shown in FIG. 13 and FIG. 14, it is
preferable to form slits SL in the common input pattern 9. By
forming the slits SL in this manner, for example, as shown
in FIG. 14, a stepped portion is generated between a portion
of the TFT substrate 1 where the common input pattern 9 is
interposed and a portion of the TFT substrate 1 where the
common input pattern 9 is not interposed thus suppressing
the spreading by wetting of the resin material 8 in a liquid
form.

[0084] FIG. 15 is a schematic plan view showing the
schematic constitution of the TFT substrate in a region AR5
shown in FIG. 1 in an enlarged manner. FIG. 16 is a
schematic cross-sectional view taken along a line G-G' and
a line H-H' in FIG. 15 respectively.

[0085] The explanation heretofore is made with respect to
the method for controlling the spreading by wetting of the
resin material 8 in a liquid form in the vicinity of the gate
side 1a and the drain side 1c¢ of the TFT substrate 1. Here,
the explanation is made with respect to a method for
controlling the spreading by wetting of the resin material 8
in a liquid form in a vicinity of the opposite gate side 15 and
the opposite drain side 14 of the TFT substrate 1.

[0086] At a corner portion where the opposite gate side 15
and the opposite drain side 14 abut each other in the TFT
substrate, for example, as shown in FIG. 15, a common bus
line 5B is arranged outside the display region DA along the
outer periphery of the display region DA. The common bus
line 5B is formed, for example, simultaneously with the
scanning signal lines GL and, as shown in FIG. 16, is
arranged between the glass substrate SUB and the first
insulation layer PASI1.

[0087] Further, on a portion of the common bus line 5B
along the opposite gate side 15, an elongated groove portion
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which extends in the direction along the opposite gate side
15 is formed. On a portion of the common bus line 5B along
the opposite drain side 14, an elongated groove portion
which extends in the direction along the opposite drain side
1d is formed. These two groove portions are continuously
formed at the corner portion of the common bus line 5B.
[0088] Further, the groove portions formed along the
opposite gate side 15 and the opposite drain side 14 are, for
example, as shown in FIG. 16, respectively constituted of a
recessed groove 7 which is formed in the first insulation
layer PAS1 and the second insulation layer PAS2 which are
stacked on the common bus line 5B and a conductive layer
6 which covers the recessed groove 7. Here, it is preferable
to set a length of the recessed groove 7 in the direction along
the opposite gate side 15 to a value larger than a distance
between two scanning signal lines which are arranged at
outermost sides out of the plurality of scanning signal lines.
In the same manner, it is preferable to set a length of the
recessed groove 7 in the direction along the opposite drain
side 15 to a value larger than a distance between two video
signal lines which are arranged at outermost sides out of the
plurality of video signal lines. Here, the conductive layer 6
is, for example, as shown in FIG. 15, formed such that the
conductive layer 6 covers the whole common bus line 5B in
a plan view.

[0089] Due to such a constitution, also when the printed
resin material 8 in a liquid form spreads by wetting in the
direction toward the opposite gate side 15 and the opposite
drain side 14 from the display region DA, before reaching
the region where the sealing material 3 is arranged, the resin
material 8 in a liquid form passes the groove portion
constituted of the recessed groove 7 formed in the second
insulation layer PAS2 and the first insulation layer PAS1 and
the conductive layer 6. Accordingly, the resin material 8 in
a liquid form which spreads by wetting and reaches the
groove portion partially flows into the groove portion.
Further, the resin material 8 in a liquid form exhibits low
wettability to the ITO film and hence, by forming the
conductive layer 6 made of ITO on the surface of the groove
portion, the spreading by wetting of the resin material 8 in
a liquid form can be stopped by the groove portion.
[0090] Further, in the embodiment shown in FIG. 15, one
groove portion is formed. However, it is needless to say that
the constitution of the groove portion is not limited to such
a case and double groove portions or triple groove portions
may be formed toward the region where the sealing material
3 is arranged from the display region DA.

[0091] FIG. 17 is a schematic cross-sectional view for
explaining a first modification of the groove portions formed
in the opposite gate side and the opposite drain side of the
TFT substrate. FIG. 18 is a schematic cross-sectional view
for explaining a second modification of the groove portions
formed in the opposite gate side and the opposite drain side
of the TFT substrate. FIG. 19 is a schematic cross-sectional
view for explaining a third modification of the groove
portions formed in the opposite gate side and the opposite
drain side of the TFT substrate.

[0092] In FIG. 15 and FIG. 16, a case in which the
conductive layer 6 is formed such that the conductive layer
6 covers whole common bus line 5B in a plan view is
exemplified. However, it is needless to say that the consti-
tution of the conductive layer is not limited to such a case
and, for example, as shown in FIG. 17, the conductive layer
6 may be formed only on and around the recessed groove 7
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which is formed in the first insulation layer PAS1 and the
second insulation layer PAS2.

[0093] Further, in FIG. 15 and FIG. 16, a case in which the
common bus line 5B is formed simultaneously with the
formation of the scanning signal lines GL is shown. How-
ever, it is needless to say that the common bus line 5B may
be formed simultaneously with the formation of the video
signal lines. In such a case, the groove portion is, for
example, as shown in FIG. 18, constituted of a groove
portion 7 which is formed in the second insulation layer
PAS2 and the conductive layer 6 which is formed on the
surface of the second insulation layer PAS2. Further, for
example, as shown in FIG. 19, the conductive layer 6 may
be formed only on and around the groove portion 7.
[0094] As has been explained heretofore, according to the
embodiment, in the TFT substrate 1, in the substantially
annular region which is arranged inside the region where the
sealing material 3 is arranged and outside the display region
DA, the groove portion which is constituted of the recessed
grooves 7 formed in the insulation layer and the conductive
layer 6 which extends along the side surfaces and the bottom
surfaces of the recessed grooves 7 is formed. Accordingly, it
is possible to suppress the spreading by wetting of the resin
material 8 in a liquid form on the orientation film of the
liquid crystal display panel outside the display region and to
maintain the uniformity of the film thickness of the orien-
tation film in the inside of the display region.

[0095] FIG. 20 to FIG. 22 show schematic views showing
one constitutional example of one pixel which is formed in
the display region of the liquid crystal display panel of the
embodiment.

[0096] FIG. 20 is a schematic plan view showing one
constitutional example of one pixel of the display region of
the TFT substrate as viewed from a viewer’s side. FIG. 21
is a schematic cross-sectional view taken along a line J-J' in
FIG. 20. FIG. 22 is a schematic cross-sectional view taken
along a line K-K' in FIG. 20.

[0097] When the liquid crystal display panel adopts a
driving method which is referred to as a lateral electric field
method such as an IPS method, the pixel electrodes and the
counter electrodes are formed on the TFT substrate 1.
Further, the IPS method is classified into, for example, a
method in which the pixel electrodes and the counter elec-
trodes having a comb-teeth shape in a plan view are arranged
on the same layer, that is, on the same insulation layer and
a method in which the pixel electrodes and the counter
electrodes are arranged in parallel to each other by way of
an insulation layer. Out of these methods, in case of the IPS
method which arranges the pixel electrodes and the counter
electrodes in parallel to each other by way of the insulation
layer, one pixel of the TFT substrate is, for example,
constituted in the same manner as the constitution shown in
FIG. 20 to FIG. 22.

[0098] First of all, on the surface of the glass substrate
SUB of the TFT substrate 1, a plurality of scanning signal
lines GL which extends in the x direction, common signal
lines CL which are arranged in parallel to the respective
scanning signal lines GL, counter electrodes CT which are
connected to the common signal lines CL are formed. Here,
the respective common signal lines CL are, for example, as
shown in FIG. 3, connected to the common bus line SA
outside the display region DA. Further, on a side opposite to
the direction along which the common signal lines CL are
arranged as viewed from the scanning signal lines GL,
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common connection pads CP which are connected to the
counter electrodes CT are formed.

[0099] Then, on the scanning signal lines GL, the counter
electrodes CT and the like, the semiconductor layers SC, the
video signal lines DL, the drain electrodes SD1, and the
source electrodes SD2 are formed by way of the first
insulation layer PAS1. Here, the semiconductor layers SC
are made of amorphous silicon (a-Si), for example. The
semiconductor layers SC include, besides semiconductor
layers SC which function as channel layers of the TFT
elements, for example, semiconductors SC which prevent
short-circuiting between the scanning lines GL and the video
signal lines DL at portions where the scanning lines GL and
the video signal lines DL stereoscopically intersect with
each other. Further, in this case, the semiconductor layers SC
which function as channel layers of the TFT elements are
formed on the scanning signal lines GL by way of the first
insulation layer PAS1, and the first insulation layer PAS1
which is interposed between the scanning signal lines GL
and the semiconductor layers SC function as a gate insula-
tion film of the TFT elements.

[0100] Further, the video signal lines DL are signal lines
which extend in the y direction and portions of the video
signal lines DL are bifurcated and are formed on the
semiconductor layer SC which function as channel layers of
the TFT elements. The portions which are bifurcated from
the video signal lines DL constitute the drain electrodes
SD1.

[0101] On the semiconductor layers SC, the video signal
lines DL and the like, the pixel electrodes PX and bridge
lines BR are formed by way of a second insulation layer
PAS2. The pixel electrodes PX are electrically connected
with the source electrodes SD2 via through holes TH3.
Further, the pixel electrode PX forms a plurality of slits
(opening portions) SL in a region thereof which overlaps the
counter electrode CT in a plan view.

[0102] Further, the bridge line BR is a line which electri-
cally connects two counter electrodes CT which are
arranged with one scanning signal line GL therebetween.
The bridge line BR is electrically connected with a common
signal line CL and a common connection pad CP which are
arranged with the scanning signal line GL sandwiched
therebetween via through holes TH4, THS.

[0103] Here, it is needless to say that the TFT substrate 1
in the liquid crystal display panel according to the present
invention is not limited to the case in which one pixel has the
particular constitution and is applicable to the TFT sub-
strates having various constitutions known in general con-
ventionally.

[0104] Although the present invention has been explained
specifically in conjunction with the embodiments, it is
needless to say that the present invention is not limited to the
above-mentioned embodiment and various modifications are
conceivable without departing from the gist of the present
invention.

[0105] For example, in this embodiment, the explanation
is made with respect to an example which provides the
groove portion which suppresses the spreading by wetting of
the orientation film on the TFT substrate 1. However, it is
needless to say that the present invention is not limited to the
TFT substrate 1 and is also applicable to the counter
substrate, for example.

[0106] When the liquid crystal display panel adopts the
vertical electric field drive method such as the TN method or
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the VA method, a counter electrode CT is formed on the
counter substrate 2. In this case, a black matrix (light
blocking pattern) and color filters are formed on a surface of
a glass substrate, and the counter electrode is formed on
these black matrix and the color filters by way of an overcoat
layer, for example. Accordingly, for example, by forming the
groove portion in such a manner that recessed grooves
which are formed in the overcoat layer are formed in the
overcoat layer in a region inside a region where the sealing
material 3 is arranged and outside the display region in
forming the overcoat layer and by extending the counter
electrode on surfaces of the recessed grooves, it is possible
to prevent the spreading by wetting of the orientation film by
the groove portion.

What is claimed is:

1. A liquid crystal display device including a display panel
which arranges a sealing material having an annular shape
between a pair of substrates, seals a liquid crystal material
in a space surrounded by the pair of substrates and the
sealing material, and forms a display region in a region
where the pair of substrates and the liquid crystal material
overlap each other in a plan view, wherein

the pair of substrates form orientation films on surfaces

thereof opposite to surfaces thereof which face each
other,
at least one substrate out of the pair of substrate includes
a first conductive layer, a second conductive layer and
an insulation layer interposed between the first conduc-
tive layer and the second conductive layer between the
orientation film and the substrate in an annular region
which is arranged inside a region where the sealing
material is arranged and outside the display region,

the insulation layer includes a groove portion having
recessed grooves which extend at least in the direction
along an outer periphery of the display region and
opened on an orientation film side, and

the first conductive film is formed conforming to a shape

of the recessed groove.

2. A liquid crystal display device according to claim 1,
wherein the substrate including the groove portion includes
a plurality of scanning signal lines, a plurality of video
signal lines which stereoscopically intersect the plurality of
scanning signal lines, a TFT element and a pixel electrode
which are arranged in a pixel region surrounded by two
neighboring scanning signal lines and two neighboring
video signal lines, and

the first conductive layer is made of the same material as

the pixel electrode.

3. A liquid crystal display device according to claim 2,
wherein the annular region has a rectangular shape, the
scanning signal lines are formed on one side of the annular
region such that the scanning signal lines traverse the
annular region from the display region to the sealing mate-
rial, and

each recessed groove is formed for every space defined

between the scanning signal lines in the inside of the
annular region.

4. A liquid crystal display device according to claim 3,
wherein the recessed grooves formed between the scanning
signal lines are constituted of grooves formed along an outer
periphery of the display region and grooves formed along
the direction perpendicular to the outer periphery of the
display region.
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5. A liquid crystal display device according to claim 2,
wherein the annular region has a rectangular shape,

the video signal lines are formed on one side of the

annular region such that the video signal lines traverse
the annular region from the display region to the
sealing material, and

each recessed groove is formed for every space defined

between the video signal lines in the inside of the
annular region.

6. A liquid crystal display device according to claim 2,
wherein the second conductive layer is a common bus line
which supplies electric signals to a common electrode
formed in the pixel region, and

the common bus line is formed along the display region

in the inside of the annular region.

7. A liquid crystal display device according to claim 2,
wherein the second conductive layer forms a portion of a
protective diode, and

a region which forms the protective diode there in is

formed along the display region in the inside of the
annular region.

Dec. 6, 2007

8. A liquid crystal display device according to claim 7,
wherein the annular region has a rectangular shape,

the scanning signal lines are formed on one side of the

annular region such that the scanning signal lines
traverse the annular region from the display region to
the sealing material,

the video signal lines are formed on another side of the

annular region such that the video signal lines traverse
the annular region from the display region to the
sealing material, and

the recessed grooves are formed on a side on which the

scanning signal lines and the video signal lines are not
formed such that the recessed portions are formed on
the common bus and along the display region.

9. A liquid crystal display device according to claim 1,
wherein the first conductive layer is made of ITO (Indium
Tin Oxide).

10. A liquid crystal display device according to claim 1,
wherein the orientation film is applied to the substrate by
coating using an inkjet printing method.
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