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(57) ABSTRACT

An array substrate of a liquid crystal display device includes
an insulating substrate, a gate line extending in a first direc-
tion on the insulating substrate, a first insulation film which is
disposed to cover the gate line, pixel electrodes which are
disposed on the first insulation film in respective pixels, a
source line which is disposed on the first insulation film and

1) Appl. No.: 12/436,574 extends between the pixel electrodes along a second direc-
tion, a second insulation film which is disposed to cover the
(22) Filed: May 6, 2009 pixel electrode and the source line, and a common electrode
which is disposed on the second insulation film in a manner to
(30) Foreign Application Priority Data face the pixel electrode of each of the pixels and to face the
gate line, and includes a slit which is opposed to the pixel
Jul.9,2008  (JP) oo 2008-179361 electrode.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Application No.
2008-179361, filed Jul. 9, 2008, the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates generally to a liquid
crystal display device, and more particularly to a liquid crys-
tal display device which is configured to have a pixel elec-
trode and a common electrode on one of substrates which
constitute the liquid crystal display device.

[0004] 2. Description of the Related Art

[0005] Inrecent years, flat-panel display devices have vig-
orously been developed. Liquid crystal display devices, in
particular, are applied to various fields by making use of such
features as light weight, small thickness and low power con-
sumption. The liquid crystal display deviceis configured such
that a liquid crystal layer is held between a pair of substrates.
The modulation ratio of light passing through the liquid crys-
tal layer is controlled by an electric field between a pixel
electrode and a common electrode, thereby displaying an
image.

[0006] Inthe field ofliquid crystal display devices, particu-
lar attention has been paid to the structure which makes use of
transverse electric fields including a fringe electric field, from
the standpoint of an increase in viewing angle.

[0007] The liquid crystal display device of a transverse
electric field mode, such as an in-plane switching (IPS) mode
or a fringe field switching (FFS) mode, includes a pixel elec-
trode and a common electrode which are formed on an array
substrate, and liquid crystal molecules are switched by gen-
erating a transverse electric field that is substantially parallel
to the major surface of the array substrate (see, e.g. Jpn. Pat.
Appln. KOKAI Publication No. 2007-86205).

BRIEF SUMMARY OF THE INVENTION

[0008] According to an aspect of the present invention,
there is provided a liquid crystal display device which is
configured to hold a liquid crystal layer between a first sub-
strate and a second substrate, the first substrate comprising:
an insulating substrate; a gate line extending in a first direc-
tion on the insulating substrate; a first insulation film which is
disposed to cover the gate line; pixel electrodes which are
disposed on the first insulation film in respective pixels; a
source line which is disposed on the first insulation film and
extends between the pixel electrodes along a second direction
which crosses the first direction; a second insulation film
which is disposed to cover the pixel electrode and the source
line; and a common electrode which is disposed on the second
insulation film in a manner to face the pixel electrode of each
of the pixels and to face the gate line, and includes a slit which
is formed to face the pixel electrode.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0009] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
presently preferred embodiments of the invention, and
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together with the general description given above and the
detailed description of the preferred embodiments given
below, serve to explain the principles of the invention.
[0010] FIG. 1 schematically shows the structure of a liquid
crystal display device of a liquid crystal mode which makes
use of a transverse electric field according to an embodiment
of the present invention;

[0011] FIG. 2 is a plan view that schematically shows the
structures of a pixel, which is applied to the liquid crystal
display device of FIG. 1;

[0012] FIG. 3 is a cross-sectional view showing a cross-
sectional structure of the pixel of FIG. 2, taken along line A-A
in FIG. 2;

[0013] FIG. 4 is a cross-sectional view showing a cross-
sectional structure of the pixel of F1G. 2, taken along line B-B
in FIG. 2;

[0014] FIG. 5 is a cross-sectional view showing a cross-
sectional structure of the pixel of FIG. 2, taken along line C-C
in FIG. 2;

[0015] FIG. 6 is a cross-sectional view that schematically
shows another structure of the array substrate which is appli-
cable to the present embodiment;

[0016] FIG. 7 is a cross-sectional view that shows, in
enlarged scale, a region of a trench shown in FIG. 6; and
[0017] FIG. 8 is a plan view that schematically shows still
another structure of the array substrate which is applicable to
the present embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0018] A liquid crystal display device according to an
embodiment of the present invention will now be described
with reference to the accompanying drawings. An FFS mode
liquid crystal display device is described below as an example
of a liquid crystal display device of a liquid crystal mode in
which a pixel electrode and a common electrode are provided
on one of substrates and liquid crystal molecules are switched
by mainly using a transverse electric field (or an electric field
that is substantially parallel to the major surface of one of the
substrates) that is produced between the pixel electrode and
the commeon electrode.

[0019] As is shown in FIG. 1, the liquid crystal display
device is an active matrix type liquid crystal display device,
and includes a liquid crystal display panel LPN. The liquid
crystal display panel LPN includes an array substrate AR that
is a first substrate, a counter-substrate CT that is a second
substrate and is disposed to be opposed to the array substrate
AR, and a liquid crystal layer LQ which is held between the
array substrate AR and the counter-substrate CT. This liquid
crystal display panel LPN includes a display area DSP which
displays an image. The display area DSP is composed of a
plurality of pixels PX which are arrayed in a matrix of mxn.
[0020] The array substrate AR includes, in the display area
DSP, an (mxn) number of pixel electrodes E1 which are first
electrodes and are disposed in association with the respective
pixels PX; an n-number of gate lines Y (Y1 to'Yn) that extend
in arow direction H of the pixels PX, which s a first direction;
an m-number of source lines X (X1 to Xm) that extend in a
column direction V of the pixels PX, which is a second
direction; an (mxn) number of switching elements W which
are disposed in regions including intersections between the
gate lines Y and source lines X in the respective pixels PX;
and a common electrode E2 which is a second electrode and
is disposed to be opposed to the pixel electrodes E1 via an
interlayer insulation film.



US 2010/0007838 A1l

[0021] Each of the switching elements W is composed of,
e.g. athin-film transistor. A gate electrode WG of the switch-
ing element W is electrically connected to the gate line Y. A
source electrode WS of the switching element W is electri-
cally connected to the source line X. A drain electrode WD of
the switching element W is electrically connected to the pixel
electrode E1.

[0022] The liquid crystal display device includes a gate
driver YD, a source driver XD and a controller CNT. At least
parts of the gate driver YD and source driver XD may be
disposed on a peripheral region of the display area DSP of the
array substrate AR. The gate driver YD is connected to the
n-number of gate lines Y which are led out of the display area
DSP. The source driver XD are connected to the m-number of
source lines which are led out of the display area DSP. The
gate driver YD successively supplies a scanning signal (driv-
ing signal) to the n-number of gate lines Y on the basis of the
control by the controller CNT. The source driver XD supplies
video signals (driving signals) to the m-number of source
lines X on the basis of the control by the controller CNT at a
timing when the switching elements W of each row are turned
on by the scanning signal. Thereby, the pixel electrodes E1 of
each row are set at pixel potentials corresponding to the video
signals that are supplied via the associated switching ele-
ments W. The common electrode E2 is electrically connected
to a common wiring line COM of a common potential.
[0023] The structure of the array substrate AR is described
below in greater detail.

[0024] Asshownin FIG. 2 to FIG. 5, the array substrate AR
is formed by using an insulating substrate 20 with light trans-
missivity, such as a glass plate. Specifically, in the array
substrate AR, the gate line Y is disposed on the insulating
substrate 20. The insulating substrate 20 and gate line Y are
covered with a first insulation film IL.1. The first insulation
film IL1 is formed of an inorganic material such as silicon
nitride (SiN).

[0025] The source line X is disposed on the first insulation
film IL1. The source line X is substantially perpendicular to
the gate line Y via the first insulation film IL1. The gate line Y
and source line X are formed of an electrically conductive
material such as molybdenum, aluminum, tungsten or tita-
nium.

[0026] The pixel electrode E1 is disposed on the first insu-
lation film IL1. In other words, the pixel electrode E1 is
disposed in the same layer as the source line X. Each source
line X is disposed between the pixel electrodes E1 which
neighbor in the row direction H. The pixel electrode E1 is
formed of a material that is different from the material of the
source line X, etc., and is formed, for instance, a light-trans-
missive, electrically conductive material such as indium tin
oxide (ITO) or indium zinc oxide (IZ0). The pixel electrode
E1 is formed in an island shape corresponding to the pixel
shape in each pixel, for example, a substantially rectangular
shape.

[0027] A semiconductor layer SC of the switching element
W can be formed of; e.g. polysilicon or amorphous silicon.
The semiconductor layer SC is disposed on the first insulation
film IL1 so as to be opposed to the gate electrode WG.
[0028] The gate electrode WG is formed integral with the
gate line Y. The source electrode WS is formed integral with
the source line X and is put in contact with a source region of
the semiconductor layer SC. The drain electrode WD is con-
nected to the pixel electrode E1 and is put in contact with a
drain region of the semiconductor layer SC. Specifically, the
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pixel electrode E1 and the drain electrode WD of the switch-
ing element W are directly connected, without intervention of
a through-hole. The source electrode WS and the drain elec-
trode WD are disposed on the first insulation film IL1, and can
be formed of the same material as the source line X.

[0029] The pixel electrode E1, the source line X, and the
source electrode WS and drain electrode WD of the switching
element W are covered with a second insulation film [L.2. The
second insulation film IL.2 is formed of an inorganic material
such as silicon nitride (SiN).

[0030] Thecommon electrode E2 is disposed on the second
insulation film IL.2. The common electrode E2 is opposed to
the pixel electrode E1 of each pixel PX via the second insu-
lation film IL2. Specifically, the second insulation film IL.2
functions as an interlayer insulation film lying between the
common electrode E2 and the pixel electrode E1.

[0031] Inthe common electrode E2, slits SL which face the
pixel electrode E1 are formed. Fach slit SL of the common
electrode E2 has, for example, a substantially rectangular
shape. The common electrode E2, like the pixel electrode E1,
is formed of a light-transmissive, electrically conductive
material such as ITO or 1Z0.

[0032] The common electrode E2, as described above, is
electrically connected to the common wiring line COM. For
example, the common wiring line COM may be disposed on
the insulating substrate 20, that is, in the same layer as the gate
lineY, etc., and may be formed ofthe same material as the gate
lineY, etc. The first insulation film IL1 and second insulation
film IL2 are interposed between the common wiring line
COM and the common electrode E2, and the common wiring
line COM and the common electrode E2 are electrically con-
nected via a through-hole which penetrates the first insulation
film 111 and second insulation film IL.2.

[0033] That surface of the array substrate AR, which is in
contact with the liquid crystal layer LQ, is covered with an
alignment film ALI.

[0034] On the other hand, the counter-substrate CT is
formed by using a light-transmissive, insulating substrate 30,
such as a glass plate. As shown in FIG. 3, the counter-sub-
strate CT includes, on an inner surface of the insulating sub-
strate 30 (i.e. on a surface opposed to the liquid crystal layer
LQ), a black matrix 32 which divides the pixels PX.

[0035] Theblack matrix 32 is disposed in a lattice shape on
the insulating substrate 30 so as to be opposed to the gate lines
Y, source lines X and wiring portions of the switching ele-
ments W, etc., which are provided on the array substrate AR.
The black matrix 32 is formed of, for example, a black color
resin.

[0036] In particular, in a color-display-type liquid crystal
display device, the counter-substrate CT includes a color
filter layer 34 which is disposed in a region surrounded by the
black matrix 32. The color filter layer 34 is disposed on the
insulating substrate 30 and is formed of color resins of dif-
ferent colors, for example, the three primary colors of red,
blue and green. The red color resin, blue color resin and green
color resin are disposed in association with the red pixel, blue
pixel and green pixel, respectively.

[0037] In the above-described liquid crystal mode which
makes use of the transverse electric field, it is desirable that
the surface of the counter-substrate CT, which is in contact
with the liquid crystal layer LQ, be planar. Thus, the counter-
substrate CT should preferably have an overcoat layer which
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is disposed with such a relatively large film thickness as to
planarize irregularities on the surface of the color filter layer
34.

[0038] That surface of the counter-substrate CT, which is in
contact with the liquid crystal layer LQ, is covered with an
alignment film AL2.

[0039] The above-described counter-substrate CT and
array substrate AR are disposed such that their alignment
films AL1 and AL2 are opposed to each other. At this time, a
predetermined gap is created by spacers (not shown) (e.g.
columnar spacers which are formed integral on one of the
substrates by using a resin material) between the alignment
film AL1 of the array substrate AR and the alignment film
AL2 of the counter-substrate CT. The liquid crystal layer LQ
is formed of a liquid crystal composition including liquid
crystal molecules LM which are sealed in the gap.

[0040] Thealignment film AL1 and the alignment film AL2
are subjected to rubbing treatment so as to restrict the align-
ment of the liquid crystal molecules LM included in the liquid
crystal layer LQ. The liquid crystal molecules LM are aligned
by the restrictive force that is caused by the alignment film
AL1 and alignment film AL.2. The rubbing direction of each
of the alignment film AL1 and alignment film AL2 is non-
parallel and non-perpendicular to the major axis of each slit
SL formed in the common electrode E2.

[0041] At a time of no electric field when no potential
difference is created between the pixel electrode E1 and the
common electrode E2 (i.e. when no electric field is generated
between the pixel electrode E1 and the common electrode
E2), the liquid crystal molecules LM are aligned such that
their major axis D is parallel to the rubbing direction of the
alignment films AL1 and AL2.

[0042] Theliquid crystal display device includes an optical
element OD1 which is provided on one of outer surfaces of
the liquid crystal display panel LPN (i.e. that surface of the
array substrate AR, which is opposite to the surface thereof
that is in contact with the liquid crystal layer LQ), and an
optical element OD2 which is provided on the other outer
surface of the liquid crystal display panel LPN (i.e. that sur-
face of the counter-substrate CT, which is opposite to the
surface thereof that is in contact with the liquid crystal layer
LQ). Each of the optical elements OD1 and OD2 includes a
polarizer plate. For example, a normally black mode is real-
ized, in which the transmittance of the liquid crystal panel
LPN decreases to a minimum (i.e. a black screenis displayed)
at a time of no electric field.

[0043] Although not shown in FIG. 4 and FIG. 5, the liquid
crystal display device includes a backlight unit BL which is
disposed on the array substrate AR side of the liquid crystal
display panel LPN.

[0044] TInthisliquid crystal display device, whena potential
difference is produced between the pixel electrode E1 and the
common electrode E2 (i.e. at a voltage application time when
avoltage ofa potential different from the common potential is
applied to the pixel electrode E1), an electric field is generated
between the pixel electrode E1 and the common electrode E2.
At this time, the liquid crystal molecules LM are driven such
that their major axis D is aligned from the rubbing direction to
the direction parallel to the electric field.

[0045] If the direction of the major axis D of the liquid
crystal molecules LM is varied from the rubbing direction,
the modulation radio of light passing through the liquid crys-
tal layer LQ varies. Thus, part of the backlight passing
through the liquid crystal display panel LPN from the back-
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light unit BL passes through the second optical element OD2,
and a white screen is displayed. In other words, the transmit-
tance of the liquid crystal display panel LPN varies depending
on the magnitude of the electric field. In the liquid crystal
mode which makes use of the transverse electric field, the
backlight is selectively transmitted in this manner, and an
image is displayed.

[0046] As described above, in the liquid crystal mode
which makes use of the transverse electric field, unlike the
liquid crystal mode which makes use of a vertical electric
field, the counter-electrode side is set in an electrically float-
ing state and is easily affected and electrified by the electric
field of the array substrate side. In particular, the black matrix
32, which is so disposed as to be opposed to the wiring
portion, tends to be easily electrified by the effect of the gate
potential of the gate line Y.

[0047] Specifically, at the timing when the level of gate
potential shifts, the potential of the black matrix 32 also shifts,
and an unwanted vertical electric field may temporarily be
formed in the vicinity of the wiring portion. In other cases, an
unwanted transverse electric field, which is different from a
substantial transverse electric field that is needed for driving
liquid crystal molecules, is produced. The potential of the
once electrified black matrix 32 decreases to a ground level
(ground potential) with the passing of time, but light leakage
or flicker may occur during the time that is needed for the
decrease, leading to degradation in display quality.

[0048] In the present embodiment, as shown in F1G. 4 that
is a cross-sectional view taken along line B-B in FIG. 4, the
common electrode E2 is disposed to be opposed to the gate
line'Y via the first insulation film IL.1 and second insulation
film 1L.2.

[0049] Specifically, the common electrode E2, which is set
at the common potential, lies between the gate line Y and the
counter-substrate CT. If the cross section of FIG. 4 is viewed
from the counter-substrate CT side, the gate line Y is covered
with the first insulation film IL1, second insulation film I1.2
and common electrode E2. In other words, in the plan view of
FIG. 2, the gate line Y overlaps the common electrode E2.
[0050] With the above-described structure, since the com-
mon electrode E2 shields the electric field that is generated by
the gate potential from the gateline'Y, the electrification of the
black matrix 32 on the counter-substrate side can be sup-
pressed.

[0051] Thereby, the occurrence of light leakage or flicker in
the vicinity of the wiring portion can be prevented, and a good
display quality can be realized.

[0052] The above-described common electrode E2 is dis-
posed to face at least the pixel electrode E1 and gate lineY of
each pixel PX. In addition, the common electrode E2 may be
formed over the entirety of the display area DSP. In other
words, the common electrode E2 may be formed to cover the
entire display area DSP. In this case, the common electrode
E2 is common to all pixels PX, and is disposed to face the
source line X, as shown in FIG. 5 that is a cross-sectional view
taken along line C-C in FIG. 2. Needless to say, the common
electrode E2, in this case, extends so as to face the region
between the pixel electrode E1 and the gate line Y and the
region between the pixel electrode E1 and the source line X.
In this case, in the plan view of F1G. 2, the common electrode
E2 overlaps the pixel electrode El, the gate line Y and the
source line X.

[0053] Since the common electrode E2, which is disposed
in this fashion, is formed of the light-transmissive, electri-
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cally conductive material, as described above, the liquid crys-
tal molecules can be driven by making use of a desired trans-
verse electric field, not only in the region where the common
electrode E2 faces the pixel electrode El, but also in the
region between the pixel electrode F1 and the source line X
and the region between the pixel electrode E1 and the gate line
Y, and these regions contribute to display. Therefore, the
aperture ratio of each pixel PX, which contributes to display,
can be increased, and the transmittance or luminance of each
pixel PX can be increased.

[0054] In the case where the common electrode E2 is
formed over the entire display area DSP, it is possible to shield
the electric field that is generated from the source line X, and
to suppress the electrification of the black matrix 32 on the
counter-substrate side. It is thus possible to obtain the same
advantageous effect as in the above-described case of cover-
ing the gate line Y with the first insulation film IL.1, second
insulation film IL.2 and common electrode E2.

[0055] On the other hand, as shown in FIG. 5, the pixel
electrode E1 and source line X are provided in the same layer
on the first insulation film IL1. In the case where the pixel
electrode FE1 and source line X are disposed close to each
other in the same layer on the first insulation film IL1, elec-
trical coupling between the pixel electrode F1 and source line
X becomes non-negligible. In the case where such unwanted
coupling occurs, a desired pixel potential cannot be obtained,
and a display defect may occur. Furthermore, in the case
where a large distance is secured between the pixel electrode
E1 and source line X in order to reduce coupling, the aperture
ratio may decrease.

[0056] In the case where the above-described unwanted
coupling occurs, a trench G is formed between the pixel
electrode E1 of the second insulation film IL2 and the source
lineX, as shownin FIG. 6, inthe present embodiment, and the
common electrode E2 is also disposed in this trench G. Spe-
cifically, the common electrode E2, which is set at the com-
mon potential, lies between the pixel electrode E1 and the
source line X, which are disposed in the same layer. Since the
common electrode E2 effects shielding between the pixel
electrode E1 and the source line X, unwanted coupling can be
suppressed.

[0057] Thereby, a good display quality can be realized. In
addition, there is no need to increase the distance between the
pixel electrode E1 and source line X, and a decrease in aper-
ture ratio can be suppressed.

[0058] A description is given of the trench G that is formed
in the second insulation film IL2. As shown in FIG. 7, since
the common electrode E2 is disposed in the trench G, the
trench G, as amatter of course, is so formed as not to penetrate
to the underlying electrically conductive layer. For example,
in the process of forming a through-hole in the second insu-
lation film IL.2, thetrench G is formed to have such a depth DE
as not to penetrate to the first insulation film IL1 in a photo-
lithography step using half-tone exposure. The depth DE of
the trench G corresponds to a difference between the thick-
ness of the second insulation film IL2 at the time of film
formation, as indicated by a broken line in FIG. 7, and the
thickness after the photolithography step, as indicated by a
solid line in FIG. 7.

[0059] Specifically, as shown in FIG. 7, the thickness T1 of
the second insulation film IL2, which is left between the
trench G and the first insulation film IL1, is less than the
thickness t2 of the pixel electrode E1 and is less than the
thickness t3 of the source line X (T1<«t2, T1<t3). In addition,
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the thickness T1 is less than the thickness T2 of the second
insulation film 11.2 on the pixel electrode E1 and is less than
the thickness T3 of the second insulation film 1.2 on the
source line X (T1<T2, T1<T3).

[0060] By the formation of the trench G, the common elec-
trode E2 can be made to present between the pixel electrode
E1 and the source line X, and the coupling between the pixel
electrode E1 and source line X can be suppressed.

[0061] As shown in FIG. 8, the trench G may be so formed
as to surround the pixel electrode E1. Specifically, the trench
G may be formed not only between the pixel electrode E1 and
the source line X, but also between the pixel electrode E1 and
the gate line Y, and thus formed in a substantially loop shape.
In this case, the common electrode E2 is also formed in the
trench G surrounding the pixel electrode E1.

[0062] In the case of adopting this structure, the shield
effect between the pixel electrode E1 and the wiring portion
can further be improved, and a desired pixel potential can
stably be obtained.

[0063] It should suffice if the depth of the trench G, which
is formed between the pixel electrode E1 and the source line
X, is so set as not to penetrate to the underlying electrically
conductive layer (or wiring). For example, in order to further
enhance the shield effect by the common electrode F2 that is
disposed in the trench G, the trench G may be formed to have
such adepth as to penetrate the second insulation film IL.2 and
to reach an inside part of the first insulation film IL1 (i.e. such
a thickness as not to penetrate the first insulation film IL.1).
[0064] The depth of the above-described trench G is so set
as not to break the underlying wiring, or as to prevent short-
circuit between the common electrode E2 and other wiring. In
the case of providing the trench G at a location where neither
line breakage nor short circuit occurs, the trench G may
penetrate both the second insulation film 1.2 and first insu-
lation film IL1.

[0065] As has been described above, the present embodi-
ment can provide a liquid crystal display device which can
realize a good display quality.

[0066] The present invention is not limited directly to the
above-described embodiment. In practice, the structural ele-
ments can be modified and embodied without departing from
the spirit of the invention. Various inventions can be made by
properly combining the structural elements disclosed in the
embodiment. For example, some structural elements may be
omitted from all the structural elements disclosed in the
embodiment. Furthermore, structural elements in different
embodiments may propetly be combined.

What is claimed is:

1. A liquid crystal display device which is configured to
hold a liquid crystal layer between a first substrate and a
second substrate, the first substrate comprising;

an insulating substrate;

a gate line extending in a first direction on the insulating
substrate;

a first insulation film which is disposed to cover the gate
line;

pixel electrodes which are disposed on the first insulation
film in respective pixels;

a source line which is disposed on the first insulation film
and extends between the pixel electrodes along a second
direction which crosses the first direction;

a second insulation film which is disposed to cover the
pixel electrode and the source line; and
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acommon electrode which is disposed on the second insu-
lation film in a manner to face the pixel electrode of each
of the pixels and to face the gate line, and includes a slit
which is formed to face the pixel electrode.

2. The liquid crystal display device according to claim 1,
wherein the common electrode is disposed to face the source
line, and formed over an entire display area which the pixels
are disposed in a matrix.

3. The liquid crystal display device according to claim 1,
wherein the second substrate includes a lattice-shaped light-
shield layer which faces the gate line and the source line.

4. The liquid crystal display device according to claim 1,
wherein the common electrode is disposed in a trench which
is formed between the pixel electrode and the source line in
the second insulation film.
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5. The liquid crystal display device according to claim 4,
wherein the common electrode is disposed in a trench which
is formed in a manner to surround the pixel electrode.

6. The liquid crystal display device according to claim 1,
further comprising a switching element which is disposed on
the first insulation film and includes a drain electrode which is
connected to the pixel electrode.

7. The liquid crystal display device according to claim 1,
wherein the pixel electrode and the common electrode are
formed of a light-transmissive, electrically conductive
material.



ERBIRGR) BRERER
[F(RE)E US20100007838A1 K (aH)A 2010-01-14
BiES US12/436574 RiFH 2009-05-06
FRIBB(EFR)ACGR) BHAREX
FRASHIN
HE(ERR)AGR) AR
FRESHIN
LR RB(ERNR)AGR) BAREX
FRESHIN
¥R %8 A FUJIMOTO TAKAMITSU
MORITA SHIN
KA FUJIMOTO, TAKAMITSU
MORITA, SHIN
IPCH %S GO02F1/1343
CPCH# 5 G02F1/133512 G02F2001/136218 G02F2001/134318 G02F1/134363
54 2008179361 2008-07-09 JP
Hfth 23 FF 325k US7973900
S\EBEEE Espacenet USPTO
BEGR) C!\IT X0
BEREREBENEIIERTELEENR  ELEER A E—HRIEM Com’m,,e, e Source driver
HMRE  REBENBEMRENE—LEE RBEE—LEE LG >
EOMEEMBES | REEE—LEH LN E= S NERERR E i
EEMRERIL |, RENERGRORARRENE LEE , ARG w1 w11, |
BEAHBMENAHBREE - BEE FUENEMEENGEDRIR vl ﬁj‘qﬂzfj‘ﬂ:\k §
FENREN AR , FoLEBEIFSBRERAT RS, £ i g W?an\ |
YD— % ! i‘_ P — A j
LX) B g X COM
N !
Yn__f |
DS/'P v

patsnap

~Cl

LPN


https://share-analytics.zhihuiya.com/view/4df8882b-82df-4d17-8c24-caa3857d9a14
https://worldwide.espacenet.com/patent/search/family/041504850/publication/US2010007838A1?q=US2010007838A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220100007838%22.PGNR.&OS=DN/20100007838&RS=DN/20100007838

