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(7) ABSTRACT

In a liquid crystal display device where pixel electrodes and
counter electrodes are arranged on one substrate in a stacked
manner by way of an insulation layer, it is possible to lower a
drive voltage while maintaining optical transmissivity. Pixels
each of which includes a first pixel electrode, a second pixel
electrode and a counter electrode are arranged on a substrate
in a matrix array. A first pixel electrode and a second pixel
electrode in one pixel include a plurality of comb-teeth por-
tions respectively. The first pixel electrode and the second
pixel electrode are alternately arranged on the same layer in
an opposed manner with a gap defined between the comb-
teeth portion of the first pixel electrode and the comb-teeth
portion of the second pixel electrode. The first and second
pixel electrodes and the counter electrode are arranged in a
stacked manner with an insulation layer sandwiched therebe-
tween.
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] The present application claims priority from Japa-
nese application JP2008-226646 filed on Sep. 4, 2008, 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 dis-
play device, and more particularly to a technique which is
effectively applicable to a lateral-electric-field-drive liquid
crystal display device such as an IPS drive liquid crystal
display device.

[0004] 2. Description of the Related Art

[0005] Conventionally, with respect to an active-matrix-
type liquid crystal display device, there has been known a
liquid crystal display device which includes a lateral-electric-
field drive liquid crystal display panel such as an IPS-drive
liquid crystal display panel. The lateral-electric-field drive
liquid crystal display panel includes a first substrate, a second
substrate and liquid crystal sealed (sandwiched) between
both substrates, and pixel electrodes and counter electrodes
(common electrodes) which control intensities of electric
fields applied to a liquid crystal material are arranged on one
of these substrates, for example, on the first substrate.
[0006] Further, the IPS-drive liquid crystal display panel is
classified into a liquid crystal display panel where pixel elec-
trodes and counter electrodes are arranged in an opposed
manner on the same surface of an insulation layer, and aliquid
crystal display panel where pixel electrodes and counter elec-
trodes are arranged in a stacked manner with an insulation
layer sandwiched therebetween.

[0007] In the IPS-drive liquid crystal display panel where
the pixel electrodes and the counter electrodes are arranged in
a stacked manner with the insulation layer sandwiched ther-
ebetween, usually, the pixel electrodes are arranged between
the counter electrodes and the liquid crystal material. In such
arrangement, the pixel electrode has a planar shape in which
a plurality of slits is formed, for example. Lines of force of an
electric field (that is, lines of electric force) which are gener-
ated due to a potential difference between the pixel electrode
and the counter electrode pass through the liquid crystal
material on a way thereof advancing toward the counter elec-
trode from the pixel electrode or on a way thereof advancing
toward the pixel electrode from the counter electrode (see
WO01/018597 (patent document 1), for example)

[0008] The liquid crystal display device having the IPS-
drive liquid crystal display panel is characterized by a wide
viewing angle compared to a liquid crystal display device
having a vertical-electric-field drive liquid crystal display
panel such as a VA-type liquid crystal display panel or a
TN-type liquid crystal display panel. For example, the liquid
crystal display device having the IPS-drive liquid crystal dis-
play panel has been popularly used in liquid crystal television
receiver sets. Further, recently, the liquid crystal display
device having the IPS-drive liquid crystal display panel has
been also used as a display part of portable electronic equip-
ment such as a mobile phone terminal, for example.

SUMMARY OF THE INVENTION

[0009] Recently, the reduction of power consumption has
been steadily advancing with respect to a liquid crystal dis-
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play device (also referred to as a liquid crystal display mod-
ule) which is used as a display part of a liquid crystal televi-
sion receiver set, a mobile phone terminal or the like. As a
method for reducing power consumption of the liquid crystal
display device, there has been known a method which lowers
a drive voltage for driving a liquid crystal material, for
example.

[0010] However, in case of the conventional liquid crystal
display panel which uses a liquid crystal material, when a
drive voltage for driving a liquid crystal material is simply
lowered, intensity of an electric field is lowered thus giving
rise to a drawback that optical transmissivity is lowered, for
example. Accordingly, in lowering the drive voltage for driv-
ing the liquid crystal material, it is necessary to newly develop
a liquid crystal material which has low viscosity so as to
sensitively respond to a change of intensity of the electric
field corresponding to lowering of the drive voltage.

[0011] Particularly, with respect to the IPS-drive liquid
crystal display panel where the pixel electrodes and the
counter electrodes are arranged in a stacked manner by way of
the insulation layer, an electric field which drives liquid crys-
tal molecules in the liquid crystal material is mainly applied to
the liquid crystal material only in the vicinity of a first sub-
strate on which the pixel electrodes and the counter electrodes
are formed and hence, when the drive voltage is lowered,
optical transmissivity is liable to be lowered.

[0012] Itis an object of the present invention to provide a
technique which can lower a drive voltage while maintaining
optical transmissivity in a liquid crystal display device where
pixel electrodes and counter electrodes are arranged on one
substrate in a stacked manner by way of an insulation layer,
for example.

[0013] The above-mentioned and other objects and novel
features of the present invention will become apparent due to
the description of this specification and attached drawings.

[0014] To briefly explain the typical inventions among
inventions disclosed in this application, they are as follows.

[0015] (1) The present invention is directed to a liquid
crystal display device which includes: a liquid crystal display
panel which includes a first substrate, a second substrate, and
liquid crystal material which is sealed between the first sub-
strate and the second substrate; and a plurality of scanning
signal lines and a plurality of video signal lines which are
arranged on the first substrate, wherein pixels each of which
includes a first TFT element, a first pixel electrode which is
connected to a source of the first TFT element, a second TFT
element, a second pixel electrode which is connected to a
source of the second TFT element, and a counter electrode are
arranged on the first substrate in a matrix array, a drain of the
first TFT element and a drain of the second TFT element
within the pixel are connected to the different video signal
lines respectively, the first pixel electrode and the second
pixel electrode have a planar shape and include a plurality of
comb-teeth portions respectively, and the first pixel elec-
trodes and the second pixel electrodes are arranged alter-
nately on the same layer in an opposed manner with a gap
defined between the comb-teeth portion of the first pixel
electrode and the comb-teeth portion of the second pixel
electrode, and the first and second pixel electrodes and the
counter electrode are arranged in a stacked manner with the
insulation layer sandwiched therebetween, and the first pixel
electrode and the second pixel electrode are arranged
between the counter electrode and the liquid crystal material.
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[0016] (2) In the liquid crystal display device having the
above-mentioned constitution (1), a level relationship
between a potential of a grayscale voltage applied to the first
pixel electrode and a potential of a voltage applied to the
counter electrode during 1 frame period, and a level relation-
ship between a potential of a grayscale voltage applied to the
second pixel electrode and the potential of the voltage applied
to the counter electrode during 1 frame period are reversed.
[0017] (3) In the liquid crystal display device having the
above-mentioned constitution (1), the comb-teeth portions of
the first pixel electrode and the comb-teeth portions of the
second pixel electrode extend in the same direction, and the
extending direction of the comb-teeth portions of the first
pixel electrode and the comb-teeth portions of the second
pixel electrode are parallel to neither the scanning signal line
nor the video signal line.

[0018] (4) In the liquid crystal display device having the
above-mentioned constitution (1), the counter electrode is
formed in a rectangular shape within the pixel covering the
substantially whole surface of the pixel.

[0019] (5) In the liquid crystal display device having the
above-mentioned constitution (1), gaps which are formed
between the plurality of comb-teeth portions of the first pixel
electrode and the plurality of comb-teeth portions of the sec-
ond pixel electrode are set equal.

[0020] According to the liquid crystal display device of the
present invention, in the liquid crystal display device where
pixel electrodes and counter electrodes are arranged on one
substrate (first substrate) in a stacked manner by way of an
insulation layer, it is possible to lower a drive voltage while
maintaining optical transmissivity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1A is a schematic view showing one example
of the overall constitution of a liquid crystal display device
according to one embodiment of the present invention;
[0022] FIG. 1B is a schematic view showing one example
of the circuit constitution of a pixel of a liquid crystal display
panel of the liquid crystal display device of the embodiment;
[0023] FIG. 2A is a schematic plan view showing one
example of the planar constitution of one pixel on a first
substrate of the liquid crystal display panel of the embodi-
ment;

[0024] FIG. 2B is a schematic cross-sectional view show-
ing one example of the cross-sectional constitution taken
along a line A-A' in FIG. 2A;

[0025] FIG. 3A is a schematic view showing one example
of an electric field applied to the liquid crystal display panel of
the embodiment; and

[0026] FIG. 3B is a schematic view showing one example
of arelationship between potential difference between a pixel
electrode and a counter electrode and transmissivity in the
liquid crystal display panel of the embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0027] Hereinafter, the present invention is explained in
detail in conjunction with an embodiment by reference to the
drawings.

[0028] Here, in all drawings for explaining the embodi-
ment, parts having identical functions are given same sym-
bols and their repeated explanation is omitted.
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Embodiment 1

[0029] FIG. 1A and FIG. 1B are schematic views showing
one example of the overall constitution of a liquid crystal
display device according to one embodiment of the present
invention.

[0030] FIG. 1A is a schematic view showing one example
of the schematic constitution of the liquid crystal display
device according to one embodiment of the present invention.
FIG. 1B is a schematic view showing one example of the
circuit constitution of a pixel on a liquid crystal display panel
of the liquid crystal display device of this embodiment.
[0031] As shown in FIG. 1A, the liquid crystal display
device of this embodiment includes a liquid crystal display
panel 1 which includes a plurality of scanning signal lines GL
and a plurality of video signal lines DL, a first drive circuit 2
and a second drive circuit 3 for driving the liquid crystal
display panel 1, a backlight 4, and a control circuit 5 which
controls an operation of the first drive circuit 2, an operation
of the second drive circuit 3 and an operation of the backlight
4, for example.

[0032] The liquid crystal display panel 1 is a display panel
in which a liquid crystal material is sealed in a gap defined
between a first substrate and a second substrate, and the
plurality of scanning signal lines GL and the plurality of video
signal lines DL are formed on the first substrate.

[0033] Here, in FIG. 1A, only some scanning signal lines
GL out of the plurality of scanning signal lines GL are shown.
In an actual liquid crystal display panel 1, however, a larger
number of scanning signal lines GL are densely arranged. In
the same mannet, in FIG. 1A, only some video signal lines DL
out of the plurality of video signal lines are shown. In an
actual liquid crystal display panel 1, however, a larger number
of video signal lines DL are densely arranged on the liquid
crystal display panel 1.

[0034] A display region DA of the liquid crystal display
panel 1 of this embodiment is constituted of a large number of
pixels arranged in a matrix array. Here, for example, as shown
in FIG. 1B, the pixels each of which includes a first TFT
element Trl, a first pixel electrode PX1 which is connected to
a source of the first TFT element Trl, a second TFT element
Tr2, a second pixel electrode PX2 which is connected to a
source of the second TFT element Tr2, and a counter elec-
trode CT are arranged in a matrix array.

[0035] In such a constitution, in each pixel, a drain of the
first TFT element Trl and a drain of the second TFT element
Tr2 are connected to different video signal lines DL, DL, ,
respectively. Accordingly, two video signal lines DL are
arranged at a boundary portion defined between two pixels
which are arranged adjacent to each other in the extending
direction of the scanning signal lines GL. Here, a source and
a drain of the first TFT element Trl and a source and a drain
of the second TFT element Tr2 are exchanged corresponding
to the direction of a bias, that is, corresponding to a level
relationship between a potential of a grayscale voltage which
is applied to a pixel electrode from the video signal line DL
and a potential of the pixel electrode. In this specification,
however, aterminal of the TFT element which is connected to
the pixel electrode is referred to as a source.

[0036] A gate ofthe first TFT element Trl and a gate of the
second TFT element Tr2 in each pixel are connected to the
same scanning signal line GL,,.

[0037] Here, the first pixel electrode PX1 and the second
pixel electrode PX2 are formed of an electrode having a
plurality of slits therein respectively. The first pixel electrode
PX1 and the second pixel electrode PX2 are arranged such
that the slits of the first pixel electrode PX1 and the slits of the
second pixel electrode PX2 are alternately arranged at prede-
termined intervals.
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[0038] The counter electrode CT is connected to a common
line CL, which extends parallel to the scanning signal line GL,
and the counter electrodes CT of the plurality of pixels which
are arranged along the extending direction of the scanning
signal line GL are connected in common to one common line
CL.

[0039] The first drive circuit 2 is a drive circuit which
generates a video signal (grayscale voltage) to be applied to
the first pixel electrode PX1 and the second pixel electrode
PX2 of each pixel via the video signal line DL. The first drive
circuit 2 is generally referred to as a date driver, a source
driver or the like. The second drive circuit 3 is a drive circuit
which generates a scanning signal for selecting the pixel (the
first pixel electrode PX1 or the second pixel electrode PX2) to
which the video signal outputted to the video signal line DL
from the first drive circuit 2 is applied. The second drive
circuit 3 is generally referred to as a scanning driver, a gate
driver or the like.

[0040] The first drive circuit 2 and the second drive circuit
3 are formed of an IC chip respectively, for example, and the
first drive circuit 2 and the second drive circuit 3 are mounted
on an outer peripheral portion of the liquid crystal display
panel 1 (first substrate) or on a flexible printed circuit board
which is connected to the outer peripheral portion of the
liquid crystal display panel 1. Further, the first drive circuit 2
and the second drive circuit 3 may be formed on an outer
peripheral portion of the first substrate respectively, for
example, together with the first TFT elements Tr1 and the like
which are formed within the display region DA, or may be
incorporated into the first substrate.

[0041] Thebacklight 4 is a light emitting element such as a
cold cathode fluorescent tube or a light emitting diode (LED),
for example. Light emitted from the backlight 4 is converted
into planar light beams via a light diffusion plate, a prism
sheet or the like, for example, and the planar light beams are
radiated to the liquid crystal display panel 1.

[0042] The control circuit 5 is a circuit which controls an
operation of the first drive circuit 2 and an operation of the
second drive circuit 3, the brightness of the backlight 4 or the
like, and is generally referred to as a TFT controller, a timing
controller or the like.

[0043] FIG. 2A and FIG. 2B are schematic views showing
one example of the schematic constitution of one pixel on the
first substrate of the liquid crystal display panel of this
embodiment.

[0044] FIG. 2A is a schematic plan view showing one
example of the planar constitution of one pixel formed on the
first substrate of the liquid crystal display panel of this
embodiment. FIG. 2B is a schematic cross-sectional view
showing one example of the cross-sectional constitution
taken along a line A-A' in FIG. 2A.

[0045] The liquid crystal display panel 1 of this embodi-
ment is an IPS-drive-type (lateral-electric-field-drive-type)
liquid crystal display panel in which three kinds of electrodes
consisting of the first pixel electrodes PX1, the second pixel
electrodes PX2 and the counter electrodes CT shown in FIG.
1B are arranged on the first substrate together with the scan-
ning signal lines GL and the like.

[0046] Further, in the liquid crystal display panel 1 of this
embodiment, the first pixel electrodes PX1 and the second
pixel electrodes PX2 are formed on the same surface of an
insulation layer in an opposed manner, and the first and sec-
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ond pixel electrodes PX1, PX2 and the counter electrode CT
are arranged in a stacked manner with an insulation layer
sandwiched therebetween.

[0047] Accordingly, each pixel on the first substrate has the
constitution shown in FIG. 2A and FIG. 2B, for example.
[0048] First of all, the scanning line GL, the counter elec-
trode CT, the common line CL, and the first insulation layer 7
which covers the scanning signal line GL, the counter elec-
trode CT and the common line CL are formed on a surface of
the first substrate 6 such as a glass substrate. The scanning
signalline GL and the common line CL are formed by etching
a metal film such as an aluminum film, for example. The
counter electrode CT is formed by etching a transparent con-
ductive film such as an I'TO film or an IZO film, for example.
The first insulation layer 7 is formed of a silicon oxide film
(510, film), for example.

[0049] Here, itis desirable to form the counter electrode CT
within the pixel in a rectangular shape, in other words, on the
substantially whole surface of a region surrounded by two
neighboring scanning signal lines GL and two neighboring
video signal lines DL so as to have a rectangular shape.
[0050] FIG. 2A and FIG. 2B exemplify a case where a
transparent conductive film and a metal film are sequentially
formed (film forming), the scanning signal line GL and the
common line CL are formed by etching a metal film and,
thereafter, the counter electrode CT are formed by etching a
transparent conductive film. However, the scanning signal
line GL, the counter electrode CT and the common line CL
may be formed such that, for example, a transparent conduc-
tive filmis formed and the formed conductive film is etched so
as to form the counter electrode CT and, thereafter, a metal
film is formed and the formed metal film is etched so as to
form the scanning signal line GL and the common line CL.
Further, the scanning signal line GL, the counter electrode CT
and the common line CL may be formed such that a metal film
is formed and the formed metal film is etched so as to form the
scanning signal line GL and the common line CL and, there-
after, a transparent conductive film is formed and the formed
conductive film is etched so as form the counter electrode CT.
Still further, in place of forming the common line CL, for
example, a strip-shaped counter electrode CT which is shared
in common by aplurality of pixels arranged along the extend-
ing direction of the scanning signal line GL may be formed.
[0051] Onthefirstinsulation layer 7, a semiconductor layer
8a of the first TFT element Trl, a semiconductor layer 85 of
the second TFT element Tr2, the video signal line DL, a
source electrode 9a of the first TFT element Trl, a source
electrode 95 of the second TFT element Tr2, and a second
insulation layer 10 which covers the above-mentioned
respective components are formed. The semiconductor layer
8a of the first TFT element Tr1 and the semiconductor layer
8b of the second TFT element Tr2 are formed by etching a
semiconductor film such as an amorphous silicon (a-Si) film,
for example. The video signal line DL, the source electrode
9a of the first TFT element Trl and the source electrode 956 of
the second TFT element Tr2 are formed by etching a metal
film such as an aluminum film, for example. The second
insulation layer 10 is formed of a silicon nitride film (SiN,,
film), for example. Here, the second insulation layer 10 is not
limited to an insulation layer formed of a single material, and
may be formed by stacking two or more kinds of insulation
films which differ in material.

[0052] Thedrain electrode of the first TFT element Trl and
the drain electrode of the second TFT element Tr2 are inte-
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grally formed with the video signal line DL respectively.
Here, contact holes (not shown in the drawing) are formed in
the second insulation layer 10 above the source electrodes 9a,
9b.

[0053] On the second insulation layer 10, the first pixel
electrodes PX1, the second pixel electrodes PX2, and an
alignment film 11 which covers the first pixel electrodes PX1
and the second pixel electrodes PX2 are formed. The first
pixel electrodes PX1 and the second pixel electrodes PX2 are
formed by etching a transparent conductive film such as an
ITO film or an I1ZO film, for example.

[0054] Here, the first pixel electrode PX1 is connected to
the source electrode 9a via a contact hole (not shown in the
drawing) which is formed above the source electrode 9a, and
the second pixel electrode PX2 is connected to the source
electrode 95 via a contact hole (not shown in the drawing)
which is formed above the source electrode 95. The first pixel
electrode PX1 has a planar shape and includes a plurality of
comb-teeth portions PX1a, while the second pixel electrode
PX2 also has a planar shape and includes a plurality of comb-
teeth portions PX2a. The first pixel electrode PX1 and the
second pixel electrode PX2 are arranged in an opposed man-
ner such that the plurality of comb-teeth portions PX1a of the
first pixel electrode PX1 and the plurality of comb-teeth por-
tions PX2a of the second pixel electrode PX2 are alternately
arranged with predetermined gaps (slits). Itis preferable to set
the gaps (slit) between the plurality of comb-teeth portions
PXla of the first pixel electrode PX1 and the plurality of
comb-teeth portions PX2a of the second pixel electrode PX2
equal within the pixel.

[0055] Further, the plurality of comb-teeth portions PX1a
ofthe first pixel electrode PX1 and the plurality of comb-teeth
portions PX2a of the second pixel electrode PX2 are respec-
tively arranged at positions where the respective comb-teeth
portions PX1a, PX2a overlap with the counter electrode CT.
[0056] FIG. 3A and FIG. 3B are schematic views for
explaining the manner of operation and advantageous effects
of the liquid crystal display panel of this embodiment.
[0057] FIG. 3A is a schematic view showing one example
of an electric field which is applied to the liquid crystal
display panel of this embodiment. FIG. 3B is a schematic
view showing one example of the relationship between the
potential difference between the pixel electrode and the
counter electrode and transmissivity of the liquid crystal dis-
play panel of this embodiment.

[0058] In case of a conventional IPS-type liquid crystal
display panel in which one pixel electrode and one counter
electrode are arranged in a stacked manner with an insulation
layer sandwiched therebetween (hereinafter, referred to as a
conventional stacked-arrangement-type liquid crystal display
panel), an electric field which is applied to a liquid crystal
material in one pixel is mainly applied to only a portion of the
liquid crystal material which is positioned in the vicinity of
the first substrate 6 including the pixel electrode. Accord-
ingly, with respect to liquid crystal molecules in the liquid
crystal material in one pixel, for example, the liquid crystal
molecules positioned in the vicinity of the first substrate 6 are
rotated firstly and, then, liquid crystal molecules positioned
on a second substrate side are rotated by being influenced by
the rotation of the liquid crystal molecules arranged in the
vicinity of the first substrate 6.

[0059] To the contrary, in driving the liquid crystal display
panel 1 of this embodiment, a level relationship between a
potential of a grayscale voltage which is applied to the first
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pixel electrode PX1 and a potential of a common voltage
applied to the counter electrode CT in one pixel during 1
frame period, and a level relationship between a potential of
a grayscale voltage which is applied to the second pixel
electrode PX2 and the potential of the common voltage
applied to the counter electrode CT in one pixel during 1
frame period are reversed, for example. Here, as shown in
FIG. 3A, for example, an electric field which is applied to a
liquid crystal material 12 in one pixel is roughly classified
into three kinds of electric fields, that s, a first electric field E1
which is generated due to the potential difference between the
first pixel electrode PX1 and the counter electrode CT, a
second electric field E2 which is generated due to the poten-
tial difference between the second pixel electrode PX2 and
the counter electrode CT, and a third electric field E3 which is
generated due to the potential difference between the first
pixel electrode PX1 and the second pixel electrode PX2.
[0060] Here, in FIG. 3A, symbol Vcom indicates a com-
mon voltage which is applied to the counter electrode CT, and
symbol Vd indicates a grayscale voltage which is applied to
the pixel electrodes. Further, a grayscale voltage Vd(+) of the
first pixel electrode PX1 indicates that a potential of the
grayscale voltage is higher than a potential of the common
voltage Vcom, and a grayscale voltage Vd(-) of the second
pixel electrode PX2 indicates that a potential of the grayscale
voltage 1s lower than a potential of the common voltage
Veom.

[0061] That is, in driving the liquid crystal display panel 1
of this embodiment, it is possible to drive the liquid crystal
molecules in the liquid crystal material 12 by also making use
of the third electric field E3 which is not generated in driving
the conventional stacked-arrangement-type liquid crystal dis-
play panel. As shown in FIG. 3A, lines of electric force ofthe
third electric field E3 pass an area outside the first electric
field El and the second electric field E2, that is, an area in the
vicinity of the second substrate 13. Accordingly, in driving
the liquid crystal display panel 1 of this embodiment, the
liquid crystal molecules positioned in the vicinity of the first
substrate 6 are rotated by the first electric field E1 and the
second electric field E2, and the liquid crystal molecules
positioned in the vicinity of the second substrate 13 are
rotated by the third electric field E3.

[0062] Here, the potential difference between the first pixel
electrode PX1 and the second pixel electrode PX2 is substan-
tially twice as large as the potential difference between the
first pixel electrode PX1 and the counter electrode CT and the
potential difference between the second pixel electrode PX2
and the counter electrode CT. Accordingly, the intensity of the
third electric field E3 is substantially twice as large as the
intensity of the first electric field E1 and the intensity of the
second electric field E2.

[0063] Therefore, it is considerable that, in driving the lig-
uid crystal display panel 1 of this embodiment, even when a
maximum value of the potential difference between a drive
voltage, that is, a grayscale voltage in performing a grayscale
display and a common voltage is lowered, it is possible to
maintain the optical transmissivity.

[0064] When inventors of the present invention studied the
relationship between the potential difference between the
pixel electrode and the counter electrode and the optical trans-
missivity with respect to the conventional IPS-type stacked-
arrangement-type liquid crystal display panel in which one
TFT element and one pixel electrode are arranged within a
pixel and the liquid crystal display panel 1 of this embodiment
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respectively, a result shown in FIG. 3B is obtained. In a graph
shown in FIG. 3B, the potential difference AV (volt) between
the pixel electrode and the counter electrode is taken on an
axis of abscissas, and the transmissivity T(%) is taken on an
axis of ordinates.

[0065] Further, in the graph shown in FIG. 3B, character-
istic curves P2 and P3 respectively indicate one example of
relationship between the potential difference AV between the
pixel electrode and the counter electrode and the transmissiv-
ity T of the liquid crystal display panel 1 of this embodiment.
The difference between characteristic curves P2, P3 lies in the
gap between the comb-teeth portions (gaps between slits) of
the pixel electrode. The gap is set to 10 um with respect to the
characteristic curve P2 and is set to 15 pm with respect to the
characteristic curve P3.

[0066] Further, in the graph shown in FIG. 3B, a character-
istic curve P1 indicates one example of the relationship
between the potential difference AV between the pixel elec-
trode and the counter electrode and the transmissivity T of the
conventional stacked-arrangement-type liquid crystal display
panel. The counter electrode has the same shape as the
counter electrode of this embodiment, and the pixel electrode
is an electrode including a plurality of comb-teeth portions
and slits.

[0067] The relationship between the potential difference
AV between the pixel electrode and the counter electrode and
the transmissivity T of the conventional stacked-arrange-
ment-type liquid crystal display panel exhibits a change indi-
cated by the characteristic curve P1 in FIG. 3B where the
transmissivity T becomes maximum when the potential dif-
ference AV assumes a value ranging from 5 volt to 6 volt, for
example.

[0068] On the other hand, in the liquid crystal display panel
1 of this embodiment, when the gap (slit) between the comb-
teeth portion PX1a of the first pixel electrode PX1 and the
comb-teeth portion PX2a ofthe second pixel electrode PX2 is
set to 10 pm, the relationship between the potential difference
AV between the pixel electrode and the counter electrode and
the transmissivity T exhibits a change indicated by the char-
acteristic curve P2 in FIG. 3B where the transmissivity T
becomes maximum when the potential difference AV
assumes 4 volt, for example.

[0069] Here, to compare characteristic curves P1, P2 in a
region where the potential difference AV is 4 volt or more, the
characteristic curve P1, that is, the conventional stacked-
arranged liquid crystal display panel exhibits transmissivity T
higher than transmissivity T of the liquid crystal display panel
1 of this embodiment. However, when a drive voltage is
lowered aiming at the reduction of power consumption of the
liquid crystal display device, for example, to estimate a case
where a maximum value of the potential difference between
the grayscale voltage and the common voltage at the time of
performing the grayscale expression is set to 4 volt or less
(AV<4volt), the liquid crystal display panel 1 of this embodi-
ment exhibits transmissivity higher than the transmissivity of
the conventional stacked-arranged liquid crystal display
panel.

[0070] Further, in the liquid crystal display panel 1 of this
embodiment, the relationship between the potential differ-
ence AV between the pixel electrode and the counter elec-
trode and the transmissivity T when the gap (slit) between the
comb-teeth portion PX1a of the first pixel electrode PX1 and
the comb-teeth portion PX2a of the second pixel electrode
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PX2 is set to 15 um exhibits a change indicated by a charac-
teristic curve P3 shown in FIG. 3B, for example.

[0071] Inthisexample,in the low-voltage region where the
potential difference AV is 4 volt or less, for example, although
the transmissivity T becomes slightly lower than the trans-
missivity T of the example indicated by the characteristic
curve P2, itis possible to maintain the transmissivity T higher
than the transmissivity T of the conventional characteristic
curve P1. Also in the high-voltage region where the potential
difference AV is 4 volt or more, the transmissivity T becomes
higher than the transmissivity T of the conventional charac-
teristic curve P1.

[0072] As can be understood from above, it is safe to say
that the liquid crystal display device having the liquid crystal
display panel 1 of this embodiment can lower the drive volt-
age while maintaining the optical transmissivity.

[0073] Although the present invention has been specifically
explained in conjunction with the embodiment heretofore, it
is needless to say that the present invention is not limited to
such an embodiment, and various modifications are conceiv-
able without departing from the gist of the present invention.
[0074] For example, the numbers and the extending direc-
tions of the comb-teeth portions PX1a, PX2a shown in FIG.
2A are merely one example in the liquid crystal display panel
1 of this embodiment respectively, and it is needless to say
that the numbers and the extending directions of the comb-
teeth portions PX1a, PX2a can be suitably changed. In such
a modification, it is desirable that the comb-teeth portions
PX1a, PX2a extend in the same direction, and the extending
direction is parallel to neither the scanning signal line GL nor
the video signal line DL.

[0075] Further, the constitution of one pixel shown in FIG.
2A and FIG. 2B is merely one example in the liquid crystal
display panel 1 of this embodiment. That is, in the liquid
crystal display device of this embodiment (the present inven-
tion), it is sufficient that the positional relationship among the
first pixel electrode PX1, the second pixel electrode PX2 and
the counter electrode CT satisfies the same relationship
adopted by the constitution shown in FIG. 2A and FIG. 2B.
Accordingly, it is needless to say that the constitution of the
first TFT element Tr1 and the second TFT element Tr2 may be
suitably changed.

What is claimed is:

1. A liquid crystal display device comprising:

a liquid crystal display panel which includes a first sub-
strate, a second substrate, and liquid crystal material
which is sealed between the first substrate and the sec-
ond substrate; and

a plurality of scanning signal lines and a plurality of video
signal lines which are arranged on the first substrate,
wherein

pixels each of which includes a first TFT element, a first
pixel electrode which is connected to a source of the first
TFT element, a second TFT element, a second pixel
electrode which is connected to a source of the second
TFT element, and a counter electrode are arranged on
the first substrate in a matrix array,

a drain of the first TFT element and a drain of the second
TFT element within the pixel are connected to the dif-
ferent video signal lines respectively,

the first pixel electrode and the second pixel electrode have
a planar shape and include a plurality of comb-teeth
portions respectively, and the first pixel electrodes and
the second pixel electrodes are arranged alternately on
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the same layer in an opposed manner with a gap defined
between the comb-teeth portion of the first pixel elec-
trode and the comb-teeth portion of the second pixel
electrode, and

the first and second pixel electrodes and the counter elec-

trode are arranged in a stacked manner with the insula-
tion layer sandwiched therebetween, and the first pixel
electrode and the second pixel electrode are arranged
between the counter electrode and the liquid crystal
material.

2. A liquid crystal display device according to claim 1,
wherein a level relationship between a potential of a grayscale
voltage applied to the first pixel electrode and a potential of a
voltage applied to the counter electrode during 1 frame
period, and a level relationship between a potential of a gray-
scale voltage applied to the second pixel electrode and the
potential of the voltage applied to the counter electrode dur-
ing 1 frame period are reversed.

Mar. 4, 2010

3. A liquid crystal display device according to claim 1,
wherein the comb-teeth portions of the first pixel electrode
and the comb-teeth portions of the second pixel electrode
extend in the same direction, and the extending direction of
the comb-teeth portions of the first pixel electrode and the
comb-teeth portions of the second pixel electrode are parallel
to neither the scanning signal line nor the video signal line.

4. A liquid crystal display device according to claim 1,
wherein the counter electrode is formed in a rectangular
shape within the pixel covering the substantially whole sur-
face of the pixel.

5. A liquid crystal display device according to claim 1,
wherein gaps which are formed between the plurality of
comb-teeth portions of the first pixel electrode and the plu-
rality of comb-teeth portions of the second pixel electrode are
set equal.
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