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(57) ABSTRACT

A liquid crystal display device having an active matrix dis-
play panel with pixel regions having two pixel electrodes and
two TFT elements thereon. The two pixel electrodes are
formed in each of the pixel regions, the two pixel electrodes
are connected to different ones of the two TFT elements and
one counter electrode is formed in each of the pixel regions,
the counter electrode being formed between a layer of the
pixel electrode and a first substrate. Each pixel electrode in
the pixel regions has plural slits, the slits in each pixel elec-
trode extending in two directions, and the slits extend in a
direction which is not parallel to an extending direction of
either of a video signal line or a scanning signal line formed
on the first substrate. The two pixel electrodes in the pixel
region have adjacent pixel electrode sides which are parallel
to each other.
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application is a continuation of U.S. Applica-
tion Ser. No. 12/247,340, filed Oct. 8, 2008, the contents of
which are incorporated herein by reference.

[0002] The present application claims priority over Japa-
nese application JP 2007-263030 filed on Oct. 9, 2007, the
contents of which are hereby incorporated into this applica-
tion by reference.

BACKGROUND OF THE INVENTION

[0003] (1) Field of the Invention

[0004] The present invention relates to a liquid crystal dis-
play device, and in particular, to a technology which is effec-
tive when applied to an active matrix type TFT liquid crystal
display device.

[0005] (2) Related Art Statement

[0006] Conventional liquid crystal display devices having a
liquid crystal display panel where a liquid crystal material is
sealed between a pair of substrates include active matrix type
TFT liquid crystal display devices. The above described
active matrix type TFT liquid crystal display devices (here-
inafter simply referred to as liquid crystal display devices) are
used for monitors, such as televisions and PC’s (personal
computers), and displays for portable electronics, such as
portable phones.

[0007] Inthe liquid crystal display panels used in the above
described liquid crystal display devices, a number of scan-
ning signal lines, a number of video signal lines, a number of
TFT elements (active elements) and a number of pixel elec-
trodes are provided on one substrate (hereinafter referred to as
TFT substrate) from among the above described pair of sub-
strates in such a manner that the set of pixels having the above
described TFT elements and pixel electrodes connected to the
above described TFT elements form a display region.
[0008] In addition, a light blocking film (which may be
referred to as black matrix) and color filters, for example, are
provided on the other substrate (hereinafter referred to as a
facing substrate) from among the above described pair of
substrates in the above described liquid crystal display pan-
els. The above described light blocking film is formed of, for
example, a conductor or an insulator in mesh form which
divides the display region into microscopic regions for each
pixel, and in general, extends in such locations as to overlap
(face) scanning signal lines, TFT elements and video signal
lines on the above described TFT substrate. In addition, the
color filters are provided to liquid crystal display panels for
color display, and in the case of an RGB type color liquid
crystal display panel, for example, red (R), green (G) and blue
(B) color filters are provided.

[0009] In addition, in the case where the above described
liquid crystal display panel is of a drive system, which is
referred to as a longitudinal electrical field drive system (for
example, VA system or TN system), counter electrodes
(which may also be referred to as common electrodes) which
make pairs with the above described pixel electrodes are
provided on the above described facing substrate. In addition,
in the case where the above described liquid crystal display
panel is of a drive system (for example, IPS system), which is
referred to as a lateral electrical field drive system, the above
described counter electrodes are provided on the above
described TFT substrate.
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[0010] In addition, in the case of conventional general lig-
uid crystal display devices, one TFT element and one pixel
element are effective in one pixel. In the liquid crystal display
devices that have been proposed in recent years, however, one
pixel is divided into two sub-pixels so that two effective TFT
elements and two effective pixel electrodes are provided in
this one pixel (see, for example, Patent Document 1).
[0011] (Patent Document 1) Japanese Unexamined Patent
Publication 2006-309239

[0012] (Corresponding U.S. Application US2007/

0008263 A1)

SUMMARY OF THE INVENTION
Problem to Be Solved by the Invention

[0013] In the case of conventional general liquid crystal
display devices, the region occupied by one pixel in the above
described TFT substrates is usually equal to a region sur-
rounded by two adjacent scanning signal lines and two adja-
cent video signal lines. At this time, the TFT element in one
pixel has a gate that is connected to one scanning signal line
from among the two adjacent scanning signal lines and a drain
(or source) that is connected to one video signal line from
among the two adjacent video signal lines. In addition, the
source (or drain) of the above described TFT element is
connected to a pixel electrode.

[0014] Thatisto say, in the case of the conventional general
liquid crystal display devices, scanning signal lines, of which
the number is the same as the number of pixels aligned in the
direction in which the above described video signal lines
extend, are provided on the above described TFT substrate at
approximately the same intervals as the size of one pixel in the
direction in which the above described video signal lines
extend.

[0015] In addition, the TFT elements of the respective pix-
els are provided in the vicinity of each scanning signal line.
Therefore, in the case of the conventional general liquid crys-
tal display devices, one opening region in the light blocking
film provided on the above described facing substrate
becomes smaller than the region occupied by one pixel.
[0016] Accordingly, the region occupied by one pixel
becomes smaller due to, for example, an increase in the reso-
lution of the liquid crystal display device, the ratio of the
opening in each pixel becomes smaller, and such a problem
arises that the screen becomes darker.

[0017] In addition, in the case where the ratio of the open-
ing in each pixel is small, for example, such a problem arises
that it becomes necessary to provide a backlight having a light
source with high brightness in order to make the screen
brighter.

[0018] An object of the present invention is to provide a
technology which makes it possible to increase the ratio of the
opening in each pixel in a liquid crystal display device, for
example.

[0019] The above described and other objects as well as the
novel features of the present invention will be clarified by the
description in the present specification and the accompanying
drawings.

Means for Solving Problem

[0020] Typical inventions disclosed in the present specifi-
cation are outlined in the following.

[0021] (1)Aliquidcrystal display device, including a liquid
crystal display panel in which a liquid crystal material is
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sealed between a first substrate and a second substrate, the
above described first substrate having a number of scanning
signal lines, a number of video signal lines, a number of TFT
elements and a number of pixel electrodes, the above
described second substrate having a light blocking film which
extends in such locations as to overlap the above described
number of scanning signal lines and the above described
number of video signal lines, and the above described liquid
crystal display panel having a display region formed of a set
of pixels having the above described TFT elements and pixel
electrodes connected to the above described TFT elements,
wherein TFT elements of two pixels which are adjacent with
one scanning signal line in between respectively have a gate
connected to the scanning signal line and either a source or a
drain connected to a different video signal line, and between
two adjacent scanning signal lines, a pixel having a TFT
element of which the gate is connected to one scanning signal
line of the two scanning lines and another pixel having a TFT
element of which the gate is connected to the other scanning
signal line are aligned in the direction in which the above
described video signal lines extend, and either the sources or
the drains of the two TFT elements are connected to different
video signal lines.

[0022] (2) The liquid crystal display device according to the
above described (1), wherein two video signal lines run
between the pixel electrodes of two pixels which are adjacent
to each other in the direction in which the above described
scanning signal lines extend, and the pixel electrode of each
pixel is sandwiched between two adjacent video signal lines,
and in one pixel column made up of a number of pixels
aligned in the direction in which the above described video
signal lines extend, pixels having a TFT element of which the
source or drain is connected to one video signal line from
among two video signal lines which are adjacent to each other
with the pixel electrode of a pixel included in the pixel column
in between and pixels having a TFT element of which the
source or drain is connected to the other video signal line from
among the two video signal lines alternate.

[0023] (3) A liquid crystal display device, including a first
substrate and a second substrate which sandwich a liquid
crystal material, a number of video signal lines, a number of
scanning signal lines, a number of TFT elements and pixel
electrodes connected to the TFT elements being formed on
the above described first substrate, wherein the above
described number of video signal lines and the above
described number of scanning signal lines are formed in a
matrix with regions surrounded by the video signal lines and
the scanning signal lines being pixel regions, and two TFT
elements and two pixel electrodes which are respectively
connected to the two TFT elements are formed in each of the
above described pixel regions.

[0024] (4) The liquid crystal display device according to
(3), wherein the two TFT elements in one of the above
described pixel regions are respectively formed above two
scanning signal lines provided within the pixel region so as to
face each other.

[0025] (5) The liquid crystal display device according to
(3), wherein two TFT elements are formed between the above
described video signal lines and above the above described
scanning signal lines.

[0026] (6) The liquid crystal display device according to
(5), wherein two TFT elements formed between the above
described video signal lines and above the above described
scanning signal lines are respectively connected to the pixel
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electrodes in two pixel regions provided on the two sides of
the scanning signal line at the center.

[0027] (7) The liquid crystal display device according to
(3), wherein two video signal lines are formed between the
above described pixel regions.

[0028] (8) The liquid crystal display device according to
(3), wherein one counter electrode is formed in the above
described pixel regions.

[0029] (9) The liquid crystal display device according to
(3), wherein each pixel electrode in the above described pixel
regions has a number of slits, the slits in each pixel electrode
extending in two directions.

[0030] (10) The liquid crystal display device according to
(9), wherein the above described slits extend in the direction
which is not parallel to either the above described video signal
lines or the above described scanning signal lines.

[0031] (11) The liquid crystal display device according to
(3), wherein a light blocking film is formed on the above
described second substrate, the above described light block-
ing film being formed in such locations as to overlap the
above described video signal lines and the above described
scanning signal lines.

EFFECTS OF THE INVENTION

[0032] Inthe liquid crystal display device according to the
present invention, the ratio of the openings in each pixel can
be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1(a) is a schematic block diagram showing an
example of a schematic configuration of a liquid crystal dis-
play device;

[0034] FIG. 1(b) is a schematic plan diagram showing an
example of a schematic configuration of a liquid crystal dis-
play panel;

[0035] FIG. 1(c¢) is a schematic cross sectional diagram
showing an example of the configuration of the liquid crystal
display panel along line A-A' in FIG. 1(b);

[0036] FIG. 2(a) is a schematic circuit diagram showing an
example of the circuit configuration of each pixel in a con-
ventional liquid crystal display panel;

[0037] FIG. 2(b) is a schematic plan diagram showing an
example of the configuration of each pixel in a conventional
liquid crystal display panel as viewed from the facing sub-
strate side;

[0038] FIG. 3(a)is a schematic circuit diagram showing an
example of the circuit configuration of each pixel in the liquid
crystal display panel according to the present example;
[0039] FIG. 3(b) is a schematic plan diagram showing an
example of the configuration of each pixel in the liquid crystal
display panel according to the present example as viewed
from the facing substrate side;

[0040] FIG. 4(a) is a schematic plan diagram showing an
example in a plan layout of two pixels sandwiched between
two adjacent scanning signal lines in a TFT substrate;
[0041] FIG. 4(b) is a schematic cross sectional diagram
showing an example of the configuration of a liquid crystal
display panel along line B-B' in FIG. 4(a);

[0042] FIG. 4(c) is a schematic cross sectional diagram
showing an example of the configuration of a liquid crystal
display panel along line C-C' in FIG. 4(a);
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[0043] FIG. 4(d) is a schematic cross sectional diagram
showing an example of the configuration of a liquid crystal
display panel along line D-D' in FIG. 4(a); and

[0044] FIG. 5is a schematic plan diagram showing a modi-
fication of the plan layout shown in FIG. 4(a).

EXPLANATION OF SYMBOLS
[0045] 1...liquid crystal display panel

[0046] 101 ... TFT substrate

[0047] 102 ... facing substrate

[0048] 103 ... sealing material

[0049] 104 ...lower polarizing plate

[0050] 105 ... upper polarizing plate

[0051] LC...liquid crystal material

[0052] SUBI1, SUB2 ... insulating substrates

[0053] GL, GL,, GL,, GL,, GL;, GL, . .. scanning signal
lines

[0054] DL,DL,,DL,,DL,,DL,, DLs...video signal lines

[0055] PAS1 ... first insulating layer

[0056] SC...semiconductor layer

[0057] SD1 ... drain electrode

[0058] SD2...source electrode

[0059] PAS2 ... second insulating layer

[0060] PX...pixel electrode

[0061] CT ... counter electrode

[0062] SL ... capacitance maintaining line

[0063] BM. .. light blocking film

[0064] CF ... color filter

[0065] ORI1, ORI2... orientation films

[0066] Tr...TFT element

[0067] C, ... pixel capacitance

[0068] PB... pixel border

[0069] 2 ...data driver

[0070] 3...gate driver

[0071] 4 ... control circuit substrate

DETAILED DESCRIPTION OF THE INVENTION
Best Mode for Carrying Out the Invention

[0072] In the following, the present invention is described
in detail together with the embodiments (examples) in refer-
ence to the drawings.

[0073] Here, throughout the drawings for describing the
examples, the same symbols are attached to the components
having the same functions, and the descriptions are not
repeated.

[0074] FIGS. 1(a) to 1(c) are schematic diagrams for
describing an example of a schematic configuration of the
liquid crystal display device according to the present inven-
tion. FIG. 1(a) is a schematic block diagram showing an
example of a schematic configuration of the liquid crystal
display device. FIG. 1(b) is a schematic plan diagram show-
ing an example of a schematic configuration of the liquid
crystal display panel. FIG. 1(c) is a schematic cross sectional
diagram showing an example of the configuration of the lig-
uid crystal display panel along line A-A' in FIG. 1(b).
[0075] The liquid crystal display device according to the
present invention has a liquid crystal display panel 1, a data
driver 2, a gate driver 3 and a control circuit substrate 4 as
shown in FIG. 1(a), for example. Here, in the case where the
liquid crystal display device is of a transmission type or of a
semi-transmission type, the liquid crystal display device has
a backlight unit (light source) and the like in addition to the
above, though omitted in FIG. 1(a).
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[0076] The liquid crystal display panel 1 has a number of
scanning signal lines GL and a number of video signal lines
DL, and the region surrounded by the two scanning signal
lines which are placed on the outermost sides and the two
video signal lines which are placed on the outermost sides
corresponds to the display region DA for an image or a video
(display screen), for example. In addition, though omitted in
FIG.1(a), a TFT element and a pixel capacitance (which may
be referred to as liquid crystal capacitance) which function as
an active element are provided in each pixel that forms the
display region DA.

[0077] In addition, the liquid crystal display panel 1 is a
display panel in which a liquid crystal material LC is sealed
between a TFT substrate 101 and a facing substrate 102 as
shown in FIGS. 1(b) and 1(c), for example. At this time, the
TFT substrate 101 and the facing substrate 102 are made to
adhere by an annular sealing material 103 surrounding the
display region DA so that the liquid crystal material LC is
sealed airtight in the space surrounded by the TFT substrate
101, the facing substrate 102 and the sealing material 103.
Here, in the liquid crystal display panel 1 shown in FIG. 1(5),
the direction x is the direction in which the respective scan-
ning signal lines GL extend and the direction y is the direction
in which the respective video signal lines DL extend.

[0078] In addition, in the case where the liquid crystal
display device is of a transmission type or of a semi-trans-
mission type, a lower polarizing plate 104 and an upper polar-
izing plate 105 are respectively provided on the surfaces of
the TFT substrate 101 and the facing substrate 102 facing
outwards; in other words, on the rear surfaces of the substrates
facing the liquid crystal material LC. At this time, one or more
layers of phase difference plates may be provided between the
TFT substrate 101 and the lower polarizing plate 104 and
between the facing substrate 102 and the upper polarizing
plate 105, respectively.

[0079] In addition, in the case where the liquid crystal
display device is of a reflective type, the lower polarizing
plate 104 is generally unnecessary, and only the upper polar-
izing plate 105 and a phase difference plate (not shown) are
provided on the facing substrate 102 side.

[0080] The data driver 2 is a drive circuit for generating a
video signal, which is applied to each video signal line DL,
and controlling the timing according to which the signal is
applied. In addition, the gate driver 3 is a drive circuit for
controlling the period during which the gate of the TFT ele-
ment is turned on in the scanning signal applied to each
scanning signal line GL, for example.

[0081] Inaddition, the control circuit substrate 4 is a printed
circuit board, which is generally referred to as timing con-
troller (T-CON) substrate, and has a circuit which generates a
clock signal CS1 for controlling the operation of the data
driver 2 and a clock signal CS2 for controlling the operation
of'the gate driver 3 on the basis of the clock signal CS inputted
from the outside of the liquid crystal display device and
outputs the signals to the data driver 2 and the gate driver 3, for
example. In addition to this, the control circuit substrate 4 has
a circuit which converts the input gradation data Kin inputted
from the outside of the liquid crystal display device to an
output gradation data Kout which matches the type of display
and outputs the resulting data to the data driver 2, and supplies
part of the power voltage V inputted from the outside of the
liquid crystal display device to the data driver 2 and the gate
driver 3, for example.
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[0082] FIGS. 2(a) and 2(b) are schematic diagrams show-
ing an example of the configuration of each pixel in a con-
ventional liquid crystal display panel. FIG. 2(a) is a schematic
circuit diagram showing an example of the circuit configura-
tion of each pixel in the conventional liquid crystal display
panel. FIG. 2(b) is a schematic plan diagram showing an
example of the configuration of each pixel in the conventional
liquid crystal display panel as viewed from the facing sub-
strate side. Here, FIGS. 2(a) and 2(b) show the circuit con-
figuration for eight pixels, that is, two pixels in the width by
four pixels in the length, in the upper left corner portion of the
display region DA shown in FIGS. 1(a) and 1(4). In addition,
in the case it is necessary to distinguish the number of scan-
ning signal lines GL from each other in the descriptions in
reference to FIGS. 2(a) and 2(b), the symbols of the respec-
tive scanning signal lines are denoted by GL,, (nis either 0, 1,
2,3 or 4), and in the case where it is necessary to distinguish
the number of video signal lines DL, the symbols of the
respective video signal lines are denoted by DL, (m is any of
1,2 and 3).

[0083] A region occupied by one pixel in the conventional
active matrix type TFT liquid crystal display panels (liquid
crystal display devices) corresponds to a region surrounded
by two adjacent scanning signal lines GL and two adjacent
video signal lines DL (for example, the region surrounded by
the scanning signal lines GL, and GL, as well as the video
signal lines DL, and DL,) as shown in FIG. 2(a), for example.
Here, the scanning signal line GL, shown in FIG. 2(a) is a
dummy scanning signal line which is provided so that the
pixels located above the scanning signal line GL, have the
same circuit configuration as the pixels located beneath the
scanning signal lines GL,, for example.

[0084] At this time, one TFT element Tr and one pixel
capacitance C, . are provided in one pixel, for example. The
TFT element Tr has a gate connected to one scanning signal
line GL from among the two adjacent scanning signal lines
GL and a drain connected to one video signal line DL from
among the two adjacent video signal lines DL. In addition, the
pixel capacitance C, . is formed of a pixel electrode PX con-
nected to the source of the TFT element Tr, a liquid crystal
material LC and a counter electrode CT provided on either the
TFT substrate 101 or the facing substrate 102.

[0085] Here, though in the present specification, the drain
ofthe TFT element Tris connected to the video signal line DL
and the source is connected to the pixel electrode PX, the
opposite case is possible, that is to say, the source may be
connected to the video signal line DL and the drain may be
connected to the pixel electrode PX. In addition, in actual
liquid crystal display devices, the sources and the drains are
periodically switched depending on the relationships in the
potential between the video signal (gradation voltage)
applied to the video signal line DL and the common voltage
applied to the counter electrode CT.

[0086] Inthe case where the liquid crystal display device is
of a longitudinal electrical field drive system, the scanning
signal lines GL, the video signal lines DL, the TFT elements
Tr and the pixel electrodes PX, for example, in the configu-
ration shown in FIG. 2(a) are provided on the TFT substrate
101. In addition, in the case where the liquid crystal display
deviceis of a lateral electrical field drive system, the scanning
signal lines GL, the video signal lines DL, the TFT elements
Tr, the pixel electrodes PX and the counter electrodes CT, for
example, in the configuration shown in FIG. 2(a) are provided
on the TFT substrate 101. In addition, in either case, the
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scanning signal lines GL, the video signal lines DL, the TFT
elements Tr and the pixel electrodes PX are provided so that
the plan layout on the TFT substrate 101 reflects the circuit
configuration shown in FIG. 2(a).

[0087] In addition, a light blocking film in mesh form
which extends in such locations as to overlap (face) the scan-
ning signal lines GL and the video signal lines DL is provided
on the facing substrate 102 as described above. Therefore, the
configuration of the liquid crystal display panel 1 is that of the
one shown in FIG. 2(5) when viewed from the facing sub-
strate 102 side, and in this configuration, for example, a light
blocking film BM is provided in the region that is hatched.
Here, in FIG. 2(b), thick dotted lines extending in the direc-
tion x and dotted lines extending in the directiony in FIG. 2(b)
are the scanning signal lines GL,, and the video signal lines
DL, in FIG. 2(a), respectively. In addition, white rectangular
regions surrounded by the light blocking film BM are open-
ings through which light from a backlight unit, for example,
transmits, and thus, are regions which are responsible for the
gradation display in each pixel.

[0088] In addition, in the case where the conventional lig-
uid crystal display device corresponds to a color display, a
number of pixels aligned in the direction in which the video
signal lines DL extend (direction y) are responsible for the
gradation display for the same color from among the basic
colors in the color display. That is to say, in the case of an RGB
type color liquid crystal display device, a number of pixels
between the two adjacent video signal lines DL; and DL, are
respectively responsible for the gradation display for the
same color (for example, red).

[0089] Incidentally, in the conventional liquid crystal dis-
play device (liquid crystal display panel 1) as shown in FIG.
2(b), the opening in one pixel has a size PWx in the lateral
direction (direction x) which is smaller than the gap GLS
between two adjacent scanning signal lines GL and a size
PWy in the longitudinal direction which is smaller than the
gap DLS between two adjacent video signal lines DL. There-
fore, in the case where the gap GLS between two adjacent
scanning signal lines GL and the gap DLS between two
adjacent video signal lines DL become smaller due to an
increase in the resolution, for example, the area of the opening
in each pixel becomes smaller, and thus, such a problem arises
that the ratio of the opening lowers.

Example

[0090] FIGS. 3(a) and 3(b) are schematic diagrams show-
ing an example of the configuration of the liquid crystal
display panel according to one example of the present inven-
tion. FIG. 3(a) is a schematic circuit diagram showing an
example of the circuit configuration of each pixel in the liquid
crystal display panel according to the present example. FIG.
3(b) is a schematic plan diagram showing an example of the
configuration of each pixel in the liquid crystal display panel
according to the present example as viewed from the facing
substrate side. Here, FIGS. 3(a) and 3() show the circuit
configuration for eight pixels, that is to say, two pixels in the
width by four pixels in the length in the upper left corner
portion of the display region DA shown in FIGS. 1(a) and
1(b). In addition, in the case where it is necessary to distin-
guish a number of scanning signal lines GL from each otherin
the descriptions in reference to FIGS. 3(a) and 3(b), the
symbols of the respective scanning signal lines are denoted by
GL,, (n is either 1 or 2), and in the case where it is necessary
to distinguish a number of video signal lines DL from each
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other, the symbols of the respective scanning signal lines are
denoted by DL, (m is any of 1, 2, 3, 4 and 5).

[0091] Inthe liquid crystal display panel 1 according to the
present example, the number of scanning signal lines GL is
reduced to half the number of the pixels aligned in the direc-
tion in which the video signal lines DL extend (directiony) as
shown in FIG. 3(a), for example, so as to be provided at a ratio
of 1 for 2 pixels aligned in the direction in which the video
signal lines DL extend.

[0092] In addition, the number of video signal lines DL is
increased to two times greater than the number of pixels
aligned in the direction in which the scanning signal lines GL.
extend (direction x). At this time, the respective video signal
lines DL are provided so that the pixel electrode PX for one
pixel is sandwiched between two adjacent video signal lines
and two video signal lines run between the pixel electrodes
PX of two pixels which are adjacent in the direction in which
the scanning signal lines GL extend.

[0093] In addition, in the liquid crystal display panel 1
according to the present example also, one TFT element Tr
and one pixel capacitance CLC are provided to one pixel, for
example, so that the region occupied by one pixel corresponds
to aregion surrounded by one scanning signal line GL, a pixel
border PB which is adjacent to the scanning signal line GL,
and two video signal lines DL which are adjacent to each
other with the pixel electrode PX in between. That is to say, in
the liquid crystal display panel 1 according to the present
example, when a region surrounded by two adjacent scanning
signal lines GL (for example, scanning signal lines GL, and
GL,) and two adjacent video signal lines DL (for example,
video signal lines DL, and DL,) is one pixel region, two TFT
elements Tr and two pixel electrodes PX are provided in this
one pixel region.

[0094] Here, in the liquid crystal display panel 1 according
to the present example, two video signal lines DL (for
example, video signal lines DL, and DL,) are allocated for
one pixel column made up of a number of pixels aligned in the
direction in which the video signal lines extend (direction y),
and pixels having a TFT element of which the drain is con-
nected to one of the above described two video signal lines
and pixels having a TFT element of which the drain is con-
nected to the other video signal line alternate in this one pixel
column.

[0095] In addition, in the above described one pixel col-
umn, the gates of the TFT elements in two pixels which are
adjacent to each other with one scanning signal line GL in
between are connected to the same scanning signal line GL
and the drains are connected to different video signal lines.
[0096] In addition, between two adjacent scanning signal
lines GL in the above described one pixel column, a pixel
having a TFT element of which the gate is connected to one of
the two scanning signal lines GL and a pixel having a TFT
element of which the gate is connected to the other scanning
signal line GL are aligned. At this time, the drains of the TFT
elements in the two pixels between the two adjacent scanning
signal lines GL are connected to different video signal lines.
[0097] Inthe case where the liquid crystal display device is
of a longitudinal electrical field drive system, the scanning
signal lines GL, the video signal lines DL, the TFT elements
Tr and the pixel electrodes PX, for example, in the configu-
ration shown in FIG. 3(a) are provided on the TFT substrate
101. In addition, in the case where the liquid crystal display
device is of a lateral electrical field drive system, the scanning
signal lines GL, the video signal lines DL, the TFT elements
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Tr, the pixel electrodes PX and the counter electrodes CT, for
example, in the configuration shown in FIG. 3(a) are provided
on the TFT substrate 101. In addition, in either case, the
scanning signal lines GL, the video signal lines DL, the TFT
elements Tr and the pixel electrodes PX are provided so that
the plan layout on the TFT substrate 101 reflects the circuit
configuration shown in FIG. 3(a).

[0098] At this time, the configuration of the liquid crystal
display panel 1 as viewed from the facing substrate 102 side
is one of that as shown in FIG. 3(b), for example, when a light
blocking film BM is provided on the facing substrate 102 in
such locations as to overlap (face) the scanning signal lines
GL and the video signal lines DL as in the prior art. Here, in
FIG. 3(b) also, the light blocking film BM extends in the
hatched region, and white rectangular regions surrounded by
the light blocking film BM are openings through which light
from a backlight unit, for example, transmits, and are regions
which are responsible for the gradation display in each pixel.
[0099] Inthe liquid crystal display panel 1 according to the
present example, the number of the scanning signal lines GL
is reduced to halfof the number of pixels included in one pixel
column, and therefore, any components which block external
light (for example, TFT elements) are not provided in the
border between two pixels which are provided between two
adjacent scanning signal lines GL (pixel border PB). There-
fore, it is not necessary to provide a light blocking film in the
locations which face the pixel border PB, and thus, one open-
ing can be provided for two pixels placed between two adja-
cent scanning signal lines GL (one pixel region). At this time,
one opening for two pixels located between two adjacent
scanning signal lines GL becomes wider by the portion of the
light blocking film for the division into the two pixels which
is omitted as shown in FIG. 2(5), for example. Therefore, in
the liquid crystal display panel 1 according to the present
example, the ratio of the opening in each pixel becomes
higher than that shown in FIG. 2(b), and thus, the screen can
be prevented from becoming darker.

[0100] FIGS. 4(a) to 4(d) are schematic diagrams showing
an example of the configuration of the TFT substrate in the
liquid crystal display panel according to the present example.
FIG. 4(a) is a schematic plan diagram showing an example of
the plan layout for two pixels sandwiched between two adja-
cent scanning signal lines in the TFT substrate. FIG. 4(b) is a
schematic cross sectional diagram showing an example ofthe
configuration of the liquid crystal display panel along line
B-B' in FIG. 4(a). FIG. 4(c) is a schematic cross sectional
diagram showing an example of the configuration of the lig-
uid crystal display panel along line C-C' in FIG. 4(a). FIG.
4(d) is a schematic cross sectional diagram showing an
example of the configuration of the liquid crystal display
panel along line D-D' in FIG. 4(a).

[0101] In the case where the circuit configuration of the
liquid crystal display panel according to the present example
is applied to a liquid crystal display panel of a lateral electrical
field drive system, FIGS. 4(a) to 4(d) show the plan layout of
the TFT substrate 101 and the cross sections of the configu-
ration of the liquid crystal display panel, for example.
[0102] The TFT substrate 101 is a substrate where scanning
signal lines GL, video signal lines DL, TFT elements Tr, pixel
electrodes PX, counter electrodes CT and an orientation film
ORI1 are layered and provided on the surface of an insulating
substrate SUB1, such as a glass substrate, and the counter
electrodes CT, the scanning signal lines GL and the capaci-
tance holding lines SL are first formed on the surface of the
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insulating substrate SUB. The counter electrodes CT are
formed by etching a conductive film having a high light
transmittance, for example, an ITO film. The scanning signal
lines GL and the capacitance holding lines SL are formed by
etching a conductive film, for example, an aluminum film. At
this time, an ITO film and an aluminum film are formed in
sequence on the entire surface of the insulating substrate
SUB, and after that, the aluminum film is first etched so that
the scanning signal lines GL and the capacitance holding
lines SL are formed, and then, the ITO film is etched so that
the counter electrodes CT are formed.

[0103] Here, anITO film may be formed and etched so that
the counter electrodes CT are formed, and after that, an alu-
minum film may be formed and etched so that the scanning
signal lines GL and the capacitance holding lines SL are
formed.

[0104] Furthermore, an aluminum film may be formed and
etched so that the scanning signal lines GL and the capaci-
tance holding lines SL are formed, and after that, an ITO film
may be formed and etched so that the counter electrodes CT
are formed.

[0105] A firstinsulating layer PAS1, which functions as the
gate insulting film of the respective TFT elements, is formed
on the surface of the insulating substrate SUB on which the
counter electrodes CT and the scanning signal lines GL are
formed. The first insulating layer PAS1 is formed of a silicon
oxide film or a silicon nitride film, for example.

[0106] A semiconductor layer SC for the respective TFT
elements, video signal lines DL and the drain electrodes SD1
and the source electrodes SD2 of the respective TFT elements
are formed on the first insulating layer PAS1. The semicon-
ductor layer SC is formed by etching a semiconductor film,
such as of amorphous silicon or polycrystal silicon, for
example. The video signal lines DL as well as the drain
electrodes SD1 and the source electrodes SD2 of the respec-
tive TFT elements are formed by etching a conductive film,
such as an aluminum film. At this time, the video signal lines
DL as well as the drain electrodes SD1 and the source elec-
trodes SD2 of the respective TFT elements are formed after
the semiconductor layer SC and part of the drain electrodes
SD1 and the source electrodes SD2 extends from the surface
of the first insulating layer PAS1 onto the semiconductor
layer SC. At this time, the video signal lines DL and the drain
electrodes SD1 are integrally formed in general.

[0107] A second insulating layer PAS2 and pixel electrodes
PX are formed on the surface of the first insulating layer PAS1
on which the semiconductor layer SC and the video signal
lines DL are formed, and the pixel electrodes PX are con-
nected to the source electrodes SD2 via through holes TH.
The second insulating layer PAS2 is formed of a silicon oxide
film, a silicon nitride film, other organic insulating films or
inorganic insulating films, for example. In addition, the pixel
electrodes PX are formed by etching a conductive film having
a high light transmittance, for example, an ITO film.

[0108] In addition, in the case of a liquid crystal display
panel of a lateral electrical field drive system having such a
configuration in the cross section, the pixel electrodes PX are
in comb form in the plan view where a number of slits (open-
ings) are provided in the regions which overlap the counter
electrodes CT.

[0109] At this time, in the case where two pixel electrodes
PX sandwiched between two adjacent scanning signal lines
GL have such a form in the plan view that the pixel border PB
crosses the direction in which the scanning signal lines GL
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extend as shown in FIG. 4(a), for example, a change of color
from one pixel to the other (gradation) becomes gradual in the
vicinity of the pixel border PB.

[0110] Meanwhile, the facing substrate 102 is a substrate
where a light blocking film BM, color filters CF and an
orientation film ORI2 are layered and provided on the surface
of'an insulating substrate SUB2, such as a glass substrate, and
the light blocking film BM is first formed on the surface of the
insulating substrate SUB2, for example. The light blocking
film BM is formed by etching a conductive film having high
light blocking properties, for example, of chromium.

[0111] In addition, as shown in FIGS. 4(b) and 4(c) for
example, the light blocking film BM is provided in and
extends into such locations as to overlap (face) the scanning
signal lines GL and the video signal lines DL in the facing
substrate 102. At this time, the light blocking film BM in such
locations as to overlap the scanning signal lines GL are
formed so as to cover two capacitance holding lines S which
run with the scanning signal lines GL in between, for
example.

[0112] In addition, color filters CF are provided on the
surface of the insulating substrate SUB2 on which the light
blocking film BM is formed, for example. The color filters CF
are formed so as to have the same base color in the opening
regions of a number of pixels which are aligned in the direc-
tion in which the video signal lines DL extend, for example,
and have different base colors alternately in the opening
regions of a number of pixels which are aligned in the direc-
tion in which the scanning signal lines GL extend. That is to
say, in the case of an RGB type color liquid crystal display
panel, all the opening regions of the number of pixels aligned
in the direction in which the video signal lines DL extend are
any of the following three colors: red (R), green (G) and blue
(B). In addition, as for the number of opening regions aligned
in the direction in which the scanning signal lines DL extend,
red opening regions, green opening regions and blue opening
regions are repeated in this order, for example.

[0113] In the case where the TFT substrate 101 has a con-
figuration as described above, as shown in FIG. 4(d) for
example, no problem arises with the display of each pixel
even when there is no light blocking film BM in the border
portion PB between two pixels (pixel electrodes PX) between
two adjacent scanning signal lines GL on the facing substrate
102, and therefore, the ratio of the opening of the two pixels
can be increased. Thus, even in the case where the area occu-
pied by one pixel becomes smaller due to an increase in the
resolution of the liquid crystal display panel, for example, the
brightness of the screen can be maintained. In addition, the
brightness of the screen can be maintained without using a
backlight unit having high brightness, and therefore, an
increase in the power consumption can be prevented.

[0114] Furthermore, the number of the scanning signal
lines GL on the liquid crystal display panel 1 according to the
present example is half of that used in the general liquid
crystal display panels according to the prior art. Therefore, in
the case where the period for one frame in the liquid crystal
display device using the liquid crystal display panel 1 accord-
ing to the present example is set to the same time as in the
period of one frame in general liquid crystal devices accord-
ing to the prior art, the time during which a video signal
(gradation voltage) is written in the pixel electrode PX of each
pixel can be made approximately two times longer than the
time for general liquid crystal display devices according to
the prior art. Therefore, unevenness in the picture quality and
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deterioration in the picture quality due to a lack of writing can
be reduced in the liquid crystal display device using the liquid
crystal display panel 1 according to the present example, for
example.

[0115] Conversely, in the case where the time during which
a video signal (gradation voltage) is written in the pixel elec-
trode PX of each pixel in the liquid crystal display device
using the liquid crystal display panel 1 according to the
present example is set to be the same as that in the general
liquid crystal display devices according to the prior art, the
period for one frame can be made approximately half of the
period for one frame in the general liquid crystal display
devices according to the prior art. Therefore, it is easy to
increase the speed of display (drive), for example, in the
liquid crystal display device using the liquid crystal display
panel according to the present example.

[0116] FIG.5is a schematic plan diagram showing a modi-
fication of the plan layout shown in FIG. 4(a).

[0117] As anexample of a plan layout of the TFT substrate
101 in the liquid crystal display panel 1 according to the
present example, FIG. 4(a) shows an example where two
pixel electrodes PX sandwiched between two adjacent scan-
ning signal lines GL have such a form in a plane that the pixel
border PB becomes diagonal relative to the direction in which
the scanning signal lines GL extend.

[0118] However, the form of the two pixel electrodes PX in
a plane sandwiched between two adjacent scanning signal
lines GL is not limited to this, and as shown in FIG. 5 for
example, the pixel border PB may of course have such a form
as to be approximately parallel to the direction in which the
scanning signal lines GL extend.

[0119] In addition, in the TFT substrate 101 according to
the present example, the forms in a plane of the semiconduc-
tor layer SC, the drain electrode SD1 and the source electrode
SD2 inthe TFT elements TR and the direction and the number
of'slits in the pixel electrodes PX can of course be changed in
an appropriate manner.

[0120] Furthermore, though an example of a plan layout on
the TFT substrate 101 and a configuration of the liquid crystal
display panel 1 in the cross section are cited in the case where
the present example is applied to a liquid crystal display panel
1 of a lateral electrical field drive system, the invention is not
limited to this, and the arrangement can of course be applied
to a liquid crystal display panel 1 of a longitudinal electrical
field drive system.

[0121] Though the present invention is concretely
described on the basis of the above described example, the
present invention is not limited to the above described
example, and various modifications are of course possible
within the scope from which the gist of the invention is not
deviated.

[0122] Though an example where the present invention is
applied to a liquid crystal display panel (liquid crystal display
device) is cited as the above described example, the invention
is not limited to this, and the present invention can be applied
to a display panel having a configuration similar to the above
described liquid crystal display panel (for example, organic
EL display panel).
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1. A liquid crystal display device, comprising:

a first substrate and a second substrate which sandwich a

liquid crystal material,

a number of video signal lines, a number of scanning
signal lines, a number of TFT elements and pixel
electrodes connected to the TFT elements being
formed on the first substrate; and

pixel regions being formed in a matrix with regions
surrounded by two of the video signal lines and two of
the scanning signal lines, two TFT elements are
formed in each of the pixel regions, and two pixel
electrodes are formed in each of the pixel regions, the
two pixel electrodes being connected to different ones
of the two TFT elements in the pixel region;

wherein one counter electrode is formed in each of the
pixel regions, the counter electrode being formed
between a layer of the pixel electrode and the first
substrate;

wherein each pixel electrode in the pixel regions has a
number of slits, the slits in each pixel electrode
extending in two directions and the slits extend in a
direction which is not parallel to an extending direc-
tion of either of the video signal lines or the scanning
signal lines; and

wherein in the two pixel electrodes in one pixel region,
adjacent pixel electrode sides of each of the two pixel
electrodes are parallel to each other.

2. The liquid crystal display device according to claim 1,
wherein the adjacent pixel electrode sides of each of the two
pixel electrodes of the one pixel region are not parallel to
either of the video signal lines or the scanning signal lines.

3. The liquid crystal display device according to claim 1,
wherein non-adjacent sides of the two pixel electrodes in the
one pixel region are parallel to either of the video signal lines
or the scanning signal lines.

4. The liquid crystal display device according to claim 1,
wherein the two TFT elements in one of the pixel regions are
respectively formed above two scanning signal lines provided
within the pixel region so as to face each other.

5. The liquid crystal display device according to claim 1,
wherein two TFT elements are formed between the video
signal lines and above the scanning signal lines.

6. The liquid crystal display device according to claim 5,
wherein two TFT elements are formed between the video
signal lines, each of the two TFT being connected to the pixel
electrode of different pixel regions.

7. The liquid crystal display device according to claim 1,
wherein two video signal lines are formed between the pixel
regions.

8. The liquid crystal display device according to claim 1,
wherein a light blocking film is formed on the second sub-
strate, the light blocking film being formed in such locations
as to overlap the video signal lines and the scanning signal
lines.
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