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LIQUID CRYSTAL DISPLAY DEVICE AND
ELECTRONIC APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device and an electronic apparatus, and particularly to aliquid
crystal display device including pixel electrodes, each of
which has a plurality of tiny electrode bodies arranged
therein, and an electronic apparatus using the liquid crystal
display device as a display panel.

2. Description of the Related Art

As an active-matrix liquid crystal display device, a multi-
domain vertically aligned mode (MVA mode) has been pro-
posed. The MVA mode improves viewing angle characteris-
tics by providing slits in each pixel electrode to disperse the
direction in which liquid crystal molecules are inclined.

Each pixel electrode in a liquid crystal display device
driven in the MVA mode is divided into four areas along
boundaries, for example, the center line parallel to the hori-
zontal direction and the center line parallel to the vertical
direction. In each of the areas, slits extend along four direc-
tions from electrode bodies disposed in correspondence with
the center lines perpendicular to each other, and the slits
communicate with the periphery of the pixel electrode (see
JP-A-2006-189610, for example, and particularly see FIGS. 1
and 3 and the corresponding description).

SUMMARY OF THE INVENTION

Intheliquid crystal display device driven in the MVA mode
described above, however, signal lines, scan lines, power
lines, and other bus lines are disposed in such a way that each
pixel electrode overlays these bus lines. As a result, the elec-
tric field produced by the bus lines leaks through the slits and
affects the orientation of the liquid crystal molecules, result-
ing in light leakage against a black screen or other display
problems. When a white rectangle is displayed only at the
center of a full black screen, in particular, the black areas
above and below the white rectangle become slightly bright.
This is called crosstalk and a significant problem.

Thus, it is desirable to provide a liquid crystal display
device capable of preventing the orientation of liquid crystal
molecules from being disturbed due to the electric field leak-
ing through electrode members that form each pixel electrode
and hence capable of preventing light from leaking and pro-
viding excellent display characteristics. It is also desirable to
provide an electronic apparatus using the liquid crystal dis-
play device.

A liquid crystal display device according to an embodi-
ment of the present invention includes a plurality of pixel
electrodes and a common electrode insulated from the plu-
rality of pixel electrodes. In particular, each of the pixel
electrodes includes a frame-shaped connection electrode and
electrode bodies arranged in parallel to one another in a frame
of the connection electrode and supported by and connected
to the connection electrode.

An electronic apparatus according to another embodiment
of the invention includes a liquid crystal panel including the
thus configured pixel electrodes and common electrode.

In the thus configured liquid crystal display device, since
each of the pixel electrodes is formed of a plurality of elec-
trode bodies arranged in parallel to one another, applying
voltages to the pixel electrodes causes liquid crystal mol-
ecules having negative dielectric anisotropy to be aligned
with and inclined in the direction in which the electrode
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bodies extend. Each of the pixel electrodes includes a frame-
shaped connection electrode for connecting and supporting
the plurality of electrode bodies. As a result, disposing the
frame-shaped connection electrode in such a way that it over-
lays the wiring line connected to a thin-film transistor for
driving the corresponding pixel electrode allows the connec-
tion electrode to shield the wiring line and hence prevents the
electric field resulting from the voltage applied to the wiring
line from leaking through the slits between the electrode
bodies of the pixel electrode.

Since the embodiments of the present invention described
above can prevent the electric field from leaking through the
slits, a liquid crystal display device having high-contrast dis-
play characteristics without liquid crystal molecule orienta-
tion disturbance due to the electric field leakage and corre-
sponding light leakage and an electronic apparatus using the
liquid crystal display device can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an exemplary circuit configuration of a liquid
crystal display device of an embodiment;

FIG. 2 shows an example of the layout of a liquid crystal
display device 1 of a first embodiment;

FIG. 3 is a schematic cross-sectional configuration dia-
gram corresponding to the cross section taken along the line
A-A'inFIG. 2;

FIGS. 4A and 4B show images obtained by displaying in a
display area an image formed of a central white rectangle
against a fully black screen;

FIG. 5 shows an example of the layout of a liquid crystal
display device 1a of a second embodiment;

FIGS. 6A to 6E are plan views showing variations of a pixel
electrode used in the invention;

FIG. 7 is a perspective view showing a television to which
the invention is applied;

FIGS. 8A and 8B show a digital camera to which the
invention is applied, FIG. 8A being a front perspective view,
and FIG. 8B being a rear perspective view;

FIG. 9 is a perspective view showing a notebook personal
computer to which the invention is applied,

FIG.101s a perspective view showing a video camcorder to
which the invention is applied; and

FIGS. 11A to 11G show a portable terminal to which the
invention is applied, for example, a mobile phone, FIG. 11A
being a front view of the mobile phone in an unfolded state,
FIG. 11B being a side view of the unfolded mobile phone,
FIG. 11C being a front view of the mobile phone in a folded
state, FIG. 11D being a left side view of the folded mobile
phone, FIG. 11E being a right side view of the folded mobile
phone, FIG. 11F being a top view of the folded mobile phone,
and FIG. 11G being a bottom view of the folded mobile
phone.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the invention will be described below in
the following order.

1. First embodiment (an example in which a connection
electrode that forms a pixel electrode overlays wiring lines)

2. Second embodiment (an example in which a connection
electrode that forms a pixel electrode is shifted from wiring
lines)

3. Variations of the embodiments (variations in the shape of
the pixel electrode)
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1. First Embodiment

[Circuit Configuration of Liquid Crystal Display Device|

FIG. 1 shows an exemplary circuit configuration of a liquid
crystal display device 1 of the present embodiment. The cit-
cuit configuration of the liquid crystal display device 1 will
first be described with reference to FIG. 1.

In the liquid crystal display device 1 shown in FIG. 1, a
display area 3a and a peripheral area 35 around the display
area 3a are set on a substrate 3. In the display area 3a, a
plurality of scan lines 5 are disposed in a first direction (the
horizontal direction in the description) and a plurality of
signal lines 7 are disposed in a second direction (the vertical
direction in the description). Two common wiring lines 9 are
further disposed in the display area 3a for each of the scan
lines 5 on opposite sides thereof. A pixel a is provided in the
portion surrounded by a scan line 5,a common line 9, and two
signal lines 7, and the pixels 5 form a pixel array. On the other
hand, in the peripheral area 35 are disposed a scan line drive
circuit 54 that drives the scan lines 5 and a signal line drive
circuit 7b that supplies video signals (that is, input signals)
according to brightness information to the signal lines 7.

In each of the pixels (a), a pixel circuit formed of, for
example, a thin-film transistor Tr as a switching element and
a storage capacitor Cs is provided, and a pixel electrode 11 is
connected to the pixel circuit. The pixel electrode 11 is pro-
vided on an interlayer insulating film that covers the pixel
circuit, as will be described below in detail with reference to
aplan view and a cross-sectional view.

In the thin-film transistor Tr, the gate electrode is connected
to the corresponding scan line 5, the source electrode is con-
nected to the corresponding signal line 7, and the drain elec-
trode is connected to one of the electrodes of the storage
capacitor Cs and the pixel electrode 11. The thin-film transis-
tors Tr in two pixels (a) disposed on opposite sides of a scan
line 5 connect their gate electrodes to the shared scan line 5.
The other electrode of the capacitive element Cs is connected
to the corresponding common wiring line 9. The common
wiring line 9 is connected to a common electrode on the side
where a counter substrate (not shown in FIG. 1) is present.

In the configuration described above, the voltage of a video
signal written from the signal line 7 via the thin-film transistor
Tr is supplied to the pixel electrode 11. At the same time, the
same voltage is stored in the storage capacitor Cs.

The configuration of the pixel circuit described above is
presented only by way of example. A capacitive element may
be provided in the pixel circuit as necessary, or a plurality of
transistors may form the pixel circuit as necessary. Further, in
accordance with any change in the pixel circuit, a drive circuit
necessary due to the change may be added to the peripheral
area 3b.

[Layout of Liquid Crystal Display Device]

FIG. 2 shows an example of the layout of the liquid crystal
display device 1 according to the first embodiment. The lay-
out includes three pixels in the horizontal direction and one
pixel formed of two sub-pixels in the vertical direction, three
pixels in total. FIG. 3 is a schematic cross-sectional configu-
ration diagram corresponding to the cross section taken along
the line A-A' in FIG. 2. The components that are the same as
those in FIG. 1 have the same reference characters.

As shown in FIGS. 2 and 3, the scan lines 5 and the
common wiring lines 9 made of a material that excels in
conductivity, such as aluminum, are successively disposed in
the first direction (the horizontal direction in the description)
in a first layer on the substrate 3 formed of, for example, a
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glass substrate. A group of two common wiring lines 9 dis-
posed on opposite sides of one scan line 5 is repeatedly
disposed.

Each of the scan lines 5 extends in the horizontal direction
and is patterned to form the gate electrode 5g of the thin-film
transistor Tr in each of the pixels (a). Each of the common
wiring lines 9 extends in the horizontal direction and func-
tions as the lower electrode of the auxiliary capacitive ele-
ment (Cs) shown in FIG. 1 in each of the pixels (a).

The scan lines 5, each of which includes the gate electrode
5g, and the common wiring lines 9 described above are cov-
ered with agate insulating film 13, which is shown only in the
cross-sectional view.

Semiconductor layers 15, each of which is an active area of
the corresponding thin-film transistor Tr, are provided in a
second layer on the gate insulating film 13 in the positions
where the gate electrodes 5¢ are formed.

On the gate insulating film 13 on which the semiconductor
layers 15 are provided, the signal lines 7 and the source
electrodes 7s and the drain electrodes 74 of the thin-film
transistors Tr are provided. Each of the source electrodes 7s is
formed by extending the corresponding signal line 7 and
placed on the corresponding semiconductor layer 15 in each
of the pixels. The signal lines 7, the source electrodes 7s, and
the drain electrodes 7d are made of a material that excels in
conductivity, such as aluminum.

An insulating film 17, such as an overcoat layer (having a
film thickness of 2 pm) and a planarization insulating film,
shown only in the cross-sectional view is provided to cover
the semiconductor layers 15, the signal lines 7, the source
electrodes 7s, and the drain electrodes 7d described above.

The pixel electrodes 11 made of ITO or any other suitable
transparent conductive material are formed and arranged in a
third layer on the insulating film 17. Each of the pixel elec-
trodes 11 is connected to the corresponding drain electrode 7d
via a connection hole provided in the interlayer insulating
film 17. The portion sandwiched between the common wiring
line 9 as the lower electrode and the pixel electrode 11 located
thereabove is formed as the capacitive element (Cs) shown in
FIG. 1.

The first embodiment, in particular, is characterized in that
each of the pixel electrodes 11 is formed of a frame-shaped
connection electrode 11a and a plurality of electrode bodies
115 supported by the connection electrode 11a.

The frame-shaped connection electrode 1la is formed
along the contour of the pixel electrode 11 and overlays via
the insulating film (see FIG. 3) the wiring lines connected to
the thin-film transistor Tr for driving the pixel electrode 11,
such as the corresponding scan line 5, two signal lines 7, and
common wiring line 9. The process of disposing the connec-
tion electrode 11a in such a way that it overlays the wiring
lines 5, 7, and 9 is preferably carried out in such a way that the
wiring lines 5, 7, and 9 are not disposed inside the connection
electrode 11a. The connection electrode 11a may also be
disposed in such a way that it overlays the source electrode 7s
and the drain electrode 74 made of the same material as that
of the signal lines 7. The connection electrode 11a preferably
has a completely closed frame shape or may alternatively
have a frame shape with a slit present in part thereof.

The electrode bodies 115 are arranged in the frame of the
connection electrode 11a and connected to and supported by
the connection electrode 11a. The electrode bodies 115 are
configured as what is called a comb-tooth electrode as a
whole and arranged at predetermined spacings and parallel to
one another, whereby liquid crystal molecules m, which will
be described later, are oriented substantially along the elec-
trode bodies 115.
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The electrode bodies 116 are disposed in four areas
obtained by dividing the pixel electrode 11 along boundaries,
the center line parallel to the horizontal direction and the
center line parallel to the vertical direction, and extend in four
different directions inclined to the center lines by 45 degrees.
In this case, each of the electrode bodies 115 extends in each
of the areas from the inner edge of the connection electrode
11atoward the center of the pixel electrode 11. As a result, the
pixel electrode 11 has four areas al, a2, a3, and a4 in which
the respective electrode bodies 115 extend in different direc-
tions. The four areas form a multi-domain configuration in
which the liquid crystal molecules m, which will be described
later, are oriented in four different directions.

In the four areas obtained by dividing the pixel electrode
11, the width of the line-and-space (the electrode body 11 is
defined as the line) ranges from approximately 4 to 10 pm
when the line:the space=~1:1. For example, the width of the
line-and-space is 8 pm.

The electrode bodies 115 in the four areas obtained by
dividing the pixel electrode 11 are separated from each other
by slits S provided along the center lines of the pixel electrode
11, which are the boundaries between the areas. As a result,
the slits S work as oriented nuclei when the liquid crystal
molecules m, which will be described later, are oriented,
whereby the orientation is stably divided.

The thus configured pixel electrode 11 is covered with an
orientation film 19. The orientation film 19 is a vertical ori-
entation film that preferably imparts a pretilt angle for fast
response. Specifically, a pretilt angle is imparted by using a
PSA-based (Polymer-Sustained Alignment) method, optical
orientation, mask rubbing, and any other suitable method. In
the present embodiment, the orientation film 19 is preferably
a vertical orientation film having a pretilt angle of 89.5
degrees or smaller and having, for example, a film thickness
of approximately 0.1 um. Further, the azimuthal direction of
the pretilt angle is inclined to the signal lines 7, for example,
by 45 degrees.

Further, a counter electrode 21 shown only in the cross-
sectional view is provided over the thus configured driving
substrate 3 on the side where the pixel electrodes 11 are
formed. A black matrix 23 and color filters 25#, 25g, and 25b
are provided on the surface of the counter substrate 21 that
faces the pixel electrodes 11, and a common electrode 27
common to all the pixels is provided over the counter sub-
strate 21.

The black matrix 23 is disposed in such a way that it faces
and covers the gaps between the pixels (a)-(a) arranged in the
horizontal and vertical directions. Openings provided in the
black matrix 23 substantially work as pixel openings. It is
preferred that the black matrix 23 completely covers the scan
lines 5, the signal lines 7, and the common wiring lines 9. The
color filters 257, 25¢, and 255 are formed and arranged in
correspondence with the pixels (a) separated by the black
matrix 23.

The common electrode 27 described above is covered with
an orientation film 29. The orientation film 29 is also a vertical
orientation film that preferably imparts a pretilt angle, which
is similar to the orientation film 19 on the side where the
substrate 3 is present. The azimuthal direction of the pretilt
angle of the orientation film 29 is antiparallel to that of the
orientation film 19 on the side where the substrate 3 is present.

As shown only in the cross-sectional view, a liquid crystal
layer LC is disposed between the orientation film 19 on the
substrate 3 and the orientation film 29 on the counter substrate
21. The liquid crystal layer LC contains the liquid crystal
molecules m driven by turning the pixel electrodes 11 on and
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off. The liquid crystal molecules m are negative liquid crystal
material having negative dielectric anisotropy (An=0.8,
AE==-3, for example).

The distance between the substrate 3 and the counter sub-
strate 21, between which the liquid crystal layer LC is sand-
wiched, is maintained at a predetermined value (cell gap), for
example, by column-shaped spacers 31 interposed between
the substrate 3 and the counter substrate 21. In the present
embodiment, the cell gap is adjusted in such a way that a
phase difference of approximately A/2 (A/4 when the liquid
crystal display device is a reflective one) is produced in the
liquid crystallayer LC with the major axis of the liquid crystal
molecules m oriented in parallel to the direction in which the
electrode bodies 115 extend. In this case, the cell gap is
adjusted by providing the column-shaped spacers 31, for
example, made of a resist material and having a height of 4
pm.

A pair of polarizers (not shown) in the crossed-nicol state is
disposed outside the substrates 3 and 21 described above, and
a backlight (not shown) is disposed outside the polarizer on
the side where the substrate 3 is present. The liquid crystal
display device 1 is thus configured.

In the thus configured liquid crystal display device 1
described above, the pixel electrodes 11 and the common
electrode 27 face each other with the liquid crystal layer L.C
sandwiched therebetween, and a vertical electric field pro-
duced between the pixel electrodes 11 and the common elec-
trode 27 drives the liquid crystal layer LC. Each of the pixel
electrodes 11 is driven by the corresponding pixel circuit
having the thin-film transistor Tr, and the corresponding scan
line 5, two signal lines 7, and common wiring line disposed
below the pixel electrode 11 via the insulating film 17 on the
side where the substrate 3 is present.

The liquid crystal display device 1 of the embodiment
described above is a liquid crystal display device driven in the
VA-mode in which the liquid crystal molecules m follow the
pretilt angle of the orientation films 19 and 29 when no
voltage is applied to the pixel electrodes 11 and are oriented
substantially perpendicular to the surface of the substrate 3.
When no electric field is applied, the light from the backlight
disposed outside the substrate 3 is absorbed by the polarizer
on the side where the counter substrate 21 is present, resulting
in black display.

On the other hand, since each of the pixel electrodes 11 is
formed of a plurality of electrode bodies 114 disposed in
parallel to each other, the liquid crystal molecules m having
negative dielectric anisotropy are inclined in the four direc-
tions, which are the directions in which the electrode bodies
115 extend, when a voltage is applied to the pixel electrode
11. As a result, the liquid crystal molecules m are oriented in
such a way that the major axis thereof is parallel to the
directions in which the electrode bodies 115 extend, and a
phase difference of approximately A/2 is produced in the
liquid crystal layer LC, resulting in white display. In this
process, since the liquid crystal molecules m have a multi-
domain configuration in which the molecules are oriented in
the four different directions, the viewing angle characteristics
are improved.

In the liquid crystal display device 1 of the first embodi-
ment, in particular, the frame-shaped connection electrode
11a forms the outer shape of each of the pixel electrodes 11,
and the connection electrode 11a overlays the corresponding
scan line 5, two signal lines 7, and common wiring line 9. In
this configuration, the connection electrode 11a shields the
wiring lines 5, 7, and 9 described above, whereby the electric
field resulting from the voltages applied to the wiring lines 5,
7, and 9 will not leak through the slits between the electrode
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bodies 115 to the gap between the pixel electrodes 11 and the
common electrode 27. As a result, the vertical electric field
between the pixel electrodes 11 and the common electrode 27
is well maintained, resulting in high-contrast display charac-
teristics without liquid crystal molecule orientation distur-
bance due to electric field leakage and corresponding light
leakage.

The thus configured liquid crystal display device 1 may be
configured to carry out a display drive operation by using unit
pixels each of which is formed of two pixels (a) (sub-pixels)
that share one scan line 5. In this case, two adjacent pixels (a)
(sub-pixels) disposed, for example, in the direction in which
the corresponding two signal lines 7 extend form one unit
pixel.

In two sub-pixels (a) that form one unit pixel, the corre-
sponding pixel electrodes 11 may have different sizes from
each other. Further, the two sub-pixels may have a multi-pixel
structure in which they are driven by different voltages
(threshold values), and the grayscales of the sub-pixels may
be adjusted separately. This allows uniform-brightness dis-
play in the front and oblique directions within the viewing
angle and solves a “wash-out phenomenon,” in which the
brightness increases in the oblique directions within the view-
ing angle.

FIG. 4A shows a result obtained by driving the thus con-
figured liquid crystal display device 1 to display an image in
the display area 3a, the image formed of a central white
rectangle W against a fully black screen B. In each of the pixel
electrodes 11, the line (electrode body 115):the space=4 jum:4
um. The pretilt angle of each of the orientation films 19 and 29
is 89.5 degrees, and the liquid crystal layer LC contains
negative liquid crystal molecules m (An=0.8, Ac=-3). The
pixel electrodes 11 for two sub-pixels that form one unit pixel
have the same shape and are driven by the same drive voltage.
The number of pixels in the display area 3a is 1920x1080,
which forms a full high-vision screen.

As showninFIG. 4A, the display area 3a displays the white
rectangle W only at the center of the fully black screen B, and
the portion around the white rectangle W is kept in black
without any light leakage. It is thus ascertained that no
crosstalk occurs and no electric field leakage occurs from the
gap between the electrode bodies 115 and 115 of each of the
pixel electrodes 11 to the gap between the pixel electrodes 11
and the common electrode 27.

As a comparison, FIG. 4B shows an image obtained by
displaying the same image in aliquid crystal display device of
related art using pixel electrodes each of which has a configu-
ration in which no frame-shaped connection electrode is used
but a plurality of electrode bodies are connected to each other
at the center of the pixel electrode. As shownin FIG. 4B, there
appear gray areas A above and below the white rectangle Win
which the grayscale level decreases due to crosstalk. It is
therefore shown that electric field leakage to the gap between
the pixel electrodes 11 and the common electrode 27 causes
light leakage.

The crosstalk described above primarily results from the
voltage applied to the signal lines 7. Itis therefore possible to
prevent crosstalk by disposing the connection electrode 11a
of each ofthe pixel electrodes 11 in such a way that it overlays
the corresponding two signal lines 7, as described in the first
embodiment.

2. Second Embodiment

FIG. 5 shows an example of the layout of characteristic
portions of a liquid crystal display device 1« according to a
second embodiment. The layout includes three pixels in the
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horizontal direction and one pixel formed of two sub-pixels in
the vertical direction, three pixels in total. The liquid crystal
display device 1a of the second embodiment shown in FIG. 5
is similar to the display device of the first embodiment but
differs therefrom in that the connection electrode 11a of each
of part of the pixel electrodes 11 does not overlay the corre-
sponding wiring lines 5, 7, and 9.

That is, the liquid crystal display device 1a carries out a
display drive operation by using unit pixels each of which is
formed of two pixels (a) (sub-pixels) that share one scan line
5 and has a multi-pixel structure in which the two sub-pixels
(a) are driven by different voltages (threshold values). The
pixel electrode 11 provided in each of the sub-pixels (a) is the
same as the pixel electrode 11 in the first embodiment and has
a shape formed by the connection electrode 11a and the
electrode bodies 114.

In particular, the connection electrode 11a in a pixel elec-
trode 11-L of one of the two pixels (a) that form a unit pixel,
the one sub-pixel a driven by a lower threshold voltage, does
not completely overlay at least part of the wiring lines (the
corresponding two signal lines 7, for example) but is shifted
therefrom. For example, two portions of the connection elec-
trode 11a extending in the direction in which the signal lines
7 extend are disposed inside the corresponding signal lines 7
disposed on both side of the pixel electrode 11-L.

In the thus configured liquid crystal display device 1a,
since the connection electrode 11a of each of the pixel elec-
trodes 11 overlays the corresponding wiring lines 5, 7, and 9,
parasitic capacitance tends to be added between the pixel
electrode 11 and the wiring lines 5, 7, and 9. In the sub-pixel
a driven by a lower threshold voltage, in particular, the para-
sitic capacitance between the corresponding two signal lines
7 and the pixel electrode 11-L adversely affects the drive
operation of the pixel electrode 11-L. In the second embodi-
ment, however, since the portion of the connection electrode
11a of the pixel electrode 11-L that overlays the correspond-
ing two signal lines 71is small, the parasitic capacitance can be
reduced. As a result, even when a multi-pixel structure is
employed, the sub-pixel a driven by a lower threshold voltage
can be stably driven.
<Variations>

FIGS. 6A to 6F are plan views showing variations of each
of the pixel electrodes used in the invention.

A pixel electrode 11-1 shown in FIG. 6A differs from the
pixel electrode 11 in the first embodiment in that the electrode
bodies 115 disposed in the four areas al to a4 are connected
to each other at the boundaries thereof. The configuration
described above also allows high-contrast display character-
istics to be provided because the connection electrode 11a
shields the corresponding wiring lines 5, 7, and 9, as in the
first embodiment.

A pixel electrode 11-2 shown in FIG. 6B differs from the
pixel electrode 11 in the first embodiment in that the tips of the
electrode bodies 115 disposed in the four areas al to a4 are
alternately disposed along the boundaries thereof. The con-
figuration described above also allows high-contrast display
characteristics to be provided because the connection elec-
trode 11a shields the corresponding wiring lines 5,7, and 9, as
in the first embodiment. Further, in the configuration
described above, when the electrode bodies 115 are grouped
and disposed in the areas al to a4 obtained by dividing the
pixel electrode 11 and the slits S are provided, the width of the
slits S can be sufficiently reduced. It is therefore possible to
not only use theslits S as oriented nuclei for the liquid crystal
molecules to stably divide the orientation but also arrange the
electrode bodies 115 without any unnecessary gap in the
frame of the connection electrode 11a to effectively produce
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avertical electric field between the pixel electrodes 11 and the
common electrode, whereby the white transmittance can be
improved.

A pixel electrode 11-3 shown in FIG. 6C is formed only of
the electrode bodies 115 extending in a single direction, and
both ends of each of the electrode bodies 115 are connected to
the connection electrode 11a. The electrode bodies 115
extend in the direction inclined to, for example, the scan lines
or the signal lines by 45 degrees. A liquid crystal display
device provided with the thus configured pixel electrodes
11-3 has a mono-domain configuration in which the liquid
crystal molecules m are oriented only in a single direction
along the direction in which the electrode bodies 115 extend.
The configuration described above also allows high-contrast
display characteristics to be provided because the connection
electrode 114 shields the corresponding wiring lines 5, 7, and
9, as in the first embodiment. The direction in which the
electrode bodies 115 extend may alternatively be the direc-
tion along the scan lines or the signal lines.

A pixel electrode 11-4 shown in FIG. 6D is formed only of
the electrode bodies 115 extending in a single direction, and
only one end of each of the electrode bodies 115 is connected
to the connection electrode 11a. A slit S provided in a central
portion divides the pixel electrode 11-4 into two areas al and
a2. The electrode bodies 115 extend in parallel to, for
example, the scan lines. A liquid crystal display device pro-
vided with the thus configured pixel electrodes 11-4 has a
multi-domain configuration in which the slit S works as an
oriented nucleus and the liquid crystal molecules m are ori-
ented in the single direction along the direction in which the
electrode bodies 115 extend. The configuration described
above also allows high-contrast display characteristics to be
provided because the connection electrode 11a shields the
corresponding wiring lines 5, 7, and 9, as in the first embodi-
ment. The direction in which the electrode bodies 115 extend
may be the direction along the signal lines or the direction
inclined to the scan lines or the signal lines by 45 degrees.

A pixel electrode 11-5 shown in FIG. 6E has a configura-
tion in which a pad 11¢ for connecting the pixel electrode
11-5 to the drain electrode of the corresponding thin-film
transistor is provided at the center of the pixel electrode 11-4
shown in FIG. 6D. The pad 11c¢is supported by the connection
electrode 11a via a plurality of electrode bodies 114. The
configuration described above also allows high-contrast dis-
play characteristics to be provided because the connection
electrode 114 shields the corresponding wiring lines 5, 7, and
9, as in the first embodiment. Further, the pad 11¢ may also be
used as an oriented nucleus for the liquid crystal molecules to
stably divide the orientation. In this case, the pad 11c is
preferably disposed at the center of the pixel electrode 11. The
position in which the pad 11¢ is provided is not limited to the
center of the pixel electrode 11-5, but may be anywhere in the
pixel electrode 11-5. For example, the pad 11¢ may be pro-
vided in a position where it is directly supported by the
connection electrode 11a. The pad 11¢ may be provided in the
same manner in any of the pixel electrodes described in the
above embodiments and variations.
<Applications>

Any of the liquid crystal display devices according to the
embodiments of the invention described above can be used as
a display panel in a display section of a variety of electronic
apparatus shown in FIGS. 7 to 11G. For example, any of the
liquid crystal display devices can be used in a display section
of an electronic apparatus in any field in which a video signal
inputted to the electronic apparatus or a video signal pro-
duced in the electronic apparatus is displayed as an image,
such as digital cameras, notebook personal computers,
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mobile phones or other portable terminals, and video cam-
corders. Exemplary electronic apparatus to which the inven-
tion is applied will be described below.

FIG. 7 is a perspective view showing a television to which
the invention is applied. The television according to the
present application includes a video display screen 101
formed of a front panel 102, a filter glass plate 103, and other
components, and the video display screen 101 is produced by
using any of the display devices according to the embodi-
ments of the invention.

FIGS. 8A and 8B show a digital camera to which the
invention is applied. FIG. 8A is a front perspective view, and
FIG. 8B s a rear perspective view. The digital camera accord-
ing to the present application includes a flash light emitter
111, a display section 112, a menu switch 113, and a shutter
button 114, and the display section 112 is produced by using
any of the display devices according to the embodiments of
the invention.

FIG. 9 is a perspective view showing a notebook personal
computer to which the invention is applied. The notebook
personal computer according to the present application
includes a body 121, a keyboard 122 operated when charac-
ters and other information are inputted, a display section 123
on which an image is displayed, and the display section 123 is
produced by using any of the display devices according to the
embodiments of the invention.

FIG.101s a perspective view showing a video camcorder to
which the invention is applied. The video camcorder accord-
ing to the present application includes a body 131, a subject
imaging lens 132 provided on the side facing frontward, a
start/stop switch 133 used when video images are captured,
and a display section 134, and the display section 134 is
produced by using any of the display devices according to the
embodiments of the invention.

FIGS. 11A to 11G show a portable terminal to which the
invention is applied, for example, a mobile phone. FIG. 11A
is a front view of the mobile phone in an unfolded state. FIG.
11B is a side view of the unfolded mobile phone. FIG. 11C is
a front view of the mobile phone in a folded state. FIG. 11D
is a left side view of the folded mobile phone. FIG. 11E is a
right side view of the folded mobile phone. FIG. 11F is a top
view of the folded mobile phone. FIG. 11G is a bottom view
of the folded mobile phone. The mobile phone according to
the present application includes an upper housing 141, a
lower housing 142, a connection unit (a hinge in the present
application) 143, a display 144, a sub-display 145, a picture
light 146, and a camera 147, and the display 144 and the
sub-display 145 are produced by using any of the display
devices according to the embodiments of the invention.

The present application contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
2009-009524 filed in the Japan Patent Office on Jan. 20,2009,
the entire contents of which are hereby incorporated by ref-
erence.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed is:

1. A liquid crystal display device comprising:

a plurality of pixel electrodes formed of a frame-shaped
connection electrode and electrode bodies arranged in
parallel to one another in a frame of the connection
electrode and supported by and connected to the con-
nection electrode; and
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a common electrode insulated from the plurality of pixel
electrodes,

wherein a plurality of pixels formed of adjacent ones of the
plurality of pixel electrodes form one unit pixel, and

wherein the plurality of pixels that form a unit pixel are
driven at different threshold values,

awiring line connected to a thin-film transistor for driving
each of the plurality of pixel electrodes and disposed via
an insulating film in such a way that the wiring line and
the common electrode sandwich each of the plurality of
pixel electrodes,

wherein among the plurality of pixels, the connection elec-
trode of a corresponding pixel electrode in a pixel driven
at a low threshold value is disposed in a position where
the connection electrode is shifted from at least part of
the wiring line.

2. The liquid crystal display device according to claim 1,

further comprising a wiring line connected to a thin-film
transistor for driving each of the plurality of pixel elec-
trodes and disposed via an insulating film in such a way
that the wiring line and the common electrode sandwich
each of the plurality of pixel electrodes,

wherein the connection electrode of the plurality of pixel
electrodes overlays the wiring line.

3. The liquid crystal display device according to claim 2,

wherein the wiring line is a signal line.

4. The liquid crystal display device according to any of

claims 1 to 3,

further comprising a liquid crystal layer between a sub-
strate on which the plurality of pixel electrodes are
arranged and a counter substrate on which the common
electrode is provided.

5. The liquid crystal display device according to any of

claims 1 to 3,

wherein each of the plurality of pixel electrodes has a
plurality of areas in which the electrode bodies extend in
respective different directions.
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6. The liquid crystal display device according to claim 5,
wherein a slit is provided between the plurality of areas.
7. The liquid crystal display device according to any of
claims 1to 3,
wherein liquid crystal molecules driven by the plurality of
pixel electrodes have negative dielectric anisotropy.
8. The liquid crystal display device according to claim 7,
wherein an orientation film that covers the plurality of pixel
electrodes has a pretilt angle of 89.5 degrees or smaller.
9. An electronic apparatus comprising:
a display panel including
a plurality of pixel electrodes formed of a frame-shaped
connection electrode and electrode bodies arranged in
parallel to one another in a frame of the connection
electrode and supported by and connected to the con-
nection electrode, and
acommon electrode insulated from the plurality of pixel
electrodes,
wherein a plurality of pixels formed of adjacent ones of
the plurality of pixel electrodes form one unit pixel,
and
wherein the plurality of pixels that form a unit pixel are
driven at different threshold values,
awiring line connected to a thin-film transistor for driv-
ing each of the plurality of pixel electrodes and dis-
posed via an insulating film in such a way that the
wiring line and the common electrode sandwich each
of the plurality of pixel electrodes,
wherein among the plurality of pixels, the connection
electrode of a corresponding pixel electrode in a pixel
driven at a low threshold value is disposed in a posi-
tion where the connection electrode is shifted from at
least part of the wiring line.
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