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(54) LIQUID CRYSTAL DISPLAY DEVICE

(57) The present invention provides a liquid crystal
display device capable of enhancing the transmittance
and the display quality. The liquid crystal display device
includes a first substrate and a second substrate dis-
posed to face each other, and a liquid crystal layer sand-
wiched between the first substrate and the second sub-
strate, wherein the liquid crystal layer includes a liquid
crystal molecule having positive dielectric anisotropy; the
liquid crystal molecule is perpendicularly aligned relative
to a surface of the first substrate when no voltage is ap-
plied; the first substrate includes a signal line, a scanning
line, an insulating film, a first electrode to which an image
signal is provided through the signal line, and a second
electrode; the first electrode includes a first comb-tooth
portion; the second electrode includes a second comb-
tooth portion and a trunk portion connected to the second
comb-tooth portion; the first comb-tooth portion and the
second comb-tooth portion are planarly disposed to face
each other in a pixel; the second substrate has a third
electrode covering at least a display region; and the trunk
portion is disposed in a manner overlapping the signal
line and the scanning line at a position closer to the liquid
crystal layer than the signal line and the scanning line
with the insulating film sandwiched between the trunk
portion and each of the lines.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal
display device. More specifically, the present invention
relates to a liquid crystal display device that adopts an
oblique electric field system.

BACKGROUND ART

[0002] Active matrix liquid crystal display devices that
use an active element typified by a thin film transistor
(TFT) are widely used as display devices because of the
advantageous features such as thin profile, light weight,
and high image quality comparable to a cathode-ray tube.
The display systems of such active matrix liquid crystal
display devices are broadly classified into the following
two kinds of display systems.
[0003] The first kind is a vertical electric field system.
According to this system, a liquid crystal layer is driven
by an electric field in a direction approximately perpen-
dicular to a substrate surface, and light that is incident
on the liquid crystal layer is modulated and displayed.
Conventionally known liquid crystal modes of vertical
electric field system include TN (twisted nematic) mode
and MVA (multi-domain vertical alignment) mode.
[0004] The other kind is a transverse electric field sys-
tem. According to this system, a liquid crystal layer is
driven by an electric field in a direction approximately
parallel to a substrate surface. Conventionally known liq-
uid crystal modes of transverse electric field system in-
clude IPS (in-plane switching) mode.
[0005] Another example of the known transverse elec-
tric field system is a display system that uses a p-type
nematic liquid crystal as a liquid crystal material and reg-
ulates the alignment orientation of liquid crystal mole-
cules by driving the liquid crystal by means of a trans-
verse electric field using a pair of comb-shaped elec-
trodes that are provided on one of a pair of substrates
(see, for example, Patent Literature 1 and Patent Liter-
ature 2).
[0006] Moreover, as a display system other than the
above systems, an oblique electric field system is known.
According to this system, a liquid crystal layer is driven
by an electric field in a direction oblique to a substrate
surface. Specifically, for example, a liquid crystal display
device is known which includes a pair of substrates, a
liquid crystal enclosed between the pair of substrates, a
plurality of stripe electrodes per pixel formed on one of
the substrates, and a transparent electrode formed on
the other substrate to cover substantially the whole of
the substrate. In the liquid crystal device, the plurality of
stripe electrodes include a first group of stripe electrodes
and a second group of stripe electrodes, the first group
of electrodes and the second group of electrode being in
parallel to one another, the first group of stripe electrodes
receiving a first voltage, the second group of stripe elec-

trodes receiving a second voltage that is different from
the first voltage (see, for example, Patent Literature 3).

CITATION LIST

Patent Literature

[0007]

[Patent Literature 1] WO 09/139198
[Patent Literature 2] WO 09/139199
[Patent Literature 3] JP-A 2000-305100

SUMMARY OF INVENTION

Technical Problem

[0008] However, according to the technology in Patent
Literature 3, alignment of liquid crystal molecules in the
neighborhood of a signal line and a scanning line are
disturbed in some cases due to influences of an electric
field generated by the voltage applied to the signal line
and the scanning line. In such cases, the alignment of
the liquid crystal molecules is different from that of the
liquid crystal molecules in the center portion of the pixel.
Thus, uniform alignment of the liquid crystal molecules
is not achieved in the entire pixel, causing reduction in
the transmittance. Moreover, display defects such as
screen burn-in and image sticking derived from the non-
uniform alignment sometimes occur.
[0009] The present invention has been made in view
of the above circumstances and an object of the present
invention is to provide a liquid crystal display device ca-
pable of enhancing the transmittance and the display
quality.

Solution to Problem

[0010] The inventors of the present application have
conducted various studies on liquid crystal display de-
vices capable of enhancing the transmittance and the
display quality, and have focused their attention on an
electrode (second electrode) that is formed on the sub-
strate having a signal line and a scanning line, and faces
a pixel electrode (first electrode). As a result, they have
found that the influence of an electric field generated by
the signal line and the scanning line on liquid crystal mol-
ecules can be suppressed by disposing a part (trunk por-
tion) of the second electrode in a manner overlapping
the signal line and the scanning line at a position closer
to a liquid crystal layer than the signal line and the scan-
ning line with an insulating film sandwiched between the
part (trunk portion) and each of the lines. Thereby, the
alignment of the liquid crystal molecules in the neighbor-
hood of the signal line and the scanning line can be pre-
vented from being disturbed. Having realized that this
idea can beautifully solve the above problem, the inven-
tors have completed the present invention.
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[0011] Specifically, the present invention provides a
liquid crystal display device including a first substrate and
a second substrate disposed to face each other, and a
liquid crystal layer sandwiched between the first sub-
strate and the second substrate, wherein the liquid crystal
layer includes a liquid crystal molecule having positive
dielectric anisotropy; the liquid crystal molecule is per-
pendicularly aligned relative to a surface of the first sub-
strate when no voltage is applied; the first substrate in-
cludes a signal line, a scanning line, an insulating film, a
first electrode to which an image signal is provided
through the signal line, and a second electrode; the first
electrode includes a first comb-tooth portion; the second
electrode includes a second comb-tooth portion and a
trunk portion connected to the second comb-tooth por-
tion; the first comb-tooth portion and the second comb-
tooth portion are planarly disposed to face each other in
a pixel; the second substrate has a third electrode cov-
ering at least a display region; and the trunk portion is
disposed in a manner overlapping the signal line and the
scanning line at a position closer to the liquid crystal layer
than the signal line and the scanning line with the insu-
lating film sandwiched between the trunk portion and
each of the lines.
[0012] Meanwhile, the term "perpendicularly aligned"
used herein means that a pretilt angle is not necessarily
exactly 90°, and the term may refer to substantially ver-
tical alignment.
[0013] The display region includes a light-shielding re-
gion formed between pixels and/or in a pixel.
[0014] In the present invention, the pixel may be a pic-
ture element.
[0015] Moreover, in the present invention, the insulat-
ing film may be an interlayer insulating film.
[0016] The configuration of the liquid crystal display
device of the present invention is not especially limited
by other components as long as it essentially includes
such components.
Preferable embodiments of the liquid crystal display de-
vice of the present invention are mentioned in more detail
below. The following embodiments may be employed in
combination.
[0017] The proportion of the part of the trunk portion
overlapping the signal line and the scanning line may be
set appropriately. However, an embodiment (hereinafter,
also referred to as first embodiment) in which the trunk
portion covers the signal line and the scanning line is
preferable. This embodiment can prevent almost all the
influence of the electric field generated by the signal line
and the scanning line on the liquid crystal molecule.
Moreover, although pixels are limited by the design and
production process, this embodiment enables effective
and efficient placement of the first electrode and the sec-
ond electrode in a pixel.
[0018] In the first embodiment, the width (length in a
direction perpendicular to the longitudinal direction of the
trunk portion) of the part (part not overlapping the signal
line and the scanning line) of the trunk portion protruded

from the signal line and the scanning line may be 2 mm
or more. This arrangement can practically achieve pref-
erable transmittance.
[0019] The second electrode and the third electrode
may be grounded. Voltages of the same magnitude and
polarity (the same magnitude and the same polarity) or
voltages of different magnitudes and polarities (magni-
tudes different from each other and the polarities different
from each other) may be applied to the second electrode
and the third electrode. In either case, the effect of the
present invention can be exerted, while display with liquid
crystal is affordable.
[0020] Preferably, the second substrate further in-
cludes a color filter layer and a dielectric layer disposed
at a position closer to the liquid crystal layer than the
color filter, and the third electrode is disposed between
the color filter layer and the dielectric layer. Providing the
dielectric layer on a liquid crystal layer side of the third
electrode as mentioned earlier can enhance the trans-
mittance of the entire pixel. Moreover, by providing the
third electrode and the dielectric layer on a liquid crystal
side (between the color filter layer and the liquid crystal
layer) of the color filter layer, impurities from the color
filter layer can be prevented from being eluted to the liquid
crystal layer. This arrangement improves credibility.

Advantageous Effects of Invention

[0021] The liquid crystal display device of the present
invention can enhance the transmittance. Moreover,
since screen burn-in and image sticking are less likely to
occur in the liquid crystal display device of the present
invention, the display quality can be enhanced.

BRIEF DESCRIPTION OF DRAWINGS

[0022]

Fig. 1 is a planar schematic view showing a liquid
crystal display device according to Embodiment 1.
Fig. 2 is an A-B line cross-sectional view of Fig. 1.
Fig. 3 is a C-D line cross-sectional view of Fig. 1
Fig. 4 is a cross-sectional view showing the liquid
crystal display device according to Embodiment 1
which is a model used for simulation.
Fig. 5 shows the transmittance of the liquid crystal
display device according to Embodiment 1 that is
obtained by simulation.
Fig. 6 is a cross-sectional view showing a liquid crys-
tal display device according to Comparative Exam-
ple 1

DESCRIPTION OF EMBODIMENT

[0023] The present invention will be mentioned in more
detail referring to the drawings in the following embodi-
ments, but is not limited to these embodiments.
[0024] In the embodiments below, the 3 o’clock direc-
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tion, the 12 o’clock direction, the 9 o’clock direction and
the 6 o’clock direction denote respectively a 0° direction
(orientation), a 90° direction (orientation), a 180° direc-
tion (orientation) and a 270° direction (orientation); while
the direction running through 3 o’clock and 9 o’clock is a
left-right direction and the direction running through 12
o’clock to 6 o’clock is a top-down direction, in a front view
of the liquid crystal display device, i.e. in a front view of
surfaces of the active matrix substrate and the counter
substrate.
[0025] Further, in the drawings below, although one
picture element (subpixel) is shown, a plurality of pixels
are provided in a matrix shape in a display region (region
to display images) of the liquid crystal display device of
each embodiment. Each pixel consists of a plurality (nor-
mally three pieces) of picture elements.

(Embodiment 1)

[0026] A liquid crystal display device according to the
present embodiment displays image by generating an
electric field in a direction oblique to a substrate surface
so that the alignment of the liquid crystal molecules is
controlled by the electric field.
[0027] The liquid crystal display device of the present
embodiment includes a liquid crystal display panel. As
shown in Figs. 2 and 3, the liquid crystal display panel
has an active matrix substrate (TFT array substrate) 1
and an counter substrate 2 that are a pair of substrates
disposed to face each other, and a liquid crystal layer 3
sandwiched between the substrates 1 and 2. The sub-
strate 1 is disposed at a back side of the liquid crystal
display device, and the substrate 2 is disposed at an ob-
servation side of the liquid crystal display device.
[0028] A pair of linear polarizers (not shown) are pro-
vided at the opposite sides to the liquid crystal layer 3 of
the substrates 1 and 2. The pair of linear polarizers are
disposed in a cross-Nichol arrangement. An absorption
axis of one of the pair of linear polarizers is arranged in
an angle of 45°, and an absorption axis of the other of
the pair of linear polarizers is arranged in an angle of
135°. An optical film such as a retardation film may be
provided at least one of a position between the substrate
1 and one of the polarizers and a position between the
substrate 2 and the other polarizer.
[0029] The substrates 1 and 2 are attached to each
other with a sealing material provided so as to surround
the display region. The substrates 1 and 2 are disposed
to face each other through spacers such as plastic beads.
The liquid crystal layer 3 is formed by filling a liquid crystal
material as a display medium constituting an optical mod-
ulation layer in the gap between the substrates 1 and 2.
Vertical alignment films 19 and 44 are respectively pro-
vided on the surfaces on the liquid crystal layer 3 sides
of the substrates 1 and 2.
[0030] The liquid crystal layer 3 includes a nematic liq-
uid crystal material that has positive dielectric anisotropy.
Liquid crystal molecules (hereinafter, also referred to

simply as nematic liquid crystal) of the material exhibit a
homeotropic alignment when no voltage is applied there-
to (when no electric field is generated by the three elec-
trodes described later) under the effect of an alignment
regulating force of the vertical alignment films 19 and 44.
[0031] Thus, since the liquid crystal display panel of
the present embodiment has a pair of polarizers that are
disposed in a cross-Nichol arrangement and the vertical-
alignment type liquid crystal layer 3 as well, the liquid
crystal display panel is of a normally black mode.
[0032] The vertical alignment films 19 and 44 are
formed by coating of a known alignment film material
such as polyimide. Although the vertical alignment films
19 and 44 are normally not subjected to a rubbing treat-
ment, the vertical alignment films can align nematic liquid
crystal in substantially a perpendicular direction relative
to the film surface when no voltage is applied.
[0033] Panel retardation dΔn (the product of a cell
thickness d and a birefringence index Δn of the liquid
crystal material) is 280 to 450 nm (preferably 300 to 360
nm). The panel retardation dΔn of more than 450 nm may
decrease the transmittance. The panel retardation dΔn
of less than 280 nm may deteriorate the viewing angle
characteristics.
[0034] The counter substrate 2 includes a colorless
transparent insulating substrate 40 formed from glass,
plastic, or the like. On a main surface on the liquid crystal
layer 3 side of the insulating substrate 40, a color filter
layer 41, a solid electrode 42 (counter electrode corre-
sponding to the third electrode), a dielectric layer (insu-
lating layer) 43, and the vertical alignment film 44 are
formed in the stated order.
[0035] The color filter layer 41 includes a plurality of
color layers (color filters) provided corresponding to re-
spective picture elements. The color layers are used for
color image display, and are formed of a transparent or-
ganic insulating film or the like such as an acrylic resin
that contains a pigment, and are mainly formed on picture
element regions. This configuration enables color dis-
play. Each pixel is constituted by three picture elements
that respectively output colored light of R (red), G (green)
and B (blue). Note that the types and number of colors
of the picture elements constituting each pixel are not
particularly limited, and may be set appropriately. Name-
ly, each pixel may be constituted, for example, by picture
elements of three colors such as cyan, magenta, and
yellow, or may be constituted by picture elements of four
or more colors.
[0036] The color filter layer 41 may further include a
black matrix (BM) layer which blocks light between each
of the picture elements. The BM layer may be formed of
an opaque metal films of chrome or the like, or an opaque
organic film of acrylic resin containing carbon, or the like.
The BM layer is formed in a region corresponding to a
boundary region of adjacent picture elements.
[0037] The solid electrode 42 is formed of a transparent
conductive film such as an ITO film and an IZO film. The
solid electrode 42, the dielectric layer 43, and the vertical
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alignment film 44 are formed without breaks so as to cov-
er at least the entire display region. A predetermined po-
tential shared by the picture elements is applied to the
solid electrode 42.
[0038] The dielectric layer 43 is formed from a trans-
parent insulating material. More specifically, the dielec-
tric layer 42 is formed of an inorganic insulating film such
as a silicon nitride film, or from an organic insulating film
such as an acrylic resin film, or the like.
[0039] The film thickness of the dielectric layer 43
formed from an organic material is approximately 1.0 to
3.0 mm.
[0040]  By providing the solid electrode 42 and the di-
electric layer 43 both at positions closer to the liquid crys-
tal layer 3 side than the color filter layer 41, impurities
from the color filter layer 41 can be prevented from being
eluted to the liquid crystal layer 3. This arrangement im-
proves credibility. Furthermore, display having high con-
trast characteristics and little image roughness can be
obtained. If irregularity exists in the boundary between
the counter substrate 2 and the liquid crystal layer 3, the
irregularity disturbs the electric field. Thus, the alignment
of the nematic liquid crystal is disturbed, resulting in for-
mation of unwanted domains. Moreover, if irregularity ex-
ists, the nematic liquid crystal are not perpendicularly
aligned at the irregular part when no voltage is applied
(during black display), and as a result, the contrast char-
acteristic is deteriorated.
[0041] The active matrix substrate 1 includes a color-
less transparent insulating substrate 10 formed from
glass, plastic, or the like. As shown in Fig. 1, on a main
surface on the liquid crystal layer 3 side of the insulating
substrate 10, a plurality of signal lines (source bus lines)
11, a plurality of scanning lines (gate bus lines) 12, a
plurality of storage capacitor lines (not shown), a plurality
of thin film transistors (TFTs) 14, a plurality of pixel elec-
trodes 20 (corresponding to the first electrodes) individ-
ually provided to each picture element, and a common
electrode 30 (corresponding to the second electrode)
which is provided in common with the plurality of picture
elements (for example, all picture elements) are provid-
ed. The TFTs 14 are switching elements (active ele-
ments) and are provided individually for each picture el-
ement.
[0042] With respect to a cross-sectional structure of
the substrate 1, the scanning lines 12 and the storage
capacitor lines are provided on the insulating substrate
10. A gate insulating film 17 is provided on the scanning
lines 12 and the storage capacitor lines. The signal lines
11 are provided on the gate insulating film 17. An inter-
layer insulating film 18 is provided on the signal lines 11.
The electrodes 20 and 30 are provided on the interlayer
insulating film 18. The vertical alignment film 19 is pro-
vided on the electrodes 20 and 30.
[0043] The scanning lines 12 and the storage capacitor
lines are formed of metal films having high melting points
such as molybdenum films and tantalum films. The gate
insulating film 17 is formed of a transparent inorganic

insulating film such as a silicon oxide film and a silicon
nitride film. The signal lines 11 are formed of a low re-
sistance metal film such as an aluminum film. The inter-
layer insulating film 18 is formed from transparent insu-
lation materials, specifically, formed of an inorganic in-
sulating film such as a silicon oxide film and a silicon
nitride film; a transparent organic insulating film such as
an acrylic resin film; or the like. The interlayer insulating
film 18 may include a plurality of layers respectively
formed from different materials from one another, or may
be a laminate of an inorganic insulating film and an or-
ganic insulating film. The electrodes 20 and 30 are
formed of transparent conductive films such as ITO films
and IZO films; metal films such as aluminum films and
chrome films; or the like.
[0044] The signal lines 11 are disposed linearly in par-
allel with one another, and extend in a top-down direction
between adjacent picture elements. The scanning lines
12 are disposed linearly in parallel with one another, and
extend in a left-right direction between adjacent picture
elements. The signal lines 11 and the scanning lines 12
are orthogonally crossed each other. Each of regions
separated by the signal lines 11 and the scanning lines
12 forms an approximately single picture element region.
The signal lines 11 are connected to a source driver at
an outside of the display region. The scanning lines 12
are connected to a gate driver at an outside of the display
region while functioning as a gate of the TFTs 14 in the
display region. Moreover, pulsed scanning signals are
supplied at a predetermined timing from the gate driver
to the scanning lines 12. The scanning signals are applied
to the TFTs 14 by a line sequential system.
[0045] The TFTs 14 are provided in the neighborhoods
of the signal lines 11 and the scanning lines 12. Each of
the TFTs 14 includes a semiconductor layer 15 formed
in an island shape on the scanning line 12 and also in-
cludes a source electrode 11a functioning as a source
and a drain electrode 13 functioning as a drain. The
source electrode 11a connects the TFT 14 and the signal
line 11. The drain electrode 13 connects the TFT 14 and
the picture electrode 20. The source electrode 11a and
the signal lines 11 are formed of the same film by pat-
terning, and thus are connected to each other. The drain
electrode 13 is provided on the gate insulating film 17 in
the same manner as the source electrode 11a and the
signal lines 11, and is connected to the pixel electrode
20 through a contact hole 16 provided in the interlayer
insulating film 18.
[0046] The TFTs 14 enter an on state for only a fixed
time period upon input of a scanning signal, and while
the TFTs 14 are an on state, an image signal is supplied
from the signal lines 11 at a predetermined timing to the
pixel electrodes 20. Thereby, the image signal is written
in the liquid crystal layer 3. Meanwhile, a predetermined
potential that is common to the picture elements is ap-
plied to the common electrode 30.
[0047] After being written to the liquid crystal layer 3,
the image signal is retained for a fixed time period be-
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tween the pixel electrode 20 to which the image signal
is supplied and the common electrode 30 facing the pixel
electrode 20 and between the pixel electrode 20 and the
solid electrode 42 facing the pixel electrodes 20. That is,
a capacitance (liquid crystal capacitance) is formed for
a fixed time period between the pixel electrodes. In order
to prevent leakage of the retained image signal, a storage
capacitance is formed in parallel with the liquid crystal
capacitance. The storage capacitance is formed in a pic-
ture element between an electrode (not shown) connect-
ed to the drain electrode 13 and the storage capacitor
line. The storage capacitor line is formed in parallel with
the scanning line 12.
[0048] Except for the time period of black display, the
voltage applied to the pixel electrode 20 is different from
the voltage applied to the common electrode 30 and the
voltage applied to the solid electrode 42.
[0049] The pixel electrode 20 has a comb shape in a
plan view and includes a linear trunk portion (pixel trunk
portion 21) and a plurality of linear comb-tooth portions
(pixel comb-tooth portions 22). The pixel trunk portion 21
is provided along a shorter side (bottom side) of the pic-
ture element. The pixel comb-tooth portions 22 are con-
nected to the pixel trunk portion 21, and thereby they are
connected to one another. Each of the comb-tooth por-
tions 22 extends from the pixel trunk portion 21 towards
a shorter side (upper side) of the picture element that
faces the pixel trunk portion 21, namely extends in an
angle of substantially 90°. The pixel trunk portion 21 and
the pixel comb-tooth portions 22 are formed of the same
film by patterning, and thus are connected to one another.
[0050] The common electrode 30 includes a comb
shape in a plan view, and has a trunk portion (common
trunk portion 31) with a lattice shape in a plan view and
a plurality of linear comb-tooth portions (common comb-
tooth portions 32). The common trunk portion 31 is
formed in top-down and left-right directions to overlap
the scanning lines 12 and the signal lines 11. Preferably,
the common trunk portion 31 fully covers the scanning
lines 12 and the signal lines 11. Each of the common
comb-tooth portions 32 extends from a part of the com-
mon trunk portion 31 at an upper side of the picture ele-
ment towards the opposite lower side, namely, in a di-
rection in an angle of substantially 270°. The common
trunk portion 31 and the common comb-tooth portions
32 are formed of the same film by patterning, and thus
are connected one another.
[0051] Accordingly, the pixel electrode 20 and the com-
mon electrode 30 are disposed to face each other with
the comb-tooth portions (pixel comb-tooth portions 22,
common comb-tooth portions 32) of the respective elec-
trodes engaging with each other. The pixel comb-tooth
portions 22 and the common comb-tooth portions 32 are
alternately disposed in parallel with each other with a
spacing in between. Moreover, the pixel comb-tooth por-
tions 22 are disposed in parallel with the parts of the
common trunk portion 31 that overlap the signal lines 11.
[0052] The widths (minimum width) of the pixel comb-

tooth portions 22 and the common comb-tooth portions
32 are not particularly limited, and each width may be set
appropriately.
[0053] The length of the spacing between the pixel
electrode 20 and the common electrode 30 is not partic-
ularly limited, and each length of the spacing may be set
appropriately. Meanwhile, the spacing between the pixel
electrode 20 and the common electrode 30 herein is a
spacing (hereinafter also referred simply to as electrode
spacing S) between the pixel electrode 20 and the com-
mon electrode 30, specifically a spacing between the pix-
el comb-tooth portion 22 and the common comb-tooth
portion 32 in a widthwise direction (direction perpendic-
ular to the longitudinal direction).
[0054] In the present embodiment mentioned earlier,
when a voltage is applied, an oblique electric field (elec-
tric field that is oblique to the main surfaces of the sub-
strates 1 and 2) is generated from the pixel electrode 20
towards the solid electrode 42. Moreover, a transverse
electric field (electric field that is parallel to the main sur-
faces of the substrates 1 and 2) is generated from the
pixel electrode 20 towards the common electrode 30. The
transverse electric field functions to facilitate generation
of the oblique electric field. Due to the presence of the
transverse electric field, the oblique electric field is not
so much weakened even at a position away from the
pixel electrode 20. Therefore, the nematic liquid crystal
that has been perpendicularly aligned when no voltage
has been applied is aligned in parallel with the oblique
electric field when a voltage is applied.
[0055] In the case where the solid electrode 42 is ad-
jacent to the vertical alignment film 44, equipotential lines
are concentrated in a neighborhood of the boundary of
the counter substrate 2 and the liquid crystal layer 3. For
this reason, a component in a normal direction of the
oblique electric field becomes strong in the liquid crystal
layer 3. As a result, the nematic liquid crystal is not laid
sufficiently in some cases. In contrast, in the present em-
bodiment, since the dielectric layer 43 is provided on the
liquid crystal layer 3 side of the solid electrode 42, it is
possible to prevent the equipotential lines from being
concentrated in a neighborhood of the boundary of the
counter substrate 2 and the liquid crystal layer 3. Thus,
the component in a normal direction of the oblique electric
field in the liquid crystal layer 3 can be weakened. As a
result, the nematic liquid crystal can be laid sufficiently,
leading to enhancement of the transmittance of the entire
picture element.
[0056] In the present embodiment, the common trunk
portion 31 is disposed at a position closer to the liquid
crystal layer 3 than the scanning lines 12 with the inter-
layer insulating film 18 sandwiched in between and also
at a position closer to the liquid crystal layer 3 than the
signal lines 11 with the gate insulating film 17 and the
interlayer insulating film 18 sandwiched in between.
Moreover, the common trunk portion 31 overlaps the sig-
nal lines 11 and the scanning lines 12. Therefore, an
electric field generated by the signal lines 11 and the
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scanning lines 12 can be blocked by the common trunk
portion 31. That is, since it is possible to prevent the elec-
tric field from affecting the nematic liquid crystal, distur-
bance in the alignment of the nematic liquid crystal in the
neighborhoods of the signal lines 11 and the scanning
lines 12 can be avoided. As a result, reduction in the
transmittance can be suppressed. Moreover, display de-
fects such as screen burn-in and image sticking derived
from the non-uniform alignment can be prevented from
occurring.
[0057]  The common electrode 30 and the solid elec-
trode 42 may be grounded. Voltages of the same mag-
nitude and polarity, or voltages of different magnitudes
and polarities may be applied to the common electrode
30 and the solid electrode 42. In either case, the trans-
mittance and the display quality can be enhanced, while
achieving the display of the display system according to
the present embodiment.
[0058] In the present embodiment, since the trunk por-
tion 31 covers the signal lines 11 and the scanning lines
12, almost all influence of the electric field generated by
the signal lines 11 and the scanning lines 12 on the
nematic liquid crystal can be avoided. Moreover, the re-
gion between the common trunk portion 31 and the pixel
comb-tooth portion 22, namely an edge portion of the
picture element, can be used for display. Therefore, the
pixel electrode 20 and the common electrode 30 can be
efficiently and effectively arranged in the picture element,
which further enhances the transmittance. Moreover, in
the present embodiment, if the trunk portion 31 is formed
from an opaque material, the common trunk portion 31
can efficiently block light between the picture elements.
It is thus not necessary to form a black matrix (BM) layer
in the counter substrate 2.
[0059] The pixel electrode 20 and the common elec-
trode 30 are formed by photolithography by patterning
the same film in the same process, and are disposed on
the same layer (same insulation layer).
[0060] The number of the pixel comb-tooth portions 22
and the number of the common comb-tooth portions 32
are not particularly limited as long as each of the pixel
comb-tooth portions 22 and each of the common comb-
tooth portions 32 are alternately disposed in a picture
element, and the numbers may be set appropriately.
[0061] In the embodiment shown in Fig. 1, two domains
in which the tilt direction of the nematic liquid crystal is
opposite to each other are formed in a picture element.
The number of the domains is not particularly limited, and
may be set appropriately. In terms of achieving good
viewing angle characteristics, four domains may be
formed in a picture element.
[0062] Moreover, two or more regions having different
electrode spacing S from one another may be formed in
a picture element. For example, a region having a rela-
tively narrow electrode spacing (spacing Sn region) and
a region having a relatively wide electrode spacing (spac-
ing Sw region) may be formed in a picture element. This
arrangement allows each of the regions to have a differ-

ent threshold of the VT characteristic from one another.
Therefore, the angle of the VT characteristic (VT curve)
of the entire picture element can be smoothed especially
at low gradation. As a result, occurrence of white floating
is reduced, and the viewing angle characteristics can be
enhanced. Meanwhile, the white floating refers to a phe-
nomenon that, when a relatively dark image in low gra-
dation is displayed and the viewing direction is obliquely
inclined from the front, the image that should be seen
dark appears whitish. Meanwhile, the lengths of the spac-
ings Sn and Sw are not particularly limited, and each
length may be set appropriately.
[0063] An explanation follows below on simulation re-
sults of the alignment and transmittance of the nematic
liquid crystal between the common trunk portion 31 and
the pixel comb-tooth portion 22. The model shown in Fig.
4 was used for the simulation, and LCD MASTER avail-
able from Shintech, Inc. was used as a simulator. The
simulation was performed in several cases in which the
width of the portion of the common trunk portion 31 pro-
truded from the signal line 11 and the scanning line 12
was different from one another.
[0064] The model shown in Fig. 4 includes a pair of
substrates, and a liquid crystal layer 3 sandwiched be-
tween the pair of substrates. One of the substrates has
an insulating substrate 10, a wiring 4 formed on the in-
sulating substrate 10, an insulating film 5 formed on the
wiring 4, a pixel electrode 20 and a common electrode
30 (pixel comb-tooth portion 22, common trunk portion
31 and common comb-tooth portion 32) formed on the
insulating film 5, and a vertical alignment film 19 formed
on the electrodes 20 and 30. The wiring 4 corresponds
to a signal line or a scanning line. The wiring 4, the pixel
comb-tooth portion 22, the common trunk portion 31 and
the common comb-tooth portion 32 are disposed in par-
allel with one another.
[0065] The other substrate has an insulating substrate
40, a color filter layer 41 formed on the insulating sub-
strate 40, a solid electrode 42 formed on the color filter
layer 41, a dielectric layer 43 formed on the solid sub-
strate 42, and a vertical alignment film 44 formed on the
dielectric layer 43.
[0066] The other simulation conditions are as follows:

d Spacing S1 between the pixel comb-tooth portion
22 and the common comb-tooth portion 32: 8 mm
d Spacing S2 between the common trunk portion
31 and the pixel comb-tooth portion 22: 8 mm
o Voltage of the pixel electrode 20: AC (alternating
current) voltage is applied (amplitude: 5.5 V); pro-
vided that the Vc (potential at the amplitude center)
is set to the same potential as the potential of the
common electrode 30
d Voltage of the common electrode 30: DC (direct
current) voltage of 0 V is applied.
d Voltage of the solid electrode 42: DC (direct cur-
rent) voltage of 0 V is applied.
d Voltage of the wiring 4: AC (alternating current)
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voltage is applied (amplitude: 5.5 V)
d Width W of the wiring 4: 12 mm
d dΔn: 340 nm
d Δε: 22
d Film thickness of the insulating film 5: 3 mm
d Dielectric constant ε of the insulating film 5: 3.3

The widths ΔWR and ΔWL of the portions of the common
trunk portion 31 protruded from both sides of the wiring
4 are set to the same value. The width of the common
trunk portion 31 was set Wc.
[0067] Fig. 5 shows the results. Fig. 5 shows the trans-
mittance of Comparative Embodiment in which no com-
mon trunk portion 31 was formed on the wiring 4 (Wc:
none), and the transmittance of the portion between the
pixel comb-tooth portion 22 and the common comb-tooth
portion 32, i.e., the center portion of the pixel. Meanwhile,
the horizontal axis of Fig. 5 indicates the position between
the electrodes, in which the pixel comb-tooth portion 22
is at right side of the value 1 on the scale, and the common
trunk portion 31 or the wiring 4 is at the left side of the
value 8 on the scale.
[0068] The results show that the transmittance is dra-
matically increased by forming the common trunk portion
31 on the wiring 4 that corresponds to a signal line and
a scanning line. In the case where the width ΔWR was 8
mm, the transmittance distribution was the same as that
of the center portion of the pixel. However, setting the
width ΔWR to be 8 mm causes a large loss in the aperture
ratio. In other words, the comb-tooth portions are not ef-
fectively and efficiently disposed in the limited picture el-
ement region in some cases. Considering the restrictions
on the production process and design, the width ΔWR is
preferably not less than 2 mm. Although the width ΔWR
and the width ΔWL were set to the same value in the
above calculation, the width ΔWR and the width ΔWL may
be different. Namely, the common trunk portion may be
asymmetrically protruded from both sides of the signal
line and the scanning line.

(Comparative Embodiment 1)

[0069] As shown in Fig. 6, in the liquid crystal display
device of Comparative Embodiment 1, no common elec-
trode is formed between the signal line 11 and the scan-
ning line 12, and the liquid crystal layer 3. Therefore,
liquid crystal molecules in the neighborhoods of the sig-
nal line 11 and the scanning line 12 may be disturbed by
an influence of the electric field generated by the voltage
applied to the signal line 11 and the scanning line 12. In
this case, the liquid crystal molecules align not in the
same manner as the liquid crystal molecules at the center
portion of the pixel, and thus uniform alignment of the
liquid crystal molecules is not achieved in the entire pixel.
As a result, the transmittance may be deteriorated, and
further, display defects such as screen burn-in and image
sticking may occur due to the non-uniform alignment.
[0070] The present application claims priority to Patent

Application No. 2010-6211 filed in Japan on January 14,
2010 under the Paris Convention and provisions of na-
tional law in a designated State, the entire contents of
which are hereby incorporated by reference.

REFERENCE SIGNS LIST

[0071]

1: Active matrix substrate

2: Counter substrate

3: Liquid crystal layer

4: Line

5: Insulating film

10, 40: Insulating substrate

11: Signal line

11a: Source electrode

12: Scanning line

13: Drain electrode

14: TFT

15: Semiconductor layer

16: Contact hole

17: Gate insulating film

18: Interlayer insulating film

19, 44: Vertical alignment film

20: Pixel electrode

21: Pixel trunk portion

22: Pixel comb-tooth portion

30: Common electrode

31: Common trunk portion

32: Common comb-tooth portion

41: Color filter layer

42: Solid electrode

43: Dielectric layer
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Claims

1. A liquid crystal display device comprising
a first substrate and a second substrate disposed to
face each other, and
a liquid crystal layer sandwiched between the first
substrate and the second substrate, wherein
the liquid crystal layer includes a liquid crystal mol-
ecule having positive dielectric anisotropy;
the liquid crystal molecule is perpendicularly aligned
relative to a surface of the first substrate when no
voltage is applied;
the first substrate includes a signal line, a scanning
line, an insulating film, a first electrode to which an
image signal is provided through the signal line, and
a second electrode;
the first electrode includes a first comb-tooth portion;
the second electrode includes a second comb-tooth
portion and a trunk portion connected to the second
comb-tooth portion;
the first comb-tooth portion and the second comb-
tooth portion are planarly disposed to face each other
in a pixel;
the second substrate includes a third electrode cov-
ering at least a display region; and
the trunk portion is disposed in a manner overlapping
the signal line and the scanning line at a position
closer to the liquid crystal layer than the signal line
and the scanning line with the insulating film sand-
wiched between the trunk portion and each of the
lines.

2. The liquid crystal display device according to Claim
1, wherein
the trunk portion covers the signal line and the scan-
ning line.

3. The liquid crystal display device according to Claim
2, wherein
a width of a part of the trunk portion protruded from
the signal line and the scanning line is 2 mm or more.

4. The liquid crystal display device according to any
one of Claims 1 to 3, wherein
the second electrode and the third electrode are
grounded.

5. The liquid crystal display device according to any
one of Claims 1 to 3, wherein
voltages of the same magnitude and polarity are ap-
plied to the second electrode and the third electrode.

6. The liquid crystal display device according to any
one of Claims 1 to 3, wherein
voltages of different magnitudes and polarities are
applied to the second electrode and the third elec-
trode.

7. The liquid crystal display device according to any
one of Claims 1 to 6, wherein
the second substrate further comprises a color filter
layer and a dielectric layer disposed at a position
closer to the liquid crystal layer than the color filter,
and
the third electrode is disposed between the color filter
layer and the dielectric layer.
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