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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device. More specifically, the present intention relates to
a display device that is suitably used for liquid crystal display
in a transverse bend alignment (TBA) mode.

BACKGROUND ART

[0002] Liquid crystal display devices are widely used in
electronic devices such as monitors, projectors, cellular
phones, and portable information terminals (PDA). The dis-
play in a liquid crystal display device can be, for example, of
transmission, reflection, and transflective type. Among these
types, transmission type liquid crystal display devices that
employ backlight are mainly used in a comparatively dark
environment such as an indoor environment, and reflection
type liquid crystal display devices that employ ambient light
are mainly used in a comparatively bright environment such
as an outdoor environment. Transflective type liquid crystal
display devices can be in both the transmissive mode and the
reflective mode and can perform mainly the transmissive
display indoors and the reflective display outdoors. For this
reason, transflective type liquid crystal display devices can
ensure high-grade display under various environments, both
indoors and outdoors, and are used in large numbers in mobile
devices such as cellular phones, PDA, and digital cameras. In
the transflective type liquid crystal display devices, for
example, a vertical alignment (VA) mode is used as a display
mode. In the VA mode, when the applied voltage is OFF,
liquid crystal molecules are aligned perpendicular to the sub-
strate surface, and when the applied voltage is ON, the display
is performed by causing the liquid crystal molecules to
tumble.

[0003] However, in the transflective type liquid crystal dis-
play devices, the reflected light passes through the liquid
crystal layer twice, whereas the transmitted light passes
through the liquid crystal layer only once. Therefore, when an
optimum cell gap is designed for the reflected light, the trans-
mittance of the transmitted light becomes about half'the opti-
mum value. For example, a method for forming a multigap
structure in which a cell gap in the transmissive area differs
from that in the reflective area, and the thickness of the liquid
crystal layer in the reflective area is decreased has been dis-
closed as a means for resolving the above-described problem.
However, this method requires a concavo-convex structure to
be provided on the substrate and therefore the structure
becomes complex. In addition, high accuracy is required in
the manufacturing process.

[0004] Inaddition to the VA mode, an IPS mode and a FFS
mode are known as modes suitable for liquid crystal display
devices. In the IPS mode and FFS mode, the display is per-
formed by rotating liquid crystal molecules in the substrate
plane by a transverse electric field between pairs of electrodes
for liquid crystal drive that are provided on one substrate. A
transflective type liquid crystal display device operating in
the IPS mode has also been disclosed (see, for example,
Patent Documents 1 and 2).

[0005] Further, a TBA mode is known as a liquid crystal
mode in a transverse electric field (see, for example, Patent
Documents 3 to 9). In the TBA mode, the display is performed
by bending the vertically aligned liquid crystal molecules in
the horizontal direction by a transverse electric field created
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by electrode pairs for liquid crystal drive provided on one
substrate. However, a transflective TBA-mode liquid crystal
display device has not been disclosed.
[0006] Further, in the conventional transflective type liquid
crystal display device, a retarder (quarter-wave plate) gener-
ating a retardation of A/4 is provided at the back surface side
and observation surface side of the liquid crystal display
panel. Thus, the conventional transflective type liquid crystal
display device has at least a total of two (one on the front
surface and one on the back surface) retarders.
[0007] In the conventional transflective type liquid crystal
display device, a quarter-wave plate necessary for performing
the reflective display is disposed over the entire surface (both
the transmissive area and the reflective area) on the back
surface side and the observation surface side of the liquid
crystal display panel. However, in such a configuration, since
a quarter-wave plate that is essentially not necessary for the
transmissive display is also disposed in the transmissive area,
the contrast characteristic in the transmissive display is easily
degraded with respect to that of the transmission type liquid
crystal display device. Further, the number of retarders used is
larger than that in the reflection type liquid crystal display
device and transmission type liquid crystal display device,
and accordingly the cost is increased and the thickness of the
module (module thickness) is increased. Thus, there is space
for improvement.
[0008] Patent Document 1: Japanese Kokai Publication No.
2007-4126
[0009] Patent Document 2: International Patent Applica-
tion Publication No. 2008/001507

[0010] Patent Document 3: Japanese Kokai Publication No.
S57-618
[0011] Patent Document 4: Japanese Kokai Publication No.

H10-186351

[0012] Patent Document 5: Japanese Kokai Publication No.
H10-333171

[0013] Patent Document 6: Japanese Kokai Publication No.
H11-24068

[0014] Patent Document 7: Japanese Kokai Publication No.
2000-275682

[0015] Patent Document 8: Japanese Kokai Publication No.
2002-55357

[0016] Patent Document 9: Japanese Kokai Publication No.
2001-159759

DISCLOSURE OF THE INVENTION

[0017] The present invention was contrived in view of the
above circumstances and its object is to provide a TBA-mode
transflective liquid crystal display device in which compo-
nents such as a multigap structure and a quarter-wave plate
can be omitted.

[0018] The inventors have conducted a comprehensive
study of TBA-mode transflective liquid crystal display
devices in which components such as a multigap structure and
a quarter-wave plate could be omitted, and focused their
attention on electrode pairs for driving the liquid crystals. It
was found that the reflective display and transmissive display
can be performed in a TEA mode, while enabling the omis-
sion of components such as a multigap structure and a quar-
ter-wave plate, by using a configuration in which a first elec-
trode is provided in a transmissive area and a reflective area,
a second electrode is provided in the transmissive area and
disposed parallel to and opposite the first electrode inside the
pixel area, and a third electrode provided in the reflective area
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and disposed parallel to and opposite the first electrode inside
the pixel area, creating the difference between the distance
between the first electrode and the third electrode and the
distance between the first electrode and the second electrode,
and then inputting different common signals to the second
electrode and the third electrode. On the basis of this finding,
the inventors have conceived of the possibility of resolving
the above-described problems and created the present inven-
tion.

[0019] Thus, the present invention provides a liquid crystal
display device including a first substrate and a second sub-
strate that are disposed opposite each other and a liquid crys-
tal layer that is interposed between the first substrate and the
second substrate, and having, in a pixel area, a reflective area
where reflective display is performed and a transmissive area
where transmissive display is performed, wherein the first
substrate has a first electrode provided in the transmissive
area and the reflective area, a second electrode provided in the
transmissive area and disposed parallel to and opposite the
first electrode inside the pixel area, and a third electrode
provided in the reflective area and disposed parallel to and
opposite the first electrode inside the pixel area; the liquid
crystal layer includes a p-type nematic liquid crystal and is
driven by an electric field generated at least one of between
the first electrode and the second electrode and between the
first electrode and the third electrode; the p-type nematic
liquid crystal is aligned perpendicular to the first substrate
and the second substrate when no voltage is applied; a dis-
tance between the first electrode and the third electrode is
different from a distance between the first electrode and the
second electrode, and mutually different common signals are
input to the second electrode and the third electrode.

[0020] Inaccordance with the present invention, a distance
between the first electrode and the third electrode in the
reflective area is different from a distance between the first
electrode and the second electrode in the transmissive area
and therefore the intensity of electric field generated in the
liquid crystal layer in the reflective area and the intensity of
electric field generated in the liquid crystal layer in the trans-
missive area can be adjusted separately. Therefore, even when
the cell gaps in the reflective area and the transmissive area are
equal to each other, the phase difference (retardation) of the
liquid crystal layer in the TBA-mode liquid crystal display
device can be made less in the reflective area, more specifi-
cally about half, than in the transmissive area. Thus, in the
TBA-mode liquid crystal display device, the retardation of
the liquid crystal layer in the reflective area can be set to about
half the retardation of the liquid crystal layer in the transmis-
sive area, without providing a multigap structure. Further,
since mutually different common signals are input to the
second electrode and the third electrode, white and black of
the reflective display and transmissive display can be matched
without providing a quarter-wave plate. It follows from above
that it is possible to provide a TBA-mode transflective liquid
crystal display device in which components such as a multi-
gap structure and a quarter-wave plate can be omitted.

[0021] Further, “parallel” as referred to herein is preferably
perfectly parallel, but is not necessarily parallel in the strict
sense of the word, and also includes a configuration that can
be treated as substantially parallel with consideration for the
effect of the present invention. It may also mean parallel to a
degree that can be attained when the first electrode and second
electrode, and the first electrode and second electrode are
designed and formed so as to be parallel, and it goes without
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saying that an error that can occur in the production process
may be also included. Thus, “parallel” as refetred to herein
includes an error within a range in which the effect of the
present invention is demonstrated.

[0022] Further, “perpendicular” as referred to herein is not
necessarily perpendicular in the strict sense of the word, and
also includes a configuration that can be treated as substan-
tially perpendicular with consideration for the effect of the
present invention. It may also include an error that can occur
in the production process. Thus, “perpendicular” as referred
to herein includes an error within a range in which the effect
of the present invention is demonstrated.

[0023] The configuration of the liquid crystal display
device of the present invention is not especially limited as
long as the above-mentioned components are particularly
included. The liquid crystal display device may or may not
comprise other components.

[0024] The preferred embodiments of the liquid crystal
display device in accordance with the present invention will
be described below in greater details. The below-described
various embodiments may be appropriately combined
together.

[0025] Itis preferred that a pulse potential be applied to one
of the second electrode and the third electrode, and a prede-
termined potential be applied to the other of the second elec-
trode and the third electrode. As a result, white and black of
the reflective display and transmissive display can be easily
matched.

[0026] Itis preferred that the second electrode and the third
electrode be connected to a gradation reference voltage gen-
erating circuit. As a result, it is not necessary to provide a
common voltage generating circuit that is connected to a
common electrode in the conventional liquid crystal display
device and therefore the number of components can be further
reduced.

[0027] The distance between the first electrode and the
third electrode is preferably larger than the distance between
the first electrode and the second electrode. As a result, in the
TBA-mode liquid crystal display device, the intensity of elec-
tric field generated in the liquid crystal layer in the reflective
area can be made less than the intensity of electric field
generated in the liquid crystal layer in the transmissive area.
Therefore, the retardation of the liquid crystal layer in the
reflective area can be easily set to about half the retardation of
the liquid crystal layer in the transmissive area.

[0028] It is preferred that the first electrode, the second
electrode, and the third electrode have substantially the same
width. As a result, in the TBA-mode liquid crystal display
device, the retardation of the liquid crystal layer in the trans-
missive area and the retardation of the liquid crystal layer in
the reflective area can be easily varied (made different).
Therefore, the retardation of the liquid crystal layer in the
reflective area can be easily set to about half the retardation of
the liquid crystal layer in the transmissive area.

[0029] Further, “substantially equal” as referred to herein is
preferably perfectly equal, but is not necessarily equal in the
strict sense of the word, and also includes a relationship that
can be treated as substantially equal with consideration for
the effect of the present invention. It may also mean equal to
a degree that can be attained when the first electrode, the
second electrode, and the third electrode are designed and
formed so as to be equal, and it goes without saying that an
error that can occur in the production process may be also
included. Thus, “substantially equal” as referred to herein
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includes an error within a range in which the effect of the
present invention is demonstrated.

[0030] The first electrode, the second electrode, and the
third electrode are preferably comb-shaped electrodes. As a
result, a high-density transverse electric field can be formed
between the first electrode and the second electrode, and
between the first electrode and the third electrode, and the
liquid crystal layer can be controlled with high accuracy.
[0031] From the standpoint of performing fine adjustment
of retardation of the liquid crystal layer in the transmissive
area and reflective area, the liquid crystal display device in
accordance with the present invention may be provided with
a multigap structure, but from the standpoint of reducing the
cost more reliably by omitting the multigap structure, it is
preferred that the liquid crystal display device in accordance
with the present invention have a single cell gap. Specifically,
the thickness of the liquid crystal layer in the reflective area is
preferably substantially equal to the thickness of the liquid
crystal layer in the transmissive area.

[0032] Further, “substantially equal” as referred to herein is
preferably perfectly equal, but is not necessarily equal in the
strict sense of the word, and also includes a relationship that
can be treated as substantially equal with consideration for
the effect of the present invention. It may also mean equal to
a degree that can be attained when the first substrate, second
substrate, and liquid crystal layer are designed and formed so
as to be equal, and it goes without saying that an error that can
occur in the production process may be also included. Thus,
“substantially equal” as referred to herein includes an error
within a range in which the effect of the present invention is
demonstrated.

[0033] The pixel is the smallest unit constituting a dis-
played image. In an active matrix liquid crystal display device
with color display, a pixel is usually an area constituted by
sub-pixels (monochromatic areas) of a plurality of colors (for
example, three colors). Therefore, when the liquid crystal
display device in accordance with the present invention is
applied to an active matrix liquid crystal display device with
color display, the pixel (pixel area) is preferably a sub-pixel
(sub-pixel area).

[0034] As long as the liquid crystal display device in accor-
dance with the present invention has the above-described
features, the control system (liquid crystal mode) thereof is
not particularly limited, but the aforementioned TBA mode is
preferred.

EFFECT OF THE INVENTION

[0035] In accordance with the present invention, it is pos-
sible to provide a TEA-mode liquid crystal display device in
which components such as a multigap structure and a quarter-
wave plate can be omitted.

BEST MODES FOR CARRYING OUT THE
INVENTION

[0036] The present invention will be described below in
greater detail on the basis of embodiments thereof with ref-
erence to the appended drawings, but the present invention is
not limited to these embodiments.

Embodiment 1

[0037] A liquid crystal display device of the present
embodiment is of a transflective type that uses the so-called
TBA system of transverse field systems in which image dis-
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play is performed by causing an electric field (transverse
electric field) in the direction of substrate plane to act upon a
liquid crystal layer and controlling the alignment.

[0038] FIG. 1isa plan schematic view illustrating the con-
figuration of a liquid crystal display panel of Embodiment 1.
FIG. 2(a) is a plan schematic view illustrating the configura-
tion of one sub-pixel of the liquid crystal display panel of
Embodiment 1. FIG. 2(b) is a schematic diagram illustrating
mutual arrangement of transmission axes of polarizing plates
in Embodiment 1. FIG. 3 is a cross-sectional schematic dia-
gram illustrating the configuration of the liquid crystal dis-
play panel of Embodiment 1; this figure shows a cross section
taken along line X-Y in FIG. 2(a). FIG. 4 is a plan schematic
view illustrating the circuit configuration of the liquid crystal
display device of Embodiment 1. In FIG. 1, for the sake of
simplification, only two (upper and lower) sub-pixels are
shown, but the sub-pixels are actually arranged in the up-
down and left-right matrix-like configuration.

[0039] A pixel electrode 20 and a thin film transistor (TFT)
26 for switching the pixel electrode 20 are formed in each of
a plurality of sub-pixel areas formed as a matrix and consti-
tuting a display area (image display area) 81 of the liquid
crystal display device of the present embodiment. A plurality
of source bus lines 16 are extended from a source driver (data
line drive circuit) 71. A source of the TFT 26 is electrically
connected to the corresponding source bus line 16. The source
driver 71 supplies an image signal to each sub-pixel via the
plurality of source bus lines 16. Further, two common elec-
trodes 21, 29 are formed in the display area 81 and a picture-
frame area (image non-display area) of the liquid crystal
display device of the present embodiment.

[0040] A plurality of gate bus lines 12 extending from the
gate driver (scanning line drive circuit) 72 function as gates of
the TFTs 26. Further, scan signals supplied in the pulse-like
form to the plurality of gate bus lines 12 at a predetermined
timing from the gate driver 72 are successively applied to the
TFTs 26 in a linear order. Each pixel electrode 20 is electri-
cally connected to a drain (drain line 18) of the TFT 26. An
image signal supplied from the source bus line 16 is applied at
the predetermined timing to the pixel electrode 20 connected
to the TFT 26 that has been switched ON for a fixed period by
the input of the scan signal.

[0041] An image signal of a predetermined level that has
been written in a liquid crystal layer 30 is stored for a prede-
termined period between the pixel electrode 20 to which the
image signal has been applied and the common electrodes 21,
29 facing this pixel electrode 20. In this case, a storage capaci-
tance is formed in parallel with a liquid crystal capacitance
formed between these pixel electrode 20 and common elec-
trodes 21, 29, for preventing leakage of the image signals
stored. The storage capacitance is formed, in each sub-pixel,
between the drain line 18 of the TFT 26 and a Cs bus line
(capacitance storage line) 13.

[0042] The common electrodes 21, 29 are connected to a
gradation reference voltage generating circuit 73. The grada-
tion reference voltage generating circuit 73 generates a gra-
dation reference voltage serving as a reference for display
gradation. More specifically, this circuit generates voltages of
black gradation, first halftone, second halftone, and white
gradation. The common electrode 21 is set to the black gra-
dation reference voltage (lowest gradation voltage), whereas
the common electrode 29 is set to the white gradation refer-
ence voltage (highest gradation voltage). The number of gra-
dation reference voltages (the number of gradations) output
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by the gradation reference voltage generating circuit 73 is not
particularly limited and can be set appropriately.

[0043] In addition to the gradation reference voltage gen-
erating circuit 73, the liquid crystal display device of the
present embodiments includes a vertical timing control cir-
cuit 75, a horizontal timing control circuit 76, and an image
data conversion circuit 77. The circuits 75, 76, and 77 trans-
mit signals from the external signal source 74 to the source
driver 71 and the gate driver 72 at a predetermined timing and
image signal.

[0044] The detailed configuration of the liquid crystal dis-
play device of the present embodiment will be explained
below. The liquid crystal display device of the present
embodiment is provided with a liquid crystal display panel
100 and a backlight unit (not shown in the figure) provided at
the back surface side of the liquid crystal display panel 100.
The liquid crystal display panel 100 is provided with an active
matrix substrate (TFT array substrate) 10, an counter sub-
strate 50 facing the active matrix substrate 10, and a liquid
crystal layer 30 interposed therebetween.

[0045] The counter substrate 50 has a black matrix (BM)
layer (not shown in the figure) that blocks the light between
the sub-pixels, a plurality of color layers (color filters; not
shown in the figure) provided correspondingly to each sub-
pixel, and a vertical alignment film 55 provided on the surface
on theliquid crystal layer 30 side to cover the aforementioned
layers on the one main surface (on the liquid crystal layer 30
side) of a colorless transparent insulating substrate 51. The
BM layer is formed from a non-transparent metal such as Cr
or a non-transparent organic film such as an acrylic resin
including carbon and is formed around the sub-pixel area, that
is, in an area corresponding to the below-described gate bus
lines 12 and source bus lines 16. The color layer is used to
perform color display, formed from a transparent organic
film, for example, of an acrylic resin including a pigment, and
mainly formed in the sub-pixel area.

[0046] Thus, the liquid crystal display device of the present
embodiment is a color liquid crystal display device (active
matrix liquid crystal display device for color display) pro-
vided with the color layer on the counter substrate 50,
wherein one pixel is constituted by three sub-pixels output-
ting color light of R (red), G (green), and B (blue) colors,
respectively. The number and types of colors of the sub-pixels
constituting each pixel are not particularly limited and can be
set appropriately. Thus, in the liquid crystal display device of
the present embodiment, each pixel may be constituted, for
example, by sub-pixels of three colors, namely cyan,
magenta, and yellow, or may be constituted by sub-pixels of
four or more colors.

[0047] Theactive matrix substrate 10 has a plurality of gate
bus lines 12 that transmit scan signals, a plurality of Cs bus
lines 13, a plurality of reflective layers 28, a plurality of
source bus lines 16 that transmit image signals, a plurality of
TFTs 26 that are switching elements, each being provided for
one sub-pixel, a plurality of drain lines 18, each being con-
nected to one TFT 26, a plurality of pixel electrodes 20
provided individually for each sub-pixel, two kinds of com-
mon electrodes 21,29 provided commonly for the sub-pixels,
and a vertical alignment film 25 provided on the surface at the
liquid crystal layer 30 side to cover the above-described con-
figuration on one main surface (on the liquid crystal layer 30
side) of a colorless transparent insulating substrate 11.
[0048] The vertical alignment films 25, 55 are formed by
coating a well-known alignment film material such as a poly-
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imide. The vertical alignment films 25, 55 are usually not
subjected to rubbing, but can align the liquid crystal mol-
ecules substantially perpendicular to the film surface when no
voltage is applied.

[0049] The gate bus lines 12 are extended parallel to each
other in the left-right direction in the front view of the liquid
crystal display panel 100, and the source bus lines 16 are
extended parallel to each other in the direction perpendicular
to the gate bus lines 12, that is, in the up-down direction in the
front view of'the liquid crystal display panel 100. The Cs bus
lines 13 are extended parallel to the gate bus lines 12, that is,
in the left-right direction in the front view of the liquid crystal
display panel 100. Thus, the gate bus lines 12 and Cs bus lines
13 are disposed alternately and parallel to each other. In the
present embodiment, each sub-pixel area is generally defined
as an area surrounded by these gate bus lines 12 and source
bus lines 16, and these areas are arranged in a matrix-like
configuration.

[0050] The configuration of the present embodiment will
be described below in greater detail by paying attention
mainly to one sub-pixel.

[0051] The Cs bus line 13 is disposed so as to pass close to
the center of each sub-pixel area, and a high-reflectance
reflective layer 28 is provided in an area that is substantially
half the sub-pixel area partitioned by the Cs bus line 13. The
area that is substantially half the sub-pixel area where the
reflective layer 28 has been provided is thus a reflective area
R where the reflective display is performed, and the area
taking the remaining half of the sub-pixel area where the
reflective layer 28 has not been provided is a transmissive area
T where the transmissive display is performed. The reflective
layer 28 is obtained by patterning a metal film with light
reflection ability, such as an aluminum or silver film. It is
preferred that the reflective layer 28 has concavities and con-
vexities formed on the surface thereof to provide the layer
with light scattering ability. As a result, visibility in reflective
display can be improved. The area ratio of the transmissive
area T and reflective area R can be appropriately set according
to the desired display characteristics.

[0052] The pixel electrode 20 is formed from a transparent
conductive film such as an ITO film or a metal film such as an
aluminum or chromium film. The pixel electrode 20 has a
comb-like shape in a planar view of the liquid crystal display
panel 100. More specifically, the pixel electrode 20 has a
band-like (rectangular in a planar view) trunk portion 20a
arranged to lay flatly upon the Cs bus line a plurality of
band-like (rectangular in a planar view) branch portions 205
connected to the trunk portion 20a and extended toward the
transmissive area T side, and a plurality of band-like (rectan-
gular in a planar view) branch portions 20¢ connected to the
trunk portion 20q and extended toward the reflective area R
side. The branch portions 205 and the branch portions 20c are
disposed parallel to each other in the up-down direction in the
front view of the liquid crystal display panel 100.

[0053] The common electrodes 21, 29 is also formed from
a transparent conductive film such as an ITO film or a metal
film such as an aluminum film and has a comb-like shape in
the planar view. More specifically, the common electrode 21
has a base trunk portion 214 provided in the picture-frame
area, band-shaped (rectangular in a planar view) trunk por-
tions 21a disposed to overlap planarly the gate bus lines 12,
and a plurality of band-shaped (rectangular in a planar view)
branch portions 215 that are connected to the trunk portions
21a and extend to the transmissive area T of sub-pixels adja-
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cent in the vertical direction in the front view of the liquid
crystal display panel 100. By contrast, the common electrode
29 has a base trunk portion 294 provided in the picture-frame
area, band-shaped (rectangular in a planar view) trunk por-
tions 29a disposed to overlap planarly the gate bus lines 12,
and a plurality of band-shaped (rectangular in a planar view)
branch portions 29¢ that are connected to the trunk portions
294 and extend to the reflective area R of sub-pixels adjacent
in the vertical direction in the front view of the liquid crystal
display panel 100. The trunk portions 21a of the common
electrode 21 and the trunk portions 29« of the common elec-
trode 29 are disposed alternately so as to overlap planarly the
gate bus lines 12, and the branch portions 215 of the common
electrode 21 and the branch portions 29¢ of the common
electrode 29 are disposed parallel to each other in the vertical
direction in the front view of the liquid crystal display panel
100. Further, the trunk portions 21a of the common electrode
21 and the trunk portions 29a of the common electrode 29 are
shared by the pixels adjacent in the vertical direction in the
front view of'the liquid crystal display panel 100. As a result,
the transmissive area T and the reflective area R are disposed
opposite each other in the vertical direction between the sub-
pixels adjacent in the vertical direction in the front view of the
liquid crystal display panel 100. The base trunk portion 21d of
the common electrode 21 and the base trunk portion 294 of
the common electrode 29 are provided at the opposing ends of
the picture-frame area. The common electrode 21 and the
common electrode 29 also have band-shaped (rectangular in
a planar view) line portions (line overlapping portions) con-
nected to the trunk portion 21a and the trunk portion 29a,
respectively, and disposed to overlap planarly the source bus
lines 16.

[0054] In this configuration, the branch portions 205 of the
pixel electrode 20 and the branch portions 215 of the common
electrode 21 and also the branch portions 20c of the pixel
electrode 20 and the branch portions 29¢ of the common
electrode 29 have mutually complementary planar shapes and
are disposed alternately with a certain spacing. Thus, the
branch portions 205 of the pixel electrode 20 and the branch
portions 215 of the common electrode 21 and also the branch
portions 20c¢ of the pixel electrode 20 and the branch portions
29¢ of the common electrode 29 are disposed opposite each
other and parallel each other in the same plane. In other
words, the comb-shaped pixel electrode 20 and the comb-
shaped common electrode 21 are disposed opposite each
other so that the teeth thereof interdigitate in the transmissive
area T, and the comb-shaped pixel electrode 20 and the comb-
shaped common electrode 29 are disposed opposite each
other so that the teeth thereof interdigitate in the reflective
area R. As a result, a high-density transverse electric field can
be formed between the pixel electrode 20 and the common
electrodes 21, 29 and the liquid crystal layer 30 can be con-
trolled with higher accuracy.

[0055] The width (length in the short side direction) of the
branch portion 205 and the branch portion 20c¢ of the pixel
electrode 20, the width (length in the short side direction) of
the branch portion 215 of the common electrode 21, and the
width (length in the short side direction) of the branch portion
29¢ of the common electrode 29 are all substantially equal to
each other. From the standpoint of increasing the transmit-
tance, it is preferred that the widths of the pixel electrode 20
and the common electrodes 21, 29 (the width of the branch
portion 205 and the branch portion 20c¢ of the pixel electrode
20, the width of the branch portion 215 of the common elec-
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trode 21, and the width of the branch portion 29¢ of the
common electrode 29) be as small as possible. According to
the presently used process rule, the widths may be set, for
example, to about 1.0 to 4.0 um.

[0056] Thedistance between the branch portion 20c and the
branch portion 29¢ provided in the reflective area R is larger
than the distance between the branch portion 205 and the
branch portion 215 provided in the transmissive area T. More
specifically, from the standpoint of making the retardation of
the liquid crystal layer 30 in the reflective area R about half
the retardation of the liquid crystal layer 30 in the transmis-
sive area T, as will be described hereinbelow, when the widths
of the pixel electrode 20 and the common electrodes 21, 29
(the width of the branch portion 205 and the branch portion
20c of the pixel electrode 20, the width of the branch portion
215 of the common electrode 21, and the width of the branch
portion 29¢ of the common electrode 29) are equal to each
other, it is preferred that the distance between the branch
portion 20c¢ and the branch portion 29¢ provided in the reflec-
tive area R be by a factor of 1.1 to 2.0 (more preferably by a
factor of 1.3 to 1.8) larger than the distance between the
branch portion 206 and the branch portion 215 provided in the
transmissive area T.

[0057] The TFT 26 is provided close to the intersection
portion of the gate bus line 12 and the source bus line 16 and
has a semiconductor layer 15 formed from an island-shaped
amorphous silicon film that is partially formed inside a planar
area of the gate bus line 12, and the source line 17 and the
drain line 18 that are formed to overlap partially and planarly
the semiconductor layer 15. The gate bus line 12 functions as
a gate electrode of the TFT 26 in a position where the semi-
conductor layer 15 is planarly overlapped. Thus, the TFT 26
is of a channel etch type manufactured by a method in which
the semiconductor layer 15 is also somewhat etched when the
drain line 18 and the source line 17 are separated and of a
reverse stagger type in which the gate bus line 12 that also
functions as a gate electrode is provided below (at the insu-
lating substrate 11 side) the drain line 18 and the source line
17.

[0058] The source line 17 is branched off the source bus
line 16 and has a substantially L-like shape in a planar view
that extends to the semiconductor layer 15, thereby connect-
ing the source bus line 16 and the TFT 26. The drain line 18
extends from the semiconductor layer 15 and has an L-like
shape in a planar view. This line is connected to the pixel
electrode 20 and forms the storage capacitance. More specifi-
cally, the drain line 18 has a storage capacitance portion 22 of
a substantially rectangular shape in a planar view at the end
portion (distal end portion of L-like shape) on the side oppo-
site that of the TFT 26, and the storage capacitance portion 22
is formed to overlap planarly the Cs bus line 13. Further, a
storage capacitance having the storage capacitance portion 22
and the Cs bus line 13 as electrodes is formed in a region
where the storage capacitance portion 22 and the Cs bus line
13 planarly overlap. The storage capacitance portion 22 is
also disposed to overlap planarly the trunk portion 20a of the
pixel electrode 20 and is electrically connected to the trunk
portion 20a of the pixel electrode 20 by a contact hole 27
provided in the same position.

[0059] The cross-sectional structure of the liquid crystal
display panel 100 will be described below.

[0060] Theliquid crystal display panel 100 is provided with
the active matrix substrate 10, the counter substrate 50 dis-
posed opposite the active matrix substrate 10, and the liquid
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crystal layer 30 interposed therebetween. A polarizing plate
42 is laminated on the outer surface side (side opposite that of
the liquid crystal layer 30) of the active matrix substrate 10,
and a polarizing plate 41 is laminated on the outer surface side
of the counter substrate 50. Thus, the liquid crystal display
panel 100 is not provided with a /4 retarder (quarter-wave
plate) that is provided in the conventional transflective liquid
crystal display device.

[0061] Further, the liquid crystal display device of the
present embodiment may have a viewing angle compensation
film or a retarder other than the A/4 retarder for reflective
display.

[0062] The active matrix substrate 10 has the transparent
insulating substrate 11 made from glass, quartz, or plastic as
abase body. The reflective layer 28 formed from a metal film
such as an aluminum or silver film is disposed locally in the
sub-pixel area at the inner surface side (liquid crystal layer 30
side) of the insulating substrate 11. An interlayer insulating
film 23 formed from a transparent insulating material such as
silicon oxide is disposed so as to cover the reflective layer 28.
The gate bus lines 12 and the Cs bus lines 13 formed from a
metal film such as an aluminum film are disposed on the
interlayer insulating film 23, and a gate insulator 14 formed
from a transparent insulating material such as silicon oxide is
disposed so as to cover the gate bus lines 12 and the Cs bus
lines 13.

[0063] Where the Cs bus lines 13 are formed by using a
material with a high reflectivity to have a large width so as to
cover thereflective areaR, the Cs bus lines 13 can be also used
as the reflective layer 28 and the manufacturing process can
be simplified.

[0064] The amorphous silicon semiconductor layer 15 is
formed on the gate insulator 14, and the source line 17 and the
drain line 18 formed from a metal film such as an aluminum
film are provided so as to be partially placed on the semicon-
ductor layer 15. The source line 17 is formed integrally with
the source bus line 16, as shown in FIG. 2.

[0065] Aninterlayer insulating film 19 formed from silicon
oxide or the like is disposed so as to cover the semiconductor
layer 15, source line 17, source bus line 16, and drain line 18.
A planarizing film 24 formed from a transparent insulating
material such as a photosensitive acrylic resin is disposed on
the interlayer insulating film 19, and the pixel electrodes 20
and the common electrode 21 formed from a transparent
conductive material such as ITO or a metal film such as an
aluminum film are disposed on the surface of the planarizing
film 24. The pixel electrodes 20 are electrically connected to
the drainlines 18 via the contact holes 27 that pass through the
interlayer insulating film 19 and the planarizing film 24 and is
located above the drain lines 18. The pixel electrodes 20 are
thus partially embedded in the contact holes 27, thereby
ensuring electric connection to the drain lines 18. The vertical
alignment film 25 from a polyimide or the like is formed to
cover the pixel electrodes 20 and the common electrode 21.

[0066] The counter substrate 50 has the transparent insu-
lating substrate 51 made from glass, quartz, or plastic as a
base body. The BM layer and color layer are provided, as
described hereinabove, at the inner surface side (liquid crystal
layer 30 side) of the insulating substrate 51. The vertically
aligned film 55 from a polyimide or the like is formed to cover
the BM layer and color layer. The color layer is preferably
partitioned into two areas of different chromaticity inside the
sub-pixel area. More specifically, a first color material area is
provided correspondingly to a planar area of the transmissive
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area T, and a second color material area is provided corre-
spondingly to a planar area of the reflective area R. A con-
figuration in which the chromaticity of the first color material
area is greater than the chromaticity of the second color
material area can be used. As a result, the chromaticity of the
display light can be prevented from being different in the
transmissive area T where the display light passes through the
color layer only once and the reflective area R where the
display light passes twice through the color layer, the appear-
ances of reflective display and transmissive display can be
matched, and the display quality can be increased.

[0067] A planarizing film (undercoat film) formed from a
transparent resin material is preferably further laminated on
the BM layer and color layer on the liquid crystal layer 30 side
thereof in order to planarize unevenness of the configurations.
As a result, the surface of the counter substrate 50 can be
planarized, thickness uniformity of the liquid crystal layer 30
can be improved, and the non-uniformity of driving voltage in
the sub-pixel area and the decrease in contrast can be pre-
vented.

[0068] The active matrix substrate 10 and the counter sub-
strate 50 are attached, with a spacer such as plastic beads
being interposed therebetween, by a sealing agent provided
so as to surround the display area. The liquid crystal layer 30
is formed by sealing a liquid crystal material as a display
medium constituting an optical modulation layer in the gap
between the active matrix substrate 10 and the counter sub-
strate 50.

[0069] Theliquid crystal layer 30 includes a nematic liquid
crystal material (p-type liquid crystal material) having posi-
tive dielectric anisotropy. Liquid crystal molecules of the
p-nematic liquid crystal material demonstrate homeotropic
alignment when no voltage is applied (when no electric field
is generated by the pixel electrode 20 and the common elec-
trode 21) under the effect of an alignment-controlling force of
the vertical alignment films 25, 55 of the respective active
matrix substrate 10 and the counter substrate 50. More spe-
cifically, when no voltage is applied, a long axis of a liquid
crystal molecule of the p-type nematic liquid crystal material
in the vicinity of the vertical alignment films 25, 55 has an
angle of equal to or greater than 88° (preferably equal to or
greater than 89°) with respect to the active matrix substrate 10
and the counter substrate 50. Further, the liquid crystal layer
30 is set to substantially the same thickness as the transmis-
sive area T and the reflective area R. Thus, the liquid crystal
display panel 100 has a single cell gap.

[0070] Thearrangement of optical axes in the liquid crystal
display device of the present embodiment is shown in FIG.
2(b). Both the transmission axis 417 of the polarizing plate 41
at the active matrix substrate 10 side and the transmission axis
42¢ of the polarizing plate 42 at the counter substrate 50 side
are disposed at an angle of 45° to the branch portion 205 and
the branch portion 20c¢ of the pixel electrode 20 and the
branch portion 215 of the common electrode 21 and the
branch portion 29¢ of the common electrode 29 in the front
view of the liquid crystal display panel 100, and the transmis-
sion axis 41z is disposed in a cross-Nicol state with the trans-
mission axis 42¢ in the oblique (45°) direction in the front
view of the liquid crystal display panel 100.

[0071] In the liquid crystal display device of the present
embodiment that has the above-described configuration,
when an image signal (voltage) is applied to the pixel elec-
trode 20 via the TFT 26, an electric field in the substrate plane
direction is generated between the pixel electrode 20 and the
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common electrodes 21, 29, this electric field drives the liquid
crystal, transmittance and reflectance of each sub-pixel are
changed, and image display is performed.

[0072] More specifically, in the liquid crystal display
device of the present embodiment, where an electric field is
applied, the retardation of the liquid crystal layer 30 is
changed due to the distortion of alignment of liquid crystal
molecules induced by the formation of electric field intensity
distribution inside the liquid crystal layer 30. More specifi-
cally, the initial alignment state of the liquid crystal layer 30
is a homeotropic alignment, and where a voltage is applied to
the comb-shaped pixel electrode 20 and common electrodes
21, 29, atransverse electric field is generated inside the liquid
crystal layer 30, and a bend electric field is formed. As a
result, as shown in FIG. 5, two domains that differ from each
other in the director orientation by 180° are formed, and
liquid crystal molecules of the nematic liquid crystal material
show a bend liquid crystal arrangement (bend alignment) in
each domain.

[0073] Thus, the liquid crystal display device of the present
embodiment is a TBA-mode liquid crystal display device, and
various transmitted light intensity (T)-voltage (V) character-
istics can be obtained by changing the width of the pixel
electrodes 20 and the common electrodes 21, 29 and the
distance therebetween. FIGS. 25 and 26 are plan schematic
diagrams illustrating configurations of liquid crystal display
panels of Comparative Examples 1 and 2, respectively. As
shown in FIG. 25 the liquid crystal display panel of Com-
parative Example 1 has a configuration identical to that of the
liquid crystal display panel 100 of the present embodiment,
except that no reflective layer is present and the layout of pixel
electrodes and common electrode is different. As shown in
FIG. 26, the liquid crystal display panel of Comparative
Example 2 has a configuration identical to that of the liquid
crystal display panel 100 of the present embodiment, except
that no reflective layer is present, the layout of pixel elec-
trodes, common electrode, and drain lines is different, and the
arrangement locations of contact holes are different. Further,
in the liquid crystal display panels of Comparative Examples
1 and 2, a common electrode 21 is provided in the reflective
area R and the transmissive area T, the pixel electrode 20 and
the common electrode 21 have a constant width in the sub-
pixel area, and the distance between the pixel electrode 20 and
the common electrode 21 is constant within the sub-pixel
area. In the liquid crystal display panel of Comparative
Example 1, the width (L) of the pixel electrode and common
electrode is 4 pm and the distance (S) between the pixel
electrode and common electrode is 4 um. By contrast, in the
liquid crystal display panel of Comparative Example 2, the
width (L) of the pixel electrode and common electrode is 4 um
and the distance (S) between the pixel electrode and common
electrode is 12 pm.

[0074] FIG. 27 shows a transmitted light intensity (T)-
voltage (V) characteristic of the TBA-mode liquid crystal
display panel in Comparative Examples 1 and 2. FIG. 27 also
shows a transmitted light intensity (T)-voltage (V) charac-
teristic that is ideal for reflective display. As a result, close to
an applied voltage of 5.2 V, the transmittance of the liquid
crystal display panel of Comparative Example 2 is about half
the transmittance of the liquid crystal display panel of Com-
parative Example 1. Thus, it is clear that the phase difference
(retardation) of the liquid crystal layer in the liquid crystal
display panel of Comparative Example 2 can be set to about
half the retardation of the liquid crystal layer in the liquid
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crystal display panel of Comparative Example 2. Thus, in the
TBA-mode liquid crystal display device, various T-V char-
acteristics can be obtained by appropriately adjusting the
width of the pixel electrode and the width of the common
electrode and the distance therebetween.

[0075] By contrast, in the liquid crystal display device of
the present embodiment, the distance between the branch
portion 20¢ and the branch portion 29¢ provided in the reflec-
tive area R is set larger than the distance between the branch
portion 205 and the branch portion 215 provided in the trans-
missive area T. As a result, the intensity of an electric field
generated in the liquid crystal layer 30 in the reflective area R
becomes lower than the intensity ofan electric field generated
in the liquid crystal layer 30 in the transmissive area T. There-
fore, although the cell gaps in the reflective area R and trans-
missive area T are identical, the retardation of the liquid
crystal layer 30 in the reflective area R can be made less than,
more specifically, about half the retardation in the transmis-
sive area T. Thus, even though a multigap structure is not
provided, the retardation of the liquid crystal layer 30 in the
reflective area R can be set to about half the retardation of the
liquid crystal layer 30 in the transmissive area T. As a result,
it is possible to realize a TBA-mode liquid crystal display
device in which both the reflective display and the transmis-
sive display can be performed without providing a multigap
structure. Thus, in the liquid crystal display device of the
present embodiment, the retardation of the liquid crystal layer
30 in the transmissive area T is set to A/2 and the retardation
of the liquid crystal layer 30 in the reflective area R is set to
M4,

[0076] The width of the branch portion 205 and the branch
portion 20c¢ of the pixel electrode 20, the width of the branch
portion 215 of the common electrode 21, and the width of the
branch portion 29¢ of the common electrode 29 are all sub-
stantially equal to each other. Therefore, the retardation of the
liquid crystal layer 30 in the transmissive area T and the
retardation of the liquid crystal layer 30 in the reflective area
R can be easily changed (made different). Therefore, the
retardation of the liquid crystal layer 30 in the reflective area
R can be easily set to about half the retardation of the liquid
crystal layer 30 in the transmissive area T.

[0077] The display operation of the liquid crystal display
device of the present embodiment will be described below.
FIG. 6 is a timing chart of the liquid crystal display device of
Embodiment 1. FIG. 6(a) shows a state in which an image
signal is not applied (black display). FIG. 6(b) shows a state
in which an image signal is applied (white display). FIG. 7 is
a cross-sectional schematic view illustrating the configura-
tion of the liquid crystal display device of Embodiment 1 and
the relationship ofretardation, FIG. 7(a) illustrates the case in
which no voltage is applied (black display), and FIG. 7(b)
illustrates the case in which a voltage is applied (white dis-
play).

[0078] In FIG. 6, the Vdl and Vcom?2 signals are shifted
withrespect to each other so that therise and fall thereof could
be easily seen, but the signals actually rise and fall (change)
simultaneously. In FIG. 6, the time and electric potential are
plotted on the abscissa and ordinate, respectively. FIG. 7
shows an explanatory diagram, (on the right side in the figure)
illustrating the operation in the reflective display mode (re-
flective area R) and an explanatory diagram (on the left side in
the figure) illustrating the operation in the transmissive dis-
play mode (transmissive area T). The explanatory diagram
illustrating the operation in the reflective display mode shows
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how the external light incident from above, as shown in the
figure, propagates down, as shown in the figure, reaches the
reflective layer, undergoes reflection at the reflective layer,
returns to the upper side, as shown in the figure, and becomes
display light. The explanatory diagram illustrating the opera-
tion in the transmissive display mode shows how the illumi-
nation light incident from below propagates upward and
becomes the display light.

[0079] First, the signals applied to the electrodes will be
explained.
[0080] As shown in FIGS. 6(@) and 6(5), an image signal

Vd1 which is a potential with an amplitude changing depend-
ing on gradation is applied to the pixel electrode 20 in the
same manner as in the typical liquid crystal display device.
The liquid crystal display device of the present embodiment
has an AC drive and the image signal Vd1 is a pulse signal (for
example, a rectangular signal with a maximum amplitude of
+7 V) with a polarity reversed for each frame. A constant
voltage (black gradation voltage) Vcoml is applied from the
gradation reference voltage generating circuit 73 to the com-
mon electrode 21 provided in the transmissive area T, and the
common electrode is set to a constant potential (predeter-
mined potential, for example 0 V) at all times. A white gra-
dation voltage Vcom2 is applied from the gradation reference
voltage generating circuit 73 to the common electrode 29
provided in the reflective area R. The white gradation voltage
Veom?2 is a pulse signal (for example, a rectangular signal
with a maximum amplitude of +7 V) with a polarity reversed
for each frame, and the white gradation voltage Vcom2 of the
same polarity as the image signal Vdl is applied to the com-
mon electrode 29. Therefore, the voltage applied to the liquid
crystal layers 30 in the transmissive area T and the reflective
area R when the image signal is not applied (during the black
display) and when the image signal is applied (during the
white display) is reversed in the transmissive area T and the
reflective area R as shown in Table 1 below.

TABLE 1

Voltage applied to liguid erystal layer

When image When image
signal amplitude signal amplitude
is =0 (V) is =7 (V)
Transmissive area T +0 +7
Reflective area R +7 +0

[0081] As a result, when the reflective area R has an ideal
transmitted light intensity (T)-voltage (V) characteristic,
such as shown in FIG. 27, the liquid crystal display device of
the present embodiment has a transmitted light intensity (T)-
voltage (V) characteristic, such as shown in FIG. 8. Thus, in
the transmissive area T, the transmittance increases as a volt-
age is applied to the pixel electrode 20, whereas in the reflec-
tive area R, the transmittance decreases as a voltage is applied
to the pixel electrode 20. Further, the transmittance in the
reflective area R 1s about half that in the transmissive area T.
[0082] The transmissive display (transmissive mode) of the
liquid crystal display device of the present embodiment in
which such voltage is applied will be explained below.

[0083] In the liquid crystal display device of the present
embodiment, the light emitted from the backlight is converted
into linearly polarized light parallel to the transmission axis
42¢ of the polarizing plate 42 when the light passes through
the polarizing plate 42, and the converted light falls on the
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liquid crystal layer 30 of the liquid crystal display panel 100.
When no image signal is applied, the incident light (linearly
polarized light) exits the liquid crystal layer 30 and reaches
the polarizing plate 41 in the same polarization state as at the
time of incidence. The linearly polarized light that has
reached the polarizing plate 41 is oriented perpendicular to
the transmission axis 41¢ of the polarizing plate 41. Therefore,
this light is absorbed by the polarizing plate 41 and the sub-
pixels demonstrate the black display. Thus, since the retarda-
tion of the liquid crystal display panel in the transmissive area
T is 0 when no image signal is applied, the black display
occurs in a cross-Nicol state of polarizing plates 41, 42.
[0084] By contrast, when an image signal is applied, the
linearly polarized light incident on the liquid crystal layer 30
is provided with a predetermined retardation (A/2) by the
liquid crystal layer 30 and converted into linearly polarized
light orthogonal to the transmission axis 42¢ of the polarizing
plate 42. The converted light exits the liquid crystal layer 30
and reaches the polarizing plate 41. Where this linearly polar-
ized light reaches the polarizing plate 41, it passes through the
polarizing plate 41 having the transmission axis 41¢ parallel to
the polarization direction of the light and becomes visible. As
a result, the sub-pixels create a white display. Thus, since the
retardation of the liquid crystal display panel in the transmis-
sive area T is M2 (liquid crystal layer 30 in the transmissive
area T) when an image signal is applied, a white occurs in a
cross-Nicol state of polarizing plates 41, 42.

[0085] The reflective display shown on the right side in
FIG. 7 will be explained below.

[0086] In the reflective display mode, the light incident
from above (outside) the polarizing plate 41 is converted into
linearly polarized light parallel to the transmission axis 41¢ of
the polarizing plate 41 when the light passes through the
polarizing plate 41, and the converted light falls on the liquid
crystal layer 30 of the liquid crystal display panel 100. When
no image signal is applied, a voltage of +7 V is applied to the
liquid crystal layer 30 in the reflective area R, as shown in
Table 1 above, and, the linearly polarized light incident on the
liquid crystal layer 30 will be imparted with a predetermined
retardation (A/4) by the liquid crystal layer 30 in the reflective
area R. As a result, the linearly polarized light is converted
into right-handed circularly polarized light and emitted from
the liquid crystal layer 30. In the present embodiment, the
distance between the pixel electrode 20 and the common
electrode 29 in the reflective area R is set larger than the
distance between the pixel electrode 20 and the common
electrode 21 in the transmissive area T, and the retardation of
the liquid crystal layer 30 in the reflective area A is setto about
half the retardation in the transmissive area T. Therefore, as
described hereinabove, when the linearly polarized light
passes through the liquid crystal layer 30, the light is con-
verted into the circularly polarized light.

[0087] The right-handed circularly polarized light emitted
from the liquid crystal layer 30 reaches a reflector (not shown
in the figure) and is reflected, but in this case, the rotation
direction, as viewed from polarizing plate 41 side, is reversed,
left-handed circularly polarized light is obtained, and this
light falls again on the liquid crystal layer 30. The left-handed
circularly polarized light incident on the liquid crystal layer
30 is imparted with a predetermined retardation (A/4) by the
liquid crystal layer 30 in the reflective area R. As a result, the
light is converted into linearly polarized light orthogonal to
the transmission axis 41¢ of the polarizing plate 41 and
reaches the polarizing plate 41. This linearly polarized light is
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absorbed by the polarizing plate 41 and the sub-pixels create
a black display. Thus, the retardation of the liquid crystal
display panel 100 in the reflective area R becomes A/2 (two-
fold retardation A/4 of the liquid crystal layer 30 in the reflec-
tive area R) and therefore a black display occurs in a parallel-
Nicol state of one polarizing plate 41.

[0088] By contrast, when an image signal is applied, a
voltage of 0V is applied to the liquid crystal layer 30 in the
reflective area R, as shown in Table 1 above, and no retarda-
tion is generated in the liquid crystal layer 30 in the reflective
area R. Therefore, the linearly polarized light that is incident
on the liquid crystal layer 30 and parallel to the transmission
axis 41¢ of the polarizing plate 41 falls on the liquid crystal
layer 30, while maintaining the same polarization state as at
the time of incidence, and is reflected by the reflector (not
shown in the figures). The reflected light then passes through
the liquid crystal layer 30, then passes through the polarizing
plate 41 and can be viewed. Thus, the sub-pixels create a
white display. Accordingly, since the retardation of the liquid
crystal display panel 100 in the reflective area R is 0 when an
image signal is applied, a white display occurs in a parallel-
Nicol state of one polarizing plate 41.

[0089] The results obtained in simulation measurements
relating to the liquid crystal display device of the present
embodiment will be described below.

[0090] First, merits of the liquid crystal display device of
the present embodiment over the liquid crystal display device
of the IPS system will be explained. The intensity of trans-
mitted light in a mode in which the birefringence of a liquid
crystal cell interposed between orthogonal polarizers is con-
trolled by an electric field can be defined by the following
Equation (1).

[Equation (1)]

7-d-An(V) 0

1=1-sin*26-sin’

[0091] InEquation(1),1,stands for an intensity of incident
polarized light, 8 represents an angle formed by the oscilla-
tion directions of theincident polarized light and usual light in
aliquid crystal cell, d represents a cell thickness (cell gap), An
(V) represents a birefringence of the liquid crystal cell under
a voltage V, d-An represents an optical retardation, and A
represents a wavelength of the incident light.

[0092] When the transmittance of a liquid crystal display
panel is to be increased, the d-An value is set to increase the
intensity of the transmitted light with A of from 550 nm to 650
nm. However, since there is a light wavelength dispersivity in
liquid crystals, the liquid crystals usually do not transmit the
light uniformly in a range of A of from 380 nm to 750 nm
(visible light range).

[0093] The transmittance with respect to different wave-
lengths was simulation measured with respect to the TBA
mode and IPS mode. The results obtained are explained
below. FIG. 9 shows a transmitted light intensity (T)-voltage
(V) characteristic at different wavelengths in the TEA-mode
liquid crystal display device of Embodiment 1, the character-
istic being determined by simulation. FIG. 9(a) shows the
case in which d-An=447 nm and F1G. 9() shows the case in
which d-An=497 nm. FIG. 10 shows a transmitted light inten-
sity (T)-voltage (V) characteristic at different wavelengths in
the IPS-mode liquid crystal display device of comparative
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example, the characteristic being determined by simulation.
FIG. 10(a) shows the case in which d-An=318 nm and FIG.
10(b) shows the case in which d-An=348 nm.

[0094] Theliquid crystal cell shown in FIG. 11 was used for
simulation for both the TBA mode and the IPS mode. FIG. 11
is a perspective schematic diagram illustrating the configura-
tion of sub-pixels used in the simulation (three-dimensional
simulation). FIG. 12 is a graph showing a An-wavelength
characteristic used in the simulation (three-dimensional
simulation). As shown in FIG. 11, the liquid crystal cell used
for the simulation includes the TFT substrate 10 having rect-
angular (in the planar view thereof) electrodes 61, 62 that are
provided opposite and parallel to each other, the counter
substrate 50, and the liquid crystal layer 30 interposed
between the TFT substrate 10 and the counter substrate 50.
The polarizers are set in a cross-Nicol state. The smaller is the
width (L) of the electrodes 61, 62, the better is the transmit-
tance. Therefore, the width was set to 1.5 um, which is the
minimum value of the presently used process. The distance
(S) between the electrodes 61, 62 was set to 7.5 um. Thus, L/S
was set to 1.5 pm/7.5 um. The dielectric anisotropy (AE€) of
the liquid crystal layer was set to 20. Further, I, was set to 1
and 0 was set to 45°. The simulation was conducted with
respect to wavelengths 0f450 nm, 550 nm, and 650 nm. Other
simulations described hereinbelow were conducted under
similar conditions, unless specifically stated otherwise.
[0095] The results demonstrate that in the IPS mode, where
d-An is increased from 318 nm to 348 nm, the Y value under
an applied voltage of 6.5V increases from 547 to 553 and the
display clearly becomes lighter. However, the comparison of
FIGS. 10(a) and (b) shows that the transmittance at a wave-
length of 450 nm under a high applied voltage is substantially
lower than the transmittance at other wavelengths. Therefore,
in the IPS mode, a white display with a low color temperature
that has a blue color loss is easily obtained. The VA mode
demonstrates the same trend as the IPS mode.

[0096] By contrast, in the TBA mode, where d-An is
increased from 447 nm to 497 nm, the Y value under an
applied voltage of 6.5 V increases from 451 to 459 and the
display becomes lighter. The comparison of FIGS. 9(a) and
(b) demonstrates that the decrease in transmittance at a wave-
length of 450 nm under a high applied voltages with respect to
transmittance at other wavelengths is small. Therefore, in the
TBA mode, a white display with a high color temperature,
which is low in blue color loss, can be easily obtained.
[0097] When the transmittanceis thus increased by increas-
ing the d-An value, the transmitted light intensity at =380 to
750 nm (visible range) in the TBA mode can be increased
more uniformly than in the IPS mode.

[0098] Further, in the TBA mode, the transmitted light
intensity can be increased more uniformly by adjusting the
distance (S) between the electrodes 61, 62. FIG. 13 shows a
transmitted light intensity (T)-voltage (V) characteristic at
different wavelengths in the TBA-mode liquid crystal display
device of Embodiment 1, the characteristic being determined
by simulation. FIG. 13(a) shows the case in which d-An=447
nm and FIG. 13(5) shows the case in which d-An=497 nm.
FIGS. 13(a) and (b) both show the results obtained when L/S
is 1.5 um/10 pm.

[0099] The comparison of FIGS. 9 and 13 demonstrates
that where the distance (S) between the electrodes 61, 62 is
increased, the electric field intensity decreases, and therefore
the T-V characteristic shifts to a high voltage side. Further,
the decrease in transmittance at a wavelength of 450 nm under
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a high applied voltage with respect to transmittance at other
wavelengths can be further decreased with respect to that in
the case in which /S is 1.5 um/7.5 pm. Thus, in the TBA
mode, the transmitted light intensity can be increased more
uniformly by increasing the distance (S) between the elec-
trodes 61, 62.

[0100] The above-described results demonstrate that when
the liquid crystal display device of the present embodiment
uses the same driver as that of the conventional VA-mode (for
example, the ASV mode in which liquid crystal molecules are
aligned radially, the protrusion provided at the counter sub-
strate serving as a center) transflective type liquid crystal
display device, the ideal L/S value in the transmissive area T
is 1.5 um/(7.5 to 10) um. Thus, in this case, the ideal L/S value
in the transmissive area T is obtained when S=7.5 to 10 pm
with respect to [L=1.5 um. By contrast, when much impor-
tance is attached to the response time, the L/S value in the
transmissive area T is preferably set to 1.5 um/(4 to 7.5) pm.
Thus, in this case the preferred L/S value in the transmissive
area T is obtained when S=4 to 7.5 um with respect to [=1.5
pm. However, in this case, a driver that is different from that
of the conventional VA mode should be used.

[0101] A reflective display characteristic of the liquid crys-
tal display device of the present embodiment will be
described below. A transmitted light intensity in a mode in
which birefringence of a liquid crystal cell interposed
between the parallel polarizers is controlled by an electric
field can be generally represented by the following Equation
(2). Thus, the reflected light intensity also can be represented
by Equation (2) below.

[Equation (2)]

d-An(V) @

1=1-sin*26- coszﬂ.

[0102] InEquation(2),1,stands foran intensity of incident
polarized light, 6 represents an angle formed by the oscilla-
tion directions of the incident polarized light and usual light in
aliquid crystal cell, d represents a cell thickness (cell gap), An
(V) represents a birefringence of the liquid crystal cell under
a voltage V, d-An represents an optical retardation, and A
represents a wavelength of the incident light. Thus, the trans-
mitted light intensity is represented by an equation that differs
depending on whether the polarizers are orthogonal or paral-
lel.

[0103] Firstly, the results will be explained that were
obtained by conducting simulation measurements of a trans-
mission characteristic and a reflection characteristic in a state
with a parallel arrangement of polarizers in a TBA-mode
liquid crystal display device of a comparative example. FIG.
14 is a cross-sectional schematic diagram illustrating the
configuration of sub-pixels used in the simulation (three-
dimensional simulation). In this case, L/S was set to 1.5
wm/10 pm and d-An was set to 447 nm. Thus, in this case, the
L/S value of the reflective area R was set to the L/S value of
the transmissive area T at which good transmissive display
has been realized, onthe basis of results shown in FIGS. 9 and
13. When the reflective characteristic was determined, the
simulation was conducted by setting the reflectance of the
reflector to 100%. FIG. 15 shows an optical retardation
(d'An)-voltage (V) characteristic during transmission in
points at a distance of 0 um, 1.25 pm, and 2 um from the
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electrode edge in aTBA-mode liquid crystal display device of
a comparative example, the characteristic being determined
by simulation. FIG. 16 shows an optical retardation (d-An)-
voltage (V) characteristic during reflection in points at a
distance of O um, 1.25 wm, and 2 um from the electrode edge
in a TBA-mode liquid crystal display device of a comparative
example, the characteristic being determined by simulation.
FIG. 17 shows a transmitted light intensity (T)-voltage (V)
characteristic during transmission in a TBA-mode liquid
crystal display device of a comparative example, the charac-
teristic being determined by simulation. FIG. 17(a) shows the
resultina point at a distance of 0 um from the electrode edge.
FIG. 17(b) shows the result in a point at a distance of 1.25 pm
from the electrode edge. FIG. 17(c¢) shows the result in a point
at a distance of 2 hm from the electrode edge. FIG. 18 shows
areflected light intensity (R)-voltage (V) characteristic dur-
ing reflection in a TBA-mode liquid crystal display device of
a comparative example, the characteristic being determined
by simulation. FIG. 18(a) shows the result in a point at a
distance of 0 pm from the electrode edge. F1G. 18(5) shows
the resultin a point at a distance of 1.25 um from the electrode
edge. FIG. 18(c) shows the result in a point at a distance of 2
um from the electrode edge. FIG. 19 shows a graph obtained
by averaging the transmitted light intensity (T)-voltage (V)
characteristic during transmission in points at a distance of 0
pm, 1.25 pm, and 2 pm from the electrode edge in a TBA-
mode liquid crystal display device of'a comparative example,
the characteristic being determined by simulation. FIG. 20
shows a graph obtained by averaging the reflected light inten-
sity (R)-voltage (V) characteristic during reflection in points
at a distance of 0 pm, 1.25 um, and 2 um from the electrode
edge in a TEA-mode liquid crystal display device of a com-
parative example, the characteristic being determined by
simulation. FIGS. 15 to 20 show the simulation results
obtained without disposing a quarter-wave plate.

[0104] These figures demonstrate that when the L./S value
of the reflective area R is set in the same manner as in the
transmissive area T, that is, the distance S between the elec-
trodes in the reflective area R is set to the same value as the
distance S between the electrodes in the transmissive area T at
which good transmissive display has been realized, short-
wavelength light leaks when a high voltage is applied and a
sufficient reflective characteristic is not obtained.

[0105] Since the optical retardation d-An differs among the
points when the voltage is applied and the results obtained in
the transmissive area T and the reflective area R differ
depending on whether the polarizers are orthogonal or paral-
lel, the white display and black display are not reversed sym-
metrically in the transmissive area T and the reflective area R.

[0106] Secondly, the results will be explained that were
obtained by conducting simulation measurements of a reflec-
tion characteristic in a state with a parallel arrangement of
polarizers in the TBA-mode liquid crystal display device the
present embodiment. FIG. 21 is a cross-sectional schematic
diagram illustrating the configuration of sub-pixels used in
the simulation (three-dimensional simulation). The following
settings were used in this case: L/S=1.5 um/13 pum and
d-An=447 nm. Thus, in this case, the distance S between the
electrodes in the reflective area R was enlarged with respect to
the distance S between the electrodes in the transmissive area
T at which good transmissive display has been realized. The
simulation was conducted by setting the reflectance of the
reflector to 100%. FIG. 22 shows an optical retardation
(d-An)-voltage (V) characteristic during reflection in points
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at a distance of 0 pm, 1.625 pm, and 3.25 pm from the
electrode edge in the TBA-mode liquid crystal display device
according to Embodiment 1, the characteristic being deter-
mined by simulation. FIG. 23 shows a reflected light intensity
(R)-voltage (V) characteristic during reflection in the TEA-
mode liquid crystal display device according to Embodiment
1, the characteristic being determined by simulation. FIG.
23(a) shows the result in a point at a distance of 0 pm from the
electrode edge. F1G. 23(5) shows the result in a point at a
distance of 1.625 um from the electrode edge. FIG. 23(c)
shows the result in a point at a distance of 3.25 um from the
electrode edge. F1G. 24 shows a graph obtained by averaging
the reflected light intensity (R)-voltage (V) characteristic
during reflection in points ata distance of O pm, 1.625 um, and
3.25 um from the electrode edge in the TEA-mode liquid
crystal display device according to Embodiment 1, the char-
acteristic being determined by simulation. FIGS. 22 to 24
show the simulation results obtained without disposing a
quarter-wave plate. FIG. 21 shows a graph obtained by aver-
aging the reflected light intensity (R)-voltage (V) charactet-
istic of the TEA-mode liquid crystal display device according
to Embodiment 1 in the case in which a quarter-wave plate is
disposed on the counter substrate side, the characteristic
being determined by simulation.

[0107] As shown in the figures, where the space between
the electrodes 61, 62 is increased from 10 um to 13 pm, the
optical retardation d-An and reflected light intensity (R)-
voltage (V) characteristic change significantly. A sufficient
reflective characteristic can be obtained by setting the dis-
tance S between the electrodes in the reflective area A larger
than the distance S between the electrodes in the transmissive
area T. Further, since the averaged reflected light intensity
(R)-wvoltage (V) characteristic is taken by the human eyes, the
liquid crystal display device of the present embodiment
makes it possible to recognize uniform light over a range from
ashort wavelength to a long wavelength, as shown in FIG. 24.
Further, in the TEA-mode liquid crystal display device of the
present embodiment, the optical retardation d-An also differs
among the points when the voltage is applied and the results
obtained in the transmissive area T and the reflective area R
also differ depending on whether the polarizers are orthogo-
nal or parallel. Therefore, the white display and black display
are not reversed symmetrically in the transmissive area T and
the reflective area R.

[0108] With the liquid crystal display device of the present
embodiment, the reflective display and transmissive display
of excellent quality can be obtained in the TBA mode, without
providing a multigap structure and a quarter-wave plate. Fur-
ther, since it is not necessary to provide a concavoconvex
structure on the counter substrate side or a quarter-wave plate
on the main exterior surface of the liquid crystal display panel
as in the conventional transflective type liquid crystal display
device having the multigap structure, the cost can be reduced
and a contrast characteristic in the transmissive display can be
improved. Further, since it is not necessary to provide trans-
parent electrode or ribs (protrusions for controlling an align-
ment) on the counter substrate side as in the conventional
VA-mode transflective type liquid crystal display device, the
cost can be reduced by comparison with that of the conven-
tional VA-mode transflective type liquid crystal display
device.

[0109] The present application claims priority under the
Paris Convention and the domestic law in the country to be
entered into national phase to Japanese Patent Application
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No. 2008-125199, filed on May 12, 2008, the entire contents
of which are hereby incorporated by reference into this appli-
cation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0110] FIG. 1isa plan schematic view illustrating the con-
figuration of a liquid crystal display panel of Embodiment 1.
[0111] FIG. 2(a) is a plan schematic view illustrating the
configuration of one sup-pixel of the liquid crystal display
panel of Embodiment 1, and FIG. 2(b) is a schematic diagram
illustrating the mutual arrangement of transmission axes of
polarizing plates in Embodiment 1.

[0112] FIG. 3 is a schematic cross-sectional view illustrat-
ing the configuration of the liquid crystal display panel of
Embodiment 1, this view showing a cross section taken along
line X-Y in FIG. 2(a).

[0113] FIG. 4is a plan schematic view illustrating a circuit
configuration of the liquid crystal display device of Embodi-
ment 1.

[0114] FIG. 5 is a schematic cross-sectional view illustrat-
ing the alignment distribution of liquid crystals when a volt-
age is applied to the liquid crystal display panel of Embodi-
ment 1, and um means pm in FIG. 5.

[0115] FIG. 6 is a timing chart of the liquid crystal display
device of Embodiment 1, FIG. 6(a) showing a state in which
an image signal is not applied (black display) and FIG. 6(5)
showing a state in which an image signal is applied (white
display).

[0116] FIG. 7 is a cross-sectional schematic view illustrat-
ing the configuration of the liquid crystal display device of
Embodiment 1 and the relationship of retardation, FIG. 7(a)
illustrating the case in which no voltage is applied, and FIG.
7(b) illustrating the case in which a voltage is applied.
[0117] FIG. 8 shows an ideal transmitted light intensity
(T)-voltage (V) characteristic of the liquid crystal display
device of Embodiment 1.

[0118] FIG. 9 shows a transmitted light intensity (T)-volt-
age (V) characteristic at different wavelengths in the TEA-
mode liquid crystal display device of Embodiment 1, the
characteristic being determined by simulation, FIG. 9(a)
showing the case in which d-An=447 nm and FIG. 9(b) show-
ing the case in which d-An=497 nm.

[0119] FIG. 10 shows a transmitted light intensity (T)-
voltage (V) characteristic at different wavelengths of a liquid
crystal display device of an IPS mode that is a comparison
example, the characteristic being found by simulation, FIG.
10(@) showing the case in which d-An=318 nm and FIG. 10(%)
showing the case in which d-An=348 nm.

[0120] FIG. 11 is aperspective schematic diagram illustrat-
ing the configuration of sub-pixels used in simulation (three-
dimensional simulation).

[0121] FIG. 12 is agraph illustrating a An-wavelength char-
acteristic of a liquid crystal used in simulation (three-dimen-
sional simulation).

[0122] FIG. 13 shows a transmitted light intensity (T)-
voltage (V) characteristic at different wavelengths of a liquid
crystal display device of a TBA mode according to Embodi-
ment 1, the characteristic being found by simulation, FIG.
13(a) showing the case in which d-An=447 nm and FIG. 13(%)
showing the case in which d-An=497 nm.

[0123] FIG. 14 is across-sectional schematic diagram illus-
trating the configuration of sub-pixels used in the simulation
(three-dimensional simulation).
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[0124] FIG. 15 shows an optical retardation (d-An)-voltage
(V) characteristic during transmission in points at a distance
of 0 pm, 1.25 pm, and 2 pm from the electrode edge in a
TBA-mode liquid crystal display device of a comparative
example, the characteristic being determined by simulation.

[0125] FIG. 16 shows an optical retardation (d-An)-voltage
(V) characteristic during reflection in points at a distance of 0
um, 1.25 um, and 2 pm from the electrode edge in a TBA-
mode liquid crystal display device of a comparative example,
the characteristic being determined by simulation.

[0126] FIG. 17 shows a transmitted light intensity (T)-
voltage (V) characteristic during transmission in a TBA-
mode liquid crystal display device of a comparative example,
the characteristic being determined by simulation, FIG. 17(a)
showing the result in a point at a distance of 0 um from the
electrode edge, FIG. 17(b) showing the result in a point at a
distance of 1.25 um from the electrode edge, and FIG. 17(c)
showing the result in a point at a distance of 2 um from the
electrode edge.

[0127] FIG. 18 shows a reflected light intensity (R)-volt-
age (V) characteristic during reflection in a TBA-mode liquid
crystal display device of a comparative example, the charac-
teristic being determined by simulation, FTG. 18(a) showing
the result in a point at a distance of O um from the electrode
edge, FIG. 18() showing the result in a point at a distance of
1.25 pm from the electrode edge, and F1G. 18(c) showing the
result in a point at a distance of 2 um from the electrode edge.
[0128] FIG. 19 shows a graph obtained by averaging the
transmitted light intensity (T)-voltage (V) characteristic dur-
ing transmission in points at a distance of 0 um, 1.25 pm, and
2 um from the electrode edge in a TBA-mode liquid crystal
display device of a comparative example, the characteristic
being determined by simulation.

[0129] FIG. 20 shows a graph obtained by averaging the
reflected light intensity (R)-voltage (V) characteristic during
reflection in points at a distance of 0 pm, 1.25 um, and 2 pm
from the electrode edge in a TBA-mode liquid crystal display
device of a comparative example, the characteristic being
determined by simulation.

[0130] FIG. 21 is across-sectional schematic diagram illus-
trating the configuration of sub-pixels used in the simulation
(three-dimensional simulation).

[0131] FIG. 22 shows an optical retardation (d-An)-voltage
(V) characteristic during reflection in points at a distance of 0
um, 1.625 pm, and 3.25 pm from the electrode edge in a
TBA-mode liquid crystal display device according to
Embodiment 1, the characteristic being determined by simu-
lation.

[0132] FIG. 23 shows a reflected light intensity (R)-volt-
age (V) characteristic during reflection in a TBA-mode liquid
crystal display device according to Embodiment 1, the char-
acteristic being determined by simulation, FIG. 23(a) show-
ing the result in a point at a distance of 0 pm from the electrode
edge, FIG. 23() showing the result in a point at a distance of
1.625 um from the electrode edge, and FIG. 23(c) showing the
result in a point at a distance of 3.25 pm from the electrode
edge.

[0133] FIG. 24 shows a graph obtained by averaging the
reflected light intensity (R)-voltage (V) characteristic during
reflection in points at a distance of 0 pm, 1.625 um, and 3.25
um from the electrode edge in the TBA-mode liquid crystal
display device according to Embodiment 1, the characteristic
being determined by simulation.
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[0134] FIG. 25 is a schematic plan view illustrating the
configuration of a liquid crystal display panel of Comparative
Example 1.

[0135] FIG. 26 is a schematic plan view illustrating the
configuration of a liquid crystal display panel of Comparative
Example 2.

[0136] FIG. 27 shows a transmitted light intensity (T)-
voltage (V) characteristic of a TEA-mode liquid crystal dis-
play panel according to a Comparative Examples 1 and 2.

EXPLANATION OF SYMBOLS

[0137] 10: active matrix substrate
[0138] 11: insulating substrate
[0139] 12: gate bus line

[0140] 13: Cs bus line (capacitance storage line)
[0141] 14: gate insulator

[0142] 15: semiconductor layer
[0143] 16: source bus line

[0144] 17: source line

[0145] 18: drain line

[0146] 19: interlayer insulating film
[0147] 20: pixel electrode

[0148] 21, 29: common electrode

[0149] 204, 21a, 29a: trunk portion
[0150] 205, 20c, 215, 21¢, 29¢: branch portion
[0151] 21d, 294: base trunk portion

[0152] 22: storage capacitance portion
[0153] 23: interlayer insulating film
[0154] 24: planarizing film

[0155] 25: vertical alignment film
[0156] 26: thin film transistor (TFT)
[0157] 27: contact hole

[0158] 28: reflective layer

[0159] 30: liquid crystal layer

[0160] 41, 42: polarizing plate

[0161] 411 42¢ transmission axis of polarizing plate
[0162] 43, 44: retarder

[0163] 43s, 44s: slow axis of retarder

[0164] 50: counter substrate

[0165] 51: insulating substrate

[0166] 55: vertical alignment film

[0167] 61, 62: electrode

[0168] 71: source driver (data line drive circuit)
[0169] 72: gate driver (scanning line drive circuit)
[0170] 73: gradation reference voltage generating circuit
[0171] 74: external signal source

[0172] 75: vertical timing control circuit

[0173] 76: horizontal timing control circuit

[0174] 77: image data conversion circuit

[0175] 81: display area (image display area)

[0176] 100: liquid crystal display panel

[0177] T: transmissive area

[0178] R: reflective area

[0179] VdI: image signal

[0180] Vcoml: constant voltage (black gradation voltage)
[0181] Vcom2: white gradation voltage

1. A liquid crystal display device, comprising:

a first substrate and a second substrate that are disposed
opposite each other; and

a liquid crystal layer that is interposed between the first
substrate and the second substrate, and having, in a pixel
area, a reflective area where reflective display is per-
formed and a transmissive area where transmissive dis-
play is performed,
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wherein the first substrate has a first electrode provided in
the transmissive area and the reflective area, a second
electrode provided in the transmissive area and disposed
parallel to and opposite the first electrode inside the pixel
area, and a third electrode provided in the reflective area
and disposed parallel to and opposite the first electrode
inside the pixel area,

the liquid crystal layer includes a p-type nematic liquid
crystal and is driven by an electric field generated at least
one of between the first electrode and the second elec-
trode and between the first electrode and the third elec-
trode,

the p-type nematic liquid crystal is aligned perpendicular
to the first substrate and the second substrate when no
voltage is applied,

a distance between the first electrode and the third elec-
trode is different from a distance between the first elec-
trode and the second electrode, and

mutually different common signals are input to the second
electrode and the third electrode.

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

wherein a pulse potential is applied to one of the second
electrode and the third electrode, and
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a predetermined potential is applied to the other of the
second electrode and the third electrode.

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

wherein the second electrode and the third electrode are
connected to a gradation reference voltage generating
circuit.

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

wherein the distance between the first electrode and the
third electrode is larger than the distance between the
first electrode and the second electrode.

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

wherein the first electrode, the second electrode, and the
third electrode have substantially the same width.

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

wherein the first electrode, the second electrode, and the
third electrode are comb-shaped electrodes.

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

wherein a thickness of the liquid crystal layer in the reflec-
tive area is substantially equal to a thickness of the liquid
crystal layer in the transmissive area.

L T
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