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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to a liquid crystal

display device, and more particularly, to a liquid crystal
display device in which one pixel includes a transmissive
portion for performing a transmissive display and a reflec-
tive portion for performing a reflective display and two
electrodes for controlling the alignment of liquid crystal
molecules are disposed in one substrate.

[0003] 2. Related Art

[0004] Liquid crystal panels of an FFS (Fringe Field
Switching) type or an IPS (In-Plane Switching) type are
known as a liquid crystal panel having a wide viewing angle.
In such types, both a pixel electrode and a common electrode
are disposed in an element substrate, and liquid crystal
molecules are rotated by the control of an electric field
generated between both electrodes, thereby controlling
alignment of the liquid crystal molecules.

[0005] The liquid crystal panels are approximately classi-
fied into a transmissive type of making a display by the use
of a backlight, a reflective type of making a display by the
use of an external light, and a transflective type having both
the transmissive and reflective structures in one pixel.
[0006] JP-A-2003-270627, JP-A-2004-198922, JP-A-
2005-338256, and JP-A-2003-344837 are examples of the
related art.

[0007] The known transflective liquid crystal panels of a
TN type and an ECB type do not have sufficient contrast and
have a narrow viewing angle. The transflective liquid crystal
panels of a VA type have high contrast and an enlarged
viewing angle, but have a problem in that colors are changed
in viewing from an angle.

[0008] In contrast to these TN type or ECB type liquid
crystal panels, the transflective liquid crystal panels of an
FFS type or an IPS type have excellent viewing-angle
characteristic and have significantly small color changes in
viewing from an angle, which is a problem of the VA type.
However, it is necessary to dispose a retardation film or a
wave plate so as to allow a transmissive display and a
reflective display to coexist, which causes a problem with a
decrease in contrast. In addition, there is also a problem in
that the liquid crystal display device gets thicker than the
transmissive liquid crystal display device of an FFS type or
an IPS type.

SUMMARY

[0009] An advantage of some aspects of the invention is
that it provides a liquid crystal display device with excellent
display quality, in which a transmissive portion for perform-
ing a transmissive display and a reflective portion for
performing a reflective display are disposed in each pixel
and two electrodes controlling a liquid crystal are disposed
in one substrate.

[0010] According to an aspect of the invention, there is
provided a liquid crystal display device including: a first
substrate having a first electrode and a second electrode; a
second substrate; a liquid crystal interposed between the first
substrate and the second substrate; pixels each having a
transmissive portion for performing a transmissive display
and a reflective portion for performing a reflective display;
and a driving circuit driving the pixels. Here, a third elec-
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trode is disposed in the second substrate opposed to the first
substrate with the liquid crystal interposed therebetween, the
first electrode is disposed in the transmissive portion along
with the second electrode and is also disposed in the
reflective portion along with the third electrode, and the
driving circuit is provided to independently apply potential
to the second electrode and the third electrode.

[0011] According to the above-mentioned configuration,
the reflective portion can be controlled by the use of the first
electrode disposed in the first substrate and the third elec-
trode disposed in the second substrate, respectively, thereby
embodying a transflective liquid crystal display device in
which the transmissive portion is formed in an FFS type with
a wide viewing angle. Here, since a retardation layer is not
disposed in the transmissive portion, it is possible to sup-
press a deterioration in contrast of the transmissive portion
due to the retardation layer.

[0012] When an OFF voltage is applied across the first
electrode and the second electrode in the transmissive por-
tion, an ON voltage may be applied across the first electrode
and the third electrode in the reflective portion to align the
liquid crystal in the reflective portion to be approximately
perpendicular to the third electrode, thereby allowing the
transmissive portion and the reflective portion to simulta-
neously make a dark display.

[0013] When an OFF voltage is applied across the first
electrode and the third electrode in the reflective portion, an
ON voltage may be applied across the first electrode and the
second electrode to align the liquid crystal in the transmis-
sive portion to be twisted around the normal line of the
second electrode, thereby allowing the transmissive portion
and the reflective portion to simultaneously make a bright
display.

[0014] According to another aspect of the invention, there
is provided a liquid crystal display device including: a first
substrate; a second substrate; a liquid crystal interposed
between the first substrate and the second substrate; and
pixels each having a transmissive portion for performing a
transmissive display and a reflective portion for performing
a reflective display. Here, the first substrate includes: a
plurality of data lines and a plurality of gate lines; a plurality
of switching elements disposed to correspond to intersec-
tions between the plurality of data lines and the plurality of
gate lines; a plurality of first electrodes connected to output
terminals of the plurality of switching elements, respec-
tively; and a second electrode driving liquid crystal mol-
ecules by applying an electric field between the first elec-
trodes and the second electrode. The second substrate
includes a third electrode driving the liquid crystal mol-
ecules by applying an electric field between the first elec-
trode and the third electrode. The potential of the second
electrode and the potential of the third electrode are opposite
in phase to each other.

[0015] The liquid crystal display device may further
include a control circuit setting the potential of the second
electrode and the potential of the third electrode, which
share the corresponding gate line, so as to be opposite in
phase to each other, inverting the potential in a flyback time
just before a selection signal is input to the corresponding
gate line, and then maintaining the potential in a 1 vertical
period even after the selection signal is input.

[0016] According to another aspect of the invention, there
is provided a liquid crystal display device including: a first
substrate; a second substrate; a liquid crystal interposed
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between the first substrate and the second substrate; and
pixels each having a transmissive portion for performing a
transmissive display and a reflective portion for performing
a reflective display. The first substrate includes: a plurality of
data lines and a plurality of gate lines; a plurality of
switching elements disposed to form a pair corresponding to
each intersection between the plurality of data lines and the
plurality of gate lines; first electrodes disposed in the reflec-
tive portion and the transmissive portion connected to output
terminals of the pair of switching elements, respectively;
and a plurality of second electrodes driving the liquid crystal
by applying an electric field between the first electrodes and
the second electrodes. The second substrate includes a third
electrode driving the liquid crystal by applying an electric
field between the first electrodes and the third electrode. The
potential of the second electrode and the potential of the
third electrode are opposite in phase to each other.

[0017] The third electrodes of the gate lines may be
connected as a reflective-display common electrode terminal
to each other outside a display area and the second elec-
trodes of the gate lines may be connected as a transmissive-
display common electrode terminal to each other outside the
display area. Here, the potential of the reflective-display
common electrode terminal and the potential of the trans-
missive-display common electrode terminal may be oppo-
site in phase to each other and the potential is inverted every
horizontal period.

[0018] The third electrodes in odd rows of the gate lines
and the second electrodes in even rows thereof may be
connected as a first common electrode terminal to each other
outside the display area and the third electrodes in the even
rows of the gate lines and the second electrodes in the odd
rows thereof may be connected as a second common elec-
trode terminal to each other outside the display area. The
potential of the first common electrode terminal and the
potential of the second common electrode terminal may be
opposite in phase to each other and the potential is inverted
every screen scanning.

[0019] The first substrate may have a reflective-display
storage capacitor disposed in the reflective portion.

[0020] The reflective-display storage capacitor may have a
reflective-display storage capacitor electrode that forms a
storage capacitor along with the first electrode. The potential
of the reflective-display storage capacitor electrode may be
equal to the potential of the reflective-display common
electrode terminal.

[0021] The thickness of the liquid crystal may be set so
that a phase difference of the reflective portion is And A/4
and a phase difference of the transmissive portion is And=\/
2.

[0022] With the above-mentioned configurations, it is pos-
sible to provide a liquid crystal display device with excellent
display quality, in which one pixel includes a transmissive
portion and a reflective portion and two electrodes for
controlling the alignment of liquid crystal molecules are
disposed in one substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The invention will be described with reference to
the accompanying drawings, wherein like numbers refer-
ence like elements.

[0024] FIG. 1 is a schematic diagram illustrating a liquid
crystal display device according to an embodiment of the
invention.
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[0025] FIG. 2is a schematic diagram illustrating the liquid
crystal display device according to the embodiment of the
invention.

[0026] FIG. 3 is a schematic diagram illustrating a liquid
crystal display device according to another embodiment of
the invention.

[0027] FIG. 4 is a cross-sectional view of a liquid crystal
display device and is used to explain a mechanism in which
a transmissive display portion of a transverse electric field
driving system is in a normally white mode and a reflective
display portion of a longitudinal electric field driving system
is in a normally black mode.

[0028] FIGS. 5A, 5B, and 5C are plan views correspond-
ing to FIG. 4.
[0029] FIG. 6 is a plan view corresponding to FIG. 4 and

illustrates a relation to a reflective-display common elec-
trode.

[0030] FIG. 7 is an equivalent circuit diagram of a pixel in
a known liquid crystal display device.

[0031] FIG. 8 is an equivalent circuit diagram of a pixel
according to an embodiment of the invention.

[0032] FIG. 9 is a diagram illustrating a variation in
common potential and a correspondence between a display
state of a transmissive display portion and a display state of
a reflective display portion in a liquid crystal display device
according to an embodiment of the invention by setting the
horizontal axis to time.

[0033] FIG. 10 is an equivalent circuit diagram of a
specific pixel according to an embodiment of the invention.
[0034] FIG. 11 is a diagram illustrating a configuration of
a display driving operation of a liquid crystal display device
according to an embodiment of the invention.

[0035] FIG. 12 is a timing diagram illustrating a potential
of a common electrode corresponding to the configuration
shown in FIG. 11.

[0036] FIG. 13 is a cross-sectional view illustrating a
liquid crystal display device according to an embodiment of
the invention.

[0037] FIGS. 14A, 14B, and 14C are plan views corre-
sponding to FIG. 13.

[0038] FIG. 15 is a diagram illustrating a modified
example of FIGS. 14A to 14C.

[0039] FIG. 16 is a cross-sectional view illustrating a
liquid crystal display device having another configuration
according to an embodiment of the invention.

[0040] FIGS. 17A, 17B, and 17C are plan views corre-
sponding to FIG. 16.

[0041] FIG. 18 is a diagram illustrating a configuration of
a display driving operation of a liquid crystal display device
according to another embodiment of the invention.

[0042] FIG. 19 is a timing diagram illustrating a potential
of a common electrode corresponding to the configuration
shown in FIG. 18.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0043] Hereinafter, exemplary embodiments of the inven-
tion will be described in detail with reference to the draw-
ings.

[0044] FIGS. 1 and 2 are schematic diagrams illustrating

a liquid crystal display device 50 according to an embodi-
ment of the invention. The liquid crystal display device 50
includes a liquid crystal panel 60, a driving circuit 70 driving
the liquid crystal panel 60, and a backlight unit (not shown)
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opposed to the liquid crystal panel 60. In FIG. 1, etc., one
pixel (which is also called a dot or a sub pixel) of the liquid
crystal panel 60 is shown in a cross-sectional view and only
partial elements are hatched so as to avoid complication of
the drawings.

[0045] The liquid crystal panel 60 is a transflective liquid
crystal panel in which a transmissive portion 60T for per-
forming a transmissive display and a reflective portion 60R
for performing a reflective display are disposed in one pixel.
The transmissive portion 60T and the reflective portion 60R
each indicate not only a two-dimensional area as viewed in
a plane view, but also a three-dimensional area of the liquid
crystal panel 60 defined by projecting the two-dimensional
area in the thickness direction of the liquid crystal panel 60,
that is, the overlapping direction of substrates 100 and 200
to be described later.

[0046] Here, it is assumed that the liquid crystal panel 60
performs the transmissive display in an FFS (Fringe Field
Switching) type and performs the reflective display in an
ECB (FElectrically Controlled Birefringence) type.

[0047] The liquid crystal panel 60 includes an element
substrate 100, a counter substrate 200 opposed to the ele-
ment substrate 100, and a liquid crystal (or a liquid crystal
layer) 300 disposed between both substrates 100 and 200.
Liquid crystal molecules in the liquid crystal layer 300 are
schematically illustrated in the figure.

[0048] The element substrate 100 includes a light-trans-
mitting substrate 112 and further includes a circuit layer 114,
a planarizing film 116, a reflective film 118, a first electrode
120, an insulating film 122, a second electrode 124, and an
alignment film (not shown) inside the light-transmitting
substrate 112, that is, on a side of the substrate 112 close to
the liquid crystal layer 300.

[0049] The light-transmitting substrate 112 is formed of,
for example, a transparent glass plate.

[0050] The circuit layer 114 is a layer in which circuits
having a variety of elements are formed to drive the pixel
and includes, for example, pixel TFTs (Thin Film Transistor)
or a variety of wires. Although details of the circuits are not
shown, a variety of circuits can be used. The circuit layer 114
is disposed over the transmissive portion 60T and the
reflective portion 60R on the light-transmitting substrate
112.

[0051] The planarizing film 116 is made of, for example,
insulating or light-transmitting resin and is disposed over the
circuit layer 114 so as to be closer to the liquid crystal layer
300 than the circuit layer 114. The planarizing film 116
extends over the transmissive portion 60T and the reflective
portion 60R. The surface of the planarizing film 116 close to
the counter substrate 200 is even in the transmissive portion
60T and is uneven in the reflective portion 60R. The
unevenness can be formed by various methods and may be
formed, for example, by forming the planarizing film 116
out of a photo resist material and exposing and developing
the photo resist material in a pattern.

[0052] The reflective film 118 is formed of a material such
as aluminum capable of reflecting an external light (visible
light) for the purpose of a reflective display. The reflective
film 118 is disposed in the reflective portion 60R and is
located on the uneven surface of the planarizing film 116.
The surface of the reflective film 118 close to the counter
substrate 200 has the same uneven shape as the uneven
surface of the planarizing film 116.
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[0053] The first electrode 120 is formed of a light-trans-
mitting conductive material such as ITO (Indium Tin
Oxide). The first electrode 120 is disposed on the planarizing
film 116 so as to cover the reflective film 118. The first
electrode 120 is disposed in the transmissive portion 60T
and the reflective portion 60R. That is, the first electrode is
an electrode common to the transmissive portion 60T and
the reflective portion 60R. The surface of the first electrode
120 close to the counter substrate 200 is even in the
transmissive portion 60T and has the same uneven shape as
the uneven surfaces of the reflective film 118 and the
planarizing film 116.

[0054] When the reflective film 118 is conductive, the first
electrode 120 may not cover the entire reflective film 118
connected to the reflective film 118. That is, a portion of the
first electrode 120 in the reflective portion 60R may be
formed of the reflective film 118.

[0055] Although the connection of the first electrode 120
to the driving circuit 70 is schematically illustrated in FIG.
1, etc. for the purpose of explanation, the application of
potential to the first electrode 120 is performed through, for
example, the pixel TFT in the circuit layer 114.

[0056] The insulating film 122 is made of, for example,
silicon oxide or silicon nitride. The insulating film 122 is
disposed on the even surface of the first electrode 120 in the
transmissive portion 60T. The surface of the insulating film
122 close to the counter substrate 200 is even.

[0057] The second electrode 124 is formed of a light-
transmitting material such as ITO. The second electrode 124
is disposed on the insulating film 122 in the transmissive
portion 60T and is opposed to the first electrode 120 with the
insulating film 122 interposed therebetween. That is, the first
electrode 120, the insulating film 122, and the second
electrode 124 are stacked in this order. Both electrodes 124
and 120 are disposed on the element substrate 100 and thus
are located on the same side about the liquid crystal layer
300. Slits 126 are formed in portions of the second electrode
124 opposed to the first electrode 120. Here, the slits 126
extend substantially perpendicular to the figure surface. An
electric field ET due to a potential difference between the
first electrode 120 and the second electrode 124 is generated
with the slits 126 and the insulating film 122 interposed
therebetween (see FIG. 2). The alignment state of the liquid
crystal 300 in the transmissive portion 60T is controlled by
the electric field ET.

[0058] Although the connection of the second electrode
124 to the driving circuit 70 is schematically illustrated in
FIG. 1, etc. for the purpose of explanation, the application of
potential to the second electrode 124 is performed through,
for example, wires in the circuit layer 114.

[0059] The alignment film not shown is disposed to cover
the second electrode 124, the insulating film 122, and the
first electrode 120 and is in contact with the liquid crystal
300.

[0060] The counter substrate 200 includes a light-trans-
mitting substrate 212 and further includes a color filter 214,
a retardation layer 216, a third electrode 218, and an
alignment film (not shown) in the inside of the light-
transmitting substrate 212, that is, on a side closer to the
liquid crystal layer 300 than the substrate 212.

[0061] The light-transmitting substrate 212 is formed of;
for example, a transparent glass plate.

[0062] The color filter 214 is made of, for example, a dyed
resin and is disposed on the light-transmitting substrate 212
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over both the transmissive portion 60T and the reflective
portion 60R. A backlight light incident from the element
substrate 100 and an external light are colored by the color
filter 214 and the pixel is lighted in a predetermined color.
The color of the color filter 214 is set to correspond to a
display color (single color) of the corresponding pixel. A
unit consisting of a plurality of pixels adjacent to each other
is called a pixel.

[0063] For example, it is assumed that the retardation
layer 216 corresponds to a quarter wave (Y4 wavelength)
plate. In this case, linearly polarized light can be converted
into clockwise (or counterclockwise) circularly polarized
light by the retardation layer 216. The retardation layer 216
is located closer to the liquid crystal layer 300 than the color
filter 214 and is disposed on the color filter 214 in the
reflective portion 60R. In this case, the retardation layer 216
is built in the liquid crystal panel 60. Here, the term “built
in” means a disposal form that something is disposed
between the light-transmitting substrates 112 and 212. It can
be understood that the pixel TFT and the like are built in the
liquid crystal panel 60.

[0064] The retardation layer 216 can be formed of, for
example, a UV-curable liquid crystal (liquid crystal which is
curable by ultraviolet rays). More specifically, an alignment
film (not shown) is formed on the color filter 214, the
UV-curable liquid crystal in a liquid phase is applied onto
the alignment film, and then the UV is radiated thereto,
thereby forming the retardation layer 216. In this case, the
retardation layer 216 includes the UV-curable liquid crystal
or further includes the alignment film. The alignment film
serves to control the alignment of the UV-curable liquid
crystal, but does not serve to define the alignment of the
liquid crystal 300. A variety of alignment films can be used
as the alignment film for the UV-curable liquid crystal. For
example, an optical alignment film having a liquid crystal
aligning ability with an application of light can be used and
the use of the optical alignment film makes a rubbing
operation unnecessary. The UV-curable liquid crystal serves
as a wave plate by performing a UV curing process thereon
(radiating the UV to cure the liquid crystal). The phase
difference can be adjusted by varying the thickness of the
UV-curable liquid crystal.

[0065] The third electrode 218 is made of a light-trans-
mitting conductive material such as ITO. The third electrode
218 is located closer to the liquid crystal layer 300 than the
retardation layer 216 and is disposed on the retardation layer
216 in the reflective portion 60R so as to be opposed to the
first electrode 120 with the liquid crystal layer 300 inter-
posed therebetween. That is, the third electrode 218 is
located opposite to the first electrode 120 with the liquid
crystal layer 300 interposed therebetween. The alignment in
the reflective portion 60R of the liquid crystal layer 300 is
controlled by an electric field ER resulting from a potential
difference between the third electrode 218 and the first
electrode 120 (see FIG. 1).

[0066] Although the connection between the third elec-
trode 218 and the driving circuit 70 is schematically illus-
trated in FIG. 1, etc. for the purpose of explanation, the
potential is applied to the third electrode 218 through a wire
in the circuit layer 114, the conductive particles interposed
between the substrates 100 and 200, and the like. The third
electrode 218 can be supplied with the potential indepen-
dently of the potential application to the second electrode
124.
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[0067] An alignment film not shown is disposed to cover
the third electrode 218, the retardation layer 216, and the
color filter 214 and is in contact with the liquid crystal layer
300.

[0068] The liquid crystal panel 60 further includes polar-
izing plates 128 and 220. The polarizing plate 128 is
disposed on the outside of the element substrate 100, that is,
on a side opposite to the liquid crystal layer 300 about the
light-transmitting substrate 112. The polarizing plate 220 is
disposed on the outside of the counter substrate 200, that is,
on a side opposite to the liquid crystal layer 300 about the
light-transmitting substrate 212.

[0069] The driving circuit 70 includes a variety of ele-
ments connected to the electrodes 120, 124, and 218 so as to
generate and supply potentials to be applied to the electrodes
120, 124, and 218. The variety of elements are externally
attached to, built in, or mounted on the liquid crystal panel
60 and includes, for example, pixel TFTs in the circuit layer
114. The driving circuit 70 generates the application poten-
tials and applies the generated application potentials to the
electrodes 120, 124, and 218 at predetermined times. The
driving circuit 70 can perform the potential application to
the second electrode 124 and the potential application to the
third electrode 218, independently of each other.

[0070] An example of an operation of the liquid crystal
display device 50 will be described. Here, it is assumed that
the transmissive display is performed in the FFS type and the
reflective display is performed in the ECB type, as described
above. The liquid crystal layer 300 has a positive dielectric
anisotropy and anisotropy of refractive index (also called a
birefringence) An of 0.1.

[0071] The liquid crystal panel 60 is configured so that the
transmissive display is a dark display having the lowest
brightness when the potential difference between the first
electrode 120 and the second electrode 124 is an OFF
voltage and is configured so that the reflective display is a
bright display having the highest brightness when the poten-
tial difference between the first electrode 120 and the third
electrode 218 is an OFF voltage. The brightness of the
transmissive display corresponds to the transmittance and
the brightness of the reflective display corresponds to the
reflectance. The dark display is called a dark state or a black
display and the bright display is called a bright state or a
white display. The voltage which embodies the dark display
or the bright display and which hardly generates electric
fields ET and ER is called an OFF voltage. On the contrary,
the voltage which embodies the dark display or the bright
display and which generates the electric fields ET and ER
larger than those at the time of applying the OFF voltage is
called an ON voltage.

[0072] Accordingly, the transmissive portion 60T is
formed in a normally black type and the reflective portion
60R is formed in a normally white type. This configuration
can be obtained by adjusting the material of the liquid crystal
layer 300, the alignment state (so-called initial alignment
state) of the liquid crystal layer 300 at the time of applying
the OFF voltage, the rubbing direction of the alignment film,
characteristics or arrangements of the polarizing plates 128
and 220 and the retardation layer 216, and the like.

[0073] In the liquid crystal display device 50, when the
OFF voltage is applied across the first electrode 120 and the
second electrode 124, the reflective portion 60R is allowed
to make a dark display by applying the ON voltage across
the first electrode 120 and the third electrode 218, thereby
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allowing the transmissive portion 60T and the reflective
portion 60R to simultaneously make a dark display. That is,
the entire pixel is allowed to make a dark display. On the
other hand, when the OFF voltage is applied across the first
electrode 120 and the third electrode 218, the transmissive
portion 60T is allowed to make a bright display by applying
the ON voltage across the first electrode 120 and the second
electrode 124, thereby allowing the transmissive portion
60T and the reflective portion 60R to simultaneously make
a bright display. That is, the entire pixel is allowed to make
a bright display.

[0074] More specific examples are described below.
EXAMPLE 1
[0075] For example, at the time of an application of an

OFF voltage, the liquid crystal 300 in the transmissive
portion 60T and the reflective portion 60R is initially aligned
so that major axes of liquid crystal molecules are substan-
tially parallel to the surfaces of the electrodes 120, 124, and
218 and substantially parallel to the extending direction of
the slits 126 (is accordingly aligned substantially perpen-
dicular to the figure surface). The rubbing directions in the
transmissive portion 60T and the reflective portion 60R are
equal to each other. The polarizing plate 128 is disposed so
that the transmission axis thereof is substantially perpen-
dicular to the major axes of the liquid crystal molecules in
the initially aligned state. The polarizing plate 220 is dis-
posed so that the transmission axis thereof is substantially
perpendicular to the transmission axis of the polarizing plate
128 (so-called perpendicular arrangement).

[0076] In this case, in the transmissive display at the time
of the application of the OFF voltage (see FIG. 1), the light
from backlight incident from the element substrate 100 is
changed to a linearly polarized light substantially perpen-
dicular to the major axes of the liquid crystal molecules by
the polarizing plate 128. Since it is hardly affected by the
birefringence effect of the liquid crystal 300 due to the
relation between the polarized direction of the linearly
polarized light and the alignment direction of the liquid
crystal molecules, the linearly polarized light reaches the
polarizing plate 220 with the polarized state thereof main-
tained. However, since the linearly polarized light is polar-
ized substantially perpendicular to the transmission axis of
the polarizing plate 220, the linearly polarized light cannot
pass through the polarizing plate 220 and thus the transmis-
sive display is a dark display.

[0077] As described above, when the OFF voltage is
applied to the transmissive portion 60T, the ON voltage is
applied to the reflective portion 60R and thus the reflective
portion 60R makes a dark display (see FIG. 1). In the
reflective portion 60R at the time of the dark display, the
liquid crystal molecules are aligned in a direction substan-
tially perpendicular to the surfaces of the electrodes 120 and
218. An external light incident from the counter substrate
200 is changed to a linearly polarized light by the polarizing
plate 220, is changed to a circularly polarized light by the
retardation layer 216 serving as a Y4 wave plate, and then
enters the liquid crystal layer 300. Since the circularly
polarized light is hardly affected by the birefringence effect
of the liquid crystal 300 due to the above-mentioned align-
ment state of the liquid crystal molecules, the circularly
polarized light reaches the reflective film 118 and is reflected
therefrom with the polarized state thereof maintained. The
reflected circularly-polarized light is then changed to a
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linearly polarized light by the retardation layer 216. How-
ever, since the rotation direction of the circularly polarized
light (the rotation direction about the traveling direction) is
inverted in the inward and outward paths, the linearly
polarized light in the inward path is substantially perpen-
dicular to the linearly polarized light in the outward path,
that is, it is polarized in a direction substantially perpen-
dicular to the transmission axis of the polarizing plate 220.
Accordingly, the light cannot pass through the polarizing
plate 220 and thus the reflective display is a dark display.
[0078] On the other hand, when the pixel makes a bright
display, the OFF voltage is applied to the reflective portion
60R and the ON voltage is applied to the transmissive
portion 60T as described above (see FIG. 2).

[0079] In the transmissive portion 60T, the liquid crystal
molecules around the element substrate 100 are aligned in a
direction substantially parallel to the surfaces of the elec-
trodes 120 and 124 and substantially perpendicular to the
extending direction of the slits 126 with the application of
the ON voltage. On the other hand, the liquid crystal
molecules around the counter substrate 200 are in the initial
alignment state. Accordingly, the liquid crystal molecules in
the transmissive portion 60T are aligned in a state twisted by
900 around the normal line of the electrodes 124 and 120 as
a whole. In this case, the light from backlight linearly
polarized by the polarizing plate 128 is polarized in a
direction substantially parallel to the major axes of the liquid
crystal molecules around the element substrate 100, rotates
along the twisted alignment state of the liquid crystal
molecules, and is changed to the linearly polarized light
substantially parallel to the major axes of the liquid crystal
molecules around the counter substrate 200 at the time of
reaching the polarizing plate 220. Since the linearly polar-
ized light is polarized substantially parallel to the transmis-
sion axis of the polarizing plate 220, the linearly polarized
light passes through the polarizing plate 220 and thus the
transmissive display is a bright display.

[0080] When the OFF voltage is applied to the reflective
portion 60R, the liquid crystal 300 in the reflective portion
60R is aligned in the same way as the transmissive portion
60T to which the OFF voltage has been applied. In this case,
the external light incident from the counter substrate 200 is
affected by the birefringence of the liquid crystal layer 300
at the time of traveling along the same path (optical path) as
the dark display. Here, the liquid crystal layer 300 in the
reflective portion 60R is adjusted to act in the same way as
the V4 wave plate by the use of the birefringence thereof. The
external light is changed to a circularly polarized light by
passing through the polarizing plate 220 and the retardation
layer 216, is changed to a linearly polarized light by the
liquid crystal layer 300 serving as the Y4 wave plate, and
then is reflected by the reflective film 118. The reflected
linearly-polarized light is changed to a circularly polarized
light by the liquid crystal layer 300 and then reaches the
retardation layer 216. At this time, since the circularly
polarized light in the inward path is equal in rotation
direction to the circularly polarized light in the outward path,
the linearly polarized light having passed through the retar-
dation layer 216 again is substantially parallel to the linearly
polarized light in the inward path, that is, is polarized
substantially parallel to the transmission axis of the polar-
izing plate 220. Accordingly, it passes through the polarizing
plate 220 and thus the reflective display is a bright display.
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[0081] Although the dark display and the bright display
have been described above, the brightness of a middle level
between the dark display and the bright display, that is, a
gray scale, can be also displayed by controlling the magni-
tude of the applied voltage.

[0082] In the above-mentioned configuration, the trans-
missive portion 60T employs an FFS system and the reflec-
tive portion 60R employs an ECB system. When the trans-
missive portion 60T is in the ON state, the reflective portion
60R is in the OFF state. When the reflective portion 60R is
in the OFF state, the transmissive portion 60T is in the ON
state. Accordingly, it is possible to obtain excellent display
quality in both the reflective display and the transmissive
display. Since the retardation layer 216 is built therein, it is
not necessary to attach a retardation plate to the outer surface
and it is possible to reduce the thickness of the liquid crystal
panel in comparison with the other type transflective liquid
crystal panel. Since the retardation layer 216 also serves as
a layer for more narrowing a cell gap of the reflective portion
60R than the cell gap of the transmissive portion 60T, it is
possible to reduce the number of manufacturing processes.
[0083] Since the reflective portion 60R employs the ECB
system higher in reflectance than the FFS system, it is
possible to obtain a reflective display with high brightness in
comparison with the case where both the transmissive
portion 60T and the reflective portion 60R employ the FFS
system.

[0084] The reflective portion 60R does not employ the
FFS system. Accordingly, even when the uneven surface is
formed on the planarizing film 116, it is not necessary to
form the electrode 124 having the slits 126 on the uneven
surface. As a result, no slit patterning trouble occurs on the
uneven surface and thus it is possible to obtain a reflective
display with excellent display quality. In the transmissive
display, a wide viewing angle and high contrast are realized
by the FFS system.

[0085] Inthe FFS system, an ITO film or the like is usually
formed on the outer surface of the counter substrate to block
an external electric field. However, according to the above-
mentioned configuration, it is not necessary to form a
shielding structure in the outside. This is because the third
electrode 218 of the counter substrate 200 has a shield
function. Even when the third electrode 218 is not formed on
the entire surface of the counter substrate 200 without any
gap, it is possible to obtain the shielding function from the
third electrode 218.

[0086] Since the retardation layer 216 is not disposed in
the transmissive portion 60T, the wide viewing angle and the
high contrast due to the FFS system are secured at the time
of the transmissive display, unlike the case where a retar-
dation film is attached to the outside without distinguishing
the transmissive portion 60T and the reflective portion 60R
from each other.

[0087] The cell gap in the reflective portion 60R is smaller
than the cell gap in the transmissive portion 60T due to the
retardation layer 216 (socalled multi-gap structure). Accord-
ingly, it is possible to adjust the cell gap in the transmissive
portion 60T and the reflective portion 60R without using a
particular overcoat layer. For example, the cell gap in the
reflective portion 60R can be adjusted to a value suitable for
the ECB system.

[0088] Although it has been exemplified above that the
transmissive display is performed in the FFS system, the
transmissive display may be performed in the IPS (In-Plane
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Switching) system. In the IPS system, as shown in FIG. 3,
the first electrode 120 and the second electrode 124 is
disposed on the planarizing film 116 in the transmissive
portion 60T, that is, in the same layer. A state where the
entire pixel makes a bright display is shown in FIG. 3.
[0089] For example, By disposing the polarizing plates
128 and 220 so that the transmission axes are substantially
parallel to each other, the normally black mode and the
normally white mode may be exchanged.

[0090] Since the application of potential to the second
electrode 124 and the application of potential to the third
electrode 218 can be performed independently of each other,
an application of potential different from the above-men-
tioned is possible. For example, when the threshold poten-
tials are different in the transmissive portion 60T and the
reflective portion 60R, it is possible to reduce a different in
brightness between the transmissive display and the reflec-
tive display due to the difference by independently applying
different potentials to the electrodes 124 and 218, thereby
obtaining excellent display quality.

[0091] Next, among liquid crystal display devices in
which a transverse electric field driving system is used in a
transmissive display portion (transmissive portion) and a
longitudinal electric field driving system is used in a reflec-
tive display portion (reflective portion), a liquid crystal
display device having a TFT in which the transmissive
display portion is in a normally white mode and the reflec-
tive display portion is in a normally black mode will be
described with reference to FIGS. 4 to 7. Although it is
described herein that a color filter is provided, a black
display operation may be performed. A system other than the
FFS system, for example, the IPS system, may be used as the
transverse electric field driving system.

[0092] FIGS. 4 to 6 are diagrams illustrating a configura-
tion of a liquid crystal display device 410 in which the
transverse electric field driving system is used in the trans-
missive display portion and the longitudinal electric field
driving system is used in the reflective display portion. Here,
the longitudinal electric field driving system means a system
for driving the liquid crystal molecules by applying an
electric field between the element substrate and the counter
substrate. The FFS system for driving the liquid crystal
molecules by applying an electric field between the common
electrode and the pixel electrode disposed with an insulating
layer interposed therebetween on the shame substrate is used
as the transverse electric field driving system.

[0093] FIG. 4 is a partial sectional view of one sub pixel
in the liquid crystal display device 410. Here, the sub pixels
mean display portions corresponding to R, G, and B, for
example, when a color display is made using R, G, and B.
In this example, three sub pixels of a sub pixel of R, a sub
pixel of G, and a sub pixel of B forms one unit, which serves
as a pixel. The liquid crystal display device 410 includes a
transmissive display portion 412 and a reflective display
portion 414. In FIG. 4, the liquid crystal display device 410
includes a backlight unit 416, an element substrate 420 as a
first substrate, a counter substrate 460 as a second substrate,
a liquid crystal layer 450 interposed between the element
substrate 420 and the counter substrate 460, an element-
substrate polarizing plate 418 disposed between the back-
light unit 416 and the element substrate 420, and a counter-
substrate polarizing plate 419 disposed outside the counter
substrate 460.
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[0094] The counter substrate 460 is a side of the liquid
crystal display device 410 facing a user. That is, the user
views the darkness and brightness corresponding to the
optical characteristics of the liquid crystal layer 450 from the
counter substrate 460 side. In the transmissive display
portion 412 of FIG. 4, the light emitted from the backlight
unit 416 reaches the user’s eyes through the element-
substrate polarizing plate 418, the element substrate 420, the
liquid crystal layer 450, the counter substrate 460, and the
counter-substrate polarizing plate 419. In the reflective dis-
play portion 414, an external light reaches the liquid crystal
layer 450 through the counter-substrate polarizing plate 419
and the counter substrate 460, is reflected by a reflective
electrode 438 of the element substrate 420, and reaches
again the user’s eyes through the liquid crystal layer 450, the
counter substrate 460, and the counter-substrate polarizing
plate 419.

[0095] The counter substrate 460 has a structure in which
several films are stacked. In the example shown in FIG. 4,
a glass substrate 462, a black matrix 464, a color filter 466,
a reflective area gap adjusting layer 468, a reflective-display
common electrode 470 as a common electrode in the reflec-
tive display portion 414, and a spacer 472 are included from
the counter-substrate polarizing plate 419 to the element
substrate 420. The materials, sizes, forming methods, and
the like can employ known methods of manufacturing a
general active matrix liquid crystal display device and thus
detailed description thereof will be omitted.

[0096] Here, since the optical path length of the reflective
display portion 414 is double the optical path length of the
transmissive display portion 412, the reflective area gap
adjusting layer 468 is provided to use the half wave (A/2)
light modulation in the transmissive display mode and a
quarter wave (A/4) light modulation in the reflective display
mode. As shown in FIG. 4, by providing the reflective area
gap adjusting layer 468, a difference occurs between the
thickness of the liquid crystal layer 450 in the reflective
display portion 414 and the thickness of the liquid crystal
layer 450 in the transmissive display portion 412. The
thickness of the liquid crystal layer 450 is adjusted into the
thickness of the reflective area gap adjusting layer 468 so
that the phase difference of the reflective display portion 414
is And=A/4 and the phase difference of the transmissive
display portion 412 is And=A/2. The structure of the reflec-
tive area gap adjusting layer is similarly used in the embodi-
ments of the invention.

[0097] The element substrate 420 is also called, an ele-
ment side substrate, a TFT substrate, or a TFT side substrate
and is a substrate on which switching elements are disposed
and which opposed to the counter substrate 460. Plural films
patterned in a multi-layer structure are stacked on the
element substrate 420 by the use of a known film forming
technique and a pattern forming technique.

[0098] In the example of FIG. 4, the glass substrate 422,
a semiconductor layer 424, a gate insulating film 426, a gate
electrode 428, an interlayer insulating film 430, source/drain
electrodes 432 and 433, an insulating film 434, a common
electrode 442, an FFS insulating film 440, a reflective
electrode 438, and a pixel electrode 436 are sequentially
formed from the backlight unit 416 to the liquid crystal layer
450. The materials, sizes, forming methods, and the like can
employ known methods of manufacturing a general active
matrix liquid crystal display device and thus detailed
description thereof will be omitted.
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[0099] Here, the configuration associated with the FFS
system in the transmissive display portion 412 includes the
common electrode 442 formed on the insulating film 434
and the pixel electrode 436 disposed on the common elec-
trode 442 with the FFS insulating film 440 interposed
therebetween. The pixel electrode 436 is provided with slits
437 and an electric field is applied between the common
electrode 442 and the pixel electrode 436 by the use of the
slits 437, thereby driving the liquid crystal layer 450 in the
transverse electric field driving system.

[0100] On the other hand, the configuration associated
with the longitudinal electric field driving system in the
reflective display portion 414 includes the common elec-
trode 442 formed on the insulating film 434 and the pixel
electrode 436 disposed on the common electrode 442 with
the FFS insulating film 440 interposed therebetween and are
different in that the reflective electrode 438 is disposed.
Here, the reflective electrode 438 is formed after the com-
mon electrode 442 and the FFS insulating film 440 are
formed and then is connected to the pixel electrode 436. The
reflective electrode 438 is a conductive film having a func-
tion of reflecting and returning the light from the counter
substrate 460 to the counter substrate 460. The common
electrode 442 and the pixel electrode 436 have a function of
forming a storage capacitor for driving the liquid crystal
layer 450 with the FFS insulating film 440 interposed
therebetween.

[0101] Although not shown in FIG. 4, an alignment film is
disposed on the common electrode 442. Similarly, an align-
ment film is disposed on the surface of the counter substrate
460 facing the liquid crystal layer 450.

[0102] FIGS. 5A, 5B, and 5C are plan views correspond-
ing to the cross-sectional view of FIG. 4. Here, one pixel
consisting of three sub pixels is shown sequentially in the
processes of forming the stacked structure of the element
substrate 420. FIG. 4 corresponds to the cross-sectional view
taken along line A-A of FIG. 5A. FIG. 5A shows a state
when the insulating film 434 is formed on the source/drain
electrodes 432 and 433 and a contact hole is formed therein,
FIG. 5B shows a state when the common electrode 442 and
the reflective electrode 438 are formed, and FIG. 5C shows
a state when the pixel electrode 436 having the slits 437 is
formed. In the example shown in FIG. 5, the common
electrode 442 is formed over a plurality of pixels, but the
common electrode 442 may be separated every sub pixel in
some cases. However, assistant wires are required to supply
potentials to the common electrodes.

[0103] FIG. 6 is a diagram illustrating a relation to the
reflective-display common electrode 470 in the counter
substrate. The reflective-display common electrode 470 is
disposed on the counter substrate so as to face a part of the
reflective display portion 414.

[0104] Referring to FIG. SA again, in each sub pixel, a
gate line 429 and a data line 431 are wired to be perpen-
dicular to each other and a switching element 425 is dis-
posed at the intersection. The gate line 429 serves a gate
electrode 428 shown in FIG. 4 at the position of the
switching element 425 and the data line 431 is connected to
the source/drain electrodes 432 shown in FIG. 4. In this way,
the liquid crystal display device 410 is a so-called active
matrix type liquid crystal display device in which the
switching elements 425 are disposed at the intersections
between the plural gate lines 429 and the plural data lines
431. The gate lines 429 are also called scanning lines, scan
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lines, and scanning signal lines. The data lines 432 are also
called signal lines, video signal lines, and image signal lines.
[0105] The switching element 425 is a transistor including
a gate insulating film 426 formed on the semiconductor layer
424, a gate electrode 428 disposed thereon, and source/drain
terminals connected to the source/drain electrodes 432 and
433 as shown in FIG. 4 and can include, for example, a TFT
(Thin Film Transistor). One of the source/drain terminals of
the switching element 425, for example, the drain terminal,
is connected to the data line 431 and the other, for example,
the source terminal, is connected to the pixel electrode 436.
Since the drain and the source are compatible with each
other, the source may be connected to the data line 431 and
the drain may be connected to the pixel electrode 436. In the
switching element 425, the drain and the source are electri-
cally connected to each other by selecting the gate line 429
and thus a video signal from the data line 431 connected to
the drain is supplied to the pixel electrode 436.

[0106] A display operation of the liquid crystal display
device 410 having the above-mentioned configuration will
be described below. Here, the relation between the polariz-
ing axis of the polarizing plate and the alignment axis of the
liquid crystal molecules is set as follows. That is, two
polarizing plates outside the glass substrates 422 and 462,
that is, the element-substrate polarizing plate 418 and the
counter-substrate polarizing plate 419, are set so that the
polarizing axes are perpendicular to each other and the
polarizing axis of any one polarizing plate forms an angle of
45 degrees along with the alignment axis of the liquid crystal
molecules in a state where a driving voltage supplied to the
liquid crystal layer 450 is turned off. In the state where the
driving voltage is turned off, the alignment axis of the liquid
crystal molecules in the transmissive display portion 412 is
parallel to the polarizing axis. On the other hand, the liquid
crystal molecules in the reflective display portion 414 rise
perpendicular to the surfaces of the glass substrates 422 and
462 in the state where the driving voltage is turned on.
[0107] With this configuration, in the transmissive display
portion 412, the light incident from the backlight unit 416 is
changed to a linearly polarized light through the element-
substrate polarizing plate 418, has a phase difference 0f A/2
to form a linearly polarized light rotating by 90 degrees at
the time of passing through the liquid crystal layer 450, and
passes through the counter-substrate polarizing plate 419,
thereby making a white display (normally white), in the state
where the driving voltage is turned off. As described above,
in the transmissive display portion 412, the thickness of the
liquid crystal layer 450 is adjusted to the phase difference of
And=)/2. Accordingly, in the state where the driving voltage
is turned on, no phase difference occurs even at the time of
passing through the liquid crystal layer 450. Therefore, the
incident linearly polarized light is absorbed by the counter-
substrate polarizing plate 419, thereby making a black
display.

[0108] On the contrary, the reflective display portion 414
in which the thickness of the liquid crystal layer 450 is
adjusted to And=A/4 operates as follows. The incident light
is changed to a linearly polarized light through the counter-
substrate polarizing plate 419. In the state where the driving
voltage is turned off, and the linearly polarized light is
subjected to a phase difference of A/4 at the time of passing
through the liquid crystal layer 450 is changed to a clock-
wise circularly polarized light. Then, the resultant light is
reflected and changed to a counterclockwise circularly

Mar. 20, 2008

polarized light by the reflective electrode 438 and is changed
to a linearly polarized light turned by 90 degrees while
passing through the liquid crystal layer 450. The resultant
linearly polarized light is absorbed by the counter-substrate
polarizing plate 419, thereby making a black display (nor-
mally black). In the state where the driving voltage is turned
on, since the liquid crystal molecules rise perpendicular to
the surfaces of the glass substrates 422 and 462, the incident
light is not subjected to a phase difference at the time of
passing through the liquid crystal layer 450. Accordingly,
the reflected light is returned as the linearly polarized light
and passes through the counter-substrate polarizing plate
419, thereby making a white display.

[0109] In this way, the variations in transmittance with the
driving voltage, that is, the liquid crystal applied voltage, are
opposite in the transmissive display portion 412 and the
reflective display portion 414. That is, in the normally mode
where the driving voltage is turned off, the transmissive
display portion 412 makes a white display and is normally
white, while the reflective display portion 414 makes a black
display and is normally black. On the contrary, when the
driving voltage is turned on, the transmissive display portion
412 makes a black display and the reflective display portion
414 makes a white display. In this way, the display is
inverted in the transmissive display portion 412 and the
reflective display portion 414 of the same sub pixel. This is
a problem of a liquid crystal display device in which the
transverse electric field driving system is used in the trans-
missive display portion and the longitudinal electric field
driving system is used in the reflective display portion as
described in the related art and is also a problem of the
invention.

[0110] A method of driving a liquid crystal display device
will be described herein. FIG. 7 is an equivalent circuit
diagram of a pixel. Here, the pixel means a sub pixel.
Hereinafter, the method will be described by the use of the
reference numerals shown in FIGS. 4 to 7. In the sub pixel,
as described above, a switching element 425 is disposed at
an intersection between a gate line 429 denoted by Gate and
a data line 431 denoted by Video and a capacitor is formed
between the pixel electrode 436 connected to the output
terminal of the switching element 425 and the common
electrode 442. In FIG. 7, a holding capacitor in the trans-
missive display portion 412 is denoted by TCg, a liquid
crystal capacitor in the transmissive display portion 412 is
denoted by TC,., a holding capacitor in the reflective
display portion 414 is denoted by RCg, and a liquid crystal
capacitor in the reflective display portion 414 is denoted by
RC; . The holding capacitors TC, .~ and RC, . are formed
between the pixel electrode 436 and the common electrode
442 with the FFS insulating film 440 interposed therebe-
tween.

[0111] In the equivalent circuit, when the gate line 429 is
selected by a driving circuit not shown, the switching
element 425 is electrified, electric charges corresponding to
the potential difference between the data line 431 and the
common electrode 442 are accumulated in the capacitors
TCge, TC, . RCy(, and RC, ., and an electric field resulting
from the potential difference between the pixel electrode 436
and the common electrode 442 is applied to the liquid crystal
layer 450 in the respective sub pixels. In the holding period
when the gate line 429 is not selected, the potential of the
pixel electrode 436 is held by the capacitors TCg, TC, .,
RCgc, and RC, ..



US 2008/0068523 Al

[0112] In the liquid crystal display device, in order to
suppress deterioration in display quality such as burn-in, a
high image signal voltage (positive) and a low image signal
voltage (negative) relative to the common potential as the
potential of the common electrode 442 are alternately input
as the pixel potential which is the potential of the pixel
electrode 436 with a predetermined cycle. That is, the liquid
crystal layer 450 is driven in an AC manner. Two methods
described below can be taken as an AC driving method of
the liquid crystal layer 450.

[0113] One method is that the potential of the common
electrode 442 is fixed to a predetermined value, in which the
image signal voltage applied to the pixel electrode 436 is
varied from a positive polarity to a negative polarity, and is
also called a common electrode DC driving method. The
other method is that the common electrode potential is
varied between a high potential and a low potential with a
predetermined cycle and is also called a common electrode
AC driving method. In this case, the negative potential is
used as the image signal voltage when the common elec-
trode potential is high. On the contrary, the positive potential
is used as the image signal voltage when the common
electrode potential is low. In general, the common electrode
AC driving method can more reduce the output amplitude of
the image signal in comparison with the common electrode
DC driving method, thereby suppressing the power con-
sumption of the circuit and thus reducing the cost for the
circuit.

[0114] A method of inverting the image signal voltage
between the positive polarity and the negative polarity with
a cycle of 1 vertical period is called a frame inversion
driving method and a method of inverting the image signal
voltage between the positive polarity and the negative
polarity with a cycle of 1 horizontal period is called an
H-line inversion driving method.

[0115] Itis possible to suppress the burn-in or the like and
to reduce the amplitude of the image signal, by using the
common electrode AC driving method and the H-line inver-
sion driving method. In addition, it is also possible to
suppress roughness of the screen by means of averaging the
display screen. Accordingly, as long as particularly not
mentioned, it is assumed hereinafter that the common elec-
trode AC driving method and the H-line inversion driving
method are used.

[0116] An embodiment of the invention will be described
now. The same elements as described with reference to
FIGS. 3 to 7 are denoted by the same reference numerals and
detailed description thereof is omitted. FIG. 8 is a diagram
illustrating basic concept of an embodiment of the invention.
That is, the common electrode is divided into the transmis-
sive display portion 412 and the reflective display portion
414, which are supplied with the potentials independently of
each other. Specifically, when it is assumed that the common
electrode for the transmissive display portion 412 is called
a transmissive-display common electrode 442 and the com-
mon electrode for the reflective display portion 414 is called
a reflective-display common electrode 470, the potential of
the transmissive-display common electrode 442 and the
potential of the reflective-display common electrode 470 are
opposite in phase to each other. In FIG. 8, the transmissive-
display common electrode 442 is denoted by COM and the
reflective-display common electrode 470 is denoted by
XCOM, where X indicates the opposite phase.
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[0117] The opposite phase means that one is at a high
potential when the other is at a low potential and the other
is at a high potential when one is at a low potential. A
magnitude of one voltage amplitude may be different from
the magnitude of the other voltage amplitude. A middle
voltage of one voltage amplitude may be different from the
middle voltage of the other voltage amplitude.

[0118] A variation in common potential when the potential
of the transmissive-display common electrode and the
potential of the reflective-display common electrode are
opposite in phase to each other and independent of each
other, and a correspondence between a display state of the
transmissive display portion and a display state of the
reflective display portion are shown in FIG. 9. Here, the
potential of the transmissive-display common electrode
COM as the common electrode of the transmissive display
portion and the potential of the reflective-display common
electrode XCOM as the common electrode of the reflective
display portion are opposite in phase to each other. The same
image signal is supplied to the transmissive display portion
and the reflective display portion.

[0119] For example, as described above, the liquid crystal
display device is considered in which the transmissive
display portion 12 is set to the normally white mode and the
reflective display portion 14 is set to the normally black.
Here, when it is assumed that the potential of the transmis-
sive-display common electrode COM is at a low potential,
that is, at COM-L, and the pixel electrode potential is at a
high potential, the liquid crystal applied voltage is great to
correspond to the state where the driving voltage is turned
on, thereby making a black display. At the same time, the
potential of the reflective-display common electrode XCOM
is at a high potential, that is, at XCOM-H. Accordingly, since
the liquid crystal applied voltage is small to correspond to
the state where the driving voltage is turned off, thereby
making a black display. Similarly, when the pixel electrode
potential is at a low potential, the transmissive display
portion and the reflective display portion both make a white
display. At a different time, when the transmissive display
portion makes a white display at COM-H and XCOM-L, the
reflective display portion makes a white display and when
the transmissive display portion makes a black display, the
reflective display portion also makes a black display.
[0120] In this way, by setting the potential of the trans-
missive-display common electrode and the potential of the
reflective-display common electrode to be opposite in phase
to each other independently of each other, it is possible to
embody a liquid crystal display device having a transverse
electric field system with excellent display quality without
inverting a display in the transmissive display portion and
the reflective display portion. In addition, although it has
been described that the transmissive display portion 412 is
in the normally white mode and the reflective display
portion 414 is in the normally black mode, the same is true
in the case where the transmissive display portion 412 is in
the normally black mode and the reflective display portion
414 is in the normally white mode. Hereinafter, examples
having specific configurations corresponding to the basic
principle will be described.

EXAMPLE 2

[0121] When the common potentials opposite in phase to
each other are supplied to the transmissive display portion
and the reflective display portion, the voltage applied to the
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liquid crystal layer every horizontal period may vary and
thus affect the display quality in some cases. Accordingly, by
providing two switching elements to one sub pixel, the pixel
electrode can be independently driven in the transmissive
display portion and the reflective display portion and thus
the voltage applied to the liquid crystal layer at the time of
inverting the common potential can be kept more constant.
FIG. 7 is a diagram illustrating such a state. The same
elements as described with reference to FIGS. 4 to 9 are
denoted by the same reference numerals and detailed
description thereof is omitted but uses the reference numer-
als shown in FIGS. 4 to 9. Here, one gate line 429 is
provided with two switching elements 423 and 425. Since
one switching element 423 is in the transmissive display
portion 412, the output terminal thereof is connected to the
transmissive-display common electrode 442 through a
capacitor TC of the transmissive display portion 412. Since
the other switching element 425 is in the reflective display
portion 414, the output terminal thereof is connected to a
reflective-display holding capacitor electrode 441 through a
holding capacitor RC,. of the reflective display portion 414
and is connected to the reflective-display common electrode
of the counter substrate 60 through the liquid crystal capaci-
tor RC, ¢.

[0122] FIG. 11 is a diagram illustrating a configuration
associated with a display driving operation of the liquid
crystal display device in which a transmissive-display
switching element and a reflective-display switching ele-
ment are provided in one sub pixel. Hereinafter, the same
elements as described with reference to FIGS. 4 to 10 are
denoted by the same reference numerals and detailed
description thereof is omitted but uses the reference numer-
als shown in FIGS. 4 to 10. Here, the switching element 423
for the transmissive-display portion 412 and the switching
element 425 for the reflective-display portion 414 are pro-
vided in each sub pixel and the transmissive-display com-
mon electrode 442 for the transmissive display portion 412
and the reflective-display holding capacitor electrode 441
for the reflective display portion 414 are drawn out of the
display area 480 every gate line 429 and are guided to the
common electrode control circuit 488.

[0123] The transmissive-display common electrodes 442
of the gate lines are connected to each other outside the
display area 480 to serve as a transmissive-display common
electrode terminal 490. Similarly, the reflective-display
holding capacitor electrodes 441 of the gate lines are con-
nected to each other outside the display area 480 to serve as
a reflective-display holding capacitor electrode terminal
491. In FIG. 11, the transmissive-display common electrode
490 is denoted by TCOM and the reflective-display holding
capacitor electrode terminal 491 is denoted by RCOM.
These are called terminals but may be connected simply.
[0124] The reflective-display common electrode 470 is
also drawn out of the display area 480 and is connected to
the element substrate 420 through a contact pad indicated as
a reflective-display common electrode contact 489. Specifi-
cally, as shown in FIG. 11, the reflective-display holding
capacitor electrode terminal 491 and the reflective-display
common electrode 470 are connected to each other.

[0125] FIG. 12 is a timing diagram of the configuration
shown in FIG. 11. In FIG. 12, a variation in potential of the
gate lines and a variation in potential of the transmissive-
display common electrode terminal TCOM and the reflec-
tive-display common electrode terminal RCOM are shown.
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The same elements as described with reference to FIGS. 4
to 11 are denoted by the same reference numerals and
detailed description thereof is omitted but uses the reference
numerals shown in FIGS. 4 to 11.

[0126] The potential of the transmissive-display common
electrode terminal TCOM and the potential of the reflective-
display common electrode terminal RCOM vary as a set
every horizontal period. The potential is inverted, for
example, in a flyback time just before a selection signal is
input to “Gate N” and the potential is held in the 1 horizontal
period even after the selection signal is input. The potential
of the transmissive-display common electrode terminal
TCOM and the reflective-display common electrode termi-
nal RCOM constituting a set are opposite in phase to each
other.

[0127] The polarity of an image signal is inverted every
horizontal period with a selection of a gate. For example, it
is assumed that “Gate N” is selected and the negative image
signal is input to the transmissive display portion corre-
sponding to the gate line. In this case, since the common
electrode potential is inverted in phase, the corresponding
reflective display portion is subjected to a positive writing
operation. Next, when “Gate N+1” is selected, the positive
image signal is input to the transmissive display portion
corresponding to the gate line. In this case, since the
common electrode potential is inverted in phase, the corre-
sponding reflective display portion is subjected to a negative
writing operation.

[0128] By allowing the common electrode control circuit
488 to operate in accordance with the timing diagram, it is
possible to make an excellent display without inverting a
display in the transmissive display portion 412 and the
reflective display portion 414 while performing the H-line
inversion driving operation.

EXAMPLE 3

[0129] FIGS. 13 to 14C are a cross-sectional view and
plan views illustrating a liquid crystal display device 510
employing the configuration shown in FIG. 10, respectively.
The same elements as described with reference to FIGS. 4
to 12 are denoted by the same reference numerals and
detailed description thereof is omitted but uses the reference
numerals shown in FIGS. 4 to 12. FIG. 13 is a cross-
sectional view of a sub pixel of the liquid crystal display
device 510 and corresponds to FIG. 4. Here, two switching
elements 423 and 425 are provided in one sub pixel. The
switching element 423 is for the transmissive display portion
412 and the switching element 425 is for the reflective
display portion 414.

[0130] The liquid crystal display device 510 has the same
configuration as described with reference to FIG. 4 in the
configurations other than the element substrate 520 and thus
the configuration of the element substrate 520 will be
described below. Plural films patterned in a multi-layer
structure are stacked on the element substrate 520. In the
example of FIG. 13, a glass substrate 422, a semiconductor
layer 424, a gate insulating film 426, a gate electrode 428,
an interlayer insulating film 430, source/drain electrodes 433
and 435, an insulating film 434, first transparent conductive
films 436 and 441, an FFS insulating film 440, a reflective
electrode 438, and second transparent conductive films 442
and 444 are sequentially formed from the backlight unit 416
to the liquid crystal layer 450. The materials, sizes, forming
methods, and the like can employ known methods of manu-
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facturing a general active matrix liquid crystal display
device and thus detailed description thereof will be omitted.
[0131] The first transparent conductive films 436 and 441
are divided in the transmissive display portion 412 and the
reflective display portion 414. The first transparent conduc-
tive film serves as the pixel electrode 436 of the FFS type in
the transmissive display portion 412 and serves as the
reflective-display holding capacitor electrode 441 of the
longitudinal electric field driving type in the reflective
display portion 414.

[0132] The second transparent conductive films 442 and
444 are divided in the transmissive display portion 412 and
the reflective display portion 414. The second transparent
conductive film serves as the common electrode 442 of the
FFS type in the transmissive display portion 412 and serves
as the pixel electrode 444 of the longitudinal electric field
driving type in the reflective display portion 414.

[0133] Accordingly, in the configuration associated with
the FFS system in the transmissive display portion 412, the
first transparent conductive film 436 formed on the insulat-
ing film 434 serves as the pixel electrode 436 and the second
transparent conductive film 442 disposed on the first trans-
parent conductive film 436 with the FFS insulating film 440
interposed therebetween serves as the common electrode
442. The common electrode 442 is provided with slits 443
and an electric field is applied between the common elec-
trode 442 and the pixel electrode 436 by the use of the slits
423, thereby driving the liquid crystal layer 450 in the
transverse electric field driving system.

[0134] On the other hand, in the configuration associated
with the longitudinal electric field driving system in the
reflective display portion 414, the first transparent conduc-
tive film 441 formed on the insulating film 434 serves as the
reflective-display storage capacitor electrode 441 and the
second transparent conductive film 444 disposed on the first
transparent conductive film 441 with the FFS insulating film
440 interposed therebetween serves as the pixel electrode
444. The reflective electrode 438 is provided then. Here, the
reflective electrode 438 is formed after the first transparent
conductive film 441 and the FFS insulating film 440 are
formed, and then is connected to the second transparent
conductive film 444. The reflective electrode 438 is a
conductive film having a function of reflecting and returning
the light from the counter substrate 460 to the counter
substrate 460. The reflective-display storage capacitor elec-
trode 441 and the pixel electrode 444 have a function of
forming a storage capacitor for driving the liquid crystal
layer 450 with the FFS insulating film 440 interposed
therebetween. An alignment film is not shown herein, simi-
larly to FIG. 4.

[0135] FIGS. 14A, 14B, and 14C are plan views illustrat-
ing a specific configuration. Here, two switching elements
423 and 425 are formed and two pixel electrodes and the
common electrode and the reflective-display holding capaci-
tor electrode are formed to correspond thereto. FIG. 14A
shows a state when two switching elements 423 and 425 are
formed to correspond to the transmissive display portion 412
and the reflective display portion 414, the source/drain
electrodes 433 and 435 corresponding thereto are formed,
and then two contact holes are formed therein, FIG. 14B
shows a state when first transparent conductive films 436
and 441 are formed as the pixel electrode 436 of the
transmissive display portion 412 and the reflective-display
holding capacitor electrode 441 of the reflective display
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portion 414 and the reflective electrode 438 is formed
thereafter, and FIG. 14C shows a state when second trans-
parent conductive films 442 and 444 are formed as the
common electrode 442 of the transmissive display portion
412 and the pixel electrode 444 of the reflective display
portion 414.

[0136] As shown in FIG. 14B, the reflective-display hold-
ing capacitor electrode 441 of the reflective display portion
414 is drawn out of the display area. As shown in FIG. 14C,
the common electrode 442 of the transmissive display
portion 412 is drawn out of the display area 480 and is
subjected to a predetermined connection in the common
electrode control circuit 488 outside of the display area 480
as shown in FIG. 11.

[0137] A modified example of FIG. 14C is shown in FIG.
15. The transparent conductive film used as the common
electrodes and the pixel electrodes are made of ITO (Indium
Tin Oxide) or IZO (Indium Zinc Oxide). Since they gener-
ally have high resistance, the resistance values thereof may
cause a problem at the time of drawing out the common
electrodes out of the display area. On the contrary, the
reflective electrode is made of aluminum, aluminum alloy,
silver, or the like and thus has a resistance value lower than
that of ITO or IZO. Therefore, the reflective electrode may
be used to reduce the resistance of the common electrodes.

[0138] FIG. 15 shows a state where a drawn line 447 made
of the same material as the reflective electrode is disposed in
the transmissive display portion 412. In this way, the resis-
tance can be reduced at the time of drawing the common
electrode 442 out of the display area.

EXAMPLE 4

[0139] FIGS. 16 to 17B are a cross-sectional view and
plan views illustrating the liquid crystal display device 510
employing shown in FIG. 10, respectively. The same ele-
ments as described with reference to FIGS. 4 to 15 are
denoted by the same reference numerals and detailed
description thereof is omitted but uses the reference numer-
als shown in FIGS. 4 to 15. FIG. 16 is a cross-sectional view
of a sub pixel of a liquid crystal display device 511 and
corresponds to FIG. 13. Here, a switching element 423 for
the transmissive display portion 412 and a switching ele-
ment 425 for the reflective display portion 414 are provided
in one sub pixel, as described with reference to FIG. 13.

[0140] The liquid crystal display device 511 is different
from the liquid crystal display device 510 described with
reference to FIG. 13 in arrangement and use of the first
transparent conductive films and the second transparent
conductive films of the element substrate 521. Since the
other configurations are equal to those described with ref-
erence to FIG. 13, the configuration of the element substrate
521 will be described below. Plural films patterned in a
multi-layer structure are stacked on the element substrate
521. In the example of FIG. 16, a glass substrate 422, a
semiconductor layer 424, a gate insulating film 426, a gate
electrode 428, an interlayer insulating film 430, source/drain
electrodes 433 and 435, an insulating film 434, first trans-
parent conductive films 436 and 441, an FFS insulating film
440, a reflective electrode 438, and second transparent
conductive films 436 and 444 are sequentially formed from
the backlight unit 416 to the liquid crystal layer 450. The
materials, sizes, forming methods, and the like can employ
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known methods of manufacturing a general active matrix
liquid crystal display device and thus detailed description
thereof will be omitted.

[0141] The first transparent conductive films 442 and 441
are divided in the transmissive display portion 412 and the
reflective display portion 414. The first transparent conduc-
tive film serves as the common electrode 442 of the FFS type
in the transmissive display portion 412 and serves as the
reflective-display holding capacitor electrode 441 of the
longitudinal electric field driving type in the reflective
display portion 414.

[0142] The second transparent conductive films are
divided in the transmissive display portion 412 and the
reflective display portion 414 and both serve as the pixel
electrodes 436 and 444. That is, the second transparent
conductive film serves as the pixel electrode 436 of the FFS
type in the transmissive display portion 412 and serves as the
pixel electrode 444 of the longitudinal electric field driving
type in the reflective display portion 414.

[0143] Accordingly, in the configuration associated with
the FFS system in the transmissive display portion 412, the
first transparent conductive film 442 formed on the insulat-
ing film 434 serves as the common electrode 442 and the
second transparent conductive film 436 disposed on the first
transparent conductive film 442 with the FFS insulating film
440 interposed therebetween serves as the pixel electrode
436. The pixel electrode 436 is provided with slits and an
electric field is applied between the common electrode 442
and the pixel electrode 436 by the use of the slits, thereby
driving the liquid crystal layer 450 in the transverse electric
field driving system.

[0144] On the other hand, in the configuration associated
with the longitudinal electric field driving system in the
reflective display portion 414, the first transparent conduc-
tive film 441 formed on the insulating film 434 serves as the
reflective-display storage capacitor electrode 441 and the
second transparent conductive film 444 disposed on the first
transparent conductive film 441 with the FFS insulating film
440 interposed therebetween serves as the pixel electrode
444. The reflective electrode 438 is provided then. Here, the
reflective electrode 438 is formed after the first transparent
conductive film 441 and the FFS insulating film 440 are
formed, and then is connected to the second transparent
conductive film 444. The reflective electrode 438 is a
conductive film having a function of reflecting and returning
the light from the counter substrate 460 to the counter
substrate 460. The reflective-display storage capacitor elec-
trode 441 and the pixel electrode 444 have a function of
forming a storage capacitor for driving the liquid crystal
layer 450 with the FFS insulating film 440 interposed
therebetween. An alignment film is not shown herein, simi-
larly to FIG. 10.

[0145] FIGS. 17A and 17B are plan views illustrating a
specific configuration, correspond to FIGS. 14B and 14C,
and show a state where two switching elements 423 and 425
are formed and two pixel electrodes and two common
electrodes are formed to correspond thereto, as described
with reference to FIG. 14A. FIG. 17A show a state when the
first transparent conductive films 442 and 441 are formed as
the common electrode 442 of the transmissive display
portion 412 and the reflective-display holding capacitor
electrode 441 of the reflective display portion 414 and then
the reflective electrode 438 is formed and FIG. 17B shows
a state when the second transparent conductive films 436
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and 444 are formed as the pixel electrode 436 of the
transmissive display portion 412 and the pixel electrode 444
of the reflective display portion 414.

[0146] As shown in FIG. 17B, the common electrode 442
of the transmissive display portion 412 and the reflective-
display holding capacitor electrode 441 of the reflective
display portion 414 are both drawn out of the display area
480 and is subjected to a predetermined connection in the
common electrode control circuit 488 outside the display
area 480, as described with reference to FIG. 8.

EXAMPLE 5

[0147] In Example 4, the common electrode potential is
inverted every horizontal period. Accordingly, the rising
time and the falling time may have an influence at the time
of inversion, with a decrease in 1 horizontal period. This is
a problem common to known liquid crystal display devices.
A method of connecting to each other the common electrode
lines which are independent of each other in the unit of gate
line in the display area outside the display area by even lines
and by odd lines and inputting the common electrode
potential signals inverted every vertical period to the lines
are disclosed in JP-A-2001-356356. Here, the common
electrode potential of the even lines connected to each other
and the common electrode potential of the odd lines con-
nected to each other are opposite in phase to each other. The
inversion of the common electrode potential is made every
vertical period, that is, every frame scanning, as described
above. The independent common electrode lines indicate
independent lines by pixels.

[0148] FIG. 18 is a diagram illustrating a configuration
where the above-mentioned disclosure is changed to be
applicable to the liquid crystal display device and corre-
sponds to FIG. 11. The same elements as described with
reference to FIGS. 4 to 17 are denoted by the same reference
numerals and detailed description thereof is omitted but uses
the reference numerals shown in FIGS. 4 to 17. Here, the
reflective-display holding capacitor electrodes 441 in the
odd lines of the gate lines 429 and the transmissive-display
common electrodes 442 in the even lines thereof are con-
nected as the first common electrode terminal 494 to each
other outside the display area 480. The reflective-display
holding capacitor electrodes 441 in the even lines of the gate
lines 429 and the transmissive-display common electrodes
442 in the odd lines thereof are connected as the second
common electrode terminal 495 to each other outside the
display area 480.

[0149] Similarly to FIG. 11, in FIG. 18, the transmissive-
display common electrode 442 for the transmissive display
portion 412 and the reflective-display holding capacitor
electrode 441 for the reflective display portion 414 are
drawn out of the display area 480 every gate line 429 and are
guided to the common electrode control circuit 492. The
even and odd numbers are relative to each other. In FIG. 18,
the reflective-display holding capacitor electrodes 441 of the
first line, the third line, the fifth line, and the like and the
transmissive-display common electrodes 442 of the second
line, the fourth line, the sixth line, and the like are connected
to each other to form the first common electrode terminal
494. The reflective-display holding capacitor electrodes 441
of the second line, the fourth line, the sixth line, and the like
and the transmissive-display common electrodes 442 of the
first line, the third line, the fifth line, and the like are
connected to each other to form the second common elec-



US 2008/0068523 Al

trode terminal 495. In FIG. 18, the first common electrode
terminal 494 is denoted by COM and the second common
electrode terminal 495 is denoted by XCOM.

[0150] Similarly, the reflective-display common elec-
trodes 470 are drawn out of the display area 480 by the gate
lines 429, are merged into the first reflective-display com-
mon electrode terminal 471 corresponding to the odd gate
lines 429 and the second reflective-display common elec-
trode terminal 473 corresponding to the even gate line 429,
depending on the first common electrode terminal 494 and
the second common electrode terminal 495, and are con-
nected to the element substrate 420 through contact pads
provided as reflective-display common electrode contacts
496 and 497. Specifically, as shown in FIG. 18, the first
reflective-display common electrode terminal 471 is con-
nected to the first common electrode terminal 494 and the
second reflective-display common electrode terminal 473 is
connected to the second common electrode terminal 495.
[0151] FIG. 19 is a timing diagram of the configuration
shown in FIG. 18 and corresponds to FIG. 12. In FIG. 19,
a variation in potential of the gate lines and a variation in
potential of the first common electrode terminal COM and
the second common electrode terminal XCOM are shown.
The same elements as described with reference to FIGS. 4
to 18 are denoted by the same reference numerals and
detailed description thereof is omitted but uses the reference
numerals shown in FIGS. 4 to 18.

[0152] The potential of the first common electrode termi-
nal COM and the potential of the second common electrode
terminal XCOM vary as a set every vertical period, that is,
every frame scanning. The potential is inverted, for example,
in the flyback time just before a selection signal is input to
“Gate 1” and the potential is held in the 1 vertical period
even after the selection signal is input. The potential of the
first common electrode terminal COM and the second com-
mon electrode terminal XCOM, which constitutes a set, are
opposite in phase to each other.

[0153] The polarity of an image signal is inverted every
horizontal period with a selection of a gate. For example, it
is assumed that “Gate 1” is selected and the negative image
signal is input to the transmissive display portion corre-
sponding to the gate line. In this case, since the common
electrode potential is inverted in phase, the corresponding
reflective display portion is subjected to a positive writing
operation. Next, when “Gate 2” is selected, the positive
image signal is input to the transmissive display portion
corresponding to the gate line. In this case, since the
common electrode potential is inverted in phase, the corre-
sponding reflective display portion is subjected to a negative
writing operation.

[0154] Since the common electrode control circuit 492
operates in accordance with the above-mentioned timing
diagram, it is possible to make a display with excellent
display quality without causing the display inversion
between the transmissive display portion 412 and the reflec-
tive display portion 414 while performing the H-line inver-
sion driving mode.

What is claimed is:

1. A liquid crystal display device comprising:

a first substrate having a first electrode and a second
electrode;

a second substrate;

a liquid crystal interposed between the first substrate and
the second substrate;
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pixels each having a transmissive portion for performing
a transmissive display and a reflective portion for
performing a reflective display; and

a driving circuit driving the pixels,

wherein a third electrode is disposed in the second sub-
strate opposed to the first substrate with the liquid
crystal interposed therebetween,

wherein the first electrode is disposed in the transmissive
portion along with the second electrode and is also
disposed in the reflective portion along with the third
electrode, and

wherein the driving circuit is provided to independently
apply potential to the second electrode and the third
electrode.

2. The liquid crystal display device according to claim 1,
wherein when an OFF voltage is applied across the first
electrode and the second electrode in the transmissive por-
tion, an ON voltage is applied across the first electrode and
the third electrode in the reflective portion to align the liquid
crystal in the reflective portion to be approximately perpen-
dicular to the third electrode, thereby allowing the transmis-
sive portion and the reflective portion to simultaneously
make a dark display.

3. The liquid crystal display device according to claim 1,
wherein when an OFF voltage is applied across the first
electrode and the third electrode in the reflective portion, an
ON voltage is applied across the first electrode and the
second electrode to align the liquid crystal in the transmis-
sive portion in a twisted state where the vicinity of the
normal line of the second electrode is twisted, thereby
allowing the transmissive portion and the reflective portion
to simultaneously make a bright display.

4. A liquid crystal display device comprising:

a first substrate;

a second substrate;

a liquid crystal interposed between the first substrate and

the second substrate; and

pixels each having a transmissive portion for performing
a transmissive display and a reflective portion for
performing a reflective display,

wherein the first substrate includes:

a plurality of data lines and a plurality of gate lines;

a plurality of switching elements disposed to correspond
to intersections between the plurality of data lines and
the plurality of gate lines;

a plurality of first electrodes connected to output terminals
of the plurality of switching elements, respectively; and

a second electrode driving liquid crystal molecules by
applying an electric field between the first electrodes
and the second electrode,

wherein the second substrate includes a third electrode
driving the liquid crystal molecules by applying an
electric field between the first electrode and the third
electrode, and

wherein the potential of the second electrode and the
potential of the third electrode are opposite in phase to
each other.

5. The liquid crystal display device according to claim 4,
further comprising a control circuit setting the potential of
the second electrode and the potential of the third electrode,
which share the corresponding gate line, so as to be opposite
in phase to each other, alternating the potential in a flyback
time just before a selection signal is input to the correspond-
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ing gate line, and then maintaining the potential in a 1
vertical period even after the selection signal is input.

6. A liquid crystal display device comprising:

a first substrate;

a second substrate;

a liquid crystal interposed between the first substrate and
the second substrate; and

pixels each having a transmissive portion for performing
a transmissive display and a reflective portion for
performing a reflective display,

wherein the first substrate includes:

a plurality of data lines and a plurality of gate lines;

a plurality of switching elements disposed to form a pair
corresponding to each intersection between the plural-
ity of data lines and the plurality of gate lines;

first electrodes disposed in the reflective portion and the
transmissive portion connected to output terminals of
the pair of switching elements, respectively; and

a plurality of second electrodes driving the liquid crystal
by applying an electric field between the first electrodes
and the second electrodes,

wherein the second substrate includes a third electrode
driving the liquid crystal by applying an electric field
between the first electrodes and the third electrode, and

wherein the potential of the second electrode and the
potential of the third electrode are opposite in phase to
each other.

7. The liquid crystal display device according to claim 6,
wherein the third electrodes of the gate lines are connected
as a reflective-display common electrode terminal to each
other outside a display area,

wherein the second electrodes of the gate lines are con-
nected as a transmissive-display common electrode
terminal to each other outside the display area, and
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wherein the potential of the reflective-display common
electrode terminal and the potential of the transmissive-
display common electrode terminal are opposite in
phase to each other and the potential is alternated every
horizontal period.

8. The liquid crystal display device according to claim 6,
wherein the third electrodes in odd rows of the gate lines and
the second electrodes in even rows thereof are connected as
a first common electrode terminal to each other outside the
display area and the third electrodes in the even rows of the
gate lines and the second electrodes in the odd rows thereof
are connected as a second common electrode terminal to
each other outside the display area, and

wherein the potential of the first common electrode ter-

minal and the potential of the second common elec-
trode terminal are opposite in phase to each other and
the potential is alternated every vertical scanning
period.

9. The liquid crystal display device according to claim 7,
wherein the first substrate has a reflective-display storage
capacitor disposed in the reflective portion.

10. The liquid crystal display device according to claim 9,
wherein the reflective-display storage capacitor has a reflec-
tive-display storage capacitor electrode that forms a storage
capacitor along with the first electrode, and

wherein the potential of the reflective-display storage

capacitor electrode is equal to the potential of the
reflective-display common electrode terminal.

11. The liquid crystal display device according to claim 1,
wherein the thickness of the liquid crystal is set so that a
phase difference of the reflective portion is And=)\/4 and a
phase difference of the transmissive portion is And=h/2.

* * #* ok %
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