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(57) ABSTRACT

Provided is a liquid crystal display apparatus employing a
drive method whereby nonuniform electric field is not gen-
erated in pixels. This liquid crystal display apparatus is pro-
vided with a first substrate, a first electrode, a second elec-
trode, a second substrate, a common electrode, a counter
electrode, a liquid crystal layer, and a drive unit. The drive
unit executes drive operations including: operations of setting
the potential of the first electrode at a low level, the potential
of the second electrode at a high level, and the potential of the
counter electrode at the high level; operations of setting the
potential at the high level, the potential at the low level, and
the potential at the high level; operations of setting the poten-
tial at the low level, the potential at the high level, and the
potential at the low level; and operations of setting the poten-
tial at the high level, the potential at the low level, and the
potential at the low level.
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LIQUID CRYSTAL DISPLAY APPARATUS
AND METHOD FOR DRIVING LIQUID
CRYSTAL DISPLAY APPARATUS

TECHNICAL FIELD

[0001] The present invention is related to a liquid crystal
display device and a method of driving the same.

BACKGROUND ART

[0002] Conventionally, various methods of driving liquid
crystal display devices have been known.

[0003] Aliquidcrystal display device disclosed in Japanese
Patent Application Laid-Open Publication No. 2004-354407
has a first electrode and a second electrode provided on a
substrate and a third electrode provided on another substrate.
This liquid crystal display device changes the potential of the
third electrode within one frame frequency, and drives liquid
crystal molecules by using the horizontal electric field gen-
erated between the first and second electrodes during the
image display period, and by using the vertical electric field
generated between the first and third electrodes in the initial
stage of the image non-display period. The patent document
discloses that the fall time, in particular, can be reduced
through this driving method.

RELATED ART DOCUMENT

Patent Document

[0004] Patent Document 1: Japanese Patent Application
Laid-Open Publication No. 2004-354407

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0005] The driving method disclosed in the patent docu-
ment is a driving method having an image non-display period
within one frame period, or in other words, a method of
driving by black insertion. Therefore, it is difficult to obtain
sufficient brightness.

[0006] In the configuration disclosed in the patent docu-
ment, there is both a black display in which the liquid crystal
molecules are horizontally oriented, and a black display in
which the liquid crystal molecules are vertically oriented.
Therefore, compensation of the black display cannot take
place, and thus, the contrast decreases.

[0007] In addition, in the configuration disclosed in the
patent document, out of the first and second electrodes that
form the horizontal electric field, the second electrode is the
common electrode. In the initial stage of the image non-
display period, an electric field is generated between the first
and third electrodes. In other words, the configurations of the
first electrode and the second electrode are asymmetrical. As
a result, electric field deviation occurs within a pixel which
can cause uneven brightness and burn-in.

[0008] The object of the present invention is to provide a
driving method that does not cause electric field deviation
within a pixel, and to provide a liquid crystal display device
that performs the driving method.

Means for Solving the Problems

[0009] The liquid crystal display device disclosed here
includes: a first substrate; a first electrode formed on the first
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substrate; a second electrode formed on the first substrate; a
second substrate disposed so as to face the first substrate; an
opposite electrode formed on one of the first and second
substrates; a common electrode formed on another of the first
and second substrates; a liquid crystal layer sandwiched
between the first and second substrates, the liquid crystal
layer including liquid crystal molecules having a positive
birefringence; and a driving unit that controls the potential of
the first electrode, the second electrode, and the opposite
electrode. The driving unit performs driving operations dut-
ing a unit period, the driving operations including: a first
driving operation in which a potential of the first electrode is
made lower than a reference potential, a potential of the
second electrode is made higher than the reference potential,
and a potential of the opposite electrode is made higher than
the reference potential, a second driving operation in which
the potential of the first electrode is made higher than the
reference potential, the potential of the second electrode is
made lower than the reference potential, and the potential of
the opposite electrode is made higher than the reference
potential, a third driving operation in which the potential of
the first electrode is made lower than the reference potential,
the potential of the second electrode is made higher than the
reference potential, and the potential of the opposite electrode
is made lower than the reference potential, a fourth driving
operation in which the potential of the first electrode is made
higher than the reference potential, the potential ofthe second
electrode is made lower than the reference potential, and the
potential of the opposite electrode is made lower than the
reference potential.

[0010] A driving method disclosed here of a liquid crystal
display device including a first substrate, a first electrode
formed on the first substrate, a second electrode formed onthe
first substrate, a second substrate disposed so as to face the
first substrate, an opposite electrode formed on one of the first
and second substrates, a common electrode formed on
another of the first and second substrates, and a liquid crystal
layer sandwiched between the first and second substrates, the
method including: executing a first driving operation in which
apotential of the first electrode is made lower than a reference
potential, a potential of the second electrode is made higher
than the reference potential, and a potential of the opposite
electrode is made higher than the reference potential; execut-
ing a second driving operation in which a potential of the first
electrode is made higher than the reference potential, the
potential of the second electrode is made lower than the
reference potential, and the potential of the opposite electrode
is made higher than the reference potential; executing a third
driving operation in which a potential of the first electrode is
made lower than a reference potential, the potential of the
second electrode is made higher than the reference potential,
and the potential of the opposite electrode is made lower than
the reference potential; and executing a fourth driving opera-
tion in which a potential of the first electrode is made higher
than the reference potential, the potential of the second elec-
trode is made lower than the reference potential, and the
potential of the opposite electrode is made lower than the
reference potential, wherein the first driving operation, the
second driving operation, the third driving operation, and the
fourth driving operation are executed during a unit period.

Effects of the Invention

[0011] According to the present invention, a driving
method that does not cause electric field deviation within a
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pixel can be obtained. Additionally, a liquid crystal display
device that executes the driving method can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG.1is a perspective view schematically showing
a portion of a liquid crystal display device of Embodiment 1
of the present invention.

[0013] FIG. 2is a plan view showing one pixel taken from
the liquid crystal display device.

[0014] FIG.3isacross-sectional view along the line A-A of
FIG. 2.
[0015] FIG.4isatop view of an equivalent circuit diagram

of the liquid crystal display device.

[0016] FIG. 5A is a drawing for describing the display
operation of the liquid crystal display device.

[0017] FIG. 5B is a drawing for describing the display
operation of the liquid crystal display device.

[0018] FIG. 61is a graph showing the change in potential of
a pair of electrodes and an opposite electrode through time in
a driving method according to Embodiment 1 of the present
invention.

[0019] FIG. 7A is a cross-sectional view schematically
showing an electric field formed in the liquid crystal layer
during a period Al of FIG. 6.

[0020] FIG. 7B is a cross-sectional view schematically
showing the electric field formed in the liquid crystal layer
during a period A2 of FIG. 6.

[0021] FIG. 7C is a cross-sectional view schematically
showing the electric field formed in the liquid crystal layer
during a period A3 of FIG. 6.

[0022] FIG. 7D is a cross-sectional view schematically
showing the electric field formed in the liquid crystal layer
during a period A4 of FIG. 6.

[0023] FIG. 8isa graph showing the change in potential in
a pair of electrodes and an opposite electrode through time in
a driving method of a comparison example.

[0024] FIG. 9A is a cross-sectional view schematically
showing the electric field formed in the liquid crystal layer
during a period B1 of FIG. 8.

[0025] FIG. 9B is a cross-sectional view schematically
showing the electric field formed in the liquid crystal layer
during a period B2 of FIG. 8.

[0026] FIG. 10 is a block diagram showing the functional
configuration of the liquid crystal display device.

[0027] FIG.11is atiming chart of the respective signals for
the driving method of Embodiment 1 of the present invention.
[0028] FIG. 12 is agraph showing the change in potential of
a pair of electrodes and an opposite electrode through time in
a driving method according to Embodiment 2 of the present
invention.

[0029] FIG. 13A is a cross-sectional view schematically
showing an electric field formed in the liquid crystal layer
during a period C1 of FIG. 12.

[0030] FIG. 13B is a cross-sectional view schematically
showing an electric field formed in the liquid crystal layer
during a period C2 of FIG. 12.

[0031] FIG. 13C is a cross-sectional view schematically
showing an electric field formed in the liquid crystal layer
during a period C3 of FIG. 12.

[0032] FIG. 13D is a cross-sectional view schematically
showing an electric field formed in the liquid crystal layer
during a period C4 of FIG. 12,

[0033] FIG.14is atiming chart of the respective signals for
the driving method of Embodiment 2 of the present invention.
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[0034] FIG. 15 is a schematic cross-sectional view of a
liquid crystal display device according to a modification
example of the present invention.

[0035] FIG. 16 is an equivalent circuit diagram of the liquid
crystal display device according to the modification example
of the present invention.

[0036] FIG. 17 is a schematic cross-sectional view of a
liquid crystal display device according to another modifica-
tion example of the present invention.

[0037] FIG. 18 s an equivalent circuit diagram of the liquid
crystal display device according to the other modification
example of the present invention.

[0038] FIG. 19A is a cross-sectional view schematically
showing an electric field formed in the liquid crystal layer
during a period Al of FIG. 6.

[0039] FIG. 19B is a cross-sectional view schematically
showing an electric field formed in the liquid crystal layer
during a period A2 of FIG. 6.

[0040] FIG. 19C is a cross-sectional view schematically
showing an electric field formed in the liquid crystal layer
during a period A3 of FIG. 6.

[0041] FIG. 19D is a cross-sectional view schematically
showing an electric field formed in the liquid crystal layer
during a period A4 of FIG. 6.

[0042] FIG. 20 is a table showing evaluation results of the
driving method of Embodiment 1 and the comparison
example of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0043] The liquid crystal display device according to
Embodiment 1 of the present invention includes: a first sub-
strate; a first electrode formed on the first substrate; a second
electrode formed on the first substrate; a second substrate
disposed so as to face the first substrate; an opposite electrode
formed on one of the first and second substrates; a common
electrode formed on another of the first and second substrates;
aliquid crystal layer sandwiched between the first and second
substrates, the liquid crystal layer including liquid crystal
molecules having a positive birefringence; and a driving unit
that controls the potential of the first electrode, the second
electrode, and the opposite electrode, wherein the driving unit
executes driving operations during a unit period, the driving
operations including: a first driving operation in which a
potential of the first electrode is made lower than a reference
potential, a potential of the second electrode is made higher
than the reference potential, and a potential of the opposite
electrode is made higher than the reference potential, a sec-
ond driving operation in which the potential of the first elec-
trode is made higher than the reference potential, the potential
of the second electrode is made lower than the reference
potential, and the potential of the opposite electrode is made
higher than the reference potential, a third driving operation
in which the potential of the first electrode is made lower than
the reference potential, the potential of the second electrode is
made higher than the reference potential, and the potential of
the opposite electrode is made lower than the reference poten-
tial, a fourth driving operation in which the potential of the
first electrode is made higher than the reference potential, the
potential of the second electrode is made lower than the
reference potential, and the potential of the opposite electrode
is made lower than the reference potential (first configura-
tion).

[0044] According to the configuration above, the driving
unit executes a first driving operation, a second driving opera-
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tion, a third driving operation, and a fourth driving operation
during the unit period. During the first driving operation and
the fourth driving operation, the difference in potential
between the first electrode and the opposite electrode
becomes relatively larger and the difference in potential
between the second electrode and the opposite electrode
becomes relatively smaller. On the other hand, during the
second driving operation and the third driving operation, the
difference in potential between the first electrode and the
opposite electrode becomes relatively smaller and the differ-
ence in potential between the second electrode and the oppo-
site electrode becomes relatively larger. Electric field devia-
tion is reduced by executing the first driving operation, the
second driving operation, the third driving operation, and the
fourth driving operation during a unit period.

[0045] Additionally, between the first driving operation and
the fourth driving operation, and between the second driving
operation and the third driving operation, the high potential
and the low potential between the respective electrodes are
reversed. By executing the first driving operation, the second
driving operation, the third driving operation, and the fourth
driving operation, the direction of the electric field of the
liquid crystal layer is reversed, and thus, deviation in the
electric charge of the liquid crystal layer can be prevented.
[0046] The first driving operation, the second driving
operation, the third driving operation, and the fourth driving
operation do not need to be executed in this order.

[0047] In the first configuration, it is preferable that the
absolute value of the difference in potential between the first
electrode and the common electrode be equal to the absolute
value of the difference in potential between the second elec-
trode and the common electrode (second configuration).
[0048] According to the configuration mentioned above,
the electric field can be made symmetrical.

[0049] Inthe first and second configurations, it is preferable
that the absolute value of the difference in potential between
the opposite electrode and the common electrode be constant
(third configuration).

[0050] According to the configuration mentioned above,
the strength of the electric field formed by the opposite elec-
trode and the common electrode is constant. Therefore, flick-
ers can be suppressed from occurring.

[0051] In any one of the first to third configurations men-
tioned above, the potential of the common electrode and the
reference potential may be equal (fourth configuration).
[0052] In any one of the first to fourth configurations, it is
preferable that the potential of the common electrode be
constant (fifth configuration).

[0053] According to the configuration mentioned above,
the driving unit can change just the potential of the opposite
electrode to control the difference in potential between the
opposite electrode and the common electrode. As a result,
even if the first and second electrodes are driven in a line-
sequential manner or in a dot-sequential manner, there is no
need to form a common electrode for each of the first and
second electrodes.

[0054] In any one of the first to fifth configurations, the
opposite electrode may further include an overcoat layer
formed so as to cover the opposite electrode.

[0055] According to the configuration mentioned above,
the strength of the vertical electric field formed by the oppo-
site electrode and the common electrode becomes weaker due
to the overcoat layer. As a result, the relative effect of the
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horizontal electric field formed by the first and second elec-
trodes becomes larger. As a result, the transmittance can be
improved.

[0056] The liquid crystal display device according to any
one of the first to sixth configurations, may further include: a
plurality of pixels arranged in a matrix, wherein the first
electrode and the second electrode are formed in each of the
plurality of pixels, wherein the opposite electrode 1s formed
for each row of the plurality of pixels, and wherein the driving
unit executes the driving operations for each row of the plu-
rality of pixels.

[0057] Itis preferable that the liquid crystal display device
according to the seventh configuration, further include: a gate
line formed for each row of the plurality of pixels, wherein the
first electrode and the second electrode formed in one of the
plurality of pixels are electrically connected to one of the gate
lines through respective switching elements.

[0058] According to the configuration, the first electrode
and the second electrode share one gate line through respec-
tive switching elements. Compared to forming a gate line for
each of the first electrode and the second electrode, the aper-
ture ratio can be increased by reducing the number of wiring
lines. Additionally, the timing of applying a potential to the
first and second electrodes can be made to match.

[0059] In any one of the first to eighth configurations, the
first driving operation, the second driving operation, the third
driving operation, and the fourth driving operation may be
executed in this order (ninth configuration).

[0060] According to the configuration mentioned above,
the length of the cycle up to when the electric field formed
between the first and second electrodes reverses direction is
approximately half the length of the cycle up to when the
electric field formed between the opposite electrode and the
common electrode reverses direction. By shortening the
length of the cycle up to when the electric field reverses
direction, flickering becomes harder to perceive.

[0061] In any one of the first to eighth configurations, the
driving unit may execute the first driving operation, the sec-
ond driving operation, the third driving operation, and the
fourth driving operation in this order (tenth configuration).
[0062] According to the configuration mentioned above,
the length of the cycle up to when the electric field formed
between the opposite electrode and the common electrode
reverses is approximately half the length of the cycle up to
when the electric field formed between the first and second
electrodes reverses. By shortening the length of the cycle up
to when the electric field reverses, flickering becomes harder
to perceive.

[0063] In any one of the first to tenth configurations, the
unit period may include two frame periods (eleventh configu-
ration).

[0064] A driving method according to Embodiment 1 ofthe
present invention of a liquid crystal display device including
afirst substrate, a first electrode formed on the first substrate,
a second electrode formed on the first substrate, a second
substrate disposed so as to face the first substrate, an opposite
electrode formed on one of the first and second substrates, a
common electrode formed on another of the first and second
substrates, and a liquid crystal layer sandwiched between the
first and second substrates, the method including: executing a
first driving operation in which a potential of the first elec-
trode is made lower than a reference potential, a potential of
the second electrode is made higher than the reference poten-
tial, and a potential of the opposite electrode is made higher
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than the reference potential; executing a second driving
operation in which a potential of the first electrode is made
higher than the reference potential, the potential of the second
electrode is made lower than the reference potential, and the
potential of the opposite electrode is made higher than the
reference potential; executing a third driving operation in
which a potential of the first electrode is made lower than a
reference potential, the potential of the second electrode is
made higher than the reference potential, and the potential of
the opposite electrode is made lower than the reference poten-
tial; and executing a fourth driving operation in which a
potential of the first electrode is made higher than the refer-
ence potential, the potential of the second electrode is made
lower than the reference potential, and the potential of the
opposite electrode is made lower than the reference potential,
wherein the first driving operation, the second driving opera-
tion, the third driving operation, and the fourth driving opera-
tion are executed during a unit period (first configuration of
driving method).

[0065] In the first configuration of the driving method, the
liquid crystal layer may include liquid crystal molecules hav-
ing positive birefringence (second configuration of driving
method).

Embodiments

[0066] Embodiments of the present invention will be
described in detail below with reference to the drawings.
Portions in the drawings that are the same or similar are
assigned the same reference characters and descriptions
thereof will not be repeated. For ease of description, drawings
referred to below show simplified or schematic configura-
tions, and some of the components are omitted. Components
shown in the drawings are not necessarily to scale.

Liquid Crystal Display Device

[0067] FIG.11is a perspective view schematically showing
a portion of a liquid crystal display device 1 of Embodiment
1 of the present invention. The liquid crystal display device 1
has an array substrate (first substrate) 10, an opposite sub-
strate (second substrate) 30, and a liquid crystal layer 20
sandwiched between the array substrate 10 and the opposite
substrate 30.

[0068] Thearray substrate 10 includes the substrate 11. The
substrate 11 is light-transmissive. The substrate 11 is a glass
substrate, for example. The substrate 11 may have a passiva-
tion film or the like formed on the surface. A polarizing plate
15 is disposed on one surface of the substrate 11. On another
surface of the substrate 11, a common electrode 12, an insu-
lating layer 13, and an array layer 14 are formed in this order.

[0069] The common electrode 12 is formed covering sub-
stantially the entire surface of the display area of the substrate
11 in an even planar form. The common electrode 12 is a
light-transmissive conductive film, and is an ITO (indivm tin
oxide) or IZO (indium zinc oxide) film, for example. The
common electrode 12 is formed by sputtering or CVD
(chemical vapor deposition), for example.

[0070] The insulating layer 13 is formed so as to cover
substantially an entire surface of the common electrode 12.
The insulating layer 13 has transmissive characteristics and
insulating characteristics. The insulating layer 13 is a silicon
nitride film, a silicon oxide film, or a silicon oxynitride film,
and can be formed by CVD, for example. The insulating film
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13 may be an organic material such as an acrylic resin, and in
this case, the insulating film 13 is formed by spin coating or
slit coating, for example.

[0071] The array layer 14 includes a plurality of pixels Px
respectively having pixel electrodes. The array layer 14 fur-
ther includes wiring lines (source lines 141 and gate lines
142) for supplying signals to the pixel electrodes and switch-
ing elements.

[0072] The source lines 141 are formed parallel to each
other with a prescribed gap therebetween. The gate lines 142
are formed in a direction intersecting with the source lines
141 s0 as to be formed parallel to each other with a prescribed
gap therebetween. It is preferable that the source lines 141
and the gate lines 142 have high conductivity. The source
lines 141 and the gate lines 142 are metal films, for example.
[0073] Below, as shownin FIG. 1, the direction in which the
gate lines 142 extend is referred to as the x direction, and the
direction in which the source lines 141 extend is referred to as
the y direction. The direction normal to the substrate 11 is
referred to as the z direction. The pixels Px are arranged in a
matrix along the x direction and the y direction. Therefore, in
some cases, a group including a plurality of pixels Px in the
same position in the x direction is referred to as a column of
the pixels Px. In addition, in some cases, a pair of a plurality
of pixels Px in the same position in the y direction is referred
to as a row of the pixels Px.

[0074] FIG. 2 is a plan view showing a pixel Px taken from
the liquid crystal display device 1. One pixel Px has two
source lines 141A and 141B, and one gate line 142 passing
through. The pixel Px further includes TFTs (thin film tran-
sistor) 143A and 143B that are switching elements, and elec-
trodes 144A (first electrode) and 144B (second electrode) that
are pixel electrodes.

[0075] The TFTs 143A are formed in a vicinity of the
intersections of the respective source lines 141 A and the gate
lines 142. The sources of the TFTs 143 A are connected to the
respective source lines 141 A, and the gates are connected to
the respective gate lines 142, and the drains are connected to
the respective electrodes 144A. The TFTs 143B are formed in
a vicinity of the intersections of the respective source lines
141B and the gate lines 142. The sources of the TFTs 143B
are connected to the respective source lines 141B, and the
gates are connected to the respective gate lines 142, and the
drains are connected to the respective electrodes 144B. In
other words, the TFTs 143 A and 143B share the gate line 142.
The aperture ratio can be increased compared to a case in
which a gate line is formed for each of the TFTs 143A and
143B. The timing of operating the TFTs 143A and 144B can
be matched.

[0076] TheTFTs 143A and 143B are formed of amorphous
silicon, polysilicon, or IGZO (indium gallium zinc oxide), for
example.

[0077] The electrodes 144A and 144B are in a so-called
comb shape. In other words, the electrodes 144A and 144B
have main bodies having a plurality of branches, and connect-
ing parts that connect the main bodies to each other. In an
example shown in FIG. 2, the electrode 144 A has two main
bodies that extend along the y direction and are disposed in
parallel with each other, and a connecting portion that con-
nects the main bodies to each other at one end portion in the
y direction of each of the main bodies. Ina similar manner, the
electrode 144B is formed of two main bodies that extend
along the y direction and are disposed in parallel with each
other, and a connecting portion that connects the main bodies
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to each other at one end portion in the y direction of each of
the mainbodies. This configuration is merely an example, and
the electrodes 144A and 144B can have different shapes.
[0078] The main bodies of the electrodes 144A and 144B
are arranged alternately. According to this structure, a differ-
ence in potential between the electrodes 144A and 144B is
formed, and an electric field can be formed within the xy
in-plane direction. In the example shown in FIG. 2, the main
bodies of the electrodes 144A and 144B are arranged alter-
nately along the x direction. According to this structure, an
electric field can be formed in the x direction.

[0079] The electrodes 144A and 144B are conductive films
and are metal films such as Al or Cu, for example. The
electrodes 144A and 144B may be transparent conductive
films such as ITO or IZO.

[0080] FIGS. 1 and 2 show that the source lines 141A and
141B, the gate lines 142, the TFTs 143A and 143B, and the
electrodes 144A and 144B are formed in the same layer.
However, these may be formed in a plurality of layers across
aninsulating film or the like. In other words, the array layer 14
may include a plurality of films formed in different positions
along the z direction. The array layer 14 can be manufactured
through a known semiconductor process.

[0081] More descriptions will be made based on FIG. 1.
The opposite substrate 30 includes the substrate 31. The sub-
strate 31 has similar light-transmissive characteristics to the
substrate 11. The substrate 31 is a glass substrate, for
example. The substrate 31 may have a passivation film or the
like formed on the surface. A polarizing plate 33 is disposed
on one surface of the substrate 31. Opposite electrodes 32 are
formed on another surface of the substrate 31.

[0082] The opposite electrodes 32 are formed for each row
of the pixels Px. More specifically, the respective opposite
electrodes 32 are formed in a band-shape extending in the
same direction (x direction) as the gate lines 142. A plurality
of opposite electrodes 32 are formed parallel to each other in
the y direction so as to correspond with the gate lines 142.
[0083] Theopposite electrodes 32 are transmissive conduc-
tive films that are ITO or IZO, for example. The opposite
electrodes 32 are formed by CVD or sputtering, for example,
and are patterned by photolithography.

[0084] The liquid crystal display device 1 is manufactured
by sealing the periphery of the array substrate 10 and the
opposite substrate 30 with the liquid crystal layer 20 therebe-
tween. As shown in FIG. 1, the array substrate 10 and the
opposite substrate 30 are disposed such that the array layer 14
and the opposite electrode 32 face each other. Although not
shown in FIG. 1, alignment films are respectively formed so
as to cover the array layer 14 and the opposite electrodes 32.
[0085] The liquid crystal molecules of the liquid crystal
layer 20 have birefringence. In other words, the refractive
index n,, of light that oscillates in parallel with the optical axis
differs from the refractive index n, of light that oscillates
perpendicular to the optical axis. In the liquid crystal display
device 1, liquid crystal molecules having a positive birefrin-
gence An=n,-n, are used. It is preferable that the birefrin-
gence An of the liquid crystal molecules be large.

[0086] FIG.3isacross-sectional view along the line A-A of
FIG. 2. FIG. 4 is an equivalent circuit diagram of the liquid
crystal display device 1. As shown in FIG. 4, the electrodes
144A and 144B are capacitively coupled through the liquid
crystal capacitance Clcl. The electrodes 144 A and the oppo-
site electrodes 32, and the electrodes 144B and the opposite
electrodes 32 are capacitively coupled through the liquid
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crystal capacitance Clc2. The electrodes 144A and the com-
mon electrode 12, and the electrodes 144B and the common
electrode 12 are respectively capacitively coupled through
the storage capacitance Cs.

[0087] As shown in FIG. 4, a signal VsA is supplied to the
source line 141A and a signal VsB is supplied to the source
line 141B. A signal Vg is supplied to the gate line 142, and the
signal Ve is supplied to the opposite electrode 32. Details of
the signals VsA, VsB, Vg, and Vc will be described later.
[0088] The potential of the common electrode 12 of the
liquid crystaldisplay device 1 is kept constant. In the example
shown in FIG. 4, the potential of the common electrode 12 is
a ground potential, but the potential may be different from a
ground potential. The configuration may have a signal line
connected to the common electrode 12 as well, and the poten-
tial of the common electrode 12 can be controlled.

[0089] A general description of the display operation of the
liquid crystal display device 1 will be described with refer-
ence to FIGS. 5A and 5B.

[0090] The liquid crystal molecules 20a of the liquid crys-
tal layer 20 have a positive birefringence An and are aligned
such that the direction of the long axis of the molecules and
the direction of the electric field are parallel to each other. The
liquid crystal display device 1 controls the potential of the
electrodes 144A and 144B, the opposite electrodes 32, and
the common electrode 12, and applies an electric field to the
liquid crystal layer 20 and controls the alignment direction of
the liquid crystal molecules 20a. In the liquid crystal display
device 1, an alignment film for vertical alignment is used. As
aresult, if the electric field is not applied to the liquid crystal
layer 20, the liquid crystal molecules 20a are aligned such
that the long axis of the molecules is aligned with the z axis.
[0091] Below, the electric field formed by the electrodes
144 A and 144B is referred to as the horizontal electric field
and the electric field formed by the common electrode 12 and
the opposite electrode 32 is referred to as the vertical electric
field.

[0092] FIG. 5A is a schematic view of a state in which only
the vertical electric field is formed and not the horizontal
electric field. In the example shown in FIG. 5A, the potential
of the opposite electrode 32 is 7.5V and the potential of the
electrodes 144 A and 144B and the common electrode 12 is
ov.

[0093] In FIG. 5A, the liquid crystal molecules 20a are
aligned such that the long axis of the molecules is in parallel
with the z direction due to the vertical electric field and the
alignment films 15 and 33. At this time, the polarizing direc-
tion of the light that passes through the liquid crystal layer 20
is mostly unchanged. The polarizing plates 15 and 33 are
disposed such that the transmission axes intersect with each
other. Therefore, the light that passes through the polarizing
plate 15 and the liquid crystal layer 20 is blocked by the
polarizing plate 33. Thus, black display (dark display) is
performed for pixels Px such as those shown in FIG. 5A
where a horizontal electric field is not formed.

[0094] FIG. 5B schematically shows a state in which a
horizontal electric field is formed in addition to a vertical
electric field. In the example shown in FIG. 5B, the potential
of the opposite electrode 32 is 7.5V, the potential of the
electrode 144A is 7.5V, the potential of the electrode 144B is
-7.5V, and the potential of the common electrode 12 is O0V.
[0095] In FIG. 5B, the liquid crystal molecules 20a are
aligned such that the long axes of the molecules are inclined
from the z direction towards the xy plane. At this time, the
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polarizing direction of the light that passes through the liquid
crystal layer 20 changes according to the birefringence of the
liquid crystal molecules 20a. As a result, the light that passes
through the polarizing plate 15 and the liquid crystal layer 20
can pass through the polarizing plate 33. Thus, white display
(light display) is performed for pixels Px such as those shown
in FIG. 5B where a horizontal electric field is formed.
[0096] In this manner, the liquid crystal display device 1
can control the gradation of the pixels Px through the strength
of the horizontal electric field. In the liquid crystal display
device 1, a vertical electric field is formed both when black
display is performed and when white display is performed.
The response speed when the display switches from white
display to black display can be improved by the vertical
electric field. In other words, due to the vertical electric field,
the speed at which the liquid crystal molecules 20a align
themselves along the z direction from being inclined in the xy
plane can be improved.

[0097] According to the present embodiment, black display
is performed by using vertical orientation of the liquid crystal
molecules 20a. In other words, unlike the driving method in
Japanese Patent Application Laid-Open Publication No.
2004-354407, in the present embodiment, a black display is
not performed both by horizontally orienting and vertically
orienting the liquid crystal molecules 20a. Therefore, com-
pensation for the black display can be performed and a high
contrast can be obtained.

Method of Driving

Embodiment 1

[0098] Next, the driving method of the liquid crystal dis-
play device 1 will be explained. FIG. 6 is a graph showing the
change in potential Va of the electrode 144 A, the change in
potential Vb of the electrode 144B, and the change in poten-
tial Ve of the opposite electrode 32 through time in the driving
method related to Embodiment 1 ofthe present invention. The
vertical axis in FIG. 6 indicates the potential of each electrode
and the horizontal axis indicates time.

[0099] As shown in FIG. 6, the potential Va of the electrode
144a and the potential Vb of the electrode 144B reverse at
prescribed cycles. The length of the period up to when the
potentials Va and Vb reverse is the same, and the timing at
which the potentials reverse is also the same. The potentials
Va and Vb always have the opposite polarity to each other.
[0100] The potential V¢ of the opposite electrode 32
reverses polarity at a cycle thatis twice as long as the cycle of
the potentials Ve and Vb (Y2 in frequency). The timings at
which the potential Vc reverses polarity are the same as some
timings at which the potentials Va and Vb reverse polarity. In
other words, after the potential Vc reverses polarity at the
same time as when the polarity of the potentials Va and Vb
reverse, then the next time when the polarities Va and Vb do
not reverse polarity, the polarity of the potential Ve does not
reverse. Then, the potential V¢ reverses polarity again when
the potentials Va and Vb reverse polarity.

[0101] In other words, this operation can be explained as
follows. First, at a time tl, a driving operation (first driving
operation) in which the potential Va of the electrode 144A is
made negative, the potential Va of the electrode 144B is made
positive, and the potential Vc of the opposite electrode 32 is
made positive takes place. At a time t2, a driving operation
(second driving operation) in which the potential Va is made
positive, the potential Vb is made negative, and the potential
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Ve is made positive takes place. At a time t3, a driving opera-
tion (third driving operation) in which the potential Va is
made negative, the potential Vb is made positive, and poten-
tial Ve is made negative takes place. At a time t4, a driving
operation (fourth driving operation) in which the potential Va
is made positive, the potential Vb is made negative. and the
potential V¢ is made negative takes place.

[0102] The polarity of the potential Ve does not reverse at
the time t2 and stays the same (positive). In the present speci-
fication, this type of operation is also referred to as the “driv-
ing operation in which the potential Vc is made positive.”
Similarly, the polarity of the potential V¢ does not reverse at
time t4 and stays the same (negative). This type of operation
1s referred to as the “driving operation in which the potential
Vc is made negative.”

[0103] Attime t5 of the present embodiment, the first driv-
ing operation is executed again. Then, the first to fourth driv-
ing operations are repeated.

[0104] Thefirst to fourth driving operations are executed at
prescribed intervals. As a result, the length of the period Al
between the times t1 and (2, the length of the period A2
between the times 2 and (3, the length of the period A3
between the times t3 and t4, and the length of the period A4
between the times t4 and t5 are the same.

[0105] The effect of the present embodiment is described
with reference to FIGS. 7A to 7D.

[0106] FIGS.7A to 7D are cross-sectional views along the
line A-A of FIG. 2. In FIGS. 7A to 7D, a portion of the
hatching pattern is omitted for ease of viewing. FIGS. 7A to
7D schematically show the direction and size of the electric
field formed by the electrodes 144A and 144B, the opposite
electrode 32, and the common electrode 12. The solid line
arrow shows that the electric field is formed with a 15V
difference in potential and the dotted line arrow shows that the
electric field is formed with a 7.5V difference in potential.
The direction of the arrow indicates the direction of the elec-
tric field, and is shown such that the direction of the electric
field is from high potential to low potential. The same can be
said for FIGS. 9A, 9B, 13A to 13D, and 19A to 19D men-
tioned later.

[0107] FIG. TA is a cross-sectional view schematically
showing the electric field formed in the liquid crystal layer 20
during the period Al of FIG. 6. In the period A2, the potential
Va of the electrode 144A is -7.5V, the potential Vb of the
electrode 144B is 7.5V, the potential V¢ of the opposite elec-
trode 32 is 7.5V, and the potential of the common electrode 12
is OV. As a result, the electric field is formed from the elec-
trode 144B to the electrode 144A. In addition, the electric
field is formed from the opposite electrode 32 to the electrode
144A. Furthermore, electric fields are formed respectively
from the opposite electrode 32 to the common electrode 12,
from the electrode 144B to the common electrode 12, and
from the common electrode 12 to the electrode 144 A.
[0108] FIG. 7B is a cross-sectional view schematically
showing the electric field formed in the liquid crystal layer 20
during the period A2 of FIG. 6. In the period A2, the potential
Va of the electrode 144A is 7.5V, the potential Vb of the
electrode 144B is -7.5V, the potential V¢ of the opposite
electrode 32 is 7.5V, and the potential of the common elec-
trode 12 1s OV. As a result, an electric field is formed from the
electrode 144 A to the electrode 144B. In addition, an electric
field is formed from the opposite electrode 32 to the electrode
1445. Furthermore, electric fields respectively from the oppo-
site electrode 32 to the common electrode 12, from the elec-
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trode 144 A to the common electrode 12, and from the com-
mon electrode 12 to the electrode 144B.

[0109] FIG. 7C is a cross-sectional view schematically
showing the electric field formed in the liquid crystal layer 20
during the period A3 of FIG. 6. In the period A3, the potential
Va of the electrode 144A is 7.5V, the potential Vb of the
electrode 144B is 7.5V, the potential V¢ of the opposite elec-
trode 32 is =7.5V, and the potential of the common electrode
12 is OV. As a result, the electric field is formed from the
electrode 144B to the electrode 144A. In addition, an electric
field is formed from the electrode 144B to the opposite elec-
trode 32. Furthermore, electric fields are formed respectively
from the common electrode 12 to the opposite electrode 32,
from the electrode 144B to the common electrode 12, and
from the common electrode 12 to the electrode 144 A.
[0110] FIG. 7D is a cross-sectional view schematically
showing the electric field formed in the liquid crystal layer 20
during the period A4 of FIG. 6. In the period A4, the potential
Va of the electrode 144A is 7.5V, the potential Vb of the
electrode 144B is —7.5V, the potential Vc of the opposite
electrode 32 is -7.5V, and the potential of the common elec-
trode 12 is OV. As a result, the electric field is formed from the
electrode 144 A to the electrode 144B. In addition, an electric
field is formed from the electrode 144A to the opposite elec-
trode 32. Furthermore, electric fields are formed respectively
from the common electrode 12 to the opposite electrode 32,
from the electrode 144A to the common electrode 12, and
from the common electrode 12 to the electrode 144B.
[0111] FIG. 7A shows that in period A1, an electric field is
formed between the electrode 144A and the opposite elec-
trode 32, but there is no electric field formed between the
electrode 144B and the opposite electrode 32. As a result,
electric field deviation takes place in one pixel Px. The same
couldbe said for the period A4. On the other hand, by contrast
to the periods A2 and A1, FIG. 7B shows that an electric field
is formed between the electrode 144B and the opposite elec-
trode 32, but not formed between the electrode 144A and the
opposite electrode 32. The same could be said for the period
A3.

[0112] In the present embodiment, the electric field devia-
tion can be canceled out by executing the first to fourth
driving operations. In other words, by going through periods
Al to A4, the electric field can be prevented from concentrat-
ing between one of the electrodes 144A and 144B and the
opposite electrode 32.

[0113] In the present embodiment, it can be seen from
comparing FIG. 7A to FIG. 7D that the directions of the
electric fields are reversed from each other in periods Al and
A4. In the present embodiment, it can be seen from compar-
ing FI1G. 7B to FIG. 7C that the directions of the electric fields
are reversed from each other in periods A2 and A3. As a result,
electric charge deviation of the liquid crystal layer 20 can be
prevented.

[0114] In the present embodiment, the polarities of the
potentials Va and Vb are reversed at twice the frequency at
which the polarity of the potential V¢ is reversed. By increas-
ing the frequency at which the electric field reverses, flicker-
ing becomes harder to perceive.

Comparison Example

[0115] Next, in order to explain the effects of the present
embodiment, a description of a hypothetical example will be
provided. F1G. 8 shows a graph of the changes in the potential
Va of the electrode 1444, the potential Vb of the electrode
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144B, and the potential Vc of the opposite electrode 32
caused by the driving method of a comparison example. The
vertical axis of FIG. 8 indicates the potential of each elec-
trode, and the horizontal axis indicates time.

[0116] In the comparison example, the potentials Va, Vb,
and Vc reverse at a prescribed cycle. In the comparison
example, the length of the cycles up to when the potentials Va,
Vb, and Ve reverse is the same, and the timing at which the
polarities reverse is also the same. The potentials Va and Vb
and the potentials Va and V¢ always have opposite polarities,
and the potentials Vb and V¢ always have the same polarity.
[0117] AsshowninFIG. 8, according to the driving method
of the comparison example, the periods Bl and B2 are
repeated alternately.

[0118] FIG. 9A is a cross-sectional view schematically
showing the electric field formed in the liquid crystal layer 20
during the period B1 of FIG. 8. In the period B1, the potential
Va of the electrode 144A is -7.5V, the potential Vb of the
electrode 144B is 7.5V, the potential V¢ of the opposite elec-
trode 32 is 7.5V, and the potential of the common electrode 12
is OV.

[0119] FIG. 9B is a cross-sectional view schematically
showing the electric field formed in the liquid crystal layer 20
during the period B2 of FIG. 8. In the period B2, the potential
Va of the electrode 144A is -7.5V, the potential Vb of the
electrode 144B is 7.5V, the potential V¢ of the opposite elec-
trode 32 is -7.5V, and the potential of the common electrode
12 is OV.

[0120] Ascanbeseenfrom FIGS.9A and 9B, the directions
of the electric fields are reversed from each other in periods
B1 and B2. Therefore, the driving method of the comparison
example can also prevent the electric charge deviation in the
liquid crystal layer 20.

[0121] On the other hand, with the driving method of the
comparison example, in both periods Bl and B2, an electric
field is formed between the electrode 144A and the opposite
electrode 32, and an electric field is not formed between the
electrode 144B and the opposite electrode 32. Thus, even if
the periods Bl and B2 are repeated, the electric field deviation
is not canceled out.

[0122] If electric field deviation occurs, the alignment of
the liquid crystal molecules changes depending on the loca-
tion, and thus, uneven brightness can occur within the pixel
Px. Furthermore, because impurity ions can accumulate with
ease where the electric fields concentrate, the comparison
example is susceptible to burn-in.

[0123] According to the driving method of the present
embodiment, unlike the comparison example, the electric
field deviation within the pixel Px can be prevented.

[0124] The driving method related to Embodiment 1 of the
present invention has been explained through the comparison
example. In the present embodiment, an example of an
embodiment was provided in which the central voltage (bias
voltage) is 0V, and the potentials Va, Vb, and Vc were
changed. However, the same bias voltage may be applied to
the electrodes 144A and 144B, the opposite electrode 32, and
the common electrode 12. For example, if a bias voltage of
7.5V is applied to all of the electrodes, then the potentials Va,
Vb, and Ve change between 0V and 15V. Even in this case, the
same effects as the present embodiment can be attained. Fur-
thermore, in the present embodiment, the amplitudes of all of
the potentials Va, Vb, and Vc were described as 15V, but the
amplitudes of the potentials Va, Vb, and V¢ can be changed as
appropriate.
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[0125] Theelectrodes 144A and 144B are respectively con-
nected to the TFTs 143A and 143B. Thus, due to the change
in the gate voltage caused by turning ON and OFF the TFTs
143A and 143B, the potentials of the electrodes 144A and
144B change. Specifically, the potentials of the electrodes
144A and 144B change by approximately AV=(Vgh-Vgl)
-Cgd/Cpix. Here, Vgh is the gate voltage when the TFT 143A
(143B) is ON, and Vgl is the gate voltage when the TFT 143A
(143B) is OFF. Furthermore, Cgd is the capacitance between
the gate and the drain of the TFT 143 A (143B), and Cpix is the
load capacitance of the electrodes 144 A and 144B. It is pref-
erable that the electrodes 144 A and 144B be applied a voltage
taking the potential change AV into account.

[0126] In the present embodiment, it is preferable that the
potentials Va and Vb be symmetrical to each other with the
common electrode 12 as the center. In other words, it is
preferable that the absolute value of the difference in potential
between the electrode 144A and the common electrode 12
and the absolute value of the difference in potential between
the electrode 144B and the common electrode 12 be equal. As
a result, the electric fields can be made symmetrical. In this
case, it is preferable that the absolute value of the difference
in potential between the electrode 144A and the common
electrode 12 and the absolute value of the difference in poten-
tial between the electrode 144B and the common electrode 12
be equal for the effective potential including the potential
change AV.

[0127] As in the present embodiment, it is preferable that
the absolute value of the difference in potential between the
opposite electrode 32 and the common electrode 12 be con-
stant. As a result, the intensity of the vertical electric field
formed between the opposite electrode 32 and the common
electrode 12 becomes constant. Therefore, flickering can be
suppressed from occurring.

Driving Using Modules

[0128] Below, a more specific description of the configu-
ration for executing the driving method related to Embodi-
ment | of the present invention is provided.

[0129] FIG. 10 is a block diagram showing the functional
configuration of the liquid crystal display device 1. The liquid
crystal display device 1 further includes a control unit 51 and
adriving unit 52. The driving unit 52 includes a source driver
521, a gate driver 522, and an opposite electrode row driver
523.

[0130] The control unit 51 and the driving unit 52 are
mounted on the array substrate 10 or the opposite substrate 30
by TAB (tape automated bonding) technology or COG (chip
on glass) technology. A portion or the entirety of the control
unit 51 and the driving unit 52 may be disposed in an area
outside of the array substrate 10 and the opposite substrate 30.
[0131] The control unit 51 performs a prescribed process
on an image signal Vin supplied from outside, and then sup-
plies the image signal Vin to the source driver 521, the gate
driver 522, and the opposite electrode row driver 523.
[0132] The source driver 521 generates signals VsA and
VsB based on the signal supplied from the control unit 51.
Then, the source driver 521 supplies the signal VsA to the
source line 141A and supplies the signal VsB to the source
line 141B.

[0133] Thegate driver 522 generates the signal Vg based on
the signal supplied by the control portion 51, and supplies the
signal Vg to the gate line 142. Here, the number of gate lines
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142 is n (n being a natural number), and the signal Vg of the
mth row (1=ms=n) supplied to the gate line 142 is the signal
Vg _m.

[0134] The opposite electrode row driver 523 generates the
signal V¢ based on the signal supplied from the control unit
51, and supplies this signal to the opposite electrode 32. In a
similar manner to the signal Vg, the signal V¢ supplied to the
mth row of the opposite electrode 32 is the signal Ve_m.
[0135] FIG. 11 is a timing chart of each signal for the
driving method of Embodiment 1 of the present invention.
[0136] The signals VsA and VsB reverse polarity at a pre-
scribed cycle. The length of the cycle up to when the polarities
ofthe signals VsA and VsB reverse is the same, and the timing
at which the polarities reverse is also the same. More specifi-
cally, the signals VsA and VsB reverse polarities at a cycle of
half the length of one frame period T. The signals VsA and
VsB always have opposite polarities. In addition, at any time,
the absolute value of the signal VsA and the absolute value of
the signal VsB are equal.

[0137] Thesignals Vgl toVg_nbecome high one at a time.
In other words, during a particular period ta, the signal Vg_1
becomes high, and the signals Vg_2 to Vg_n becomes low.
Then, when the signal Vg_1 becomes low, the signal Vg_2
becomes high. When the signal Vg_2 is high, the signals
Vg 1 and Vg_3 to Vg_n becomes low. In this manner, the
signals Vgl to Vg_n become high one at a time, and other
signals become low.

[0138] In the present embodiment, each of the signals Vgl
to Vg_nbecomes high once during half of one frame period T.
In other words, in the present embodiment, double speed
driving in which the gate line 142 is scanned twice during one
frame period T is performed.

[0139] The operation at this time will be described with
reference to FIG. 4. When the signal Vg_m becomes high, the
TFTs 143 A and 143B, which are connected to the gate line
142 of the mth row, turn ON. As a result, the signal VsA is
supplied from the source line 141 A to the electrode 144A, and
the signal VsB is supplied from the source line 141B to the
electrode 144B. The potentials of the electrodes 144A and
144B are maintained at a substantially constant level even
after the signal Vg_m becomes low and the TFTs 143A and
143B turn OFF due to the liquid crystal capacitances Clc1 and
Clc2, and the storage capacitance Cs.

[0140] Supplying of the signals VsA and VsB to each col-
umn can take place one at a time (dot-sequential driving) or
take place all at once (line-sequential driving).

[0141] More descriptions will be provided based on FIG.
11. The signal Vc_m that is supplied to the opposite electrode
32 of the mth row reverses potential at the same time as when
the signal Vg_m becomes high level. However, the length of
the cycle up to when the polarity of the signal Vc_m reverses
is twice the length in which the signal Vg_m becomes high
level. In other words, when the polarity of the signal Vc_m
reverses when the signal Vig_m becomes high level, then the
next time the signal Vg_m becomes high, the polarity of the
signal Ve_m does not reverse. Then, the signal Vc_m reverses
polarity again when the signal Vg_m becomes high. The
length of the cycle up to when the signal Ve_m reverses is the
same as the length of one frame period T.

[0142] By supplying the signals VsA, VsB, Vg_1to Vg_n,
and Vc_1 to Vc_n, the driving method related to Embodiment
1 of the present invention is performed. In other words, the
period Al described in FIG. 7A is the time from when the
signal Vg_m of the pixel Px at the mth row first becomes high
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to when the signal Vg_m becomes high for the second time.
The period A2 described in FIG. 7B is the time between when
the signal Vg_m becomes high for the second time and when
it becomes high for the third time. The period A3 described in
FIG. 7C is the time between when the signal Vg_m becomes
high for the third time and when it becomes high for the fourth
time. The period A4 described in FIG. 7D is the time between
when the signal Vg_m becomes high for the fourth time and
when it becomes high for the fifth time.

[0143] A specific configuration to execute the driving
method according to Embodiment 1 of the present invention
was described. In the present embodiment, a case in which the
gate line 142 is scanned twice in one frame period T was
described. As a result, the first driving operation and the
second driving operation are executed in the first frame, and
the third driving operation and the fourth driving operation
are executed in the second frame. In other words, in the
present embodiment, the first to fourth driving operations are
executed during two frame periods. However, the gate line
142 may be scanned once per frame period T. In this case, the
first to fourth driving operations are executed during four
frame periods. In addition, the gate line 142 may be scanned
four times per frame period T. In this case, the first to fourth
driving operations are executed in one frame period.

[0144] Tt is preferable that the potential of the common
electrode 12 of the present embodiment be constant. In the
present embodiment, the potential of the common electrode
12 is kept constant, and a vertical electric field is formed by
changing the potential of the opposite electrode 32. In other
words, the common electrode 12 always has the same poten-
tial across the entire display region. As a result, the common
electrode 12 neither needs to be formed for each row of pixels
Px like the opposite electrode 32 nor needs to be driven in a
line-sequential manner.

Embodiment 2

[0145] FIG. 12 is a driving method according to Embodi-
ment 2 of the present invention, and is a graph showing the
potential Va of the electrode 144 A, the potential Vb of the
electrode 144B, and the potential V¢ of the opposite electrode
32. The vertical axis of F1G. 12 indicates the potential of each
electrode, and the horizontal axis indicates time.

[0146] In the present embodiment, the potential Va of the
electrode 144A and the potential Vb of the electrode 144B
reverse polarity in a prescribed cycle. The cycle up to when
the potentials Va and Vb reverse is the same, and the timing at
which the potentials reverse is also the same. The potentials
Va and Vb always have opposite polarities.

[0147] Unlike Embodiment 1, in the present embodiment,
the polarity of the potential Ve of the opposite electrode 32
reverses in half the time that the potentials Va and Vb reverse
(twice the frequency). Some of the times at which the poten-
tial Ve reverses polarity are the same the times at which the
potentials Va and Vb reverse polarity. In other words, the
potential Vc reverses polarity at the same time as when the
polarities of the potentials Va and Vb reverse, but reverses
polarity an additional time during this cycle.

[0148] In other words, this operation can be explained as
follows. First, at a time t1, a driving operation (equivalent of
first driving operation in Embodiment 1) in which the poten-
tial Va of the electrode 144 A is made negative, the potential
Vb of the electrode 144B is made positive, and the potential
Ve of the opposite electrode 32 is made positive takes place.
At a time t2, a driving operation (corresponding to the third
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driving operation in Embodiment 1) in which the potential Va
is made negative, the potential Vb is made positive. and the
potential V¢ is made negative takes place. At a time (3, a
driving operation (corresponding to the second driving opera-
tion of Embodiment 1) in which the potential Va is made
positive, the potential Vb is made negative, and the potential
Ve is made positive takes place. At a time 4, a driving opera-
tion (corresponding to the second driving operation of
Embodiment 1) in which the potential Va is made positive, the
potential Vb is made negative, and the potential Ve is made
positive takes place.

[0149] In the present embodiment as well, at a time t5, the
first driving operation is executed again. Then, the first driv-
ing operation, the third driving operation, the second driving
operation, and the fourth driving operation are executed
repeatedly.

[0150] In the present embodiment as well, the first driving
operation, the third driving operation, the second driving
operation, and the fourth driving operation are executed at a
prescribed interval. As a result, the length of the period C1
between the times t1 and (2, the length of the period C2
between the times 2 and (3, the length of the period C3
between the times t3 and t4, and the length of the period C4
between the times t4 and t5 are the same.

[0151] FIG. 13A is a cross-sectional view schematically
showing an electric field formed in the liquid crystal layer 20
during the period C1inFIG.12. Inthe period C1, the potential
Va of the electrode 144A is -7.5V, the potential Vb of the
electrode 144B is 7.5V, the potential V¢ of the opposite elec-
trode 32 is 7.5V, and the potential of the common electrode 12
is OV. As a result, the electric field is formed from the elec-
trode 144B to the electrode 144A. In addition, the electric
field is formed from the opposite electrode 32 to the electrode
144A. Furthermore, electric fields are formed respectively
from the opposite electrode 32 to the common electrode 12,
from the electrode 144B to the common electrode 12, and
from the common electrode 12 to the electrode 144 A.

[0152] FIG. 13B is a cross-sectional view schematically
showing an electric field formed in the liquid crystal layer 20
during the period C2 in FIG. 12. In the period C2, the potential
Va of the electrode 144A is -7.5V, the potential Vb of the
electrode 144B is 7.5V, the potential V¢ of the opposite elec-
trode 32 is =7.5V, and the potential of the common electrode
12 is OV. As a result, the electric field is formed from the
electrode 144B to the electrode 144A. In addition, an electric
field is formed from the electrode 144B to the opposite elec-
trode 32. Furthermore, electric fields are formed respectively
from the common electrode 12 to the opposite electrode 32,
from the electrode 144B to the common electrode 12, and
from the common electrode 12 to the electrode 144A.

[0153] FIG. 13C is a cross-sectional view schematically
showing an electric field formed in the liquid crystal layer 20
during the period C3 in FIG. 12. In the period C3, the potential
Va of the electrode 144A is 7.5V, the potential Vb of the
electrode 144B is -7.5V, the potential V¢ of the opposite
electrode 32 is 7.5V, and the potential of the common elec-
trode 12 1s OV. As a result, the electric field is formed from the
electrode 144 A to the electrode 144B. In addition, an electric
field is formed from the opposite electrode 32 to the electrode
1445b. Furthermore, electric fields are formed respectively
from the opposite electrode 32 to the common electrode 12,
from the electrode 144A to the common electrode 12, and
from the common electrode 12 to the electrode 144B.
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[0154] FIG. 13D is a cross-sectional view schematically
showing an electric field formed in the liquid crystal layer 20
during the period C4 in FIG. 12. In the period C4, the potential
Va of the electrode 144A is 7.5V, the potential Vb of the
electrode 144B is —7.5V, the potential Vc of the opposite
electrode 32 is -7.5V, and the potential of the common elec-
trode 12 i1s OV. As a result, the electric field is formed from the
electrode 144A to the electrode 144B. In addition, an electric
field is formed from the electrode 144 A to the opposite elec-
trode 32. Furthermore, electric fields are formed respectively
from the common electrode 12 to the opposite electrode 32,
from the electrode 144A to the common electrode 12, and
from the common electrode 12 to the electrode 144B.

[0155] Inthe present embodiment as well, the electric field
deviation can be canceled out by executing the first driving
operation, the third driving operation, the second driving
operation, and the fourth driving operation. In other words, by
going through the periods C1 to C4, the electric field can be
prevented from concentrating between one of the electrodes
144A and 144B and the opposite electrode 32.

[0156] In the present embodiment as well, it can be seen
from comparing FIG. 13A to FIG. 13D that the directions of
the electric fields are reversed from each other in the periods
C1 and C4.Inasimilar manner, it can be seen from comparing
FIG. 13B to FIG. 13C that the directions of the electric fields
are reversed from each other in periods C2 and C3. As a result,
electric charge deviation of the liquid crystal layer 20 can be
prevented.

[0157] In the present embodiment, the polarities of the
potential V¢ are reversed at twice the frequency at which the
polarity of the potentials Va and Vb are reversed. By increas-
ing the frequency, the flickering becomes harder to see.

[0158] FIG.141satiming chart of each signal to execute the
driving method according to Embodiment 2 of the present
invention,

[0159] Compared to Embodiment 1 (FIG. 11), the timing
chart shown in FIG. 14 has a different cycle length up to when
the polarity of the signals VSa, Vsb, and Vc_1 to Ve_n
reverse.

[0160] More specifically, the signals VsA and VsB reverse
polarities at a cycle with the same length as one frame period
T. Furthermore, the polarities of the signals Ve_1 to Ve_n
reverse in halfthe time compared to one frame period T. In the
present embodiment, the signal Vc_m supplied to the oppo-
site electrode 32 of the mth row reverses polarity at the same
time as when the signal Vg_m becomes high.

[0161] By supplying the signals VsA, VsB, Vg_110 Vg n,
and Vc_1 to Ve_n, the driving method according to Embodi-
ment 2 of the present invention is executed. In other words,
the time from when the signal Vg_m of the pixel Px of the mth
row first becomes high to when the signal Vg_m becomes
high for the second time is the period C1 described in FIG.
13A. The time between when the signal Vg_m becomes high
for the second time and when it becomes high for the third
time is the period C2 described in FIG. 13B. The time
between when the signal Vg_m becomes high for the second
time and becomes high for the third time is the period C2
described in FIG. 13B. The time between when the signal
Vg_m becomes high for the second time and becomes high
for the third time is the period C2 described in FIG. 13B.
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Modification Example 1 of Liquid Crystal Display
Device Configuration

[0162] The driving method related to Embodiments 1 or 2
ofthe present invention can be suitably applied notonly to the
liquid crystal display device 1, but also to a liquid crystal
display device 2 or 3. FIG. 15 is a schematic cross-sectional
view of the liquid crystal display device 2 according to a
modification example of the present invention. FIG. 16 is an
equivalent circuit diagram of the liquid crystal display device
2.

[0163] Instead of the opposite substrate 30 of the liquid
crystal display device 1, the liquid crystal display device 2 is
provided with an opposite substrate 40. In addition to the
structures included in the opposite substrate 30, the opposite
substrate 40 further includes an overcoat layer 41.

[0164] The overcoat layer 41 is formed so as to cover the
opposite electrode 32. The overcoat layer 41 has light-trans-
missive characteristics and insulating characteristics. The
overcoat layer 41 is formed of a silicon nitride film, a silicon
oxide film, or a silicon oxynitride film, and can be formed by
CVD, for example. The overcoat layer 41 may be an organic
material such as an acrylic resin, and if so, the overcoat layer
41 is formed by spin coating or slit coating.

[0165] As shown in FIG. 16, the electrode 144 A and the
opposite electrode 32, and the electrode 144B and the oppo-
site electrode 32B are capacitively coupled through the liquid
crystal capacitance Clc2 and a capacitance Coc of the over-
coat layer 41.

[0166] According to the configuration of the liquid crystal
display device 2, the strength of the vertical electric field
becomes small due to the overcoat layer 41. As the strength of
the vertical electric field becomes small, the effect of the
horizontal electric field become relatively large, and the lig-
uid crystal molecules become oriented with ease towards the
x direction. As aresult, the transmittance during white display
can be improved.

[0167] It is preferable that the relative permittivity of the
overcoat layer 41 be greater than 1. If the overcoat layer 41 is
too thick, then the response speed of the liquid crystal mol-
ecules decrease. Thus, it is preferable that the thickness of the
overcoat layer 41 be greater than 0 wm and less than 4 pm. It
is preferable that the cell gap (thickness of the liquid crystal
layer 20) be greater than 2 pm and less than 7 pm.

[0168] By executing the driving method in Embodiments 1
or 2 in the liquid crystal display device 2, the electric field
within the pixel Px can be prevented from deviating.

Modification Example 2 of Liquid Crystal Display
Device Configuration

[0169] FIG. 17 is a schematic cross-sectional view of the
liquid crystal display device 3 according to a modification
example of the present invention. FIG. 18 is an equivalent
circuit diagram of the liquid crystal display device 3.

[0170] By contrast with the liquid crystal display device 1,
the liquid crystal display device 3 has an array substrate 50
instead of an array substrate 10, and an opposite substrate 60
instead of the opposite substrate 30. In the liquid crystal
display device 2, the common electrode 12 is formed on the
opposite substrate 60, and the opposite electrode 32 is formed
on the array substrate 50.

[0171] Below, the effect of a driving method (FIG. 6)
according to Embodiment 1 of the present invention on the
liquid crystal display device 3 is explained with reference to
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FIGS. 19A to 19D. FIG. 19A is a cross-sectional view sche-
matically showing electric fields formed in the liquid crystal
layer 20 during the period Al in FIG. 6. FIG. 19B is a cross-
sectional view schematically showing electric fields formed
in the liquid crystal layer 20 during the period A2 in FIG. 6.
FIG. 19C is a cross-sectional view schematically showing
electric fields formed in the liquid crystal layer 20 during the
period A3 in FIG. 6. FIG. 19D is a cross-sectional view
schematically showing electric fields formed in the liquid
crystal layer 20 during the period A4 in FIG. 6.

[0172] With reference to FIG. 19A, in the period Al, an
electric field is formed between the electrode 144A and the
opposite electrode 32, but an electric field is not formed
between the electrode 144B and the opposite electrode 32.
Therefore, there is an electric field deviation within one pixel
Px. This similarly applies to the period A4. On the other hand,
with reference to FIG. 19B, an electric field is formed
between the electrode 144B and the opposite electrode 32, but
an electric field is not formed between the electrode 144A and
the opposite electrode 32, unlike in the periods A2 and Al.
This similarly applies to period A3.

[0173] The electric field deviation can be canceled out by
executing the first to fourth driving operations. In other
words, by going through the periods Al to A4, the electric
field can be prevented from concentrating between one of the
electrodes 144A and 144B and the opposite electrode 32.
Furthermore, as can be seen by comparing FIG. 19A to FIG.
19D, the directions of the electric field in the periods Al and
A4 are reversed with respect to each other. In a similar man-
ner, it can be seen from comparing FIG. 19B to FIG. 19C that
the directions of the electric fields are reversed with respect to
each other in periods A2 and A3. As a result, electric charge
deviation in the liquid crystal layer 20 can be prevented.

[0174] The driving method in Embodiment 2 ofthe present
invention (FIG. 12) may be applied to the liquid crystal dis-
play device 3. The liquid crystal display device 3 may have
the overcoat layer 411 present in the liquid crystal display
device 2 described above.

Other Embodiments

[0175] The embodiments of the present invention were
described above, but the present invention is not limited to the
embodiments above, and various modifications are possible
within the scope of the present invention. Also, the respective
embodiments can be appropriately combined.

Working Example

[0176] Below, detailed descriptions ofthe present invention
will be provided based on a working example. The present
invention is not limited to this working example.

[0177] Inorder to determine the effectiveness of the present
invention, the driving method in Embodiment 1 of the present
invention (driving method 1) and the driving method in
Embodiment 2 (driving method 2) were executed, and the
unevenness in brightness and burn-in during image display
within a pixel Px were evaluated. The driving method of the
comparison example (FIG. 8) was also evaluated. The driving
methods 1 and 2 were evaluated for the liquid crystal display
device 1 (no overcoat) and the liquid crystal display device 2
(with overcoat). The driving method for the comparison
example was evaluated only for the liquid crystal display
device 1 (no overcoat).
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[0178] Theresults are shown in FIG. 20. The unevenness in
luminance was evaluated by whether or not the difference
between the maximum value and the minimum value of the
luminance is less than or equal to 10% of the maximum value
within one pixel Px. In the “uneven luminance” section of
FIG. 20, “>>10” is entered if the difference in brightness is
greater than 10% of the maximum value, and “<10” is entered
if the difference in brightness is less than or equal to 10%.
[0179] Theburn-in was evaluated by whether or not burn-in
can be perceived through an ND filter after performing image
display (including a gradation of 0 (black display) and a
gradation of 255 (white display)) for 100 hours at room tem-
perature and then performing display at a gradation of 32
(gray display). In the “burn-in” section of FIG. 20, “ND5” is
entered if burn-in can be perceived at 5% ND transmittance,
“ND10” is entered if burn-in can be perceived at 10% ND
transmittance but not at 5% ND transmittance, and “~" is
entered if burn-in cannot be perceived even with 10% ND
transmittance.

[0180] As shown in FIG. 20, it was confirmed that the
driving methods of the respective embodiments of the present
invention can reduce uneven brightness and burn-in within
the pixel Px compared to the driving method of the compari-
son example.

[0181] However, when there was an overcoat, the burn-in
result was “ND10.” The cause of this is thought to be impurity
ions within the overcoat layer 41.

INDUSTRIAL APPLICABILITY

[0182] The present invention can be applied to the industry
of liquid crystal display devices and the driving methods
thereof.

DESCRIPTION OF REFERENCE CHARACTERS

[0183] 1.2, 3 liquid crystal display device
[0184] 10,50 array substrate

[0185] 11 substrate

[0186] 12 common electrode

[0187] 13 insulating layer

[0188] 14 array layer

[0189] 141A, 141B source line
[0190] 142 gate line

[0191] 143A,143B TFT

[0192] 144A, 144B electrode
[0193] 15 polarizing plate

[0194] 20 liquid crystal layer
[0195] 30, 40, 60 opposite substrate
[0196] 31 substrate

[0197] 32 opposite electrode

[0198] 33 polarizing plate

[0199] 41 overcoat layer

1. A liquid crystal display device having a plurality of
pixels, comprising:

a first substrate;

a first electrode formed on the first substrate in each of the
plurality of pixels;

a second electrode formed on the first substrate in each of
the plurality of pixels;

a second substrate disposed so as to face the first substrate;

an opposite electrode formed on one of the first and second
substrates, the opposite electrode being shared by at
least some of the plurality of pixels;
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a common electrode formed on another of the first and
second substrates, the common electrode being shared
by the plurality of pixels;

a liquid crystal layer sandwiched between the first and
second substrates, the liquid crystal layer including lig-
uid crystal molecules having a positive birefringence;
and

a driving unit that controls the potential of the first elec-
trode, the second electrode, and the opposite electrode,

wherein the driving unit executes driving operations during

a unit period, said driving operations including:

a first driving operation in which a potential of the first
electrode is made lower than a reference potential, a
potential of the second electrode is made higher than
the reference potential, and a potential of the opposite
electrode is made higher than the reference potential,

a second driving operation in which the potential of the
first electrode is made higher than the reference
potential, the potential of the second electrode is made
lower than the reference potential, and the potential of
the opposite electrode is made higher than the refer-
ence potential,

a third driving operation in which the potential of the
first electrode is made lower than the reference poten-
tial, the potential of the second electrode is made
higher than the reference potential, and the potential
of the opposite electrode is made lower than the ref-
erence potential,

a fourth driving operation in which the potential of the
first electrode is made higher than the reference
potential, the potential of the second electrode is made
lower than the reference potential, and the potential of
the opposite electrode is made lower than the refer-
ence potential.

2. The liquid crystal display device according to claim 1,
wherein an absolute value of a difference in potential between
the first electrode and the common electrode is equal to an
absolute value of a difference in potential between the second
electrode and the common electrode.

3. The liquid crystal display device according to claim 1,
wherein an absolute value of a difference in potential between
the opposite electrode and the common electrode is constant.

4. The liquid crystal display device according to claim 1,
wherein a potential of the common electrode is equal to the
reference potential.

5. The liquid crystal display device according to claim 1,
wherein a potential of the common electrode is constant.

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

an overcoat layer formed to cover the opposite electrode.

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

a plurality of pixels arranged in a matrix,

wherein the first electrode and the second electrode are
formed in each of the plurality of pixels,

wherein the opposite electrode is formed for each row of
the plurality of pixels, and

wherein the driving unit executes the driving operations for
each row of the plurality of pixels.

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

further comprising:
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a gate line formed for each said row of the plurality of

pixels,

wherein the first electrode and the second electrode formed

in one of the plurality of pixels are electrically connected
to one of the gate lines through respective switching
elements.

9. The liquid crystal display device according to claim 1,
wherein the driving unit executes the first driving operation,
the second driving operation, the third driving operation, and
the fourth driving operation in that order.

10. The liquid crystal display device according to claim 1,
wherein the driving unit executes the first driving operation,
the third driving operation, the second driving operation, and
the fourth driving operation in that order.

11. The liquid crystal display device according to claim 1,
wherein the unit period has two frame periods.

12. A method of driving of a liquid crystal display device
having a plurality of pixels, the liquid crystal display device
including a first substrate, a first electrode formed on the first
substrate in each of the plurality of pixels, a second electrode
formed on the first substrate in each of the plurality of pixels,
a second substrate disposed so as to face the first substrate, an
opposite electrode formed on one of the first and second
substrates, the opposite electrode being shared by at least
some of the plurality of pixels, a common electrode formed
on another of the first and second substrates, the common
electrode being shared by the plurality of pixels, and a liquid
crystal layer sandwiched between the first and second sub-
strates, the method comprising:

executing a first driving operation in which a potential of

the first electrode is made lower than a reference poten-
tial, a potential of the second electrode is made higher
than the reference potential, and a potential of the oppo-
site electrode is made higher than the reference poten-
tial,

executing a second driving operation in which the potential

of the first electrode is made higher than the reference
potential, the potential of the second electrode is made
lower than the reference potential, and the potential of
the opposite electrode is made higher than the reference
potential;

executing a third driving operation in which the potential of

the first electrode is made lower than a reference poten-
tial, the potential of the second electrode is made higher
than the reference potential, and the potential of the
opposite electrode is made lower than the reference
potential; and

executing a fourth driving operation in which the potential

of the first electrode is made higher than the reference
potential, the potential of the second electrode is made
lower than the reference potential, and the potential of
the opposite electrode is made lower than the reference
potential,

wherein the first driving operation, the second driving

operation, the third driving operation, and the fourth
driving operation are executed during a unit period.

13. The driving method according to claim 12, wherein the
liquid crystal layer includes liquid crystal molecules having
positive birefringence.
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