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LIQUID CRYSTAL DISPLAY APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play apparatus that performs a dual view display, in particular,
to aliquid crystal display apparatus that improves color repro-
ducibility by reducing color crosstalk.

BACKGROUND ART

[0002] A problem of crosstalk is pointed out as a specific
problem in a TFT-LCD. The crosstalk occurs because adja-
cent pixels are connected via a parasitic capacitance. In other
words, when an insulating film intervenes between a trans-
parent electrode and a source line, a parasitic capacitance is
produced between the transparent electrode and the source
line. In the same manner, parasitic capacitances are produced
between a gate line and the transparent electrode and between
the source line and a common electrode, respectively. Due to
influence of these parasitic capacitances and a capacitance of
a liquid crystal itself, an electric potential of a display pixel
becomes different from a desired voltage when a gate is
turned OFF. Consequently, a display gradation becomes dif-
ferent from a desired gradation.

[0003] In other words, at the moment a gate is high, a
desired voltage is applied to a display pixel that is connected
to a TFT. However, when the gate is low, the pixel is con-
nected to many peripheral electric circuits via parasitic
capacitances. Because many of these peripheral electric cir-
cuits are related to panel design, a driving voltage can be set
in advance in consideration of parasitic capacitances between
the display pixel and the peripheral electric circuits. There-
fore, the crosstalk caused by the parasitic capacitances that
are formed between the display pixel and the peripheral elec-
tric circuits can be compensated in advance. However, an
electric potential of a source line that drives other display
pixel cannot be determined in advance. Therefore, it is diffi-
cult to compensate, in advance, crosstalk that is caused by
other source line.

[0004] Asillustrated in FIG. 7(a), ina liquid crystal display
apparatus, source lines Si (“i” is an integer) and gate lines Gj
(j 1s an integer) are provided to be orthogonal. At each inter-
section of source lines Siand gate lines Gj, a display pixel 100
and a switching element 200 are provided. Regarding a dis-
play pixel (A) among the display pixels 100, parasitic capaci-
tances Csda, Csdb, Cgd, and Ccs are formed as follows. A
display pixel (B) indicates a display pixel that is adjacent to
the display pixel (A) in a direction along which a gate line is
provided.

[0005] Thedetails ofthe parasitic capacitances Csda, Csdb,
Cgd, and Ccs are as follows:

[0006] the parasitic capacitance Csda: a parasitic capaci-
tance that is formed between a source line S2 for driving
display pixels (A) and the display pixel (A);

[0007] the parasitic capacitance Csdb: a parasitic capaci-
tance that is formed between a source line S3 for driving
display pixels (B) and the display pixel (A);

[0008] the parasitic capacitance Cgd: a parasitic capaci-
tance that is formed between a gate line G2 for driving display
pixels (A) and the display pixel (A); and

[0009] the parasitic capacitance Ccs: a parasitic capaci-
tance that is formed between a common electrode line and the
display pixel (A).
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[0010] A capacitance of the display pixel (A) itself is Cp
and a voltage which is applied to each gate line varies as
shown in FIG. 7(b). Furthermore, while the display pixel (A)
displays a G color, the display pixel (B) displays an R color or
B color. In addition, in a case where a gradation of the display
pixel (A)is LA and a gradation of the display pixel (B) is LB,
LA=LB.
[0011] In this case, at the time at which the gate is high,
when a drain voltage +V(A) is applied to a liquid crystal part
of the display pixel (A), a drain voltage -V (B) is applied to a
liquid crystal part of the display pixel (B). Then, when a next
gate lineis turned ON, -V (A) is applied to the source line that
drives the display pixel (A) and +V (B) is applied to a source
line that drives the display pixel (B).
[0012] However, in the reality, the above-mentioned drain
voltage is not applied directly to the display pixel (A). A drain
voltage that is varied due to the influence of the parasitic
capacitances is applied to the display pixel (A). Specifically,
an effective value Va of a voltage that is applied to the display
pixel (A) is represented by

Va=V(A)+(Csda*V(A)+Cgd*Vg+Csdb*V(B)+

Ces*Ve)/Cp,
where: Vg is a voltage that is applied to the gate line; and Ve
is a voltage that is applied to an opposed electrode.
[0013] In this way, a voltage different from a desired drain
voltage (A) is applied to the display pixel (A).
[0014] The parasitic capacitances Csda, Cgd, and Ccs that
are formed between the display pixel (A) and the respective
lines as mentioned above are predictable at a stage of design-
ing. Therefore, a drain voltage can be set in consideration of
values of the parasitic capacitances. Accordingly, these para-
sitic capacitances do not have much influence on a display
gradation of the display pixel (A).
[0015] However, the calculation formula of the effective
voltage Va above includes the parasitic capacitance Csdb and
a drain voltage V(B). In other words, the voltage Va is influ-
enced by the source line that is connected to the display pixel
(B). This causes color crosstalk that changes the gradation of
the display pixel (A) according to a display gradation of the
display pixel (B). For example, Patent Document 1 discloses
a method of solving the problem of the color crosstalk by
correcting a display signal.
[0016] [Patent Document 1] Japanese Unexamined Patent
Publication No. 202377/2005 (Tokukai 2005-202377 (pub-
lished on Jun. 28, 2005))

DISCLOSURE OF INVENTION

[0017] However, in a conventional arrangement, a circuit a
process for correction become complicated.

[0018] Further, in a normal display mode in which the same
image is displayed with respect to all display directions, color
crosstalk mentioned above does not occur prominently for the
following reason. That is, in a normal display state, image
data of adjacent source lines are of the same image. In regard
to luminances of the image data of the adjacent source lines,
the image data that relate to R, G, and B colors are highly
correlated to one another. Therefore, even if crosstalk occurs,
influence of the crosstalk is hard to appear in a visible image.
[0019] On the other hand, recently, a display mode (here-
inafter, referred to as a dual view display) in which different
images can be displayed with respect to a plurality of display
directions, respectively, is realized. In such a mode, a display
panel is combined with a parallax barrier. In this dual view
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display, the problem of the crosstalk caused by other source
line becomes particularly prominent.

[0020] That is, in the dual view display, as illustrated in
FIG. 8, a specific viewing angle is given, by a parallax barrier
120 that is provided outside a display panel 110, to each of
first and second images that are produced by the display panel
110. This allows, as illustrated in F1G. 9, displaying different
images to a plurality of observers at different observation
points, respectively.

[0021] Inthe dual view display, data of a different image is
provided to each source line. The display is performed by
separating, with the use of the parallax barrier, the different
images into different directions, respectively. Accordingly,
the image data of the adjacent source lines relate to different
images, respectively. As aresult, the influence of the crosstalk
to a visible image becomes large.

[0022] The present invention is attained in view of the
above problem. The object of the present invention is to
reduce, by a simple method, color crosstalk in a liquid crystal
display that performs a dual view display.

[0023] In order to achieve the object above, in a liquid
crystal display of the present invention allowing a display
mode (a dual view display) in which a different image can be
displayed with respect to each of a plurality of display direc-
tions to be realized by bonding a liquid crystal panel and a
parallax barrier, the liquid crystal panel being provided with
a display pixel including a switching element and a pixel
electrode which display pixel corresponds to each intersec-
tion of a plurality of gate lines and a plurality of source lines:
the parallax barrier separates display images viewed in dif-
ferent directions, respectively, by treating, as one unit, three
pixels including R, G, and B pixels provided in a direction in
which a gate line is extended; and in a case where, among the
three pixels constituting the one unit, a pixel that is present at
one end in the direction in which the gate line is extended is a
first display pixel and a pixel that is adjacent to the first
display pixel and belongs to a display image that is separated
into a display direction different from that of the first display
pixel is a second display pixel, a source line connected to the
second display pixel is adjacent to the first display pixel, and
the first display pixel is a display pixel of a B (blue) color.
[0024] According to the arrangement, in a pixel other than
the first display pixel, influence of crosstalk from other source
line (other than a source line that supplies data to the pixel
other than the first display pixel) is hard to appear because the
pixel other than the first display pixel and a pixel that is
connected to the other source line relate to the same image
and are highly correlated to each other. On the other hand,
influence of crosstalk that is caused by other source line easily
appears in the first display pixel because the first display pixel
and a pixel that is connected to the other source line relates to
images different from each other and are not correlated.
[0025] In other words, influence of the crosstalk is concen-
trated in the first display pixel, by treating three pixels includ-
ing R. G, and B pixels as one unit in separation of display
images with the use of a parallax barrier at the time when a
dual view display is performed. By arranging the first display
pixel to be a B pixel that has a low correlation with luminance
information, the influence of the crosstalk can be suppressed.
Accordingly, influence of the crosstalk to a display screen can
be reduced.

BRIEF DESCRIPTION OF DRAWINGS

[0026] FIG. 1(a)is a plan view showing an embodiment of
the present invention and a positional relationship of a picture
elementand R, G, and B pixels in a color liquid crystal display
apparatus.
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[0027] FIG. 1(d) is a diagram showing the embodiment of
the present invention and illustrating an example of a struc-
ture in a case where separation is carried out by providing a
barrier light-blocking layer and treating three pixels includ-
ing R, G, and B pixels as one unit.

[0028] FIG. 2 is a cross sectional view schematically illus-
trating an arrangement of the color liquid crystal display
apparatus.

[0029] FIG. 3 is a block diagram illustrating a structure of
the color liquid crystal display apparatus.

[0030] FIG. 4 is a block diagram illustrating an arrange-
ment of the color liquid crystal display apparatus according to
another embodiment of the present invention.

[0031] FIG. 5isaplan view illustrating in detail an arrange-
ment of a display panel in the color display apparatus of FIG.
3.

[0032] FIG. 6(a) is a block diagram illustrating processing
steps of a CCT correction circuit of the present invention.
[0033] FIG. 6(b) is a block diagram illustrating processing
steps of a CCT correction circuit of the present invention.
[0034] FIG. 7(a)is a diagram illustrating an arrangement of
a display panel in a conventional liquid crystal display appa-
ratus.

[0035] FIG. 7(b)is a diagram illustrating a state in which a
voltage is applied to a gate line.

[0036] FIG. 8 is a diagram illustrating an effect of giving a
viewing angle with the use of a viewing barrier in a dual view
display.

[0037] FIG. 9 is a diagram illustrating a relationship
between a display screen and observers in a case where a dual
view display is performed.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0038] One embodiment of the present invention is
explained with reference to drawings.

[0039] First, FIG. 2 schematically illustrates an arrange-
ment of a liquid crystal display apparatus 1 of the present
embodiment. The liquid crystal display apparatus 1 is a color
liquid crystal display apparatus that is capable of performing
a dual view display. As illustrated in FIG. 2, roughly, the
liquid crystal display apparatus 1 includes a display panel
100, a parallax barrier 110, and a backlight 120.

[0040] The backlight 120 includes a light source 121 and a
reflecting section 122. The reflecting section 122 reflects light
that is emitted from the light source 121, so that light is
irradiated on the display panel 100. Examples of the light
source 121 are an LED (Light Emitting Diode), a CCFT (Cold
Cathode Fluorescent Tube), and a CCFL (Cold Cathode Fluo-
rescent Lump).

[0041] Thedisplay panel 100 is an active matrix type liquid
crystal display panel in which a liquid crystal layer 103 made
of a nematic liquid crystal is sandwiched between a TFT
(Thin Film Transistor) substrate 101 and a CF (Color Filter)
substrate 102 that are provided so as to face each other.
[0042] The TFT substrate 101 is provided with a plurality
of source lines and a plurality of gate lines each intersecting
each of the source lines. At each intersection of a source line
and a gate line, a pixel is provided. As illustrated in FIG. 2, the
pixels are provided along a direction in which a data signal
line (not shown) is extended so that pixels of a left picture
element line for an image display to a left side (an image
display to a left side of the display apparatus) is provided
alternatively with pixels of a right picture element line for an
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image display to a right side (an image display to a right side
of the display apparatus). As illustrated in FIG. 1(a), each of
the left picture element and the right picture element are
formed so as to have R, G, and B pixels as one set.

[0043] On the CF substrate 102, a color filter layer (not
shown) is provided. In the color filter layer, R, G, and B filters
are provided so as to correspond to respective pixels.

[0044] On opposed surfaces of the TFT substrate 101 and
the CF substrate 102 are provided with alignment films (not
shown), respectively. The alignment films have been sub-
jected to alignment treatments in directions that are substan-
tially perpendicular to each other, respectively. A surface of
the TFT substrate 101 on a side provided with the backlight
120 is provided with a polarizer 104.

[0045] The parallax barrier 110 is made of a barrier glass
111 and a barrier light-blocking layer 112. The barrier light-
blocking layer 112 is formed by patterning a metal layer or a
resin layer on the barrier glass 111. On a display surface side
of the barrier glass 111 (an opposite side with respect to a side
provided with the backlight 120), a polarizer 23 is provided.
[0046] The barrier light-blocking layer 112 is provided so
as to form, for example, striped lines in a direction parallel to
a direction in which the picture element lines are extended. A
material of the barrier light-blocking layer 112 is not specifi-
cally limited. The barrier light-blocking layer 112 may be
formed, for example, by using a photosensitive resin in which
black pigments are dispersed or by patterning a metal thin
film.

[0047] Further, each line of the barrier light-blocking layer
112 is provided so as to correspond to each picture element
line of the display panel 100. Namely, the barrier light-block-
ing layer 112 separates a right image and a left image by
treating three pixels including R, G, and B pixels as one unit.
FIG. 1(b) illustrates an example of a structure in a case where
separation is performed by providing the barrier light-block-
ing layer 112 and treating three pixels including R, G, and B
pixels as one unit.

[0048] Inthis way, as illustrated in FIGS. 1(a) and 1(b), the
separation of a right image and a left image with the use of the
barrier light-blocking layer 112 is performed by treating the
three pixels (corresponding to R, G, and B pixels) as one unit.
In such a case, in a structure in which data is supplied to each
pixel from a source line on the left side of the pixel, crosstalk
that is caused by other source line largely influences only a
pixel at the right end among the three pixels constituting one
unit.

[0049] In other words, in the above-mentioned structure, a
left-end pixel (R pixel in FIGS. 1(a) and 1(b)) among the three
pixels constituting one unit is influenced by crosstalk from a
source line that supplies data to a pixel (a center pixel among
the three pixels constituting one unit: G pixel in FIGS. 1(a)
and 1(b)) immediately on the right of the left-end pixel. How-
ever, the left-end pixel and the center pixel relate to an iden-
tical image. Therefore, the left-end pixel and the center pixel
are highly correlated to each other. Accordingly, even when
crosstalk occurs, influence of the crosstalk is hard to appearin
avisible image. In the same manner, although the center pixel
is influenced by crosstalk from a source line that supplies data
to a right-end pixel (B pixel in FIGS. 1(a) and 1(5)) immedi-
ately on the right of the center pixel, the crosstalk is hard to
appear in a visible image.

[0050] On the other hand, the right-end pixel is influenced
by crosstalk from a source line that supplies data to another
left-end pixel immediately on the right of the right-end pixel.
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Here, the right-end pixel and the another left-end pixel relates
to different images, respectively.

[0051] Therefore, display data of the right-end pixel and the
another left-end pixel are not correlated to each other. There-
fore, the right-end pixel is influenced by crosstalk more than
the left-end pixel and the center pixel.

[0052] Theabove explanation assumes a structure in which
data is supplied to each pixel from a source line that is pro-
vided on the left of the pixel. Accordingly, the right-end pixel
is largely influenced by crosstalk. However, in the present
invention, it is assumed that, among three pixels constituting
one unit, (i) a first display pixel is a pixel provided to one end
in a direction in which the gate line is extended and (ii) a
second display pixel is a pixel that is adjacent to the first
display pixel and belongs to a display image separated into a
display direction different from that of a display image to
which the first display pixel belongs. On this assumption, the
first display pixel is a pixel that is largely influenced by
crosstalk. In such a case, an end pixel on a side adjacent to a
source line that connects to the second display pixel is the first
display pixel.

[0053] Here, the present invention has a feature such that
the first display pixel is arranged to be a B pixel, as illustrated
in FIGS. 1(@) and 1(4), so that influence of crosstalk to the
first display pixel is reduced.

[0054] That is, the larger a change in luminance due to
crosstalk that is caused by other source line is, the more easily
the crosstalk is viewed. On the other hand, in regard to cor-
relation of each of R, G, and B colors and a luminance, R and
G colors have a high correlation with luminance information
while B color has a low correlation with luminance informa-
tion. Accordingly, by arranging the first display pixel to which
the influence of crosstalk is large to be a B color pixel whose
correlation with luminance information is low, a change in the
luminance due to crosstalk can be suppressed and influence of
the crosstalk to a display screen can be reduced.

[0055] In other words, in the liquid crystal display appara-
tus 1 of the present embodiment, separation of display images
with the use of a parallax barrier is performed by treating the
three pixels including R, G, and B pixels as one unit, when a
dual view display is performed. This concentrates the influ-
ence of the crosstalk in the first display pixel. Further, by
arranging the first display pixel to be a B pixel that has a low
correlation with luminance information, a change in the lumi-
nance can be suppressed, thereby reducing the influence to
the display screen.

[0056] Moreover, in the liquid crystal display apparatus 1,
it becomes possible to perform a display in which crosstalk is
further suppressed if crosstalk correction is carried out in the
first display pixel in which influence of the crosstalk is large.
In this case, compared with a case where crosstalk correction
is carried out with respect to all of the R, G, and B pixels,
processing that concerns the crosstalk correction can be
reduced. Accordingly, an arrangement of a correction circuit
can be simplified.

[0057] The following explains an arrangement in which
color crosstalk correction mentioned above is carried out.
[0058] FIG. 3 is one embodiment of the liquid crystal dis-
play apparatus 1 of the present invention. As illustrated in
FIG. 3, the liquid crystal display apparatus 1 includes a CCT
(Color Crosstalk) correction circuit 2 (correction circuit), a
polarity inversion circuit 3, a timing controller 4, a source
driver 5, a gate driver 6, a display panel 7, and a storage
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section 8. Note that arrangements that do not relate to the
present invention are drastically omitted in FIG. 3.

[0059] The CCT correction circuit 2 corrects an input sig-
nal gradation (input color signal) that is made of a blue signal
B indicating a gradation level of a B color that is inputted from
outside, and outputs a write signal gradation (output color
image signal) B' for the display panel 7. A correction level of
this correction is determined by B and an adjacent Rx that is
provided next to B via other source bus line. Specifically, in
the case of 1-dot 1H inversion driving method, the following
corrections are made: B'«-B-a(0>0) at B<Rx; and B'«<-B+
a(o>0) at B>Rx. Note that B, Rx, and o may be processed as
gradation signals or processed as voltages after converted into
the voltages. In a case where R, Rx, and « are processed as
voltages, versatility of the present arrangement increases.
However, a circuit for real number processing, polarity pro-
cessing, or the like becomes complicated. Further, a correc-
tion table also becomes complicated. On the other hand, in a
case where R, Rx, and ¢ are processed as gradation numbers,
the circuit becomes simple. However, the correction needs to
be made for each gradation setting of a device. Further,
because a polarity cannot be considered, an accidental error is
contained. According to actual measurements of the inventor,
a sufficient correction effect could be obtained by either
method. Therefore, R, Rx, and o are subjected to digital
processing simply as gradation numbers. Further, an LUT for
every 16 gradations is produced for a correction amount and
an intermediate gradation is interpolated.

[0060] Note that the CCT correction circuit 2 may be
included in a chroma enhancement circuit 10. Moreover, the
CCT correction processing is not performed with respect to a
red signal R that indicates a gradation level of an R color and
a green signal G that indicates a gradation level of a G color.
The red signal R and the green signal G are directly outputted
as write signal gradations (output color image signals) R' and
G' for the display panel 7.

[0061] The polarity inversion circuit 3 determines write
voltage signals (analog data) for respective display pixels in
the display panel 7, according to the write signal gradations
R', G', and B' (digital data) that are outputted from the CCT
correction circuit 2.

[0062] As illustrated in FIG. 4, it is possible to provide the
CCT correction circuit in a subsequent stage of the polarity
inversion circuit 3 in the present liquid crystal display appa-
ratus 1 (display device). That is, the CCT correction circuit 2
as illustrated in FIG. 4 corrects the input signal voltages
(analog data) from the polarity inversion circuits 3 and out-
puts write voltage signals (analog data).

[0063] The timing controller 4 generates a source driver
timing signal for driving the source driver 5 and a gate driver
timing signal for driving the gate driver 6, according to an
inputted RGB sync signal. Note that the source driver timing
signal is inputted into the source driver 5 via the polarity
inversion circuit 3.

[0064] The source driver 5 drives each source line that is
connected via a TFT to each display pixel provided in the
display panel 7, so that the write voltage that is determined in
the polarity inversion circuit 3 is applied to the each display
pixel. Note that the source driver 5 may be integrally formed
with the polarity inversion circuit 3. Moreover, the gate driver
6 drives each gate line that is connected via a TFT to each
display pixel provided in the display panel 7.

[0065] The display panel 7 performs an image display. by
driving a plurality of display pixels that are provided in a
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matrix with the use of a plurality of source lines and a plural-
ity of gate lines. Specifically, as illustrated in FIG. 5, source
lines Si (i is an integer) and gate lines Gj (j is an integer) are
provided to be orthogonal. At each intersection of source lines
and gate lines, each display pixel that includes a pixel elec-
trode 11 and a switching element 12 is provided.

[0066] Here, in case that, in regard to two display pixels that
are driven by the same gate line (G2, as illustrated in FIG. 5,
among the display pixels, a source line S3 that is adjacent to
a source line S2 connecting to a first display pixel (A) and
forms parasitic capacitances with a pixel electrode of the first
display pixel (A) is connected to a second display pixel (B),
that is, the second display pixel is connected to a source line
that is not connected to the first display pixel and one of two
source lines that overlap (be adjacent to) the pixel electrode of
the first display pixel, parasitic capacitances Csda, Csdb,
Cgd, and Ccs are formed on the periphery of the display pixel
(A) as follows:

[0067] the parasitic capacitance Csda: a parasitic capaci-
tance that is formed between a source line for driving the
display pixel (A) and the display pixel (A);

[0068] the parasitic capacitance Csdb: a parasitic capaci-
tance that is formed between a source line for driving the
display pixel (B) and the display pixel (A);

[0069] the parasitic capacitance Cgd: a parasitic capaci-
tance that is formed between a gate line for driving the display
pixel (A) and the display pixel (A); and

[0070] the parasitic capacitance Ccs: a parasitic capaci-
tance that is formed between a storage capacitor electrode
(line) and the display pixel (A).

[0071] Accordingly, if each display pixel is driven as con-
ventional not via the CCT correction circuit 2, a problem of
crosstalk occurs. The problem of the crosstalk is such that a
display gradation of a target display pixel is influenced by a
voltage that is applied to a source line driving other display
pixel and becomes a gradation that is different from a desired
gradation. For example, in an arrangement of FIG. 5, regard-
ing the display pixel (A) as the first display pixel, a display
gradation of the display pixel (A) is influenced by a voltage
applied to the source line S3 that drives the display pixel (B)
as the second display pixel.

[0072] In the liquid crystal display apparatus 1 of the
present embodiment, the CCT correction circuit 2 (See FIGS.
2 and 1) is provided for the purpose of improving the problem
of the crosstalk that occurs as mentioned above. However, the
above problem of crosstalk noticeably occurs particularly
only in a B color pixel as mentioned above. The following
explanation assumes that the display pixel (A) is a B color
pixel and the display pixel (B)is an R color pixel.

[0073] With reference to FIG. 6, the following explains the
step of outputting a write signal by the CCT correction circuit
2.

[0074] FIG. 6isablock diagram that explains a case where,
with the use of the CCT correction circuit 2, an input signal
gradation of the display pixel (A)is corrected according to an
input signal gradation of the display pixel (B) and the cor-
rected input signal gradation of the display pixel (A) is out-
putted as a write signal gradation of the display pixel (A) to
the polarity inversion circuit 3.

[0075] First, an input signal gradation of the display pixel
(A) is inputted into the CCT correction circuit 2 as well as
stored in a 1 dot memory (FIG. 6(«)). Then, as illustrated in
FIG. 6(b), an input signal gradation of the display pixel (B) is
inputted into the CCT correction circuit 2 as well as stored in
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the 1 dot memory. At this time, the input signal gradation of
the display pixel (A) that is stored in the 1 dot memory in
advance is outputted from the 1 dot memory, and the input
signal gradation of the display pixel (A) is inputted into the
CCT correction circuit 2 along with the input signal gradation
of the display pixel (B). The CCT correction circuit 2 corrects
the input signal gradation of the display pixel (A) from this 1
dot memory according to the input signal gradation of the
display pixel (B). Then, the CCT correction circuit 2 outputs
the corrected input signal gradation of the display pixel (A) to
the polarity inversion circuit 3 as a write signal gradation of
the display pixel (A).

[0076] As explained above, the write signal gradation for a
B color display pixel that is a display pixel (A) is corrected by
the CCT correction circuit 2 to a corrected gradation of the
input signal gradation for the display pixel (A), according to
an input signal gradation or a write signal gradation of an R
color display pixel that is a display pixel (B). This makes it
possible to reduce an amount of crosstalk. In other words, this
can reduce an amount of crosstalk in the B color display pixel
which crosstalk occurs between the parasitic capacitance Csd
and the display pixel, and makes it possible to obtain an
appropriate color balance ofa display that is performed by the
display apparatus.

[0077] Specifically, the correction is performed so that the
input gradation level for the display pixel (A) becomes a

gradation level L, that is calculated by L_,, =LA +F (LA,
LB),
[0078] where: LA is a gradation level of the display pixel

(A)that is indicated by digital data; LB is a gradation level of
the display pixel (B) that is indicated by the digital data; and
F (LA, LB) is a function that has LA and LB as input values.
[0079] The correction of the gradation level LA as men-
tioned above corrects the input signal gradation for the dis-
play pixel (A) by using a gradation level that is digital data.
Accordingly, it becomes possible to reduce crosstalk by a
simple processing. That is, in case where a voltage to be
applied to the display pixel (A) is corrected by using analog
data that indicates the voltage to be applied, processing may
become complicated. This is because the processing may
require the number of bits larger than that of a case where
digital data is handled. In a correction processing that uses
digital data, such complication of processing can be avoided.
[0080] Further, itis preferable to define F (LA, LB)=k(LA~
LB) (note k>0) in a case where LA is smaller than a prede-
termined threshold value or F (LA, LB) as a function that
outputs a constant value in a case where the LA is larger than
a predetermined threshold value.

[0081] This is because a value of a corrected value F (LA,
LB) to be provided to LA so that crosstalk is reduced
increases monotonously in accordance with a value of LA,
until LA reaches a predetermined threshold value (128th
gradation). Moreover, in the case of LA that is greater than the
threshold value (128th gradation), a clear correlation between
LAandF (LA, LB)becomes absent. Further, because an error
ratio of a stimulus value becomes low, the crosstalk is reduced
by arelatively rough correction in which, for example, L_ , is
outputted as a result of adding a constant value to LA.

[0082] Accordingly, by defining F (LA, LB) as explained
above, L, can be obtained in a simple processing.
[0083] Further, a plurality of integers are extracted from

integers that are included in 0 to maximum gradation levels
and values of F (LA, 0) (where the plurality of integers are
used as LA, respectively) are stored in a lookup table in
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advance so as to correspond to corresponding values of LA.
On the other hand, a value of F (LA, LB) in which LA that is
not stored in the lookup table is inputted is interpolated based
on (i) a value of LA that is stored in the lookup table, (ii) a
value of F (LA, 0) that corresponds to the value of LA, and
(ii1) values of LA and LB that satisfy F (LA, LB)=0. This
arrangement is more preferable.

[0084] According to the arrangement, the value of F (LA,
LB) can be obtained by using the lookup table. Therefore, by
preparing the lookup table for each of display device types in
advance and storing thus obtained lookup table in a storage
section 8 (See FIG. 3), an appropriate value of F (LA, LB) can
be obtained according to the display device types.

[0085] Further, when LA>LB, itis preferable that the above
interpolation is carried out by linear interpolation. This is
because interpolation by a straight line is the simplest method
among interpolation methods.

[0086] When[LA<LB, theterm is disregarded and a correc-
tion value is often set to 0 in color crosstalk correction in a
normal display. This is because the case of LA<LB has a
luminance variation amount that is smaller than that in a case
of LA>LB and, generally, the variation amount is submerged
in luminance variation of a further adjacent pixel (G with
respect to B). However, in the present invention, correction
should be made in the case of LA<LB, because there is no
correlation between LA and LB in terms of images.

[0087] The explanation above describes a method in which
awrite signal gradation for the display pixel (A) is determined
by using an input signal gradation level LA of the display
pixel (A) and a gradation (input signal gradation/write signal
gradation) level LB of the display pixel (B). However, itis not
necessary to use this processing. That is, a write signal volt-
age for the display pixel (A) may be determined according to
analog data that indicates a write signal voltage for the display
pixel (A) and analog data that indicates a voltage (input signal
voltage/write signal voltage) to be applied to the display pixel
(B). The following explains a procedure of this correction.
Note that the correction using the analog data that indicates a
voltage to be applied is executed by the CCT correction
circuit in the same manner as the correction using digital data
that indicates a gradation level. However, it is necessary to
provide, as illustrated in FIG. 4, the polarity inversion circuit
3 in a preceding stage of the CCT correction circuit, because
analog data that indicates a voltage to be applied to each pixel
needs to be inputted into the CCT correction circuit.

[0088] In the procedure of correction according to analog
data that indicates a voltage to be applied, the following F(g)
is assumed as a correction value:

F(g)=Csd-(Ugad-Ubad)/Cp-(U(g+1)-Ulg)),

[0089] where: Cp is a capacitance of the display pixel (A);
Csd 1s a capacitance value of a parasitic capacitance that is
formed between a source line S3 to which the display pixel
(B)is connected and a pixel electrode of the display pixel (A);
U(g) is an input signal voltage for the display pixel (A)ina
case where a level of the input signal gradation is g; Ugad is
an input signal voltage ora write signal voltage for the display
pixel (B); and Ubad is an applied voltage that is applied to a
common electrode that is opposed to the pixel electrodes of
the display pixels (A) and (B) (an input signal voltage for the
display pixel (A) at the time when the display pixel (A)
performs a black display). A write signal gradation for the
display pixel (A) is calculated by adding an input signal
gradation for the display pixel (A) to this correction value
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F(g). Then, a voltage corresponding to thus obtained write
signal gradation is assumed as a write signal voltage for the
display pixel (A). Particularly, by setting Csd/Cp to a small
value of approximately 0.020, a low correction value F(g) can
be obtained.

[0090] Note that a reference potential of each voltage may
be a ground potential. Moreover, the Cp above is obtained by
adding Ccs, Csda, Csdb, and Cgd to a liquid crystal capaci-
tance of the display pixel (A). It is clear that Cp may be a
liquid crystal capacitance because the liquid crystal capaci-
tance (capacitance value) is dominant, or Cp may be a liquid
crystal capacitance to which at least one of the Ccs, Csda,
Csdb, Cgd, and a capacitance that is formed in the display
pixel (A) is added.

[0091] Alternatively, in case where a voltage of an effective
value Va needs to be applied to the display pixel (A) so that a
desired gradation is displayed, a write signal voltage for the
display pixel (A) is assumed to be a voltage V(A) that is
expressed in  V(A)=(Cp*Va-Cgd*Vg-Csdb*V(B)+
Ces*Ve)/(Cp+Csda), where: V(B) is an input signal voltage
or write signal voltage for the display pixel (B); Csda is a
capacitance value of a parasitic capacitance that is formed
between the source line S2 to which the display pixel (A) is
connected and a pixel electrode of the display pixel (A); Csdb
is a capacitance value of a parasitic capacitance that is formed
between the source line G3 to which the display pixel (B) is
connected and the pixel electrode of the display pixel (A);
Cgd is a capacitance value of a parasitic capacitance that is
formed between the gate line G2 that is connected to the
display pixel (A) and the pixel electrode of the display pixel
(A); Ces is a capacitance value of a parasitic capacitance that
is formed between a storage-capacitor electrode Cs, which is
provided so as to correspond to the display pixel (A), and a
drain electrode of a switching element of the display pixel
(A); Vg is an applied voltage that is applied to the gate line
G2; Ve is an applied voltage that is applied to the storage-
capacitor electrode Cs; and Cp is a capacitance value of the
display pixel (A).

[0092] The above explanation explains, as an example, a
case where the CCT correction circuit 2 (chroma enhance-
ment circuit 10) is realized by only hardware. However, the
CCT correction circuit 2 is not limited to this. All or a part of
the member may be realized by a combination of a program
that realizes a function explained above and hardware (com-
puter) that executes the program. For an example, the CCT
correction circuit 2 or chroma enhancement circuit 10 may be
realized as a device driver that is used at the time of driving the
display panel 7, with the use of a computer that is connected
to the liquid crystal display apparatus 1. Moreover, in case
where the CCT correction circuit 2 or chroma enhancement
circuit 10 is realized by a conversion substrate that is extet-
nally provided to the liquid crystal display apparatus 1 and
operation of the circuit that realizes the CCT correction cit-
cuit 2 or the chroma enhancement circuit 10 can be changed
by rewiring a program such as software, the circuit may be
operated as the CCT correction circuit 2 (chroma enhance-
ment circuit 10) of the embodiment by providing the software
and changing the operation of the circuit.

[0093] Inthese cases, when hardware capable of executing
the function above is prepared, the CCT correction circuit 2
(chroma enhancement circuit 10) of the embodiment can be
realized by causing the hardware to execute the program.
[0094] The CCT correction processing explained aboveis a
correction method that is disclosed in Patent Document 1 and
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only an example. The CCT correction processing applicable
to the present invention is not limited to this. In other words,
in the present invention, by concentrating influence of
crosstalk in a B pixel that has a low correlation with lumi-
nance information, an effect of suppressing crosstalk can be
obtained. Therefore, even when the CCT correction process-
ing above is performed, it is easy to put more importance on
simplicity of processing than preciseness of correction in the
processing.

[0095] For example, simple correction processing with
respect to data of a B color becomes possible by breaking
down luminance information in display data to R and G
information (something simple) according to visibility and
outputting, as a correction coefficient with respect to B, inten-
sity of thus obtained R information to which intensity a coef-
ficient is added. Here, it is preferable that the coefficient that
is added to the intensity of R information is provided in the
form of a lookup table.

[0096] The following explains a modified example capable
of simplifying the CCT correction circuit 2.

[0097] Because correction specialized in processing of B
and Rx becomes possible, crosstalk correction can be further
simplified. As explained above, the information of R as well
as G has a very high correlation with luminance information
Y. Inadevice ofthe present invention, generally, inputs of two
systems (a luminance signal Y and color difference signals
such as Pb and Pr) are simultaneously carried out for intended
use of the device. In general, each of these input signals is
supplied to the device after independently converted into
digital R, G, and B and integrated. However, in the device,
crosstalk correction is determined only between B and Rx.
Moreover, in the device, Rx and Y are highly correlated with
each other, and only B varies. Accordingly, correction of a
color difference signal Pb of blue according to a'Y value ofa
reference side can provide the substantially same effect.
Although the color difference signal Pb may be corrected by
using digital YUV, the correction can be realized by an analog
circuit that adds a value Y as a reference value to Pb in a case
where a relatively rough correction is acceptable for the
intended use of the device. Accordingly, a correction circuit
can be realized by a very simple circuit configuration.
[0098] As mentioned above, in a liquid crystal display of
the present invention allowing a display mode (a dual view
display) in which a different image can be displayed with
respect to each of a plurality of display directions to be real-
ized by bonding a liquid crystal panel and a parallax bartier,
the liquid crystal panel being provided with a display pixel
including a switching element and a pixel electrode which
display pixel corresponds to each intersection of a plurality of
gate lines and a plurality of source lines: the parallax barrier
separates display images viewed in different directions,
respectively, by treating, as one unit, three pixels including R,
G, and B pixels provided in a direction in which a gate line is
extended; and in a case where, among the three pixels con-
stituting the one unit, a pixel that is present at one end in the
direction in which the gate line is extended is a first display
pixel and a pixel that is adjacent to the first display pixel and
belongs to a display image that is separated into a display
direction different from that of the first display pixel is a
second display pixel, a source line connected to the second
display pixel is adjacent to the first display pixel, and the first
display pixel is a display pixel of a B (blue) color.

[0099] According to the arrangement, in a pixel other than
the first display pixel, influence of crosstalk from other source
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line (other than a source line that supplies data to the pixel
other than the first display pixel) is hard to appear because the
pixel other than the first display pixel and a pixel that is
connected to the other source line relate to the same image
and are highly correlated to each other. On the other hand,
influence of crosstalk that is caused by other source line (other
than a source line that supplies data to the first display pixel)
easily appears in the first display pixel because the first dis-
play pixel and a pixel that is connected to the other source line
relates to images different from each other and are not corre-
lated.

[0100] In other words, influence of the crosstalk is concen-
trated in the first display pixel, by treating three pixels includ-
ing R, G, and B pixels as one unit in separation of display
images with the use of a parallax barrier at the time when a
dual view display 1s performed. By arranging the first display
pixel to be a B pixel that has a low correlation with luminance
information, the influence of the crosstalk can be suppressed.
Accordingly, influence of the crosstalk to a display screen can
be reduced.

[0101] Further, the above liquid crystal display apparatus
may include a correcting section correcting, according to an
input signal for the first display pixel and an input signal for
the second display pixel, the input signal for the first display
pixel and outputting, as a write signal for the first display
signal, the input signal that has been corrected.

[0102] According to the arrangement, crosstalk correction
can be carried out in the first display pixel in which the
influence of the crosstalk is concentrated. Compared with a
case in which correction is carried out for all ofthe R, G, and
B pixels, processing related to the crosstalk correction can be
reduced. Moreover, an arrangement of a correction circuit can
be simplified. Further, a display in which crosstalk is sup-
pressed becomes possible.

[0103] Moreover, in the liquid crystal display apparatus, it
is preferable that the correcting section reads out the write
signal for the first display pixel from a lookup table, accord-
ing to the input signal for the first display pixel and the input
signal for the second display pixel.
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[0104] According to the arrangement, the crosstalk correc-
tion with respect to data of the first display pixel becomes
possible by using simple processing such as reading out data
from a lookup table.

1. A liquid crystal display apparatus allowing a display
mode in which a different image can be displayed with
respect to each of a plurality of display directions to be real-
ized by bonding a liquid crystal panel and a parallax barrier,

the liquid crystal panel being provided with a display pixel

including a switching element and a pixel electrode
which display pixel corresponds to each intersection of
a plurality of gate lines and a plurality of source lines,
wherein:

the parallax barrier separates display images viewed in

different directions, respectively, by treating, as one
unit, three pixels including R, G, and B pixels provided
in a direction in which a gate line is extended; and

in a case where, among the three pixels constituting the one

unit, a pixel that is present at one end in the direction in

which the gate line is extended is a first display pixel and

a pixel that is adjacent to the first display pixel and

belongs to a display image that is separated into a display

direction different from that of the first display pixel is a

second display pixel,

a source line connected to the second display pixel is
adjacent to the first display pixel, and

the first display pixel is a display pixel of a B (blue)
color.

2. The liquid crystal display apparatus as set forth in claim
1, comprising:

acorrecting section correcting, according to an input signal

for the first display pixel and an input signal for the
second display pixel, the input signal for the first display
pixel and outputting, as a write signal for the first display
signal, the input signal that has been corrected.

3. The liquid crystal display apparatus as set forth in claim
2, wherein:

the correcting section reads out the write signal for the first

display pixel from a lookup table, according to the input
signal for the first display pixel and the input signal for
the second display pixel.
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