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(54) CROSSTALK ELIMINATION CIRCUIT, LIQUID CRYSTAL DISPLAY APPARATUS, AND
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(57) The crosstalk of a display apparatus can be ef-
ficiently eliminated to realize a precise, high-quality dis-
play. A liquid crystal display apparatus includes, as a
crosstalk elimination circuit, an adjacent picture element
acquisition circuit (1) that acquires display signals of pic-
ture elements adjacent to a self picture element, and two-
dimensional LUTs (2) that use the display signals of the
adjacent picture elements, acquired by the adjacent pic-
ture element acquisition circuit (1), to correct display sig-

FIG. 1
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nals of the self picture element so as to correct RGB
display signals. The picture element display signals as
corrected by the correction values output from the LUTs
(2) are output to a source driver (4) via a timing controlling
unit (TC) (3). In the crosstalk elimination circuit, the dis-
play signals of a picture element to be corrected and
those of picture elements adjacent to the picture element
that influence the picture element are used to acquire a
correction value, thereby correcting the display signals
of the correction target picture element.
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Description
TECHNICAL FIELD

[0001] The present invention relates generally to a crosstalk elimination circuit, a liquid crystal display apparatus, and
a display control method, and, more particularly, to a crosstalk elimination circuit for eliminating crosstalk of a liquid
crystal display apparatus to display high-quality images, a liquid crystal display apparatus equipped with the crosstalk
elimination circuit, and a display control method of eliminating crosstalk to display high-quality images.

BACKGROUND OF THE INVENTION

[0002] Liquid crystal displays are widely used for displays of computers and television receivers. Active matrix type
liquid crystal panels including thin film transistors (TFT) are frequently used for address elements in liquid crystal displays.
In such an active matrix type liquid crystal panel using TFT, recently, a panel has been realized with the use of an SHA
(Super High Aperture Ratio) technology, which is a super high aperture ratio technology that achieves higher luminance,
higher contrast, and lower electric power consumption.

Fig. 12 is a diagram for describing a configuration example of a picture element electrode in a TFT liquid crystal panel
using the SHA technology; Fig. 12 (A) is a plane schematic view of a picture element electrode unit; and Fig. 12(B) is a
schematic configuration diagram of a sectional side view of the picture element electrode unit. In Fig. 12: 11 is a picture
element electrode; 12 is TFT; 13 is a source line; 14 is a gate line; 15 is a parasitic capacitance; and 16 is a special resin.
[0003] A plurality of the picture element electrodes 11 is formed in a matrix shape on an active matrix substrate. The
TFT 12 is a switching element disposed for each picture element electrode 11 and is connected to each picture element
electrode 11. The gate electrode of the TFT 12 is connected to the gate line 14 for supplying a scan signal and the TFT
is driven and controlled by a gate signal input to the gate electrode. Each picture element corresponding to each picture
element electrode 11 is referred to as a sub-pixel and is used normally for displaying one color of RGB. A group of three
picture elements of RGB is referred to as a pixel.

[0004] The source electrode of the TFT 12 is connected to the source line 13 for supplying a display signal (data
signal) and when the TFT 12 is driven, the display signal is input to the picture element electrode 11 through the TFT
12. The gate line 14 and the source line 13 are disposed orthogonal to each other around the picture element electrode
11 disposed in a matrix shape.

[0005] In the liquid crystal panel with the SHA configuration, the special resin 16 is used for an interlayer dielectric
film to acquire a super high aperture ratio. As shown in Fig. 12(B), the picture element electrode 11 is disposed above
the source line 13 via the special resin 16 to have a three-dimensional structure. This inevitably generates the parasitic
capacitance 15 between the picture element electrode 11 and the source line 13.

[0006] Since the parasitic capacitance 15 is created between the source line 13 supplying the display signal to one
picture element electrode and the source line 13 supplying the display signal to another picture element electrode
adjacent to the picture element electrode, two capacity couplings are formed for one picture element electrode.

[0007] If the aforementioned active matrix type display apparatus has, for example, a plane structure (Non-SHA)
without the three-dimensional structure described above and does not have the parasitic capacitance 15, the voltage of
the source line 13 is applied to the picture element electrode 11 only when the gate line 14 is turned on and this electric
charge is retained for one frame period when the gate line 14 is turned off. However, if the capacity coupling is generated
due to the parasitic capacitance 15, the electric charge retained by the picture element electrode 11. becomes unsteady
due to leakage or application through the parasitic capacitance 15. This factor causes crosstalk and a problem of image
quality deterioration.

[0008] Fig. 13 illustrates spectral characteristics of a typical color filter and, as shown in Fig. 13, transmissivity of
primary colors of the color filter overlap each other and have an effect on color purity of display color. Such an effect on
display coloris induced by optical factors such as leakage light from a polarization plate as well as wavelength dependency
of the light transmissivity and is a kind of optical crosstalk.

[0009] With regard to such a problem, for example, patent document 1 discloses an active matrix type liquid crystal
display apparatus that achieves a balance of capacities between one picture element electrode and signal lines on both
sides to prevent a display defect such as crosstalk by extending a shield electrode along a signal line from an auxiliary
capacity line intersecting with the signal line, by superimposing one edge side of the shield electrode on the picture
element electrode, by superimposing the other edge side on adjacent picture element electrode, and by differentiating
the superimposing lengths L1, L2.

[0010] Patent document 2 discloses a crosstalk correcting apparatus of a plasma address type display apparatus
compensating diffusion in an insulating layer of a drive voltage (a voltage applied to liquid crystal), which generates and
outputs an output signal DG[n]=input signal SG [n] + correction signal H ((SG [n] - SR[n]) + (SG [n] -SB [n])) for a picture
element G[n].
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Patent Document 1: Japanese Laid-Open Patent Publication No. 2000-206560
Patent Document 2: Japanese Laid-Open Patent Publication No. 2000-321559

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0011] Asdescribed above, each picture element electrode 11 of an active matrix type liquid crystal panel has capacity
coupling due to a parasitic capacitance 15 between a source line 13 of the self picture element and the source line 13
of the adjacent picture element. The crosstalk is generated because an effective voltage retained by the picture element
electrode 11 is changed due to the existence of the capacity coupling when TFT 12 is turned off.

[0012] In the invention of patent document 1, for the purpose of eliminating display defects due to light leakage, a
superimposing width of the light shield and the pixel electrode is increased only for a region where orientation defects
of the liquid crystal occur so as not to generate crosstalk, and the effect of the crosstalk is not corrected which is caused
by the certain adjacent picture element as described above.

Since the configuration of the liquid crystal panel is complicated in the invention of patent document 1, a manufacturing
process becomes cumbersome and the increase in costs is expected. It will be also problematic that the transmissivity
of the liquid crystal panel is reduced by increasing the superimposing width of the light shield and the pixel electrode.
[0013] Although an output signal DG [n] of a target pixel G [n] is obtained by using input signals SR [n], SB [n] to pixels
R [n], B[n] located on both adjacent sides of the target pixel G[n] and a crosstalk correction coefficient H is used in the
invention of patent document 2, no grounds for the crosstalk correction coefficient H (and crosstalk coefficient K) are
described in patent document 2.

[0014] Although the invention of patent document 2 prevents electric crosstalk due to display signals input to two
adjacent electrodes adjacent to the target picture element electrode in the direction perpendicular to the source line, it
is problematic that crosstalk cannot be eliminated when the crosstalk is generated in the directions other than the direction
perpendicular to the source line.

[0015] For example, in the case of the invention of patent document 2, it is problematic that the effect of the crosstalk
cannot be corrected on a time axis generated by the display signals input to other picture element electrodes during one
future frame period after the display signal is input to the target picture element electrode until the next time the display
signal is input again.

[0016] Inthe case of the invention of patent document 2, it is problematic that the effect of the electric crosstalk cannot
be corrected which is generated by the display signals input to other picture element electrodes arranged in the direction
horizontal to the source line relative to the target picture element electrode.

[0017] The invention of patent document 2 also has a problem that an effect of optical crosstalk cannot be corrected.
[0018] In the invention of patent document 2, the crosstalk can be corrected only when a relationship between the
crosstalk correction coefficient H and the crosstalk coefficient K satisfies H = K/(1-3K) and the picture element signal
level of the same color is identical in the adjacent pixel (SR[n] = SR[n+1], SB[n] = SB [n-1]), and it is problematic that
when a considerable difference exists between a pixel to which the target picture element belongs and the adjacent
pixel thereof, i.e., when a considerable signal difference exists between the target picture element and the picture element
of the same color in the adjacent pixel, an error is generated in the correction (in accordance with magnitude of the
difference).

[0019] The present invention was conceived in consideration of the current conditions described above and it is
therefore the object of the present invention to provide a crosstalk elimination circuit, a liquid crystal display apparatus,
and a display control method that can effectively remove the crosstalk generated between the picture element electrodes
arranged not only in the direction perpendicular to the source line of the display apparatus but also in the horizontal and
oblique directions and the crosstalk generated during one future frame period after the display signal in input to the
picture element to enable accurate and higher-quality image display.

[0020] Although the display apparatus has also optical crosstalk that is induced by the wavelength dependency of
the light transmissivity of the color filter, the leakage light from the polarization plate, etc., the presentinvention is intended
to provide a crosstalk elimination circuit, a liquid crystal display apparatus, and a display control method that generate
an LUT correction value of the crosstalk elimination circuit based on optical measurement result in consideration of the
optical crosstalk to eliminate the electric and optical crosstalk in all the directions at the same time and to enable accurate
and higher-quality image display.

MEANS FOR SOLVING THE PROBLEMS

[0021] A first technical means is a crosstalk elimination circuit that corrects a display signal input to each of a plurality
of picture element electrodes disposed in a liquid crystal panel to eliminate crosstalk of a liquid crystal display apparatus
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using the liquid crystal panel, the circuit including an LUT that inputs a display signal of an image to be displayed to
output a correction signal for correcting the display signal, the crosstalk elimination circuit using the correction signal
output from the LUT to correct a display signal of a correction target picture element.

By correcting the display signal input to the target picture element electrode with the correction value extracted with the
use of the LUT, the effect of the crosstalk generated between the picture element electrodes of the liquid crystal panel
can be removed to display higher-quality images. Since the crosstalk correction value is extracted with the use of the
LUT, the crosstalk can be corrected accurately under any conditions, unlike the disclosure of above patent document
2, for example, which only can correct crosstalk accurately under the certain condition that the picture element signal
level of the same color is identical in the adjacent pixel.

[0022] A second technical means is the crosstalk elimination circuit of the first technical means wherein correction
value data are acquired from the LUT with the use of the display signal of the correction target picture element and a
display signal of an adjacent picture element affecting the correction target picture element to generate the crosstalk
and wherein the acquired correction value data are output as the correction signal.

Although a crosstalk amount generally varies in accordance with the magnitude relationship between the display signal
level of the correction target picture element and the display signal level of the adjacent picture element affecting the
correction target picture element to generate the crosstalk, since this variation is nonlinear, a process efficiency is
improved by using the LUT and costs can be reduced accordingly.

[0023] A third technical means is the crosstalk elimination circuit of the second technical means wherein the adjacent
picture element is another picture element coupled capacitively to a picture element electrode for driving the liquid crystal
of the correction target picture element.

Since the crosstalk is caused by the capacity coupling between the picture element electrode and the source line as
described above, the crosstalk can be corrected faithfully by correcting the crosstalk with the use of the display signal
level of another picture element capacitively coupled to the source line of the target picture element.

[0024] A fourth technical means is the crosstalk elimination circuit of the third technical means wherein the LUT is
disposed for each primary color of RGB to enable individual setup of the correction value of the LUT for each color.
That is, since the crosstalk amount is different for the picture element electrode of each primary color, the crosstalk can
be corrected more faithfully by setting the correction data independently for each primary color. Since the optical crosstalk
is also different for each primary color, the crosstalk can be corrected more faithfully by setting the correction data
independently for each primary color.

[0025] A fifth technical means is the crosstalk elimination circuit of any one of the second to fourth technical means
wherein signal level intervals for setting the correction value data in the LUT are established roughly by a predetermined
level width relative to a level width that may be achieved by the signal level of the display signal input to each picture
element electrode.

The LUT with a reduced circuit scale can be constructed by establishing the signal level intervals for setting the correction
value data in the LUT roughly by the predetermined level width relative to the level width that may be achieved by the
level of the display signal for each picture element.

[0026] A sixth technical means is the crosstalk elimination circuit of the fifth technical means wherein when extracting
from the LUT the correction value data corresponding to the signal level between the signal levels with the correction
value data set, the target correction value data are extracted by performing linear interpolation between the signal levels.
When using the LUT as in the fifth technical means, it is expected that the correction accuracy is reduced as compared
to the level width that may be achieved by the level of the display signal for each picture element, and the crosstalk can
be corrected more accurately by linearly interpolating the correction value between the roughly set levels to prevent the
reduction in the correction accuracy.

[0027] A seventh technical means is the crosstalk elimination circuit of the sixth technical means wherein when the
LUT is created by omitting regions where the correction value data are zero which are extracted with the use of the
signal level of the correction target picture element and the signal level of the adjacent picture element and when the
linear interpolation is performed between a signal level having the correction value data of zero and a signal level set
adjacently to the signal level, intended correction value data are extracted by performing the linear interpolation between
the correction value data of the adjacently set signal level and fixed correction value data 0 defined in advance.

In the case of extracting the intended correction value data by linearly interpolating the correction value between levels
set in the LUT as described in the sixth technical means, if the LUT is constituted with, for example, a level width of eight
levels, which is set as the level width that may be achieved by the level of the display signal for each picture element,
the LUT can store only 32 levels of the correction values and the interpolation cannot be performed with the endmost
level. By setting the fixed value for the endmost data as described above, interpolation can be performed with the fixed
value and it is not needed to construct a plurality of tables for the interpolation.

[0028] An eighth technical means is the crosstalk elimination circuit of any one of the fifth to seventh technical means
wherein the signal level intervals for setting the correction value data in the LUT are established with finer intervals of
the signal levels of the correction target picture element as compared to the signal levels of the adjacent picture element.
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By establishing the signal level intervals for setting the correction value data in the LUT with finer intervals of the signal
levels of the correction target picture element as compared to the signal levels of the adjacent picture element, the
capacity scale of the LUT is reduced and the crosstalk can be corrected more flexibly and accurately.

[0029] A ninth technical means is the crosstalk elimination circuit of any one of the second to eighth technical means
further including an adjacent picture element correction LUT for correcting the display signal of the adjacent picture
element adjacent to the correction target picture element, wherein the adjacent picture element correction LUT uses a
display signal of a next adjacent picture element adjacent to the adjacent picture element and affecting the adjacent
picture element to generate crosstalk and the display signal of the adjacent picture element to extract correction value
data of the adjacent picture element, which are output as an adjacent picture element correction signal, and wherein
the LUT for correcting the correction target picture element inputs the display signal of the adjacent picture element
corrected with the use of the signal output from the adjacent picture element correction LUT and the display signal of
the correction target picture element to extract the correction data of the correction target picture element.

In crosstalk correction, if the crosstalk flows from right to left in the horizontal direction of the screen, the crosstalk must
be corrected sequentially from the rightmost picture element on the screen in a relay mode. However, since a real time
process is difficult and is not practical in this method, the crosstalk can be corrected with the same accuracy as the relay
mode by correcting the adjacent picture element from the next adjacent picture element and correcting the correction
target picture element from the corrected adjacent picture element.

[0030] A tenth technical means is the crosstalk elimination circuit of the ninth technical means wherein signal level
intervals for setting the correction value data in the adjacent picture element correction LUT are established more roughly
than the signal level intervals for setting the correction value data in the LUT for correcting the correction target picture
element.

Although a doubled LUT is needed and the circuit scale is increased if the LUT has a two-stage configuration as described
in the ninth technical means, since the correction value may not be very strict when the adjacent picture element is
corrected, a first stage LUT for correcting the adjacent picture element can be set more roughly than a second stage
LUT for correcting the target picture element. This can constrain the negative effect increasing the circuit scale.
[0031] An eleventh technical means is a liquid crystal display apparatus provided with the crosstalk elimination circuit
of any one of the first to tenth technical means.

Since the aforementioned crosstalk elimination circuit is disposed, the liquid crystal display apparatus can be realized
which can correct the crosstalk accurately.

[0032] A twelfth technical means is a liquid crystal display apparatus that uses an active matrix type liquid crystal
panel with a plurality of picture element electrodes formed in a matrix shape to display color images by applying voltages
to the picture element electrodes and by retaining this electric charge for one frame period, the apparatus comprising a
correcting means that corrects a display signal input to each picture element electrode, the correcting means correcting
the display signal to be input to the picture element electrode such that the display luminance of the picture element
electrode becomes substantially constant regardless of the display signals input to other picture element electrodes
during one future frame period after the display signal is input to the picture element electrode until the next time the
display signal is input again.

Since the crosstalk is generated because the quantity of the electric charge formed by applying a voltage to the picture
element electrode is changed by the change in the electric potential of the source line for the supply to other picture
element electrodes during one future frame period after the voltage is applied to the picture element electrode until the
next time the voltage is applied again, the crosstalk can be eliminated more accurately and higher-quality images can
be displayed by monitoring the display signals input to other picture element electrodes during one future frame period
to correct the display signal to be input to the picture element electrode.

[0033] A thirteenth technical means is the liquid crystal display apparatus of the twelfth technical means wherein the
correcting means generates a correction signal for the display signal to be input to the picture element electrode from
the display signals to be input to other picture element electrodes and the display signal to be input to the picture element
electrode during one future frame period from the timing when the display signal should be input to the picture element
electrode to the timing when the next display signal should be input again.

The crosstalk can be corrected more accurately by configuring a computing equation or LUT for obtaining a crosstalk
correction amount in consideration of a degree of change in the display luminance of the picture element electrode due
to the display signals input to other picture element electrodes during one future frame period after the display signal is
input to the picture element electrode until the next time the display signal is input again and in consideration of a
relationship between the level of the display signal input to the picture element electrode and the levels of the display
signals input to other picture element electrodes on this occasion and by obtaining the correction signal for the picture
element electrode from the display signal to be input to the picture element electrode and the display signals input to
other picture element electrodes.

[0034] A fourteenth technical means is a liquid crystal display apparatus that uses an active matrix type liquid crystal
panel with a plurality of picture element electrodes formed in a matrix shape to display color images by applying voltages
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to the picture element electrodes and by retaining this electric charge for one frame period, the apparatus comprising a
correcting means that corrects a display signal input to each picture element electrode, the correcting means correcting
the display signal to be input to the picture element electrode such that the display luminance of the picture element
electrode becomes substantially constant regardless of the display signals input to other picture element electrodes
during one past frame period until the display signal is input to the picture element electrode.

Although the crosstalk cannot be completely corrected by this configuration as compared to the twelfth technical means,
a frame memory can be reduced and a circuit scale can be reduced by performing the correction with the use of the
input display signals during one past frame period.

Forexample, inthe case of TV (television receiver), etc., high-band components of the input image are filtered in advance;
no problem occurs when considering that an entire screen is substantially uniform; a difference of image signals is small
between frames (inter-frame correlation is high); especially, sensitivity to color difference is low in the characteristics of
the human visual sense; and, therefore, no practical problem occurs when the input signals of one past frame period
are used instead of the display signals input during one future frame period in the twelfth technical means.

Therefore, while the circuit scale is reduced, a crosstalk elimination circuit can be realized which can achieve the correction
effect substantially equivalent to the case that the correction is performed with the use of the display signals input to
other picture element electrodes during one future frame period as described in the twelfth technical means.

[0035] A fifteenth technical means is the liquid crystal display apparatus of the fourteenth technical means wherein
the correcting means generates a correction signal for the display signal to be input to the picture element electrode
from the display signals input to other picture element electrodes and the display signal to be input to the picture element
electrode during one past frame period until the timing when the display signal should be input to the picture element.

The crosstalk can be corrected more accurately by configuring a computing equation or LUT for obtaining a crosstalk
correction amount in consideration of a degree of change in the display luminance of the picture element electrode due
to the display signals input to other picture element electrodes during one past frame period until the display signal is
input to the picture element electrode and in consideration of a relationship between the level of the display signal input
to the picture element electrode and the levels of the display signals input to other picture element electrodes on this
occasion and by obtaining the correction signal for the picture element electrode from the display signal to be input to
the picture element electrode and the display signals input to other picture element electrodes.

[0036] A sixteenth technical means is a liquid crystal display apparatus that uses an active matrix type liquid crystal
panel with a plurality of picture element electrodes formed in a matrix shape to display color images by applying voltages
to the picture element electrodes and by retaining this electric charge for one frame period, the apparatus comprising a
correcting means that corrects a display signal input to each picture element electrode, the correcting means correcting
the display signal to be input to the picture element electrode such that the display luminance of the picture element
electrode becomes substantially constant regardless of the display signals input to other picture element electrodes
arranged along the source line of the picture element electrode.

Since the crosstalk is generated because the quantity of the electric charge applied to the picture element electrode is
changed by the change in the electric potential of the source line for the supply to other picture element electrodes during
one future frame period after the voltage is applied to the picture element electrode until the next time the voltage is
applied again, the crosstalk can be eliminated more accurately and higher-quality images can be displayed by monitoring
the display signals input to other picture element electrodes arranged along the source line of the picture element
electrode to correct the display signal to be input to the picture element electrode.

[0037] A seventeenth technical means is the liquid crystal display apparatus of the sixteenth technical means wherein
the correcting means generates a correction signal for the display signal to be input to the picture element electrode
from the display signals to be input to other picture element electrodes arranged along the source line of the picture
element electrode and the display signal to be input to the picture element electrode.

The crosstalk can be corrected more accurately by configuring a computing equation or LUT for obtaining a crosstalk
correction amount in consideration of a degree of change in the display luminance of the picture element electrode due
to the display signals input to other picture element electrodes arranged along the source line of the picture element
electrode and in consideration of a relationship between the level of the display signal input to the picture element
electrode and the levels of the display signals input to other picture element electrodes arranged along the source line
of the picture element electrode on this occasion and by obtaining the correction signal for the picture element electrode
from the display signal to be input to the picture element electrode and the display signals input to other picture element
electrodes arranged along the source line of the picture element electrode.

[0038] An eighteenth technical means is the liquid crystal display apparatus of the sixteenth technical means wherein
the correcting means generates a correction signal for the display signal to be input to the picture element electrode
from the display signals to be input to other picture element electrodes arranged along the source line of the picture
element electrode, the display signals to be input to other picture element electrodes arranged along the source line of
the adjacent picture element electrode adjacent to the source line of the picture element electrode in the vertical direction,
and the display signal to be input to the picture element electrode.
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The crosstalk can be corrected more accurately by configuring a computing equation or LUT for obtaining a crosstalk
correction amount in consideration of a degree of change in the display luminance of the picture element electrode due
to the display signals input to other picture element electrodes arranged along the source line of the picture element
electrode and the display signals input to other picture element electrodes arranged along the source line of the adjacent
picture element electrode adjacent to the source line of the picture element electrode in the vertical direction and in
consideration of a relationship among the level of the display signal input to the picture element electrode, the levels of
the display signals input to other picture element electrodes arranged along the source line of the picture element
electrode, and the display signals input to other picture element electrodes arranged along the source line of the adjacent
picture element electrode adjacent to the source line of the picture element electrode in the vertical direction and by
obtaining the correction signal for the picture element electrode from the display signal to be input to the picture element
electrode, the display signals input to other picture element electrodes arranged along the source line of the picture
element electrode, and the display signals input to other picture element electrodes arranged along the source line of
the adjacent picture element electrode adjacent to the source line of the picture element electrode in the vertical direction.
[0039] A nineteenth technical means is the liquid crystal display apparatus of the twelfth technical means wherein the
correcting means generates a correction signal for the display signal to be input to the picture element electrode from
the display signals to be input to other picture element electrodes arranged along the source line of the picture element
electrode and the display signal to be input to the picture element electrode during one future frame period from the
timing when the display signal should be input to the picture element electrode to the timing when the next display signal
should be input again.

The crosstalk can be corrected more accurately by configuring a computing equation or LUT for obtaining a crosstalk
correction amount in consideration of a degree of change in the display luminance of the picture element electrode due
to the display signals input to other picture element electrodes arranged along the source line of the picture element
electrode during one future frame period after the display signal is input to the picture element electrode until the next
time the display signal is input again and in consideration of a relationship between the level of the display signal input
to the picture element electrode and the levels of the display signals input to other picture element electrodes arranged
along the source line of the picture element electrode on this occasion and by obtaining the correction signal for the
picture element electrode from the display signal to be input to the picture element electrode and the display signals
input to other picture element electrodes arranged along the source line of the picture element electrode.

[0040] A twentieth technical means is the liquid crystal display apparatus of the fourteenth technical means wherein
the correcting means generates a correction signal for the display signal to be input to the picture element electrode
from the display signals input to other picture element electrodes arranged along the source line of the picture element
electrode and the display signal to be input to the picture element electrode during one past frame period until the timing
when the display signal should be input to the picture element electrode.

The crosstalk can be corrected more accurately in a simple configuration by configuring a computing equation or LUT
for obtaining a crosstalk correction amount in consideration of a degree of change in the display luminance of the picture
element electrode due to the display signals input to other picture element electrodes arranged along the source line of
the picture element electrode during one past frame period until the display signal is input to the picture element electrode
and in consideration of a relationship between the level of the display signal input to the picture element electrode and
the levels of the display signals input to other picture element electrodes arranged along the source line of the picture
element electrode on this occasion and by obtaining the correction signal for the picture element electrode from the
display signal to be input to the picture element electrode and the display signals input to other picture element electrodes
arranged along the source line of the picture element electrode.

[0041] A twenty-first technical means is a crosstalk elimination circuit of a liquid crystal display apparatus that uses
an active matrix type liquid crystal panel with a plurality of picture element electrodes formed in a matrix shape to display
color images by applying voltages to the picture element electrodes and by retaining this electric charge for one frame
period, the crosstalk elimination circuit comprising a correcting means that corrects a display signal input to each picture
element electrode, the correcting means correcting the display signal to be input to the picture element electrode such
that the display luminance of the picture element electrode becomes substantially constant regardless of the display
signals input to other picture element electrodes during one future frame period after the display signal is input to the
picture element electrode until the next time the display signal is input again.

Since the crosstalk is generated because the quantity of the electric charge formed by applying a voltage to the picture
element electrode is changed by the change in the electric potential of the source line for the supply to other picture
element electrodes during one future frame period after the voltage is applied to the picture element electrode until the
next time the voltage is applied again, the crosstalk can be eliminated more accurately and higher-quality images can
be displayed by monitoring the display signals input to other picture element electrodes during one future frame period
to correct the display signal to be input to the picture element electrode.

[0042] A twenty-second technical means is a crosstalk elimination circuit of a liquid crystal display apparatus that uses
an active matrix type liquid crystal panel with a plurality of picture element electrodes formed in a matrix shape to display
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color images by applying voltages to the picture element electrodes and by retaining this electric charge for one frame
period, the crosstalk elimination circuit comprising a correcting means that corrects a display signal input to each picture
element electrode, the correcting means correcting the display signal to be input to the picture element electrode in
advance such that the display luminance of the picture element electrode becomes substantially constant regardless of
the display signals input to other picture element electrodes during one past frame period until the display signal is input
to the picture element electrode.

Although the crosstalk cannot be completely corrected by this configuration as compared to the twenty-first technical
means, a frame memory can be reduced and a circuit scale can be reduced by performing the correction with the use
of the input display signals during one past frame period.

Forexample, inthe case of TV (television receiver), etc., high-band components of the input image are filtered in advance;
no problem occurs when considering that an entire screen is substantially uniform; a difference of image signals is small
between frames (inter-frame correlation is high); especially, sensitivity to color difference is low in the characteristics of
the human visual sense; and, therefore, no practical problem occurs when the input signals of one past frame period
are used instead of the display signals input during one future frame period in the twenty first technical means.
Therefore, while the circuit scale is reduced, a crosstalk elimination circuit can be realized which can achieve the correction
effect substantially equivalent to the case that the correction is performed with the use of the display signals input to
other picture element electrodes during one future frame period as described in the twenty-first technical means.
[0043] A twenty-third technical means is a crosstalk elimination circuit of a liquid crystal display apparatus that uses
an active matrix type liquid crystal panel with a plurality of picture element electrodes formed in a matrix shape to display
color images by applying voltages to the picture element electrodes and by retaining this electric charge for one frame
period, the crosstalk elimination circuit comprising a correcting means that corrects a display signal input to each picture
element electrode, the correcting means correcting the display signal to be input to the picture element electrode such
that the display luminance of the picture element electrode becomes substantially constant regardless of the display
signals input to other picture element electrodes arranged along the source line of the picture element electrode.
Since the crosstalk is generated because the quantity of the electric charge formed by applying a voltage to the picture
element electrode is changed by the change in the electric potential of the source line for the supply to other picture
element electrodes during one future frame period after the voltage is applied to the picture element electrode until the
next time the voltage is applied again, the crosstalk can be eliminated more accurately and higher-quality images can
be displayed by monitoring the display signals input to other picture element electrodes arranged along the source line
of the picture element electrode to correct the display signal to be input to the picture element electrode.

[0044] A twenty-fourth technical means is a display control method of a liquid crystal display apparatus that uses an
active matrix type liquid crystal panel with a plurality of picture element electrodes formed in a matrix shape to display
color images by applying voltages to the picture element electrodes and by retaining this electric charge for one frame
period, the method including a correcting step of correcting a display signal input to each picture element electrode, at
the correcting step, the display signal to be input to the picture element electrode being corrected such that the display
luminance of the picture element electrode becomes substantially constant regardless of the display signals input to
other picture element electrodes during one future frame period after the display signal is input to the picture element
electrode until the next time the display signal is input again.

Since the crosstalk is generated because the quantity of the electric charge formed by applying a voltage to the picture
element electrode is changed by the change in the electric potential of the source line for the supply to other picture
element electrodes during one future frame period after the voltage is applied to the picture element electrode until the
next time the voltage is applied again, the crosstalk can be eliminated more accurately and higher-quality images can
be displayed by monitoring the display signals input to other picture element electrodes during one future frame period
to correct the display signal to be input to the picture element electrode.

[0045] A twenty-fifth technical means is the display control method of the twenty-fourth technical means wherein at
the correcting step, a correction signal for the display signal to be input to the picture element electrode is generated
from the display signals to be input to other picture element electrodes and the display signal to be input to the picture
element electrode during one future frame period from the timing when the display signal should be input to the picture
element electrode to the timing when the next display signal should be input again.

The crosstalk can be corrected more accurately by configuring a computing equation or LUT for obtaining a crosstalk
correction amount in consideration of a degree of change in the display luminance of the picture element electrode due
to the display signals input to other picture element electrodes during one future frame period after the display signal is
input to the picture element electrode until the next time the display signal is input again and in consideration of a
relationship between the level of the display signal input to the picture element electrode and the levels of the display
signals input to other picture element electrodes on this occasion and by obtaining the correction signal for the picture
element electrode from the display signal to be input to the picture element electrode and the display signals input to
other picture element electrodes.

[0046] A twenty-sixth technical means is a display control method of a liquid crystal display apparatus that uses an
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active matrix type liquid crystal panel with a plurality of picture element electrodes formed in a matrix shape to display
color images by applying voltages to the picture element electrodes and by retaining this electric charge for one frame
period, the method including a correcting step of correcting a display signal input to each picture element electrode, at
the correcting step, the display signal to be input to the picture element electrode being corrected such that the display
luminance of the picture element electrode becomes substantially constant regardless of the display signals input to
other picture element electrodes during one past frame period until the display signal is input to the picture element
electrode.

Although the crosstalk cannot be completely corrected by this configuration as compared to the twenty-fourth technical
means, a frame memory can be reduced and a circuit scale can be reduced by performing the correction with the use
of the input display signals during one past frame period.

Forexample, inthe case of TV (television receiver), etc., high-band components of the input image are filtered in advance;
no problem occurs when considering that an entire screen is substantially uniform; a difference of image signals is small
between frames (inter-frame correlation is high); especially, sensitivity to color difference is low in the characteristics of
the human visual sense; and, therefore, no practical problem occurs when the input signals of one past frame period
are used instead of the display signals input during one future frame period in the twenty fourth technical means.
Therefore, while the circuit scale is reduced, a crosstalk elimination circuit can be realized which can achieve the correction
effect substantially equivalent to the case that the correction is performed with the use of the display signals input to
other picture element electrodes during one future frame period as described in the twenty fourth technical means.
[0047] A twenty-seventh technical means is the display control method of the twenty-sixth technical means wherein
at the correcting step, a correction signal for the display signal to be input to the picture element electrode is generated
from the display signals to be input to other picture element electrodes and the display signal to be input to the picture
element electrode during one past frame period until the timing when the display signal should be input to the picture
element electrode.

The crosstalk can be corrected more accurately by configuring a computing equation or LUT for obtaining a crosstalk
correction amount in consideration of a degree of change in the display luminance of the picture element electrode due
to the display signals input to other picture element electrodes during one past frame period until the display signal is
input to the picture element electrode and in consideration of a relationship between the level of the display signal input
to the picture element electrode and the levels of the display signals input to other picture element electrodes on this
occasion and by obtaining the correction signal for the picture element electrode from the display signal to be input to
the picture element electrode and the display signals input to other picture element electrodes.

[0048] A twenty-eighth technical means is a display control method of a liquid crystal display apparatus that uses an
active matrix type liquid crystal panel with a plurality of picture element electrodes formed in a matrix shape to display
color images by applying voltages to the picture element electrodes and by retaining this electric charge for one frame
period, the method including a correcting step of correcting a display signal input to each picture element electrode, at
the correcting step, the display signal to be input to the picture element electrode being corrected such that the display
luminance of the picture element electrode becomes substantially constant regardless of the display signals input to
other picture element electrodes arranged along the source line of the picture element electrode.

Since the crosstalk is generated because the quantity of the electric charge formed by applying a voltage to the picture
element electrode is changed by the change in the electric potential of the source line for the supply to other picture
element electrodes during one future frame period after the voltage is applied to the picture element electrode until the
next time the voltage is applied again, the crosstalk can be eliminated more accurately and higher-quality images can
be displayed by monitoring the display signals input to other picture element electrodes arranged along the source line
of the picture element electrode to correct the display signal to be input to the picture element electrode.

[0049] A twenty-ninth technical means is the display control method of the twenty-eighth technical means wherein at
the correcting step, a correction signal for the display signal to be input to the picture element electrode is generated
from the display signals to be input to other picture element electrodes arranged along the source line of the picture
element electrode and the display signal to be input to the picture element electrode.

The crosstalk can be corrected more accurately by configuring a computing equation or LUT for obtaining a crosstalk
correction amount in consideration of a degree of change in the display luminance of the picture element electrode due
to the display signals input to other picture element electrodes arranged along the source line of the picture element
electrode and in consideration of a relationship between the level of the display signal input to the picture element
electrode and the levels of the display signals input to other picture element electrodes arranged along the source line
of the picture element electrode on this occasion and by obtaining the correction signal for the picture element electrode
from the display signal to be input to the picture element electrode and the display signals input to other picture element
electrodes arranged along the source line of the picture element electrode.

[0050] A thirtieth technical means is the display control method of the twenty-eighth technical means wherein at the
correcting step, a correction signal for the display signal to be input to the picture element electrode is generated from
the display signals to be input to other picture element electrodes arranged along the source line of the picture element
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electrode, the display signals to be input to picture element electrodes arranged along the source line of the adjacent
picture element electrode adjacent to the source line of the picture element electrode in the vertical direction, and the
display signal to be input to the picture element electrode.

The crosstalk can be corrected more accurately by configuring a computing equation or LUT for obtaining a crosstalk
correction amount in consideration of a degree of change in the display luminance of the picture element electrode due
to the display signals input to other picture element electrodes arranged along the source line of the picture element
electrode and the display signals input to other picture element electrodes arranged along the source line of the adjacent
picture element electrode adjacent to the source line of the picture element electrode in the vertical direction and in
consideration of a relationship among the level of the display signal input to the picture element electrode, the levels of
the display signals input to other picture element electrodes arranged along the source line of the picture element
electrode, and the display signals input to other picture element electrodes arranged along the source line of the adjacent
picture element electrode adjacent to the source line of the picture element electrode in the vertical direction and by
obtaining the correction signal for the picture element electrode from the display signal to be input to the picture element
electrode, the display signals input to other picture element electrodes arranged along the source line of the picture
element electrode, and the display signals input to other picture element electrodes arranged along the source line of
the adjacent picture element electrode adjacent to the source line of the picture element electrode in the vertical direction.
[0051] A thirty-first technical means is the display control method of the twenty-fourth technical means wherein at the
correcting step, a correction signal for the display signal to be input to the picture element electrode is generated from
the display signals to be input to picture element electrodes arranged along the source line of the picture element
electrode and the display signal to be input to the picture element electrode during one future frame period from the
timing when the display signal should be input to the picture element electrode to the timing when the next display signal
should be input again.

The crosstalk can be corrected more accurately by configuring a computing equation or LUT for obtaining a crosstalk
correction amount in consideration of a degree of change in the display luminance of the picture element electrode due
to the display signals input to other picture element electrodes arranged along the source line of the picture element
electrode during one future frame period after the display signal is input to the picture element electrode until the next
time the display signal is input again and in consideration of a relationship between the level of the display signal input
to the picture element electrode and the levels of the display signals input to other picture element electrodes arranged
along the source line of the picture element electrode on this occasion and by obtaining the correction signal for the
picture element electrode from the display signal to be input to the picture element electrode and the display signals
input to other picture element electrodes arranged along the source line of the picture element electrode.

[0052] A thirty-second technical means is the display control method of the twenty sixth technical means wherein at
the correcting step, a correction signal for the display signal to be input to the picture element electrode is generated
from the display signals input to picture element electrodes arranged along the source line of the picture element electrode
and the display signal to be input to the picture element electrode during one past frame period until the timing when
the display signal should be input to the picture element electrode.

The crosstalk can be corrected more accurately in a simple configuration by configuring a computing equation or LUT
for obtaining a crosstalk correction amount in consideration of a degree of change in the display luminance of the picture
element electrode due to the display signals input to other picture element electrodes arranged along the source line of
the picture element electrode during one past frame period until the display signal is input to the picture element electrode
and in consideration of a relationship between the level of the display signal input to the picture element electrode and
the levels of the display signals input to other picture element electrodes arranged along the source line of the picture
element electrode on this occasion and by obtaining the correction signal for the picture element electrode from the
display signal to be input to the picture element electrode and the display signals input to other picture element electrodes
arranged along the source line of the picture element electrode.

EFFECT OF THE INVENTION

[0053] The present invention can effectively remove the crosstalk generated among the picture element electrodes
arranged in horizontal, vertical, and oblique directions relative to the source line, the crosstalk due to the effect of the
display signal input to other picture element electrodes during one future frame period after the display signal is input
to the target picture element electrode, the optical crosstalk, etc., in the active matrix type liquid crystal display apparatus
and can display accurate and higher-quality images.

[0054] Since the correction signal can be obtained which makes the display luminance of the target picture element
signal substantially constant regardless of the levels of the display signals input to other picture element electrodes, the
present invention can correct a mutual effect of each primary color (each picture element) in a pixel and an effect between
pixels across a pixel boundary, including the crosstalk for the entire screen, in real time. Particularly, in the liquid crystal
panel with the SHA configuration, higher-quality images can be provided while achieving the high quality with the super
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high aperture ratio.

[0055] Since the circuit capable of eliminating the crosstalk can be constructed with a simple configuration, the LSI
realizing the crosstalk elimination circuit can be highly integrated and improved in processing speed, and costs can be
reduced accordingly. The low consumption of the LSI driving power thus can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS
[0056]

[Fig. 1] Fig. 1 is a diagram for describing one embodiment of a crosstalk elimination circuit according to the present
invention.

[Fig. 2] Fig. 2 is a diagram for describing a configuration example of a pixel and an effect of crosstalk in this case.
[Fig. 3] Fig. 3 is a diagram for describing one configuration example of an LUT applied to the present invention.
[Fig. 4] Fig. 4 is a diagram for describing another configuration example of the LUT applied to the present invention.
[Fig. 5] Fig. 5 shows an example of a graph when the horizontal axis is self picture element levels and the vertical
axis is correction values.

[Fig. 6] Fig. 6 shows an example of a graph when the horizontal axis is adjacent picture element levels and the
vertical axis is correction values.

[Fig. 7] Fig. 7 shows a relevant configuration for describing a process considering a next adjacent picture element.
[Fig. 8] Fig. 8 is a diagram for describing another embodiment of the crosstalk elimination circuit according to the
present invention.

[Fig. 9] Fig. 9 is a diagram for describing another embodiment of the crosstalk elimination circuit according to the
present invention.

[Fig. 10] Fig. 10 is a diagram for describing another embodiment of the crosstalk elimination circuit according to the
present invention.

[Fig. 11] Fig. 11 shows levels of a color difference AE and general degrees of the visual sense.

[Fig. 12] Fig. 12 is a diagram for describing a configuration example of a picture element electrode in a TFT liquid
crystal panel using the SHA technology.

[Fig. 13] Fig. 13 shows spectral characteristics of a general color filter.

PREFERRED EMBODIMENTS OF THE INVENTION

[0057] As described above, with regard to crosstalk, a picture element affecting a target picture element is a picture
element having a source line coupled capacitively to the target picture element among picture elements adjacent to the
target picture element and, therefore, a correction value is extracted by an LUT (look-up table) at least in consideration
of this adjacent picture element to correct a display signal to be input to the target picture element with the correction
value. Such a process can compensate the effect of the crosstalk to display higher-quality images.

[0058] Fig. 1 is a diagram for describing one embodiment of a crosstalk elimination circuit according to the present
invention and shows a block diagram of relevant parts of a liquid crystal display apparatus.

As shown in Fig. 1, the liquid crystal display apparatus of the embodiment is provided with the crosstalk elimination
circuit, which is an adjacent picture element acquisition circuit 1 that acquires a display signal of an adjacent picture
element for each correction target picture element to correct RGB display signals and LUTs 2 that output a correction
signal correcting the display signal of each correction target picture element with the use of the display signal of the
adjacent picture element acquired by the adjacent picture element acquisition circuit 1.

[0059] The LUT 2 is formed such that a correction signal for correcting an effect of a display signal input to another
adjacent picture element electrode can be output for a display signal input to one picture element electrode so as to
eliminate the above-mentioned crosstalk. A specific example of the LUT 2 will be described later.

[0060] The correction signal output from the LUT2 is added to and corrects the display signal of each picture element
and the corrected display signal of each picture element is input to a timing controlling unit (TC) 3. The timing controlling
unit 3 outputs the display signal to a source driver 4 depending on a vertical and horizontal synchronization signal S
applied externally and outputs a scan signal for scanning the TFT to a gate driver 5.

[0061] A TFT-LCD 6 has a configuration shown in Fig. 12, is disposed with a source line 13 for transmitting the display
signal output from the source driver 4 and a gate line 14 for transmitting the scan signal output from the gate driver 5,
and is connected to a picture element electrode 11.

[0062] The action of the LUT according to the present embodiment will hereinafter be described specifically. Fig. 2 is
a diagram for describing a configuration example of a pixel and an effect of crosstalk in this case. As described above,
the crosstalk is a phenomenon that the self picture element is affected by a lighting state of the adjacent picture element
on the side of capacity coupling due to a parasitic capacitance 15 and outputs a gradation different from that in the

11



10

15

20

25

30

35

40

45

50

55

EP 1768 095 A1

normal case. For example, in the case of a stripe-type picture element configuration shown in Fig. 2, a gradation is
changed in an R picture element (R sub-pixel) of the self pixel by an effect of an adjacent G picture element. Similarly,
the G picture element is affected by a B picture element and the B picture element is affected by an R’ picture element
of the adjacent pixel.

[0063] To correct the effects, as shown in Fig. 1, the LUT 2 corrects the level of the R output display signal from the
levels of the R and G input display signals, also corrects the level of the G output display signal from the levels of the
G and B input display signals, and corrects the level of the B output display signal from the levels of the B and R’ input
display signals.

[0064] Fig. 3 is a diagram of one configuration example of the LUT applied to the present embodiment. When the
effect of the crosstalk is corrected, a correction value is fluctuated by the levels of the input display signals to the self
picture element (picture element to be corrected, i . e. , target picture element) and the adjacent picture element thereof.
Therefore, to determine the correction value, a two-dimensional LUT is used to perform address reference using the
display signal level corresponding to the self picture element and the display signal level corresponding to the adjacent
picture element thereof.

[0065] For example, if the display signal for each picture element is processed by 8 bits (256 gradations), an LUT
shown in Fig. 3 is created. For example, in the example shown in Fig. 3, if an input level of a display signal to a self
picture element R is "4" and an input level of a display signal to an adjacent picture element G is "4", the correction value
"-2" is obtained from the LUT. The obtained correction value "-2" is added to the R input level and the result is used as
the output level of the R display signal. The R display signal corrected by the correction value output from the LUT is
supplied to the picture element electrode of the self picture element via the timing controlling unit 3.

[0066] The LUT is disposed independently for each primary color of RGB and a different correction value can be set
for each primary color of RGB. The correction value of each LUT is created in advance based on optical measurement
results of the liquid crystal panel. The correction process is performed for each picture element sequentially from a
picture element corresponding to the edge of the display screen and the corrected display signal is output and input to
the timing controlling unit.

The LUT for each primary color may be provided in the liquid crystal display apparatus or any peripheral units and, for
example, a storage means storing the LUT can be a semiconductor memory such as a ROM and a RAM.

[0067] A positional relationship of the picture element electrode and the TFT changes the orientation of the picture
element arrangement affected by the crosstalk. As shown in Fig. 12, when a TFT 12 is disposed on the source line 13
to the left of the picture element electrode 11, the target picture element (self picture element) is affected by the crosstalk
from the right picture element and, contrary, when the TFT 12 is disposed on the source line 13 to the right of the picture
element electrode, the target picture element is affected by the crosstalk from the left picture element. For such various
picture element arrangement patterns, all the patterns can be accommodated by switching the wiring of the adjacent
picture element acquisition circuit 1

[0068] Fig. 4 is adiagram for describing another configuration example of the LUT applied to the present embodiment.
The LUT shown in Fig. 4 can correct the display signal practically at a higher speed by reducing a circuit scale and
streamlining the process.

[0069] Although the levels of the display signals to the self picture element and the adjacent picture element are set
at one-level intervals to define 256 stages (=8bits) in the example of Fig. 3, the two-dimensional LUT is formed by setting
the level of the display signal to the self picture element at four-level intervals (64 stages = 6 bits) and setting the level
of the display signal to the adjacent picture element at eight-level intervals (32 stages = 5 bits) as shown in Fig. 4, for
example. By roughly establishing the signal level intervals for setting the correction value data in the LUT, the circuit
scale is reduced to construct the simplified LUT.

That is, the LUT with the reduced circuit scale can be constructed by roughly establishing the signal level intervals for
setting the correction value data in the LUT by a predetermined level width relative to a level width that may be achieved
by the level of the display signal to each picture element (in this case, 256 stages = 8 bits).

[0070] When using the LUT with the roughly set level values as described above, the correction accuracy is expected
to be reduced as compared to the LUT of Fig. 3. The correction can be performed more accurately by linearly interpolating
the correction value between the roughly set levels to prevent such reduction of the correction accuracy. For example,
in the example of the LUT shown in Fig. 4, the display signal level of the self picture element is setto 0, 4, 8, 12 ... 248,
252, 256 at four-level intervals and the display signal level of the adjacent picture element is set to 0, 8, 16, 24 ... 248,
256 at eight-level intervals.

[0071] If actual input display signal levels are (self picture element, adjacent picture element)=(10, 18), since "10" is
the signal level to the self picture element, "8" and "12" of the self picture element are selected as the levels for the
interpolation, and since "18" is the actual signal level to the adjacent picture element, "16" and "24" of the adjacent
picture element are selected as the levels for the interpolation. As a result, four numeric values "7", "8", "9", and "10"
(numeric values in a shaded region A of Fig. 4) are extracted from the LUT for the linear interpolation.

[0072] First, the linear interpolation is performed in a transverse direction (horizontal direction) of the LUT. A level
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"7.5" is calculated by the linear interpolation from the adjacent picture element levels "7" and "9" corresponding to the
self picture element level "8", and a level "8.5" is calculated by the linear interpolation from the adjacent picture element
levels "8" and "10" corresponding to the self picture element level "12".

The linear interpolation is then performed in a longitudinal direction (vertical direction) of the LUT. Alevel "8.0" is calculated
by the linear interpolation from the levels "7.5" and "8.5" obtained from the linear interpolation in the transverse direction
(horizontal direction) and this value is used for the correction value.

[0073] By using at least a 10-bit signal as the internal signal of the crosstalk elimination circuit instead of the 8-bit
signal as described above, a value of a fractional part of the linear interpolation is reflected and the correction can be
performed more accurately.

(Interpolating Method at End of LUT)

[0074] When assuming that the LUT shown in Fig. 4 is hardware, the LUT can be realized by addresses of 6 bits for
the self picture element X 5bits for the adjacent picture element. However, when the self picture element is 6-bit address,
only 64 stages of the correction value can be stored in the LUT, and if the levels are established from the level "0" at
four-level intervals such as (0, 4, 8 ... 252), the interpolation cannot be performed between the endmost levels "252"
and "255" .

[0075] Similarly, when the adjacent picture element is 5-bit address, only 32 stages of the correction value can be
stored in the LUT, and if the levels are established from the level "0" at eight-level intervals such as (0, 8, 16 ... 248),
the interpolation cannot be performed between the endmost levels "248" and "255".

[0076] Therefore, in this embodiment, if the level of the input signal of the self picture element is less than "4" or if the
level of the input signal of the adjacent picture element is less than "8", the interpolation is performed with a fixed
correction value "0".

This corresponds to a portion of a shaded region B of Fig. 4, and since the portion of the region B is not formed in the
LUT, the LUT can be formed by establishing up to the endmost level 256 with 64 stages (=6-bit).

[0077] Inthe above case, since the input level "0" of the adjacent picture element is used as a reference level of the
correction, the correction value is "0" when the input level of the adjacent picture element is "0". Therefore, a column B,
in the region B shown in Fig. 4 may not be formed in the LUT. On the other hand, if the input level "255" of the adjacent
picture element is used as a reference level of the correction, the correction values corresponding to the adjacent picture
element input level of "255" become "0" on the right edge of Fig. 4, and this column is not created in the LUT.

[0078] If the input level of the self picture element is "0", the crosstalk is not generated regardless of the input level of
the adjacent picture element. This is because liquid crystal molecules are completely laid down and are not affected by
the operation of the adjacent picture element when the input level of the self picture element is "0" in a normally black
liquid crystal panel. Therefore, if the input level of the self picture element is "0", the correction value is always "0".
Therefore, a row B, in the region B shown in Fig. 4 may not be formed in the LUT.

[0079] That is, the LUT in this case is created with an omitted region where the correction value is zero which is
extracted by using the level of the correction target picture element and the level of the adjacent picture element, and if
thelinearinterpolation is performed between the level with the correction value of zero and the level established adjacently,
the linear interpolation is performed between the adjacent level and the fixed correction value of zero determined in
advance to extract the target correction value.

(Proportion of Self Picture Element/Adjacent Picture Element Addresses of LUT)

[0080] The LUT must be formed with the capacity thereof made as small as possible while retaining the correction
accuracy. Fig. 5 shows an example of a graph when the horizontal axis is the self picture element levels and the vertical
axis is the correction values. As shown in Fig. 5, the graph with the horizontal axis of the self picture element levels is
a curved line with the greater rate of change in the correction value relative to change in the input signal level and many
inflection points. Therefore, finer levels must be established for setting the correction values in the LUT to ensure the
correction accuracy.

[0081] Fig. 6 shows an example of a graph when the horizontal axis is the adjacent picture element levels and the
vertical axis is the correction values. As compared to Fig. 5, the graph with the horizontal axis of the adjacent picture
element levels is a curved line with the smaller rate of change in the correction value relative to change in the input
signal level and less inflection points. Therefore, the levels for setting the correction values in the LUT may not be so
finely established.

[0082] As a result, with regard to the levels for setting the correction values in the LUT, the levels of the self picture
element can be defined finely and the levels of the adjacent picture element can be defined relatively roughly. In the
embodiment, the level of the self picture element is established by 64 stages and the level of the adjacent picture element
is established by 32 stages to form the LUT. Although the setting of the levels must be changed in this LUT based on

13



10

15

20

25

30

35

40

45

50

55

EP 1768 095 A1

the measurement result of the crosstalk, the change in this case can be suitable performed only by changing an access
mode without changing the size of the LUT such as 128 <X 16(7 x4 bits), 32XxX64(5x6 bits), etc.

(Two-Stage Configuration of LUT)

[0083] Strictly speaking, in the crosstalk correction, the self picture element must be corrected based on the result of
the correction of the adjacent picture element, and the adjacent picture element must be corrected based on the result
of the correction of the next adjacent picture element. That is, if the crosstalk flows from right to left in the horizontal
direction of the screen, the crosstalk must be corrected sequentially from the rightmost picture element on the screen
in a relay mode. However, a real time process is difficult and is not practical in this method.

[0084] Therefore, to perform practical correction with good accuracy, the LUT can be constituted by two stages to use
a configuration that corrects the input signal of the adjacent picture element based on the input signal of the next adjacent
picture element to correct the input signal of the self picture element based on this result.

For example, it is assumed that (RGB)=(64, 64, 255) is input. This is a pattern that causes the greatest change in the
G level. Therefore, the G level is corrected first. Fig. 7 is a diagram describing the relevant portion of the LUT. In this
case, when the self picture element is a G picture element, since the input level of the self picture element (G) is "64"
and the input level of the adjacent picture element (B) is "255", the correction value is "-21" from the LUT of Fig. 7. The
G input level of "64" is corrected with this correction value of "-21" to obtain the corrected G level of "43".

[0085] The corrected picture element G is defined as the adjacent picture element and the self picture element is
defined as an R picture element to correct the R level. The input level of the self picture element R is "64" in this case
and the correction value of "-7" is obtained from the corrected level of "43" of the adjacent picture element G. The input
level of "64" of the self picture element R is corrected with the obtained correction value of "-7" to obtain the corrected
R level of "57".

[0086] For example, if the single-stage correction is performed for the input level of "64" of the self picture element
R with the use of the input level of "64" of the adjacent picture element G without considering the next adjacent picture
element as described above, the correction value is "-8", which is slightly different from the correction value of "-7" in
the case of considering the next adjacent picture element as described above. Therefore, by performing the two-stage
correction in consideration of the next adjacent picture element, the more accurate correction can be performed as
compared to the single-stage correction.

Although the B level is corrected with the use of the input level of a picture element located further to the right of the B
picture element in the case of the relay mode, this correction result does not affect the correction result of the R picture
element and the relay mode does not have to be used.

(Simplification of Two-Stage Configuration)

[0087] To realize the two-stage correction in consideration of the next adjacent picture element as described above,
a doubled LUT is needed as compared to the single-stage correction, which generates a negative effect, which is an
increased circuit scale. Therefore, the LUT on the first stage (LUT for correcting the adjacent picture element) is simplified.
For example, the second stage is the LUT of 64x32 (6x5 bits) and the first stage is the LUT of 32x16 (5x4 bits). That s,
the signal levelintervals for setting the correction value data in the adjacent picture element correction LUT are established
more roughly than the signal level intervals for setting the correction value data in the LUT for correcting the correction
target picture element.

Although the self picture element can be corrected based on the correction result of the adjacent picture element when
the two-stage correction is used, the correction result of the adjacent picture element does not have to be strict on this
occasion and, therefore, the LUT on the first stage (LUT for correcting the adjacent picture element) can be simplified.
A difference with the case of not simplifying the first stage is a negligible value.

[0088] Fig. 8isadiagram for describing another embodiment of the crosstalk elimination circuit of the presentinvention
for realizing the LUT with the two-stage configuration as described above and shows a block diagram of the relevant
portion of the liquid crystal display apparatus. In Fig. 8, the same numerals as Fig. 1 are added to portions with the same
functions as Fig. 1.

[0089] As shown in Fig. 8, to realize the LUT with the two-stage configuration and correct each primary color of RGB,
a first LUT (1stLUT) 21 and a second LUT (2ndLUT) 22 are disposed for each primary color. The first LUT 21 is an
adjacent picture element correction LUT for correcting the display signal (level) to the adjacent picture element adjacent
to the correction target picture element (self picture element) and the second LUT 22 is a correction target picture element
correction LUT for correcting the display signal (level) corresponding to the self picture element with the use of the
display signal (level) corresponding to the adjacent picture element corrected with the correction value output from the
first LUT 21. That is, the second LUT 22 corresponds to the aforementioned LUT 2 with the single-stage configuration.
[0090] For example, to correct the level of the self picture element R, the configuration of Fig. 8 is provided with the
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first LUT 21 for R that is used for acquiring the correction value of the adjacent picture element G from the input levels
of the adjacent picture element G and the next adjacent picture element B and the second LUT 22 for R that is used for
acquiring the correction value of the self picture element R from the level of the adjacent picture element G corrected
with the correction value extracted by the first LUT 21 for R and the input level of the self picture element R. The correction
value extracted from the second LUT 22 for R is added to the input level of the self picture element R and is supplied
as the corrected R display signal through the timing controlling unit 3 to the picture element electrode of the self picture
element R of the liquid crystal panel.

Each of other colors G, B of RGB is also corrected with the use of the levels of the adjacent picture element and the
next adjacent picture element.

[0091] The present invention can be applied not only to the liquid crystal panel with the picture element configuration
in the stripe arrangement as described above but also the liquid crystal panel with the picture element configuration in
the delta arrangement. If the crosstalk is eliminated between two picture elements as described above, this can be
accommodated only by switching the wiring of the adjacent picture element acquisition circuit 1. If the effect of the
crosstalk is generated among three picture elements, the present invention can be realized by forming the LUT in a
three-stage configuration, etc.

[0092] As described above, the crosstalk is generated because the quantity of the electric charge applied to the self
picture element is changed by the change in the electric potential of the source line of the self picture element and the
adjacent picture element. Therefore, although the effective voltage of the self picture element must be corrected by
monitoring the change in the electric potential of the source line in one future frame period after the voltage is applied
to the self picture element to be exact, since the change of the source line in the screen is always constant if the input
side is uniform for the entire screen, this can result in a relationship between the self picture element and the adjacent
picture element. For example, when used with TV (television receiver), etc., high-band components of the input image
arefiltered in advance and no practical problem occurs when considering that a screen (around the target picture element)
is substantially uniform.

[0093] The aforementioned crosstalk elimination circuit focuses on this point and can achieve an effect of the crosstalk
correction with a relatively simple configuration. Although the circuit is an effective correcting means for the image quality
deterioration due to the crosstalk with a picture element located adjacently in the direction perpendicular to the simple
source line of course, if the target liquid crystal panel and the input display signal are high-definition, more accurate
results can be acquired by performing the correction based on the change in the electric potential of the source line.
This correcting method will hereinafter be described.

[0094] A quantity of electric charge written into one picture element electrode is affected by input display signals
supplied to all picture element electrodes on a self source line and an adjacent source line in one future frame period
until the next time the quantity of electric charge is written again.

[0095] Factors causing the aforementioned crosstalk will be modeled. The source line 13 supplying the display signal
to the picture element electrode is referred to as the self source line and the source line 13 supplying the display signal
to another picture element electrode adjacent to the picture element electrode is referred to as the adjacent source line.
The electric potentials written into the self source line and the adjacent source line at time i are defined as VsSELFi and
VsADJi, respectively, and the electric potential stored in the picture element electrode is defined as Vdi. When the
capacity of the picture element electrode is Cpix; the coupling capacity between the self source line and the picture
element electrode is CsdSELF and the coupling capacity between the adjacent source line and the picture element
electrode is CsdADJ, the following equation can represent capacity coupling ratio o, § parameters.

[0096]

[Equation 1]

CsdSELF CsdADJ )
o= p=—— Equation (1)

Cpix Cpix

[0097] If the gate is turned on at time 1 and the picture element electrode stores an electric potential Vd 4, the electric
potential Vdi of the picture element electrode at time i can be represented sequentially as follows. Because of the drive
mode (AC inversion) of the liquid crystal panel, +/represents + or -.

[0098]
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[Equation 2]
Vd,=Vd;-a (VSSELF,-VsSELF;) +/- B (VsSADJ,-VsADJ;)
Vds=Vd,-a (VsSELF3-VsSELF,) +/- B (VsADJ3~-VsADJ,)

=Vd1—a(VsSELE§—VsSELF1)+/—B(VsADJj—VsADJl) .. Equation (2)

Vd;=Vd;-o (VSSELF;-VsSSELF,;) +/- B (VsADJ;-VsADJ; )

[0099] Thatis, when the number of display lines is n in one frame period, the effective voltage of the picture element
electrode is as follows.
[0100]

[Equation 3]

Vrms =

' n
L Vd,? + {Vd; — (VsSELF; — VsSELF,) + |- B(VsADJ; — VsADJ;)}

Jn =
. Equation (3)

[0101] That is, the effective voltage of the picture element electrode is affected and fluctuated by the input display
signals to all the picture elements on the self source line and the adjacent source line in one future frame period after
the electric charge is applied to the picture element electrode until the next time the electric charge is applied again.
Description will hereinafter be made of a means for eliminating such effects.

[0102] Fig. 9 is a diagram for describing another embodiment of the crosstalk elimination circuit according to the
present invention and shows a block diagram of a relevant portion of the liquid crystal display apparatus.

As shown in Fig. 9, the liquid crystal display apparatus of the present embodiment is provided with the crosstalk elimination
circuit, which is a voltage value conversion LUT 23 for converting a digital level to a voltage value, a one-line delay line
memory 24 for delaying an image signal of one line period, a one-frame delay frame memory 25 for delaying an image
signal of one frame period, a self column correction amount storage line memory 26 that stores a self column correction
amount of one frame period, an adjacent column correction amount storage line memory 27 that stores an adjacent
column correction amount, a correction calculation circuit 28, an LUT 29 for extracting the correction amount, and a
digital level conversion LUT 30 that converts a voltage value to a digital level.

[0103] Since voltage values are used when obtaining a correction amount in the crosstalk elimination circuit, the
voltage value conversion LUT 23 converts an input image signal to a voltage value. The voltage value conversion LUT
23 is created based on voltage characteristics specific to the TFT-LCD 6. Since the voltage characteristics are specific
to the TFT-LCD 6, it is desirable that the characteristics can be rewritten externally.

[0104] The line memory 24 for one-line delay is used for acquiring a difference between the voltage value of the picture
element electrode and the voltage value of a lower adjacent picture element electrode in the direction horizontal to the
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source line of the liquid crystal panel. By delaying the input voltage value of the picture element electrode for one line
period, the voltage value can be acquired for the lower adjacent picture element electrode in the direction horizontal to
the source line of the picture element electrode to acquire the difference with the voltage value of the picture element
electrode.

[0105] Since the one-frame delay frame memory 25 must store the input display signals to all the picture elements
arranged in the direction horizontal to the source line of the picture element electrode in one future frame period after
the display signal corresponding to the picture element is input until the next time the display signal is input again, the
one-frame delay frame memory 25 delays the voltage value of the picture element electrode for one frame period and
outputs the voltage value.

[0106] The difference between the voltage value of the picture element electrode and the voltage value of the lower
adjacent picture element electrode in the direction horizontal to the source line of the picture element electrode is
multiplied by each of capacity coupling ratios o, . The capacity coupling ratios o, B are obtained from Equation 1
described above. Since the capacity coupling ratios «, B are specific values of the TFT-LCD 6, it is desirable that the
ratios can be rewritten externally.

[0107] The self column correction amount storage line memory 26 and the adjacent column correction amount storage
line memory 27 are used for storing the voltage values of all the picture element electrodes arranged in the direction
horizontal to the source line of the picture element electrode as well as the voltage values of an adjacent picture element
electrode in the direction vertical to the source line of the picture element electrode and all the picture element electrodes
arranged in the direction horizontal to the source line of the picture element electrode for one future frame period. That
is, the difference between the voltage value of the picture element electrode and the voltage value of the lower adjacent
picture element electrode in the direction horizontal to the source line of the picture element electrode is multiplied by
each of the capacity coupling ratios o, § and added and accumulated into the self column correction amount storage
line memory 26 and the adjacent column correction amount storage line memory 27.

[0108] Since the value must be subtracted which is added one frame period before correspondingly to the picture
element, the correction amount of one frame period before is calculated again with the use of the voltage value of the
picture element electrode delayed for one frame period by the one-frame delay frame memory 25, is subtracted from
the correction amount of the picture element, and is then accumulated in each correction amount storage line memory
26, 27.

[0109] The correction calculation circuit 28 corrects the voltage value applied to the picture element electrode based
on the values stored in the self column correction amount storage line memory 26 and the adjacent column correction
amount storage line memory 27 and the voltage value of the picture element electrode delayed for one frame period by
the one-frame delay frame memory 25. The correction is performed by using Equation 3 described above in this correction
calculation. Alternatively, the correction value can be extracted with the use of the correction LUT 29 to correct the
picture element signal. Since the correction value of the correction LUT 29 is specific to the TFT-LCD 6, it is desirable
that the values can be rewritten externally.

[0110] The digital level conversion LUT 30 converts again the voltage value corrected by the correction calculation
circuit 28 into a digital level, which is output as a digital image signal to the subsequent stage. The digital level conversion
LUT 30 is created based on voltage characteristics specific to the TFT-LCD 6. Since the voltage characteristics are
specific to the TFT-LCD 6, it is desirable that the characteristics can be rewritten externally.

The aforementioned LUTs 23, 29, 30 can be realized easily with RAMs and ROMs.

[0111] The signal corrected by the crosstalk elimination circuit with the above configuration is input to the timing
controlling unit (TC) 3, and the timing controlling unit 3 outputs the display signal to the source driver 4 depending on
the vertical and horizontal synchronization signal S applied externally and outputs the scan signal for scanning the TFT
to the gate driver 5. Since the liquid crystal panel is driven by the source driver 4 and the gate driver 5, the above
configuration can correct the crosstalk generated in the direction horizontal to the source line, i.e., the crosstalk generated
in the vertical direction of the screen and can display high-definition images.

[0112] In the aforementioned embodiment, the crosstalk of the picture element electrode generated by the effects
from the source line of the picture element electrode and the adjacent source line can be eliminated almost accurately
by correcting the display signal of the picture element electrode with the use of display signals input to picture element
electrodes arranged along the source line of the picture element electrode and display signals input to picture element
electrodes arranged along the adjacent source line parallel to the source line during one future frame period after the
display signal is input to the picture element electrode until the next time the display signal is input again.

[0113] Although description has been made of eliminating the crosstalk generated when the capacity coupling exists
among the source line of the picture element electrode, the adjacent source line, and the picture element electrode in
the aforementioned embodiment, for example, if the capacity coupling with the adjacent source line does not exist, the
crosstalk of the picture element electrode generated by the effect from the source line of the picture element electrode
can be eliminated by correcting the display signal of the picture element electrode with the use of display signals input
to the picture element electrodes arranged along the source line of the picture element electrode and the display signal

17



10

15

20

25

30

35

40

45

50

55

EP 1768 095 A1

input to the picture element electrode only.

[0114] During one future frame period after the display signal is input to the picture element electrode until the next
time the display signal is input again, an effect may be exerted from the display signals input to the picture element
electrodes of the entire screen due to factors such as electrode wiring. In this case, the crosstalk generated by the effects
from other picture elements in the entire screen can be eliminated by correcting the display signal input to the picture
element electrode with the use of all the data for each picture element column stored in the correction amount storage
line memories 26, 27 of the aforementioned embodiment.

[0115] Fig. 10 is a diagram for describing another embodiment simplifying the above configuration of the crosstalk
elimination circuit and shows a block diagram of a relevant portion of the liquid crystal display apparatus. In Fig. 10, the
same numerals as Fig. 9 are added to portions with the same functions as Fig. 9. This embodiment can reduce the
capacity of the circuit scale without using the one frame delay frame memory. Description will hereinafter be made of
the embodiment of the simplified crosstalk elimination circuit according to the present invention.

[0116] As shown in Fig. 10, the liquid crystal display apparatus according to the embodiment is provided with the
crosstalk elimination circuit, which is the voltage value conversion LUT 23 for converting a digital level to a voltage value,
the one-line delay line memory 24 for delaying an image signal of one line period, a self column summation circuit 31
that calculates a self column correction amount of one frame period, an adjacent column summation circuit 32 that
calculates an adjacent column correction amount of one frame period, the self column correction amount storage line
memory 26 that stores a self column correction amount of one frame period, the adjacent column correction amount
storage line memory 27 that stores an adjacent column correction amount, the correction calculation circuit 28, the LUT
29 for extracting the correction amount, and the digital level conversion LUT 30 that converts a voltage value to a digital
level.

[0117] Since voltage values are used when obtaining a correction amount in the crosstalk elimination circuit, the
voltage value conversion LUT 23 converts an input image signal to a voltage value. The voltage value conversion LUT
23 is created based on voltage characteristics specific to the TFT-LCD 6. Since the voltage characteristics are specific
to the TFT-LCD 6, it is desirable that the characteristics can be rewritten externally.

[0118] The line memory 24 for one-line delay is used for acquiring a difference between the voltage value of the picture
element electrode and the voltage value of a lower adjacent picture element electrode in the direction horizontal to the
source line of the liquid crystal panel. By delaying the input voltage value of the picture element electrode for one line
period, the voltage value can be acquired for the lower adjacent picture element electrode in the direction horizontal to
the source line of the picture element electrode to acquire the difference with the voltage value of the picture element
electrode.

[0119] The difference between the voltage value of the picture element electrode and the voltage value of the lower
adjacent picture element electrode in the direction horizontal to the source line of the picture element electrode is
multiplied by each of capacity coupling ratios o, B. The capacity coupling ratios o, B are obtained from Equation 1
described above. Since the capacity coupling ratios o, § are specific values of the TFT-LCD 6, it is desirable that the
ratios can be changed externally.

[0120] The self column summation circuit 31 and the adjacent column summation circuit 32 are used for storing the
voltage values of all the picture element electrodes arranged in the direction horizontal to the source line of the picture
element electrode as well as the voltage values of an adjacent picture element electrode in the direction vertical to the
source line of the picture element electrode and all the picture element electrodes arranged in the direction horizontal
to the source line of the adjacent picture element electrode for one future frame period. That is, the difference between
the voltage value of the picture element electrode and the voltage value of the lower adjacent picture element electrode
in the direction horizontal to the source line of the picture element electrode is multiplied by each of the capacity coupling
ratios o, B and added and accumulated into the self column summation circuit 31 and the adjacent column summation
circuit 32.

[0121] The voltage values accumulated for one frame in the self column summation circuit 31 and the adjacent column
summation circuit 32 are transferred to the self column correction amount storage line memory 26 and the adjacent
column correction amount storage line memory 27 in accordance with the next frame display start timing (vertical syn-
chronization signal).

[0122] The self column correction amount storage line memory 26 and the adjacent column correction amount storage
line memory 27 retain the voltage values transferred from the self column summation circuit 31 and the adjacent column
summation circuit 32 for one frame period and transfer the voltage value corresponding to the input display signal to the
correction calculation circuit 28.

[0123] The correction calculation circuit 28 corrects the voltage value applied to the picture element electrode based
on the values retained in the self column correction amount storage line memory 26 and the adjacent column correction
amount storage line memory 27 and the voltage value of the picture element electrode delayed for one line period by
the one-line delay line memory 24. The correction is performed by using Equation 3 described above in this correction
calculation. Alternatively, the correction value can be extracted with the use of the correction LUT 29 to correct the
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picture element. Since the correction value of the correction LUT 29 is specific to the TFT-LCD 6, it is desirable that the
values can be rewritten externally.

[0124] The digital level conversion LUT 30 converts again the voltage value corrected by the correction calculation
circuit 28 into a digital level, which is output as a digital image signal to the subsequent stage. The digital level conversion
LUT 30 is created based on voltage characteristics specific to the TFT-LCD 6. Since the voltage characteristics are
specific to the TFT-LCD 6, it is desirable that the characteristics can be rewritten externally.

The aforementioned LUTs 23, 29, 30 can be realized easily with RAMs and ROMs.

[0125] The signal corrected by the simplified crosstalk elimination circuit with the above configuration is input to the
timing controlling unit (TC) 3, and the timing controlling unit 3 outputs the display signal to the source driver 4 depending
on the vertical and horizontal synchronization signal S applied externally and outputs the scan signal for scanning the
TFT to the gate driver 5. Since the liquid crystal panel is driven by the source driver 4 and the gate driver 5, the above
configuration can correct the crosstalk generated in the direction horizontal to the source ling, i.e., the crosstalk generated
in the vertical direction of the screen and can display high-definition images.

[0126] Although the crosstalk cannot be completely corrected by the aforementioned simplified crosstalk elimination
circuit, for example, when used with TV (television receiver), etc., high-band components of the input image are filtered
in advance; no problem occurs when considering that an entire screen is substantially uniform; a difference of image
signals is small between frames (inter-frame correlation is high); especially, sensitivity to color difference is low in the
characteristics of the human visual sense; and, therefore, no practical problem occurs. The simplified crosstalk elimination
circuit focuses on this point and can achieve the effect of the correction using the configuration with the circuit scale
reduced.

[0127] In the aforementioned embodiment, the crosstalk of the picture element electrode generated by the effects
from the source line of the picture element electrode and the adjacent source line can be eliminated almost accurately
by correcting the display signal of the picture element electrode with the use of display signals input to the picture element
electrodes arranged along the source line of the picture element electrode and display signals input to the picture element
electrodes arranged along the adjacent source line parallel to the source line during one past frame period until the
display signal is input to the picture element electrode.

[0128] Although description has been made of eliminating the crosstalk generated when the capacity coupling exists
among the source line of the picture element electrode, the adjacent source line, and the picture element electrode in
the aforementioned embodiment, for example, if the capacity coupling with the adjacent source line does not exist, the
crosstalk of the picture element electrode generated by the effect from the source line of the picture element electrode
can be eliminated almost accurately by correcting the display signal of the picture element electrode with the use of the
display signals input to the picture element electrodes arranged along the source line of the picture element electrode
and the display signal input to the picture element electrode only.

[0129] During one future frame period after the display signal is input to the picture element electrode until the next
time the display signal is input again, an effect may be exerted from the display signals input to the picture element
electrodes of the entire screen due to factors such as electrode wiring. In this case, the crosstalk of the picture element
electrode generated by the effects from other picture elements in the entire screen can be eliminated almost accurately
by correcting the display signal input to the picture element electrode with the use of all the data for each picture element
column stored in the correction amount storage line memories 26, 27 of the aforementioned embodiment.

[0130] Description will be made of an optical measuring method when the LUT 2 and the correction LUT 29 are created
according to the embodiment of the present invention described above. Assuming that Wm, Rm, Gm, and Bm are white,
red, green, and blue display luminance, respectively, due to the picture element display signal at a predetermined level
m for each primary color, Wm=Rm+Gm+Bm is considered to be ideal. However, since the aforementioned crosstalk is
generated, Wm=Rm+Gm+Bm is not achieved. Similarly, assuming that RmGn is display luminance due to the picture
element display signal at predetermined levels m, n for red and green picture elements, RmGn=Rm+Gn is not achieved.
[0131] In the optical measurement for creating the LUT, two colors of RGB are used. For example, the correction
value is determined based on the optical measurement of the display luminance, for example, by turning on the adjacent
red and green picture elements at the same time and changing each of the predetermined levels m, n. Assuming that
Hr and Hg are correction values for the predetermined levels of the red and green picture elements, the correction values
Hr and Hg are extracted such that R(m+Hr)G(n+Hg)=Rm+Gn is satisfied. Similarly, the same optical measurement is
performed for the green and blue picture elements and the blue and red picture elements.

[0132] Asdescribed above, the crosstalk includes the electric crosstalk and the optical crosstalk. The electric crosstalk
occurs in the vertical and horizontal directions between the adjacent picture elements since a parasitic capacity exists
between the bus electrode and the picture element electrode. Since the optical crosstalk is light leakage due to a
difference between spectral wavelength characteristics of the color filter and backlight, the optical crosstalk occurs in
the horizontal, vertical, and oblique directions. Therefore, the crosstalk elimination circuit of the present invention can
eliminate not only the electric crosstalk but also the optical crosstalk by creating the LUT additionally considering the
light leakage of the color filter, etc., from the optical measurement result described above. Therefore, the crosstalk
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elimination circuit of the present invention can eliminate all types of the crosstalk generated in the vertical, horizontal,
and oblique directions of the screen.

[0133] In the above description, other picture element electrodes arranged in the direction horizontal to the source
line of the picture element electrode are picture element electrodes disposed along the source line connected to the
picture element electrode. The picture element electrodes arranged adjacently in the direction vertical to the source line
of the picture element electrode are picture element electrodes disposed along the gate line connected to the picture
element electrode.

[0134] In the above description, it is detailed that the present invention performs the correction such that the display
luminance of the picture element electrode becomes substantially constant. It is well-known fact at the time of filing of
the present application that the human visual sense has color tolerance, and the substantial constancy in this case
indicates a degree or range when an observer sufficiently recognizes color as an actual color. For example, Fig. 11
shows levels of a color difference AE and general degrees of the visual sense, and the substantial constancy corresponds
to a range that can be handled as the same colors at an impression level of Fig. 11, i.e., a level when the color difference
is 6.5 or less.

Claims

1. A crosstalk elimination circuit that corrects a display signal input to each of a plurality of picture element electrodes
provided in a liquid crystal panel to eliminate crosstalk of a liquid crystal display apparatus using the liquid crystal
panel, the circuit including an LUT that inputs a display signal of an image to be displayed to output a correction
signal for correcting the display signal, the crosstalk elimination circuit using the correction signal output from the
LUT to correct a display signal input to each of the picture element electrodes.

2. The crosstalk elimination circuit as defined in claim 1, wherein correction value data are acquired from the LUT with
the use of the display signal of a correction target picture element and a display signal of an adjacent picture element
affecting the correction target picture element to generate the crosstalk and wherein the acquired correction value
data are output as the correction signal.

3. Thecrosstalk elimination circuit as defined in claim 2, wherein the adjacent picture element is another picture element
coupled capacitively to a picture element electrode for driving the liquid crystal of the correction target picture element.

4. The crosstalk elimination circuit as defined in claim 3, wherein the LUT is disposed for each primary color of RGB
to enable individual setup of the correction value of the LUT for each color.

5. The crosstalk elimination circuit as defined in any one of claims 2 to 4, wherein signal level intervals for setting the
correction value data in the LUT are established roughly by a predetermined level width relative to a level width that
may be achieved by the signal level of the display signal input to each picture element electrode.

6. The crosstalk elimination circuit as defined in claim 5, wherein when extracting from the LUT the correction value
data corresponding to the signal level between the signal levels with the correction value data set, the target correction
value data are extracted by performing linear interpolation between the signal levels.

7. The crosstalk elimination circuit as defined in claim 6, wherein when the LUT is created by omitting regions where
the correction value data are zero which are extracted with the use of the signal level of the correction target picture
element and the signal level of the adjacent picture element and when the linear interpolation is performed between
a signal level having the correction value data of zero and a signal level set adjacently to the signal level, the target
correction value data are extracted by performing the linear interpolation between the correction value data of the
adjacently set signal level and fixed correction value data 0 defined in advance.

8. The crosstalk elimination circuit as defined in any one of claims 5 to 7, wherein the signal level intervals for setting
the correction value data in the LUT are established with finer intervals of the signal levels of the correction target
picture element as compared to the signal levels of the adjacent picture element.

9. The crosstalk elimination circuit as defined in any one of claims 2 to 8, further including an adjacent picture element
correction LUT for correcting the display signal of the adjacent picture element adjacent to the correction target
picture element, wherein the adjacent picture element correction LUT uses a display signal of a next adjacent picture
element adjacent to the adjacent picture element and affecting the adjacent picture element to generate crosstalk
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and the display signal of the adjacent picture element to extract correction value data of the adjacent picture element,
which are output as an adjacent picture element correction signal, and wherein the LUT for correcting the correction
target picture element inputs the display signal of the adjacent picture element corrected with the use of the signal
output from the adjacent picture element correction LUT and the display signal of the correction target picture element
to extract the correction data of the correction target picture element.

The crosstalk elimination circuit as defined in claim 9, wherein signal level intervals for setting the correction value
data in the adjacent picture element correction LUT are established more roughly than the signal level intervals for
setting the correction value data in the LUT for correcting the correction target picture element.

Aliquid crystal display apparatus provided with the crosstalk elimination circuit as defined in any one of claims 1 to 10.

Aliquid crystal display apparatus that uses an active matrix type liquid crystal panel with a plurality of picture element
electrodes formed in a matrix shape to display color images by applying voltages to the picture element electrodes
and by retaining this electric charge for one frame period, the apparatus comprising a correcting means that corrects
a display signal input to each picture element electrode, the correcting means correcting the display signal to be
input to the picture element electrode such that display luminance of the picture element electrode becomes sub-
stantially constant regardless of display signals input to other picture element electrodes during one future frame
period after the display signal is input to the picture element electrode until the next time the display signal is input
again.

The liquid crystal display apparatus as defined in claim 12, wherein the correcting means generates a correction
signal for the display signal to be input to the picture element electrode with the use of the display signals to be input
to other picture element electrodes and the display signal to be input to the picture element electrode during one
future frame period from the timing when the display signal should be input to the picture element electrode to the
timing when the next display signal should be input again.

A liquid crystal display apparatus that uses an active matrix type liquid crystal panel with a plurality of picture element
electrodes formed in a matrix shape to display color images by applying voltages to the picture element electrodes
and by retaining this electric charge for one frame period, the apparatus comprising a correcting means that corrects
a display signal input to each picture element electrode, the correcting means correcting the display signal to be
input to the picture element electrode such that the display luminance of the picture element electrode becomes
substantially constant regardless of the display signals input to other picture element electrodes during one past
frame period until the display signal is input to the picture element electrode.

The liquid crystal display apparatus as defined in claim 14, wherein the correcting means generates a correction
signal for the display signal to be input to the picture element electrode with the use of the display signals input to
other picture element electrodes and the display signal to be input to the picture element electrode during one past
frame period until the timing when the display signal should be input to the picture element electrode.

A liquid crystal display apparatus that uses an active matrix type liquid crystal panel with a plurality of picture element
electrodes formed in a matrix shape to display color images by applying voltages to the picture element electrodes
and by retaining this electric charge for one frame period, the apparatus comprising a correcting means that corrects
a display signal input to each picture element electrode, the correcting means correcting in advance the display
signal to be input to the picture element electrode such that the display luminance of the picture element electrode
becomes substantially constant regardless of the display signals input to other picture element electrodes arranged
along the source line of the picture element electrode.

The liquid crystal display apparatus as defined in claim 16, wherein the correcting means generates a correction
signal for the display signal to be input to the picture element electrode with the use of the display signals to be input
to other picture element electrodes arranged along the source line of the picture element electrode and the display
signal to be input to the picture element electrode.

The liquid crystal display apparatus as defined in claim 16, wherein the correcting means generates a correction
signal for the display signal to be input to the picture element electrode with the use of the display signals to be input
to other picture element electrodes arranged along the source line of the picture element electrode, the display
signals to be input to other picture element electrodes arranged along the source line of the adjacent picture element
electrode adjacent to the source line of the picture element electrode in the vertical direction, and the display signal
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to be input to the picture element electrode.

The liquid crystal display apparatus as defined in claim 12, wherein the correcting means generates a correction
signal for the display signal to be input to the picture element electrode with the use of the display signals to be input
to other picture element electrodes arranged along the source line of the picture element electrode and the display
signal to be input to the picture element electrode during one future frame period from the timing when the display
signal should be input to the picture element electrode to the timing when the next display signal should be input again.

The liquid crystal display apparatus as defined in claim 14, wherein the correcting means generates a correction
signal for the display signal to be input to the picture element electrode with the use of the display signals input to
other picture element electrodes arranged along the source line of the picture element electrode and the display
signal to be input to the picture element electrode during one past frame period until the timing when the display
signal should be input to the picture element electrode.

A crosstalk elimination circuit of a liquid crystal display apparatus that uses an active matrix type liquid crystal panel
with a plurality of picture element electrodes formed in a matrix shape to display color images by applying voltages
to the picture element electrodes and by retaining this electric charge for one frame period, the crosstalk elimination
circuit comprising a correcting means that corrects a display signal input to each picture element electrode, the
correcting means correcting the display signal to be input to the picture element electrode such that the display
luminance of the picture element electrode becomes substantially constant regardless of the display signals input
to other picture element electrodes during one future frame period after the display signal is input to the picture
element electrode until the next time the display signal is input again.

A crosstalk elimination circuit of a liquid crystal display apparatus that uses an active matrix type liquid crystal panel
with a plurality of picture element electrodes formed in a matrix shape to display color images by applying voltages
to the picture element electrodes and by retaining this electric charge for one frame period, the crosstalk elimination
circuit comprising a correcting means that corrects a display signal input to each picture element electrode, the
correcting means correcting the display signal to be input to the picture element electrode such that the display
luminance of the picture element electrode becomes substantially constant regardless of the display signals input
to other picture element electrodes during one past frame period until the display signal is input to the picture element
electrode.

A crosstalk elimination circuit of a liquid crystal display apparatus that uses an active matrix type liquid crystal panel
with a plurality of picture element electrodes formed in a matrix shape to display color images by applying voltages
to the picture element electrodes and by retaining this electric charge for one frame period, the crosstalk elimination
circuit comprising a correcting means that corrects a display signal input to each picture element electrode, the
correcting means correcting the display signal to be input to the picture element electrode such that the display
luminance of the picture element electrode becomes substantially constant regardless of the display signals input
to other picture element electrodes arranged along the source line of the picture element electrode.

A display control method of a liquid crystal display apparatus that uses an active matrix type liquid crystal panel with
a plurality of picture element electrodes formed in a matrix shape to display color images by applying voltages to
the picture element electrodes and by retaining this electric charge for one frame period, the method including a
correcting step of correcting a display signal input to each picture element electrode, at the correcting step, the
display signal to be input to the picture element electrode being corrected such that the display luminance of the
picture element electrode becomes substantially constant regardless of the display signals input to other picture
element electrodes during one future frame period after the display signal is input to the picture element electrode
until the next time the display signal is input again.

The display control method as defined in claim 24, wherein at the correcting step, a correction signal for the display
signal to be input to the picture element electrode is generated from the display signals to be input to other picture
element electrodes and the display signal to be input to the picture element electrode during one future frame period
from the timing when the display signal should be input to the picture element electrode to the timing when the next
display signal should be input again.

A display control method of a liquid crystal display apparatus that uses an active matrix type liquid crystal panel with

a plurality of picture element electrodes formed in a matrix shape to display color images by applying voltages to
the picture element electrodes and by retaining this electric charge for one frame period, the method including a
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correcting step of correcting a display signal input to each picture element electrode, at the correcting step, the
display signal to be input to the picture element electrode being corrected such that the display luminance of the
picture element electrode becomes substantially constant regardless of the display signals input to other picture
element electrodes during one past frame period until the display signal is input to the picture element electrode.

The display control method as defined in claim 26, wherein at the correcting step, a correction signal for the display
signal to be input to the picture element electrode is generated from the display signals to be input to other picture
element electrodes and the display signal to be input to the picture element electrode during one past frame period
until the timing when the display signal should be input to the picture element electrode.

A display control method of a liquid crystal display apparatus that uses an active matrix type liquid crystal panel with
a plurality of picture element electrodes formed in a matrix shape to display color images by applying voltages to
the picture element electrodes and by retaining this electric charge for one frame period, the method including a
correcting step of correcting a display signal input to each picture element electrode, at the correcting step, the
display signal to be input to the picture element electrode being corrected such that the display luminance of the
picture element electrode becomes substantially constant regardless of the display signals input to other picture
element electrodes arranged along the source line of the picture element electrode.

The display control method as defined in claim 28, wherein at the correcting step, a correction signal for the display
signal to be input to the picture element electrode is generated from the display signals to be input to other picture
element electrodes arranged along the source line of the picture element electrode and the display signal to be input
to the picture element electrode.

The display control method as defined in claim 28, wherein at the correcting step, a correction signal for the display
signal to be input to the picture element electrode is generated from the display signals to be input to other picture
element electrodes arranged along the source line of the picture element electrode, the display signals to be input
to picture element electrodes arranged along the source line of the adjacent picture element electrode adjacent to
the source line of the picture element electrode in the vertical direction, and the display signal to be input to the
picture element electrode.

The display control method as defined in claim 24, wherein at the correcting step, a correction signal for the display
signal to be input to the picture element electrode is generated from the display signals to be input to picture element
electrodes arranged along the source line of the picture element electrode and the display signal to be input to the
picture element electrode during one future frame period from the timing when the display signal should be input to
the picture element electrode to the timing when the next display signal should be input again.

The display control method as defined in claim 26, wherein at the correcting step, a correction signal for the display
signal to be input to the picture element electrode is generated from the display signals input to picture element
electrodes arranged along the source line of the picture element electrode and the display signal to be input to the
picture element electrode during one past frame period until the timing when the display signal should be input to
the picture element electrode.
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