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VIDEO PROCESSING CIRCUIT, LIQUID
CRYSTAL DISPLAY DEVICE, ELECTRONIC
APPARATUS, AND VIDEO PROCESSING

METHOD
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to a technology for

reducing failure on display in a liquid crystal panel.

[0003] 2. Related Art

[0004] Liquid crystal panels have a configuration in which
one of a pair of substrates has pixel electrodes corresponding
to respective pixels arranged in a matrix, the other substrate
has a common electrode disposed so as to be common to all of
the pixels, and a liquid crystal is sandwiched between each of
the pixel electrodes and the common electrode. In such a
configuration, when a voltage corresponding to a grayscale
level is applied and held between each of the pixel electrodes
and the common electrode, the orientational state of the liquid
crystal is defined every pixel, and thus, the transmittance or
the reflectance is controlled. Therefore, it can be said that in
the configuration described above, only the component out of
the electrical field acting on the liquid crystal molecules hav-
ing a direction (or the opposite direction) from the pixel
electrode to the common electrode, namely the direction per-
pendicular (vertical) to the surface of the substrate makes a
contribution to the display control.

[0005] Incidentally, as the pixel pitch of the liquid crystal
panel is narrowed due to miniaturization and improvement in
definition, an electric field generated between the pixel elec-
trodes adjacent to each other, namely the electrical field in a
direction (lateral direction) parallel to the surface of the sub-
strate, is generated, and further the influence thereof is
becoming nonnegligible. When a lateral electrical field is
applied to the liquid crystal to be driven by an electrical field
in a vertical direction such as a vertical alignment (VA) liquid
crystal or a Twisted Nematic (TN) liquid crystal, there arises
a problem that orientation failure (reverse tilt domain) of the
liquid crystal is caused to thereby cause failure on display.
[0006] In order for reducing the influence of the reverse tilt
domain, there are proposed a technology (see, e.g., JP-A-6-
34965, FIG. 1) of devising a structure of a liquid crystal panel
such as to define the shape of the light blocking layer (an
opening section) corresponding to the pixel electrode, a tech-
nology (see, e.g., JP-A-2009-69608, FIG. 2) of clipping the
video signal higher than a set value when the average bright-
ness value obtained from the video signal is equal to or lower
than a threshold value under the determination that the reverse
tilt domain is generated, and so on.

[0007] However, the technology of reducing the reverse tilt
domain by the structure of the liquid crystal panel has disad-
vantages that the aperture rate is apt to be lowered, and that the
technology is not applicable to the liquid crystal panels hav-
ing already been manufactured without devising the struc-
ture. On the other hand, the technology of clipping the video
signal equal to or higher than the set value has a disadvantage
that the brightness of the image displayed is limited uni-
formly to the set value.

SUMMARY

[0008] An advantage of some aspects of the invention is to
provide a technology for reducing the reverse tilt domain
while solving the problems described above.

Aug. 25,2011

[0009] According to an aspect of the invention, there is
provided a video processing circuit adapted to input a video
signal adapted to designate applied voltages respectively to
the liquid crystal elements pixel by pixel, and to define the
applied voltages to the respective liquid crystal elements
based ona corrected video signal, the video processing circuit
including a boundary detection section adapted to detect a
boundary between a first pixel having an applied voltage,
which is designated by the video signal input and is lower
than a first voltage, and a second pixel having an applied
voltage, which is designated by the video signal input and is
one of equal to and higher than a second voltage higher than
the first voltage, in a present frame and in a previous frame,
which is one frame earlier than the present frame, respec-
tively, and a correction section adapted to correct the video
signal adapted to designate the applied voltages to the liquid
crystal elements corresponding to the first pixel and the sec-
ond pixel abutting on a moving section in the boundary of the
present frame moving one pixel from the boundary in the
previous frame so as to reduce a lateral electrical field caused
by the first pixel and the second pixel.

[0010] According to this aspect of the invention, since only
the lateral electrical field between the pixels located on the
both sides of the portion of the boundary of the present frame
moving one pixel from the boundary of the previous frame is
reduced, it becomes possible to prevent the reverse tilt
domain from occurring while reducing the part (the display
departure) where the image different from the image defined
by the video signal is displayed.

[0011] Further, according to this aspect of the invention,
since there is no need to make a change to the structure of the
liquid crystal panel, degradation in aperture ratio is never
caused, and it is also possible to apply the invention to the
liquid crystal panels having already manufactured without
devising the structure.

[0012] Inthis aspect of the invention, it is also possible that
the correction section corrects the video signal adapted to
designate the applied voltage to the liquid crystal element
corresponding to each of a predetermined one or plural num-
ber of the first pixels placed consecutively from the first pixel
abutting on the moving section in a direction toward a side
opposite to the moving section so as to reduce the lateral
electrical field.

[0013] Further, in this aspect of the invention, it is also
possible that the correction section corrects the video signal
adapted to designate the applied voltage to the liquid crystal
element corresponding to each of a predetermined one or
plural number of the second pixels placed consecutively from
the second pixel abutting on the moving section ina direction
toward a side opposite to the moving section so as to reduce
the lateral electrical field.

[0014] By thus increasing the number of the corrected pix-
els, it becomes also possible to make the correction of the
applied voltage inconspicuous.

[0015] Further, in this aspect of the invention, it is also
possible that the correction section eliminates the first pixel
and the second pixel located at positions on both sides of the
moving section from a correction object if the first pixel and
the second pixel abutting on the moving section are both the
second pixels in the previous frame.

[0016] By performing the elimination described above, it
becomes possible to further reduce the pixels constituting the
display departure.
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[0017] 1t should be noted that the invention can be recog-
nized not only as the video processing circuit, but can also be
recognized as a liquid crystal display device, an electronic
apparatus including the liquid crystal display device, and a
video processing method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0019] FIG.1isa diagram showing a liquid crystal display
device to which a video processing circuit according to an
embodiment of the invention is applied.

[0020] FIG.2is a diagram showing an equivalent circuit of
a liquid crystal element in the liquid crystal display device.
[0021] FIG. 3 is a diagram showing a configuration of the
video processing circuit.

[0022] FIGS. 4A and 4B are diagrams showing display
characteristics in the liquid crystal display device.

[0023] FIGS. 5A and 5B are diagrams showing a display
operation in the liquid crystal display device.

[0024] FIGS. 6A and 6B are diagrams showing an example
of failure on display due to the influence of the lateral elec-
trical field and an example of display of the present embodi-
ment.

[0025] FIG.7A to 7C are diagrams showing the contents of
a correction process in the video processing circuit.

[0026] FIGS.8A and 8B are diagrams showing reduction of
the lateral electrical field by the correction process.

[0027] FIG.9A to 9C are diagrams showing the contents of
another correction process in the embodiment.

[0028] FIG.10A to 10C are diagrams showing the contents
of another correction process in the embodiment.

[0029] FIG.11A to 11C are diagrams showing the contents
of another correction process in the embodiment.

[0030] FIG. 12 is a diagram showing a projector to which
the liquid crystal display device according to the embodiment
is applied.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0031] An embodiment of the invention will hereinafter be
explained with reference to the drawings. FIG. 1 is a block
diagram showing an overall configuration of a liquid crystal
display device to which a video processing circuit according
to an embodiment of the invention is applied. As shown in this
drawing, the liquid crystal display device 1 has a control
circuit 10, a liquid crystal panel 100, a scan line drive circuit
130, and a data line drive circuit 140.

[0032] Among these constituents, the control circuit 10 is
supplied with a video signal Vid-in from a higher-level device
in sync with a sync signal Sync. The video signal Vid-in is
digital data for respectively designating the grayscale levels
of the pixels in the liquid crystal panel 100, and is supplied in
the order of the scan with a vertical scan signal, a horizontal
scan signal, and a dot clock signal (all not shown) included in
the sync signal Sync. It should be noted that although the
video signal Vid-in designates the grayscale levels of the
respective pixels, there is no objection to saying that the video
signal Vid-in is for designating the applied voltages to the
liquid crystal elements since the applied voltages to the liquid
crystal elements are determined in accordance with the gray-
scale levels as described later.
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[0033] The control circuit 10 is composed of a scan control
circuit 20 and a video processing circuit 30. Among these
circuits, the scan control circuit 20 generates various types of
control signals to thereby controls each section in sync with
the sync signal Sync. The video processing circuit 30, details
of which will be described later, is for processing the video
signal Vid-in as a digital signal to thereby output a data signal
VX as an analog signal.

[0034] The liquid crystal panel 100 has a configuration in
which an element substrate (a first substrate) 100a and an
opposed substrate (a second substrate) 1005 are bonded to
each other keeping a constant gap, and a liquid crystal 105 to
be driven by an electrical field in a vertical direction is sand-
wiched in the gap.

[0035] Among the surfaces of the element substrate 100q,
an opposed surface to the opposed substrate 1005 is provided
with a plurality (“m” rows) of scan lines 112 disposed along
an X (lateral) direction in the drawing and a plurality (“n”
columns) of data lines 114 disposed along a Y (vertical)
direction while keeping electrical isolation with each of the
scan lines 112.

[0036] Itshould be noted that in the present embodiment in
order for distinguishing the scan lines 112 from each other,
the scan lines 112 are respectively referred to as 1st, 2nd, 3rd,
....(m-1)-th, and m-th scan lines in sequence from the top in
the drawing in some cases. Similarly, in order for distinguish-
ing the data lines 114 from each other, the data lines 114 are
respectively referredto as 1st, 2nd, 3rd, .. ., (n—1)-th, and n-th
scan lines in sequence from the left in the drawing in some
cases.

[0037] The element substrate 100a is further provided with
sets ofan n-channel TFT 116 and a pixel electrode 118 having
a rectangular shape and a light transmissive property corre-
sponding respectively to intersections between the scan lines
112 and the data lines 114. The gate electrode of the TFT 116
is connected to the scan line 112, the source electrode is
connected to the data line 114, and the drain electrode is
connected to the pixel electrode 118.

[0038] Incidentally, among the surfaces of the opposed sub-
strate 1005, the opposed surface to the element substrate 100a
is provided with a common electrode 108 having a light
transmissive property disposed on the entire surface. The
common electrode 108 is provided with a voltage LCcom by
a circuit not shown in the drawing.

[0039] Itshouldbe noted that in FIG. 1 the opposed surface
of the element substrate 100q is the side facing to the opposed
substrate 1005. Therefore, the scan lines 112, the data lines
114, the TFTs 116, and the pixel electrodes 118 should be
illustrated with broken lines. However, in order for avoiding
difficulty in understanding the structure, these elements are
all illustrated with solid lines.

[0040] FIG. 2is a diagram showing an equivalent circuit of
the liquid crystal panel 100. The liquid crystal panel 100 has
a configuration in which the liquid crystal elements 120 each
having the liquid crystal 105 sandwiched between the pixel
electrode 118 and the common electrode 108 are arranged so
as to correspond to the intersections between the scan lines
112 and the data lines 114.

[0041] Further, although omitted in FIG. 1, an auxiliary
capacitor (a storage capacitor) 125 is provided in parallel to
each of the liquid crystal elements 120 in practice as shown in
FIG. 2. The auxiliary capacitor 125 has one end connected to
the pixel electrode 118, and the other end commonly con-
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nected to a capacitance line 115. The capacitance line 115 is
kept at a voltage constant with time.

[0042] In such a configuration, when the scan line 112
becomes in an H level, the TFT 116 having the gate electrode
connected to that scan line becomes in an ON state to thereby
connect the pixel electrode 118 to the data line 114. There-
fore, by supplying the data line 114 with the data signal
having a voltage corresponding to the grayscale when the
scan line 112 is in the H level, the data signal is applied to the
pixel electrode 118 via the TFT 116 thus set to the ON state.
When the scan line 112 becomes in an L level, the TFT 116
becomes in an OFF state, and the voltage applied to the pixel
electrode is held by a capacitive property of the liquid crystal
element 120 and the auxiliary capacitor 125.

[0043] In the liquid crystal element 120, the molecular
orientation state of the liquid crystal 105 varies in accordance
with an electrical field generated between the pixel electrode
118 and the common electrode 108. Therefore, the liquid
crystal element 120 becomes to have a transmittance corre-
sponding to the applied and held voltage if the liquid crystal
element 120 is of the transmissive type.

[0044] Since in the liquid crystal panel 100 the transmit-
tance varies every liquid crystal element 120, the liquid crys-
tal element 120 corresponds to the pixel. Further, the arrange-
ment area of the pixels corresponds to a display area 101. It
should be noted that in the present embodiment the VA type is
adopted as the liquid crystal 105, and there is adopted a
normally black mode in which the liquid crystal element 120
becomes in a black state when no voltage is applied.

[0045] The scan line drive circuit 130 supplies the 1st, 2nd,
3rd,...,andm-th scan lines 112 with scan signals Y1,Y2,Y3,
....and Ym, respectively, in accordance with a control signal
Yetr by the scan control circuit 20. In detail, as shown in FIG.
5A, the scan line drive circuit 130 selects the scan lines 112 in
the order of the 1st, 2nd, 3rd, . . ., (m-1)-th, and m-th rows
throughout the frame, and at the same time, sets the scan
signal to the scan line thus selected to the selection voltage V,,
(the H level) while setting the scan signals to other scan lines
to the non-selection voltage V, (the L level).

[0046] It should be noted that the frame denotes a period in
which the video signal Vid-in corresponding to one exposure
is supplied, and if the frequency of the vertical scan signal
included in the sync signal Sync is 60 Hz, the period of the
frame is 16.7 ms, the inverse of the frequency. In the present
embodiment, since the 1st, 2nd, 3rd, . . . , and m-th scan lines
112 are selected in sequence throughout the frame, the liquid
crystal panel 100 is driven at the same rate as the video signal
Vid-in. Therefore, in the present embodiment, the period
necessary for making the liquid crystal panel 100 display the
image corresponding to one exposure is equal to the frame.
[0047] The data line drive circuit 140 samples the data
signal Vx supplied from the video processing circuit 30 to the
1st through n-th data lines 114 as data signals X1 through Xn
in accordance with the control signal Xctr by the scan control
circuit 20.

[0048] Itshould be noted that in the present explanation the
voltages except the applied voltage to the liquid crystal ele-
ment 120 take the ground potential not shown as the reference
of the voltage of zero unless otherwise specified. This is
because the applied voltage to the liquid crystal element 120
corresponds to an electrical potential difference between the
voltage L.Ccom of the common electrode 108 and the pixel
electrode 118, and therefore needs to be distinguished from
other voltages. Further, in order for preventing the deteriora-
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tion in the liquid crystal 105 due to the application of the
direct current component, alternating-current drive is pet-
formed on the liquid crystal element 120. In detail, the applied
voltage is applied to the pixel electrode 118 while being
switched alternately between a positive voltage higher than
the voltage Vent as the center of the amplitude and the nega-
tive voltage lower than the voltage Vent every frame. In such
alternating-current drive, a plane reverse type for setting the
writing polarities of all of the liquid crystal elements 120 in
the same frame to be the same is adopted in the present
embodiment.

[0049] In the present embodiment, the relationship
between the applied voltage (V) and the transmittance (T) of
the liquid crystal element 120 can be expressed by the char-
acteristics shown in FIG. 4A since the normally black mode
of the VA type is adopted as the liquid crystal 105. In order for
making the liquid crystal element 120 have the transmittance
corresponding to the grayscale level designated by the video
signal Vid-in, it should be sufficient to apply the voltage
corresponding to the grayscale level to the liquid crystal ele-
ment.

[0050] However, if the applied voltage to the liquid crystal
element 120 is simply defined in accordance with the gray-
scale level designated by the video signal Vid-in, failure on
display due to the reverse tilt domain occurs in some cases.
[0051] One ofthe causes of this failure is thought to be that
the liquid crystal molecules held in the liquid crystal element
120 are disturbed due to the influence of the lateral electrical
field when the liquid crystal molecules are in an unstable
state, and as a result, the liquid crystal molecules become
thereafter hard to take the orientational state corresponding to
the applied voltage. If the applied voltage to the liquid crystal
element 120 is in the voltage range A equal to or higher than
the voltage Vbk of the black level in the normally black mode
and lower than a threshold voltage Vth1 (a first voltage), the
orientational state of the liquid crystal molecules can easily
be disturbed because the restraining force by the vertical
electrical field is in a level slightly stronger than the restrain-
ing force by the oriented film. This case corresponds to the
period when the liquid crystal molecules are in the unstable
state. The transmittance range (the grayscale range) of the
liquid crystal element, to which the applied voltage in the
voltage range A is applied, is assumed to be “a” for the sake of
convenience.

[0052] Incidentally, the case of being affected by the lateral
electrical field denotes the case in which the electrical poten-
tial difference between the pixel electrodes adjacent to each
other increases. This is the case in which a dark pixel at the
black level or close to the black level and a bright pixel at the
white level or close to the white level are adjacent to each
other in the image to be displayed.

[0053] Among these pixels, the dark pixel corresponds to
the liquid crystal element 120 to which the applied voltage in
the voltage range A is applied in the normally black mode
shown in FIG. 4A, and what provides the lateral electrical
field to the dark pixel is the bright pixel. In order for specify-
ing the bright pixel, the bright pixel is defined as a liquid
crystal element 120 having the applied voltage in a voltage
range B equal to or higher than a threshold voltage Vth2 (a
second voltage) and equal to or lower than a white level
voltage Vwt in the normally black mode. The transmittance
range (the grayscale range) of the liquid crystal element, to
which the applied voltage in the voltage range B is applied, is
assumed to be “b” for the sake of convenience.
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[0054] It should be noted that in some cases it is conceiv-
able that in the normally black mode, the threshold voltage
Vthl is an optical threshold voltage for setting the relative
transmittance of the liquid crystal element to 10%, and the
threshold voltage Vth2 is an optical saturation voltage for
setting the relative transmittance of the liquid crystal element
to 90%.

[0055] The liquid crystal element having the applied volt-
age in the voltage range A is in the state in which the reverse
tilt domain easily occurs in response to the lateral electrical
field when abutting on the liquid crystal element having the
applied voltage in the voltage range B. By contraries, since
the liquid crystal element in the voltage range B is dominantly
affected by the vertical electrical field and is therefore in the
stable state even when abutting on the liquid crystal element
in the voltage range A, the reverse tilt domain hardly occurs
unlike the liquid crystal element in the voltage range A.

[0056] An example of the failure on display due to the
reverse tilt domain will be explained. As shown in FIG. 6A,
for example, the failure appears as a kind of a trailing phe-
nomenon that a pixel, which is located at the right edge
portion (trailing edge portion of a movement) of a dark pat-
tern having consecutive dark pixels in the grayscale range
“a”, and should change from a dark pixel to a bright pixel,
does not change to the bright pixel due to occurrence of the
reverse tilt domain when the dark pattern moves leftward by
one pixel every frame on the background composed of the
bright pixels in the grayscale range “b” in the image desig-
nated by the video signal Vid-in.

[0057] Here, in the case in which the liquid crystal panel
100 is driven at the same rate as the supply rate of the video
signal Vid-in as in the present embodiment, such a trailing
phenomenon does not become visible (or is hardly observed)
when a region of the dark pattern moves by two or more pixels
every frame on the background composed of the bright pixels.
There reason therefor can be thought as follows. That is,
although the reverse tilt domain might occur in the bright
pixel when the dark pixel and the bright pixel become adja-
cent to each other in a certain frame, taking the motion of the
image into consideration, it is conceivable that the pixels in
which the reverse tilt domain occurs are located discretely,
and therefore, are not visually conspicuous.

[0058] It should be noted that from a different viewpoint in
FIG. 6A it can be said that when a bright pattern having
consecutive bright pixels moves leftward by one pixel every
frame on the background composed of the dark pixels, the
pixel, which is located at the left edge portion (the leading
edge of the movement) of the bright pattern, and should
change from the dark pixel to the bright pixel, does not change
to the bright pixel due to occurrence of the reverse tilt domain.
Further, in the drawing, only the vicinity of the boundary of
one line is extracted from the image for the sake of conve-
nience of explanation.

[0059] Here, the requirements for the reverse tilt domain to
occur will be organized.

[0060] It can be said that:

[0061] 1.ifthedark pixel in the grayscale range “a” and the
bright pixel in the grayscale range “b” are adjacent to each
other in the image represented by the video signal Vid-in of a
certain frame,

[0062] 2.ifthe boundary representing the part on which the
dark pixel and the bright pixel border each other moves one
pixel from the previous frame,
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[0063] 3. the reverse tilt domain easily occurs in the pixel
(the dark pixel in the normally black mode) to be provided
with the lower applied voltage out of the dark pixel and the
bright pixel abutting on the boundary.

[0064] As described above, the primary cause of the occur-
rence of the reverse tilt domain is the lateral electrical field,
and therefore, it is conceivable that the occurrence of the
reverse tilt domain of the requirement 3 can be prevented by
taking the measures for preventing the strong lateral electrical
field from occurring on the boundary fulfilling the require-
ments 1 and 2.

[0065] From such a viewpoint as described above, in the
present embodiment, the video processing circuit 30 is dis-
posed in the supply channel of the video signal Vid-in on the
upstream side of the liquid crystal panel 100, and performs
the following process. That is, the video processing circuit 30
analyzes the image represented by the video signal Vid-in to
detect the boundary on which the dark pixel in the grayscale
range “a” and the bright pixel in the grayscale range “b”
border each other, and extracts only the portion (the moving
portion) of the boundary thus detected having moved one
pixel from the boundary in the previous frame.

[0066] Further, thevideo processing circuit 30 performs the
process of replacing the grayscale level of the pixel (the dark
pixel in the normally black mode) to be provided with the
lower applied voltage out of the dark pixel and the bright pixel
both abutting on the boundary (an application boundary) thus
extracted, which is in the grayscale range “a,” with the gray-
scale level c1 belonging to another grayscale range “c” (the
grayscale range between the grayscale range “a” and the
grayscale range “b”) different from the grayscale range “b.”
[0067] Thus, since the voltage V¢l corresponding to the
grayscale level c1 is applied to the liquid crystal element 120
according to the dark pixel in the liquid crystal panel 100, it
results that no strong lateral electrical field is generated in the
application boundary.

[0068] Further, the video processing circuit 30 performs the
process of replacing the grayscale level of the pixel (the bright
pixel in the normally black mode) to be provided with the
higher applied voltage out of the dark pixel and the bright
pixel both abutting on the boundary (the application bound-
ary) thus extracted, which is in the grayscale range “b,” with
the grayscale level c2 belonging to the grayscale range “c.”
[0069] Thus, since the voltage Vc2 corresponding to the
grayscale level ¢2 is applied to the liquid crystal element 120
according to the bright pixel in the liquid crystal panel 100, it
results that no strong lateral electrical field is generated in the
application boundary.

[0070] Hereinafter, the details of the video processing cir-
cuit 30 will be explained with reference to FIG. 3. As shown
in this drawing, the video processing circuit 30 has a correc-
tion section 300, a boundary detection section 302, a storage
section 306, an application boundary determination section
308, a delay circuit 312, and a D/A converter 316.

[0071] Among these constituents, the delay circuit 312 is
for accumulating the video signal Vid-in supplied from the
higher-level device, and then retrieving it after a predeter-
mined time elapses to output it as a video signal Vid-d, and is
mainly composed of a first-in first-out (FIFO) memory and a
multistage latch circuit. It should be noted that the accumu-
lation and the retrieval in the delay circuit 312 are controlled
by the scan control circuit 20.

[0072] In the present embodiment, the boundary detection
section 302 analyzes the image represented by the video
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signal Vid-in to detect the boundary on which a pixel in the
grayscale range “a” and a pixel in the grayscale range “b”
border each other, and then outputs boundary information

representing the boundary.
[0073] Tt should be noted that the boundary here strictly

denotes the portion where the pixel in the grayscale range “a”
and the pixel in the grayscale range “b” border each other.
Therefore, the portion where the pixel in the grayscale range
“a” and the pixel in the grayscale range “c” border each other,
or the portion where the pixel in the grayscale range “b” and
the pixel in the grayscale range “c” border each other, for
example, is not treated as the boundary. Further, since the
video signal Vid-in (Vid-d) represents the image to be dis-
played, the frame of the image represented by the video signal
Vid-in (Vid-d) is also referred to as a present frame in some
cases.

[0074] Incidentally, the storage section 306 is for storing
the information of the boundary output by the boundary
detection section 302, and then outputting the information of
the boundary thus stored after one frame elapses. Therefore,
it is arranged that the storage section 306 outputs the infor-
mation of the boundary in the frame previous to the present
frame, the information of the boundary of which is output
from the boundary detection section 302. It should be noted
that the storage and the output in the storage section 306 are
controlled by the scan control circuit 20.

[0075] The application boundary determination section
308 is for determining the portion of the boundary of the
present frame output from the boundary detection section 302
having moved one pixel upward, downward, leftward, or
rightward from the boundary of the previous frame output
from the storage section 306 as the application boundary, and
then outputting the information of the application boundary
thus determined.

[0076] It should be noted that since the application bound-
ary denotes the boundary of the image represented by the
video signal of the present frame and having moved one pixel
from the boundary of the image represented by the video
signal of the previous frame, the boundary not having moved
from the previous frame or the boundary having moved two or
more pixels are not treated as the application boundary.

[0077] The correction section 300 has a discrimination sec-
tion 310 and a selector 314.

[0078] Among these sections, the discrimination section
310 discriminates whether or not each of the pixels repre-
sented by the video signal Vid-d delayed by the delay circuit
312 abuts on the application boundary determined by the
application boundary determination section 308. Further, the
determination section 310 determines whether or not the
grayscale level of each of the pixels represented by the video
signal Vid-d delayed by the delay circuit 312 belongs to the
grayscale range “a,” and whether or not the grayscale level of
that pixel belongs to the grayscale range “b.”

[0079] Further, if the pixel represented by the video signal
Vid-d delayed by the delay circuit 312 abuts on the applica-
tion boundary, and the grayscale level of that pixel belongs to
the grayscale range “a,” the discrimination section 310 sets
the value of the data Q to be supplied to the selector 314 to, for
example, “1.” Further, if the pixel represented by the video
signal Vid-d delayed by the delay circuit 312 abuts on the
application boundary, and the grayscale level of that pixel
belongs to the grayscale range “b,” the discrimination section
310 sets the value of the data Q to, for example, “2.”
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[0080] TItshouldbe noted that if the pixel represented by the
video signal Vid-d delayed by the delay circuit 312 does not
abut on the application boundary, the discrimination section
310 sets the value of the data Q to “0.” Further, if the pixel
represented by the video signal Vid-d delayed by the delay
circuit 312 belongs to neither the grayscale range “a” nor the
grayscale range “b” although abutting on the application
boundary, the discrimination section 310 sets the value ofthe
data Q to “0.”

[0081] Itshould be noted that since the boundary detection
section 302 cannot detect the boundary throughout the image
to be displayed unless the video signal of the pixels corre-
sponding to at least a plurality of rows has been stored, the
delay circuit 312 is provided for the purpose of adjusting the
supply timing of the video signal Vid-in. Therefore, since the
timing of the video signal Vid-in supplied from the higher-
level device and the timing of the video signal Vid-d supplied
from the delay circuit 312 are different from each other, the
horizontal scanning period or the like is not identical between
the both signals in a strict sense. However, the explanation
will hereinafter be presented with no particular discrimina-
tion.

[0082] The selector 314 is for selecting either one of the
input terminals “a.” “b,” and *“c” in accordance with the value
of the data Q supplied to the control terminal Set, and output-
ting the signal, which is supplied to the input terminal thus
selected, from the output terminal Out as the video signal
Vid-out. In detail, the selector 314 is supplied with the video
signal Vid-d by the delay circuit 312 at the input terminal “a,”
and the video signal with the grayscale level ¢l at the input
terminal “b” as a replacement. Further, the video signal with
the grayscalelevel c2 is also supplied at the input terminal “c”
as a replacement.

[0083] Then, if the value of the data Q supplied to the
control terminal Sel is ““1,” the selector 314 selects the input
terminal “b,” and then outputs the video signal with the gray-
scale level c1, which is supplied to the input terminal “b,” as
the video signal Vid-out. Further, if the value of the data Q is
“0,” the selector 314 directly outputs the video signal Vid-d,
which is supplied to the input terminal “a,” as the video signal
Vid-out. Further, if the value of the data Q is “2,” the selector
314 selects the input terminal “c,” and then outputs the video
signal with the grayscale level c2, which is supplied to the
input terminal “c,” as the video signal Vid-out.

[0084] In other words, the selector 314 functions as a cor-
rection section for correcting the video signal input thereto,
and then outputting the video signal thus corrected.

[0085] The D/A converter 316 converts the video signal
Vid-out as a digital data into a data signal VX as an analog
signal. As described above, the present embodiment adopts
the plane reverse type, and therefore has a configuration of
switching the polarity of the data signal Vx every frame.
[0086] It should be noted that the voltage LCcom to be
applied to the common electrode 108, which can be thought to
be substantially the same voltage as the voltage Vent, might
be adjusted to be lower than the voltage Vent taking an off-
leak current of the n-channel TFT 116 and so on into consid-
eration.

[0087] Insuch a configuration, if the value of the data Q is
“1,” it means that the pixel represented by the video signal
Vid-in abuts on the application boundary and the grayscale
level of the pixel is included in the grayscale range “a.” If the
value of the data Q is “1,” since the selector 314 selects the
input terminal “b,” the video signal Vid-d designating the
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grayscale level in the grayscale range “a” is replaced with the
video signal designating the grayscale level c1, and is then
output as the video signal Vid-out.

[0088] Further, in the present configuration, if the value of
the data Q is “2,” it means that the pixel represented by the
video signal Vid-in abuts on the application boundary and the
grayscale level of the pixel is included in the grayscale range
“b.” If the value of the data Q is “2,” since the selector 314
selects the input terminal “c,” the video signal Vid-d desig-
nating the grayscale level in the grayscale range “b” is
replaced with the video signal designating the grayscale level
¢2, and is then output as the video signal Vid-out.

[0089] On the other hand, if the value of the data Q is “0,”
since the selector 314 selects the input terminal “a,” the video
signal Vid-d thus delayed is output as the video signal Vid-
out.

[0090] In the explanation of the display operation of the
liquid crystal display device 1, the video signal Vid-in is
supplied from the higher-level device throughout the frame in
the pixel order of (1st row, 1st column) through (1st row, n-th
column), (2nd row, 1st column) through (2nd row, n-th col-
umn), (3rd row, 1st column) through (3rd row, n-th column),
..., (m” row, 1st column) through (m® row, n-th column).
The video processing circuit 30 performs, for example, the
delay process and the replacement process on the video signal
Vid-in, and then outputs the result as the video signal Vid-out.
[0091] Here, when focusing attention on the horizontal
effective scanning period (Ha) in which the video signal
Vid-out of the (1st row, 1st column) through (1st row, n-th
column) is output, the video signal Vid-out is converted by the
D/ A converter 316 into the data signal Vx having either one of
positive and negative polarities (e.g., the positive polarity
here) as shown in FI1G. 5B. The data signal Vx is sampled by
the data line drive circuit 140 on the data lines 114 corre-
sponding to the 1st through n-th columns as the data signals
X1 through Xn.

[0092] Incidentally, in the horizontal scanning period in
which the video signal Vid-out corresponding to the (1st row,
1st column) through (1st row, n-th column) is output, the scan
control circuit 20 controls the scan line drive circuit 130 to set
only the scan signal Y1 to the H level. If the scan signal Y1 is
in the H level, the TFTs 116 on the 1st row become in the ON
state, and therefore, the data signals sampled on the data lines
114 are applied to the pixel electrodes 118 via the TFTs 116
in the ON state, respectively. Thus, the positive voltages cor-
responding to the grayscale levels designated by the video
signal Vid-out are written into the liquid crystal elements of
the (1st row, 1st column) through (1st row, n-th column),
respectively.

[0093] Subsequently, the video signal Vid-in correspond-
ing to the (2nd row, 1st column) through (2nd row, n-th
column) is similarly processed by the video processing circuit
30 and then output as the video signal Vid-out, and at the same
time, converted by the D/A converter 316 into the positive
data signal to be sampled by the data line drive circuit 140 on
the data lines 114 corresponding respectively to the Ist
through n-th columns.

[0094] Inthe horizontal scanning period in which the video
signal Vid-out corresponding to the (2nd row, 1st column)
through (2nd row, n-th column) is output, since the scan line
drive circuit 130 sets only the scan signal Y2 to the H level, the
data signals sampled on the data lines 114 are applied to the
pixel electrodes 118 via the TFTs 116 in the 2nd row in the
ON state, respectively. Thus, the positive voltages corre-
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sponding to the grayscale levels designated by the video
signal Vid-out are written into the liquid crystal elements of
the (2nd row, 1st column) through (2nd row, n-th column),
respectively.

[0095] Subsequently. substantially the same writing opera-
tion is performed on each of the 3rd, 4%, . . ., and m-th rows,
and thus the voltages corresponding to the respective gray-
scale levels designated by the video signal Vid-out are written
into the respective liquid crystal elements. Thus, it results that
the transmissive image defined by the video signal Vid-in is
formed.

[0096] In the subsequent frame, substantially the same
writing operation is performed except the fact that the video
signal Vid-out is converted into the negative data signal due to
the polarity reversal of the data signal.

[0097] FIG. 5B is a voltage waveform chart showing an
example of the data signal Vx in the case in which the video
signal Vid-out corresponding to the (1st row, 1st column)
through (1st row, n-th column) is output through out the
horizontal scanning period (H) from the video processing
circuit 30. Since the normally black mode is adopted in the
present embodiment, the data signal Vx takes a higher voltage
value (indicated by 1 in the drawing) with respect to the
amplitude center voltage Vent as the grayscale level pro-
cessed by the video processing circuit 30 becomes brighter in
the case of the positive polarity, while the data signal Vx takes
a lower voltage value (indicated by | in the drawing) with
respect to the amplitude center voltage Vent as the grayscale
level becomes brighter in the case of the negative polarity.
[0098] In detail, the voltage of the data signal Vx becomes
the voltage shifted from the reference voltage Ventas much as
an amount corresponding to the grayscale in a range from the
voltage Vw(+) corresponding to white to the voltage Vb(+)
corresponding to black in the case of the positive polarity, or
in a range from the voltage Vw(-) corresponding to white to
the voltage Vb(-) corresponding to black in the case of the
negative polarity.

[0099] The voltage Vw(+) and the voltage Vw(-=) are in a
symmetrical relationship with each other about the voltage
Vent. The voltage Vb(+) and the voltage Vb(=) are also in a
symmetrical relationship with each other about the voltage
Vent.

[0100] It should be noted that FIG. 5B is for showing the
voltage waveform of the data signal Vx, which is different
from the voltage (the electrical potential difference between
the pixel electrode 118 and the common electrode 108) to be
applied to the liquid crystal element 120. Further, the vertical
scale of the voltage of the data signal in FIG. 5B is expanded
compared to the voltage waveforms of the scan signals in
FIG. 5A.

[0101] Subsequently. a specific example of the process by
the video processing circuit 30 will be explained. In the case
in which a part of the image of the present frame represented
by the video signal Vid-in is, for example, as shown in the left
column of FIG. 7B, the boundary detected by the boundary
detection section 302 becomes as illustrated with the broken
lines in the right column shown in FIG. 7B. On the other hand,
if the same part of the image in the previous frame is as shown
in the left column of FIG. 7A, the boundary output from the
storage section 306 is as illustrated with the broken lines in
the right column of FIG. 7A.

[0102] The application boundary determination section
308 outputs the portions (the portions surrounded by circles)
of the boundary detected in the right column of FIG. 7B,
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which have moved one pixel from the boundary on the pre-
vious frame shown in FIG. 7A, as the application boundaries.
In the present example, since the three portions constitute the
respective application boundaries as shown in the right col-
umn of FIG. 7C, these application boundaries are referred to
as application boundaries P, Q, and R in order for distinguish-
ing them from each other.

[0103] Inthe selector 314, since the dark pixel belonging to
the grayscale range “a” out of the pixels abutting on the
application boundary is replaced with the video signal with
the grayscale level cl1, the image shown in the left column of
FIG. 7B is corrected into the image having the grayscale level
distribution shown in the left column of the part 3 of FIG. 3.
Specifically, the dark pixel located on the upper side of the
application boundary P, the dark pixel located on the right
side of the application boundary Q, and the dark pixel located
on the left side of the application boundary R are each
replaced with the pixel with the grayscale level c1.

[0104] Further, in the selector 314, since the bright pixel
belonging to the grayscale range “b” out of the pixels abutting
on the application boundary is replaced with the video signal
with the grayscale level ¢2, the image shown in the left col-
umn of FIG. 7B is corrected into the image having the gray-
scale level distribution shown in the left column of FIG. 7C.
Specifically, the bright pixel located on the lower side of the
application boundary P, the bright pixel located on the left
side of the application boundary Q, and the bright pixel
located on the right side of the application boundary R are
each replaced with the pixel with the grayscale level c2.

[0105] Assuming that the configuration of supplying the
video signal Vid-in to the liquid crystal panel 100 without
performing the process thereon by the video processing cir-
cuit 30 is adopted, the electrical potentials of the pixel elec-
trodes in the dark pixel belonging to the grayscale range “a”
and the bright pixel belonging to the grayscale range “b”
become as shown in FIG. 8A in the case of the positive
polarity writing. Although the electrical potential of the pixel
electrode of the dark pixel becomes lower than the electrical
potential of the pixel electrode of the bright pixel in the
positive polarity writing, due to the large electrical potential
difference, the influence of the lateral electrical field becomes
apt to be exerted. It should be noted that although the high-
low relationship between the electrical potentials is reversed
in the case of the negative polarity, since thereis no difference
in that the electrical potential difference is large, the influence
of the lateral electrical field also becomes apt to be exerted.

[0106] In contrast thereto, in the present embodiment, the
application boundary is determined in the boundary on which
the dark pixel belonging to the grayscale range “a” and the
bright pixel belonging to the grayscale range “b” border each
other, and then the video signal Vid-out corresponding to the
dark pixel abutting on the application boundary is replaced
with the grayscale level c1. Further, in the present embodi-
ment, the video signal Vid-out corresponding to the bright
pixel abutting on the application boundary is replaced with
the grayscale level c2.

[0107] Therefore, the video signal Vid-out is raised so that
the applied voltage to the liquid crystal element of the dark
pixel rises, in other words, as shown in FIG. 8B if the elec-
trical potential of the pixel electrode of the dark pixel is
written positively. Further, the video signal Vid-out is
dropped so that the applied voltage to the liquid crystal ele-
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ment of the bright pixel falls, in other words, as shown in FIG.
8B ifthe electrical potential of the pixel electrode of the bright
pixel is written positively.

[0108] Therefore, even in the case in which the image rep-
resented by the video signal Vid-in moves so that the portion
to be changed from the black pixel to the white pixel moves by
one pixel as shown in FIG. 6A, the direct change from the
dark pixel to the bright pixel does not occur in the liquid
crystal panel 100. Specifically, the dark pixel changes to the
bright pixel after once passing through the grayscale level cl,
and then the grayscale level ¢2 as shown in FIG. 6B.

[0109] Therefore, in the present embodiment, since the
strength of the lateral electrical field varies gradually and the
strong lateral electrical field can be prevented from being
applied to the application boundary, it becomes possible to
prevent the failure on display due to the reverse tilt domain
from occurring.

[0110] Further, in the present embodiment. the application
boundary in the image of the present frame represented by the
video signal Vid-in is limited to the portion of the boundary,
on which the dark pixel belonging to the grayscale range “a”
and the bright pixel belonging to the grayscale range “b”
border each other, moving one pixel from the boundary in the
previous frame. Therefore, in the present embodiment, the
number of the pixels (the display departure pixels) each hav-
ing the grayscale level designated by the original video signal
Vid-in, which is replaced with the different grayscale levels
cl or c2 can be reduced compared to the configuration of
simply setting the pixel abutting on the boundary in the
present frame to the correction (replacement) object.

[0111] As described above, according to the present
embodiment, it becomes possible to prevent the failure on
display due to the reverse tilt domain described above from
occurring. Further, since the grayscale level of each of the
pixels abutting on the application boundaries is locally
replaced in the image defined by the video signal Vid-in, the
possibility that the modification of the display image due to
the replacement is sensed by the user is also small. In addi-
tion, in the present embodiment, since there is no need to
make a change to the structure of the liquid crystal panel 100,
degradation in the aperture ratio is never caused, and there-
fore it is also possible to apply the invention to the liquid
crystal panels having already manufactured without devising
the structure.

Application/Modification Examples of Embodiment

[0112] In the embodiment described above, various appli-
cations and modifications are possible. The examples of the
applications and the modifications will hereinafter be
explained.

Case 1: Number of Pixels to be Replaced

[0113] In the embodiment described above, there is
adopted the configuration of replacing the grayscale level of
one dark pixel abutting on the application boundary with the
grayscale level cl. In such a configuration, from the view-
point that the lateral electrical field caused in the application
boundary between the dark pixel and the bright pixel is
reduced, it is preferable to increase the amount of raise in the
applied voltage to the dark pixel abutting on the application
boundary. It should be noted that to increase the amount of
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raise (correction amount) of the applied voltage means to
deviate from the original image accordingly to cause the
display departure.

[0114] Therefore, it is also possible to adopt the configura-
tion in which if the dark pixels are located consecutively, the
grayscale level of each of the K (K is an integer equal to or
larger than 1) dark pixels consecutively placed from the dark
pixel abutting on the application boundary in the direction
(the direction perpendicular to the application boundary) of
getting away from the application boundary is also replaced
in addition to the dark pixel abutting on the application
boundary, and at the same time regarding the bright pixel
abutting on the application boundary the grayscale level of
only the bright pixel abutting on the application boundary is
replaced with the grayscale level c2.

[0115] In order for achieving this configuration, it is suffi-
cient for the discrimination section 310 to output the value of
“1” of the data Q in the following case. Specifically, it is
sufficient that the value of “1” of the data Q is output in the
case in which the grayscale level of the pixel placed in the
direction of getting away from the application boundary and
represented by the video signal Vid-d belongs to the grayscale

[Pt}

range “a,” the pixels with the grayscale levels belonging to the
grayscale range “a” are consecutively placed from the appli-
cation boundary to that pixel, and the distance from the appli-
cation boundary to that pixel is equal to or smaller than (K+1)
pixels. It should be noted that the number of pixels to be the
replacement candidate is preferably in a range of about 2
through 10 including the pixel abutting on the application
boundary.

[0116] FIG.9Ato 9C are diagrams showing an example of
the process in the case of replacing the grayscale level with
respect to totally 2 pixels of the dark pixel abutting on the
application boundary and one dark pixel adjacent to that dark
pixel. Although the images of the previous frame and the
present frame, and the detected boundary and the application
boundary, are substantially the same as in the example shown
in FIG. 7A to 7C, the grayscale of each of the dark pixels
placed within 2 pixels in an upward direction from the appli-
cation boundary P is replaced with the grayscale level c1 in
the present example. In other words, the grayscale level of
each of the totally 2 pixels including the dark pixel abutting on
the application boundary P and the dark pixel adjacent to that
dark pixel in the upward direction in addition thereto is
replaced with the grayscale level c1. Similarly, the grayscale
level of each of the totally 2 pixels including the dark pixel
abutting on the application boundary R and the dark pixel
adjacent to that dark pixel in the leftward direction in addition
thereto is replaced with the grayscale level c1. It should be
noted that since the dark pixel abutting on the application
boundary Q has no dark pixel placed consecutively in the
rightward direction, the grayscale level of the dark pixel abut-
ting on the application boundary Q is replaced alone with the
grayscale level c1.

[0117] By adopting the configuration of replacing the gray-
scale of one or more pixels consecutively placed from the
pixel abutting on the application boundary in the direction of
getting away from the application boundary in addition to the
pixel abutting on the application boundary, it becomes pos-
sible to reduce the lateral electrical field without increasing
the amount of the correction.

[0118] Itshould benoted that in the configuration of replac-
ing the grayscale level with respect to the dark pixel abutting
on the application boundary and the K dark pixels placed
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consecutively from that dark pixel in the direction of getting
away from the application boundary, it is also possible to
adopt the configuration of replacing the grayscale level with
respect to the bright pixel abutting on the application bound-
ary and also the K bright pixels placed consecutively from
that bright pixel in the direction of getting away from the
application boundary as shown in FIG. 10A to 10C.

[0119] In the case of this configuration, it is sufficient for
the discrimination section 310 to output the value of “2” of the
data Q in the case in which the grayscale level of the pixel
represented by the video signal Vid-d belongs to the grayscale
range “b,” the pixels with the grayscale levels belonging to the
grayscale range “b” are consecutively placed from the appli-
cation boundary to that pixel, and the distance from the appli-
cation boundary to that pixel is equal to or smaller than (K+1)
pixels.

[0120] Further, in the configuration of replacing the gray-
scale level of each of the bright pixel abutting on the applica-
tion boundary and the K bright pixels placed consecutively
from the bright pixel in the direction of getting away from the
application boundary, it is also possible to adopt the configu-
ration of replacing the grayscale level of the dark pixel alone
abutting on the application boundary with the grayscale level
cl.

Case 2: Further Narrowing Down of Application Boundary

[0121] Inthe embodiment, the boundary on which the dark
pixel in the grayscale range “a” and the bright pixel in the
grayscale range “b” border each other is detected, and the
portion of the boundary thus detected having moved one pixel
from the boundary of the previous frame is defined as the
application boundary. As such an application boundary, the
following three patterns are possible considering the change
from the previous frame to the present frame. Specifically, in
the case in which the dark pixel and the bright pixel border
each other in the present frame, there can be cited three cases,
namely the case (pattern 1) in which the two pixels are both
the dark pixels in the previous frame, the case (pattern 2) in
which the two pixels are both the bright pixels in the previous
frame, and the case (pattern 3) in which the two pixels are the
bright pixel and the dark pixel, respectively, in the previous
frame and are exchanged in the present frame.

[0122] As explained with reference to FIG. 6A, and infer-
able from the requirement 3 described above, the reverse tilt
domain is apt to occur when the pixel (the pixel with the liquid
crystal molecules in an unstable state), which has the lower
applied voltage in the case in which the dark pixel and the
bright pixel border each other in the previous flame, changes
to the pixel with a higher applied voltage in the present frame.
[0123] Therefore, it is understood that there is only a little
influence even if the pattern 2 is eliminated from the applica-
tion boundary determined in the embodiment described
above. This is because the pattern 2 corresponds to the case in
which the two pixels are both the bright pixels having the
liquid crystal molecules in the stable state, and either one of
them is changed to the dark pixel due to the movement of the
image pattern, and therefore, it can be said that both of the two
pixels are in the condition hard for the reverse tilt domain to
occur.

[0124] Inthe embodiment, although the application bound-
ary determination section 308 is assumed to have the configu-
ration of detecting the boundary on which the dark pixel and
the bright pixel border each other in the present frame, and
determining the portion of the boundary thus detected, which
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moves one pixel from the boundary in the previous frame, as
the application boundary, by adopting the configuration in
which the boundary is not determined as the application
boundary if the dark pixel and the bright pixel bordering each
other on that boundary are both the bright pixels in the pre-
vious frame, it results that the pixel of the pattern 2 is elimi-
nated from the correction object.

[0125] FIG. 11A to 11C are diagrams showing an example
of the process of the case of eliminating the pattern 2
described above from the application boundary. The images
of the previous frame and the present frame, and the bound-
aries detected are substantially the same as the example
shown in FIG. TA to 7C.

[0126] Although in the example shown in FIG. 7A to 7C the
boundaries P, Q, and R are all determined as the application
boundaries, among these boundaries the boundary R is elimi-
nated from the correction object in the present example since
the two pixels located on both sides of the boundary R are
both the bright pixels in the previous frame.

[0127] By eliminating the pattern 2 as described above, it
becomes possible to further reduce the pixels constituting the
display departure. It should be noted that from a different
viewpoint, the pattern 2 can also be rephrased as “the case in
which the pattern composed of the bright pixels (the pixels
with the higher voltage) moves toward the pattern composed
of the dark pixels (the pixels with the lower voltage).”

Case 3: Normally White Mode

[0128] Although in the present embodiment the explana-
tion is presented assuming that the normally black mode with
the liquid crystal 105 of the VA type is adopted, it is also
possible to adopt the TN type as the liquid crystal 105, and the
normally white mode in which the liquid crystal elements 120
become in the white state when no voltage is applied.
[0129] Inthe case ofadopting the normally white mode, the
relationship between the applied voltage and the transmit-
tance of the liquid crystal element 120 can be expressed by the
V-T characteristics shown in FIG. 4B, and the transmittance is
reduced as the applied voltage rises. Although there is no
difference in that the pixel with the lower applied voltage is
easily affected by the lateral electrical field, the pixel with the
lower applied voltage becomes the bright pixel in the nor-
mally white mode.

[0130] Therefore, in the normally white mode, the video
processing circuit 30 determines the application boundary
from the boundary on which the bright pixel having the
applied voltage belonging to the voltage range “A” and the
dark pixel having the applied voltage belonging to the voltage
range “B” border each other. Further, the video processing
circuit 30 performs the process of replacing the video signal
Vid-out corresponding to the bright pixel abutting on the
application boundary with the grayscale level ¢l darker than
the grayscale level corresponding to the voltage range “A” in
the normally white mode.

[0131] Further, the video processing circuit 30 performs the
process of replacing the video signal Vid-out corresponding
to the dark pixel abutting on the application boundary with the
grayscale level ¢2 brighter than the grayscale level corre-
sponding to the voltage range “B” in the normally white
mode. It should be noted that it is also possible to replace the
grayscale level with respect to a plurality of pixels similarly to
the case of the normally black mode.

[0132] In each of the embodiments described above,
although it is assumed that the video signal Vid-in designates
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the grayscale levels of the pixels, it is also possible to assume
that the video signal Vid-in directly designates the applied
voltages to the liquid crystal elements. In the case in which the
video signal Vid-in designates the applied voltages to the
liquid crystal elements, it is sufficient to adopt the configura-
tion of discriminating the boundary based on the applied
voltage thus designated to thereby correct the voltage.

Electronic Apparatus

[0133] Then, as an example of the electronic apparatus
using the liquid crystal display device according to the
embodiment described above, a projection display device (a
projector) using the liquid crystal panels 100 as the light
valves will be explained. FIG. 12 is a plan view showing the
configuration of the projector.

[0134] As shown in the drawing, a lamp unit 2102 com-
posed mainly of a white light source such as a halogen lamp
is disposed inside the projector 2100. A projection light beam
emitted from the lamp unit 2102 is separated into three pri-
mary colors of R (red), G (green), and B (blue) by three
mirrors 2106 and two dichroic mirrors 2108 disposed inside
thereof, and then respectively guided to the light valves 100R,
100G, and 100B corresponding to the respective colors. It
should be noted that since the B color light beam has a longer
light path compared to the other colors, the R color and G
color, and is therefore guided via a relay lens system 2121
composed of an entrance lens 2122, a relay lens 2123, and an
exit lens 2124 in order for preventing the loss.

[0135] Inthe projector 2100, the three sets of liquid crystal
display devices each including the liquid crystal panel 100
corresponding respectively to the R color, G color, and B
color. The configuration of each of the light valves 100R,
100G, and 100B is substantially the same as that of the liquid
crystal panel 100 described above. There is adopted the con-
figuration in which the video signals for designating the gray-
scale levels of the respective primary color components of R
color, G color, and B color are supplied from respective
external higher-level circuits, and the light valves 100R,
100G, and 100B are driven respectively.

[0136] Thelight beams respectively modulated by the light
valves 100R, 100G, and 100F enter the dichroic prism 2112
in three directions. Then, in the dichroic prism 2112, the light
beams of the R color and B color are refracted 90 degrees
while the light beam of the G color goes straight.

[0137] Therefore, it results that after the images of the
respective primary colors are combined, the color image is
projected by the projection lens 2114 to the screen 2120.
[0138] It should be noted that since the light beams corre-
sponding respectively to the primary colors of the R color, G
color, and B color enter the light valves 100R, 100G, and
100B due to the dichroic mirrors 2108, no color filter is
required to be disposed. Further, since the transmission
images of the light valves 100R, 100B are reflected by the
dichroic prism 2112 and then projected while the transmis-
sion image of the light valve 100G is projected directly, there
1s adopted the configuration in which the horizontal scanning
direction of the light valves 100R, 100E is set to the reverse
direction of the horizontal scanning direction of the light
valve 100G to thereby display the horizontally mirror
reversed images.

[0139] As an example of applying the liquid crystal panel
100 to the light valve, there can be cited a television set of the
rear projection type besides the projector explained above
with reference to FIG. 12. Further, the liquid crystal panel 100
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can also be applied to a mirror-less interchangeable lens
camera, an electronic view finder (EVF) in a video camera,
and so on.

[0140] Besides the above, as an applicable electronic appa-
ratus, there can be cited a head mount display, a car navigation
system, a pager, an electronic organizer, an electronic calcu-
lator, a word processor, a workstation, a picture phone, a POS
terminal, a digital still camera, a cellular phone, an apparatus
equipped with a touch panel, and so on. Further, it is obvious
that the liquid crystal display device described above can be
applied to the various types of electronic apparatuses cited
above.

[0141] Theentire disclosure of Japanese Patent Application
No. 2010-039794, filed Feb. 25, 2010 is expressly incorpo-
rated by reference herein.

What is claimed is:

1. A video processing circuit adapted to input a video signal
adapted to designate applied voltages respectively to the lig-
uid crystal elements pixel by pixel, and to define the applied
voltages to the respective liquid crystal elements based on a
corrected video signal, the video processing circuit compris-
ing:

aboundary detection section adapted to detect a boundary

between a first pixel having an applied voltage, which is
designated by the video signal input and is lower than a
first voltage, and a second pixel having an applied volt-
age, which is designated by the video signal input and is
one of equal to and higher than a second voltage higher
than the first voltage, in a present frame and in a previous
frame, which is one frame earlier than the present frame,
respectively; and

a correction section adapted to correct the video signal

adapted to designate the applied voltages to the liquid
crystal elements corresponding to the first pixel and the
second pixel abutting on a moving section in the bound-
ary of the present frame moving one pixel from the
boundary in the previous frame so as to reduce a lateral
electrical field caused by the first pixel and the second
pixel.

2. The video processing circuit according to claim 1,
wherein

the correction section corrects the video signal adapted to

designate the applied voltage to the liquid crystal ele-
ment corresponding to each of a predetermined one or
plural number of the first pixels placed consecutively
from the first pixel abutting on the moving section in a
direction toward a side opposite to the moving section so
as to reduce the lateral electrical field.

3. The video processing circuit according to claim 1,
wherein

the correction section corrects the video signal adapted to

designate the applied voltage to the liquid crystal ele-
ment corresponding to each of a predetermined one or
plural number of the second pixels placed consecutively
from the second pixel abutting on the moving section in
a direction toward a side opposite to the moving section
so as 10 reduce the lateral electrical field.

4. The video processing circuit according to claim 1,
wherein
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the correction section eliminates the first pixel and the
second pixel located at positions on both sides of the
moving section from a correction object if the first pixel
and the second pixel abutting on the moving section are
both the second pixels in the previous frame.
5. A video processing method adapted to correct a video
signal adapted to designate applied voltages respectively to
the liquid crystal elements pixel by pixel, and to define the
applied voltages to the respective liquid crystal elements
based on a corrected video signal, the video processing
method comprising:
detecting a boundary between a first pixel having an
applied voltage, which is designated by the video signal
input and is lower than a first voltage, and a second pixel
having an applied voltage, which is designated by the
video signal input and is one of equal to and higher than
asecond voltage higher than the first voltage, in a present
frame and in a previous frame, which is one frame earlier
than the present frame. respectively; and
correcting the video signal adapted to designate the applied
voltages to the liquid crystal elements corresponding to
the first pixel and the second pixel abutting on a moving
section in the boundary of the present frame moving one
pixel from the boundary in the previous frame so as to
reduce a lateral electrical field caused by the first pixel
and the second pixel.
6. A liquid crystal display device comprising:
a liquid crystal panel having a plurality of liquid crystal
elements composed of a plurality of pixel electrodes
disposed on a first substrate corresponding respectively
to a plurality of pixels, a common electrode disposed on
a second substrate, and a liquid crystal sandwiched
between the pixel electrodes and the common electrode;
and
a video processing circuit adapted to input a video signal
adapted to designate applied voltages respectively to the
liquid crystal elements pixel by pixel, and to define the
applied voltages to the respective liquid crystal elements
based on a corrected video signal,
wherein the video processing circuit includes
aboundary detection section adapted to detect a bound-
ary between a first pixel having an applied voltage,
which is designated by the video signal input and is
lowerthan a first voltage, and a second pixel having an
applied voltage, which is designated by the video
signal input and is one of equal to and higher than a
second voltage higher than the first voltage, in a
present frame and in a previous frame, which is one
frame earlier than the present frame, respectively, and

a correction section adapted to correct the video signal
adapted to designate the applied voltages to the liquid
crystal elements corresponding to the first pixel and
the second pixel abutting on a moving section in the
boundary of the present frame moving one pixel from
the boundary in the previous frame so as to reduce a
lateral electrical field caused by the first pixel and the
second pixel.

7. An electronic apparatus comprising the liquid crystal
display device according to claim 6.

* ok ok sk ok
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