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(57) ABSTRACT

A video processing circuit used in a liquid crystal panel,
includes: a boundary detector that detects a portion of a
boundary between a first pixel whose applied voltage speci-
fied by an input video signal is lower than a first voltage and
a second pixel whose applied voltage is higher than a second
voltage higher than the first voltage, as a risk boundary that is
determined by a tilt azimuth of the liquid crystal; and a cor-
rection portion that corrects an applied voltage to a liquid
crystal device corresponding to a second pixel which is adja-
cent to the risk boundary from the applied voltage specified
by the video signal to a voltage equal to or lower than the
second voltage and higher than the first voltage.
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(1) VIDEO SIGNAL (BEFORE PROCESSING)
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VIDEO PROCESSING CIRCUIT, VIDEO
PROCESSING METHOD, LIQUID CRYSTAL
DISPLAY DEVICE, AND ELECTRONIC

APPARATUS
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to a technique of

reducing display defects in a liquid crystal panel.

[0003] 2. Related Art

[0004] Aliquid crystal panel is configured such that aliquid
crystal is interposed between a pair of substrates held with a
predetermined gap therebetween. Specifically, the liquid
crystal panel has a configuration in which pixel electrodes are
arranged in a matrix form for each pixel on one substrate, a
common electrode is provided on the other substrate so as to
be shared by the respective pixels, and the liquid crystal is
interposed between the pixel electrodes and the common
electrode. When a voltage corresponding to a gradation level
is applied and held between the pixel electrode and the com-
mon electrode, the alignment state of the liquid crystal is
defined for each pixel, whereby transmittance or reflectance
is controlled. Therefore, in the configuration above, it can be
said that among the electric field acting on the liquid crystal
molecules, only a component in the direction (or the opposite
direction) from the pixel electrode towards the common elec-
trode, namely in the direction perpendicular (vertical) to the
substrate surface contributes to display control.

[0005] However, as the pixel pitch has narrowed with fur-
ther miniaturization and higher definition in recent years, the
effect of an electric field which is generated between the
adjacent pixel electrodes, namely an electric field in the direc-
tion parallel (horizontal) to the substrate surface has become
unignorable. For example, when a horizontal electric field is
applied to a liquid crystal that is designed to be driven by a
vertical electric field such as in a VA (Vertical Alignment) or
TN (Twisted Nematic)-mode liquid crystal, there is a problem
in that alignment defects (namely, reverse tilt domain) occur
in the liquid crystal, thus causing display defects.

[0006] Various proposals have been made in order to reduce
the effect of reverse tilt domain. For example, JP-A-6-34965
(FIG. 1) discloses a new liquid crystal panel structure in
which the shape of a light shielding layer (opening) is defined
in conformity with the pixel electrode. Moreover, JP-A-2009-
69608 (FIG. 2) discloses a technique in which when deter-
mining that reverse tilt domain occurs when an average lumi-
nance value calculated from a video signal is equal to or lower
than a threshold value, video signals having a luminance
value equal to or higher than a preset value are clipped away.
[0007] However, the technique of reducing the reverse tilt
domain by devising a new liquid crystal panel structure has a
drawback in that the aperture ratio is likely to decrease and it
is difficult to apply the technique to a liquid crystal panel
which is not manufactured in advance so as to have the new
structure. On the other hand, the technique of clipping away
the video signals having a luminance value equal to or higher
than a preset value has a drawback in that the brightness of
displayed images is limited to the preset value.

SUMMARY

[0008] An advantage of some aspects of the invention is
that it provides a technique of reducing reverse tilt domain
while solving these drawbacks.

Aug. 25,2011

[0009] According to an aspect of the invention, there is
provided a video processing circuit used in a liquid crystal
panel in which a liquid crystal is interposed between a first
substrate on which a pixel electrode is provided so as to
correspond to each of a plurality of pixels and a second
substrate on which a common electrode is provided, and a
liquid crystal device is formed of the pixel electrode, the
liquid crystal, and the common electrode, the video process-
ing circuit inputting video signals that specify an applied
voltage to the liquid crystal device for each of the pixels and
defining each of the applied voltages to the liquid crystal
devices based on processed video signals, including: a bound-
ary detector that detects a portion of a boundary between a
first pixel whose applied voltage specified by an input video
signal is lower than a first voltage and a second pixel whose
applied voltage is higher than a second voltage higher than the
first voltage, as a risk boundary that is determined by a tilt
azimuth of the liquid crystal; and a correction portion that
corrects an applied voltage to a liquid crystal device corre-
sponding to a second pixel which is adjacent to the risk
boundary from the applied voltage specified by the video
signal to a voltage equal to or lower than the second voltage
and higher than the first voltage. According to this configu-
ration, since it is not necessary to apply changes to the struc-
ture of a liquid crystal panel, the aperture ratio will not
decrease, and the invention can be applied to a liquid crystal
panel which is not manufactured in advance so as to have a
new structure. Moreover, since the applied voltage to a liquid
crystal device corresponding to a second pixel among the
pixels adjacent to the risk boundary is corrected from the
value corresponding to the gradation level specified by the
video signal to a voltage equal to or lower than the second
voltage and higher than the first voltage, the brightness of a
displayed image is not limited to a preset value.

[0010] In the video processing circuit, it is preferable that
the correction portion corrects the applied voltages to liquid
crystal devices corresponding to one or more second pixels
which are adjacent on the opposite side of the risk boundary
with respect to the first pixel adjacent to the risk boundary and
which are continuous in the direction away from the risk
boundary from the applied voltage specified by the video
signal to a voltage equal to or lower than the second voltage
and higher than the first voltage. Moreover, it is preferable
that, when a refresh time interval of the display of the liquid
crystal panel is S and a response time of the liquid crystal
devices corresponding to the second pixels when the applied
voltages to the liquid crystal devices are changed to the volt-
age corrected by the correction portion is T1, if S<T1, the
number of one or more continuous second pixels is deter-
mined by the value of an integer part of a division of the
response time T1 by the time interval S. According to this
configuration, it is possible to prevent the occurrence of
reverse tilt domain even when the response time of a liquid
crystal device is longer than the refresh time interval of the
display screen. The use of such a value prevents the gradation
level specified by the video signal Vid-in from being cor-
rected unnecessarily.

[0011] In the video processing circuit, it is preferable that
the correction portion corrects an applied voltage to a liquid
crystal device corresponding to a first pixel which is adjacent
to the risk boundary from the applied voltage specified by the
input video signal to a voltage equal to or higher than a third
voltage and lower than the applied voltages to second pixels
adjacent with the risk boundary disposed therebetween when
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the applied voltage specified by the video signal input to the
first pixel is lower than the third voltage lower than the first
voltage. With this configuration, the difference in the applied
voltage between the adjacent pixels is further decreased, and
the occurrence of reverse tilt domain can be suppressed more
effectively.

[0012] In the video processing circuit, it is preferable that
the correction portion corrects the applied voltages to liquid
crystal devices corresponding to one or more first pixels
which are adjacent on the opposite side of the risk boundary
with respect to the second pixel adjacent to the risk boundary
and which are continuous in the direction away from the risk
boundary from the applied voltage specified by the video
signal to a voltage equal to or higher than the first voltage and
lower than the applied voltage to second pixels adjacent with
the risk boundary disposed therebetween, and wherein when
arefresh time interval of the display of the liquid crystal panel
is S and a response time of the liquid crystal devices corre-
sponding to the first pixels when the applied voltages to the
liquid crystal devices are changed to the voltage corrected by
the correction portion is T2, if S<T2, the number of one or
more continuous first pixels is determined by the value of an
integer part of a division of the response time T2 by the time
interval S. With this configuration, the difference in the
applied voltage between the adjacent pixels is further
decreased, and the occurrence of reverse tilt domain can be
suppressed more effectively. The use of such a value prevents
the gradation level specified by the video signal Vid-in from
being corrected unnecessarily. and it is possible to suppress
the unstable state of the liquid crystal molecules from being
maintained even after a subsequent refresh (rewriting) opera-
tion. With this configuration, it is possible to prevent the
occurrence of reverse tilt domain even when the response
time of a liquid crystal device is longer than the refresh time
interval of the display screen.

[0013] In the video processing circuit, it is preferable that
the correction portion corrects the applied voltage to the
liquid crystal device corresponding to the first pixel subjected
to the correction to a voltage that gives an imtial tilt angle to
the liquid crystal device. According to this configuration, it is
possible to suppress the liquid crystal molecules from enter-
ing reverse tilt state while suppressing a change in the trans-
mittance of a dark pixel.

[0014] In the video processing circuit, it is preferable that
the tilt azimuth is a direction from one end of the long axis of
a liquid crystal molecule on the pixel electrode side to the
other end of the liquid crystal molecule as viewed in plan view
from the pixel electrode side towards the common electrode.
This is because the reverse tilt domain is caused by the hori-
zontal electric field generated between the pixel electrodes.
[0015] The invention can be embodied as a video process-
ing method, a liquid crystal display device, and an electronic
apparatus having the liquid crystal display device, in addition
to the video processing circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0017] FIG. 1 shows a liquid crystal display device having
a video processing circuit according to a first embodiment of
the invention.

[0018] FIG. 2 shows an equivalent circuit of a liquid crystal
device in the liquid crystal display device.
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[0019] FIG. 3 shows a configuration of the video process-
ing circuit.
[0020] FIGS. 4A and 4B show V-T characteristics of a

liquid crystal panel of the liquid crystal display device.
[0021] FIGS. 5A and 5B show a display operation in the
liquid crystal panel.

[0022] FIGS. 6A and 6B illustrate an initial alignment in
the VA mode of the liquid crystal panel.

[0023] FIGS. 7A to 7C illustrate movement of an image in
the liquid crystal panel.

[0024] FIGS. 8A to 8C illustrate reverse tilt occurring in the
liquid crystal panel.

[0025] FIGS. 9A to 9C illustrate movement of an image in
the liquid crystal panel.

[0026] FIGS.10A to 10C illustrate reverse tilt occurring in
the liquid crystal panel.

[0027] FIGS. 11A to 11C show a procedure of detecting a

risk boundary in the video processing circuit.

[0028] FIGS. 12A to 12C show a correction process in the
video processing circuit.

[0029] FIGS.13A and 13B show reverse tilt suppressed by
the video processing circuit.

[0030] FIGS. 14A and 14B show the liquid crystal panel
when a different tilt azimuth angle is used.

[0031] FIGS. 15A and 15B show the liquid crystal panel
when a different tilt azimuth angle is used.

[0032] FIGS. 16A to 16C illustrate an initial alignment in
the TN mode of the liquid crystal panel.

[0033] FIGS.17A to 17C illustrate reverse tilt occurring in
the liquid crystal panel.

[0034] FIGS. 18A to 18C show a correction process in a
video processing circuit according to a second embodiment
of the invention.

[0035] FIG. 19 shows a configuration of a video processing
circuit according to a third embodiment of the invention.
[0036] FIGS. 20A to 20C show a correction process in the
video processing circuit.

[0037] FIGS. 21A to 21C show a correction process in a
video processing circuit according to a fourth embodiment of
the invention.

[0038] FIG. 22 shows a projector having a liquid crystal
display device.
[0039] FIG. 23 shows display defects due to the effect of a

horizontal electric field.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0040] Hereinafter, embodiments of the invention will be
described with reference to the drawings.

First Embodiment

[0041] First, a first embodiment of the invention will be
described.
[0042] FIG. 1 is a block diagram showing an overall con-

figuration of a liquid crystal display device having a video
processing circuit according to this embodiment.

[0043] AsshowninFIG. 1, aliquid crystal display device 1
includes a control circuit 10, a liquid crystal panel 100, a
scanning line drive circuit 130, and a data line drive circuit
140. A video signal Vid-in is supplied from a high-order
device to the control circuit 10 in synchronization with a
synchronization signal Sync. The video signal Vid-in is digi-
tal data that specifies the gradation levels of the respective
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pixels in the liquid crystal panel 100 and is supplied in the
scanning order based on the vertical/horizontal scanning sig-
nals and dot clock signal (not shown) included in the synchro-
nization signal Sync.

[0044] Although the video signal Vid-in specifies the gra-
dation level, since the applied voltage to a liquid crystal
device is determined by the gradation level, the video signal
Vid-in can be said to specify the applied voltage to the liquid
crystal device.

[0045] The control circuit 10 includes a scanning control
circuit 20 and a video processing circuit 30. The scanning
control circuit 20 generates various control signals and con-
trols each unit in synchronization with the synchronization
signal Sync. The video processing circuit 30 processes the
digital video signal Vid-in to output an analog data signal Vx,
details of which will be described later.

[0046] The liquid crystal panel 100 has a configuration in
which a device substrate (first substrate) 100a and a counter
substrate (second substrate) 1005 are bonded together with a
predetermined gap therebetween, and a liquid crystal 105 that
is driven by a vertical electric field is interposed in that gap.
On a surface of the device substrate 100a facing the counter
substrate 1005, a plurality (m) of rows of scanning lines 112
is provided along the X (horizontal) direction in the drawing.
In addition, a plurality (n) of columns of data lines 114 is
provided along the Y (vertical) direction so as to be electri-
cally insulated from the respective scanning lines 112.
[0047] Inthis embodiment, in order to distinguish between
the scanning lines 112, they are sometimes referred to as
scanning lines on the first, second, third, . . ., (m-1)-th, and
m-th rows from top to bottom in the drawing. Similarly, in
order to distinguish between the data lines 114, they are
sometimes referred to as data lines on the first, second, third,
..., (n=1)-th, and n-th columns from left to right in the
drawing.

[0048] Onthe devicesubstrate 1004, an n-channel TFT 116
and a rectangular transparent pixel electrode 118 are further
provided in a pair so as to correspond to each intersection
between the scanning lines 112 and the data lines 114. The
TFT 116 has a gate electrode connected to the scanning line
112, a source electrode connected to the data line 114, and a
drain electrode connected to the pixel electrode 118. On the
other hand, on a surface of the counter substrate 1005 facing
the device substrate 100a, a transparent common electrode
108 is provided over the entire surface. A voltage LCcom is
applied from a circuit (not shown) to the common electrode
108.

[0049] InFIG. 1, the facing surface of the device substrate
100q is on the rear side of the drawing sheet. Thus, although
the scanning lines 112, data lines 114, TFTs 116, and pixel
electrodes 118 provided on the facing surface should be
depicted by broken lines, they are intentionally depicted by
solid lines to make them easy to see.

[0050] FIG. 2 shows an equivalent circuit of the liquid
crystal panel 100.

[0051] As shown in FIG. 2, the liquid crystal panel 100 has
aconfiguration in which liquid crystal devices 120 having the
liquid crystal 105 interposed between the pixel electrode 118
and the common electrode 108 are arranged so as to corre-
spond to intersections of the scanning lines 112 and the data
lines 114. Although not shown in FIG. 1, in the equivalent
circuit of the liquid crystal panel 100, actually, as shown in
FIG. 2, an auxiliary capacitor (storage capacitor) 125 is pro-
vided in parallel to the liquid crystal device 120. The auxiliary
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capacitor 125 has one end connected to the pixel electrodes
118 and the other end connected in common to a capacitor
line 115. The capacitor line 115 is held at a voltage that is
constant at all times.

[0052] Here, when the scanning line 112 is in the H level,
the TFTs 116 having the gate electrodes connected to the
scanning line are turned ON, and the pixel electrodes 118 are
connected to the data lines 114. Therefore, when the scanning
line 112 is in the H level, and a data signal having a voltage
corresponding to a gradation is supplied to the data lines 114,
the data signal is applied to the pixel electrodes 118 through
the TFTs 116 in the ON state. When the scanning line 112 is
in the L level, the TFTs 116 are turned off, and the voltage
applied to the pixel electrodes 118 is held by the capacitive
auxiliary capacitors 125 of the liquid crystal device 120.
[0053] Inthe liquid crystal device 120, the alignment state
of the molecules of the liquid crystal 105 is changed in accor-
dance with an electric field generated by the pixel electrode
118 and the common electrode 108. Therefore, when the
liquid crystal device 120 is a transmission-type liquid crystal
device, the transmittance thereof changes with the applied
and held voltage. In the liquid crystal panel 100, since the
transmittance changes for each liquid crystal device 120, the
liquid crystal device 120 corresponds to a pixel. Moreover, an
arrangement region of the pixels forms a display region 101.
[0054] In this embodiment, it is assumed that the liquid
crystal 105 operates in the VA mode, and the liquid crystal
device 120 operates in the normally black mode wherein 1t
appears black when no voltage is applied.

[0055] The scanning line drive circuit 130 supplies scan-
ning signals Y1,Y2,Y3, ... ,and Ym to the scanning lines 112
on the first, second, third, . . ., and m-th rows in accordance
with acontrol signal Yetr from the scanning control circuit 20.
Specifically, as shown in FIG. 5A, the scanning line drive
circuit 130 sequentially selects the scanning lines 112 in the
order of the first, second, third, (m-1)th, and m-th rows over
one frame and puts the scanning signal to be supplied to the
selected scanning line into a select voltage V,; (H level) and
the scanning line to be supplied to the other scanning lines
into a non-selective voltage V; (L level).

[0056] Here, the frame refers to a period of time needed for
one page of images to be displayed by the driving of the liquid
crystal panel 100. If the frequency of a vertical scanning
signal included in the synchronization signal Sync is 60 Hz,
the frame corresponds to a period of 16.7 msec which is the
inverse of that frequency.

[0057] The data line drive circuit 140 samples the data
signal Vx supplied from the video processing circuit 30 in
accordance with the control signal Xctr from the scanning
control circuit 20 and outputs the sampled data signal to the
data lines 114 on the first to n-th columns as data signals X1
to Xn.

[0058] In this specification, with regard to all voltages
except the applied voltage to the liquid crystal device 120, the
ground potential (not shown) is used as the reference of a zero
voltage unless stated otherwise. This is to distinguish the
applied voltage to the liquid crystal device 120 from other
voltages, and the applied voltage to the liquid crystal device
120 is a potential difference between the voltage [L.Ccom of
the common electrode 108 and the voltage of the pixel elec-
trode 118.

[0059] The relationship between the applied voltage and
the transmittance of the liquid crystal device 120 of the nor-
mally black mode is represented by the V-T characteristics as
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shown in FIG. 4A, for example. Therefore, for the liquid
crystal device 120 to have transmittance corresponding to a
gradation level specified by the video signal Vid-in, it may be
beneficial to apply a voltage corresponding to that gradation
level to the liquid crystal device 120. However, if the applied
voltage to the liquid crystal device 120 is defined by only the
gradation level specified by the video signal Vid-in, display
defects resulting from reverse tilt domain may occur.

[0060] An example of display defects resulting from
reverse tilt domain will be described. For example, as shown
in FIG. 23, a case where the image represented by the video
signal Vid-in is a black pattern which is made up of successive
black pixels and which moves on the background white pixels
in the rightward direction by a distance of one pixel for each
frame will be considered. In this case, a kind of trailing
phenomenon occurs. That is, a pixel which is at the left end
(the trailing end of the movement) of the black pattern and
whichistobe changed from a black pixel to a white pixel does
notappear as a white pixel due to the occurrence of reverse tilt
domain.

[0061] However, such a trailing phenomenon does not
occur (or is rarely visually recognizable) when the liquid
crystal panel 100 is driven at the same speed as the supply
speed of the video signal Vid-in as in this embodiment, the
black pixel region on the background white pixels moves by
a distance of two pixels for each frame, and the response time
of the liquid crystal device is shorter than the refresh time
interval of a display screen. This is considered to be attribut-
able to the following facts; that is, when a white pixel and a
black pixel are adjacent in a certain frame, reverse tilt domain
may occur in that white pixel. However, considering the
movement of an image, since the pixels where reverse tilt
domain occurs appear in a discrete manner, the reverse tilt
domain is rarely visually perceived.

[0062] Looking at FIG. 23 from a different perspective, it
can be seen that when a white pattern made up of successive
white pixels moves on the background black pixels in the
rightward direction by a distance of one pixel for each frame,
a pixel which is at the right end (the leading end of the
movement) of the white pattern and which is to be changed
from a black pixel to a white pixel does not appear as a white
pixel due to the occurrence of reverse tilt domain.

[0063] Inthe drawing, in order to make the description easy
to understand, pixels near the boundary within one line of the
image have been removed.

[0064] Such display defects resulting from reverse tilt
domain are considered to be one of the causes as to why it is
difficult for the interposed liquid crystal molecules in the
liquid crystal device 120 to have an alignment state corre-
sponding to an applied voltage when the liquid crystal mol-
ecules being in an unstable state are disordered by the effect
of a horizontal electric field.

[0065] Here, the case where the liquid crystal molecules are
affected by the horizontal electric field is when the potential
difference between the adjacent pixel electrodes increases,
which is a case where dark pixels having a black level (or a
level close to the black level) and bright pixels having a white
level (or a level close to the white level) are adjacent in an
image that is to be displayed.

[0066] Among these pixels, it is assumed that the dark
pixels are the pixels of the liquid crystal device 120 in which
the applied voltage is equal to or higher than a voltage Vbk
corresponding to the black level in the normally black mode
and is ina voltage range A lower than athreshold voltage Vth1l
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(first voltage). Moreover, for the sake of convenience, a trans-
mittance range (gradation range) of the liquid crystal device
in which the applied voltage is in the voltage range A will be
denoted as “a”.

[0067] In addition, it is assumed that the bright pixels are
the pixels of the liquid crystal device 120 in which the applied
voltage is equal to or higher than a threshold voltage Vth2
(second voltage) and is in a voltage range B equal to or lower
than a voltage Vwt corresponding to the white level in the
normally black mode. Moreover, for the sake of convenience,
a transmittance range (gradation range) of the liquid crystal
device in which the applied voltage is in the voltage range B
will be denoted as “b”.

[0068] The case where the liquid crystal molecules are in
the unstable state is when the applied voltage to the liquid
crystal device is lower than Vel in the voltage range A. When
the applied voltage to the liquid crystal device is lower than
Vel, since the alignment regulating force of the vertical elec-
tric field by the applied voltage is weaker than the alignment
regulating force by the alignment film, the alignment state of
the liquid crystal molecules is easily disordered even by a
small external factor. Moreover, thereafter, even when the
applied voltage reaches Vcl or more, it may take a lot of
response time for the liquid crystal molecules to be tilted with
the applied voltage. In other words, when the applied voltage
1s equal to or higher than Vc1, it can be said that the alignment
state of the liquid crystal molecules is in the stable state
because the liquid crystal molecules begin to be tilted with the
applied voltage (the transmittance begins to change). There-
fore, the voltage Vel is set to be lower than the threshold
voltage Vth1 which is defined by transmittance.

[0069] Given the above, the pixels whose liquid crystal
molecules are in the unstable state before the applied voltage
changes can be said to be in a state where reverse tilt domain
is likely to occur due to the effect of the horizontal electric
field when dark pixels and bright pixels are made adjacent by
the movement of an image. However, considering the initial
alignment state of the liquid crystal molecules, there are cases
where reverse tilt domain does or does not occur depending
on the positional relationship between the dark pixel and the
bright pixel.

[0070] The respective cases will be discussed.

[0071] FIG. 6A shows 2x2 pixels adjacent in the vertical
and horizontal directions in the liquid crystal panel 100, and
FIG. 6B shows the liquid crystal panel 100 in a simplified
cross-sectional view when cut along a vertical plane includ-
ing the p-q line in FIG. 6A.

[0072] As shown in FIGS. 6A and 68, it is assumed that in
an initial alignment state, VA-mode liquid crystal molecules
have a tilt angle of 8a and a tilt azimuth angle of 6b (=45°) in
a state where the potential difference (the applied voltage to
the liquid crystal device) between the pixel electrode 118 and
the common electrode 108 is zero. Here, as described above,
since reverse tilt domain occurs due to the horizontal electric
field between the pixel electrodes 118, the behavior of the
liquid crystal molecules on the side of the device substrate
100a where the pixel electrodes 118 are provided is impor-
tant. Thus, the tilt azimuth angle and tilt angle of the liquid
crystal molecules are defined with reference to the side of the
pixel electrodes 118 (device substrate 100a).

[0073] Specifically, as shown in FIG. 6B, it is assumed that
the tilt angle Ba is an angle of the long axis Sa of a liquid
crystal molecule with respect to the substrate normal Sv when
one end of the long axis Sa of the liquid crystal molecule on
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the pixel electrode 118 side is fixed, and the other end on the
common electrode 108 side is tilted.

[0074] On the other hand, it is assumed that the tilt azimuth
angle 6b is an angle of a substrate vertical plane (the vertical
plane including the p-q line) including the long axis Sa of the
liquid crystal molecule and the substrate normal Sv with
reference to a substrate vertical plane taken along the Y direc-
tion, which is the arrangement direction of the data lines 114.
Moreover, the tilt azimuth angle 0b is defined as a clockwise
angle from the top direction of the drawing (the opposite
direction of the Y direction), as viewed in plan view from the
side of the pixel electrode 118 towards the common electrode
108, to the direction (the top-right direction in FIG. 6A) from
one end of the long axis of the liquid crystal molecule to the
other end.

[0075] Moreover, the direction from one end of the liquid
crystal molecule on the pixel electrode side to the other end,
as viewed in plan view from the side of the pixel electrodes
118 will be appropriately referred to as the downstream side
of the tilt azimuth. Conversely, the direction from the other
end to one end will be appropriately referred to as the
upstream side of the tilt azimuth.

[0076] Now, the four (2x2) pixels surrounded by a broken
line, for example, as shown in FIG. 7A, in the liquid crystal
panel 100 using the liquid crystal 105 that is in such an initial
alignment will be focused on. FIG. 7A shows a case where a
pattern made up of pixels (black pixels) having the black level
moves on a background region made up of pixels (white
pixels) having the white level in the top-right direction by a
distance of one pixel for each frame.

[0077] That is, a case in which the four (2x2) pixels tran-
sition from a state where all the four pixels are black pixels in
the (n—1)-th frame to a state where only one pixel on the
bottom-lefi is a white pixel in the n-th frame as shown in FIG.
8A will be considered. As described above, in the normally
black mode, the applied voltage which is the potential differ-
ence between the pixel electrode 118 and the common elec-
trode 108 is larger in the white pixel than in the black pixel.
Therefore, in the pixel on the bottom-left which transitions
from black to white, the liquid crystal molecules tend to be
tilted in the direction (the direction horizontal to the substrate
surface) vertical to the electric field direction from the state
depicted by the solid line to the state depicted by the broken
line as shown in FIG. 8B.

[0078] However, the potential difference generated
between the pixel electrode 118 (Wt) of the white pixel and
the pixel electrode 118 (Bk) of the black pixel is approxi-
mately equal to the potential difference generated between
the pixel electrode 118 (Wt) of the white pixel and the com-
mon electrode 108. Moreover, the gap between the pixel
electrodes is narrower than the gap between the pixel elec-
trode 118 and the common electrode 108. Therefore, com-
paring the electric field intensities, the horizontal electric field
generated between the pixel electrode 118 (Wt) and the pixel
electrode 118 (Bk) is stronger than the vertical electric field
generated between the pixel electrode 118 (Wt) and the com-
mon electrode 108.

[0079] Since the pixel on the bottom-left is the black pixel
whose liquid crystal molecules are in the unstable state in the
(n-1)-th frame, it takes a lot of time for the liquid crystal
molecules to be tilted in accordance with the intensity of the
vertical electric field. On the other hand, the horizontal elec-
tric field from the adjacent pixel electrode 118 (Bk) is stron-
ger than the vertical electric field generated when a voltage
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having the white level is applied to the pixel electrode 118
(W1). Therefore, in a pixel thatis going to transition to a white
pixel, a liquid crystal molecule Rv close to an adjacent black
pixel enters reverse tilt state earlier than other liquid crystal
molecules that are going to be tilted with the vertical electric
field as shown in FIG. 8B.

[0080] The liquid crystal molecule Rv that has entered the
reverse tilt state at the earlier stage has anadverse effect onthe
movement of the other liquid crystal molecules that are going
to be tilted in the horizontal direction of the substrate surface
as depicted by the broken line in accordance with the vertical
electric field. Therefore, in the pixel that is to transition to a
white pixel, a region where the reverse tilt occurs broadens
over a wide area in a fashion such that the region encroaches
on the pixel that is to transition to a white pixel from the gap
without stopping at the gap between the pixel that is to tran-
sition to a white pixel and the black pixel as shown in FIG. 8C.
[0081] Given the above, it can be seen from FIGS. 8A to 8C
that when a target pixel that is going to transition to a white
pixel is surrounded by black pixels, and the black pixels are
adjacent to the target pixel on the right-top side, the right side,
and the top side, reverse tilt occurs in an inner circumferential
region of the target pixel along the right and top sides.
[0082] Such achange in the pattern shown in FIG. 8A is not
limited to the example shown in FIG. 7A, but also occurs ina
case where the pattern made up of black pixels moves in the
rightward direction by a distance of one pixel for each frame
as shown in FIG. 7B, a case where the pattern moves in the
upward direction by a distance of one pixel for each frame as
shown in FIG. 7C, and other cases. Moreover, such a change
also occurs in a case where a pattern made up of white pixels
moves on the background region made up of black pixels in
the top-right, rightward, or upward direction by a distance of
one pixel for each frame, as in the case of looking at F1G. 23
from a different perspective.

[0083] Next, the four (2x2) pixels surrounded by a broken
line as shown in FIG. 9A, in the liquid crystal panel 100 when
a pattern made up of black pixels moves on a background
region made up of white pixels in the bottom-left direction by
a distance of one pixel for each frame will be focused on.
[0084] That is, a case in which the four (2x2) pixels tran-
sition from a state where all the four pixels are black pixels in
the (n—1)-th frame to a state where only one pixel on the
top-right is a white pixel in the n-th frame as shown in FIG.
10A will be considered.

[0085] Even after this transition, a horizontal electric field
that is stronger than the vertical electric field generated
between the pixel electrode 118 (Wt) and the common elec-
trode 108 is generated between the pixel electrode 118 (Bk) of
the black pixel and the pixel electrode 118 (Wt) of the white
pixel. With this horizontal electric field, a liquid crystal mol-
ecule Rv in the black pixel close to an adjacent white pixel
enters reverse tilt state with its alignment changed earlier than
other liquid crystal molecules that are going to be tilted with
the vertical electric field as shown in FIG. 10B. However,
since the vertical electric field does not change in the black
pixels from that in the (n-1)-th frame, the reverse tilt has little
effect on the other liquid crystal molecule. Therefore, in the
pixels that do not transition from the black pixels, a region
where the reverse tilt occurs is negligibly narrow compared to
the example of F1G. 8C as shown in FIG. 10C.

[0086] On the other hand, among the four (2x2) pixels, in
the pixel on the top-right that transitions from black to white,
the initial alignment direction of the liquid crystal molecules
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is barely affected by the horizontal electric field. Thus, even
when a vertical electric field is applied, almost no liquid
crystal molecules enter the reverse tilt state. Therefore, in the
pixel on the top-right, as the vertical electric field intensity
increases, the liquid crystal molecules are properly tilted in
the horizontal direction of the substrate surface as depicted by
the broken line in FIG. 10B. As a result, the pixel transitions
to an intended white pixel, and there is no deterioration in the
display quality.

[0087] Such a change in the pattern shown in FIG. 10A is
not limited to the example shown in FIG. 9A, but also occurs
in a case where the pattern made up of black pixels moves in
the leftward direction by a distance of one pixel for each
frame as shown in FIG. 9B, a case where the pattern moves in
the downward direction by a distance of one pixel for each
frame as shown in FIG. 9C, and other cases. Moreover, such
a change also occurs in a case where a pattern made up of
white pixels moves on the background region made up of
black pixels in the bottom-left, leftward, or downward direc-
tion by a distance of one pixel for each frame, as in the case of
looking at FI1G. 23 from a different perspective.

[0088] Inthe VA-mode (normally black-mode) liquid crys-
tal considered in the description of FIGS. 6 to 10, itcan be said
that when a certain n-th frame is focused on, the following
pixels will be affected by reverse tilt domain in the n-th frame
if the following conditions are satisfied. That is, (1) when an
n-th frame is focused on, a dark pixel and a bright pixel are
adjacent, namely a pixel in which the applied voltage is low
and a pixel in which the applied voltage is high are adjacent so
that the horizontal electric field increases; and (2) when in the
n-th frame, the bright pixel (applied voltage: high) is posi-
tioned on the bottom-left side, the left side, or the bottom side
corresponding to the upstream side of the tilt azimuth of the
liquid crystal molecule with respect to the adjacent dark pixel
(applied voltage: low), (3) if the liquid crystal molecules of a
pixel that transitions to the bright pixel in the n-th frame are in
the unstable state in the (n-1)-th frame one frame before the
n-th frame, reverse tilt occurs in the bright pixel in the n-th
frame.

[0089] However, in the example of FIGS. 7A to 7C, a case
where the four (2x2) pixels are black pixels in the (n-1)-th
frame, and only the pixel on the bottom-left transitions to a
white pixel in the subsequent n-th frame was illustrated. How-
ever, in general, the same movement occurs not only in the
(n—1)-th frame and the n-th frame but also over a plurality of
previous and subsequent frames including these frames.
Therefore, it is considered that in a dark pixel (the pixel with
awhite circular dot) whose liquid crystal molecules are in the
unstable state in the (n—1)-th frame, a bright pixel is often
made adjacent to that dark pixel on the bottom-left side, the
left side, or the bottom side by the movement of the image
pattern as shown in FIGS. 7A to 7C.

[0090] Thus, when a dark pixel and a bright pixel in an
image represented by the video signal Vid-in are adjacent in a
(n-1)-th frame, and the dark pixel is positioned on the top-
right side, the right side, or the top side of the bright pixel, if
an action is taken so that at least one of the conditions (1) to
(3) is not satisfied, the occurrence of reverse tilt is suppressed.
To realize this, in this embodiment, a voltage correction is
made so that the applied voltage to the liquid crystal device
corresponding to the bright pixel is decreased. By doing so,
reverse tilt domain will not occur in the n-th frame because the
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condition (1) is not satisfied in the n-th frame by the move-
ment of the image pattern although the conditions (2) and (3)
are satisfied.

[0091] Based on this premise, a transition from the n-th
frameto the (n+1)-th frame will be studied. When a dark pixel
and bright pixel in an image represented by the video signal
Vid-in are adjacent in the n-th frame, and the dark pixel is
positioned on the top-right side, the right side, or the top side
of the bright pixel, if an appropriate voltage is applied to the
liquid crystal device corresponding to that bright pixel, the
condition (1) is not satisfied in the (n+1)-th frame as the result
of the movement of the image pattern by a distance of one
pixel although the conditions (2) and (3) are satisfied. There-
fore, it is possible to suppress the occurrence of reverse tilt
domain in advance in the (n+1)-th frame which occurs later as
seen from the n-th frame. Here, it is assumed that an applied
voltage corresponding to a bright pixel, which is capable of
suppressing the occurrence of reverse tilt domain is Ve2. The
voltage Vc2 has such a magnitude that it can suppress a
change in the alignment of the liquid crystal molecules of
pixels which are adjacent with the risk boundary disposed
therebetween and which are going to transition to a white
pixel. Through this voltage correction, the potential differ-
ence between the adjacent bright pixel and dark pixel
decreases, and the occurrence of a horizontal electric field is
suppressed. Thus, it is possible to suppress the occurrence of
reverse tilt domain in a dark pixel.

[0092] The applied voltage to the bright pixel is not limited
to Ve2, but may be equal to or lower than V2. In this embodi-
ment, priority is given to the property wherein a change in
transmittance by the correction is not recognizable, and the
voltage V2 is used as the correction voltage.

[0093] Thevideo processing circuit 30 shown in FIG. 1isa
circuit that processes the video signal Vid-in of the n-th frame
so as to prevent the occurrence of reverse tilt domain in the
liquid crystal panel 100 in advance based on the idea
described above.

[0094] Next, the details of the video processing circuit 30
will be described.

[0095] Next, the details of the video processing circuit 30
will be also described with reference to FIG. 3. As shown in
FIG. 3, the video processing circuit 30 includes a boundary
detector 302, a delay circuit 312, a correction portion 314, and
a D/A converter 316.

[0096] The delay circuit 312 is configured by a FIFO (Fast
In Fast Out) memory or a multi-stage latch circuit and is
configured to store the video signal Vid-in supplied from the
high-order device and read out the video signal after the
passage of a predetermined period to be output as a video
signal Vid-d. The storage and readout operations in the delay
circuit 312 are controlled by the scanning control circuit 20.
[0097] The boundary detector 302 includes a first detector
321, asecond detector 322, and a determination portion 324.
[0098] Thefirstdetector 321 analyzes an image represented
by the video signal Vid-in so as to determine whether or not
there is a portion where a pixel (first pixel) in the gradation
range a and a pixel (second pixel) in the gradation range b are
adjacent in the vertical or horizontal direction. When the
adjacent portion is determined to be present, the first detector
321 detects the adjacent portion as a boundary and output
position information of the boundary.

[0099] The boundary as used therein merely refers to a
portion where a dark pixel in the gradation range a and a
bright pixel in the gradation range b are adjacent, namely a
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portion where a strong horizontal electric field is generated.
Therefore, for example, a portion where a pixel in the grada-
tion range a and a pixel in a different gradation range d (see
FIG. 4A) different from the gradation range a and the grada-
tion range b are adjacent, and a portion where a pixel in the
gradation range b and a pixel in the gradation range d are
adjacent are not treated as the boundary.

[0100] The second detector 322 extracts a portion where a
dark pixel is positioned on the top side thereof and a bright
pixel is positioned on the bottom side thereof, and a portion
where a dark pixel is positioned on the right side thereof and
a bright pixel is positioned on the left side thereof from the
boundary detected by the first detector 321, detects these
portions as a risk boundary, and outputs the position informa-
tion of the risk boundary.

[0101] The determination portion 324 determines whether
or not a pixel represented by the delayed video signal Vid-d is
a bright pixel which is adjacent to the risk boundary extracted
by the second detector 322. The determination portion 324
sets the output signal flag Q, for example, to *“1” if the deter-
mination result is “Yes” and sets the flag Q to “0” if the
determination result is “No”.

[0102] Here, the case where “a pixel being adjacent to the
risk boundary” as used herein includes a case where the pixel
is adjacent to the risk boundary along one side thereof and a
case where the risk boundary continuous in the vertical and
horizontal directions is positioned at one corner of the pixel.
Moreover, the first detector 321 is unable to detect the bound-
ary in the vertical or horizontal direction of an image that is to
be displayed unless video signals of some extent (at least
three rows) are stored. The same applies to the second detec-
tor 322. Therefore, the delay circuit 312 is provided so as to
adjust the timings at which the video signal Vid-in is supplied
from the high-order device.

[0103] Since the timings of the video signal Vid-in supplied
from the high-order device are different from the timings of
the video signal Vid-d supplied from the delay circuit 312,
strictly speaking, the horizontal scanning periods or the like
of the two signals are not identical. However, in the following
description, such periods will not be distinguished.

[0104] The storage operation and the like of the video sig-
nals Vid-in in the first and second detectors 321 and 322 are
controlled by the scanning control circuit 20.

[0105] When the flag Q supplied from the determination
portion 324 is “1,” the correction portion 314 corrects the
video signal Vid-d so that the gradation level of a bright pixel
specified by the video signal has a gradation level ¢2 and
outputs the corrected video signal as the video signal Vid-out.
Although the gradation level c2 is obtained from any one of
the applied voltages that are equal to or lower than a threshold
voltage Vth2 (second voltage) and equal to or higher than the
threshold voltage Vth1 (first voltage), it is preferable that the
gradation level ¢2 falls within 10% change from the lumi-
nance when no correction is performed.

[0106] Even when the flag Q supplied from the determina-
tion portion 324 is “1,” if the flag Q is “0,” the correction
portion 314 outputs the video signal Vid-d as the video signal
Vid-out without correcting the gradation level.

[0107] The D/A converter 316 converts the video signal
Vid-out which is digital data to an analog data signal Vx. As
described above, since this embodiment uses a field inversion
method, the polarity of the data signal Vx is changed when-
ever one page of images is overwritten to the liquid crystal
panel 100.
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[0108] According to this video processing circuit 30, when
a pixel represented by the video signal Vid-d is a bright pixel
that is adjacent to the risk boundary, and the flag Q is set to
“1,” the video signal Vid-d is corrected so that the gradation
level of a bright pixel represented by the video signal Vid-d
has the gradation level c2 and output as the video signal
Vid-out.

[0109] On the other hand, when the pixel represented by the
video signal Vid-d is not the bright pixel that is adjacent to the
risk boundary, the video signal Vid-d is output as the video
signal Vid-out without correcting the gradation level.

[0110] Next, a display operation of the liquid crystal dis-
play device 1 will be described. The video signals Vid-in are
sequentially supplied from the high-order device in one frame
in the order of the positions (row, column) of the pixels, that
is, the pixels at the positions (1,1) to (1,n), (2,1) to (2,n), (3,1)
to (3,n),. .., and (m,1) to (m,n). The video processing circuit
30 performs processing (for example delaying, correction,
and the like) on the video signal Vid-in and outputs the pro-
cessed video signal as the video signal Vid-out.

[0111] Here, in an effective horizontal scanning period
(Ha) when the video signal Vid-out of the pixels on the row
and column positions (1,1) to (1,n) is output, the processed
video signal Vid-out is converted to a positive or negative data
signal Vx (in this example, a positive data signal) by the D/A
converter 316 as shown in FIG. 5B. The data signal Vx is
sampled by the data line drive circuit 140 and output to the
data lines 114 on the first to nth columns as data signals X1 to
Xn.

[0112] On the other hand, in a horizontal scanning period
when the video signal Vid-out of the pixels on the row and
column positions (1,1) to (1,n) is output, the scanning control
circuit 20 causes the scanning line drive circuit 130 to set only
the scanning signal Y1 to be in the H level. When the scanning
signal Y1 is in the H level, since the TFTs 116 on the first row
are turned ON, the data signals sampled in the data lines 114
are applied to the pixel electrodes 118 through the TFTs 116
in the ON state. In this way, a positive-polarity voltage cor-
responding to a gradation level specified by the video signal
Vid-out is written to each of the liquid crystal devices on the
row and column positions (1,1) to (1,n).

[0113] Subsequently, the video signal Vid-in of the pixels
on the row and column positions (2,1) to (2,n) is similarly
processed by the video processing circuit 30 and output as the
video signal Vid-out. The video signal Vid-out is converted to
a positive data signal by the D/A converter 316 and sampled
by the data line drive circuit 140 and output to the data lines
114 on the first to n-th columns.

[0114] 1In the horizontal scanning period when the video
signal Vid-out of the pixels on the row and column positions
(2,1) to (2,n) is output, since the scanning line drive circuit
130 causes only the scanning signal Y2 to be in the H level, the
data signals sampled in the data lines 114 are applied to the
pixel electrodes 118 through the TFTs 116 which are on the
second row and in the ON state. In this way, a positive-
polarity voltage corresponding to a gradation level specified
by the video signal Vid-out is written to each of the liquid
crystal devices on the row and column positions (2,1) to (2,n).
[0115] Thereafter, the same writing operation is executed
on the pixels on the third, fourth, . . ., and m-th rows, whereby
a voltage corresponding to a gradation level specified by the
video signal Vid-out is written to the respective liquid crystal
devices, and a transmission image defined by the video signal
Vid-in is created.
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[0116] Inthe subsequent frame, the same write operation is
executed, except that the polarity of the data signal is inverted
so that the video signal Vid-out is converted to a negative data
signal.

[0117] FIG. 5B is a voltage waveform diagram showing an
example of the data signal Vx when the video signal Vid-out
of the pixels on the row and column positions (1,1) to (1,n) is
output from the video processing circuit 30 over one horizon-
tal scanning period (H). Since this embodiment uses the nor-
mally black mode, a positive data signal Vx has a voltage
(depicted by an upper arrow ¢ in the drawing) on the higher
side than the reference voltage Vent by an amount corre-
sponding to the gradation level processed by the video pro-
cessing circuit 30, whereas a negative data signal Vx has a
voltage (depicted by a downward arrow | in the drawing) on
the lower side than the reference voltage Vent by an amount
corresponding to the gradation level.

[0118] Specifically, the positive data signal VX has a volt-
age that is shifted from the reference voltage Vent by an
amount corresponding to the gradation within the range from
the voltage Vw(+) corresponding to white to the voltage
Vb(+) corresponding to black. On the other hand, the negative
data signal Vx has a voltage that is shifted from the reference
voltage Vent by an amount corresponding to the gradation
within the range from the voltage Vw(-) corresponding to
white to the voltage Vb(-) corresponding to black.

[0119] The voltages Vw(+) and Vw(-) are symmetrical to
each other with respect to the voltage Vent. The voltages
Vb(+)and Vb(-) are symmetrical to each other with respect to
the voltage Vent.

[0120] FIG. 5B shows the voltage waveform of the data
signal Vx, which 1s different from the voltage (the potential
difference between the pixel electrode 118 and the common
electrode 108) applied to the liquid crystal device 120. More-
over, the vertical scale of the data signal voltage in F1IG. 5B is
enlarged as compared to the voltage waveform of the scan-
ning signal or the like in FIG. 5A.

[0121] A specific example of a correction process by the
video processing circuit 30 will be described.

[0122] When an image (a part thereof) represented by the
video signal Vid-in is an image in which a region made up of
black (dark) pixels whose liquid crystal molecules are in the
unstable state is displayed on the background white (bright)
pixels in the gradation range b as shown in FIG. 11A, for
example, the boundary detected by the first detector 321 is as
shown in FIG. 11B.

[0123] Subsequently, as shown in FIG. 11C, the second
detector 322 extracts a portion where a dark pixel is posi-
tioned on the top side thereof and a bright pixel is positioned
on the bottom side thereof, and a portion where a dark pixel is
positioned on the right side thereof and a bright pixel is
positioned on the left side thereof from the boundary detected
by the first detector 321 and detects these portions as the risk
boundary.

[0124] The correction portion 314 corrects the video signal
so that the gradation level of the bright pixel adjacent to the
extracted risk boundary has the gradation level ¢2 as shown in
FIG. 12A. In FIG. 12A, since a risk boundary continuous in
the vertical and horizontal directions is positioned at one
corner on the bottom left side of the white pixel indicated by
*1, the white pixel is determined to be “adjacent to the risk
boundary” and subjected to the determination in the correc-
tion portion 314 as to whether or not the white pixel is sub-
jectedto correction. This is to cope with a case where a pattern
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corresponding to a white pixel positioned on the bottom left
side of the white pixel indicated by *1 moves in the top-right
direction by a distance of one pixel. In contrast, since a risk
boundary discontinuous in only the vertical or horizontal
direction is positioned and a risk boundary continuous in both
vertical and horizontal directions is not positioned at one
corner of the white pixel indicated by *2, that white pixel is
not subjected to the determination in the correction portion
314 as to the gradation level.

[0125] Since this idea can be applied regardless of the tilt
azimuth angle 6b, in the following description, description
thereof will not be provided.

[0126] Since all the white pixels as used herein are pixels
that are brighter than the gradation level ¢2, the image shown
in FIG. 11A will be as shown in FIG. 12A with the gradation
level of the white pixels adjacent to the risk boundary cor-
rected to the gradation level c2 by the correction portion 314.
Therefore, the potential difference between the bright pixel
and the dark pixel adjacent to each other with the risk bound-
ary disposed therebetween is suppressed, and the occurrence
of reverse tilt domain resulting from a horizontal electric field
is suppressed.

[0127] Therefore, in this embodiment, it is only necessary
to perform processing for detecting the boundary and risk
boundary between the pixels rather than processing the entire
image of one frame. Thus, itis possible to suppress the size or
complexity of the video processing circuit as compared to a
configuration that analyzes the image of two frames or more
to detect a movement. Moreover, it is possible to prevent
regions in the state where reverse tilt domain is likely to occur
from appearing continuously as a result of the movement of
black pixels.

[0128] Moreover, in this embodiment, in the image repre-
sented by the video signal Vid-in, the bright pixels whose
gradation level is corrected are only the bright pixels which
are positioned on the upstream side of the tilt azimuth with
respect to that dark pixel. Therefore, a portion where an image
is not displayed based on the video signal Vid-in can be
suppressed to be small as compared to a configuration in
which the tilt azimuth angle is not taken into consideration.
[0129] Furthermore, in this embodiment, since the video
signals having a value equal to or higher than a preset value
are not automatically clipped away, there is no adverse effect
on the contrast ratio which may otherwise occur if an unnec-
essary voltage range is provided additionally.

[0130] Moreover, since it is not necessary to apply changes
to the structure of the liquid crystal panel 100, the aperture
ratio will not decrease, and the invention can be applied to a
liquid crystal panel which is not manufactured in advance so
as to have a new structure.

Other Examples of Tilt Azimuth Angle

[0131] In the embodiment described above, a case where
the tilt azimuth angle 6b in the VA mode is 45° has been
described as an example. Next, examples where the tilt azi-
muth angle 6b has an angle other than 45° will be described.
[0132] First, an example where the tilt azimuth angle 6b is
225° as shown in FIG. 13A will be described. In this example,
reverse tilt occurs in an inner circumferential region of a pixel
along the left and bottom sides as shown in FIG. 13B. This
example is equivalent to the example shown in FIGS. 8A to
8C where the tilt azinuth angle 0b is 45° if the pixels are
rotated by 180°, for example.
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[0133] When the tilt azimuth angle 6b is 225°, among the
conditions (1) to (3) for the occurrence of reverse tilt domain
when the tilt azimuth angle 6b is 45°, the condition (2) is
amended as follows. That is, the condition (2) should be read
as (2) when in the n-th frame, the bright pixel (applied volt-
age: high) is positioned on the top-right side, the right side, or
the top side corresponding to the upstream side of the tilt
azimuth of the liquid crystal molecule with respect to the
adjacent dark pixel (applied voltage: low). The conditions (1)
and (3) remain unchanged.

[0134] Therefore, if the tilt azimuth angle 0b is 225°, when
a dark pixel and bright pixel are adjacent in the n-th frame,
and the dark pixel is positioned on the bottom-left side, the
left side, or the bottom side of the bright pixel, it may be
beneficial to correct the gradation level of the bright pixel.
[0135] Therefore, it may be beneficial to configure the sec-
ond detector 322 in the video processing circuit 30 so as to
extract a portion where a dark pixel is positioned on the
bottom side thereof and a bright pixel is positioned on the top
side thereof, and a portion where a dark pixel is positioned on
the left side thereof'and a bright pixel is positioned on the right
side thereof from the boundary detected by the first detector
321 and output the extracted portions as the risk boundary.
[0136] According to this configuration, when the tilt azi-
muth angle 6b is 225°, as shown in FIG. 12C, even when a
region made up of black pixels in an image represented by the
video signal Vid-in moves in the bottom-left direction, the
leftward direction, or the downward direction by a distance of
one pixel, the horizontal electric field generated between the
bright pixel and dark pixel adjacent with the risk boundary
disposed therebetween is suppressed. Thus, it is possible to
suppress the occurrence of reverse tilt domain.

[0137] Next, an example where the tilt azimuth angle 8b is
90° as shown in FIG. 14A will be described. In this example,
reverse tilt occurs and concentrates on a region of the target
pixel along the right side as shown in FIG. 14B. Thus, it can
be said that in the pixel, the reverse tilt domain occurs also in
the top and bottom sides near the right side by an amount
corresponding to the width of the reverse tilt domain occur-
ring on the right side.

[0138] Thus, when the tilt azimuth angle 6b is 90°, among
the conditions (1) to (3) for the occurrence of reverse tilt
domain when the tilt azimuth angle 6b is 45°, the condition
(2) is amended as follows. That is, the condition (2) should be
read as (2) when in the n-th frame, the bright pixel (applied
voltage: high) is positioned not only on the left side corre-
sponding to the upstream side of the tilt azimuth of the liquid
crystal molecule with respect to the adjacent dark pixel (ap-
plied voltage: low) but also on the top side or the bottom side
where the pixel is affected by the reverse tilt domain occur-
ring on the left side. The conditions (1) and (3) remain
unchanged. Therefore, if the tilt azimuth angle 6b is 90°,
when a dark pixel and bright pixel are adjacent in the n-th
frame, and the dark pixel is positioned on the right side, the
bottom side, or the top side of the bright pixel, it may be
beneficial to correct the gradation level of the bright pixel.
[0139] Therefore, it may be beneficial to configure the sec-
ond detector 322 in the video processing circuit 30 so as to
extract a portion where a dark pixel is positioned on the right
side thereof and a bright pixel is positioned on the left side
thereof, a portion where a dark pixel is positioned on the top
side thereof and a bright pixel is positioned on the bottom side
thereof, and a portion where a dark pixel is positioned on the
bottom side thereof and a bright pixel is positioned on the top
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side thereof from the boundary detected by the first detector
321 and output the extracted portions as the risk boundary.
[0140] According to this configuration, when the tilt azi-
muth angle 6b is 90°, as shown in FIG. 12B, even when a
region made up of black pixels in an image represented by the
video signal Vid-in moves in the upward direction, the top-
right direction, the rightward direction, the bottom-right
direction, or the downward direction by a distance of one
pixel, the horizontal electric field generated between the
bright pixel and dark pixel adjacent with the risk boundary
disposed therebetween is suppressed. Thus, it is possible to
suppress the occurrence of reverse tilt domain.

TN Mode

[0141] In the embodiments described above, an example
where a VA-mode liquid crystal is used in the liquid crystal
105 has been described. Next, an example where a TN-mode
liquid crystal is used in the liquid crystal 105 will be
described.

[0142] FIG. 15A shows 2x2 pixels in the liquid crystal
panel 100, and FIG. 15B shows the liquid crystal panel 100 in
a simplified cross-sectional view when cut along a vertical
plane including the p-q line in FIG. 15A.

[0143] As shown in the drawings, it is assumed that in an
initial alignment state, TN-mode liquid crystal molecules
have a tilt angle of 8a and a tilt azimuth angle of 6b (=45°) in
a state where the potential difference between the pixel elec-
trode 118 and the common electrode 108 is zero. Contrary to
the VA mode, since TN-mode liquid crystal molecules are
tilted in the direction horizontal to the substrate surface, the
tiltangle 8a of the TN mode is larger than that of the VA mode.
[0144] In the example where a TN-mode liquid crystal is
used in the liquid crystal 105, in many cases, the liquid crystal
device 120 operates in the normally white mode wherein it
appears white when no voltage is applied since favorable
characteristics such as a high contrast ratio or the like can be
obtained.

[0145] Therefore, when the liquid crystal 105 uses the
[0146] TN-modeliquidcrystal and operates in the normally
white mode, the relationship between the applied voltage and
the transmittance of the liquid crystal device 120 is repre-
sented by the V-T characteristics as shown in FIG. 4B. That is,
the transmittance decreases as the applied voltage increases.
However, since the liquid crystal molecules are in the
unstable state when the applied voltage to the liquid crystal
device 120 is lower than the voltage Vcl, there is no differ-
ence from the normally black mode.

[0147] In the TN-mode liquid crystal operating in the nor-
mally white mode, a case in which the four (2x2) pixels
transition from a state where all the four pixels are white
pixels whose liquid crystal molecules are in the unstable state
in the (n-1)-th frame to a state where only one pixel on the
top-right is a black pixel in the n-th frame as shown in FIG.
16A will be considered. As described above, in the normally
white mode, the potential difference between the pixel elec-
trode 118 and the common electrode 108 is larger in the black
pixels than in the white pixels contrary to the normally black
mode. Therefore, in the pixel on the top-right which transi-
tions from white to black, the liquid crystal molecules tend to
stand up in the direction (the direction perpendicular to the
substrate surface) parallel to the electric field direction from
the state depicted by the solid line to the state depicted by the
broken line as shown in FIG. 16B.



US 2011/0205479 Al

[0148] However, the potential difference generated
between the pixel electrode 118 (Wt) of the white pixel and
the pixel electrode 118 (Bk) of the black pixel is approxi-
mately equal to the potential difference generated between
the pixel electrode 118 (Bk) of the black pixel and the com-
mon electrode 108. Moreover, the gap between the pixel
electrodes is narrower than the gap between the pixel elec-
trode 118 and the common electrode 108. Therefore, com-
paring the electric field intensities, the horizontal electric field
generated between the pixel electrode 118 (Wt) and the pixel
electrode 118 (Bk) is stronger than the vertical electric field
generated between the pixel electrode 118 (Bk) and the com-
mon electrode 108.

[0149] Since the pixel on the top-right is the white pixel
whose liquid crystal molecules are in the unstable state in the
(n-1)-th frame, it takes a lot of time for the liquid crystal
molecules to be tilted in accordance with the intensity of the
vertical electric field. On the other hand, the horizontal elec-
tric field from the adjacent pixel electrode 118 (Wt) is stron-
ger than the vertical electric field generated when a voltage
having the black level is applied to the pixel electrode 118
(Bk). Therefore, in a pixel that is going to transition to ablack
pixel, a liquid crystal molecule Rv close to an adjacent white
pixel enters reverse tilt state earlier than other liquid crystal
molecules that are going to be tilted with the vertical electric
field as shown in FIG. 165.

[0150] The liquid crystal molecule Rv that has entered the
reverse tilt state at the earlier stage has an adverse effect on the
movement of the other liquid crystal molecules that are going
to stand up in the horizontal direction of the substrate surface
as depicted by the broken line in accordance with the vertical
electric field. Therefore, in the pixel that is to transition to a
black pixel, a region where the reverse tilt occurs broadens
over a wide area in a fashion such that the region encroaches
on the pixel that is to transition to a black pixel from the gap
without stopping at the gap between the pixel that is to tran-
sition to a black pixel and the white pixel as shown in FIG.
16C.

[0151] Given the above, it can be seen from FIGS. 16A to
16C that when a target pixel that is going to transition to a
black pixelis surrounded by white pixels, and the white pixels
are adjacent to the target pixel on the bottom-left side, the left
side, and the bottom side, reverse tilt occurs in an inner
circumferential region of the target pixel along the left and
bottom sides.

[0152] Moreover, a case in which the four (2x2) pixels
transition from a state where all the four pixels are white
pixels whose liquid crystal molecules are in the unstable state
in the (n-1)-th frame to a state where only one pixel on the
bottom-lefi is a black pixel in the n-th frame as shown in FIG.
17A will be considered. Even in this transition, a horizontal
electric field that is stronger than the vertical electric field
generated between the pixel electrode 118 (Bk) and the com-
mon electrode 108 is generated between the pixel electrode
118 (Bk) of the black pixel and the pixel electrode 118 (Wt) of
the white pixel. With this horizontal electric field, a liquid
crystal molecule Rv in the white pixel close to an adjacent
black pixel enters reverse tilt state with its alignment changed
earlier than other liquid crystal molecules that are going to be
tilted with the vertical electric field as shown in FIG. 17B.
However, since the intensity of the vertical electric field does
not change in the white pixels from that in the (n—1)-th frame,
the reverse tilt has little effect on the other liquid crystal
molecule. Therefore, in the pixels that do not transition from
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the white pixels, a region where the reverse tilt occurs is
negligibly narrow compared to the example of FIG. 16C as
shown in FIG. 17C.

[0153] On the other hand, among the four (2x2) pixels, in
the pixel on the bottom-left that transitions from white to
black, the initial alignment direction of the liquid crystal
molecules is barely affected by the horizontal electric field.
Thus, even when a vertical electric field is applied, almost no
liquid crystal molecules enter the reverse tilt state. Therefore,
in the pixel on the bottom-left, as the vertical electric field
intensity increases, the liquid crystal molecules are properly
tilted in the vertical direction of the substrate surface as
depicted by the broken line in FIG. 16B. As a result, the pixel
transitions to an intended black pixel, and there is no deterio-
ration in the display quality.

[0154] In a TN-mode liquid crystal operating in the nor-
mally white mode in which the tilt azimuth angle 6b is 45°,
the condition (1) is the same as above; and (2) when in the n-th
frame, the dark pixel (applied voltage: high) is positioned on
the top-right side, the right side, or the top side with respect to
the adjacent bright pixel (applied voltage: low). (3) if the
liquid crystal molecules of a pixel that transitions to the dark
pixel in the n-th frame are in the unstable state in the (n-1)-th
frame one frame before the n-th frame, reverse tilt occurs in
the dark pixel in the n-th frame.

[0155] Therefore, looking at this occurrence state from a
different perspective in the (n+1)-th frame, even when a dark
pixel in the (n+1)-th frame is made to satisfy the above-
mentioned positional relationship by the movement of the
image, (3) if the liquid crystal molecules of a pixel that
transitions to the dark pixel in the n-th frame are in the
unstable state in the (n-1)-th frame one frame before the n-th
frame, reverse tilt occurs in the dark pixel in the n-th frame
before the transition. Therefore, looking at this occurrence
state from a different perspective in the (n+1)-th frame, even
when a dark pixel in the (n+1)-th frame is made to satisfy the
above-mentioned positional relationship by the movement of
the image, it may be beneficial to decrease the gradation level
of the dark pixel so that the horizontal electric field between
the dark pixel and bright pixel adjacent with the risk boundary
disposed therebetween is suppressed in the n-th frame before
the transition.

[0156] Considering the fact that unlike the normally black
mode, in the normally white mode, the applied voltage to the
liquid crystal device decreases as the gradation level gets
higher (brighter), it may be beneficial to modify the configu-
ration of the video processing circuit 30 as follows.

[0157] That is, in the n-th frame, the second detector 322 in
the video processing circuit 30 may be configured to extract a
portion where a dark pixel is positioned on the bottom side
thereof and a bright pixel is positioned on the top side thereof,
and a portion where a dark pixel is positioned on the left side
thereof and a bright pixel is positioned on the right side
thereof from the boundary detected by the first detector 321
and detect the extracted portions as the risk boundary. More-
over, the correction portion 314 may be configured such that,
when the flag Q supplied from the determination portion 324
is “1” and the gradation level of a dark pixel specified by the
video signal Vid-d is a level that is darker than ¢2, it corrects
the video signal so that the gradation level of the dark pixel
has the gradation level ¢2 and outputs the corrected video
signal as the video signal Vid-out.

[0158] Although an example where the tilt azimuth angle
6b of the TN-mode liquid crystal is 45° has been described,
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considering the fact that the direction of the occurrence of the
reverse tilt domain in the TN mode is opposite to that of the
VA mode, the actions taken for other angles of the tilt azimuth
angle 0b other than 45° and the configurations thereof can be
easily inferred from the foregoing description.

Second Embodiment

[0159] Next, a second embodiment of the invention will be
described. In this embodiment, it is also assumed that the
liquid crystal device operates in the normally black mode.
This applies to the following embodiments unless stated oth-
erwise. Moreover, in the following description, the same con-
figurations as in the first embodiment will be denoted by the
same reference numerals, and detailed description thereof
will be appropriately omitted. In the embodiment described
above, the gradation level of only the bright pixels adjacent to
the risk boundary was corrected. However, in this embodi-
ment, when two or more (plural) bright pixels are continuous
in the direction away from the risk boundary, the gradation
level of the plurality of bright pixels is corrected.

[0160] The video processing circuit 30 of this embodiment
is different from that of the first embodiment, in that the
content determined by the determination portion 324 is
changed.

[0161] The determination portion 324 determines whether
or not a pixel represented by the video signal Vid-d delayed by
the delay circuit 312 is a bright pixel, and whether or not the
pixel is adjacent to the risk boundary detected by the second
detector 322. The determination portion 324 sets the output
signal flag Q, for example, to “1” if all the determination
results are “Yes” and sets the flag Q to “0” if any one of the
determination results is “No”. When the flag Q set for a
certain bright pixel is changed from “0” to “1,” the determi-
nation portion 324 sets the flags Q for two or more bright
pixels being continuous in the direction away from the risk
boundary to “1”. In this example, the determination portion
324 sets the flags Q for three continuous bright pixels to “1”.
[0162] A specific example of the correction process by the
video processing circuit 30 will be described.

[0163] When an image represented by the video signal
Vid-in is as shown in FIG. 11A, for example, if 6b=45°, the
gradation level is corrected as shown in FIG. 18A by the video
processing circuit 30. Specifically, when two or more bright
pixels which are adjacent to the detected risk boundary and
whose gradation level belongs to the gradation range b are
continuous in the direction away from the risk boundary, the
video processing circuit 30 corrects the video signal so that
the respective pixels have the gradation level ¢2. In this
example, this bright pixel group is made up of three bright
pixels.

[0164] Moreover, by the same way of thinking as used in
the first embodiment, when 6b=90°, the image shown in FIG.
11A is corrected to a video signal as shown in FIG. 18B by the
video processing circuit 30. Moreover, when 6b=225°, the
image shown in FIG. 11A is corrected to a video signal as
shown in FIG. 18C by the video processing circuit 30. As
described above, since the bright pixels determined by the tilt
azimuth of the liquid crystal device 120 are subjected to
correction, it is possible to suppress the occurrence of reverse
tilt domain while suppressing changes from the original
image.

[0165] Wow, it is assumed that the refresh time interval of
the display screen of the liquid crystal panel 100 is S (msec)
and the response time for the liquid crystal device 120 to enter
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its alignment state when the applied voltage to the respective
bright pixels is corrected to the voltage Vc2 by the correction
portion 314 is T (msec). When the liquid crystal panel 100 is
driven at the constant speed, the time interval S is 16.7 msec
thatis equal to the frame rate. Therefore, if S (=16.7)ZT, only
one pixel that is adjacent to the boundary will be enough to be
used as the bright pixel whose gradation level is to be cor-
rected to the gradation level c2. On the other hand, in recent
years, the driving speed of the liquid crystal panel 100 has
increased to higher speeds such as 2x, 4x, or higher. In the
high-speed driving, the high-order device supplies one page
of video signals Vid-in for each frame similarly to the con-
stant-speed driving. Therefore, in order to improve the vis-
ibility of movie images, there is a case where an intermediate
image between the n-th frame and the (n+1)-th frame is cre-
ated through interpolation techniques or the like and dis-
played on the liquid crystal panel 100. For example, in the
case of 2x driving, the refresh time interval of the display
screen is 8.35 (msec) that is half that of the constant speed
driving. Therefore, each frame is divided into the two firstand
second fields, so that a refresh operation of displaying the
image of the present frame is performed in the first field, for
example, and a refresh operation of displaying an interpola-
tion image corresponding to the image of the present frame
and the image of the next frame is performed in the second
field. Therefore, in the high-speed driving, there is a case
where an image pattern moves by a distance of one frame in
the divided fields of a frame.

[0166] WhenF (msec)is the period of'a frame in which one
page of video signals Vid-in is supplied, if a liquid crystal
panel is driven at a UX speed that is U (U is an integer) times
faster than the supply speed, the period of one field corre-
sponds to F/U, which is the refresh time interval S of a display
screen.

[0167] Therefore, when the liquid crystal panel 100 in
which the video signals Vid-in are supplied in one frame of
16.7 msec is driven at a 2x speed, the refresh time interval S
of the display screen is 8.35 msec. Here, if the response time
T1 is 24 msec, the preferred number of pixels subjected to
correction will be approximately “24/835” which 1is
“2.874xxx”. Thus, the preferred number is “3” which is an
addition of the integer part “2” and “1”.

[0168] As described above, according to this embodiment,
even when the response time of a liquid crystal device is
longer than the refresh time interval of the display screen such
as when the liquid crystal panel 100 is driven at the 2x speed
or higher, by appropriately setting the number of bright pixels
subjected to correction, it is possible to prevent the occur-
rence of display defects resulting from the above-described
reverse tilt domain in advance. That is, in this embodiment
where the normally black mode is used, although the bright
pixel group subjected to correction is made up of three con-
tinuous dark pixels, the number is not limited to “3,” and the
number may be increased considering the response time of
the liquid crystal device 120 and the driving speed of the
liquid crystal panel 100.

[0169] In this embodiment, the liquid crystal 105 may be a
TN-mode liquid crystal, for example and the liquid crystal
device 120 may operate in a normally white mode wherein it
appears white when no voltage is applied.

[0170] According to the configuration of this embodiment,
in addition to the above-mentioned advantage, the same
advantage as in the first embodiment can be obtained.
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Third Embodiment
[0171] Next, a third embodiment of the invention will be
described.
[0172] In the following description, the same configura-

tions as in the first embodiment will be denoted by the same
reference numerals, and detailed description thereof will be
appropriately omitted.

[0173] Inthe first embodiment described above, when it is
determined through the analysis of the video signal Vid-in
that a dark pixel and a bright pixel are adjacent with the risk
boundary disposed therebetween, the gradation level of only
the bright pixel was corrected. In contrast, the gradation level
may also be corrected for a pixel (a dark pixel in the normally
black mode) which is easily affected by a horizontal electric
field, and which transitions to a bright pixel in the n-th frame,
and whose liquid crystal molecules are in the unstable state in
the (n-1)-th frame one frame before the n-th frame. That is,
the liquid crystal molecules corresponding to a dark pixel are
suppressed from entering the unstable state, whereby the
condition (3) is not satisfied, and the occurrence of reverse tilt
domain is suppressed.

[0174] FIG. 19 is a block diagram showing the configura-
tion of the video processing circuit 30 according to this
embodiment. The video processing circuit 30 is different
from the video processing circuit 30 of the first embodiment,
in that a calculation portion 318 is added, and the content
determined by the determination portion 324 is changed.
[0175] Specifically, in the case of the normally black mode,
for example, when a pixel represented by the delayed video
signal Vid-d is adjacent to the risk boundary detected by the
second detector 322, the calculation portion 318 calculates
and outputs a gradation level c1 or ¢2 for that pixel depending
on whether that pixel is a dark pixel or a bright pixel. Specifi-
cally, the gradation level c1 is output for the dark pixel, and
gradation level c2 is output for the bright pixel.

[0176] The determination portion 324 determines whether
or not a pixel represented by the video signal Vid-d delayed by
the delay circuit 312 is a bright pixel, and whether or not the
pixel is adjacent to the risk boundary detected by the second
detector 322. The determination portion 324 sets the output
signal flag Q, for example, to “1” if all the determination
results are “Yes” and sets the flag Q to “0” if any one of the
determination results is “No”. The determination portion 324
also determines whether or not the pixel is a dark pixel whose
gradation level represented by the video signal Vid-d delayed
by the delay circuit 312 is lower than the gradation level 1,
and whether or not the pixel is adjacent to the risk boundary
detected by the second detector 322. The determination por-
tion 324 sets the output signal flag Q, for example, to “1” if all
the determination results are “Yes” and sets the flag Q to “0”
if any one of the determination results is “No”.

[0177] When the flag Q output from the determination por-
tion 324 is “1,” and a pixel represented by the video signal
Vid-d is a dark pixel whose applied voltage is lower than V¢l
and whose gradation level is darker than the gradation level
cl, the correction portion 314 corrects the video signal Vid-d
so as to have the gradation level c1 output from the calculation
portion 318 and outputs the corrected video signal as the
video signal Vid-out. That is, when the applied voltage speci-
fied by the video signal Vid-in for the dark pixel adjacent to
the risk boundary is lower than the voltage V¢l lower than the
threshold voltage Vthl, the correction portion 314 corrects
the applied voltage to the liquid crystal device corresponding
to that dark pixel so as to be equal to or higher than the voltage
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Vel and lower than the applied voltage (namely, the voltage
Ve2) corresponding to the bright pixel adjacent to the dark
pixel with the risk boundary disposed therebetween. In this
example, in order to make a change in the transmittance of the
dark pixel by the correction hard to be recognizable, the
applied voltage to the liquid crystal device corresponding to
the dark pixel is corrected to Vel.

[0178] When the gradation level of the dark pixel adjacent
to the risk boundary is equal to or higher than the gradation
level cl, the correction portion 314 may not correct the gra-
dation level of the dark pixel. Moreover, when the flag Q
output from the determination portion 324 is “1,” and the
pixel represented by the video signal Vid-d is a bright pixel,
the correction portion 314 corrects the video signal Vid-d so
as to have the gradation level c2 output from the calculation
portion 318 and outputs the corrected video signal as the
video signal Vid-out.

[0179] A specific example of a correction process by the
video processing circuit 30 will be described.

[0180] When an image represented by the video signal
Vid-in is as shown in FIG. 11A, for example, if b=45°, the
gradation level is corrected as shown in FIG. 20A by the video
processing circuit 30. By the same procedure as used in the
first embodiment described above, the video processing cir-
cuit 30 corrects the gradation level of the bright pixel adjacent
to the risk boundary to the gradation level ¢2 and corrects the
video signal so that the dark pixels adjacent on the opposite
side of the bright pixel with respect to the risk boundary have
the gradation level cl if the gradation level thereof is lower
than the gradation level cl.

[0181] Inthe VA mode, liquid crystal molecules are closest
to each other in the direction perpendicular to the substrate
surface when the applied voltage to the liquid crystal device is
zero. The voltage Vel has such a magnitude that it gives an
initial tilt angle to the liquid crystal molecules, and the liquid
crystal molecules begin to be tilted in response to application
of that voltage. The voltage V¢l that causes the liquid crystal
molecules to enter the stable state is related to various param-
eters of the liquid crystal panel and is not determined as one
voltage. For example, in a liquid crystal panel as in this
embodiment where the gap between the pixel electrodes 118
is narrower than the gap (cell gap) between the pixel electrode
118 and the common electrode 108, the voltage is approxi-
mately 1.5 V. Therefore, it may be beneficial to control the
applied voltage V¢l corresponding to a dark pixel so as to be
equal to or higher than 1.5 V since 1.5V is the lower limit
voltage. However, the applied voltage Vel is not limited to 1.5
V.
[0182] Moreover, by the same way of thinking as used in
the first embodiment, when the image is as shown in FIG.
11A, for example, if 6b=90°, the gradation level is corrected
as shown in FIG. 20B by the video processing circuit 30.
Moreover, when the image is as shown in FIG. 114, if
6b=225°, the gradation level is corrected as shown in FIG.
20C by the video processing circuit 30.

[0183] According to this embodiment, the same advantage
as in the first embodiment can be obtained. Moreover, since
the applied voltage to liquid crystal devices of a dark pixel
group subjected to correction is corrected to a higher voltage,
it is possible to suppress the liquid crystal molecules of the
liquid crystal device 120 from entering the unstable state. As
aresult, it is possible to suppress the occurrence of reverse tilt
domain resulting from a horizontal electric field more effec-
tively.
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[0184] Since a risk boundary continuous in the vertical and
horizontal directions is positioned at one corner on the bottom
left side of the white pixel indicated by *3 and the black pixel
indicated by *4, the pixels are determined to be “adjacent to
the risk boundary” and subjected to the determination in the
correction portion 314 as to whether or not the pixels are
subjected to correction. The same applies to other tilt azimuth
angles 6b.

[0185] In this embodiment, the liquid crystal 105 may be a
TN-mode liquid crystal, for example and the liquid crystal
device 120 may operate in a normally white mode wherein it
appears white when no voltage is applied.

Fourth Embodiment
[0186] Next, a fourth embodiment of the invention will be
described.
[0187] In the following description, the same configura-

tions as in the first embodiment will be denoted by the same
reference numerals, and detailed description thereof will be
appropriately omitted. The video processing circuit 30 of this
embodiment is different from the video processing circuit 30
of the third embodiment, in that the content determined by the
determination portion 324 is changed.

[0188] Inthesecond embodiment described above, the gra-
dation level of one bright pixel and one dark pixel which are
adjacent to each other with the risk boundary disposed ther-
ebetween were corrected. In contrast, in this embodiment, the
gradation levels of two or more continuous bright pixels
including the bright pixel and two or more dark pixels includ-
ing the dark pixel are corrected.

[0189] The determination portion 324 determines whether
or not a pixel represented by the video signal Vid-d delayed by
the delay circuit 312 is a bright pixel, and whether or not the
pixel is adjacent to the risk boundary detected by the second
detector 322. The determination portion 324 sets the output
signal flag Q, for example, to “1” if all the determination
results are “Yes” and sets the flag Q to “0” if any one of the
determination results is “No”. When the flag Q set for a
certain bright pixel is changed from “0” to “1,” the determi-
nation portion 324 sets the flags Q for two or more bright
pixels being continuous in the direction away from the risk
boundary to “1”. In this example, the determination portion
324 sets the flags Q for two continuous bright pixels to “1”.
The determination portion 324 also determines whether or
not the pixel represented by the video signal Vid-d delayed by
the delay circuit 312 is a dark pixel whose applied voltage is
lower than Vel and whose gradation level is darker than the
gradation level c1, and whether or not the pixel is adjacent to
the risk boundary detected by the second detector 322. The
determination portion 324 sets the output signal flag Q, for
example, to “1” if all the determination results are “Yes” and
sets the flag Q to “0” if any one of the determination results is
“No”. When the flag Q set for a certain dark pixel is changed
from “0” to *“1,” the determination portion 324 sets the flags Q
for two or more dark pixels being continuous in the direction
away from detected the risk boundary to “1”. In this example,
the determination portion 324 sets the flags Q for two con-
tinuous dark pixels to “1”.

[0190] When the flag Q output from the determination por-
tion 324 is “1,” the correction portion 314 corrects the video
signal Vid-d so as to have the gradation level output from the
calculation portion 318 and outputs the corrected video signal
as the video signal Vid-out.
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[0191] A specific example of a correction process by the
video processing circuit 30 will be described.

[0192] When an image represented by the video signal
Vid-in is as shown in FIG. 11A, for example, if 6b=45°, the
gradation level is corrected as shown in FIG. 21A by the video
processing circuit 30.

[0193] Inthe case of the normally black mode, by the same
procedure as used in the first embodiment described above,
the video processing circuit 30 corrects the gradation level of
the bright pixels to be subjected to the correction to the
gradation level ¢2 and corrects the video signal so that two or
more dark pixels which are adjacent on the opposite side of
the bright pixel group with respect to the risk boundary and
which are continuous in the direction away from the risk
boundary have the gradation level c1. In this example, the
bright pixels to be subjected to correction are two continuous
bright pixels, and the dark pixels to be subjected to correction
are two continuous dark pixels. Moreover, by the same way of
thinking as used in the first embodiment, when 6b=90°, the
image shown in FIG. 11A is corrected so as to have the
gradation level as shown in FIG. 21B by the video processing
circuit 30. Moreover, when 6b=225°, the image shown in
FIG. 11A is corrected so as to have the gradation level as
shown in FIG. 21C by the video processing circuit 30. As
described above, since the dark pixels determined by the tilt
azimuth of the liquid crystal device 120 are subjected to
correction, it is possible to suppress the occurrence of reverse
tilt domain while suppressing changes from the original
image.

[0194] According to the configuration of this embodiment,
it is possible to further decrease the potential difference
between adjacent pixels more than the configuration of the
second embodiment and to further suppress the effect of the
horizontal electric field. Moreover, even when the response
time T2 of a liquid crystal device is longer than the refresh
time interval S of a display screen, it is possible to suppress
the occurrence of reverse tilt domain. Specifically, when the
refresh time interval of the display of the liquid crystal panel
100 is S and the response time of the liquid crystal device
when the applied voltage is changed to the correction voltage
is T2, if S<T?2, the number of pixels which are adjacent to a
first pixel adjacent to the risk boundary and which are con-
tinuous in the direction away from the risk boundary is deter-
mined by the value of an integer part of a division of the
response time T2 by the time interval S.

[0195] In this embodiment, the liquid crystal 105 may be a
TN-mode liquid crystal, for example and the liquid crystal
device 120 may operate in a normally white mode wherein it
appears white when no voltage is applied.

Modifications

[0196] In the embodiments described above, a portion
where a dark pixel and a bright pixel are adjacent in the
vertical or horizontal direction was detected as a boundary.
This is to enable processing of an image pattern which moves
in either direction. On the other hand, with regard to a move-
ment of a cursor or the like on a display screen of a word
processor or a text editing program, it may be sufficient to
consider only the horizontal (X) direction as the movement
direction of the image pattern. For example, when only the
horizontal direction is considered as the movement direction
of the image pattern, if the tilt azimuth angle 6b of the VA-
mode liquid crystal is 45°, it may be beneficial to configure
the first detector 321 to detect only a portion where a pixel in
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the gradation range a and a pixel in the gradation range b are
adjacent in the vertical direction as a boundary. In this case,
the first detector 321 does not treat a portion where the pixels
are adjacent in the horizontal direction as the boundary.
[0197] When only the horizontal direction is considered as
the movement direction of the image pattern as described
above, itis possible to simplify the configuration compared to
the configuration in which the vertical direction or the diago-
nal direction is also considered.

[0198] Although the case where the tilt azimuth angle 6b of
the VA-mode liquid crystal is 45° has been described as an
example, the same applies to a case where the tilt azimuth
angle 6b of the VA-mode liquid crystal is 225°.

[0199] Although in the respective embodiments described
above, the video signal Vid-in specifies the gradation level of
a pixel, the video signal Vid-in may directly specify the
applied voltage to the liquid crystal device. When the video
signal Vid-in specifies the applied voltage to the liquid crystal
device, the boundary may be determined based on the speci-
fied applied voltage, and the applied voltage may be cor-
rected.

[0200] The gradation levels of the respective bright or dark
pixels subjected to the correction in each of the second and
fourth embodiments may not be identical.

[0201] Moreover, in the above-described embodiments, the
liquid crystal device 120 is not limited to a transmission-type
liquid crystal device but may be a reflection-type liquid crys-
tal device. Furthermore, the liquid crystal device 120 is not
limited to a normally black mode but may operate in a nor-
mally white mode.

Electronic Apparatus

[0202] Next, a projection display apparatus (projector)
using the liquid crystal panel 100 as a light value will be
described as an example of an electronic apparatus using the
liquid crystal display device according to the above-described
embodiment. FIG. 22 is a plan view showing the configura-
tion of this projector.

[0203] As shown in the drawing, a lamp unit 2102 formed
of a white light source such as a halogen lamp is provided
inside a projector 2100. A projection light beam emitted from
the lamp unit 2102 is separated into the three primary colors
R (red), G (green), and B (blue) by three mirrors 2106 and two
dichroic mirrors 2108 disposed in the projector 2100. The
three primary color light beams are guided to the correspond-
ing light valves 100R, 100G, and 100B. Since the B light
beam passes along a longer optical path than the R and G light
beams do, in order to prevent the optical loss, the B light beam
is guided through a relay lens system 2121 which includes an
incidence lens 2122, a relay lens 2123, and an exiting lens
2124.

[0204] In this projector 2100, three liquid crystal display
devices each including the liquid crystal panel 100 are pro-
vided s0 as to correspond to the three colors R, G, and B. The
light valves 100R, 100G, and 100B have the same configura-
tion as in the liquid crystal panel 100 described above. Video
signals specifying the gradation levels of the respective pri-
mary color components R, G, and B are supplied from an
external high-order circuit, whereby the light valves 1008,
100G, and 100B are driven.

[0205] Light beams modulated by the light valves 100R,
100G, and 100B enter a dichroic prism 2112 from three
directions. In the dichroic prism 2112, the R and B light
beams are refracted by 90°, whereas the G light beam passes
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straight therethrough. Thereafter, the images of the respective
primary colors are combined, and a color image is projected
onto a screen 2120 by a projection lens 2114.

[0206] Since the dichroic mirror 2108 causes light beams
corresponding to the colors R, G, and B to enter the corre-
sponding light valves 100R, 100G, and 100B, it is not neces-
sary to provide a color filter. Moreover, since the transmission
images of the light valves 100R and 100B are projected after
being reflected by the dichroic prism 2112, whereas the trans-
mission image of the light valve 100G is projected without
being reflected, the horizontal scanning direction by the light
valves 100R and 100B is opposite to the horizontal scanning
direction of the light valve 100G, so that horizontally inverted
images are displayed.

[0207] Inaddition to the projector described with reference
to FIG. 22, examples of the electronic apparatus include
televisions, view-finder-type or monitor-direct-view-type
video tape recorders, car navigators, pagers, electronic note-
books, electronic calculators, word processors, workstations,
video phones, POS terminals, digital-still cameras, portable
phones, apparatuses equipped with touch panels, and the like.
Moreover, it goes without saying that the liquid crystal dis-
play device can be applied to these various types of electronic
apparatuses.

[0208] Theentire disclosure of Japanese Patent Application
No. 2010-035771, filed Feb. 22, 2010 is expressly incorpo-
rated by reference herein.

What is claimed is:

1. A video processing circuit used in a liquid crystal panel
in which a liquid crystal is interposed between a first substrate
on which a pixel electrode is provided so as to correspond to
each of a plurality of pixels and a second substrate on which
acommon electrode is provided, and a liquid crystal device is
formed of the pixel electrode, the liquid crystal, and the
common electrode,

the video processing circuit inputting video signals that

specify an applied voltage to the liquid crystal device for
each of the pixels and defining each of the applied volt-
ages to the liquid crystal devices based on processed
video signals, comprising:

a boundary detector that detects a portion of a boundary

between a first pixel whose applied voltage specified by
an input video signal is lower than a first voltage and a
second pixel whose applied voltage is higher than a
second voltage higher than the first voltage, as a risk
boundary that is determined by a tilt azinuth of the
liquid crystal; and

a correction portion that corrects an applied voltage to a

liquid crystal device corresponding to a second pixel
which is adjacent to the risk boundary from the applied
voltage specified by the video signal to a voltage equal to
or lower than the second voltage and higher than the first
voltage.

2. The video processing circuit according to claim 1,

wherein the correction portion corrects the applied volt-

ages to liquid crystal devices corresponding to one or
more second pixels which are adjacent on the opposite
side of the risk boundary with respect to the first pixel
adjacent to the risk boundary and which are continuous
in the direction away from the risk boundary from the
applied voltage specified by the video signal to a voltage
equal to or lower than the second voltage and higher than
the first voltage, and



US 2011/0205479 Al

wherein when a refresh time interval of the display of the
liquid crystal panel is S and a response time of the liquid
crystal devices corresponding to the second pixels when
the applied voltages to the liquid crystal devices are
changed to the voltage corrected by the correction por-
tion is T1, if S<T1, the number of one or more continu-
ous second pixels is determined by the value of an inte-
ger part of a division of the response time T1 by the time
interval S.

3. The video processing circuit according to claim 1,

wherein the correction portion corrects an applied voltage

to a liquid crystal device corresponding to a first pixel
which is adjacent to the risk boundary from the applied
voltage specified by the input video signal to a voltage
equal to or higher than a third voltage and lower than the
applied voltages to second pixels adjacent with the risk
boundary disposed therebetween when the applied volt-
age specified by the video signal input to the first pixel is
lower than the third voltage lower than the first voltage.

4. The video processing circuit according to claim 3,

wherein the correction portion corrects the applied volt-

ages to liquid crystal devices corresponding to one or
more first pixels which are adjacent on the opposite side
of the risk boundary with respect to the second pixel
adjacent to the risk boundary and which are continuous
in the direction away from the risk boundary from the
applied voltage specified by the video signal to a voltage
equal to or higher than the first voltage and lower than
the applied voltage to second pixels adjacent with the
risk boundary disposed therebetween, and

wherein when a refresh time interval of the display of the

liquid crystal panel is S and a response time of the liquid
crystal devices corresponding to the first pixels when the
applied voltages to the liquid crystal devices are changed
to the voltage corrected by the correction portion is T2,
if S<T2, the number of one or more continuous first
pixels is determined by the value of an integer part of a
division of the response time T2 by the time interval S.

5. The video processing circuit according to claim 3,

wherein the correction portion corrects the applied voltage

to the liquid crystal device corresponding to the first
pixel subjected to the correction to a voltage that gives an
initial tilt angle to the liquid crystal device.

6. The video processing circuit according to claim 1,

wherein the tilt azimuth is a direction from one end of the

long axis of a liquid crystal molecule on the pixel elec-
trode side to the other end of the liquid crystal molecule
as viewed in plan view from the pixel electrode side
towards the common electrode.

7. A video processing method used in a liquid crystal panel
in which a liquid crystal is interposed between a first substrate
on which a pixel electrode is provided so as to correspond to
each of a plurality of pixels and a second substrate on which
acommon electrode is provided, and a liquid crystal device is
formed of the pixel electrode, the liquid crystal, and the
common electrode, the video processing method inputting
video signals that specify an applied voltage to the liquid
crystal device for each of the pixels and defining each of the
applied voltages to the liquid crystal devices based on pro-
cessed video signals, comprising:

detecting a portion of a boundary between a first pixel

whose applied voltage specified by an input video signal
is lower than a first voltage and a second pixel whose

15
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applied voltage is higher than a second voltage higher
than the first voltage, as a risk boundary that is deter-
mined by a tilt azimuth of the liquid crystal; and
correcting an applied voltage to a liquid crystal device
corresponding to a second pixel which is adjacent to the
risk boundary from the applied voltage specified by the
video signal to a voltage equal to or lower than the
second voltage and higher than the first voltage.
8. A liquid crystal display device comprising:
a liquid crystal panel having a liquid crystal device in
which a liquid crystal is interposed between a pixel
electrode provided on a first substrate so as to corre-
spond to each of a plurality of pixels and a common
electrode provided on a second substrate; and
the video processing circuit according to claim 1.
9. A liquid crystal display device comprising:
a liquid crystal panel having a liquid crystal device in
which a liquid crystal is interposed between a pixel
electrode provided on a first substrate so as to corre-
spond to each of a plurality of pixels and a common
electrode provided on a second substrate; and
the video processing circuit according to claim 2.
10. A liquid crystal display device comprising:
a liquid crystal panel having a liquid crystal device in
which a liquid crystal is interposed between a pixel
electrode provided on a first substrate so as to corre-
spond to each of a plurality of pixels and a common
electrode provided on a second substrate; and
the video processing circuit according to claim 3.
11. A liquid crystal display device comprising:
a liquid crystal panel having a liquid crystal device in
which a liquid crystal is interposed between a pixel
electrode provided on a first substrate so as to corre-
spond to each of a plurality of pixels and a common
electrode provided on a second substrate; and
the video processing circuit according to claim 4.
12. A liquid crystal display device comprising:
a liquid crystal panel having a liquid crystal device in
which a liquid crystal is interposed between a pixel
electrode provided on a first substrate so as to corre-
spond to each of a plurality of pixels and a common
electrode provided on a second substrate; and
the video processing circuit according to claim 5.
13. A liquid crystal display device comprising:
a liquid crystal panel having a liquid crystal device in
which a liquid crystal is interposed between a pixel
electrode provided on a first substrate so as to corre-
spond to each of a plurality of pixels and a common
electrode provided on a second substrate; and
the video processing circuit according to claim 6.
14. An electronic apparatus having the liquid crystal dis-
play device according to claim 8.

15. An electronic apparatus having the liquid crystal dis-
play device according to claim 9.

16. An electronic apparatus having the liquid crystal dis-
play device according to claim 10.

17. An electronic apparatus having the liquid crystal dis-
play device according to claim 11.

18. An clectronic apparatus having the liquid crystal dis-
play device according to claim 12.

19. An clectronic apparatus having the liquid crystal dis-
play device according to claim 13.
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