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A liquid crystal display device employing an overshooting
driving method is provided which is capable of reducing
memory capacity of a frame memory used to delay input
data. The above liquid crystal display device for displaying
an image using a liquid crystal panel includes a data con-
verting table to generate output gray-scale data obtained by
thinning out input gray-scale data to reduce a number of bits
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display device whose capacity of a frame memory required
for driving a liquid crystal panel in an overshooting manner
can be reduced.

[0003] The present application claims priorities of Japa-
nese Patent Application Nos.2001-192076 filed on Jun. 25,
2001 and 2002-146165 filed on May 21, 2002, which are
hereby incorporated by reference.

[0004] 2. Description of the Related Art

[0005] Transmittance of light of a liquid crystal substance
making up a liquid crystal cell is changed by a change in an
alignment of a molecule occurring when an electric field is
applied. An image display can be achieved by using a liquid
crystal panel in which many tiny liquid crystal cells made up
of liquid crystal substances are arranged on a transparent
substrate and a signal voltage can be individually applied to
each of the liquid crystal cells and by using a light source
mounted on a rear of the liquid crystal panel and by
controlling transmittance of light applied from the light
source for every liquid crystal cell.

[0006] However, in the liquid crystal display device, the
change in the molecular alignment occurring at a time when
an electric field is applied to the liquid crystal substance
entails time delays and therefore an accumulating effect in
its light-emitting responsivity is produced. As a result, in the
case of displaying moving pictures, there is a problem in that
delays in the movement of the image cause a person to be
hard to see pictures.

[0007] An effort to improve display performance of a
moving picture is being made by employing an overshooting
driving method in which a large signal voltage is applied for
a short time while a liquid crystal cell is driven which causes
a change in a molecular alignment of a liquid crystal
substance to be accelerated.

[0008] FIG. 14 is a schematic block diagram showing an
example of a configuration of a conventional liquid crystal
display device to be driven in an overshooting manner. The
conventional liquid crystal display device, as shown in FIG.
14, chiefly includes a controller 101, a frame memory 102,
a look-up table 103, and a liquid crystal display (LCD) 104.
Moreover, in the liquid crystal display device, in ordinary
cases, liquid crystal cells each corresponding to each of three
primary colors including a red (R) color, green (G) color,
and blue (B) color are provided and RGB data is fed to each
of the liquid crystal cells to display a color image and
hereinafter operations in the case of a single color are
described to simplify the explanation.

[0009] An input 1 for an image signal made up of, for
example, 8 bits of digital data (gray-scale value) is fed from
an outside device to a controller 101 and is sequentially
transferred to a frame memory 102 where it is held for one
frame period and then is output. The controller 101 feeds an
output from the frame memory 102 as an input 2 to the
look-up table 103.

[0010] On the other hand, the input 1 is directly fed to the
look-up table 103. The look-up table 103, according to a
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gray-scale value of the input 1 and the input 2, generates an
output 2 required for an overshooting driving and feeds it to
the LCD 104.

[0011] In the LCD 104, a pixel electrode is mounted at
every point of intersections of a plurality of scanning lines
arranged in a horizontal (row) direction and a plurality of
data lines in a vertical (column) direction. It has a scanning
line driving circuit used to drive the scanning line (not
shown) and a data line driving circuit used to drive the data
line (not shown). A supply of a scanning signal from the
scanning line driving circuit according to synchronizing data
fed from the controller 101 causes the scanning line on each
row to be sequentially driven and a supply of a data signal
by the data line driving circuit to each data line according to
synchronizing data fed from the controller 101 and accord-
ing to a gray-scale value of the output 2 fed from the look-up
table 103 causes the data line on each column to be sequen-
tially driven. An image display is achieved by changing
transmittance of light according to a voltage of a data signal
fed from a corresponding data line occurring when a gate of
a TFT (Thin Film Transistor) being connected between each
of the pixel electrodes and each of corresponding data lines
is turned ON by a scanning signal from the scanning line.

[0012] At this point, the look-up table 103, in order to
perform an overshooting driving, generates the output 2
being an overshooting gray-scale value, for one frame period
following a change of a gray-scale value of the input 1
according to a gray-scale value of the input 1 and input 2.
That is, the look-up table 103 is set a value, in advance, so
that, when a gray-scale value of an input 1 is equal to a
gray-scale of an input 2, the gray-scale value is output as an
output 2, however, when a gray-scale value of the input 2 is
smaller than a gray-scale of the input 1, an output 2 having
a gray-scale value being larger than an gray-scale value of
an input 2 is output as an overshooting gray-scale value and,
when a gray-scale value of an input 2 is larger than a
gray-scale value of an input 1, an output 2 having a
gray-scale value being smaller than a gray-scale value of the
input 2 is output as an overshooting gray-scale value.

[0013] Functions of the overshooting driving are
described by referring to FIG. 15 below. When there is no
change in a gray-scale value in the input 1 during a frame F1,
since no change occurs yet in the input 2, signal levels of the
input 1 and input 2 are same in the look-up table 103 and,
therefore, a gray-scale value of the input 1=input 2=D1 is
output as an input 2 from the look up table 103. During a
subsequent frame F2, when a gray-scale value of the input
1 is changed from D1 to D2, since a gray-scale value D1 of
the input 2 remains unchanged, the input 1 to the look-up
table 103>the input 2 to the look-up table 103 and an
overshooting value DO being stored in advance is output
corresponding to a gray scale value D1 of the input 1 and a
gray-scale value D2 of the input 2 is output as an output 2
from the look-up table 103, which causes the overshooting
driving to be performed.

[0014] In asubsequent frame F3, since a gray-scale value
of the input 2 becomes D2, a gray-scale value of an input
1=input 2=D2 is output as an output 2 from the look,-up
table 103. A data signal for a corresponding pixel electrode
is applied to the LCD 104 according to a gray-scale value
fed from the look-up table 103 and, at this point, luminance
of the LCD 104 is changed in such a manner that its
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luminance L1 corresponding to a gray-scale value D1 during
the frame F1 undergoes a transient change based on an
overshooting gray-scale value DO during the frame F2 and
becomes a luminance L2 corresponding to a gray-scale
value D2 during the frame F3.

[0015] Now, if it is presumed that, in FIG. 14, there is no
look-up table 103 and the LCD 104 is to be directly driven
by the input 1, as indicated by a broken line in FIG. 15, a
gray-scale value of the output 2 to be fed to the LCD 104
immediately becomes “D2” during the frame F2, however,
a rise of the luminance of the LCD 104 from its luminance
L1 is gentle due to delays in operations of the liquid crystal
cell as indicated by another broken line in FIG. 15 and very
long delays develop in an image display.

[0016] In contrast, when the overshooting driving is
employed, as indicated by a solid line in FIG. 185, the rise of
the luminance of the LCD 104 from its luminance L1
corresponding to the gray-scale value D1 becomes sharp and
then the luminance corresponding to the gray-scale value D2
becomes “L27, thus improving delays in the image display.

[0017] Moreover, if an input gray-scale value D2 is larger
than an input gray-scale value D1, an overshooting gray-
scale value DO becomes larger than an input gray-scale value
D2. However, it the input gray-scale value D2 becomes
smaller than an input gray-scale value D1, an overshooting
gray-scale value DO becomes smaller than the input gray-
scale value D2. The larger becomes a difference between the
input gray-scale value D2 and the input gray-scale value D1,
the larger becomes an amount of a change in the overshoot-
ing gray-scale value DO relative to the input gray-scale value

[0018] Thus, in the liquid crystal display device, by per-
forming overshooting driving using the look-up table to
improve delays in the image display, it is made possible to
improve visibility in image display of moving pictures.

[0019] However, the conventional liquid crystal display
shown in FIG. 14 has a problem in that, since data of the
input 1 fed from an outside device, as it is, is directly stored
in the frame memory 102, it is necessary that memory
capacity of the frame memory 102 should be large.

SUMMARY OF THE INVENTION

[0020] In view of the above, it is an object of the present
invention to provide a liquid crystal display device having a
look-up table to perform owvershooting driving which is
capable of reducing memory capacity of a frame memory to
be used for delaying input data.

[0021] According to a first aspect of the present invention,
there is provided a liquid crystal display device for display-
ing an image using a liquid crystal panel including:

[0022] a first table section to produce output gray-
scale data obtained by reducing a number of bits of
first input gray-scale data;

[0023] a frame memory section to produce second
input gray-scale data obtained by delaying the output
gray-scale data fed by the first table section by one
frame image display period in the liquid crystal
panel;

[0024] a second table section to produce an over-
shooting gray-scale output being in advance stored
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according to a relation in size between the first input
gray-scale data and the second input gray-scale data;
and

wherein 1mage display in the liquid crysta

0025 herein image display in the liquid crystal
panel is achieved by using the overshooting gray-
scale output.

[0026] In the foregoing, a preferable mode is one wherein
the first table section reduces a number of bits of the output
gray-scale data by performing data conversion so that, when
a gray-scale value of the first input gray-scale data is small,
the output gray-scale data is produced at rough intervals and
so that, whenever a gray-scale value of the first input
gray-scale data is large, the output gray-scale data is pro-
duced at shorter and finer intervals.

[0027] Also, a preferable mode is one wherein the first
input gray-scale data is made up of 8 bits and the output
gray-scale data is made up of 5 bits.

[0028] Also, a preferable mode is one wherein the first
input gray-scale data is made up of 6 bits and output
gray-scale data is made up of 4 bits.

[0029] Also, a preferable mode is one wherein the first
input gray-scale data is made up of 6 bits and the output
gray-scale data is made up of 3 bits.

[0030] Also, a preferable mode is one wherein each of red
color data, green color data, and blue color data making up
respectively the first input gray scale data is made up of 8
bits while each of red color data and blue color data making
up the output gray-scale data is made up of 5 bits and green
color data making up the output gray-scale data is made up
of 6 bits.

[0031] Also, a preferable mode is one wherein the second
table section produces a gray-scale value, obtained by per-
forming data conversion to convert a number of the bits,
corresponding to a gray-scale value being larger than, equal
to, or smaller than a gray-scale value of the first input
gray-scale data, depending on whether a gray-scale value of
the first input gray-scale data is larger than, equal to, or
smaller than a gray-scale value of the second input gray-
scale data corresponding to the first input gray-scale data
when data conversion to reduce a number of bits is not
performed.

[0032] Also, a preferable mode is one wherein the liquid
crystal panel is of Twisted Nematic (TN) type.

[0033] Also, a preferable mode is one wherein the liquid
crystal panel is of In-Plane Switching (IPS) type.

[0034] Also, a preferable mode is one wherein image
display in the liquid crystal panel is performed by a dot
reversing method.

[0035] Also, a preferable mode is one wherein image
display in the liquid crystal panel is performed by a line
reversing method.

[0036] Furthermore, a preferable mode is one wherein
image display in the liquid crystal panel is performed by a
frame reversing method.

[0037] With the above configurations, in order to apply an
overshooting driving method, when input data is delayed in
a frame memory by one frame period and is then input to a
look-up table to determine an overshooting gray-scale value,
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by mounting a date converting table on an input side to
reduce a number of bits of the input data and then holding
it in a frame memory, it is made possible to greatly reduce
a capacity of a frame memory and to minimize a size of the
frame memory and to lower costs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The above and other objects, advantages, and fea-
tures of the present invention will be more apparent from the
following description taken in conjunction with the accom-
panying drawings in which:

[0039] FIG. 1 is a block diagram showing configurations
of a liquid crystal display device according to an embodi-
ment of the present invention;

[0040] FIG. 2 is a diagram showing one example of a
content of a data converting table employed in a TN
(Twisted Nematic)-type liquid crystal panel according to the
embodiment of the present invention;

[0041] FIG. 3 is a diagram showing another example of a
content of a data converting table employed in a TN-type
liquid crystal panel according to the embodiment of the
present invention;

[0042] FIG. 4 is a diagram showing still another example
of a content of a data converting table employed in a
TN-type liquid crystal panel according to the embodiment of
the present invention;

[0043] FIG. 5 is a diagram showing an example of a
content of a data converting table employed in an IPS
(In-Plane Switching)-type liquid crystal panel according to
the embodiment of the present invention;

[0044] FIG. 6 is a graph for explaining an operation of
overshooting driving in the TN-type liquid crystal panel
according to the embodiment of the present invention;

[0045] FIG. 7 is a graph for explaining an operation of
overshooting driving in the IPS-type liquid crystal panel
according to the embodiment of the present invention;

[0046] FIG. 8 is a diagram showing one example of a
content of a look-up table employed in the TN-type liquid
crystal panel according to the embodiment of the present
invention;

[0047] FIG. 9 is a diagram showing another example of a
content of a look-up table employed in the TN type liquid
crystal panel according to the embodiment of the present
invention;

[0048] FIG.10is a diagram showing still another example
of a content of a look-up table employed in the TN-type
liquid crystal panel according to the embodiment of the
present invention;

[0049] FIG. 11 is a diagram showing an example of a
content of a look-up table employed in the IPS-type liquid
crystal panel according to the embodiment of the present
invention;

[0050] FIG. 12 is a diagram showing an example of a
moving image used to confirm effects of overshooting
driving according to the embodiment of the present inven-
tion;
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[0051] FIGS. 13A and 13B are diagrams showing an
example of confirmation of effects of overshooting driving
by a visual check;

[0052] FIG. 14 is a schematic diagram showing an
example of configurations of a liquid crystal display device
performing a conventional overshooting driving;

[0053] FIG. 15 is a diagram for explaining a function of
the conventional overshooting driving.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0054] Best modes of carrying out the present invention
will be described in further detail using various embodi-
ments with reference to the accompanying drawings.

Embodiment

[0055] FIG. 1 is a block diagram showing configurations
of a liquid crystal display device according to an embodi-
ment of the present invention. FIG. 2 is a diagram showing
one example of a content of a data converting table
employed in a TN-type liquid crystal panel according to the
embodiment. FIG. 3 is a diagram showing another example
of a content of a data converting table employed in a
TN-type liquid crystal panel according to the embodiment.
FIG. 4 is a diagram showing still another example of a
content of a data converting table employed in a TN-type
liquid crystal panel according to the embodiment. FIG. 5 is
a diagram showing an example of a content of a data
converting table employed in an IPS-type liquid crystal
panel according to the embodiment. FIG. 6 is a graph for
explaining an example of an operation of overshooting
driving in the TN-type liquid crystal panel according to the
embodiment. FIG. 7 is a graph for explaining an operation
of overshooting driving in the IPS-type liquid crystal panel
according to the embodiment. FIG. 8 is a diagram showing
one example of a content of a look-up table employed in the
TN-type liquid crystal panel according to the embodiment.
FIG. 9 is a diagram showing another example of a content
of a look-up table employed in the TN-type liquid crystal
panel according to the embodiment. FIG. 10 is a diagram
showing still another example of a content of a look-up table
employed in the TN-type liquid crystal panel according to
the embodiment. FIG. 11 is a diagram showing an example
of a look-up table employed in the IPS-type liquid crystal
panel according to the embodiment. FIG. 12 is a diagram
showing an example of a moving image used to confirm
effects of overshooting driving according to the embodi-
ment. FIGS. 13A and 13B are diagrams showing an
example of confirmation of effects of overshooting driving
by a visual check.

[0056] Moreover, in the liquid crystal display device of the
embodiment, as in the case of the conventional example in
FIG. 14, display of a color image is performed by perform-
ing same processing for every color using RGB (Red, Green,
and Blue) data fed from an outside device, however, to
simplify descriptions provided below, a case of single color
display will be explained.

[0057] The liquid crystal display device of the embodi-
ment, as shown in FIG. 1, chiefly includes a data converting
table 1, a controller 2, a frame memory 3, a look-up table 4,
and an LCD 5. Of them, the LCD 5 has same configurations
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as in the case of the conventional LCD 104 shown in FIG.
14. The data converting table 1 converts an input 1 of an
image signal fed from an outside device so that its number
of bits is reduced and then outputs the converted input 1 as
an output 1. The controller 2, after having delayed the output
1 by one frame period in the frame memory 3, feeds the
delayed output 1 to the look-up table 4 as an input 2. The
frame memory 3 sequentially holds input data for one frame
period and then outputs it. The look-up table 4, by using the
input 1 from the outside device and the input 2 from the
controller 2, generates an output 2 used to perform over-
shooting driving and feeds it to the LCD 5.

[0058] Operations of the liquid crystal display device of
the example will be described by referring to FIG. 1 to
FIGS. 13A and 13B. The data converting table 1 changes an
data interval of the input 1 being an image signal made up
of digital data (gray scale value) fed from an outside device
to convert its number of bits from, for example, 8 bits to, for
example, 5 bits and outputs the converted input, as an output
1 The controller 2, by inputting the output 1 to the frame
memory 3 and then by outputting it after having held for one
frame period in the frame memory 3, delays the output 1 by
one frame period and feeds it as an input 2 to the look-up
table 4. Since the look-up table 4 directly receives the input
1 simultaneously when receiving the input 2, it generates an
output 2 used to perform overshooting driving to be deter-
mined by each of the input 1 and input 2, and feeds it to the
LCD 5.

[0059] In the LCD 5, as in the conventional example
shown in FIG. 14, a scanning line driving circuit (not
shown) feeds a scanning signal to each scanning line accord-
ing to synchronous data fed from the controller 2 and a data
line driving circuit (not shown) feeds a data signal to each
data line according to synchronous data fed from the con-
troller 2 and changes a signal of the data line on each column
according to data on a gray-scale value fed through the
output 2 from the controller 2, which then changes trans-
mittance of light in each of the pixel electrodes, thus
displaying an image.

[0060] In this case, the data conversion by the data con-
verting table 1 is performed in a way as shown in FIG. 2 or
FIG. 5. FIG. 2 shows the data conversion in the case of the
TN-type liquid crystal panel. In the data converting table
shown in FIG. 2, 8 bits of gray-scale data for the input 1 are
converted to 5 bits of gray-scale data of the output 1. At this
point, data of the output 1 is so set that, if a gray-scale value
of data of the input 1 is near to “0” (black), an interval of
data of the output 1 becomes large and, as a gray-scale value
of data of the input 1 becomes nearer to 255 (white), an
interval of data of the output 1 becomes shortened.

[0061] FIG. 3 shows an example of a content of a data
converting table 1 which is used to convert gray-scale data
of the input 1 made up of 6 bits to gray-scale data of the
output 1 made up of 4 bits in the case of the TN-type liquid
crystal panel and, as in the case shown in FIG. 2, the larger
the gray-scale value of data of the input 1, the smaller the
intervals between data of the output 1. Moreover, FIG. 4
shows an example of a content of a data converting table 1
which is used to convert gray-scale data of the input 1 made
up of 6 bits to gray-scale data of the output 1 made up of 3
bits in the case of the TN-type liquid crystal panel and the
larger the gray-scale value of data of the input 1, the smaller
the intervals between data of the output 1.
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[0062] FIG. 5 shows an example in which gray-scale data
of the input 1 being of 8 bits is converted to gray-scale data
of the output 1 being of 5 bits in the case of the IPS (In-Plane
Switching)-type liquid crystal panel. Configurations of the
data converting table 1 are similar to those in the case of the
TN-type liquid crystal panel shown in FIG. 2 to FIG. 4,
however, due to a difference in a transmittance of the liquid
crystal panel, its content is somewhat different from the
configurations shown in FIG. 2 to FIG. 4.

[0063] Moreover, in the case of the IPS-type liquid crystal
panel, the data converting table 1 used to convert gray-scale
data of the input 1 being of 6 bits to gray-scale data of the
output 1 being of 4 bits or the data converting table 1 used
to convert gray-scale data of the input 1 being or 6 bits to
gray-scale data of the output 1 being of 3 bits can be created
in the same manner as described above.

[0064] The reason why, on a side where a gray-scale value
of data of the input 1 is near to O (zero), an interval between
data of the output 1 can be made large in the data conversion
using the data converting table 1 shown in FIG. 2 to FIG.
5 is that an overshooting gray-scale value on the side where
the gray-scale value of data of the input 1 is near to 0 (zero)
is determined almost by a gray-scale value of the input 1 in
a frame immediately before a frame where the overshooting
driving is performed, that is, a gray-scale value in a present
frame.

[0065] FIG. 6 is a graph showing data for the overshoot-
ing driving in the case of the TN-type liquid crystal panel.
In FIG. 6, a gray-scale value of a frame immediately before
a frame where overshooting driving is performed, that is, a
gray-scale value of input data in the frame memory 3 is
plotted as abscissa and a gray-scale value in a frame where
overshooting driving is performed is plotted as ordinate and
each graph shows a gray-scale value of a frame immediately
after a frame in which overshooting driving has been per-
formed. Moreover, in FIG. 6, a gray-scale value in a frame
immediately before the overshooting driving is performed is
referred to as a “start gray-scale value” and a gray-scale
value immediately after the overshooting driving has been
performed is referred to as an “end gray-scale value™.

[0066] As shown in FIG. 6, if a start gray-scale value is
near to 0 (zero) (almost reaching a black color), for example,
in a range of 0 to 111 gray-scale levels, since a tilt of a graph
for an end gray-scale value is gentle and almost horizontal,
the end gray-scale value is obtained, it is possible to deter-
mine an overshooting value. Therefore, in the frame
memory 3, since exact storing of the start gray-scale value
is not required, when only one value (for example, a value
“0” of the output 1 in the table in FIG. 2) corresponding to
an above range is stored, practically, operations are made
possible without any problem.

[0067] On the other hand, if the start gray-scale value is
near to 255 (almost reaching to a white color), since the tilt
of the graph is large, unless not only the end gray-scale value
but also the start gray-scale value are exactly stored, it is
impossible to determine the overshooting gray-scale value.

[0068] FIG. 7 is a graph showing data for the overshoot-
ing driving in the case of the IPS-type liquid crystal panel.
In FIG. 7, the gray-scale values plotted as abscissa and
ordinate and indications of the graph are same as those in the
case of the TN-type liquid crystal panel shown in FIG. 6 and
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categories for the start gray-scale value and the end gray-
scale value are the same as those in FIG. 6.

[0069] As shown in FIG. 7, as in the case of the TN-type
liquid crystal panel, if the start gray-scale value is near to 0
(almost reaching a black color), for example, in a range of
0 to 95 gray-scale values, since a tilt of a graph for the end
gray-scale value is gentle and almost horizontal, if the end
gray-scale value only is obtained, it is possible to determine
an overshooting gray-scale value.

[0070] On the other hand, if the start gray-scale value is
near to 255 (almost reaching to a white color), since the tilt
of the graph is large, unless not only the end gray-scale value
but also the start gray-scale value are exactly stored, it is
impossible to determine an overshooting gray-scale value.

[0071] The look-up table 4 generates an overshooting
gray-scale value as an output 2 using a start gray-scale value
and an end gray-scale value and feeds it to the LCD 5. In this
case, when data conversion which reduces a number of bits
is not performed, since an input gray-scale value is output,
as it is, as an output gray-scale value in the look-up table 4
corresponding to an input gray-scale value (in some cases,
there is no corresponding value) in a state where the start
gray scale value is equal to the end gray-scale value, the
overshooting driving is not performed, however, an over-
shooting gray-scale value being larger than an end gray-
scale value is output for a start gray-scale value being
smaller than the input gray-scale value and an overshooting
qray-scale value being smaller than an end gray-scale value
is output for a start gray-scale value being larger than an
input gray-scale value.

[0072] FIG. 8 shows an example of a content of the
look-up table 4 employed in the case of the TN-type liquid
crystal panel and shows data of an actually measured value
of an output 2 corresponding to data of an input 1 of 8 bits
and to data of an input 2 of 5 bits.

[0073] FIG. 9 shows an example of a content of the
look-up table 4 employed in the case of the TN-type liquid
crystal panel and shows data of an actually measured value
of an output 2 corresponding to data of an input 1 of 6 bits
and to data of an input 2 of 4 bits.

[0074] FIG. 10 shows an example of a content of the
look-up table 4 employed in the case of the TN-type liquid
crystal panel and shows data of an actually measured value
of an output 2 corresponding to data of an input 1 of 6 bits
and to data of an input 2 of 3 bits.

[0075] FIG. 11 shows an example of a content of the
look-up table 4 employed in the case of the IPS-type liquid
crystal panel and shows data of an actually measured value
of an output 2 corresponding to data of an input 1 of 8 bits
and to data of an input 2 of 5 bits.

[0076] Moreover, also in the case of the IPS liquid crystal
panel, as the content of the look-up table 4, data of an
actually measured value of an output 2 corresponding to data
of an input 1 of 6 bits and to data of an input 2 of 4 bits or
data of an actually measured value of an output 2 corre-
sponding to data of an input 1 of 6 bits and to data of an input
2 of 4 bits can be used.

[0077] FIG. 12 is a diagram showing an example of a
moving image used to confirm effects of overshooting
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driving according to the embodiment, illustrating an image
in which a ball moves in an arrow direction in a background.

[0078] FIGS. 13A and 13B show results from the confir-
mation of effects of the overshooting driving by a visual
check, in the liquid crystal display device of the embodi-
ment, obtained in the case of using no overshooting driving,
in the case of using overshooting driving but reducing no
number of bits, in the case of using overshooting driving and
converting data of an input 1 being of 6 bits to data of an
input being of 4 bits, and in the case of using overshooting
driving and converting data of the input 1 being of 6 bits to
data of an input being 3 bits in the moving image shown in
FIG. 12. In this case, the effect of the overshooting driving
is judged depending on whether many trails or less trails are
left in a rear direction of a moving ball, that is, in the case
of using no overshooting driving or insufficient overshooting
driving, an image of the ball leaves many trails and, in
contrast, in the case of using sufficient overshooting driving,
less trails are left in the image.

[0079] The example in FIG. 13A shows a case in which
the ball provides 21 gray levels and the background provides
36 gray levels and in which a change occurs in a direction
where a gray scale of a screen increases in a rear direction
of the ball, that is, in the case of using no overshooting
driving, due to a delay in an increase in the gray scale of the
background in the rear direction of the ball, a phenomenon
in which an image of the ball leaves a dark trail in its rear
direction is displayed remarkably, thus causing an image
quality to become lower. On the other hand, in the case of
using the overshooting driving and reducing no number of
bits, an increase in the gray scale in the rear direction of the
ball is accelerated and therefore an image of the ball leaves
less trails, thus causing a maximum error in the overshooting
gray scale to be 0 (zero) gray levels and thus enabling an
image quality to be higher. Moreover, in the case of using
overshooting driving and reducing the number of bits, that
is, reducing the number of bits of data of an input from 6 to
4, a maximum error of the overshooting gray scale is one
gray level in an increasing direction and therefore an image
of the ball leaves less trails, thus enabling an image quality
to be higher. In contrast, in the case of reducing the number
of bits of data from 6 to 3, an maximum error of the
overshooting gray scale is four gray levels and therefore the
overshooting driving becomes excessive and, though an
image of the ball leaves no trails, a rear edge line of the ball
is displayed in a highlighted manner, thus causing an image
quality to become low.

[0080] The example in FIG. 13B shows a case in which
the ball provides 39 gray levels and the background provides
30 gray levels and in which a change occurs in a direction
where a gray scale of a screen decreases in a rear direction
of the ball and, in the case of using no overshooting driving,
due to a delay in a decrease in a gray scale of a background
in a rear direction of the ball, a phenomenon in which an
image of the ball leaving a bright trail in its rear direction is
displayed occurs remarkably, thus causing an image quality
to become lower. On the other hand, in the case of using
overshooting driving and reducing no number of bits of data,
since a decrease in a gray scale occurs in the rear direction
of the ball, an image of the ball leaves less trails and a
maximum error of the overshooting gray scale is 0 gray
levels, thus enabling an image quality to become higher.
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[0081] Moreover, in the case of using overshooting driv-
ing and reducing the number of bits, that is, reducing the
number of bits of data of an input from 6 to 4, since a
maximum error of the overshooting gray scale is 2 gray
levels in an increasing direction, an image of the ball leaves
less trails, thus enabling an image quality to become higher.
However, in the case of reducing the number of bits of data
from 6 to 3, a maximum error in the overshooting gray scale
is 5 gray levels in an increasing direction and, due to
insufficient overshooting driving, an image of the ball leaves
many trails, thus causing an image quality to become lower.

[0082] As shown in FIG. 12 and FIGS. 13A and 13B,
when data of an input 1 being of 6 is converted to data of an
input being 3 bits, an error in the overshooting gray scale
becomes large and therefore an edge line of an image is
highlighted or any effects of the overshooting driving are
almost never obtained, however, if data of an input 1 being
6 bits is converted to data of an input being 4 bits, almost the
same effect as can be obtained in the case of no reduction of
the number of bits can be achieved.

[0083] Such results from the confirmation of effects by a
visual check as described above show clearly that, by
converting data of an input 1 being of 6 bits to data of an
input being 4 bits, an image quality being almost equal to
that obtained when input data is directly stored in the frame
memory 3 can be achieved, thus enabling storage capacity of
a frame memory to be greatly reduced.

[0084] Thus, in the liquid crystal display device of the
present invention, by mounting a data converting table on an
input side and by holding an input data, after having reduced
its number of bits of input data, in a frame memory to cause
the input data to be delayed by one frame period, memory
capacity of the frame memory can be greatly reduced when
compared with a case where input data is directly stored as
it is. That is, when data of an input 1 being of 8 bits is
converted to data of an input being 5 bits, for example, in the
case of XGA (Extended Graphic Array) made up of 1024x
768 pixels, if 8 bits are used, a capacity of 768 Kbytes is
required, however, if 5 bits are used, a capacity of only 480
Kbytes is necessary. Moreover, when data of an input 1
being of 6 bits is converted to data of an input of being 4 bits,
in the case of XGA made up of 1024768 pixels, if 6 bits are
used, a capacity of 576 Kbytes is necessary, however, if 4
bits are used, a capacity of only 384 Kbytes is necessary.
Also, in the case of VGA (Video Graphic Array, 640x480
pixels) and SXCA (Super Extended Graphic Array, 1280x
1024 pixels), memory capacity other than the XGA can be
greatly reduced.

[0085] 1t is apparent that the present invention is not
limited to the above embodiments but may be changed and
modified without departing from the scope and spirit of the
invention. For example, in a color liquid crystal display, by
performing data conversion on gray-scale data including
data for a red (R) color, green (G) color, and blue (B) color
for an input 1 made up of 8 bits so that a number of bits for
two colors including the red and blue colors becomes 5 and
so that a number of bits for a green color having high
visibility is 6, gray-scale data of an input 1 may be produced.
Moreover, the present invention may be applied to all cases
where a polarity reversing method is employed, that is, to a
dot reversing method in which a polarity of a signal voltage
is reversed alternately between an pixel electrode in odd-
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numbered order and an pixel electrode in even-numbered
order for every scanning line, to a line reversing method in
which a polarity of a signal voltage is reversed alternately
for every scanning line, and to a frame reversing method in
which a polarity of a signal voltage is reversed for every
frame.

What is claimed is:
1. Aliquid crystal display device for displaying an image
using a liquid crystal panel comprising:

a first table section to produce output gray-scale data
obtained by reducing a number of bits of first input
gray-scale data;

a frame memory section to produce second input gray-
scale data obtained by delaying said output gray-scale
data fed by said first table section by one frame image
display period in said liquid crystal panel;

a second table section to produce an overshooting gray-
scale output being in advance stored according to a
relation in size between said first input gray-scale data
and said second input gray-scale data; and

wherein image display in said liquid crystal panel is

achieved by using said overshooting gray-scale output.

2. The liquid crystal display device according to claim 1,
wherein said firs; table section reduces a number of bits of
said output gray-scale data by performing data conversion so
that, when a gray-scale value of said first input gray-scale
data is small, said output gray-scale data is produced at
rough intervals and so that, whenever a gray-scale value of
said first input gray-scale data is large, said output gray-scale
data is produced at shorter and finer intervals.

3. The liquid crystal display device according to claim 2,
wherein said first input gray-scale data is made up of 8 bits
and said output gray-scale data is made up of 5 bits.

4. The liquid crystal display device according to claim 2,
wherein said first input gray-scale data is made up of 6 bits
and output gray-scale data is made up of 4 bits.

§. The liquid crystal display device according to claim 2,
wherein said first input gray-scale data is made up of 6 bits
and said output gray-scale data is made up of 3 bits.

6. The liquid crystal display device according to claim 2,
wherein each of red color data, green color data, and blue
color data making up respectively said first input gray-scale
data is made up of 8 bits while each of red color data and
blue color data making up said output gray-scale data is
made up of 5 bits and green color data making up said output
gray-scale data is made up of 6 bits.

7. The liquid crystal display device according to claim 1,
wherein said second table section produces a gray-scale
value, obtained by performing data conversion to convert a
number of said bits, corresponding to a gray-scale value
being larger than, equal to, or smaller than a gray-scale value
of said first input gray-scale data, depending on whether a
gray-scale value of said first input gray scale data is larger
than, equal to, or smaller than a gray-scale value of said
second input gray-scale data corresponding to said first input
gray-scale data when data conversion to reduce a number of
bits is not performed.
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8. The liquid crystal display device according to claim 1,
wherein said liquid crystal panel is of Twisted Nematic (TN)
type.

9. The liquid crystal display device according to claim 1,
wherein said liquid crystal panel is of In-Plane Switching
(IPS) type.

10. The liquid crystal display device according to claim 1,
wherein image display in said liquid crystal panel is per-
formed by a dot reversing method.
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11. The liquid crystal display device according to claim 1,
wherein image display in said liquid crystal panel is per-
formed by a line reversing method.

12. The liquid crystal display device according to claim 1,
wherein image display in said liquid crystal panel is per-
formed by a frame reversing method.
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