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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention relates to a liquid crystal display
device, and more particularly to a liquid crystal display
device which divides a pixel into a plurality of sub-pixels for
displaying images in multi-gradation.

[0003] 2. Description of the Related Art

[0004] As a method of displaying images in multi-grada-
tion in a liquid crystal display device, there is known a
method of dividing a pixel into a plurality of sub-pixels.

[0005] An example of such a method is suggested in
Japanese Unexamined Patent Publication No. 2001-34232

(A).
[0006] FIG.11is ablock diagram of a liquid crystal display
device 200 suggested in the Publication.

[0007] The liquid crystal display device 200 is comprised
of a color liquid crystal panel 212, a backlight unit 214, a
data processor 216, a driver 218 for driving the color liquid
crystal panel 212, and an interface (IF) 222.

[0008] FIG. 2A is a partially enlarged view of a display
screen of the color liquid crystal panel 212.

[0009] As illustrated in FIG. 2A, R, G and B pixels are
horizontally arranged in this order in a display screen of the
color liquid crystal panel 212 in accordance with a color
filter. Colored images are displayed by R, G and B image
data through those R, G and B pixels. Black-and-white
image is displayed in the liquid crystal display device 200 as
follows.

[0010] In the liquid crystal display device 200, black-and-
white image is displayed with R, G and B pixels being used
as a single unit pixel. Since a unit pixel is comprised of R,
G and B pixels, the number of brightness displayable in a
unit pixel is three times greater than the number of bright-
ness displayable in each of R, G and B pixels.

[0011] In other words, a gradation in a displayed image
can be made smaller by setting a range between the above-
mentioned brightnesses into one-third.

[0012] For instance, it is assumed that a unit pixel P is
divided into three sub-pixels p1, p2 and p3, as illustrated in
FIG. 2B. If each of the sub-pixels pl, p2 and p3 displays
images in eight bits, a displayable brightness in each of the
sub-pixels p1, p2 and p3 is in the range of O to 255 both
inclusive, and a displayable brightness in the unit pixel P is
in the range of 0 to 765 (255%3) both inclusive. Among the
displayable brightness, the minimum brightness 0 is asso-
ciated with a minimum among image data, and the maxi-
mum brightness 765 is associated with 2 maximum among
image data. This ensures that images are displayed with high
gradation.

[0013] When the data processor 216 supplies a brightness
converted from image data, to the unit pixel P, the data
processor 216 distributes the brightness almost equally to
the sub-pixels pl, p2 and p3.

[0014] Specifically, assuming that 8-bit image data is input
into a color display unit which displays images in 8-bit, the
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image data consists of 0 to 255, and a minimum 0 among the
image data is associated with a minimum brightness 0 of the
color display unit, and a maximum 255 among the image
data is associated with a maximum brightness 765 of the
color display unit.

[0015] Then, the data processor 216 distributes a bright-
ness obtained based on the image data, to the sub-pixels p1,
p2 and p3 in accordance with Table 1 shown below. For
instance, when a brightness is equal to 0, (0, 0, 0) is assigned
to the sub-pixels pl, p2 and p3, when a brightness is equal
to 1, (0, 0, 1) is assigned to the sub-pixels p1, p2 and p3, and
when a brightness is equal to 2, (0, 1, 1) is assigned to the
sub-pixels p1, p2 and p3. The assignment of a brightness to
the sub-pixels p1, p2 and p3 is carried out in the same way
for a brightness 0 to 765.

TABLE 1
Brightness Sub-pixel p1 Sub-pixel p2 Sub-pixel p3
0 0 0 0
1 0 0 1
2 0 1 1
3 1 1 1
4 1 1 2
5 1 2 2
762 25.4 254 25.4
763 254 254 255
764 254 255 255
765 255 255 255
[0016] In Table 1, a brightness indicates a gradation to be

input into the liquid crystal display device 200.

[0017] As illustrated in FIG. 2B, in the liquid crystal
display device 200, a pixel is divided into the sub-pixels p1,
p2 and p3 which are equal to one another, and the number
of gradation is made about three times greater by summing
gradation (data to be input into a driver) of the sub-pixels p1,
p2 and p3.

[0018] Specifically, as illustrated in FIG. 3, input grada-
tion in the liquid crystal display device 200 (that is, data to
be input into a driver of each of the sub-pixels) and a
brightness which is shown as a standardized brightness in
FIG. 3 have a linear relation to each other. Accordingly, a
sum of brightness of the sub-pixels p1, p2 and p3 is equal to
a brightness of the pixel P.

[0019] However, since gradation to be input into the
sub-pixels p1, p2 and p3 and brightness of the sub-pixels p1,
p2 and p3 are designed to have a linear relation to each other,
the number of gradation which the pixel P can accomplish
is equal at maximum to 3M wherein M indicates the number
of gradation which each of the sub-pixels p1, p2 and p3 can
accomplish.

[0020] For instance, if each of the sub-pixels p1, p2 and p3
can accomplish 256 gradation, the pixel P consisting of the
sub-pixels p1, p2 and p3 could accomplish 766 gradation.

[0021] Accordingly, it is not always possible for the con-
ventional liquid crystal display device 200 to display images
in desired multi-gradation.

[0022] Frame rate control (FRC) makes it possible to
display images in desired multi-gradation.
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[0023] Herein, in accordance with frame rate control, for
instance, 10-bit image data is divided into four 8-bit image
data, and the thus divided 8-bit image data is successively
displayed at an increased frequency. This results in that
image data is displayed in 10-bit.

[0024] Though multi-gradation can be readily accom-
plished by frame rate control, frame rate control is accom-
panied with a problem that flicker much occurs in images
displayed in accordance with frame rate control.

[0025] Frame rate control is accompanied further with a
problem that when frame rate control is carried out at a
longer period than a displayed-frame rate, it would not be
possible to display moving images in subtle colors or to
properly display images in additional gradation.

[0026] In order to eliminate flicker, or in order to properly
display moving images in designed colors, it would be
necessary to raise a frame frequency to switch displaying
images at a high rate. However, it is difficult to switch
image-displaying at a high rate, because a driver IC of a
monitor or a monitor itself has a limited response rate.

SUMMARY OF THE INVENTION

[0027] In view of the above-mentioned problems in the
conventional liquid crystal display device, it is an object of
the present invention to provide a liquid crystal display
device which is capable of displaying images at desired
multi-gradation without carrying out frame rate control.

[0028] In one aspect of the present invention, there is
provided a liquid crystal display device which divides a
pixel into a plurality of sub-pixels, wherein a gradation and
a brightness in each of the sub-pixels have a non-linear
relation to each other, and a desired brightness for the pixel
is selected by selecting a gradation in each of the sub-pixels.

[0029] In the liquid crystal display device in accordance
with the present invention, a pixel is divided into a plurality
of sub-pixels, and a gradation and a brightness in each of the
sub-pixels are designed to have a non-linear relation to each
other. In the conventional liquid crystal display device, as
illustrated in FIG. 3, a gradation and a brightness in each of
the sub-pixels were designed to have a linear relation to each
other. Accordingly, when input gradation increases by one
unit, a brightness increases by a uniform degree in associa-
tion with an increase in input gradation. In contrast. in the
liquid crystal display device in accordance with the present
invention, as illustrated in FIG. 5 later, a gradation and a
brightness in each of the sub-pixels are designed to have a
non-linear relation to each other. Accordingly, when input
gradation increases by one unit, various non-uniform
increases in a brightness can be accomplished. Hence, it
would be possible to accomplish a desired brightness in a
pixel by selecting necessary increases in a brightness in each
of the sub-pixels, and summing them. Thus, the liquid
crystal display device in accordance with the present inven-
tion makes it possible to display images at a desired multi-
gradation.

[0030] The liquid crystal display device may further
include a memory storing therein a relation between a
gradation and a brightness in each of the sub-pixels.

[0031] By designing the liquid crystal display device to
include a memory, it is possible to store a determined
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relation between a gradation and a brightness, and read a
relation between a gradation and a brightness, having been
determined previously, out of the memory.

[0032] The relation in each of the sub-pixels may be
expressed as a table, in which case, the memory stores the
table therein.

[0033] The liquid crystal display device may further
include a computing unit which computes the relation in
each of the sub-pixels, and transmits the thus computed
relation to a source driver.

[0034] For instance, if the computing unit computes the
relation at real time, it is not always necessary to store the
computed relation in the memory. Since a source driver has
a function of storing gradation data serially transmitted
thereto, a source driver stores the computed relation trans-
mitted from the computing unit.

[0035] It is preferable that the computing unit computes
the relation in each of the sub-pixels through the use of a
specific algorithm.

[0036] The liquid crystal display device may further
include a computing device which computes a gradation
associated with each of the sub-pixels in dependence on a
gradation of input data.

[0037] A gamma (y) for each of the sub-pixels may be
designed to be greater than a gamma (y) for the pixel.

[0038] It is preferable that a drive voltage associated with
input data is concurrently applied to the sub-pixels.

[0039] A sum of a maximum brightness in each of the
sub-pixels may be designed to be equal to a brightness
associated with a maximum gradation of the pixel.

[0040] The advantages obtained by the aforementioned
present invention will be described hereinbelow.

[0041] In accordance with the present invention, it is
possible to display images in multi-gradation without car-
rying out frame rate control. For instance, the present
invention makes it possible to display images in 12 bits
(4096 gradation) through the use of a conventional 8-bit
driver.

[0042] For instance, when a pixel is divided into three
sub-pixels, the number of drivers necessary for driving the
sub-pixels would be three times greater than the number of
drivers necessary for driving the pixel. However, an increase
in hardware is smaller in the division of a pixel to the
sub-pixels than in a case wherein a digital-analog converter
in a source driver is designed sixteen times greater in circuit
size.

[0043] The above and other objects and advantageous
features of the present invention will be made apparent from
the following description made with reference to the accom-
panying drawings, in which like reference characters des-
ignate the same or similar parts throughout the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIG. 1 is a block diagram of a conventional liquid
crystal display device.

[0045] FIG. 2A is a partially enlarged view of a display
screen of a color liquid crystal panel in the liquid crystal
display device illustrated in FIG. 1.
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[0046] FIG. 2B illustrates three sub-pixels P1, P2 and P3
divided from a pixel P.

[0047] FIG. 3 is a graph showing a relation between a
gradation and a brightness in the liquid crystal display
device illustrated in FIG. 1.

[0048] FIG.4 is a block diagram of a liquid crystal display
device in accordance with the first embodiment of the
present invention,

[0049] FIG. 5 is a graph showing a relation between a
gradation and a brightness in the liquid crystal display
device in accordance with the first embodiment of the
present invention.

[0050] FIG. 6 illustrates a part of a map (8 bits) used for
converting input gradation (12 bits) to a brightness in each
of sub-pixels in the liquid crystal display device in accor-
dance with the first embodiment of the present invention.

[0051] FIG. 7 is a graph showing a relation between a
gradation and a standardized brightness in a pixel, a first
sub-pixel and a second sub-pixel in an example of the liquid
crystal display device in accordance with the first embodi-
ment of the present invention.

[0052] FIG. 8 is a graph showing another relation between
a gradation and a brightness in the liquid crystal display
device in accordance with the first embodiment of the
present invention.

[0053] FIG. 9 illustrates a part of a map (8 bits) used for
converting input gradation (12 bits) to a brightness in each
of sub-pixels in the liquid crystal display device illustrated
in FIG. 8.

[0054] FIG. 10 is a flow chart of a first algorithm used for
determining a brightness in each of sub-pixels in order to
accomplish a standardized brightness of a pixel.

[0055] FIG. 11 is a flow chart of a second algorithm used
for determining a brightness in each of sub pixels in order to
accomplish a standardized brightness of a pixel.

[0056]

[0057] FIG. 12B is a circuit diagram showing arrange-
ment of the color pixel illustrated in FIG. 12A.

[0058] FIG. 13A is a plan view of sub-pixels divided from
the color pixel illustrated in FIG. 12A.

[0059] FIG. 13B is a circuit diagram showing arrange-
ment of the sub-pixels illustrated in FIG. 13A.

[0060] FIG. 13C is a circuit diagram showing another
arrangement of the sub-pixels illustrated in FIG. 13A.

FIG. 12A is a plan view of a color pixel.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0061] Preferred embodiments in accordance with the
present invention will be explained hereinbelow with refer-
ence to drawings.

[0062] FIG.4 is ablock diagram of a liquid crystal display
device 10 in accordance with the first embodiment of the
present invention.

[0063] The liquid crystal display device 10 is comprised of
a liquid crystal panel 12 having a plurality of pixels 14
arranged in a matrix, a decoder 16 receiving an input signal,
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a signal processor 18 receiving decoded signals from the
decoder 16 and processing them, and a source driver 19
electrically connected to both the signal processor 18 and
each of the pixels 14 arranged in the liquid crystal panel 12.

[0064] As illustrated in FIG. 4, cach of the pixels 14 is
divided into R sub-pixels 14a wherein R is an integer equal
to or greater than 2.

[0065] The decoder 16 converts an N-bit input signal into
R M-bit sub-pixel signals. Herein, N means the number of
bits of gradation data per a unit pixel in the input signal. For
instance, N is equal to 8, 10, 12 or 16. In the first embodi-
ment, N is designed equal to 12. M means the number of bits
per a sub-pixel in the source driver 19. In the first embodi-
ment, M is designed equal to 8 R means the number of
sub-pixels in a pixel.

[0066] In the first embodiment, the decoder 16 is com-
prised of a logic circuit, such as a read only memory (ROM)
or a random access memory (RAM) alone or in combination,
which receives an N-bit input gradation signal as an address,
and outputs a MxR-bit signal.

[0067] As mentioned later, the logic circuit constituting
the decoder 16 includes a table by which a brightness of each
of the sub-pixels 144 is determined so as to allow the pixel
14 to have a desired brightness.

[0068] A drive voltage associated with the input data is
concurrently applied to each of the sub-pixels 144.

[0069] The signal processor 18 transmits a drive signal to
the source driver 19 to properly drive the source driver 19.
The signal processor 18 successively transmits drive signals
associated with the sub-pixels 144, to the source driver 19 in
accordance with a clock signal having a frequency which is
R tines greater than a clock frequency of the input signal.

[0070] As the signal processor 18 and the source driver 19,
a signal processor and a source driver both used in a
conventional liquid crystal display device may be used.

[0071] FIG 5 is a graph showing a relation between a
gradation and a brightness in the pixel 14 in the event that
the pixel 14 is divided into the three sub-pixels 14a (that is,
R=3), and a relation between a gradation and a brightness in
each of the sub-pixels 14a. In FIG. 5. a brightness is
expressed as a standardized brightness.

[0072] A standardized brightness L is expressed in accor-
dance with the following equation (A).

L=(S/Smax)xy A)

[0073] In the equation (A), S indicates the number of
gradation and is an integer in the range of 0 and Smax both
inclusive (0=S =Smax), Smax indicates the maximum num-
ber of gradation and is an integer equal to or greater than one
(1), and gamma (y) indicates a parameter or a constant
showing the relation between a gradation and a brightness.

[0074] For instance, the maximum number of gradation
Smax is equal to 255 (261) in 8-bit gradation. The parameter
gamma (y) is usually designed to be equal to 2.2.

[0075] Each of the sub-pixels 144 is driven by a 8-bit
driver. The relation between a gradation and a brightness in
each of the sub-pixels 144 is expressed as a non-linear curve
wherein the parameter gamma (y) is designed to be equal to
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3.177. Gradations of the sub-pixels 14a are combined to one
another such that the parameter gamma (y) in the pixel 14 is
equal to 2.2.

[0076] In FIG. 5, the pixel 14 is designed to have a
maximum brightness of 2. That is, the maximum brightness
of the pixel 14 is designed to be equal to a sum of maximum
brightness of two sub-pixels 14a.

[0077] A relation between a brightness Lp of the pixel 14
and a brightness Lsp of the sub-pixel 14a is expressed in
accordance with the following equation (B).

Lp=2Lsp (B)

[0078] A range of the brightness Lp of the pixel 14 is
expressed as follows.

0=LpZLsp max ©

[0079] Herein, “Lsp max” means a maximum brightness
of each of the sub-pixels 14a.

[0080] As is obvious in view of the equation (B), a
brightness of the pixel 14 is equal to a sum of brightness of
the sub-pixels 14a constituting the pixel 14.

[0081] In accordance with the first embodiment, it is
possible to accomplish multi-gradation without carrying out
frame rate control (FRC). Specifically, it is possible to
display images at a 12-bit gradation (4096 gradation)
through the use of a conventional 8-bit driver.

[0082] When the pixel 14 is divided into the three sub-
pixels 14a, the number of drivers necessary for driving the
sub-pixels 14a would be three times greater than the number
of drivers necessary for driving the pixel 14. However, an
increase in hardware is smaller in the division of the pixel 14
to the sub-pixels 14a than in a case wherein a digital-analog
converter in the source driver 19 is designed sixteen times
greater in circuit size.

[0083] FIG. 6 illustrates an example of a 8-bit map used
for converting input gradation (12 bits) to a brightness in
each of sub-pixels 144 in the liquid crystal display device
10. FIG. 6 illustrates only input gradation in the range of O
to 100 and further in the range of 3995 to 4095.

[0084] As mentioned above, the liquid crystal display
device 10 in accordance with the first embodiment makes it
possible to display images at a gradation beyond a gradation
which the source driver 19 can accomplish. The reason is
explained hereinbelow.

[0085] It is assumed hereinbelow that the pixel is com-
prised of the two sub-pixels 144, that is, the number R is
equal to two, and the sub-pixels 14 have the same relation
between a gradation and a brightness and the same maxi-
mum brightness as each other. It is further assumed that the
number of input gradation is greater than the number of
gradation of the source driver 19 by two bits.

[0086] A gamma (y) defining a relation between a grada-
tion and a brightness in each of the sub-pixels 14a is
designed greater than a gamma (y) defining a relation
between a gradation and a brightness in a target pixel.
However, it is not always necessary for a gamma (y) of each
of the sub-pixels 14a to be on a gamma (y) curve.

[0087] A gradation of each of the sub-pixels 14a is
designed equal to a quarter (%=1/2%) of a gradation of the
target pixel.
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[0088] By designing a gradation of the sub-pixel 14a so,
it is possible to design one of the sub-pixels 14 to have a
maximum brightness smaller than a target gradation of the
pixel, and the other of the sub-pixels 14a to have a bright-
ness closest to a difference between the maximum brightness
and the target gradation of the pixel. A pair of the thus
determined brightness of the sub-pixels 14« is determined as
a brightness of the pixel in association with the input
gradation. The thus determined brightness of the sub-pixels
144 are stored in the decoder 16 as a table.

[0089] A detailed example of the above-mentioned case is
explained hereinbelow with reference to FIG. 7.

[0090] FIG. 7 is a graph showing a relation between a
gradation and a standardized brightness in the pixel 14, the
first sub-pixel and the second sub-pixel.

[0091] A brightness associated with a gradation A of the
pixel 14 is determined as follows.

[0092] First, there is determined a brightness X1 when a
gradation B is assigned to the first sub-pixel. It is assumed
that a brightness of the pixel 14, associated with the bright-
ness X1, is given at a gradation A'. The gradation B, A" and
A are determined such that a brightness of the pixel 14
associated with the gradation A is smaller than a brightness
of the pixel 14 associated with the gradation A.

[0093] Then, there is determined a gradation which gives
a brightness of the second sub-pixel which brightness is
equivalent to an increase equal to an increase in a brightness
of the pixel 14 associated with a difference between the
gradation A and A'. Thus, a brightness of the pixel 14 is
determined.

[0094] In the above-mentioned example, the above-men-
tioned gradation can be determined through the use of a
curve having a high gamma (y), that is, a curve having small
inclination and indicative of a relation between a gradation
and a brightness in the second sub-pixel. Hence, it is
possible to compensate for a gradation smaller than a
maximum difference in a gradation in the source driver 19.

[0095] Though a maximum brightness of the pixel 14 is
designed twice greater than a maximum brightness of the
sub-pixel 14a in FIG. 5, a multiple of a maximum bright-
ness of the sub-pixel 14a to a maximum brightness of the
pixel 14 is not to be limited to two (2). There is selected any
positive figure T equal to or smaller than the number R of the
sub-pixels (0<T=R). The figure T is not to be limited to an
integer. The figure T may be a decimal.

[0096] FIG. 8 shows a case wherein a multiple is three.
Specifically, FIG. 8 is a graph showing a relation between
a gradation and a brightness in the pixel 14 and each of the
sub-pixels 144 in the event that a maximum brightness of the
pixel 14 is designed three times greater than a maximum
brightness of the sub-pixel 14a.

[0097] Each of the sub-pixels 14 is driven by a 8-bit
driver. The relation between a gradation and a brightness in
each of the sub-pixels 14« is expressed as a non-linear curve
wherein the parameter gamma (y) is designed to be equal to
3.104. Gradations of the sub-pixels 144 are combined to one
another such that the parameter gamma (y) in the pixel 14 is
equal to 2.2.

[0098] In accordance with the example illustrated in FIG.
8, similarly to the example illustrated in FIG. 5, it is possible
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to accomplish multi-gradation without carrying out frame
rate control (FRC). Specifically, it is possible to display
images at a 12-bit gradation (4096 gradation) through the
use of a conventional 8-bit driver.

[0099] FIG. 9 illustrates an example of a 8-bit map used
for converting input gradation (12 bits) to a brightness in
each of sub-pixels 14a. FIG. 9 illustrates only input grada-
tion in the range of 0 to 100 and further in the range of 3995
to 4095.

[0100] In the above-mentioned examples, a brightness of
each of the sub-pixels 14a, associated with the input grada-
tion, is determined through the use of the data-converting
map illustrated in FIG. 6 or 9. It should be noted that a
brightness of each of the sub-pixels 14a can be calculated
without using such a data-converting map illustrated in FIG.
6or9.

[0101] Hereinbelow is explained a process of calculating
a brightness of each of the sub-pixels 14a.

[0102] Tt is assumed that the pixel 14 is divided into the
three sub-pixels 14a, each of the sub-pixels 144 is driven by
a 8-bit driver (256 gradation), and the pixel 14 displays
images in 12 bits (4096 gradation). It is further assumed that
arelation between a gradation and a brightness in each of the
sub-pixels 14a is defined in accordance with a gamma (y)
curve, and a maximum brightness of each of the sub-pixels
14a is equal to two-thirds (35) of a maximum brightness of
the pixel 14.

[0103] A standardized brightness of the pixel 14 is
expressed as Y(N). Herein, N is in the range of 0 and 4096
(0=N<4096), and Y(N) is in the range of ¢ and 3 both
inclusive (0=Y(N)=2). A brightness of ecach of the three
sub-pixels 144 is expressed as Y1(N1), Y2(N2) and Y3(N3).

[0104] Assuming that a gamma (y) is a parameter showing
a relation between a gradation and a brightness in the pixel
14, Y(N) is expressed as follows.

Y(V)=2(N/(4096-1))xy

[0105] Assuming that ysp is a parameter showing a rela-
tion between a gradation and a brightness in each of the
pixels 14a, the parameter ysp is determined such that Y(1),
Y1(1), Y2(1) and Y3(1) are equal to one another (Y(1)=
Y1(1)=Y2(1) Y3(1)).

[0106] FIG. 10 is a flow chart showing a first algorithm
used for determining Y1(N1), Y2(N2) and Y3(N3) by all of
which Y(N) is determined.

[0107] First, N1, N2 and N3 are initialized. Specifically,
N1, N2 and N3 are set equal to zero in step S100.

[0108] Then, there is determined any N1. For the thus
determined N1, it is judged as to whether N1 is equal to a
maximum N1max which is a maximum among N1, or as to
whether a sum of Y1(N1+1), Y2(N2) and Y3(N3) (Y1(N1+
D+Y2(N2)+Y3(N3)) is greater than Y(N), in step S110.

[0109] If a sum of YI(N1+1), Y2(N2) and Y2(N3)
(YI(N1+1)+Y2(N2)+Y3(N3)) is not greater than Y(N) (NO
in step S110), N1 is replaced with (N1+1) in step S120. For
(N1+1), it is judged again as to whether a sum of Y1(N1+
1+1), Y2(N2) and Y3(N3) (YL(N1+1+1)+Y2(N2)+Y3(N3))
is greater than Y(N), in step S110.
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[0110] Steps S110 and S120 are repeatedly carried out,
until a sum of YI(N1+1), Y2(N2) and Y3(N3) (YI(N1+1)+
Y2(N2)+Y3(N3)) becomes greater than Y(N) (YES in step
$110). As a result, there is determined a maximum N1 which
is not over the target Y(N).

[0111] Then, there is determined any N2. For the thus
determined N2, it is judged as to whether N2 is equal to a
maximum N2max which is a maximum among N2, or as to
whether a sum of Y1I(N1), Y2(N2+1) and Y3(N3) (Y1(N1)+
Y2(N2+1)+Y3(N3)) is greater than Y(N), in step S130.

[0112] If a sum of YI(N1), Y2(N2+1) and Y3(N3)
(YL(ND+Y2(N2+1)+Y3(N3)) is not greater than Y(N) (NO
in step S130), N2 is replaced with (N2+1) in step S140. For
(N2+1), it is judged again as to whether a sum of Y1(N1),
Y2(N2+1+1) and Y3(N3) (YI(ND)+Y2(N2+1)+Y3(N3)) is
greater than Y(N), in step S130.

[0113] Steps S130 and S140 are repeatedly carried out,
until a sum of YI(N1), Y2(N2+1) and Y3(N3) (Y1(N1)+
Y2(N2+1)+Y3(N3)) becomes greater than Y(N) (YES in
step S130). As a result, there is determined a maximum N2
which is not over a difference between the target Y(N) and
itself.

[0114] Then, there is determined any N3. For the thus
determined N3, it is judged as to whether N3 is equal to a
maximum N3max which is a maximum among N3, or as to
whether a sum of Y1(N1), Y2(N2) and Y3(N3+1) (Y1(N1)+
Y2(N2)+Y3(N3+1)) is greater than Y(N), in step S150.

[0115] If a sum of Y1I(N1), Y2(N2) and Y3(N3+1)
(YI(ND+Y2(N2)+Y3(N3+1)) is not greater than Y(N) (NO
in step S150), N3 is replaced with (N3+1) in step S160. For
(N3+1), it is judged again as to whether a sum of Y1(N1),
Y2(N2) and Y3(N3+1+1) (YI(N1)+Y2(N2)+Y3(N3+1+1))
is greater than Y(N), in step S150.

[0116] Steps S150 and S160 are repeatedly carried out,
until a sum of YI(N1), Y2(N2) and Y3(N3+1) (Y1(N1)+
Y2(N2)+Y3(N3+1)) becomes greater than Y(N) (YES in
stop $150). As a result, there is determined a maximum N3
which is not over a difference between the target Y(N) and
itself.

[0117] Thus, there are determined all of N1, N2 and N3,
in step s170.
[0118] Hereinbelow is explained a second algorithm used

for determining Y1(N1), Y2(N2) and Y3(N3) by all of which
Y(N) is determined.

[0119] FIG. 11 is a flow chart showing the second algo-
rithm.
[0120] Assuming that ysp is a parameter showing a rela-

tion between a gradation and a brightness in each of the
pixels 14a, the parameter ysp is determined such that Y(1),
Y(1), Y2(1) and Y3(1) are equal to one another (Y(1)=
Y1(1)=Y2(1)=Y3(1)), in step S200.

[0121] Then, all numeric solutions of the sub-pixels 14a
are calculated, in step S210.

[0122] Then, all combinations of the sub-pixels 14a are
sorted with a sum of the thus calculated numeric solutions,
in step S220.

[0123] Then, there is determined a combination of the
sub-pixels 142 which combination is closet to a target Y(N),
in step S230.
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[0124] Hereinbelow is explained a color pixel to which the
above-mentioned embodiment is applied.

[0125] As illustrated in FIG. 12A, it is assumed that a
color pixel 20 has R, G and B dots.

[0126] For instance, each of the dots R, G and B in the
color pixel 20 is electrically connected to a drain line 22
through a drain of a thin film transistor (TFT) 21 and to a
gate line 23 through a gate of the thin film transistor 21, as
illustrated in FIG. 12B.

[0127] When the above-mentioned embodiment is applied
to the color pixel 20, as illustrated in FIG. 13A, the dot R
is divided into three sub-dots RP,, RP, and RP, the dot G
is divided into three sub-dots GP,, GP, and GPj5, and the dot
B is divided into three sub-dots BP,, BP, and BP,.

[0128] FIGS. 13B and 13C illustrate examples of
arrangement of the sub-dots.

[0129] For instance, as illustrated in FIG. 13B, the three
sub-dots RP,, RP, and RP; divided from the dot R are
electrically connected to associated drain lines D,, D, and
D, through drains of associated thin film transistors, and
further to a common gate line 24 through gates of the
associated thin film transistors.

[0130] As an alternative, as illustrated in FIG. 13C, the
three sub-dots RP;, RP, and RP; divided from the dot R are
electrically connected to a common gate line 25 through
drains of associated thin film transistors, and further to
associated gate lines G, G, and G through gates of the
associated thin film transistors.

[0131] A drain signal voltage is applied in time division to
each of the sub-dots RP;, RP, and RP; in a line-scanning
period.

[0132] While the present invention has been described in
connection with certain preferred embodiments, it is to be
understood that the subject matter encompassed by way of
the present invention is not to be limited to those specific
embodiments. On the contrary, it is intended for the subject
matter of the invention to include all alternatives, modifi-
cations and equivalents as can be included within the spirit
and scope of the following claims.
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[0133] The entire disclosure of Japanese Patent Applica-
tion No. 2001-238406 filed on Aug. 6, 2001 including
specification, claims, drawings and summary is incorporated
herein by reference in its entirety.

What is claimed is:

1. A liquid crystal display device which divides a pixel
into a plurality of sub-pixels, wherein a gradation and a
brightness in each of said sub-pixels have a non-linear
relation to each other, and a desired brightness for said pixel
is selected by selecting a gradation in each of said sub-
pixels.

2. The liquid crystal display device as set forth in claim 1,
further comprising a memory storing therein a relation
between a gradation and a brightness in each of said sub-
pixels.

3. The liquid crystal display device as set forth in claim 2,
wherein said relation in each of said sub-pixels is expressed
as a table, and said memory stores said table therein.

4. The liquid crystal display device as set forth in claim 1,
further comprising a computing unit which computes said
relation in each of said sub-pixels, and transmits the thus
computed relation to a source driver.

5. The liquid crystal display device as set forth in claim 4,
wherein said computing unit computes said relation in each
of said sub-pixels through the use of a specific algorithm.

6. The liquid crystal display device as set forth in claim 1,
further comprising a computing device which computes a
gradation associated with each of said sub-pixels in depen-
dence on a gradation of input data.

7. The liquid crystal display device as set forth in claim 1,
wherein a gamma (y) for each of said sub-pixels is greater
than a gamma (y) for said pixel.

8. The liquid crystal display device as set forth in claim 1,
wherein a drive voltage associated with input data is con-
currently applied to said sub-pixels.

9. The liquid crystal display device as set forth in claim 1,
wherein a sum of a maximum brightness in each of said
sub-pixels is equal to a brightness associated with a maxi-
mum gradation of said pixel.

* * * #® *®
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