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FIELD-SEQUENTIAL COLOR LIQUID
CRYSTAL DISPLAY AND METHOD FOR
DISPLAYING COLORS THEREOF

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play, and in particular to a field-sequential color liquid crystal
display and a method for displaying colors thereof.

BACKGROUND ART

[0002] A field-sequential color (FSC) liquid crystal display
(hereinafter, referred to as an “FSC-LCD”) is such a display
that sequentially displays red, green, and blue, which are the
three primary colors of light, in one frame on the same pixel
of the FSC-LCD, and that does not employ color pixels used
in a typical color-filter LCD (hereinafter, referred to as a
“CF-LCD”).

[0003] As is well known, the greatest disadvantage of the
FSC-LCD is that “color breakup” may occur. In other words,
if a certain displayed object is moving on a display screen of
the FSC-LCD, the leading edge and the trailing edge thereof
look like spectral colors. If the color breakup is suppressed to
alevel that poses no problem for practical use, the FSC-LCD
is expected to be used for various applications as a display
with extremely high potential.

[0004] By contrast, in terms of color breakup, researchers
including the present inventors have disclosed that color
breakup can be reduced in Patent Literature 1, which was filed
prior to the present application. Specifically, the method for
displaying colors for an FSC-LCD in Patent Literature 1 is a
method for adding black of one or two or more fields before
and/or after a group of the three primary colors, and sequen-
tially displaying the colors in the group added.

[0005] Patent Literature 1: Japanese Laid-open Patent Pub-
lication No. 2007-264211

DISCLOSURE OF INVENTION
Problem to be Solved by the Invention

[0006] However, Patent Literature 1 discloses no specific
method on how to realize the method for displaying colors in
the form of systems. Furthermore, the method for displaying
colors disclosed in Patent Literature 1 may not be necessarily
most suitable for each image (moving image) constituting a
video signal. An optimal combination of colors in displaying
colors differs depending on the use of the display or charac-
teristics of the moving image (for example, what the domi-
nant color is and what the subdominant color 1s). Therefore, it
is required to develop a system that makes it possible to select
colors and display colors sequentially in a preferable manner
in accordance with the use of the display or characteristics of
the moving image.

[0007] Inview of the above circumstances, it is an object of
the present invention to provide a field-sequential color liquid
crystal display and a method for displaying colors thereof that
make it possible to select colors and display colors sequen-
tially in a preferable manner in accordance with the use of the
display or characteristics of the moving image.

Means for Solving Problem

[0008] In order to solve the problem described above and
perform the object of the present invention, a field-sequential
color liquid crystal display in accordance with the present
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invention is described as follows. The field-sequential color
liquid crystal display includes a control and drive circuit that
allocates a basic element color for displaying a display color
of each pixel in one frame to a plurality of color fields, and
that performs control to sequentially transmit a color signal
allocated to each of the color fields to a drive unit of a display
panel, wherein a color field required for display is defined in
the control and drive circuit. The control and drive circuit
includes: a first signal processing circuit that generates a
synchronization signal synchronizing with a frame frequency
of the video signal and predetermined video data, based on a
video signal received; a color field specifying unit that deter-
mines, in a changeable manner, number of color fields in one
frame, the color signal allocated arbitrarily to each of the
color fields, and a transmission order of the color signal thus
allocated, generates a field specifying signal for specifying
each of the color fields corresponding to the transmission
order, and outputs the field specifying signal at a timing of a
field frequency obtained by multiplying the frame frequency
by the number of fields; and a second signal processing circuit
that outputs the video data from the first signal processing
circuit to the drive unit of the display panel, based on the field
specifying signal from the color field specifying unit.

Effect of Invention

[0009] According to a field-sequential color liquid crystal
display of the present invention, it is possible to select colors
and display colors sequentially in a preferable manner in
accordance with the use of the display or other factors.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is a view of a schematic configuration of an
FSC-LCD according to a first embodiment of the present
invention.

[0011] FIG. 2 is a diagram of a detail configuration of an
LCD control and drive circuit according to the first embodi-
ment of the present invention.

[0012] FIG. 3isadiagram ofan exemplary configuration of
an output stage signal processing and control circuit accord-
ing to a second embodiment of the present invention.

[0013] FIG. 4 is a diagram of a detail configuration of an
LCD control and drive circuit according to a third embodi-
ment of the present invention.

[0014] FIG. 5 is a diagram of a detail configuration of an
LCD control and drive circuit according to a fourth embodi-
ment of the present invention.

BEST MODES FOR CARRYING OUT THE
INVENTION

[0015] Exemplary embodiments of a field-sequential color
liquid crystal display and a method for displaying colors
thereof according to the present invention will be described
below in greater detail with reference to the accompanying
drawings. It is to be noted that the embodiments below are not
intended to limit the present invention.

First Embodiment

[0016] FIG. 1 is a view of a schematic configuration of a
field-sequential color liquid crystal display (FSC-LCD)
according to a first embodiment of the present invention. As
illustrated in FIG. 1, the FSC-LCD according to the first
embodiment is configured to include a liquid crystal display
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panel 11, a backlight 12, a source driver 13, a gate driver 14,
and a liquid crystal display (LCD) control and drive circuit
15.

[0017] The display panel 11 of the FSC-LCD is formed of
aTFT array 17 in which a lot of pixels composed of TFTs are
arranged. Furthermore, in the display panel 11, for example,
nematic mode liquid crystal is sealed, and constitutes a dis-
play cell together with a pair of polarizers, a phase difference
compensation film, and the like. The LCD explained in the
present embodiment is an FSC-LCD, and the display panel 11
is not provided with a color filter.

[0018] The backlight 12 is arranged at the rear of the dis-
play panel 11. The backlight 12 is a light source unit that
outputs light of red (R), green (G), and blue (B) in synchro-
nization with a color signal displayed on the display panel 11
based on a backlight (BL) control signal 46 from the LCD
control and drive circuit 15. The example of the field-sequen-
tial color system used herein is a three-primary-color type of
RGB. However, the three primary colors may be three pri-
mary colors other than RGB, such as cyan (C), magenta (M),
and yellow (Y). Seven colors obtained by adding white (W) to
R, G, B, Y, M, and C are hereinafter referred to as basic
element colors. If RGB are used as the three primary colors,
Y is realized by mixing G and R, M is realized by mixing R
and B, C is realized by mixing B and G, and W is realized by
mixing R, G, and B.

[0019] The source driver 13 and the gate driver 14 serving
as drive units of the display panel 11 are arranged on the
periphery of the display panel 11. The gate driver 14 can be
configured, for example, by using a driver IC including a
switching element inside thereof. The gate driver 14 controls
a timing of application of voltage to a gate of each TFT
constituting the TFT array 17, based on a gate drive signal 44
from the LCD control and drive circuit 15. The source driver
13 can be configured, for example, by using a driver IC
including an arithmetic circuit inside thereof. The source
driver 13 controls a timing of application of voltage to a
source of each TFT and a magnitude of the applied voltage
corresponding to gradations of video data, based on a source
drive signal 42 from the LCD control and drive circuit 15. It
is to be noted that the layout illustrated in FIG. 1 is an example
only, and the present invention is not limited to the layout.

[0020] FIG.2isablock diagram of a detail configuration of
the LCD control and drive circuit 15. In FIG. 2, the LCD
control and drive circuit 15 includes an input stage signal
processing and control circuit 21, a sequencer 22, a frame
buffer 23, a backlight (BL) control circuit 24, and an output
stage signal processing and control circuit 25. The sequencer
22 functions as a color field specifying unit.

[0021] Theinput stage signal processing and control circuit
21 receives, for example, a video signal 30 of 60 frames per
second (60 frames/s). An explanation will be made of the
video signal 30 of 60 frames/s below. However, the video
signal thus received may be other frequencies, such as 59.94
frames/s, and 60 frames/s is replaced by the other frequencies
in that case. The input stage signal processing and control
circuit 21 converts gradation data in accordance with inten-
sity and colors, based on the video signal 30, and outputs the
gradation data thus converted to the frame buffer 23 as video
data 34. Furthermore, the input stage signal processing and
control circuit 21 generates a synchronization signal 32 that
synchronizes with the frame frequency of the video signal 30,
and outputs the synchronization signal 32 to the sequencer 22.
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[0022] FIG. 2 illustrates a table (discrimination table of
color fields) for selecting a color signal allocated to a color
field in one frame in the sequencer 22. The numbers 1 to 6
illustrated on the left side of FIG. 2 represent color field
numbers. The alphabets R, W, G, B, and K (black) illustrated
on the right side thereofrepresent color discrimination marks,
and the meaning of each mark is as described above. The table
may be a concept of a lookup table (LUT) referred to by the
sequencer 22, or may be a concept of a sequence set that
outputs information of the color fields in numerical order in
synchronization with the synchronization signal 32. In the
case of the sequence set, a plurality of sets is prepared in
accordance with the configuration of color fields. If the
sequence set is used, a field specifying signal may be trans-
mitted in order prescribed in the sequence set using a syn-
chronization signal as a trigger, thereby resulting in smooth
processing in the sequencer 22 advantageously. By contrast,
if the LUT is used, when the number of color fields is changed
depending on the use, for example, no specific sequence set
needs to be prepared. Therefore, there is an advantage in that
it is sufficient to change a read process of the LUT. For
example, if the LUT includes the six color fields as illustrated
in FIG. 2, it is possible to perform display control with a
configuration of color fields of “RGBK” without using “W”
and one of “K” in a simple manner.

[0023] When the sequencer 22 receives the synchroniza-
tion signal 32 from the input stage signal processing and
control circuit 21, the sequencer 22 refers to the LUT based on
predetermined information (e.g., the number of color fields in
one frame, the color signal allocated to each color field, and
the transmission order of the color signals thus allocated).
The sequencer 22 then outputs a field specifying signal 40 to
the BL control circuit 24, and outputs a field specifying signal
38 to the output stage signal processing and control circuit 25.
The field specifying signal 40 is a signal indicating what color
the backlight to be lighted is. The field specifying signal 38 is
the same as the field specifying signal 40 except that the
transmission timing thereof is different from that of the field
specifying signal 40. However, in an OCB mode liquid crystal
display, for example, write voltage (applied voltage) to a pixel
circuit differs depending on what the color to be displayed is.
Therefore, the field specifying signal 38 is different from the
field specifying signal 40.

[0024] The BL control circuit 24 generates a BL control
signal 46 for controlling the backlight, based on the field
specifying signal 40 thus received, and outputs the BL control
signal 46 to the backlight 12. The output timing of the BL
control signal 46 is controlled by a lighting timing signal 41
from the output stage signal processing and control circuit 25.
[0025] The output stage signal processing and control cir-
cuit 25 sequentially receives video data 36 retained in the
frame buffer 23, and generates a source drive signal 42 and a
gate drive signal 44 in synchronization with the input timing
of the field specifying signal 38 from the sequencer 22. In
other words, the gate drive signal 44 is output to the gate
driver 14, and the source drive signal 42 is output to the source
driver 13.

[0026] The color fields configured in the sequencer 22 will
now be described in detail.

[0027] (InRGB display and in the case where the number of
color fields is “6™)

[0028] Inthe RGB display and in the case where the num-
ber of color fields is “67, the configuration of the color fields
is, for example, “RGBKKK?”. The order of the marks herein
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represents the order of transmission (that is, the order of
display). “K” represents specifying black in a color field. In
this case, control may be performed such that the correspond-
ing pixel on the display panel is driven to be in a black state
(that is, the TFT of the corresponding pixel is controlled to
block light), or such that the backlight is turned off. In addi-
tion, in the color field in which no color signal is displayed,
such as . . . KKK”, a plurality of black fields are collected
and arranged, thereby making it possible to perform display
control with a small motion blur. If the number of color fields
is “6”, the field specifying signal is transmitted in a transmis-
sion cycle of 60 (frames/s)x6 (fields/f)=360 (fields/s) as illus-
trated in F1G. 2.

[0029] As described above, the case of “RGBKKK” is used
as an example of the color field configuration in the case of the
RGB display and the case where the number of color fields is
“6”. However, in addition to this color field configuration,
other color field configurations, such as “RBGKKK”,
“GBRKKK”, “GRBKKK”, “BRGKKK”, and “BGRKKK?”,
may also be used. Furthermore, “RGB” is not necessarily
arranged at the beginning thereof, such as “RGB ...”, and a
color field configuration, such as “KRGBKK”, “KKRGBK”,
and “KKKRGB”, may also be used. Alternatively, a color
field configuration obtained by changing the order of “RGB”
in each of the color field configurations may also be used.
[0030] (In RGBW display and in the case where the number
of color fields is “6”)

[0031] InRGBW display and in the case where the number
of color fields is “6”, the configuration of the color fields is,
for example, “RWGBKK?” (refer to FIG. 2). Including the
color field of “W” in this manner is suitable for a screen in
which white is prominent (screen whose dominant color is
white). As is well known, mixing the three primary colors of
RGB makes it possible to display white. However, if the
configuration is formed of a plurality of color fields, the
influence of the color breakup increases. Therefore, as in the
present embodiment, it is preferable that “W” in which no
color breakup is desired to occur be allocated to one color
field other than “RGB” in an aspect. The color field configu-
ration is not limited to “RWGBKK?”, and another color field
configuration, such as “KRWGBK” and “KKRWGB”, may
also be used. Alternatively, a color field configuration
obtained by changing the order of “RWGB” in each of the
color field configurations may also be used.

[0032] (In RGBY display and in the case where the number
of color fields is “6”)

[0033] InRGBY display and in the case where the number
of color fields is “6”, the configuration of the color fields is,
for example, “RYGBKK”. When a human skin is observed,
for examiple, it is preferable that “Y” be included in the color
fields. The color of a human skin is so-called whitish-red and
has characteristics close to yellow in terms of color. There-
fore, it is preferable that yellow in which no color breakup is
desired to occur be a dominant color and be allocated to one
color field. The color field configuration is not limited to
“RYGBKK?”, and other color field configurations, such as
“KRYGBK” and “KKRYGB”, may also be used. Alterna-
tively, a color field configuration obtained by changing the
order of “RYGB” in each of the color field configurations may
also be used.

[0034] (InRGBWY display and in the case where the num-
ber of color fields is “6”)

[0035] InRGBWY display and in the case where the num-
ber of color fields is “67, the configuration of the color fields
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is, for example, “RYGWBK”. When an inside of a human
body is observed by an endoscope, for example, an image in
which a “hot spot” occurs because of reflection of projection
illumination light is observed frequently. Therefore, it is pref-
erable that “W” corresponding to the “hot spot” and “Y”,
which is close to the color of a human skin, be included in the
color fields. The color field configuration is not limited to
“RYGWBK?”, and another color field configuration. such as
“KRYGWB?”, may also be used. Alternatively, a color field
configuration obtained by changing the order of “RYGWB”
in each of the color field configurations may also be used.
[0036] (In black-and-white display and in the case where
the number of color fields is “6”)

[0037] Inthe above description, the case where the present
invention is applied to a color FSC-LCD is explained. How-
ever, the present invention can also be applied to a black-and-
white FSC-LCD. In black-and-white display, the basic ele-
ment coloris W, and the color fields of RGB are not necessary.
Therefore, if the number of color fields remains “6”, the
configuration of color fields can be, for example,
“WKKKKK”. In the black-and-white display, displaying
black consecutively makes it possible to realize clearer screen
display. Therefore, if there is a use in which the color display
and the black-and-white display are switched, the advantage
is derived that functions prepared for the color display can be
used as functions for the black-and-white display.

[0038] (In the case where the number of color fields is
smaller than 6)
[0039] Inthe above description, the case where the number

of color fields is 6 is explained. However, the number of color
fields can be smaller than 6. In this case, as described above,
the sequence set may be rewritten correspondingly to the
number of color fields or be provided newly, or the read
processing of the LUT may be changed slightly. For example,
in the case where the LUT of six color fields is provided as
illustrated in FIG. 2, if display control is performed by con-
figuring color fields of “RGBK” without using “W” and one
of “K”, the sequencer 22 may select the color fields in order of
“R”, “G”, “B”, and “K” from the LUT and output the color
fields thus selected to the BL control circuit 24 and the output
stage signal processing and control circuit 25. If the number
of color fields is “4”, the transmission cycle of the field
specifying signal is 60 (frames/s)x4 (fields/f)=240 (fields/s).

[0040] (In the case where the number of color fields
exceeds 6)
[0041] Inthe case where the number of color fields exceeds

6, which is similar to the case smaller than 6, the sequence set
may be rewritten correspondingly to the number of color
fields or be set newly, or the read processing of the LUT may
be changed. If the LUT is used, retaining color fields required
at a maximum makes it possible to change the color fields
appropriately in accordance with the use or other factors. If
the number of color fields is “8”, for example, the transmis-
sion cycle of the field specifying signal is 60 (frames/s)x8
(fields/1)=480 (fields/s).

[0042] In the example described above, while the basic
element colors in the color display are “RGB”, it is to be
understood that “CMY” can also be used as the basic element
colors.

[0043] Furthermore, in the above description, the system in
whichthe backlight is nota scanning type is explained briefly.
However, the present invention can also be applied to a scan-
ning backlight system. In the scanning backlight system, the
backlight is divided into a unit of a block, and the orders of
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transmission of signals can be different between the blocks.
Therefore, the sequence set and the LUT described above are
provided in each block, for example, thereby making it pos-
sible to deal with the different orders of transmission. If there
is regularity in scanning of each block, it is possible to rec-
ognize LUTs of other blocks from a LUT of one block in a
simple manner. Therefore, providing one LUT as illustrated
in FIG. 2 makes it possible to deal with the different orders of
transmission.

[0044] As described above, with the FSC-LCD according
to the first embodiment, the number of color fields in one
frame, a color signal allocated to each of the color fields, and
the transmission order of the color signals thus allocated are
determined. A field specifying signal for specifying a color
field corresponding to the transmission order is generated,
and the field specifying signal is output at the timing of the
field frequency obtained by multiplying the frame frequency
by the number of fields. Accordingly, it is possible to select
colors and display colors sequentially in a preferable manner
in accordance with the use of the display or other factors.

Second Embodiment

[0045] FIG.3isadiagram ofan exemplary configuration of
an output stage signal processing and control circuit accord-
ing to a second embodiment of the present invention, and is a
configuration diagram illustrating detailed functions of the
output stage signal processing and control circuit 25 illus-
trated in FIG. 2. In the first embodiment, the function that can
freely deal with the color fields is explained. FIG. 3 illustrates
a specific configuration for realizing the function.

[0046] As illustrated in FIG. 3, the output stage signal pro-
cessing and control circuit 25 is configured to include a gra-
dation data linear converter 50 serving as a first converter, a
gradation value calculation unit 52, a field selection unit 54,
and a gradation data gamma converter 56 serving as a second
converter.

[0047] The video data signal 36 received by the output
stage signal processing and control circuit 25 typically has
different values of y depending on input sources (in the PAL
system: y=2.7, in the NTSC system: y=2.2). As a result, if the
value (gradation value (gray-scale value of each color)) is
used as it is, processing performed by the gradation value
calculation unit 52, which will be described later, is made
complicated (it is impossible to perform linear calculation).
Therefore, the gradation data linear converter 50 converts the
video data thus received (R, G. and B) into second video data
on which the linear calculation can be performed. The con-
version processing into the second video data is performed
such that y is set to 1 using a gradation data linear conversion
table or the like.

[0048] The gradation value calculation unit 52 performs
predetermined gradation calculation on the second video data
converted by the gradation data linear converter 50, and gen-
erates video data of a desired color and a desired gradation
value. With respect to the gradation calculation, a method for
referring to the LUT may be applied, or a method for using a
comparator to calculate the value may be applied. Further-
more, FIG. 3 illustrates a configuration in which video data
(gradation data) of “RGBCMYW” is calculated from the
video data of “RGB”. However, all the gradation calculation
need notbe performed, and the calculation may be performed
on necessary data.

[0049] Based on the field specifying signal 38 from the
sequencer 22, the field selection unit 54 selects and outputs
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video data corresponding to the color signal allocated to the
field specifying signal from the second video data on which
the gradation conversion is performed. The gradation data
gamma converter 56 performs inverse conversion processing
to the conversion processing performed by the gradation data
linear converter 50 (that is, processing for restoring y to the
original value, or processing for adjusting y to y characteris-
tics of the liquid crystal display panel), on the video data
output from the field selection unit 54. The gradation data
gamma converter 56 then determines video data 35 thus gen-
erated to be data of the source drive signal 42 that is to be
output to the display panel 11.

[0050] FIG. 3 illustrates the configuration in which the
output stage signal processing and control circuit 25 includes
the gradation data linear converter 50, the gradation value
calculation unit 52, the field selection unit 54, and the grada-
tion data gamma converter 56 as an example. However, these
components may be included in the input stage signal pro-
cessing and control circuit 21. In this case, the input signal
(video data signal 36) to the gradation data linear converter 50
corresponds to the video signal 30, and the output signal 35
corresponds to the video data signal 34. Furthermore, in this
case, the field selection unit 54 by the field specification is not
necessary. All video data of colors required for the color field
configuration among RGBCMYW s passed through the
gamma converter 56, and is then stored in the frame buffer23.
Alternatively, the functions of these four components can be
divided as necessary to be arranged in the input stage signal
processing and control circuit 21 and the output stage signal
processing and control circuit 25. For example, the gradation
data linear converter 50 and the gradation value calculation
unit 52 may be arranged in the input stage signal processing
and control circuit 21, whereas the field selection unit 54 and
the gradation data gamma converter 56 may be arranged in the
output stage signal processing and control circuit 25.

[0051] As an example of the processing performed in the
gradation value calculation unit 52, a case where gradation
data of “RGBW” is calculated from the video data of “RGB”
will be explained. Pixel values of “RGB” prior to the grada-
tion calculation are represented by Vi, V5, and V, respec-
tively, and pixel values of “RGBW?” posterior to the gradation
calculation are represented by V', V', V', and V), respec-

tively.
[0052] <Step 1>
[0053] First, the pixel values Vg, Vs, and V are received

from the gradation data linear converter 50.
[0054] <Step 2>
[0055] Subsequently. V;' is calculated by the following
equation.
Vy=min(Vg, Ve, Vg) €]

[0056] where the symbol “min” means selecting the mini-
mum value of the three values.

[0057] <Step 3>
[0058] Furthermore, V', V', and V' are calculated by the
following equations.
Ve'=Ve-Vo' @
VG = VG_ VW' (3 )
Va'=Vp-Vy' )
[0059] <Step 4>
[0060] V..V V. andV ' expressed by theequations (1)

to (4) are output to the field selection unit 54.
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[0061] In this manner, if the RGBW display is performed,
the processing based on the steps described above may be
performed. If other displays are performed, the same steps as
those described above may be performed.

[0062] As described above, according to the FSC-LCD of
the second embodiment, the received video data is converted
into the second video data on which the linear calculation can
be performed. The predetermined gradation calculation is
performed on the second video data to generate the video data
required for the configuration of color fields, and the video
data corresponding to the color signal allocated to the field
specifying signal is selected sequentially from the second
video data on which the gradation conversion is performed.
Accordingly, it is possible to select colors and display colors
sequentially in a preferable manner in accordance with the
use of the display or characteristics of the moving image.
Furthermore, in the processing of the second embodiment,
the processing for restoring y to the original value is per-
formed on the video data on which the gradation conversion
is performed and that is selected sequentially, thereby making
it possible to reduce the amount of calculation required for the
conversion processing.

Third Embodiment

[0063] FIG. 4isa diagram of a detailed configuration of an
LCD control and drive circuit according to a third embodi-
ment of the present invention. The LCD control and drive
circuit 15 illustrated in the drawing has a configuration in
which a video data monitoring circuit 60 is provided between
the input stage signal processing and control circuit 21 and the
sequencer 22 in the configuration illustrated in FIG. 2. Other
components are the same as or equivalent to those in the first
embodiment illustrated in FIG. 2. The same numerals are
assigned to the components common therebetween, and the
detail description thereof will be omitted.

[0064] InFIG. 4, the video data monitoring circuit 60 has a
function to monitor received video data and to adaptively
change the configuration of color fields in accordance with
characteristics of the received video data (for example, what
the dominant color s and what the subdominant color is). In
determination of the dominant color and the subdominant
color, the number of pixels for each color is counted, for
example, in one or a plurality of moving images. In the basic
element colors generated by mixing colors, such as YMCW, a
color whose count value is the largest (that is, the area thereof
is the largest) and exceeds a predetermined threshold value
may be determined to be the dominant color. Similarly, in the
basic element colors generated by mixing colors, a color
whose count value is the second largest (that is, the area
thereof is the second largest) and exceeds a predetermined
threshold value may be determined to be the subdominant
color.

[0065] Ifitis determined that the dominant color is present,
or that both of the dominant color and the subdominant color
are present, the video data monitoring circuit 60 controls the
sequencer 22 to adaptively change the configuration of color
fields. The function can be realized by causing the video data
monitoring circuit 60 to have a function to output a signal for
rewriting entries of the LUT included in the sequencer 22 or
a function to output a signal for selecting a sequence set
included in the sequencer 22. When receiving these control
signals, the sequencer 22 changes the configuration of color
fields, and outputs the field specifying signal 38 and the field
specifying signal 40 after the change.
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[0066] As described above, according to the FSC-LCD of
the third embodiment, based on the monitoring result of the
video data monitoring circuit, at least one of the number of
color fields in one frame, a color signal allocated to each of the
color fields, and the transmission order of the color signals
thus allocated is changed and processed adaptively. Accord-
ingly, it is possible to select colors and display colors sequen-
tially in a preferable manner in accordance with the use of the
display or characteristics of the moving image.

Fourth Embodiment

[0067] FIG. 5is a diagram of a detailed configuration of an
LCD control and drive circuit according to a fourth embodi-
ment of the present invention. The LCD control drive circuit
15 illustrated in the drawing has a configuration in which a
representative color assumption circuit 62 is provided
between the video data monitoring circuit 60 and a sequencer
64, in the configuration illustrated in F1G. 4. Furthermore, the
LUT included in the sequencer 64 is changed into halftone
color representation. Other components are the same as or
equivalent to those in the third embodiment illustrated in FIG.
4. The same numerals are assigned to the components com-
mon therebetween, and the detail description thereof will be
omitted.

[0068] In FIG. 5, the representative color assumption cir-
cuit 62 assumes a more appropriate gradation value for color
information notified from the video data monitoring circuit
60, by dealing with not only the basic element colors, such as
RGBYMCW, but also intermediate colors therebetween. The
representative color assumption circuit 62 reflects the gradu-
ation value thus assumed on the LUT of the sequencer 64
(FIG. 5 illustrates an example in which a gradation value of
orange is assumed and the LUT is rewritten thereby).

[0069] In other words, the representative color assumption
circuit 62 functions as a gradation value assumption circuit
that assumes the gradation value of a color notified from the
video data monitoring circuit 60. Providing such a gradation
value assumption circuit enables display control that accu-
rately reproduces the color information of the moving image.
[0070] As described above, according to the FSC-LCD of
the fourth embodiment, the gradation value of the color infor-
mation notified from the video data monitoring circuit is
assumed to be reflected on the LUT. Accordingly, in addition
to the advantageous effects of the first to the third embodi-
ments, the advantage is derived that the accuracy when the
received video signal is displayed can be improved.

INDUSTRIAL APPLICABILITY

[0071] As described above, the field-sequential color liquid
crystal display and the method for displaying colors thereof
according to the present invention is useful as the invention
that makes it possible to select colors and display colors
sequentially in a preferable manner in accordance with the
use of the display or characteristics of a moving image.

EXPLANATIONS OF LETTERS OR NUMERALS

[0072] 11 LIQUID CRYSTAL DISPLAY PANEL
[0073] 12 BACKLIGHT

[0074] 13 SOURCE DRIVER

[0075] 14 GATE DRIVER

[0076] 15LCD CONTROL DRIVE CIRCUIT
[0077] 17 TFT ARRAY
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[0078] 21 INPUT STAGE SIGNAL PROCESSING AND
CONTROL CIRCUIT

[0079] 22,64 SEQUENCER

[0080] 23 FRAME BUFFER

[0081] 24 BACKLIGHT (BL) CONTROL CIRCUIT
[0082] 25 OUTPUT STAGE SIGNAL PROCESSING
AND CONTROL CIRCUIT

[0083] 30 VIDEO SIGNAL

[0084] 32 FRAME SYNCHRONIZATION SIGNAL
[0085] 34,36 VIDEO DATA

[0086] 35SIGNAL CONSTITUTING A PART OF A SIG-

NAL 42 TO THE SOURCE DRIVER AS OUTPUT TO THE
DISPLAY PANEL

[0087] 38,40 FIELD SPECIFYING SIGNAL

[0088] 41 LIGHTING TIMING SIGNAL

[0089] 42 SOURCE DRIVER SIGNAL

[0090] 44 GATE DRIVE SIGNAL

[0091] 46 BACKLIGHT (BL) CONTROL SIGNAL
[0092] 50 GRADATION DATA LINEAR CONVERTER
[0093] 52 GRADATION VALUE CALCULATION UNIT
[0094] 54 FIELD SELECTION UNIT

[0095] 56 GRADATION DATA GAMMA CONVERTER
[0096] 60 VIDEO DATA MONITORING CIRCUIT
[0097] 62 REPRESENTATIVE COLOR ASSUMPTION
CIRCUIT

1-9. (canceled)

10. A field-sequential color liquid crystal display compris-
ing a control and drive circuit that allocates a signal repre-
senting a basic element color for displaying a display color of
each pixel in one frame to a plurality of color fields, and that
performs control to sequentially transmit a color signal allo-
cated to each of the color fields to a drive unit of a display
panel, wherein a color field required for display is defined in
the control and drive circuit, the control and drive circuit
comprising:

a first signal processing circuit that generates a synchroni-
zation signal synchronizing with a frame frequency of
the video signal and predetermined video data, based on
a video signal received;

a video data monitoring circuit that monitors a color con-
figuration of the video data output by the first signal
processing circuit;

a color field specifying unit that determines number of
color fields in one frame, the color signal allocated arbi-
trarily to each of the color fields, and a transmission
order of the color signal thus allocated, based on a moni-
toring result of the video data monitoring circuit, or
changes adaptively at least one of the number of color
fields in one frame, the color signal allocated to each of
the color fields, and the transmission order of the color
signal thus allocated, generates a field specifying signal
for specifying each of the color fields corresponding to
the transmission order, and outputs the field specifying
signal at a timing of a field frequency obtained by mul-
tiplying the frame frequency by the number of fields; and

a second signal processing circuit that outputs the video
data from the first signal processing circuit to the drive
unit of the display panel, based on the field specifying
signal from the color field specifying unit,

wherein the basic element color includes red (R), green
(G), and blue (B), or cyan (C), magenta (M), yellow (Y),
and the color fields of five or more colors that include
four colors having black (K) added to any set of the basic
element colors are configured in the color field specify-
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ing unit, and are configured so that two or more black
fields are in a row in one frame constituting the color
fields or between two continuous frames.

11. A field-sequential color liquid crystal display compris-
ing a control and drive circuit that allocates a signal repre-
senting a basic element color for displaying a display color of
each pixel in one frame to a plurality of color fields, and that
performs control to sequentially transmit a color signal allo-
cated to each of the color fields to a drive unit of a display
panel, wherein a color field required for display is defined in
the control and drive circuit, the control and drive circuit
comprising:

a first signal processing circuit that generates a synchroni-
zation signal synchronizing with a frame frequency of
the video signal and predetermined video data, based on
a video signal received;

a video data monitoring circuit that monitors a color con-
figuration of the video data output by the first signal
processing circuit;

a color field specifying unit that determines number of
color fields in one frame, the color signal allocated arbi-
trarily to each of the color fields, and a transmission
order of the color signal thus allocated, based on a moni-
toring result of the video data monitoring circuit, or
changes adaptively at least one of the number of color
fields in one frame, the color signal allocated to each of
the color fields, and the transmission order of the color
signal thus allocated, generates a field specifying signal
for specifying each of the color fields corresponding to
the transmission order, and outputs the field specifying
signal at a timing of a field frequency obtained by mul-
tiplying the frame frequency by the number of fields; and

a second signal processing circuit that outputs the video
data from the first signal processing circuit to the drive
unit of the display panel, based on the field specifying
signal from the color field specifying unit,

wherein the basic element color includes red (R), green
(G), and blue (B), or cyan (C), magenta (M), vellow (Y),
and the color fields of six or more colors that include five
colors having black (K) and white (W) added to any set
of the basic element colors are configured in the color
field specifying unit, and are configured so that two or
more black fields are in a row in one frame constituting
the color fields or between two continuous frames.

12. A field-sequential color liquid crystal display compris-
ing a control and drive circuit that allocates a signal repre-
senting a basic element color for displaying a display color of
each pixel in one frame to a plurality of color fields, and that
performs control to sequentially transmit a color signal allo-
cated to each of the color fields to a drive unit of a display
panel, wherein a color field required for display is defined in
the control and drive circuit, the control and drive circuit
comprising:

a first signal processing circuit that generates a synchroni-
zation signal synchronizing with a frame frequency of
the video signal and predetermined video data, based on
a video signal received;

a video data monitoring circuit that monitors a color con-
figuration of the video data output by the first signal
processing circuit;

a color field specifying unit that determines number of
color fields in one frame, the color signal allocated arbi-
trarily to each of the color fields, and a transmission
order of the color signal thus allocated, based on a moni-



US 2012/0007900 A1

toring result of the video data monitoring circuit, or
changes adaptively at least one of the number of color
fields in one frame, the color signal allocated to each of
the color fields, and the transmission order of the color
signal thus allocated, generates a field specifying signal
for specifying each of the color fields corresponding to
the transmission order, and outputs the field specifying
signal at a timing of a field frequency obtained by mul-
tiplying the frame frequency by the number of fields; and

a second signal processing circuit that outputs the video
data from the first signal processing circuit to the drive
unit of the display panel, based on the field specifying
signal from the color field specifying unit,

wherein the basic element color includes white (W), and
the color fields of three or more colors that include two
colors having black (K) added to the basic element col-
ors are configured in the color field specifying unit, and
are configured so that two or more black fields are in a
row in one frame constituting the color fields or between
two continuous frames.

13. A field-sequential color liquid crystal display compris-

ing:

a color display comprising a control and drive circuit that
allocates a signal representing a basic element color for
displaying a display color of each pixel in one frame to
a plurality of color fields, and that performs control to
sequentially transmit a color signal allocated to each of
the color fields to a drive unit of a display panel, wherein
acolor field required for display is defined in the control
and drive circuit, the control and drive circuit compris-
ing:

a first signal processing circuit that generates a synchroni-
zation signal synchronizing with a frame frequency of
the video signal and predetermined video data, based on
a video signal received;

a video data monitoring circuit that monitors a color con-
figuration of the video data output by the first signal
processing circuit;

a color field specifying unit that determines number of
color fields in one frame, the color signal allocated arbi-
trarily to each of the color fields, and a transmission
order of the color signal thus allocated, based on a moni-
toring result of the video data monitoring circuit, or
changes adaptively at least one of the number of color
fields in one frame, the color signal allocated to each of
the color fields, and the transmission order of the color
signal thus allocated, generates a field specifying signal
for specifying each of the color fields corresponding to
the transmission order, and outputs the field specifying
signal at a timing of a field frequency obtained by mul-
tiplying the frame frequency by the number of fields; and

a second signal processing circuit that outputs the video
data from the first signal processing circuit to the drive
unit of the display panel, based on the field specifying
signal from the color field specifying unit,

wherein the basic element color includes red (R), green
(G), and blue (B), or cyan (C), magenta (M), yellow (Y),
and the color fields of five or more colors that include
four colors having black (K) added to any set of the basic
element colors are configured in the color field specify-
ing unit, and are configured so that two or more black
fields are in a row in one frame constituting the color
fields or between two continuous frames; and

a black-and-white display defined by claim 12,

wherein the color display and the black-and-white display
are appropriately changed according to a use.
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14. A field-sequential color liquid crystal display compris-

ing:

a color display comprising a control and drive circuit that
allocates a signal representing a basic element color for
displaying a display color of each pixel in one frame to
a plurality of color fields, and that performs control to
sequentially transmit a color signal allocated to each of
the color fields to a drive unit of a display panel, wherein
acolor field required for display is defined in the control
and drive circuit, the control and drive circuit compris-
ing:

a first signal processing circuit that generates a synchroni-
zation signal synchronizing with a frame frequency of
the video signal and predetermined video data, based on
a video signal received;

a video data monitoring circuit that monitors a color con-
figuration of the video data output by the first signal
processing circuit;

a color field specifying unit that determines number of
color fields in one frame, the color signal allocated arbi-
trarily to each of the color fields, and a transmission
order of the color signal thus allocated, based on a moni-
toring result of the video data monitoring circuit, or
changes adaptively at least one of the number of color
fields in one frame, the color signal allocated to each of
the color fields, and the transmission order of the color
signal thus allocated, generates a field specifying signal
for specifying each of the color fields corresponding to
the transmission order, and outputs the field specifying
signal at a timing of a field frequency obtained by mul-
tiplying the frame frequency by the number of fields; and

a second signal processing circuit that outputs the video
data from the first signal processing circuit to the drive
unit of the display panel, based on the field specifying
signal from the color field specifying unit,

wherein the basic element color includes red (R), green
(G), and blue (B), or cyan (C), magenta (M), vellow (Y),
and the color fields of six or more colors that include five
colors having black (K) and white (W) added to any set
of the basic element colors are configured in the color
field specifying unit, and are configured so that two or
more black fields are in a row in one frame constituting
the color fields or between two continuous frames; and

a black-and-white display defined by claim 12,

wherein the color display and the black-and-white display
are appropriately changed according to a use.

15. The field-sequential color liquid crystal display accord-

ing to claim 10,

wherein the first signal processing circuit comprises:

a first converter that converts video data received into sec-
ond video data to which linear calculation is applicable;

a gradation value calculation unit that performs a predeter-
mined gradation calculation on the second video data
and generates video data of a desired graduation value;
and

asecond converter that performs processing corresponding
to inverse conversion to conversion processing per-
formed by the first convertor, on the video data generated
by the gradation value calculation unit, and outputs the
video data thus generated to the second signal process-
ing circuit,

wherein the second signal processing circuit comprises:

a field selection unit that sequentially selects video data
corresponding to the color signal allocated to the field
specifying signal from the video data generated by the
second converter, based on the field specifying signal
from the color field specifying unit.
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16. The field-sequential color liquid crystal display accord-
ing to claim 11,

wherein the first signal processing circuit comprises:

a first converter that converts video data received into sec-
ond video data to which linear calculation is applicable;

a gradation value calculation unit that performs a predeter-
mined gradation calculation on the second video data
and generates video data of a desired graduation value;
and

asecond converter that performs processing corresponding
to inverse conversion to conversion processing per-
formed by the first convertor, on the video data generated
by the gradation value calculation unit, and outputs the
video data thus generated to the second signal process-
ing circuit,

wherein the second signal processing circuit comprises:

a field selection unit that sequentially selects video data
corresponding to the color signal allocated to the field
specifying signal from the video data generated by the
second converter, based on the field specifying signal
from the color field specifying unit.

17. The field-sequential color liquid crystal display accord-

ing to claim 12,

wherein the first signal processing circuit comprises:

a first converter that converts video data received into sec-
ond video data to which linear calculation is applicable;

a gradation value calculation unit that performs a predeter-
mined gradation calculation on the second video data
and generates video data of a desired graduation value;
and

asecond converter that performs processing corresponding
to inverse conversion to conversion processing per-
formed by the first convertor, on the video data generated
by the gradation value calculation unit, and outputs the
video data thus generated to the second signal process-
ing circuit,

wherein the second signal processing circuit comprises:

a field selection unit that sequentially selects video data
corresponding to the color signal allocated to the field
specifying signal from the video data generated by the
second converter, based on the field specifying signal
from the color field specifying unit.

18. The field-sequential color liquid crystal display accord-
ing to claim 10, wherein the second signal processing circuit
comptises:

a first converter that converts the video data from the first
signal processing circuit into second video data to which
linear calculation is applicable;

a gradation value calculation unit that performs a predetet-
mined gradation calculation on the second video data
and generates video data of a desired graduation value;

a field selection unit that sequentially selects video data
corresponding to the color signal allocated to the field
specifying signal from the video data generated by the
gradation value calculation unit, based on the field speci-
fying signal from the color field specifying unit; and

asecond converter that performs processing corresponding
to inverse conversion to conversion processing pet-
formed by the first convertor, on the video data output
from the field selection unit, and outputs the video data
thus generated to the drive unit of the display panel.

19. The field-sequential color liquid crystal display accord-
ing to claim 11, wherein the second signal processing circuit
comprises:
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a first converter that converts the video data from the first
signal processing circuit into second video data to which
linear calculation is applicable;

a gradation value calculation unit that performs a predeter-
mined gradation calculation on the second video data
and generates video data of a desired graduation value;

a field selection unit that sequentially selects video data
corresponding to the color signal allocated to the field
specifying signal from the video data generated by the
gradation value calculation unit, based on the field speci-
fying signal from the color field specifying unit; and

asecond converter that performs processing corresponding
to inverse conversion to conversion processing per-
formed by the first convertor, on the video data output
from the field selection unit, and outputs the video data
thus generated to the drive unit of the display panel.

20. The field-sequential color liquid crystal display accord-

ing to claim 12, wherein the second signal processing circuit
comprises:

a first converter that converts the video data from the first
signal processing circuit into second video data to which
linear calculation is applicable;

a gradation value calculation unit that performs a predeter-
mined gradation calculation on the second video data
and generates video data of a desired graduation value;

a field selection unit that sequentially selects video data
corresponding to the color signal allocated to the field
specifying signal from the video data generated by the
gradation value calculation unit, based on the field speci-
fying signal from the color field specifying unit; and

asecond converter that performs processing corresponding
to inverse conversion to conversion processing per-
formed by the first convertor, on the video data output
from the field selection unit, and outputs the video data
thus generated to the drive unit of the display panel.

21. The field-sequential color liquid crystal display accord-

ing to claim 10,

wherein the control and drive circuit further comprises a
gradation value assumption circuit that assumes a gra-
dation value of a color notified from the video data
monitoring circuit, and

wherein the gradation value assumption circuit uses the
gradation value thus assumed and changes information
on the color signal stored in the color field specifying
unit.

22. The field-sequential color liquid crystal display accord-

ing to claim 11,

wherein the control and drive circuit further comprises a
gradation value assumption circuit that assumes a gra-
dation value of a color notified from the video data
monitoring circuit, and

wherein the gradation value assumption circuit uses the
gradation value thus assumed and changes information
on the color signal stored in the color field specifying
unit.

23. The field-sequential color liquid crystal display accord-

ing to claim 12,

wherein the control and drive circuit further comprises a
gradation value assumption circuit that assumes a gra-
dation value of a color notified from the video data
monitoring circuit, and

wherein the gradation value assumption circuit uses the
gradation value thus assumed and changes information
on the color signal stored in the color field specifying
unit.
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