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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

The present invention claims the benefit of Korean Patent
Application No. 2006-0032159, filed in Korea on Apr. 10,
2006, which is hereby incorporated by reference in its
entirety.

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to a liquid crystal display
device, and more particularly, to a field sequential color mode
liquid crystal display device and a driving method thereof.

2. Related Art

A liquid crystal display device uses a liquid crystal display
panel for displaying a desired image. The liquid crystal panel
includes a plurality of pixels in a matrix arrangement. A thin
film transistor is disposed in each pixel. The thin film transis-
tor switches in accordance with a data signal to control a
rotation angle of liquid crystal molecules to adjust the light
transmittance of the pixel in the liquid crystal panel.

The desired image is displayed by supplying light from a
backlight unit to the liquid crystal panel. The backlight unit
typically uses a cold cathode fluorescent lamp (CCFL) as a
light source. However, a light emitting diode (LED) has been
suggested as a replacement for CCFL because an LED con-
sumes less power. LEDs are also lightweight and bright, and
very suitable for small, thin and lightweight liquid crystal
display (LCD) devices.

High quality image display can be achieved using a field
sequential color (FSC) mode LCD device. In a FSC driving
mode LCD device, a multicolor image is displayed by
sequentially operating LEDs, which displays three primary
colors (red, green and blue) using an afterimage effect, with-
out using color filters. Specifically, each frame period is
divided into three periods corresponding to red, green and
blue, respectively. A corresponding LED emits light during
one of the three periods.

FIG. 1 shows a frame in a FSC driving mode according to
the related art. Referring to FIG. 1, in the FSC driving mode,
each frame period is divided into three sub-frames, corre-
sponding to red, green and blue, respectively. For example, if
a frame period is about 16.7 ms, which corresponds to a frame
rate of 60 Hz, then each sub-frame is about 5.56 ms.

Each sub-frame is in turn divided into a data-writing inter-
val DW, a liquid crystal response interval LR, and a backlight
irradiating interval BL. The data-writing interval DW is about
1.69 ms depending on a thin film transistor scanning. The
liquid crystal response interval LR is about 1.5 ms depending
on the data writing. The backlight irradiating interval BL,
which is a time for turning on the backlight for each color, is
the time remaining in the corresponding subframe period
after the data writing interval DW and the liquid crystal
response interval LR.

Red, green and blue data signals are sequentially inputted
to a liquid crystal panel in the corresponding sub-frames.
Then, the corresponding red, green and blue light sources are
sequentially turned on. The red, green and blue light sources
are sequentially arranged below the LCD panel. Each of the
light sources can be an LED or a fluorescent lamp.

As the red, green and blue light sources are sequentially
turned on, color light emitted from the corresponding light
sources are perceived at slightly varying locations by a user
due to the sequential arrangement of the light sources.
Accordingly, the red, green and blue light fail to mix, but a
color break-up occurs causing each color light to be sepa-
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rately perceived for a short time rather than a white light. The
color break-up gets worse with a uset’s eye motion or when
displaying a moving image. Also, the FSC driving method
causes color mixture distortion due to liquid crystal response
delay.

FIG. 2 is a graph showing variations of the light transmit-
tance of liquid crystal in relation to liquid crystal response
time in the related art FSC driving mode LCD device. When
red and green are mixed to display yellow, for example, since
a green sub-frame B follows a red sub-frame A, the liquid
crystal response is faster in the green sub-frame B than in the
red sub-frame A. Accordingly, green light has a transmittance
higher than red light. Thus, yellow shifted toward green is
displayed. The color mixture distortion is more pronounced
when displaying yellow.

Accordingly, there is a need for an LCD device with better
mixing of the red, green and blue light sources to achieve
better color display. Moreover, the LCD device should be able
to prevent color break-up when displaying white. Further, the
LCD should be able to display color image without a dete-
rioration of the color image quality due to a user’s eye motion
or when displaying a moving image.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a field
sequential color mode liquid crystal display device and a
driving method thereofthat substantially obviate one or more
problems due to limitations and disadvantages of the related
art.

An object of the present invention is to provide a field
sequential color mode liquid crystal display device and a
driving method thereofthat provide a mixing of the red, green
and blue light sources to achieve improved color quality.

Another object of the present invention is to provide a field
sequential color mode liquid crystal display device and a
driving method thereof that prevent break-up of the red, green
and blue colors when displaying a color image.

Still another object of the invention is to provide a field
sequential color mode liquid crystal display device and a
driving method thereof that prevents deterioration ofthe color
image quality due to a user’s eye motion or when displaying
a moving image.

Additional advantages, objects, and features of the inven-
tion will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be
learned from practice of the invention. The objectives and
other advantages of the invention may be realized and
attained by the structure particularly pointed out in the written
description and claims hereof as well as the appended draw-
ings.

To achieve these objects and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described herein, a liquid crystal display device
includes a compensation data generating part for converting a
source data signal into at least one of a conversion data signal
and a compensation data signal; and a backlight unit, includ-
ing a plurality of light sources, for performing a single irra-
diation of one of the plurality of light sources to display the
conversion data signal and performing a simultaneous irra-
diation of at least two of the plurality of light sources to
display the compensation data signal.

In another aspect, a method of driving a liquid crystal
display device includes converting a source data signal into at
least one of a conversion data signal and a compensation data
signal; and performing a single irradiation of one of a plural-
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ity of light sources to display the conversion data signal and
performing a simultaneous irradiation of at least two of the
plurality of light sources to display the compensation data
signal.

It is to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings:

FIG. 1 shows a frame in a FSC driving mode according to
the related art;

FIG. 2 is a graph showing variations of the light transmit-
tance of liquid crystal in relation to liquid crystal response
time in the related art FSC driving mode LCD device;

FIG. 3 is a block diagram of an exemplary FSC driving
mode LCD device according to a first embodiment of the
present invention;

FIG. 4 is a block diagram illustrating the backlight unit of
FIG. 3;

FIG. 5 shows an exemplary partitioning of a frame driven
in a FSC driving mode according to the first embodiment of
the present invention;

FIG. 6 is an exemplary flow chart illustrating an operation
of the FSC driving mode LCD device according to the first
embodiment of the present invention,;

FIG. 7 is an exemplary flow chart illustrating a process for
generating a first compensation data signal in the FSC driving
mode LCD device according to the first embodiment of the
present invention;

FIG. 8 is an exemplary flow chart illustrating a process for
generating a second compensation data signal in the FSC
driving mode LCD device according to the first embodiment
of the present invention;

FIG. 9 is an exemplary flow chart illustrating a process for
generating a third compensation data signal in the FSC driv-
ing mode LCD device according to the first embodiment of
the present invention;

FIG. 10 1s an exemplary flow chart illustrating a process for
generating RGB conversion data signals in the FSC driving
mode LCD device according to the first embodiment of the
present invention;

FIG. 11 shows a first graphical comparison between varia-
tions of light transmittances across the sub-frames in the
related art FSC driving mode LCD device and in the first
embodiment of the present invention when displaying yel-
low;

FIG. 12 shows a second graphical comparison between
variations of light transmittances across the sub-frames in the
related art FSC driving mode LCD device and in the first
embodiment of the present invention when displaying red;

FIG. 13 shows a third graphical comparison between varia-
tions of light transmittances across the sub-frames in the
related art FSC driving mode LCD device and in the first
embodiment of the present invention when displaying white;

FIG. 14 shows a fourth graphical comparison between
variations of light transmittances across the sub-frames in the
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4

related art FSC driving mode LCD device and in the first
embodiment of the present invention when displaying an
exemplary arbitrary color;

FIG. 15 is an exemplary block diagram of a compensation
data generating part of an FSC driving mode LCD device
according to a second embodiment of the present invention;

FIG. 16 shows an exemplary partitioning of a frame driven
in a FSC driving mode according to the second embodiment
of the present invention;

FIG. 17 is an exemplary flow chart illustrating an operation
of the FSC driving mode LCD device according to the second
embodiment of the present invention;

FIG. 18 is an exemplary flow chartillustrating a process for
generating a first compensation data signal in the FSC driving
mode LCD device according to the second embodiment of the
present invention;

FIG. 19 is an exemplary flow chartillustrating a process for
generating a second compensation data signal in the FSC
driving mode LCD device according to the second embodi-
ment of the present invention;

FIG. 20 is an exemplary flow chartillustrating a process for
generating a third compensation data signal in the FSC driv-
ing mode L.CD device according to the second embodiment of
the present invention;

FIG. 21 shows a first graphical comparison between varia-
tions of light transmittances across the sub-frames in the
related art FSC driving mode LCD device and in the second
embodiment of the present invention when displaying an
exemplary arbitrary color;

FIG. 22 shows a second graphical comparison between
variations of light transmittances across the sub-frames in the
related art FSC driving mode LCD device and in the second
embodiment of the present invention when displaying white;

FIG. 23 shows a second graphical comparison between
variations of light transmittances across the sub-frames in the
related art FSC driving mode LCD device and in the second
embodiment of the present invention when displaying yel-
low; and

FIG. 24 shows a fourth graphical comparison between
variations of light transmittances across the sub-frames in the
related art FSC driving mode LCD device and in the second
embodiment of the present invention when displaying red.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Reference will now be made in detail to embodiments,
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.

FIG. 3 is a block diagram of an exemplary FSC driving
mode LCD device according to a first embodiment of the
present invention. The FSC driving mode LCD device of FIG.
3 reduces color mixture distortion. Referring to FIG. 3, an
external system 1, such as a television system or computer
system, provides RGB source data signals to a liquid crystal
display (LCD) device 100. The RGB source data signals may
have a digital format.

The LCD device 100 includes a compensation data gener-
ating part 110. The compensation data generating part 110 is
inputted with the RGB source data signals from the external
system 1. The compensation data generating part 110 per-
forms arithmetic and/or logical operations, such as addition
and subtraction, on the RGB source data signals to generate
RGB conversion data signals and first to third compensation
data signals. The RGB conversion data signals may have a
digital format. The first to third compensation data signals can
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also have a digital format and allows the display of yellow
(Y), eyan (C) and magenta (M).

The LCD device 100 includes a timing controlling part
120, ascan driving part 130 and a source driving part 140. The
timing controlling part 120 is inputted with the RGB conver-
sion data signals and the first to third compensation data
signals from the compensation data generating part 110. The
timing controlling part 120 outputs the RGB conversion data
signals and the first to third compensation data signals. Also,
the timing controlling part 120 outputs control signals to
control the scan driving part 130 and the source driving part
140 in response to vertical and horizontal synchronizing sig-
nals (Vsync and Hsync, not shown) and a clock signal (not
shown). The scan driving part 130 generates scan signals
according to the control signals outputted from the timing
controlling part 120 and outputs the scan signals according to
the vertical synchronizing signal (Vsync).

The source driving part 140 is inputted with the RGB
conversion data signals and the first to third compensation
data signals from the timing controlling part 120. The source
driving part 140 converts the RGB conversion data signals
into signals having an analog format and outputs the analog
data signals to a liquid crystal panel 150. The source driving
part 140 outputs the RGB conversion data signals and the first
to third compensation data signals according to the horizontal
synchronizing signal (Hsync).

The liquid crystal panel 150 includes a plurality of pixels
arranged in a matrix form. Thin film transistors are electri-
cally connected to each of the pixels to selectively apply the
RGB conversion data signals and the first to third compensa-
tion data signals to the pixels. The RGB conversion data
signals and the first to third compensation data signals are
applied to the pixels by switching the corresponding thin film
transistors using the scan signals outputted from the scan
driving part 130.

The LCD device 100 further includes a backlight unit 160.
The backlight unit 160 supplies light to the liquid crystal
panel 150. The operation of the backlight unit is controlled by
the timing controlling part 120.

FIG. 4 is a block diagram illustrating the backlight unit of
FIG. 3. Referring to FIG. 4, the backlight unit 160 includes
red, green and blue light sources 162, 164 and 166 for sup-
plying the FSC driving mode LCD device (shown in FIG. 3).
Each light source 162, 164 and 166 may include an LED or
fluorescent lamp. The backlight unit 160 further includes a
turn-on controlling part 168. The turn-on controlling part 168
controls the light sources 162, 164 and 166 to perform single
irradiation or simultaneous irradiation of the light sources
162, 164 and 166. An inverter may be used as the turn-on
controlling part 168. A mixed color is displayed by simulta-
neously turning on at least two of the light sources 162, 164
and 166. The FSC driving mode LCD device reduces color
mixture distortion caused by liquid crystal response delay by
generating data signals to display mixed colors on the liquid
crystal panel.

Data signals for displaying mixed colors are generated
based on the RGB source data signals. A sub-frame for each
mixed color is added in the frame period. Since the mixed
colors are separately displayed during different sub-frames,
the RGB source data signals are subtracted from the data
signal values corresponding to the mixed colors. The data
signals generated by this process are the RGB conversion data
signals. In the first embodiment, yellow (Y), cyan (C) and
magenta (M) are used as exemplary mixed colors. Selection
of the mixed colors may be changed according to need of
improving the color mixture property for a specific color.
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FIG. 5 shows an exemplary partitioning of a frame driven
in a FSC driving mode according to the first embodiment of
the present invention. Referring to FIG. 5, each frame period
is divided into six sub-frames, corresponding to red (R),
yellow (Y), green (G), cyan (C), blue (B) and magenta (M),
respectively. Each sub-frame is in turn divided into a data-
writing interval DW, a liquid crystal response interval LR,
and a backlight irradiating interval BL. The backlight irradi-
ating interval BL, which is a time for turning on the backlight
for each color, is the time remaining in the corresponding
subframe period after the data writing interval DW and the
liquid crystal response interval LR.

As shown in FIG. 5, when the LCD device has a frame
period of about 16.7 ms, which corresponds to a frame rate of
about 60 Hz, a sub-frame for displaying each of the RGB
conversion data signals and each of the first to third compen-
sation data signals has a period of about 2.78 ms, which
corresponds to 16.7/6. Then, the backlight irradiating interval
BL is shorter than 2.78 ms. According to an embodiment as
shown in FIG. 5, the R, Y, G, C, B and M sub-frames are
sequentially arranged. However, the order of the colors may
be changed in other embodiments.

FIG. 6 is an exemplary flow chart illustrating an operation
of the FSC driving mode LCD device according to the first
embodiment of the present invention. Referring to F1G. 6, the
RGB conversion data signals and the first to third compensa-
tion data signals from RGB source data signals are generated
during a first step S10 in the FSC driving mode LCD device.
The RGB conversion data signals and the first to third com-
pensation data signals are supplied to the liquid crystal panel
150 (shown in FIG. 3) during a second step S20. Then, the red,
green and blue light sources from the backlight unit 160 are
singly or simultaneously turned on during a third step S30
when each data signal is inputted to the liquid crystal panel
150 (shown in FIG. 3).

FIG. 7 is an exemplary flow chart illustrating a process for
generating a first compensation data signal in the FSC driving
mode LCD device according to the first embodiment of the
present invention. The first compensation data signal may
correspond to yellow, which is a mixture of red and green.
During a first step S11¢, a minimum RGB source data signal
value is detected between the RGB source data signal values.
During a second step S115, the minimum RGB source data
signal is subtracted from the RGB source data signals to
generate R, G and B compensation source data signals. Dur-
ing a third step S11¢, a minimum RG compensation source
data signal value 1s detected between the R and G compen-
sation source data signal values. During a fourth step S114,
the first compensation data signal is generated by adding the
minimum RGB source data signal value to the minimum RG
compensation source data signal value.

FIG. 8 is an exemplary flow chart illustrating a process for
generating a second compensation data signal in the FSC
driving mode LCD device according to the first embodiment
of the present invention. The second compensation data sig-
nal may correspond to cyan, which is a mixture of green and
blue. During a first step S12a, a minimum RGB source data
signal value is detected between the RGB source data signal
values. During a second step S125, the minimum RGB source
data signal is subtracted from the RGB source data signals to
generate R, G and B compensation source data signals. Dur-
ing a third step S12¢, a minimum GB compensation source
data signal value 1s detected between the G and B compen-
sation source data signal values. During a fourth step S124,
the second compensation data signal is generated by adding
the minimum RGB source data signal value to the minimum
GB compensation source data signal value.
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FIG. 9 is an exemplary flow chart illustrating a process for
generating a third compensation data signal in the FSC driv-
ing mode LCD device according to the first embodiment of
the present invention. The third compensation data signal
may correspond to magenta, which is a mixture of blue and
red. During a first step S13a, a minimum RGB source data
signal value is detected between the RGB source data signal
values. During a second step S135, the minimum RGB source
data signal is subtracted from the RGB source data signals to
generate R, G and B compensation source data signals. Dut-
ing a third step S13¢, a minimum BR compensation source
data signal value is detected between the R and B compensa-
tion source data signal values. During a fourth step S134, the
third compensation data signal is generated by adding the
minimum RGB source data signal value to the minimum BR
compensation source data signal value.

FIG.101s an exemplary flow chart illustrating a process for
generating RGB conversion data signals in the FSC driving
mode LCD device according to the first embodiment of the
present invention. The mixed colors corresponding to the first
to third compensation data signals may overlap with the red,
green and blue of the RGB source data signals. Thus, the RGB
conversion data signals are generated by subtracting the over-
lapped color amounts from the RGB source data signals. For
example, during a first step S14a, a minimum RGB source
data signal value is detected between the RGB source data
signal values. During a second step S144, the minimum RGB
source data signal value is subtracted from the RGB source
datato generate R, Gand B compensation source data signals.
During a step S14c¢, the RGB conversion data signals are
generated by subtracting the minimum RG, GB and BR com-
pensation source data signal values from the R, G and B
compensation source data signals. For example:

(1) R conversion data signal value={R compensation
source data signal value-(minimum RG compensation
source data signal value+minimum GB compensation source
data signal value+minimum BR compensation source data
signal value)}

(2) G conversion data signal value={G compensation
source data signal value-(minimum RG compensation
source data signal value+minimum GB compensation source
data signal value+minimum BR compensation source data
signal value)}

(3) B conversion data signal value={B compensation
source data signal value-(minimum RG compensation
source data signal value+minimum GB compensation source
data signal value+minimum BR compensation source data
signal value)}.

In an embodiment, the above data signals have a digital
format. Then, the RGB conversion data signals and the first to
third compensation data signals are generated by addition and
subtraction operations of the RGB source data signals. Also,
when a subtracted result is a negative value, for example, a
data signal value of Ois subtracted by a data signal value of 70,
the subtracted result is considered as 0.

The RGB conversion data signals and the first to third
compensation data signals generated by the above processes
are supplied to the liquid crystal display panel 150. In other
words, the RGB conversion data signals and the first to third
compensation data signals are transferred to the timing con-
trolling part 120. The timing controlling part 120 outputs the
RGB conversion data signals, the first to third compensation
data signals and control signals to the source driving part 140,
and outputs control signals to the scan driving part 130.

The source driving part 140 may convert the data signals
received from the timing controlling part 120 to analog volt-
ages in a DAC (data-to-analog converter) using gamma ref-
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erence voltages. The converted data signals are outputted to
the liquid crystal panel 150 in synchronization with the scan
signals from the timing controlling part 120. The light sources
in the backlight unit 160 are turned on when the RGB con-
version data signals and the first to third compensation data
signals are inputted to the liquid crystal panel 150.

Referring back to FIG. 4, the turn-on controlling part 168
controls one light source corresponding to each data signals
for red, green and blue colors in sub-frames when the data
signals for red, green and blue colors are inputted. The turn-
on controlling part 168 turn on two or more light sources 162,
164 and 166 concurrently to irradiate a mixed color light in
sub-frames when the first to third compensation data signals
are inputted. Thus, when the sub-frames for R, Y, G, C, B and
M are sequentially arranged, the turn-on controlling part 168
sequentially turn on the light sources 162, 164 and 166 as
follows: (1) the red light source singly, (2) the red and green
light sources simultaneously, (3) the green light source singly,
(4) the green and blue light sources simultaneously, (5) the
blue light source singly, and (6) the blue and red light sources
simultaneously. An operation of the FSC driving mode LCD
device of the first embodiment is explained with some com-
parative examples.

FIG. 11 shows a first graphical comparison between varia-
tions of light transmittances across the sub-frames in the
related art FSC driving mode LCD device and in the first
embodiment of the present invention when displaying yellow.
Referring to FIG. 11, graph (a) illustrates variations of light
transmittances through sub-frames of RGB source data sig-
nals in the related art FSC driving mode LCD device, and
graph (b) illustrates the variations of light transmittance
through sub-frames of RGB conversion data signals and first
to third compensation data signals in the FSC driving mode
LCD device according to the first embodiment of the present
invention, when displaying yellow. Data signals values are
listed below each graph and within each corresponding sub-
frame. The maximum data signal value, which corresponds to
the highest brightness, is assumed to be 100.

As shown in FIG. 11, graph (a), the exemplary R and G
source data signal values are 100. However, due to liquid
crystal response delay, green has a light transmittance higher
than red. Accordingly, color mixture distortion occurs caus-
ing a shift of yellow to green.

According to the first embodiment of the present invention,
the color mixture distortion is prevented by the generation of
RGB conversion data signals and first to third compensation
data signals to display yellow from RGB source data signals.
Thus, the RGB source data signals have signal values,
R1=100, G1=100 and B1=0, respectively. The minimum
RGB source data signal value is 0 for blue. Accordingly, R, G
and B compensation source data signals have signal values,
R2=(100-0)=100, G2=(100-0)=100, and B2=(0-0)=0.

A minimum RG compensation source data signal value of
100 is obtained by finding the minimum between R2=100 and
G2=100. Accordingly, the first compensation data signal has
a value Y1=100 obtained by adding the minimum RGB
source data signal value of 0 to the minimum RG compensa-
tion source data signal value of 100.

A minimum GB compensation source data signal value of
0 by finding the minimum between G2=100 and B2=0.
Accordingly, the second compensation data signal has a value
C1=0 obtained by adding the minimum RGB source data
signal value of 0 to the minimum GB compensation source
data signal value of 0.

A minimum BR compensation source data signal value of
0 is obtained by finding the minimum between B2=0 and
R2=100. Accordingly, the third compensation data signal has
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a value of M1=0 obtained by adding the minimum RGB
source data signal value of 0 to the minimum BR compensa-
tion source data signal value of 0.

For RGB conversion data signals, the minimum RGB
source data signal is 0, and the R, G and B compensation
source data signals have the signal values, R2=100, G2=100
and B2=0. The sum of the minimum RG compensation source
data signal value, the minimum GB compensation source data
signal value and the minimum BR compensation source data
signal value is 100+0+0, which is 100. Thus, RGB conversion
data signals of R3=0, G3=0 and B3=0 are generated by sub-
tracting the sum of the minimum RG, GB and BR compen-
sation source data signals from the R, G and B compensation
source data signals.

Accordingly, as illustrated in FIG. 11, graph (b), the data
signals outputted from the compensation data generating part
110 have signal values R3=0, Y1=100, G3=0, C1=0, B3=0
and M1=0, and only yellow is displayed. Accordingly, color
mixture distortion does not occur. In the sub-frame when
yellow is displayed, red and green light sources irradiate
simultaneously. A reference BL represents the backlight-ir-
radiation interval.

FIG. 12 shows a second graphical comparison between
variations of light transmittances across the sub-frames in the
related art FSC driving mode LCD device and in the first
embodiment of the present invention when displaying red.
Referring to FIG. 12, graph (a) illustrates light transmittances
through sub-frames of RGB source data signals in the related
art FSC driving mode LCD device, and graph (b) illustrates
light transmittance through sub-frames of RGB conversion
data signals and first to third compensation data signals in the
FSC driving mode LCD device according to the first embodi-
ment of the present invention, when displaying red. Data
signals values are listed below each graph and within each
corresponding sub-frame. The maximum data signal value,
which corresponds to the highest brightness, is assumed to be
100. As shown in FIG. 12, graph (a), a R source data signal
value of 100 is inputted to display red.

RGB conversion data signals and first to third compensa-
tion data signals are generated as follows, in accordance with
the first embodiment of the present invention. The RGB
source data signals have signal values, R1=100, G1=0 and
B1=0, respectively. The corresponding minimum RGB
source data signal value is 0. Accordingly, R, G and B com-
pensation source data signals have signal values, R2=(100-
0)=100, G2=(0-0)=0, and B2=(0-0)=0.

The minimum RG compensation source data signal, which
is the minimum between R2=100 and G2=0, has a value of 0.
Accordingly, the first compensation data signal, which is
obtained by adding the minimum RGB source data signal
value of 0 to the minimum RG compensation source data
signal value of 0, has a signal value of Y1=0.

Similarly, the minimum GB compensation source data sig-
nal value, which is the minimum between G2=0 and B2=0, is
also 0. Accordingly, the second compensation data signal,
which is obtained by adding the minimum RGB source data
signal value of 0 to the minimum GB compensation source
data signal value of 0, has a signal value of C1=0.

Furthermore, the minimum BR compensation source data
signal value, which is the minimum between B2=0 and
R2=100, is also 0. Accordingly, the third compensation data
signal, which is obtained by adding the minimum RGB
source data signal value of 0 to the minimum BR compensa-
tion source data signal value of 0, also has a data signal value
of M1=0.

The minintum RGB source data signal is 0, and the R, G
and B compensation source data signals have the signal val-
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ues, R2=100, G2=0 and B2=0. By subtracting a value of 0,
(which is the minimum RG compensation source data signal
value+the minimum GB compensation source data signal
value+the minimum BR compensation source data signal
value), from the R, G and B compensation source data signals,
RGB conversion data signals having signal values, R3=100,
G3=0 and B3=0, respectively, are generated.

Accordingly, the data signals, which are outputted from the
compensation data generating part, have signal values,
R3=100, Y1=0, G3=0, C1=0, B3=0 and M1=0, as illustrated
in the graph (b). Thus, red is displayed. In the sub-frame when
red is displayed, a red light source irradiates. A reference BL
represents a backlight-irradiation interval.

FIG. 13 shows a third graphical comparison between varia-
tions of light transmittances across the sub-frames in the
related art FSC driving mode LCD device and in the first
embodiment of the present invention when displaying white.
FIG. 13, graph (a), illustrates light transmittances through
sub-frames of RGB source data signals, when the related art
FSC driving mode LCD device is displaying white. FIG. 13,
graph (b) illustrates light transmittance through sub-frames of
RGB conversion data signals and first to third compensation
data signals, when the FSC driving mode LCD device accord-
ing to the first embodiment of the present invention is dis-
playing white. Data signals values are listed below each graph
and within each corresponding sub-frame. The maximum
data signal value, which corresponds to the highest bright-
ness, is assumed to be 100. As shown in FIG. 13, graph (a),
RGB source data signal values are 100 to display white,
according to the related art FSC driving mode LCD device.

According to the first embodiment, RGB conversion data
signals and first to third compensation data signals are gen-
erated as follows to display white. The RGB source data
signals have signal values, R1=100, G1=100 and B1=100,
respectively. The minimum RGB source data signal value is
100. Accordingly, the R, G and B compensation source data
signals have signal values, R2=(100-100)=0, G2=(100-100)
=0, and B2=(100-100)=0, respectively.

The minimum RG compensation source data signal value
is 0, which is the minimum between R2-0 and G2—0. Accord-
ingly, the first compensation data signal has a value of
Y1=100, which is obtained by adding the minimum RGB
source data signal value of 100 to the minimum RG compen-
sation source data signal value of 0.

The minimum GB compensation source data signal value
is 0, which is the minimum between G2=0 and B2—0. Accord-
ingly, the second compensation data signal has a value of
C1=100, which is obtained by adding the minimum RGB
source data signal value of 100 to the minimum GB compen-
sation source data signal value of 0.

The minimum BR compensation source data signal value
is 0, which is the minimum between B2=0 and R2=0. Accord-
ingly, the third compensation data has a value of M1=100,
which is obtained by adding the minimum RGB source data
signal value of 100 to the minimum BR compensation source
data signal value of 0.

The minimum RGB source data signal is 0, and the R, G
and B compensation source data signals have the signal val-
ues, R2=0, G2=0 and B2=0, respectively. By subtracting a
value of 0, (which is the minimum RG compensation source
data signal value+the minimum GB compensation source
data signal value+the minimum BR compensation source
data signal value), from the R, G and B compensation source
data signals, RGB conversion data signals having signal val-
ues, R3=0, G3=0 and B3=0, respectively, are generated.

Accordingly, the data signals, which are outputted from the
compensation data generating part, have signal values, R3=0,
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Y1=100, G3=0, C1=100, B3=0 and M1=100, respectively.
Thus, as illustrated in FIG. 13, graph (b), white is displayed
by mixing yellow, cyan and magenta. In the sub-frames when
yellow, cyan and magenta are displayed, respectively, red and
green light sources, green and blue light sources, and blue and
red light sources, respectively, irradiates simultaneously. A
reference BL represents a backlight-irradiation interval.

FIG. 14 shows a fourth graphical comparison between
variations of light transmittances across the sub-frames in the
related art FSC driving mode LCD device and in the first
embodiment of the present invention when displaying an
exemplary arbitrary color. FIG. 14, graph (a), illustrates light
transmittances through sub-frames of RGB source data sig-
nals, when the related art FSC driving mode LCD device is
displaying the arbitrary color. FIG. 14, graph (b), illustrates
light transmittance through sub-frames of RGB conversion
data signals and first to third compensation data signals, when
the FSC driving mode LCD device according to the first
embodiment of the present invention is displaying the arbi-
trary color. Data signals values are listed below each graph
and within each corresponding sub-frame. The maximum
data signal value, which corresponds to the highest bright-
ness, is assumed to be 100. As illustrated in FIG. 14, graph (a),
the RGB source data signal values are R1=100, G1=60 and
B1=20 corresponding to an exemplary arbitrary color.

In accordance with the first embodiment of the present
invention, RGB conversion data signals and first to third
compensation data signals are generated as follows to display
the exemplary arbitrary color in the FSC driving mode LCD
device. The RGB source data signals have signal values,
R1=100, G1=60 and B1=20. Thus, the minimum RGB source
data signal value is 20. Accordingly, the corresponding R, G
and B compensation source data signals have signal values,
R2=(100-20)=80, G2=(60-20)=40, and B2=(20-20)=0,
respectively.

The minimum RG compensation source data signal value
is 40, which is the minimum between R2=60 and G2=40.
Accordingly, the first compensation data signal has a value of
Y1=60, which is obtained by adding the minimum RGB
source data signal value of 20 to the minimum RG compen-
sation source data signal value of 40.

The minimum GB compensation source data signal value
is 0, which is the minimum between G2=40 and B2=0.
Accordingly, the second compensation data has a value of
C1=20, which is obtained by adding the minimum RGB
source data signal value of 20 to the minimum GB compen-
sation source data signal value of 0.

The minimum BR compensation source data signal value
is 0, which is the minimum between B2=0 and R2=80.
Accordingly, the third compensation data signal has a signal
value M1=20, which is obtained by adding the minimum
RGB source data signal value of 20 to the minimum BR
compensation source data signal value of 0.

The minimum RGB source data signal is 20, and the R, G
and B compensation source data signals have the signal val-
ues, R2=80, G2=40 and B2=0, respectively. By subtracting a
value 40, (which is the summation of the minimum RG com-
pensation source data signal value, the minimum GB com-
pensation source data signal value, and the minimum BR
compensation source data signal value), from the R, G and B
compensation source data signals, respectively, RGB conver-
sion data signals having signal values, R3=40, G3=0 and
B3=0, respectively, are generated.

Accordingly, the data signals outputted from the compen-
sation data generating part have signal values, R3=40, Y1=60,
G3=0, C1=20, B3=0 and M1=20, as illustrated in FIG. 14,
graph (b). In the sub-frames, red, green and blue light sources
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irradiate singly or simultaneously to emit color lights corre-
sponding to the sub-frames. A reference BL represents a
backlight-irradiation interval.

As explained above, the FSC driving mode LCD device of
the first embodiment display an image using more colors than
the related art. Accordingly, color break-up and color mixture
distortion are improved. Also, the reproduction rate for solid
color is not reduced. Further, when displaying mixed colors
including white color, at least two light sources irradiate
simultaneously to emit yellow, cyan and magenta. Thus,
brightness increases.

FIG. 15 is an exemplary block diagram of a compensation
data generating part of an FSC driving mode LCD device
according to a second embodiment of the present invention.
Referring to FIG. 15, an external system 1, such as a televi-
sion system or computer system, provides RGB source data
signals to aliquid crystal display device (LCD) 200. The LCD
200 includes a compensation data generating part 210. The
compensation data generating part 210 is inputted with the
RGB source data signals from the external system 1. The FSC
driving mode LCD device 200 also includes a liquid crystal
panel, source and scan driving parts, and a timing controlling
parts (not shown). The structure and operation of these addi-
tional parts are similar to the FSC driving mode LCD device
of the first embodiment. Accordingly, a description of the
structure and operation of these additional parts will be omit-
ted.

Data signals for displaying mixed colors are generated
using the RGB source data signals. Sub-frames are added in
the frame period to display an image in the liquid crystal
panel. Since the mixed colors are separately displayed, the
RGB source data signals are subtracted from the data signal
values corresponding to the mixed colors. The data signals
generated by this process are the RGB conversion data sig-
nals. In the second embodiment, white (W), yellow (Y), cyan
(C) and magenta (M) are used as exemplary mixed colors.
Selection of the mixed colors may be changed according to
need of improving the color mixture property for a specific
color.

The compensation data generating part 210 performs arith-
metic and/or logical operations, such as addition and subtrac-
tion, on the received RGB source data signals to generate
RGB conversion data signals, first to third compensation data
signals, and a white data signal. The RGB conversion data
signals may have a digital format. The first to third compen-
sation data signals can also have a digital format and allows
the display of yellow (Y), cyan (C) and magenta (M), respec-
tively. The white data signal has a digital format to display
white (W). The FSC driving mode LCD device 200 generates
color data signals to display mixed colors including white,
and supplies the generated color and white data signals to the
liquid crystal panel. Accordingly, brightness is improved and
color break-up are reduced.

FIG. 16 shows an exemplary partitioning of a frame driven
in a FSC driving mode according to the second embodiment
of the present invention. Referring to FIG. 16, each frame
period is divided into seven sub-frames, corresponding to red
(R), green (G), blue (B), white (W), yellow (Y), cyan (C) and
magenta (M), respectively. Each sub-frame is in turn divided
into a data-writing interval DW, a liquid crystal response
interval LR, and a liquid crystal response interval LR. The
backlight irradiating interval BL, which is a time for turning
on the backlight for each color, is the time remaining in the
corresponding sub-frame period after subtracting the data
writing interval DW and the liquid crystal response interval
LR.
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As shown in FIG. 16, when the LCD device has a frame
period of about 16.7 ms, which corresponds to a frame rate of
about 60 Hz, a sub-frame for displaying each of the RGB
conversion data signals, the white data signal and the first to
third compensation data signals has a period of about 2.38 ms,
which corresponds to 16.7/7. Thus, the backlight irradiating
interval BL is shorter than 2.38 ms. According to an embodi-
ment as shown in FIG. 16, the R, G, B, W, Y, C and M
sub-frames are sequentially arranged. However, the order of
the colors can be changed in other embodiments.

FIG. 17 is an exemplary flow chart illustrating an operation
of the FSC driving mode LCD device according to the second
embodiment of the present invention. Referring to FIG. 17,
the RGB conversion data signals, the W data signal, and the
first to third compensation data signals from RGB source data
signals are generated during a first step S110 in the FSC
driving mode LCD device. The RGB conversion data signals,
the W data signal, and the first to third compensation data
signals are supplied to the liquid crystal panel during a second
step S120. Then, the red, green and blue light sources from the
backlight unit are singly or simultaneously turned on during a
third step S130 when each data signal is inputted to the liquid
crystal panel 150.

FIG. 18 1s an exemplary flow chart illustrating a process for
generating a first compensation data signal in the FSC driving
mode LCD device according to the second embodiment of the
present invention. According to the second embodiment, the
first compensation data signal corresponds to yellow, which is
a mixture of red and green. During a first step S111a, a
minimum RGB source data signal value is detected between
the RGB source data signal values. The W data signal is given
the minimum RGB source data value detected in step S111a.
During a second step S1114, the minimum RGB source data
signal is subtracted from the RGB source data signals to
generate R, G and B compensation source data signals. Dur-
ing a third step S111¢, a minimum RG compensation source
data signal value is detected between the R and G compen-
sation source data signal values. The first compensation data
signal is given the detected value of the minimum RG com-
pensation source data signal.

FIG. 19 1s an exemplary flow chart illustrating a process for
generating a second compensation data signal in the FSC
driving mode LCD device according to the second embodi-
ment of the present invention. According to the second
embodiment, the second compensation data signal corre-
sponds to cyan, which is a mixture of green and blue. During
a first step S112a, a minimum RGB source data signal value
is detected between the RGB source data signal values. Dur-
ing a second step S1124, the minimum RGB source data
signal is subtracted from the RGB source data signals to
generate R, G and B compensation source data signals. Dur-
ing a third step S112¢, a minimum GB compensation source
data signal value is detected between the G and B compen-
sation source data signal values. The second compensation
data signal is given the detected value of the minimum GB
compensation source data signal.

FIG. 20 1s an exemplary flow chart illustrating a process for
generating a third compensation data signal in the FSC driv-
ing mode LCD device according to the second embodiment of
the present invention. According to the second embodiment,
the third compensation data signal corresponds to magenta,
which is a mixture of blue and red. During a first step S1134,
aminimum RGB source data signal value is detected between
the RGB source data signal values. During a second step
S1135, the minimum RGB source data signal is subtracted
from the RGB source data signals to generate R, G and B
compensation source data signals. During a third step S113c,
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a minimum BR compensation source data signal value is
detected between the R and B compensation source data
signal values. The third compensation data signal is given the
detected value the minimum BR compensation source data
signal.

In accordance with the second embodiment, the mixed
colors corresponding to the first to third compensation data
signals and the W data signal overlap with the red, green and
blue of the RGB source data signals. Thus, the RGB conver-
sion data signals are generated by subtracting the overlapped
color amounts from the RGB source data signals. For
example, the RGB conversion data signals are generated,
respectively, by subtracting the W data signal value and the
first to third compensation data signal values from the RGB
source data signals, respectively. In other words, when the W
data signal value is “a”, and the first to third compensation
data signal values are “b”, “c” and “d”, respectively, the RGB
conversion data signal values R3, G3 and B3 are, R3={R
source data signal value-(a+b+c+d)}, G3={G source data
signal value-(a+b+c+d)}, and B={B source data signal
value-(a+b+c+d)}.

Since the above data signals have a digital format, the RGB
conversion data signals, the first to third compensation data
signals and the W data signal are generated by arithmetic/
logical operations, such as addition and subtraction opera-
tions of the RGB source data signals. Also, when a subtracted
result is a negative value, for example, a data signal value of
0 is subtracted by a data signal value of 70, the subtracted
result is considered as 0.

The RGB conversion data signals, the W data signal and the
first to third compensation data signals generated by the
above processes are supplied to the liquid crystal display
panel. Inother words, the RGB conversion data signals, the W
data signal and the first to third compensation data signals are
transferred to the timing controlling part. The timing control-
ling part outputs the RGB conversion data signals, the W data
signal, the first to third compensation data signals and control
signals to the source driving part, and outputs control signals
to the scan driving part.

The turn-on controlling part controls one light source cor-
responding to each data signals for red, green and blue colors
in sub-frames when the data signals for red, green and blue
colors are inputted. The turn-on controller concurrently turns
on two or more light sources to irradiate a mixed color light in
sub-frames when the first to third compensation data signals
are inputted. For example, the turn-on controlling part con-
currently turns on the R and G light sources simultaneously to
display Y, the G and B light sources simultaneously to display
C, and the blue and red light sources simultaneously to dis-
play M. The turn-on controlling part concurrently turns on
three R, G and B light sources in the sub-frame corresponding
to the W data signal.

FIG. 21 shows a first graphical comparison between varia-
tions of light transmittances across the sub-frames in the
related art FSC driving mode LCD device and in the second
embodiment of the present invention when displaying an
exemplary arbitrary color. FIG. 21, graph (a), illustrates light
transmittances through sub-frames of RGB source data sig-
nals, when the related art FSC driving mode LCD device is
displaying the arbitrary color. FIG. 21, graph (b), illustrates
light transmittance through sub-frames of RGB conversion
data signals, W data signal, and first to third compensation
data signals, when the FSC driving mode LCD device accord-
ing to the second embodiment of the present invention is
displaying the arbitrary color. Data signals values are listed
below t each graph and within each corresponding sub-frame.
The maximum data signal value, which corresponds to the
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highest brightness, is assumed to be 100. As illustrated in
FIG. 21, graph (a), the RGB source data signal values are
R1=100, G1=70 and B1=30 corresponding to an exemplary
arbitrary color.

In accordance with the second embodiment of the present
invention, RGB conversion data signals, a W data signal and
first to third compensation data signals are generated as fol-
lows to display the exemplary arbitrary color in the FSC
driving mode LCD device. The RGB source data signals have
signal values, R1=100, G1=70 and B1=30. Thus, the mini-
mum RGB source data signal value is 30. Accordingly, the W
data signal has value W1=30. The corresponding R, G and B
compensation source data signals have signal values, R2=
(100-30)=70, G2=(70-30)=40, and B2=(30-30)=0, respec-
tively.

The minimum RG compensation source data signal value
is 40, which is the minimum between R2=70 and G2=40.
Accordingly, the first compensation data signal has a value of
Y1=40, which is the minimum RG compensation source data
signal value of 40.

The minimum GB compensation source data signal value
is 0, which is the minimum between G2=40 and B2=0.
Accordingly, the second compensation data has a value of
C1=0, which is the minimum GB compensation source data
signal value of 0.

The minimum BR compensation source data signal value
is 0, which is the minimum between B2=0 and R2=70.
Accordingly, the third compensation data signal has a signal
value M1=0, which is the minimum BR compensation source
data signal value of 0.

The RGB source data signals have signal values, R1=100,
G1=70 and B1=30. The W data signal has value W1=30. The
first, second and third compensation data signals have the
signal values, Y1=40, C1=0 and M1=0, respectively. By sub-
tracting a value 70, (which is the summation of the W data
signal, the first compensation data signal value, the second
compensation data signal value, and the third compensation
data signal value), from the RGB source data signals, respec-
tively, RGB conversion data signals having signal values,
R3=30, G3=0 and B3=0, respectively, are generated.

Accordingly, the data signals outputted from the compen-
sation data generating part have signal values, R3=30, G3=0,
B3=0, W1=30, Y1=40, C1=0 and M1=0, as illustrated in F1G.
21, graph (b). In the sub-frames, red, green and blue light
sources irradiate singly or simultaneously to emit color lights
corresponding to the sub-frames. A reference BL represents a
backlight-irradiation interval. By adding white, yellow, cyan
and magenta, color break-up is improved and brightness
increases.

FIG. 22 shows a second graphical comparison between
variations of light transmittances across the sub-frames in the
related art FSC driving mode LCD device and in the second
embodiment of the present invention when displaying white.
FIG. 22, graph (a), illustrates light transmittances through
sub-frames of RGB source data signals, when the related art
FSC driving mode LCD device is displaying white. FIG. 22,
graph (b) illustrates light transmittance through sub-frames of
RGB conversion data signals, a W data signal, and first to
third compensation data signals, when the FSC driving mode
LCD device according to the second embodiment of the
present invention is displaying white. Data signals values are
listed below each graph and within each corresponding sub-
frame. The maximum data signal value, which corresponds to
the highest brightness, is assumed to be 100. As shown in FIG.
22, graph (a), RGB source data signal values are 100 to
display white, according to the related art FSC driving mode
LCD device.
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According to the second embodiment, RGB conversion
data signals, a W data signal and first to third compensation
data signals are generated as follows to display white. The
RGB source data signals have signal values, R1=100,
G1=100 and B1=100, respectively. The minimum RGB
source data signal value is 100. Accordingly, the W data
signal has value W1=100. The R, G and B compensation
source data signals have signal values, R2=(100-100)=0,
G2=(100-100)=0, and B2=(100-100)=0, respectively.

The mininum RG compensation source data signal value
is 0, which is the minimum between R2=0 and G2=0. Accord-
ingly, the first compensation data signal has a value of Y1=0,
which is the minimum RG compensation source data signal
value of 0.

The minimum GB compensation source data signal value
is 0, which is the minimum between G2=0 and B2—0. Accord-
ingly, the second compensation data signal has a value of
C1=0, which is the minimum GB compensation source data
signal value of 0.

The minimum BR compensation source data signal value
is 0, which is the minimum between B2=0 and R2=0. Accord-
ingly, the third compensation data signal has a value of M1=0,
which is the minimum BR compensation source data signal
value of 0.

The RGB source data signals have signal values R1=100,
G1=100 and B1=100. The W data signal has value W1=100.
The first, second and third compensation data signals have the
signal values, Y1=0, C1=0 and M1=0, respectively. By sub-
tracting a value 100, (which is the summation of the W data
signal, the first compensation data signal value, the second
compensation data signal value, and the third compensation
data signal value), from the RGB source data signals, respec-
tively, RGB conversion data signals having signal values,
R3=0, G3=0 and B3=0, respectively, are generated.

Accordingly, the data signals outputted from the compen-
sation data generating part have signal values, R3=0, G3=0,
B3=0, W1=100,Y1=0, C1=0 and M1=0, as illustrated in F1G.
22, graph (b). In the sub-frames, red, green and blue light
sources irradiate singly or simultaneously to emit color lights
corresponding to the sub-frames. A reference BL represents a
backlight-irradiation interval. By adding white, yellow, cyan
and magenta, color break-up is improved and brightness
increases.

FIG. 23 shows a third graphical comparison between varia-
tions of light transmittances across the sub-frames in the
related art FSC driving mode LCD device and in the second
embodiment of the present invention when displaying yellow.
Referring to FIG. 23, graph (a) illustrates light transmittances
through sub-frames of RGB source data signals in the related
art FSC driving mode LCD device, and graph (b) illustrates
light transmittance through sub-frames of RGB conversion
data signals, a W data signal and first to third compensation
data signals in the FSC driving mode LCD device according
to the second embodiment of the present invention, when
displaying yellow. Data signals values are listed below each
graph and within each corresponding sub-frame. The maxi-
mum data signal value, which corresponds to the highest
brightness, is assumed to be 100. As shown in FIG. 23, graph
(a), the RGB source data signals have signal values R1=100,
G1=100 and B1=0 to display yellow.

RGB conversion data signals, a W data signal and first to
third compensation data signals are generated as follows, in
accordance with the second embodiment of the present inven-
tion. The RGB source data signals have signal values,
R1=100, G1=100 and B1=0, respectively. The corresponding
minimum RGB source data signal value is 0. Thus, the W data
signal has a value of 0. The R, G and B compensation source
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data signals have signal values R2=(100-0)=100, G2=(100-
0)=100, and B2=(0-0)=0, respectively.

The minimum RG compensation source data signal, which
is the minimum between R2=100 and G2=100, has a value of
100. Accordingly, the first compensation data signal, which is
the minimum RG compensation source data signal value of
100, has a signal value of Y1=100.

Similarly, the minimum GB compensation source data sig-
nal value, which is the minimum between G2=100 and B2=0,
is 0. Accordingly, the second compensation data signal,
which is the minimum GB compensation source data signal
value of 0, has a signal value of C1=0.

Furthermore, the minimum BR compensation source data
signal value, which is the minimum between B2=0 and
R2=100, is also 0. Accordingly, the third compensation data
signal, which is the minimum BR compensation source data
signal value of 0, also has a data signal value of M1=0.

The RGB source data signals have signal values R1=100,
G1=100 and B1=0. The W data signal has value W1=0. The
first, second and third compensation data signals have the
signal values, Y1=0, C1=0 and M1=0, respectively. By sub-
tracting a value 100, (which is the summation of the W data
signal, the first compensation data signal value, the second
compensation data signal value, and the third compensation
data signal value), from the RGB source data signals, respec-
tively, RGB conversion data signals having signal values
R3=0, G3=0 and B3=0, respectively, are generated.

Accordingly, the data signals outputted from the compen-
sation data generating part have signal values, R3=0, G3=0,
B3=0, W1=0,Y1=100, C1=0 and M1=0, asillustrated in FI1G.
23, graph (b). In the sub-frames, red, green and blue light
sources irradiate singly or at least two simultaneously to emit
color lights corresponding to the sub-frames. A reference BL
represents a backlight-irradiation interval. By adding white,
yellow, cyan and magenta, color break-up is improved and
brightness increases.

FIG. 24 shows a fourth graphical comparison between
variations of light transmittances across the sub-frames in the
related art FSC driving mode LCD device and in the second
embodiment of the present invention when displaying red.
Referring to FIG. 24, graph (a) illustrates light transmittances
through sub-frames of RGB source data signals in the related
art FSC driving mode LCD device, and graph (b) illustrates
light transmittance through sub-frames of RGB conversion
data signals, a W data signal and first to third compensation
data signals in the FSC driving mode LCD device according
to the second embodiment of the present invention, when
displaying red. Data signals values are listed below each
graph and within each corresponding sub-frame. The maxi-
mum data signal value, which corresponds to the highest
brightness, is assumed to be 100. As shown in FIG. 24, graph
(a), the RGB source data signals have signal values R1=100,
G1=0 and B1=0 to display red.

RGB conversion data signals, a W data signal and first to
third compensation data signals are generated as follows, in
accordance with the second embodiment of the present inven-
tion. The RGB source data signals have signal values,
R1=100, G1=0 and B1=0, respectively. The corresponding
minimum RGB source data signal value is 0. Thus, the W data
signal has a value of 0. The R, G and B compensation source
data signals have signal values R2=(100-0)=100, G2=(0-0)
=0, and B2=(0-0)=0, respectively.

The minimum RG compensation source data signal, which
is the minimum between R2=100 and G2=0, has a value of 0.
Accordingly, the first compensation data signal, which is the
minimum RG compensation source data signal value of 0, has
a signal value of Y1=0.
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Similarly, the minimum GB compensation source data sig-
nal value, which is the minimum between G2=0 and B2=0, is
0. Accordingly, the second compensation data signal, which
is the minimum GB compensation source data signal value of
0, has a signal value of C1=0.

Furthermore, the minimum BR compensation source data
signal value, which is the minimum between B2=0 and
R2=100, is also 0. Accordingly, the third compensation data
signal, which is the minimum BR compensation source data
signal value of 0, also has a data signal value of M1=0.

The RGB source data signals have signal values R1=100,
G1=0and B1=0. The W data signal has value W1=0. The first,
second and third compensation data signals have the signal
values, Y1=0, C1=0 and M1=0, respectively. By subtracting a
value 0, (which is the summation of the W data signal, the first
compensation data signal value, the second compensation
data signal value, and the third compensation data signal
value), from the RGB source data signals, respectively, RGB
conversion data signals having signal values R3=100, G3=0
and B3=0, respectively, are generated.

Accordingly, the data signals outputted from the compen-
sation data generating part have signal values, R3=100,
G3=0, B3=0, W1=0,Y1=0, C1=0 and M1=0, as illustrated in
FIG. 24, graph (b). In the sub-frames, red, green and blue light
sources irradiate singly or at least two simultaneously to emit
color lights corresponding to the sub-frames. A reference BL
represents a backlight-irradiation interval. By adding white,
yellow, cyan and magenta, color break-up is improved and
brightness increases.

As explained above, the FSC driving mode LCD device of
the second embodiment display an image using more colors
than the related art. Accordingly, color break-up and color
mixture distortion are reduced. Also, color reproduction rate
for solid color is improved. Further, the sub-frame displaying
white is further added to increase brightness.

In accordance with another embodiment, a separate white
light source may be used for the white sub-frame in place of
simultaneous irradiation of red, green and blue light sources.

In accordance with another embodiment, the backlight unit
can be used with another type of display device.

It will be apparent to those skilled in the art that various
modifications and variations may be made in the driving
method of the liquid crystal display device without departing
from the spirit or scope of the invention. Thus, it is intended
that the present invention cover the modifications and varia-
tions provided they come within the scope of the appended
claims and their equivalents.

What is claimed is:

1. A liquid crystal display device, comprising:

a compensation data generating part for converting a
source data signal into a conversion data signal and a
compensation data signal, wherein the source data sig-
nal includes a red source data signal, a green source data
signal and a blue source data signal, wherein the conver-
sion data signal includes a red conversion data signal, a
green conversion data signal and a blue conversion data
signal, and wherein the compensation data signal
includes a yellow data signal, a cyan data signal and a
magenta data signal, or a white data signal, a yellow data
signal, a cyan data signal and a magenta data signal; and

a backlight unit, including a plurality of light sources that
include a red light source, a green light source and a blue
light source, for performing a single irradiation of one of
the plurality of light sources to display the conversion
data signal and performing a simultaneous irradiation of
atleast two of the plurality of light sources to display the
compensation data signal,
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wherein, for converting the source data signal, the compen-
sation data generating part is operative to:

detect a first minimum value of the red source data signal,
the green source data signal and the blue source data
signal,

generate a red compensation data signal, a green compen-
sation data signal, and a blue compensation data signal
by subtracting the minimum value of the red source data
signal, the green source data signal and the blue source
data signal from each of the red source data signal, the
green source data signal and the blue source data signal,
respectively;

detect a second minimum value between the red compen-
sation data signal and the green compensation data sig-
nal, a third minimum value between the green compen-
sation data signal and the blue compensation data signal,
and a fourth minimum value between the red compen-
sation data signal and the blue compensation data signal,
and

generate a first compensation data signal by adding the first
minimum value to the second minimum value, a second
compensation data signal by adding the first minimum
value to the third minimum value, and a third compen-
sation data signal by adding the first minimum value to
the fourth minimum value.

2. The device of claim 1, wherein the plurality of light
sources includes at least one of a first plurality of light emit-
ting diodes and a second plurality of fluorescent lamps.

3. The device of claim 1, wherein the backlight unit
includes a turn-on controller for alternately performing the
single irradiation during a first sub-frame and for performing
the simultaneous irradiation during a subsequent sub-frame.

4. The device of claim 1, wherein the backlight unit dis-
plays one of the at least one of the red conversion data signal,
the green conversion data signal and the blue conversion data
signal alternately with one of the at least one of the yellow
data signal, the cyan data signal, and the magenta data signal.

5. The device of claim 1, wherein the backlight unit
sequentially displays each of the red conversion data signal,
the green conversion data signal and the blue conversion data
signal prior to display each of the at least one of the yellow, the
cyan, and the magenta data signals.

6. The device of claim 1, further comprising:

aliquid crystal panel,

a source driving part for outputting the conversion data
signal and the compensation data signal to the liquid
crystal panel,

ascan driving part for outputting scan signals to the liquid
crystal panel; and

a timing controlling part for controlling outputting of the
source and scan driving parts and transferring the con-
version data signal and the compensation data signal
from the compensation data generating part to the source
driving part.

7. A method of driving a liquid crystal display device,

comprising:

converting a source data signal into a conversion data sig-
nal and a compensation data signal, wherein the source
data signal includes a red source data signal, a green
source data signal and a blue source data signal, wherein
the conversion data signal includes a red conversion data
signal, a green conversion data signal and a blue conver-
sion data signal, and wherein the compensation data
signal includes a yellow data signal, a cyan data signal
and a magenta data signal, or a white data signal, a
yellow data signal, a cyan data signal and amagenta data
signal; and
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performing a single irradiation of one of a plurality of light
sources, which include a red light source, a green light
source and a blue light source, to display the conversion
data signal and performing a simultaneous irradiation of
at least two of the plurality of light sources to display the
compensation data signal,

wherein the converting of the source data signal includes:

detecting a first minimum value of the red source data

signal, the green source data signal and the blue source
data signal;

generating a red compensation data signal, a green com-

pensation data signal, and a blue compensation data
signal by subtracting the minimum value of the red
source data signal, the green source data signal and the
blue source data signal from each of the red source data
signal, the green source data signal and the blue source
data signal, respectively;

detecting a second minimum value between the red com-

pensation data signal and the green compensation data
signal, a third minimum value between the green com-
pensation data signal and the blue compensation data
signal, and a fourth minimum value between the red
compensation data signal and the blue compensation
data signal; and

generating a first compensation data signal by adding the

first minimum value to the second minimum value, a
second compensation data signal by adding the first
minimum value to the third minimum value, and a third
compensation data signal by adding the first minimum
value to the fourth minimum value.

8. The method of claim 7, wherein the plurality of light
sources includes at least one of a first plurality of light emit-
ting diodes and second plurality of fluorescent lamps.

9. The method of claim 7, including alternately performing
the single irradiation during a first sub-frame and the simul-
taneous irradiation during a subsequent sub-frame.

10. The method of claim 7, including displaying one of the
at least one of the red conversion data signal, the green con-
version data signal and the blue conversion data signal alter-
nately withone ofthe at least one of the yellow data signal, the
cyan data signal, and the magenta data signal.

11. The method of claim 7, including sequentially display-
ing each of the at least one of the red conversion data signal,
the green conversion data signal and the blue conversion data
signal and subsequently displaying each of the at least one of
the yellow data signal, the cyan data signal, and the magenta
data signal.

12. The method of claim 7, including sequentially display-
ing each of the at least one of the red conversion data signal,
the green conversion data signal and the blue conversion data
signal and subsequently displaying each of the at least one of
the white data signal, the yellow data signal, the cyan data
signal, and the magenta data signal.

13. A method of driving a liquid crystal display device,
comprising:

converting a source data signal into a conversion data sig-

nal and a compensation data signal, wherein the source
data signal includes a red source data signal, a green
source data signal and a blue source data signal, wherein
the conversion data signal includes a red conversion data
signal, a green conversion data signal and a blue conver-
sion data signal, and wherein the compensation data
signal includes a yellow data signal, a cyan data signal
and a magenta data signal, or a white data signal, a
vellow data signal, a cyan data signal and amagenta data
signal; and
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performing a single irradiation of one of a plurality of light
sources, which include a red light source, a green light
source and a blue light source, to display the conversion
data signal and performing a simultaneous irradiation of
at least two of the plurality of light sources to display the
compensation data signal,

wherein the converting of the source data signal includes:

detecting a first minimum value of the red source data
signal, the green source data signal and the blue source
data signal;

generating a red compensation data signal, a green com-
pensation data signal, and a blue compensation data
signal by subtracting the minimum value of the red
source data signal, the green source data signal and the
blue source data signal from each of the red source data
signal, the green source data signal and the blue source
data signal, respectively;

detecting a second minimum value between the red com-
pensation data signal and the green compensation data
signal, a third minimum value between the green com-
pensation data signal and the blue compensation data
signal, and a fourth minimum value between the red
compensation data signal and the blue compensation
data signal; and

generating the red conversion data signal by subtracting the
second, third and fourth minima from the red compen-
sation data signal, the green conversion data signal by
subtracting the second, third and fourth minima from the
green compensation data signal, and the blue conversion
data signal by subtracting the second, third and fourth
minima from the blue compensation data signal.

14. A method of driving a liquid crystal display device,

comprising:

converting a source data signal into a conversion data sig-
nal and a compensation data signal, wherein the source
data signal includes a red source data signal, a green
source data signal and a blue source data signal, wherein
the conversion data signal includes a red conversion data
signal, a green conversion data signal and a blue conver-
sion data signal, and wherein the compensation data
signal includes a yellow data signal, a cyan data signal
and a magenta data signal, or a white data signal, a
yellow data signal, a cyan data signal and a magenta data
signal; and

performing a single irradiation of one of a plurality of light
sources which include a red light source, a green light
source and a blue light source, to display the conversion
data signal and performing a simultaneous irradiation of
at least two of the plurality of light sources to display the
compensation data signal,

wherein the converting of the source data signal includes:

generating the white data signal including detecting a first
minimum value of the red source data signal, the green
source data signal and the blue source data signal,

generating a red compensation data signal, a green com-
pensation data signal, and a blue compensation data
signal by subtracting the first minimum value from each
of the red source data signal, the green source data signal
and the blue source data signal, respectively; and

generating a first compensation signal including detecting
a second minimum value between the red compensation
data signal and the green compensation data signal.

15. A method of driving a liquid crystal display device,

comprising:

converting a source data signal into a conversion data sig-
nal and a compensation data signal, wherein the source
data signal includes a red source data signal, a green
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source data signal and a blue source data signal, wherein
the conversion data signal includes a red conversion data
signal, a green conversion data signal and a blue conver-
sion data signal, and wherein the compensation data
signal includes a yellow data signal, a cyan data signal
and a magenta data signal, or a white data signal, a
vellow data signal, a cyan data signal and a magenta data
signal; and

performing a single irradiation of one of a plurality of light
sources which include a red light source, a green light
source and a blue light source, to display the conversion
data signal and performing a simultaneous irradiation of
at least two of the plurality of light sources to display the
compensation data signal,

wherein the converting of the source data signal includes:

generating the white data signal including detecting a first
minimum value of the red source data signal, the green
source data signal and the blue source data signal,

generating a red compensation data signal, a green com-
pensation data signal, and a blue compensation data
signal by subtracting the first minimum value from each
of the red source data signal. the green source data signal
and the blue source data signal, respectively;

generating a first compensation signal including detecting
a second minimum value between the red compensation
data signal and the green compensation data signal;

generating a second compensation signal including detect-
ing a third minimum value between the green compen-
sation data signal and the blue compensation data signal;
and

generating a third compensation signal including detecting
a fourth minimum value between the red compensation
data signal and the blue compensation data signal.

16. The method of claim 15, wherein generating the red
conversion data signal includes subtracting the white data
signal and the first to third compensation data signals from the
red source data signal.

17. The method of claim 15, wherein generating the red
conversion data signal includes subtracting the white data
signal and the first to third compensation data signals from the
red source data signal, generating the green conversion data
signal includes subtracting the white data signal and the first
to third compensation data signals from the green source data
signal, and generating the blue conversion data signal
includes subtracting the white data signal and the first to third
compensation data signals from the blue source data signal.

18. A liquid crystal display device, comprising:

a compensation data generating part for converting a
source data signal into a conversion data signal and a
compensation data signal, wherein the source data sig-
nal includes a red source data signal, a green source data
signal and a blue source data signal, wherein the conver-
sion data signal includes a red conversion data signal, a
green conversion data signal and a blue conversion data
signal, and wherein the compensation data signal
includes a yellow data signal, a cyan data signal and a
magenta data signal, or a white data signal, a yellow data
signal, a cyan data signal and a magenta data signal; and

a backlight unit, including a plurality of light sources that
include a red light source, a green light source and a blue
light source, for performing a single irradiation of one of
the plurality of light sources to display the conversion
data signal and performing a simultaneous irradiation of
atleast two of the plurality of light sources to display the
compensation data signal,

wherein, for converting the source data signal, the compen-
sation data generating part is operative to:
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detect a first minimum value of the red source data signal,
the green source data signal and the blue source data
signal,

generate a red compensation data signal, a green compen-
sation data signal, and a blue compensation data signal
by subtracting the minimum value of the red source data
signal, the green source data signal and the blue source
data signal from each of the red source data signal, the
green source data signal and the blue source data signal,
respectively;

detect a second minimum value between the red compen-
sation data signal and the green compensation data sig-
nal, a third minimum value between the green compen-
sation data signal and the blue compensation data signal,
and a fourth minimum value between the red compen-
sation data signal and the blue compensation data signal;
and

generate the red conversion data signal by subtracting the
second, third and fourth minima from the red compen-
sation data signal, the green conversion data signal by
subtracting the second, third and fourth minima from the
green compensation data signal, and the blue conversion
data signal by subtracting the second, third and fourth
minima from the blue compensation data signal.

19. A liquid crystal display device, comprising:

a compensation data generating part for converting a
source data signal into a conversion data signal and a
compensation data signal, wherein the source data sig-
nal includes a red source data signal, a green source data
signal and a blue source data signal, wherein the conver-
sion data signal includes a red conversion data signal, a
green conversion data signal and a blue conversion data
signal, and wherein the compensation data signal
includes a yellow data signal, a cyan data signal and a
magenta data signal, ora white data signal, a yellow data
signal, a cyan data signal and a magenta data signal; and

a backlight unit, including a plurality of light sources that
include a red light source, a green light source and a blue
light source, for performing a single irradiation of one of
the plurality of light sources to display the conversion
data signal and performing a simultaneous irradiation of
at least two of the plurality of light sources to display the
compensation data signal,

wherein, for converting the source data signal, the compen-
sation data generating part is operative to:

generate the white data signal including detecting a first
minimum value of the red source data signal, the green
source data signal and the blue source data signal,
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generate a red compensation data signal, a green compen-

sation data signal, and a blue compensation data signal
by subtracting the first minimum value from each of the
red source data signal, the green source data signal and
the blue source data signal, respectively; and

generate a first compensation signal including detecting a

second minimum value between the red compensation
data signal and the green compensation data signal.

20. A liquid crystal display device, comprising:
a compensation data generating part for converting a

source data signal into a conversion data signal and a
compensation data signal, wherein the source data sig-
nal includes a red source data signal, a green source data
signal and a blue source data signal, wherein the conver-
sion data signal includes a red conversion data signal, a
green conversion data signal and a blue conversion data
signal, and wherein the compensation data signal
includes a yellow data signal, a cyan data signal and a
magenta data signal, or a white data signal, a yellow data
signal, a cyan data signal and a magenta data signal; and

a backlight unit, including a plurality of light sources that

include a red light source, a green light source and a blue
light source, for performing a single irradiation of one of
the plurality of light sources to display the conversion
data signal and performing a simultaneous irradiation of
atleast two of the plurality of light sources to display the
compensation data signal,

wherein, for converting the source data signal, the compen-

sation data generating part is operative 10:

generate the white data signal including detecting a first

minimum value of the red source data signal, the green
source data signal and the blue source data signal,

generate a red compensation data signal, a green compen-

sation data signal, and a blue compensation data signal
by subtracting the first minimum value from each of the
red source data signal, the green source data signal and
the blue source data signal, respectively;

generate a first compensation signal including detecting a

second minimum value between the red compensation
data signal and the green compensation data signal;

generate a second compensation signal including detecting

athird minimum value between the green compensation
data signal and the blue compensation data signal; and

generate a third compensation signal including detecting a

fourth minimum value between the red compensation
data signal and the blue compensation data signal.
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