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FIG. 2
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FIG. 5A
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FIG. 5B
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FIG. 6A
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FIG. 6B

Hue Line
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FIG. 7A
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FIG. 7C
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LIQUID CRYSTAL DISPLAY AND A METHOD
OF DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C.
§119 to Korean Patent Application No. 10-2012-0018606
filed in the Korean Intellectual Property Office on Feb. 23,
2012, the disclosure of which is incorporated by reference
herein in its entirety.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a liquid crystal dis-

play and a driving method thereof.

[0004] 2. Discussion of the Related Art

[0005] A liquid crystal display is one of the most widely
used flat panel displays. The liquid crystal display includes
two display panels provided with field generating electrodes
such as pixel electrodes and a common electrode, and a liquid
crystal layer interposed between the display panels. In the
liquid crystal display, images are displayed by applying a
voltage to the field generating electrodes to generate an elec-
tric field in the liquid crystal layer, wherein the electric field
determines the direction of liquid crystal molecules in the
liquid crystal layer to control the polarization of incident
light.

[0006] A color filter used in the liquid crystal display gen-
erally displays three colors of red, green, and blue. The liquid
crystal display may further include a transparent color filter
that directly passes white light to improve the luminance of
the white color.

[0007] However, when a liquid crystal display uses the
transparent color filter, the luminance of the white color emit-
ted thereby may be so high that a color impression of yellow
may be deteriorated. This deterioration is recognizable by a
person, since the wavelength of yellow is about 570 nm to
about 590 nm. Accordingly, there is a need to prevent the
deterioration of the color impression of yellow in a liquid
crystal display.

SUMMARY

[0008] A liquid crystal display according to an exemplary
embodiment of the present invention includes a plurality of
pixels configured to display four colors, and a color gamut
mapping unit configured to convert three color input image
signals into four color image signals, wherein when the three
color input image signals include yellow, the color gamut
mapping unit converts the three color input image signals
based on a hue shift of the yellow.

[0009] The hue shift of the yellow may shift the three color
input image signals to a perceptible yellow hue line.

[0010] The three color input image signals may be con-
verted from an RGB color space into a CIELAB color space.
[0011] The three color input image signals may be posi-
tioned at a first point in the CIELAB color space, and the first
point may be shifted to a second point on the perceptible
yellow hue line.

[0012] A chroma of the first point may be substantially the
same as a chroma of the second point, and a hue angle of the
first point may be larger than a hue angle of the second point.
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[0013] Thecolor gamut mapping unit may convert the three
color input image signals based on the hue shift of the yellow
when the three color input image signals include white.
[0014] Thecolor gamut mapping unit may convert the three
color input image signals based on the hue shift of the yellow
when a hue of the yellow in the three color input image signals
is smaller than 87.5.

[0015] The liquid crystal display may further include a
gamma correction unit configured to compensate a gamma
value of the three color input image signals.

[0016] The liquid crystal display may further include a
scaling unit configured to scale the four color image signals.
[0017] The liquid crystal display may further include a
rendering and dithering unit configured to render and dither
the four color image signals.

[0018] The pixels may include a transparent color filter
configured to pass white light.

[0019] The four colors may include red, green, blue, and
white.

[0020] A Iuminance of the white in the four colors may be
maintained.

[0021] A driving method of a liquid crystal display accord-

ing to an exemplary embodiment of the present invention
includes: receiving three color input image signals at the
liquid crystal display; and converting the three color input
image signals into four color image signals, wherein when the
three color input image signals include yellow, the three color
input image signals are converted based on a hue shift of the
yellow.

[0022] Thehue shift of the yellow may shift the three color
input image signals to a perceptible yellow hue line.

[0023] The three color input image signals may be con-
verted from an RGB color space into a CIELAB color space.
[0024] The three color input image signals may be posi-
tioned at a first point in the CIELAB color space, and the first
point may be shifted to a second point on the perceptible
yellow hue line.

[0025] A chroma of the first point may be the substantially
the same as a chroma of the second point, and a hue angle of
the first point may be larger than a hue angle of the second
point.

[0026] The three color input image signals may be con-
verted based on the hue shift of the yellow when the three
color input image signals include white.

[0027] The three color input image signals may be con-
verted based on the hue shift of the yellow when a hue of the
yellow in the three color input image signals is smaller than
87.5.

[0028] A liquid crystal display according to an exemplary
embodiment of the present invention includes a plurality of
pixels including red, green, blue and white color filters; and a
driver configured to execute a hue shift algorithm in response
to an input image signal including yellow and white, wherein
the hue shift algorithm shifts a hue of the yellow when a
chroma of the yellow is less than a predetermined value, and
the driver is configured to output the yellow with the shifted
hue to the pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1isa schematic view of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion.
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[0030] FIG. 2 is a layout view of a pixel PX of a liquid
crystal display according to an exemplary embodiment of the
present invention.

[0031] FIG. 3 is a schematic view of a driver of a liquid
crystal display according to an exemplary embodiment of the
present invention.

[0032] FIG. 4 is a flowchart showing a driving method of a
liquid crystal display according to an exemplary embodiment
of the present invention.

[0033] FIG. 5A and FIG. 5B are graphs showing a hue line
of yellow in a CIELAB color space.

[0034] FIG. 6A is a graph showing a basic CIELAB color
space, and FIG. 6B is a graph showing a perceptual CIELAB
color space.

[0035] FIG. 7A to FIG. 7C are views showing a simulta-
neous contrast effect.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0036] Exemplary embodiments of the present invention
will be described more fully hereinafter with reference to the
accompanying drawings. However, the present invention may
be embodied in various different ways and should not be
construed as limited to the embodiments disclosed herein.
[0037] In the drawings, the thickness of layers, films, pan-
els, regions, etc., may be exaggerated for clarity. Like refer-
ence numerals may designate like elements throughout the
specification and drawings. It will be understood that when an
element such as a layer, film, region, or substrate is referred to
as being “on” another element, it may be directly on the other
element or intervening elements may also be present.

[0038] FIG.11isaschematic view of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion.

[0039] Referring to FIG. 1, a liquid crystal panel assembly
300 includes a plurality of pixels PX arranged in an approxi-
mate matrix. The plurality of pixels PX are connected to a
plurality of signal lines. The signal lines include a plurality of
gate lines for transferring gate signals (also referred to as
“scanning lines”) and a plurality of data lines for transferring
data signals.

[0040] A gray voltage generator 800 generates two gray
voltage sets (or reference gray voltage sets) relating to the
transmittance of the pixels PX. One of the two sets has a
positive value for a common voltage Vcom and the other has
a negative value.

[0041] A gate driver 400 is connected to the gate lines of the
liquid crystal panel assembly 300 to apply a gate signal or
gate voltage Vg that is configured by combining a gate-on
voltage Von and a gate-off voltage Voff to the gate lines.
[0042] A datadriver 500 is connected to the data lines of the
liquid crystal panel assembly 300 to select the gray voltages
from the gray voltage generator 800 and apply the selected
gray voltages to the pixels PX as a data voltage Vd. However,
when the gray voltage generator 800 does not supply all
voltages for all grays, but supplies only a predetermined
number of the gray voltages, the data driver 500 divides the
gray voltages to generate gray voltages for the entire grays
and selects a data signal from among the divided gray volt-
ages.

[0043] A signal controller 600 controls the gate driver 400
and the data driver 500.

[0044] Eachofthedrivers 400 and 500, the signal controller
600, and the gray voltage generator 800 may be directly
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mounted on the liquid crystal panel assembly 300 in at least
one integrated circuit (IC) chip form or mounted on a flexible
printed circuit film (not shown) to be attached to the liquid
crystal panel assembly 300 in a tape carrier package (TCP)
form. Alternatively, the drivers 400 and 500, the signal con-
troller 600, and the gray voltage generator 800 may be inte-
grated to the liquid crystal panel assembly 300 together with
the signal lines and thin film transistor switching elements of
the pixels PX. Further, all of the drivers 400 and 500, the
signal controller 600, and the gray voltage generator 800 may
be integrated in a single chip, and in this case, at least one of
the drivers 400 and 500, the signal controller 600, and the gray
voltage generator 800 or at least one circuit element config-
uring the drivers 400 and 500, the signal controller 600, and
the gray voltage generator 800 may be disposed outside the
single chip.

[0045] The signal controller 600 receives input image sig-
nals R, G, and B and an input control signal for controlling the
display of the input image signals R, G and B from an external
graphics controller (not shown). The input image signals R,
G, and B have luminance information of each pixel PX and
the luminance has a predetermined number, for example,
1024 (=219, 256 (=2%), or 64 (=2°) grays. Examples of the
input control signal include a vertical synchronization signal
Vsyne, a horizontal synchronization signal Hsync, a main
clock signal MCLK, a data enable signal DE, and the like.

[0046] The signal controller 600 processes the input image
signals R, G, and B to be suitable for the operating conditions
of the liquid crystal panel assembly 300 and the data driver
500 based on the input image signals R, G, and B and the input
control signal. After the signal controller 600 generates a gate
control signal CONT1, a data control signal CONT2, a back-
light control signal, and the like, the signal controller 600
transmits the gate control signal CONT1 to the gate driver 400
and outputs the data control signal CONT2 and the processed
image signal DAT to the data driver 500. The output image
signal DAT has a predetermined number of values (or grays)
and is a digital signal.

[0047] The gate control signal CONT1 includes a scanning
start signal for instructing a scanning to start and at least one
clock signal for controlling an output period of the gate-on
voltage Von. The gate control signal CONT1 may further
include an output enable signal for limiting a time duration of
the gate-on voltage Von.

[0048] The data control signal CONT? includes a horizon-
tal synchronization start signal for notifying a start of the
transmission of image data for the pixels PX of one row and
aload signal LOAD for instructing the application of the data
signal to the data lines, and a data clock signal. The data
control signal CONT2 may further include an inversion sig-
nal for inverting a voltage polarity of the data signal for the
common voltage Vcom (which hereinafter may be referred to
as a “polarity of the data signal”).

[0049] According to the data control signal CONT2 output
from the signal controller 600, the data driver 500 receives the
digital image signal DAT for the pixels PX of one row and
selects a gray voltage corresponding to each pixel’s PX digi-
tal image signal DAT, and as a result, converts the digital
image signal DAT into an analog data signal and then applies
the analog data signal to the corresponding data lines. The
number of gray voltages generated by the gray voltage gen-
erator 800 is the same as the number of grays represented by
the digital image signal DAT.
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[0050] The gate driver 400 applies the gate-on voltage Von
to the gate lines according to the gate control signal CONT1
from the signal controller 600 to turn on the switching ele-
ment connected to the gate lines. Then, the data signal applied
to the data lines is applied to the corresponding pixel PX
through the turned-on switching element.

[0051] A difference between the voltage of the data signal
applied to the pixel PX and the common voltage Vcom is
represented as a charged voltage of a liquid crystal capacitor,
in other words, a pixel voltage. Liquid crystal molecules are
arranged differently according to the size of the pixel voltage,
and accordingly, the polarization of light passing through a
liquid crystal layer is changed. A change of the polarization is
represented as a change in the transmittance of light by a
polarizer attached to the liquid crystal panel assembly 300,
such that the pixel PX displays luminance represented by the
gray of the image signal DAT.

[0052] By repeating the process in a unit of 1 horizontal
period (also written as “1H” and which is the same as one
period of the horizontal synchronization signal Hsync and the
data enable signal DE), the gate-on voltage Von is sequen-
tially applied to the plurality of gate lines to apply the data
signal to the plurality of pixels PX, thereby displaying images
of one frame.

[0053] One frame ends, the next frame starts, and a state of
the inversion signal applied to the data driver 500 is controlled
so that the polarity of the data signal applied to each pixel PX
is opposite a polarity of the previous frame (for example,
“frame inversion”). In this case, the polarity of the data signal
flowing through one data line may be changed according to a
characteristic of the inversion signal in one frame (for
example, row inversion and dot inversion) or the polarities of
the data signals applied to one pixel PX row may also be
different from each other (for example, column inversion and
dot inversion).

[0054] FIG. 2 is a layout view of a pixel PX in a liquid
crystal display according to an exemplary embodiment of the
present invention.

[0055] Referring to FIG. 2, in a four-color liquid crystal
display, four color filters (R, G, B, and W) corresponding to
the pixel PX are shown. For example, there are a red color
filter (R), a green color filter (G), a blue color filter (B), and a
transparent color filter (W) that passes white light. In the
four-color liquid crystal display, a number and a position of
the color filters forming one group may be variously changed,
and the color filters forming one group may include at least
one red color filter (R), at least one green color filter (G), at
least one blue color filter (B), and at least one transparent
color filter (W). For example, two red color filters (R), two
green color filters (G), one blue color filter (B), and one
transparent color filter (W) may form one group.

[0056] FIG. 3 is a schematic view of a driver of a liquid
crystal display according to an exemplary embodiment of the
present invention, and FIG. 4 is a flowchart showing a driving
method of a liquid crystal display according to an exemplary
embodiment of the present invention.

[0057] Referring to FIG. 3, a driver of the liquid crystal
display includes a gamma correction unit 710, a color gamut
mapping unit 720, a scaling unit 730, and a rendering and
dithering unit 740. These units are connected to a processor
and a memory to execute a calculation.

[0058] The gamma correction unit 710 compensates a
gamma value of the input image signals R, G, and B. For
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example, the gamma value of the input image signals R, G,
and B may be compensated from 1.0 to 2.2.

[0059] The color gamut mapping unit 720 converts the
three color input image signals R, G, and B into four color
image signals R, G, B, and W. In addition, the color gamut
mapping unit 720 may execute the driving method of FIG. 4
which will be described later.

[0060] The scaling unit 730 scales the four color image
signals R, G, B, and W.

[0061] The rendering and dithering unit 740 renders and
dithers the four color image signals R, G, B, and W.

[0062] Referring to FIG. 4, the driver of the liquid crystal
display determines whether the input image signals R, G, and
B include a yellow color (S100).

[0063] When the input image signals R, C, and B include a
vellow color, the driver of the liquid crystal display deter-
mines whether the input image signals R, G, and B include a
white color (S200). If the input image signals R, G, and B do
not include yellow, the driver repeats (S100) for next input
image signals R, G, and B. In the four-color liquid crystal
display, when the input image signals R, G, and B do not
include the white color, the color impression of yellow is not
deteriorated. In this case, the driver will repeat (S200) for next
input image signals R, G, and B that include yellow.

[0064] When the input image signals R, G, and B include
the yellow and the white, the driver of the liquid crystal
display executes a hue shift algorithm (S300).

[0065] In the hue shift algorithm, the driver of the liquid
crystal display converts the three color image signals R, G,
and B from an RGB color space to a CIELAB color space
(S310).

[0066] The driver of the liquid crystal display determines
whether the chroma of the yellow is smaller than a predeter-
mined value in the CIELAB color space (S320). When the
chroma of'the yellow is smaller than a predetermined value in
the CIELAB color space, the color impression of yellow may
be deteriorated. For example, when the predetermined value
is 87.5 and the chroma of the yellow is smaller than 87.5, the
color impression of yellow recognized by a viewer of the
four-color liquid crystal display may be deteriorated.

[0067] When the chroma of the yellow is smaller than the
predetermined value in the CIELAB color space, the driver of
the liquid crystal display shifts the hue of the yellow (S330).
Otherwise, the driver repeats (S320) for next input image
signals R, G, and B that include yellow and white.

[0068] As aresult of executing the hue shift algorithm, the
driver of the liquid crystal display outputs the yellow whose
color impression has been compensated (S400).

[0069] A method of shifting the yellow by the driver of the
liquid crystal display will be described with reference to FIG.
5A, FIG. 5B, FIG. 6A, and FIG. 6B.

[0070] FIG. 5A and FIG. 5B are graphs showing a hue line
of yellow in a CIELAB color space, FIG. 6A is a graph
showing a basic CIELAB color space, and F1G. 6B is a graph
showing a perceptual CIELAB color space.

[0071] Referringto FIG. 6A, in the CIELAB color space, L
represents lightness in a direction of a z-axis (not shown) and
is expressed as a step of 0to 100. a to +a are expressed as red,
and —a is expressed as green. b to +b are expressed as yellow,
and -b is expressed as blue. When displaying an arbitrary
point in the CIELAB color space, a distance from a starting
point to the arbitrary point is the chroma, and a rotation angle
from the +a axis to a line connecting the starting point and the
arbitrary point in a counterclockwise direction is a hue angle.
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The color existing on the hue line is a color having the same
hue. In general, in the liquid crystal display device, color
tuning is executed according to the hue line to prevent a color
change, and this tuning adjusts a white balance.

[0072] Referring to FIG. 6B, the uniform color space rec-
ognized by a viewer is different from FIG. 6A, and here, a
converted coordinate system is referred to as m1 and m2.

[0073] Referring to FIG. 5A, an original yellow hue line is
data measuring a yellow output from the liquid crystal display
for each gray. A perceptible yellow hue line is data displaying
a yellow recognized by the viewer for each gray. An accept-
able yellow is data displaying a range to be recognized as
vellow by the viewer. In addition, an acceptable yellow
includes data of a red direction and data of a green direction.

[0074] Referring to FIG. 5B, when the converted data is
data corresponding to a point P in (S310), the chroma of the
point Pis the distance to the point P from the starting point and
is smaller than about 87.5 (8320), and the point P is shifted to
a point Q (S330). The chroma of the point P and the chroma
of the point Q are substantially equal to each other, and the
hue angle (p) of the point P and the hue angle (q) of the point
Q are different from each other. For example, the hue angle
(q) of the point Q is smaller than the hue angle (p) of the point
P.

[0075] Theimage data corresponding to the original yellow
hue line is hue-shifted to image data corresponding to the
perceptible yellow hue line such that the four-color liquid
crystal display may prevent the deterioration of the color
impression of yellow although the chroma of the yellow is
smaller than the predetermined value.

[0076] The deterioration of the color impression of yellow
of a conventional four-color liquid crystal display will be
described with reference to FIG. 7A to FIG. 7C.

[0077] FIG. 7A to FIG. 7C are views showing a simulta-
neous contrast effect.

[0078] FIG. 7A and FIG. 7B show the simultaneous con-
trast effect of the conventional three-color liquid crystal dis-
play, and show that the gray of yellow of a black background
and the gray of yellow of awhite background are equal to each
other at 87.5; however, the yellow of the black background
may be recognized as being brighter than the yellow of the
white background. FIG. 7C shows yellow of the white back-
ground in the conventional four-color liquid crystal display,
and the brightness of white in the four-color liquid crystal
display is relatively strong such that the luminance ratio of
white and yellow may be about 160:70, and the color impres-
sion of yellow may be deteriorated. To improve the color
impression of yellow in the conventional four-color liquid
crystal display, the luminance of white may be reduced; how-
ever, the luminance ratio of white and yellow may be only
about 100:70 to about 100:80 and anything more than 100:
87.5 may be difficult to achieve, and as a result, decreasing the
luminance of white is limited. In addition, the gray value of
white is decreased to decrease the luminance of white while
maintaining the brightness of a backlight of the conventional
four-color liquid crystal display such that the four-color lig-
uid crystal display may not be driven with high brightness and
low power.

[0079] However, the four-color liquid crystal display
according to an exemplary embodiment of the present inven-
tion shifts the hue of yellow to improve the color impression
of yellow without reducing the luminance of white, and
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thereby the four-color liquid crystal display according to an
exemplary embodiment of the present invention realizes high
brightness and low power.
[0080] An exemplary embodiment of the present invention
may improve the color impression of yellow, and a four-color
liquid crystal display with high brightness and low power
consumption may be realized.
[0081] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims.
What is claimed is:
1. A liquid crystal display, comprising:
a plurality of pixels configured to display four colors; and
a color gamut mapping unit configured to convert three
color input image signals into four color image signals,

wherein when the three color input image signals comprise
vellow, the color gamut mapping unit converts the three
color input image signals based on a hue shift of the
vellow.

2. The liquid crystal display of claim 1, wherein the hue
shift of the yellow shifts the three color input image signals to
a perceptible yellow hue line.

3. The liquid crystal display of claim 2, wherein the three
color input image signals are converted from an RGB color
space into a CIELAB color space.

4. The liquid crystal display of claim 3, wherein the three
color input image signals are positioned at a first point in the
CIELAB color space, and the first point is shifted to a second
point on the perceptible yellow hue line.

5. The liquid crystal display of claim 4, wherein a chroma
of the first point is substantially the same as a chroma of the
second point, and a hue angle of the first point is larger than a
hue angle of the second point.

6. The liquid crystal display of claim 1, wherein the color
gamut mapping unit converts the three color input image
signals based on the hue shift of the yellow when the three
color input image signals comprise white.

7. The liquid crystal display of claim 6, wherein the color
gamut mapping unit converts the three color input image
signals based on the hue shift of the yellow when a hue of the
yellow in the three color input image signals is smaller than
87.5.

8. The liquid crystal display of claim 1, further comprising
a gamma correction unit configured to compensate a gamma
value of the three color input image signals.

9. The liquid crystal display of claim 8, further comprising
ascaling unit configured to scale the four color image signals.

10. The liquid crystal display of claim 9, further compris-
ing a rendering and dithering unit configured to render and
dither the four color image signals.

11. The liquid crystal display of claim 1, wherein the pixels
comprise a transparent color filter configured to pass white
light.

12. The liquid crystal display of claim 1, wherein the four
colors comprise red, green, blue, and white.

13. The liquid crystal display of claim 12, wherein a lumi-
nance of the white in the four colors is maintained.

14. A method of driving a liquid crystal display, compris-
ing:

receiving three color input image signals at the liquid crys-

tal display; and
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converting the three color input image signals into four

color image signals,

wherein when the three color input image signals comprise

yellow, the three color input image signals are converted
based on a hue shift of the yellow.

15. The method of claim 14, wherein the hue shift of the
yellow shifts the three color input image signals to a percep-
tible yellow hue line.

16. The method of claim 15, wherein the three color input
image signals are converted from an RGB color space into a
CIELAB color space.

17. The method of claim 16, wherein the three color input
image signals are positioned at a first point in the CIELAB
color space, and the first point is shifted to a second point on
the perceptible yellow hue line.

18. The method of ¢laim 17, wherein a chroma of the first
point is the substantially the same as a chroma of the second
point, and a hue angle of the first point is larger than a hue
angle of the second point.
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19. The method of claim 14, wherein the three color input
image signals are converted based on the hue shift of the
yellow when the three color input image signals comprise
white.

20. The method of claim 19, wherein

the three color input image signals are converted based on

the hue shift of the yellow when a hue of the yellow in the
three color input image signals is smaller than 87.5.

21. A liquid crystal display, comprising;

a plurality of pixels including red, green, blue and white

color filters; and

a driver configured to execute a hue shift algorithm in

response to an input image signal including yellow and
white,

wherein the hue shift algorithm shifts a hue of the yellow

when a chroma of the yellow is less than a predetermined
value, and

the driver is configured to output the yellow with the shifted

hue to the pixels.
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