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Fig. 1 (Related Art)
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Fig. 3
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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

PRIORITY CLAIM

[0001] Thepresent application claims the benefit of Korean
Patent Application No. 10-2006-136164 filed in Korea on
Dec. 28, 2006, which is hereby incorporated by reference in
its entirety.

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

play device and in particular, to aliquid crystal display device
and a driving method for controlling the transmittance of the
liquid crystal to display a color image.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display device includes a liquid
crystal panel and a driving circuit panel. The liquid crystal
display device controls the quantity of light which penetrate a
liquid crystal panel. A backlight provides the light. The liquid
crystal panel includes a plurality of pixels arranged in a
matrix and a plurality of thin film transistors. The thin film
transistors switch data signals which are supplied to each of
the pixels.

[0006] The liquid crystal panel may include one of two
types of color filters. One type includes color filters of R, G
and B, and the other type is color filters of cyan and yellow.
The liquid crystal display device, which includes the liquid
crystal panel with the color filters of cyan and yellow, may
display images having four colors.

[0007] FIG.1isablock diagram illustrating a liquid crystal
display device 5havinga liquid crystal display panel with two
color filters of cyan and yellow in the related art. In FIG. 1, the
liquid crystal display device 5 includes the liquid crystal
panel 2 having two kind color filters, a gate driver 4, a data
driver 6, a backlight unit 7 and a timing controller 8. The gate
driver 4 and the data driver 6 drive the liquid crystal panel 2.
The backlight unit 7 irradiates light to the liquid crystal panel
2. The timing controller 8 operates to control the backlight
unit 7, the gate driver 4 and the data driver 6. The timing
controller 8 divides a frame into two sub-frames, i.e. a first
sub-frame and a second sub-frame.

[0008] The liquid crystal panel 2 is provided with a first
color filter of cyan 3A and a second color filter of yellow 3B.
The firstand second color filters 3A and 3B form a color filter
(not illustrated) as they are arranged repeatedly in the vertical
and horizontal directions. Accordingly, each of the color pix-
els includes cyan sub-pixels and yellow sub-pixels in the
liquid crystal panel of the two kind color filters. The liquid
crystal panel 2 having the first and the second color filters 3A
and 3B displays color images as the quantity of the penetra-
tion of four kind color lights is controlled. The four color
lights are irradiated alternately from the backlight unit 7 by
using two color lights. The backlight unit 7 includes a first
LED array 10 having red light emitting diodes 10A producing
red light and blue light emitting diodes 10B producing blue
light; and a second LED array 11 having green light emitting
diodes 11A producing green light and cyan light emitting
diodes 11B producing cyan light. The first LED array 10
emits light during the first sub-frame (for example, an odd-
numbered sub-frame), and the second LED array 11 irradiates
light during the second sub-frame (for example, an even-
numbered sub-frame). The backlight unit 7 alternately
switches the first and second LED arrays 10, 11 of each
sub-frame under the control of the timing controller 8. In this
way, one color image is displayed on the liquid crystal panel
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2 based on the penetration quantity of the red and blue lights
and the green and cyan lights. The red and blue lights are
irradiated to the liquid crystal panel 2 from the first LED array
10 during the first sub-frame and the green and cyan lights are
irradiated to the liquid crystal panel 2 from the second LED
array 11 during the second sub-frame.

[0009] Thetiming controller 8 controls the gate driver 4 and
the data driver 6, and controls the sub-pixel drive signals that
are supplied to the cyan and yellow sub-pixels. The cyan and
yellow sub-pixels form each of the color pixels of the liquid
crystal panel 2 one by one during the first and second sub-
frames of the first frame period. Simultaneously, the timing
controller 8 controls each of the red and blue lights and the
cyan and green lights to be irradiated to the liquid crystal
panel 2 one by one in turns in accordance with the first and the
second sub-frame during the first frame period. Accordingly,
the liquid crystal panel 2 displays one color image corre-
sponding to the video data during one frame.

[0010] FIG. 2 illustrates the frame divided into the first
sub-frame and the second sub-frame. The timing controller 8
divides the single frame period into the first and second sub-
frames. Accordingly, each of the first and the second sub-
frames corresponds to the half of the frame period. By way of
example, the single frame period is 16.67 ms, and each of the
first and the second sub-frames becomes 8.34 ms.

[0011] For each of the first and the second sub-frames, the
sub-pixel drive signals are written one at a time on all of the
cyan and yellow sub-pixels of the liquid crystal panel 2. The
difference between the sub-pixel drive signal during the first
sub-frame period and the sub-pixel drive signal during the
second sub-frame period may be gamma characteristics due
to different color composition. The difference in the gamma
characteristics of the sub-pixel drive signals may affect color
reproduction rate of image corresponding to video data.
[0012] Each of the first and second sub-frame periods is
divided into the data write period AP, the liquid crystal
response period WP and the backlight light-emitting period
FP. On the other hand, liquid crystal cells mainly forming the
sub-pixel in the liquid crystal panel 2 have the same response
speed throughout the liquid crystal panel 2. When light emit-
ted from the backlight unit 7 reaches the liquid crystal panel
2, the liquid crystal cells at the upper end area of the liquid
crystal panel 2 may be arranged in a state corresponding to the
voltage of the respective sub-pixel drive signal, while the
liquid crystal cells at the lower end area may not be arranged
in a state corresponding to the voltage of the respective sub-
pixel drive signal. Accordingly, an image of unintended
brightness and color may be displayed on the lower end area
of the liquid crystal panel 2.

[0013] The unevenness of brightness and colors may be
caused by the limited response speed in the liquid crystal
display device of two kind color filters. Furthermore, the
color reproduction rate of images may be lowered because of
the difference in the gamma characteristic between the sub-
pixel drive signals of the two sub-frames. The image quality
displayed by the liquid crystal display device of two kind
color filters may be lowered. Accordingly, there is a need for
a liquid crystal display device and a driving method that
overcome drawbacks of the related art.

SUMMARY

[0014] By way of example, in a first embodiment, a liquid
crystal display device includes a liquid crystal panel, a timing
controller, a compensation unit and a panel drive circuit. The
liquid crystal panel has a plurality of color pixels, each of the
color pixels including two sub-pixels which represent two
different colors. The timing controller generates a sub-pixel
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data stream of two sub-frame format. The sub-pixel data
stream of two sub-frame format includes a first sub-pixel data
for a first sub-frame and a second sub-pixel data for a second
sub-frame. The first sub-pixel data and the second sub-pixel
data have different gamma characteristics. The compensation
unit is operable to compensate the first sub-pixel data and the
second sub-pixel data with different rates. The panel drive
circuit drives the sub-pixels on the liquid crystal panel and
supplies the sub-pixels with the compensated first sub-pixel
data for the first sub-frame and the compensated second sub-
pixel data for the second sub-frame

[0015] In a second embodiment, a method for driving a
liquid crystal display device is provided. A sub-pixel data
stream of two sub-frame format is received. The sub-pixel
data stream of two sub-frame format represents a first gamma
characteristic during one sub-frame and a second gamma
characteristic during the other sub-frame. The sub-pixel data
stream is compensated with a varying compensation rate. The
compensated sub-pixel data stream is supplied to a liquid
crystal panel having a plurality of gate lines, a plurality of data
lines intersecting the gate lines and a plurality of color pixels.
Each of the color pixels includes two sub-pixels representing
different colors. The sub-pixels on the liquid crystal panel is
driven with the compensated sub-pixel data stream twice per
frame.

[0016] Itistobeunderstood 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

[0017] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention.
[0018] FIG.1isablockdiagram illustrating a liquid crystal
display device of the related art.

[0019] FIG. 2 illustrates a drive timing of the liquid crystal
display device of FIG. 1.

[0020] FIG.3isablockdiagram illustrating a liquid crystal
display device according to a first embodiment.

[0021] FIG. 4 is a detailed block diagram illustrating a
space fitness excessive compensation unit for use with the
liquid crystal display device of FIG. 3.

[0022] FIG. 5 is a block diagram illustrating the liquid
crystal display device according to a second embodiment.
[0023] FIG. 6isa block diagram illustrating a liquid crystal
display device according to a third embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0024] Reference will now be made in detail as for the
preferred embodiments of the present invention with refer-
ence to the accompanying drawings.

[0025] FIG. 3isa block diagram illustrating a liquid crystal
display device 100 according to a first embodiment. The
liquid crystal display device 100 of FIG. 3 includes a gate
driver 104 and a data driver 106 for driving a liquid crystal
panel 102 of two-color filter type, and a backlight unit 107
irradiating the lights of first and second groups to the rear
surface of the liquid crystal panel 102 in turns. The light of the
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first group includes red and blue lights, and the light of the
second group includes green and cyan lights. Further, the
liquid crystal display device 100 includes a timing controller
108 controlling the gate driver 104, the data driver 106 and the
backlight unit 107. The liquid crystal display device 100
further includes a space (or multi-dimensional) adaptive
overshoot-compensation unit 112 connected to the timing
controller 108 and the data driver 104. The unit 112 spatially-
compensates the sub-pixel data stream SVDS to be supplied
to the data driver 104 from the timing controller 108.

[0026] The liquid crystal panel 102 includes sub-pixels
formed at the intersection of a plurality of gate lines
GL1~GLn and a plurality of data lines DL1~DLm. Each of
the sub-pixels has a thin film transistor (TFT) formed at the
intersection of the corresponding gate line (GL) and the cor-
responding data line (DL), and a liquid crystal cell (Clc)
connected between the thin film transistor (TFT) and the
common electrode (Vcom). Further, the liquid crystal panel
102 has cyan and yellow filters 103A and 103B repeatedly
arranged in the horizontal and vertical directions. The liquid
crystal panel 102 has a first substrate on which a thin film
transistor (TFT) is formed and a second substrate on which
the common electrode is formed. Cyan and yellow filters
103A and 103B are formed on the second substrate. A liquid
crystal layer is arranged between the first and the second
substrates. The color pixel of the liquid crystal panel 102 of
two-color filter type includes a yellow sub-pixel and a cyan
sub-pixel.

[0027] The thin film transistor TFT switches a sub-pixel
drive signal to be supplied to the corresponding liquid crystal
cells Clc from the corresponding data line DL in response to
the gate signals (or scan signals) on the corresponding gate
line GL. The liquid crystal cell Clc includes a common elec-
trode Vecom facing a pixel electrode with the liquid crystal
layer interposed therebetween. The pixel electrode is con-
nected to the thin film transistor TFT. The liquid crystal cell
Cle is charged with the voltage of the sub-pixel drive signal.
The voltage charged at the liquid crystal cell Clc is renewed
every time the corresponding thin film transistor TFT is
turned on. Further, each of the sub-pixels on the liquid crystal
panel 102 has a storage capacity Cst connected between the
thin film transistor TFT and the previous gate line. The stor-
age capacity Cst may minimize the natural loss of the voltage
charged at the liquid crystal cell Clc.

[0028] The gate driver 104 supplies a plurality of gate sig-
nals to the corresponding plurality of gate lines GL1 to GLn
in response to the gate controlling signals GCS from the
timing controller 108. The plurality of gate signals enables
each of the plurality of gate lines in sequence during the
period or interval of one sub-horizontal sync signal. The
sub-horizontal sync signal SHsync has frequency twice as
much as that of the horizontal sync signal Hsyne (i.e. period
corresponding to about one half). The gate controlling signals
GCS include a gate start pulse and at least one gate clock. The
gate start pulse is produced every period of the sub-vertical
sync signal, and the gate clock has frequency (period) that is
the same as that of the sub-horizontal sync signal SHsync.
[0029] The data driver 106 supplies a plurality of sub-pixel
drive signals to the plurality of data lines DL1 to DLm every
time one of the plural gate lines (GL1 to GLn) is enabled in
response to the data controlling signals DCS from the timing
controller 108. The data driver 106 inputs the sub-pixel data
SVDS for one line from the timing controller 110 at every
period of the sub-horizontal sync signal. The sub-pixel data



US 2008/0158454 A1

SVDS are converted into analog signals. The sub-pixel drive
signals for a first line, which is converted from digital into
analog, may have alternating voltages of a positive polarity
and a negative polarity with reference to the common voltage
on the common electrode at every sub-frame. To generate the
sub-pixel drive signals of the positive and negative polarities,
the data driver 106 responds to a polarity inversion signal
POL from the timing controller 108. For the conversion of
digital to analog, the data driver 106 uses a gamma voltage
set. The analog signals are supplied to the plural data lines
DL.

[0030] The timing controller 108 generates gate control
signals GCS, data control signals DCS, polarity inversion
signal POL and lighting control signals as using data clock
DCLK, horizontal sync signal Hsync, vertical sync signal
Vsync and data enable signal DE from an external video
source (for example, a graphic module of a computer system
or an image demodulation module of a television receiver).
The gate control signals GCS are supplied to the gate driver
104, and the data control signals DCS and polarity inversion
signal POL are supplied to the data driver 106. The data
control signals DCS includes sub-data clock SDCLK, sub-
data enable signal SDE and so forth. The sub-data clock
SDCLK has a frequency (the period of a half) which ranges
one and half or twice as much as that of the data clock DCLK,
and the sub-data enable signal SDE has frequency (the period
of a half) twice as much as that of the data enable signal. The
timing controller 108 forms sub-data clock SDCLK, sub-
horizontal sync signal SHsync, sub-vertical sync signal
SVsync and sub-data enable signal SDE by frequency-mul-
tiplying the data clock DCLK, the horizontal sync signal
Hsync, the vertical sync signal, and the data enable signal DE
from the external video source. The timing controller 108
generates the gate control signals GCS, the data control sig-
nals DCS, the polarity inversion signal POL and the lighting
control signals by using the sub-data clock SDCLK, the sub-
horizontal sync signal SHsyne, the sub-vertical sync signal
SVsync and the sub-data enable signal SDE.

[0031] Furthermore, the timing controller 108 inputs a sub-
pixel data stream FVDS of one frame format synchronized
with the data clock, the horizontal sync signal Hsync, the
vertical sync signal Vsync, and the data enable signal DE. The
sub-pixel data stream FVDS of one frame format includes
red, green and blue color sub-pixel data for one frame. The
timing controller 108 forms a sub-pixel data stream SVDS of
two sub-frame format from the sub-pixel data stream FVDS
of one frame format. The sub-pixel data stream SVDS
includes yellow and cyan sub-pixel data stream for the first
sub-frame (for example, the odd-numbered sub-frame) and
the yellow and cyan sub-pixel data stream for the second
sub-frame (for example, the even-numbered sub-frame). The
sub-pixel data stream of the first sub-frame is supplied to the
data driver 104 by one line in order during the first frame
period (the period of the odd-numbered sub-frame), and the
sub-pixel data stream of the second sub-frame is supplied to
the data driver 104 by one line in order during the second
frame period (the period of the even-numbered sub-frame).
The sub-pixel data of the first sub-frame and the sub-pixel
data of the second sub-frame include color ingredients differ-
ent from each other. Therefore, the first and the second sub-
pixel data have gamma characteristics different from each
other.

[0032] Accordingly, the timing controller 108 converts or
transforms the sync signals of one frame-single driving sys-
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tem into the sync signals of one frame-double driving (two
sub-frame driving) system. The timing controller 108 also
converts or transforms the video data FVDS of three-color
filter system into the video data SVDS of the two-color filter
system. That is, the timing controller 108 separates the first
frame period into a first and a second sub-frames (an odd-
numbered and even-numbered sub-frame), and displays a
color image by driving the two-color filter type liquid crystal
panel twice for one frame. Each of the sub-pixels on the liquid
crystal panel 102 of two-color filter type is driven once for
each sub-frame under the control of the timing controller 108.

[0033] Alternatively, the timing controller 108 may receive
the sub-pixel data stream SVDS and sync signals for the
liquid crystal panel 102 of the two-color filter type from an
external video source. In this case, the sub-data clock
SDCLK, the sub-horizontal sync signals SHsync, the sub-
vertical sync signal SVsync and the sub-data enable signals
SDE are input to the timing controller 108. The sub-pixel data
stream SVDS including the sub-pixel data stream of the first
sub-frame and the sub-pixel data stream of the second sub-
frame also is input the timing controller 108. The timing
controller 108 generates the gate control signals GCS, the
data control signals DCS, the polarity inversion signal POL
and the lighting control signals by using the sub-data clock
SDCLK, the sub-horizontal sync signal SHsyne, the sub-
vertical sync signal SVsync, and the sub-data enable signal
SDE.

[0034] The backlight unit 107 includes a first LED array
110 irradiating lights of the first group and a second LED
array 111 irradiating lights of the second group. The first LED
array 110 includes red light emitting diodes 110A emitting
red lights and blue light emitting diodes 110B emitting blue
lights. The second LED array 111 includes green light emit-
ting diodes 111A emitting green lights and cyan light emitting
diodes 111B emitting cyan lights. The first LED array 110
irradiates red and blue lights to be irradiated to the rear of the
liquid crystal panel 102 during the first sub-frame period (the
odd-numbered sub-frame period) by the first lighting control
signal among the lighting control signals from the timing
controller 108. The second LED array 111 irradiates green
and cyan lights to be irradiated to the rear of the liquid crystal
panel 102 during the second sub-frame period (the even-
numbered sub-frame period) by the second lighting control
signal among the lighting control signals from the timing
controller 108. One color image corresponding to the video
data FVDS of the one frame format is displayed on the liquid
display panel 102 through the mixture of the amount of the
red and blue lights passed through the liquid crystal panel 102
during the first sub-frame (the odd-numbered sub-frame
period) and the amount of the green and cyan lights passed
through the liquid crystal panel 102 during the second sub-
frame period (the even-numbered sub-frame period).

[0035] The space (or multi-dimension) adaptive overshoot-
compensation unit 112 overshoot-compensates the sub-pixel
data SVDS to be supplied to the data driver 106 from the
timing controller 108 with different compensation rates in
accordance with the area of the liquid crystal panel 102 and
the sub-frame. For instance, the space (or multi-dimension-
ally) adaptive overshoot-compensation unit 112 overshoot-
compensates the sub-pixel data SVDS with the compensating
rate that gradually increases towards the lower side from the
upper side of the liquid crystal panel 102. Further, the space
(or multi-dimensionally) adaptive overshoot-compensation
unit 112 overshoot-drive-compensates the sub-pixel data
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SVDS with the compensating rate having a difference which
corresponds to the difference between the gamma charactet-
istics of the sub-frames. To overshoot-drive-compensate the
sub-pixel data SVDS depending on the areas of the liquid
crystal panel 102 and the sub-frames, the space (or multi-
dimensionally) adaptive overshoot-compensation unit 112 is
timing-controlled by the sub-horizontal sync signal SHsync
and the sub-vertical sync signal SVsync from the timing
controller 108. Alternatively, the space (or multi-dimension-
ally) adaptive overshoot-compensation unit 112 may also be
timing-controlled by the gate control signals GCS including
the gate start pulse having the frequency identical to that of
the sub-vertical sync signals SVsync and the gate clock hav-
ing the frequency identical to that of the sub-horizontal sync
signal SHsync from the timing controller 108.

[0036] The different overshoot-drive-compensation in
accordance with each area of the panel 102 by the space (or
multi-dimension) adaptive overshoot-compensation unit 112
enables the sub-pixels to reach the arrangement state corre-
sponding to the sub-pixel data SVDS at speed that gradually
becomes faster as the sub-pixels on the liquid crystal panel get
closer to the lower side from the upper side. Accordingly, the
sub-pixels on the liquid crystal panel 102 are on the arrange-
ment state corresponding to the sub-pixel data SVDS at
almost equal time points. Therefore, it is possible that the
brightness of the image on the liquid crystal panel 102 is
uniform, and the color image corresponding to the video data
are expressed clearly. Furthermore, the sub-pixels on the lig-
uid crystal panel 102 reach the arrangement state correspond-
ing to the sub-pixel data SVDS at different speed in accor-
dance with the first and the second sub-frames (the odd-
numbered and even-numbered sub-frames). Accordingly, the
difference of the gamma characteristics between the sub-
pixel data SVDS of the first sub-frame and the sub-pixel data
SVDS of the second frame is corrected or compensated.
Therefore, the color reproduction rate of the image displayed
on the liquid crystal panel 102 becomes enhanced.

[0037] As the sub-pixel data is overshoot-drive-compen-
sated with different compensation rate in accordance with the
area of the panel 102 and the sub-frames, the liquid crystal
display device 100 may enhance the color reproduction rate
as well as maintain the brightness of the image evenly. There-
fore, the liquid crystal display device 100 may display color
image of high quality.

[0038] FIG. 4 is a block diagram illustrating the space
adaptive overshoot-compensation unit 112 of FIG. 3 in detail.
For example. 480 gate lines GL1 to GL. 480 are arranged on
the liquid crystal panel 102 in FIG. 3. The liquid crystal panel
1021is driven by sub-pixel drive signals overshoot-drive-com-
pensated with compensation rate different for each area as
separated as equal size of first to third areas A to C. In this
case, the firstarea A includes a first to 160th gate lines GL1 to
GL160, the second area B includes 161th to 320th gate lines
GL 161 to GL 320, and the third area C includes 321th to
480th gate lines GL.321 to GL 480.

[0039] Referring to FIG. 4, the space (or multi-dimension-
ally) adaptive overshoot-compensation unit 112 includes an
area decision unit 114 generating an area selection signal by
using the sub-horizontal and sub-vertical sync signals
SHsync and SVsync from the timing controller 108; a first
and a second memories 120 and 128 overshoot-compensating
the sub-pixel data SVDS from the timing controller 108 with
different compensating rates in response to the area selection
signal from the area decision unit 114; a selection unit 138
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supplying selectively the overshoot-drive-compensated sub-
pixel data from the first and the second memory 120 and 128
to the data driver 106 of FIG. 3; and a frequency divider 136
controlling the selecting operation of the selection unit 138.
[0040] The area decision unit 114 detects area (one of the
first to the third areas A to C) on the liquid crystal panel 102
on which the sub-pixel data SVDS for one line is recorded by
using the sub-vertical and the sub-horizontal sync signals
SVsync and SHsyne, and generates the area selection signal
designating one of the first to third areas A to C with the
detected result. The area selection signal selects the over-
shoot-drive-compensation rate of the sub-pixel data SVDS
which is supplied from the timing controller 108 to the first
and second memories 120 and 128.

[0041] The counter 116 is initialized every blanking period
of the sub-vertical sync signal SVsync or when the gate start
pulse is input, and counts the number of the sub-horizontal
sync signal SHsync (or the gate clock) during the scanning
period of the sub-vertical sync signal SVsync. The count
value from the counter 116 indicates positions of the sub-
pixels on the liquid crystal panel 102 where the sub-pixel data
SVDS for one line is to be supplied to the data driver 106
during the sub-frame. The count value of the counter 116 is
supplied to the comparison unit 118.

[0042] The comparison unit 118 compares the count value
from the counter 116 with a first reference value CDrefl and
a second reference value CDrefl and decides whether the
sub-pixel data SVDS for one line supplied to the data driver
106 will be written at any one of the first to third areas A to C
of the liquid crystal panel 102. According to the decision, the
comparison unit 118 supplies the area selection signal of the
logic value designating the decided area to the first and the
second memories 120 and 128. The first and second reference
values CDrefl and CDref2 are previously stored in memory
elements (not shown) such as registers, respectively. The first
reference value CDrefl may be one of the boundary values
dividing the first area A and the second area B (for example,
160 and 161), and the second reference value CDref2 may be
one of the boundary values dividing the second area B and the
third area C (for example, 320 and 321).

[0043] The first memory 120 has first to third lookup tables
122, 124 and 126 corresponding to the first to the third areas
A to C ontheliquid crystal panel 102, and the second memory
128 has fourth to sixth lookup tables 130, 132 and 134 cor-
responding to the first to the third areas A to C on the liquid
crystal panel 102. The first to the sixth lookup tables 122 to
134 stores the overshoot-drive-compensated sub-pixel data
(i.e., sub-pixel compensation data) which corresponds to the
gray scale values of the sub-pixel data SVDS. The sub-pixel
compensation data in the first lookup table 122 has the gray
scale values compensated with the overshoot-drive-compen-
sation rate lower than the sub-pixel compensation data in the
second lookup table 124, and the sub-pixel compensation
data in the second lookup table 124 has the gray scale values
compensated with the overshoot-drive-compensation rate
lower than the sub-pixel compensation data in the third
lookup table 126. Likewise, the sub-pixel compensation data
in the fourth lookup table 130 has the gray scale values
compensated with the overshoot-drive-compensation rate
lower than the sub-pixel compensation data in the fifth lookup
table 132, and the sub-pixel compensation data on the fifth
lookup table 132 has the gray scale values compensated with
the overshoot-drive-compensation rate lower than the sub-
pixel compensation data in the sixth lookup table 134. On the
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other hand, the sub-pixel compensation data in the first to the
third lookup tables 122 to 126 has the gray scale values
compensated with the overshoot-drive-compensation rate
different from the sub-pixel compensation data in the fourth
to the sixth lookup tables 130 to 134. The difference of the
compensation rate between the sub-pixel compensation data
on the first to the third lookup tables 122 to 126 and the
sub-pixel compensation data on the fourth to the sixth lookup
tables 130 to 134 corresponds to the difference between the
gamma characteristics of the sub-pixel data SVDS of the first
sub-frame and the sub-pixel data SVDS of the second sub-
frame.

[0044] The first memory 120 as above selects one of the
first to third lookup tables 122, 124 and 126 in accordance
with the logic value of the area selection signal from the
comparison unit 118. The sub-pixel compensation data cor-
responding to the gray scale value of the sub-pixel data SVDS
is selected by selecting one of the first to the third lookup
tables 122, 124 and 126 and is supplied to the selection unit
138. Likewise, the second memory 128 selects one lookup
table of the fourth to the sixth lookup tables 130, 132 and 134
in accordance with the logic value of the area selection signal
from the comparison unit 118. The sub-pixel compensation
data corresponding to the gray scale value of the sub-pixel
data SVDS is selected by selecting one of the fourth to the
sixth lookup tables 130, 132 and 134 and is supplied from the
timing controller 108 to the selection unit 138. The area
selection signal of the logic value indicating selectively the
first to third areas A to C of the liquid crystal panel 102 is used
as an upper address selecting one of the first to third lookup
tables 122,124 and 126 in the first memory 120 and one of the
fourth to the sixth lookup tables 130, 132 and 134 in the
second memory 128. The sub-pixel data SVDS from the
timing controller 108 is used as a lower address selecting the
place to store the sub-pixel compensation data on each of the
lookup tables.

[0045] When the value counted by the counter 116 is lower
than the first reference value CDrefl, the comparison unit 118
generates the area selection signals of logic value designating
or indicating the first area A of the liquid crystal panel 102.
Then, the first and second memories 120 and 128 recognize
the sub-pixel data SVDS supplied as a data to be written on
the sub-pixel on the first area A of the liquid crystal panel 102.
The first memory 120 allows the sub-pixel compensation data
on the first lookup table 122 to be supplied to the selection
unit 138 as a data overshoot-drive-compensating the sub-
pixel data SVDS from the timing controller 108. The second
memory 128 also allows the sub-pixel compensation data on
the fourth lookup table 130 to be supplied to the selection unit
138 as a data overshoot-drive compensating the sub-pixel
data SVDS from the timing controller 108.

[0046] When the value counted by the counter 116 corre-
sponds to the value between the first and the second reference
values CDrefl and CDref2, the comparison unit 118 gener-
ates the area selection signal of the logic value designating or
indicating the second area B of the liquid crystal panel 102.
Then, the first and the second memories 120 and 128 recog-
nize the sub-pixel data SYDS supplied from the timing con-
troller 108 as a data to be written at the sub-pixel on the
second arca B of the liquid crystal panel 102. The first
memory allows the sub-pixel compensation data on the sec-
ond lookup table 124 to be supplied to the selection unit 138
as a data overshoot-drive-compensating the sub-pixel data
SVDS from the timing controller 108. The second memory

Jul. 3, 2008

128 also allows the sub-pixel compensation data on the fifth
lookup table 132 to be supplied to the selection unit 138 as a
data overshoot-drive-compensating the sub-pixel data SVDS
from the timing controller 108.

[0047] Furthermore, when the count value from the counter
116 is higher than the second reference value CDref2, the
comparison unit 118 generates the area selection signal of the
logic value designating or indicating the third area C of the
liquid crystal panel 102. In this case, the first and the second
memories 120 and 128 recognize the sub-pixel data SVDS
supplied as a data to be written at the sub-pixel on the third
area of the liquid crystal panel 102. The first memory 120
allows the sub-pixel compensation data on the third lookup
table 126 to be supplied to the selection unit 138 as a data
overshoot-drive-compensating the sub-pixel data SVDS from
the timing controller 108. The second memory 128 also
allows the sub-pixel compensation data on the sixth lookup
table to be supplied to the selection unit 138 as a data over-
shoot-drive-compensating the sub-pixel data SVDS from the
timing controller 108.

[0048] The sub-pixel data SVDS is compensated with the
overshoot-drive-compensation rate that gradually increases
towards the bottom side from the top side of the liquid crystal
panel 102, the sub-pixels on the liquid crystal panel 102 may
be driven by the overshoot-drive-compensated sub-pixel
drive signals that becomes higher towards the bottom side
from the top side of the liquid crystal panel 102. The sub-
pixels may reach the arrangement state corresponding to the
sub-pixel data SVDS at the speed which is faster towards the
bottom side than the top side on the liquid crystal panel 102.
Accordingly, the sub-pixels on the liquid crystal panel 102,
regardless of their location, may be in the uniform arrange-
ment state corresponding to the sub-pixel data SVDS when
the light from the backlight unit 107 reaches the liquid crystal
panel 102. Therefore, the brightness of the image on the liquid
crystal panel 102 becomes uniform, and the color image
corresponding to the video data to be displayed correctly.
Furthermore, the quality of the color image displayed on the
liquid crystal panel 102 becomes enhanced.

[0049] The frequency divider 136 generates a data selection
signal by frequency dividing the sub-vertical sync signal
SVsync into one half. The data selection signal has a wave-
form that the logic condition is reversed at every period of the
sub-vertical sync signal. For instance, if the data selection
signal ofhigh logic designates or indicates the first sub-frame
period (for example, the odd-numbered sub-frame period),
the data selection signal of low logic should designate or
indicate the second sub-frame period (even-numbered sub-
frame period). The data selection signal is supplied to the
selection unit 138. The selection unit 138 allows the sub-pixel
compensation data from the first memory 120 and the sub-
pixel compensation data from the second memory 128 to be
selectively supplied to the data driver 106 in FIG. 3 in
response to the data selection signal from the frequency
divider 136. The selection unit 138 supplies the sub-pixel
compensation data from the first memory 120 to the data
driver 106 during the first sub-frame period (the odd-num-
bered sub-frame period) that the data selection signal from
the frequency divider 136 has the high logic. Alternatively,
the selection unit 138 supplies the sub-pixels compensation
data from the second memory 128 to the data driver 106
during the second sub-frame period (even-numbered sub-
frame period) that the data selection signals from the fre-
quency divider 136 have the low logic. A multiplexer, a con-
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trolled switch package, a two-input logic device package, etc.
may be used for the selection unit 138 performing the selec-
tion. The frequency divider 136 and the selection unit 138
compensate the sub-pixel data SVDS to be supplied to the
data driver 106 with different overshoot-drive-compensating
rates in accordance with the sub-frames. The sub-pixel on the
liquid panel 102 reaches the arrangement state corresponding
to the sub-pixel data SVDS at the different speed in accor-
dance with the sub-frames as the sub-pixel is driven by the
sub-pixel drive signal compensated with the different com-
pensation rate depending on the sub-frames. In other words,
the sub-pixel on the liquid crystal panel 102 reaches the
arrangement state corresponding to the sub-pixel data at the
different speed according to the first and sub-frames (that is,
the odd-numbered and even-numbered sub-frames). Accord-
ingly, the difference of the gamma characteristics between the
sub-pixel data SVDS of the first and the second frames is
corrected or compensated. As a result, the reproduction of the
color image displayed on the liquid crystal panel 102 is
enhanced.

[0050] The space (or multi-dimensionally) adaptive over-
shoot-compensation unit 112 compensates the sub-pixel data
SVDS with different overshoot-drive-compensation rate
depending on the sub-frames. The overshoot-drive-compen-
sation rate gradually increases depending on the areas on the
liquid crystal panel 102. Through the space (or multi-dimen-
sionally) adaptive overshoot-compensation unit 112, the sub-
pixels (liquid crystal cells) on the liquid crystal panel 102
reach the arrangement state corresponding to the sub-pixel
data SVDS at the speed which is faster towards the bottom
from the top of the liquid crystal panel 102 and which is
different depending on the sub-frames. Therefore, the bright-
ness of the image on the liquid crystal panel 102 becomes
even, and it is possible for the color image corresponding to
the video data to be displayed correctly.

[0051] FIG. 5 is a block diagram illustrating the liquid
crystal display device according to another embodiment of
the present invention. The liquid crystal display device of
FIG. 5 has the same configuration as the liquid crystal display
device in FIG. 3 excepting that the space (or multi-dimension)
adaptive overshoot-compensation unit 112 is replaced with
the time base adaptive overshoot-compensation unit 200. The
detailed description for the elements of FIG. 5 that has the
same functions, drives and connections to them in FIG. 3 will
be omitted, asitis described clearly in the description for FIG.
3. Further, the elements of FIG. 5 that has the same functions,
drives and connections to them in FIG. 3 will be referred with
the same referential numbers and terms.

[0052] The time base adaptive overshoot-compensation
unit 200 overshoot-compensates the sub-pixel data SVDS
with different compensation rates. The time base adaptive
overshoot-compensation unit 200 overshoot-drive-compen-
sates the sub-pixel data SVDS of the first sub-frame (the
odd-numbered sub-frame) and the sub-pixel data SVDS of
the second sub-frame (the even-numbered sub-frame) with
the compensation rate having a difference corresponding to
that between the gamma characteristics of the sub-frames. To
overshoot-drive-compensate the sub-pixel data SVDS differ-
ently depending on the sub-frames, the time base adaptive
overshoot-compensation unit 200 is timing-controlled by the
sub-vertical sync signals from the timing controller 108.
Alternatively, the time base adaptive overshoot-compensa-
tion unit 200 can be timing-controlled by the gate control
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signals GCS (i.e., the gate start pulse having the same fre-
quency as that of the sub-vertical sync signals SVsync) from
the timing controller 108.

[0053] The time base adaptive overshoot-compensation
unit 200 includes a selection unit 238 which supplies selec-
tively sub-pixel compensation data from first and second
lookup tables 220 and 228 to the data driver 106, and a
frequency divider 236 responding to the sub-vertical sync
signal SVsync from the timing controller 108. Each of the
first and second lookup tables 220 and 228 responds to the
sub-pixel data SVDS from the timing controller 108 and
applies the sub-pixel compensation data corresponding to the
gray scale value of the sub-pixel data SVDS to the selection
unit 238. To the conversion of the sub-pixel data SVDS, each
of the first and second lookup tables 220 and 228 stores the
sub-pixel compensation data (or sub-pixel compensation data
set) in accordance with the gray scale values of the sub-pixel
data. The sub-pixel compensation data in the first lookup
table 220 has a gray scale value compensated differently from
that in the second lookup table 228 in compensation rate. The
difference between the sub-pixel compensation data of the
first lookup table 220 and the sub-pixel compensation data of
the second lookup table 228 corresponds to that of the gamma
characteristics between the sub-pixel data SVDS of the first
sub-frame and the sub-pixel data SVDS of the second sub-
frame.

[0054] Thefrequency divider 236 generates a data selection
signal by frequency dividing the sub-vertical sync signal
SVsync from the timing controller 108. The data selection
signal has a waveform that the logic condition is reversed at
every period of the sub-vertical sync signal. For example, if
the data selection signal of high logic designates or indicates
the first sub-frame period (for example, the odd-numbered
sub-frame period), the data selection signal of low logic
should designate or indicate the second sub-frame period
(even-numbered sub-frame period). The data selection signal
is supplied to the selection unit 238.

[0055] Theselection unit 238 allows the sub-pixel compen-
sation data from the first lookup table 220 and the sub-pixel
compensation data from the second lookup table 228 to be
selectively supplied to the data driver 106 in FIG. 3 as
responding to the data selection signal from the frequency
divider 236. The selection unit 238 supplies the sub-pixel
compensation data from the first lookup table 220 to the data
driver 106 during the first sub-frame period (the odd-num-
bered sub-frame period) that the data selection signal from
the frequency divider 236 has the high logic. Alternatively,
the selection unit 238 supplies the sub-pixels compensation
data from the second lookup table 228 to the data driver 106
during the second sub-frame period (even-numbered sub-
frame period) that the data selection signals from the fre-
quency divider 236 have the low logic. A multiplexer, a con-
trolled switch package, a two-input logic device package etc.
may be used for the selection unit 238 performing the opera-
tion. The frequency divider 236 and the selection unit 238
compensate the sub-pixel data SVDS to be supplied to the
data driver 106 with different overshoot-drive-compensating
rates in accordance with the sub-frames. The sub-pixel on the
liquid panel 102 reaches the arrangement state corresponding
to the sub-pixel data SVDS at the different speed in accor-
dance with the sub-frames as the sub-pixel is driven by the
sub-pixel drive signal compensated with the different com-
pensation rate depending on the sub-frames. In other words,
the sub-pixel on the liquid crystal panel 102 reaches the
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arrangement state corresponding to the sub-pixel data at the
different speed according to the first and sub-frames (that is,
the odd-numbered and even-numbered sub-frames). Accord-
ingly, the difference in the gamma characteristics between the
sub-pixel data SVDS of the first and the second frames is
corrected or compensated. As a result, the reproduction of the
color image displayed on the liquid crystal panel 102 may be
enhanced.

[0056] The different overshoot-drive-compensation in
accordance with the sub-frames by the time base adaptive
overshoot-compensation unit 200 enables the sub-pixels on
the liquid crystal panel 102 to reach the arrangement state
corresponding to the sub-pixel data SVDS at different speed
in accordance with the first and the second sub-frames (the
odd-numbered and even-numbered sub-frames). Accord-
ingly, the difference in the gamma characteristics between the
sub-pixel data SVDS of the first sub-frame and the sub-pixel
data SVDS of the second frame is corrected or compensated.
Therefore, the color reproduction rate of the image displayed
on the liquid crystal panel 102 becomes enhanced. Further-
more, the color image of high quality may be displayed on the
liquid crystal panel 102.

[0057] FIG. 6 is a block diagram illustrating the liquid
crystal device according to a third embodiment of the present
invention. The liquid crystal display device of FIG. 6 has the
same configuration as the liquid crystal display device in FIG.
3 except that the space (or multi-dimension) adaptive over-
shoot-compensation unit 112 is replaced with a regionally
adaptive overshoot-compensation unit 300. The detailed
description for the elements of FIG. 6 that has the same
functions, drives and connections to them in FIG. 3 will be
omitted, as it is described clearly in the description for FIG. 3.
Further, the elements of FIG. 6 that has the same functions,
drives and connections to them in FIG. 3 will be referred with
the same referential numbers and terms.

[0058] The regionally adaptive overshoot-compensation
unit 300 overshoot-compensates the sub-pixel data SVDS to
be supplied to the data driver 106 from the timing controller
108 with different compensation rates in accordance with the
area of the liquid crystal panel 102. For example, the region-
ally adaptive overshoot-compensation unit 300 overshoot-
compensates the sub-pixel data SVDS with the compensating
rate which increases towards the lower side from the upper
side of the liquid crystal panel 102. To overshoot-drive-com-
pensate the sub-pixel data SVDS depending on the areas of
the liquid crystal panel 102, the regionally adaptive over-
shoot-compensation unit 300 is timing-controlled by the sub-
horizontal sync signal SHsync and the sub-vertical sync sig-
nal SVsync from the timing controller 108. Alternatively, the
regionally adaptive overshoot-compensation unit 300 can be
timing-controlled by the gate control signals GCS (the gate
start pulse having the same frequency as that of sub-vertical
sync signals SVsync and the gate clock having the same
frequency as that of the sub-horizontal sync signal SHsync
from the timing controller 108.

[0059] The different overshoot-drive-compensation in
accordance with each area of the panel 102 by the regionally
adaptive overshoot-compensation unit 300 enables the sub-
pixels to reach the arrangement state corresponding to the
sub-pixel data SVDS at speed that gradually becomes faster
as the sub-pixels on the liquid crystal panel get closer to the
lower side from the upper side. Accordingly, the sub-pixels on
the liquid crystal panel 102 are in the uniform arrangement
state corresponding to the sub-pixel data SVDS when the
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light from the backlight unit 107 reaches the liquid crystal
panel 102. Therefore, it is possible that the brightness of the
image on the liquid crystal panel 102 is uniform, and the color
image corresponding to the video data are expressed clearly.
As a result, the sub-pixels on the liquid crystal panel 102 may
become faster in response speed and the quality of the color
image displayed on the liquid crystal panel 102 is enhanced.
[0060] The regionally adaptive overshoot-compensation
unit 300 includes an area decision unit 314 generating an area
selection signal as using the sub-horizontal and sub-vertical
sync signals SHsync and SVsyne from the timing controller
108; a memory 320 overshoot-compensating the sub-pixel
data SVDS from the timing controller 108 with different
compensating rates in response to the area selection signal
from the area decision unit 314. The area decision unit 314
detects area (one of the first to the third areas A to C) on the
liquid crystal panel 102 on which the sub-pixel data SVDS for
one line is written as using the sub-vertical and the sub-
horizontal sync signals SVsync and SHsync, and generates
the area selection signal designating one of the first to third
areas A to C with the detected result. The area selection signal
selects the overshoot-drive-compensation rate of the sub-
pixel data SVDS to be supplied from the timing controller 108
to the memory 320.

[0061] The counter 316 is initialized at every blanking
period of the sub-vertical sync signal SVsync (or when the
gate start pulse is input), and counts the number of the sub-
horizontal sync signal SHsync (or the gate clock) during the
scanning period of the sub-vertical sync signal SVsync. The
count value from the counter 316 indicates the positions of the
sub-pixels on the liquid crystal panel 102 on which the sub-
pixel data SVDS for one line is to be supplied to the data
driver 106 during the sub-frame. The count value of the
counter 316 is supplied to the comparison unit 318.

[0062] The comparison unit 318 compares the count value
from the counter 316 with a first reference value CDrefl and
a second reference value CDrefl and decides whether the
sub-pixel date SVDS for one line supplied to the data driver
106 will be written at one of the first to third areas A to C of
the liquid crystal panel 102. According to the decision, the
comparison unit 318 supplies the area selection signal of the
logic value designating the decided area to the memory 320.
The first and second reference values CDref1 and CDref2 are
previously stored in memory elements (not shown) such as
registers, respectively. The first reference value CDrefl may
be one of the boundary values dividing the first area A and the
second area B (for example, 160 and 161), and the second
reference value CDref2 may be one of the boundary values
dividing the second area B and the third area C (for example,
320 and 321).

[0063] Thememory 320 has first to third lookup tables 322,
324 and 326 corresponding to the first to the third areas A to
C on theliquid crystal panel 102. The first to the third lookup
tables 322 to 326 store the overshoot-drive-compensated sub-
pixel data (i.e., sub-pixel compensation data set) as corre-
sponding to the gray scale values of the sub-pixel data SVDS.
The sub-pixel compensation data on the first lookup table 322
has the gray scale values compensated with the overshoot-
drive-compensation rate lower than the sub-pixel compensa-
tion data on the second lookup table 324, and the sub-pixel
compensation data on the second lookup table 324 has the
gray scale values compensated with the overshoot-drive-
compensation rate lower than the sub-pixel compensation
data on the third lookup table 326.
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[0064] The memory 320 as above selects one of the first to
third lookup tables 322, 324 and 326 in accordance with the
logic value of the area selection signal from the comparison
unit 318. The lookup table selected among the first to the third
lookup tables 322, 324 and 326 applies the sub-pixel com-
pensation data corresponding to the gray scale value of the
sub-pixel data SVDS from the timing controller 108 to the
data driver 106. Then, the area selection signal of the logic
value indicating selectively the first to third areas A to C of the
liquid crystal panel 102 is used as an upper address selecting
oneofthe first to third lookup tables 322 to 326 in the memory
320. The sub-pixel data SVDS from the timing controller 108
is used as a lower address selecting the place to store the
sub-pixel compensation data on each of the lookup tables 322
to 326.

[0065] As the memory 320 compensates the sub-pixel data
SVDS with the overshoot-drive-compensation rate that
gradually increases towards the bottom side from the top side
of the liquid crystal panel 102, the sub-pixels on the liquid
crystal panel 102 are driven by the overshoot-drive-compen-
sated sub-pixel drive signals that becomes higher towards the
bottom side from the top side of the liquid crystal panel 102,
and reach the arrangement state corresponding to the sub-
pixel data SVDS at the speed which gradually becomes faster
towards to the bottom side from the top side on the liquid
crystal panel 102. Accordingly, the sub-pixels on the liquid
crystal panel 102 are in the uniform arrangement state corre-
sponding to the sub-pixel data SVDS when the light from the
backlight unit 107 reaches the liquid crystal panel 102. There-
fore, the brightness of the image on the liquid crystal panel
102 becomes uniform, and it is possible for the color image
corresponding to the video data to be displayed correctly.
Furthermore, the quality of the color image displayed on the
liquid crystal panel 102 becomes enhanced.

[0066] As previously described in the embodiments, the
different overshoot-drive-compensation in accordance with
each area of the panel enables the sub-pixels to reach the
arrangement state corresponding to the sub-pixel data at
speed that gradually becomes faster as the sub-pixels on the
liquid crystal panel get closer to the lower side from the upper
side. The sub-pixels on the liquid crystal panel 102 may have
the uniform arrangement state corresponding to the sub-pixel
data of a given time (i.e., when the light from the backlight
unit 107 reaches the liquid crystal panel 102). Therefore, it is
possible that the brightness of the image on the liquid crystal
panel 102 is uniform, and the color image corresponding to
the video data are expressed clearly. As aresult, the quality of
the image displayed on the liquid crystal panel is enhanced.

[0067] Also, the liquid crystal display device enables the
sub-pixel data to be overshoot-drive-compensate in different
compensation rates depending on the sub-frames. The sub-
pixels on the liquid crystal panel reach the arrangement state
corresponding to the sub-pixel data at different speed in
accordance with the first and the second sub-frames (the
odd-numbered and even-numbered sub-frames). The differ-
ence of the gamma characteristics between the sub-pixel data
of the first sub-frame and the sub-pixel data of the second
frame is corrected or compensated. Therefore, the color
reproduction rate of the image displayed on the liquid crystal
panel 102 becomes enhanced and the quality of the image
displayed on the liquid crystal panel is enhanced.

[0068] Furthermore, the liquid crystal display device
according may allow the sub-pixel data to be overshoot-drive-
compensate with different compensation rates depending on
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the sub-frames and the areas of the liquid crystal panel. The
color reproduction rate as well as the brightness uniformity of
the image enhanced. Therefore, the liquid crystal display
device may have the faster response speed. The higher quality
of the color image may be displayed.

[0069] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention. Thus, it is intended that the present inven-
tion covers the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

We claim:

1. A liquid crystal display device comprising:

aliquid crystal panel having a plurality of color pixels, each
of the color pixels including two sub-pixels which rep-
resent two different colors;

a timing controller generating a sub-pixel data stream of
two sub-frame format wherein the sub-pixel data stream
of two sub-frame format includes a first sub-pixel data
for a first sub-frame and a second sub-pixel data for a
second sub-frame, the first sub-pixel data and the second
sub-pixel data having different gamma characteristics;

a compensation unit operable to compensate the first sub-
pixel data and the second sub-pixel data with different
rates; and

a panel drive circuit driving the sub-pixels on the liquid
crystal panel and supplying the sub-pixels with the com-
pensated first sub-pixel data for the first sub-frame and
the compensated second sub-pixel data for the second
sub-frame.

2. The liquid crystal display device according to claim 1,
wherein a plurality of gate lines and a plurality of data lines
are disposed on the liquid crystal panel and intersect each
other and the rates vary depending on areas of the liquid
crystal panel in a direction parallel to the data lines.

3. The liquid crystal display device according to claim 2,
wherein the rates gradually increase such that the first and the
second sub-pixel data are compensated with the increasing
rates, wherein the compensated first sub-pixel data and the
compensated second sub-pixel data are supplied to the sub-
pixels in the direction parallel to the data lines from the top
sides of the liquid crystal panel to the bottom side of the liquid
crystal panel.

4. The liquid crystal display device according to claim 3,
wherein the compensation unit includes:

a first circuit which selectively compensates the sub-pixel

data stream with at least two compensation rates; and

a second circuit which controls the two compensation rates
of the first circuit depending on the area of the liquid
crystal panel to be written with the first and the second
sub-pixel data.

5. The liquid crystal display device according to claim 4,
wherein the first circuit includes at least two lookup tables
responsive to the first and the second sub-pixel data and the
output signal of the second circuit, the lookup tables operable
to selectively supply the compensated first and second sub-
pixel data to the panel drive circuit.

6. The liquid crystal display device according to claim 1,
wherein the rates of the first sub-frame are different from
those of the second sub-frame.

7. The liquid crystal display device according to claim 6,
wherein the first sub-frame comprises odd-numbered sub
frames and the second sub-frame comprises even numbered
sub frames, and the compensation unit selectively uses one of
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two different rates during the odd numbered sub frames and
the other rate during the even numbered sub frames.

8. The liquid crystal display device according to claim 7,
wherein a difference in the two rates corresponds to a differ-
ence in the gamma characteristics.

9. The liquid crystal display device according to claim 6,
wherein the compensation unit includes:

a first memory responsive to the first sub-pixel data for
outputting a first sub-pixel compensation data compen-
sated with a first compensation rate;

a second memory responsive to the second sub-pixel data
for outputting a second sub-pixel compensation data
compensated with a second compensation rate;

a selection unit operable to selectively apply the first and
the second sub-pixel compensation data to the panel
drive circuit; and

a selection controller which controls the selection unit
depending on the odd-numbered and even-numbered
sub frames.

10. The liquid crystal display device according to claim 1,
wherein the compensation unit operates to compensate the
first and the second sub-pixel data with a varying compensa-
tion rate based on the areas of the liquid crystal panel and the
first and the second sub-frames.

11. A method for driving a liquid crystal display device, the
method comprising:

receiving a sub-pixel data stream of two sub-frame format
wherein the sub-pixel data stream of two sub-frame
format represents a first gamma characteristic during
one sub-frame and a second gamma characteristic dut-
ing the other sub-frame;

compensating the sub-pixel data stream with a varying
compensation rate;

supplying the compensated sub-pixel data stream to a lig-
uid crystal panel having a plurality of gate lines, a plu-
rality of data lines intersecting the gate lines and a plu-
rality of color pixels, wherein each of the color pixels
comprises two sub-pixels representing different colors;
and

driving the sub-pixels on the liquid crystal panel with the
compensated sub-pixel data stream twice per frame.

12. The method according to claim 11, wherein compen-
sating the sub-pixel data stream comprises compensating the
sub-pixel data stream at a first compensation rate varying with
the areas of the liquid crystal panel in a direction parallel to
the data lines.

13. The method according to claim 12, wherein the first
compensation rate gradually increases such that the sub-pixel
data stream is compensated with the increasing first compen-
sation rate, wherein the compensated sub-pixel data stream is
supplied from the top side to the bottom side of the liquid
crystal panel in the direction parallel to the data lines.
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14. The method according to claim 11, wherein compen-
sating the sub-pixel data stream comprises:

designating one of at least two compensation rates; and

increasing the designated compensation rate such that the

sub-pixel data stream is compensated with the increas-
ing compensation rate, wherein the compensated sub-
pixel data stream is sequentially supplied from the top
side to the bottom side of the liquid crystal panel.

15. The method according to claim 14, wherein compen-
sating the sub-pixel data stream further comprises:

selecting one of at least two lookup tables in accordance

with the designated compensation rate, each of lookup
tables storing sub-pixel compensation data compen-
sated with the respective designated compensation rate;
and

outputting from the selected lookup table the sub-pixel

compensation data which corresponds to the sub-pixel
data.

16. The method according to claim 11, wherein compen-
sating the sub-pixel data stream comprises compensating the
sub-pixel data stream with the compensation rate varying
with the one sub frame and the other sub frame.

17. The method according to claim 11, wherein compen-
sating the sub-pixel data stream comprises:

selecting asecond compensation rate during odd numbered

sub frames; and

selecting a third compensation rate during even numbered

sub frames.

18. The method according to claim 17, wherein the differ-
ence between the second compensation rate and the third
compensation rate corresponds to the difference in the first
gamma characteristic during the odd numbered sub frames
and the second gamma characteristics during the even num-
bered sub frames.

19. The liquid crystal display device according to claim 16,
wherein compensating the sub-pixel data stream comprises:

compensating the sub-pixel data stream with a first com-

pensation rate characteristic;

compensating the sub-pixel data stream with a second

compensation rate characteristic; and

selecting the sub-pixel data stream compensated with the

first compensation rate characteristic during odd-num-
bered sub frames and the sub-pixel data stream compen-
sated with the second compensation rate characteristic
during even-numbered sub frames.

20. The method according to claim 11, wherein compen-
sating the sub-pixel data stream with a varying compensation
rate comprises changing the compensation rate based on the
areas of the liquid crystal panel and the sub frames.

* ok ok k¥



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

IPCH &

CPCH %S

L5
H M2 TF S0k
S\EREERR

BEG®)

REETNEESERRFAER , ERHERIER , M2 2 TNEARTES B,

REETERERERE 5 E

US20080158454A1 NI (»&E)B
US11/880683 RiEHR
REETRERAF

KFHRBETRERLE

LG DISPLAY CO. , LTD.

SHIN HYUN HO
KIM KI DUK

SHIN, HYUN HO
KIM, KI DUK

GO02F1/133

patsnap

2008-07-03

2007-07-23

G02F2001/133622 G02F2001/134345 G09G3/3607 G09G2340/16 G09G2320/0252 G09G2320/0285

G09G2320/0673 G09G2310/0235

1020060136164 2006-12-28 KR

uS8115725

Espacenet USPTO

SVsyne FREQUENCY
DIVIDER

236

0 238
(s

‘ ) ) \ s B el R

HEERAESIMHEEE  SIVLRRIEREADTARCHE A NE s

PFBE. NFRHEFEROFURINTRERER, BATIE | [T mee [ 2

XN FBEHBERCEATE-THNE—TREBBNATE=FH 8 — NG

WE=FERENR. F-FRRURNE-FERMNBRLETANND we | | | omomver |

B, HERTTRENATINERNEE—FRENBNE=FR . | 2 Z B A en

FHR, EREHERBHRSERLOTERE  AOTRRRMRE— ax | § o [t e

FORRAE A — TR IIRAE = F MO0 B = T REBIE, 2 | e z .
ottt EEEEEEE

110


https://share-analytics.zhihuiya.com/view/ce902337-61d0-4623-9814-117a4e1540b4
https://worldwide.espacenet.com/patent/search/family/039583369/publication/US2008158454A1?q=US2008158454A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220080158454%22.PGNR.&OS=DN/20080158454&RS=DN/20080158454

