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VIDEO DISPLAY DEVICE CAPABLE OF
COMPENSATING FOR DISPLAY DEFECTS

[0001] This application claims the benefit of the Korean
Patent Application No. P2007-058492 filed on Jun. 14, 2007,
Korean Patent Application No. P2007-111217 filed on Nov.
1, 2007, Korean Patent Application No. P2008-014842 filed
Feb. 19, 2008 and Korean Patent Application No. P2008-
030827 filed Mar. 30, 2008, which are all hereby incorporated
by reference as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Embodiments of the invention relate to a display
device, and more particularly, to a video display device
capable of compensating for display defects. Although
embodiments of the invention are suitable fora wide scope of
applications, they are particularly suitable for using compen-
sation data to achieve an enhancement in display quality.
[0004] 2. Discussion of the Related Art

[0005] Recently, for video display devices, flat display
devices, such as liquid crystal display (LCD), plasma display
panel (PDP), and organic light emitting diode (OLED) dis-
play device, have typically been used. Such video display
devices are subjected to an inspection process during the
manufacturing to inspect for display defects that may exist on
the display panel. When the display panel is detected as
having display defects, a repair process is carried out to repair
defective portions of the display panel. However, there may
be display defects that cannot be repaired by the repair pro-
cess.

[0006] Display defects are mainly caused by a deviation in
the amount of light exposure from overlapped light exposure
in a multi-exposure operation of exposure equipment used in
a thin film pattern formation process or from aberrations of
the multi-lenses used in the exposure equipment. More spe-
cifically, a deviation in the amount of light exposure causes a
variation in the width of thin film patterns, thereby resulting in
deviation in parasitic capacity among thin film transistors,
deviation in height among column spacers for maintaining a
desired cell gap, and/or a deviation in parasitic capacity
among signal lines. Such deviations cause brightness aberra-
tions appearing as display defects. Such display defects
incurred by deviations in the amount of light exposure are
displayed on the display panel as vertical lines or horizontal
lines in accordance with the scanning direction of the expo-
sure equipment. However, it is difficult, if not impossible, to
eliminate all such vertical or horizontal-line-shaped display
defects through improvements in the processing techniques.
[0007] Display defects can also be displayed in the form of
point defects at defective pixels containing foreign matter.
Although such defective pixels are subjected to a repair pro-
cess, they can still have point defects in the repaired state. For
example, when a defective pixel is repaired in the form of a
dark pixel by a repair process, the dark pixel will be displayed
in the form of a black point defect in a white image. Also,
when a repair process is performed such that the pixel
repaired in the form of a dark pixel is linked to a neighboring
normal pixel, the linked pixels may be displayed as point
defects due to a shortage of data charge amount because data
supplied to the normal pixel must also be distributed evenly to
the repaired pixel.
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[0008] To this end, methods for compensating for display
defects through circuitry have recently been proposed to
solve display defects that cannot be eliminated through a
physicalrepair process. However, the related art circuit-based
compensation methods have problems in using a horizontal
line data compensation circuit to address a display device
having vertical line display defects, and, vice versa, to apply
a vertical line data compensation circuit to a display device
having horizontal line display defects. This is because the
horizontal and vertical display defects, which are caused by a
deviation in light exposure amount, are different from each
other in terms of brightness distribution and defect position
information.

[0009] Related art circuit-based compensation methods
also can not achieve adaptive addition and subtraction of a
compensation value in accordance with the brightness of an
associated defect region. For example, there is a problem in
that it is difficult to quantify and systematize compensation
values for defect regions by using a method, in which a defect
region is compensated for brightness such that the defect
region becomes brighter than normal regions around the
defect region, on the assumption that the defect regionis dark,
or a method, in which, when the defect region is bright, the
normal regions are compensated for brightness such that the
normal regions become brighter. Therefore, related art video
display devices require a data compensation circuit capable of
achieving adaptive addition and subtraction of a compensa-
tion value in accordance with the position of an associated
defect region, while being applicable to both the video dis-
play device having horizontal line display defects and the
video display device having vertical line display defects, irre-
spective of such kinds of display defects. Further, a data
compensation circuit having a simple configuration is desired
to reduce costs.

SUMMARY OF THE INVENTION

[0010] Accordingly, embodiments of the invention are
directed to a video display device capable of compensating
for display defects that substantially obviates one or more
problems due to limitations and disadvantages of the related
art.

[0011] An object of embodiments of the invention is to
provide a video display device capable of compensating for
various display defects using compensation data and having a
simple circuit configuration.

[0012] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or
may be learned from practice of the invention. The objectives
and other advantages of the invention may be realized and
attained by the structure particularly pointed outin the written
description and claims hereof as well as the appended draw-
ings.

[0013] Itisto beunderstood that both the foregoing general
description and the following detailed description of embodi-
ments of the invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are included to
provide a further understanding of the invention and are
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incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and along with the
description serve to explain the principle of the invention. In
the drawings:

[0015] FIG.1isa block diagram illustrating a liquid crystal
display (LCD) device according to embodiments of the inven-
tion;

[0016] FIG.2 is a view showing vertical line defect regions
displayed on a liquid crystal panel;

[0017] FIG. 3 is a view showing horizontal line defect
regions displayed on a liquid crystal panel;

[0018] FIG. 4 is a schematic view illustrating, in an
enlarged state, one vertical line defect region shown in FIG. 2;
[0019] FIG. 5 is a schematic view illustrating, in an
enlarged state, one horizontal line defect region shown in
FIG. 3;

[0020] FIG. 6 is a graph depicting the gamma characteris-
tics of an output voltage according to input data;

[0021] FIG.7isa schematic view illustrating a point defect
region displayed on a liquid crystal panel;

[0022] FIG. 8 is a block diagram illustrating a data com-
pensation circuit according to a first embodiment of the
invention;

[0023] FIG. 9is a block diagram illustrating memories and
a first compensator shown in FIG. 8;

[0024] FIG. 10 is a block diagram illustrating a second
compensator shown in F1G. 8;

[0025] FIGS. 11A to 11D are views illustrating a plurality
of dither patterns stored in a dither value selector shown in
FIG. 10;

[0026] FIG. 12 is a block diagram illustrating a third com-
pensator shown in FIG. §;

[0027] FIG. 13 is a block diagram illustrating a data com-
pensation circuit according to a second embodiment of the
invention;

[0028] FIG. 14 is a view illustrating a bright typical defect
region displayed on a liquid crystal panel;

[0029] FIG. 15 is a view illustrating a dark typical defect
region displayed on a liquid crystal panel;

[0030] FIG. 16 is a view illustrating a state in which both
bright defect regions and dark defect regions are displayed on
a liquid crystal panel;

[0031] FIG. 17 is a block diagram illustrating a data com-
pensation circuit according to a third embodiment of the
invention; and

[0032] FIG. 18 is a block diagram illustrating a position
determiner shown in FIG. 17.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0033] Reference will now be made in detail to the pre-
ferred embodiments of the invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

[0034] FIG. 1 is a liquid crystal display (LCD) device
capable of compensating for display defects in accordance
with exemplary embodiments of the invention. The LCD
device shown in FIG. 1 includes a data compensation circuit
105 and a timing controller 104. The LCD device also
includes a data driver 101 and a gate driver 102, which func-
tionto drive aliquid crystal panel 103. The data compensation
circuit can be implemented in the form of one semiconductor
chip, together with the timing controller 104.
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[0035] Thedatacompensation circuit 105 receives dataRe,
Ge, and Be input from the outside of the LCD device, and
receives a plurality of synchronizing signals Vsync, Hsync,
DE, and DCLK. The data compensation circuit 105 stores, in
a memory thereof, information for typical defect regions,
such as regular horizontal lines or regular vertical lines,
including position information, grayscale information, and
compensation data for typical defect regions. The memory
also stores information for point defect regions including
position information, grayscale information, and compensa-
tion data for point defect regions. The data compensation
circuit 105 compensates data to be displayed on a typical
defect region, using information for the typical defect region,
and outputs the compensated data. The data compensation
circuit 105 executes the data compensation under the condi-
tion that the typical defect region is divided into a main region
and boundary regions (first compensation). Thereafter, the
data compensation circuit 105 finely compensates the data of
the typical defect region, using the compensation data, under
the condition that the compensation data for the typical defect
region is spatially and temporally distributed in accordance
with a frame rate control (FRC) dithering method (second
compensation). The data compensation circuit 105 also com-
pensates data of a point defect region, using information for
the point defect region, and outputs the compensated data
(third compensation). The datacompensation circuit 105 then
supplies the compensated data, namely, data Re, Ge, and Be,
to the timing controller 104, together with the synchronizing
signals Vsync, Hsync, DE, and DCLK. The data compensa-
tion circuit 105 also supplies, to the timing controller 104,
data to be displayed on normal regions, without compensat-
ing the data. The detailed configuration of the data compen-
sation circuit 105 will be described later.

[0036] The timing controller 104 arranges the data Rc, Ge,
and Be input from the data compensation circuit 105, and
outputs the resultant data to the data driver 101. Using the
synchronizing signals Vsync, Hsync, DE, and DCLK, the
timing controller 104 generates a data control signal DDC to
control the driving timing of the data driver 101 and a gate
control signal GDC to control the driving timing of the gate
driver 102. The timing controller 104 then outputs the data
control signal DDC and gate control signal GDC.

[0037] Inresponse to the data control signal DDC from the
timing controller 104, the data driver 101 converts digital data
received from the timing controller 104, namely, the data R,
Gc, and B, to analog data, using gamma voltages. The data
driver 101 outputs the analog data to data lines of the liquid
crystal panel 103. In response to the gate control signal GDC
from the timing controller 104, the gate driver 102 sequen-
tially drives gate lines of the liquid crystal panel 103.

[0038] The liquid crystal panel 103 displays an image
through a pixel matrix on which a plurality of pixels is
arranged. Each pixel renders a desired color, using a combi-
nation of red, green, and blue sub-pixels adjusting a light
transmittance through a variation in the alignment of liquid
crystals according to a data signal. Each sub-pixel includes a
thin film transistor (TFT) coupled to one gate line 17 and one
data line 16. Each sub-pixel also includes a liquid crystal
capacitor Clc and a storage capacitor Cst coupled to the TFT
in parallel. The liquid crystal capacitor Clc is charged with a
differential voltage between the data signal supplied to a pixel
electrode via the TFT and a common voltage Vcom supplied
to a common electrode, to drive liquid crystals in accordance
with the charged voltage, and thus to adjust the light trans-
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mittance of the sub-pixel. Horizontal or vertical-line-shaped
typical defect regions and point defect regions, which can be
included in the liquid crystal panel 103 due to manufacture
processes used, display data compensated by the data com-
pensation circuit 105. As a result, a brightness difference
between a normal regions and a defect region can be avoided,
and thus enhancement of display quality is achieved.

[0039] Meanwhile, information for typical defect regions
and information for point defect regions, which should be
previously stored in the memory of the data compensation
circuit 105, are set as follows.

[0040] Display defects can be divided into typical defects,
which are regularly displayed in the form of horizontal lines
or vertical lines, mainly due to a deviation in exposure light
amount, and point defects, which are irregularly displayed
typically due to an introduction of foreign matter. Such typi-
cal defects and point defects are detected in an inspection
procedure for the video display device. Compensation data
for the detected typical defects and compensation data for the
detected point defects are then set. The set compensation data
is stored in the memory of the data compensation circuit 105.
[0041] When a typical defect, which has the form of hori-
zontal lines or vertical lines, is detected in a brightness
inspection procedure for the video display device, the width
of each divisional boundary area included in each boundary
region and the position information for each boundary region
according to the type of the detected typical defect and the
stain distribution range of the typical defect region. Also, the
stain degree of the typical defect region, namely, the bright-
ness difference or color difference between the normal region
and the defect region, is measured. Thereafter, compensation
data to compensate for the measured brightness difference or
color difference is set.

[0042] For example, in the inspection procedure, regular
vertical line defect regions as shown in FIG. 2 or regular
horizontal line defect regions as shown in FIG. 3 can be
detected as typical defects of the display device. As shown in
FIG. 4, each vertical line defect region can be divided into a
main region C1 extending in a vertical direction while exhib-
iting a constant brightness, and boundary regions SG1 and
SG2 symmetrically arranged at opposite sides of the main
region C1 while exhibiting a gradually-varying brightness.
As shown in FIG. 5, each horizontal line defect region can be
divided into a main region C1 extending in a horizontal direc-
tion while exhibiting a constant brightness, and boundary
regions SG1 and SG2 symmetrically arranged at opposite
sides of the main region C1 while exhibiting a gradually-
varying brightness. Fach of the boundary regions SG1 and
SG2 of each defect region corresponds to a region where the
brightness of the main region C1 is overlapped with the
brightness of a normal region arranged adjacent to the defect
region. Each of the boundary regions SG1 and SG2 can be
divided into aplurality of boundary areas such that the bound-
ary areas of one boundary region SG1 or SG2 are symmetrical
with the boundary areas of the other boundary region SG2 or
SG1 with respect to the main region C1. Each of the boundary
regions SG1 and SG2 displays a brightness gradually
approaching the brightness of the main region C1 as it
approaches the main region C1, while displaying a brightness
gradually approaching the brightness of the normal region as
it approaches the normal region.

[0043] The position information for the main region C1 is
set in accordance with the start position of the main region C1
and the width of the main region C1. On the other hand, the
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position information for the boundary regions SG1 and SG2
are automatically set in accordance with the position infor-
mation for the main region C1, the number of divisional
boundary areas included in each of the boundary regions SG1
and SG2, and the width of each divisional boundary area. The
number of divisional boundary areas included in each of the
boundary regions SG1 and SG2, and the width of each divi-
sional boundary area can be adjusted in accordance with the
width ofthe main region C1 and the size of compensation data
corresponding to the main region C1, within a range not
deviating from the rule of a dither pattern to spatially and
temporally distribute compensation data.

[0044] Compensation data al for the main region C1 of a
typical defect region is set to compensate for the brightness
difference between the main region C1 and the normal region.
Compensation data for each of the symmetrically-arranged
boundary regions SG1 and SG2, namely, compensation data
pieces bl to el, are automatically set to be gradually reduced
in the order of b1, cl, d1, and el. Meanwhile, as shown in
FIG. 6, the LCD device exhibits different gamma voltage
characteristics in different grayscale ranges A, B, C, and D.
Accordingly, each of the compensation data pieces al to el
for the typical defect region is set to have different compen-
sation values in accordance with different grayscale areas A,
B, C, and D exhibiting different gamma characteristics. Also,
the compensation data pieces al to el for the typical defect
region can be set to have different compensation values in
accordance with the position of the typical defect region.
[0045] Thus, the information for the typical defect detected
in the inspection procedure, namely, the position information
for the detected typical defect, the compensation data opti-
mized for respective grayscale ranges in accordance with the
position of the typical defect, and the grayscale range infor-
mation representing the grayscale ranges, are stored in the
memory.

[0046] Inthe inspection procedure, an operation to detect a
point defect region is also executed. For the detected point
defect region, position information and optimal compensa-
tion data are set. The set position information and compen-
sation data are stored in the memory. That is, compensation
data for the point defect region is optimized for each gray-
scale range in accordance with the display defect degree of
the point defect region, using the same method as the above-
described method used to optimize compensation data for
vertical or horizontal line defect regions. The optimized com-
pensation data is then stored in the memory. Grayscale infor-
mation representing a grayscale range is also stored in the
memory of the display device.

[0047] For example, when a bright defect pixel having a
defect caused by, for example, an introduction of foreign
matter, is detected in the inspection procedure, a repair opera-
tion is executed by separating the bright defect pixel from the
associated signal lines such that it becomes a dark pixel 10,
and linking the dark pixel 10 to a normal pixel 11 neighboring
to the dark pixel 10 via a link pattern 12, as shown in FIG. 7.
In this case, a point defect can be displayed by a link pixel 13,
which includes the linked normal pixel 11 and dark pixel 10.
This 1s because data supplied to the normal pixel 11 must be
distributed even to the dark pixel 10 linked to the normal pixel
11 to charge the normal pixel 11 so that the data charge
amount for the normal pixel 11 is reduced, as compared to
other normal pixels 14 not linked with other pixels. To com-
pensate for point defects caused by such a data charge amount
reduction, the brightness difference or color difference
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between the normal pixel and the linked pixel 13, namely,
between the point defect region and the normal region, is
measured. Thereafter, compensation data capable of compen-
sating for the measured brightness difference or color differ-
ence is set. The compensation data for the point detect region
is also optimized for respective grayscale ranges in accor-
dance with the position of the point defect. The optimized
compensation data is stored in the memory, together with the
position information and grayscale range information for the
point defect.

[0048] FIG. 8 illustrates a data compensation circuit of the
LCD device according to a first embodiment of the invention.
As shown in FIG. 8, the data compensation circuit 105
includes a memory 40 storing typical defect information and
point defect information, a first compensator 30 for compen-
sating data Re, Ge, and Be of a typical defect region, using the
typical defect information stored in the memory 40, and out-
putting data Rm1, Gm1, and Bm1 as compensated data, a
second compensator 160 for finely compensating data Rm1,
Gml, and Bm1 output from the first compensator 30 by
spatially and temporally distributing the data Rm1, Gm1, and
Bm1, using an FRC dithering method, and a third compen-
sator 170 for compensating data of a point defect region,
using the point defect information stored in the memory 40.
The third compensator 170 is coupled to the second compen-
sator 160. For data of normal regions, the data compensation
circuit 105 outputs the data without any data compensation.

[0049] As described above, the memory 40 stores typical
defect information including position information PD1, gray-
scale range information GD1, and compensation data CD1
for typical defect regions having defects, such as vertical line
defects and/or horizontal line defects. The position informa-
tion PD1 for each typical defect region includes start position
information and end position information for the defect
region each represented by a corresponding number of pixels.
For example, the position information PD1 of each typical
defect region includes numbers of pixels respectively repre-
senting start position information and end position informa-
tion for each of the main region included in the typical defect
region and the divisional areas of each boundary region
included in the typical defect region. The compensation data
CD1 is used to compensate for a bright difference or color
difference of the defect region from the normal region. The
compensation data CD1 is stored after being sorted in accor-
dance with the corresponding grayscale range and the posi-
tion of the corresponding defect region. The compensation
data CD1 for each typical defect region includes compensa-
tion values respectively optimized for the main region of the
typical defect region and the divisional areas of each bound-
ary region of the typical defect region. The grayscale range
information GD1 includes information for a plurality of gray-
scale ranges divided in accordance with gamma characteris-
tics. The memory 40 also stores point defect information
including position information PD2, grayscale range infor-
mation GD2, and compensation data CD2 for point defect
regions.

[0050] The data compensation circuit 105 further includes
a bit expander 20 for bit-expanding input data R, G, and B
received from the outside of the LCD device, and supplying
the bit-expanded data to the first compensator 30. For
example, the bit expander 20 adds 3 bits (“000”) to 8-bit input
data as lower-order bits, to bit-expand the input data to 11-bit
data. The bit expander 20 supplies the 11-bit data, namely, the
data Re, Ge, and Be, to the first compensator 30.
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[0051] Thefirst compensator 30 compensates the input data
Re, Ge, and Be, which will be displayed on a typical defect
region having defects such as vertical line defects or horizon-
tal line defects, using the typical defect information PD1,
GD1, and CD1 stored in the memory 40, and outputs the
compensated data. The first compensator 30 executes the data
compensation by adding or subtracting, to or from the data of
the typical defect region, compensation data PD1 correspond-
ing to the data of the typical defect region. For data of normal
regions, the first compensator 30 outputs the data without any
data compensation.

[0052] The second compensator 160 finely compensates
the compensated data Rm1, Gm1, and Bm1 output from the
first compensator 30 by spatially and temporally distributing
the data Rml, Gml, and Bml, using an FRC dithering
method. As the compensation data for each boundary region
in the typical defect region is spatially and temporally distrib-
uted in accordance with the FRC dithering method, the
brightness difference of the boundary region is finely com-
pensated. For example, the second compensator 160 spatially
and temporally distributes the compensation-data-applied
lower-order bit portion of the data Rm1, Gm1, and Bm1
output from the first compensator 30, using a dither pattern.
As a result, the brightness difference betveen the boundary
region between the typical defect region and the normal
region can be finely compensated.

[0053] The third compensator 170 compensates the data
Rm2, Gm2, and Bm2, which will be displayed on a point
defect region, using the point defect information PD2, GD2,
and CD2 stored in the memory 40. For data of normal regions,
the third compensator 170 outputs the data without any data
compensation.

[0054] FIG. 9 illustrates the first compensator 30 and
memory 40 shown in FIG. 8. As shown in FIG. 9, the first
compensator 30 includes a vertical line compensator 70 and a
horizontal line compensator 80 so that the first compensator
30 can be applied to both the display device having vertical
line display defects and the display device having horizontal
line display defects, irrespective of such kinds of display
defects. The first compensator 30 also includes a multiplexer
(MUX) 90 for selecting an output from the vertical line com-
pensator 70 or an output from the horizontal line compensator
80 in accordance with whether the detected typical defect is a
vertical line defect or a horizontal line defect.

[0055] The memory 40 includes a first memory 42V
coupled to the vertical line compensator 70 while storing
vertical line defect information, and a second memory 42H
coupled to the horizontal line compensator 80 while storing
horizontal line defect information. The first memory 42V
includes an electrically-erasable programmable read only
memory (EEPROM) 44V storing position information PD1YV,
grayscale range information GD1V, and compensation data
CD1V for vertical line defect regions, and a register 46V for
temporarily storing the data PD1V, GD1V, and CD1V stored
in the EEPROM 44V, and supplying the temporarily-stored
data to the vertical line compensator 70. The second memory
42H includes an EEPROM 44H storing position information
PD1H, grayscale range information GD1H, and compensa-
tion data CD1H for horizontal line defect regions, and a
register 46H for temporarily storing the data PD1H, GD1H,
and CD1H stored in the EEPROM 44H, and supplying the
temporarily-stored data to the horizontal line compensator
80. The two EEPROMs 44V and 44H can be implemented by
a single EEPROM. Also, the two registers 46V and 46H can
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be implemented by a single register. In place of the
EEPROMs 44V and 44H, an extended display identification
data ROM (EDIDROM), which stores identification informa-
tion, such as the resolution of the display device, can also be
used. In this case, a portion of the EDIDROM can be appro-
priately allocated for the functions of the EEPROMs. One of
the EEPROMs 44V and 44H can also store, at a specific
address thereof, control information CS including typical
defect direction information representing whether the defect
type of a typical defect region is a vertical line defect or a
horizontal line defect, typical defect compensation require-
ment/non-requirement information representing whether or
not there is a typical defect region, and thus representing
whether or not a compensation for a typical defect region is
required, and point defect compensation requirement/non-
requirement information representing whether or not a com-
pensation for a point defect region is required. For example,
respective bits of 3-bit data in one byte allocated for the
control information CS can represent the three pieces of infor-
mation. Meanwhile, the control information CS can be set by
values of three option pins included in the timing controller
104, in which the data compensation circuit 105 is built.

[0056] To compensate the input data Re, Ge, and Be, which
will be displayed on a vertical line defect region, the vertical
line compensator 70 includes a grayscale determiner 72, a
position determiner 74, a compensation data selector 76, and
a calculator 78.

[0057] The grayscale determiner 72 analyzes respective
grayscale levels of the input data Re, Ge, and Be, selects
grayscale range information corresponding to the input data
Re, Ge, and Be from among the grayscale range information
GD1V read from the first memory 42V, based on the analyzed
grayscale levels, and outputs the selected grayscale range
information to the compensation data selector 76. For
example, the grayscale range information GD1V can include
three grayscale range information pieces respectively corre-
sponding to three grayscale ranges divided from a 256 gray-
scale range in accordance with gamma characteristics, for
example, a first grayscale range from 30 to 70, a second
grayscale range from 71 to 150, and a third grayscale range
from 151 to 250. The grayscale determiner 72 selects gray-
scale range information including the grayscale levels of the
input data Re, Ge, and Be from among the three grayscale
range information pieces, and outputs the selected grayscale
range information.

[0058] The position determiner 74 determines a pixel posi-
tion of the input data Re, Ge, and Be in a horizontal direction,
using at least one of the vertical synchronizing signal Vsync,
horizontal synchronizing signal Hsync, data enable signal
DE, and dot clock DCLK. For example, the position deter-
miner 74 determines the horizontal pixel position of the input
data Re, Ge, and Be while counting pulses of the dot clock
DCLK in an enable period of the data enable signal DE. The
position determiner 74 then compares the determined hori-
zontal pixel position of the input data Re, Ge, and Be with the
vertical line defect region position information PD1V read
from the first memory 42V, to detect whether or not the defect
region is a vertical line defect region. When the defect region
is detected as a vertical line defect region, the position deter-
miner 74 selects the position information corresponding to
the defect region from among the position information PD1V,
and outputs the selected-position information to the compen-
sation data selector 76.
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[0059] The compensation data selector 76 selects compen-
sation data corresponding to each of the input data Re, Ge,
and Be from among the compensation data CD1V read from
the first memory 42V in response to the grayscale range
information selected by the grayscale determiner 72 and the
position information selected by the position determiner 74.
In other words, the compensation data selector 76 selects
compensation data corresponding to the position information
from the position determiner 74, from the corresponding
grayscale range selected in accordance with the grayscale
range information from the grayscale determiner 72, and
outputs the selected compensation data. When the position
information represents the main region of the vertical line
defect region, the compensation data for compensating the
main region is selected and output. On the other hand, when
the position information represents the divisional areas of the
boundary regions of the vertical line defect region, the com-
pensation data for compensating the divisional areas is
selected and output.

[0060] The calculator 78 compensates the input data Re,
Ge, and Be, which will be displayed on the vertical line defect
region, by adding or subtracting, to or from each of the input
data Re, Ge, and Be, the associated compensation data output
from the compensation data selector 76, and outputs the com-
pensated data. For example, the calculator 78 compensates
each of the input data Re, Ge, and Be by adding or subtracting
the corresponding 8-bit compensation data output from the
compensation data selector 76 to or from the 11-bit input data
Re, Ge, or Be, and outputs the compensated data.

[0061] Tocompensate theinput data Re, Ge, and Be, which
will be displayed on a horizontal line defect region, the hori-
zontal line compensator 80 includes a grayscale determiner
82, a positiondeterminer 84, a compensation data selector 86,
and a calculator 88.

[0062] The grayscale determiner 82 analyzes respective
grayscale levels of the input data Re, Ge, and Be, selects
grayscale range information corresponding to the input data
Re, Ge, and Be from among the grayscale range information
GDI1H read from the second memory 42H, based on the
analyzed grayscale levels, and outputs the selected grayscale
range information to the compensation data selector 86.
[0063] The position determiner 84 determines a pixel posi-
tion of the input data Re, Ge, and Be in a vertical direction,
using at least one of the vertical synchronizing signal Vsync,
horizontal synchronizing signal Hsync, data enable signal
DE, and dot clock DCLK. For example, the position deter-
miner 84 determines the vertical pixel position of the input
data Re, Ge, and Be while counting pulses of the horizontal
synchronizing signal Hsync in a period in which both the
vertical synchronizing signal Vsync and the data enable sig-
nal DE are enabled. The position determiner 84 then com-
pares the determined vertical pixel position of the input data
Re, Ge, and Be with the horizontal line defect region position
information PD1H read from the second memory 42H, to
detect whether or not the defect region is a horizontal line
defect region. When the defect region is detected as a hori-
zontal line defect region, the position determiner 84 selects
the position information corresponding to the defect region
from among the position information PD1H, and outputs the
selected position information to the compensation data selec-
tor 86.

[0064] The compensation data selector 86 selects compen-
sation data corresponding to each of the input data Re, Ge,
and Be from among the compensation data CD1H read from
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the second memory 42H in response to the grayscale range
information selected by the grayscale determiner 82 and the
position information selected by the position determiner 84.
When the position information represents the main region of
the horizontal line defect region, the compensation data for
compensating the main region is selected and output. On the
other hand, when the position information represents the
divisional areas of the boundary regions of the horizontal line
defect region, the compensation data for compensating the
divisional areas is selected and output.

[0065] The calculator 88 compensates the input data Re,
Ge, and Be, which will be displayed on the horizontal line
defect region, by adding or subtracting, to or from each of the
input data Re, Ge, and Be, the associated compensation data
output from the compensation data selector 86, and outputs
the compensated data.

[0066] The MUX 90 selects the output data from the verti-
cal line compensator 70 or the output data from the horizontal
line compensator 80 in response to the typical defect direction
information included in the control information CS. That is,
when the typical defect direction information represents a
vertical line defect, the MUX 90 selectively outputs the out-
put data from the vertical line compensator 70. On the other
hand, when the typical defect direction information repre-
sents a horizontal line defect, the MUX 90 selectively outputs
the output data from the horizontal line compensator 80.

[0067] Thus, the first compensator 30 compensates the
input data Re, Ge, and Be of typical defect regions having
defects, such as vertical line defects or horizontal line defects,
in response to the control information CS, and outputs the
compensated data.

[0068] FIG. 10 illustrates the second compensator 160
shown in FIG. 8. As shown in FIG. 10, the second compen-
sator 160 includes a frame determiner 162, a pixel position
determiner 164, a dither value selector 166, and an adder 168.

[0069] The frame determiner 162 counts pulses of the ver-
tical synchronizing signal Vsync selected from among a plu-
rality of synchronizing signals supplied from the first com-
pensator 30, namely, the synchronizing signals Vsync,
Hsyne, DE, and DCLK, to detect the number of frames. The
frame determiner 162 outputs information representing the
detected number of frames to the dither value selector 166.

[0070] The pixel position determiner 164 detects a pixel
position of the input data Rm1, Gm1, and Bm1, using at least
one of the synchronizing signals Vsync, Hsync, DE, and
DCLK. For example, the position determiner 164 determines
a horizontal pixel position of the input data Rm1, Gm1, and
Bm1 while counting pulses of the dot clock DCLK in an
enable period of the data enable signal DE, and determines a
vertical pixel position of the input data Rm1, Gm1, and Bm1
while counting pulses of the horizontal synchronizing signal
Hsync in a period in which both the vertical synchronizing
signal Vsync and the data enable signal DE are enabled. The
pixel position determiner 164 outputs information represent-
ing the detected pixel position to the dither value selector 166.

[0071] The dither value selector 166 selects desired dither
values Dr, Dg, and Db from among a plurality of dither
patterns, using the compensation data applied in the first
compensator 30, namely, the grayscale levels corresponding
to respective lower-order bits of the output data Rm1, Gml,
and Bml from the first compensator 30, the frame number
information output from the frame determiner 162, and the
pixel position information output from the pixel position
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determiner 164. The dither value selector 166 then outputs the
selected dither values Dr, Dg, and Db.

[0072] The dither value selector 166 includes a plurality of
dither patterns previously stored in the dither value selector
166 by a designer. For example, as shown in FIGS. 11A to
11D, the dither value selector 166 stores a plurality of dither
patterns each having a 8x32 matrix size. The dither patterns
are arranged to have gradually-increased numbers of pixels
having a dither value of “1” (black) in accordance with gray-
scale levels of 0, 14, 28, 3%, 4%, 34, %, 74, and 1, respectively
(the dither pattern having a grayscale level of 1 is not shown).
The dither patterns are stored in the form of a look-up table.
Each pixel of each dither pattern has a dither value of “1”
(black) or “0” (white). The grayscale level of each dither
pattern is determined in accordance with the number of pixels
having the dither value of “1”. For each grayscale level, a
plurality of dither patterns, which are different in terms of the
positions of pixels having the dither value of “1” for different
frames, are stored. Namely, a plurality of dither patterns
respectively corresponding to a plurality of frames FRAME1
to FRAMES different in terms of the positions of pixels
having the dither value of “1” are stored. In other words, the
dither value selector 166 stores a plurality of different dither
patterns for each grayscale level and each frame. The size of
the dither patterns and the positions of pixels having a dither
value of “1” in each dither pattern can be varied in accordance
with a designer’s desire. Since the compensation data applied
to the typical defect region in the first compensator 30 is
spatially and temporally distributed, using the above-de-
scribed dither patterns, it is possible to finely compensate for
the brightness difference of the typical defect region.

[0073] Where each of the data Rm1, Gm1, and Bm1 output
from the first compensator 30 consists of 11 bits, the dither
value selector 166 selects a dither value, using the lower-order
3 bits of each 11-bit data, and outputs the remaining 8 bits to
the adder 168. In this case, the 3-bit data is the data portion, to
which the compensation data was applied in the first compen-
sator 30. The 3-bit portion of data corresponding to a normal
region is set to “000”. The dither value selector 166 selects
one dither pattern corresponding to the grayscale level repre-
sented by the lower-order 3 bits in each of the input data Rm1,
Gml, and Bm1 and the frame number information output
from the frame determiner 162, from among the dither pat-
terns as shown in FIGS. 11A to 11D. The dither value selector
166 then selects, from the selected dither pattern, 1-bit dither
values Dr, Dg, and Db corresponding to respective pixel
positions of the input data Rm1, Gm1, and Bm1, using the
pixel position information from the pixel position determiner
164. The dither value selector 166 outputs the selected dither
values Dr, Dg, and Db to the adder 168.

[0074] Theadder 168 adds each of the dither values Dr, Dg,
and Db selected by the dither value selector 166 to the upper-
order 8 bits of the corresponding data Rm1, Gml1, or Bm1,
from which the lower-order 3 bits were separated. The adder
168 then outputs the resultant data as data Rm2, Gm2, and
Bm2.

[0075] Thus, the second compensator 160 spatially and
temporally distributes the compensated data portions of the
data Rm1, Gml, and Bm1 output from the first compensator
30, using the FRC dithering method, to more finely compen-
sate for the brightness difference of the typical defect region,
and thus to prevent a degradation in display quality caused by
compensation data.
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[0076] FIG. 12 illustrates the third compensator 170 shown
in FIG. 8. As shown in FIG. 12, the third compensator 170
includes a grayscale determiner 172, a position determiner
174, a compensation data selector 176, and a calculator 178.
Each of the point defect information PD2, GD2, and CD2
used to compensate for point defectregions is stored in one of
the first and second memories 42V and 42H.

[0077] The grayscale determiner 172 analyzes respective
grayscale levels of the input data Rm2, Gm2, and Bm2 to be
supplied to the link pixel of a point defect region, selects
grayscale range information corresponding to the input data
Rm2, Gm2, and Bm2 from among the grayscale range infor-
mation GD2 read from one of the first and second memories
42V and 42H, based on the analyzed grayscale levels, and
outputs the selected grayscale range information to the com-
pensation data selector 176.

[0078] The position determiner 174 determines a pixel
position of the input data Rm2, Gm2, and Bm2, using at least
one of the vertical synchronizing signal Vsync, horizontal
synchronizing signal Hsync, data enable signal DE, and dot
clock DCLK input from an external system. For example, the
position determiner 174 determines a horizontal pixel posi-
tion of the input data Rm2, Gm?2, and Bm2 while counting
pulses of the dot clock DCLK in an enable period of the data
enable signal DE, and determines a vertical pixel position of
the input data Rm?2, Gm?2, and Bm2 while counting pulses of
the horizontal synchronizing signal Hsync in a period in
which both the vertical synchronizing signal Vsync and the
data enable signal DE are enabled. The pixel position deter-
miner 174 then compares the determined pixel position of the
input data Rm2, Gm2, and Bm2 with the point defect region
position information PD2 read from one of the first and sec-
ond memories 42V and 42H, to detect whether or not the
defect region is a point defect region. When the defect region
is detected as a point defect region, the position determiner
174 outputs information representing the determined pixel
position to the compensation data selector 176.

[0079] The compensation data selector 176 selects com-
pensation data corresponding to each of the input data Rm2,
Gm?2, and Bm?2 from among the compensation data CD2 read
from one of the first and second memory 42V and 42H in
response to the grayscale range information selected by the
grayscale determiner 172 and the position information
selected by the position determiner 174. The compensation
data selector 176 then outputs the selected compensation
data.

[0080] The calculator 178 adds or subtracts the compensa-
tion data output from the compensation data selector 176 to or
from the input data Rm2, Gm2, and Bmz2, and outputs the
resultant data.

[0081] Thus, the third compensator 170 compensates the
data Rm2, Gm2, and Bm2 of the point defect region, and
outputs the compensated data.

[0082] As apparent from the above description, in the data
compensation circuit according to the first embodiment of the
invention, the brightness difference of a typical defect region
is compensated by selecting one of the outputs from the
vertical line compensator 70 and horizontal line compensator
80, which use separate memories 42V and 42H, respectively,
in accordance with the associated typical defect direction
information. In the data compensation circuit according to the
first embodiment of the invention, the brightness difference of
the boundary regions in the typical defect region is finely
compensated by spatially and temporally distributing the
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compensation data applied to the data of the typical defect
region in the first compensator 30 using the second compen-
sator 160. Further, the brightness difference of a point defect
region can also be compensated using the third compensator
170.

[0083] FIG. 13illustrates a data compensation circuit of the
LCD device according to a second embodiment of the inven-
tion. As shown in FIG. 13, the data compensation circuit
includes a memory 100 storing typical defect information
PD1, CD1, and GD1 and point defect information PD2, CD2,
and GD2, a first compensator 110 for compensating data Re,
Ge, and Be of a typical defect region, using the typical defect
information PD1, CD1, and GD1 stored in the memory 100,
and outputting data Rm1, Gm1, and Bm1 as compensated
data, a second compensator 160 for finely compensating data
Rm1, Gm1, and Bm1 output from the first compensator 110
by spatially and temporally distributing the data Rm1, Gml,
and Bm1, using an FRC dithering method, and a third com-
pensator 170 for compensating data of a point defect region,
using the point defect information PD2, CD2, and GD2 stored
in the memory 100. The third compensator 170 is coupled to
the second compensator 160.

[0084] The first compensator 110 shown in FIG. 13 is dif-
ferent from the first compensator 30 shown in FIG. 9 in that
the vertical line compensator 120 and horizontal line com-
pensator 140 of the first compensator 110 share one memory
100 with each other.

[0085] Since display panels are divided into a type, in
which vertical line defects may be generated, and a type, in
which horizontal line defects may be generated, in accor-
dance with the scanning direction of exposure equipment, the
display device, which uses a display panel corresponding to
one of the two types, uses only one of vertical line defect
information and horizontal line defect information. There-
fore, in accordance with the embodiments of the invention,
parameters used in vertical line defect information and
parameters used in horizontal line defect information are
unified, and the vertical line defect information or horizontal
line defect information is stored at the same address of the
single memory 100 for both the vertical line defect informa-
tion and the horizontal line defect information. Although the
vertical line compensator 120 and horizontal line compensa-
tor 140 are parallel-driven after accessing the same address of
the single memory 100, data compensated by the vertical line
compensator 120 or data compensated by the horizontal line
compensator 120 is output in accordance with whether the
typical defect of the display device is a vertical line defect or
a horizontal line defect. As a result, the data compensation
circuit of embodiments of the invention can reduce the num-
ber of memories used, as compared to the case, in which the
vertical line compensator 120 and horizontal line compensa-
tor 140 use separate memories, respectively. Although the
single memory is used, it is possible to achieve a reduction in
memory capacity, as compared to the case, in which vertical
line defect information and horizontal line defect information
are stored at different addresses, respectively.

[0086] The memory 100 includes an EEPROM storing the
typical defect information PD1, CD1, and GD1, and the point
defect information PD2, CD2, and GD2, and a register for
temporarily storing the data stored in the EEPROM, and
outputting the temporarily-stored data. Parameters used in
vertical line defect regions and parameters used in horizontal
line defect regions can be unified. Also, vertical line defect
region information or horizontal line defect region informa-
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tion is stored at the same address of the memory 100 for both
the vertical line defect region information and the horizontal
line defect region information. For example, the position
information PD1 for each of vertical line defect regions and
horizontal line defect regions is represented by a correspond-
ing number of pixels. Typical defect direction information for
determining whether the typical defect of a defect region is a
vertical line defect or a horizontal line defect is stored at a
specific address of the memory 100. The typical defect direc-
tion information can also be represented, using the option
pins of the timing controller, in which the data compensation
circuit is built. For example, the typical defect direction infor-
mation can be set to “0”, to represent a vertical line defect, and
can be set to “1”, to represent a horizontal line defect. Where
the typical defect direction information corresponds to “0”,
the position information PD1 stored in the memory 100 is set,
using numbers of pixels allocated within a resolution range
for horizontal lines, to represent positions of vertical line
defect regions, respectively. On the other hand, where the
typical defect direction information corresponds to “17, the
position information PD1 stored in the memory 100 is set,
using numbers of pixels allocated within a resolution range
for vertical lines, to represent positions of horizontal line
defect regions, respectively. In other words, the position
information PD1 for typical defect regions represents posi-
tions of vertical line defect regions or positions of horizontal
line defect regions, in accordance with the typical defect
direction information set in the memory 100.

[0087] Meanwhile, typical defect regions can be displayed
in a state of being brighter than normal regions, as shown in
FIG. 14, in a state of being darker than the normal regions, as
shown in FIG. 15, or in a state, in which both bright defect
regions and dark defect regions are present as the typical
defect regions, as shown in FIG. 16. The compensation data
for a display defect is added (+) or subtracted (-) to or from
the input data in accordance with whether the display defect
corresponds to a bright defect region or a dark defect region,
to compensate brightness. To this end, brightness information
representing whether a typical defect region corresponds to a
bright defect or a dark defect is stored in the memory 100 for
typical defect regions, in accordance with the order of the
typical defect regions. In other words, control information
CS1 including brightness information for each typical defect
region, together with information as to the order of the typical
defect regions, is stored at a specific location in the memory
100, to sort the typical defect region into a defect region
brighter than the normal region or a defect region darker than
the normal region, as shown in FIGS. 14 to 16. For example,
3 bits of one byte allocated for the control information CS1
represents the information as to the order of the associated
typical defect region, and 1 bit of the allocated byte represents
brightness information representing whether the associated
typical defect is a bright defect or a dark defect.

[0088] Also, typical defect direction information represent-
ing whether the defect type of a typical defect region is a
vertical line defect or a horizontal line defect, typical defect
compensation requirement/non-requirement information
representing whether or not there is a typical defect region,
and thus representing whether or not a compensation for a
typical defect region is required, and point defect compensa-
tion requirement/non-requirement information representing
whether or not a compensation for a point defect region is
required can be stored at the same address, as control infor-
mation CS2. For example, respective bits of 3-bit data in one
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byte allocated for the control information CS2 can represent
the three pieces of information.

[0089] Meanwhile, the control information CS1 and CS2
can be set by values of option pins included in the timing
controller 104, in which the data compensation circuit 105 is
built.

[0090] Data Re, Ge, and Be bit-expanded by the bit
expander 20 shown in FIG. 8 are input to the first compensator
110. The first compensator 110 compensates the input data
Re, Ge, and Be, which will be displayed on a vertical line
typical defect region or a horizontal line typical defect region,
using the typical defect information PD1, GD1, and CD1
stored in the memory 100, and outputs the compensated data.
In other words, the first compensator 110 compensates the
input data Re, Ge, and Be of the main region C1 and boundary
regions SG1 and SG2 included in the typical defect region, in
response to the typical defect information PD1, CD1, and
GD1 from the memory 100, and outputs the compensated
data. For input data of normal regions, the first compensator
110 outputs the data without any data compensation.

[0091] Indetail, the first compensator 110 includes a verti-
cal line compensator 120 for compensating the input data Re,
Ge, and Be, using the position information PD1 from the
memory 100 as position information for a vertical line defect
region, and outputting the compensated data, a horizontal line
compensator 140 for compensating the input data Re, Ge, and
Be, using the position information PD1 from the memory 100
as positioninformation for ahorizontal line defect region, and
outputting the compensated data, and a MUX 160 for select-
ing the output data from the vertical line compensator 120 or
the output data from the horizontal line compensator 140 in
accordance with the typical defect direction information
included in the control information CS2. The first compensa-
tor 110 parallel-drives the vertical line compensator 120 and
horizontal line compensator 140, which share the memory
100 with each other, to simultaneously execute the vertical
line compensation and horizontal line compensation for the
input data Re, Ge, and Be. The first compensator 110 then
selects the output data from the vertical line compensator 120
or the output data from the horizontal line compensator 140,
through the MUX 160, and outputs the selected data.

[0092] The vertical line compensator 120 includes a gray-
scale determiner 122, a position determiner 124, a compen-
sation data selector 126, an adder 128, a subtractor 130, and
MUXs 132 and 134.

[0093] The grayscale determiner 122 analyzes respective
grayscale levels of the input data Re, Ge, and Be, selects
grayscale range information corresponding to the input data
Re, Ge, and Be from among the grayscale range information
GD1 read from the memory 100, based on the analyzed
grayscale levels, and outputs the selected grayscale range
information to the compensation data selector 126.

[0094] The position determiner 124 determines a pixel
position of the input data Re, Ge, and Be in a horizontal
direction, using at least one of the vertical synchronizing
signal Vsync, horizontal synchronizing signal Hsync, data
enable signal DE, and dot clock DCLK. For example, the
position determiner 124 determines the horizontal pixel posi-
tion of the input data Re, Ge, and Be while counting pulses of
the dot clock DCLK in an enable period of the data enable
signal DE. The position determiner 124 then compares the
determined horizontal pixel position of the input data Re, Ge,
and Be with the vertical line defect region position informa-
tion PD1 read from the memory 100, to detect whether or not
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the defect region is a vertical line defect region. When the
defect region is detected as a vertical line defect region, the
position determiner 124 selects the position information cor-
responding to the defect region from among the position
information PD1, and outputs the selected position informa-
tion to the compensation data selector 126.

[0095] The compensation data selector 126 selects com-
pensation data corresponding to each of the input data Re, Ge,
and Be from among the compensation data CD1 read from the
memory 100 in response to the grayscale range information
selected by the grayscale determiner 122 and the position
information selected by the position determiner 124. In other
words, the compensation data selector 126 selects compen-
sation data corresponding to the position information from
the position determiner 124, from the corresponding gray-
scale range selected in accordance with the grayscale range
information from the grayscale determiner 122, and outputs
the selected compensation data. When the position informa-
tion represents the main region of the vertical line defect
region, the compensation data for compensating the main
region is selected and output. On the other hand, when the
position information represents the divisional areas of the
boundary regions of the vertical line defect region, the com-
pensation data for compensating the divisional areas is
selected and output.

[0096] The adder 128 adds the compensation data output
from the compensation data selector 126 to the input data Re,
Ge, and Be, and outputs the resultant data. The subtractor 130
subtracts the compensation data output from the compensa-
tion data selector 126 from the input data Re, Ge, and Be, and
outputs the resultant data.

[0097] The MUX 134 selects the output data from theadder
128 or the output data from the subtractor 130 in accordance
with the brightness of the typical defect region, and outputs
the selected data. The MUX 132 sequentially outputs the
brightness information for typical defect regions in accor-
dance with the order of the typical defect regions, to control
the MUX 134, which selects the output from the adder 128 or
the output from the subtractor 130. The typical defect region
brightness information is stored in the memory 100, as the
control information CS1, together with the typical defect
region order information. The control information CS1 read
from the memory 100 is repeatedly supplied to the MUX 132
in accordance with the number of the typical defect regions.
The MUX 132 selects the control information CS1 corre-
sponding to the order of a vertical line defect region detected
by the position determiner 124, namely, a vertical line defect
region order Vm, and supplies the selected control infonna-
tion CS1 to the MUX 134. Accordingly, the MUX 134 selects
the output from the adder 128 or the output from the subtrac-
tor 130 in accordance with the brightness information
included in the control information CS1 supplied form the
MUX 132, and supplies the selected output to the MUX 156.
[0098] The horizontal line compensator 140 includes a
grayscale determiner 142, a position determiner 144, a com-
pensation data selector 146, an adder 148, a subtractor 150,
and MUXs 152 and 154. The horizontal line compensator 140
has the same circuit configuration as the vertical line com-
pensator 120, except for the position determiner 144.

[0099] The grayscale determiner 142 analyzes respective
grayscale levels of the input data Re, Ge, and Be, selects
grayscale range information corresponding to the input data
Re, Ge, and Be from among the grayscale range information
GD1 read from the memory 100, based on the analyzed
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grayscale levels, and outputs the selected grayscale range
information to the compensation data selector 146.

[0100] The position determiner 144 determines a pixel
position of the input data Re, Ge, and Be in a vertical direc-
tion, using at least one of the vertical synchronizing signal
Vsyne, horizontal synchronizing signal Hsync, data enable
signal DE, and dot clock DCLK. For example, the position
determiner 144 determines the vertical pixel position of the
input data Re, Ge, and Be while counting pulses of the hori-
zontal synchronizing signal Hsync in a period in which both
the vertical synchronizing signal Vsync and the data enable
signal DE are enabled. The position determiner 144 then
compares the determined vertical pixel position of the input
data Re, Ge, and Be with the typical defect region position
information PD1 read from the memory 100, to detect
whether or not the defect region is a typical defect region.
When the defect region is detected as a typical defect region,
the position determiner 144 selects the position information
corresponding to the defect region from among the position
information PD1, and outputs the selected position informa-
tion to the compensation data selector 146.

[0101] The compensation data selector 146 selects com-
pensation data corresponding to each of the input data Re, Ge,
and Be from among the compensation data CD1 read from the
memory 100 in response to the grayscale range information
selected by the grayscale determiner 142 and the position
information selected by the position determiner 144.

[0102] The adder 148 adds the compensation data output
from the compensation data selector 146 to the input data Re,
Ge, and Be, and outputs the resultant data. The subtractor 150
subtracts the compensation data output from the compensa-
tion data selector 146 from the input data Re, Ge, and Be, and
outputs the resultant data.

[0103] TheMUX 154 selects the output data from the adder
148 or the output data from the subtractor 150 in accordance
with the brightness information for the typical defect region
included in the control information CS1, and outputs the
selected data.

[0104] The MUX 152 selects the control information CS1
read from the memory 100 in accordance with the order of a
typical defect region detected by the position determiner 144,
namely, a typical defect region order Hm, and supplies to the
selected control information CS1 to control the MUX 154.
Accordingly, the MUX 154 can select the output from the
adder 148 or the output from the subtractor 150 in accordance
with the brightness information included in the control infor-
mation CS1 supplied from the MUX 152. The MUX 154 then
supplies the selected output to the MUX 156.

[0105] The MUX 156 selects the output data from the ver-
tical line compensator 120 or the output data from the hori-
zontal line compensator 140 in response to the typical defect
direction information included in the control information
CS2. That is, when the typical defect direction information
represents a vertical line defect, the MUX 156 selectively
outputs the output data from the vertical line compensator
120. On the other hand, when the typical defect direction
information represents a horizontal line defect, the MUX 156
selectively outputs the output data from the horizontal line
compensator 140.

[0106] Thus, the first compensator 110 compensates the
input data Re, Ge, and Be of typical defect regions having
defects such as vertical line defects or horizontal line defects,
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using the typical defect region information PD1, CD1, and
GD1 stored in the single memory 100, and outputs the com-
pensated data.

[0107] The second compensator 170 finely compensates
compensated data Rm1, Gm1, and Bm1 output from the first
compensator 110 by spatially and temporally distributing the
data Rm1, Gm1, and Bml1, using an FRC dithering method.
As the compensation data for the boundary regions of each
typical defect region is spatially and temporally distributed in
accordance with the FRC dithering method, the brightness
difference of each boundary region is finely compensated.
[0108] The third compensator 180 compensates data Rm2,
Gmz2, and Bm2, which will be displayed on a point defect
region, using the point defect information PD2, GD2, and
CD2 stored in the memory 100. For data of normal regions,
the third compensator 170 outputs the data without any data
compensation.

[0109] As apparent from the above description, in the data
compensation circuit according to the second embodiment of
the invention, it is possible to compensate for the brightness
difference of a typical defect region by selecting one of the
outputs from the vertical line compensator 120 and horizontal
line compensator 140, which share the single memory 100
with each other, in accordance with the associated typical
defect direction information, while reducing the capacity of
the memory 100. In the data compensation circuit according
to the second embodiment of the invention, it is also possible
to appropriately compensate for the brightness difference of
the typical defect region by executing an addition or subtrac-
tion of the compensation data in accordance with whether the
typical defect region is a bright defect region or a dark defect
region.

[0110] FIG.17 illustrates a data compensation circuit of the
LCD device according to a third embodiment of the inven-
tion. As shown in FIG. 17, the data compensation circuit
includes a memory 100 storing typical defect information
PD1, CD1, and GD1 and point defect information PD2, CD2,
and GD2, a first compensator 220 for compensating data Re,
Ge, and Be of a typical defect region, using the typical defect
information PD1, CD1, and GD1 stored in the memory 100,
and outputting data Rm1, Gm1, and Bm1 as compensated
data, a second compensator 160 for finely compensating data
Rm1, Gm1, and Bm1 output from the first compensator 220
by spatially and temporally distributing the data Rm1, Gml,
and Bm1, using an FRC dithering method, and a third com-
pensator 170 for compensating data of a point defect region,
using the point defect information PD2, CD2,and GD2 stored
in the memory 100. The third compensator 170 is coupled to
the second compensator 160.

[0111] The first compensator 220 shown in FIG. 17 is dif-
ferent from the first compensator 110 shown in FIG. 13, in
that the first compensator 220 has a single compensator con-
figuration for executing data compensation irrespective of
horizontal or vertical line defects.

[0112] The memory 100 includes an EEPROM storing the
typical defect information PD1, CD1, and GD1, and the point
defect information PD2, CD2, and GD2, and a register for
temporarily storing the data stored in the EEPROM, and
outputting the temporarily-stored data. Vertical line defect
region information or horizontal line defect region informa-
tion is stored at the same address of the memory 100 for both
the vertical line defect region information and the horizontal
line defect region information. Control information CS1
including brightness information for typical defect regions
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can also be stored in the memory 100, together with informa-
tion as to the order of the typical defect regions. Also, typical
defect direction information representing whether the defect
type of a typical defect region is a vertical line defect or a
horizontal line defect, typical defect compensation require-
ment/non-requirement information representing whether or
not there is a typical defect region, and thus representing
whether or not a compensation for a typical defect region is
required, and point defect compensation requirement/non-
requirement information representing whether or not a com-
pensation for a point defect region is required can be stored in
the memory 100, as control information CS2.

[0113] Data Re, Ge, and Be bit-expanded by the bit
expander 20 shown in FIG. 8 are input to the first compensator
220. The first compensator 220 compensates the input data
Re, Ge, and Be, which will be displayed on a vertical line
typical defect region or a horizontal line typical defect region,
using the typical defect information PD1, GD1, and CDI1
stored in the memory 100, and outputs the compensated data.
In other words, the first compensator 220 compensates the
input data Re, Ge, and Be of the main region C1 and boundary
regions SG1 and SG2 included in the typical defect region, in
response to the typical defect information PD1, CD1, and
GD1 from the memory 100, and outputs the compensated
data. For input data of normal regions, the first compensator
220 outputs the data without any data compensation.

[0114] The first compensator 220 includes a grayscale
determiner 222, a position determiner 224, a compensation
data selector 226, an adder 228, a subtractor 230, and MUXs
232 and 234.

[0115] The grayscale determiner 222 analyzes respective
grayscale levels of the input data Re, Ge, and Be, selects
grayscale range information corresponding to the input data
Re, Ge, and Be from among the grayscale range information
GDI1 read from the memory 100, based on the analyzed
grayscale levels, and outputs the selected grayscale range
information to the compensation data selector 226.

[0116] The position determiner 224 determines a pixel
position of the input data Re, Ge, and Be in a horizontal
direction or in a vertical direction, using at least one of the
vertical synchronizing signal Vsyne, horizontal synchroniz-
ing signal Hsync, data enable signal DE, and dot clock
DCLK.

[0117] In detail, as shown in FIG. 18, the position deter-
miner 224 includes a first position determiner 322 for deter-
mining a pixel position of the input data Re, Ge, and Be ina
horizontal direction, a second position determiner 324 for
determining a pixel position of the input data Re, Ge, and Be
in a vertical direction, and a MUX 326 for selecting an output
from the first position determiner 322 or an output from the
second position determiner 324 in accordance with the typi-
cal defect direction information included in the control infor-
mation CS2.

[0118] The first position determiner 322 determines the
horizontal pixel position of the input data Re, Ge, and Be
while counting pulses of the dot clock DCLK in an enable
period of the data enable signal DE. The first position deter-
miner 322 then compares the determined horizontal pixel
position of the input data Re, Ge, and Be with the typical
defect region position information PD1 read from the
memory 100, to detect whether or not the defect region is a
typical defect region. When the defect region is detected as a
typical defect region, the first position determiner 322 selects
the position information corresponding to the defect region
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from among the position information PD1, and outputs the
selected position information to the MUX 326.

[0119] The second position determiner 324 determines the
vertical pixel position of the input data Re, Ge, and Be while
counting pulses of the horizontal synchronizing signal Hsync
in a period in which both the vertical synchronizing signal
Vsync and the data enable signal DE are enabled. The second
position determiner 324 then compares the determined verti-
cal pixel position of the input data Re, Ge, and Be with the
typical defect region position information PD1 read from the
memory 100, to detect whether or not the defect region is a
typical defect region. When the defect region is detected as a
typical defect region, the second position determiner 324
selects the position information corresponding to the defect
region from among the position information PD1, and outputs
the selected position information to the MUX 326.

[0120] The MUX 326 supplies the typical defect region
position information input from the first position determiner
322 or second position determiner 324 to the compensation
data selector 226 in accordance with the typical defect direc-
tion information included in the control information CS2.
[0121] The compensation data selector 226 selects com-
pensation data corresponding to each of the input data Re, Ge,
and Be from among the compensation data CD1 read from the
memory 100 in response to the grayscale range information
selected by the grayscale determiner 222 and the position
information selected by the position determiner 224.

[0122] The adder 228 adds the compensation data output
from the compensation data selector 226 to the input data Re,
Ge, and Be, and outputs the resultant data. The subtractor 230
subtracts the compensation data output from the compensa-
tion data selector 226 from the input data Re, Ge, and Be, and
outputs the resultant data.

[0123] The MUX 234 selects the output data from the adder
228 or the output data from the subtractor 230 in accordance
with the brightness of the typical defect region, and supplies
the selected data to the second compensator 160.

[0124] The MUX 232 sequentially outputs the brightness
information for typical defect regions in accordance with the
order of the typical defect regions, to control the MUX 234,
which selects the output from the adder 228 or the output from
the subtractor 230. The typical defect region brightness infor-
mation is stored in the memory 100, as the control informa-
tion CS1, together with the typical defect region order infor-
mation. The control information CS1 read from the memory
100 is repeatedly supplied to the MUX 232 in accordance
with the number of the typical defect regions. The MUX 232
selects the control information CS1 corresponding to the
order of a typical defect region detected by the position deter-
miner 224, namely, a typical defect region order M, and
supplies the selected control information CS1 to the MUX
234. Accordingly, the MUX 234 selects the output from the
adder 228 or the output from the subtractor 230 in accordance
with the brightness information included in the control infor-
mation CS1 supplied form the MUX 232, and supplies the
selected output to the second compensator 160.

[0125] Thus, the first compensator 220 compensates the
input data Re, Ge, and Be of typical defect regions having
defects such as vertical line defects or horizontal line defects,
using the typical defect region information PD1, CD1, and
GD1 stored in the single memory 100, and outputs the com-
pensated data.

[0126] The second compensator 160 finely compensates
compensated data Rm1, Gm1, and Bm1 output from the first
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compensator 220 by spatially and temporally distributing the
data Rm1, Gm1, and Bm1, using an FRC dithering method.
As the compensation data for the boundary regions of each
typical defect region is spatially and temporally distributed in
accordance with the FRC dithering method, the brightness
difference of each boundary region is finely compensated.
[0127] The third compensator 170 compensates data Rm2,
Gm2, and Bm2, which will be displayed on a point defect
region, using the point defect information PD2, GD2, and
CD2 stored in the memory 100. For data of normal regions,
the third compensator 170 outputs the data without any data
compensation.

[0128] As apparent from the above description, in the data
compensation circuit according to the third embodiment of
the invention, the first compensator 220, which has a single
compensator configuration, compensates input data Re, Ge,
and Be of typical defect regions having defects such as ver-
tical line defects or horizontal line defects, using the typical
defect region information PD1, CD1, and GD1 stored in the
single memory 100, and outputs the compensated data.
Accordingly, the data compensation circuit according to the
third embodiment of the invention can reduce the capacity of
the memory 100 while compensating data of various typical
defect regions in accordance with the direction information
for typical defect regions having defects such as vertical line
defects or horizontal line defects. Since the first compensator
220 in the data compensation circuit according to embodi-
ments of the invention has a unified compensator configura-
tion without being divided into a vertical line compensator
and a horizontal line compensator, it is possible to reduce the
size of the associated logic circuit, and thus to reduce the
manufacturing costs.

[0129] Meanwhile, the above-described data compensation
circuit according to each embodiment of the invention can be
applied not only to an LCD device, but also to other video
display devices, such as OLED and PDP devices.

[0130] It will be apparent to those skilled in the art that
various modifications and variations can be made in embodi-
ments of the invention without departing from the spirit or
scopeofthe inventions. Thus, it is intended that embodiments
of the invention cover the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:

1. A video display device capable of compensating for

display defects, comprising:

liquid crystal panel for displaying an image through a pixel
matrix;

a data driver for outputting data to data lines of the liquid
crystal display panel;

a gate driver for driving the gate lines of the liquid crystal
display panel,

a timing controller for receiving compensated data,
uncompensated data and synchronizing signals to out-
put a gate control signal to the gate driver and to output
both resultant data and a data control signal to the data
driver; and

amemory for storing information on point defect informa-
tion on the liquid crystal display panel, and at least one
of horizontal and vertical line defects of the liquid crys-
tal display panel of the liquid crystal display panel; and

a data compensation circuit for receiving display data and
synchronizing signals, and outputting compensated data
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to the timing controller based on the information in the
memory and uncompensated data to the timing control-
ler,

wherein the data compensation circuit includes a vertical
line compensator for compensating a vertical line defect
of the liquid crystal display panel, a horizontal line com-
pensator for compensating a horizontal line defect of the
liquid crystal display panel, and a multiplexer for select-
ing an output from one of the vertical line compensator
and the horizontal line compensator in accordance with
whether a defect is a vertical line defect or a horizontal
line defect.

2. The video display device capable of compensating for
display defects according to claim 1, wherein the information
includes position information, grayscale information and
compensation data on the at least one of horizontal and ver-
tical line defects of the liquid crystal display panel.

3. The video display device capable of compensating for
display defects according to claim 2, wherein the information
also includes direction information about the defect.

4. The video display device capable of compensating for
display defects according to claim 2, wherein the information
also includes order information and brightness information
about the defect.

5. The video display device capable of compensating for
display defects according to claim 1, wherein the information
includes position information, grayscale information and
compensation data on point defect regions of the liquid crys-
tal display panel.

6. The video display device capable of compensating for
display defects according to claim 1, wherein the horizontal
line compensator and the vertical line compensator receive
the display data and compensate based on the defect having a
main region and boundary regions, and output a first compen-
sated signal.

7. The video display device capable of compensating for
display defects according to claim 6, further comprising a fine
compensator for receiving the first compensated signal and
further compensating based on the first compensation signal
being spatially and temporally distributed in accordance with
a frame rate control dithering method, and output compen-
sated dara.

8. The video display device capable of compensating for
display defects according to claim 7, wherein the fine com-
pensator includes:

a frame determiner for counting pulses of a vertical syn-
chronizing signal to detect a number of frames;

a pixel position determiner for determining pixel position
information from the first compensated signal using at
least one of the synchronizing signals;

a dither value selector for selecting dither values using the
first compensated signal, the number of frames from the
frame determiner, and the pixel position information
output from the pixel position determiner; and

an adder for adding dither values from the dither value
selector to the first compensated signal and then output-
ting resultant data.

9. The video display device capable of compensating for
display defects according to claim 1, further comprising a
point defect compensator that receives display data and com-
pensates based on point defect information in the memory
and outputs compensated data.
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10. The video display device capable of compensating for
display defects according to claim 9, wherein the point defect
compensator includes:

a grayscale determiner for analyzing respective grayscale
levels of the display data to be supplied to a link pixel of
apoint defect region, selecting grayscale range informa-
tion corresponding to display data from the memory, and
outputting a selected grayscale range information;

aposition determiner for determining a pixel position from
the display data using at least one of the synchronizing
signals and outputting pixel information;

a compensation data selector for selecting compensation
data output from memory base on the selected grayscale
range information from the grayscale determiner and the
pixel information from the position determiner; and

a calculator for one of adding and subtracting the compen-
sation data output to the display data to output resultant
data.

11. The video display device capable of compensating for
display defects according to claim 1, wherein each of the
vertical and horizontal line compensators include:

a grayscale determiner for analyzing respective grayscale
levels of the display data to be supplied to a link pixel of
apoint defect region, selecting grayscale range informa-
tion corresponding to display data from the memory, and
outputting a selected grayscale range information;

a position determiner for determining a pixel position from
the display data using at least one of the synchronizing
signals and outputting pixel information;

a compensation data selector for selecting compensation
data output from memory base on the selected grayscale
range information from the grayscale determiner and the
pixel information from the position determiner;

an adder for adding the compensation data output to the
display data to output resultant data;

a subtractor for subtracting the compensation data output
from the display data to output resultant data;

a first multiplexer sequentially outputs the brightness infor-
mation for typical defect regions in accordance with an
order of the defect stored in the memory; and

a second multiplexer for selecting the output resultant data
from one of the adder and the output resultant data from
the subtractor in accordance with the brightness infor-
mation and outputs the selected resultant data.

12. A video display device capable of compensating for

display defects, comprising:

liquid crystal panel for displaying an image through a pixel
matrix;

a data driver for outputting data to data lines of the liquid
crystal display panel;

a gate driver for driving the gate lines of the liquid crystal
display panel,

a timing controller for receiving compensated data,
uncompensated data and synchronizing signals to out-
put a gate control signal to the gate driver and to output
both resultant data and a data control signal to the data
driver;

a memory for storing information on a defect of the liquid
crystal display panel,

a compensator for compensating a defect of the liquid
crystal display panel based on the information from the
memory and at least one synchronization signal; and
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a multiplexer for selecting an output in accordance with
whether the defect is a vertical line defect or a horizontal
line defect to output a first compensated signal; and

a fine compensator that receives the first compensated sig-
nal and further compensates based on the first compen-
sation signal being spatially and temporally distributed
in accordance with a frame rate control dithering
method, and outputs compensated data to the timing
controller.

13. The video display device capable of compensating for
display defects according to claim 12, wherein the fine com-
pensator includes:

a frame determiner for counting pulses of a vertical syn-

chronizing signal to detect a number of frames;

a pixel position determiner for determining pixel position
information from the first compensated signal using at
least one of the synchronizing signals;

a dither value selector for selecting dither values using the
first compensated signal, the number of frames from the
frame determiner, and the pixel position information
output from the pixel position determiner; and

an adder for adding dither values from the dither value
selector to the first compensated signal and then output-
ting resultant data.

14. The video display device capable of compensating for
display defects according to claim 12, further comprising a
point defect compensator that receives display data and com-
pensates based on point defect information in the memory
and outputs compensated data.

15. The video display device capable of compensating for
display defects according to claim 14, wherein the point
defect compensator includes:

a grayscale determiner for analyzing respective grayscale
levels of the display data to be supplied to a link pixel of
apoint defect region, selecting grayscale range informa-
tion corresponding to display data from the memory, and
outputting a selected grayscale range information;

aposition determiner for determining a pixel position from
the display data using at least one of the synchronizing
signals and outputting pixel information;

a compensation data selector for selecting compensation
data output from memory base on the selected grayscale
range information from the grayscale determiner and the
pixel information from the position determiner; and

a calculator for one of adding and subtracting the compen-
sation data output to the display data to output resultant
data as compensated data.

16. The video display device capable of compensating for
display defects according to claim 12, wherein each of the
vertical and horizontal line compensators include:

a grayscale determiner for analyzing respective grayscale
levels of the display data to be supplied to a link pixel of
apoint defect region, selecting grayscale range informa-
tion corresponding to display data from the memory, and
outputting a selected grayscale range information;

aposition determiner for determining a pixel position from
the display data using at least one of the synchronizing
signals and outputting pixel information;

a compensation data selector for selecting compensation
data output from memory base on the selected grayscale
range information from the grayscale determiner and the
pixel information from the position determiner;

an adder for adding the compensation data output to the
display data to output resultant data;
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a subtractor for subtracting the compensation data output
from the display data to output resultant data;

a first multiplexer sequentially outputs the brightness infor-
mation for typical defect regions in accordance with an
order of the defect stored in the memory; and

a second multiplexer for selecting the output resultant data
from one of the adder and the output resultant data from
the subtractor in accordance with the brightness infor-
mation and outputs the selected resultant data.

17. A video display device capable of compensating for

display defects, comprising:

a liquid crystal panel for displaying an image through a
pixel matrix;

a data driver for outputting data to data lines of the liquid
crystal display panel,

a gate driver for driving the gate lines of the liquid crystal
display panel,

a timing controller for receiving compensated data,
uncompensated data and synchronizing signals to out-
put a gate control signal to the gate driver and to output
both resultant data and a data control signal to the data
driver;

a memory for storing information on a defect of the liquid
crystal display panel; a grayscale determiner for analyz-
ing respective grayscale levels of the display data to be
supplied to a defect region, selecting grayscale range
information corresponding to display data from the
memory, and outputting a selected grayscale range
information;

a position determiner for determining a pixel position from
the display data and outputting pixel information;

a compensation data selector for selecting compensation
data to be output from the memory based on the selected
grayscale range information and the pixel information;

an adder for adding the compensation data output to the
display data to output first resultant data;

a subtractor for subtracting the compensation data output
from the display data to output second resultant data;

a first multiplexer for outputting brightness information in
accordance with an order of the defect stored in the
memory; and

a second multiplexer for selecting one of the first and
second resultant data in accordance with the brightness
information and outputting the selected resultant data as
a compensated signal.

18. The video display device capable of compensating for
display defects of claim 17, wherein the position determiner
includes:

a first position determiner for determining a pixel position
information of the display data in a horizontal direction;

a second position determiner for determining pixel posi-
tion information of the display data in a vertical direc-
tion;

amultiplexer for selecting pixel position information from
one of the first position determiner and the second posi-
tion determiner in accordance with defect direction
information from the memory.

19. The video display device capable of compensating for
display defects according to claim 17, further comprising a
fine compensator for receiving the compensated signal and
further compensating based on the selected resultant data
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being spatially and temporally distributed in accordance with ~ point defect compensator that receives display data and com-
a frame rate control dithering method, and output compen- pensates based on point defect information in the memory

sated data. and outputs compensated data.
20. The video display device capable of compensating for

display defects according to claim 1, further comprising a ok ok ok &
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