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(57) ABSTRACT 

A timing controller for a display apparatus includes a 
polarity comparison part and a compensation part. The 
polarity comparison part compares a first polarity of a first 
data Voltage with a second polarity of a second data Voltage, 
the first data Voltage corresponding to a first pixel in a first 
frame and generated based on a first gamma Voltage, the 
second data Voltage corresponding to the first pixel in a 
second frame and generated based on a second gamma 
Voltage. The compensation part compensates the second 
data voltage based on a first look-up table, if the first polarity 
is the same as the second polarity, and compensates the 
second data Voltage based on a second look-up table, if the 
first polarity is different from the second polarity. 
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TIMING CONTROLLER, DISPLAY 
APPARATUS INCLUDING THE SAME AND 
METHOD OF DRIVING THE DISPLAY 

APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority under 35 U.S.C. 
S119 from, and the benefit of Korean Patent Application No. 
10-2015-0115609, filed on Aug. 17, 2015 in the Korean 
Intellectual Property Office (KIPO), the contents of which 
are herein incorporated by reference in their entirety. 

BACKGROUND 

0002 1. Technical Field 
0003 Exemplary embodiments of the present inventive 
concept are directed to display devices, and more particu 
larly to timing controllers, display apparatuses including the 
timing controllers and methods of driving the display appa 
ratuSeS. 

0004 2. Discussion of the Related Art 
0005. A liquid crystal display (LCD) apparatus typically 
includes a first substrate that includes a pixel electrode, a 
second substrate that includes a common electrode, and a 
liquid crystal layer disposed between the first and second 
substrates. Voltages are applied to the pixel electrode and the 
common electrode to generate an electric field. Transmit 
tance of light passing through the liquid crystal layer can be 
controlled by the electric field, and thus, a desired image can 
be displayed. 
0006 To enhance visibility of an LCD apparatus, a 
temporal gamma mixing (TGM) scheme can be employed 
that defines a frame set based on at least two frames and 
displays an image during one frame set period by combining 
at least one frame image having a grayscale higher than that 
of the original image and at least one frame image having a 
grayscale lower than that of the original image. However, a 
moving artifact and/or a flicker may appear on an LCD 
apparatus operating based on a TGM scheme. 
0007. In particular, in a TGM scheme, a voltage gap 
between high and low gamma Voltages when a polarity 
remains same is different from a Voltage gap between the 
high and low gamma Voltages when the polarity is inverted. 

SUMMARY 

0008 Exemplary embodiments of the present inventive 
concept can provide a timing controller capable of improv 
ing display quality. 
0009 Exemplary embodiments of the present inventive 
concept can provide a display apparatus that includes the 
timing controller. 
00.10 Exemplary embodiments of the present inventive 
concept can provide a method of driving the display appa 
ratuS. 

0.011 A timing controller according to an exemplary 
embodiment of the present inventive concept includes a 
polarity comparison part and a compensation part. The 
polarity comparison part is configured to compare a first 
polarity of a first data Voltage with a second polarity of a 
second data Voltage, the first data Voltage corresponding to 
a first pixel in a first frame and generated based on a first 
gamma Voltage, the second data Voltage corresponding to 
the first pixel in a second frame and generated based on a 
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second gamma Voltage. The compensation part is configured 
to compensate the second data Voltage based on a first 
look-up table if the first polarity is substantially the same as 
the second polarity, and compensate the second data Voltage 
based on a second look-up table if the first polarity is 
different from the second polarity. 
0012. In an exemplary embodiment, a difference between 
the first data Voltage and the compensated second data 
voltage is greater than a difference between the first data 
Voltage and the second data Voltage, if the second data 
Voltage is compensated based on the first look-up table. 
0013. In an exemplary embodiment, a difference between 
the first data Voltage and the compensated second data 
voltage is less than a difference between the first data voltage 
and the second data Voltage, if the second data Voltage is 
compensated based on the second look-up table. 
0014. In an exemplary embodiment, a luminance of an 
image based on the first gamma Voltage is equal to or greater 
than a luminance of an image based on a reference gamma 
Voltage, and a luminance of an image based on the second 
gamma Voltage is equal to or less than the luminance of the 
image based on the reference gamma Voltage. 
0015. In an exemplary embodiment, a composite gamma 
of the first and second gamma Voltages is Substantially the 
same as the reference gamma Voltage. 
0016. In an exemplary embodiment, the first frame and 
the second frame are two consecutive frames. 
0017. In an exemplary embodiment, the polarity com 
parison part includes a frame counter configured to deter 
mine whether the second frame is an odd-numbered frame or 
an even-numbered frame. 
0018. In an exemplary embodiment, the frame counter 
determines that the first polarity is different from the second 
polarity if the second frame is the odd-numbered frame, and 
determines that the first polarity is the same as the second 
polarity if the second frame is the even-numbered frame. 
0019. A display apparatus according to an exemplary 
embodiment of the present inventive concept includes a 
display panel, a timing controller and a data driver. The 
display panel includes a first pixel. The timing controller 
includes a polarity comparison part and a compensation part. 
The polarity comparison part is configured to compare a first 
polarity of a first data Voltage with a second polarity of a 
second data Voltage, the first data Voltage corresponding to 
a first pixel in a first frame, the second data Voltage corre 
sponding to the first pixel in a second frame. The compen 
sation part is configured to compensate the second data 
voltage based on a first look-up table if the first polarity is 
Substantially the same as the second polarity and compen 
sate the second data Voltage based on a second look-up table 
if the first polarity is different from the second polarity. The 
data driver is configured to output the first data Voltage to the 
first pixel in the first frame and output the compensated 
second data Voltage to the first pixel in the second frame. 
0020. In an exemplary embodiment, a difference between 
the first data Voltage and the compensated second data 
voltage is greater than a difference between the first data 
Voltage and the second data Voltage, if the second data 
Voltage is compensated based on the first look-up table. 
0021. In an exemplary embodiment, a difference between 
the first data Voltage and the compensated second data 
voltage is less than a difference between the first data voltage 
and the second data Voltage, if the second data Voltage is 
compensated based on the second look-up table. 
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0022. In an exemplary embodiment, the first data voltage 
was generated based on a first gamma Voltage and the 
second data Voltage was generated based on a second 
gamma Voltage, a luminance of an image based on the first 
gamma Voltage is equal to or greater than aluminance of an 
image based on a reference gamma Voltage, and aluminance 
of an image based on the second gamma Voltage is equal to 
or less than the luminance of the image based on the 
reference gamma Voltage. 
0023. In an exemplary embodiment, a composite gamma 
of the first and second gammas is Substantially the same as 
the reference gamma Voltage. 
0024. In an exemplary embodiment, the first frame and 
the second frame are two consecutive frames. 
0025. In an exemplary embodiment, the polarity com 
parison part includes a frame counter configured to deter 
mine whether the second frame is an odd-numbered frame or 
an even-numbered frame. 
0026. In an exemplary embodiment, the frame counter 
determines that the first polarity is different from the second 
polarity, if the second frame is the odd-numbered frame, and 
determines that the first polarity is substantially the same as 
the second polarity, if the second frame is the even-num 
bered frame. 
0027. A method of driving a display apparatus according 
to an exemplary embodiment of the present inventive con 
cept includes comparing a first polarity of a first data Voltage 
with a second polarity of a second data Voltage, the first data 
Voltage corresponding to a first pixel in a first frame and 
generated based on a first gamma Voltage, the second data 
Voltage corresponding to the first pixel in a second frame and 
generated based on a second gamma Voltage, compensating 
the second data voltage based on a first look-up table if the 
first polarity is substantially the same as the second polarity, 
and compensating the second data Voltage based on a second 
look-up table if the first polarity is different from the second 
polarity, and outputting the compensated second data Volt 
age to the first pixel in the second frame. 
0028. In an exemplary embodiment, a difference between 
the first data Voltage and the compensated second data 
voltage is greater than a difference between the first data 
Voltage and the second data Voltage, if the second data 
Voltage is compensated based on the first look-up table. 
0029. In an exemplary embodiment, a difference between 
the first data Voltage and the compensated second data 
voltage is less than a difference between the first data voltage 
and the second data Voltage, if the second data Voltage is 
compensated based on the second look-up table. 
0030. In an exemplary embodiment, a luminance of an 
image based on the first gamma Voltage is equal to or greater 
than a luminance of an image based on a reference gamma 
Voltage and a luminance of an image based on the second 
gamma Voltage is equal to or less than the luminance of the 
image based on the reference gamma Voltage. 
0031. According to exemplary embodiments, data volt 
ages are compensated based on different look-up tables 
depending on the comparison of polarities of a previous 
frame and a present frame to reduce the difference of 
response speed between each case. Thus, display quality of 
a display panel can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0032 FIG. 1 is a block diagram of a display apparatus 
according to exemplary embodiments. 

Feb. 23, 2017 

0033 FIG. 2 illustrates data voltages outputted to a first 
pixel included in a display apparatus according to exemplary 
embodiments in each frame. 
0034 FIG. 3 is a graph of gamma curves of a display 
apparatus according to exemplary embodiments. 
0035 FIG. 4 is a graph of gamma curves of a display 
apparatus according to related art. 
0036 FIG. 5A is a block diagram of a timing controller 
according to exemplary embodiments. 
0037 FIG. 5B is a flowchart of a method of driving a 
display apparatus included in a timing controller illustrated 
in FIG. 5A. 
0038 FIG. 6A is a block diagram of a timing controller 
according to exemplary embodiments; 
0039 FIG. 6B is a flowchart of a method of driving a 
display apparatus included in a timing controller illustrated 
in FIG. 6A. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0040. Hereinafter, exemplary embodiments of the present 
inventive concept will be described in detail with reference 
to the accompanying drawings. 
0041 FIG. 1 is a block diagram of a display apparatus 
according to exemplary embodiments. 
0042. Referring to FIG. 1, a display apparatus includes a 
display panel 100 and a panel driver. The panel driver 
includes a timing controller 200, a gate driver 300, a gamma 
reference voltage generator 400 and a data driver 500. 
0043. The display panel 100 includes a display region for 
displaying an image and a peripheral region adjacent to the 
display region. 
0044) The display panel 100 includes a plurality of gate 
lines GL, a plurality of data lines DL and a plurality of pixels 
connected to the gate lines GL and the data lines DL. The 
gate lines GL extend in a first direction D1 and the data lines 
DL extend in a second direction D2 that crosses the first 
direction D1. 
0045. In some exemplary embodiments, the pixels 
include a Switching element, a liquid crystal capacitor and a 
storage capacitor. The liquid crystal capacitor and the stor 
age capacitor can be electrically connected to the Switching 
element. The pixels can be arranged in a matrix configura 
tion. 
0046 According to an embodiment, the timing controller 
200 receives input image data RGB and an input control 
signal CONT from an external device. The input image data 
RGB includes red image data R, green image data G and 
blue image data B. The input control signal CONT includes 
a master clock signal and a data enable signal. The input 
control signal CONT further includes a vertical synchroniz 
ing signal and a horizontal synchronizing signal. 
0047 According to an embodiment, the timing controller 
200 generates a first control signal CONT1 for controlling 
operations of the gate driver 300, a second control signal 
CONT2 for controlling operations of the data driver 500, a 
third control signal CONT3 for controlling operations of the 
gamma reference Voltage generator 400, and a data signal 
DAT, based on the input image data RGB and the input 
control signal CONT. 
0048. The timing controller 200 generates the first control 
signal CONT1 based on the input control signal CONT, and 
outputs the first control signal CONT1 to the gate driver 300. 
According to an embodiment, the first control signal CONTI 
included a vertical start signal and a gate clock signal. 
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0049. The timing controller 200 generates the second 
control signal CONT2 based on the input control signal 
CONT, and outputs the second control signal CONT2 to the 
data driver 500. According to an embodiment, the second 
control signal CONT2 includes a horizontal start signal and 
a load signal. 
0050. The timing controller 200 generates the data signal 
DAT based on the input image data RGB. The timing 
controller 200 outputs the data signal DAT to the data driver 
500. The data signal DAT may be substantially the same as 
the input image data RGB, or the data signal DAT may be 
generated by compensating the input image data RGB. For 
example, the timing controller 200 may selectively perform 
an image quality compensation, a spot compensation, an 
adaptive color correction (ACC), and/or a dynamic capaci 
tance compensation (DCC) on the input image data RGB to 
generate the data signal DAT. 
0051. According to an embodiment, the timing controller 
200 generates the third control signal CONT3 based on the 
input control signal CONT, and outputs the third control 
signal CONT3 to the gamma reference Voltage generator 
400. 
0052. The operations of the timing controller 200 to drive 
the display panel 100 will be described in detail with 
reference to FIGS.5A, 5B, 6A and 6B. 
0053 According to an embodiment, the gate driver 300 
generates gate signals for driving the gate lines GL in 
response to the first control signal CONT1 received from the 
timing controller 200. The gate driver 300 sequentially 
outputs the gate signals to the gate lines GL. 
0054) The gate driver 300 may be directly mounted on 
the display panel 100, or may be connected to the display 
panel 100 as part of a tape carrier package (TCP). Alterna 
tively, the gate driver 300 may be integrated into the 
peripheral region of the display panel 100. 
0055 According to an embodiment, the gamma reference 
Voltage generator 400 generates a gamma reference Voltage 
VGREF in response to the third control signal CONT3 
received from the timing controller 200. The gamma refer 
ence Voltage generator 400 outputs the gamma reference 
voltage VGREF to the data driver 500. The level of the 
gamma reference Voltage VGREF corresponds to grayscales 
of a plurality of pixel data included in the data signal DAT. 
0056. The gamma reference voltage generator 400 may 
be disposed in the timing controller 200, or may be disposed 
in the data driver 500. 
0057 According to an embodiment, the data driver 500 
receives the second control signal CONT2 and the data 
signal DAT from the timing controller 200, and receives the 
gamma reference voltage VGREF from the gamma refer 
ence voltage generator 400. The data driver 500 converts the 
data signal DAT to analog data Voltages based on the gamma 
reference voltage VGREF. The data driver 500 outputs the 
data Voltages to the data lines DL. 
0058. The data driver 500 may be directly mounted on 
the display panel 100, or may be connected to the display 
panel 100 as part of a tape carrier package (TCP). Alterna 
tively, the data driver 500 may be integrated into the 
peripheral region of the display panel 100. 
0059 FIG. 2 illustrates data voltages outputted to a first 
pixel included in a display apparatus according to exemplary 
embodiments in each frame. FIG. 3 is a graph illustrating 
gamma curves of a display apparatus according to exem 
plary embodiments. 
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0060 Referring to FIGS. 1 and 2, the display panel 100 
includes a first pixel. A first data Voltage generated based on 
a first gamma Voltage is outputted to the first pixel in a first 
frame 1F. A second data Voltage generated based on a second 
gamma Voltage is outputted to the first pixel in a second 
frame 2F. A third data voltage generated based on the first 
gamma Voltage is outputted to the first pixel in a third frame 
3F. A fourth data voltage generated based on the second 
gamma Voltage is outputted to the first pixel in a fourth 
frame 4F. The first gamma Voltage may be a high gamma H. 
and the second gamma Voltage may be a low gamma L. The 
first through fourth frames 1F-4F are sequentially arranged. 
0061 The first and second data voltages may have a first 
polarity. The third and fourth data Voltages may have a 
second polarity different from the first polarity. The first 
polarity may be a positive (+) polarity, and the second 
polarity may be a negative (-) polarity. Alternatively, the 
first polarity may be the negative (-) polarity, and the second 
polarity may be the positive (+) polarity. Alternatively, the 
first through fourth data Voltages may have the first polarity. 
In other words, the polarities of the data voltages outputted 
to the first pixel may be inverted every two or four frames. 
0062 Referring to FIGS. 2 and 3, a luminance of an 
image based on a first gamma G1 may be equal to or greater 
than a luminance of an image based on a reference gamma 
Gr, and a luminance of an image based on a second gamma 
G2 may be equal to or less than the luminance of the image 
based on the reference gamma Gr. In other words, the first 
gamma G1 may be the high gamma H, and the second 
gamma G2 may be the low gamma L. A composite gamma 
of the first and second gammas G1 and G2 may be substan 
tially the same as the reference gamma Gr. 
0063. According to embodiments, a pixel operating based 
on the reference gamma Gr displays an image having a 
luminance that is substantially the same as a target lumi 
nance. A pixel operating based on the first gamma G1 
displays an image having a luminance that is higher than the 
target luminance, and a pixel operating based on the second 
gamma G2 displays an image having a luminance that is 
lower than the target luminance. 
0064. Thus, according to embodiments, one frame set 
includes at least two frames, and one output image is 
displayed on the display panel 100 during the one frame set. 
The one output image includes at least two frame images, 
each of which is displayed on the display panel 100 during 
one of the at least two frames. In other words, the one output 
image can be a combination of the at least two frame images. 
0065 For example, a first partial image based on the first 
gamma G1 can be displayed on the first pixel in the first 
frame F1, and a second partial image based on the second 
gamma G2 can be displayed on the first pixel in the second 
frame F2. In this case, a first image is a combination of the 
first and second partial images. The first image is based on 
the reference gamma Gr, and has a first reference luminance. 
A first luminance of the first partial image may be equal to 
or greater than the first reference luminance, and a second 
luminance of the second partial image may be equal to or 
less than the first reference luminance. 
0.066 Similarly, a third partial image based on the first 
gamma G1 is displayed on the first pixel in the third frame 
F3, and a fourth partial image based on the second gamma 
G2 is displayed on the first pixel in the fourth frame F4. In 
this case, a second image is a combination of the third and 
fourth partial images. The second image is based on the 



US 2017/0053612 A1 

reference gamma Gr, and has a second reference luminance. 
A third luminance of the third partial image may be equal to 
or greater than the second reference luminance, and a fourth 
luminance of the fourth partial image may be equal to or less 
than the second reference luminance. 
0067. In other words, the reference gamma Gr can be 
generated based on the first and second gammas G1, G2. 
This is a temporal gamma mixing (TGM) scheme. In a TGM 
scheme, side visibility and transmittance can be improved. 
0068 FIG. 4 is a graph of gamma curves of a display 
apparatus according to related art. 
0069 FIG. 4 depicts a data voltage VH+ generated based 
on a high gamma Hand having a positive (+) polarity, a data 
Voltage VL+ generated based on a low gamma L and having 
the positive (+) polarity, a data Voltage VL-generated based 
on the low gamma L and having a negative (-) polarity, and 
a data Voltage VH- generated based on the high gamma H 
and having the negative (-) polarity. Referring to FIG. 4, in 
a temporal gamma mixing (TGM) Scheme according to 
related art, a Voltage gap between the data Voltage VH+ and 
the data Voltage VL+ is less than a Voltage gap between the 
data voltage VH+ and the data voltage VL-. In this case, if 
the data voltage VH+ is outputted to a pixel in an N-th frame, 
where N is a natural number, a response speed when the data 
voltage VL+ is outputted to the pixel in an (N+1)-th frame 
is less than a response speed when the data Voltage VL- is 
outputted to the pixel in the (N+1)-th frame. 
0070 Similarly, a voltage gap between the data voltage 
VH- and the data voltage VL- is less than a voltage gap 
between the data voltage VH- and the data voltage VL+. In 
this case, if the data voltage VH- is outputted to the pixel in 
the N-th frame, a response speed when the data voltage VL 
is outputted to the pixel in the (N+1)-th frame is less than a 
response speed when the data Voltage VL-- is outputted to 
the pixel in the (N+1)-th frame. 
0071 Similarly, the voltage gap between the data voltage 
VL+ and the data Voltage VH+ is less than the Voltage gap 
between the data voltage VL+ and the data voltage VH-. In 
this case, if the data voltage VL+ is outputted to the pixel in 
the N-th frame, a response speed when the data voltage VH+ 
is outputted to the pixel in the (N+1)-th frame is less than a 
response speed when the data voltage VH- is outputted to 
the pixel in the (N+1)-th frame. 
0072 Similarly, the voltage gap between the data voltage 
VL- and the data Voltage VH- is less than the Voltage gap 
between the data voltage VL- and the data voltage VH+. In 
this case, if the data voltage VL- is outputted to the pixel in 
the N-th frame, a response speed when the data voltage VH 
is outputted to the pixel in the (N+1)-th frame is less than a 
response speed when the data voltage VH+ outputted to the 
pixel in the (N+1)-th frame. 
0073. In other words, in a TGM scheme according to the 
related art, a difference of data voltages between consecutive 
frames is less if polarities of the consecutive frames are the 
same than if the polarities of the consecutive frames are 
different. 
0074 FIG. 5A is a block diagram of a timing controller 
according to exemplary embodiments. 
0075 Referring to FIGS. 1, 2 and 5A, the timing con 
troller 200 includes a polarity comparison part 210 and a 
compensation part 230. 
0076 According to an embodiment, the polarity com 
parison part 210 receives the input control signal CONT. The 
polarity comparison part 210 compares a first polarity of a 

Feb. 23, 2017 

first data voltage of the first pixel in the first frame 1F with 
a second polarity of a second data Voltage of the first pixel 
in the second frame 2F based on the input control signal 
CONT. The polarity comparison part 210 outputs the result 
P of the comparison to the compensation part 230. 
0077 According to an embodiment, the compensation 
part 230 receives the result P of the comparison and the input 
image data RGB. The compensation part 230 compensates 
the second data voltage based on a first look-up table if the 
first polarity and the second polarity are the same. The 
compensation part 230 compensates the second data Voltage 
based on a second look-up table if the first polarity and the 
second polarity are different. 
0078. The compensation part 230 may selectively per 
form an image quality compensation, a spot compensation, 
an adaptive color correction (ACC), and/or a dynamic 
capacitance compensation (DCC) on the input image data 
RGB to compensate the second data voltage based on the 
first look-up table or the second look-up table. 
(0079 A difference between the first data voltage and the 
compensated second data Voltage is greater than a difference 
between the first data Voltage and the second data Voltage, 
when the compensation part 230 compensates the second 
data voltage based on the first look-up table. 
0080. The difference between the first data voltage and 
the compensated second data Voltage is less than the differ 
ence between the first data Voltage and the second data 
Voltage, when the compensation part 230 compensates the 
second data voltage based on the second look-up table. 
I0081. According to an embodiment, the compensation 
part 230 generates the data signal DAT based on the com 
pensated second data Voltage. The compensation part 230 
outputs the data signal DAT to the data driver 500. 
I0082. A similar method may be applied to the second 
through fourth frames 2F-4F. 
I0083 FIG. 5B is a flowchart of a method of driving a 
display apparatus included in a timing controller illustrated 
in FIG. 5A. 
I0084. According to an embodiment, referring to FIGS. 1, 
5A and 5B, the polarity comparison part 210 compares the 
first polarity of the first data voltage of the first pixel in the 
first frame with the second polarity of the second data 
voltage of the first pixel in the second frame S100. The 
compensation part 230 compensates the second data Voltage 
based on the first look-up table if the first polarity and the 
second polarity are the same S300. The compensation part 
230 compensates the second data voltage based on the 
second look-up table if the first polarity and the second 
polarity are different S200. The data driver 500 outputs the 
compensated second data Voltage to the first pixel in the 
second frame S400. 
I0085 FIG. 6A is a block diagram of a timing controller 
according to exemplary embodiments. 
I0086 According to an embodiment, referring to FIGS. 1, 
2 and 6A, the timing controller 200a includes a polarity 
comparison part 210 and a compensation part 230a. The 
polarity comparison part 210 includes a frame counter 220. 
I0087. According to an embodiment, the frame counter 
220 receives the input control signal CONT. The frame 
counter 220 determines whether the second frame is an 
odd-numbered frame or an even-numbered frame based on 
the input control signal CONT. 
I0088 According to an embodiment, if polarities of data 
Voltages corresponding to the first pixel are inverted for two 
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frames and the polarities are inverted at transition times 
from even-numbered frames to odd-numbered frames, the 
frame counter 220 determines that the first polarity and the 
second polarity are different if the second frame 2F is an 
odd-numbered frame, and the frame counter 220 determines 
that the first polarity and the second polarity are the same if 
the second frame 2F is an even-numbered frame. 
0089 Alternatively, according to an embodiment, if the 
polarities of the data Voltages corresponding to the first pixel 
are inverted for two frames and the polarities are inverted at 
transition times from the odd-numbered frames to even 
numbered frames, the frame counter 220 determines that the 
first polarity and the second polarity are the same if the 
second frame 2F is an odd-numbered frame, and the frame 
counter 220 determines that the first polarity and the second 
polarity are different if the second frame 2F is an even 
numbered frame. 
0090. The frame counter 220 outputs the result C of the 
comparison to the compensation part 230a. 
0091. According to an embodiment, the compensation 
part 230a receives the result C of the comparison and the 
input image data RGB. The compensation part 230a com 
pensates the second data Voltage based on a first look-up 
table if the first polarity and the second polarity are the same. 
The compensation part 230a compensates the second data 
voltage based on a second look-up table if the first polarity 
and the second polarity are different. 
0092. The compensation part 230a may selectively per 
form an image quality compensation, a spot compensation, 
an adaptive color correction (ACC), and/or a dynamic 
capacitance compensation (DCC) on the input image data 
RGB to compensate the second data voltage based on the 
first look-up table or the second look-up table. 
0093. A difference between the first data voltage and the 
compensated second data Voltage is greater than a difference 
between the first data Voltage and the second data Voltage 
when the compensation part 230a compensates the second 
data voltage based on the first look-up table. 
0094. The difference between the first data voltage and 
the compensated second data Voltage is less than the differ 
ence between the first data Voltage and the second data 
Voltage when the compensation part 230a compensates the 
second data Voltage based on the second look-up table. 
0095 According to an embodiment, the compensation 
part 230a generates the data signal DAT based on the 
compensated second data voltage. The compensation part 
230a outputs the data signal DAT to the data driver 500. 
0096. A similar method may be applied to the second 
through fourth frames 2F-4F. 
0097. According to an exemplary embodiment, when an 
inversion pattern has been previously defined, it can be 
determined by the frame counter whether or not the polarity 
is inverted without directly checking the inversion every 
frame. 
0098 FIG. 6B is a flowchart of a method of driving a 
display apparatus included in a timing controller illustrated 
in FIG. 6A. 
0099. According to an embodiment, referring to FIGS. 1, 
6A and 6B, the frame counter 220 determines whether the 
second frame is an odd-numbered frame or an even-num 
bered frame. By comparing with the previously defined 
inversion pattern, the frame counter 220 compares the first 
polarity of the first data voltage with the second polarity of 
the second data voltage S110. The compensation part 230a 
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compensates the second data Voltage based on the first 
look-up table if the first polarity and the second polarity are 
the same S300. The compensation part 230a compensates 
the second data Voltage based on the second look-up table if 
the first polarity and the second polarity are different S200. 
The data driver 500 outputs the compensated second data 
voltage to the first pixel in the second frame S400. 
0100. The above described embodiments may be used in 
a display apparatus and/or a system including the display 
apparatus, such as a mobile phone, a Smartphone, a personal 
digital assistant (PDA), a portable media player (PMP), a 
digital camera, a digital television, a set-top box, a music 
player, a portable game console, a navigation device, a 
personal computer (PC), a server computer, a workstation, a 
tablet computer, a laptop computer, a Smart card, a printer, 
etc. 

0101 The foregoing is illustrative of exemplary embodi 
ments and is not to be construed as limiting thereof. 
Although a few exemplary embodiments have been 
described, those skilled in the art will readily appreciate that 
many modifications are possible in the exemplary embodi 
ments without materially departing from the novel teachings 
and features of the present inventive concept. Accordingly, 
all such modifications are intended to be included within the 
Scope of embodiments of the present inventive concept as 
defined in the claims. Therefore, it is to be understood that 
the foregoing is illustrative of various exemplary embodi 
ments and is not to be construed as limited to the specific 
exemplary embodiments disclosed, and that modifications to 
the disclosed exemplary embodiments, as well as other 
exemplary embodiments, are intended to be included within 
the scope of the appended claims. 
What is claimed is: 
1. A timing controller, comprising: 
a polarity comparison part configured to compare a first 

polarity of a first data Voltage with a second polarity of 
a second data Voltage, the first data Voltage correspond 
ing to a first pixel in a first frame and generated based 
on a first gamma Voltage, the second data Voltage 
corresponding to the first pixel in a second frame and 
generated based on a second gamma Voltage; and 

a compensation part configured to compensate the second 
data voltage based on a first look-up table if the first 
polarity is the same as the second polarity and com 
pensate the second data Voltage based on a second 
look-up table if the first polarity is different from the 
second polarity. 

2. The timing controller of claim 1, wherein a difference 
between the first data Voltage and the compensated second 
data voltage is greater than a difference between the first data 
Voltage and the second data Voltage, if the second data 
Voltage is compensated based on the first look-up table. 

3. The timing controller of claim 1, wherein a difference 
between the first data Voltage and the compensated second 
data voltage is less than a difference between the first data 
Voltage and the second data Voltage, if the second data 
Voltage is compensated based on the second look-up table. 

4. The timing controller of claim 1, wherein a luminance 
of an image based on the first gamma Voltage is equal to or 
greater than a luminance of an image based on a reference 
gamma Voltage, and a luminance of an image based on the 
second gamma Voltage is equal to or less than the luminance 
of the image based on the reference gamma Voltage. 
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5. The timing controller of claim 4, wherein a composite 
gamma of the first and second gamma Voltages is the same 
as the reference gamma Voltage. 

6. The timing controller of claim 1, wherein the first frame 
and the second frame are two consecutive frames. 

7. The timing controller of claim 6, wherein the polarity 
comparison part comprises: 

a frame counter configured to determine whether the 
second frame is an odd-numbered frame or an even 
numbered frame. 

8. The timing controller of claim 7, wherein the frame 
counter determines that the first polarity is different from the 
second polarity if the second frame is the odd-numbered 
frame and determines that the first polarity is the same as the 
second polarity if the second frame is the even-numbered 
frame. 

9. A display apparatus comprising: 
a display panel comprising a first pixel; 
a timing controller comprising: 

a polarity comparison part configured to compare a first 
polarity of a first data Voltage with a second polarity 
of a second data Voltage, the first data Voltage 
corresponding to the first pixel in a first frame, the 
second data Voltage corresponding to the first pixel 
in a second frame; and 

a compensation part configured to compensate the 
second data Voltage based on a first look-up table if 
the first polarity is the same as the second polarity 
and compensate the second data Voltage based on a 
second look-up table if the first polarity is different 
from the second polarity; and 

a data driver configured to output the first data Voltage to 
the first pixel in the first frame and output the compen 
sated second data Voltage to the first pixel in the second 
frame. 

10. The display apparatus of claim 9, wherein a difference 
between the first data Voltage and the compensated second 
data voltage is greater than a difference between the first data 
Voltage and the second data Voltage, if the second data 
Voltage is compensated based on the first look-up table. 

11. The display apparatus of claim 9, wherein a difference 
between the first data Voltage and the compensated second 
data voltage is less than a difference between the first data 
Voltage and the second data Voltage, if the second data 
Voltage is compensated based on the second look-up table. 

12. The display apparatus of claim 9, wherein the first data 
Voltage was generated based on a first gamma Voltage and 
the second data Voltage was generated based on a second 
gamma Voltage, a luminance of an image based on the first 
gamma Voltage is equal to or greater than aluminance of an 
image based on a reference gamma Voltage, and aluminance 
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of an image based on the second gamma Voltage is equal to 
or less than the luminance of the image based on the 
reference gamma Voltage. 

13. The display apparatus of claim 12, wherein a com 
posite gamma of the first and second gamma Voltages is 
Substantially the same as the reference gamma Voltage. 

14. The display apparatus of claim 9, wherein the first 
frame and the second frame are two consecutive frames. 

15. The display apparatus of claim 14, wherein the 
polarity comparison part comprises a frame counter config 
ured to determine whether the second frame is an odd 
numbered frame or an even-numbered frame. 

16. The display apparatus of claim 15, wherein the frame 
counter determines that the first polarity is different from the 
second polarity if the second frame is the odd-numbered 
frame and determines that the first polarity is the same as the 
second polarity if the second frame is the even-numbered 
frame. 

17. A method of driving a display apparatus, the method 
comprising: 

comparing a first polarity of a first data Voltage with a 
second polarity of a second data voltage, the first data 
Voltage corresponding to a first pixel in a first frame and 
generated based on a first gamma Voltage, the second 
data Voltage corresponding to the first pixel in a second 
frame and generated based on a second gamma Voltage; 

compensating the second data Voltage based on a first 
look-up table if the first polarity is the same as the 
Second polarity and compensating the second data 
voltage based on a second look-up table if the first 
polarity is different from the second polarity; and 

outputting the compensated second data Voltage to the 
first pixel in the second frame. 

18. The method of claim 17, wherein a difference between 
the first data Voltage and the compensated second data 
voltage is greater than a difference between the first data 
Voltage and the second data Voltage, if the second data 
Voltage is compensated based on the first look-up table. 

19. The method of claim 17, wherein a difference between 
the first data Voltage and the compensated second data 
voltage is less than a difference between the first data voltage 
and the second data Voltage, if the second data Voltage is 
compensated based on the second look-up table. 

20. The method of claim 17, wherein a luminance of an 
image based on the first gamma Voltage is equal to or greater 
than a luminance of an image based on a reference gamma 
Voltage and a luminance of an image based on the second 
gamma Voltage is equal to or less than the luminance of the 
image based on the reference gamma Voltage. 
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