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(57) ABSTRACT 

A liquid crystal display includes a liquid crystal panel, a 
timing controller which receives previous image data and 
current image data, the timing controller may correct the 
current image data according to a reference bit of conversion 
image data generated using the previous image data, and 
outputs a display image signal to the liquid crystal panel. The 
liquid crystal panel further includes a data driver which 
receives the display image signal and applies a data Voltage 
corresponding to the display image signal to the liquid crystal 
panel. 

19 Claims, 8 Drawing Sheets 
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LIQUID CRYSTAL DISPLAY AND METHOD 
OF DRIVING THE SAME 

This application claims priority to Korean Patent Applica 
tion No. 10-2008-0067722, filed on Jul. 11, 2008, and all the 5 
benefits accruing therefrom under 35 U.S.C. S 119, the con 
tents of which in its entirety are herein incorporated by ref 
CCC. 

BACKGROUND OF THE INVENTION 10 

1. Field of the Invention 
The present invention relates to a liquid crystal display 

(“LCD) and a method of driving the same. 
2. Description of the Related Art 15 
A liquid crystal display (LCD) includes an LCD panel, 

which in turn includes a first display Substrate having a plu 
rality of pixel electrodes, a second display Substrate having a 
plurality of common electrodes, and a dielectrically anisotro 
pic liquid crystal layer injected between the first and second 20 
display Substrates. The response time of liquid crystals affects 
the display quality of an LCD. Therefore, a driving method in 
which an image of a previous frame is compared to an image 
signal of a current frame to correct the image signal of the 
current frame has recently been suggested. 25 

In order to correct the image signal of the current frame as 
described above, a memory for storing the image signal of the 
previous frame is required. As the display quality of the LCD 
improves, the number of bits of the image signal of the pre 
vious frame is increased. Hence, the size of the memory must 30 
be increased, which results in an increase in the power con 
Sumption and manufacturing costs of the LCD. 

BRIEF SUMMARY OF THE INVENTION 
35 

Exemplary embodiments of the present invention provide a 
liquid crystal display (LCD) which can minimize an 
increase in the power consumption and manufacturing costs 
thereof. 

Exemplary embodiments of the present invention also pro- 40 
vide a method of driving an LCD, the method capable of 
minimizing an increase in the power consumption and manu 
facturing costs of the LCD. 

Exemplary embodiments of the present invention are not 
restricted to the one set forth herein. The above and other 45 
exemplary embodiments of the present invention will become 
more apparent to one of ordinary skill in the art to which the 
present invention pertains by referencing the detailed descrip 
tion of the present invention given below. 

According to an exemplary embodiment of the present 50 
invention, an LCD includes; a liquid crystal panel, a timing 
controller which receives previous image data and current 
image data, corrects or does not correct the current image data 
according to a reference bit of conversion image data gener 
ated using the previous image data, and outputs a display 55 
image signal to the liquid crystal display, and a data driver 
which receives the display image signal and applies a data 
Voltage corresponding to the display image signal to the liq 
uid crystal panel. 

According to another exemplary embodiment of the 60 
present invention, an LCD includes; a liquid crystal panel, a 
timing controller which receives previous image data and 
current image data, corrects or does not correct the current 
image data according to a reference bit of conversion image 
data generated using the previous image data, and outputs a 65 
display image signal to the liquid crystal panel, wherein the 
conversion image data is updated when the current image data 

2 
is different from the previous image data and is not updated 
when the current image data is Substantially identical to the 
previous image data, and a data driver which receives the 
display image signal and applies a data Voltage corresponding 
to the display image signal to the liquid crystal panel. 

According to another exemplary embodiment of the 
present invention, a method of driving an LCD includes: 
receiving conversion image data, which is generated by using 
previous image data, and current image data, outputting a 
display image signal which is generated by correcting or not 
correcting the current image data according to a reference bit 
of the conversion image data, and applying a data Voltage 
corresponding to the display image signal to a liquid crystal 
panel and displaying an image corresponding to the data 
Voltage on the liquid crystal panel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other aspects and features of the present 
invention will become more apparent by describing in detail 
exemplary embodiments thereof with reference to the 
attached drawings, in which: 

FIG. 1 is a block diagram of an exemplary embodiment of 
a liquid crystal display (LCD) according to the present 
invention; 

FIG. 2 is an equivalent circuit diagram of an exemplary 
embodiment of a pixel included in the exemplary embodi 
ment of an LCD of FIG. 1; 

FIG.3 is a block diagram of an exemplary embodiment of 
a timing controller included in the exemplary embodiment of 
an LCD of FIG. 1; 

FIG. 4 is a conceptual diagram illustrating an exemplary 
embodiment of a data conversion process performed by an 
exemplary embodiment of a data converter illustrated in FIG. 
3: 

FIG. 5 is a block diagram of another exemplary embodi 
ment of a timing controller included in an exemplary embodi 
ment of an LCD according to the present invention; 

FIG. 6 is an example of a lookup table (“LUT) included in 
the exemplary embodiment of a timing controller of FIG. 5: 

FIG. 7 is a block diagram of another exemplary embodi 
ment of a timing controller included in an exemplary embodi 
ment of an LCD according to the present invention; and 

FIG. 8 is a block diagram of another exemplary embodi 
ment of a timing controller included in an exemplary embodi 
ment of an LCD according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention now will be described more fully hereinafter 
with reference to the accompanying drawings, in which 
embodiments of the invention are shown. This invention may 
be embodied in many different forms and should not be 
construed as limited to the embodiments set forth herein. 
Rather, these embodiments are provided so that this disclo 
sure will be thorough and complete, and will fully convey the 
scope of the invention to those skilled in the art. Like refer 
ence numerals refer to like elements throughout. 

It will be understood that when an element is referred to as 
being “on” another element, it can be directly on the other 
element or intervening elements may be present therebe 
tween. In contrast, when an element is referred to as being 
“directly on' another element, there are no intervening ele 
ments present. As used herein, the term “and/or includes any 
and all combinations of one or more of the associated listed 
items. 
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It will be understood that, although the terms first, second, 
third, etc., may be used herein to describe various elements, 
components, regions, layers and/or sections, these elements, 
components, regions, layers and/or sections should not be 
limited by these terms. These terms are only used to distin 
guish one element, component, region, layer or section from 
another element, component, region, layer or section. Thus, a 
first element, component, region, layer or section discussed 
below could be termed a second element, component, region, 
layer or section without departing from the teachings of the 
present invention. 
The terminology used herein is for the purpose of describ 

ing particular embodiments only and is not intended to be 
limiting of the invention. As used herein, the singular forms 
“a”, “an and “the are intended to include the plural forms as 
well, unless the context clearly indicates otherwise. It will be 
further understood that the terms “comprises” and/or “com 
prising,” or “includes and/or “including when used in this 
specification, specify the presence of stated features, regions, 
integers, groups, components, steps, operations, and/or ele 
ments, but do not preclude the presence or addition of one or 
more other features, regions, integers, components, steps, 
operations, elements, and/or groups thereof. 

Furthermore, relative terms, such as “lower” or “bottom’ 
and “upper” or “top” may be used herein to describe one 
element's relationship to another elements as illustrated in the 
Figures. It will be understood that relative terms are intended 
to encompass different orientations of the device in addition 
to the orientation depicted in the Figures. For example, when 
the device in one of the figures is turned over, elements 
described as being on the “lower side of other elements 
would then be oriented on “upper” sides of the other ele 
ments. The exemplary term “lower, can therefore, encom 
passes both an orientation of “lower” and “upper.” depending 
on the particular orientation of the figure. Similarly, when the 
device in one of the figures is turned over, elements described 
as “below' or “beneath' other elements would then be ori 
ented “above the other elements. The exemplary terms 
“below' or “beneath’ can, therefore, encompass both an ori 
entation of above and below. 

Unless otherwise defined, all terms (including technical 
and Scientific terms) used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to 
which this invention belongs. It will be further understood 
that terms, such as those defined in commonly used dictio 
naries, should be interpreted as having a meaning that is 
consistent with their meaning in the context of the relevant art 
and will not be interpreted in an idealized or overly formal 
sense unless expressly so defined herein. 

Exemplary embodiments of the present invention are 
described herein with reference to cross section illustrations 
that are schematic illustrations of idealized embodiments of 
the present invention. As such, variations from the shapes of 
the illustrations as a result, for example, of manufacturing 
techniques and/or tolerances, are to be expected. Thus, 
embodiments of the present invention should not be con 
Strued as limited to the particular shapes of regions illustrated 
herein but are to include deviations in shapes that result, for 
example, from manufacturing. For example, a region illus 
trated or described as flat may, typically, have rough and/or 
nonlinear features. Moreover, sharp angles that are illustrated 
may be rounded. Thus, the regions illustrated in the figures 
are schematic in nature and their shapes are not intended to 
illustrate the precise shape of a region and are not intended to 
limit the scope of the present invention. 
As used herein, the terms "rows' and “columns' of a 

matrix may be changed to “columns' and “rows' depending 
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4 
on an observer's point of view. That is, “rows” may be 
replaced by “columns' and vice versa. 

Hereinafter, exemplary embodiments of a liquid crystal 
display (LCD) and exemplary embodiments of a method of 
driving the same according to the present invention will be 
described. 
An exemplary embodiment of an LCD and an exemplary 

embodiment of a method of driving the same according to the 
present invention will be described with reference to FIGS. 1 
through 4. FIG. 1 is a block diagram of an LCD 10 according 
to an exemplary embodiment of the present invention. FIG.2 
is an equivalent circuit diagram of an exemplary embodiment 
of a pixel PX included in the LCD 10 of FIG. 1. FIG. 3 is a 
block diagram of an exemplary embodiment of a timing con 
troller 200 included in the LCD 10 of FIG. 1. FIG. 4 is a 
conceptual diagram illustrating an exemplary embodiment of 
a data conversion process performed by an exemplary 
embodiment of a data converter 210 illustrated in FIG. 3 

Referring to FIG. 1, the LCD 10 includes a liquid crystal 
panel 100, a gate driver 300, a data driver 400, and the timing 
controller 200. The liquid crystal panel 100 includes a plu 
rality of display signal lines and a plurality of pixels PX which 
are arranged in a matrix and connected to the display signal 
lines. Referring to FIG. 2, the liquid crystal panel 100 may 
include a first display substrate 110, a second display sub 
strate 120 which faces the first display substrate 110, and 
liquid crystals 150 which are interposed between the first and 
second display substrates 110 and 120. 
The display signal lines include a plurality of gate lines 

GL1 through GLk which deliver gate signals and a plurality 
of data lines D1 through Dm which deliver data signals. The 
gate lines GL1 through GLk extend in a substantially row 
direction to be substantially parallel to each other. The data 
lines D1 through Dm extend in a substantially column direc 
tion to be substantially parallel to each other. 
As described above, FIG. 2 is an equivalent circuit diagram 

of one of the pixels PX illustrated in FIG.1. Referring to FIG. 
2, in one exemplary embodiment, a color filter CF may be 
formed on a portion of a common electrode CE of the second 
display substrate 120 to face a pixel electrode PE of the first 
display substrate 110. Each of the pixels PX, for example, a 
pixel PX connected to ani" (whereini is an integer from 1 to 
n) gate line GLiandaj" (whereinjis an integer from 1 to m) 
data line D. may include a Switching device Q, which is 
connected to the i' gate line GLi and the j" data line D, and 
a liquid crystal capacitor Clc and a storage capacitor Cst 
which are connected to the Switching device Q. 

Referring again to FIG. 1, the timing controller 200 
receives input control signals, e.g., from an external graphic 
controller (not shown), and generates a gate control signal 
CONT1 and a data control signal CONT2 based on the 
received input control signals. Then, the timing controller 200 
transmits the gate control signal CONT1 to the gate driver 300 
and the data control signal CONT2 to the data driver 400. 
Exemplary embodiments of the input control signals include 
a vertical synchronization signal VSync, a horizontal Syn 
chronization signal Hsync, a main clock signal Mclk, and a 
data enable signal DE. 

In addition, the timing controller 200 receives previous 
image data DAT (as will be discussed in more detail below 
with reference to FIG.3) and current image data DATn. Then, 
the timing controller 200 corrects or does not correct the 
current image data DATn according to a reference bit of 
conversion image datatDAT (as will be discussed in more 
detail below with reference to FIG. 3), which has been gen 
erated by using the previous image data DAT, and outputs 
a display image signal DATn. In one exemplary embodi 
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ment, the previous image data DAT and the current image 
data DATn may correspond to Successive frames, respec 
tively. In some alternative exemplary embodiments, the pre 
vious image data DAT and the current image data DATn 
may correspond respectively to frames which are several 
frames apart from each other. 
The display image signal DATn is a signal obtained by 

correcting or not correcting the current image data DATn 
according to the reference bit of the conversion image data 
tDAT. That is, the reference bit of the conversion image 
data t|DAT may determine whether to correct the current 
image data DATn. In addition, in one exemplary embodiment, 
the reference bit of the conversion image datatDAT may be 
an upper bit of the conversion image data t)AT. 
When the signal, which is obtained by correcting the cur 

rent image data DATn, is to be output as the display image 
signal DATn, the display image signal DATn may be gen 
erated by using a correction value which corresponds to the 
conversion image data t)AT and the current image data 
DATn. The timing controller 200 may include a lookup table 
(“LUT) which stores correction values corresponding to 
combinations of the conversion image datatDAT, and the 
current image data DATn. The timing controller 200 will be 
described in more detail later. 
The gate control signal CONT1 is used to control the 

operation of the gate driver 300. In on exemplary embodi 
ment, the gate control signal CONT1 may include a vertical 
start signal for starting the gate driver 300, a gate clock signal 
for determining when to output a gate-on voltage Von, and an 
output enable signal for determining the pulse width of the 
gate-on Voltage Von. 
The data control signal CONT2 is used to control the 

operation of the data driver 400. In one exemplary embodi 
ment, the data control signal CONT2 may include a horizon 
tal start signal for starting the data driver 400 and an output 
instruction signal for instructing the output of two data Volt 
ageS. 
The gate driver 300 receives the gate control signal CONT1 

from the timing controller 200 and transmits a gate signal to 
each of the gate lines GL1 through GLk. The gate signal 
includes the gate-on Voltage Von and a gate-off Voltage Voff. 
which, in one exemplary embodiment, may be provided by a 
gate on/off Voltage generator (not shown). 
The data driver 400 receives the data control signal CONT2 

from the timing controller 200 and applies an image data 
voltage to each of the data lines D1 through Dm. The image 
data Voltage may be a grayscale Voltage which is provided by 
a grayscale Voltage generator 500 and corresponds to the 
display image signal DATn. 

Referring to FIG. 3, the timing controller 200 includes a 
data converter 210, a memory 220, a data determiner 230, the 
LUT 240, and a data corrector 250. 

In the present exemplary embodiment, both the previous 
image data DAT and the current image data DATn are 
divided into a plurality of groups, each group having one or 
more bits. Any one of the groups may include one or more 
original reference bits which are converted into a reference 
bit. Each of the previous image data DAT and the current 
image data DATn may be divided into first through third 
groups. In the exemplary embodiment wherein each of the 
previous image data DAT and the current image data DATn 
is an 8-bit signal, the first group of each of the previous image 
data DAT and the current image data DATn may include 2 
bits, the second group may include 3 bits, and the third group 
may include 3 bits, in order of most significant bit (“MSB) to 
least significant bit (“LSB). 
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6 
Similarly, in the exemplary embodiment wherein the pre 

vious image data DAT and the current image data DATn is 
a 6-bit signal, each of the first through third groups of the 
previous image data DAT and the current image data DATn 
may include 2 bits. The above cases are merely exemplary 
embodiments and the image data may have other bit sizes, 
e.g., 64. 128, etc., and may be divided into groups having 
different numbers of bits as would be apparent to one of 
ordinary skill in the art. 
One or more original reference bits included in each of the 

previous image data DAT and the current image data DATn 
may be upper bits, e.g., the first group. For example, when the 
previous image data DAT is an 8-bit signal, 2 MSBs of the 
previous image data DAT may be original reference bits. 
Thus, upper bits of the conversion image datatDAT, which is 
generated by using the current image data DAT may include 
a reference bit. 
The data converter 210 converts the current image data 

DAT into the conversion image datatDAT. The conversion 
image datatDAT may be a signal having a smaller number of 
bits than the current image data DAT. The conversion image 
datatDAT may be a signal obtained by combining bits in the 
first group of the previous image data DAT maintaining bits 
in the second group as they are, and removing bits in the third 
group. For example, when the current image data DAT is an 
8-bit signal, upper 2 bits in the first group of the current image 
data DAT may be combined into 1 bit, 3 bits in the second 
group may be maintained unchanged, and 3 bits in the third 
group may be removed. Consequently, the 8-bit current image 
data DAT may be converted into the 4-bit conversion image 
data t)AT. Here, a reference bit of the 4-bit current image 
data DAT is one MSB. 
The memory 220 stores the conversion image datatDAT. 

Since the number of bits of the conversion image datatDAT 
is smaller than that of bits of the current image data DAT, the 
size of the memory 220 can be reduced when the conversion 
image datatDAT, is stored in the memory 220 as compared to 
when the current image data DAT were to be stored in the 
memory 220. 
A method of converting image data by using the data con 

verter 210 will now be described with reference to FIG. 4. 
FIG. 4 illustrates an 8-bit image data which is divided into a 
first group A of 2 bits, a second group B of 3 bits, and a third 
group C of 3 bits. This is just one exemplary embodiment, and 
the present invention is not limited thereto. 
When the 8-bit image data divided into the first through 

third groups A through C is input to the data converter 210, the 
data converter 210 performs a data conversion process, which 
corresponds to each of the first through third groups. A 
through C, in order to convert the input 8-bit image data into 
4-bit conversion image data t)AT. 
The 2 bits in the first group A of the input 8-bit image data 

may be combined into 1 bit. Here, in one exemplary embodi 
ment, an OR gate may be used. That is, when the first group A 
consists of binary bits “00, those bits “00” may be combined 
into a single bit “0”. When the first group A consists of binary 
bits “01, “10 or “11” which is different from “00, those 
bits “01,” “10,” or “11” maybe combined into a single bit “1”. 
Therefore, the bit “0” or “1” into which the 2 bits in the first 
group A are combined may be a reference bit of the conver 
sion image data t|DAT, which determines whether to correct 
the current image data DATn, i.e., the input 8-bit image data, 
as will be discussed in more detail below. 
The second group B of the input 8-bit image data may be 

maintained unchanged, and the third group C may be 
removed. That is, the 2 bits in the first group A of the input 
8-bit image data may be combined into one bit, the 3 bits in 
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the second group B may be maintained unchanged, and the 3 
bits in the third group C may be removed to generate the 4-bit 
conversion image data t)AT. 
The 4-bit conversion image data t)AT, which has been 

reduced from the input 8-bit image data, may be stored in the 
memory 220. As described above, since the number of bits of 
the conversion image datatDAT is smaller than that of bits of 
the input image data, the size of the memory 220 can be 
reduced when the conversion image data t)AT is stored in 
the memory 220 as compared to when the input image data 
were to be stored in the memory 220. 

The conversion image datatDAT from a previous frame 
which has been previously stored in the memory 220 is output 
to the data determiner 230 (see FIG. 3) upon the entry of the 
conversion image data t)AT, of the current frame into the 
memory 220. The conversion image datatDAT (e.g., read 
out image data) output from the memory 220 to the data 
determiner 230 may have 4 bits as shown in FIG. 4. In some 
exemplary embodiments, after the 4-bit conversion image 
datatDAT is output from the memory 221, it may be con 
verted into 8-bit image data. For example, when the conver 
sion image datatDAT stored in the memory 220 has 4 bits, 
e.g., “0101 it maybe output to the data determiner 230 as it 
is (e.g., as a 4-bit signal "0101). Alternative exemplary 
embodiments include configurations wherein, the reference 
bit “0” of the conversion image data t|DAT may be con 
verted into “00, and “000” may be added in place of the 
removed lower 3 bits of the third group C. In this alternative 
exemplary embodiment, the conversion image datatDAT 
“0101" may be converted into "00101000 and sent accord 
ingly to the data determiner 230. 

The present exemplary embodiment will be described 
below based on the exemplary embodiment wherein the con 
version image data t)AT consists of 4 bits. The present 
exemplary embodiment may be modified appropriately and 
applied to a case where the 4-bit conversion image data 
tDAT is converted into 8-bit conversion image data 
tDAT, and sent accordingly. 

Referring back to FIG. 3, the data determiner 230 receives 
the conversion image datatDAT, and the current image data 
DATn and determines whether to correct the current image 
data DATn. As described above, whether to correct the current 
image data DATn may be determined by the value of the 
reference bit of the conversion image data t)AT. That is, 
when the reference bit of the conversion image data t)AT 
has a first binary value, the data determiner 230 outputs the 
current image data DATn to the data driver 400 (see FIG. 1) 
without conversion. When the reference bit of the conversion 
image datatDAT has a second binary value, which is dif 
ferent from the first binary value, the data determiner 230 
outputs the current image data DATnto the data corrector 250 
to correct the current image data DATn. In one exemplary 
embodiment, the first binary value maybe “0” and the second 
binary value maybe “1.” 

In one exemplary embodiment, the reference bit may be the 
MSB of the conversion image data t|DAT. For example, 
when the conversion image datatDAT is "0101, its refer 
ence bit is “0” Accordingly, the data determiner 230 provides 
the current image data DATn to the data driver 400 as it is. On 
the contrary, when the conversion image data t)AT is 
“1101 its reference bit is “1” Accordingly, the data deter 
miner 230 outputs the current image data DATn to the data 
corrector 250 to correct the current image data DATn. 
The data corrector 250 corrects the current image data 

DATn received from the data determiner 230 and outputs the 
corrected, current image data cDATn as the display image 
signal DATn. The display image signal DATn output from 
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8 
the data corrector 250 may be transmitted to the data driver 
400. Then, the data driver 400 may apply a data voltage 
corresponding to the received display image signal DATn to 
the liquid crystal panel 100, so that an image corresponding to 
the display image signal DATn can be displayed on the liquid 
crystal panel 100. Here, the display image signal DATn may 
be a signal generated by using a correction value which cor 
responds to the conversion image datatDAT, and the cur 
rent image data DATn. 
The LUT 240 stores correction values corresponding to 

combinations of the conversion image datatDAT, and the 
current image data DATn. Since the conversion image data 
tDAT excludes the third group of the previous image data 
DAT, it may have a discontinuous grayscale depending on 
the number of bits in the third group. That is, since the 4-bit 
conversion image data t|DAT to which the 8-bit previous 
image data DAT has been reduced excludes the lower3 bits 
in the third group, it may have a grayscale of, for example, 0. 
8, 16, 24, 32, 40, 48, and 56. Information contained in the 
original 8-bit signal has been lost due to the conversion to the 
4-bit signal, and therefore it is capable of corresponding to a 
reduced number of grayscales as compared to the previous 
8-bit signal. Since the current image data DATn, which has 
not been converted, is an 8-bit signal, it may have a continu 
ous grayscale of 0 to 255. Thus, the LUT 240 may include 
correction values corresponding to all combinations of gray 
levels of the conversion image datatDAT and those of the 
current image data DATn. 

In some embodiments, the LUT 240 may store correction 
values corresponding to combinations of the discontinuous 
grayscale of the conversion image datatDAT, and a refer 
ence grayscale of the current image data DATn, so that the 
current image data DATn can be corrected more efficiently in 
terms of processing time by the data corrector 250 and storage 
space in the LUT 240. Here, the reference grayscale may 
denote a grayscale corresponding to bit values of the first and 
second groups of the current image data DATn. For example, 
when the current image data DATn is an 8-bit signal and when 
its first through third groups include 2 bits, 3 bits and 3 bits, 
respectively, in order of MSB to LSB, a grayscale corre 
sponding to the bit values of the first and second groups may 
be a grayscale corresponding to upper 5 bits which exclude 
the 3 bits in the third group, that is, may be a grayscale of 0. 
8, 16, 24, 32, 40, ..., 255. 
The current image data DATn corresponding to the remain 

ing gray levels may be corrected by using correction values 
corresponding to combinations of the discontinuous gray 
scale of the conversion image datatDAT, and the reference 
grayscale of the current image data DATn by using the 
remaining bits of the current image data DATn, that is, the 3 
bits in the third group. In one exemplary embodiment, the 
current image data DATn may be corrected by interpolation. 

Accordingly, the data converter 210 generates the conver 
sion image datatDAT by using the current image data DAT 
and stores the conversion image datatDAT, in the memory 
220, then a conversion image data t)AT, which has been 
previously stored in the memory 220, is output from the 
memory 220, the data determiner 230 receives the conversion 
image data t)AT and the current image data DATn, cor 
rects or does not correct the current image data DATn accord 
ing to the reference bit of the conversion image datatDAT, 
and outputs the display image signal DATn. Then, a data 
Voltage corresponding to the display image signal DATn is 
applied to the liquid crystal panel 100, so that an image 
corresponding to the display image signal DATn can be 
displayed on the liquid crystal panel 100. When the reference 
bit of the conversion image data t)AT has the first binary 
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value, the current image data DATn may be output to the data 
driver 400 without being corrected. When the reference bit 
has the second binary value, the current image data DATn 
may be output to the data corrector 250 to be converted prior 
to being used as the display image signal DATn. 

In the LCD 10 and the method of driving the same accord 
ing to the present embodiment, the current image data DAT 
is converted into the conversion image data t)AT, having a 
smaller number of bits than that of the current image data 
DAT, and the conversion image datatDAT, is stored. There 
fore, the size of the memory 220 which is to store the current 
image data DAT can be reduced. In addition, since the cur 
rent image data DATn is selectively corrected according to the 
reference bit of the conversion image datatDAT, the power 
consumed to correct the current image data DATn can be 
reduced. 

Hereinafter, another exemplary embodiment of an LCD 
and another exemplary embodiment of a method of driving 
the same according to the present invention will be described 
with reference to FIGS. 5 and 6. FIG. 5 is a block diagram of 
another exemplary embodiment of a timing controller 201 
included in another exemplary embodiment of an LCD 
according to the present invention. FIG. 6 is an example of an 
LUT 241 included in the timing controller 201 of FIG. 5. 
The LCD and the method of driving the same according to 

the present exemplary embodiment is different from those 
according to the previous exemplary embodiment in that 
whether to correct current image data DATn is determined 
based on combinations of conversion image datatDAT, and 
the current image data DATn. Elements substantially identi 
cal to those of the previous embodiment are indicated by like 
reference numerals, and thus their description will be omit 
ted. 

Referring to FIG. 5, the present exemplary embodiment of 
an LCD includes the timing controller 201, a data converter 
211, a memory 221, a data determiner 231, the LUT 241, and 
a data corrector 251. 
As described above, the data converter 211 generates the 

conversion image data t|DAT, by using current image data 
DAT, and the generated conversion image data t)AT is 
stored in the memory 221. The memory may then output a 
conversion image datatDAT corresponding to a previous 
frame. 
The LUT 241 may include a first region “I” and a second 

region “II. The first region “I” includes correction values 
corresponding to combinations of the conversion image data 
tDAT, and the current image data DATn. The second region 
'II' does not include the correction values corresponding to 
the combinations of the conversion image data t)AT and 
the current image data DATn. In FIG. 6, a brightly-shaded 
region is the first region “I’, and a darkly-shaded region is the 
second region 'II', and Gn', Gn and Gn-1 represent the gray 
level corresponding to the combined image data, the gray 
level corresponding to the current image data, and the gray 
level corresponding to the conversion image data, respec 
tively. 

The first region “I” includes the corrections values corre 
sponding to the combinations of the conversion image data 
tDATn-1 and the current image data DATn, wherein gray 
levels of the current image data DATn are greater than those 
of the conversion image datatDAT and are equal to or less 
than a predetermined gray level. The predetermined gray 
level may be a value that obtained the minimum response time 
required by a product when the response times of liquid 
crystals for the previous image data DAT and the current 
image data DATn were measured. For example, when the 
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current image data DATn has 8 bits, the predetermined gray 
level may be equal to or greater than a gray level of 128. 
The second region 'II' does not include the correction 

values corresponding to the combinations of the conversion 
image data t)AT and the current image data DATn. The 
second region 'II' may include those combinations of the 
conversion image data tDAT and the current image data 
DATn, which are not included in the first region “I”, in addi 
tion to the dark region in FIG. 6. 

Combinations of the current image data DATn and the 
conversion image data t)AT having gray levels, which 
correspond to a reference bit, belong to the second region “II.” 
As shown in the drawing, when the conversion image data 
tDAT has 4 bits and when its 1 MSB is the reference bit, 
correction values corresponding to combinations of the cur 
rent image data DATn and the conversion image datatDAT 
having gray levels greater than a gray level of 56 do not exist. 
Therefore, the combinations of the current image data DATn 
and the conversion image datatDAT having the gray levels 
greater than the gray level of 56 belong to the second region 
“II.' 

Although not explicitly shown in FIG. 6, combinations of 
the conversion image datatDAT and the current image data 
DATn having gray levels greater than the predetermined gray 
level also belong to the second region “II. As described 
above, when a gray level of the current image data DATn is 
greater than the predetermined gray level, the response time 
of liquid crystals to a gate Voltage, which corresponds to the 
current image data DATn, reaches a satisfactory level. Thus, 
desired display quality can be achieved even without correct 
ing the current image data DATn. 
The data determiner 231 receives the conversion image 

datatDAT and the current image data DATn, determines to 
which region of the LUT 241 a combination of the conversion 
image data tDAT, and the current image data DATn 
belongs, and determines whether to correct the current image 
data DATn. 
When a combination of the conversion image datatDAT 

and the current image data DATnbelongs to the second region 
'II' which does not include a correction value corresponding 
to the combination, the data determiner 231 may output the 
current image data DATn as a display image signal DATn. 
When the combination of the conversion image datatDAT 
and the current image data DATn belongs to the first region 
“I” which includes the correction value corresponding to the 
combination, the data determiner 231 outputs the current 
image data DATn and the correction value corresponding the 
combination to the data corrector 251. Then, the data correc 
tor 251 corrects the current image data DATn by using the 
correction value to generate correction image data cDATn 
and outputs the correction image data cDATn as the display 
image signal DATn. 

Accordingly, the data determiner 231 receives the conver 
sion image datatDAT, and the current image data DATn and 
determines whether to correct the current image data DATn 
according to a region of the LUT 241 to which a combination 
of the conversion image datatDAT, and the current image 
data DATn belongs. According to the determination result of 
the data determiner 231, the current image data DATn or the 
correction image data cDATn is output as the display image 
signal DATn. 

According to another exemplary embodiment of the 
present invention, correction values included in only the first 
region “I” may be stored in the LUT 241, thereby reducing the 
memory size of the LUT 241. In addition, when a combina 
tion of the conversion image data t)AT and the current 
image data DATn belongs to the second region “II, the cur 
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rent image data DATn may be output as the display image 
signal DATn. In this way, the current image data DATn may 
be selectively corrected to reduce the power consumed to 
correct the current image data DATn. 

Hereinafter, another exemplary embodiment of an LCD 
and another exemplary embodiment of a method of driving 
the same according to the present invention will be described 
with reference to FIG. 7. 

The present exemplary embodiment of an LCD and the 
method of driving the same are different from those according 
to the previous exemplary embodiments in that previous 
image data DAT is compared to current image data DATn 
and that conversion image datatDAT is updated only when 
the previous image data DAT is different from the current 
image data DATn. Elements substantially identical to those of 
the previous embodiments are indicated by like reference 
numerals, and thus their description will be omitted. 

Referring to FIG. 7, the timing controller 202 includes a 
data comparator 262 which receives the current image data 
DATn and compares the current image data DATn to the 
previous image data DAT to determine whether they are 
identical. The data comparator 262 may include a memory 
(not shown) which stores the previous image data DAT. 
The data comparator 262 compares the previous image 

data DAT to the current image data DATn and, when they 
are different, transmits the current image data DATn to a data 
converter 212 to update a memory 222 with conversion image 
datatDATn. When the previous image data DAT is identi 
cal to the current image data DATn, the data comparator 262 
does not transmit the current image data DATn to the data 
converter 212. Instead, the data comparator 262 maintains the 
previous conversion datatDAT stored in the memory 222 
unchanged. That is, when there is no difference between the 
current image data DATn and the previous image data DAT 
1, the previous image data DAT stored in the memory 222 
in the form of the conversion image datatDAT need not be 
changed. Therefore, the memory 222 may be selectively 
updated only when the current image data DATn is different 
from the previous image data DAT. Consequently, the 
power consumed to update the memory 222 can be reduced. 
A data determiner 232 determines whether to correct the 

current image data DATn by using the current image data 
DATn and the conversion image data t)AT stored in the 
memory 222. Other elements of the present exemplary 
embodiment are substantially identical to those of the previ 
ous exemplary embodiments. 

In the present exemplary embodiment of an LCD and the 
method of driving the same, since the conversion image data 
tDAT having a smaller number of bits than that of the 
previous image data DAT is stored in the memory 222, the 
size of the memory 220 can be reduced. In addition, since the 
memory 222 is updated only when the current image data 
DATn is different from the previous image data DAT, the 
power consumed to update the conversion image data 
tDAT can be reduced. 

Hereinafter, another exemplary embodiment of an LCD 
and a method of driving the same according to the present 
invention will be described with reference to FIG.8. FIG. 8 is 
a block diagram of another exemplary embodiment of a tim 
ing controller 203 included in another exemplary embodi 
ment of an LCD according to the present invention. 
The present exemplary embodiment of an LCD and the 

method of driving the same are different from those according 
to the previous exemplary embodiments in that whether to 
correct first correction image data cDATn, which has already 
been corrected, is determined based on a reference bit of the 
first correction image data cDATn. Elements substantially 
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identical to those of the previous exemplary embodiments are 
indicated by like reference numerals, and thus their descrip 
tion will be omitted. 

Referring to FIG. 8, the timing controller 203 includes a 
first corrector 273, a data converter 213, a memory 223, a 
second corrector 283, an LUT 243, a data selector 293, and a 
select signal generator 290. 
The first corrector 273 corrects current image data DATn 

and outputs current first correction image data cDATn to the 
data converter 213, the second corrector 283 and the data 
selector 293. Here, the first corrector 273 may perform 
gamma correction, e.g., contents-based adaptive brightness 
control (“CABC) on the current image data DATn. The 
gamma correction does not necessarily require the input of 
previous image data DAT for image data correction. 
Instead, the gamma correction may be performed regardless 
of the previous image data DAT. 
As described above, the current image data DATn is 

divided into first through third groups and includes an original 
reference bit. The first through third groups and the original 
reference bit may be maintained unchanged in the current first 
correction image data cDATn. 
The data converter 213 receives the current first correction 

image data cDATn output from the first corrector 273 and 
converts the current first correction image data cDATn into 
conversion image data t)AT. The process of converting the 
current first correction image data cDATn into the conversion 
image data t)AT, and storing the conversion image data 
tDAT in the memory 223 is substantially identical to the 
conversion process described above, and thus a detailed 
description thereof will be omitted. The memory 223 outputs 
a previous conversion image data t)AT, when it receives 
the current conversion data t)AT. 
The second corrector 283 receives the current first correc 

tion image data cDATn output from the first corrector 273 and 
the previous conversion image datatDAT output from the 
memory 223. Then, the second corrector 283 corrects the 
current first correction image data cDATn by using a correc 
tion value corresponding to a combination of the current first 
correction image data cDATn and the conversion image data 
tDAT to generate current second correction image data 
dDATn and outputs the current second correction image data 
dDATn. The second corrector 283 may perform, for example, 
dynamic capacitance compensation (“DCC) in order to 
reduce the response time of liquid crystals. Here, the second 
corrector 283 may correct the current first correction image 
data cDATn by using the correction value which corresponds 
to the combination of the current first correction image data 
cDATn and the conversion image data t)AT stored in the 
LUT 243 and may generate the current second correction 
image data dDATn. 
The data selector 293 receives the current first correction 

image data cDATn and the current second correction image 
data dDATn and outputs any one of the current first correction 
image data cDATn and the current second correction image 
data dDATn as a display image signal DATn in response to a 
select signal SEL which is generated according to the refer 
ence bit of the conversion image datatDAT. 
The select signal generator 290 generates the select signal 

SEL according to the reference bit of the previous conversion 
image datatDAT and transmits the generated select signal 
SEL to the data selector 293. As shown in the drawing, the 
select signal generator 290 may be disposed independently 
and may receive the previous conversion image datatDAT 
from the memory 223 through a separate connection (not 
shown). In some embodiments, the select signal generator 
290 may be included in the second corrector 283 and share the 
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conversion image datatDAT provided by the second cor 
rector 283. The above cases are merely exemplary embodi 
ments, and the present invention is not limited thereto. 

Accordingly, the current image data DATn is received and 
corrected to generate the current first correction image data 
cDATn. Then, the current first correction image data cDATn 
is converted into the conversion image datatDAT, and stored 
accordingly in the memory 223. The previous conversion 
image datatDAT stored in the memory 223 and the current 
first correction image data cDATn are received by the second 
corrector 283, and the current first correction image data 
cDATn is corrected to generate the current second correction 
image data dDATn. In response to the select signal SEL 
generated according to the reference bit of the previous con 
version image datatDAT, any one of the current first cor 
rection image data cDATn and the current second correction 
image data dDATn is output as the display image signal 
DATn. Whether to correct the current first correction image 
data cDATn is determined using the correction value which 
corresponds to the combination of the current first correction 
image data cDATn and the conversion image data t)AT 
stored in the LUT 243. In some embodiments, whether to 
correct the current first correction image data cDATn may be 
determined based on the reference bit of the previous conver 
sion image datatDAT. 

In the present exemplary embodiment of an LCD and the 
method of driving the same, since the current image data 
DATn is corrected twice, the display quality of the LCD can 
be further enhanced. In addition, the first correction image 
data cDATn is converted into the conversion image data 
tDATn having a smaller number of bits than that of the first 
correction image data cDATn, and the conversion image data 
tDATn is stored in the memory 223. Thus, the size of the 
memory 223 can be reduced. Furthermore, whether to correct 
the current first correction image data cDATn is determined 
based on the conversion image datatDAT which has been 
generated by using the previous first correction image data 
cDAT. Thus, errors due to data conversion can be reduced 
as compared to when first and second conversion processes 
are performed by using a signal into which the previous or 
current image data DATn before being corrected initially is 
converted. 

While the present invention has been particularly shown 
and described with reference to exemplary embodiments 
thereof, it will be understood by those of ordinary skill in the 
art that various changes in form and detail may be made 
therein without departing from the spirit and scope of the 
present invention as defined by the following claims. The 
exemplary embodiments should be considered in a descrip 
tive sense only and not for purposes of limitation. 
What is claimed is: 
1. A liquid crystal display comprising: 
a liquid crystal panel; 
a timing controller which receives previous image data and 

current image data, corrects or does not correct the cur 
rent image data according to a reference bit of conver 
sion image data generated using the previous image 
data, and outputs a display image signal to the liquid 
crystal panel; and 

a data driver which receives the display image signal and 
applies a data Voltage corresponding to the display 
image signal to the liquid crystal panel, 

wherein each of the current image data and the previous 
image data is divided into a plurality of groups, each 
group having one or more bits, and any one of the groups 
comprises one or more original reference bits which are 
converted into the reference bit. 
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2. The liquid crystal display of claim 1, wherein the refer 

ence bit is a most significant bit of the conversion image data. 
3. The liquid crystal display of claim 1, wherein the display 

image signal is generated using a correction value which 
corresponds to the conversion image data and the current 
image data. 

4. The liquid crystal display of claim 3, wherein the cor 
rection value corresponding to the conversion image data and 
the current image data is stored in a lookup table(LUT) at a 
coordinate corresponding to a combination of the conversion 
image data and the current image data. 

5. The liquid crystal display of claim 4, the current image 
data which is not listed in the LUT is corrected to a correction 
value by interpolation. 

6. The liquid crystal display of claim 4, wherein the LUT is 
divided into a first region which comprises correction values 
corresponding to combinations of the conversion image data 
and the current image data and a second region which does 
not include the correction values corresponding to the com 
binations of the conversion image data and the current image 
data, wherein when the combination of the conversion image 
data and the current image data is within the second region, 
the display image signal is Substantially the same as the 
current image data. 

7. The liquid crystal display of claim 1, wherein the groups 
comprise first through third groups, and the first group com 
prises the original reference bits, wherein bits in the first 
group are combined with each other, bits in the second group 
are maintained unchanged, and bits in the third group are 
removed to generate the conversion image data. 

8. The liquid crystal display of claim 7, wherein the first 
group comprises 2 bits, the second group comprises 3 bits, 
and the third group comprises 3 bits, wherein the 2 bits in the 
first group are combined into 1 bit, and the conversion image 
data is generated to be a 4-bit signal. 

9. The liquid crystal display of claim 7, wherein the first 
group comprises 2 bits, the second group comprises 2 bits, 
and the third group comprises 2 bits, wherein the 2 bits in the 
first group are combined into 1 bit, and the conversion image 
data is generated to be a 3-bit signal. 

10. The liquid crystal display of claim 1, wherein the pre 
vious image data is corrected to obtain previous first correc 
tion image data, and the current image data is corrected to 
obtain current first correction image data. 

11. The liquid crystal display of claim 10, wherein the 
timing controller outputs one of the current first correction 
image data and current second correction image data obtained 
by correcting the current first correction image data as the 
display image signal in response to a select signal which is 
generated according to the reference bit of the conversion 
image data. 

12. The liquid crystal display of claim 11, wherein the 
reference bit is the most significant bit of the conversion 
image data, and the display image signal is a first correction 
image signal when the select signal has a first level and a 
second correction image signal when the select signal has a 
second level. 

13. The liquid crystal display of claim 11, wherein gamma 
correction is performed to correct the previous image data or 
the current image data, and dynamic capacitance compensa 
tion is performed to correct the current first correction image 
data. 

14. A liquid crystal display comprising: 
a liquid crystal panel; 
a timing controller which receives previous image data and 

current image data, corrects or does not correct the cur 
rent image data according to a reference bit of conver 
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sion image data generated using the previous image 
data, and outputs a display image signal to the liquid 
crystal panel, wherein the conversion image data is 
updated when the current image data is different from 
the previous image data and is not updated when the 
current image data is Substantially identical to the pre 
vious image data; and 

a data driver which receives the display image signal and 
applies a data Voltage corresponding to the display 
image signal to the liquid crystal panel, 

wherein each of the current image data and the previous 
image data is divided into a plurality of groups, each 
group having one or more bits, and any one of the groups 
comprises one or more original reference bits which are 
converted into the reference bit. 

15. The liquid crystal display of claim 14, wherein the 
reference bit is a most significant bit of the conversion image 
data. 

16. The liquid crystal display of claim 14, wherein the 
display image signal is generated using a correction value 
which corresponds to the conversion image data and the cur 
rent image data. 

17. The liquid crystal display of claim 16, wherein the 
correction value corresponding to the conversion image data 

16 
and the current image data is stored in a lookup table(LUT) at 
a coordinate corresponding to a combination of the conver 
sion image data and the current image data. 

18. A method of driving a liquid crystal display, the method 
comprising: 

receiving conversion image data, which is generated by 
using previous image data, and current image data; 

outputting a display image signal which is generated by 
correcting or not correcting the current image data 
according to a reference bit of the conversion image 
data; and 

applying a data Voltage corresponding to the display image 
signal to a liquid crystal panel and displaying an image 
corresponding to the data Voltage on the liquid crystal 
panel, 

wherein each of the current image data and the previous 
image data is divided into a plurality of groups, each 
group having one or more bits, and any one of the groups 
comprises one or more original reference bits which are 
converted into the reference bit. 

19. The method of claim 18, wherein the reference bit is a 
most significant bit of the conversion image data. 

k k k k k 


