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Fig. 3
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Fig. 6
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LIQUID CRYSTAL DISPLAY AND METHOD
OF CONTROLLING COMMON VOLTAGE
THEREOF

[0001] This application claims priority to Korean Patent
Application No. 2008-77035, filed on Aug. 06, 2008, and all
the benefits accruing therefrom under 35 U.S.C. §119, the
contents of which in its entirety are herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play and a method of controlling a common voltage of the
same.

[0004] 2. Description of the Related Art

[0005] Recently, as a personal computers and televisions
have shown a tendency toward lightness and slimness, light-
ness and slimness of a display apparatus have become
increasingly important. Thus, cathode ray tubes (“CRTs”)
have been increasingly replaced by flat panel displays.
[0006] A typical flat panel display is a term used to describe
various display types, such as a liquid crystal display
(“LCD”), a field emission display (“FED”), an organic light
emitting display (“OLED”), a plasma display panel (“PDP”)
and other similar displays. Among them, the LCD has been
extensively used as a display apparatus in a mobile apparatus,
e.g. a portable computer, a personal digital assistant (“PDA”)
and a mobile phone due to superior image quality, lightness,
slimness and low power consumption thereof. The typical
LCD includes two transparent substrates (e.g., glass sub-
strates), each substrate having one of pixel and common
electrodes, respectively, and a liquid crystal layer formed
between the substrates. The LCD adjusts transmittance of
light passing through the liquid crystal layer by adjusting the
intensity of an electric field applied to the liquid crystal layer
by the electrodes, thereby displaying a desired image.
[0007] If the LCD is applied to use as a transmissive TV
monitor, a flicker and a residual image occur on the TV
monitor in the early stage of the ON/OFF operation. This is
because electrodes, which face each other while interposing a
liquid crystal layer therebetween, serve as capacitive devices
when a power is applied to the LCD. In addition, since the
alignment of liquid crystal is temporarily unstable in the early
stage of the operation or after the LCD has been driven, the
flicker and residual image occur.

BRIEF SUMMARY OF THE INVENTION

[0008] An exemplary embodiment of the present invention
provides a liquid crystal display (“LCD”) capable of prevent-
ing a flicker and a residual image.

[0009] Another exemplary embodiment of the present
invention provides a method of controlling a common voltage
of the liquid crystal display without using additional circuit
lines and interconnections.

[0010] In an exemplary embodiment of the present inven-
tion, an LCD includes; a liquid crystal panel, a lookup table
which stores information about a plurality of digital common
voltages, each of the plurality of digital common voltages
corresponding to at least one gray value, a timing controller
which analyzes gray characteristics of image signals to be
displayed on the liquid crystal panel and then selects one of
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the digital common voltages based on an analysis result, and
acommon voltage generator which generates an analog com-
mon voltage in response to the digital common voltage
selected by the timing controller and which supplies the ana-
log common voltage to the liquid crystal panel.

[0011] Inoneexemplary embodiment, the timing controller
analyzes the gray characteristic of the image signal at least
every frame.

[0012] Inoneexemplary embodiment, the timing controller
determines a representative gray value using a histogram
analysis result obtained based on gray values of substantially
all of the image signals, and selects the digital common volt-
age corresponding to the representative gray value from the
lookup table.

[0013] Inoneexemplary embodiment, the timing controller
determines a representative gray ratio using a histogram
analysis result obtained based on each gray value of a red
signal, a green signal and a blue signal constituting the image
signal, and selects the digital common voltage corresponding
to the representative gray ratio from the lookup table.

[0014] Inoneexemplary embodiment, the histogram analy-
sis result obtained based on each gray value of the red signal,
the green signal and the blue signal is multiplied by a weight
value.

[0015] Inoneexemplary embodiment, the timing controller
determines a representative gray value using an average of
brightness components of gray values of the image signals,
and selects the digital common voltage corresponding to the
representative gray value from the lookup table.

[0016] Inone exemplary embodiment, the brightness com-
ponents are obtained by converting the image signals into
national television system committee (“NTSC”) signals.
[0017] Inoneexemplary embodiment, the timing controller
determines a representative gray value using an average of
gray values of the image signals, and selects the digital com-
mon voltage corresponding to the representative gray value
from the lookup table.

[0018] Inoneexemplary embodiment, the timing controller
transmits the information about the digital common voltages
to the common voltage generator through an inter-integrated
circuit interface.

[0019] Inoneexemplary embodiment, a voltage level ofthe
analog common voltage is gradually changed over a plurality
of frames when a voltage variation range of the analog com-
mon voltage exceeds a predetermined voltage level.

[0020] Inoneexemplary embodiment, the voltage variation
range of the analog common voltage is restricted to be within
a predetermined voltage level per frame.

[0021] In another exemplary embodiment of the present
invention, a method of generating common voltage includes
analyzing gray characteristics of image signals, determining
arepresentative gray value based on the analysis result, deter-
mining a digital common voltage corresponding to the repre-
sentative gray value, and generating an analog common volt-
age corresponding to the digital common voltage.

[0022] In one exemplary embodiment, the digital common
voltage is updated at least every frame.

[0023] In one exemplary embodiment, a gray value having
a highest frequency is determined to be the representative
gray value.

[0024] Inone exemplary embodiment, the analyzing of the
gray characteristic includes converting the image signal into
a gray signal and analyzing a histogram of the gray signal is
analyzed.
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[0025] Inoneexemplary embodiment, the analyzing of the
gray characteristic includes; converting a red signal, a green
signal and a blue signal constituting the image signal into gray
signals, respectively, analyzing a histogram of the gray sig-
nals, determining representative gray values of the gray sig-
nals based on a histogram analysis result, respectively, and
multiplying the representative gray values by a weight value.
[0026] Inoneexemplary embodiment, the analyzing of the
gray characteristic includes; converting the image signals into
NTSC signals and converting the NTSC signals into gray
signals including brightness components.

[0027] In one exemplary embodiment, in order to analyze
the gray characteristic, the image signals are converted into
gray signals, and an average of the gray signals is calculated.
[0028] In one exemplary embodiment, the average of the
gray signals can be obtained based on red, green, and blue
gray signals constituting the image signals.

[0029] In one exemplary embodiment, the average of the
gray signals can be obtained based on the gray signals of the
image signals consisting of brightness components.

[0030] According to the above, a flicker and a residual
image can be minimized in the LCD and an image display
quality of the LCD can be improved in real time without using
additional circuit lines and interconnections.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The above and other advantages of the present
invention will become readily apparent by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings wherein:

[0032] FIG. 11is a block diagram illustrating an exemplary
embodiment of a liquid crystal display (“LCD”) according to
the present invention;

[0033] FIG. 2 is a block diagram illustrating an exemplary
embodiment of a method of updating a DVR of a timing
controller shown in FIG. 1;

[0034] FIG. 3 is a flowchart illustrating an exemplary
embodiment of a method of generating a common voltage
according to the present invention;

[0035] FIGS. 4 to 7 are flowcharts illustrating various
exemplary embodiments to methods to determine a represen-
tative gray value (S2000) shown in FIG. 3;

[0036] FIG. 8 is a graph illustrating an exemplary embodi-
ment of a method of adaptively adjusting update time of a
common voltage; and

[0037] FIG.9is a graph illustrating an exemplary embodi-
ment of a method of restricting variation of a common voltage
within a predetermined range.

DETAILED DESCRIPTION OF THE INVENTION

[0038] The invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which embodiments of the invention are shown. This inven-
tion may, however, 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 disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
Like reference numerals refer to like elements throughout.

[0039] 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
therebetween. In contrast, when an element is referred to as
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being “directly on” another element, there are no intervening
elements present. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items.

[0040] Tt 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
distinguish 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, compo-
nent, region, layer or section without departing from the
teachings of the present invention.

[0041] The terminology used herein is for the purpose of
describing 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 “comprising,” or “includes” and/or “including” when used
in this specification, specify the presence of stated features,
regions, integers, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, regions, integers, steps, operations, ele-
ments, components, and/or groups thereof.

[0042] 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, if 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
elements. The exemplary term “lower”, can therefore,
encompasses both an orientation of “lower” and “upper,”
depending on the particular orientation of the figure. Simi-
larly, ifthe device in one of the figures is turned over, elements
described as “below” or “beneath” other elements would then
be oriented “above” the other elements. The exemplary terms
“below” or “beneath” can, therefore, encompass both an ori-
entation of above and below.

[0043] Unless otherwise defined, all terms (including tech-
nical 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 the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0044] Exemplary embodiments of the present invention
are described herein with reference to cross section illustra-
tions that are schematic illustrations of idealized embodi-
ments of the present invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the present invention should not be
construed as limited to the particular shapes of regions illus-
trated herein but are to include deviations in shapes that result,
for example, from manufacturing. For example, a region
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illustrated 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.

[0045] Hereinafter, the present invention will be described
in detail with reference to the accompanying drawings.
[0046] Hereinafter, an exemplary embodiment of a liquid
crystal display (“LCD”) and a method of controlling a com-
mon voltage thereof according to the present invention will be
explained in detail with reference to the accompanying draw-
ings. This is for illustrative purpose only, and it should be
noted that the LCD a can be variously modified within the
scope of the present invention.

[0047] Theexemplary embodiment ofan LCD accordingto
the present invention adjusts a level of a common voltage
Vcom applied to a liquid crystal panel in real time based on
gray distribution of image signals R, G and B displayed on a
screen. The common voltage Vcom is adjusted to have an
optimum level to minimize a flicker of the image signal. As a
result, the flicker and residual image can be minimized in the
LCD and the image quality of the LCD can be improved in
real time without using additional circuit lines and intercon-
nections. Hereinafter, a structure of the exemplary embodi-
ment of an LCD and an exemplary embodiment of a method
of generating the common voltage in the LCD will be
described.

[0048] FIG. 1 is a block diagram illustrating an exemplary
embodiment of a LCD according to the present invention.
[0049] Referring to FIG. 1, the LCD 100 includes a liquid
crystal panel 10, a gate driver 20, a source driver 30, a timing
controller 40, a common voltage generator 70, and a driving
voltage generator 80.

[0050] In the present exemplary embodiment, the liquid
crystal panel 10 includes a top substrate having a common
electrode and a bottom substrate having a pixel electrode P.
Liquid crystal is injected between the top and bottom sub-
strates. A plurality of gate lines GL1 to GLn is aligned on the
bottom substrate at a substantially regular interval. In addi-
tion, a plurality of data lines DL1 to DLm is aligned substan-
tially perpendicular to the gate lines GL1 to GLn at a regular
interval. Pixels are arranged in pixel areas surrounded by the
gate lines GL.1 to GLn and the data lines DL1 to DLm. In the
present exemplary embodiment, the pixels include a red pixel
R, a green pixel G and a blue pixel B. In the present exemplary
embodiment, the R, G and B pixels together form a display
group. Also in the present exemplary embodiment, the red
pixel R, the green pixel G and the blue pixel B, which con-
stitute the display group, are continuously aligned in the row
direction.

[0051] As shown in FIG. 1, each pixel includes a thin film
transistor T, a liquid crystal capacitor Clc and a storage
capacitor Cst, which are connected to the thin film transistor
T in parallel. The liquid crystal capacitor Clc corresponds to
liquid crystal charge capacitance, and the storage capacitor
Cst corresponds to pixel charge capacitance.

[0052] Inoneexemplary embodiment, the timing controller
40 receives image signals R, G and B and an image control
signal CS from an external graphic controller (not shown).
Alternative exemplary embodiments include configurations
wherein the timing controller 40 may generate the image
control signal CS internally. The image control signal CS is
used to control display of the image signals R, G and B. The
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image signals R, G and B include raw image data (that is, red,
green and blue data). In one exemplary embodiment, the
image control signal CS includes a vertical synchronous sig-
nal Vsync, a horizontal synchronous signal Hsync, a main
cluck CLK, and a data enable signal DE; although alternative
exemplary embodiments may include additional or fewer
image control signals as necessary. The timing controller 40
processes the image signals R, G and B suitably for the
operation condition of the LCD 100. Furthermore, the timing
controller 40 may generate a plurality of control signals
including a gate control signal and a data control signal.
[0053] In addition, the timing controller 40 analyzes gray
distribution of the image signals R, G and B through an image
processor 50 to update a digital Vcom generation value
(“DVR”) in real time. The DVR is digital common voltage
information used to generate the common voltage Vcom and
to determine the voltage level of the common voltage Vcom.
In one exemplary embodiment, the DVR may be updated in
every n frame (wherein n is an integer equal to or greater than
1). An exemplary embodiment of a method of updating the
DVR will be described later with reference to FIGS. 2 to 7.
[0054] The DVR is updated to have an optimum value
adapted to minimize the flicker and residual image of the
image signals displayed on a screen. The DVR corresponds to
the level of the common voltage Vcom, so the flicker and
residual image may vary depending on the voltage level of the
common voltage Vcom. Therefore, the voltage level of the
common voltage Vcom capable of minimizing the flicker in
correspondence with the gray value and gray range may vary.
A specific voltage level of the common voltage Vcom capable
of minimizing the flicker over the whole array of gray ranges
does not exist. According to the present exemplary embodi-
ment, the gray characteristic of the image to be displayed on
the screen is analyzed, the DVR is determined on the basis of
the gray value represented in the gray characteristic of the
image at the highest ratio, and the level of the common volt-
age Vcom is adjusted using the DVR. Optimum values of the
DVR capable of minimizing the flicker at each gray value can
be stored in a lookup table LUT. According to one exemplary
embodiment, the optimum DVR can be obtained through
experiment. Accordingly, the level of the common voltage
Vcom capable of minimizing the flicker and residual image in
the LCD 100 can be updated in real time.

[0055] The driving voltage generator 80 generates internal
voltages using an externally supplied voltage Vcc to drive the
liquid crystal panel 10. For instance, in one exemplary
embodiment, the driving voltage generator 80 generates an
analog driving voltage AVDD, a gate on voltage Von, and a
gate off voltage Voff. The analog driving voltage AVDD is
applied to a gamma voltage generator (not shown) to generate
gamma voltages to be supplied to the source driver 30, and the
gate-on voltage Von and the gate off voltage Voff are applied
to the gate driver 20. In addition, in the present exemplary
embodiment, the driving voltage generator 80 supplies the
external supply voltage Vec to the common voltage generator
70 to convert the common voltage Vcom. The operation of the
driving voltage generator 80 is controlled by the timing con-
troller 40.

[0056] Thecommon voltage generator 70 receives the DVR
from the timing controller 40 to generate the analog common
voltage Vcom. The analog common voltage Vcom generated
by the common voltage generator 70 is transferred to a com-
mon electrode in the liquid crystal panel 10. The timing
controller 40 transmits the DVR to the common voltage gen-
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erator 70 by updating the DVR in real time according to the
gray characteristics of the image signal to be displayed on the
screen. Therefore, the analog common voltage Vcom, which
is made to correspond to the updated DVR, is also updated in
real time according to the gray characteristics of the image
signal to be displayed on the screen.

[0057] The gate driver 20 applies the gate on voltage Von
and the gate off voltage Voff to the gate lines GL1 to GLn
according to the vertical synchronization start signal STVP.
The gate on voltage Von is sequentially applied to all gate
lines GL1 to GLn during one frame such that the pixels of the
liquid crystal panel 10 can be sequentially scanned row by
row.

[0058] The source driver 30 generates gray signals using
the data control signal and the image signal of the timing
controller 40 and the analog driving voltage AVDD of the
driving voltage generator 80 and applies the gray signals to
the data lines DL1 to DLm. That is, the source driver 30
converts a digital image signal into an analog gray signal
using the analog driving voltage AVDD in response to the data
control signal. In addition, the source driver 30 supplies the
analog gray signal to the data lines DL1 to DLm.

[0059] In one exemplary embodiment, the gate driver 20,
the source driver 30, the timing controller 40, the common
voltage generator 70, and the driving voltage generator 80 can
be combined in the form of a control module. In such an
exemplary embodiment, each component of the control mod-
ule may be fabricated in the form of an IC chip so as to be
electrically connected to the liquid crystal panel 10. In one
exemplary embodiment, the liquid crystal panel 10 and the
gate driver 20 may be formed on the same substrate to
improve the degree of integration thereof and to simplify the
manufacturing process of the resulting display. In such an
exemplary embodiment, the control module includes the
source driver 30, the timing controller 40, the common volt-
age generator 70, and the driving voltage generator 80.
[0060] FIG. 2 is a block diagram illustrating an exemplary
embodiment of a method of updating the DVR of the timing
controller 40 shown in FIG. 1.

[0061] Referring to FIG. 2, the timing controller 40
includes the image processor 50.

[0062] The image processor 50 converts the image signals
R, G and B into gray data and obtains a histogram correspond-
ing to the gray data. In addition, the image processor 50
analyzes the histogram and determines a representative gray
value GRAY by selecting a gray value having the highest
frequency in the image (that is, highest distribution in the
image). In another exemplary embodiment, the representative
gray value GRAY may be determined by selecting a range of
gray values having the highest frequency in the image. In
addition, the image processor 50 searches through the lookup
table DVR LUT to select the DVR corresponding to the
representative gray value, or gray range, GRAY. According to
the present exemplary embodiment, the DVR can be deter-
mined by adding a corresponding logic to the timing control-
ler without using an additional circuit. Thus, the DVR can be
determined without using additional interconnections,
memories or circuits.

[0063] In one exemplary embodiment, the lookup table
DVR LUT may include a nonvolatile memory, exemplary
embodiments of which include an electrically erasable pro-
grammable read-only memory (“EEPROM”). The lookup
table DVR LUT stores optimum values of the DVR capable of
minimizing the flicker and residual image at each gray value
or each gray range (for instance, at the gray value of 0, 32, or
64). In one exemplary embodiment, the optimum values of
the DVR corresponding to each gray value or each gray range
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can be obtained through experiment. Alternatively, the opti-
mum values of the DVR may be obtained via calculation
through an algorithm. In the exemplary embodiment wherein
the image signal uses an 8-bit gray scale (that is, 256 indi-
vidual gray scales), the optimum values of the DVR corre-
sponding to the gray values of 0,32, 64, . .., 224, and 255 can
be stored in the lookup table DVR LUT. In such an exemplary
embodiment, each DVR consists of 1-byte of data. Thus, in
the case of the 256 gray scales, 9-bytes of data (that is, nine
DVRs) can be stored in the lookup table DVR LUT.

[0064] FIG. 2 shows an exemplary embodiment wherein
the lookup table DVR LUT is provided within the timing
controller 40. However, according to another exemplary
embodiment of the present invention, the lookup table DVR
LUT can be provided at an interior or an exterior of the timing
controller 40. In addition, various memory cells can be used
as well as the EEPROM to constitute the lookup table DVR
LUT. Thus, the lookup table DVR LUT can be established in
a predetermined region of the memory provided in the LCD
100 without using an additional memory. For instance, if the
lookup table DVR LUT is provided at the exterior of the
timing controller 40, the DVR stored in the lookup table DVR
LUT may be loaded to the timing controller 40 when the LCD
100 is powered on.

[0065] The timing controller 40 searches for the optimum
DVR value from the lookup table DVR LUT and provides the
optimum DVR to the common voltage generator 70. In one
exemplary embodiment, the optimum DVR is transmitted to
the common voltage generator 70 through an inter-integrated
circuit (“I*C”) interface in real time. The I’C interface
employs a serial data (“SDA”) signal to transmit the data (that
is, DVR), and a serial clock (“SCL”) signal as a clock signal.
The DVR is transmitted during a vertical blank of the image
signal. By transmitting the DVR during a vertically blank
period of the image signal, the transmission of the data may
be hidden from a user. The common voltage generator 70
generates the analog common voltage Vcom in response to
the DVR received therein.

[0066] According to the present exemplary embodiment,
the selection and transmission of the DVR can be repeated
every n frames (wherein n is an integer equal to or greater than
1). The DVR consists of 1-byte data and the 1-byte DVR is
transmitted to the common voltage generator 70 through the
I°C interface within about 0.1 ms. Thus, a sufficient opera-
tional margin can be ensured even if the common voltage is
adjusted every frame.

[0067] Inthe present exemplary embodiment, the I°C inter-
face is provided between the timing controller 40 and the
common voltage generator 70. However, this exemplary
embodiment is for illustrative purposes only, and various
interfaces can be employed if the interfaces are adaptable for
use with the LCD 100.

[0068] FIG. 3 is a flowchart illustrating an exemplary
embodiment of a method of generating a common voltage
according to the present invention.

[0069] Referring to FIG. 3, the LCD 100 receives image
signals R, G and B through the timing controller 40 (S1000).
The timing controller 40 analyzes the image signals R, G and
B using the image processor 50 and determines the represen-
tative gray value GRAY based on the analysis result (S2000).
According to the current exemplary embodiment of the
present invention, the representative gray value GRAY can be
determined by analyzing the image signals R, G and B
through various methods, which will be described below with
reference to FIGS. 410 7.

[0070] Then, the timing controller 40 searches through the
lookup table DVR LUT to select the DVR corresponding to
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the representative gray value GRAY (S3000). The selected
DVR is supplied to the common voltage generator 70 through
the I°C interface. The common voltage generator 70 gener-
ates the common voltage Vcom corresponding to the DVR
supplied from the timing controller 40 (S4000). The common
voltage Vcom is supplied to the liquid crystal panel 10. The
common voltage Vcom supplied to the liquid crystal panel 10
through this method has an optimum level capable of mini-
mizing the flicker of the image signal. Using the above
described exemplary embodiment of a method, the common
voltage Vcom is repeatedly updated to correspond to the gray
value every n frames without using an additional memory or
an additional circuit. Thus, the flicker and the residual image
of the LCD 100 can be reduced at a low cost.

[0071] FIGS. 4 to 7 are flowcharts illustrating various
exemplary embodiments to realize the determination of the
representative gray value (S2000) shown in FIG. 3.

[0072] FIG. 4 shows an exemplary embodiment of a
method to determine the representative gray value GRAY
using the histogram analysis result for all of the gray values of
the image signals R, G and B. Referring to FIG. 4, the histo-
gram of all of the gray values of the image signals R, G and B
is analyzed to determine the representative gray value GRAY
from the gray values of the image signals R, G and B (S2100).
The histogram represents distribution of contrast values of the
pixels corresponding to the image signals. The contrast value
can be represented using the gray value. The distribution
range of bright points and dark points and values thereof are
shown in the histogram. In addition, the frequency of each
contrast value is shown in the histogram. For instance, in the
exemplary embodiment shown in FIG. 4, the gray values
range from 0 to 255 (for instance, 0 represents black and 255
represents white) and the histogram shows the number of
pixels corresponding to the gray values. After the histogram
analysis has been performed, the gray value, or the gray
range, having the highest frequency is determined as the
representative gray value GRAY of the image signal (S2110).
The representative gray value GRAY is used when selecting
the DVR in step S3000 shown in FIG. 3.

[0073] Meanwhile, the representative gray value GRAY
can be determined based on all of the image signals R, G and
B, or can be determined based on an individual image signal.
In one exemplary embodiment the representative gray value
GRAY can be determined based on just the green image
signal G. which has the highest brightness component. If the
representative gray value GRAY is determined based on the
green image signal G, the histogram analysis may be
executed with respect to the green image signal G only.

[0074] Another exemplary embodiment to determine the
representative gray value GRAY from the gray values of the
image signals is as follows.

[0075] FIG. 5 shows another exemplary embodiment of a
method to determine the representative gray value GRAY
using the histogram analysis result obtained by analyzing
each gray value of each image signal.

[0076] Referring to FIG. 5, the histogram analysis is
executed with respect to each of the image signals R, G and B
separately to determine the representative gray value GRAY
from the gray values of the image signals R, G and B (S2200).
Since the histogram may vary depending the image signals R,
G and B, a new gray value is calculated by applying a bright-
ness weight of the red signal R, the green signal G, and the
blue signal B to the histogram analysis result for the red signal
R, the green signal Q and the blue signal B (S2210). A method
of obtaining the new gray value for the red signal KR the
green signal G, and the blue signal B is as follows.

Feb. 11, 2010

[0077] First, the gray value having the highest frequency
(that is, highest distribution) is obtained from the histogram
analysis result for the red signal R, the green signal G, and the
blue signal B. The gray value having the highest frequency is
referred to as the representative gray value for each color. For
instance, a representative gray value gray_value_red refers to
the gray value having the highest frequency in the histogram
analysis result obtained from the red signal R, arepresentative
gray value gray_value_green refers to the gray value having
the highest frequency in the histogram analysis result
obtained from the green signal G, and a representative gray
value gray_value_blue refers to the gray value having the
highest frequency in the histogram analysis result obtained
from the blue signal B.

[0078] The red signal R, the green signal G, and the blue
signal B have brightness components different from each
other in the image signal of the liquid crystal panel 10. For
instance, in one exemplary embodiment if the red signal R has
the brightness component of 2, the green signal G has the
brightness component of 5 and the blue signal B has the
brightness component of 1. According to the present exem-
plary embodiment of the present invention, the ratio of the
brightness component is used as a weight value for each color
and the representative gray values gray_value_red, gray_val-
ue_green and gray_value_blue are multiplied by the weight
value thereof, respectively. According to the present exem-
plary embodiment of the present invention, the result
obtained by multiplying each representative gray value gray_
value_red, gray_value_green or gray_value_blue by the
weight value thereof is defined as a new gray value gray_
ratio_red, gray_ratio_green, or gray_ratio_blue.

[0079] For instance, a new red gray value gray_ratio_red of
the red signal R can be obtained by multiplying the represen-
tative gray value gray_value_red of the red signal R by the
weight value 2. A new green gray ratio gray_ratio_green of
the green signal G can be obtained by multiplying the repre-
sentative gray value gray_value_green of the green signal G
by the weight value 5. In addition, a new blue gray ratio
gray_ratio_blue of the blue signal B can be obtained by mul-
tiplying the representative gray value gray_value_blue of the
blue signal B by the weight value 1.

[0080] Then, the highest new gray value is selected from
the new red gray value gray_ratio_red, the new green gray
value gray_ratio_green, and the new blue gray value gray_
ratio_blue of the image signals R, G and B, and the gray value
having the highest frequency in the image signal having the
highest new gray value is determined as the representative
gray value GRAY of the image (S2220).

[0081] FIG. 6 shows an exemplary embodiment of a
method to determine the representative gray value GRAY by
analyzing the gray values including brightness components
of the image signals R, G and B.

[0082] Referring to FIG. 6, in order to determine the rep-
resentative gray value GRAY, the image signals R, G and B
are converted into national television system committee
(“NTSC”) signals (S2300). A method of converting the image
signals R, G and B into the NTSC signals is expressed in
equation 1.

Y[ [0299 058 0.114 [[R Equation 1
1[=]05% -0274 -0322|| G
ol l0211 -0523 0312 |[B

[0083] Y: Luminance (Y of CIE colorspace)

[0084] I: chrominance (orange-cyan hue)

[0085] Q: chrominance (green-magenta hue)
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[0086] Various color expression systems can be used to
express image signals. The NTSC signals are mainly used in
television in the United States and employ Y, I and Q models.
The NTSC signals are extensively used as a color system for
hardware together with a RGB system that divides the image
into the red signal R, the green signal G and the blue signal B.
[0087] In the NTSC signals, Y represents luminance, that
is, brightness, and 1 and Q represent chrominance. In the
above equation, I corresponds to a color obtained by remov-
ing cyan from orange, and Q corresponds to a color obtained
by removing green from magenta.

[0088] Then, the NTSC signals are converted into gray
signals (S2310). At this time, I and Q components are
removed from the converted gray signals by setting the I and
Q values to zero. As aresult, only Y components remain in the
converted gray signals. According to the experimental results,
the human eye is more sensitive to brightness Y information
than color information. In this regard, the present invention
selectively employs the brightness Y when generating the
common voltage Vcom to minimize flicker.

[0089] Next, the histogram analysis is executed with
respect to the gray signal consisting of the brightness com-
ponent Y (S2320). The frequency of each gray value can be
expressed as a graph through the histogram analysis. Then,
the gray value having the highest frequency in the image (that
is, highest distribution in the image) is determined as the
representative gray value GRAY (S2330).

[0090] Another exemplary embodiment of a method of
determining the representative gray value GRAY according
to the present invention is described below. FIG. 7 shows
another exemplary embodiment of a method of determining
the representative gray value GRAY using the average gray
value of the image signals R, G and B according to the present
invention.

[0091] Referring to FIG. 7, in order to determine the rep-
resentative gray value GRAY, the gray values of the red signal
R, the green signal G and the blue signal B of the image
signals R, G and B are obtained, respectively, and the average
of the gray values is calculated (S2400). The average of the
gray values can be calculated according to one of equations 2
and 3 shown below.

v_resolution ( h_resolution ( ved_gray[i][ j] + Equation 2
[ [greengray[i] [+ ]]

blue_gray{i][/]
resolutionx 3

J=1 =1

average =

Resolution = horizontal resolutionX vertical resolution
v_resolution vertical resolution,

h_resolution horizontal resolution

[0092] In equation 2, red_gray[i][j] represents the gray
value of each red signal R contained in the image signals R, G
and B, green_grayl[i][j] represents the gray value of each
green signal G contained in the image signals R, G and B, and
blue_gray[i][j] represents the gray value of each blue signal B
contained in the image signals R, G and B.

Equation 3

grayscale_grayl/][ /]

v_resolution .
= [h,resolunon

= =l

average = -
resolution

Resolution = horizontal resolutionX vertical resolution

v_resolutiont vertical resolution,

h_resolution horizontal resolution
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[0093] In equation 3, grayscale_grayl[i][j] represents each
dot value of the gray value used to analyze the NTSC signals
shown in FIG. 6 (that is, the gray value obtained from the gray
signal consisting of brightness components).

[0094] Ifthe average of the gray values has been calculated
using one of Equations 2 and 3, the average gray value is
determined as the representative gray value GRAY (S2410).

[0095] As mentioned above, according to the exemplary
embodiment of a method of generating the common voltage
Vcom of the present invention, the gray distribution charac-
teristic of the image signals R, G and B is analyzed and the
level of the common voltage Vcom applied to the liquid
crystal panel is adjusted in real time using the analysis result.
As discussed above, various methods can be adopted to ana-
lyze the gray distribution characteristic of the image signals
R, G and B. To briefly summarize those various methods: the
first method is to determine the representative gay value
GRAY using the histogram analysis result obtained based on
the whole gray values of the image signals R, G and B; the
second method is to determine the representative gay value
GRAY using the histogram analysis result obtained based on
each gray value of the red signal R, the green signal G and the
blue signal B contained in the image signals R, G and B; the
third method is to determine the representative gay value
GRAY using the average gray value of the gray signals having
brightness components in the image signals R, G and B; the
fourth method is to determine the representative gay value
GRAY using the average gray value of the gray signals of the
image signals R, G and B.

[0096] The common voltage Vcom is adjusted to have the
optimum value capable of minimizing the flicker of the image
signal. As a result, the flicker and residual image can be
minimized in the LCD and the image quality of the LCD can
be improved in real time without using additional circuit lines
and interconnections.

[0097] FIG. 8 is a graph illustrating an exemplary embodi-
ment of a method of adaptively adjusting update time of the
common voltage Vcom. In the present exemplary embodi-
ment, if the common voltage Vcom is adjusted every frame,
the flicker and the residual image can be minimized. How-
ever, if a large enough variation of the common voltage Vcom
occurs between the frames, the user may recognize image
variation due to the variation of the common voltage Vcom. In
this regard, according to the present exemplary embodiment,
the time to reach target common voltage from the present
common voltage, that is, the number of frames, is adaptively
adjusted based on the variation range of the common voltage
Vcom as shown in FIG. 8.

[0098] Referring to FIG. 8, variation of the common volt-
age is divided into ten levels and the time (i.e., the number of
frames) to go from a current common voltage to a target
common voltage is adjusted according to the variation of the
common voltage. For instance, if the common voltage is
changed by 3 levels from 4-level (71) to 1-level (72), the
common voltage is gradually changed step by step through 3
frames. In addition, if the common voltage is changed by 5
levels from 1-level (72) to 6-level (73), the common voltage is
gradually changed step by step through 5 frames. In contrast,
if the common voltage is changed by 1 level from 6-level (73)
to 5-level (74), the common voltage is changed one time
through 1 frame. In this manner, the common voltage is
linearly updated according to the variation of the common
voltage as shown in FIG. 8. However, alternative exemplary
embodiments include configurations wherein the update time
of the common voltage can be non-linearly calculated using
predetermined functions. Since the common voltage is gradu-
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ally changed, a natural appearing image can be provided to
the user while minimizing the flicker and the residual image.
[0099] FIG. 9 is a graph illustrating another exemplary
embodiment of a method of restricting variation of the com-
mon voltage Vcom within a predetermined range (ATh).
[0100] Referring to FIG. 9, the common voltage Vcom is
prevented from being changed beyond the predetermined
range (ATh) at a time, thereby preventing abrupt variation of
the common voltage Vcom. For instance, in one exemplary
embodiment the predetermined range (ATh) can be set to be
no more than 3 levels. In this case, if the level of the common
voltage Vcom to be changed is within the 3 levels, the com-
mon voltage Vcom is changed by the selected change in the
common voltage Vcom. In addition, even if the level of the
common voltage Vcom to be changed exceeds the 3-level (for
instance, 5-level), the common voltage Vcom is changed only
by the 3-level. Therefore, abrupt variation of the common
voltage Vcom can be prevented by restricting the change in
the common voltage Vcom as mentioned above.

[0101] Although the exemplary embodiments of the
present invention have been described, it is understood that
the present invention should not be limited to these exemplary
embodiments but various changes and modifications can be
made by one ordinary skilled in the art within the spirit and
scope of the present invention as hereinafter claimed.

What is claimed is:

1. A liquid crystal display comprising;:

a liquid crystal panel having a plurality of pixels;

alookup table which stores information about a plurality of
digital common voltages, each of the plurality of digital
common voltages corresponding to at least one gray
value;

a timing controller which analyzes gray characteristics of
image signals to be displayed on the liquid crystal panel
and which selects one of the digital common voltages
based on an analysis result; and

a common voltage generator which generates an analog
common voltage in response to the digital common volt-
age selected by the timing controller and which supplies
the analog common voltage to the liquid crystal panel.

2. The liquid crystal display of claim 1, wherein the timing
controller analyzes the gray characteristic of the image signal
at least every frame.

3. The liquid crystal display of claim 1, wherein the timing
controller determines a representative gray value using a his-
togram analysis result obtained based on gray values of sub-
stantially all of the image signals, and selects the digital
common voltage corresponding to the representative gray
value from the lookup table.

4. The liquid crystal display of claim 1, wherein the timing
controller determines a representative gray ratio using a his-
togram analysis result obtained based on each gray value of a
red signal, a green signal and a blue signal constituting the
image signal, and selects the digital common voltage corre-
sponding to the representative gray ratio from the lookup
table.

5. The liquid crystal display of claim 4, wherein the histo-
gram analysis result obtained based on each gray value of the
red signal, the green signal and the blue signal is multiplied by
a weight value.

6. The liquid crystal display of claim 1, wherein the timing
controller determines a representative gray value using an
average of brightness components of gray values of the image
signals, and selects the digital common voltage correspond-
ing to the representative gray value from the lookup table.
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7. The liquid crystal display of claim 6, wherein the bright-
ness components are obtained by converting the image sig-
nals into national television system committee signals.

8. The liquid crystal display of claim 1, wherein the timing
controller determines a representative gray value using an
average of gray values of the image signals, and selects the
digital common voltage corresponding to the representative
gray value from the lookup table.

9. The liquid crystal display of claim 1, wherein the timing
controller transmits the information about the digital com-
mon voltages to the common voltage generator through an
inter-integrated circuit interface.

10. The liquid crystal display of claim 1, wherein a voltage
level ofthe analog common voltage is gradually changed over
a plurality of frames when a voltage variation range of the
analog common voltage exceeds a predetermined voltage
level.

11. The liquid crystal display of claim 1, wherein a voltage
variation range of the analog common voltage is restricted to
be within a predetermined voltage level per frame.

12. A method of generating common voltage, the method
comprising:

analyzing gray characteristics of image signals;

determining a representative gray value based on an analy-

sis result;

determining a digital common voltage corresponding to

the representative gray value; and

generating an analog common voltage corresponding to

the digital common voltage.

13. The method of claim 12, wherein the digital common
voltage is updated at least every frame.

14. The method of claim 12, wherein a gray value having a
highest frequency is determined to be the representative gray
value.

15. The method of claim 12, wherein the analyzing of the
gray characteristic comprises:

converting the image signal into a gray signal; and

analyzing a histogram of the gray signal.

16. The method of claim 12, wherein the analyzing of the
gray characteristic comprises:

converting a red signal, a green signal and a blue signal

constituting the image signal into gray signals, respec-
tively;

analyzing a histogram of the gray signals;

determining representative gray values of the gray signals

based on a histogram analysis result, respectively; and
multiplying the representative gray values by a weight
value.

17. The method of claim 12, wherein the analyzing of the
gray characteristic comprises:

converting the image signals into national television sys-

tem committee signals; and

converting the national television system committee sig-

nals into gray signals,

wherein the gray signals include brightness components.

18. The method of claim 12, wherein the analyzing of the
gray characteristic comprises:

converting the image signals into gray signals; and

obtaining an average of the gray signals.

19. The method of claim 18, wherein the average of the
gray signals is obtained based on red, green, and blue gray
signals constituting the image signals.

20. The method of claim 18, wherein the average of the
gray signals is obtained based on the gray signals of the image
signals consisting of brightness components.
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