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LIQUID CRYSTAL DISPLAY INCLUDING
SENSING UNIT FOR COMPENSATION
DRIVING

[0001] This application claims priority to Korean Patent
Application No. 10-2008-0013460 filed on Feb. 14, 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] (a) Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play, and more particularly to a liquid crystal display includ-
ing a sensing unit for compensation driving.

[0004] (b) Description of the Related Art

[0005] Currently, flat panel displays, examples of which
include organic light emitting diode displays (“OLED”),
plasma display panels (“PDP”) and liquid crystal displays
(“LCD”), are being actively developed as alternatives to
heavy and large cathode ray tubes.

[0006] The PDP is a device that displays an image using
plasma generated by a gas discharge, and the OLED display
is a device that displays an image using electroluminescence
of a specific organic material or a polymer. The LCD adjusts
transmittance of light passing through a liquid crystal layer by
applying an electric field to the liquid crystal layer, which is
interposed between two display panels, and adjusting the
intensity of the electric field, thereby obtaining a desired
image.

[0007] In general, an LCD includes two display panels in
which pixel electrodes and a common electrode are respec-
tively provided, and a liquid crystal layer, which has a dielec-
tric anisotropy, is interposed therebetween. The pixel elec-
trodes are arranged in a matrix form and are connected to
switching elements such as thin film transistors (“TFT”) to
sequentially receive a data voltage row by row. The common
electrode is formed over an entire surface of the display panel
to receive a common voltage. A pixel electrode, the common
electrode, and the liquid crystal layer therebetween constitute
a liquid crystal capacitor, and the liquid crystal capacitor and
a switching element that is connected thereto become a basic
unit for constituting a pixel.

[0008] If an operating time period of the LCD is length-
ened, a color bleach failure may be generated. The color
bleach failure is a phenomenon in which a color that is rep-
resented by an input image signal is distorted to other colors.
Users may interpret the phenomenon as a failure. For
example, when a pixel that should be represented in a black
color is represented by a gray color, a user may interpret such
a representation as a failure of the LCD. When a switching
element that transfers a data signal to a liquid crystal pixel is
turned off a leakage current flows, whereby an undesired data
signal is applied to the liquid crystal pixel and the phenom-
enon thus occurs. Specifically, switching elements of a plu-
rality of liquid crystal pixels are connected to each of a plu-
rality of gate electrodes extending from gate lines that are
parallelly formed in a row direction. According to a selection
signal that is sequentially applied to each of a plurality of gate
electrodes on a gate line, if a switching element is turned on,
a data signal is transferred to a liquid crystal layer through a
data line. In this case, if a leakage current flows to a switching
element that is turned off, a data signal to be applied to
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another liquid crystal pixel is applied to a liquid crystal pixel
that is connected to the turned off switching element by the
leakage current. Thereby, a color of the liquid crystal pixel
that is connected to the switching element that is turned off is
distorted.

BRIEF SUMMARY OF THE INVENTION

[0009] The present invention provides a liquid crystal dis-
play (“LCD”) having advantages of preventing a color bleach
phenomenon.

[0010] An exemplary embodiment of the present invention
provides an LCD including; a plurality of gate lines which
transfer a plurality of gate signals, a plurality of data liens
which transfers a plurality of data signals, at least one dummy
data lien which transfers at least one test data signal, a data
driver which generates and outputs the plurality of data sig-
nals, a gate driver which generates and outputs the plurality of
gate signals, a plurality of pixels, each of which comprises a
switching element having a control terminal and an input
terminal connected to a corresponding gate line of the plural-
ity of gate lines and a corresponding data line of the plurality
of data lines, respectively, at least one test pixel comprising at
least one test switching element having a control terminal
connected to a corresponding at least one gate line of the
plurality of gate lines, and a sensing unit which measures a
leakage current flowing through the test switching element
and controls compensation driving of a threshold voltage of
the switching element according to the measured leakage
current.

[0011] Another exemplary embodiment of the present
invention provides an LCD including; a first switching ele-
ment which includes a control terminal and an input terminal,
a first scanning line which transfers a selection signal to the
control terminal of the first switching element to control a
switching operation of the switching element, a first data line
electrically connected to the input terminal of the first switch-
ing element, and a second switching element that comprises a
control terminal and an input terminal, wherein the selection
signal is input to the control terminal of the second switching
element to control a switching operation of the second
switching element, and the input terminal of the second
switching element is connected to a second data line, wherein
a connection between the input terminal of the first switching
element and the first data line is intercepted and a leakage
current flowing through the first switching element is mea-
sured when the LCD is not driven, and if the leakage current
is equal to or greater than a predetermined threshold value, a
predetermined voltage is applied to each of the first scanning
line and the second data line. Another exemplary embodiment
of the present invention provides a method of driving a liquid
crystal display. The method includes: providing a plurality of
gate signals to a plurality of gate lines, wherein the plurality
of gate signals includes a gate-off signal; providing a plurality
of data signals to a plurality of data lines; controlling a switch-
ing operation of a first switching element and a second
switching element using at least one of the plurality of gate
signals; measuring a leakage current flowing through the first
switching element during the application of a gate-off signal
to a control terminal of the first switching element and the
application of a data signal to an input terminal of the first
switching element; and controlling compensation driving of
the first and second switching elements according to the mea-
sured leakage current.
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[0012] The present invention provides an LCD which pre-
vents a color bleach phenomenon and that provides a clearer
picture quality by detecting a leakage current when the LCD
is not driven and compensating a threshold voltage change of
a switching element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG.1 is a block diagram of an exemplary embodi-
ment of a liquid crystal display (“LLCD”) according to the
present invention.

[0014] FIG. 2 is an equivalent circuit diagram of a pixel of
an exemplary embodiment of an LCD according to the
present invention.

[0015] FIG.3isagraphillustrating an increase of a leakage
current due to a decrease of a threshold voltage of a switching
element.

[0016] FIG. 4 is an equivalent circuit diagram illustrating
an exemplary embodiment of a connection relationship
between a test pixel TPX and a sensing unit 900 according to
the present invention.

[0017] FIG. 5is an equivalent circuit diagram illustrating a
test pixel in a configuration during a driving operation of an
exemplary embodiment of an LCD according to the present
invention.

[0018] FIG. 6is an equivalent circuit diagram illustrating a
test pixel in a configuration during a non-driving operation
when the sensing unit 900 measures a leakage current in an
exemplary embodiment of an LCD according to the present
invention.

[0019] FIG.7isa graph illustrating an amount of threshold
voltage change of a switching element according to a com-
pensation driving result of a threshold value in an exemplary
embodiment of an LCD according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0020] 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.
[0021] 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
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.

[0022] 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
distinguish one element, componert, 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.
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[0023] 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.

[0024] 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, if the 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.

[0025] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mearning
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.

[0026] 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
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.

[0027] Hereinafter, the present invention will be described
in detail with reference to the accompanying drawings.
[0028] An exemplary embodiment of a liquid crystal dis-
play (“LCD”) according to the present invention will be
described in detail with reference to FIGS. 1 and 2. FIG. 1 is
a block diagram of an exemplary embodiment of an LCD
according to the present invention, and FIG. 2 is an equivalent
circuit diagram of a pixel of an exemplary embodiment of an
LCD according to the present invention.
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[0029] Referringto FIG. 1, an exemplary embodiment of an
LCD according to the present invention includes a liquid
crystal panel assembly 300, a gate driver 400, a data driver
500, a gray voltage generator 800, a signal controller 600 and
a sensing unit 900.

[0030] Referring to FIG. 1, the liquid crystal panel assem-
bly 300 includes a plurality of signal lines G1-Gn, D1-Dm,
Dtl, and Dt2, a plurality of pixels PX which are connected
thereto and that are arranged in an approximate matrix form
and a plurality of test pixels TPX which measure a leakage
current. From a structural view that is shown in FIG. 2, the
liquid crystal panel assembly 300 includes lower and upper
panels 100 and 200 which are disposed substantially opposite
to each other, and a liquid crystal layer 3 that is interposed
therebetween.

[0031] The signal lines G1-Gn and D1-Dm include a plu-
rality of gate lines G1-Gn that transfer a gate signal (referred
to as a “scanning signal”), a plurality of data lines D1-Dm that
transfer a data voltage and dummy data lines Dtl and Dt2.
The gate lines G1-Gn extend approximately in a row direction
and are substantially parallel to each other, and the data lines
D1-Dm and the dummy data lines Dtl and Dt2 extend
approximately in a column direction and are substantially
parallel to each other. The dummy data lines Dt1 and Dt2
transfer a test data signal to a test pixel TPX. Each of test data
signals that are transferred through the dummy data lines Dt1
and Dt2 may be identical to any data signal that is transferred
through a plurality of data lines D1-Dm, and the data driver
500 may separately generate a test data signal to transfer to
each of the dummy data lines Dt1 and Dt2.

[0032] As shown in FIG. 2, each pixel PX, for example a
pixel PX that is connected to an i-th (wherein i=1, 2, .. ., n)
gate line Gi and a j-th (wherein j=1, 2, . . ., m) data line Dj,
includes a switching element Q connected to the signal lines
Gi and Dj, and a liquid crystal capacitor Clc and a storage
capacitor Cst that are connected thereto. Exemplary embodi-
ments include configurations wherein the storage capacitor
Cst may be omitted, as needed.

[0033] Inthecurrent exemplary embodiment, the switching
element Q is a three terminal element such as a thin film
transistor (“TFT”) that is provided in the lower panel 100, a
control terminal thereof is connected to the gate line Gi, an
input terminal thereof is connected to the data line Dj and an
output terminal thereof is connected to the liquid crystal
capacitor Clc and the storage capacitor Cst.

[0034] The liquid crystal capacitor Clc includes a pixel
electrode 191 of the lower panel 100 and a common electrode
270 of the upper panel 200 as two terminals thereof, and the
liquid crystal layer 3 between two electrodes 191 and 270
functions as a dielectric material. The pixel electrode 191 is
connected to the switching element Q, and the common elec-
trode 270 is formed on substantially an entire surface of the
upper panel 200 and receives a common voltage Vcom.
Although notshown in FIG. 2, alternative exemplary embodi-
ments include configurations wherein the common electrode
270 may be provided in the lower panel 100, and in such
exemplary embodiments, at least one of the two electrodes
191 and 270 may be formed in a line shape or a bar shape.
[0035] The storage capacitor Cst may act as an assistant to
the liquid crystal capacitor Clc, and may be formed by an
overlap of a separate signal line (not shown) and the pixel
electrode 191 that are provided in the lower panel 100 with an
insulator interposed therebetween, and a predetermined volt-
age such as a common voltage Vcom may then be applied to
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the separate signal line. However, in alternative exemplary
embodiments the storage capacitor Cst may be formed by an
overlap of the pixel electrode 191 and a previous gate line
(Gi-1) directly on the electrode 191 via the insulator.

[0036] In order to represent a color display, each pixel PX
may intrinsically display one of the primary colors (spatial
division), or each pixel PX may sequentially alternately dis-
play the primary colors (temporal division), a desired color is
recognized by the spatial and temporal combination of the
primary colors. An example of a set of the primary colors
includes red (“R”), green (“G”) and blue (“B”) colors. FIG. 2
shows as an example of spatial division that each pixel PX is
provided with a color filter 230 for representing one of the
primary colors in a region of the upper panel 200 correspond-
ing to the pixel electrode 191. Although not shown in FIG. 2,
alternative exemplary embodiments include configurations
wherein the color filter 230 may be provided on or under the
pixel electrode 191 of the lower panel 100.

[0037] Atleast one polarizer (not shown) is provided above
or below the liquid crystal panel assembly 300.

[0038] Referringagain to FIG. 1, in one exemplary embodi-
ment the gray voltage generator 800 generates all gray volt-
ages and in another exemplary embodiment the gray voltage
generator 800 generates a limited number of gray voltages
(hereinafter referred to as “reference gray voltages”) that are
related to transmittance ofthe pixel PX. Each (reference) gray
voltage can have a positive value and a negative value relative
to a common voltage Vcom.

[0039] The gate driver 400 is connected to the gate lines
G1-Gn of the liquid crystal panel assembly 300 to apply a gate
signal consisting of a combination of a gate-on voltage Von
and a gate-off voltage Voff to the gate lines G1-Gn.

[0040] The data driver 500 is connected to the data lines
(D1-Dm) of the liquid crystal panel assembly 300, and in one
exemplary embodiment selects a gray voltage from the gray
voltage generator 800, and applies the gray voltage as a data
voltage to the data lines D1-Dm. In the alternative exemplary
embodiment wherein the gray voltage generator 800 provides
only the limited number of reference gray voltages, rather
than providing all gray voltages, the data driver 500 generates
a desired data voltage by dividing a reference gray voltage.
[0041] Thedatadriver 500 also transfers a test data signal to
each of the dummy data lines Dt1 and Dt2. In one exemplary
embodiment, the test data signal may be a signal having the
same voltage as any data voltage that is transferred through
the plurality of data lines D1-Dm. In such an exemplary
embodiment, the data driver 500 transfers a data voltage that
is transferred to the data line D1 to the dummy data line Dt1
and transfers a data voltage that is transferred to the data line
Dm to the dummy data line Dt2. Alternatively, a data voltage
of a data line that is different from the data line D1 and the
data line Dm may be transferred to each of the dummy data
lines Dtl and Dt2. Furthermore, alternative exemplary
embodiments include configurations wherein a separate data
voltage, rather than a data voltage of the plurality of data lines
D1-Dm, may be generated and be transferred to each of the
dummy data lines Dt1 and Dt2.

[0042] The sensing unit 900 measures a leakage current
amount using a test pixel TPX while the LCD is in a non-
operative state, and if a leakage current amount of the test
pixel TPX is greater than a predetermined threshold value,
restores a threshold voltage of a transistor constituting a
switching element Q of a plurality of pixels PX. In order to
restore a threshold voltage of a transistor, a difference
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between a voltage that is applied to a control terminal of the
switching element and a voltage of an input terminal of the
switching element should have a substantially opposite polar-
ity to that of a voltage that is applied when the switching
element is turned off while driving. In the present exemplary
embodiment the input terminal of the switching element is
connected to one of the plurality of data lines.

[0043] In general, a period in which a gate-on voltage is
applied to a plurality of gate lines G1-Gnis much shorter than
that in which a gate-off voltage is applied to the plurality of
gate lines G1-Gn. While displaying an image in one frame, a
period for which a gate-on voltage is applied to one among the
plurality of gate lines G1-Gn corresponds to a period that a
period in which a frame is displayed is divided by a plurality
of gate lines. In one exemplary embodiment, if the display
panel 300 includes 768 gate lines, the gate-on voltage is only
applied during “5e™ of a frame. A data voltage is applied to
the input terminal of the switching transistor during the
period during which the gate-on voltage is applied. A gate-off
voltage is applied to the control terminal of the switching
transistor for other periods except for the period in which the
input terminal receives the data voltages, e.g., in the exem-
plary embodiment described above, the gate-off voltage is
applied during 767/768” of a frame. Therefore, for most
periods, a gate-off voltage is applied to a control terminal of
the switching element.

[0044] If a time period of using an LCD is lengthened, a
period in which a gate-off voltage is applied to a control
terminal of the switching element is similarly lengthened, and
a voltage difference between a control terminal and an input
terminal of the switching element is a negative (-) voltage for
most of the time period. Accordingly, a negative voltage stress
is continuously applied to the switching element. In general,
a transistor is used as a switching element, and if a negative
voltage stress is continuously applied to the transistor, a phe-
nomenon in which a threshold voltage of the transistor is
lowered occurs. If the threshold voltage of the transistor is
lowered, a leakage current increases. Therefore, the leakage
current of the switching element increases due to the negative
voltage stress.

[0045] FIG. 3 is a graph illustrating the increase of a leak-
age current due to a decrease of a threshold voltage. FIG. 3
illustrates a case of using an N channel type of transistor as a
switching element Q. A gate electrode of a transistor corre-
sponds to a control terminal of the switching element Q, and
asource electrode and a drain electrode thereof correspond to
an input terminal and an output terminal thereof, respectively.
[0046] The horizontal axis of FIG. 3 is a voltage applied to
the gate electrode, and the vertical axis thereof represents a
drain-source current Ids flowing between the drain electrode
and the source electrode. A failure state current curved line is
moved ina negative direction as compared with an initial state
current curved line. The value of a horizontal axis that is
indicated by dotted lines is —7V. In an exemplary embodiment
of the present invention, “~7V” is an example of a gate-off
voltage. Ata voltage of “~7V”, a drain-source current Ioff2 of
a failure state is greater than a drain-source current Ioffl of an
initial state. While neither the drain-source current loff1 of an
initial state or the drain-source current loff2 of a failure state
are zero, the small amount of current passing therethrough
does not affect display quality unless it exceeds a threshold
value. In the exemplary embodiment shown in FIG. 3 the
threshold value of the drain-source current has been set as
107 A for illustrative purposes. If a leakage current Ioff2 of
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the switching element Q surpasses 10~ A, a color bleach
phenomenon occurs, and in this case, the current value “10~°
A” is set as a threshold value. However, the present invention
is not limited to the above exemplary embodiment of a thresh-
old drain-source current value, and according to characteris-
tics of an LCD, other values may be set as the threshold value.
[0047] Whenan LCD ofthe present invention is not driven,
the sensing unit 900 measures a leakage current by applying
a gate-off voltage to the test pixel TPX, and if a value of the
leakage current is equal to or greater than a threshold value,
the sensing unit 900 instructs the data driver 500 to restore the
reduced threshold voltages of the switching elements Q of
each of a plurality of pixels PX to an original state. A method
of measuring a leakage current and compensation driving of
a threshold voltage for reducing a leakage current are
described later, together with description of the sensing umt
900 and the test pixel TPX. Hereinafter, compensation driv-
ing of a threshold voltage is referred to as “compensation
driving of a threshold value.”

[0048] The signal controller 600 controls the gate driver
400 and the data driver 500. In one exemplary embodiment,
each of the driving devices 400, 500, 600, and 800 and the
sensing unit 900 may be directly mounted on the liquid crystal
panel assembly 300 in at least one IC chip form, in another
exemplary embodiment they may be mounted on a flexible
printed circuit film (not shown) to be attached to the liquid
crystal panel assembly 300 in a tape carrier package (“TCP”)
form, in another exemplary embodiment they may be
mounted on a separate printed circuit board (“PCB”) (not
shown) or in another alternative exemplary embodiment, they
may be mounted using a combination of any of the above
configurations. Alternatively, the driving devices 400, 500,
600, and 800 and the sensing unit 900 together with the signal
lines G1-Gn and D1-Dm and the thin film transistor switching
element Q may be integrated with the liquid crystal panel
assembly 300. Further, alternative exemplary embodiments
include configurations wherein the driving devices 400, 500,
600, and 800 and the sensing unit 900 can be integrated in a
single chip, and in this case, at least one of them or at least one
circuit element constituting them may be disposed outside of
the single chip.

[0049] Now, an operation of the LCD will be described in
detail.
[0050] The signal controller 600 receives input image sig-

nals R, G, and B and an input control signal for controlling the
display of the input image signals R, G, and B from an
external graphics controller (not shown). The input image
signals R, G, and B contain luminance information of each
pixel PX in the form of gray levels of a given number, for
example, 1024(=2"7), 256(=2%), or 64(=2°). The input control
signal includes, for example, a vertical synchronization sig-
nal Vsync, a horizontal synchronizing signal Hsync, a main
clock signal MCLK, and a data enable signal DE.

[0051] The signal controller 600 processes the input image
signals R, G, and B to correspond to an operating condition of
the liquid crystal panel assembly 300 based on the input
image signals R, G, and B and the input control signals, and
generates a gate control signal CONT1 and a data control
signal CONT?2, then sends the gate control signal CONTT to
the gate driver 400 and sends the data control signal CONT2
and the processed image signal DAT to the data driver 500.
[0052] The gate control signal CONT1 includes a scanning
start signal STV for instructing the scanning start and at least
one clock signal for controlling an output period of a gate-on
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voltage Von. In one exemplary embodiment, the gate control
signal CONT1 may further include an output enable signal
OE for limiting a sustain time period of a gate-on voltage Von.
[0053] The data control signal CONT?2 includes a horizon-
tal synchronization start signal STH for notifying of the trans-
mission start of a digital image signal DAT for one row (set)
of pixels PX, and a load signal LOAD and a data clock signal
HCLK for applying an analog data voltage to the data lines
(D1-Dm). The data control signal CONT2 may further
include an inversion signal RVS for inverting polarity of a
data voltage to a common voltage Vcom (hereinafter, “polar-
ity of a data voltage to a common voltage” is referred to as
“polarity of a data voltage”).

[0054] The data driver 500 receives a digital image signal
DAT for one row (set) of pixels PX according to the data
control signal CONT2 from the signal controller 600, selects
a gray voltage corresponding to each digital image signal
DAT, thereby converting the digital image signal DAT to an
analog data voltage, and then applies the analog data voltage
to the corresponding data lines D1-Dm.

[0055] The gate driver 400 sequentially applies a gate-on
voltage Von to gate lines G1-Gn according to the gate control
signal CONT1 from the signal controller 600 to turn on the
switching element Q that is connected to the gate lines
G1-Gn. Accordingly, a data voltage that is applied to the data
lines D1-Dmi s applied to the corresponding pixel PX through
the turned-on switching element Q.

[0056] The difference between the common voltage Vcom
and the data voltage that is applied to the pixel PX is repre-
sented by a charge voltage, i.e., a pixel voltage of the liquid
crystal capacitor Clc. Liquid crystal molecules change their
arrangement according to a magnitude of a pixel voltage, so
that polarization of light passing through the liquid crystal
layer 3 changes. The change in the polarization corresponds
to a change in transmittance of light through the polarizer,
whereby a pixel PX displays luminance representing a gray
level of an image signal DAT.

[0057] By repeating the process in units of one horizontal
period (referred to as “1H”, which in one exemplary embodi-
ment is the same as one period of a horizontal synchronizing
signal Hsync and a data enable signal DE), a gate-on voltage
Vo is sequentially applied to all gate lines G1-Gn and a data
voltage is applied to all pixels PX, so that an image of one
frame is displayed.

[0058] In one exemplary embodiment, a state of an inver-
sion signal RVS that is applied to the data driver 500 is
controlled so that a next frame starts when one frame ends and
the polarity of a data voltage that is applied to each pixel PX
is opposite to the polarity in a previous frame (“frame inver-
sion”). According to characteristics of the inversion signal
RVS even within one frame, the polarity of a data voltage
flowing through one data line may be periodically changed
(e.g. row inversion and dot inversion) or the polarity of data
voltages that are applied to one pixel row may be different
from each other (e.g. column inversion and dot inversion).
Alternative exemplary embodiments also include configura-
tions wherein no inversion is used.

[0059] An exemplary embodiment of a sensing unit 900
and a test pixel TPX according to the present invention will be
described with reference to FIGS. 4 to 7, and measurement of
a leakage current and compensation driving of a threshold
value will be described.

[0060] FIG. 4 is an equivalent circuit diagram illustrating
an exemplary embodiment of a connection relationship of a
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test pixel TPX and a sensing unit 900 according to the present
invention. FIG. 4 shows only a test pixel TPX which is con-
nected to a dummy data line Dt1 and a gate line G1 among at
least four test pixels TPX as shown in FIG. 1. Other test pixels
TPX have substantially the same connection relationship as
that of the gate line and a data line that are connected thereto.
[0061] An exemplary embodiment of a test switching ele-
ment SS of the test pixel TPX according to the present inven-
tion has substantially the same characteristics as that of a
switching element Q of the pixel PX. The test switching
element SS has similar operating characteristics due to the
formation of the test switching element SS and the non-test
switching element Q in the liquid crystal panel assembly 300
through an identical manufacturing process. A control termi-
nal of the test switching element SS is connected to a gate line
G1, an input terminal thereof is connected to a selection umt
901 and an output terminal thereof'is connected to a common
electrode and thus a common voltage Vcom is applied to the
output terminal. The selection unit 901 connects the input
terminal to one of the dummy data lines Dt1 and the sensing
unit 900 according to a control signal sent from the sensing
unit 900. The selection unit 901 connects the dummy data line
Dtl and the input terminal when an LCD is driven, and
connects the sensing unit 900 to the input terminal when an
LCD is not driven. That is, the sensing unit 900 is not con-
nected to the test pixel TPX for a driving period of the LCD.
The sensing unit 900 is connected to the test pixel TPX to
measure a leakage current when an LCD is not driven, and if
the leakage current is greater than a threshold value, the
sensing unit 900 controls compensation driving of a threshold
value.

[0062] FIG. 5is an equivalent circuit diagram illustrating a
test pixel in a configuration during the driving operation of an
exemplary embodiment of an LCD according to the present
invention.

[0063] The selection unit 901 connects an input terminal of
a test switching element SS to a data line Dt1 according to a
connection control signal SC, and applies a data voltage
Vdata that is transferred through a dummy data line Dt1 to an
input terminal of the test switching element SS. A gate on/off
voltage is alternately applied to a control terminal of the test
switching element SS, a data voltage Vdata is applied to an
input terminal of the test switching element SS, and a com-
mon voltage Vcom is applied to an output terminal of the test
switching element SS. In this way, when the LCD is driven, a
test pixel TPX is operated in substantially the same conditions
as applied to the regular pixels PX in order to generate a
similar negative voltage stress that is applied to a switching
element Q of a pixel PX.

[0064] FIG. 6 is an equivalent circuit diagram illustrating a
test pixel in a configuration during a non-driving operation
when the sensing unit 900 measures a leakage current in an
exemplary embodiment of an LCD according to the present
invention.

[0065] The selection unit 901 connects an input terminal of
a test switching element SS to the sensing unit 900 according
to aconnection control signal SC. In this case, when a gate-off
voltage is applied to a control terminal of the test switching
element SS, a leakage current Iss flows therethrough. The
sensing unit 900 measures the leakage current Iss flowing
through the test switching element SS and compares the mea-
sured current with a threshold value.

[0066] Specifically, the sensing unit 900 generates a con-
nection control signal SC according to a driving state of the
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LCD and transfers the connection control signal SC to the
selection unit 901. When the LCD is not driven, the sensing
unit 900 measures a leakage current Iss flowing to the test
switching element SS and compares the leakage current Iss
with a threshold value. In one exemplary embodiment, the
sensing unit 900 charges a capacitor according to the leakage
current Iss, measures a voltage that is charged to the capacitor,
and compares the measured voltage with a voltage corre-
sponding to the threshold value. Alternative exemplary
embodiments include configurations wherein the sensing unit
900 includes various other voltage measuring components as
would be known to one of ordinary skill in the art.

[0067] If the measured voltage is greater than the voltage
corresponding to the threshold value, the sensing unit 900
controls compensation driving of a threshold value. In this
case, compensation driving of a threshold value is driving for
applying a positive stress having opposite polarity to that of a
negative stress that is applied when the switching element Q
is driven, as a gate-on voltage and a gate-off voltage are
applied to a control terminal and an input terminal of a pixel,
respectively. Alternative voltages may be applied to the con-
trol and input terminals in order to generate the positive stress
as will be discussed in more detail below. The compensation
driving of a threshold value is performed while the LCD is not
driven, and after performing compensation driving of a
threshold value for a predetermined period, the LCD mea-
sures a leakage current and compares the leakage current with
a threshold value. If the leakage current is greater than a
threshold value, the LCD again performs compensation driv-
ing of a threshold value for a predetermined period.

[0068] Specifically, if the leakage current is greater than a
threshold value, the sensing unit 900 transfers compensation
signals PB1 and PB2 that instruct compensation driving of a
threshold value to the gate driver 400 and the data driver 500,
respectively. The gate driver 400 according to an exemplary
embodiment of the present invention substantially simulta-
neously transfers a gate-on voltage Von to a plurality of gate
lines G1-Gn according to the compensation signal PB1, and
the data driver 500 simultancously transfers a gate-off voltage
Voff to a plurality of data lines D1-Dm according to the
compensation signal PB2. The sensing unit 900 repeats such
an operation until a leakage current Iss becomes smaller than
a threshold value. Accordingly, a threshold voltage of the
switching element Q of a plurality of pixels PX that is lowered
due to compensation driving of a threshold value can be
restored to a regular state.

[0069] The regular state is a state of a switching element
when an LCD operates for the first time, and a threshold
voltage when a leakage current of the switching element
exists within an allowable range is determined as a threshold
voltage of a regular state. That is, when a measured leakage
current is smaller than a threshold value, it is determined that
a threshold voltage of the switching element is restored to a
regular state. A threshold value may be determined to be a
leakage current value lower than one where a color bleach
phenomenon may be perceived by a user. Once a regular state
of the switching elements has been restored the transfer of the
compensation signals PB1 and PB2 is discontinued, and the
gate driver 400 and the data driver 500 operates by the control
of the signal controller 600.

[0070] In an alternative exemplary embodiment, the sens-
ing unit 900 transfers the compensation signals PB1 and PB2
to the gate driver 400 and the data driver 500 for a preset
threshold value compensation period without measuring a
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current Iss for a compensation driving period of a threshold
value, and the gate driver 400 and the data driver 500 continue
to perform compensation driving of a threshold value to
switching elements of each of a plurality of pixels for the
preset threshold value compensation period.

[0071] In the above-described exemplary embodiment of
compensation driving of a threshold value according to the
present invention, a gate-on voltage is applied to a control
terminal of the switching element and a gate-off voltage is
applied to an input terminal that is connected to the data line,
but the present invention is not limited thereto. A voltage
different from a gate-on voltage and a gate-off voltage may be
applied to each electrode. The voltage generates a voltage
difference having opposite polarity to that of a voltage differ-
ence between a control terminal and an input terminal of the
switching element when the switching element is turned off
while driving.

[0072] According to channel characteristics of a transistor
used as a switching element, the voltage may be changed
accordingly. In an exemplary embodiment of the present
invention, a switching element is an N channel type of tran-
sistor, and when the switching element is driven, as a negative
voltage stress is generated in the N channel transistor, and
therefore a threshold voltage is lowered. However, when a
switching element is a P channel type of transistor, a gate-off
voltage that is applied to the gate electrode is a positive
voltage and therefore, due to the positive gate-off voltage
being applied for a majority of the driving time, a positive
voltage stress is generated in the switching element. Accord-
ingly, because an absolute value of a threshold voltage of a P
channel type of transistor having a negative value decreases,
aleakage current may increase. In compensation driving of a
threshold value that recovers the increased leakage current, a
gate-on voltage may be applied to a gate electrode and a
gate-off voltage may be applied to an input terminal that is
connected to a data electrode. As discussed above, the present
invention is not limited to the application of a gate-on voltage
and a gate-off voltage, but the compensation driving voltages
could be any voltages which reverse the polarity of the stress
applied to the switching element with respect to the stress
whichisapplied to the switching element throughout a major-
ity of a frame.

[0073] FIG. 7 is a graph illustrating an amount of a thresh-
old voltage change of a switching element according to a
compensation driving result of a threshold value in an exem-
plary embodiment of an LCD according to the present inven-
tion.

[0074] FIG. 7 shows an amount of a sequential threshold
voltage change of'a switching element when a gate-on voltage
Von of 28V and a gate-off voltage Voff of -7V are applied to
a control terminal and an input terminal of a switching ele-
ment, respectively, according to compensation driving of a
threshold value.

[0075] As shown in FIG. 7, when 30 minutes have elapsed
after compensation driving of a threshold value, a threshold
voltage increased about 4V. According to experiment, a gen-
eral color bleach phenomenon occurs if a threshold voltage
rises about 4V. When an LCD is designed to perform com-
pensation driving of a threshold value for a preset period
without measuring a leakage current for a compensation driv-
ing period of a threshold value, the threshold value compen-
sation driving period may be set to 30 minutes. However, if
the LCD is driven again for this period, the gate driver 400 and
the data driver 500 of the LCD stop compensation driving of
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a threshold value and are driven according to a signal that is
transferred from the signal controller 600. As can be seenina
graph of FIG. 7, compensation of a threshold voltage for this
period is very well performed, compared with that of a thresh-
old voltage for a compensation driving period of a threshold
value, e.g., the slope of the graph after 30 minutes, wherein
compensation driving is performed, is significantly lower
than the period preceding the 30 minute mark. Therefore,
even if a period of less than 30 minutes is set as the compen-
sation driving period and compensation driving of a threshold
value is performed, the leakage current amount can be
reduced, compared with that of a conventional case.

[0076] Further, measurement of a leakage current while
performing compensation driving of a threshold value can be
performed with a method in which the sensing unit 900 mea-
sures a leakage current and compares the leakage current with
a threshold value after performing compensation driving of a
threshold value for a predetermined period shorter than 30
minutes.

[0077] In the present exemplary embodiment, each of the
test pixels TPX is connected to one of the two data dummy
lines Dt1 and Dt2 and one of the two gate lines G1 and Gn, but
the present invention is not limited thereto. An exemplary
embodiment of an LCD according to the present invention
can measure a leakage current using at least one test pixel.
The exemplary embodiment shown in FIG. 1 measures the
leakage current in four positions due to possible variations in
a leakage current of each of a plurality of pixels PX. Alterna-
tive exemplary embodiments also include configurations
wherein more than four test pixels TPX may be formed.
[0078] Further, in an exemplary embodiment of the present
invention, as the sensing unit 900 controls the gate driver 400
and the data driver 500, compensation driving of a threshold
value is performed, but the present invention is not limited
thereto. Alternative exemplary embodiments also include
configurations wherein a separate driver may be further
included to perform compensation driving of a threshold
value. In such an alternative exemplary embodiment, if the
sensing unit 900 provides information that a leakage current
is greater than a threshold value, a separate driver applies a
predetermined first voltage and second voltage to a plurality
of gate lines and data lines, respectively, thereby performing
compensation driving of a threshold value. In this case, the
first voltage and the second voltage are different from a volt-
age that is applied to a control terminal and an input terminal,
respectively, of the switching element Q when the LCD is
driven. Specifically, a voltage difference between the first
voltage and the second voltage has opposite polarity to that of
a voltage difference that is applied to each of a control termi-
nal and an input terminal of the switching element Q when the
LCD is turned off while driving.

[0079] Inthis way, the exemplary embodiments of an LCD
according to the present invention detect a leakage current
when it is not driven and compensates a threshold voltage
change of a switching element. Accordingly, the present
invention provides an LCD that can display a clearer picture
quality by preventing a color bleach phenomenon.

[0080] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.
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What is claimed is:

1. A liquid crystal display comprising:

a plurality of gate lines which transfer a plurality of gate
signals;

a plurality of data lines which transfer a plurality of data
signals;

at least one dummy data line which transfers at least one
test data signal,;

a data driver which generates and outputs the plurality of
data signals;

a gate driver which generates and outputs the plurality of
gate signals;

a plurality of pixels, each of which comprises a switching
element having a control terminal and an input terminal
connected to a corresponding gate line of the plurality of
gate lines and a corresponding data line of the plurality
of data lines, respectively;

at least one test pixel comprising at least one test switching
element having a control terminal connected to a corre-
sponding at least one gate line of the plurality of gate
lines; and

a sensing unit which measures a leakage current flowing
through the test switching element and controls compen-
sation driving of a threshold voltage of the switching
element according to the measured leakage current.

2. The liquid crystal display of claim 1, wherein the at least
one test switching pixel includes an input terminal, and
wherein the input terminal is connected to the at least one
dummy data line when the liquid crystal display is driven, and
the input terminal is connected to the sensing unit when the
liquid crystal display is not driven.

3. The liquid crystal display of claim 2, wherein the test
switching element has substantially the same electrical char-
acteristics as that of the switching element, and

wherein the leakage current is a current that flows through
the test switching element when the test switching ele-
ment is turned off.

4. The liquid crystal display of claim 3, wherein if the
leakage current is greater than a predetermined threshold
value, compensation driving of a threshold voltage of the
switching element is performed.

5. The liquid crystal display of claim 3, wherein a first
voltage is applied to a control terminal of each of the plurality
of switching elements and a second voltage is applied to an
input terminal thereof during a driving period that compen-
sates a threshold voltage of the switching element, and a
voltage difference between the first voltage and the second
voltage has opposite polarity to that of a voltage difference
between the control terminal and the input terminal when the
switching element is turned off.

6. The liquid crystal display of claim 5, wherein the gate
signal includes a gate-on voltage for turning on the switching
element and a gate-off voltage for turning off the switching
element, when the liquid crystal display is driven, and

the first voltage of the driving period that compensates a
threshold voltage of the switching element is substan-
tially the same as the gate-on voltage and the second
voltage of the driving period that compensates a thresh-
old voltage of the switching element is substantially the
same as the gate-off voltage.

7. The liquid crystal display of claim 1, further comprising

a selection unit which selects one of the sensing unit and the
dummy data line,



US 2009/0207333 Al

wherein the selection unit connects an input terminal of the
test switching element to the dummy data line when the
liquid crystal display is driven, and connects the input
terminal to the sensing unit when the liquid crystal dis-
play is not driven.

8. The liquid crystal display of claim 7, wherein the test
switching element has substantially the same characteristics
as that of the switching element, and the leakage current is a
current that flows through the test switching element when the
test switching element is turned off.

9. The liquid crystal display of claim 8, wherein the test
switching element is turned off when the liquid crystal dis-
play is not driven, and

the sensing unit controls compensation driving of a thresh-

old voltage of the switching element when a leakage
current flowing through the turned-off test switching
element is greater than a predetermined threshold value.

10. The liquid crystal display of claim 9, wherein the gate
driver outputs a first voltage to each of the plurality of gate
lines for a driving period that compensates a threshold voltage
of the switching element, and the data driver outputs a second
voltage to each of the plurality of data lines, and

a voltage difference between the first voltage and the sec-

ond voltage has opposite polarity to that of a voltage
difference between a control terminal and an input ter-
minal thereof when the switching element is turned off.

11. The liquid crystal display of claim 10, wherein the
sensing unit transfers a first compensation signal and a second
compensation signal to the gate driver and the data driver,
respectively,

the gate driver outputs the first voltage to each of the

plurality of gate lines in response to the first compensa-
tion signal, and

the data driver outputs the second voltage to each of the

plurality of data lines in response to the second compen-
sation signal.

12. The liquid crystal display of claim 10, wherein the gate
driver and the data driver terminate compensation driving of
a threshold voltage and generate and output the plurality of
gate signals and the plurality of data signals, respectively,
after the liquid crystal display is driven via compensation
driving for a driving period that compensates a threshold
voltage of the switching element.

13. The liquid crystal display of claim 1, wherein the at
least one test data signal is substantially the same as one of a
plurality of data signals.

14. A liquid crystal display comprising:

a first switching element that comprises a control terminal

and an input terminal;

afirst scanning line which transfers a selection signalto the

control terminal of the first switching element to control
a switching operation of the switching element;

a first data line electrically connected to the input terminal

of the first switching element; and

a second switching element that comprises a control ter-

minal and an input terminal, wherein the selection signal
is input to the control terminal of the second switching
element to control a switching operation of the second
switching element, and the input terminal of the second
switching element is connected to a second data line,
wherein a connection between the input terminal of the first
switching element and the first data line is intercepted
and a leakage current flowing through the first switching
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element is measured when the liquid crystal display is
not driven, and if the leakage current is equal to or
greater than a predetermined threshold value, a prede-
termined voltage is applied to each of the first scanning
line and the second data line.

15. The liquid crystal display of claim 14, wherein if the
measured leakage current is equal to or greater than a thresh-
old value, a first voltage is applied through the first scanning
line and a second voltage is applied through the second data
line wherein a voltage difference between the first voltage and
the second voltage has opposite polarity to that of a voltage
difference between a voltage applied to the control terminal
of the second switching element and a voltage applied to the
input terminal of the second switching element when the
second switching element is turned off.

16. The liquid crystal display of claim 15, wherein the first
voltage has a magnitude that can turn on the second switching
element, and the second voltage has a magnitude that can turn
off the second switching element.

17. The liquid crystal display of claim 15, wherein the first
switching element and the second switching element have
substantially the same electrical characteristics.

18. The liquid crystal display of claim 15, further compris-
ing:

a sensing unit which measures a leakage current of the first
switching element and compare the leakage current with
the threshold value; and

a selection unit which intercepts the connection between
the input terminal of the first switching element and the
first data line when the liquid crystal display is not
driven.

19. The liquid crystal display of claim 18, wherein, if the
leakage current is greater than the threshold value, the sensing
unit controls the first voltage to be applied through the first
scanning line and the second voltage to be applied through the
second data line.

20. The liquid crystal display of claim 14, further compris-
ing a liquid crystal capacitor and a common electrode,

wherein an output terminal of the second switching ele-
ment is electrically connected to a first end of the liquid
crystal capacitor, a second end of the liquid crystal
capacitor is connected to a common electrode and an
output terminal of the first switching element is con-
nected to the common electrode.

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

providing a plurality of gate signals to a plurality of gate
lines, wherein the plurality of gate signals includes a
gate-off signal,

providing a plurality of data signals to a plurality of data
lines;

controlling a switching operation of a first switching ele-
ment and a second switching element using at least one
of the plurality of gate signals;

measuring a leakage current flowing through the first
switching element during the application of a gate-off
signal to a control terminal of the first switching element
and the application of a data signal to an input terminal
of the first switching element; and

controlling compensation driving of the first and second
switching elements according to the measured leakage
current.
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