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DISPLAY DEVICE AND DRIVING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2014-0078099,
filed on Jun. 25, 2014, and entitled, “Display Device and
Driving Method Thereof,” is incorporated by reference herein
in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Oneormore embodiments described hereinrelate to
a display device and a driving method thereof.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display (LCD) includes a liquid
crystal layer between two display panels. An image is genet-
ated based on an electric field applied to the liquid crystal
layer. This field is generated based on a voltage applied to
field generating electrodes (e.g., a pixel electrode and a com-
mon electrode) on the display panels. When the field is
applied, the alignment direction of liquid crystal molecules in
the liquid crystal layer is controlled.

[0006] An LCD may be driven in a variety of inversion
modes, where the polarity of a data voltage applied to the
pixel electrode is periodically inverted with respect to a com-
mon voltage. In a frame inversion mode, the polarity of'a data
voltage with respect to a common voltage is inverted for each
frame. In line inversion mode, the polarities of data voltages
with respect to a common voltage for adjacent pixels are
inverted in a row direction or column direction. In a dot
inversion mode, the polarities of data voltages with respect to
a common voltage for adjacent pixels are inverted in a row
direction and column direction.

[0007] However, when the LCD is driven for a long time, a
driven pattern may affect the transmittance in a way that
deteriorates display quality. Also, when the same pattern is
continuously displayed, a residual afterimage of the pattern
may remain.

SUMMARY

[0008] In accordance with one embodiment, a display
device includes a display including a plurality of pixels, each
including a liquid crystal layer between a pixel electrode and
a common electrode; and a power supply to apply a common
voltage to the common electrode, wherein the power supply is
to apply a first common voltage to the common electrode for
a first period after power is turned on, and is to apply a second
common voltage higher than the first common voltage to the
common electrode until the power is turned off after the first
period.

[0009] The first common voltage may be set to a voltage to
reduce aresidual image, and the second common voltage may
be set to a voltage to reduce flicker at a predetermined gray
scale value. The power supply may increase the first common
voltage to the second common voltage at a predetermined rate
for a predetermined second period.

[0010] The device may include a flag signal generator to
measure the first period from at least one of a clock signal or
a scan start signal, and to generate a flag signal for instructing
generation of one of the first common voltage or the second
common voltage.

Dec. 31, 2015

[0011] The device may include a memory to store a flag
parameter determined by a driving period for which the sec-
ond common voltage is applied. The flag signal generator
may set the flag parameter to 1 for instructing generation of
the first common voltage when the driving period for which
the second common voltage is applied exceeds a predeter-
mined third period, and set the flag parameter to 0 for instruct-
ing generation of the second common voltage when the driv-
ing period does not exceed the third period.

[0012] The flag signal generator may read the flag param-
eter from the memory when the power supply is turned on,
and may transmit the first flag signal for generating the first
common voltage when the flag parameter is set to 1 or trans-
mit the second flag signal for generating the second common
voltage when the flag parameter is set to 0 to the power supply.
[0013] The device may include a residual image evaluator
to evaluate whether a condition for generating a residual
image is satisfied by detecting whether identical image sig-
nals are received for a plurality of frames; and a memory to
store a flag parameter determined by whether the condition
for generating a residual image is satisfied.

[0014] The residual image evaluator may set the flag
parameter to 1 for instructing the generation of the first com-
mon voltage when image signals input to a dot at a specific
location are identically received for a predetermine number of
frames, and set the flag parameter to 0 for instructing the
generation of the second common voltage when the image
signals input to the dot at the specific location are differently
received for a plurality of frames.

[0015] The flag signal generator may read the flag param-
eter from the memory when the power supply is turned on,
and transmit the first flag signal for generating the first com-
mon voltage when the flag parameter is set to 1, or transmit
the second flag signal for generating the second common
voltage when the flag parameter is set to 0 to the power supply
unit.

[0016] Thepower supply may includea firstresistor includ-
ing a first end coupled to an input terminal to which the flag
signal is input and a second end coupled to a first node; a first
capacitor including a first electrode coupled to the first node
and a second electrode coupled to a reference potential; a
switching transistor including a gate electrode coupled to the
first node and a first electrode coupled to a second node; a
second resistor including a first end coupled to a second
electrode of the switching transistor and a second end coupled
to the reference potential; a third resistor power including a
first end coupled to a power supply voltage and a second end
coupled to the second node; a fourth resistor including a first
end coupled to the second node and a second end coupled to
the reference potential; and a first differential amplifier to
output a first differential voltage between a voltage of the
second node and a reference voltage.

[0017] The power supply may include a second capacitor
having a first electrode coupled to the second node and a
second electrode coupled to the reference potential.

[0018] The power supply may include a second differential
amplifier which includes a first input terminal to which the
first differential voltage is input; a second input terminal to
which the power supply voltage is input; and an output ter-
minal to output, as the common voltage, a second voltage
based on a difference between the first differential voltage and
the power supply voltage.

[0019] The power supply may include a fifth resistor
coupled between the power supply voltage and a second input
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terminal of the second differential amplifier; and a sixth resis-
tor coupled between the second input terminal of the second
differential amplifier and an output terminal of the second
differential amplifier.

[0020] In accordance with another embodiment, a method
for driving a liquid crystal display device includes applying a
first common voltage to a common electrode for a first period
after a power supply is turned on; and applying a second
common voltage higher than the first common voltage to the
common electrode until the power supply is turned off after
the first period.

[0021] The method may include increasing the first com-
mon voltage to the second common voltage at a predeter-
mined rate for a predetermined second period. The method
may include setting a flag parameter to 1 for instructing
generation of the first common voltage when a driving period,
for which the second common voltage is applied, exceeds a
predetermined third period, and setting the flag parameter to
0 for instructing generation of the second common voltage
when the driving period exceeds the third period.

[0022] The method may include applying the first common
voltage to the common electrode for the first period after the
power supply is turned on includes transmitting a first flag
signal for instructing the generation of the first common volt-
age when the flag parameter is set to 1 when the power supply
is turned on to the power supply.

[0023] The method may include applying the first common
voltage to the common electrode for the first period after the
power supply is turned on is omitted when the flag parameter
is set to 0 when the power supply is turned on.

[0024] The method may include setting the flag parameter
to 1 for instructing the generation of the first common voltage
when image signals input to a pixel at a specific location are
identically received for a predetermined number of frames,
and setting the flag parameter to 0 for instructing the genera-
tion of the second common voltage when the image signals
input to the pixel at the specific location are differently
received for a plurality of frames.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Features will become apparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0026] FIG. 1 illustrates an embodiment of a display
device;

[0027] FIG. 2 illustrates an embodiment of a pixel;

[0028] FIG. 3 illustrates an embodiment of a common volt-
age generator;

[0029] FIG. 4illustrates an embodiment of a power supply;
[0030] FIG. 5 illustrates an embodiment of a method for

driving a display device;

[0031] FIG. 6 illustrates another embodiment of a common
voltage generator;

[0032] FIG. 7 illustrates another embodiment of a method
for driving a display device;

[0033] FIG. 8 illustrates another embodiment of a method
for driving a display device;

[0034] FIG. 9 illustrates another embodiment of a common
voltage generator;

[0035] FIG. 10 illustrates an embodiment of a method for
evaluating a residual image;

[0036] FIG. 11 illustrates another embodiment of a method
for driving a display device; and

Dec. 31, 2015

[0037] FIG. 12 illustrates an example of signals for control-
ling a display device.

DETAILED DESCRIPTION

[0038] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in 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 exemplary implementations to those skilled in the art.
[0039] In the drawings, the dimensions of layers and
regions may be exaggerated for clarity of illustration. Also,
like reference numerals refer to like elements throughout.
Also, when it is described that an element is “coupled” to
another element, the element may be “directly coupled” to the
other element or “electrically coupled” to the other element
through a third element.

[0040] FIG. 1illustrates an embodiment ofa display device
which includes a signal controller 100, a scan driver 200, a
data driver 300, a display unit 400, and a power supply unit
500. The display unit 400 includes a plurality of scan lines S1
to Sn, a plurality of data lines D1 to Dm, and a plurality of
pixels PX.

[0041] The pixels PX are coupled to the signal lines S1 to
Sn and D1 to Dm and are arranged in a matrix. The scan lines
S1 to Sn extend in a row direction and are substantially
parallel to each other. The data lines D1 to Dm extend in a
column direction and are substantially parallel to each other.
[0042] The display unit 400 may be a liquid crystal panel
assembly, which includes a thin film transistor array panel
(e.g., reference numeral 10 in FIG. 2), a common electrode
panel facing the thin film transistor array panel (reference
numeral 20 in FIG. 2), and a liquid crystal layer between the
display panels 10 and 20 (reference numeral 15 in FIG. 2).
One or more polarizers may be coupled to outer surfaces of
the display unit 400 to polarize light.

[0043] The signal controller 100 receives an image signal
ImS and an input control signal for controlling display of the
image signal Ims. The image signal ImS includes luminance
information for the pixels. The luminance may be expressed,
for example, as a predetermined number of gray scale values,
e.g., 1024=2°,256=2%, or 64=2°.

[0044] The input control signal may include a data enable
signal DE, a horizontal synchronization signal Hsync, a ver-
tical synchronization signal Vsyne, and a main clock signal
MCLK. The signal controller 100 transmits an image data
signal DAT and a data control signal CONT?2 to the data driver
300.

[0045] The data control signal CONT2 controls operation
of the data driver 300. In one embodiment, the data control
signal CONT2 includes a horizontal synchronization start
signal STH for instructing transmission start of the image
data signal DAT, an output signal TP for instructing the plu-
rality of data lines D1 to Dmto output a data signal, and a data
clock signal HCLK. The data control signal CONT2 may
further include a reverse signal RVS for reversing a voltage
polarity of the image data signal DAT with respect to a com-
mon voltage Vcom.

[0046] The signal controller 100 transmits a scan control
signal CONT1 to the scan driver 200. The scan control signal
CONT1 controls operation of the scan driver 200. In one
embodiment, the scan control signal CONT1 includes at least
one clock signal CLK for controlling outputs of a scan start
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signal STV and a gate-on voltage at the scan driver 200. The
scan control signal CONT1 may further include an output
enable signal OF that limits duration of the gate-on voltage.
[0047] The signal controller 100 transmits a power supply
control signal CONT3 to the power supply unit 500. The
power supply control signal CONT3 controls operation of the
power supply unit 500.

[0048] Thedatadriver 300 is coupled to the data lines D1 to
Dm arranged in the display unit 400, and selects a gray scale
voltage corresponding to the image data signal DAT.

[0049] The data driver 300 applies the selected gray volt-
age, as a data signal, to the data lines D1 to Dm. The data
driver 300 may generate gray scale voltages for all gray scale
values, for example, by dividing a predetermined number of
reference gray scale voltages and then selecting the gray scale
voltage which corresponds to the image data signal DAT.
[0050] The scandriver 200 is coupled to the scan lines S1 to
Sn that are arranged in the display unit 400, and applies a scan
signal including a combination of a gate-on voltage for turn-
ing on a switching element (Q in FIG. 2) and a gate-off
voltage for turning off the switching element to the scan lines
S1 to Sn. The scan driver 200 may sequentially apply the scan
signal of the gate-on voltage to the scan lines S1 to Sn.
[0051] The power supply unit 500 provides the common
voltage Veom to the display unit 400 depending on the power
supply control signal CONT3. For example, the power supply
unit 500 may apply a first common voltage to a common
electrode (CE in FIG. 2) for a first period after the power
supply is turned on, and may apply a second common voltage
higher than the first common voltage to the common electrode
until the power supply is turned off after the first period.
[0052] The power supply unit 500 may slowly increase the
first common voltage to the second common voltage for a
predetermined second period. The second common voltage
may correspond, for example, to a predetermined or optimal
common voltage at which flicker is minimized at full white,
e.g., the highest gray scale value. For example, the highest
gray scale value is applied to the display device, and the
common voltage is applied to the display device to which the
highest gray scale value is applied.

[0053] Inthis case, the flicker of the display device is mea-
sured while adjusting the common voltage, so that the com-
mon voltage at which the flicker is minimized or reduced may
be set to the predetermined or optimal common voltage.
[0054] The first common voltage is a predetermined volt-
age to reduce or minimize a residual image. For example,
when a still image is displayed on the display device for a
predetermined time, the residual image remains even when
the display device is turned off or turned onagain. In this case,
the same gray scale value(s) as that of the still image or
intermediate gray scale value(s) is/are applied to the display
device, and the common voltage is adjusted to measure the
residual image of the display device. The common voltage at
which the residual image disappears may be set to the first
common voltage that reduces or minimizes the residual
image.

[0055] The signal controller 100, the scan driver 200, and
the data driver 300 described above may be directly mounted
on thedisplay unit400 or on the flexible printed circuit film as
at least one IC chip, and may be attached to the display unit
400, for example, as a tape carrier package, or may be
mounted on an additional printed circuit board.

[0056] Alternatively, the signal controller 100, the scan
driver 200, and the data driver 300 may be integrated into the
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display unit 400 along with the scan lines S1 to Sn and the data
lines D1 to Dm. For example, a function of the scan driver 200
may be performed by an amorphous silicon gatein the display
unit 400. In addition, the data driver 300 may be provided as
a driving integrated circuit, in which a function of the signal
controller 100 is internally integrated.

[0057] FIG. 2 illustrates an embodiment of a pixel PX,
which, for example, may be included in the display unit 400
of FIG. 1. For illustrative purposes, the pixel PX is coupled to
an i-th scan line S1 and a j-th data line Dj, where (1<i=n,
l<gj<m).

[0058] The pixel PX includes a switching element Q, a
liquid crystal capacitor Cle, and a storage capacitor Cst. The
switching element Q is a three terminal element (e.g., a thin
film transistor) provided in the thin film transistor array panel
10. The switching element Q includes a gate terminal coupled
to one of the scan lines S1 to Sn, an input terminal coupled to
one of the data lines D1 to Dm, and an output terminal
coupled to one of the liquid crystal capacitor Clc or the
storage capacitor Cst. The thin film transistor includes, for
example, amorphous silicon or polysilicon.

[0059] Ifimplemented as a thin film transistor, this transis-
tor may be an oxide thin film transistor in which a semicon-
ductor layer is formed of an oxide semiconductor. The oxide
semiconductor may include, for example, an oxide based on
titanium (Ti), hafnium (HY), zirconium (Zr), aluminum (Al),
tantalum (Ta), germanium (Ge), zinc (Zn), gallium (Ga), tin
(Sn), or indium (In), and complex oxides thereof such as zinc
oxide (ZnQ), indium-gallium-zinc oxide (InGaZnO4),
indium-zinc oxide (Zn—In—O0), zinc-tin oxide (Zn—Sn—
0), indivm-gallium oxide (In—Ga—0), indium-tin oxide
(In—Sn—0), indium-zirconium oxide (In—Z7r—0),
indium-zirconium-zine oxide (In—Zr—7Zn—O0), indivm-zir-
conium-tin oxide (In—Zr—Sn—O0), indium-zirconium-gal-
lium oxide (In—Zr—Ga—O0), indium-aluminum oxide (In—
Al—0), indium-zinc-aluminum oxide (In—Zn—Al—0),
indium-tin-aluminum oxide (In—Sn—Al—0), indium-alu-
minum-gallium oxide (In—Al—Ga—0), indium-tantalum
oxide (In—Ta—0), indium-tantalum-zine oxide (In—Ta—
Zn—0), indium-tantalum-tin oxide (In—Ta—Sn—0),
indium-tantalum-gallium oxide (In—Ta—Ga—O), indium-
germanium oxide (In—Ge—O), indium-germanium-zinc
oxide (In—Ge—7n—0), indium-germanium-tin oxide
(In—Ge—Sn—0), indium-germanium-gallium oxide (In—
Ge—Ga—0), titanium-indium-zinc oxide (Ti—In—Zn—
0), hafnium-indium-zinc oxide (Hf—In—Z7n—0), ora com-
bination thereof.

[0060] The semiconductor layer includes a channel region
where no impurity is doped, and source and drain regions at
respective sides of the channel region where impurities are
doped. The impurities may be dependent upon types of the
thin film transistor, and N-type impurities or P-type impuri-
ties may be accordingly applicable. When the semiconductor
layer includes an oxide semiconductor, an additional protec-
tive layer may be added to protect the oxide semiconductor
from being vulnerable to high temperatures or other environ-
mental effects.

[0061] The liquid crystal capacitor Cle includes two termi-
nals such as a pixel electrode PE of the thin film transistor
array panel 10 and a common electrode CE of the common
electrode panel 20. The liquid crystal layer 15 functions as a
dielectric between the pixel electrode PE and the common
electrode CE. The liquid crystal layer 15 may have dielectric
anisotropy. The pixel electrode PE is coupled to the switching



US 2015/0379954 A1l

element Q, and the common electrode CE is formed on a front
surface of the common electrode panel 20 and is applied with
the common voltage Vcom.

[0062] Unlike FIG. 2, the common electrode CE may be
provided in the thin film transistor array panel 10. In this case,
atleast one of two electrodes PE and CE may be formed in the
shape of a line or rod.

[0063] The liquid crystal capacitor Clc, which performs an
auxiliary function ofthe storage capacitor Cst, may be formed
such that an additional signal line provided in the thin film
transistor array panel 10 overlaps the pixel electrode PE with
an interposing insulator. A predetermined voltage (e.g., com-
mon voltage Vecom) may be applied to the additional signal
line.

[0064] A color filter CF may be formed at a region of the
common electrode CE of the common electrode panel 20.
Each pixel PX may display a predetermined color, and thus a
desired color may be recognizable using a spatial sum of the
primary colors. Each pixel PX may be set to alternatingly
display one of a predetermined number of primary colors over
time. Thus, a desired color is recognizable using a temporal
sum of the primary colors. Examples of the primary colors
include red, green, and blue.

[0065] As an example of a spatial division, each pixel PX
may be provided with a color filter CF for displaying one of
the primary colors in a region of the common electrode panel
20 that corresponds to the pixel electrode PE. Alternatively,
the color filter CF may be formed above or below the pixel
electrode PE of the thin film transistor array panel 10.
[0066] A common voltage generator and a method using
the same will now be described. Here, a first common voltage
is applied to a common electrode CE for a first period after a
power supply is turned on. Then, a second common voltage is
applied to the common electrode CE until the power supply is
turned off after the first period.

[0067] FIG. 3 illustrates an embodiment of a common volt-
age generator, FIG. 4 illustrates an embodiment of a power
supply, and FIG. 5 is a timing diagram illustrating signals
used by one embodiment of a method for driving the display
device.

[0068] Referring to FIGS. 3 to 5, the common voltage gen-
erator includes a flag signal generator 110 and a power supply
unit 500. The flag signal generator 110 receives at least one of
a clock signal CLK or a scan start signal STV, and measures
a first period A from at least one of the clock signal CLK or the
scan start signal STV. The clock signal CLK may be gener-
ated inside the signal controller 100 or based on a main clock
signal MCLK received, for example, from an external source.
[0069] The flag signal generator 110 measures a first period
A to generate a flag signal FLAG for instructing generation of
one of a first common voltage Vcoml or a second common
voltage Vecom2. The flag signal is transmitted to the power
supply unit 500.

[0070] The flag signal generator 110 transmits the flag sig-
nal FLAG for instructing generation of the first common
voltage Vcoml to the power supply unit 500 at a predeter-
mined time, e.g., when the power supply is turned on. The
power supply unit 500 generates the first common voltage
Veoml1 according to the flag signal FLAG.

[0071] The flag signal generator 110 transmits the flag sig-
nal FLAG for instructing generation of the second common
voltage Veom2 to the power supply unit 500 at a predeter-
mined time, e.g., when the first period A elapses after the
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power supply is turned on. The power supply unit 500 gen-
erates the second common voltage Veom?2 according to the
flag signal FLAG.

[0072] The power supply unit 500 may be configured, for
example, to increase the first common voltage Vcoml to the
second common voltage Vecom2 at a predetermined rate in a
predetermined second period B. The predetermined rate may
be a relatively slow rate. The power supply unit 500 generates
the second common voltage Veom2 for a driving period D,
which may start from a time when the second period B elapses
to a time when the power supply is turned off.

[0073] When the power supply is turned off, the flag signal
generator 110 transmits the flag signal FLAG for instructing
the generation of the first common voltage Vecoml1 to the
power supply unit 500. The power supply unit 500 changes
the second common voltage Vcom2 to the first common volt-
age Veoml according to the flag signal FLAG.

[0074] When the display device is driven for a long time, a
driven pattern affects transmittance of the panel and a residual
image may remain even after the display device is turned off
and then turned on again. The residual image disappears as
the display device is slowly driven. The first period is based
on a time required for the residual image to disappear as the
display device is driven. The first period is a predetermined
value, which, for example, may be experimentally deter-
mined or otherwise set. In one embodiment, the first period
may be set to approximately 30 minutes to one hour.

[0075] The predetermined first common voltage Vcoml
may be determined to reduce or minimize the residual image.
The predetermined first common voltage Vcom1 may also be
experimentally or otherwise set to some fixed value. In one
embodiment, the first common voltage Vcom1 may be set to
approximately set to be lower by about 20 mV to 40 mV than
the second common voltage Vecom2, e.g., avoltage difference
dV between the first common voltage Vcom1 and the second
common voltage Vcom2 may be about 20 mV to 40 mV.
[0076] Referring to FIG. 4, an example of a circuit of the
power supply unit 500 is illustrated for variably generating
the common voltage Vcom as the first common voltage
Veoml and the second common voltage Vecom?2 according to
the flag signal FLAG.

[0077] The power supply unit 500 includes a plurality of
resistors R1 to R, a plurality of capacitors C1 and C2, and a
switching transistor M1, and a plurality of differential ampli-
fiers A1 and A2. The first resistor R1includes one end coupled
to the input terminal to which the flag signal FLAG is input.
The other end is coupled to a first node N1. The first capacitor
C1 includes one electrode coupled to the first node N1. The
other electrode is coupled to a ground.

[0078] The switching transistor M1 includes a gate elec-
trode coupled to the first node N1, a first electrode coupled to
asecond node N2, and a second electrode coupled to one end
ofthe second resistor R2. The second resistor R2 includes one
end coupled to the switching transistor M1. The other end is
coupled to the ground. The third resistor R3 includes one end
coupled to a power supply voltage VDD. The other end is
coupled to the second node N2. The power supply voltage
VDD may be a high level voltage. The fourth resistor R4
includes one end coupled to the second node N2. The other
end is coupled to the ground.

[0079] A firstdifferential amplifier A1 includes a first input
terminal (+) to which a voltage of the second node N2 is input,
asecond input terminal (-) to which a reference voltage Vref
is input, and an output terminal from which a first differential
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voltage between the voltage of the second node N2 and the
reference voltage Vref is output. The reference voltage Vref
may be a predetermined voltage, e.g., a low level voltage. For
example, the reference voltage Vref may be set to be a ground
voltage.

[0080] The second capacitor C2 includes one electrode
coupled to the second node N2. The other electrode is coupled
to ground.

[0081] A second differential amplifier A2 includes a first
input terminal (+) coupled to the output terminal of the first
differential amplifier A1 to receive the first differential volt-
age, asecond input terminal (-) coupled to the other end of the
fifth resistor to receive the power supply voltage VDD, and an
output terminal that outputs, as the common voltage Vcom, a
second differential voltage between the first differential volt-
age and the power supply voltage VDD.

[0082] The fifthresistor RS includes one end coupled to the
power supply voltage VDD. The other end is coupled to the
second input terminal (-) of the second differential amplifier
A2. The sixth resistor R6 includes one end coupled to the
second input terminal (-) of the second differential amplifier
A2. The other end is coupled to an output terminal of the
second differential amplifier A2.

[0083] The switching transistor M1 may be an n-channel
field effect transistor that is turned on by a high level voltage
and is turned off by a low level voltage. Alternatively, the
switching transistor M1 may be a p-channel field effect tran-
sistor that is turned on by the low level voltage and is turned
off by the high level voltage. In this case, the switching
transistor M1 is assumed to be an n-channel field effect tran-
sistor.

[0084] First, a case in which the flag signal FLAG is
received as the low level voltage will be described. The volt-
age of the first node N1 is set to the low level voltage and the
switching transistor M1 is turned off. The voltage of the
second node N2 is divided by the third resistor R3 and the
fourth resistor R4. The first differential voltage between the
voltage of the second node N2 and the reference voltage Vref
1s input to the first input terminal (+) of the second differential
amplifier A2. The second differential voltage, corresponding
to the difference between the first differential voltage and the
power supply voltage VDD, is output as the first common
voltage Veoml.

[0085] Next, a case in which the flag signal FLAG is
received as the high level voltage will be described. When
receiving the flag signal FLAG changed from the low level
voltage to the high level voltage, the first capacitor C1 is
charged to the high level voltage. The voltage of first node N1
slowly increases to the high level voltage, because it is
delayed by a time required for the first capacitor C1 to be
charged.

[0086] Thedelay time for the voltage of the first node N1 to
reach the high level voltage may correspond to the second
period B, during which the first common voltage Vcoml
slowly increases to the second common voltage Vcom2. The
second period B may be dependent upon the resistance of the
first resistor R1 and capacitance of first capacitor C1. As the
voltage of the first node N1 slowly increases, the amount of
current flowing through the switching transistor M1 slowly
increases.

[0087] The voltage of the second node N2 is divided by the
second resistor R2, the third resistor R3, and the fourth resis-
tor R4. Because the second resistor R2 and the fourth resistor
R4 are connected in parallel, the voltage of the second node
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N2 becomes a relatively low voltage compared with the case
in which the switching transistor M1 is turned off. As the
voltage of the second node N2 becomes the relatively low
voltage, the first differential voltage output from the first
differential amplifier A1 also becomes the relatively low volt-
age. As the first differential voltage becomes the low voltage,
the second differential voltage output from the second differ-
ential amplifier A2 is a relatively high second common volt-
age Veom2.

[0088] As the flag signal generator 110 transmits the flag
signal FLAG ofthe low level voltage to the power supply unit
500 for the first period A, the first common voltage Vecoml
may be output. Then, after the first period A, as the flag signal
generator 110 transmits the flag signal FLAG ofthe high level
voltage to the power supply unit 500, the first common volt-
age Vcoml slowly increases to the second common voltage
Vcom?2 for the second period B. The second common voltage
Veom?2 may be generated for the driving period D.

[0089] The flag signal generator 110 may be included in the
signal controller 100. In this case, the flag signal FLAG may
be in the power supply control signal CONT3 transmitted
from the signal controller 100 to the power supply unit 500.
Alternatively, the flag signal generator 110 may be in the
power supply unit 500. In this case, the power supply control
signal CONT3 may include at least one of the clock signal
CLK or the scan start signal STV.

[0090] FIG. 6illustrates another embodiment of a common
voltage generator, FIG. 7 illustrates another embodiment of a
method for driving a display device, and FIG. 8 is a timing
including signals generated by the driving method of FIG. 7.
[0091] Referring to FIGS. 6 to 8, the common voltage gen-
eratorincludes a flag signal generator 110, a memory 120, and
apower supply unit 500. Compared with the common voltage
generator in FIGS. 3 to 5, this embodiment of the common
voltage generator includes a memory 120 for storing a flag
parameter Fp. The memory 120 may be, for example, a non-
volatile memory such as an electrically erasable program-
mable read-only memory (EEPROM) for storing the flag
parameter Fp, even when disconnected from the power sup-
ply.

[0092] The flag parameter Fp may be determined by the
driving period D for which the second common voltage
Veom? is applied. The flag parameter Fp may be represented,
for example, by one bit, which is set to 1 for instructing
generation of the first common voltage Vecoml or 0 for
instructing generation of the second common voltage Vecom?2.
[0093] The flag signal generator 110 reads the flag param-
eter Fp from the memory 120 at a predetermined time, e.g,,
when the power supply is turned on. The flag signal generator
110 transmits the flag signal FLAG for instructing generation
of the first common voltage Vcoml to the power supply umt
500 when the flag parameter Fp is setto 1, or transmits the flag
signal FLAG for instructing generation of the second com-
mon voltage Vcom?2 to the power supply when the flag param-
eter Fp is set to 0.

[0094] Then, the flag signal generator 110 sets the flag
parameter Fp to 1 when the driving period D, for which the
second common voltage Vcom?2 is applied, exceeds a prede-
termined third period C. The flag signal generator 110 sets the
flag parameter Fp to 0 when the driving period does not
exceed the third period C.

[0095] During the driving period D, even if the flag param-
eter Fp is changed, the second common voltage Vcom?2 is
output as it is. The flag signal generator 110 and the memory
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120 may be included, for example, in the signal controller
100. In this case, the flag signal FLAG may be included in the
power supply control signal CONT3 transmitted from the
signal controller 100 to the power supply unit 500.

[0096] Alternatively, the flag signal generator 110 and the
memory 120 may be in the power supply unit 500. In this case,
the power supply control signal CONT3 may include at least
one of the clock signal CLK or the scan start signal STV.
[0097] Referring to FIG. 7, the driving method for gener-
ating the first common voltage Vcoml1 or second common
voltage Vcom?2 using the flag parameter Fp includes turning
on the power supply of the display device (S110). When the
power supply of the display device is turned on, the flag signal
generator 110 determines whether the flag parameter Fp
stored in the memory 120 is set to 1 (S120).

[0098] When the flag parameter Fp stored in the memory
120is set to 1, the flag signal generator 110 transmits the flag
signal FLAG of the low level voltage for instructing the
generation of the first common voltage Vcoml to the power
supply unit 500, and the power supply unit 500 generates the
first common voltage Veom1 (S130).

[0099] After generating the first common voltage Veoml,
the flag signal generator 110 determines whether the first
period A is elapsed (S140). The flag signal generator 110
generates the first common voltage Vcom1 until the first
period A elapses after the power supply is turned on.

[0100] The flag signal generator 110 transmits the flag sig-
nal FLAG of the high level voltage for instructing the gen-
eration of the second common voltage Vcom?2 to the power
supply unit 500 when the first period A elapses, and the power
supply unit 500 generates the second common voltage
Vcom?2 (S150).

[0101] When the flag signal FLAG of the high level voltage
is transmitted to the power supply unit 500, an output voltage
of the power supply unit 500 slowly increases from the first
common voltage Veom1 to the second common voltage
Veom?2 for the second period B.

[0102] Theflag signal generator 110 sets the flag parameter
Fp to 0 when the first period A elapses, and stores the flag
parameter Fp in the memory 120 (8160). The flag signal
generator 110 determines whether the driving period D for
which the second common voltage Vcom?2 is applied exceeds
the predetermined third period C (8170).

[0103] The third period C is a predetermined period for
which, for example, the residual image may appear due to
long hours of driving. For example, the third period C may be
approximately set to 4 hours. The flag signal generator 110
sets the flag parameter Fp to 0 as it is, when the driving period
D does not exceed the third period C.

[0104] Theflag signal generator 110 sets the flag parameter
Fp to 1 when the driving period D exceeds the third period C,
and stores it in the memory 120 (S180). In this case, the flag
signal generator 110 transmits the flag signal FLAG of the
high level voltage to the power supply unit 500, even when the
flag parameter Fp is set to 1. This allows the second common
voltage Vcom?2 to be continuously generated.

[0105] When the flag parameter Fp stored in the memory
1201s set to 0 at a time when the power supply of the display
device is turned on, the flag signal generator 110 transmits the
flag signal FLAG of the high level voltage for instructing the
generation of second common voltage Vcom2 to the power
supply unit 500. For example, when the flag parameter Fp
stored in the memory 120 is not set to 1 at a time when the
power supply is turned on, the first period A (for which the
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first common voltage Vcom1 is generated) and the second
period B (for which the first common voltage Vcoml
increases to the second common voltage Vcom?2) are omitted,
and the second common voltage Vcom?2 is directly generated.
[0106] FIG. 9illustrates another embodiment of a common
voltage generator, and FIG. 10 illustrates an embodiment of a
method for evaluating a residual image. FIG. 11 illustrates
another embodiment of a method for driving a display device,
and FIG. 12 is a timing diagram including control signals to
be used by the driving method.

[0107] Referring to FIGS. 9 to 12, the common voltage
generator includes a flag signal generator 110, a memory 120,
a residual image evaluator 130, and a power supply unit 500.
Compared to the common voltage generator described in
FIGS. 3 to 5, the common voltage generator further includes
the memory 120 and the residual image evaluator 130.
[0108] The memory 120 stores a flag parameter Fp, which
may be determined by a condition for generating a residual
image that is evaluated by the residual image evaluator 130.
The flag parameter Fp may be represented, for example, by
one bit, which is set to 1 for instructing the generation of the
first common voltage Veoml and to 0 for instructing the
generation of the second common voltage Vcom?.

[0109] Thememory 120 may be, for example, a nonvolatile
memory such as an EEPROM. The residual image evaluator
130 detects whether identical image signals ImS are received
for a plurality of frames, in order to evaluate whether the
condition for generating a residual image is satisfied.

[0110] Referring to FIG. 10, the residual image evaluator
130 checks whether the image signals ImS received by adot1,
adot2, and a dot3 at specific locations are identically received
for a predetermined number of frames. The flag parameter Fp
1s set based on the result. The dotl1, dot2, and dot3 refer, for
example, to aunit by which a red pixel R, a green pixel G, and
a blue pixel B adjacent to each other are spatially or tempo-
rally summed to be recognized as one color.

[0111] The residual image evaluator 130 sets the flag
parameter Fp to 1 for instructing the generation of the first
common voltage Vcoml when the image signals ImS
received by the dotl, dot2, and dot3 at the specific locations
are identically received for the predetermined number of
frames.

[0112] The residual image evaluator 130 sets the flag
parameter Fp to O for instructing the generation of the second
common voltage Vcom2 when the image signals ImS
received by the dotl, dot2, and dot3 dot at the specific loca-
tions are differently received for the predetermined number of
frames.

[0113] The flag signal generator 110 reads the flag param-
eter Fp from the memory 120 when the power supply is turned
on. The flag signal generator 110 transmits the flag signal
FLAG for instructing the generation of the first common
voltage Vcoml1 to the power supply unit 500 when the flag
parameter Fpis setto 1, or transmits the flag signal FLAG for
instructing the generation of the second common voltage
Veom?2 to the power supply when the flag parameter Fp is set
to 0.

[0114] After generating the first common voltage Vcoml,
the flag signal generator 110 transmits the flag signal FLAG
for instructing generation of the second common voltage
Veom?2 to the power supply when the first period A is elapsed.
This allows the second common voltage Vcom?2 to be gener-
ated.
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[0115] The flag signal generator 110, the memory 120, and
the residual image evaluator 130 may be included, for
example, in the signal controller 100. In this case, the flag
signal FLAG may be included in the power supply control
signal CONT3 transmitted from the signal controller 100 to
the power supply unit 500.

[0116] Alternatively, the flag signal generator 110, the
memory 120, and the residual image evaluator 130 may be in
the power supply unit 500. In this case, the power supply
control signal CONT3 may include at least one of the clock
signal CLK or the scan start signal STV, and the image signal
ImS.

[0117] Referring to FIG. 11, the driving method for gener-
ating the first common voltage Vcoml1 or second common
voltage Vcom?2 using the flag parameter Fp includes turning
on the power supply of the display device (S210). When the
power supply of the display device is turned on, the flag signal
generator 110 determines whether the flag parameter Fp
stored in the memory 120 is set to 1 (S220).

[0118] When the flag parameter Fp stored in the memory
1201s set to 1, the flag signal generator 110 transmits the flag
signal FLAG of the low level voltage for instructing the
generation of the first common voltage Vcoml to the power
supply unit 500, and the power supply unit 500 generates the
first common voltage Vcom1 (S230).

[0119] After generating the first common voltage Vcoml,
the flag signal generator 110 determines whether the first
period A has elapsed (5240). The flag signal generator 110
generates the first common voltage Vecom1 until the first
period A elapses after the power supply is turned on.

[0120] The flag signal generator 110 transmits the flag sig-
nal FLAG of the high level voltage for instructing the gen-
eration of the second common voltage Vcom?2 to the power
supply unit 500 when the first period A is elapsed, and the
power supply unit 500 generates the second common voltage
Veom?2 (S250).

[0121] When the flag signal FLAG of the high level voltage
1s transmitted to the power supply unit 500, an output voltage
of the power supply unit 500 slowly increases from the first
common voltage Veoml to the second common voltage
Vcom?2 for the second period B. The flag signal generator 110
sets the flag parameter Fp to 0 when the first period A is
elapsed, and stores it in the memory 120 (S260).

[0122] The residual image evaluator 130 detects whether
identical image signals ImS are received for a plurality of
frames C', to evaluate whether a condition for generating a
residual image is satisfied (S270). The residual image evalu-
ator 130 checks if the image signals ImS received by a dotl,
adot2, and a dot3 at specific locations are identically received
for a predetermined number of frames C, to thereby set the
flag parameter Fp.

[0123] The residual image evaluator 130 may set the flag
parameter Fp to O for instructing the generation of the second
common voltage Vcom?2 if respective different image signals
ImS are received for a plurality of frames.

[0124] The residual image evaluator 130 sets the flag
parameter Fp to 1 for instructing the generation of the first
common voltage Vcoml when the image signals ImS
received by the dotl, dot2, and dot3 at the specific locations
are identically received for the predetermined number of
frames C' (S280). In this case, the flag signal generator 110
transmits the flag signal FLAG of the high level voltage to the
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power supply unit 500, even when the flag parameter Fp is set
to 1. This allows the second common voltage Vcom?2 to be
continuously generated.

[0125] When the flag parameter Fp stored in the memory
120 is set to O at a time when the power supply of display
device is turned on, the flag signal generator 110 transmits the
flag signal FLAG of the high level voltage for instructing the
generation of the second common voltage Vcom2 to the
power supply unit 500. For example, when the flag parameter
Fp stored in the memory 120 is not set to 1 at a time when the
power supply is turned on, the first period A (for which the
first common voltage Veoml is generated) and the second
period B (for which the first common voltage Vcoml
increases to the second common voltage Vcom?2) are omitted,
and the second common voltage Vcom?2 is directly generated.
[0126] By way of summation and review, when the LCD is
driven for a long time, a driven pattern may affect the trans-
mittance in a way that deteriorates display quality. Also, when
the same pattern is continuously displayed, a residual after-
image of the pattern may remain. Also, a common voltage
does not change for removing a residual image to improve
display quality.

[0127] In accordance with one or more of the aforemen-
tioned embodiments, a display device and a driving method
removes a residual image to improve display quality, even
when the display device driven for a long time (e.g., hours).
Moreover, in accordance with one or more of the aforemen-
tioned embodiments, a power supply unit applies a first com-
mon voltage to the common electrode for a first period after a
power supply is turned on, and applies a second common
voltage higher than the first common voltage to the common
electrode until the power supply is turned off after the first
period.

[0128] The methods, processes, and/or operations
described herein may be performed by code or instructions to
be executed by a computer, processor, controller, or other
signal processing device. The computer, processor, control-
ler, or other signal processing device may be those described
herein or one in addition to the elements described herein.
Because the algorithms that form the basis of the methods (or
operations of the computer, processor, controller, or other
signal processing device) are described in detail, the code or
instructions for implementing the operations of the method
embodiments may transform the computer, processor, con-
troller, or other signal processing device into a special-pur-
pose processor for performing the methods described herein.
[0129] Also, another embodiment may include a computer-
readable medium, e.g., a non-transitory computer-readable
medium, for storing the code or instructions described above.
The computer-readable medium may be a volatile or non-
volatile memory or other storage device, which may be
removably or fixedly coupled to the computer, processor,
controller, or other signal processing device which is to
execute the code or instructions for performing the method
embodiments described herein.

[0130] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
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ments unless otherwise indicated. Accordingly, it will be
understood by those of skill in the art that various changes in
form and details may be made without departing from the
spirit and scope of the present invention as set forth in the
following claims.

What is claimed is:

1. A display device, comprising:

a display including a plurality of pixels, each including a
liquid crystal layer between a pixel electrode and a com-
mon electrode; and

a power supply to apply acommon voltage to the common
electrode,

wherein the power supply is to apply a first common volt-
age to the common electrode for a first period after
power is turned on, and is to apply a second common
voltage higher than the first common voltage to the com-
mon electrode until the power is turned off after the first
period.

2. The device as claimed in claim 1, wherein:

the first common voltage is set to a voltage to reduce a
residual image, and

the second common voltage is set to a voltage to reduce
flicker at a predetermined gray scale value.

3. The device as claimed in claim 1, wherein the power
supply increases the first common voltage to the second com-
mon voltage at a predetermined rate for a predetermined
second period.

4. The device as claimed in claim 1, further comprising:

a flag signal generator to measure the first period from at
least one of a clock signal or a scan start signal, and to
generate a flag signal for instructing generation of one of
the first common voltage or the second common voltage.

5. The device as claimed in claim 4, further comprising:

amemory to store a flag parameter determined by a driving
period for which the second common voltage is applied.

6. The device as claimed in claim 5, wherein the flag signal
generator is to:

set the flag parameter to 1 for instructing generation of the
first common voltage when the driving period for which
the second common voltage is applied exceeds a prede-
termined third period, and

set the flag parameter to 0 for instructing generation of the
second common voltage when the driving period does
not exceed the third period.

7. The device as claimed in claim 6, wherein the flag signal

generator is to:

read the flag parameter from the memory when the power
supply is turned on, and

transmit the first flag signal for generating the first common
voltage when the flag parameter is set to 1, or transmit
the second flag signal for generating the second common
voltage when the flag parameter is set to 0 to the power
supply.

8. The device as claimed in claim 4, further comprising:

aresidual image evaluator to evaluate whether a condition
for generating a residual image is satisfied by detecting
whether identical image signals are received for a plu-
rality of frames; and

amemory to store a flag parameter determined by whether
the condition for generating a residual image is satisfied.

9. The device as claimed in claim 8, wherein the residual
image evaluator is to:

set the flag parameter to 1 for instructing the generation of
the first common voltage when image signals input to a
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dot at a specific location are identically received for a
predetermine number of frames, and

set the flag parameter to 0 for instructing the generation of
the second common voltage when the image signals
input to the dot at the specific location are differently
received for a plurality of frames.

10. The device as claimed in claim 9, wherein the flag

signal generator is to:

read the flag parameter from the memory when the power
supply is turned on, and

transmit the first flag signal for generating the first common
voltage when the flag parameter is set to 1, or transmit
the second flag signal for generating the second common
voltage when the flag parameter is set to 0 to the power
supply.

11. The device as claimed in claim 4, wherein the power

supply includes:

a first resistor including a first end coupled to an input
terminal to which the flag signal is input and a second
end coupled to a first node;

a first capacitor including a first electrode coupled to the
first node and a second electrode coupled to a reference
potential;

a switching transistor including a gate electrode coupled to
the first node and a first electrode coupled to a second
node;

a second resistor including a first end coupled to a second
electrode of the switching transistor and a second end
coupled to the reference potential;

a third resistor power including a first end coupled to a
power supply voltage and a second end coupled to the
second node;

a fourth resistor including a first end coupled to the second
node and a second end coupled to the reference poten-
tial; and

a first differential amplifier to output a first differential
voltage between a voltage of the second node and a
reference voltage.

12. The device as claimed in claim 11, wherein the power
supply includes a second capacitor having a first electrode
coupled to the second node and a second electrode coupled to
the reference potential.

13. The display device as claimed in claim 12, wherein the
power supply includes a second differential amplifier which
includes:

a first input terminal to which the first differential voltage is

input;

a second input terminal to which the power supply voltage
is input; and

an output terminal to output, as the common voltage, a
second voltage based on a difference between the first
differential voltage and the power supply voltage.

14. The device as claimed in claim 13, wherein the power

supply includes:

a fifth resistor coupled between the power supply voltage
and a second input terminal of the second differential
amplifier; and

a sixth resistor coupled between the second input terminal
of the second differential amplifier and an output termi-
nal of the second differential amplifier.

15. A method for driving a liquid crystal display device, the

method comprising:

applying a first common voltage to a common electrode for
a first period after a power supply is turned on; and
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applying a second common voltage higher than the first
common voltage to the common electrode until the
power supply is turned off after the first period.
16. The method as claimed in claim 15, further comprising:
increasing the first common voltage to the second common
voltage at a predetermined rate for a predetermined sec-
ond period.
17. The method as claimed in claim 15, further comprising:
setting a flag parameter to 1 for instructing generation of a
first common voltage when a driving period, for which a
second common voltage is applied, exceeds a predeter-
mined third period, and
setting the flag parameter to 0 for instructing generation of
the second common voltage when the driving period
exceeds the third period.
18. The method as claimed in claim 17, wherein applying
the first common voltage to the common electrode for the first
period after the power supply is turned on includes transmit-
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ting a first flag signal for instructing the generation of the first
common voltage when the flag parameter is set to 1 when the
power supply is turned on to the power supply.
19. The method as claimed in claim 17, wherein applying
the first common voltage to the common electrode for the first
period after the power supply is turned on is omitted when the
flag parameter is set to 0 when the power supply is turned on.
20. The method as claimed in claim 15, further comprising:
setting the flag parameter to 1 forinstructing the generation
of the first common voltage when image signals input to
a pixel at a specific location are identically received for
a predetermined number of frames, and

setting the flag parameter to 0 forinstructing the generation
of the second common voltage when the image signals
input to the pixel at the specific location are differently
received for a plurality of frames.
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