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DRIVING OF A DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C. §
119 from Korean Patent Application No. 10-2017-0023142,
filed on Feb. 21, 2017, in the Korean Intellectual Property
Office (KIPO), the disclosure of which is incorporated by
reference herein.

1. TECHNICAL FIELD

[0002] Embodiments of the inventive concept relate to the
driving of a display device, which is capable of varying
charging conditions of data voltages according to tempera-
ture.

2. DISCUSSION OF RELATED ART

[0003] An active matrix liquid crystal display device dis-
plays moving images by using thin film transistors (TFTs) as
switching devices. A liquid crystal display device has essen-
tially made devices with cathode ray tubes (CRT) obsolete
at least because of reduced power usage and because liquid
crystal display devices can be implemented in much smaller
sizes than a cathode ray tube. Accordingly, such liquid
crystal display devices are applied not only to displays for
portable information devices, office devices, computers, etc.
but also to televisions, and are rapidly replacing cathode ray
tubes (CRTs).

[0004] A liquid crystal display device includes: a liquid
crystal display panel; a backlight configured to radiate light
onto the liquid crystal display panel; a data drive circuit
configured to supply data voltages to data lines of the liquid
crystal display panel; a gate drive circuit configured to
supply scan pulses to gate lines (or scan lines) of the liquid
crystal display panel; control circuits configured to control
the drive circuits; a drive circuit configured to drive light
sources of the backlight; a power supply circuit configured
to generate analog drive voltages utilized for the liquid
crystal display panel and voltages utilized for driving of the
circuits; etc.

[0005] A liquid crystal display device displays an image
by varying transparency based on differences in electric
potential between data voltages supplied to pixel electrodes
and a common voltage supplied to a common electrode. A
liquid crystal display device is generally driven using an
inversion driving scheme of periodically inverting polarities
of data voltages to be applied to liquid crystals and may
prevent the liquid crystals from being degraded.

[0006] Such a liquid crystal display device may lack a
sufficient data charging time due to an increase in resolution
or due to a pixel array structure. Furthermore, in a liquid
crystal display device, response times of liquid crystals may
become different due to temperature conditions or due to a
data driving pattern, and thus differences in the amount of
charged data may occur.

[0007] It is to be understood that in this discussion of the
related art, the technology section discussed herein above is
intended to provide a useful understanding of the technology
and as such disclosed herein, the technology section may
include ideas, concepts or recognitions that were not part of
what was known or appreciated by those skilled in the
pertinent art prior to a corresponding effective filing date of
subject matter disclosed herein.
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SUMMARY

[0008] Embodiments of the inventive concept may be
directed to a liquid crystal display device and a method of
driving the liquid crystal display device, which are capable
of reducing a data signal charging deviation attributable to
inversion driving in a low-temperature environment.
[0009] According to an embodiment of the inventive con-
cept, there is provided a liquid crystal display device includ-
ing: a substrate; a plurality of gate lines disposed on the
substrate, and extending in a first direction; a plurality of
data lines disposed on the substrate, and extending in a
second direction which intersects the first direction; a plu-
rality of pixels connected to the gate lines and the data lines;
a data drive circuit configured to apply data signals, each
having a positive polarity or negative polarity based on a
predetermined voltage, to the plurality of data lines; a gate
drive circuit configured to supply gate signals, each includ-
ing a pre-charge interval and a main charge interval, to the
plurality of gate lines; and a temperature sensor configured
to detect a temperature of surroundings; wherein the data
drive circuit varies at least any one of a rising slew rate and
falling slew rate of a data signal corresponding to the main
charge interval of each of the gate signals based on the
temperature detected by the temperature sensor.

[0010] The pixels may form a jxk array (where j and k are
positive integers), a number of data lines may be j/2, and a
number of gate lines may be 2k; and the pixels may be
arranged 1in the first direction in which the gate lines extend,
and some adjacent ones of the pixels may receive data
signals from a corresponding one of the data lines.

[0011] The pixels may be substantially consecutively
arranged in the second direction in which the data lines
extend; every two or more of the gate lines may be disposed
between the pixels arranged in the direction in which the
data lines extend; and each of the gate lines may apply gate
signals to adjacent ones of the pixels.

[0012] When the temperature detected by the temperature
sensor 1s lower than a reference temperature, the data drive
circuit may output a data signal having a rising slew rate
lower than a rising slew rate of the reference temperature in
the main charge interval.

[0013] When the temperature detected by the temperature
sensor is lower than a reference temperature, the data drive
circuit may output a data signal having a falling slew rate
lower than a falling slew rate of the reference temperature in
the main charge interval.

[0014] The rising slew rate and the falling slew rate may
have different values.

[0015] According to an embodiment of the inventive con-
cept, there is provided a liquid crystal display device includ-
ing: a substrate; a plurality of gate lines disposed on the
substrate, and extending in a first direction; a plurality of
data lines disposed on the substrate, and extending in a
second direction which intersects the first direction; a data
drive circuit configured to apply data signals, each having a
positive polarity or negative polarity based on a predeter-
mined voltage, to the plurality of data lines; a gate drive
circuit configured to supply gate signals, each including a
pre-charge interval and a main charge interval, to the plu-
rality of gate lines; and a temperature sensor configured to
detect a temperature of surroundings; wherein the gate drive
circuit varies a falling slew rate of a gate signal correspond-
ing to the main charge interval of each of the gate signals
based on the temperature detected by the temperature sensor.
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[0016] When a resolution of pixels of the liquid crystal
display device is jxk (where j and k are positive integers), a
number of data lines may be j/2, and a number of gate lines
may be 2k; the pixels may include red pixels, green pixels,
and blue pixels; and the pixels may be arranged in the
direction in which the gate lines extend, and some adjacent
ones of the pixels may receive data signals from a corre-
sponding one of the data lines.

[0017] The pixels may be arranged in the direction in
which the data lines extend; every two of the gate lines may
be disposed between the pixels arranged in the direction in
which the data lines extend; and each of the gate lines may
apply gate signals to adjacent ones of the pixels.

[0018] When the temperature detected by the temperature
sensor is lower than a reference temperature, the gate drive
circuit may output a gate signal having a falling slew rate
lower than a falling slew rate of the reference temperature in
the main charge interval.

[0019] The gate drive circuit may output a gate signal
having a falling slew rate which decreases as the tempera-
ture detected by the temperature sensor is lower.

[0020] The data drive circuit may output a data signal
having a rising slew rate lower than a rising slew rate of the
reference temperature in the main charge interval of the gate
signal.

[0021] According to an embodiment of the inventive con-
cept, there is provided a liquid crystal display device includ-
ing: a substrate; a plurality of gate lines disposed on the
substrate, and extending in a first direction; a plurality of
data lines disposed on the substrate, and extending in a
second direction which intersects the first direction; a data
drive circuit configured to apply data signals, each of the
data signals having a positive polarity or negative polarity
based on a predetermined voltage, to the plurality of data
lines; a gate drive circuit configured to supply gate signals,
each of the data signals including a pre-charge interval and
a main charge interval, to the plurality of gate lines; and a
timing controller configured to apply control signals to the
data drive circuit and the gate drive circuit; and a tempera-
ture sensor including a resistor having a resistance value
which varies with a temperature, the sensor configured to
detect a temperature of surroundings, and to transmit the
detected temperature to the timing controller;

[0022] wherein the timing controller further includes: a
floating circuit including a differential amplifier configured
to receive a voltage determined based on the resistance value
and to output a slew rate control pulse; and a signal output
circuit configured to block an output of a gate signal or data
signal which overlaps the slew rate control pulse.

[0023] The differential amplifier may include at least two
input terminals and one output terminal; and one of the input
terminals may be connected to the temperature sensor, and
a remaining one of the input terminals may be connected to
the output terminal in a feedback arrangement.

[0024] The signal output circuit may include a switching
device connected to an output terminal for the gate signal or
data signal; and a first terminal of the switching device may
be connected to a node to receive the slew rate control pulse,
and a second terminal of the switching device may be
connected to the output terminal for the gate signal or data
signal, and a third terminal of the switching device may be
connected to a ground power supply.

[0025] According to an embodiment of the inventive con-
cept, a timing controller is configured to apply control
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signals to the data drive circuit and the gate drive circuit, the
control signals includes a slew rate control pulse that con-
trols the data drive circuit to vary any one of the rising slew
rate and the falling slew rate of the data signal corresponding
to the main charge interval of each of the gate signals.
[0026] According to an embodiment of the inventive con-
cept, the temperature sensor includes a Resistance Tempera-
ture Detector (RTD) comprising a metal resistor.

[0027] According to an embodiment of the inventive con-
cept, the data drive circuit is configured to operate an
inversion driving scheme in which two positive data signals
or two negative data signals are successively applied, in
which a second one of the successively applied data signals
has a longer period of transition from a high electric poten-
tial to a low electric potential than a first one of the
successively applied data signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] An appreciation of the inventive concept by a
person of ordinary skill in the art will become more apparent
by describing in detail embodiments thereof with reference
to the accompanying drawings, wherein:

[0029] FIG. 1 is a diagram illustrating a configuration of
a display device according to an embodiment of the inven-
tive concept;

[0030] FIG. 2 is a plan view illustrating a pixel structure
according to an embodiment of the inventive concept;
[0031] FIG. 3 is a diagram illustrating a data charging
sequence of a pixel array according to an embodiment of the
inventive concept;

[0032] FIG. 4 is a graph illustrating waveforms of gate
signals and data signals according to an inversion driving
scheme;

[0033] FIG. 5a is a diagram illustrating a write sequence
of data signals which are written to a pixel array;

[0034] FIG. 55 is a graph illustrating waveforms of data
signals which are written to the pixel array;

[0035] FIG. 6a is a diagram illustrating a write sequence
of data signals which are written to a pixel array;

[0036] FIG. 65 is a graph illustrating waveforms of data
signals which are written to the pixel array;

[0037] FIG. 7a is a diagram illustrating a write sequence
of data signals which are written to a pixel array;

[0038] FIG. 75 is a graph illustrating waveforms of data
signals which are written to the pixel array;

[0039] FIG. 81is a table of pixel charging conditions based
on waveforms illustrated in FIGS. 5a to 75;

[0040] FIG. 9 is a graph illustrating waveforms of gate
signals based on temperatures according to an embodiment
of the inventive concept;

[0041] FIG. 10 is a graph illustrating waveforms of data
signals based on temperatures according to an embodiment
of the inventive concept;

[0042] FIG. 11 is a graph illustrating waveforms of data
signals based on temperatures according to an embodiment
of the inventive concept;

[0043] FIG. 12a is a screenshot of a waveform of the
conventional inversion driving scheme;

[0044] FIG. 125 is a screenshot of a waveform of an
inversion driving scheme according to an embodiment of the
inventive concept;

[0045] FIG. 13 is a table illustrating comparisons between
power consumption of the conventional inversion driving
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scheme and power consumption of the driving method
according to an embodiment of the inventive concept;
[0046] FIG. 14a is a diagram of a slew rate control pulse
circuit according to an embodiment of the inventive concept;
[0047] FIG. 144 is an illustration of a waveform of a slew
rate control pulse according to an embodiment of the inven-
tive concept;

[0048] FIG. 15 is a circuit diagram of a signal output
circuit according to an embodiment of the inventive concept;
and

[0049] FIG. 16 is a flowchart providing an overview of
operation according to an embodiment of the inventive
concept.

DETAILED DESCRIPTION

[0050] Advantages and features of the inventive concept
and methods for achieving them will be made clear from
embodiments described below in detail with reference to the
accompanying drawings. The inventive concept may, how-
ever, be embodied in many different forms and should not be
construed as being 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 present disclosure to those skilled in
the art. The inventive concept is merely defined by the scope
of the claims. Therefore, well-known constituent elements,
operations, and techniques may not be described in detail in
the embodiments to prevent the inventive concept from
being obscurely interpreted. Like reference numerals refer to
like elements throughout the specification.

[0051] Throughout the specification, when an element is
referred to as being “connected” to another element, the
element is “directly connected” to the other element, or
“electrically connected” to the other element with one or
more intervening elements interposed therebetween. It will
be further understood that the terms “comprises,” “compris-
ing,” “includes” and/or “including,” when used in this
specification, specify the presence of stated features, inte-
gers, steps, operations, elements and/or components, but do
not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components
and/or groups thereof.

[0052] It will be understood that, although the terms
“first,” “second,” “third,” and the like may be used herein to
describe various elements, these elements should not be
limited by these terms. These terms are only used to distin-
guish one element from another element. Thus, “a first
element” discussed below could be termed “a second ele-
ment” or “a third element,” and “a second element” and “a
third element” may be termed likewise without departing
from the teachings herein.

[0053] Throughout the present disclosure, the term “room-
temperature” refers to a temperature in a range of 15 1o 25°
C., the term “room-temperature” refers to a temperature
lower than the room temperature, and the term “high-
temperature” refers to a temperature higher than the room
temperature.

[0054] Unless otherwise defined, all terms used herein
(including technical and scientific terms) have the same
meaning as commonly understood by those skilled in the art
to which the inventive concept pertains. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
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relevant art and will not be interpreted in an ideal or
excessively formal sense unless clearly defined in the pres-
ent specification.

[0055] FIG. 1 is a diagram illustrating a configuration of
a liquid crystal display device 10 according to an embodi-
ment of the inventive concept.

[0056] As illustrated in FIG. 1, the liquid crystal display
device 10 according to the present embodiment includes a
display panel 100, a data drive circuit 110, a gate drive
circuit 120, a timing controller (T-CON) 130, and a tem-
perature sensor 140.

[0057] Although not illustrated in the drawing, the liquid
crystal display device 10 including the display panel 100
may further include: a backlight (not illustrated) configured
to provide light to the display panel 100; and a pair of
polarizers (not illustrated). Furthermore, the display panel
100 may be any one of a vertical alignment (VA) mode
panel, a patterned vertical alignment (PVA) mode panel, an
in-plane switching (IPS) mode panel, a fringe-field switch-
ing (FFS) mode panel, and a plane to line switching (PLS)
mode panel, and is not limited to a specific mode panel.
[0058] The display panel 100 (shown in FIG. 1) may
include: a plurality of gate lines GL1 to GLn; a plurality of
data lines DL1 to DLm configured to be insulated from and
intersect the plurality of gate lines GL1 to GLn; and a
plurality of pixels PX electrically connected to the plurality
of gate lines GL1 to GLn and the plurality of data lines DL1
to DLm. The plurality of gate lines GL1 to GLn are
connected to the gate drive circuit 120, and the plurality of
data lines DL1 to DLm are connected to the data drive
circuit 110.

[0059] The data drive circuit 110 may include a plurality
of data driving integrated circuits (ICs) (not illustrated). The
data drive circuit 110 receives a digital image data signal
RGB' and a data driving control signal DDC from the timing
controller 130. The data drive circuit 110 samples the digital
image data signal RGB' in response to receiving the data
driving control signal DDC, latches sampling image data
signals corresponding to one horizontal line in each hori-
zontal period, and supplies the latched data signals to the
data lines DL1 to DLm.

[0060] The gate drive circuit 120 receives a gate driving
control signal GDC and a gate shift clock GSC from the
timing controller 130. The gate drive circuit 120 sequentially
generates gate signals in response to the gate driving control
signal GDC and the gate shift clock GSC, and supplies the
gate signals to the gate lines GL1 to GLn.

[0061] The timing controller 130 supplies a digital image
signal RGB' based on receiving an externally-applied digital
image data signal RGB to the data drive circuit 110, and the
timing controller 130 generates a data driving control signal
DDC and a gate driving control signal GDC by using
horizontal and vertical synchronization signals H and V in
response to a clock signal CLK, and supplies the data
driving control signal DDC and the gate driving control
signal GDC to the data drive circuit 110 and the gate drive
circuit 120, respectively. In this case, the data driving control
signal DDC may include, for example, a source shift clock,
a source start pulse, a data output enable signal, and the like,
and the gate driving control signal GDC may include a gate
start pulse, a gate output enable signal, and the like.
[0062] The temperature sensor 140 is configured to detect
a temperature of the display panel 100 and a drive circuit
(e.g., a gate drive circuit, a data drive circuit), or a tempera-
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ture of the display panel 100. The temperature detected by
the temperature sensor 140 is converted into an electric
signal and transmitted to the timing controller 130, and the
timing controller 130 outputs a control signal for a data
signal or gate signal so that gamma and luminance correc-
tion are performed based on the detected temperature. Fur-
thermore, the timing controller 130 generates a slew rate
control pulse based on the detected temperature, and may
further include a slew rate control circuit configured to
control rising and falling slew rates of a data or gate signal
in response to the slew rate control pulse, and a signal output
circuit. The temperature sensor 140 may include a metal
resistor a resistance value of which varies with a variation in
temperature (e.g. a resistance temperature detector). The
known change in the resistive value corresponds to changes
in the temperature. The temperature sensor may include, for
example, a Resistance Temperature Detector (RTD), which
may use the metal resistor. It is also possible within the
broad scope of the inventive concept, that, for example, a
Negative Temperature Coefficient (NTC) type, and/or a
Positive Temperature Coeflicient (PTC) type could be used
if a ceramic or polymer was used as a thermistor material.
[0063] FIG. 2 is a plan view illustrating a pixel structure
according to an embodiment of the inventive concept.
[0064] Referring to FIG. 2, in a pixel array is disposed in
a display panel 100, each of the plurality of pixels in this
example shows a repeated sequence of a red pixel R, a green
pixel G, and a blue pixel B arranged in a direction in which
the data lines DL1, DL2, and DL3 extend. Pixels adjacent to
each other in a lateral direction in the pixel array share a
corresponding one of the data lines DL1, DL.2, and D13, and
are charged with data signals supplied by the corresponding
one of the data lines DLL1, DL2, and DL3.

[0065] As shown in FIG. 2, a symbol which denotes each
pixel includes an alphabet letter representative of a corre-
sponding color, a serial number of a corresponding data line,
and a serial number of a corresponding gate line. For
example, the symbol “R11” denotes a red pixel which is
connected to a first data line DL1 and a first gate line GL1.
The red pixel R11 includes a first TFT T1. The first TFT T1
included in the red pixel R11 is turned on by the first gate
line GL1, and charges a pixel capacitor (not illustrated) of
the pixel R11 with a data signal applied through the first data
line DL.

[0066] A green pixel G12 is adjacent to the red pixel R11
in a lateral direction (e.g., in a direction in which the gate
lines extend), and includes a second TFT T2 connected to
the first data line DL1 and a second gate line GL2. A blue
pixel B22, which is adjacent to the green pixel G12 in the
lateral direction, is connected by a third TFT T3 to the
second data line DL2 and the second gate line GL.2. The
display panel 100 may display colors by combining light
outputs of individual primary colors, which are displayed by
the red pixel R11, the green pixel G12, and the blue pixel
B22.

[0067] Furthermore, the pixel array is repeatedly formed.
For example, there may be a sequence of RGB pixels that
repeats (see R21, G32, B31). A red pixel R21 is disposed
adjacent to a blue pixel B22 in a lateral direction. The red
pixel R21 is connected to the second data line DL.2 and the
first gate line GL.1 via a fourth TFT T4.

[0068] Each of the red pixel, the green pixel, and the blue
pixel is successively arranged in columns in a vertical
direction (a direction in which the data lines extend). In the
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pixel array, every two or more of the gate lines are located
between adjacent two pixels in the vertical direction. For
example, the second gate line GL2 and a third gate line GL.3
may be disposed between the red pixel R11 in a first row and
ared pixel R13 in a second row. In addition, the fourth gate
line GL4 and the fifth gate line GLS may be disposed
between the red pixel R13 in the second row, and the red
pixel R15 in the third row.

[0069] The second gate line GL2 and the third gate line
GL3 are connected to transistors of pixels adjacent in the
vertical direction.

[0070] The pixel array as illustrated in FIG. 2 is a pixel
structure which may reduce a number of data wirings by
half. When a pixel array includes jxk pixels, j/2 data lines
DLm are utilized, and 2k gate lines GLn are utilized.
[0071] FIG. 3 is a diagram illustrating a data charging
sequence of a pixel array according to an embodiment of the
inventive concept.

[0072] Referring now to FIG. 3, the display panel (see 100
of FIG. 1) according to the embodiment of the inventive
concept may be driven using an inversion driving scheme.
The inversion driving scheme comprises inverting a phase of
a data signal, to be applied to each of a plurality of pixels
included in the display panel 100, at a predetermined period
(for example, for every pixel column) based on a common
voltage. Characteristics of liquid crystals may be prevented
from being degraded by the inversion driving scheme.
[0073] The display panel 100 according to the present
embodiment may be driven based on a scheme of inverting
voltage polarities of data signals for every two successively
applied data signals. The symbol “+” indicates that an
applied data signal has a voltage higher than the common
voltage, and is referred to as having a positive polarity. In
contrast, the symbol “~” indicates that a data signal has a
voltage lower than the common voltage, and is referred to as
having a negative polarity. For example, as illustrated in

FIG. 3, in a first frame, data signals having “+, +, -, -, +, and
+” polarities are sequentially applied to pixels in first and
third rows. Data signals having “-, -, +, +, —, and -”

polarities are sequentially applied to pixels in second and
fourth rows. Furthermore, although not illustrated in the
drawing, in a second frame applied after the first frame, data
signals having “-, -, +, +, -, and =" polarities may be
applied to the pixels in the first and third rows, and data
signals having “+, +, —, -, +, and +” polarities may be
applied to the pixels in the second and fourth rows.

[0074] As to a data write sequence of the pixel array, first,
in pixel columns of a first row, a positive data signal, a
negative data signal, and a positive data signal are simulta-
neously applied to a red pixel R11, a red pixel R21, and a
blue pixel B31 connected to a first gate line GL1, respec-
tively. Thereafter, in the pixel columns of the first row, a
positive data signal, a negative data signal, and a positive
data signal are simultaneously applied to a green pixel G12,
a blue pixel B22, and a green pixel G32 connected to a
second gate line GL2, respectively.

[0075] When data has been written in the pixel columns of
the first row, a negative data signal, a positive data signal,
and a negative data signal are simultaneously applied to a
red pixel R13, a red pixel R23, and a blue pixel B33
connected to a third gate line GL3, respectively, in pixel
columns of a second row. In the pixel columns of the second
row, a negative data signal, a positive data signal, and a
negative data signal are simultaneously applied to a green
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pixel G14, a blue pixel B24, and a green pixel G34 con-
nected to a gate line GL4, respectively.

[0076] Since descriptions of charging sequences in pixel
columns of third and fourth rows are the same as those in the
pixel columns of the first and second rows, the discussion
regarding the application of a positive data signal and a
negative data signal are omitted. In brief, data signals are
applied along dashed lines illustrated in FIG. 3.

[0077] Referring again to FIG. 3, for every two pixels
sharing a data line DL, polarities of data signals are the same
in the same row, and polarities of data signals are inverted
into polarities opposite to those in a previous row of pixel
columns when a row of pixel columns is changed.

[0078] FIG. 4 is a graph illustrating waveforms of gate
signals and data signals according to an inversion driving
scheme.

[0079] In charge sharing, a gate signal including a pre-
charge interval PC and a main charge interval MC is applied.
Each of the pre-charge interval PC and the main charge
interval MC is set for each horizontal synchronization period
H, and the pre-charge interval PC is disposed before the
main charge interval MC. The gate signal turns on a tran-
sistor of a pixel in the pre-charge interval PC. The gate
signal turns on the transistor of the pixel in advance in the
pre-charge interval PC so that the pixel is charged with a
data signal in the main charge interval MC.

[0080] FIG. 4 illustrates gate signals which are sequen-
tially applied over a period OH to a period 4H.

[0081] Referring again to FIG. 4, when it is assumed that
all pixels connected to a first data line DL1 emit light, data
signals applied through the first data line DL1 have polari-
ties which are inverted in a sequence of “~, +, +, —, and =~
over a period from the period OH to the period 4H, and gate
signals are sequentially applied to first to fourth gate lines
GL1 to GL4.

[0082] In the period OH, a gate signal in a pre-charge
interval PC is applied to the first gate line GL1. The
pre-charge interval PC corresponds to a negative data signal.
Although a data signal is not applied in a more accurate
sense, a description is given with it being considered that a
negative data signal is applied for ease of description.
[0083] In the period 1H, a gate signal in a main charge
interval MC 1is applied to the first gate line GL1, and
capacitors of pixels connected to the first gate line GL1 are
charged with the data signal of the first data line DL1. In the
following, the charging of capacitors of pixels will be
described as charging of the pixels for the sake of brevity. In
this case, data signals which are applied in the pre-charge
interval PC and main charge interval MC of the first gate line
GL1 have different polarities, and the pixels are charged
with a negative data signal in the pre-charge interval PC and
are charged with a positive data signal in the main charge
interval MC. In this case, the data signal with which the
pixels are charged in the pre-charge interval PC is a data
signal of previous pixels, and the data signal with which the
pixels are charged in the main charge interval MC is a data
signal which corresponds to luminance information of the
actual corresponding pixels.

[0084] When polarities of the data signals written in the
pre-charge interval PC and the main charge interval MC are
opposite, a variation in voltage with which the pixels are
charged is large, with the result that the pixels may not be
fully charged and the quality of the display may be adversely
affected. In particular, when one horizontal synchronization
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period H is short (as in the case of a high-resolution display
panel, or when an electron transfer characteristic of transis-
tors becomes poor due to a lower temperature environment),
then a charging rate of the pixels may be further decreased.
[0085] In the period 2H, when a gate signal in a main
charge interval MC is applied to the second gate line GL.2,
the pixels connected to the second gate line GL.2 receive a
positive data signal through the first data line DL1. The
pixels connected to the second gate line GL2 receive posi-
tive data signals both in the pre-charge interval PC and in the
main charge interval MC, a variation in voltage with which
the pixels are charged in the main charge interval MC is
small. Accordingly, the pixels connected to the second gate
line GL.2 may be fully charged with the received data signals
during the main charge interval MC. In the period 2H, a gate
signal in a pre-charge interval PC is applied to the third gate
line GL3 at the same time that the gate signal in the main
charge interval MC is applied to the second gate line GL2.
[0086] In the period 3H, a gate signal in a main charge
interval MC is applied to the third gate line GL3, and a gate
signal in a pre-charge interval PC is applied to the fourth
gate line GL4. In this case, a negative data signal is applied
to the first data line DL1.

[0087] In the period 4H, a gate signal in a main charge
interval MC is applied to the fourth gate line GI.4, and a
negative data signal is applied to the first data line DL1.
[0088] Referring to FIG. 4, the data signal has a
polarity in the pre-charge interval PC of the gate signal
applied to the first gate line GL1, and a polarity of the data
signal is inverted into a “+” polarity in the main charge
interval MC. The data signal has a “+” polarity in the
pre-charge interval PC of the gate signal applied to the
second gate line GL2, and the data signal maintains the “+”
polarity in the main charge interval MC. The data signal has
a “+” polarity in the pre-charge interval PC of the gate signal
applied to the third gate line GL3, and a polarity of a data
signal is inverted into a “-” polarity in the main charge
interval MC. The data signal has a “-” polarity in the
pre-charge interval PC of the gate signal applied to the
fourth gate line GL4, and a data signal maintains the -
polarity in the main charge interval MC.

[0089] In other words, the data signals synchronized with
the pre-charge interval PC and main charge interval MC of
the gate signal have the same polarity in the even-numbered
gate line, and have inverted polarities in the odd-numbered
gate line.

[0090] When the polarity of the data signal is inverted in
the main charge interval MC, the pixels have a low data
signal charging rate. When the pixels are not fully charged
with the data signal, the pixels emit light at a low luminance.
In other words, a difference in charging rates between the
pixels connected to the even-numbered gate line and the
pixels connected to the odd-numbered gate line occurs, and
thus a difference in luminance occurs in the pixels according
to a location of the gate line.

[0091] FIG. 5a is a diagram illustrating a write sequence
of data signals which are written to a pixel array.

[0092] FIG. 55 is an illustration of waveforms of data
signals which are written to the pixel array.

[0093] Referring now to FIGS. 54 and 55, in the illustrated
pixel array, data signals having “-, +, +, -, and =" polarities
are applied to a first data line DL1 over a horizontal
synchronization period from a period OH to a period 4H.

IRl
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[0094] 1In the period OH, a gate signal in a pre-charge
interval PC is applied to a first gate line GL1, and a negative
data signal is applied to the first data line DL1. A red pixel
R11 is charged with the negative data signal.

[0095] In the period 1H, a gate signal in a main charge
interval MC is applied to the first gate line GL1, and a
positive data signal is applied to the first data line DL1. The
red pixel R11 connected to the first data line DL1 and the
first gate line GL1 is charged with the positive data signal.
The red pixel R11 is charged with the negative data signal
in the pre-charge interval PC, and is recharged with the
positive data signal in the main charge interval MC. In the
period 1H, a gate signal in a pre-charge interval PC is
applied to a second gate line GL2.

[0096] In the period 2H, a gate signal in a main charge
interval MC is applied to the second gate line GL.2, and a
positive data signal is applied to the first data line DL1. A
green pixel G12 connected to the first data line DL1 and the
second gate line GL.2 is charged with the positive data
signal. The green pixel G12 is charged with positive data
signals both in the pre-charge interval PC and in the main
charge interval MC. In the period 2H, a gate signal in a
pre-charge interval PC is applied to the third gate line GL3.
[0097] In the period 3H, a gate signal in a main charge
interval MC is applied to the third gate line GL3, and a
negative data signal is applied to the first data line DL1. A
red pixel R13 connected to the first data line DL1 and the
third gate line GL3 is charged with the negative data signal.
The red pixel R13 is charged with a positive data signal in
the pre-charge interval PC, and is charged with the negative
data signal in the main charge interval MC. In the period 3H,
a gate signal in a pre-charge interval PCis applied to a fourth
gate line GL4.

[0098] In the 4H period, a gate signal in a main charge
interval MC is applied to the fourth gate line GL4, and a
negative data signal is applied to the first data line DL1. A
green pixel G14 connected to the first data line DL1 and the
fourth gate line G1.4 is charged with the negative data signal.
The green pixel G14 is charged with negative data signals
both in the pre-charge interval PC and in the main charge
interval MC.

[0099] FIG. 6a is a diagram illustrating a write sequence
of data signals which are written to a pixel array.

[0100] FIG. 65 is an illustration of waveforms of data
signals which are written to the pixel array.

[0101] Referring to FIGS. 64 and 6, in an illustrated pixel
array, data signals having “+, -, -, +, and +” polarities are
applied to a second data line DL2 during a horizontal
synchronization period from an interval OH to an interval
4H.

[0102] In the interval OH, a gate signal in a pre-charge
interval PC is applied to a first gate line GL1, and a polarity
of a data signal applied to the second data line DL2 is
positive.

[0103] In the period 1H, a gate signal in a main charge
interval MC is applied to the first gate line GL1, and a
negative data signal is applied to the second data line DL2.
A red pixel R21 connected to the second data line DL.2 and
the first gate line GL1 is charged with the negative data
signal. The red pixel R21 is charged with a positive data
signal in a pre-charge interval PC, and is charged with the
negative data signal in the main charge interval MC. In the
period 1H, a gate signal in a pre-charge interval PC is
applied to a second gate line GL.2.
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[0104] 1In the period 2H, a gate signal in a main charge
interval MC is applied to the second gate line GL2, and a
negative data signal is applied to the second data line DL2.
A blue pixel B22 connected to the second data line DL2 and
the second gate line GL.2 is charged with the negative data
signal. The blue pixel B22 is charged with negative data
signals both in a pre-charge interval PC and in the main
charge interval MC. In the period 2H, a gate signal in a
pre-charge interval PC is applied to a third gate line GL3.
[0105] In the period 3H, a gate signal in a main charge
interval MC is applied to the third gate line GL3, and a
positive data signal is applied to the second data line DL2.
A red pixel R23 connected to the second data line DL.2 and
the third gate line GL3 is charged with the positive data
signal. The red pixel R23 is charged with a negative data
signal in a pre-charge interval PC, and is charged with the
positive data signal in the main charge interval MC. In the
period 3H, a gate signal in a pre-charge interval PC is
applied to a fourth gate line GL4.

[0106] In the 4H period, a gate signal in a main charge
interval MC is applied to the fourth gate line GL4, and a
positive data signal is applied to the second data line DL2.
A blue pixel B24 connected to the second data line DL2 and
the fourth gate line GL4 is charged with the positive data
signal. The blue pixel B24 is charged with positive data
signals in the pre-charge interval PC and in the main charge
interval MC.

[0107] FIG. 7a is a diagram illustrating a write sequence
of data signals which are written to a pixel array.

[0108] FIG. 75 is an illustration of waveforms of data
signals which are written to the pixel array.

[0109] Referring to FIGS. 7a and 75, in an illustrated pixel
array, data signals having “—, +. +, -, and -” polarities are
applied to a third data line DL3 during a horizontal syn-
chronization period from a period OH to a period 4H.
[0110] In the interval OH, a gate signal in a pre-charge
interval PC is applied to a first gate line GL1, and a negative
data signal is applied to the third data line DL3.

[0111] In the period 1H, a gate signal in a main charge
interval MC is applied to the first gate line GL1, and a
positive data signal is applied to the third data line DL3. A
blue pixel B31 connected to the third data line DL3 and the
first gate line GL.1 1s charged with the positive data signal.
In the period 1H, a gate signal in a pre-charge interval PC is
applied to a second gate line GL.2.

[0112] In the period 2H, a gate signal in a main charge
interval MC is applied to the second gate line GL.2, and a
positive data signal is applied to the third data line DL3. A
green pixel G32 connected to the third data line DL3 and the
second gate line GL2 is charged with the positive data
signal. In the period 2H, a gate signal in a pre-charge interval
PC is applied to a third gate line GL3.

[0113] In the period 3H, a gate signal in a main charge
interval MC is applied to the third gate line GL3, and a
negative data signal is applied to the third data line DL3. A
blue pixel B33 connected to the third data line DL3 and the
third gate line GL3 is charged with the negative data signal.
The blue pixel B33 is charged with a positive data signal in
a pre-charge interval PC, and is charged with the negative
data signal in the main charge interval MC. In the period 3H,
a gate signal in a pre-charge interval PC is applied to a fourth
gate line GL4.

[0114] In the 4H period, a gate signal in a main charge
interval MC is applied to the fourth gate line GL.4, and a
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negative data signal is applied to the third data line DL3. A
green pixel G34 connected to the third data line DL3 and the
fourth gate line G4 is charged with the negative data signal.
The green pixel G34 is charged with negative data signals in
the pre-charge interval PC and the main charge interval MC.
[0115] FIG. 8 is a table of pixel charging conditions based
on the waveforms illustrated in FIGS. 5a to 7b.

[0116] Referring to FIG. 8, red pixels R11, R13, R21, and
R23 are connected to odd-numbered gate lines GL.1, and
GL3, and green pixels G12, G14, G32, and G34 are con-
nected to even-numbered gate lines GL2, and GL4. Polari-
ties Pol of data signals are inverted in pre-charge and main
charge intervals PC and MC of a gate signal which is applied
to each of the odd-numbered gate lines GL1, and GL3, and
polarities of data signals are maintained in pre-charge and
main charge intervals PC and MC of a gate signal which is
applied to each of the even-numbered gate lines GL2, and
GLA4.

[0117] Referring to FIG. 8, polarities Pol of data signals
which are applied to the four red pixels R11, R13, R21, and
R23 are inverted in each of pre-charge and main charge
intervals PC and MC of a corresponding gate signal. The red
pixels R11, R13, R21, and R23 have a low data signal
charging rate due to the inverted polarities of data signals. In
contrast, polarities of data signals which are applied to the
four green pixels G12, G14, G32, and G34 are maintained
in pre-charge and main charge intervals PC and MC of a gate
signal. Accordingly, all the green pixels have a high data
signal charging rate. Furthermore, polarities of data signals
are maintained for the blue pixels B22, and B24 of four blue
pixels B22, B24, B31, and B33 connected to an even-
numbered gate line, polarities of data signals are inverted for
the blue pixels B31, and B33 connected to an odd-numbered
gate line. The blue pixels are divided into pixels having a
high data signal charging rate and pixels having a low data
signal charging rate.

[0118] When data signal charging rates are different, the
display panel outputs different levels of luminance from
pixels having received the same data signals. In the case
where the liquid crystal display panel is a TN panel, when
a charging rate is decreased, luminance is increased. As
illustrated in FIG. 8, when a charging rate of a data signal in
some of the red pixels and blue pixels is lower than that in
the green pixels, a color shift to violet may occur throughout
the display panel 100. In particular, when the display panel
100 enters a low-temperature state, electron mobility of
TFTs of pixels is reduced, and thus a charging rate of the
pixels is further decreased.

[0119] FIG. 9 is an illustration of waveforms of gate
signals based on temperatures according to an embodiment
of the inventive concept.

[0120] Referring to FIG. 9, when pixels of an odd-num-
bered data line DL 2m-1 emit light, data signals having “~,
+, +, -, and =" polarities are applied to the odd-numbered
data line DL 2m-1, and a gate signal is applied to an
odd-numbered gate line GL 2n-1. The gate signal which is
applied to the odd-numbered gate line GL 2r-1 is a prede-
termined signal regardless of a temperature condition.
[0121] In contrast, a different gate signal is applied to an
even-numbered gate line GL 2x depending on the tempera-
ture condition. The gate signal may have a lower falling slew
rate in a main charge interval MC than in a pre-charge
interval PC. A slew rate of a gate signal may be implemented
by inserting a floating interval into a gate signal in a rising
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or falling edge region. The “floating” refers to a state in
which transistors constituting output terminals (not illus-
trated) of a gate drive circuit are all turned off, and also
refers to a high impedance state in terms of electricity. A
floating state refers to a state in which a connection to a
power supply is blocked, and also refers to a state in which
supply of current to the gate drive circuit is blocked. A slew
rate is a value obtained by dividing voltage by time, which
is a variation in voltage per time, i.e., a slope of a pulse
signal. When the slew rate is low, a pulse has a waveform
with a moderate slope.

[0122] In a high-temperature environment High Temp,
although polarities of data signals synchronized with pre-
charge and main charge intervals PC and MC of a gate signal
are inverted, a data signal charging rate of pixels is not
considerably decreased. The reason for the data signal
charging rate of the pixels not being considerably decreased
is that electron mobility of transistors is high in the high-
temperature environment High Temp. In the high-tempera-
ture environment High Temp, the gate drive circuit may
output the same gate signals to the even-numbered gate line
GL 27 and the odd-numbered gate line GL 2r-1.

[0123] In contrast, in a room-temperature environment
Room Temp, when polarities of data signals are inverted in
pre-charge and main charge intervals PC and MC of a gate
signal, a data signal charging rate of pixels is lower than that
of pixels for which polarities are maintained. In the pixel
array structure illustrated in FIG. 3, a luminance of pixels
connected to the even-numbered gate line GL 2# is lower
than a luminance of pixels connected to the odd-numbered
gate line GL 2»-1.

[0124] The gate drive circuit according to the embodiment
of the inventive concept reduces a falling slew rate of a gate
signal which is applied to the even-numbered gate line GL
2r in a main charge interval MC, as indicated by a dotted
line. The gate drive circuit may reduce a data signal charging
rate of the pixels connected to even-numbered gate line GL
2n by controlling the falling slew rate. As illustrated in FIG.
9, a falling interval of the gate signal in the room-tempera-
ture environment Room Temp starts earlier in the main
charge interval MC than in the high-temperature environ-
ment High Temp. Since application periods of the gate
signals area period 1H and the same, the gate signal has a
lower falling slew rate in the room-temperature environment
Room Temp than in the high-temperature environment High
Temp. When the falling interval starts earlier, the transistors
of the pixels are turned off, and the pixels are not charged
with data signals any longer.

[0125] In a low-temperature environment Low Temp, a
difference in data signal charging rate between pixels is
larger. Referring to FIG. 9, a falling interval of a gate signal
in a main charge interval MC starts earlier in the low-
temperature environment Low Temp than in the room-
temperature and high-temperature environments Room
Temp and High Temp. Accordingly, the gate signal in the
low-temperature environment Low Temp has a lower falling
slew rate than that in the high-temperature environment
High Temp. In other words, the pixels of the even-numbered
gate line GL 2 have a lower charging rate in the low-
temperature environment Low Temp than in the room-
temperature environment Room Temp and in the high-
temperature environment High Temp.

[0126] The display panel 100 according to the embodi-
ment of the inventive concept reduces a falling slew rate of
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gate signals which are applied to pixels connected to the
even-numbered gate line GL 2# and the odd-numbered gate
line GL 2r-1 in the low-temperature and room-temperature
environments. The display panel 100 may eliminate a charg-
ing rate deviation and may keep color coordinates uniform
by varying the falling slew rate.

[0127] FIG. 10 is a chart illustrating waveforms of data
signals based on temperatures according to an embodiment
of the inventive concept.

[0128] Referring to FIG. 10, gate signals which are
applied to an even-numbered gate line GL 2# in a high-
temperature environment High Temp, a room-temperature
environment Room Temp, and a low-temperature environ-
ment Low Temp are the same. When polarities of data
signals are the same in pre-charge and main charge intervals
PC and MC of the gate signals, the data drive circuit outputs
data signals having different rising slew rates based on
temperatures in a main charge interval MC of an odd-
numbered data line DL 2m-1.

[0129] In the high-temperature environment High Temp,
the data drive circuit may output predetermined data signals
to an even-numbered data line and an odd-numbered data
line regardless of polarity conditions of data signals.
[0130] In contrast, in the room-temperature environment
Room Temp, a difference in charging rate between pixels
may occur due to polarities in a pre-charge interval PC and
a main charge interval MC. When data signals having the
same polarity are applied in pre-charge and main charge
intervals PC and MC of the gate signals, the data drive
circuit may output a data signal having a low rising slew rate
in the main charge interval MC. A data signal charging rate
of pixels which have received the data signal having a low
rising slew rate is also decreased.

[0131] In the low-temperature environment Low Temp, a
difference in charging rate between the pixels attributable to
polarities of data signals is further increased. When polari-
ties of data signals are the same in the main charge interval
MC and the pre-charge interval PC, the data drive circuit
outputs a data signal having a lower rising slew rate than that
in the room-temperature environment Room Temp or high-
temperature environment High Temp.

[0132] The data drive circuit reduces a difference in data
signal charging rate between pixels by setting a rising slew
rate of a data signal to a different value based on a variation
in temperature, thereby enabling the display panel to display
uniform luminance and color coordinates.

[0133] FIG. 11 is a chart illustrating waveforms of data
signals based on temperatures according to an embodiment
of the inventive concept.

[0134] Referring to FIG. 11, the gate drive circuit outputs
the same gate signals to an even-numbered gate line GL 2r
in a high-temperature environment High Temp, a room-
temperature environment Room Temp, and a low-tempera-
ture environment Low Temp. When polarities of data signals
are the same in a pre-charge interval PC and a main charge
interval MC, the data drive circuit outputs data signals
having different falling slew rates based on temperature
conditions in the main charge interval MC.

[0135] In the high-temperature environment High Temp,
data signals which are applied to an even-numbered data line
and an odd-numbered data line are applied under the same
conditions regardless of polarities of the data signals.
[0136] In contrast, in the room-temperature environment
Room Temp, when polarities of data signals are the same in
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the pre-charge interval PC and the main charge interval MC,
the data drive circuit reduces a falling slew rate of the data
signal and outputs the data signal having the reduced falling
slew rate in the main charge interval MC.

[0137] In the low-temperature environment Low Temp,
when polarities of data signals are the same in the pre-charge
interval PC and the main charge interval MC, the data drive
circuit outputs a data signal having a lower falling slew rate
than that in the room-temperature environment Room Temp.
[0138] The data drive circuit reduces a difference in data
signal charging rate between pixels by setting a rising slew
rate of a data signal to a different value based on a variation
in temperature, thereby enabling the display panel to display
uniform luminance and color coordinates.

[0139] InFIGS.9 to 11, there are illustrated embodiments
in which the waveforms of the rising and falling intervals are
varied by controlling the rising and falling slew rates of the
gate signals and the data signals illustrated in the drawings.
[0140] Although the individual embodiments are sepa-
rately applied, it may be possible to apply the embodiments
in combination. Although not illustrated in the drawings, the
gate drive circuit may vary a falling slew rate of a gate
signal, and the data drive circuit may vary a rising slew rate
of a data signal.

[0141] FIG. 12a is a waveform chart of the conventional
inversion driving scheme.

[0142] FIG. 126 is a waveform chart of an inversion
driving scheme according to an embodiment of the inventive
concept present disclosure.

[0143] Referring to FIG. 124, a common voltage VCOM
is maintained at a uniform voltage magnitude, and data
signals include a positive data signal and a negative data
signal based on the common voltage VCOM. Each of the
positive data signal and the negative data signal is succes-
sively applied twice. A rising interval of a negative data
signal starts immediately after a falling interval of a positive
data signal ends.

[0144] Waveforms of FIG. 12b are exemplary implemen-
tations of the data signals in the room-temperature environ-
ment Room Temp or low-temperature environment Low
Temp illustrated in FIG. 11. Referring to FIG. 125, two
positive data signals or negative data signals are succes-
sively applied. A second one of the successive data signals,
e.g., a data signal corresponding to a main charge interval
MC of a gate signal, has a longer period of transition from
a high electric potential to a low electric potential VCOM
than the previously applied data signal. In other words, the
data signal in the main charge interval MC has a lower
falling slew rate than the data signal in the pre-charge
interval PC.

[0145] FIG. 13 is a table illustrating comparisons between
power consumption of the conventional inversion driving
scheme and power consumption of the driving method
according to an embodiment of the inventive concept.
[0146] FIG. 13 illustrates comparisons between power
consumption of the conventional inversion driving scheme
(reference) illustrated in FIG. 124 and power consumption
of the inversion driving scheme (inventive concept) accord-
ing to the embodiment of the inventive concept illustrated in
FIG. 125.

[0147] Logic power consumption varies with a pattern of
a screen which is displayed on the display panel 100. When
a white pattern, a black pattern, and mosaic patterns had
been separately driven, power consumption of the conven-
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tional inversion driving scheme (reference) and power con-
sumption of the inversion driving scheme (inventive con-
cept) according to the embodiment of the inventive concept
were measured and compared with each other.

[0148] As illustrated in the table, the power consumption
of the inversion driving scheme according to the embodi-
ment of the inventive concept is lower than that of the
conventional technology.

[0149] Furthermore, power consumption reductions mea-
sured based on ENERGY STAR 7.0 (E/S 7.0), which is an
international standard, are now described. Based on the
power consumption of the conventional inversion driving
scheme (reference), a power consumption reduction rate
ranging from 0.13 to 5.04% is found. For a mosaic pattern
which is a basis for a general screen display state, the
inversion driving scheme according to the embodiment of
the inventive concept may reduce power consumption by
2.24%.

[0150] FIG. 14aq is a diagram of a slew rate control pulse
circuit according to an embodiment of the inventive concept.
[0151] FIG. 145 is a waveform chart of a slew rate control
pulse according to an embodiment of the inventive concept.
[0152] Referring to FIG. 14a, a temperature sensor 140
includes a temperature resistor ThRa (e.g. a thermistor)
resistance value of which varies with temperature, a first
resistor R1 connected in parallel with the thermistor ThR,
and a second resistor R2 connected in series with the
thermistor ThR and the first resistor R1. This combination
permits a temperature-sensitive voltage divider. For
example, if the thermistor, for example, based on a high
temperature, is a very high value (e.g. 10xR1) the equivalent
resistance of the parallel combination of the thermistor and
first resistor R1 would approximately approach the value of
R1. An output terminal of the temperature sensor 140 is
connected to a first input terminal of a differential amplifier
Diff. A second input terminal of the differential amplifier
Diff'is connected to a feedback circuit of an output Out. The
differential amplifier Diff is a device which amplifies a
difference between input values of the first input terminal
and the second input terminal and outputs the amplified
difference.

[0153] Referring to FIG. 14b, the slew rate control circuit
of FIG. 14a varies an output current and a width of a slew
rate control pulse representative of a rising interval of the
current according to a temperature of the surroundings. The
output pulse of FIG. 145 is applied as a slew rate control
pulse which blocks a partial interval of an output signal of
a gate signal or data signal.

[0154] The width of a slew rate control pulse may corre-
late to an increase in temperature. With continued reference
to FIG. 145, although a slew rate control pulse is not output
in a low-temperature environment Low Temp, a slew rate
control floating pulse having a width of 2 ps is output in a
room-temperature environment Room Temp, and a width of
a slew rate control pulse is increased to 4 ps in a high-
temperature environment High Temp.

[0155] FIG. 15 is a circuit diagram of a signal output
circuit.
[0156] Referring to FIG. 15, a gate signal or data signal is

input to an input terminal IN of the signal output circuit, and
is output from an output terminal OUT thereof.

[0157] When a slew rate control pulse is not input to a
floating input terminal Floating_IN in a high-temperature
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environment High Temp, a gate signal or data signal has a
slight delay, but is output without distortion as a signal
identical to the input signal.

[0158] When the temperature sensor 140 illustrated in
FIG. 14a detects a temperature equal to or higher than a
room-temperature Room Temp, a slew rate control pulse is
output through the slew rate control circuit output, and is
input to a slew rate input terminal S/R_IN. When a slew rate
control pulse is input in a room-temperature environment
Room Temp or low-temperature environment Low Temp, a
transistor Q1 is turned on. An output terminal of the gate
signal or data signal may be connected to a ground power
supply GND by the turned-on transistor Q1. An impedance
of the ground power supply GND is lower than that of the
output terminal OUT, and thus the input gate signal or data
signal cannot be output through the output terminal OUT.
[0159] In other words, an ON signal of the slew rate
control pulse can block an output of the gate signal or data
signal. Although the transistor Q1 is illustrated as an
example of a switching device in FIG. 15, other switching
devices including an FET may be used as the switching
device.

[0160] The slew rate control circuit and signal output
circuit illustrated in FIG. 14a or 15 may be included in the
timing controller 130.

[0161] FIG. 16 is a flowchart providing an overview of
operation of the inventive concept. The operation may be
performed, for example, with a display device 10 having
hardware circuitry such as shown in FIG. 1.

[0162] At operation S1600, a liquid crystal display may be
provided such as shown in FIG. 1. For example, a substrate
of a display panel may have a plurality of gates lines
disposed on thereon that extend in a first direction, and a
plurality of gate lines disposed on the substrate so as to cross
the data lines and extend in a second direction that intersects
the first direction. A plurality of pixels are connected to the
data lines and the gate lines. The data lines are connected to
a data drive circuit 110, and the gate lines are connected to
a gate drive circuit 120. The data drive circuit receives
control signals from the timing controller 130, and also
receives RGB' data (as shown in FIG. 1). The data drive
circuit 110 applies data signals to the data lines. The gate
drive circuit applies gate signals to the gate lines, each gate
signal including a pre-charge interval and a main charge
interval for charging pixels connected thereto.

[0163] With continued reference to FIG. 16 and FIG. 1, it
can be seen there is a temperature sensor 140 connected to
the timing controller 130. The temperature sensor 140 has
circuitry to detect a surrounding temperature. At operation
S1610, the temperature sensor 140 detects the surrounding
temperature. This information is provided, for example, to
the timing controller 130 (the timing controller including
circuitry configured for operation).

[0164] At operation S1620, the timing controller 130
compares the surrounding temperature detected by the tem-
perature sensor with a reference temperature, to determine
whether the detected temperature is less than the reference
temperature.

[0165] If the detected temperature is less than the refer-
ence temperature, the timing controller 130 takes corrective
action to provide for a more uniform charging rate of the
pixels, because the gate signals may have a lower falling
slew rate when the detected temperature is less than the
reference temperature. For example, when the gate signal
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has a lower falling slew rate, the transistors of the pixels are
turned off, and the pixels may not be sufficiently charged
with data signals. Thus, the pixels will have a lower charging
rate.

[0166] At operation S1630, when the temperature detected
by the temperature sensor is less than the reference tem-
perature, the timing controller may control the data drive
circuit to reduce a difference in data signal charging rates by
varying at least one of a rising slew rate and a falling slew
rate of a data signal corresponding to the main charge
interval of each of the signals based on the detected tem-
perature. The reference temperature may be obtained from a
storage in the timing controller 130 (e.g. such as a cache
storage), or in a memory connected to the timing controller
130. There may be a table that provides information regard-
ing the varying of slew rates of a data signal based on the
detected temperature.

[0167] Inthe event that the detected temperature is not less
than the reference temperature, the operation periodically
repeat operations S1610 and S1620, or may end if there is
no more images to be displayed by the pixels. In addition,
the temperature sensor may detect temperatures that are
provided, for example, to the controller to compares with a
reference so as to determine whether the environment is a
low temperature (Low Temp) environment, a room tempera-
ture (Room Temp) environment, or a high temperature (High
Temp) environment.

[0168] According to the embodiments of the inventive
concept, there is provided the liquid crystal display device
including the data lines disposed between adjacent pixels
and pixels configured to be driven based on locations thereof
according to an inversion driving scheme, wherein gate
signals are each configured to include a pre-charge interval
and a main charge interval, and a falling slew rate is set to
a lower value in the main charge interval of each of the gate
signals to be applied to the liquid crystal display device or
a rising slew rate or falling slew rate is set to a lower value
in a data signal corresponding to the main charge interval,
thereby enabling the pixels to be uniformly charged with
data signals.

[0169] While the inventive concept has been illustrated
and described with reference to the embodiments thereof, it
will be apparent to those of ordinary skill in the art that
various changes in form and detail may be made thereto
without departing from the spirit and scope of the appended
claims.

What is claimed is:

1. A liquid crystal display device, comprising:

a substrate;

a plurality of gate lines disposed on the substrate, and
extending in a first direction;

a plurality of data lines disposed on the substrate, and
extending in a second direction which intersects the
first direction;

a plurality of pixels connected to the gate lines and the
data lines;

a data drive circuit configured to apply data signals to the
plurality of data lines, each of the data signals having
a positive polarity or negative polarity based on a
predetermined voltage;

a gate drive circuit configured to supply gate signals, each
gate signal including a pre-charge interval and a main
charge interval, to the plurality of gate lines; and
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a temperature sensor configured to detect a temperature of
surroundings;

wherein the data drive circuit varies at least any one of a
rising slew rate and a falling slew rate of a data signal
corresponding to the main charge interval of each of the
gate signals based on the temperature detected by the
temperature sensor.

2. The liquid crystal display device according to claim 1,

further comprising:

a timing controller configured to apply control signals to
the data drive circuit and the gate drive circuit, the
control signals includes a slew rate control pulse that
controls the data drive circuit to vary any one of the
rising slew rate and the falling slew rate of the data
signal corresponding to the main charge interval of
each of the gate signals.

3. The liquid crystal display device according to claim 1,

wherein:

the plurality of pixels form a jxk array (where j and k are
positive integers), a number of data lines is j/2, and a
number of gate lines is 2k; and

some of the plurality of pixels forming the jxk array are
arranged in the first direction in which the plurality of
gate lines extend, and some adjacent ones of the
plurality of pixels receive data signals from a corre-
sponding one of the plurality of data lines.

4. The liquid crystal display device according to claim 3,

wherein:

the pixels forming the jxk array are arranged in the second
direction in which the plurality of data lines extend,

every two or more of the plurality of gate lines are
disposed between the pixels arranged in the second
direction in which the plurality of data lines extend; and

each of the gate lines applies gate signals to adjacent ones
of the pixels.

5. The liquid crystal display device according to claim 4,
wherein the data drive circuit is configured to operate an
inversion driving scheme in which two positive data signals
or two negative data signals are successively applied, in
which a second one of the successively applied data signals
has a longer period of transition from a high electric poten-
tial to a low electric potential than a first one of the
successively applied data signals.

6. The liquid crystal display device according to claim 4,
wherein when the temperature detected by the temperature
sensor is lower than a reference temperature, the data drive
circuit outputs a data signal having a rising slew rate that is
lower than a rising slew rate of the reference temperature in
the main charge interval.

7. The liquid crystal display device according to claim 4,
wherein when the temperature detected by the temperature
sensor is lower than a reference temperature, the data drive
circuit outputs a data signal having a falling slew rate lower
than a falling slew rate of the reference temperature in the
main charge interval.

8. The liquid crystal display device according to claim 6,
wherein when the temperature detected by the temperature
sensor 1s lower than the reference temperature, the data drive
circuit outputs a data signal having a falling slew rate lower
than a falling slew rate of the reference temperature in the
main charge interval.

9. The liquid crystal display device according to claim 8,
wherein the rising slew rate and the falling slew rate have
different values.
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10. A liquid crystal display device comprising:

a substrate;

a plurality of gate lines disposed on the substrate, and
extending in a first direction;

a plurality of data lines disposed on the substrate, and
extending in a second direction which intersects the
first direction;

a plurality of pixels connected to the gate lines and the
data lines;

a data drive circuit configured to apply data signals to the
plurality of data lines, each of the data signals having
a positive polarity or negative polarity based on a
predetermined voltage;

a gate drive circuit configured to supply gate signals to the
plurality of gate lines, each of the gate signals including
a pre-charge interval and a main charge interval; and

a temperature sensor configured to detect a temperature of
surroundings;

wherein the gate drive circuit is configured to vary a
falling slew rate of a gate signal corresponding to the
main charge interval of each of the gate signals based
on the temperature detected by the temperature sensor.

11. The liquid crystal display device according to claim
10, wherein:

when a resolution of the plurality of pixels of the liquid
crystal display device is jxk (where j and k are positive
integers), a number of data lines is j/2, and a number of
gate lines is 2k;

the plurality of pixels comprise red pixels, green pixels,
and blue pixels; and

the pixels are arranged in the first direction in which the
gate lines extend, and some adjacent ones of the pixels
receive data signals from a corresponding one of the
data lines.

12. The liquid crystal display device according to claim

11, wherein:

the pixels are arranged in the second direction in which
the data lines extend;

every two of the gate lines are disposed between the pixels
arranged in the second direction in which the data lines
extend; and

each of the gate lines applies gate signals to adjacent ones
of the pixels.

13. The liquid crystal display device according to claim
12, wherein when the temperature detected by the tempera-
ture sensor is lower than a reference temperature, the gate
drive circuit outputs a gate signal having a falling slew rate
lower than a falling slew rate of the reference temperature in
the main charge interval.

14. The liquid crystal display device according to claim
13, wherein the gate drive circuit outputs a gate signal
having a falling slew rate which decreases as the tempera-
ture detected by the temperature sensor is lower.

15. The liquid crystal display device according to claim
14, wherein the data drive circuit outputs a data signal
having a rising slew rate lower than a rising slew rate of the
reference temperature in the main charge interval of the gate
signal.

16. The liquid crystal display device according to claim
10, wherein the temperature sensor includes a Resistance
Temperature Detector (RTD), comprising a metal resistor.
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17. A liquid crystal display device comprising:

a substrate;

a plurality of gate lines disposed on the substrate, and
extending in a first direction;

a plurality of data lines disposed on the substrate, and
extending in a second direction which intersects the
first direction, the plurality of data lines being insulated
electrically from the plurality of gate lines;

a data drive circuit configured to apply data signals to the
plurality of data lines, each of the data signals having
a positive polarity or negative polarity based on a
predetermined voltage;

a gate drive circuit configured to supply gate signals to the
plurality of gate lines, each of the gate signals including
a pre-charge interval and a main charge interval; and

a timing controller configured to apply control signals to
the data drive circuit and the gate drive circuit; and

a temperature sensor comprising a resistor having a
resistance value which varies with a temperature, the
temperature sensor configured to detect a temperature
of surroundings, and to transmit the detected tempera-
ture to the timing controller;

wherein the timing controller further comprises:

a floating circuit comprising a differential amplifier con-
figured to receive a voltage determined based on the
resistance value and to output a slew rate control pulse;
and

a signal output circuit configured to block an output of a
gate signal or data signal which overlaps output of the
slew rate control pulse.

18. The liquid crystal display device according to claim

17, wherein:

the differential amplifier comprises at least two input
terminals and one output terminal; and

one of the input terminals is connected to the temperature
sensor, and a remaining one of the input terminals is
connected to the output terminal in a feedback arrange-
ment.

19. The liquid crystal display device according to claim

18, wherein:

the signal output circuit comprises a switching device
connected to an output terminal for the gate signal or
data signal; and

a first terminal of the switching device receives the slew
rate control pulse, and a second terminal of the switch-
ing device is connected to the output terminal for the
gate signal or data signal, and a third terminal of the
switching device is connected to a ground power sup-
ply.

20. The liquid crystal display device according to claim
17, wherein the data drive circuit is configured to operate an
inversion driving scheme in which two positive data signals
or two negative data signals are successively applied, in
which a second one of the successively applied data signals
has a longer period of transition from a high electric poten-
tial to a low electric potential than a first one of the
successively applied data signals.
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