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1
APPARATUS AND METHOD FOR DRIVING
LIQUID CRYSTAL DISPLAY DEVICE
HAVING DATA DRIVER WITH
TEMPERATURE DETECTOR

This application claims the priority benefit of Korean
Patent Application No. 10-2012-0122532, filed on Oct. 31,
2012 which is hereby incorporated by reference as if fully set
forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments of the invention relate to an apparatus and
method for driving a liquid crystal display device, which are
capable of stabilizing a gate driving circuit through variation
of levels of a gate driving voltage and a common voltage
supplied to a liquid crystal panel in accordance with an ambi-
ent temperature, and preventing degradation of a picture qual-
ity through reduction of a level variation of an image display
voltage depending on a kick-back voltage (AVDp).

2. Discussion of the Related Art

Liquid crystal display (LCD) devices display an image
using electrical and optical properties of liquid crystals. Lig-
uid crystals exhibit different anisotropic properties in longer
and shorter-axis directions of liquid crystal molecules in
terms of a refractive index and a dielectric constant, and a
molecular orientation and optical properties of liquid crystals
may be easily controlled. Accordingly, LCD devices display
an image by adjusting the orientation of liquid crystal mol-
ecules, thus controlling the light transmittance of the liquid
crystals.

Such an LCD device includes a liquid crystal panel includ-
ing a plurality of pixels arranged in the form of a matrix, a gate
driver for driving gate lines of the liquid crystal panel, and a
data driver for driving data lines of the liquid crystal panel.

Recently, a method of detecting a temperature of an LCD
device or ambient temperature around the LCD device, and
varying the level of a drive voltage in accordance with the
detected temperature has been proposed. When the level of
the drive voltage is linearly varied in accordance with the
temperature of the LCD device or ambient temperature
around the LCD device, it may be possible to stably drive the
gate and data drive circuits of the LCD device, and to achieve
an enhancement in the picture quality.

However, in a structure in which the gate drive circuit is
formed at the liquid crystal panel, there is a difficulty in
applying the method of varying the level of the drive voltage
because thin film transistors (TFTs) of the gate drive circuit
are made of amorphous silicon (a-Si). In other words, the
liquid crystal panel which is of an active matrix type may have
a difficulty in application thereof because the range of the
voltage to operate liquid crystals is wide. Furthermore, TFTs
have a large size to meet high-temperature operation charac-
teristics thereof. For this reason, variation of current amount
depending on temperature variation is increased. As a result,
the gate drive circuit becomes unstable. In addition, when the
level of a low drive voltage or a high drive voltage is varied,
the variation width of an image display voltage depending on
akick-back voltage (AVp) may be increased. For this reason,
degradation of picture quality caused by flicker or the like
may occur.

SUMMARY OF THE INVENTION

Accordingly, embodiments of the invention are directed to
an apparatus and method for driving a liquid crystal display
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2

device that substantially obviate one or more problems due to
limitations and disadvantages of the related art.

An object of the invention is to provide an apparatus and
method for driving a liquid crystal display device, which are
capable of stabilizing a gate driving circuit through variation
of levels of a gate driving voltage and a common voltage
supplied to a liquid crystal panel in accordance with ambient
temperature, and preventing degradation of picture quality
through reduction of level variation of an image display volt-
age depending on a kick-back voltage (AVp).

Additional advantages, objects, and features of the inven-
tion will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be
learned from practice of the invention. The objectives and
other advantages of the invention may be realized and
attained by the structure particularly pointed out in the written
description and claims hereof as well as the appended draw-
ings.

To achieve these objects and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described herein, an apparatus for driving a liquid
crystal display device includes a liquid crystal panel having a
plurality of pixel regions, to display animage, at least one gate
driver formed at the liquid crystal panel, to drive a plurality of
gate lines, a data driver for driving a plurality of data lines of
the liquid crystal panel, setting detectable temperatures for
different temperature detection time points, detecting ambi-
ent temperature at each of the temperature detection time
points, and outputting a gate drive voltage variation signal
and a common voltage variation signal in accordance with the
set and detected temperatures at each of the temperature
detection time points, a timing controller for arranging image
data input from an outside of the apparatus, supplying the
arranged image data to the data driver, and controlling the at
least one gate driver and the data driver, and a power supplier
for varying levels of a gate drive voltage and a common
voltage in accordance with the gate drive voltage variation
signal and the common voltage variation signal, and supply-
ing the level-varied gate drive voltage and the level-varied
common voltage to the at least one gate driver and the liquid
crystal panel, respectively.

The data driver may include at least one temperature detec-
tor for detecting the ambient temperature, and a drive voltage
controller for setting detectable temperatures for different
temperature detection time points, controlling the at least one
temperature detector to detect the ambient temperature, and
generating and outputting the gate drive voltage variation
signal, the common voltage variation signal, and a hysteresis
value setting signal in accordance with the ambient tempera-
ture detected at each of the temperature detection time points.

The drive voltage controller may generate the gate drive
voltage variation signal to vary a level of a gate-high voltage
to be inversely proportional to the detected ambient tempera-
ture. The generation of the gate drive voltage variation signal
in the drive voltage controller may be executed by adding or
subtracting an offset value set in accordance with the detected
ambient temperature to or from a previously-output gate drive
voltage variation signal, or selecting a gate drive voltage
variation signal corresponding to the detected ambient tem-
perature from a look-up table included in the drive voltage
controller or an external look-up table.

The drive voltage controller may generate a common volt-
age variation signal to vary a level of the common voltage in
proportion to the detected ambient temperature while being
inversely proportional to the level of the gate-high voltage.
The generation of the common voltage variation signal in the
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drive voltage controller may be executed by adding or sub-
tracting a common voltage offset value set in accordance with
the detected ambient temperature to or from a previously-
output common voltage variation signal, or selecting a com-
mon voltage variation signal corresponding to the detected
ambient temperature from the look-up table included in the
drive voltage controller or an external look-up table.

The power supplier may include a DC drive voltage gen-
erator for varying a voltage level of input power supplied from
the outside of the apparatus to a level of a DC drive voltage,
and outputting the DC drive voltage, a gate-high voltage
generator for varying the DC drive voltage to the level of the
gate-high voltage according to the gate drive voltage variation
signal, and supplying the gate-high voltage to the at least one
gate driver under a condition that a hysteresis value according
to the hysteresis value setting signal is applied to the gate-
high voltage, and a common voltage generator for varying the
DC drive voltage to the level of the common voltage accord-
ing to the common voltage variation signal, and supplying the
common voltage to common lines of the liquid crystal panel
under a condition that the hysteresis value according to the
hysteresis value setting signal is applied to the common volt-
age.

In another aspect of the invention, a method for driving a
liquid crystal display device includes driving gate lines of a
liquid crystal panel including a plurality of pixel regions to
display an image, setting by a data driver detectable tempera-
tures for different temperature detection time points, detect-
ing an ambient temperature at each of the temperature detec-
tion time points, and generating a gate drive voltage variation
signal and a common voltage variation signal in accordance
with the set and detected temperatures at each of the tempera-
ture detection time points, and varying levels of a gate drive
voltage and a common voltage in accordance with the gate
drive voltage variation signal and the common voltage varia-
tion signal, and supplying the level-varied gate drive voltage
and the level-varied common voltage to a gate driver to drive
the gate lines and the liquid crystal panel, respectively.

The generating the gate drive voltage variation signal may
include detecting the ambient temperature through at least
one temperature detector, controlling the at least one tem-
perature detector to detect the ambient temperature, in accor-
dance with detectable temperatures set for different tempera-
ture detection time points, and generating and outputting the
gate drive voltage variation signal, the common voltage varia-
tion signal, and a hysteresis value setting signal in accordance
with the ambient temperature detected at each of the tempera-
ture detection time points.

The generating the gate drive voltage variation signal may
include generating the gate drive voltage variation signal to
vary alevel ofa gate-high voltage to be inversely proportional
to the detected ambient temperature. The generating the gate
drive voltage variation signal may be executed by adding or
subtracting an offset value set in accordance with the detected
ambient temperature to or from a previously-output gate drive
voltage variation signal, or selecting a gate drive voltage
variation signal corresponding to the detected ambient tem-
perature from a look-up table included in the drive voltage
controller or an external look-up table.

The generating the common voltage variation signal may
include generating the common voltage variation signal to
vary a level of the common voltage in proportion to the
detected ambient temperature while being inversely propor-
tional to the level of the gate-high voltage. The generating the
common voltage variation signal may be executed by adding
or subtracting a common voltage offset value set in accor-
dance with the detected ambient temperature to or from a

10

15

20

25

30

35

40

45

50

55

60

65

4

previously-output common voltage variation signal, or
selecting acommon voltage variation signal corresponding to
the detected ambient temperature from the look-up table
included in the drive voltage controller or an external look-up
table.

The varying the level of the gate drive voltage and the level
of the common voltage, and outputting the level-varied gate
drive voltage and the level-varied common voltage may
include varying a voltage level of input power supplied from
outside to a level of a DC drive voltage, varying the DC drive
voltage to the level of the gate-high voltage according to the
gate drive voltage variation signal, and supplying the gate-
high voltage to each gate driver of the liquid crystal panel
under a condition that a hysteresis value according to the
hysteresis value setting signal is applied to the gate-high
voltage, and varying the DC drive voltage to the level of the
common voltage according to the common voltage variation
signal, and supplying the common voltage to common lines
of the liquid crystal panel under a condition that the hysteresis
value according to the hysteresis value setting signal is
applied to the common voltage.

In the LCD device driving apparatus and method, which
have the above-described features, detectable temperatures
for different temperature detection time points are set, to
enable determination of ambient temperature. Accordingly, 1t
may be possible to achieve enthanced temperature detection
effects and enhanced detection temperature application
effects.

The gate voltage, which has a level varied in accordance
with ambient temperature, is supplied to the liquid crystal
panel under the condition that a hysteresis value is reflected
on the gate voltage. Accordingly, it may be possible to stabi-
lize the gate driving circuit, and to reduce the size of each
TFT. Thus, the size of the gate driving circuit may be reduced.

In addition, the level of the common voltage supplied to the
liquid crystal panel is varied in accordance with ambient
temperature detected based on the detectable temperatures set
for different temperature detection time points. Accordingly,
it may be possible to reduce level variation of the image
display voltage depending on a kick-back voltage (AVp), and
to prevent degradation of picture quality.

It is to be understood that both the foregoing general
description and the following detailed description of the
invention are by example and explanatory and are intended to
provide further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiments of the invention and along with the description
serve to explain the principle of the invention. In the draw-
ings:

FIG. 1 is a configuration diagram illustrating an apparatus
for driving a liquid crystal display (LCD) device in accor-
dance with an example embodiment of the invention;

FIG. 2 is ablock diagram illustrating, in brief, a data driver
and a power supplier which are illustrated in FIG. 1;

FIG. 3 isadiagram explaining a gate-high voltage variation
method carried out in a drive voltage controller and a gate-
high voltage generator which are illustrated in FIG. 2; and

FIG. 4 is a diagram explaining a common voltage variation
method carried out in the drive voltage controller and a com-
mon voltage generator which are illustrated in FIG. 2.
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DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the preferred
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings.

FIG. 1 is a configuration diagram illustrating an apparatus
for driving a liquid crystal display (LCD) device in accor-
dance with an example embodiment of the invention.

The LCD device driving apparatus illustrated in FIG. 1
includes a liquid crystal panel 2 including a plurality of pixel
regions to display an image, at least one gate driver (in this
example, two gate drivers 3 and 4 in the illustrated instance)
formed in a non-display area of the liquid crystal panel 2, to
drive a plurality of gate lines GL1 to GLn of the liquid crystal
panel 2, and a data driver 6 for not only driving a plurality of
data lines DL1 to DLm of the liquid crystal panel 2, but also
setting detectable temperatures for different temperature
detection time points, detecting ambient temperature at each
of the temperature detection time points, and outputting a gate
drive voltage variation signal HL.S and a common voltage
variation signal VLS in accordance with the set and detected
temperatures at each temperature detection time point. The
LCD device driving apparatus also includes a timing control-
ler 8 for arranging image data RGB input from the outside of
the apparatus, supplying the arranged image data to the data
driver 6, and controlling the gate and data drivers 3, 4, and 6,
and a power supplier 10 for varying levels of a gate drive
voltage and a common voltage in accordance with the gate
drive voltage variation signal HLS and common voltage
variation signal VLS, and supplying the resultant gate drive
voltage and common voltage to the gate drivers 3 and 4 and
the liquid crystal panel 2, respectively.

The liquid crystal panel 2 includes a thin film transistor
(TFT) formed in each of the pixel regions which are defined
by the gate lines GL1 to GLn and data lines D1 to DLm, and
aliquid crystal capacitor Clc connected to the TFT. The liquid
crystal capacitor Clc includes a pixel electrode connected to
the TFT, and a common electrode spaced from the pixel
electrode such that liquid crystals are interposed between the
common electrode and the pixel electrode. The level of the
common voltage is varied in accordance with the temperature
set for each detection time point and ambient temperature
detected at the detection time point. The varied common
voltage which is designated by reference character “mVcom”
is supplied to the common electrode of each pixel region.
Meanwhile, the level of a gate-on voltage, for example, a scan
pulse, is varied in accordance with the temperature set for
each detection time point and ambient temperature detected
at the detection time point, and is then sequentially supplied
to the gate lines GL1 to GLn. Thus, each TFT supplies an
image display voltage from an associated one of the gate lines
DL1 to DLm to the associated pixel electrode in response to
the scan pulse from an associated one of the gate lines GL1 to
GLn.

The liquid capacitor Clc is charged with a difference volt-
age between the image display voltage supplied to the pixel
electrode and the common voltage mVcom varied in accor-
dance with ambient temperature, and controls light transmit-
tance ofthe liquid crystals through variation of the orientation
of the molecules of the liquid crystals according to the differ-
ence voltage, to realize a desired grayscale. In this instance, a
storage capacitor Cst may be formed in accordance with an
overlap of the pixel electrode with a storage line via an insu-
lating film interposed between the pixel electrode and the
storage line. A parasitic capacitor Cgs may be additionally
formed between a source electrode of the TFT and the gate
line GL associated with the TFT.
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The data driver 6 is configured in the form of at least one
driving integrated circuit. The data driver 6 converts the
arranged data, Data, supplied from the timing controller 8
into an analog voltage, namely, an image display voltage,
using data control signals DCS from the timing controller §,
for example, a source start pulse SSP, a source shift clock
(8SC), a source output enable (SOE) signal, and an inversion
signal (Pol signal). In detail, the data driver 6 latches the
arranged data Data supplied from the timing controller 8 in
accordance with the SSC, and supplies the latched data to
each of the data lines D1 to DLm as an image signal for one
horizontal line at intervals of one horizontal period in which
the scan pulse is supplied to one of the gate lines GL.1 to GLn,
in response to the SOE signal. In this instance, the data driver
6 selects a positive or negative gamma voltage corresponding
to the grayscale value of the arranged data Data in accordance
with the inversion signal from the timing controller 8, and
supplies the selected gamma voltage to each of the data lines
DL1 to DLm as an image display voltage.

Meanwhile, the at least one driving integrated circuit con-
stituting the data driver 6 detects an ambient temperature, and
controls the gate drive voltage and common voltage such that
the gate drive voltage and common voltage are varied in
accordance with the detected ambient temperature. In other
words, the driving integrated circuit includes a temperature
detector for detecting the ambient temperature. The driving
integrated circuit also includes a drive voltage controller for
setting detectable temperatures for different temperature
detection time points, to enable the temperature detector to
detect the ambient temperature, and outputting a gate drive
voltage variation signal HLS and a common voltage variation
signal VLS in accordance with the detected ambient tempera-
ture. Thus, the data driver 6 detects the ambient temperature
detectable at each temperature detection time point, and out-
puts a gate drive voltage variation signal HLS and a common
voltage variation signal VLS in accordance with the detected
ambient temperature, to vary the gate drive voltage and com-
mon voltage.

Each of the gate drivers 3 and 4 may be formed in the
non-display area of the liquid crystal panel 2. Each of the gate
drivers 3 and 4 sequentially drives associated ones of the gate
lines GL1 to GLn in accordance with gate control signals
GCS from the timing controller 8. In detail, each of the gate
drivers 3 and 4 sequentially supplies a scan pulse, which is a
gate-high voltage mVGH, to the gate lines GL1 to GLn, using
gate control signals GCS, for example, a gate start signal (gate
start pulse (GSP)) and a gate output enable (GOE) signal.
Each of the gate drivers 3 and 4 supplies a gate-low voltage in
periods in which the scan pulse is not supplied. The gate-high
voltage mVGH supplied to each of the gate drivers 3 and 4 is
varied to a predetermined voltage level in accordance with a
variation in the ambient temperature. Accordingly, the volt-
age level of the scan pulse output to each ofthe gate lines GL1
to GLn is varied to the level of the gate-high voltage mVGH,
and the level-varied scan pulse is then output.

The timing controller § controls the data driver 6 and each
of the gate drivers 3 and 4 in accordance with the image data
RGB supplied from the outside of the apparatus and a plural-
ity of synchronization signals DCLK, Hsync, Vsync, and DE.
In detail, the timing controller 8 arranges the image data RGB
supplied from the outside of the apparatus such that the
arranged image data RGB is matched with driving of the
liquid crystal panel 2, and supplies the arranged image data
RGB 1o the data driver 6. The timing controller 8 also gener-
ates a gate control signal GCS and a data control signal DCS,
using at least one of the synchronization signals supplied
from the outside of the apparatus, namely, a dot clock DCLK,
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a data enable signal DE, a horizontal synchronization signal
Hsync, and a vertical synchronization signal Vsync, and sup-
plies the gate control signal GCS and data control signal DCS
to the gate drivers 3 and 4 and the data driver 6, respectively.
Inthis instance, the timing controller 8 controls the data driver
6 such that each pixel region formed at the liquid crystal panel
2 is driven in at least one of a line inversion manner, a column
inversion mannet, a frame inversion mannetr, and a dot invet-
sion manner.

The power supplier 10 varies a voltage level of input power
to various voltage levels, and swings each of the resultant
voltages at intervals of a predetermined period, to output the
voltages in the form of clock pulses. Thus, the power supplier
10 generates a positive DC drive voltage, a supply voltage, a
gate-low voltage VGL, and gamma voltages of different lev-
els. The power supplier 10 also varies the positive DC drive
voltage to the level of the gate-high voltage mVGH in accor-
dance with the gate drive voltage variation signal HLS from
the data driver 6, and supplies the level-varied voltage,
namely, the gate-high voltage mVGH, to each of the gate
drivers 3 and 4. In addition, the power supplier 10 varies the
DC drive voltage to the level of the common voltage mVcom
in accordance with the common voltage variation signal VLS
from the data driver 6, and supplies the level-varied voltage,
namely, the common voltage mVcom, to a common voltage
common line and the common electrodes.

FIG. 2 is a block diagram illustrating, in brief, the data
driver and power supplier illustrated in FIG. 1. FIG. 3 is a
diagram explaining a gate-high voltage variation method car-
ried out in the drive voltage controller and a gate-high voltage
generator which are illustrated in FIG. 2.

The data driver 6 illustrated in FIG. 2 includes at least one
temperature detector 11 for detecting an ambient tempera-
ture. The data driver 6 also includes a drive voltage controller
13 for setting detectable temperatures for different tempera-
ture detection time points, and controlling the at least one
temperature detector 11 to detect the ambient temperature.
The drive voltage controller 13 also generates and outputs the
gate drive voltage variation signal HLS, the common voltage
variation signal VLS, and a hysteresis value setting signal HS
in accordance with the ambient temperature detected at each
temperature detection tine point.

The temperature detector 11 includes at least one tempera-
ture sensor. The temperature detector 11 detects the ambient
temperature on a real-time basis under a control of the drive
voltage controller 13, or detects the ambient temperature in
response to a detection control signal, and then supplies a
temperature detection signal TDS according to the detected
temperature to the drive voltage controller 13. The tempera-
ture detector 11 may be internally provided at the data driver
6. If necessary, the temperature detector 11 may be arranged
at the outside of the data driver 6.

The drive voltage controller 13 previously sets and stores
different temperature detection time points corresponding to
a variation of the ambient temperature, and detectable tem-
peratures for the temperature detection time points. Accord-
ingly, the drive voltage controller 13 outputs detection control
signals at respective temperature detection time points corre-
sponding to the variation of the ambient temperature, and
receives temperature detection signals TDS corresponding to
the respective temperature detection time points. The drive
voltage controller 13 also detects an accurate current ambient
temperature at each temperature detection time point, based
on the detectable temperatures at the temperature detection
time point and the detected temperature according to the
temperature detection signal TDS at the temperature detec-
tion time point.
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8

The drive voltage controller 13 generates a gate drive volt-
age variation signal HLS to vary the level of the gate-high
voltage such that the gate-high voltage corresponds to the
detected current ambient temperature, and a common voltage
variation signal VLS to vary the level of the common voltage
such that the common voltage corresponds to the detected
current ambient temperature. The drive voltage controller 13
also generates a hysteresis value corresponding to a differ-
ence between the previously-detected ambient temperature
and the currently-detected ambient temperature, and a hys-
teresis value setting signal HS for setting of the hysteresis
value.

The power supplier 10 illustrated in FIG. 2 includes a DC
drive voltage generator 12 for varying the voltage level of an
input power supplied from the outside of the apparatus to the
level of a positive DC drive voltage VDD, and outputting the
level-varied voltage, a gate-low voltage generator 14 for vary-
ing the DC drive voltage VDD from the DC drive voltage
generator 12 to the level of the gate-low voltage VGL, and
supplying the level-varied voltage to the gate drivers 3 and 4,
and a gate-high voltage generator 16 for varying the DC drive
voltage VDD to the level of the gate-high voltage mVGH
according to the gate drive voltage variation signal HLS, and
supplying the level-varied voltage, namely, the gate-high
voltage mVGH, to the gate drivers 3 and 4 under the condition
that the hysteresis value according to the hysteresis value
setting signal HS is applied to the gate-high voltage mVGH.
The power supplier 10 also includes a common voltage gen-
erator 18 for varying the DC drive voltage VDD to the level of
the common voltage mVcom according to the common volt-
age variation signal VLS, and supplying the level-varied volt-
age, namely, the common voltage mVcom, to common lines
of the liquid crystal panel 2 under the condition that the
hysteresis value according to the hysteresis value setting sig-
nal HS is applied to the common voltage mVcom.

Hereinafter, a method for driving the drive voltage control-
ler 13 and gate-high voltage generator 16 will be described
with reference to FIG. 3.

As illustrated in F1G. 3 and the following Table 1, the drive
voltage controller 13 previously sets and stores different tem-
perature detection time points and detectable temperatures
for the temperature detection time points.

TABLE 1

Temperature Temperature Temperature Temperature
Detecting for Detecting for Detecting for Detecting for
Temp. Cold Temp. Low Temp. Middle Temp. High
Temp__C[1:0] Temp_ L[1:0] Temp_ M[1:0] Temp_ H[1:0]
00 =-10°C. 00 =10°C. 00=30°C. 00 =45°C.
00=-5°C. 00=15°C. 00=35°C. 00 =50°C.
00=0°C. 00 =20°C. 00 =40°C. 00 =55°C.
11 = Disable 11 = Disable 11 = Disable 11 = Disable

The drive voltage controller 13 outputs a detect control
signal at each temperature detection time point, to receive a
temperature detection signal TDS from the temperature
detector 11. The drive voltage controller 13 then determines
the accurate current ambient temperature at each temperature
detection time point, based on the detectable temperature and
temperature detection signal TDS at the temperature detec-
tion time point.

The drive voltage controller 13 generates a gate drive volt-
age variation signal HLS to vary the level of the gate-high
voltage mVGH (or VGH) to be inversely proportional to the
detected current ambient temperature. That is, the drive volt-
age controller 13 generates the gate drive voltage variation
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signal HLS to vary the level of the gate-high voltage mVGH
such that the gate-high voltage mVGH has a lowered level
when the detected current ambient temperature is increased
(going right in FIG. 3), and has an increased level when the
detected current ambient temperature is lowered (going leftin
FIG. 3). At a high ambient temperature, the TFTs exhibit
better driving characteristics. Accordingly, the gate drive
voltage variation signal HLS is adapted to vary the level of the
drive voltage to be lowered when the ambient temperature is
increased.

Generation of the gate drive voltage variation signal HLS
in the drive voltage controller 13 may be achieved by adding
or subtracting an offset value set in accordance with the
detected ambient temperature to or from a previously-output
gate drive voltage variation signal HLS, or selecting a gate
drive voltage variation signal HLS corresponding to the
detected ambient temperature from a look-up table included
in the drive voltage controller 13 or an external look-up table.

In detail, as illustrated in the following Table 2, the drive
voltage controller 13 previously sets offset values for varia-
tion of the level of the gate drive voltage mVGH and variation
of the gate drive voltage variation signal HLS. Accordingly,
the drive voltage controller 13 may add or subtract an offset
value to or from the previously-output gate drive voltage
variation signal HLS and gate-high voltage mVGH.

10
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TABLE 3-continued

VGH Voltage
VBHx[5:0] = Al + A2

11h=11.4V
12h=11.6V
13h=11.8V
14h =120V

1Fh=142V
10h =144V
11h=146V

2Fh =174V
30h=17.6V
31h=17.8V
32h=18.0
33h~3Fh reserved

When the look-up table is used, different gate high voltage
levels for different detectable temperatures are previously
stored, and a gate drive voltage variation signal HLS corre-
sponding to a detected temperature or a gate-high voltage
mVGH having a level corresponding to the detected tempera-
ture is selected from the look-up table, to generate the gate
drive voltage variation signal HLS or the gate-high voltage
mVGH having the selected level.

TABLE 2
Voltage add step Voltage add step Voltage add step Voltage add step
setting for Temp. setting for Temp. setting for Temp. setting for Temp.
Cold Low Middle High
Add_Volt_C[3:0] =  Add_Volt_C[3:0]= Add_Volt_C[3:0]=  Add_Volt_C[3:0]=
A2_C A2_L A2_M A2_H
4'h0 = No Change 4'h0 = No Change 4'h0 = No Change 4'h0 = No Change
4h1=02V 4h1=02V 4h1=02V 4h1=02V
4h2 =04V 4h2=04V 4h2 =04V 4h2=04V
4h3=0.6V 4h3=0.6V 4h3=0.6V 4h3=0.6V
4hD=2.6V 4hD=2.6V 4hD=2.6V 4hD=2.6V
4hE=2.8V 4hE =28V 4hE =2.8V 4hE=2.8V
4hF=3.0V 4hF=3.0V 4hF=3.0V 4hF=3.0V

For example, the drive voltage controller 13 previously sets
offset values having increments of 0.2V for different detect-
able temperatures. In this instance, the level of the gate-high
voltage mVGH may be increased or lowered by an offset
value increment or decrement of 0.2V in accordance with the
detected temperature.

In an embodiment ofthe invention, each offset value for the
gate-high voltage mVGH is set to cause the level of the
gate-high voltage mVGH to be inversely proportional to the
detected ambient temperature corresponding to the offset
value.

On the other hand, as illustrated in the following Table 3,
the drive voltage variation signal HL.S may be generated,
using a look-up table included in the drive voltage controller
13 or an external look-up table.

TABLE 3

VGH Voltage
VBHx[5:0] = Al + A2

00h=8.0V
0lh=82V
02h =84V

0Fh=11.0V
10h=11.2V
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In an embodiment of the invention, the look-up table is set
to cause the level of the gate-high voltage mVGH to be
inversely proportional to the detected ambient temperature
corresponding to the offset value.

Hereinafter, a method for driving the drive voltage control-
ler 13 and common voltage generator 18 will be described
with reference to FIG. 4.

As illustrated in FIG. 4 and Table 1, the drive voltage
controller 13 generates a common voltage variation signal
VLS to vary the level of the common voltage mVcom (or
VCOM) in proportion to variation of the detected current
ambient temperature while being inversely proportional to
the level of the gate-high voltage mVGH (or VGH). That is,
the drive voltage controller 13 generates the common voltage
variation signal VLS to vary the level of the common voltage
mVcom such that the common voltage mVcom has a lowered
level when the gate-high voltage mVGH has an increased
level (going left on FIG. 4), and has an increased level when
the gate-high voltage mVGH has a lowered level (going right
on FIG. 4).

The level of the common voltage mVcom should be varied
to be inversely proportional to the level of the gate-high
voltage mVGH in order to minimize variation of the image
display voltage caused by a kick-back voltage (AVp) gener-
ated dueto a difference between the gate-high voltage mVGH
and the gate-low voltage VGL.
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To this end, the drive voltage controller 13 generates the
gate drive voltage variation signal HLS by adding or subtract-

12
TABLE 5-continued

ing an offset value set in accordance with the detected ambi- mVeom Voltage
ent temperature to or from a previously-output common volt- VCM[7£2] sAL+
age variation signal VLS, or selecting a common voltage 5
variation signal VLS corresponding to the detected ambient 4Fh=-2.06V
temperature from a look-up table included in the drive voltage 2%11 - ‘3 gi\V/
controller 13 or an external look-up table. 60k = -2 40V

In detail, as illustrated in the following Table 4, the drive 6Fh=-2.70V
voltage controller 13 previously sets offset values for varia- 10 70h=-2.72V
tion of the level of the common voltage mVcom and variation ;&111 = 'g '8i\V/

T h . -3,
of the. common voltage variation signal VLS. Accordingly, 8Fh = _334V
the drive voltage controller 13 may add or subtract a common 90h = -3.36V
voltage offset value to or from the common voltage mVcom 9Fh = -3.66 V
and common voltage variation signal VLS.
TABLE 4

Voltage add step Voltage add step Voltage add step Voltage add step
setting for Temp. setting for Temp. setting for Temp. setting for Temp.
Cold Low Middle High
Add_Volt_C[3:0] = Add_Volt_C[3:0]= Add_Volt_C[3:0]=  Add_Volt_C[3:0] =
A2_C A2 L A2 M A2_H
6'h0 = No Change 6'h0 = No Change 6'h0 = No Change 6'h0 = No Change
6'h01 =20 mV 6'h01 = 20 mV 6'h01 = 20 mV 6'h01 = 20 mV
6'h02 =40 mV 6'h02 = 40 mV 6'h02 = 40 mV 6'h02 = 40 mV
6'hOF = 300 mV 6'hOF = 300 mV 6'hOF = 300 mV 6'hOF = 300 mV
6'h10 =320 mV 6'h10 =320 mV 6'h10 = 320 mV 'h10 = 320 mV
6'h1F = 620 mV 6'h1F = 620 mV 6'h1F = 620 mV G'h1F = 620 mV
6'h20 =No Change 6'h20 =No Change 6'h20 = No Change 6'h20 = No Change
6'h21 =-20 mV 6'h21 =-20 mV 6'h21 = -20 mV 6'h21 = -20 mV
6'h22 =-40 mV 6'h22 =-40 mV 6'h22 = -40 mV 6'h22 = -40 mV
6'h2F = -300 mV 6'h2F = -300 mV 6'h2F = ~300 mV 6'h2F = ~300 mV

6130 =-320mV 6'h30 =-320mV 6'h30 = -320mV

6h4F = -620 mV 6'h4F = -620 mV 6'h4F = 620 mV

6'h30 = -320mV

6'h4F = -620 mV

For example, the drive voltage controller 13 previously sets
offset values having increments of 20 mV for different detect-
able temperatures. In this instance, the level of the common
voltage mVcom may be increased or lowered by an offset
value increment or decrement of 20 mV in accordance with
the detected temperature.

In an embodiment ofthe invention, each offset value for the
common voltage mVcom is set to cause the level of the
common voltage mVcom to be proportional to the detected
ambient temperature corresponding to the offset value.

On the other hand, as illustrated in the following Table 5,
the common voltage variation signal VLS may be generated,

using a look-up table included in the drive voltage controller
13 or an external look-up table.

TABLE 5
mVeom Voltage
VCMJ[7:0]= Al +

A2
00h =0mV
01h =-500 mV
0Fh=-780mV
10h = -800 mV
1Fh=-1.10V
20h=-1.12V
2Fh=-142V
30h=-1.44V
3Fh=-1.74V
40h=-1.76 V
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TABLE 5-continued

mVeom Voltage
VCM[7:0]=Al +
A2

AD=-3.68V
AFh=-398V
Boh=-4.00V
Blh ~ FE reserved
FFh = VCOMR

When the look-up table is used, different common voltage
levels for different detectable temperatures are previously
stored, and a common voltage variation signal VLS corre-
sponding to a detected temperature or a common voltage
mVcom having a level corresponding to the detected tem-
perature is selected from the look-up table, to generate the
common voltage variation signal VLS orthe common voltage
mVcom having the selected level.

Preferably, the look-up table is set to cause the level of the
common voltage mVcom to be proportional to the detected
ambient temperature corresponding to the offset value.

Meanwhile, the drive voltage controller 13 generates a
hysteresis value corresponding to a difference between the
previously-detected ambient temperature and the currently-
detected ambient temperature, and a hysteresis value setting
signal HS to set the hysteresis value. The drive voltage con-
troller 13 supplies the hysteresis value and the hysteresis
value setting signal HS to the gate-high voltage generator 16
and common voltage generator 18.
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Accordingly, the gate-high voltage generator 16 varies the
level of the gate-high voltage mVGH in accordance with the
gate drive voltage variation signal HLS. The gate-high volt-
age generator 16 then supplies the level-varied gate-high
voltage mVGH to the gate drivers 3 and 4 under the condition
that the hysteresis value according to the hysteresis value
setting signal HS is applied to the gate-high voltage mVGH.

Meanwhile, the common voltage generator 18 varies the
level of the common voltage mVcom in accordance with the
common voltage variation signal VLS. The common voltage
generator 18 then supplies the level-varied common voltage
mVcom to the common lines of the liquid crystal panel 2
under the condition that the hysteresis value according to the
hysteresis value setting signal HS is applied to the common
voltage mVcom.

As apparent from the above description, in the LCD device
driving apparatus and method according to the illustrated
embodiments, which have the above-described features,
detectable temperatures for different temperature detection
time points are set, to enable determination of the ambient
temperature. Accordingly, it may be possible to achieve
enhanced temperature detection effects and enhanced detec-
tion temperature application effects. The gate voltage, which
has a level varied in accordance with the ambient tempera-
ture, is supplied to the liquid crystal panel under the condition
thata hysteresis value is reflected on the gate voltage. Accord-
ingly, it may be possible to stabilize the gate driving circuit,
and to reduce the size of each TFT. Thus, the size of the gate
driving circuit may be reduced.

In addition, the level of the common voltage supplied to the
liquid crystal panel is varied in accordance with the ambient
temperature detected based on the detectable temperatures set
for different temperature detection time points. Accordingly,
it may be possible to reduce level variation of the image
display voltage depending on a kick-back voltage (AVp), and
to prevent degradation of picture quality.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the invention
without departing from the spirit or scope of the inventions.
Thus, it is intended that the invention covers the modifications
and variations of this invention provided they come within the
scope of the appended claims and their equivalents.

What is claimed is:

1. An apparatus for driving a liquid crystal display device,
the apparatus comprising;

a liquid crystal panel having a plurality of pixel regions,

and configured to display an image;

at least one gate driver at the liquid crystal panel, and
configured to drive a plurality of gate lines of the liquid
crystal panel,

a data driver configured to drive a plurality of data lines of
the liquid crystal panel;

a timing controller configured to arrange image data input
from an outside of the apparatus, supply an arranged
image data to the data driver, and control the at least one
gate driver and the data driver; and

a power supplier to vary levels of a gate drive voltage and
a common voltage in accordance with a gate drive volt-
age variation signal and a common voltage variation
signal, and supply a level-varied gate drive voltage to the
at least one gate driver, and supply a level-varied com-
mon voltage to common lines of the liquid crystal panel,

wherein the data driver comprises:

at least one temperature detector configured to detect an
ambient temperature; and

a drive voltage controller configured to set detectable tem-
peratures for different temperature detection time
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points, control the at least one temperature detector to
detect the ambient temperature, and generate and output
the gate drive voltage variation signal, the common volt-
age variation signal, a hysteresis value, and a hysteresis
value setting signal in accordance with the ambient tem-
perature detected at each of the temperature detection
time points,

wherein the power supplier comprises:

a DC drive voltage generator configured to vary a voltage
level of input power supplied from the outside of the
apparatus to a DC drive voltage, and output the DC drive
voltage;

a gate-low voltage generator configured to vary the DC
drive voltage to a gate-low voltage, and supply the gate-
low voltage to the at least one gate driver;

a gate-high voltage generator configured to vary the DC
drive voltage to a level of a gate-high voltage according
to the gate drive voltage variation signal, and supply a
level-varied gate-high voltage to the at least one gate
driver under a condition that the hysteresis value accord-
ing to the hysteresis value setting signal is applied to the
level-varied gate-high voltage; and

a common voltage generator configured to vary the DC
drive voltage to a level of a common voltage according to
the common voltage variation signal, and supply a level-
varied common voltage to the common lines of the lig-
uid crystal panel under a condition that the hysteresis
value according to the hysteresis value setting signal is
applied to the level-varied common voltage, and

wherein the drive voltage controller generates the hyster-
esis value to correspond to a difference between a pre-
viously-detected ambient temperature and a currently-
detected ambient temperature.

2. The apparatus according to claim 1, wherein:

the drive voltage controller generates the gate drive voltage
variation signal to vary the level of the gate-high voltage
to be inversely proportional to the ambient temperature;
and

the drive voltage controller generates the gate drive voltage
variation signal by adding or subtracting an offset value
set in accordance with the ambient temperature to or
from a previously-output gate drive voltage variation
signal, or selecting a gate drive voltage variation signal
corresponding to the ambient temperature from a look-
up table included in the drive voltage controller or an
external look-up table.

3. The apparatus according to claim 1, wherein:

the drive voltage controller generates the common voltage
variation signal to vary the level of the common voltage
in proportion to the ambient temperature while being
inversely proportional to the level of the gate-high volt-
age; and

the drive voltage controller generates the common voltage
variation signal by adding or subtracting a common
voltage offset value set in accordance with the ambient
temperature to or from a previously-output common
voltage variation signal, or selecting a common voltage
variation signal corresponding to the ambient tempera-
ture from a look-up table included in the drive voltage
controller or an external look-up table.

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

method comprising:

setting detectable temperatures for different temperature
detection time points, detecting an ambient temperature
at each of the temperature detection time points, and
generating a gate drive voltage variation signal, a com-
mon voltage variation signal, a hysteresis value, and a
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hysteresis value setting signal in accordance with the
ambient temperatures detected at each of the tempera-
ture detection time points;

varying a voltage level of input power supplied from an
outside to a DC drive voltage, and outputting the DC
drive voltage;

varying the DC drive voltage to a gate-low voltage, and
outputting the gate-low voltage;

varying the DC drive voltage to a level of a gate-high
voltage according to the gate drive voltage variation
signal, and outputting a level-varied gate-high voltage
under a condition that the hysteresis value according to
the hysteresis value setting signal is applied to the level-
varied gate-high voltage;

varying the DC drive voltage to a level of a common volt-
age according to the common voltage variation signal,
and outputting a level-varied common voltage under a
condition that the hysteresis value according to the hys-
teresis value setting signal is applied to the level-varied
common voltage; and

driving gate lines and common lines of a liquid crystal
panel according to the gate-low voltage, the level-varied
gate-high voltage and the level-varied common voltage,

wherein the hysteresis value is generated to correspond to
a difference between a previously-detected ambient
temperature and a currently-detected ambient tempera-
ture.

5. The method according to claim 4, wherein generating of

the gate drive voltage variation signal comprises;

varying the level of the gate-high voltage to be inversely
proportional to the ambient temperature; and

adding or subtracting an offset value set in accordance with
the ambient temperature to or from a previously-output
gate drive voltage variation signal, or selecting a gate
drive voltage variation signal corresponding to the ambi-
ent temperature from a look-up table.

6. The method according to claim 4, wherein generating of

the common voltage variation signal comprises;

generating the common voltage variation signal to vary the
level of the common voltage in proportion to the ambient
temperature while being inversely proportional to the
level of the gate-high voltage; and

adding or subtracting a common voltage offset value set in
accordance with the ambient temperature to or from a
previously-output common voltage variation signal, or
selecting a common voltage variation signal corre-
sponding to the detected ambient temperature from a
look-up table.

7. An apparatus for driving a liquid crystal display device,

the apparatus comprising;

aliquid crystal panel having a plurality of gate lines and a
plurality of data lines;

at least one gate driver on the liquid crystal panel to drive
the plurality of gate lines;

a data driver configured to drive the plurality of data lines
of the liquid crystal panel,

a timing controller configured to arrange image data input
from an outside of the apparatus, supply an arranged
image data to the data driver, and control the at least one
gate driver and the data driver;
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at least one temperature detector configured to detect an
ambient temperature;

a drive voltage controller configured to set detectable tem-
peratures for different temperature detection time
points, control the at least one temperature detector to
detect the ambient temperature, and generate and output
a gate drive voltage variation signal, a common voltage
variation signal, a hysteresis value, and a hysteresis
value setting signal in accordance with the ambient tem-
perature detected at each of the temperature detection
time points;

a DC drive voltage generator configured to vary a voltage
level of input power supplied from the outside of the
apparatus to a DC drive voltage, and output the DC drive
voltage;

a gate-low voltage generator configured to vary the DC
drive voltage to a gate-low voltage, and supply the gate-
low voltage to the at least one gate driver;

a gate-high voltage generator configured to vary the DC
drive voltage to a level of a gate-high voltage according
to the gate drive voltage variation signal, and supply a
level-varied gate-high voltage to the at least one gate
driver under a condition that the hysteresis value accord-
ing to the hysteresis value setting signal is applied to the
level-varied gate-high voltage; and

a common voltage generator configured to vary the DC
drive voltage to a level of'a common voltage according to
the common voltage variation signal, and supplying the
level-varied common voltage to the common lines of the
liquid crystal panel under a condition that the hysteresis
value according to the hysteresis value setting signal is
applied to the level-varied common voltage,

wherein the hysteresis value is generated to correspond to
adifference between a previously detected ambient tem-
perature and a currently-detected ambient temperature.

8. The apparatus according to claim 7, wherein:

the drive voltage controller generates the gate drive voltage
variation signal to vary the level of the gate-high voltage
to be inversely proportional to the detected ambient tem-
perature; and

the drive voltage controller generates the gate drive voltage
variation signal by adding or subtracting an offset value
set in accordance with the ambient temperature to or
from a previously-output gate drive voltage variation
signal, or selecting a gate drive voltage variation signal
corresponding to the detected ambient temperature from
a look-up table.

9. The apparatus according to claim 7, wherein:

the drive voltage controller generates a common voltage
variation signal to vary the level of the common voltage
in proportion to the ambient temperature while being
inversely proportional to the level of the gate-high volt-
age; and

the drive voltage controller generates the common voltage
variation signal by adding or subtracting a common
voltage offset value set in accordance with the ambient
temperature to or from a previously-output common
voltage variation signal, or selecting a common voltage
variation signal corresponding to the detected ambient
temperature from a look-up table.
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