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A data driving apparatus for a liquid crystal display device
includes an output buffer for buffering and outputting a data
voltage input from a digital-analog converter, wherein the
output buffer includes an input amplifier for amplifying and
outputting current proportional to the data voltage, an output-
ter for supplying a data voltage corresponding to the input
data voltage to an output channel using charging and dis-
charging current proportional to output current from the input
amplifier, a control switch unit connected between the input
amplifier and the outputter, for driving the outputter in a
switching mode to precharge the output channel in a pre-
charge period prior to a data supplying period in which the
outputter outputs the data voltage, and a mode controller for
controlling the control switch unit in response to an input
control signal.
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FIG. 3

<TEMPERATURE DIFFERENCE PER 55~
120Hz SOLID GRAY (APPLY CHARGE SHARE)>
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DATA DRIVING APPARATUS FOR LIQUID
CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of Korean Patent
Application No. 10-2013-0076157, filed on, Jun. 29,2013, in
the Republic of Korea, which is hereby incorporated by ref-
erence as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and more particularly, to a data driving apparatus
for a liquid crystal display device for reducing a heating value
of a driver integrated circuit (IC).

[0004] 2. Discussion of the Related Art

[0005] Representative examples of a flat display apparatus
for displaying an image using digital data include a liquid
crystal display (LCD) device using liquid crystal, a plasma
display panel (PDP) using discharge of inert gas, a organic
light emitting diode (OLED) display device using an OLED,
and the like. Among these, the LCD device has been widely
used in various application fields such as in a television (TV),
a monitor, a notebook computer, and a portable phone.
[0006] An LCD device displays an image through a pixel
matrix using the electrical and optical properties of liquid
crystal having anisotropic properties with respect to refrac-
tive index, dielectric constant, and the like. Each pixel of the
LCD device implements a gray level by adjusting optical
transmittance with respect to a polarization plate using varia-
tion in liquid crystal arrangement direction according to a
data signal. The LCD device includes a liquid crystal panel
for displaying an image through the pixel matrix, a gate driver
and data driver for driving the liquid crystal panel, a backlight
unit for irradiating light to the liquid crystal panel, and a
backlight driver for driving the backlight unit.

[0007] A high resolution and large size LCD device has
been developed. Accordingly, a driving frequency and load
amount of a drive integrated circuit (IC) for supplying a data
voltage to a liquid crystal panel needs to be increased and a
positive data voltage and a negative data voltage need to be
swing for inversion driving of the liquid crystal panel, and
thus, a heating value of the drive IC has been increased. When
a temperature of the drive IC increases, reliability of the drive
IC is degraded and a safety hazard such as ignition is caused.
Accordingly, there is a need to lower the temperature of the
drive IC.

[0008] In general, an output buffer for buffering a data
signal from a digital-analog converter (DAC)to a drive IC and
outputting the data signal to a data line is a most power-
consumed component, the output buffer acts as a main heat-
ing source of the drive IC. Accordingly, there is a need for a
method of reduce output current of the output buffer in order
to reduce a heating value of the drive IC.

SUMMARY OF THE INVENTION

[0009] Accordingly, the present invention is directed to a
data driving apparatus for a liquid crystal display device that
substantially obviates one or more problems due to limita-
tions and disadvantages of the related art.

[0010] An object of the present invention is to provide a
data driving apparatus for a liquid crystal display device for
reducing output current of an output buffer to reduce a tem-
perature of a drive integrated circuit (IC).
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[0011] Additional advantages, objects, and features of the
invention 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 outin the written
description and claims hereof as well as the appended draw-
ings.

[0012] To achieve theseobjects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a data driving apparatus for a
liquid crystal display device includes an output buffer for
buffering and outputting a data voltage input from a digital-
analog converter, wherein the output buffer includes an input
amplifier for amplifying and outputting current proportional
to the data voltage, an outputter for supplying a data voltage
corresponding to the input data voltage to an output channel
using charging and discharging current proportional to output
current from the input amplifier, a control switch unit con-
nected between the input amplifier and the outputter, for
driving the outputter in a switching mode to precharge the
output channel in a precharge period prior to a data supplying
period in which the outputter outputs the data voltage, and a
mode controller for controlling the control switch unit in
response to an input control signal.

[0013] The outputter may include a first output transistor
for forming a charging path between a first voltage and the
output channel; and a second output transistor for forming a
discharging path between a second voltage lower than the first
voltage and the output channel, and the control switch unit
may include a first control switch connected between first and
second output lines of the input amplifier and a gate of the first
and second output transistors, for connecting the input ampli-
fier and the outputter in the data supplying period, a second
control switch connected between the first voltage and a gate
of the first output transistor and between the first voltage and
a gate of the second output transistor, for controlling the first
and second output transistors so as to precharge the output
channel through the charging path in the precharge period,
and a third control switch connected between the second
voltage and a gate of the first output transistor and between
the second voltage and a gate of the second output transistor,
for controlling the first and second output transistors so as to
precharge the output channel through the discharging path in
the precharge period.

[0014] The data driving apparatus may further include a
timing controller for analyzing data to be supplied to the
output channel per output channel, and generating and out-
putting the control signal for controlling the switching mode
of the outputter according to whether a difference in a data
voltage level is present or the data voltage level satisfies a
specific gray scale condition per output channel.

[0015] The mode controller may turn off the switching
mode of the outputter when the control signal indicates that
the difference in the data voltage level is not present, and turn
on the switching mode of the outputter when the control
signal indicates that the difference in the data voltage level is
present.

[0016] The outputter may be controlled to precharge the
output channel via overshooting using the first voltage or
undershooting using the second voltage when the control
signal indicates that the difference in data voltage level is
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present and a gray scale of data to be supplied to the output
channel is a specific gray scale or more.

[0017] The outputter may be controlled to precharge the
output channel with any one of gray scale voltages supplied
through the input amplifier when the control signal indicates
that the difference in data voltage level is present and a gray
scale of data to be supplied to the output channel is a gray
scale less than the specific gray scale.

[0018] The timing controller may generate and output first
and second enable signals, the first control switch may supply
a gray scale voltage from the input amplifier to the outputter
in a disable period of the first output enable signal, and the
second or third control switch may precharge the output chan-
nel with the gray scale voltage supplied from the input ampli-
fier in a disable period of the second output enable signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0020] FIG.1is an equivalent circuit diagram illustrating a
portion of a data driver of a liquid crystal display device
according to an embodiment of the present invention;
[0021] FIG.2is anexample of a driving waveform diagram
of the data driver illustrated in FIG. 1;

[0022] FIG. 3 is a graph illustrating heating temperature
characteristic per gray scale in a drive integrated circuit (IC)
to which charge sharing is applied according to an embodi-
ment of the present invention;

[0023] FIG. 4 is acircuit diagram of an internal structure of
an output buffer illustrated in FIG. 1 in terms of an output
terminal according to an embodiment of the present inven-
tion;

[0024] FIG. 5 is an example of a data voltage waveform
diagram containing a precharge period using overshooting
and undershooting in the output buffer illustrated in F1G. 4;
[0025] FIG. 6 is an example of a data voltage waveform
diagram containing a precharge period using a 30 gray scale
voltage in the output buffer illustrated in FIG. 4;

[0026] FIG. 7 is a schematic block diagram of a liquid
crystal display device according to an embodiment of the
present invention; and

[0027] FIG. 8 is an example of a waveform diagram illus-
trating image data and control data supplied to a data driver
from the timing controller illustrated in FIG. 7.

DETAILED DESCRIPTION OF THE INVENTION

[0028] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0029] FIG.11is a circuit diagram illustrating a portion of a
data driver of a liquid crystal display device according to an
embodiment of the present invention. All the components of
the liquid crystal device are operatively coupled and config-
ured.

[0030] Referring to FIG. 1, the data driver includes a digi-
tal-analog converter (DAC) unit 10, an output buffer 20, a
multiplexer (MUX) 30, and a charge sharing unit 40. In addi-
tion, the data driver further includes a shift register (not
shown) at an input terminal of the DAC unit 10, a latch unit
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(not shown) that latches input digital data according to control
of the shift register and outputs the digital data to the DAC
unit 10, a gamma voltage generator (not shown) for generat-
ing and outputting positive and negative gamma voltages
corresponding to each gray scale of digital data, etc.

[0031] The DAC unit 10 includes a positive-DAC (PDAC)
for converting input data to a positive data signal using a
positive gamma voltage (a gamma high voltage) and a nega-
tive-DAC (NDAC) for converting input data into a negative
data signal using a negative gamma voltage (a gamma low
voltage). The PDAC and the NDAC are alternately arranged
and correspond to respective data channels.

[0032] The output buffer 20 includes a positive output
buffer PBF for buffering and outputting the positive data
signal supplied from the PDAC and a negative output buffer
NBF for buffering and outputting the negative data signal
supplied from the NDAC. The positive output buffer PBF and
the negative output buffer NBF are alternately arranged and
correspond to respective data channels.

[0033] Each ofthe positive and negative output buffers PBF
and NBF includes an input amplifier I[P and an outputter OP
and further include a mode controller (not shown) and a
control switcher (not shown) for control of the outputter OP in
a switching mode for precharging. The positive output buffer
PBF to the input amplifier IP are connected to a first high level
voltage VDD, and the outputter OP includes output transis-
tors MP and MN connected between the first high level volt-
age VDD or a second high level voltage FVDD and a middle
level voltage HVDD. The negative output buffer PBF to the
input amplifier [P are connected to the middle level voltage
HVDD, and the outputter OP includes output transistors MP
and MN connected between the middle level voltage HVDD
and a low level voltage VSS.

[0034] The outputter OP of each of the positive output
buffer PBF and the negative output buffer NBF may function
as a unit gain amplifier in a data supply period and perform a
switching operation in a precharge period according to
whether a data level per channel varies to precharge an output
line prior to the data supply period.

[0035] When a voltage level of data supplied to a corre-
sponding data line in a previous horizontal period and a
voltage level of data to be supplied to the corresponding data
line in a current horizontal period are the same or similar, a
switching mode of the outputter OP is off such that the cor-
responding outputter OP does not perform unnecessary pre-
charging. On the other hand, when voltage levels of the pre-
vious data and the current data are different or are not similar,
the corresponding outputter OP operates in a switching mode
to perform precharging. In this case, a precharge voltage may
vary according to a data condition.

[0036] Referring to FIG. 2, in each horizontal period H, a
precharge period PC of the positive and negative output buff-
ers PBF and NBF is positioned between a charge sharing
period CS and a data supplying period DP. The charge sharing
period CS of the charge sharing unit 40 is set according to a
disable period of a first source output enable signal SOE1 and
the precharge period PC is set according to a disable period of
a second source output enable signal SOE2.

[0037] In FIG. 1, a power switch PS selectively connects
the first high level voltage VDD or the second high level
voltage FVDD higher than the first high level voltage VDD to
the outputter OP of the positive output buffer PBF in response
to a mode control signal of a corresponding channel.
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[0038] For example, the power switch PS may connect the
second high level voltage FVDD to the outputter OP of the
positive output buffer PBF for precharge via overshooting in
the precharge period PC illustrated in FIG. 2 and connect the
firsthigh level voltage VDD to the outputter OP of the positive
output buffer PBF in the remaining period.

[0039] The MUX 30 selects an output path of the positive
output buffer PBF and the negative output buffer NBF in
response to a polarity control signal POL. The MUX 30
connects an output line of the positive output buffer PBF to
one of two adjacent output channels A and B and connects an
output line of the negative output buffer NBF to the other one
channel in response to the polarity control signal POL. To this
end, the MUX 30 includes first and second switches S1 and
S2 that are connected to the two adjacent output channels A
and B for the output lines of the positive and negative output
buffers PBF and NBEF, respectively and the first and second
switches S1 and S2 are controlled by the polarity control
signal POL and a reverse polarity control signal/POL, respec-
tively.

[0040] The charge sharing unit 40 includes a third switch
S3 controlled by the first source output enable signal SOE1
and short-circuits all output channels OUT1 to OUTn in the
charge sharing period CS as a disable period of the first source
output enable signal SOE1 to precharge all data lines with an
average voltage (i.e., a middle voltage) using electric charges
charged in each data line in a previous horizontal period.
[0041] FIG. 3 is a graph illustrating heating temperature
characteristic per gray scale in a drive IC to which charge
sharing is applied.

[0042] As seen from FIG. 3, a middle voltage point corre-
sponds to a 31 gray scale voltage among 256 gray scales in
terms of temperature increase per gray scale. In order to
minimize overshoot/undershoot, a 31 gray scale voltage may
be set as an optimum precharge voltage in terms of tempera-
ture reduction and a precharge voltage may be varied. In each
data line, when current data has different polarity from pre-
vious data and has a specific gray scale (e.g., a 200 gray scale)
or more, the first high level voltage VDD or the second high
level voltage FVDD and the low level voltage VSS are used to
sufficiently precharge a data line using overshooting/under-
shooting.

[0043] FIG. 4 is acircuit diagram of an internal structure of
an output buffer BF illustrated in FIG. 1 in terms of an output
terminal.

[0044] The output buffer BF illustrated in FIG. 4 corre-
sponds to each of the positive output buffer PBF and the
negative output buffer NBF illustrated in FIG. 1. In other
words, each of the positive output buffer PBF and the negative
output buffer NBF have the same structure as the output
buffer BF illustrated in FIG. 4 but different voltages are
supplied as input voltages V1 and V2 only. Each output buffer
BF includes the input amplifier IP, the outputter OP, a control
switch unit 26 connected between the input amplifier IP and
the outputter OP, and a mode controller 28 for control of the
control switch unit 26 according to an input control signal.
[0045] The input amplifier IP includes a differential ampli-
fier and a cascade amplifier and amplifies and outputs current
corresponding to an input data voltage. The outputter OP
outputs a data voltage converging to an input data voltage
using amplified current from the input amplifier IP.

[0046] The outputter OP includes a first output transistor
MP1 for forming a charging path for an output line and a
second output transistor MN1 for forming a discharging path,
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which are connected in series between the first and second
voltages V1 and V2. When the output buffer BF is the positive
output buffer PBF, one of the first and second high level
voltages VDD and FVDD is supplied as the first voltage V1
and the middle level voltage HVDD is supplied as the second
voltage V2. When the output buffer BF is the negative output
buffer NBF, the middle level voltage HVDD is supplied as the
first voltage V1, and the low level voltage VSS is supplied as
the second voltage V2.

[0047] The control switch unit 26 includes a first control
switch SW_ENB connected between a gate of each of the first
and second output transistors MP1 and MN1 and an output
terminal of the input amplifier IP, a second control switch
SWP1 connected between the first voltage V1 and a gate of
the first output transistor MP1 and between the first voltage
V1 and a gate of the second output transistor MN1, and a third
control switch SWN1 connected between the second voltage
V2 and a gate of the first output transistor MP1 and between
the second voltage V2 and a gate of the second output tran-
sistor MN1. The first and second output transistors MP1 and
MNI1 operate in opposite ways.

[0048] The first control switch SW_ENB connects the
input amplifier IP and the outputter OP in a data supplying
period. In addition, the first control switch SW_ENB also
connects the input amplifier IP and the outputter OP during
supply of a gray scale voltage as a precharge voltage through
the input amplifier IP. For example, during supply of a 31
gray-scale data voltage from the input amplifier IP as a pre-
charge voltage, the first control switch SW_ENB connects the
input amplifier IP and the outputter OP.

[0049] During precharge of an output line using charging
current through the first output transistor MP1, the second
control switch SWP1 may connect the first voltage V1 to a
gate of the first output transistor MP1 such that the first output
transistor MP1 performs a switching operation.

[0050] During precharge of an output line using discharg-
ing current through the second output transistor MN2, the
third control switch SWN1 may connect the second voltage
V2 to a gate of the second output transistor MN1 such that the
second output transistor MN1 performs a switching opera-
tion.

[0051] The mode controller 28 selectively controls the first
to third control switches SW_ENB, SWP1, and SWN1 of the
control switch unit 26 using a control signal input per data
channel from a timing controller.

[0052] The timing controller determines whether a differ-
ence in gray scale (i.e., a data voltage level) between previous
data and current data is present per channel. In this case, when
the difference in gray scale is present, the timing controller
turns on a switching mode of the outputter OP for precharg-
ing, and when the difference in gray scale is not present, the
timing controller turns off the switching mode of the outputter
OP.

[0053] Inresponse to a control signal supplied per channel
from the timing controller, the mode controller 28 controls the
control switch unit 26 per mode according to Table 1 below.

TABLE 1
The control switch unit 26 SWP1 SWNI SW_ENB
During drive of MP1 ON OFF OFF
During drive of MN1 OFF ON OFF

During drive of 31G + MP1 ON OFF  ON (SOE1, 31G data)
During drive of 31G + MN1 OFF ON  ON (SOEL, 31G data)
During normal drive OFF OFF ON
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[0054] For example, the timing controller analyzes data,
and drives the output buffer BF of a corresponding channel in
a precharge mode using overshooting or undershooting
through a mode control signal when the data has different
polarity from previous data and a gray scale ofthe current data
is greater than a predetermined referenced value (e.g., 203
gray scale). Thus, in the precharge period PC of each hori-
zontal line, the positive output buffer PBF of a corresponding
channel drives the first output transistor MP1 in a switching
mode by the turned-on second control switch SWP1, and the
negative output buffer NBF of the corresponding channel
drives the second output transistor MN1 in a switching mode
by the turned-on third control switch SWNI. In this case, the
second high level voltage FVDD as the first voltage V1 is
supplied to the positive output buffer PBF.

[0055] Accordingly, the first output transistor MP1 of the
positive output buffer PBF precharges an output channel with
a voltage for overshooting to the second high level voltage
VDD using charging current and the second output transistor
MNT1 of the negative output buffer NBF precharges an output
channel with a voltage for undershooting to the low level
voltage VSS using discharging current, as illustrated in FIG.
5. As aresult, in a next data supplying period DP, a period for
charging and discharging with a desired data voltage through
the corresponding output buffer BF may be reduced to reduce
charging and discharging current, thereby reducing a heating
value of the output buffer BF.

[0056] In addition, the timing controller analyzes data and
drives the output buffer BF of a corresponding channel in a
precharge mode using a precharge voltage (a 31 gray scale)
through a control signal when the current data has different
polarity or level from previous data and a gray scale of the
current data is smaller than a predetermined referenced value
(e.g., a 203 gray scale). In this case, a 31 gray scale voltage
may be supplied to the outputter OP through the first control
switch SW_ENB from an input amplifier 22 in a disable
period (i.e., a charge sharing period) of the first source output
enable signal SOF1. Then in the precharge period PC, the
output buffer BF of the corresponding channel drives the first
output transistor MP1 in a switching mode by the turned-on
second control switch SWP1 or drives the second output
transistor MN1 in a switching mode by the turned-on third
control switch SWNI.

[0057] Accordingly, the first output transistor MP1 of the
positive output buffer PBF precharges an output channel with
a positive 31 gray scale voltage using charging current or
discharging current of the second output transistor MN1 and
the first output transistor MP1 of the negative output buffer
NBF precharges an output channel with a negative 31 gray
scale voltage using charging current or discharging current of
the second output transistor MN1, as illustrated in FIG. 6. As
a result, in the next data supplying period DP, a period for
charging and discharging with a desired data voltage may be
reduced to reduce charging and discharging current, thereby
reducing a heating value of the output buffer BF.

[0058] The timing controller analyzes data, and turns off a
switching mode of the outputter OP of the corresponding
output buffer BF through a mode control signal to drive the
outputter OP in a normal driving mode for supplying data
immediately after a charge sharing period without a pre-
charge period when previous data and the current data is not
different or similar.

[0059] Likewise, a data driver according to the present
invention may drive only an outputter of an output buffer in a
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switching mode with respect to only a channel in which a
difference in data level is present in response to a control
signal from a timing controller, indicating whether a differ-
ence in data level is present per channel, thereby reducing
charging and discharging current due to an unnecessary
switching operation of the outputter.

[0060] In addition, the data driver according to the present
invention precharges an outputter of an output buffer via
overshooting/undershooting using a high level voltage
FVDD/low level voltage VSS with respect to a channel to
which a specific gray level data or more is supplied and
precharges the outputter of the output buffer using an optimal
gray scale voltage with respect to a channel to which data less
than a specific gray level data is supplied, in response to a
control signal from a timing controller, indicating whether a
data level has a specific gray scale or more as well as whether
adifference in data level is present per channel, so as to reduce
a data charging and discharging period of the outputter,
thereby reducing charging and discharging current.

[0061] FIG. 7 is a schematic block diagram of a liquid
crystal display device according to an embodiment of the
present invention. All the components of the liquid crystal
display device are operatively coupled and configured.
[0062] The liquid crystal display device shown in FIG. 7
includes a liquid crystal panel 100, a backlight unit 170, a
panel driver 110 including a data driver 130 and gate driver
120 for driving the liquid crystal panel 100, a backlight driver
160 for driving the backlight unit 170, and a timing controller
150 for controlling drive of the panel driver 110 and the
backlight driver 160.

[0063] The timing controller 150 inputs a plurality of syn-
chronization signals together with image data supplied from
an external host computer. The plural synchronization signals
include at least a dot clock and a data enable signal and further
include a horizontal synchronization signal and a vertical
synchronization signal. The timing controller 150 corrects
data input from a host set 10 using various data processing
methods for increasing image quality and reducing power
consumption to output the data to the data driver 130 of the
panel driver 110. For example, in order to a response speed of
liquid crystal, the timing controller 150 may apply an over-
shoot or undershoot value selected from a lookup table
according to a data difference between adjacent frames and
may correct the input data into overdriving data to output the
overdriving data.

[0064] In order to increase a contrast ratio or to reduce
power consumption, the timing controller 150 may analyze
brightness of the input data, may output a diming signal for
drive of brightness of the backlight unit 170 to the backlight
driver 160, and may also correct and output the data.

[0065] The timing controller 150 generates a data control
signal for control of drive timing of the data driver 130 and a
gate control signal for control of drive timing of the gate
driver 120 using the input synchronization signals. When the
synchronization signal from the host set 10 includes a dot
clock signal and a data enable signal, the timing controller
150 may generate and use a horizontal synchronization signal
and a vertical synchronization signal Vsync via frequency
analysis of the input data using the dot clock and the data
enable signal.

[0066] The timing controller 150 supplies the data control
signal and the gate control signal to the data driver 130 and the
gate driver 120, respectively. The data control signal includes
a source start pulse and source sampling clock for controlling
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latch of a data signal, a polarity control signal for controlling
polarity of the data signal, first and second source output
enable signals SOE1 and SOE2 for controlling a supply
period, charge sharing period, and precharge period of the
data signal, and the like. The gate control signal includes a
gate start pulse and gate shift clock for control of scanning of
a gate signal, a gate output enable signal for control of an
output period of the gate signal, and the like. In addition, the
timing controller 150 supplies the vertical synchronization
signal Vsync to the backlight driver 160 for synchronization
of the liquid crystal panel 100 and the backlight unit 170.
[0067] The timing controller 150 analyzes data to be sup-
plied to a plurality of channels (data lines) through the data
driver 130 per channel, generates a control signal indicating
whether a difference in data level is present per channel or
indicating whether a data level has a specific gray scale or
more as well as whether a difference in data level is present
per channel, and outputs the control signal to the data driver
130.

[0068] As illustrated in FIG. 8, the timing controller 150
adds control signals C1 and C2 to R/G/B sub pixel data and
supplies the R/G/B sub pixel data to the data driver 130.
[0069] The panel driver 110 includes the data driver 130 for
driving a data line DL formed on a thin film transistor array of
the liquid crystal panel 100 and the gate driver 120 for driving
a gate line GL formed on a thin film transistor array of the
liquid crystal panel 100.

[0070] The data driver 130 supplies image data from the
timing controller 150 to a plurality of data lines DL of the
liquid crystal panel 100 in response to a data control signal
from the timing controller 150. The data driver 130 converts
digital data input from the timing controller 150 into a posi-
tive/negative data signal using a gamma voltage from a
gamma voltage generator 140 and supplies a data signal to the
data line DL whenever each gate line GL is driven.

[0071] In particular, the data driver 130 may drive only an
outputter of an output buffer in a switching mode with respect
to only a channel in which a difference in data level is present
in response to a control signal from a timing controller, indi-
cating whether a difference in data level is present per chan-
nel, thereby reducing charging and discharging current due to
an unnecessary switching operation of the outputter.

[0072] In addition, the data driver 130 precharges an out-
putter of an output buffer via overshooting/undershooting
using a high level voltage FVDD/low level voltage VSS with
respect to achannel to which a specific gray level data or more
is supplied and precharges the outputter of the output buffer
using an optimal gray scale voltage with respect to a channel
to which data less than a specific gray level data is supplied,
in response to a control signal from a timing controller, indi-
cating whether a data level has a specific gray scale or more as
well as whether a difference in data level is present per chan-
nel, so as to reduce a data charging and discharging period of
the outputter, thereby reducing charging and discharging cur-
rent.

[0073] Thedatadriver 130 may include at least one data IC,
may be mounted on a circuit film such as a tape carrier
package (TCP), a chip on film (COF), a flexible printed circuit
(FPC), or the like, and may be attached to the liquid crystal
panel 100 using a tape automatic bonding (TAB) method or
may be mounted on the liquid crystal panel 100 using a chip
on glass (COG) method.

[0074] The gate driver 120 sequentially drives gate lines
GLs of the liquid crystal panel 100 in response to the gate
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control signal from the timing controller 150. The gate driver
120 supplies a scan pulse of a gate-on voltage to each gate line
GL every corresponding scan period and supplies a gate-off
voltage for the remaining period when the other gate lines
GLs are driven. The gate driver 120 may include at least one
gate IC, may be mounted on a circuit film such as a TCP, a
COF, a FPC, or the like, and may be attached to the liquid
crystal panel 100 using a TAB method or may be mounted on
the liquid crystal panel 100 using a COG method. On the
other hand, the gate driver 120 may be formed on a TFT
substrate together with the TFT array using the same process
and may be internally installed in the liquid crystal panel 100
using a gate in panel (GIP) method.

[0075] The liquid crystal panel 100 includes a color filter
substrate on which a color filter array is formed, a thin film
transistor (TFT) substrate on which a TFT array is formed, a
liquid crystal layer between the color filter substrate and the
TFT substrate, and polarizing plates attached to external sur-
faces of the color filter substrate and TF T substrate. The liquid
crystal panel 100 displays an image through a pixel matrix on
whicha plurality of pixels is arranged. Each pixel implements
desired color by combinations of red R, green G, and blue B
sub-pixels which adjust optical transmittance using variation
in liquid crystal arrangement according to a data signal and
further includes a white W sub-pixel for enhancement of
brightness. Each sub-pixel includes a thin film transistor TFT
connected to the gate line GL and the data line DL, and a
liquid crystal capacitor Clc and a storage capacitor Cst that
are connected in parallel to the thin film transistor TFT. The
liquid crystal capacitor Clc is charged with a difference volt-
age between a voltage of the data signal applied to a pixel
electrode through the thin film transistor TFT and a common
voltage Vcom applied to a common electrode, and drives
liquid crystal according to the charged voltage to adjust opti-
cal transmittance. The storage capacitor Cst stably maintains
the voltage charged in the liquid crystal capacitor Clc. The
liquid crystal layer is driven by a vertical magnetic field, for
example, in a twisted nematic (TN) mode or a vertical align-
ment (VA) mode or by a horizontal magnetic field, for
example, in an in-plane switching (IPS) mode or a fringe field
switching (FFS) mode.

[0076] Thebacklightunit 170 may use a direct type or edge
type backlight including, as a light source, a fluorescent lamp
driven by the backlight driver 160, such as a cold cathode
fluorescent lamp (CCFL), an external electrode fluorescent
lamp (EEFL), or the like, or a light emitting diode (LED). The
direct type backlight includes light sources that are arranged
over an entire display region so as to face a bottom surface of
the liquid crystal panel 100 and a plurality of optical sheets
arranged over the light sources, and is configured in such a
way that light emitted from the light sources is irradiated to
the liquid crystal panel 100 through the plurality of optical
sheets. The edge type backlight includes a light guide plate
facing the bottom surface of the liquid crystal panel 100, a
light source disposed to face at least one edge of the light
guide plate, and a plurality of optical sheets disposed on the
light guide plate, and is configured in such a way that light
emitted from the light source is converted into light of a
surface light source and is irradiated to the liquid crystal panel
100 through the plurality of optical sheets.

[0077] The backlight driver 160 drives the backlight unit
170 and also controls brightness of the backlight unit 170 in
response to a dimming signal from a host computer or the
timing controller 150. When the backlight unit 170 is divided
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into a plurality of regions and is driven, a plurality of back-
light drivers 160 may be used to independently drive the
plural regions.

[0078] As described above, a liquid crystal display device
and a method of driving the same according to one or more
embodiments of the present invention may drive only an
outputter of an output buffer in a switching mode with respect
to only a channel in which a difference in data level is present
in response to a control signal from a timing controller, indi-
cating whether a difference in data level is present per chan-
nel, thereby reducing charging and discharging current due to
an unnecessary switching operation of the outputter.

[0079] Inaddition, the liquid crystal display device and the
method of driving the same according to one or more embodi-
ments of the present invention may precharge an outputter of
an output buffer via overshooting/undershooting using a high
level voltage FVDD/low level voltage VSS with respect to a
channel to which a specific gray level data or more is supplied
and precharge the outputter of the output buffer using an
optimal gray scale voltage with respect to a channel to which
dataless thana specific gray level datais supplied, in response
to a control signal from a timing controller, indicating
whether a data level has a specific gray scale or more as well
as whether a difference in data level (polarity) is present per
channel, so as to minimize a data charging and discharging
period of the outputter, thereby reducing output current.
[0080] As a result, in the liquid crystal display device and
the method of driving the same according to the present
invention, even if a high resolution and large size liquid
crystal panel is developed, a heating temperature of a drive IC
may be reduced, thereby ensuring the reliability of the drive
IC.

[0081] As described above, the liquid crystal display device
according to one or more embodiments of the present inven-
tion may drive only an outputter of an output buffer in a
switching mode with respect to only a channel in which a
difference in data level is present in response to a control
signal from a timing controller, indicating whether a differ-
ence in data level is present per channel, thereby reducing
charging and discharging current due to an unnecessary
switching operation of the outputter.

[0082] Inaddition, the liquid crystal display device accord-
ing to one or more embodiments of the present invention may
precharge an outputter of an output buffer via overshooting/
undershooting using a high level voltage FVDD/low level
voltage VSS with respect to a channel to which a specific gray
level data or more is supplied and precharge the outputter of
the output buffer using an optimal gray scale voltage with
respect to a channel to which data less than a specific gray
level data is supplied, in response to a control signal from a
timing controller, indicating whether a data level has a spe-
cific gray scale or more as well as whether a difference in data
level is present per channel, so as to minimize a data charging
and discharging period of the outputter, thereby reducing
output current.

[0083] As aresult, in the liquid crystal display device and
the method of driving the same according to one or more
embodiments of the present invention, even if a high resolu-
tion and large size liquid crystal panel is developed, a heating
temperature of a drive IC may be reduced, thereby ensuring
the reliability of the drive IC.

[0084] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
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the inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A data driving apparatus for a liquid crystal display
device, the apparatus comprising:

an output buffer configured to buffer and output a data

voltage input from a digital-analog converter,

wherein the output buffer comprises:

an input amplifier configured to amplify and output cur-
rent proportional to the data voltage;

an outputter configured to supply a data voltage corre-
sponding to the input data voltage to an output chan-
nel using charging and discharging current propor-
tional to output current from the input amplifier;

acontrol switch unit connected between the input ampli-
fier and the outputter, and configured to drive the
outputter in a switching mode to precharge the output
channel ina precharge period prior to a data supplying
period in which the outputter outputs the data voltage;
and

a mode controller configured to control the control
switch unit in response to an input control signal.

2. The data driving apparatus according to claim 1,
wherein:

the outputter comprises: a first output transistor for form-

ing a charging path between a first voltage and the output

channel; and a second output transistor for forming a

discharging path between a second voltage lower than

the first voltage and the output channel; and

the control switch unit comprises:

a first control switch connected between first and second
output lines of the input amplifier and a gate of the first
and second output transistors, for connecting the
input amplifier and the outputter in the data supplying
period,

asecond control switch connected between the first volt-
age and a gate of the first output transistor and
between the first voltage and a gate of the second
output transistor, for controlling the first and second
output transistors so as to precharge the output chan-
nel through the charging path in the precharge period,
and

a third control switch connected between the second
voltage and a gate of the first output transistor and
between the second voltage and a gate of the second
output transistor, for controlling the first and second
output transistors so as to precharge the output chan-
nel through the discharging path in the precharge
period.

3. The data driving apparatus according to claim 2, further
comprising a timing controller for analyzing data to be sup-
plied to the output channel per output channel, and generating
and outputting the control signal for controlling the switching
mode of the outputter according to whether a difference ina
data voltage level is present or the data voltage level satisfies
a specific gray scale condition per output channel.

4. The datadriving apparatus according to claim 3, wherein
the mode controller turns off the switching mode of the out-
putter when the control signal indicates that the difference in
the data voltagelevelis not present, and turns on the switching
mode of the outputter when the control signal indicates that
the difference in the data voltage level is present.
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5. The data driving apparatus according to claim 4, wherein
the outputter is controlled to precharge the output channel via
overshooting using the first voltage or undershooting using
the second voltage when the control signal indicates that the
difference in data voltage level is present and a gray scale of
data to be supplied to the output channel is a specific gray
scale or more.

6. The data driving apparatus according to claim 5, wherein
the outputter is controlled to precharge the output channel
with any one of gray scale voltages supplied through the input
amplifier when the control signal indicates that the difference
in data voltage level is present and a gray scale of data to be
supplied to the output channel is a gray scale less than the
specific gray scale.

7. The data driving apparatus according to claim 6,
wherein:

the timing controller generates and outputs first and second

enable signals;

the first control switch supplies a gray scale voltage from

the input amplifier to the outputter in a disable period of
the first output enable signal; and

the second or third control switch precharges the output

channel with the gray scale voltage supplied from the
input amplifier in a disable period of the second output
enable signal.

Jan. 1, 2015



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

RHBA

H AT SOk
S\EREERE

BEX)

—MATHRSERRENBERNEE , BEATEHNE BN BIER
2, HhR SR aE A T RANE
HEBFERERLAINERRNMABRAR  BHBEATEASRKERA
TR 25 B L BB TR AR EE 1 &Y 3T BB A A BB B AR RE S B T A R SR R BV B
FRERASAHEE  BRFXETERERARKRNR LR

B, AT DAL AR SO B HH BR 1 Bl L B e L R R E Y BUR IR AT B
ZENMARNEPNEHEEHTHA D , URBETHAREE

BmERA AN BIEEEN A HE)

ATHRBEREENHERRE

US20150002503A1

US14/319562

REETRERAF

LG DISPLAY CO. , LTD.

LG DISPLAY CO. , LTD.

PARK SUNG GON
LEE JOO HONG
MIN WOONG KiI
PARK YOON SAN

PARK, SUNG-GON
LEE, JOO-HONG
MIN, WOONG-KI
PARK, YOON-SAN

G09G3/36

patsnap

G09G3/3696 G09G3/3614 G09G3/3688 G09G2310/0248 G09G2310/0291 G09G2330/021

1020130076157 2013-06-29 KR

US9361849

Espacenet USPTO

EHEFF R R TR RS,



https://share-analytics.zhihuiya.com/view/25d7a4bf-4164-4e52-b5fb-2b3f5c963c25
https://worldwide.espacenet.com/patent/search/family/052115134/publication/US2015002503A1?q=US2015002503A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150002503%22.PGNR.&OS=DN/20150002503&RS=DN/20150002503

