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(57) ABSTRACT

A liquid crystal display having: a liquid crystal display panel
comprising a plurality of pixels; a data driver applying a data
voltage to a plurality of data lines connected to the plurality of
pixels; an initial voltage driver applying an initial voltage to
the plurality of data lines before the data voltage is applied;
and a boost driver applying a boost voltage to a plurality of
boost lines connected to the plurality of pixels and boosting
voltages of the plurality of pixels to which the data voltage is
applied. Crosstalk caused by noise generated in a boost line
can be reduced by coupling with a data line, and an ALS
driving scheme can be applied to a liquid crystal display
having high resolution.
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LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD THEREOF

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C. §119 from an application earlier filed in the Korean
Intellectual Property Office on Nov. 22, 2010 and there duly
assigned Serial No. 10-2010-0116258.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (LCD) and a driving method thereof, and more particu-
larly, 10 a liquid crystal display, which uses an ALS (Active
Level Shifter) driving scheme, and a driving method thereof.
[0004] 2. Description of the Related Art

[0005] As a representative display device, a liquid crystal
display (LCD) includes two display panels having pixel elec-
trodes and a common electrode, and a liquid crystal layer
having dielectric anisotropy therebetween. The pixel elec-
trodes are arranged in a matrix form and are each connected to
a switching element such as a thin film transistor (TFT) to
sequentially receive a data voltage on a row by row basis. The
common electrode is formed over an entire surface of the
display panel to receive a common voltage. The pixel elec-
trodes, the common electrode, and the liquid crystal layer
therebetween constitute a liquid crystal capacitor from a cir-
cuital view, and the liquid crystal capacitor and a switching
element connected thereto become a basic unit constituting a
pixel.

[0006] Inthe LCD, an electric field is generated in a liquid
crystal layer by applying a voltage to two electrodes, and a
desired image is obtained by adjusting the transmittance of
light passing through the liquid crystal layer by adjusting the
intensity of the electric field. However, if a one-directional
electric field is applied to the liquid crystal layer for a rela-
tively long period of time, image degradation will occur. To
prevent this, the polarities of the data voltages with respect to
the common voltage are inverted in units of either a frame of
pixels, a row of pixels, or a single pixel.

[0007] An ALS (Active Level Shifter) driving scheme is a
driving scheme for boosting the voltage of a pixel, in which a
voltage of the pixel electrode in a floating state after a gate
voltage turns off is boosted by coupling with a boost voltage.
The boosting of the voltage of the pixel electrode can be
induced by raising or dropping the voltage of a boost line
during one frame. Such an ALS driving scheme can reduce
power consumption because the source output voltage of a
driving circuit can be lowered. Moreover, the ALS driving
scheme can increase the pixel voltage and improve liquid
crystal response speed by applying a high pixel voltage.
[0008] However, the direction of the boost line coincides
with the direction of a scan line and overlaps with a data line.
Thus, the boost voltage of the boost line may have noise by
coupling with a data voltage applied to the data line.

[0009] For example, when a gate-on voltage is applied to
the scan line to apply a data voltage to the data line, a noise
voltage is generated in the boost line by coupling with the data
line. The noise voltage generated in the boost line has to be
recovered until the application of a gate-off voltage and the
application of a boost voltage. If the noise voltage generated
in the boost line is not recovered until the application of a
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boost voltage, an output signal of the boost line fluctuates by
the noise voltage and then is output.

[0010] A noise voltage deviation ofthe boost line, which is
not recovered, causes a difference in pixel voltage when the
gate-off voltage is applied, and this may induce crosstalk.
[0011] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY OF THE INVENTION

[0012] The present invention has been made in an effort to
provide a liquid crystal display, which reduces crosstalk
caused by noise generated in a boost line by coupling with a
data line by an ALS driving scheme, and a driving method
thereof.

[0013] An exemplary embodiment of the present invention
provides a liquid crystal display including: a liquid crystal
display panel comprising a plurality of pixels; a data driver
applying a data voltage to a plurality of data lines connected
to the plurality of pixels; an initial voltage driver applying an
initial voltage to the plurality of data lines before the data
voltage is applied; and a boost driver applying a boost voltage
to aplurality of boost lines connected to the plurality of pixels
and boosting voltages of the plurality of pixels to which the
data voltage is applied.

[0014] The liquid crystal display may further include a
signal controller that transmits an initial voltage clock signal
for controlling the output of the initial voltage to the initial
voltage driver.

[0015] The initial voltage driver may include: a first tran-
sistor that controls the application of the data voltage to the
plurality of data lines by using the initial voltage clock signal
as a gate signal; and a second transistor that controls the
application of the initial voltage to the plurality of data lines
by using the initial voltage clock signal as a gate signal.
[0016] The first transistor may further include: a gate ter-
minal to which the initial voltage clock signal is applied; an
input terminal to which the data voltage is applied; and an
output terminal connected to the data lines.

[0017] The second transistor may further include: a gate
terminal to which the initial voltage clock signal is applied; an
input terminal to which the initial voltage is applied; and an
output terminal connected to the data lines.

[0018] The first transistor and the second transistor may be
different field effect transistors.

[0019] The first transistor may be an n-channel field effect
transistor, and the second transistor may be a p-channel field
effect transistor. The first transistor may be a p-channel field
effect transistor, and the second transistor may be an n-chan-
nel field effect transistor.

[0020] The initial voltage clock signal may be a clock sig-
nal comprising a combination ofalogic high level voltage and
a logic low level voltage.

[0021] Another exemplary embodiment of the present
invention provides a driving method of a liquid crystal dis-
play, the method including: applying an initial voltage to a
data line connected to a pixel to charge a liquid crystal capaci-
tor of the pixel with the initial voltage; applying a data voltage
to the data line to charge the liquid crystal capacitor with the
data voltage; and applying a boost voltage to a boost line
connected to the pixel to boost the voltage of the liquid crystal
capacitor.
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[0022] The method may further include: applying a scan
signal ofa gate-on voltage to a scan line connected to the pixel
to turn on a switching transistor comprising an input terminal
connected to the data line, an output terminal connected to the
liquid crystal capacitor, and a gate terminal connected to the
scan line.

[0023] A period during which the scan signal of the gate-on
voltage is sustained may include a period for applying the
initial voltage and a period for applying the data voltage.
[0024] The length of the period for applying the initial
voltage may be set equal to the length of the period for
applying the data voltage. The initial voltage may be a voltage
having a lower level than the data voltage. The initial voltage
may be a predetermined fixed voltage. The initial voltage may
be variably set in accordance with the level of the data volt-
age.

[0025] Crosstalk caused by noise generated in a boost line
can be reduced by coupling with a data line, and an ALS
driving scheme can be applied to a liquid crystal display
having high resolution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] A more complete appreciation of the present inven-
tion, and many of the attendant advantages thereof, will
become readily apparent as the same becomes better under-
stood by reference to the following detailed description when
considered in conjunction with the accompanying drawings
in which like reference symbols indicate the same or similar
components, wherein:

[0027] FIG. 1 is a block diagram showing a liquid crystal
display according to an exemplary embodiment ofthe present
invention;

[0028] FIG. 2 is an equivalent circuit diagram of one pixel
of FIG. 1;
[0029] FIG. 3 is a circuit diagram for explaining the opera-

tion of the liquid crystal display of FIG. 1; and
[0030] FIG. 4is a timing diagram for explaining the opera-
tion of the liquid crystal display of FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

[0031] In the following detailed description, only certain
exemplary embodiments of the present invention have been
shown and described, simply by way of illustration. As those
skilled in the art would realize, the described embodiments
may be modified in various different ways, all without depart-
ing from the spirit or scope of the present invention.

[0032] Inseveral exemplary embodiments, constituent ele-
ments having the same configuration are representatively
described in a first exemplary embodiment by using the same
reference numeral and only constituent elements other than
the constituent elements described in the first exemplary
embodiment will be described in other embodiments.

[0033] In order to clarify the present invention, elements
extrinsic to the description are omitted from the details of this
description, and like reference numerals refer to like elements
throughout the specification.

[0034] Throughout this specification and the claims that
follow, when it is described that an element is “coupled” to
another element, the element may be “directly coupled” to the
other element or “electrically coupled” to the other element
through a third element. In addition, unless explicitly
described to the contrary, the word “comprise” and variations
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such as “comprises” or “comprising”, will be understood to
imply the inclusion of stated elements but not the exclusion of
any other elements.

[0035] FIG. 1 is a block diagram showing a liquid crystal
display according to an exemplary embodiment ofthe present
invention.

[0036] Referring to FIG. 1, a liquid crystal display com-
prises a liquid crystal panel assembly 600, a scan driver 200
connected to the liquid crystal display panel assembly 600, a
data driver 300, an initial voltage driver 320, a gray voltage
generator 350, a boost driver 400, and a signal controller 100
for controlling each of the drivers.

[0037] The liquid crystal panel assembly 600 comprises a
plurality of scan lines S1-Sn, a plurality of data lines D1-Dm,
a plurality of boost lines B1-Bn, and a plurality of pixels PX.
The plurality of pixels PX are connected to the plurality of
signal lines S1-Sn, D1-Dm, and B1-Bn and arranged substan-
tially in a matrix. The plurality of scan lines S1-Sn extend
substantially in a row direction and are substantially parallel
to each other. The plurality of data lines D1-Dm extend sub-
stantially in a column direction and are substantially parallel
to each other. The plurality of boost lines B1-Bn extend
substantially in a row direction corresponding to the scan
lines S1-Sn, respectively. At least one polarizer (not shown)
for polarizing light is attached to the outer surface of the
liquid crystal display panel assembly 600.

[0038] The signal controller 100 receives input video sig-
nals (R, G, B) and input control signals for controlling the
display thereof from an external device. Input video signals
(R, G, B) contain luminance information of each pixel PX and
the luminance information includes a predetermined number
of gray scales, for example, 1024(=2"°), 256(=2%), or 64(=2°)
gray scales. The input control signals include, for example, a
vertical synchronization signal Vsync, a horizontal synchro-
nization signal Hsync, a main clock MCLK, and a data enable
signal DE.

[0039] The signal controller 100 properly processes the
input video signals (R, G, B) to match operating conditions of
the liquid crystal panel assembly 600 and the data driver 300
based on the input video signals (R, G, B) and the input
control signals, and generates a processed image data signal
DAT, a scan control signal CONT1, a data control signal
CONT?2, an initial voltage clock signal CLKh, and a boost
control signal CONT3. The scan control signal CONT1 is
transmitted to the scan driver 200. The data control signal
CONT?2 and the image data signal DAT are transmitted to the
data driver 300. The initial voltage clock signal CLKh is
transmitted to the initial voltage driver 320. The boost control
signal CONT3 is transmitted to the boost driver 400.

[0040] The signal controller 100 transmits the image data
signal DAT and the data control signal CONT2 to the data
driver 300. The data control signal CONT2 is a signal for
controlling the operation of the data driver 300, and com-
prises a horizontal synchronization start signal for indicating
the start of transformation of the image data signal DAT, a
load signal for instructing the data lines D1-Dm to output data
voltages, and a data clock signal. The data control signal
CONT2 may further comprise an inversion signal for invert-
ing the voltage polarity of the image data signal with respect
to a common voltage Vcom.

[0041] The signal controller 100 transmits the scan control
signal CONTT1 to the scan driver 200. The scan control signal
CONT1 comprises at least one clock signal for controlling the
output ofa scan start signal and the output of a gate-on voltage
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from the scan driver 200. The scan control signal CONT1
may further comprise an output enable signal for defining the
duration of the gate-on voltage.

[0042] The signal controller 100 transmits the initial volt-
age clock signal CLKh to the initial voltage driver 320. The
initial voltage clock signal CLKh controls the output of an
initial voltage Vf (FIGS. 3 and 4) from the initial voltage
driver 320.

[0043] Thesignal controller 100 transmits theboost control
signal CONT3 to the boost driver 400. The boost control
signal CONT3 controls the output of a boost voltage Vboost
(FIG. 4) applied to each pixel PX from the boost driver 400.
[0044] The scan driver 200 is connected to the plurality of
scan lines S1-Sn of the liquid crystal display panel assembly
600 and, in response to the scan control signal CONT1,
applies a scan signal Sout (FIG. 4) comprising a combination
of a gate-on voltage for turning on a switching transistor (M1
of FIG. 2) and a gate-off voltage for turning off the switching
transistor M1 to the plurality of scan lines S1-Sn.

[0045] The data driver 300 is connected to the data lines
D1-Dm of the liquid crystal display panel assembly 600, and
applies a data voltage Vdat (FIGS. 3 and 4) to the plurality of
data lines D1-Dm. The data driver 300 selects a gray voltage
from the gray voltage generator 350, and applies the selected
gray voltage as a data signal to the data lines D1-Dm. How-
ever, the gray scale voltage generator 350 does not provide a
voltage for all grays but provides only a predetermined num-
ber of reference gray voltages, and the data driver 300 gen-
erates gray voltages for all grays by dividing the reference
gray voltages, and selects a data signal among them. At this
time, the initial voltage driver 320 applies the initial voltage
VT to the plurality of data lines D1-Dm first before the appli-
cation of the data voltage Vdat. The initial voltage Vf is a
voltage having a lower level than the data voltage Vdat.
[0046] The boost driver 400 transmits boost voltages
Vboost to the plurality of boost lines B1-Bn of the liquid
crystal display panel assembly 600 in response to boost con-
trol signal CONT3. The level of each of the boost voltages
Vboost applied to the plurality of boost lines B1-Bn is
changed in synchronization with the scan signal Sout applied
to the corresponding scan line S1-Sn.

[0047] The gray scale voltage generator 350 and above-
described drivers 100, 200, 300, 320 and 400 may be directly
mounted in the form of at least one integrated chip on the
liquid crystal panel assembly 600, or may be mounted on a
flexible printed circuit film or attached to the liquid crystal
panel assembly 300 in the form of a tape carrier package
(TCP), or may be mounted on a separate printed circuit board.
Alternatively, the gray scale voltage generator 350 and drivers
100, 200, 300, 320 and 400 may be integrated together with
the signal lines S1-Sn, D1-Dm, and B1-Bn on the liquid
crystal display panel assembly 600.

[0048] FIG. 2 is an equivalent circuit diagram of one pixel
of FIG. 1.
[0049] Referring to FIG. 2, the liquid crystal display panel

assembly 600 comprises a thin film transistor display panel
10 and a common electrode (CE) display panel 20 which face
each other, a liquid crystal layer 30 sandwiched therebe-
tween, and a spacer (not shown) that maintains a gap between
the two display panels 10 and 20 and is compressible to some
extent.

[0050] Each pixel PX of the liquid crystal display panel
assembly 600, for example, a pixel PX connected to an i-th
(i=1-n) scan line Si, a boost line Bi, and a j-th (j=1-m) data
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line Dj, includes a switching transistor M1 and a liquid crystal
capacitor Clc and a sustain (storage) capacitor Cst that are
connected to the switching transistor M1.

[0051] The switching transistor M1 is a three terminal ele-
ment, such as a thin film transistor, provided in the thin film
transistor display panel 10, and comprises a gate terminal
connected to the scan line Si, an input terminal connected to
the data line Dj, and an output terminal connected to a pixel
electrode PE of the liquid crystal capacitor Cle. The thin film
transistor includes amorphous silicon or polycrystalline sili-
con.

[0052] The switching transistor M1 may be an n-channel
field effect transistor. In this case, the gate-on voltage for
turning on the switching transistor M1 is a logic high level
voltage, and the gate-off voltage for turning off the switching
transistor M1 is a logic low level voltage. Alternatively, the
switching transistor M1 may be a p-channel field effect tran-
sistor. In this case, the gate-on voltage for turning on the
switching transistor M1 is a logic low level voltage, and the
gate-off voltage for turning off the switching transistor M1 is
a logic high level voltage.

[0053] The following description will be made under the
assumption that the switching transistor M1 is an n-channel
field effect transistor.

[0054] The liquid crystal capacitor Clc comprises the pixel
electrode PE of the thin film transistor display panel 10 and a
common electrode CE of the common electrode display panel
20 facing the thin film transistor display panel 10. That is, the
liquid crystal capacitor Clc has the pixel electrode PE of the
thin film transistor display panel 10 and the common elec-
trode CE of the common electrode display panel 20 as two
terminals. The liquid crystal layer 30 between the pixel elec-
trode PE and the common electrode CE functions as a dielec-
tric material.

[0055] The pixel electrode PE is connected to the switching
transistor M1, and the common electrode CE is formed over
the entire surface of the common electrode display panel 20
and receives a common voltage Vcom. Alternatively, the
common electrode CE may be provided on the thin film
transistor array panel 10 so that at least one of the pixel
electrode PE and the common electrode CE may be formed in
a line shape or a bar shape. The common voltage Vcom is a
constant voltage of a predetermined level, and may be sub-
stantially near OV.

[0056] The sustain capacitor Cst comprises one end con-
nected to the pixel electrode PE and the other end connected
to the boost line Bi. The boost line Bi may be provided on the
thin film transistor display panel 10, and the boost line Bi and
the pixel electrode PE may overlap each other, with an insu-
lator interposed therebetween. A predetermined voltage, such
as the common voltage Vcom, may be applied to the boost
line Bi.

[0057] A color filter CF may be formed in some regions of
the common electrode CE of the common electrode display
panel 20. To display color, the respective pixels should intrin-
sically express one of the primary colors (spatial division), or
alternately express the primary colors in a temporal order
(time division) such that the desired colors can be perceived
by the spatial and temporal sum of the primary colors. The
primary colors include red, green, and blue colors.

[0058] Here, there is shown an example of the spatial divi-
sion where each pixel has a color filter CF expressing one of
the primary colors at the region of the common electrode
display panel 20 corresponding to the pixel electrode PE.
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Alternatively, the color filter CF may be formed over or under
the pixel electrode PE of the thin film transistor display panel
10.

[0059] FIG. 3isa circuit diagram for explaining the opera-
tion of the liquid crystal display of FIG. 1.

[0060] Referring to FIG. 3, a pixel PX connected to the i-th
scan line Si and the j-th data line Dj and an initial voltage
driver 320 connected to the pixel PX are illustrated.

[0061] The initial voltage driver 320 comprises a first tran-
sistor M2 for controlling the data voltage Vdat to the data line
Dj and a second transistor M3 for controlling the application
of the initial voltage V{to the data line Dj. The first transistor
M2 and the second transistor M3 are operated depending on
the initial voltage clock signal CLKh as a gate signal.
[0062] The first transistor M2 comprises a gate terminal to
which the initial voltage clock signal CLkh is applied, an
input terminal to which the data voltage Vdat is applied, and
an output terminal connected to the data line Dj. The second
transistor M3 comprises a gate terminal to which the initial
voltage clock signal CLKh is applied, an input terminal to
which the initial voltage Vfis applied, and an output terminal
connected to the data line Dj.

[0063] The same initial voltage clock signal CLKh is
applied to the gate terminal of the first transistor M2 and the
gate terminal of the second transistor M3. The first transistor
M2 and the second transistor M3 are configured as different
field effect transistors such that the data voltage Vdat and the
initial voltage Vfare optionally applied. For example, the first
transistor M2 may be a p-channel field effect transistor, and
the second transistor M3 may be an n-channel field effect
transistor. Alternatively, the first transistor M2 may be an
n-channel field effect transistor, and the second transistor M3
may be a p-channel field effect transistor.

[0064] The following description will be made under the
assumption that the first transistor M2 is a p-channel field
effect transistor and the second transistor M3 is an n-channel
field effect transistor.

[0065] The initial voltage clock signal CLKh is a clock
signal for alternately applying a logic high level voltage and
alogic low level voltage during the application of the gate-on
voltage to the scan line Si. The initial voltage clock signal
CLKhis a clock signal comprising a combination of the logic
high level voltage and the logic low level voltage. The initial
voltage clock signal CLKh firstly turns on the second transis-
tor M3 to apply the initial voltage VT to the data line Dj, and
thereafter turns on the first transistor M2 to apply the data
voltage Vdat to the data line Dj. First of all, when the initial
voltage clock signal CLKh is applied at the logic high level
voltage, the second transistor M3 serving as the n-channel
field effect transistor turns on and the initial voltage VT is
applied to the data line Dj. When the initial voltage clock
signal CLKh is applied at the logic low level voltage, the first
transistor M2 serving as the p-channel field effect transistor
turns on and the data voltage Vdat is applied to the data line
Dj.

[0066] When the gate-on voltage is applied to the scan line
Si, the switching transistor M1 turns on, and, while the second
transistor M3 is on, the initial voltage VT applied to the data
line Dj is transmitted firstly to node A. The sustain capacitor
Cst and the liquid crystal capacitor Clc are charged in accor-
dance with a difference between the voltage (initial voltage)
of node A and the common voltage Veom. Afterwards, when
the first transistor M2 is on, the second transistor M3 is turned
off, and the data voltage Vdat applied to the data line Dj is
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transmitted to node A. The sustain capacitor Cst and the liquid
crystal capacitor Cle are charged in accordance with a differ-
ence between the voltage (data voltage) of node A and the
common voltage Vcom.

[0067] When the gate-off voltage is applied to the scan line
Si, the switching transistor M1 turns off and node A goes into
a floating state. At this time, when a boost voltage Vboost of
a predetermined level is applied to the boost line Bi, the
voltage of the liquid crystal capacitor Clc is boosted by cou-
pling, corresponding to the boost voltage Vboost. For
example, if the boost voltage Vboost rises to a positive voltage
with respect to the common voltage Vcom, the voltage of the
liquid crystal capacitor Clc also rises. If the boost voltage
Vboost falls to a negative voltage with respect to the common
voltage Vcom, the voltage of the liquid crystal capacitor Clc
also falls. The degree of boosting the voltage of the liquid
crystal capacitor Clc that changes with variations in the level
of the boost voltage Vboost is determined according to the
capacitance ratio of the sustain capacitor Cst to the liquid
crystal capacitor Clc.

[0068] An electric field is generated in the liquid crystal
layer 30 of the liquid crystal capacitor Clc by the difference
between the voltage of node A boosted by the boost voltage
Vboost and the common voltage Vcom, and an image is
displayed by adjusting the transmittance of light passing
through the liquid crystal layer 30 of the liquid crystal capaci-
tor Clc. The sustain capacitor Cst keeps the electric field
generated in the liquid crystal layer of the liquid crystal
capacitor Clc constant. In this way, a data signal is input to
each pixel.

[0069] By repeating such a process using one horizontal
period (may be called “1H”, and is the same as a period of a
horizontal synchronization signal Hsync and a data enable
signal DE) in units, a gate-on voltage is sequentially applied
to all gate lines $1-Sn and a data voltage is applied to all pixels
PX, thereby displaying an image of a frame.

[0070] When the next frame is started after finishing one
frame, the data driver 300 generates a data voltage in accor-
dance with a polarity inversion signal such that the polarity of
the data signal applied to each pixel PX is opposite to the
polarity of the data signal of a previous frame. This is referred
to as frame inversion. Within a single frame, according to the
characteristic of the polarity inversion signal, the polarity of
the data signals transmitted through a single data line may be
inverted (for example, row inversion or dot inversion), or the
polarity of the data signals applied to a single pixel row may
be different (for example, column inversion or dot inversion).
[0071] FIG. 4 is a timing diagram for explaining the opera-
tion of the liquid crystal display of FIG. 1.

[0072] Referring to FIGS. 110 4, at time T1, the scan driver
200 applies a scan signal Sout of a gate-on voltage to the gate
terminal of the switching transistor M1 of a pixel PX in
response to a scan control signal CONT1 to turn on the
switching transistor M1. An output enable signal included in
the scan control signal CONT1 may define the gate-on volt-
age to be sustained from time T1 to time T3, and accordingly
the gate-on voltage is sustained from time T1 to time T3.
[0073] At time T1, the signal controller 100 transmits an
initial voltage clock signal CLKh of logic high level to the
initial voltage driver 320. The initial voltage clock signal
CLKh of logic high level is applied to the gate terminal of the
first transistor M2 and the gate terminal of the second tran-
sistor M3. The initial voltage clock signal CLKh of logic high
level causes the first transistor M2 to turn off and the second
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transistor M3 to turn on. The initial voltage clock signal
CLKh of logic high level is sustained in the period T1 to T2,
which is shorter than the period T1 to T3 during which the
scan signal Sout of the gate-on voltage is sustained. An initial
voltage Vfis transmitted to the pixel PX in the period T1to T2
during which the initial voltage clock signal CLKh is applied
atlogic high level. The liquid crystal capacitor Clc of the pixel
PX is charged with a voltage corresponding to a difference
between a common voltage Vcom and the initial voltage V{.
That is, the liquid crystal capacitor voltage Vclc is a voltage
corresponding to the difference between the common voltage
Veom and the initial voltage V{. If the common voltage Vcom
is about OV, the liquid crystal capacitor voltage Vclc becomes
the initial voltage V1.

[0074] At time T2, the signal controller 100 transmits an
initial voltage clock signal CLKh of logic low level to the
initial voltage driver 320. The initial voltage clock signal
CLKh of logic low level is applied to the gate terminal of the
first transistor M2 and the gate terminal of the second tran-
sistor M3, and causes the first transistor M2 to turn on and the
second transistor M3 to turn off. The initial voltage clock
signal CLKh of logic low level is sustained in a period from
time T2 to time T3 during which the scan signal Sout of the
gate-on voltage is sustained. A data voltage Vdat is transmit-
ted to the pixel PX in the period T2 to T3 during which the
initial voltage clock signal CLKh s applied at logic low level.
The liquid crystal capacitor voltage Clc of the pixel PX before
time T2 is an initial voltage V1, and the liquid crystal capacitor
voltage Vclc at time T2 rises to a voltage corresponding to the
difference between the common voltage Vcom and the data
voltage Vdat. That s, the liquid crystal capacitor voltage Vclc
is a voltage corresponding to the difference between the com-
mon voltage Vcom and the data voltage Vdat. If the common
voltage Veom is about 0V, the liquid crystal capacitor voltage
Vcle becomes the data voltage Vdat

[0075] In the period from time T1 to time T3, the boost
driver 400 applies a boost voltage Vboost equal to the com-
mon voltage Vcom to a boost line corresponding to the pixel
PX. During this period, the sustain capacitor Cst of the pixel
PX is charged with the same voltage as the liquid crystal
capacitor Cle. That is, the sustain capacitor Cst is also charged
with the initial voltage Vfin the period T1 to T2 during which
the liquid crystal capacitor voltage Vele is the initial voltage
VT, and the sustain capacitor is also charged with the data
voltage Vdat in the period T2 to T3 during which the liquid
crystal capacitor voltage Vclc is the data voltage Vdat.
[0076] At time T3, the scan driver 200 applies a scan signal
Sout of a gate-off voltage to the gate terminal of the switching
transistor M1 of the pixel PX to turn off the switching tran-
sistor M1. When the switching transistor M1 turns off, node A
goes into a floating state. The boost driver 400 applies a boost
voltage Vboost which is higher by a predetermined level than
the common voltage Vcom to the other end of the sustain
capacitor Cst to boost the voltage of node A in the floating
state. The liquid crystal capacitor voltage Vclc is boosted as
high as a voltage Vboost’ determined according to the capaci-
tance ratio between the liquid crystal capacitor Clc and the
sustain capacitor Cst.

[0077] When the data voltage Vdat is applied to the data
lines D1-Dm, a noise voltage generated in the boost lines
B1-Bn by coupling with the data lines D1-Dm is proportional
to an instantaneous rate of change ofthe data voltage Vdat. As
described above, the instantaneous rate of change of the volt-
age in the data lines D1-Dm can be reduced by applying the
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initial voltage VT having a lower level than the data voltage
Vdat first and then applying the data voltage Vdat before the
data voltage Vdat is applied to the data lines D1-Dm.

[0078] The noise voltage generated in the boost lines
B1-Bn may vary depending on the degree of coupling
between the data lines D1-Dm and the boost lines B1-Bn, the
magnitude of the boost voltage Vboost, the magnitude of the
data voltage Vdat, and so on. In view of this, the magnitude of
the initial voltage Vf, the length of the period T1 to T2 in
which the initial voltage Vfis applied, the length of the period
T2 to T3 in which the data voltage Vdat is applied, and so on.
[0079] The length of the period T2 to T3 in which the data
voltage Vdat is applied may be defined as a time duration
which ensures the charging of the liquid crystal capacitor Clc
and the sustain capacitor Cst. The length of the period T2-T3
in which the data voltage Vdat is applied may be defined as a
time duration (1 data clock signal) of application of the data
voltage in the conventional liquid crystal display. Alterna-
tively, since the data voltage Vdat is additionally charged
when the liquid crystal capacitor Clc has been pre-charged
with the initial voltage V1, the period T1 to T2 of application
of the initial voltage Vfand the period T2 to T3 of application
of the data voltage Vdat may be set to be included in the time
duration (1 data clock signal) of application of the data volt-
age in the conventional liquid crystal display.

[0080] The length of the period T1 to T2 of application of
the initial voltage VI may be equal or similar to the length of
the period T2 to T3 of application of the data voltage Vdat.
The length of the period T1 to T2 of application of the initial
voltage VT is too short, the noise voltage generated by the
initial voltage V{ may increase the level of a noise voltage
generated by the data voltage Vdat. Therefore, it is desirable
to reduce the effect of the noise voltage caused by the initial
voltage VT by setting the length of the period T1 to T2 of
application of the initial voltage V{ to be equal or similar to
the length of the period T2 to T3 of application of the data
voltage Vdat.

[0081] The length of the period T1 to T2 of application of
the initial voltage VT and the length of the period T2 to T3 of
application of the data voltage Vdat may be adjusted to a time
durationin which logic high and low level signals of the initial
voltage clock signal CLKh are applied. Alternatively, the
signal controller 100 may produce a signal for indicating the
length of the period T1 to T2 of application of the initial
voltage VT, i.e., the sustain time of the initial voltage VT, and
transmit it to the initial voltage driver.

[0082] The magnitude of the initial voltage VI may be
defined as a predetermined fixed voltage value or may vary
depending on the level of the data voltage Vdat. If the mag-
nitude of the initial voltage VT is defined as a fixed voltage
value, the initial voltage Vf may be defined as the minimum
value of the data voltage Vdat or a value which is lower by a
predetermined level than the minimum value of the data volt-
age Vdat. If the magnitude of the initial voltage Vf is defined
according to the level of the data voltage Vdat, the initial
voltage VI may be set to half of the data voltage Vdat or a
voltage corresponding to a predetermined proportion of the
data voltage Vdat. That is, the initial voltage driver 320 may
output a variable initial voltage Vf depending on the initial
voltage VT having a fixed value or the data voltage Vdat
transmitted from the data driver 300.

[0083] While the foregoing description has been made in
connection with the case where one initial voltage Vf is
applied first before application of the data voltage Vdat, a
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plurality of initial voltages VT having different levels may be
applied first before application of the data voltage Vdat. As at
least one initial voltage Vfis applied before application of the
data voltage Vdat, a noise voltage generated in the boost lines
B1-Bn can be reduced, and crosstalk caused by a noise volt-
age deviation of the boost lines, which is not recovered, can be
reduced.

[0084] The drawings referred to hereinabove and the
detailed description of the present invention discussed above
are merely illustrative and exemplary of the present invention,
and should not be construed as defining or limiting the scope
of the invention as set forth in the claims. Therefore, those
skilled in the art can appreciate that various modifications and
other equivalent embodiments can be achieved. Accordingly,
the genuine technical protection range of the present inven-
tion should be determined by the technical spirit ofthe claims.
[0085] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A liquid crystal display comprising:

a liquid crystal display panel comprising a plurality of

pixels;

a data driver applying a data voltage to a plurality of data

lines connected to the plurality of pixels;

an initial voltage driver applying an initial voltage to the

plurality of data lines before the data voltage is applied;
and

a boost driver applying a boost voltage to a plurality of

boost lines connected to the plurality of pixels and boost-
ing voltages of the plurality of pixels to which the data
voltage is applied.

2. The liquid crystal display of claim 1, further comprising
asignal controller that transmits an initial voltage clock signal
for controlling the output of the initial voltage to the initial
voltage driver.

3. Theliquid crystal display of claim 2, wherein, for each of
the plurality of data lines the initial voltage driver comprises:

a first transistor that controls the application of the data

voltage to the data line by using the initial voltage clock
signal as a gate signal; and

a second transistor that controls the application of the ini-

tial voltage to the data line by using the initial voltage
clock signal as a gate signal.

4. The liquid crystal display of claim 3, wherein the first
transistor further comprises:
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a gate terminal to which the initial voltage clock signal is

applied,;

an input terminal to which the data voltage is applied; and

an output terminal connected to the data line.

5. The liquid crystal display of claim 3, wherein the second
transistor comprises:

a gate terminal to which the initial voltage clock signal is

applied,

an input terminal to which the initial voltage is applied; and

an output terminal connected to the data line.

6. The liquid crystal display of claim 3, wherein the first
transistor and the second transistor are different field effect
transistors.

7. The liquid crystal display of claim 6, wherein the first
transistor is an n-channel field effect transistor, and the sec-
ond transistor is a p-channel field effect transistor.

8. The liquid crystal display of claim 6, wherein the first
transistor is a p-channel field effect transistor, and the second
transistor is an n-channel field effect transistor.

9. The liquid crystal display of claim 6, wherein the initial
voltage clock signal is a clock signal comprising a combina-
tion of alogic high level voltage and a logic low level voltage.

10. A driving method of aliquid crystal display, the method
comprising:

applying an initial voltage to a data line connected to a pixel

to charge a liquid crystal capacitor of the pixel with the
initial voltage;

applying a data voltage to the data line to charge the liquid

crystal capacitor with the data voltage; and

applying a boost voltage to a boost line connected to the

pixel to boost the voltage of the liquid crystal capacitor.

11. The method of claim 10, further comprising: applying
a scan signal of a gate-on voltage to a scan line connected to
the pixel to turn on a switching transistor comprising an input
terminal connected to the data line, an output terminal con-
nected to the liquid crystal capacitor, and a gate terminal
connected to the scan line.

12. The method of claim 11, wherein a period during which
the scan signal of the gate-on voltage is sustained comprises
a period for applying the initial voltage and a period for
applying the data voltage.

13. The method of claim 12, wherein a length of the period
for applying the initial voltage is set equal to a length of the
period for applying the data voltage.

14. The method of claim 10, wherein the initial voltageis a
voltage having a lower level than the data voltage.

15. The method of claim 14, wherein the initial voltageis a
predetermined fixed voltage.

16. The method of claim 14, wherein the initial voltage is
variably set in accordance with the level of the data voltage.

#® ok ok ok ok
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