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LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD THEREOF

[0001] This nonprovisional application claims priority
under 35 U.S.C. §119(a) on Patent Application No. 10-2007-
0127758 filed in Republic of Korea on Dec. 10, 2007, which
is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Embodiments of the invention relate to a display
device, and more particularly to, a liquid crystal display and
driving method thereof, Although embodiments of the inven-
tion are suitable for a wide scope of applications, it is particu-
larly suitable for liquid crystal displays that can be driven
according to an impulse driving method.

[0004] 2. Related Art of the Invention

[0005] An active matrix type liquid crystal display (LCD)
displays video (or motion picture) by using thin film transis-
tors (TFTs) as switching elements. The LCDs can be fabri-
cated to be compact compared to the cathode ray tubes
(CRTs), so the LCDs are being implemented in display
devices of portable information devices, office machines,
computers, televisions, and the like, rapidly replacing the
CRTs.

[0006] The LCD has a blurring phenomenon in that a
screen image of video is not clear but blurred due to hold
properties of the liquid crystal material. In the CRT, phos-
phors are illuminated only during a very short time, as shown
in FIG. 1 to display data on cells and an image is displayed by
impulse driving without illumination at the cells. In compari-
son, in the LCD, as shown in FIG. 2, an image is displayed by
ahold driving such that after data is supplied to liquid crystal
cells during a scanning period, the data charged in the liquid
crystal cells is maintained during the remaining field period
(or frame period).

[0007] Video (or motion picture) is displayed on the CRT
according to the impulse driving, so perceived image that may
be viewed by a viewer (observer) is vivid, as shown in FIG. 3.
Comparatively, in the LCD, because of the hold properties of
liquid crystal material, the contrast of a perceived image that
may be seen by the viewer is not clear but dim and blurred.
The difference between the perceived images results from the
integration effect of an image that temporarily continues in
the eyes that follow the movement. Thus, although the
response speed of the LCD is fast, the viewer is bound to see
the blurred screen image due to the discrepancy between the
eyes” movement and a static image of each frame. To avoid
such a motion blurring phenomenon in the LCD, a technique
for driving the LCD according to the impulse driving method,
such as a black data insertion (BDI) method, has been pro-
posed in which after video data is displayed on the screen,
black data is provided to the screen.

[0008] The black data insertion method is video data being
sequentially displayed on the ‘)” number of lines (‘j’ is a
positive integer) in some blocks of the screen, and black data
is simultaneously displayed on the ‘k* number of lines (‘k’ is
a positive integer) in other blocks of the screen. Thus, in the
black data insertion method, the frequency of data should be
fast when the data is displayed on the liquid crystal panel,
compared with the frequency of data inputted from the exte-
rior. For this purpose, the frequency (Fi) of a timing signal
such as a dot clock inputted from the exterior together with

Jun. 11, 2009

data should be multiplied by f =j+k/j-fi by using a phase
locked loop (PLL) 51 as shown in FIG. 5. A line memory 52
temporarily stores digital video data and then supplies the
digital video data to a data driving circuit according to a dot
clock having the frequency which has been multiplied by the
PLL 51. The PLL 51 and the line memory 52 are positioned in
atiming controller to convert a transmission frequency of data
because the frequency of the digital video data inputted to the
data driving circuit is faster than that of the digital video data
inputted to the timing controller. Thus, the related art black
data insertion method increases the costs of the timing con-
troller because of the frequency multiplication operation of
the PLL 51 and heats up the timing controller. In addition, in
the related art black data insertion method, because the opera-
tion frequency of the data driving circuit is increased, the
heating of the data driving circuit is increased, and also
because the transmission frequency ofthe digital video data is
increased between the timing controller and the data driving
circuit, EMI (ElectroMagnetic Interference) is also increased.

[0009] In an LCD employing such a black data insertion
method, the degradation of the charging characteristics of the
video data and the black data deteriorates gray scale repre-
sentation of data and the impulse driving effect. The inventors
of the embodiments of the invention conducted experimenta-
tion on the LCD such that video data were sequentially dis-
played on four (j=4) data lines of particular blocks, black data
were sequentially displayed, one (k=1) data line (k=1) at a
time, at other blocks, and then white gray voltage and black
gray voltage were applied to liquid crystal cells of the liquid
crystal panel with high driving frequency by multiplying the
frequency of dot clock by 5/4*fi. In addition, with the same
LCD which, however, did not employ the black data insertion
method, the inventors of the embodiments of the invention
applied the white gray voltage and the black gray voltage to
obtain certain gray scale representation capabilities and data
charging characteristics and compared them with those of the
LCD employing the black data insertion method. According
to the experimentation results as shown in FIG. 6, the nor-
mally-driven LCD without employing the black data inser-
tion method had the voltage of liquid crystal cells measured
by 4.95V to 50 mV when the data gray scales were changed
from the white gray voltage of 255 gray scales to the black
gray voltage of 0 gray scale. In comparison, in the LCD
employing the black data insertion method, when the white
gray voltage of the 255 gray scales was changed to the black
gray voltage of 0 gray scale by making the driving frequency
fast, the voltage of the liquid crystal cells was measured by
4.95V t0 1.04 mV. Thus, in the LCD employing the black data
insertion method, when the gray scales of data change from
the white gray level to the black gray level, because the black
gray voltage is not sufficiently low, the black gray level can-
not be properly represented. Also, although there may be a
difference to some degree, in the LCD employing the black
data insertion method, when data applied to the liquid crystal
display panel changes from each gray level to the black gray
level, the voltage corresponding to the black gray level is too
high to ideally change the data of the black gray level.

SUMMARY OF THE INVENTION

[0010] Accordingly, embodiments of the invention are
directed to a liquid crystal display and driving method thereof
that substantially obviates one or more of the problems due to
limitations and disadvantages of the related art.
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[0011] An object of embodiments of the invention is to
provide a liquid crystal display (LCD) and its method capable
of obtaining an impulse driving effect and reduce the heating
of circuits and costs without increasing a driving frequency.
[0012] Additional features and advantages of embodiments
of the invention will be set forth in the description which
follows, and in part will be apparent from the description, or
may be learned by practice of embodiments of the invention.
The objectives and other advantages of the embodiments of
the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0013] To achieve these and other advantages and in accor-
dance with the purpose of embodiments of the invention, as
embodied and broadly described, the liquid crystal display
according to an embodiment of the invention includes a liquid
crystal panel having liquid crystal cells in a matrix array at
crossings of data lines and gate lines; a timing controller for
receiving a digital video data and synchronous signals, and
generating a source output enable signal, a first gate start
pulse, a second gate start pulse having a pulse width different
from that of the first gate start pulse, a gate shift clock, a first
gate output enable signal and a second gate output enable
signal; adata driving circuit for providing a data voltage to the
data lines in response to a first logic value of the source output
enable signal, and any one black gray voltage of a charge
share voltage and a precharge voltage to the data lines in
response to a second logic value of the source output enable
signal; and a gate driving circuit for providing a first gate
pulse in synchronization with the data voltage and a second
gate pulse in synchronization with the black gray voltage to
the gate lines, in response to the first gate start pulse, the
second gate start pulse, the gate shift clock, the first gate
output enable signal and the second gate output enable signal.
In another aspect, the method of driving a liquid crystal dis-
play according to an embodiment of the invention comprises
generating a source output enable signal, a first gate start
pulse, a second gate start pulse having a pulse width different
from that of the first gate start pulse, a gate shift clock, a first
gate output enable signal and a second gate output enable
signal; providing a data voltage to the data lines by supplying
a first logic value of the source output enable signal to data
driving circuit, and any one black gray voltage of a charge
share voltage and a precharge voltage to the data lines by
supplying a second logic value of the source output enable
signal to the data driving circuit; and providing a first gate
pulse in synchronization with the data voltage to the gate
lines, and a second gate pulse in synchronization with the
black gray voltage to the gate lines by supplying the first gate
start pulse, the second gate start pulse, the gate shift clock, the
first gate output enable signal and the second gate output
enable signal to the gate driving circuit.

[0014] Itisto beunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of embodiments of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are included to
provide a further understanding of embodiments of the inven-
tion and are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and
together with the description serve to explain the principles of
embodiments of the invention.
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[0016] FIG. 1 is a graph showing the illumination charac-
teristics of a CRT.

[0017] FIG. 2 is a graph showing the illumination charac-
teristics of a liquid crystal display (LCD).

[0018] FIG. 3is aview illustrating a perceived image felt by
a viewer with respect to the CRT.

[0019] FIG. 4is a view showing a perceived image felt by a
viewer with respect to the LCD.

[0020] FIG. 5 is a block diagram showing a frequency
multiplication circuit according to the related art data inser-
tion method.

[0021] FIG. 6 is a graph showing the charge characteristics
of white/black data voltages of the LCD employing the
related art black data insertion method.

[0022] FIG. 7 is a block diagram showing an L.CD accord-
ing to an exemplary embodiment of the invention.

[0023] FIG. 8 is a view showing data writing, data holing
and black insertion operation in each block when the LCD is
driven according to an impulse driving method according to
an exemplary embodiment of the invention.

[0024] FIGS. 9a to Yc are views showing gate timing con-
trol signals applied to gate drive integrated circuits of each
block according to sub-frames and a display state of a screen
in the LCD according to an exemplary embodiment of the
invention.

[0025] FIG. 10 is a waveform view showing timing control
signals applied to source drive integrated circuits and gate
drive integrated circuits when the LCD is driven according to
the impulse driving method according to a first exemplary
embodiment of the invention.

[0026] FIG. 11 is a waveform view showing the gate timing
control signals and gate pulses shown in FIG. 10 by dividing
gate drive ICs into the gate drive Integrated circuits handling
data display blocks and the gate drive Integrated circuits
handling black display blocks.

[0027] FIG. 12 is a waveform view showing timing control
signals applied to the source drive Integrated circuits and the
gate drive Integrated circuits when the LCD is driven accord-
ing to the impulse driving method according to a second
exemplary embodiment of the invention.

[0028] FIG. 13 is acircuit diagram showing circuit units for
generating a source output enable signal and a gate output
enable signal in a timing controller according to a first exem-
plary embodiment of the invention.

[0029] FIG. 14 is acircuit diagram showing circuit units for
generating a source output enable signal and a gate output
enable signal in a timing controller according to a second
exemplary embodiment of the invention.

[0030] FIG. 15 is a flow chart illustrating the sequential
processes of a method for driving an LCD according to a first
exemplary embodiment of the invention.

[0031] FIG. 16 is a flow chart illustrating the sequential
processes of a method for driving an LCD according to a
second exemplary embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0032] Reference will now be made in detail to the pre-
ferred embodiments of the invention, examples of which are
illustrated in the accompanying drawings. The invention may,
however, be embodied in many different forms and should not
be construed as being limited to the embodiments set forth
herein; rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
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convey the concept of the invention to those skilled in the art.
In the drawings, the thicknesses of layers and regions are
exaggerated for clarity. Like reference numerals in the draw-
ings denote like elements.

[0033] With reference to FIG. 7, an LCD according to an
exemplary embodiment of the invention includes a liquid
crystal panel 70, a timing controller 71, a data driving circuit
72, and a gate driving circuit 73. The data driving circuit 72
includes a plurality of source drive ICs (Integrated Circuits).
The gate driving circuit 73 includes a plurality of gate drive
ICs.

[0034] Intheliquidcrystal panel 70, alayer ofliquid crystal
material is positioned between two glass substrates. The lig-
uid crystal panel 70 includes the m x n number of liquid
crystal cells Cle disposed in a matrix array at each crossing of
the ‘m’ number of data lines D1 to Dm with the ‘n’ number of
gate lines G1 to Gn.

[0035] On the lower, glass substrate of the liquid crystal
panel 70, data lines D1 to Dm, gate lines G1 to Gn, thin film
transistors (TFTs), liquid crystal cells Clc, storage capacitors
Cst, and the like are formed, which are connected with the
TETs. Black matrixes, color filters, and common electrodes 2
are formed on an upper glass substrate of the liquid crystal
panel 70. The liquid crystal material in the liquid crystal cells
Cle is driven by electric fields between pixel electrodes 1 and
common electrodes 2. The common electrodes 2 are formed
on the upper glass substrate in a vertical field driving method,
such as a TN (Twisted Nematic) mode and a VA (Vertical
Alignment) mode, and formed on the lower glass substrate
together with the pixel electrodes 1 in an in-plane field driving
method, such as an IPS (In-Plane Switching) mode and an
FFS (Fringe Field Switching) mode. Polarizers having per-
pendicular optical axes are attached on the upper and lower
glass substrates of the liquid crystal panel 70, and an align-
ment film is formed at least on the lower glass substrate to set
a pre-tilt angle for the liquid crystal material.

[0036] The timing controller 71 receives video data RGB
and timing signals, such as vertical/horizontal synchronous
signals Vsync and Hsync, a data enable signal DE, a dot clock
signal CLK, etc., and generates control signals for controlling
operation timing of the data driving circuit 72 and the gate
driving circuit 73. The control signals include a gate timing
control signal and a data timing control signal. In addition, the
timing controller 71 transmits a transmission frequency of
digital video data RGB inputted from an external system
board, without multiplying it, to the data driving circuit 72.
Thus, the timing controller 71 does not need such circuits, as
shown in FIG. 5, to make the transmission frequency of the
digital video data RGB to be transmitted to the data driving
circuit 72 faster than the input data frequency.

[0037] The gate timing control signal includes a BDI gate
timing control signal that generates an impulse driving effect
and a normal driving gate timing control signal without
increasing the transmission frequency of the digital video
data RGB to be transmitted to the data driving circuit 72.
Either the BDI gate timing control signal or the normal driv-
ing gate timing control signal may be determined according
to selection of a voltage level applied to an option pin of the
timing controller before a product is placed out on the market,
or may be selected according to analysis results of input data
during normal driving.

[0038] The BDI gate timing control signal is divided into a
first BDI gate timing control signal for controlling operation
timing of the gate drive ICs to provide video data in synchro-
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nization with first BDI gate timing pulses, and a second BDI
gate timing control signal for controlling operation timing of
the gate drive ICs to provide charge share voltage in synchro-
nization with second BDI gate timing pulses. The first and
second BDI gate timing control signals are alternately applied
to the respective gate drive ICs in an impulse driving mode in
which a data voltage and a black gray voltage are alternately
applied to the liquid crystal panel 70. If the liquid crystal
panel 70 is driven according to the normal driving method,
not the impulse driving method, the respective gate drive ICs
are controlled by the normal driving gate timing control sig-
nal.

[0039] The first BDI gate timing control signal includes a
first gate start pulse GSPd, a gate shift clock GSC, a first gate
output enable signal GOEd, and the like. The first gate start
pulse GSPd indicates a line from which scanning starts to
generate a first gate pulse from a gate drive IC that handles
some blocks (referred to as ‘data display blocks’, hereinafter)
of ascreen on which the video data is displayed. The first gate
start pulse GSPd has a short pulse width, e.g., a pulse width by
one horizontal period. The first gate output enable signal
GOEd indicates a time period during which gate pulses are
generated by the gate drive IC that handles the data display
blocks. The gate drive IC outputs the gate pulses during a low
logical period between pulses of the first gate output enable
signal GOEd and cuts off outputting of the gate pulses during
ahigh logical period, namely, a pulse width period, of the first
gate output enable signal GOEd. Here, the high logical period
refers to a duty-on-time from a rising time to a falling time of
a pulse, and the low logical period refers to a duty-off-time
from the falling time of the pulse to a rising time of a subse-
quent pulse.

[0040] The second BDI gate timing control signal includes
asecond gate start pulse GSPb, the gate shift clock GSC, and
a second gate output enable signal GOEb, etc.

[0041] The second gate start pulse GSPbis applied to a gate
drive IC that handles some blocks (referred to as ‘black dis-
play blocks’, hereinafter) of the screen which are displayed to
be black by a black gray voltage, and indicates a line from
which scanning starts to generate a first gate pulse at the black
display blocks. The second gate start pulse GSPb is generated
with a pulse width larger than that of the first gate start pulse
GSPd, e.g., a pulse width by an ‘N’ (N is an integer of 2 or
greater) horizontal period NH, so that scan time of lines to
which the black gray voltage is supplied can overlap. The
second gate output enable signal GOEb indicates a time
period during which gate pulses are generated by the gate
drive IC that handles the black display block. The gate drive
IC that handles the black display blocks outputs gate pulses
during a low logical period between pulses of the second gate
output enable signal GOEb.

[0042] The second gate output enable signal GOEb has a
reversed phase. This is to allow the liquid crystal cells of the
data display blocks to charge only the data voltage, and the
liquid crystal cells of the black display blocks to charge only
the charge share voltage. The gate drive IC handling the data
display blocks outputs gate pulses in synchronization with the
video data voltage in response to the first gate output enable
signal GOEd. Meanwhile, the gate drive IC handling the
black display blocks outputs gate pulses in synchronization
with the black gray voltage in response to the second gate
output enable signal GOEb. The gate shift clock GSC is
commonly supplied to the gate drive IC handling the data
display blocks and the gate drive IC handling the black dis-
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play blocks. The gate shift clock GSC is a timing control
signal for controlling the gate drive ICs to sequentially shift
the gate start pulses GSPd and GSPb.

[0043] The first and second gate output enable signals
GOEd and GOEb have a higher logical period and shorter low
logical period than the gate output enable signal used in the
related art LCD employing the black data insertion method or
in the related art LCD that does not use the black data inser-
tion method. That is, the duty ratios of the first and second
gate output enable signals GOEd and GOEDb are higher than
that of the gate output enable signal of the related art. For
example, the duty ratio of the first gate output enable signal
GOEd is 40% to 60%, but that of the normal gate output
enable signal is 10% or lower. In another example, the duty
ratio of the second gate output enable signal GOEDb is 40% to
60%, but that of the normal gate output enable signal is 10%
or lower.

[0044] The normal driving gate timing control signal with-
out the impulse driving effect includes the normal gate output
enable signal having a small duty ratio, instead of the gate
output enable signals GOEd and GOEb of the BDI gate tim-
ing control signal.

[0045] The data timing control signal includes a BDI data
timing control signal that generates the impulse driving effect
and a normal driving data timing control signal without such
impulse driving effect. Either the BDI data timing control
signal or the normal driving data timing control signal may be
determined according to selection of a voltage level applied to
an option pin of the timing controller before a product is
placed out on the market, or may be selected according to
analysis results of input data during normal driving. When the
data voltage and the black gray voltage are applied to the
liquid crystal panel 70 to display data according to the
impulse method, the source drive ICs are controlled by the
BDI data timing control signal, respectively, and when the
liquid crystal panel 70 is driven according to the normal
driving method, not the impulse driving method, the source
drive ICs are controlled by the normal driving data timing
control signal, respectively.

[0046] The BDI data timing control signal includes a
source start pulse SSP, a source sampling clock SSC, a polar-
ity control signal POL, a BDI source output enable signal
SOED, etc. The source start pulse SSP indicates a start pixel at
a first horizontal line where data is to be displayed. The source
sampling clock SSC indicates data latching operation within
the data driving circuit 72 based on a rising or falling edge.
The polarity control signal POL controls the polarity of an
analog video data voltage outputted from the data driving
circuit 72. The BDI source output enable signal SOEb con-
trols an output time of the black gray voltage and the video
data voltage outputted from the source drive ICs. The black
gray voltage is outputted from the source drive ICs during a
high logical period of the BDI source output enable signal
SOED, and the analog video data voltage is outputted from the
source drive ICs during a low logical period of the BDI source
output enable signal SOEb. The BDI source output enable
signal SOEb has a longer high logical period, namely, the
longer pulse width period, compared with a normal source
output enable signal to increase the output time of the black
gray voltage. For this purpose, preferably, the BDI source
output enable signal SOEb has a duty ratio of 40% to 60%. If
the duty ratio of the BDI source output enable signal SOEb is
smaller than 40%, the charge time of the black gray voltage is
shortened to reduce the black data insertion effect, namely,
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the impulse driving effect. If the duty ratio of the BDI source
output enable signal SOEb exceeds 60%, the charge time of
the analog data voltage would be excessively shortened to
degrade gray scale representation of the data. 100461 The
normal driving data timing control signal without the impulse
driving effect includes the normal source output enable signal
having a duty ratio of 10% or lower, instead of the source
output enable signal SOEb of the BDI data timing control
signal. In addition, the timing controller 71 supplies a pre-
charge control signal PCW to the data driving circuit 72. The
data driving circuit 72 supplies positive polarity/negative
polarity voltage +Vpc/=Vpe to the data lines D1 to Dm in
response to the pulse of the precharge control signal PCW.
The precharge control signal PCW has a duty ratio of 10% or
lower in the normal driving mode without the impulse driving
effect. Comparatively, however, in the embodiments of the
invention, when the LCD is driven in the impulse driving
mode, the duty ratio of the precharge control signal PCW is
increased to 40% to 60% to lengthen the charge time of the
positive polarity/negative polarity voltage +Vpc/=Vpce to pro-
vide the impulse effect. If the duty ratio of the precharge
control signal PCW is smaller than 40%, a sufficient impulse
driving effect couldn’t be obtained, and if the duty ratio of the
precharge control signal PCW exceeds 60%, the charge time
of the video data voltage would be shortened to possibly
degrade the gray scale representation of the video data.

[0047] The black gray voltage is not generated as digital
video data of the black gray level by the timing controller 71
butis an analog voltage generated from each source drive IC
of the data driving circuit 72.

[0048] A first example of the black gray voltage is the
charge share voltage. The charge share voltage is an average
voltage generated when a data line to which the positive
polarity voltage is supplied and a data line to which the
negative polarity data voltage is supplied are short-circuited,
oracommon voltage Veom applied to the common electrodes
2 of the liquid crystal cell Clc. Thus, the charge share voltage
has little difference from the common voltage Vcom or is an
equi-potential voltage with the common voltage Vcom. The
first example of the black gray voltage is applied to the liquid
crystal panel 70 driven in a normally black mode. The nor-
mally black mode refers to a driving mode in which as the data
voltage applied to the liquid crystal cells is increased, the
luminance level, namely, the gray level, is increased. The
charge share voltage reduces a voltage difference between the
pixel electrode 1 and the common electrode 2 of the liquid
crystal cell Clc in the liquid crystal panel 70 driven in the
normally black mode, to thus display the black gray level at
the liquid crystal cell Clc.

[0049] A second example of the black gray voltage is the
positive polarity/negative polarity precharge voltage +Vpc/-
Vpe. The positive polarity precharge voltage +Vpe is a maxi-
mum positive polarity data voltage or a positive polarity volt-
age between the maximum positive polarity data voltage and
the charge share voltage. The positive polarity precharge volt-
age +Vpc 1s supplied to the data lines D1 to Dm before the
positive polarity data voltage to reduce a swing width of the
positive polarity data voltage and thus reduce current flowing
across the source drive ICs. The maximum positive polarity
data voltage and the maximum data polarity data voltage have
to sufficiently substantial so as to make a black gray level. The
negative precharge voltage -Vpc is a maximum negative
polarity data voltage or a negative polarity voltage between
the maximum negative polarity data voltage and the charge
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share voltage. The negative precharge voltage —Vpc is sup-
plied to the data lines D1 to Dm before the negative polarity
data voltage to reduce a swing width of the negative polarity
data voltage and thus reduce current flowing across the source
drive ICs. The second example of the black gray voltage is
applied to the liquid crystal panel 70 driven in a normally
white mode. The normally white mode refers to a driving
mode in which as the data voltage applied to the liquid crystal
cells is increased, the luminance level, namely, the gray level,
1s lowered. The positive polarity/negative polarity precharge
voltage increases a voltage difference between the pixel elec-
trode 1 and the common electrode 2 of the liquid crystal cell
Cle in the liquid crystal panel 70 by the black gray voltage, to
thus display the black gray level at the liquid crystal cell Cle.

[0050] The data driving circuit 72 latches the digital video
data RGB under the control of the timing controller 71. The
data driving circuit 72 supplies the black gray voltage gener-
ated as the charge share voltage or the positive polarity/
negative polarity precharge voltage to the data lines D1 to
Dm, converts the digital video data RGB into analog positive
polarity/negative polarity gamma correction voltage accord-
ing to the polarity control signal POL to generate a positive
polarity/negative polarity analog data voltage, and then sup-
plies the generated data voltage to the data lines D1 to Dm. In
addition, the data driving circuit 72 supplies the positive
polarity/negative polarity precharge voltage +Vpc/-Vpe to
the data lines D1 to Dm.

[0051] Following the charge share voltage and the pre-
charge voltage, the analog video data voltage may be supplied
to the data lines D1 to Dm by the precharge control signal and
the source output enable signal.

[0052] The gate drive ICs of the gate driving circuit 73
include a shift register, a level shifter that converts an output
signal of the shift register to have a swing width suitable for
driving the TFTs of the liquid crystal cells, and an output
buffer connected between the level shifter and the gate lines
G1 to Gn, respectively. The gate driving circuit 73 sequen-
tially supplies gate pulses to the gate lines in response to the
gate timing control signals.

[0053] FIG. 8 is a view showing data writing, data holing
and black insertion operation in each block when the LCD is
driving according to the impulse driving method according to
an exemplary embodiment of the invention. FIGS. 94 to 9¢
are views showing gate timing control signals applied to gate
drive ICs of each block according to sub-frames and a display
state of a screen in the LCD according to an exemplary
embodiment of the invention. With reference to FIG. 8, in the
LCD according to an exemplary embodiment of the inven-
tion, the display screen of the liquid crystal panel 70 is divided
into a plurality of blocks, and the operations of data
writing—>data holding—black insertion are performed by
blocks, and in this case, each block is independently con-
trolled. In addition, in the LCD according to an exemplary
embodiment of the invention, driving is performed by time
division of one frame into sub-frames by the number of
blocks. In the respective sub-frames (SF1 to SF3), one block
is controlled as a data write block, another block is controlled
as a data hold block, and still another block is controlled as a
black insertion block.

[0054] On the assumption that the gate driving circuit 73
includes three gate drive ICs 731 to 733, the liquid crystal
panel 70 is spatially divided into three blocks BL1 to BL3 to
be driven, and one frame is time-divided into three sub-
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frames, the operations of the respective blocks BL1 to BL3
and the corresponding data and gate drive ICs will be
described as follows.

[0055] During the first sub-frame period SF1, the first BDI
gate timing control signal comprising the first gate start pulse
GSPd, the first gate output enable signal GOEd, etc., as shown
in FIG. 9a is applied to the first gate drive IC 731. Then, the
first gate drive IC 731 sequentially supplies gate pulses hav-
ing a pulse width by-substantially one horizontal periodto the
gate lines of the first block BL1 in response to the first gate
start pulse GSPd and the first gate output enable signal GOEd.
While the first block BL1 is being scanned, the source drive
ICs altemately output the black gray voltage and the analog
video data voltage in response to the BDI source output
enable signal SOEb. At this time, the gate pulses sequentially
supplied to the gate lines of the first block BL1 are synchro-
nized with the analog video data voltage outputted from the
source drive ICs according to the first gate output enable
signal GOEd. Accordingly, the analog video data voltage is
charged (written) one line at a time at the first block BL1
during the first sub-frame period SF1.

[0056] During the first sub-frame period SF1, the second
BDI gate timing control signal comprising the second gate
start pulse GSPb, the second gate output enable signal GOEDb,
etc., as shown in FIG. 9a is applied to the second gate drive IC
732. Then, the second gate drive IC 732 sequentially supplies
gate pulses having a pulse width by substantially the N num-
ber of horizontal periods, e.g., by three horizontal periods, to
the gate lines of the second block BL2 in response to the
second gate start pulse GSPb and the second gate output
enable signal GOEb. Here, the pulse width by the substan-
tially the N number of horizontal periods refers to the sum of
pulse widths of the N number of gate pulses which are inter-
mittently generated by the second gate output enable signal
GOED and successively applied to the respective gate lines.
Among the N number of gate pulses supplied to the Nth gate
line in the second block BL2, the remaining (N-1) number of
gate pulses excluding the first gate pulse overlap with the
(N-1)number of gate pulses supplied to the (N+1)th gate line
according to the correlation of the second gate start pulse
GSPb, the gate shift clock GSC, and the second gate output
enable signal GOEDb. This will be described in detail with
reference to FIGS. 10 and 11. While the second block BL2 is
being scanned, the source drive ICs alternately output the
black gray voltage and the analog video data voltage in
response to the BDI data timing control signal. BDI data
timing control signal includes the source output enable signal
SOED having a relatively large duty ratio. At this time, the
gate pulses sequentially supplied to the gate lines of the
second block BL2 are synchronized with the black gray volt-
age outputted from the source drive ICs according to the
second gate output enable signal GOEb. Accordingly, during
the first sub-frame period SF1, except for the (N-2) number
of lines to which the gate pulses are first supplied, the N
number of lines are simultaneously scanned at the second
block BL2 to simultaneously charge the black gray voltage to
the N number oflines. Thus, in embodiments of the invention,
because the black gray voltage is simultaneously charged in
the N number of lines at the block to which the black data is
inserted, the charge time of the black gray voltage can be
secured to thus stably represent the black gray level.

[0057] During the first sub-frame period SF1, the gate start
pulse and the gate output enable signal are not applied to the
third gate drive IC 733 as shown in FIG. 9a. Thus, during the
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first sub-frame period SF1, the liquid crystal cells of the third
block BL3 maintain the analog data voltage that has been
charged during a previous frame period.

[0058] During asecond sub-frame period SF2, the gate start
pulse and the gate output enable signal are not applied to the
first gate drive IC 731 as shown in FIG. 94. Thus, during the
second sub-frame period SF2, the liquid crystal cells of the
first block BL1 maintains the analog data voltage which has
been charged during the first sub-frame period SF1.

[0059] During the second sub-frame period SF2, the first
BDI gate timing control signal comprising the first gate start
pulse GSPd and the first gate output enable signal GOEd as
shown in FIG. 9B is applied to the second gate drive IC 732.
Accordingly, the second gate drive IC 732 sequentially sup-
plies the gate pulses having a pulse width by the substantially
one horizontal period to the gate liens of the second block
BL2 in response to the first gate start pulse GSPd and the first
gate output enable signal GOEd. While the second block BL.2
1s being scanned, the source drive ICs alternately output the
black gray voltage and the analog video data voltage in
response to the BDI source output enable signal SOEb. Then,
the gate pulses sequentially supplied to the gate lines of the
second block BL2 are synchronized with the analog video
data voltage outputted from the source drive ICs according to
the first gate output enable signal GOEd. Accordingly, during
the second sub-frame period SF2, the analog video data volt-
age is charged sequentially one line at a time in the second
block BL2.

[0060] During the second sub-frame period SF2, the sec-
ond BDI gate timing control signal includes the second gate
start pulse GSPb and the second gate output enable signal
GOED as shown in FIG. 95 is applied to the third gate drive IC
733. Then, the third gate drive IC 733 sequentially supplies
gate pulses having a pulse width by a substantially N number
of horizontal periods to the gate lines of the third block BL.3
in response to the second gate start pulse GSPb and the second
gate output enable signal GOEb. Among the N number of gate
pulses supplied to the Nth gate line in the third block BL3, the
remaining (N-1) number of gate pulses excluding the first
gate pulse overlap with the (N-1) number of gate pulses
which are first supplied to the (N+1)th gate line. While the
third block BL3 is being scanned, the source drive ICs alter-
nately output the black gray voltage and the analog video data
voltage in response to the source output enable signal SOED.
At this time, the gate pulses sequentially supplied to the gate
lines of the third block BL3 are synchronized with the black
gray voltage outputted from the source drive ICs according to
the second gate output enable signal GOEb. Thus, during the
second sub-frame period SF2, the N number of lines, except
for the (N-2) number of lines to which the gate pulses are first
supplied, are simultaneously scanned to simultaneously
charge the black gray voltage to the N number of lines.
[0061] During the third sub-frame period SF3, the second
BDI gate time control signal comprising the second gate start
pulse GSPb, the second gate output enable signal GOED, etc.,
as shown in FIG. 9¢ is applied to the first gate drive IC 731.
Then, the first gate drive IC 731 sequentially supplies gate
pulses having a pulse width by the substantially N number of
horizontal periods to the gate lines in response to the second
gate start pulse GSPb and the second gate output enable signal
GOED. In the first block BL1, among the N number of gate
pulses supplied to the Nth gate line, the remaining (N-1)
number of gate pulses excluding the first gate pulse overlap
with the (N-1) number of gate pulses which are first supplied
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to the (N+1)th gate line. While the first block BL1 is being
scanned. the source drive ICs alternately output the black gray
voltage and the analog video data voltage in response to the
source output enable signal SOEb. At this time, the gate
pulses sequentially supplied to the gate lines of the first block
BL1 are synchronized with the black gray voltage outputted
from the source drive ICs according to the second gate output
enable signal GOEb. Accordingly, during the third sub-frame
period SF3, the N number of lines, excluding the (N-2)
number of lines to which the gate pulses are first supplied, are
simultaneously scanned to simultaneously charge the black
gray voltage to the N number of lines in the first block BL1.
[0062] During the third sub-frame period SF3, the gate start
pulse and the gate output enable signal are not applied to the
second gate drive IC 732. Thus, during the third sub-frame
period SF3, the liquid crystal cells of the second block BI.2
maintain the analog data voltage which has been charged
during the second sub-frame period SF2.

[0063] During the third sub-frame period SF3, the first BDI
gate timing control signal comprising the first gate start pulse
GSPd, the first gate output enable signal GOEd, etc., as shown
in FIG. 9¢ is applied to the third gate drive IC 733. Then, the
third gate drive IC 733 sequentially supplies gate pulses hav-
ing a pulse width by the substantially one horizontal period to
the gate lines of the third block BL3 in response to the first
gate start pulse GSPd and the first gate output enable signal
GOEd. While the third block BL3 is being scanned, the
source drive ICs alternately output the black gray voltage and
the analog video data voltage in response to the BDI source
output enable signal SOEb. At this time, the gate pulses
sequentially supplied to the gate lines of the third block BL3
are synchronized with the analog video data voltage output-
ted from the source drive ICs according to the first gate output
enable signal GOEd. Accordingly, during the third sub-frame
period SF3, the analog video data voltage is charged sequen-
tially one line at a time in the third block BL3.

[0064] FIG. 10 is a waveform view showing timing control
signals applied to the source drive ICs and the gate drive ICs
when the LCD is driven according to the impulse driving
method according to a first exemplary embodiment of the
invention, With reference to FIG. 10, when the LCD accord-
ing to the first exemplary embodiment of the invention is
driven according to the impulse driving method, it uses the
charge share voltage as the black gray voltage. This LCD is
driven in the normally black mode.

[0065] In impulse-driving the liquid crystal panel 70, the
timing controller 71 controls outputs of the source drive ICs
by the BDI source output enable signal SOEb having a duty
ratio larger than that of the normal source output enable signal
(Normal-SOE). The respective source drive ICs alternately
output the charge share voltage and the analog video data
voltage in response to the BDI source output enable signal
SOEb.

[0066] The timing controller 71 controls the gate drive ICs
by using the first gate start pulse GSPd having a relatively
small pulse width and the first gate output enable signal
GOE(d, the reversed phase of the second gate output enable
signal GOEb. The gate drive ICs, which handle data display
blocks to which the analog video data voltage is to be charged,
sequentially output gate pulses in synchronization with the
analog data voltage in response to the first gate output enable
signal GOEd.

[0067] Also, the timing controller 71 controls the gate drive
ICs by using the second gate start pulse GSPb having a
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relatively large pulse width and the second gate output enable
signal GOEb, the reversed phase of the first gate output enable
signal GOEd. The gate drive ICs, which handle the black
display blocks to which the black gray voltage is to be
charged, sequentially output gate pulses in synchronization
with the charge share voltage in response to the second gate
output enable signal GOEb.

[0068] As shown in FIG. 10, Normal-SOE is a normal
source output enable signal applied for the liquid crystal
panel in which data voltage is charged in a line-sequential
manner without impulse driving, which has a duty ratio
smaller than that of the BDI source output enable signal
SOED. Normal-GOE in FIG. 10 is a normal gate output enable
signal applied for the liquid crystal panel in which data volt-
age is charged in a line-sequential manner without impulse-
driving, which has a duty ratio smaller than those of the first
and second gate output enable signals GOEd and GOEb.
[0069] FIG.11is awaveform view showing the gate timing
control signals and gate pulses shown in FIG. 10 by dividing
gate drive ICs into the gate drive ICs handling the data display
blocks and the gate drive ICs handling the black display
blocks. With reference to FIG. 11, the shift registers of the
gate drive ICs shift the gate start pulses GSPd and GSPb one
stage at a time at every rising edge of the gate shift clock GSC,
and output gate pulses during a low logical period of the gate
output enable signals GOEd and GOEb. Accordingly,
because the pulse width of the first gate start pulse GSPd is
substantially one horizontal period and one cycle of the gate
shift clock GSC is substantially one horizontal period, the
gate drive ICs handling the data display blocks supply a gate
pulse to a gate line, shift the gate pulse and supply the shifted
gate pulse to the next gate line.

[0070] In comparison, the pulse width of the second gate
start pulse GSPb is substantially the N number of horizontal
periods, e.g., substantially three horizontal periods, and one
cycle of the gate shift clock GSC is substantially one hori-
zontal period, so the gate drive ICs handling the black display
blocks supply the N number of pulses to a gate line, shift the
gate pulses, and supply the shifted gate pulses to the next gate
line. As a result, the gate pulses supplied to the N number of
gate lines can be synchronized at the black display blocks
indicated by a dotted line box. The liquid crystal cells
included in the N number of lines scanned by the N number of
gate lines simultaneously charge the charge share voltage to
represent the black gray level.

[0071] Inembodiments ofthe invention, as shown in FIGS.
10 and 11, the video data voltage corresponding to the data
display blocks and the charge share voltage corresponding to
the black display blocks are alternately charged to the corre-
sponding blocks according to the source output enable signal
SOED and the gate output enable signals GOEd and GOEb
applied by blocks.

[0072] FIG. 12 is a waveform view showing timing control
signals applied to the source drive ICs and the gate drive ICs
when the LCD is driven according to the impulse driving
method according to a second exemplary embodiment of the
invention. With reference to FIG. 12, when the LCD accord-
ing to the second exemplary embodiment is driven according
to the impulse driving method, the precharge voltage (+Vpc/-
Vpe) is used as the black gray voltage. This LCD is driven in
the normally white mode.

[0073] When the liquid crystal panel 70 is driven according
to the impulse driving method, the timing controller controls
outputs of the source drive ICs by using the normal source
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output enable signal (Normal-SOE) having a relatively small
duty ratio and the precharge control signal PCW having a
large duty ratio compared with the normal precharge control
signal. Preferably, the duty ratio of the precharge control
signal PCW is about 40% to 60%. If the duty ratio of the
precharge control signal PCW is smaller than 40%, the charge
time of the black gray voltage would be shortened to reduce
the black data insertion effect, namely, the impulse driving
effect. If the duty ratio of the BDI source output enable signal
SOED exceeds 60%, the charge time of the analog data volt-
age would be excessively shortened to degrade gray scale
representation of the data. The respective source drive ICs
output the charge share voltage in response to the pulse of the
normal source output enable signal Normal-SOE, and then
output the positive polarity/negative polarity precharge volt-
age (+Vpc/-Vpce) in response to the pulse of the precharge
control signal PCW. Subsequently, the respective source
drive ICs output the analog video data voltage during the low
logical period of the normal source output enable signal Nor-
mal-SOE.

[0074] The timing controller 71 controls the gate drive ICs
by using the first gate start pulse GSPd and the first gate
output enable signal GOEd. The gate drive ICs, which handle
the data display blocks to which the analog video data voltage
is to be charged, sequentially output the gate pulses in syn-
chronization with the analog data voltage in response to the
first gate output enable signal GOEd. Accordingly, the liquid
crystal cells of the data display blocks can be charged with the
analog video data voltage to display an image.

[0075] In addition, the timing controller 71 controls the
gate drive ICs by using the second gate start pulse GSPb and
the second gate output enable signal GOEb, the reversed
phase of the first gate output enable signal GOEd. The gate
drive ICs, which handle the black display blocks to which the
black gray voltage is to be charged, sequentially output the
gate pulses in synchronization with the positive polarity/
negative polarity precharge voltage +Vpe/=Vpc in response
to the second gate output enable signal GOEb. Accordingly,
the liquid crystal cells of the black display blocks can be
charged with the positive polarity/negative polarity precharge
voltage +Vpe/-Vpe to represent black gray level.

[0076] FIG.13 is acircuit diagram showing circuit units for
generating the source output enable signal and the gate output
enable signal in the timing controller 71 according to a first
exemplary embodiment of the invention. With reference to
FIG. 13, the timing controller 71 includes an SOE generating
unit 131, a GOE generating unit 132, an SEL generating unit
133, and a plurality of multiplexers 134 and 1351, 1352, . ..
, 135N.

[0077] The SOE generating unit 131 generates the BDI
source output enable signal SOEb and the general source
output enable signal Normal-SOE, each having a different
duty ratio, in response to the data enable signal DE.

[0078] The GOE generating unit 132 generates the normal
gate output enable signal Normal-GOE having a small duty
ratio in response to the data enable signal DE, and the firstand
second gate output enable signals GOEd and GOEb having a
relatively high duty ratio and the mutually opposite phases.
[0079] The SEL generating unit 133 generates select sig-
nals SOE-SEL and GOE-SEL1 to GOE-SELN for controlling
outputs of the multiplexers 134 and 1351 to 135N. The SEL
generating unit 133 determines logical values of the select
signals SOE-SEL and GOE-SEL1 to GOE-SELN for control-
ling the outputs of the multiplexers 134 and 1351 to 135N
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according to a voltage level from an external select terminal
(SEL-OPTION pin) exposed from the timing controller 71.
The external select terminal is selectively connected to one of
a power voltage source Vce and a base voltage source GND
through a switch that can be manipulated by an operator. If the
external select terminal is connected to the base voltage
source GND, the SEL generating unit 133 may control the
multiplexers 134 and 1351 to 135N so as to be suitable for the
LCD normally operating without the impulse effect. If the
external select terminal is connected to the power voltage
source Vee, the SEL generating unit 133 may control the
multiplexers 134 and 1351 to 135N so as to be suitable for the
LCD generating the impulse effect by charging the black gray
voltage.

[0080] When the external select terminal is connected to
the base voltage source GND, the SOE multiplexer 134 sup-
plies the normal source output enable signal (Normal-SOE)
having a small duty ratio to the source drive ICs in response to
the select control signal SOE-SEL from the SEL selecting
unit 133. If the external select terminal is connected to the
power voltage source Vce, the SOE multiplexer 134 supplies
the BDI source output enable signal SOED to the source drive
ICsinresponse to the select control signal SOE-SEL from the
SEL selecting unit 133.

[0081] The plurality of GOE multiplexers 1351 to 135N
correspond to the gate drive ICs in a one-to-one manner. If the
external select terminal is connected to the base voltage
source GND, the GOE multiplexers 1351 to 135N supply the
normal gate output enable signal (Normal-GOE) having a
small duty ratio to the gate drive ICs in response to the select
control signals GOE-SEL1 to GOE-SELN from the SEL
selecting unit 133. Ifthe external select terminal is connected
to the power voltage source Vee, the GOE multiplexers 1351
to 135N supply the first gate output enable signal GOEd or the
second gate output enable signal GOEDb, each having a high
duty ratio, to the gate drive ICs in response to the select
control signals GOE-SEL1 to GOE-SELN from the SEL
selecting unit 133. The select control signals GOE-SEL1 to
GOE-SELN may be 2-bit select signals.

[0082] FIG. 14 is acircuit diagram showing circuit units for
generating the source output enable signal and the gate output
enable signal in the timing controller 71 according to a second
exemplary embodiment of the invention. With reference to
FIG. 14, the timing controller 71 includes an image determin-
ing unit 140, an SOE generating unit 141, a GOE generating
unit 142, an SEL generating unit 143, and a plurality of
multiplexers 144 and 1451 to 145N. The SOE generating unit
141 and the GOE generating unit 142 are substantially the
same as those in FIG. 13, so a detailed description therefore
will be omitted.

[0083] The image determining unit 140 determines
whether or not video is inputted by using a known image
determining method. The image determining unit 140 com-
pares the input digital video data RGB by frames and pixels,
and if the difference is smaller than a certain threshold value,
the image determining unit 140 determines that the currently
inputted image is a still image and controls the SEL generat-
ing unit 143 by using an image determining signal as ‘0. If
the difference is the certain threshold value or greater, the
image determining unit determines that the currently inputted
image as video (motion picture) and controls the SEL gener-
ating unit 143 by using the image determining signal as ‘1°.
[0084] The SEL generating unit 143 generates select sig-
nals SOE-SEL and GOE-SEL1 to GOE-SELN to control
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outputs of the multiplexers 144 and 1451 to 145N. The SEL
generating unit 143 determines logical values of the select
signals SOE-SEL and GOE-SEL1 to GOE-SELN to control
the outputs of the multiplexers 144 and 1451 to 145N accord-
ing to the image determining signal from the image determin-
ing unit 140. If the currently inputted image is a still image,
the SEL generating unit 143 may control the multiplexers 144
and 1451 to 145N so as to be suitable for the LCD normally
operating without the impulse effect. If the currently inputted
image is video, the SEL generating unit 143 may control the
multiplexers 144 and 1451 to 145N so as to be suitable for the
LCD generating the impulse effect by charging the black gray
voltage.

[0085] If the currently inputted image is a still image, the
SOE multiplexer 144 supplies the normal source output
enable signal Normal-SOE having a small duty ratio to the
source drive ICs in response to the select control signal SOE-
SEL from the SEL selecting unit 143. Ifthe currently inputted
image is video, the SOE multiplexer 134 supplies the BDI
source output enable signal SOEb having a high duty ratio to
the source drive ICs in response to the select control signal
SOE-SEL from the SEL selecting unit 143.

[0086] The plurality of GOE multiplexers 1451 to 145N
correspond to the gate drive ICs in a one-to-one manner. If a
currently inputted image is a still image, the GOE multiplex-
ers 1451 to 145N supply the normal gate output enable signal
Normal-GOE having a small duty ratio to the corresponding
gate drive ICs in response too the select control signals GOE-
SEL1 to GOE-SELN from the SEL selecting unit 143. If the
currently inputted image is video, the GOE multiplexers 1451
to 145N supply the first gate output enable signal GOEd or the
second gate output enable signal GOEb having a high duty
ratio to the corresponding gate drive ICs in response to the
select control signals GOE-SEL1 to GOE-SELN from the
SEL selecting unit 143. The select control signals GOE-SEL1
to GOE-SELN may be 2-bit select signals.

[0087] The description of the circuits in FIGS. 13 and 14
was focused on the first example of the black gray voltage,
namely, the example of generating the timing control signals
in FIGS. 10 and 11. The second example of the black gray
voltage, namely, the timing control signals in FIG. 12, can be
generated by using the circuits in FIGS. 13 and 14. For
example, in embodiments of the invention, the SOE multi-
plexer 144 may be controlled to output the normal source
output enable signal (Normal-SOE) having a small duty ratio
regardless of the normal driving mode without the impulse
effect or the impulse driving mode using the precharge volt-
age. In addition, in embodiments ofthe invention, a circuit for
generating precharge control signals each having a different
duty ratio and a circuit for selecting one of the precharge
control signals may be added to the circuits in FIGS. 13 and
14 in order to differently control the duty ratio of the pre-
charge control signals according to a driving mode.

[0088] FIG. 15 is a flow chart illustrating the sequential
processes of a method for driving an LCD according to a first
exemplary embodiment of the invention. With reference to
FIG. 15, in the method for driving the LCD according to the
first exemplary embodiment of the invention, a determination
of whether or not the LCD is to be driven in the impulse
driving mode according to determination of an external select
terminal of the timing controller or a real time image (S1).
[0089] Ifthe LCD is determined to be driven in the impulse
driving mode according to the determination of the external
select terminal or the real time image, the BDI source output
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enable signal SOEb having a high duty ratio compared with
the normal source output enable signal (Normal-SOE) is gen-
erated, based on which outputs of the source drive ICs are
controlled (S2, S3). In addition, when the LCD is determined
to be driven in the impulse driving mode, the first and second
gate output enable signals GOEd and GOEb having a high
duty ratio compared with the normal gate output enable signal
(Normal-GOE) and having the mutually opposite phases,
based on which outputs of the gate drive ICs are controlled
(S2, S4). Accordingly, in embodiments of the invention, in the
LCD in the normally black mode and in the impulse driving
mode, the charge share voltage is charged sequentially, N
number of lines at a time, in each block to thus sufficiently
charge the charge share voltage in the black display blocks.
[0090] In the method for driving the LCD according to the
first exemplary embodiment of the invention, if the LCD is
determined to be driven in the normal without the impulse
driving effect according to the determination of the external
select terminal or the real time image, the normal source
output enable signal (Normal-SOE) having a small duty ratio
is generated, based on which outputs of the source drive ICs
are controlled (S2, S5). If the LCD is determined to be driven
in the normal driving mode, the normal gate output enable
signal (Normal-GOE) having a small duty ratio is generated,
based on which outputs of the gate drive ICs are controlled
(82, S6).

[0091] FIG. 16 is a flow chart illustrating the sequential
processes of a method for driving an LCD according to a
second exemplary embodiment of the invention. With refer-
ence to FIG. 16, in the method for driving the LCD according
to the second exemplary embodiment of the invention,
whether or not the LCD is to be driven in the impulse driving
mode according to determination of an external select termi-
nal of the timing controller or a real time image (S1).

[0092] Ifthe LCD is determined to be driven in the impulse
driving mode according to the determination of the external
select terminal or the real time image, the BDI precharge
control signal PCW having a high duty ratio compared with
the normal precharge control signal (Normal-PCW) is gen-
erated, based on which the outputs of the positive polarity/
negative polarity precharge voltages (+Vpc/-Vpc) outputted
from the source drive ICs are controlled (S2, S3). Here, the
duty ratio of the precharge control signal PCW in the impulse
driving mode is about 40% to 60% as mentioned above. In
addition, when the LCD is determined to be driven in the
impulse driving mode, the first and second gate output enable
signals GOEd and GOEDb having a high duty ratio compared
with the normal gate output enable signal (Normal-GOE) and
having the mutually opposite phases, based on which outputs
of the gate drive ICs are controlled (S2, S4). Accordingly, in
embodiments of the invention, in the LCD in the normally
white mode and in the impulse driving mode, the positive
polarity/negative polarity precharge voltage is charged
sequentially, N number oflines at a time, in each block to thus
sufficiently charge the positive polarity/negative polarity pre-
charge voltage in the black display blocks.

[0093] Ifthe LCD is determined to be driven in the normal
driving mode without the impulse driving effect according to
the determination of the external select terminal or the real
time image, the normal precharge control signal (Normal-
PCW) having a small duty ratio of 10% or some is generated,
based on which the outputs of the positive polarity/negative
polarity precharge voltages (+Vpc/-Vpc) outputted from the
source drive ICs are controlled (S2, S5). In addition, if the
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LCD is determined to be driven in the normal driving mode,
the normal gate output enable signal (Normal-GOE) having a
small duty ratio is generated, based on which outputs of the
gate drive ICs are controlled (S2, S6).

[0094] Therefore, in the LCD and its driving method
according to the embodiments of the invention, the impulse
driving mode and the normal driving mode can be selected by
selecting the timing control signal, and the motion blurting
phenomenon in video (motion picture) can be prevented by
increasing the charge amount of the charge share voltage or
the precharge voltage in the black display blocks. In addition,
by increasing the duty ratio of the timing control signal, there
is no need to increase the data transmission frequency
between the timing controller and the data driving circuit.
Thus, the data transmission frequency conversion circuit
including a memory, a PLL, etc., can be omitted in the timing
controller, and thus, the circuit costs as much can be reduced.

What is claimed is:

1. A liquid crystal display, comprising:

a liquid crystal panel having liquid crystal cells in a matrix
array at crossings of data lines and gate lines;

a timing controller for receiving a digital video data and
synchronous signals, and generating a source output
enable signal, a first gate start pulse, a second gate start
pulse having a pulse width different from that of the first
gate start pulse, a gate shift clock, a first gate output
enable signal and a second gate output enable signal;

adatadriving circuit for providing a data voltage to the data
lines in response to a first logic value of the source output
enable signal, and any one black gray voltage ofa charge
share voltage and a precharge voltage to the data lines in
response to a second logic value of the source output
enable signal; and

a gate driving circuit for providing a first gate pulse in
synchronization with the data voltage and a second gate
pulse in synchronization with the black gray voltage to
the gate lines, in response to the first gate start pulse, the
second gate start pulse, the gate shift clock, the first gate
output enable signal and the second gate output enable
signal.

2. The liquid crystal display according to claim 1, wherein
each of the source output enable signal, the gate output enable
signal and the reversed gate output enable signal has a duty
ratio of 40% to 60%.

3. The liquid crystal display according to claim 2, wherein
the second gate start pulse has a pulse width larger than that of
the first gate start pulse.

4. The liquid crystal display according to claim 1, wherein
a phase of the second gate output enable signal is reversed to
that of the first gate output enable signal.

5. The liquid crystal display according to claim 1, wherein
the charge share voltage is one of a common voltage to be
applied to a common electrode of the liquid crystal panel, and
an average voltage between positive and negative voltages of
adjacent data lines.

6. The liquid crystal display according to claim 5, wherein
the precharge voltage includes a positive precharge voltage
and a negative precharge voltage,

wherein the positive precharge voltage is a maximum posi-
tive polarity data voltage or a positive polarity voltage
between the maximum positive polarity data voltage and
the charge share voltage, and

wherein the negative precharge voltage is a maximum
negative polarity data voltage or a negative polarity volt-
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age between the maximum negative polarity data volt-
age and the charge share voltage.

7. The liquid crystal display according to claim 1, wherein
the timing controller includes:

a image determining unit determining whether the digital

video data is a motion picture or not;

a selection signal generator generating a first selection
signal and a second selection signal in response to a
determining result of the image determining unit;

a first multiplexer selecting any one of a normal source
output enable signal and the source output enable signal,
and supplying a selected source output enable signal to
the data driving circuit; and

a second multiplexer selecting any one of a normal gate
output enable signal, the first gate output enable signal
and the second gate output enable signal, and supplying
a selected gate output enable signal to the gate driving
circuit,

wherein a duty ratio of the normal source output enable
signal is smaller than that of the source output enable
signal,

wherein a duty ratio of the normal gate output enable signal
is smaller than that of the first and second gate output
enable signal.

8. The liquid crystal display according to claim 7, wherein
the first multiplexer selects the source output enable signal
when the digital video data is a motion picture,

wherein the second multiplexer selects any one of the first
gate output enable signal and the second gate output
enable signal when the digital video data is a motion
picture.

9. The liquid crystal display according to claim 3, wherein
the gate driving circuit outputs the first gate pulse in response
to the first gate start pulse, the gate shift clock and the first gate
output enable signal, and outputs the second gate pulse in
response to the second gate start pulse, the gate shift clock and
the second gate output enable signal.

10. The liquid crystal display according to claim 9, wherein
the gate driving circuit supplies simultaneously the second
gate pulse to the N(N is an integer of 2 or greater) gate lines.

11. A method of driving a liquid crystal display which
includes a liquid crystal panel having liquid crystal cells in a
matrix array at crossings of data lines and gate lines, a data
driving circuit for driving the data lined and a gate driving
circuit for driving the gate lines, comprising:

generating a source output enable signal, a first gate start
pulse, a second gate start pulse having a pulse width
different from that of the first gate start pulse, a gate shift
clock, a first gate output enable signal and a second gate
output enable signal,

providing a data voltage to the data lines by supplying a
first logic value of the source output enable signal to data
driving circuit, and any one black gray voltage of a
charge share voltage and a precharge voltage to the data
lines by supplying a second logic value of the source
output enable signal to the data driving circuit; and

providing a first gate pulse in synchronization with the data
voltage to the gate lines, and a second gate pulse in
synchronization with the black gray voltage to the gate
lines by supplying the first gate start pulse, the second
gate start pulse, the gate shift clock, the first gate output
enable signal and the second gate output enable signal to
the gate driving circuit.
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12. The method to claim 11, wherein each of the source
output enable signal, the gate output enable signal and the
reversed gate output enable signal has a duty ratio of 40% to
60%.

13. The liquid crystal display according to claim 2. wherein
the second gate start pulse has a pulse width larger than that of
the first gate start pulse.

14. The method according to claim 11, wherein a phase of
the second gate output enable signal is reversed to that of the
first gate output enable signal.

15. The method according to claim 11, wherein the charge
share voltage is one of a common voltage to be applied to a
common electrode of the liquid crystal panel, and an average
voltage between positive and negative voltages of adjacent
data lines.

16. The method according to claim 15, wherein the pre-
charge voltage includes a positive precharge voltage and a
negative precharge voltage,

wherein the positive precharge voltage is a maximum posi-

tive polarity data voltage or a positive polarity voltage
between the maximum positive polarity data voltage and
the charge share voltage, and

wherein the negative precharge voltage is a maximum

negative polarity data voltage or a negative polarity volt-
age between the maximum negative polarity data volt-
age and the charge share voltage.

17. The method according to claim 11, further comprising:

determining whether a input digital video data is a motion

picture or not;

generating a first selection signal and a second selection

signal in response to a determining result of the image
determining unit;

selecting any one of a normal source output enable signal

and the source output enable signal, and supplying a
selected source output enable signal to the data driving
circuit; and

selecting any one of a normal gate output enable signal, the

first gate output enable signal and the second gate output
enable signal, and supplying a selected gate output
enable signal to the gate driving circuit,

wherein a duty ratio of the normal source output enable

signal is smaller than that of the source output enable
signal,

wherein a duty ratio of the normal gate output enable signal

is smaller than that of the first and second gate output
enable signal.

18. The method according to claim 17, wherein the source
output enable signal is selected when the digital video data is
a motion picture,

wherein any one of the first gate output enable signal and

the second gate output enable signal is selected when the
digital video data is a motion picture.

19. The method according to claim 13, wherein the gate
driving circuit outputs the first gate pulse in response to the
first gate start pulse, the gate shift clock and the first gate
output enable signal and outputs the second gate pulse in
response to the second gate start pulse, the gate shift clock and
the second gate output enable signal.

20. The method according to claim 9, wherein the gate
driving circuit supplies simultaneously the second gate pulse
to the N(N is an integer of 2 or greater) gate lines.

EIE I T T



TRAFROE) RBEREBRER FZE
NIF(2E)E US20090146934A1
RS US12/292693

FRIEFB(ERPA(R) FTEERERLTF
i (E R AGR) LG DISPLAY CO., LTD.
LFERE(ERD)AGE) LG DISPLAY CO., LTD.

[FRIRBAA HONG JINCHEOL
KOO SUNGJO
JANG SUHYUK

RHEA HONG, JINCHEOL
KOO, SUNGJO
JANG, SUHYUK

IPCH#EE G09G3/36

CPCH%(F G09G3/3648 G09G2340/0435 G09G2320/103 G09G2310/061
LR 1020070127758 2007-12-10 KR

H A 20 FF 3R UsS8648778

ShEBEEEE Espacenet  USPTO

BEF)

DFT -—HBEBERERERD G E, BRERRAZEHNARE RS
BIEFRFER , 2R R EAREE 7 HBIR LR L 38 AL H FERERE 51
MREE T, EREFER , ATRERFIRBRENESES |, HER
RHEREES | F-MIERET | BorRETRE T 5 — MR m kT
H95E AR sA kO | IR ALaT 4 | 5E — AR R REE S N3 =4
W RS S IR B ik | AT A TR HERRESHE 258
ERBFELRHBERE , ARENTHRFELN R ZBENNRE
SZNMALBENEA-—IMRREBBRE, R HEEESHNE ZEEIE,
WHRIR D Rk, AT U AT 8 —HiARE BT | B MR | &
MR £k [B) 25 1th 32 4t 5 204 B I B 25 9 36 — AR Ao+ R SRR 0 BB IR
EBER S E ZMRBOr , MRS AaTs |, 5 —HiRm L EEE S
58 AR fa HH EREFR S o

patsnap

2009-06-11
2008-11-24
RGB
57 !
o | Sy s s
|D1 |D2 LR |Dm‘1|Dm

G1

G2

G3

Gn-2

Gn-1

Gn

Data linc

Gate line


https://share-analytics.zhihuiya.com/view/e0b05912-f12b-444a-9359-d3e9b65e6c4a
https://worldwide.espacenet.com/patent/search/family/040721114/publication/US2009146934A1?q=US2009146934A1
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=%2220090146934%22.PGNR.&OS=DN/20090146934&RS=DN/20090146934

