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LIQUID CRYSTAL DISPLAY AND A DRIVING
METHOD THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korea Patent Application No. 10-2004-0037275 filed on
May 25,2004 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a liquid crystal
display and a driving method thereof. More specifically, the
present invention relates to a field sequential driving type
liquid crystal display (FS-LCD), and a driving method
thereof.

[0004]

[0005] As personal computers and televisions, etc.
become more lightweight and thin, their display devices
should also be lightweight and thin. Accordingly, flat panel
displays such as liquid crystal displays (LCDs), which are
both light weight and thin, have recently been developed for
these computers and televisions in place of cathode ray tubes
(CRIy).

[0006] An LCD is a display device that obtains a desired
video signal by applying and controlling the strength of
electric fields to liquid crystal materials of anisotropic
dielectric constants injected between two substrates so as to
control an amount of light transmitted through the substrates
from an external light source (e.g., backlight).

[0007] The LCD is representative of an example of por-
table flat panel displays, and, among LCDs, a TFT-LCD
using thin film transistors (TFTs) as switching elements is
mainly used.

[0008] Each pixel in a TFT-LCD can be modeled with
capacitors having liquid crystal as a dielectric substance,
such as a liquid crystal capacitor. An equivalent circuit of
each pixel in such an LCD is shown in FIG. 1.

[0009] As shown in FIG. 1, each pixel of the liquid crystal
display includes a TFT 10 having a source electrode and a
gate electrode that are respectively connected to a data line
(Dm) and a scanning line (Sn). The pixel also includes a
liquid crystal capacitor Cl connected from the drain elec-
trode of the TFT 10 to a common electrode where voltage
Vcom is applied and a storage capacitor Cst connected to the
drain electrode of the TFT 10.

[0010] In FIG. 1, when a scanning signal is applied to a
scanning line (Sn) and the TFT 10 is turned on, data voltages
(Vd) supplied to a data line are applied to each pixel
electrode (not shown) through the TFT 10. Then, an electric
field corresponding to a difference between pixel voltage Vp
applied to the pixel electrodes and common voltage Vcom is
applied to a liquid crystal (which is equivalently shown as a
liquid crystal capacitor in FIG. 1). Light transmits with
transmittivity corresponding o the strength of the electric
field. In the pixel of FIG. 1, a pixel voltage Vp needs to be
maintained during one (1) frame or one (1) field, and a
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storage capacitor Cst is used to maintain the pixel voltage
Vp applied to the pixel electrode.

[0011] Generally to display color images, an LCD can use
a color filter method or a field sequential driving method.

[0012] A color filter method forms color filter layers
composed of three primary colors of red (R), green (G), and
blue (B) in one of two substrates of the LCD, and displays
a desired color by controlling an amount of light transmit-
ting from the color filter layers. Specifically, to display a
desired color, the color filter method respectively controls
the amount of light transmitting from each of the R, G, and
B color filter layers with light from a single light source
transmitted through the R, G, and B color filter layers.

[0013] An LCD device displaying color using a single
light source and three (3) color filter layers needs a unit pixel
corresponding to each of R, G, and B subpixels, thus at least
three (3) times the number of pixels are needed compared
with displaying only black and white, therefore, making the
techniques of manufacturing an LCD using the color filter
method more complicated.

[0014] Further complicating the matters, there are prob-
lems in that separate color filter layers need to be formed on
the substrate for an LCD during manufacturing, and the light
transmission rate of color filter itself needs to be improved.

[0015] In contrast with a color filter method, a field
sequential driving method sequentially and periodically
turns on each independent light source of R, G, and B colors,
and adds color signals corresponding to each pixel that are
synchronized based on the periodic lighting time of the light
sources to obtain full colors. That is, in a field sequential
driving type LCD, one pixel is not divided into subpixels.
The R, G, and B primary color lights outputted from R, G,
and B backlights of the LCD are sequentially displayed in a
time-division manner so that the color images are displayed
by means of an after-image effect of the eye.

[0016] The field sequential driving method can be further
classified into an analog driving method and a digital driving
method.

[0017] In the context of the following discussion of the
present application, driving voltage refers to a voltage
applied to the liquid crystal, and optical transmittivity refers
to a transmittivity of light when light is transmitted through
the liquid crystal. That is, optical transmittivity is a torsion
degree that allows a liquid crystal to transmit light.

[0018] The analog driving method establishes a plurality
of gray voltages. The method then selects one gray voltage
corresponding to gray data among the gray voltages, and
drives a liquid crystal panel with the selected gray voltage to
perform gray display with an amount of transmission cor-
responding to the gray voltage applied.

[0019] FIG. 2 shows a driving voltage and an amount of
light transmission of a conventional liquid crystal display
using an analog driving method.

[0020] Referring to FIG. 2, a driving voltage of V11 is
applied to a liquid crystal, and light corresponding to the
driving voltage of V11 transmits through the liquid crystal in
an R field period Tr for displaying an R color. A driving
voltage of a V12 level is applied to a liquid crystal, and light
corresponding to the driving voltage of V12 level transmits
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through the liquid crystal in a G field period Tg for display-
ing a G color. And a V13 level driving voltage is applied to
a liquid crystal, and an amount of light transmission corre-
sponding to the V13 level is obtained. A desired color image
is, thus, displayed by a combination of R, G, and B light
transmitted respectively in Tr, Tg, and Tb periods.

[0021] Incontrast with an analog method, a digital driving
method applies a constant driving voltage to a liquid crystal,
and controls a voltage applying time to perform a gray
display. The digital driving method maintains the driving
voltage, and controls the voltage applying state and voltage
non-applying state with respect to their timing, so as to
control an accumulated amount of light transmitting to the
liquid crystal.

[0022] FIG. 3 shows a waveform for explaining a driving
method of a liquid crystal display of a conventional digital
driving method, and shows a waveform of a driving voltage
and optical transmittivity of a liquid crystal based on driving
data of a predetermined bit.

[0023] Referring to FIG. 3, gray waveform data corre-
sponding to each gray is 15 provided with a digital signal
having a predetermined number of bits, for example, a seven
(7) bit digital signal, and a gray waveform according to
seven (7) bit data is applied to a liquid crystal. Optical
transmittivity of a liquid crystal is determined based on a
gray waveform applied to perform gray display.

[0024] Regardless of whether the driving method is analog
or digital, in a conventional field sequential driving method,
correct gray display is not possible since an effective value
response of a desired gray for display (for example, a gray
of R) is changed by a previous gray display (for example, a
gray of G). That is, conventionally, a pixel voltage Vp
actually applied to a liquid crystal is determined by both a
gray voltage (or gray waveform) supplied to the present field
(for example, an R field) and a gray voltage (or gray
waveform) supplied to the previous field (for example, a B

field).

[0025] U.S. Pat. No. 6,567,063 discloses a field sequential
driving method using a reset pulse to solve the problem of
the field sequential driving method in which an effective
value is changed because of a previous gray display.

[0026] FIG. 4 shows a field sequential driving method
using a reset pulse described in the U.S. patent. In FIG. 4,
period (T31~T36) indicates the R field, G field, and B field
performing gray display for each R, G, and B. A predeter-
mined voltage (reset voltage) is applied, which is indepen-
dent of the input gray data, and is more than a maximum
value of gray data applied during a predetermined time
(T31~T36) at the point where each of the periods (T31~T36)
are ended. A state of all liquid crystals is reset to the same
state (e.g., a black state in which no light can be transmitted,
that is, optical transmittivity is 0) at the point where each of
the periods (T31~T36) are ended.

[0027] Thus, when liquid crystals are driven by voltages
applied with gray data at each period (T31~T36), the liquid
crystal state becomes the same state regardless of previous
gray displays, and the display period for the present gray is
not affected by the previous gray display. However, by
turning off the backlights (RLED, GLED, BLED) so as to
not allow light transmission during the period (reset period)
when the reset voltage is applied, the period when each of
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R, G, and B light sources is turned on during each of the R,
G, and B fields is shortened. Thus, during the reset period of
the above method, there is a problem in which brightness is
poor, compared with driving methods which do not use
application of a reset voltage.

SUMMARY OF THE INVENTION

[0028] In the present invention, there is provided a field
sequential driving type liquid crystal display for achieving
both improvement of brightness and correct gray display
simultaneously that overcomes the above-described short-
comings of the liquid crystal display while retaining their
advantages.

[0029] To overcome the above-described shortcomings,
one embodiment of the present invention provides a driving
method for driving a liquid crystal display. The liquid crystal
display includes a liquid crystal formed between a first
substrate and a second substrate, a first electrode arranged at
the first substrate, a second electrode arranged at the second
substrate, and red, green, and blue lights sequentially trans-
mitting on one pixel of the liquid crystal display.

[0030] The driving method includes: applying a gray
voltage based on gray data between the first electrode and
the second electrode during a first part of a first period, and
applying a reset voltage to reset the liquid crystal between
the first electrode and the second electrode to desired state
during a second part of the first period. In this embodiment,
at least one of the red, green, and blue lights is outputted on
the liquid crystal during at least some period in the first part
of the first period and during at least some period in the
second part of the first period.

[0031] In another embodiment of the present invention, a
second driving method for driving a liquid crystal display is
provided. The liquid crystal display includes a liquid crystal
formed between a first substrate and a second substrate, a
first electrode arranged at the first substrate, and a second
electrode arranged at the second substrate. The second
driving method includes applying a gray voltage based on
gray data between the first electrode and the second elec-
trode during a first part of a first period, and applying a first
voltage independent of the gray data during a second part of
the first period. In this embodiment, light is outputted on the
liquid crystal during at least some period in the first part of
the first period and during at least some period in the second
part of the first period.

[0032] In a further embodiment of the present invention, a
third driving method for driving a liquid crystal display is
provided. The liquid crystal display includes a liquid crystal
formed between a first substrate and a second substrate, a
first electrode arranged at the first substrate, a second
electrode arranged at the second substrate, and red, green,
and blue lights sequentially transmitting on one pixel of the
display. The third driving method includes applying a gray
waveform based on gray data between the first electrode and
the second electrode during a first part of a first period and
applying a reset pulse to reset the liquid crystal between the
first electrode and the second electrode to a desired state
during a second part of the first period. In this embodiment,
at least one of the red, green, and blue lights is outputted on
the liquid crystal during at least some period in the first part
of the first period and during at least some period in the
second part of the first period.
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[0033] In yet another embodiment of the present inven-
tion, a fourth driving method for driving a liquid crystal
display is provided. The liquid crystal display includes a
plurality of scan lines, a plurality of data lines insulated and
crossed with the scan lines, a plurality of pixels formed at
areas surrounded by the scan lines and data lines and being
arranged in a matrix format. The pixels include switches
coupled to the scan lines and data lines respectively, to allow
for sequential transmission of red, green, and blue lights on
one pixel from among the plurality of pixels. The fourth
driving method includes driving the red, blue, and green
lights from a red field, a blue field, and a green field
respectively. The red field, green field, and blue field each
includes a first subperiod and a second subperiod. The fourth
driving method further includes applying a gray voltage or
gray waveform based on gray data between the first elec-
trode and the second electrode during the first subperiod, and
applying a reset voltage or reset waveform independent of
the gray data during the second subperiod. In this embodi-
ment, corresponding light of the red, green, and blue lights
is outputted on the liquid crystal during at least some period
in the first subperiod and during at least some period in the
second subperiod.

[0034] In yet a further embodiment of the present inven-
tion, a liquid crystal display is provided. The liquid crystal
display includes a liquid crystal display panel having a
plurality of scan lines transferring scan signals, a plurality of
data lines insulated and crossed with the scan lines, and a
plurality of pixels formed at areas surrounded by the scan
lines and data lines. The pixels include switches coupled to
the scan lines and data lines and are arranged in a matrix
format. The display further includes a gate driver for sequen-
tially supplying scan signals to the scan lines, a gray
waveform generator for generating gray waveform corre-
sponding to gray data, a data driver for supplying the gray
waveforms outputted from the gray waveform generator and
for supplying reset pulses to corresponding data lines of the
plurality of data lines to reset a liquid crystal state of the
display to a desired state, and a light source for sequentially
outputting red, green, and blue lights on at least one of the
plurality of pixels. In this embodiment, the light source is
outputted on the liquid crystal display during at least some
period when the data driver supplies at least one of the reset
pulses to the corresponding data lines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The accompanying drawings, together with the
specification, illustrate exemplary embodiments of the
present invention, and, together with the description, serve
to explain the principles of the present invention.

[0036] FIG. 1 showsa diagram of an equivalent circuit for
a pixel of a conventional TFT-LCD.

[0037] FIG. 2 shows a waveform for explaining a driving
method of a liquid crystal display using a conventional
analog method.

[0038] FIG. 3 shows a waveform for explaining a driving
method of a liquid crystal display using a conventional
digital method.

[0039] FIG. 4 shows a waveform for explaining a reset
driving method of a conventional liquid crystal display
device.
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[0040] FIG. 5 shows a diagram for a driving method of a
liquid erystal display according to a first exemplary embodi-
ment of the present invention.

[0041] FIG. 6 shows a liquid crystal display according to
the first exemplary embodiment of the present invention.

[0042] FIG. 7 shows a driving method of a liquid crystal
display according to a second exemplary embodiment of the
present invention.

[0043] FIGS. 8 and 9 show a liquid crystal display
according to the second exemplary embodiment of the
present invention.

[0044] FIG. 10 shows a diagram for a pixel of a TFT-
LCD.

DETAILED DESCRIPTION
[0045] 1In the following detailed description, only certain

exemplary embodiments of the invention are shown and
described. As those skilled in the art would realize, the
described embodiment may be modified in various different
ways, all without departing from the spirit or scope of the
present invention. Accordingly, the drawings and descrip-
tion are to be regarded as illustrative in nature, and not
restrictive. In addition, to clarify the present invention,
certain components which are not described in the specifi-
cation can be omitted, and like reference numerals indicate
like components.

[0046] Moreover, in the context of certain discussions of
the present application, reset refers to applying a voltage (or
waveform) to make liquid crystal materials in an LCD form
a black state such that light transmission is blocked (e.g.,
optical transmittivity is almost zero (0)). Gray voltage refers
to voltages having different voltage levels from each other,
and gray waveform refers to waveforms having different
sizes from each other with respect to an on-voltage width
and an off-voltage width. Optical transmittivity refers to a
ratio of light transmission to applied light when a constant
light is applied to a liquid crystal, and amount of light
transmitting refers to an amount of light transmission
through a liquid crystal.

[0047] FIGS. 5 and 6 refer to a driving method according
to a first embodiment of the present invention. The driving
method according to the first embodiment relates to a reset
driving method applied to an analog type sequential driving
method.

[0048] Referring to FIG. 5, period TR1 indicates an R
field for gray display of R, and period TR2 indicates another
R field for another gray display of R. Period TG1 indicates
a G field for gray display of G, and period TG2 indicates
another G field for another gray display of G. Period TB1
indicates a B field for gray display of B, and period TB2
indicates another B field for another gray display of B.

[0049] 1In addition, FIG. 5 shows that a reset voltage 50 is
applied to make a liquid crystal state reset to all the same
state (e.g., a black state in which almost no light can be
transmitted, i.e., having an optical transmittivity of about
zero (0)) during a predetermined time period (T1~T6) at the
point where each of the periods (T1~T6) have ended. A
predetermined voltage (reset voltage) is established as the
reset voltage 50, which is both independent of input gray
data, and more than a maximum value of gray data. It is
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preferable to design an appropriate value for the reset
voltage 50 which can reset states of the liquid crystal to the
black state with respect to all voltages applied to the liquid
crystal. Thus, in the first exemplary embodiment of the
present invention, not only a reset voltage having a constant
voltage that is independent of the input gray data as is shown
in FIG. 5 should be established, a reset voltage having a
voltage level (or width) corresponding to the input gray data
should also be established.

[0050] Since the states of all liquid crystals are reset to the
black state at the end point of each field by applying the reset
voltage, gray display of the pixel of the next (or upcoming)
field is not affected by the gray voltage applied to the pixel
of the current (or previous) field when liquid crystals are
driven by applying a voltage corresponding to gray data at
each field period TR1~TB2.

[0051] Further, in the first exemplary embodiment, a cor-
responding backlight 60 is turned on even during the reset
period. For example, as shown in FIG. 5, the backlight of R
60 is turned on even during the reset period (t1) of the R
field.

[0052] As such, since the backlight (e.g., the backlight of
R 60a) is turned on to allow light transmission even during
the reset period (e.g., t1) for resetting the state of each liquid
crystal, light can be transmitted even during the period
between the point at which the reset voltage is applied and
the point at which liquid crystals turn to the black state, as
shown in FIG. §. Thus brightness can be improved com-
pared with the conventional method shown in FIG. 4.

[0053] FIG. 6 shows a liquid crystal display for applying
areset voltage according to the first exemplary embodiment.

[0054] As shown in FIG. 6, a liquid crystal display
according to the first exemplary embodiment comprises a
liquid crystal display (LCD) panel 100, a scan driver 200, a
data driver 300, a gray voltage generator 500, a timing
controller or eraser 400, emission diodes (6002, 600b, and
600c) outputting R, G, and B lights respectively, and a light
source controller 700.

[0055] The liquid crystal display panel 100 forms a num-
ber of scan lines for transferring gate-on signals and a
number of data lines insulated and crossed with the number
of scan lines for transferring a gray data and a reset voltage
corresponding to the gray data. A number of pixels 110
arranged in a matrix format are respectively surrounded by
the scan lines and the data lines. Each pixel 100 includes thin
film transistors (not shown in FIG. 6). The scan lines and the
data lines are connected to the gate electrodes and the source
electrodes of the thin film transistors and pixel capacitors
(not shown in FIG. 6) and storage capacitors (not shown in
FIG. 6) arc connected to the drain electrodes of the thin film
transistors.

[0056] A gate or scan driver 200 sequentially applies scan
signals to the scan lines, and allows turning on of a thin film
transistor (TFT). The gate electrodes of the turned on TFT
are connected to the scan lines to which the scan signals are
applied.

[0057] The timing controller 400 receives gray data sig-
nals (R, G, B Data), horizontal synchronizing signals
(Hsync), and vertical synchronizing signals (Vsync) from
outside or from a graphic controller. The timing controller
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400 then selectively supplies necessary control signals Sg,
Sd, and Sb to the scan driver 200, the data driver 300, and
the light source controller 700 respectively, and supplies the
gray signals (R, G, B Data) to a gray voltage generator 500.

[0058] The gray voltage generator 500 generates gray
voltages of sizes corresponding to the gray data which is
supplied to the data driver 300. The data driver 300 applies
the gray voltages outputted from the gray voltage generator
500, or reset voltages to reset corresponding data lines.

[0059] The emission diodes 600z, 6005, and 600c then
output light corresponding to each R, G, and B to the LCD
panel 100, and the light source controller 700 controls
lighting time of the emission diodes 600a, 6005, and 600c.
The exemplary embodiment uses an emission diode as a
backlight, but the invention is not limited thereto.

[0060] According to the exemplary embodiment, the light
source controller 700 controls lighting times of each emis-
sion diode (e.g., 600a, 600b, 600c¢) to output light even
during the reset period.

[0061] Further, the time for supplying corresponding gray
voltages to data lines from the data driver 300 and the time
for turning on R, G, and B emission diodes by the light
source controller 700 can be synchronized by the control
signals provided by the timing controller 400.

[0062] Moreover, according to the first exemplary
embodiment, the backlight (e.g., 600a, 6005, 600c) is turned
on even during the reset voltage applying time, and light
transmits through the liquid crystals even during the reset
period. Thus, in the present embodiment, the gray voltage
generator 500 is provided to set up a gray voltage corre-
sponding to the gray data in consideration of the amount of
light transmission. That is, according to the exemplary
embodiment, since light is transmitted even in the reset
period, the amount of light transmission can also express a
certain gray. Thus, a gray generator (e.g., 500) is needed to
design a gray voltage by considering the amount of light
transmission caused by the reset voltage. The establishment
of a gray voltage can be developed by referring to a look-up
table using methods known to a person of ordinary skill in
the art.

[0063] FIGS. 7 through 8 refer to a driving method
according to a second exemplary embodiment of the present
invention. The driving method according to the second
embodiment relates to a reset driving method applied to a
digital type field sequential driving method.

[0064] Referring to FIG. 7, period TR11 indicates an R
field for gray display of R, period TG11 indicates a G field
for gray display of G, and period TB11 indicates a B field for
gray display of B.

[0065] As shown in FIG. 7, a reset pulse 750 is applied to
make the state of the liquid crystal reset to a black state
during a predetermined time (ta-tc) (reset period) at the point
where each of the periods (TR11~TB11) ends. According to
the second exemplary embodiment, a predetermined pulse is
established as the reset pulse 750, which is independent of
the input gray waveform. The reset pulse 750 should be
designed with enough appropriate width 755 to reset the
liquid crystal state to the black state with respect to all
voltages applied to the liquid crystals. Thus, in the second
exemplary embodiment, not only does a constant reset pulse
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that is independent of the input gray data need to be
established as is shown in FIG. 7, a reset pulse having a
pulse width corresponding to the input gray data should also
be established.

[0066] Since the liquid crystal states are all black because
of applying the reset pulse at the point where each of the
periods ends, gray display of the pixel of the next (or
upcoming) field is not affected by the gray waveform applied
to the pixel of the current (or previous) field when the liquid
crystals are driven by applying a voltage corresponding to
the gray data at each field period TR1~TB11. And according
to the second exemplary embodiment, a corresponding
backlight is turned on even during the reset period (ta, tb, tc,
which are periods for applying the reset bit).

[0067] According to the second embodiment, as shown in
FIG. 7, since the state of the liquid crystal becomes black
(i.e., the state in which optical transmittivity of the liquid
crystal is zero (0)) only at some period of the reset period
when the reset bit is applied, the backlight can be turned on
until the state of the liquid crystal becomes black instead of
turning on the backlight during the whole reset period. As
such, power consumption from driving an unnecessary
backlight can be minimized by only turning on the backlight
during some period of the reset bit. However, the present
invention is not limited thereto, and the backlight can be
turned on during all the reset period.

[0068] Further, according to the second exemplary
embodiment, since the backlight is turned on to allow light
transmission even during the reset period for resetting the
state of each of the liquid crystals, light can transmit even
during the period between the point at which the reset
waveform is applied and the point at which the liquid crystal
turns to the black state, as shown in FIG. 7. Thus brightness
can be improved compared with the conventional method
shown in FIG. 4.

[0069] FIGS. 8 and 9 show a liquid crystal display for
applying a reset waveform according to the second exem-
plary embodiment. In FIG. 8, the same parts of a liquid
crystal display have the same reference numerals as those of
the first exemplary embodiment shown in FIG. 6, and
redundant explanations are not provided.

[0070] In FIG. 8, the gray waveform generator 800 gen-
erates gray waveforms with a voltage width corresponding
to gray data which is supplied to the data driver 300. The
data driver 300 applies gray waveforms outputted from the
gray waveform generator 800, or reset waveforms, to cor-
responding data lines. A light source controller 700 controls
lighting time of the emission diodes 6004, 6005, and 600c.

[0071] According to the second exemplary embodiment,
since the backlight (e.g., 600a, 6005, 600c) is turned on even
during the reset pulse applying time, and light transmits
through liquid crystals even during the reset period, it is,
thus, necessary that a gray waveform generator (e.g., 800)
sets up a gray waveform corresponding to gray data, the gray
waveform generator sets up the gray waveform by consid-
ering the amount of light transmission, which can be devel-
oped by referring to a look-up table using methods known to
those skilled in the art.

[0072] FIG. 9 shows a detail view of a gray waveform
generator 800 according to the second exemplary embodi-
ment.
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[0073] As shown in FIG. 9, the gray waveform generator
800 according to this exemplary embodiment includes a
voltage applying time controller 820, a pattern table 840, a
constant voltage generator 860, and a switch 880.

[0074] The pattern table 840 stores gray waveform pat-
terns (on/off patterns) corresponding to gray data. According
to the exemplary embodiment of the present invention, the
pattern table stores four (4) bit on/off patterns corresponding
to six (6) bit gray data. For example, according to the
exemplary embodiment, the pattern table stores a 1011
on/off pattern (here, “1” is on waveform, and “0” is off
waveform) corresponding to six (6) bit gray data of 101111.

[0075] The voltage applying time controller 820 extracts
gray waveform patterns (on/off patterns) corresponding to
input gray data (R, G, and B Data) from the pattern table
840, and controls on/off operation and on/off time of the
switch 880 based on extracted gray waveform patterns.
Specifically, the voltage applying time controller 820 con-
trols the switch 880 to allow the first voltage (Von) to be
applied so as to turn on a liquid crystal during the prede-
termined time, when the extracted gray waveform patterns
(on/off) pattern value is “1”. And the voltage applying time
controller 820 controls the switch 880 to allow the second
voltage (0 V) to be applied so as to turn off a liquid crystal,
when the extracted gray waveform patterns (on/off) pattern
value is “0”. The constant voltage generator 860 generates
the first voltage (Von) and the second voltage (0 V) which
are supplied to the switch 880.

[0076] The switch 880 sclects the first voltage or the
second voltage that are both outputted from the constant
voltage generator 860 based on control operation of the
voltage applying time controller 820. The switch 880 then
outputs corresponding gray waveforms to the data driver
300.

[0077] FIG. 10 shows a pixel of a TFT-LCD. The pixel
includes a liquid crystal 950 formed between a first substrate
910 and a second substrate 920, a first electrode (common
electrode) 930 arranged at the first substrate 910, and a
second electrode (pixel electrode) 940 arranged at the sec-
ond substrate 920. Exemplary embodiments of the present
invention can be applied to the pixel of FIG. 10, as well as
other suitable pixels. In addition, the first and second sub-
strates 910, 920 and the liquid crystal 950 may be equiva-
lently represented, for example, as the liquid crystal capaci-
tor Cl in FIG. 1.

[0078] While this invention has been described in connec-
tion with certain exemplary embodiments, it is to be under-
stood that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover
various modifications and equivalent arrangements included
within the spirit and scope of the appended claims, and
equivalents thereof. For example, the exemplary embodi-
ments of the present invention disclose applying gray volt-
ages or waveforms to liquid crystals and turning on the
backlight almost simultaneously, however, in addition a
backlight can be turned on when gray voltages or waveforms
are applied and optical transmittivity of liquid crystals
reaches a relatively constant state.

What is claimed is:
1. A method for driving a liquid crystal display having a
liquid crystal formed between a first substrate and a second
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substrate, a first electrode arranged at the first substrate, a
second electrode arranged at the second substrate, and red,
green, and blue lights sequentially transmitting on one pixel
of the liquid crystal display, the method comprising:

(2) applying a gray voltage based on gray data between
the first electrode and the second electrode during a first
part of a first period; and

(b) applying a reset voltage to reset the liquid crystal
between the first electrode and the second electrode to
a desired state during a second part in the first period,

wherein at least one of the red, green, and blue lights is
outputted on the liquid crystal during at least some
period in the first part of the first period and during at
least some period in the second part of the first period.

2. The method of claim 1, wherein the desired state of the
liquid crystal comprises a state in which optical transmit-
tivity is about zero (0).

3. The method of claim 1, wherein the reset voltage is
independent of the gray data.

4. The method of claim 1, wherein the reset voltage is a
voltage having a substantially constant level with respect to
the gray data.

5. A method for driving a liquid crystal display having a
liquid crystal formed between a first substrate and a second
substrate, a first electrode arranged at the first substrate, and
a second electrode arranged at the second substrate, the
method comprising:

(2) applying a gray voltage based on gray data between
the first electrode and the second electrode during a first
part of a first period; and

(b) applying a first voltage independent of the gray data
during a second part of the first period,

wherein light is outputted on the liquid crystal during at
least some period in the first part of the first period and
during at least some period in the second part of the
second period.

6. The method of claim 5, wherein the first voltage
comprises a voltage having a substantially constant level
with respect to the gray data.

7. A method for driving a liquid crystal display having a
liquid crystal formed between a first substrate and a second
substrate, a first electrode arranged at the first substrate, a
second electrode arranged at the second substrate, and red,
green, and blue lights sequentially transmitting on one pixel
of the display, the method comprising:

(a) applying a gray waveform based on gray data between
the first electrode and the second electrode during a first
part in a first period; and

(b) applying a reset pulse to reset the liquid crystal
between the first electrode and the second electrode to
a desired state during a second part in the first period,

wherein at least one of the red, green and blue lights is
outputted on the liquid crystal during at least some
period in the first part of the first period and during at
least some period in the second part of the first period.
8. The method of claim 7, wherein the desired state of
liquid crystal comprises a state in which optical transmit-
tivity is about zero (0).
9. The method of claim 7, wherein the reset pulse is
independent of the gray data.
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10. The method of claim 9, wherein the reset pulse has a
substantially constant pulse width with respect to the gray
data.

11. A method for driving a liquid crystal display having a
plurality of scan lines, a plurality of data lines insulated and
crossed with the scan lines, a plurality of pixels formed at
areas surrounded by the scan lines and data lines and being
arranged in a matrix format, the pixels including switches
coupled to the scan lines and data lines to allow for sequen-
tial transmission of red, green, and blue lights on one pixel
from among the plurality of pixels of the liquid crystal
display, the one pixel including first and second electrodes
coupled with the data lines and the scan lines, the method
comprising:

driving the red, blue, and green lights from a red field, a
blue field, and a green field respectively,

the red field, green field, and blue field each comprising
a first subperiod and a second subperiod,

applying a first value comprising one of a gray voltage
and a gray waveform based on gray data between the
first electrode and the second electrode during the first
subperiod; and

applying a second value comprising one of a reset voltage
and a reset waveform independent of the gray data
during the second subperiod,

wherein corresponding light of the red, blue and green
lights is outputted on the liquid crystal during at least
some period in the first subperiod and during at least
some period in the second subperiod.

12. A liquid crystal display comprising:

a liquid crystal display panel comprising a plurality of
scan lines transferring scan signals, a plurality of data
lines insulated and crossed with the scan lines, and a
plurality of pixels formed at areas surrounded by the
scan lines and data lines, the pixels including switches
coupled to the scan lines and data lines and being
arranged in a matrix format;

a gate driver for sequentially supplying scan signals to the
scan lines;

a gray waveform generator for generating gray wave-
forms corresponding to gray data;

a data driver for supplying the gray waveforms outputted
from the gray waveform generator and for supplying
reset pulses to corresponding data lines of the plurality
of data lines, the reset pulses resetting at least one
liquid crystal state to a desired state; and

a light source for sequentially outputting red, green, and
blue light on at least one of the plurality of pixels,

wherein the light source is outputted on the liquid crystal
display during at least some period when the data driver
supplies at least one of the reset pulses to the corre-
sponding data lines.
13. The liquid crystal display of claim 12, wherein the
gray waveform generator comprises:

a pattern table for storing gray waveform patterns corre-
sponding to the gray data;

a constant voltage generator for generating a first voltage
and a second voltage;
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at least one of the switches coupled to the scan lines and
data lines for selecting a voltage between the first
voltage and the second voltage; and

a voltage applying time controller for extracting at least
one of the gray waveform patterns corresponding to
input gray data from the pattern table, and controlling
operation of the at least one of the switches based on
the extracted gray waveform pattern.
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14. The liquid crystal display of claim 12, wherein the at
least one of the reset pulses is independent of the gray data.

15. The liquid crystal display of claim 12, wherein the

desired state of liquid crystal is a state in which optical
transmittivity is about zero (0).
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