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(57) ABSTRACT

Embodiments relate to a liquid crystal display (LCD) and a
driving method thereof, a driving method of a liquid crystal
display (LCD) including a liquid crystal layer having a hys-
teresis characteristic according to a plurality of voltage curves
for a liquid crystal applying voltage versus transmittance
includes: applying a reset voltage to the liquid crystal layer
before a plurality of gray voltages according to grayscale data
of one frame; generating the gray voltages corresponding to
one voltage curve selected according to the applied reset
voltage among a plurality of curves according to the hyster-
esis characteristic; and applying the gray voltages to a corre-
sponding region of the liquid crystal layer.
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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD OF THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2010-011574 filed in the
Korean Intellectual Property Office on Nov. 8, 2010, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Embodiments relate to a liquid crystal display
(LCD) and a driving method.

[0004] More particularly, embodiments relate to a driving
method expressing a grayscale with a desired luminance
without an influence of a previous grayscale in a driving
method of a liquid crystal display (LCD) including a liquid
crystal layer having a hysteresis characteristic.

[0005] 2. Description of the Related Art

[0006] Recently, various flat panel displays capable of
reducing weight and volume have been developed. Weight
and volume are disadvantages of a cathode ray tube. Among
flat panel displays are a liquid crystal display (L.CD), a field
emission display (FED), a plasma display panel (PDP), an
organic light emitting diode (OLED) display, etc.

SUMMARY

[0007] Embodiments may be directed to a liquid crystal
display, and a driving method thereof. Embodiments may also
be directed to a method of displaying with a gray voltage.
[0008] A driving method of a liquid crystal display (LCD)
according to an exemplary embodiment includes a liquid
crystal layer having a hysteresis characteristic according to a
plurality of voltage curves for a liquid crystal applying volt-
age versus transmittance.

[0009] The driving method of the liquid crystal display
(LCD) according to an exemplary embodiment includes:
applying a reset voltage to the liquid crystal layer before a
plurality of gray voltages according to grayscale data of one
frame; generating the gray voltages corresponding to one
voltage curve selected according to the reset voltage among
the plurality of curves according to the hysteresis character-
istic; and applying the gray voltages to a corresponding
region of the liquid crystal layer.

[0010] The reset voltage may be a saturation voltage or a
threshold voltage.

[0011] The one voltage curve selected according to the
reset voltage may be a voltage curve according to a direction
that the liquid crystal applying voltage is decreased from a
maximum value to a minimum value among the plurality of
voltage curves when the reset voltage is the saturation volt-
age.

[0012] The voltage curve selected according to the reset
voltage may be a voltage curve according to a direction that
the liquid crystal applying voltage is increased from a mini-
mum value to a maximum value among the plurality of volt-
age curves when the reset voltage is the threshold voltage.
[0013] The saturation voltage of the voltage curve may be a
white voltage in a case of a normally black mode, and may be
a black voltage in a normally white mode.
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[0014] The liquid crystal layer may be a polymer dispersed
liquid crystal layer in which a liquid crystal, a reactive
mesogen (RM), and a polymer compound are mixed.

[0015] The polymer dispersed liquid crystal layer may
include one selected from a polymer dispersed liquid crystal
(PDLC), apolymer network liquid crystal (PNLC), apolymer
stabilized liquid crystal (PSLC), a liquid crystal stabilized
polymer (LCSP), and a polymer stabilized ferroelectric liquid
crystal (PSFLC).

[0016] A driving method of a liquid crystal display (LCD)
including a liquid crystal layer having a hysteresis character-
istic according to a plurality of voltage curves for a liquid
crystal applying voltage versus transmittance and displaying
apredetermined color by sequentially driving the liquid crys-
tal layer during one frame period that is divided into a plural-
ity of sub-frames includes: applying a reset voltage to the
liquid crystal layer before a plurality of gray voltages accord-
ing to grayscale data of every sub-frame of the plurality of
sub-frames; generating the gray voltages corresponding to
one voltage curve selected according to the reset voltage
among the plurality of curves according to the hysteresis
characteristic; and applying the gray voltages to a corre-
sponding region of the liquid crystal layer.

[0017] The one voltage curve may be a voltage curve
according to a direction that the liquid crystal applying volt-
age is decreased from a maximum value to a minimum value
among the plurality of voltage curves.

[0018] The plurality of sub-frames may include Red (R),
Green (G), and Blue (B) sub-frames.

[0019] The plurality of sub-frames may respectively
include a first section in which the reset voltage is applied to
the liquid crystal layer and a second section in which the gray
voltages corresponding to one voltage curve selected among
the plurality of voltage curves are applied to the correspond-
ing region of the liquid crystal layer.

[0020] A liquid crystal display (LCD) includes: a plurality
of pixels including a liquid crystal layer having a hysteresis
characteristic of a plurality of voltage curves of a liquid
crystal applying voltage versus transmittance and displaying
an image; a plurality of scan lines simultaneously transmit-
ting a scan signal of a gate on voltage level to the plurality of
pixels during a predetermined first period of one frame period
and sequentially transmitting the scan signal of the gate on
voltage level to the plurality of pixels during a predetermined
second period of one frame period; a plurality of data lines
transmitting a reset voltage to the plurality of pixels during
the predetermined first period and transmitting a plurality of
gray voltages generated corresponding to one voltage curve
selected according to the reset voltage among the plurality of
voltage curves according to the hysteresis characteristic dur-
ing the predetermined second period; and a plurality of com-
mon electrode lines supplying a common voltage to the plu-
rality of pixels, wherein the plurality of pixels display a
grayscale by applying the gray voltages transmitted during
the predetermined second period to a corresponding region of
the liquid crystal layer.

[0021] The one voltage curve may be a voltage curve
according to a direction that the liquid crystal applying volt-
age is decreased from a maximum value to a minimum value
among the plurality of voltage curves.

[0022] The reset voltage may be a saturation voltage or a
threshold voltage

[0023] The plurality of pixels may respectively include: a
thin film transistor including a gate electrode connected to a
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corresponding scan line of the plurality of scan lines, a first
electrode connected to a corresponding data line of the plu-
rality of data lines, and a second electrode connected to a pixel
electrode and turned on according to the scan signal transmit-
ted through the corresponding scan line of the plurality of
scan lines to receive the reset voltage and the plurality of gray
voltages through the data line; a storage capacitor connected
to the second electrode of the thin film transistor and main-
taining a pixel voltage applied to the pixel electrode; and a
liquid crystal layer interposed between the pixel electrode
connected to the second electrode of the thin film transistor
and the common electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The above and other features will become more
apparent to those of ordinary skill in the art by describing in
detail exemplary embodiments with reference to the attached
drawings, in which:

[0025] FIG. 1 illustrates a circuit diagram of a pixel driving
circuit according to an exemplary embodiment.

[0026] FIG. 2 illustrates a timing diagram explaining an
operation of a pixel driving circuit of FIG. 1 according to an
exemplary embodiment.

[0027] FIG. 3 illustrates a timing diagram explaining an
operation of a pixel driving circuit of FIG. 1 according to
another exemplary embodiment.

[0028] FIG. 4 and FIG. 5 illustrate V-T curve graphs to
explain a driving method of a liquid crystal display (LCD)
according to an exemplary embodiment.

[0029] FIG. 6 illustrates a V-T curve graph showing a state
in whichan expression of grayscales is improved according to
a driving method of a liquid crystal display (LCD) according
to an exemplary embodiment.

[0030] FIG. 7 illustrates a graph showing a V-T curve of a
liquid crystal display (LCD).

[0031] FIG. 8 illustrates a graph showing a V-T curve for a
color of a liquid crystal display (LCD) having a liquid crystal
layer of a hysteresis characteristic.

DETAILED DESCRIPTION

[0032] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein.

[0033] Hereinafter, present embodiments will be described
more fully with reference to the accompanying drawings, in
which exemplary embodiments are shown. As those skilled in
the art would realize, the described exemplary embodiments
may be modified in various different ways, all without depart-
ing from the spirit or scope of present embodiments.

[0034] Further, like reference numerals denotes like com-
ponents throughout several exemplary embodiments. A first
exemplary embodiment will be representatively described,
and therefore only components other than those of the first
exemplary embodiment will be described in other exemplary
embodiments.

[0035] The drawings and description are to be regarded as
illustrative in nature and not restrictive. Like reference
numerals designate like elements throughout the specifica-
tion.

[0036] Throughout this specification and the claims that
follow, when it is described that an element is “coupled” to
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another element, the element may be “directly coupled” to the
other element or “electrically coupled” to the other element
through a third element. In addition, unless explicitly
described to the contrary, the word “comprise” and variations
such as “comprises” or “comprising” will be understood to
imply the inclusion of stated elements but not the exclusion of
any other elements.

[0037] FIG. 11is a circuit diagram of a pixel driving circuit
according to an exemplary embodiment.

[0038] A liquid crystal display panel including a plurality
of pixels according to an exemplary embodiment is included
in the general liquid crystal display (LCD) and is displayed
such that the description for detailed configurations of the
general liquid crystal display (LCD) including a controller, a
data driver, a gate driver, and a power supply unit is omitted.
[0039] Asshown in FIG. 1, aplurality of pixels forming the
liquid crystal display panel displaying the image according to
the image data signal are disposed at predetermined regions
where a corresponding data line Dm among a plurality of data
lines and a corresponding scan line SCn among a plurality of
scan lines are intersected and are connected to the corre-
sponding data line Dm and the corresponding scan line SCn.
[0040] The plurality of data lines extend in a longitudinal
direction and are connected to a data driver (not shown), and
the plurality of scan lines extend in a transverse direction and
are connected to a gate driver (not shown).

[0041] The corresponding scan line SCn among the plural-
ity of scan lines is connected to a gate electrode of a thin film
transistor 10 disposed in a pixel shown in FIG. 1, and the
corresponding data line Dm among a plurality of data lines is
connected to the first electrode of the thin film transistor 10.
[0042] The thin film transistor 10 is turned on by the scan
signal applied through the corresponding scan line SCn, and
a predetermined voltage is transmitted through the first elec-
trode of'the turned on thin film transistor 10 during one frame
period. That is, a reset voltage is transmitted during a prede-
termined first period among one frame period, and the data
voltage according to the data signal is transmitted during a
predetermined second period among one frame period.
[0043] The second electrode facing the first electrode of the
thin film transistor 10 is connected to a storage capacitor Cst
and a liquid crystal layer CLC.

[0044] One terminal of the storage capacitor Cst is con-
nected to the second electrode of the thin film transistor 10,
and the other terminal thereof may be connected to a common
electrode or an additional electrode that is separately pro-
vided.

[0045] One terminal of the liquid crystal layer CLC is a
pixel electrode connected to the second electrode of the thin
film transistor 10, and the other terminal thereof is connected
to the common electrode thereby receiving a common voltage
Veom.

[0046] Thecommon electrode may apply the common volt-
age Vcom to each liquid crystal layer CLC of a plurality of
pixels included in the liquid crystal display panel through a
commor electrode line.

[0047] The liquid crystal layer CLC includes a liquid crys-
tal between the upper substrate and the lower substrate, and
according to an exemplary embodiment, a liquid crystal layer
having a plurality of liquid crystal application voltages versus
the light transmittance characteristic curve (V-T curve or
voltage curve) having the hysteresis characteristics by the
influence of the previous gray voltage is used.
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[0048] Preferably, the liquid crystal layer CLC may be a
polymer dispersed liquid crystal layer having the hysteresis
characteristic.

[0049] Thepolymer dispersed liquid crystal layer is formed
by a mixture of a liquid crystal, a reactive mesogen (RM), and
a polymer compound, and may use one selected from a poly-
mer dispersed liquid crystal (PDLC), a polymer network lig-
uid crystal (PNLC), a polymer stabilized liquid crystal
(PSLC), a liquid crystal stabilized polymer (LCSP), and a
polymer stabilized ferroelectric liquid crystal (PSFLC).
[0050] The polymer dispersed liquid crystal layer CLC has
the effects that light transmittance is excellent and the con-
trast ratio is improved. However, hysteresis may be gener-
ated, in which the expression of grayscales according to the
current data signal is not correct and is not displayed with
constant luminance by the influence of the previous gray-
scale.

[0051] To correct the expression of grayscales by reducing
the influence of the hysteresis, a period for applying the reset
voltage is set before the expression of grayscales among one
frame period.

[0052] InFIG.1,the first electrode of the thin film transistor
10 of the pixel is applied with the data voltage Vd according
to the data signal when the scan signal of the gate on voltage
level is transmitted to the thin film transistor 10 to be turned
on, and the reset voltage is applied to reset the liquid crystal
layer CLC before the data voltage Vd is applied among the
corresponding frame period.

[0053] The reset voltage is transmitted to the pixel elec-
trode of the liquid crystal layer through the first electrode and
the second electrode of the thin film transistor 10 to reset the
liquid crystal layer CLC.

[0054] Thereset voltage is not limited, however, and it may
preferably be a saturation voltage. As an exemplary embodi-
ment, in a normally black mode, a white voltage level may be
set as the reset voltage, and in a normally white mode, ablack
voltage level may be set as the reset voltage.

[0055] Thereset voltage may be set as the level that is equal
to or more than a voltage level of a maximum value among
absolute values of the data voltage that is applied to the pixel.

[0056] The polymer dispersed liquid crystal that is
arranged corresponding to the previous grayscale data volt-
age for the previous expression of grayscales is rearranged
corresponding to the reset voltage before the grayscale data
voltage for the current expression of grayscales is applied.
Accordingly, when the current grayscale data voltage is
applied and is displayed, the gray voltage of the previous
frame may not be influenced.

[0057] If the reset voltage is transmitted, when the scan
signal having the gate on voltage level is transmitted, the thin
film transistor 10 is turned on such that the data voltage Vd is
applied from the first electrode of the thin film transistor 10
and is transmitted to the pixel electrode of the liquid crystal
layer CLC through the second electrode. In the manufactur-
ing process of the liquid crystal display (LCD), the second
electrode of the thin film transistor 10 is shorted to the pixel
electrode of the liquid crystal. Accordingly, the voltage of the
second electrode has the same value as the voltage Vp of the
pixel electrode. Therefore, the transmitted data voltage Vd
becomes the voltage Vp of the pixel electrode, the liquid
crystal included in the liquid crystal layer CLC is aligned by
the difference between the voltage Vp of pixel electrode and
the common voltage Veom applied to the common electrode,
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and a predetermined image is displayed by a light source that
is emitted at the rear side of the liquid crystal.

[0058] According to an exemplary embodiment of, the lig-
uid crystal included in the liquid crystal layer CLC is reset by
the reset voltage before the data voltage Vd is applied to the
pixel electrode such that the grayscale of the data voltage may
be expressed by using one V-T curve among two V-T curves
in which the hysteresis characteristic is generated.

[0059] The storage capacitor Cst that is commonly con-
nected to the pixel electrode of the liquid crystal layer CLC
has the function of maintaining the reset voltage or the gray-
scale data voltage during a predetermined period.

[0060] FIG. 2 is a timing diagram explaining an operation
of the pixel driving circuit of FIG. 1 by an exemplary embodi-
ment.

[0061] FIG. 2 shows a driving process for displaying an
image according to a data signal through a scan signal that is
transmitted to a plurality of pixels in a liquid crystal display
(LCD) including a liquid crystal display panel including the
plurality of pixels shown in F1G. 1 as a timing diagram.
[0062] As shown in FIG. 2, a driving method of a liquid
crystal display (LCD) according includes two reset sections
T10 and a data writing section T20 in one frame. One frame
is divided into the reset section T10 for resetting the liquid
crystal layer CLC that is displayed by the previous grayscale
data voltage in the previous frame, and the data writing sec-
tion T20 inwhich the data voltage according to the data signal
is transmitted and is displayed as the grayscale in the current
frame.

[0063] Inthe reset section T10 as the section from the time
tl to the time 12, a plurality of scan signals S1 to Sn are
transmitted during the reset period T10 through a plurality of
scan lines that are connected to the gate electrodes of the thin
film transistors 10 of a plurality of pixels forming the liquid
crystal display panel. A plurality of scan signals S1 to Sn are
respectively transmitted to a plurality of scan lines that are
disposed according to the pixel row of a plurality of pixels of
the liquid crystal display panel. In the reset period, that scan
signal that is transmitted to the gate electrode of the thin film
transistor 10 respectively included in all pixels is transmitted
as a predetermined gate on voltage level, and thereby the thin
film transistor 10 is turned on during the reset section. Thus,
a reset voltage Vr is transmitted through the corresponding
data line connected to the first electrode of the thin film
transistor 10 during the reset period T10.

[0064] According to an exemplary embodiment, the reset
voltage Vr may be the saturation voltage that is equal to or
more than the maximum value among the absolute value of
the data voltage. According to another exemplary embodi-
ment, the reset voltage Vr may be the white voltage level or
the black voltage level.

[0065] Ifthe reset voltage Vr is transmitted to a plurality of
pixels such that it is transmitted to the pixel electrode of the
liquid crystal layer CLC included in a plurality of pixels, the
liquid crystal included in the liquid crystal layer CLC is
rearranged corresponding to the reset voltage Vr. Thus, the
liquid crystal arrangement characteristic according to the
grayscale data voltage in the previous frame does not influ-
ence the grayscale data expression of the current frame.
[0066] In the data writing section T20 as the section from
the time t3 to the time 4, a plurality of scan signals S1 to Sn
that are transmitted to the plurality of scan lines connected to
the plurality of pixel rows are sequentially transmitted as the
gate on voltage level. The scan signal S1 that is transmitted to
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the first scan line is transmitted as the gate on voltage level to
the plurality of pixels included in the first pixel row atthe time
3, and then the scan signal S2 that is transmitted to the second
scan line is transmitted as the gate on voltage level to the
plurality of pixels included in the second pixel row.

[0067] By this method, the n-th scan signal Sn is transmit-
ted as the gate on voltage level to the scan line connected to
the n-th pixel row as the last pixel row.

[0068] All pixels included in the liquid crystal display
panel are sequentially scanned according to the pixel row, and
the thin film transistors respectively included in a plurality of
pixels included in the pixel row are sequentially turned on.
[0069] Thedatavoltage is transmitted from the correspond-
ing data line Dm through the first electrode of the thin film
transistor 10 that is sequentially turned on according to the
pixel row. The data voltage levels transmitted to a plurality of
pixels during the current frame are different from one another,
the corresponding data voltageis transmitted as the voltage of
the pixel electrode of the liquid crystal layer CLC, and the
liquid crystal of the liquid crystal layer CLC are arranged by
the difference between the voltage of the pixel electrode and
the voltage of the common electrode. Thus, the grayscale
according to the corresponding data voltage is expressed.
[0070] FIG. 3 is a timing diagram explaining an operation
of the pixel driving circuit of FIG. 1 by another exemplary
embodiment of the present invention different from FIG. 2. In
the driving method of the liquid crystal display according to
the exemplary embodiment of FIG. 3, one frame may include
a plurality of subframes Rsub, Gsub, and Bsub.

[0071] Referringto 3, the R sub-frame Rsub of the plurality
of sub-frames includes a reset section P10 and a data writing
section PR.

[0072] That is, the R sub-frame Rsub includes the reset
section P10 applying a reset voltage to reset the liquid crystal
layer CLC that is displayed by the corresponding grayscale
data voltage in the previous frame or in the previous sub-
frame.

[0073] In the exemplary embodiment of FIG. 3, the reset
section is positioned in the initial sub-frame period among the
plurality of sub-frames, this is one exemplary embodiment,
and a predetermined reset section may be initially set up in
each sub-frame period.

[0074] During the reset section P10 from the time a1 to the
time a2, a plurality of scan signals S1 to Sn are transmitted
through a plurality of scan lines that are connected to the gate
electrodes of the thin film transistors 10 of a plurality of pixels
forming the liquid crystal display panel. Thus, the thin film
transistors 10 of the plurality of pixels are turned on during
the reset section and the reset voltage is transmitted through
the data line.

[0075] After the passage of the reset section P10 of the R
sub-frame Rsub, a plurality of scan signals 51 to Sn are
sequentially transmitted to the thin film transistors 10 of a
plurality of pixels forming the liquid crystal display panel
from the time a3 to the time ad.

[0076] Thus, the thin film transistors 10 of a plurality of
pixels included in the pixel row are sequentially turned on and
the data voltage corresponding to the R sub-frame Rsub is
transmitted from the data line through the first electrode of the
thin film transistors 10 that are sequentially turned on.
[0077] Next, a plurality of scan signals S1 to Sn are sequen-
tially transmitted to the thin film transistors 10 of the plurality
of pixels from the time a4 to the time a5 such that the data
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voltage corresponding to the G sub-frame Gsub is transmitted
in the data writing period PG of the G sub-frame Gsub.
[0078] Next, a plurality of scan signals S1 to Sn are again
sequentially transmitted from the time a5, and the data volt-
age corresponding to the B sub-frame Bsub is written in the
data writing period PB of the B sub-frame Bsub with the same
method.

[0079] FIG. 4 and FIG. 5 are V-T curve graphs to explaina
driving method of a liquid crystal display (LCD) according to
an exemplary embodiment.

[0080] The liquid crystal display (LCD) according to an
exemplary embodiment includes the liquid crystal layer CL.C
having the hysteresis characteristic such that the V-T curves
that are applied to the case that the gray voltage is increased
and decreased compared with the previous gray voltage when
expressing the gray voltage are different from one another, as
shown in FIG. 4.

[0081] In the case that the voltage is increased, the liquid
crystal is arranged corresponding to the lower voltage curve
among the V-T curves of FIG. 4 to have the light transmittance
for the corresponding voltage such that the luminance accord-
ing to the corresponding light transmittance is realized.
[0082] Incontrast, inthe case that the voltage is decreased,
the liquid crystal is arranged corresponding to the upper volt-
age curve among the V-T curves of FIG. 4 to have the light
transmittance for the corresponding voltage such that the
luminance according thereto is displayed.

[0083] Accordingly, the grayscale for the different voltage
curves is expressed according to whether the grayscale data
voltage of the current frame is increased or decreased com-
pared with the grayscale data voltage of the previous frame
such that the transmittance is different by the hysteresis of the
liquid crystal layer although the same voltage is applied.
Thus, the luminance is different.

[0084] AsshowninFIG. 4, the driving method according to
an exemplary embodiment inserts the reset section for apply-
ing the reset voltage in the beginning of the frame, i.e., before
the data voltage is transmitted in each frame, such that the
liquid crystal of the liquid crystal layer is rearranged into the
alignment corresponding to the reset voltage.

[0085] When the grayscale data voltage is applied in the
current frame in applying the light transmittance according to
the corresponding grayscale data voltage, one voltage curve
may be applied among two V-T curves having the hysteresis
characteristic. Preferably, as shown in FIG. 4, the reset volt-
age may be set as the white voltage level as the saturation
voltage. Thus, the V-T curve of the voltage decreasing corre-
sponding to the direction that the liquid crystal applying
voltage is decreased from the maximum value to the mini-
mum value is selected, and thereby the luminance corre-
sponding to the grayscale data voltage may be displayed.
[0086] The driving method of the liquid crystal display
(LCD)according to present embodiments will be described in
detail with reference to FIG. 5.

[0087] When expressing the gray 32 in the current frame
after the gray 0 and gray 63 are respectively expressed in the
previous frame, the liquid crystal display (LCD) including the
liquid crystal layer having the hysteresis characteristic
changes the grayscales according to the different V-T curves
having the hysteresis characteristic. In the case the voltage is
increased when the image is changed from the gray 0 to the
gray 32, the V-T curve of the voltage increasing in the direc-
tion that the liquid crystal applying voltage is increased is
applied, and the V-T curve of the voltage decreasing in the
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direction that the liquid crystal applying voltage is decreased
is applied in the case that the image is changed from the gray
63 to the gray 32. Accordingly, in spite of the equal expression
of the gray 32, the liquid crystal layer of the liquid crystal
display (LCD) is arranged to have the different light trans-
mittance of about 0.85 and 0.9 by the influence of the gray-
scale data voltage of the previous frame. Accordingly, the
luminance difference for the same grayscale data voltage is
generated.

[0088] However, according to the driving method of the
liquid crystal display (LCD), the liquid crystal is rearranged
by the saturation voltage to be reset regardless of whether the
grayscale expressed in the previous frame is the gray 0 or gray
63. In FIG. 5, the reset voltage is predetermined as the white
voltage level, and thereby the voltage corresponding to the
gray ( that is displayed in the previous frame is increased to
the voltage level of the reset voltage as the saturation voltage.
To express the gray 32 in the current frame, the V-T curve of
the voltage that is decreasing among two V-T curves is
selected such that the luminance corresponding to the voltage
curve is generated.

[0089] When the voltage corresponding to the gray 63 is
displayed in the previous frame, the gray 32 corresponding to
the V-T curve of the voltage that is decreasing among two V-T
curves is displayed after the reset such that the gray 32 may be
displayed with the same luminance in the current frame,
regardless of the grayscale data voltage of the previous frame.
[0090] FIG. 6 is a graph of a V-T curve showing an expres-
sion of grayscales that are improved according to a driving
method of a liquid crystal display (LCD) according to an
exemplary embodiment. As shown in FIG. 6, the driving
method of the liquid crystal display (LCD) including the
liquid crystallayer having the hysteresis characteristic selects
the V-T curve of the voltage that is decreasing in the direction
that the liquid crystal applying voltage is decreased among a
plurality of V-T curves having the hysteresis characteristic
under the expression of grayscales to accord the V-T curve for
the expression of grayscales such that the luminance accord-
ing to the same data voltage may be constantly displayed.
Also, the reset voltage is predetermined as the single voltage
such that there is simple driving and easy application.
[0091] In the exemplary embodiment, the reset voltage is
predetermined as the saturation voltage. However, it is not
limited thereto, and a threshold voltage of the liquid crystal
may be predetermined. A case in which the reset voltage is
predetermined as the threshold voltage of the liquid crystal is
a time when the black luminance is accorded like a plurality
of voltage curves having the hysteresis characteristic display-
ing green of FIG. 8. At this time, the black voltage is prede-
termined as the reset voltage, and a curve of the voltage that is
increasing in the direction that the liquid crystal applying
voltage is increased among a plurality of voltage curves is
selected when expressing the grayscale to express the gray-
scale.

[0092] By way of summation and review, the liquid crystal
display (LCD) of the related art includes a liquid crystal panel
including an upper substrate, a lower substrate, and a liquid
crystal between the upper substrate and the lower substrate, a
driving circuit driving the liquid crystal panel, and a backlight
unit providing white light to the liquid crystal.

[0093] The liquid crystal used in the liquid crystal displays
(LCDs) is a liquid crystal material of a twisted nematic (TN)
type or asuper twisted nematic (STN) type. The liquid crystal
display (LCD) using this liquid crystal includes a polarizing
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plate such that light usage efficiency is low, thereby decreas-
ing the contrast ratio. Also, the liquid erystal display (LCD)
requires surface alignment. However, if pixel density is
increased, alignment treatment near a thin film transistor is
difficult and the viewing angle is about 20°. To solve this
problem, applying a transmission and scattering mode to a
display element without a polarizing plate has been tried. As
the result of this effort, a polymer dispersed liquid crystal
(PDLC)ora polymer network liquid crystal (PNLC) of a light
scattering mode dispersing the liquid crystal has been pro-
posed.

[0094] However, the polymer dispersed liquid crystal mate-
rial in a light scattering mode has a hysteresis characteristic,
thereby having an influence of the previous grayscale.
Although the same voltage is applied, the luminance is not
uniform because there is a difficulty in expression of gray-
scales.

[0095] FIG. 7 is a graph of a V-T curve showing a liquid
crystal application voltage versus a transmittance of a liquid
crystal display (LCD) having a general liquid crystal element.
The liquid crystal display (LCD) has the same V-T charactet-
istic regardless of whether the applied data voltage is
increased or decreased. Accordingly, it is possible to express
the determined grayscale for the constant voltage by the V-T
curve.

[0096] However, the V-T curve of a liquid crystal display
(LCD) including a polymer dispersed liquid crystal devel-
oped to increase the contrast ratio by improving light usage
efficiency of the liquid crystal display (LCD) has a hysteresis
characteristic due to the hysteresis characteristic of the liquid
crystal layer.

[0097] Referring to the graph of FIG. 8 showing a V-T curve
for color of the liquid crystal display (LCD) including the
liquid crystal layer with the hysteresis characteristic, in the
case of expressing the same color like R, G, or B, two different
V-T curves are shown according to the voltage change of the
gray voltage of the previous frame and the gray voltage of the
current frame such that the V-T curves have the hysteresis
characteristic.

[0098] Although the same voltage is applied, the corre-
sponding voltage curves are different according to the previ-
ous gray voltage that is larger or smaller than the voltage that
is currently applied. Accordingly, although the same voltage
is applied according to the previous grayscale, the luminance
is changed such that gamma tuning is impossible and the
luminescence characteristics may be deteriorated.

[0099] Inthe graph of FIG. 8, in the case of an example of
a voltage curve expressing blue BU and BD, when the gray
voltage applied to the current frame is larger than the gray
voltage applied to the previous frame, the voltage change is
increased. Thus, the grayscale corresponding to the lower
V-T(BU) curve among two V-T curves (BU and BD) is
expressed.

[0100] Also, when the gray voltage applied to the current
frame is smaller than the gray voltage applied to the previous
frame voltage, the voltage change is decreased such that the
grayscale corresponding to the upper V-T(BD) curve among
two V-T curves (BU and BD) is expressed.

[0101] Although the same voltage is expressed in the cur-
rent frame, the difference of the liquid crystal transmittance is
generated according to the previous gray voltage by at least 2
different V-T curves having the hysteresis characteristic such
that the luminances are different from each other.
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[0102] When the previous grayscale of 20 is changed into
the current gray 32, and the previous grayscale of 40 is
changed into the current gray of 32, the current gray voltages
are the same, however a different V-T curve is applied by the
hysteresis characteristic of the plurality of V-T curves such
that the liquid crystal display does not have the same trans-
mittance. Thus, the luminance is changed.

[0103] Accordingly, an improved driving method of a lig-
uid crystal display (LCD) according to exemplary embodi-
ments expresses the same luminance regardless of the previ-
ous grayscale when expressing the grayscale through the
application of the same voltages in the liquid crystal display
(LCD) using the liquid crystal layer having the hysteresis
characteristic.

[0104] Accordingly, the disclosed embodiments provide an
improvement of the driving method capable of expressing a
grayscale data voltage for constant luminance according to
the data signal over the liquid crystal display (LCD) using the
liquid crystal material having the hysteresis characteristic.

[0105] Embodiments are directed to a liquid crystal display
that is displayed with a constant luminance under the same
voltage application without an influence of a pervious gray-
scale in a liquid crystal display (LCD) including a liquid
crystal layer having a hysteresis characteristic, and a driving
method thereof.

[0106] Embodiments are directedtoa method ofdisplaying
with a gray voltage by using one voltage curve in a liquid
crystal display (LCD) having hysteresis of at least two liquid
crystal application voltages versus a transmittance character-
istic curve (hereinafter, referred to as “voltage curve” or “V-T
curve”) in a previous grayscale display due to a liquid crystal
layer having a hysteresis characteristic.

[0107] According to present embodiments, for the expres-
sion of grayscales of the liquid crystal display (LCD) includ-
ing the liquid crystal layer having the hysteresis characteris-
tic, constant luminance may realize expression of grayscales
under the application of the same data voltage without influ-
ence of the previous grayscale by the hysteresis of the liquid
crystal.

[0108] Also, the luminance change for the same gray volt-
age according to a plurality of V-T curves having the hyster-
esis characteristic by the liquid crystal layer having the hys-
teresis characteristic may be improved, and the single V-T
curve is selected and used to display the grayscale such that
the liquid crystal display (LCD) having the correct luminance
and the high quality may be provided.

[0109] While these embodiments have been described in
connection with what is presently considered to be practical
exemplary embodiments, it is to be understood that embodi-
ments are not limited to the disclosed embodiments. On the
contrary, the embodiments are intended to cover various
modifications and equivalent arrangements included within
the spirit and scope of the appended claims. Further, the
materials of the components described in the specification
may be selectively substituted by various known materials by
those skilled in the art. In addition, some of the components
described in the specification may be omitted without dete-
rioration of performance or added in order to improve the
performance by those skilled in the art. Moreover, the
sequence of the steps of the method described in the specifi-
cation may be changed depending on a process environment
or equipment by those skilled in the art. Accordingly, the
scope of the embodiments should be determined not by the
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above-mentioned exemplary embodiments, but by the
appended claims and equivalents thereto.

[0110] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation.

What is claimed is:

1. A driving method of a liquid crystal display (LCD)
including a liquid crystal layer having a hysteresis charactet-
istic according to a plurality of voltage curves for a liquid
crystal applying voltage versus transmittance, the method
comprising:

applying a reset voltage to the liquid crystal layer before a

plurality of gray voltages according to grayscale data of
one frame;

generating the gray voltages corresponding to one voltage

curve selected according to the reset voltage among the
plurality of voltage curves according to the hysteresis
characteristic; and

applying the gray voltages to a corresponding region of the

liquid crystal layer.

2. The method as claimed in claim 1, wherein

the reset voltage is a saturation voltage or a threshold

voltage.

3. The method as claimed in claim 2, wherein

the one voltage curve selected according to the reset volt-

age is a voltage curve according to a direction that the
liquid crystal applying voltage is decreased from a maxi-
mum value to a minimum value among the plurality of
voltage curves when the reset voltage is the saturation
voltage, and

the one voltage curve selected according to the reset volt-

age is a voltage curve according to a direction that the
liquid crystal applying voltage is increased from a mini-
mum value to a maximum value among the plurality of
voltage curves when the reset voltage is the threshold
voltage.

4. The method as claimed in claim 3, wherein

in a case of a normally black mode, the saturation voltage

is a white voltage.

5. The method as claimed in claim 3, wherein

in a case of a normally white mode, the saturation voltage

is a black voltage.

6. The method as claimed in claim 1, wherein

the liquid crystal layer is a polymer dispersed liquid crystal

layer in which a liquid crystal, a reactive mesogen (RM),
and a polymer compound are mixed.

7. The method as claimed in claim 6, wherein

the polymer dispersed liquid crystal layer includes one

selected from a polymer dispersed liquid crystal
(PDLC), a polymer network liquid crystal (PNLC), a
polymer stabilized liquid crystal (PSLC), aliquid crystal
stabilized polymer (LCSP), and a polymer stabilized
ferroelectric liquid crystal (PSFLC).

8. A driving method of a liquid crystal display (LCD)
including a liquid crystal layer having a hysteresis character-
istic according to a plurality of voltage curves for a liquid
crystal applying voltage versus transmittance and displaying
apredetermined color by sequentially driving the liquid crys-
tal layer during one frame period that is divided into a plural-
ity of sub-frames, the method comprising:

applying a reset voltage to the liquid crystal layer before a

plurality of gray voltages according to grayscale data of
every sub-frame of the plurality of sub-frames;
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generating the gray voltages corresponding to one voltage
curve selected according to the reset voltage among the
plurality of voltage curves according to the hysteresis
characteristic; and

applying the gray voltages to a corresponding region of the
liquid crystal layer.

9. The method as claimed in claim 8, wherein

the one voltage curve is a voltage curve according to a
direction that the liquid crystal applying voltage is
decreased from a maximum value to a minimum value
among the plurality of voltage curves.

10. The method as claimed in claim 8, wherein

the reset voltage is a saturation voltage or a threshold
voltage.

11. The method as claimed in claim 10, wherein

in a case of a normally black mode, the saturation voltage
is a white voltage.

12. The method as claimed in claim 10, wherein

in a case of a normally white mode, the saturation voltage
is a black voltage.

13. The method as claimed in claim 8, wherein

the plurality of sub-frames include Red (R), Green (G), and
Blue (B) sub-frames.

14. The method as claimed in claim 8, wherein

the plurality of sub-frames respectively include a first sec-
tion in which the reset voltage is applied to the liquid
crystal layer and a second section in which the gray
voltages corresponding to one voltage curve selected
among the plurality of voltage curves are applied to the
corresponding region of the liquid crystal layer.

15. The method as claimed in claim 8, wherein

the polymer dispersed liquid crystal layer includes one
selected from a polymer dispersed liquid crystal
(PDLC), a polymer network liquid crystal (PNLC), a
polymer stabilized liquid crystal (PSLC), aliquid crystal
stabilized polymer (LCSP), and a polymer stabilized
ferroelectric liquid crystal (PSFLC).

16. A liquid crystal display (LCD), comprising:

a plurality of pixels including a liquid crystal layer having
ahysteresis characteristic ofa plurality of voltage curves
of aliquid crystal applying voltage versus transmittance
and displaying an image;

aplurality of scan lines simultaneously transmitting a scan
signal of a gate on voltage level to the plurality of pixels
during a predetermined first period of one frame period
and sequentially transmitting the scan signal of the gate
on voltage level to the plurality of pixels during a pre-
determined second period of one frame period,

a plurality of data lines transmitting a reset voltage to the
plurality of pixels during the predetermined first period
and transmitting a plurality of gray voltages generated
corresponding to one voltage curve selected according
to the reset voltage among the plurality of voltage curves
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according to the hysteresis characteristic during the pre-
determined second period; and
a plurality of common electrode lines supplying a common
voltage to the plurality of pixels,
wherein the plurality of pixels display a grayscale by
applying the gray voltages transmitted during the prede-
termined second period to a corresponding region of the
liquid crystal layer.
17. The liquid crystal display (LCD) as claimed in claim
16, whetrein
the one voltage curve is a voltage curve according to a
direction that the liquid crystal applying voltage is
decreased from a maximum value to a minimum value
among the plurality of voltage curves.
18. The liquid crystal display (LCD) as claimed in claim
16, whetrein
the reset voltage is a saturation voltage or a threshold
voltage.
19. The liquid crystal display (LCD) as claimed in claim
18, wherein
in a case of a normally black mode, the saturation voltage
is a white voltage.
20. The liquid crystal display (LCD) as claimed in claim
18, wherein
in a case of a normally white mode, the saturation voltage
is a black voltage.
21. The liquid crystal display (LCD) as claimed in claim
16, wherein
the polymer dispersed liquid crystal layer includes one
selected from a polymer dispersed liquid crystal
(PDLC), a polymer network liquid crystal (PNLC), a
polymer stabilized liquid crystal (PSLC), aliquid crystal
stabilized polymer (LCSP), and a polymer stabilized
ferroelectric liquid crystal (PSFLC).
22. The liquid crystal display (LCD) as claimed in claim
16, wherein
the plurality of pixels respectively include:
a thin film transistor including a gate electrode connected
to acorresponding scan line ofthe plurality of scan lines,
a first electrode connected to a corresponding data line
of the plurality of data lines, and a second electrode
connected to a pixel electrode and turned on according to
the scan signal transmitted through the corresponding
scan line of the plurality of scan lines to receive the reset
voltage and the plurality of gray voltages through the
data line;
astorage capacitor connected to the second electrode of the
thin film transistor and maintaining a pixel voltage
applied to the pixel electrode; and
a liquid crystal layer interposed between the pixel elec-
trode connected to the second electrode of the thin film
transistor and the common electrode.
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