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LIQUID CRYSTAL DISPLAY

[0001] This application claims priority to Korean Patent
Application No. 10-2009-0018169, filed on Mar. 3, 2009, all
the benefits accruing therefrom under 35 U.S.C. §119, the
content of which is herein incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] The present disclosure relates to a liquid crystal
display.

[0004] (b) Description of the Related Art

[0005] A liquid crystal display is a widely used type of flat

panel display. A liquid crystal display includes two display
panels on which field generating electrodes, such as a pixel
electrode and common electrode, are disposed, and includes
aliquid crystal layer, which is interposed between the panels.
In a liquid crystal display, voltages are applied to the field
generating electrodes so as to generate an electric field over a
liquid crystal layer, and then the alignment of liquid crystal
molecules of the liquid crystal layer is determined by the
electric field. Accordingly, the polarization of incident light is
controlled, thereby displaying an image.

[0006] In a liquid crystal display, it is very desirable to
provide a liquid crystal material suitable for control of the
transmittance of light and display of a desired image. Particu-
larly, the driving frequency of the liquid crystal display may
be a criterion for determining the motion picture display
quality, and techniques have been developed in order to drive
the liquid crystal display with a high driving frequency, such
as 60 Hz, 120 Hz or 240 Hz, for example.

BRIEF SUMMARY OF THE INVENTION

[0007] In an exemplary embodiment, disclosed is a liquid
crystal display including a first substrate, a second substrate
facing the first substrate, a pair of field generating electrodes
disposed on at least one of the first and the second substrates,
and a liquid crystal layer disposed between the first and the
second substrates. The liquid crystal layer includes a liquid
crystal composition containing a polar compound, the polar
compound including a compound represented by Formula 1:

wherein A represent;

Formula 1
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-continued

or R

X represents a halogen, R, represents a substituted or unsub-
stituted C,-C, , alky! group or a substituted or unsubstituted
C,-C,,alkoxy group and R, represents a C,-C alkyl group or
a C,-C; alkoxy group.

[0008] The liquid crystal composition may further contain
a neutral compound, and the neutral compound may include
a compound represented by Formula 2:

wherein each of R, and R, independently represents a C,-C,
alkyl group,
[0009] a compound represented by Formula 3:

R5‘<:>_<:>_<j>71{6

wherein each of R and R independently represents a C,-C,
alkyl group, or a mixture thereof.

[0010] The content of the compound represented by the
Formula 1 may be about 5 weight percent (wt %) to about 15
wt %, and the content of the compound represented by the
Formula 2, the content of the compound represented by the
Formula 3 or the content of the mixture thereof may be about
20 wt % to about 30 wt %, based on the total weight of the
liquid crystal composition.

[0011] The liquid crystal display may have a driving fre-
quency of about 240 hertz (Hz).

[0012] The liquid crystal layer may have a thickness of
about 3.1 micrometers (um) to about 3.3 um.

[0013] The liquid crystal composition may have a refrac-
tive anisotropy (An) of about 0.100 to about 0.103.

[0014] Theliquid crystal composition may have a dielectric
anisotropy (Ae) of about -3.2 to about -2.7.

[0015] The liquid crystal composition may have a rota-
tional viscosity of about 90 millipascal seconds (mPa's) to
about 125 mPa's.

[0016] The liquid crystal composition may have a phase
transition temperature Tni of about 72° C. to about 80° C.
[0017] The neutral compound may further contain a com-
pound represented by Formula 4:

R74<:>_®7R8

wherein R, represents a substituted or unsubstituted C,-C,,
alkyl group or a substituted or unsubstituted C,-C,, alkoxy

Formula 2

Formula 3

Formula 4
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group and Ry represents a C,-Cs alkyl group or a C,-Cs
alkoxy group, a compound represented by Formula 5:

Formula 5

R94<:>_<:>7R10

wherein R, represents a substituted or unsubstituted C,-C,
alkyl group or a substituted or unsubstituted C,-C,, alkoxy
group and R, represents a C,-C; alkyl group or a C,-Cs
alkoxy group, or a mixture thereof.

[0018] The polar compound may further contain at least
one compound selected from a compound represented by
Formula 6:

Formula 6

~

>

B
=
o

11

wherein X represents a halogen, R, represents a substituted
or unsubstituted C,-C, , alkyl group or a substituted or unsub-
stituted C,-C,, alkoxy group and R,, represents a C,-Cs
alkoxy group, a compound represented by Formula 7:

Formula 7

Ry

g
>
>

wherein X represents a halogen, R, ; is a substituted or unsub-
stituted C,-C, , alky] group or a substituted or unsubstituted
C,-C,, alkoxy group and R, represents a C,-C. alkoxy
group, a compound represented by Formula 8:

Formula 8

X X

wherein X represents a halogen, R 5 is a substituted or unsub-
stituted C,-C, , alky] group or a substituted or unsubstituted
C,-C,, alkoxy group and R, represents a C,-C5 alkoxy
group, and a compound represented by Formula 9:

Sep. 9,2010

Formula 9

wherein X represents a halogen, R, represents a substituted
or unsubstituted C,-C, , alkyl group or a substituted or unsub-
stituted C,-C,,, alkoxy group and R, represents a C;-Cs
alkoxy group, or a mixture thereof.

[0019] The field generating electrode may include a pixel
electrode, and the pixel electrode may include a first sub-pixel
electrode and a second sub-pixel electrode.

[0020] Theliquid crystal display may further include a first
thin film transistor comprising a first gate electrode, a first
source electrode and a first drain electrode electrically con-
nected to the first sub-pixel electrode, a second thin film
transistor containing a second gate electrode, a second source
electrode and a second drain electrode electrically connected
to the second sub-pixel electrode, and a third thin film tran-
sistor containing a third gate electrode, a third drain electrode
and a third source electrode electrically connected to the
second sub-pixel electrode.

[0021] A first gate signal may be applied to the first and the
second gate electrodes, a second gate signal may be applied to
the third gate electrode, a same data signal may be applied to
the first and the second source electrodes and the second drain
electrode and the third source electrode may be electrically
connected to each other.

[0022] The liquid crystal display may further include a
step-down capacitor electrically connected to the third drain
electrode, and a step-up capacitor electrically connected to
the third drain electrode and the second sub-pixel electrode.
[0023] In a liquid crystal display having a high driving
frequency, such as about 240 Hz or the like, the response time
and the motion picture defects may decrease, and the surface
and the linear afterimages may be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The above and other aspects, advantages and fea-
tures of this disclosure will become more apparent by
describing in further detail exemplary embodiments thereof
with reference to the accompanying drawings, in which:
[0025] FIG. 11is a block diagram illustrating an exemplary
embodiment of a liquid crystal display;

[0026] FIG. 2 is a schematic diagram illustrating the struc-
ture of an exemplary embodiment of a liquid crystal display
and an equivalent circuit of two sub-pixels thereof;,

[0027] FIG. 3 is an equivalent circuit diagram of an exem-
plary embodiment of a pixel of a liquid crystal display;
[0028] FIG. 4 is a plan view of an exemplary embodiment
of a liquid crystal display;

[0029] FIG. 5 and FIG. 6 are cross-sectional views of the
liquid crystal display shown in FIG. 4, taken along line VI-VI
and line VII-VII thereof, respectively;

[0030] FIG. 7 is a cross-sectional view of another exem-
plary embodiment of a liquid crystal display;

[0031] FIG. 8 and FIG. 9 are graphs illustrating the results
of measuring the response time of an exemplary embodiment
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of aliquid crystal display according to Example 1 and a liquid
crystal display according to Comparative Example 1;

[0032] FIG. 10 is a graph illustrating the results of measur-
ing the motion picture defects of the liquid crystal displays
according to Example 1 and Comparative Example 1,
[0033] FIG. 11 to FIG. 14 are graphs for measuring ghosts,
dynamic textures, rising blur and falling blur, respectively;
and

[0034] FIG. 15 is a graph illustrating the results of measur-
ing the surface afterimages of the liquid crystal displays
according to Example 1 and Comparative Example 1.

DETAILED DESCRIPTION OF THE INVENTION

[0035] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the present
invention. In the drawings, irrelevant portions are omitted to
more clearly describe the present invention, and like refer-
ence numerals designate like elements throughout the speci-
fication. Furthermore, additional detailed description of well-
known art is omitted for clarity.

[0036] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. It will be under-
stood that when an element such as a layer, film, region or
substrate is referred to as being “on” another element, it can
be directly on the other element or intervening elements may
also be present. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present. On the contrary, it will be understood that
when an element such as a layer, film, region or substrate is
referred to as being “under” another element, it can be
directly under the other element or intervening elements may
also be present. In contrast, when an element is referred to as
being “directly under” another’element, there are no inter-
vening elements present.

[0037] Tt will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of the present invention.

[0038] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting. As used herein, the singular forms “a,” “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises” and/or “comprising,”
or “includes” and/or “including” when used in this specifica-
tion, specify the presence of stated features, regions, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, regions, integers, steps, operations, elements, compo-
nents, and/or groups thereof.

[0039] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to another elements as
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illustrated in the Figures. It will be understood that relative
terms are intended to encompass different orientations of the
device in addition to the orientation depicted in the Figures.
For example, if the device in one of the figures is turned over,
elements described as being on the “lower” side of other
elements would then be oriented on “upper” sides of the other
elements. The exemplary term “lower,” can therefore, encom-
passes both an orientation of “lower” and “upper,” depending
on the particular orientation of the figure. Similarly, if the
device in one of the figures is turned over, elements described
as “below” or “beneath” other elements would then be ori-
ented “above” the other elements. The exemplary terms
“below” or “beneath” can, therefore, encompass both an ori-
entation of above and below.

[0040] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0041] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not be
construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically. have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated in
the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are not
intended to limit the scope of the present claims.

[0042] A liquid crystal composition according to an exem-
plary embodiment will be now described in further detail.
[0043] A liquid crystal composition according to an exem-
plary embodiment may be used in a liquid crystal display,
which is driven at a high driving frequency, such as 240 hertz
(Hz) or the like, and includes a polar compound containing a
compound represented by Formula 1.

X X
RIOA@RZ

In the Formula 1, A represents

- -

Formula 1

[0044]
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-continued

and X represents a halogen, R, represents a substituted or
unsubstituted C,-C,, alkyl group or a substituted or unsub-
stituted C,-C,, alkoxy group and R, represents a C,-C, alkyl
group or a C,-Cs alkoxy group. The substituent may be a
C,-C; alkyl group. In an embodiment, the halogen may be F
or CL

[0045] While not wanting to be bound by theory, in the
compound represented by Formula 1, the elastic constant K is
increased due to the rigid ring structure thereof, and when the
rotational viscosity of the liquid crystal composition is low-
ered, the elastic constant K may be minimized. Furthermore,
as the compound represented by Formula 1 contains double
bonds, it may improve the rotational viscosity of the liquid
crystal composition. In addition, since the compound repre-
sented by Formula 1 may have increased polarity, the liquid
crystal composition may contain a neutral compound and in
an embodiment wherein the content of the neutral compound
is increased, the rotational viscosity of the composition is
reduced.

[0046] In an embodiment, the double bonds of the com-
pound represented by Formula 1 are sterically hindered com-
pared with a commercially available neutral compound with
alkenyl groups, and hence, may have lowered reactivity or
lowered affinity with ionic impurities compared with the
commercially available neutral compounds. Accordingly, use
of a composition comprising the compound represented by
the Formula | may reduce linear afterimages as compared a
composition comprising a commercially available neutral
compound with alkenyl groups. Comparing a liquid crystal
display, which operates at about 240 Hz, to a liquid crystal
display, which operates at about 120 Hz, a concentration of
the ionic impurities, which are not adsorbed onto the align-
ment layer and may float or be suspended in the liquid crystal
layer, may increase. Accordingly, since the ionic impurities
tend to be collimated as lines due to the lateral electric field,
the quantity of linear afterimages may be further reduced.

[0047] The polar compound, particularly a compound rep-
resented by Formula 1, may be contained in an amount of
about 1 weight percent (wt %) to about 20 wt %, specifically
about 5 wt % to about 15 wt %, more specifically about 10 wt
% of the liquid crystal composition. Within this range, the
afterimages of the liquid crystal display, which has a high
driving frequency of about 240 Hz, or the like may be reduced
or effectively prevented.

[0048] The liquid crystal composition may further contain
a neutral compound, and the neutral compound may include
a compound represented by Formula 2, a compound repre-
sented by Formula 3 or a mixture thereof.
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Formula 2
: @_Q s

[0049] InFormula2,eachofR, and R, independently rep-
resent a C,-C; alkyl group.

[0050] InFormula3,eachofRs and R¢ independently rep-
resent a C,-C; alkyl group.

[0051] The neutral compound, particularly a compound
represented by Formula 2 or Formula 3, may be contained in
an amount of about 10 wt % to about 40 wt %, specifically
about 20wt % to about 30 wt %, more specifically about 25 wt
% of the liquid crystal composition. Also, a mixture compris-
ing the compound represented by Formula 2 and Formula 3
may be contained in an amount of about 10 wt % to about 40
wt %, specifically about 20 wt % to about 30 wt %, more
specifically about 25 wt % of the liquid crystal composition.
When included in this range, afterimages in the liquid crystal
display, which operates at a high driving frequency of about
240 Hz, or the like, may be reduced or effectively prevented.
[0052] The neutral compound may further contain a com-
pound represented by Formula 4, a compound represented by
Formula 5 or a mixture thereof.

[0053] InFormula 4, R, represents a substituted or unsub-
stituted C,-C, , alkyl group or a substituted or unsubstituted
C,-C,, alkoxy group and Rg represents a C,-C alkyl group or
a C,-C, alkoxy group.

[0054] InFormula 5, R, represents a substituted or unsub-
stituted C,-C, , alkyl group or a substituted or unsubstituted
C,-C,, alkoxy group and R, represents a C,-Cj alkyl group
or a C,-C alkoxy group.

[0055] Forexample, the compound represented by Formula
4 may be contained in an amount of about 1 wt % to about 20
wt %, specifically about 3 wt % to about 13 wt %, more
specifically about 8 wt % of the liquid crystal composition.
Furthermore, the compound represented by the Formula 5
may be contained in an amount of about 1 wt % to about 20 wt
%, specifically about 3 wt % to about 10 wt %, more specifi-
cally about 6 wt % of the liquid crystal composition.

Formula 3

Formula 4

Formula 5
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[0056] The liquid crystal composition may contain at least
one compound selected from the group consisting of a polar
compound represented by Formula 6, a polar compound rep-
resented by Formula 7, a polar compound represented by
Formula 8, a polar compound represented by Formula 9 and
the like.

Formula 6

R

R
>
B

[0057] InFormula6,X represents ahalogen, R, represents
a substituted or unsubstituted C, -C, ; alkyl group or a substi-
tuted or non-substituted C,-C, , alkoxy group and R , repre-
sents a C,-C; alkoxy group. In an embodiment, X represents
ForCL

Formula 7

Ryy

g
4
4

[0058] InFormula7,X representsahalogen, R, ; represents
a substituted or unsubstituted C,-C, , alkyl group or a substi-
tuted or unsubstituted C,-C,, alkoxy group and R, repre-
sents a C, -C; alkoxy group. In an embodiment, X represents

ForClL
Formula 8
A
X X
[0059] In the Formula 8, X represents a halogen, R 5 rep-

resents a substituted or unsubstituted C,-C, , alkyl group or a
substituted or unsubstituted C,-C,, alkoxy group and R,
represents a C,-C; alkoxy group. In an embodiment, X rep-
resents F or Cl.

X X

[0060] InFormula9,X representsahalogen, R,, represents
a substituted or unsubstituted C, -C , alkyl group or a substi-
tuted or unsubstituted C,-C,, alkoxy group and R, repre-
sents a C,-C; alkoxy group. In an embodiment, X represents
ForClL

[0061] For example, the compound represented by the For-
mula 6 may be contained in an amount of about 5 wt % to

Formula 9
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about 40 wt %, specifically about 10 wt % to about 20 wt %,
more specifically about 15 wt % of the liquid crystal compo-
sition. Furthermore, the compound represented by Formula 7
may be contained in an amount of about 1 wt % to about 20 wt
%, specifically about 3 wt % to about 13 wt %, more specifi-
cally about 8 wt % of the liquid crystal composition. The
compound represented by Formula 8 may be contained in an
amount of about 1 wt % to about 30 wt %, specifically about
7 wt % to 17 wt %, more specifically about 12 wt % of the
liquid crystal composition. The compound represented by
Formula 9 may be contained in an amount of about 1 wt % to
about 30 wt %, specifically about 6 wt % to about 17 wt %,
more specifically about 11 wt % of the liquid crystal compo-
sition.

[0062] The liquid crystal composition may be added into a
liquid crystal display, which operates at a frequency of about
240 Hz, to maintain a certain cell gap. The cell gap may be
selected to have a value, which reduces the afterimages,
wherein the afterimages may be a ghost, bounce blur or tail
blur, which may occur when motion pictures are displayed in
aliquid crystal display, which operates at a frequency of about
120 Hz. The cell gap may be about 3.0 micrometers (um) to
about 3.5 um, specifically about 3.1 um to about 3.3 um, more
specifically about 3.2 um. In an embodiment, ghost, bounce
blur, tail blur or the like may be further reduced or effectively
eliminated, and the contrast ratio may be further enhanced.

[0063] Furthermore, the refractive anisotropy (An) of the
liquid crystal composition may be selected in consideration
of the cell gap range. When the cell gap is about 3.1 pm to
about 3.3 um, the refractive anisotropy may be about 0.100 to
about 0.103, and in this case, the lateral visibility may be
further enhanced.

[0064] Meanwhile, the dielectric anisotropy (Ae€) of the
liquid crystal composition may be selected in view of the cell
gap range so as to lower the rotational viscosity of the liquid
crystal composition. When the cell gap is about 3.1 um to
about 3.3 um, the dielectric anisotropy may be about -3.2 to
about -2.7, and in this embodiment, the processing margin
for lowering the rotational viscosity of the liquid crystal com-
position may be expanded.

[0065] Therotational viscosity of the liquid crystal compo-
sition may be about 80 millipascal seconds (mPa's) to about
150 mPa-s, specifically about 90 mPa-s to 125 mPa-s, more
specifically about 110 mPa-s. In this embodiment, when the
liquid crystal display uses a high driving frequency of about
240 Hz, or the like, ghost, bounce blur, tail blur or the like may
be further reduced or effectively eliminated.

[0066] The phase transition temperature (“Tni”) of the lig-
uid crystal composition may be about 65° C. to about 90° C.,
more specifically about 72° C. to about 80° C. In this embodi-
ment, the rotational viscosity of the liquid crystal composi-
tion is further prevented from being increased.

[0067] A liquid crystal display according to an exemplary
embodiment will be now described in further detail with
reference to FIG. 1 to FIG. 3. Any repetitive description of the
liquid crystal composition will be omitted for clarity.

[0068] FIG. 11is a block diagram illustrating an exemplary
embodiment of a liquid crystal display. FIG. 2 is a schematic
diagram illustrating the structure of an exemplary embodi-
ment of a liquid crystal display and an equivalent circuit of
two sub-pixels thereof. FIG. 3 is an equivalent circuit diagram
of an exemplary embodiment of a pixel of a liquid crystal
display.
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[0069] The liquid crystal display shown in FIG. 1 to FIG. 3
may have a driving frequency of about 240 Hz. Furthermore,
various other equivalent circuits may be applied thereto. In an
embodiment comprising the liquid crystal display shown in
FIG. 1 to FIG. 3, a dynamic capacitance compensation
(“DCC”) type driving may be utilized in order to further
enhance the response time of the liquid crystal. In DCC, the
higher the voltage applied to both ends of the liquid crystal
capacitor, the more rapid the charging speed. The data voltage
applied to the relevant pixel, which may be the difference
between the data voltage and the common voltage, but for
convenience, the common voltage is assumed to be 0,
increases so that it is higher than the target voltage, thus the
time to charge the liquid crystal capacitor to the target voltage
may decrease. In an embodiment, it may be desirable to
provide a lookup table to record the desired parameters for
correcting the image signal.

[0070] As shown in FIG. 1, a liquid crystal display accord-
ing to an exemplary embodiment includes a liquid crystal
panel assembly 300, a gate driver 400, a data driver 500, a
gray voltage generator 800 and a signal controller 600.
[0071] When viewed from the equivalent circuit shown in
FIG. 3, the liquid crystal panel assembly 300 includes a
plurality of signal lines, the signal lines comprising first and
second gate lines GLa and GLb, respectively, data lines DL,
first and second storage electrode lines SLa and SLb, and a
plurality of pixels PX electrically connected to those signal
lines and arranged in the form of a matrix. By contrast, when
viewed from the structure shown in FIG. 2, the liquid crystal
panel assembly 300 includes lower and upper display panels
100 and 200 facing each other, and a liquid crystal layer 3
disposed between the lower and upper display panels 100 and
200.

[0072] Referring to FIG. 3, the signal lines include a plu-
rality of first and second gate lines GLa and GLb, respectively
for transmitting gate signals (also called “scanning signals”),
a plurality of data lines DL for transmitting data voltages Vd
and a plurality of first and second storage electrode lines SLa
and SLb, respectively. The first and second gate lines GLa and
GLb and the first and second storage electrode lines SLa and
SLb are disposed roughly in the row direction and are sub-
stantially parallel to each other, and the data lines DL are
disposed roughly in the column direction and are substan-
tially parallel to each other.

[0073] The liquid crystal panel assembly according to an
exemplary embodiment includes a plurality of signal lines,
and a plurality of pixels PX electrically connected to the
signal lines.

[0074] The respective pixels PX include a pair of sub-pix-
els, which in turn include first and second liquid crystal
capacitors Clca and Clcb, respectively. The two sub-pixels
include first and second gate lines GLa and GLb, a data line
DL, and first, second and third switching elements Qa, Qb and
Qc electrically connected to the first and second liquid crystal
capacitors Clca and Clcb.

[0075] The first and second liquid crystal capacitors Clca
and Clcb utilize first and second sub-pixel electrodes PEa and
PEDb of the lower panel 100 as a first terminal, respectively,
and both the first and the second liquid crystal capacitors Clca
and Clcb utilize a common electrode CE of the upper display
panel 200 as a second terminal. The liquid crystal layer 3 is
interposed between the first and second sub-pixel electrodes
PEa and PEb and the common electrode CE functions as a
dielectric. The pair of first and second sub-pixel electrodes
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PEa and PEb are separated from each other, and together form
a pixel electrode PE. The common electrode CE is disposed
on the entire surface of the upper display panel 200 so as to
receive a common voltage Veom. The liquid crystal layer 3
has a negative dielectric anisotropy, and liquid crystal mol-
ecules of the liquid crystal layer 3 may be, when an electric
field is not applied thereto, aligned such that the directors
thereof are standing vertical to the surface of the two display
panels. The liquid crystal layer 3 may contain the previously-
described liquid crystal composition. Differing from the
embodiment of FIG. 2, the common electrode CE may be
disposed on the lower panel 100, and in this embodiment, at
least one of the pixel electrode PE and the common electrode
CE may be disposed in the shape of a line or bar.

[0076] In another embodiment, wherein color images are
displayed, the respective pixels PX uniquely display one of
the primary colors (spatial division), or the respective pixels
PX alternately display the primary colors in a temporal order
(temporal division) so as to make the desired colors be rec-
ognized by the spatial and temporal sums of the primary
colors. The primary colors may be the three colors red, green
and blue. FIG. 2 illustrates a spatial division wherein a color
filter CF for displaying one of the primary colors is provided
on the upper display panel 200 per each pixel PX. Differing
from the embodiment of FIG. 2, the color filter CF may be
placed over or below the first and second sub-pixel electrodes
PEa and PEb of the lower panel 100.

[0077] First and second polarizers 12 and 22 are provided
on the outer surfaces of the lower and upper display panels
100 and 200 such that the polarization axes therecof may be
perpendicular to each other. In an embodiment comprising a
reflective liquid crystal display one of the first and second
polarizers 12 and 22 may be omitted. In an embodiment
wherein the polarizers are crossed polarizers, the light inci-
dent upon the liquid crystal layer 3 is interrupted when an
electric field is not applied thereto.

[0078] Referring to FIG. 1again, the gray voltage generator
800 generates all or a limited number of gray voltages,
referred to hereinafter as reference gray voltages, which are
related to the transmittance of the pixels PX. The reference
gray voltages may include positive-valued and negative-val-
ued gray voltages with respect to the common voltage Vcom.
[0079] The gate driver 400 is electrically connected to the
first and second gate lines GLa and GLb of the liquid crystal
panel assembly 300, and applies gate signals, which comprise
combinations of a gate on voltage Von and a gate off voltage
Voff, to the first and second gate lines GLa and GLb.

[0080] The data driver 500 is electrically connected to the
data lines DL of the liquid crystal panel assembly 300, and
selects gray voltages from the gray voltage generator 8§00 and
applies them to the data lines DL as data voltages. However,
in an embodiment wherein the gray voltage generator 800
provides not all of the gray voltages but limited number of
reference gray voltages, the data driver 500 divides the refer-
ence gray voltages to thereby generate the desired data volt-
ages.

[0081] The signal controller 600 controls the gate driver
400, the data driver 500, etc.

[0082] The driving units, comprising the gate driver 400,
the data driver 500, the signal controller 600 and the gray
voltage generator 800 are directly mounted on the liquid
crystal panel assembly 300 in the form of at least one inte-
grated circuit (“IC”) chip, or attached to the liquid crystal
panel assembly 300 in the form of a tape carrier package
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(“TCP”) while mounted on a flexible printed circuit film (not
shown). The driving units, comprising the gate driver 400, the
data driver 500, the signal controller 600 and the gray voltage
generator 800 may be mounted on a separate printed circuit
board (“PCB”, not shown). Alternatively, the driving units,
comprising the gate driver 400, the data driver 500, the signal
controller 600 and the gray voltage generator 800 may be
integrated on the liquid crystal panel assembly 300 together
with the first and second signal lines GLa and GLb, the data
lines DL and the first, second and third thin film transistor
switching elements Qa, Qb and Qc. Furthermore, the driving
units, the comprising gate driver 400, the data driver 500, the
signal controller 600 and the gray voltage generator 800 may
be integrated in a single chip, and in this embodiment, at least
one of the foregoing driving units or at least one circuit
element thereof may be placed external to the single chip.
[0083] Referring to FIG. 3, a liquid crystal display accord-
ing to an exemplary embodiment of includes signal lines,
including first and second gate lines GLa and GLb neighbor-
ing each other, data lines DL and first and second storage
electrode lines SLa and SLb, and a pixel PX electrically
connected to the foregoing signal lines.

[0084] The pixel PX includes first, second and third switch-
ing elements Qa, Qb and Qc, first and second liquid crystal
capacitors Clca and Clcb, first and second storage capacitors
Csta and Cstb, a step-down capacitor Cstd, and a step-up
capacitor Cstu.

[0085] The first and the second switching elements Qa and
Qb are electrically connected to the first gate line GLa and the
data line DL respectively, and the third switching element Qc
is electrically connected to the second gate line GLb.

[0086] The first and the second switching elements Qa and
Qb are three terminal elements of thin film transistors pro-
vided onthe lower display panel 100. The control terminals of
the first and the second switching elements Qa and Qb are
electrically connected to the first gate line GLa, and the input
terminals thereof are electrically connected to the data lines
DL, while the output terminals thereof are electrically con-
nected to the first and the second liquid crystal capacitors Clca
and Clcb and the first and the second storage capacitors Csta
and Cstb, respectively.

[0087] The third switching element Qc is also a three ter-
minal element of a thin film transistor provided on the lower
display panel 100. The control terminal of the third switching
element Qc is electrically connected to the second gate line
GLb, the input terminal is electrically connected to the second
liquid crystal capacitor Clcb, and the output terminal thereof
is connected to the step-down capacitor Cstd and the step-up
capacitor Cstu.

[0088] The first and the second storage capacitors Csta and
Cstb are electrically connected to the first and the second
switching elements Qa and Qb, respectively, and the first and
the second storage electrode lines SLa and SLb, respectively,
and serve to assist the first and the second liquid crystal
capacitors Clca and Clcb. The first and the second storage
capacitors Csta and Cstb are formed by overlapping the first
and second storage electrode lines SLa and SLb and the pixel
electrode PE provided on the lower display panel 100 with
each other with an insulator interposed therebetween, and a
selected voltage, such as a storage voltage, is applied to the
first and second storage electrode lines SLa and SUb.

[0089] The step-down capacitor Cstd is electrically con-
nected to the output terminal of the third switching element
Qc and the second storage electrode line SLb, and formed by
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overlapping the second storage electrode line SLa and the
output electrode of the third switching element Qc provided
on the lower display panel 100 with each other and interpos-
ing an insulator therebetween.

[0090] The step-up capacitor Cstu is electrically connected
to the output terminal of the third switching element Qc and
the second liquid crystal capacitor Clcb, and is formed by
overlapping the second sub-pixel electrode PEb and the out-
put electrode of the third switching element Qc provided on
the lower display panel 100 with each other and interposing
an insulator therebetween. The step-up capacitor Cstu has a
capacitance, which is less than a capacitance of the step-down
capacitor Cstd.

[0091] Theliquid crystal panel assembly shown in FIG. 1to
FIG. 3 will be now described in further detail with reference
to FIG. 4 to FIG. 6.

[0092] FIG. 4 is a plan view of an exemplary embodiment
of a liquid crystal display, and FIG. 5 and FIG. 6 are cross-
sectional views of the liquid crystal display shown in FIG. 4
taken along line VI-VI and line VII-VIL.

[0093] The liquid crystal display shown in FIG. 4 to FIG. 6
may have a driving frequency of about 240 Hz. The liquid
crystal display having the driving frequency of about 240 Hz
may be provided with micro slit-shaped pixel electrodes.
Furthermore, the driving frequency of about 240 Hz may be
applied to liquid crystal displays with various configurations.
[0094] In an embodiment, the liquid crystal display
includes lower and upper display panels 100 and 200, a liquid
crystal layer 3 sandwiched between the two lower and upper
display panels 100 and 200 and first and second polarizers 12
and 22 attached to the outer surfaces of the lower and upper
display panels 100 and 200. The liquid crystal layer 3 may
contain the liquid crystal composition disclosed above.

[0095] The lower display panel 100 will be further
described.
[0096] A plurality of gate conductors with a plurality of

pairs of first and second gate lines 121¢ and 1215 and a
plurality of pairs of first and second storage electrode lines
131a and 131b aredisposed on a first insulating substrate 110.
The first gate line 1214 has first and second gate electrodes
124a and 1245 and a first gate end portion 129a, and the
second gate line 1215 has a third gate electrode 124¢ and a
second gate end portion 1295.

[0097] The first storage electrode line 131« has a first stor-
age electrode 137a extending upward and downward with
respect to first storage line 131a, and stem line portions
extended vertically relative to the first and second gate lines
121a and 1215. Furthermore, the first storage electrode line
131a has a light interception member 135 extending from the
stem line portions and obliquely angled to the first and second
gate lines 121a and 12154.

[0098] The second storage electrode line 1315 has a second
storage electrode 1375 protruding upward and downward
relative to second storage electrode line 1315.

[0099] A gate insulating layer 140 is disposed on the gate
conductors, including first and second gate lines 121a and
1215 and first and second storage lines 131a and 1315. First,
second and third semiconductor islands 154a, 1545 and 154¢
are disposed on the gate insulating layer 140, and overlaid
with a plurality of first ohmic contacts (not shown), second
ohmic contacts (not shown) and third primary and secondary
ohmic contacts 163¢ and 165¢.

[0100] Data conductors with a plurality of data lines 171
and a plurality of first, second and third drain electrodes 1754,
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175b and 175¢ are disposed on the first primary and second-
ary ohmic contacts 163¢ and 165¢ and the gate insulating
layer 140.

[0101] The data line 171 has a plurality of first and second
source electrodes 173a and 1735, and a data wide end portion
179, which may be electrically connected with other layers or
external driving circuits.

[0102] The firstto the third drain electrodes 1754, 1755 and
175¢ have first, second and third wide end, portions 1774,
1776 and 177¢ at one side thereof, and bar-shaped end por-
tions at the other side thereof. The first and second wide end
portions 177a and 1775 of the first and the second drain
electrodes 175a and 1755 are overlapped with the first and the
second storage electrodes 137a and 1374, and the bar-shaped
end portions thereof are partially surrounded by the first and
the second source electrodes 173a and 1735. The wide end
portion 1775 of the second drain electrode 1755 extends so as
to form a bar-shaped third source electrode 173¢. The third
wide end portion 177¢ of the third drain electrode 175¢ is
overlapped with the second storage electrode 1375, and the
bar-shaped end portion thereof faces the third source elec-
trode 173c.

[0103] The first, the second and the third gate electrodes
124a, 1245 and 124c, the first, the second and the third source
electrodes 1734, 1736 and 173¢ and the first, the second and
the third drain electrodes 175a, 1756 and 175¢ form first,
second and third thin film transistors (“TFTs) Qa, Qb and Qc
together with the first, the second and the third semiconductor
islands 154a, 1545 and 154¢, and the channels of the thin film
transistors are disposed at the first to third semiconductor
islands 154a, 1545 and 154¢ between the first to third source
electrodes 173a, 1736 and 173¢ and the first to third drain
electrodes 175a, 1755 and 175¢, respectively.

[0104] A passivation layer 180 is disposed on the data con-
ductors, including data lines 171 and first to third drain elec-
trodes 175a, 1756 and 175¢, and the exposed portions of the
semiconductors, including first to third semiconductor
islands 154a, 154b and 154c.

[0105] The passivation layer 180 has a plurality of contact
holes, including third, fourth and fifth contactholes 182, 185a
and 1854 exposing the end of data wide end portion 179 of the
data line 171, the first wide end portion 177a of the first drain
electrode 175a and the second wide end portion 1775 of the
second drain electrode 1755, respectively. The passivation
layer 180 and the gate insulating layer 140 may have a plu-
rality of contact holes, including first and second contact
holes 181a and 1815 exposing first and second gate end
portions 1294 and 1295 of the first and second gate lines 121a
and 1215, respectively.

[0106] The passivation layer 180 is overlaid with a pixel
electrode 191 having first and second sub-pixel electrodes
191a and 1915, and a plurality of contact assistants, including
first to third contact assistants 81a, 815 and 82.

[0107] The first sub-pixel electrode 191« has first and sec-
ond vertical edges 1924 and 1925 facing each other, and two
pairs of first to fourth primary oblique edges 192¢, 192d, 192¢
and 192/ neighboring to the first and second vertical edges
192q and 1925. The second sub-pixel electrode 1915 also has
a pair of vertical edges, third and fourth vertical edges 1934
and 1935, which face each other, and two pairs of oblique
edges. first to fourth secondary oblique edges 193¢, 1934,
193¢ and 193/ neighboring the third and fourth vertical edges
1934 and 193b. The respective first to fourth vertical edges
192a, 1925, 193a and 1934 are disposed parallel to the data
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line 171, and the respective first to fourth primary oblique
edges 192¢ to 192fand 193¢ to 1931 are obliquely angled to
the first to fourth vertical edges 192a,1925,193a and 1935 by
about 45° or about 135°. The first and the second primary
oblique edges 192¢ and 192d, and the first and second sec-
ondary oblique edges 193¢ and 1934 meet each other at
substantially a right angle, and the third and the fourth pri-
mary oblique edges 192¢ and 192, and the third and fourth
secondary oblique edges 193¢ and 193/ meet each other at
substantially a right angle.

[0108] The first and the second sub-pixel electrodes 191a
and 1915 are adjacent to each other in the column direction,
and the first sub-pixel electrode 191a has a height, which is
less than a height of the second sub-pixel electrode 1915,
[0109] The first sub-pixel electrode 1914 has a first second-
ary cutout 91, and the second sub-pixel electrode 1915 also
has cutouts, specifically second to fourth secondary cutouts
92, 93 and 94.

[0110] First to fourth secondary cutouts 91,92, 93 and 94 of
the first and the second sub-pixel electrodes 191a and 1915
are angled towards the first and second gate lines 121a and
1215 by about 45°. The pixel electrode 191 is partitioned into
several domains by way of the cutouts. The number of
domains or cutouts may be selected depending upon the
design factors such as a pixel size, the length ratio of the
horizontal to the vertical edges of the pixel electrode, and the
kind or characteristic of the liquid crystal layer 3.

[0111] The first and the second sub-pixel electrodes 191a
and 1915 are physico-electrically connected to the first and
the second drain electrodes 175 and 1755 through the fourth
and fifth contact holes 1854 and 1855 to receive data voltages
therefrom. Furthermore, the second sub-pixel electrode 1915
1s physico-electrically connected to the third source electrode
173¢ through the fifth contact hole 1855. Because the second
sub-pixel electrode 1915 is electrically connected to the sec-
ond and the third drain electrodes 1756 and 175¢ through the
fifth contact hole 1854, it is desirable for it to have two contact
holes, such as second and third 185a and 1854, per pixel.
Accordingly, the aperture ratio may increase compared to the
case where the second sub-pixel electrode 1915 is electrically
connected to the second and the third drain electrodes 1756
and 175¢ through two different contact holes, respectively.
[0112] The first and the second sub-pixel electrodes 191a
and 1915 generate electric fields in association with the com-
mon electrode 270 of the upper display panel 200. Accord-
ingly, the alignment direction of the liquid crystal molecules
of the liquid crystal layer 3 between the pixel electrode 191
and the common electrode 270 is selected. The polarization of
the light passing through the liquid crystal layer 3 is differ-
entiated depending upon the selected alignment direction of
the liquid crystal molecules. The pixel electrode 191 and the
common electrode 270 form a liquid crystal capacitor, which
may store the voltage applied thereto even after the thin film
transistor turns off.

[0113] The first and the second sub-pixel electrodes 191a
and 1915 are overlapped with the first and second storage
electrode lines 131a¢ and 1315, including the first and the
second storage electrodes 137a and 1375. The pixel electrode
191 is overlapped with the first and second storage electrode
lines 131a and 1315 so as to form a storage capacitor, which
may improve the voltage storage capacity of the liquid crystal
capacitor.

[0114] The second storage electrode 137b and the third
wide end portion 177¢ of the third drain electrode 175¢ are
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overlapped with each other by interposing a gate insulating
layer 140 therebetween so as to form a step-down capacitor
Cstd, and the third wide end portion 177¢ of the third drain
electrode 175¢ and the second sub-pixel electrode 1915 are
overlapped with each other by interposing a passivation layer
180 therebetween so as to form a step-up capacitor Cstu. As
the passivation layer 180 has a thickness, which is greater
than a thickness of the gate insulating layer 140, the step-
down capacitor Cstd is greater in capacitance than the step-up
capacitor Cstu.

[0115] As further described above, with a liquid crystal
display according to an exemplary embodiment, the step-
down capacitor Cstd and the step-up capacitor Cstu are
formed using the second storage electrode 1375 without sepa-
rately forming a new storage electrode so that the aperture
ratio may increase, compared to the embodiment wherein
such a new storage electrode is separately provided to form
the step-down capacitor Cstd and the step-up capacitor Cstu.
[0116] The first to third contact assistants 81a, 815 and 82
are electrically connected to the first and second gate end
portions 1294 and 1295 of the first and second gate lines 121a
and 1215 and the data wide end portion 179 of the data line
171 through the first to third contact holes 181a, 1815 and
182, respectively. The first to third contact assistants 81a, 815
and 82 may assist theadhesion of the first and second gate end
portions 1294 and 1295 of the first and second gate lines 121a
and 1215 and the data wide end portion 179 of the data line
171 to external devices, and may protect them.

[0117] A first alignment layer 11 is disposed on the pixel
electrode 191, the first to third contact assistants 81a, 815 and
82, and the passivation layer 180.

[0118] The upper display panel 200 will now be described
in further detail.

[0119] A light blocking member 220 is disposed on a sec-
ond insulating substrate 210. The light blocking member 220,
also called a black matrix, substantially prevents or effec-
tively eliminates the leakage of light.

[0120] A plurality of color filters 230 are disposed on the
second insulating substrate 210. The color filters 230 are
generally are within the area surrounded by the light blocking
member 220, and may extend longitudinally along the col-
umns of pixel electrodes 191 in the vertical direction. The
respective color filters 230 may express one of three primary
colors of red, green and blue.

[0121] An overcoat 250 is disposed on the color filters 230
and the light blocking member 220.

[0122] A common electrode 270 is disposed on the over-
coat 250. A plurality of sets of cutouts, first to fifth primary
cutouts 71, 72,73, 73, 74 and 75 are disposed at the common
electrode 270. The respective first to fifth primary cutouts 71
to 75 have at least one oblique portion disposed parallel to the
first to fourth secondary cutouts 91 to 94 of the pixel electrode
191. Triangle-shaped notches are disposed at the oblique
portions of the first to fifth primary cutouts 71 to 75 of the
common electrode 270 and the first to fourth secondary cut-
outs 91 to 94 of the pixel electrode 191. Branches are disposed
at the ends of the oblique portions of the first to fifth primary
cutouts 71 to 75 of the common electrode 270 such that they
are disposed roughly parallel to the data lines.

[0123] First and second alignment layers 11 and 21 are
disposed on the inner surfaces of the lower and upper display
panels 100 and 200, respectively.

[0124] The liquid crystal layer 3 has a negative dielectric
anisotropy, and liquid crystal molecules of the liquid crystal
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layer 3 are aligned such that the directors thereof are standing
vertical to the surface of the lower and upper display panels
100 and 200. The liquid crystal layer 3 may contain the
previously-described liquid crystal composition.

[0125] When the first and second liquid crystal capacitors
Clca and Clcb are charged, an electric field is generated
substantially vertical to the surface of the lower and upper
display panels 100 and 200. In response to the electric field,
the liquid crystal molecules are inclined to be oriented such
that the directors thereof are standing, vertical to the direction
of the electric field.

[0126] Meanwhile, the first to fourth secondary cutouts 91
to 94 and first to fifth primary 71 to 75 of the pixel and the
common electrodes 191 and 270 being the field generating
electrodes, and the oblique edges of the pixel electrode 191
proceeding parallel thereto deform the electric fields, and
make formation of horizontal components for determining
the inclination direction of the liquid crystal molecules. The
horizontal components of the electric field are standing ver-
tical to the oblique edges of the first to fourth secondary
cutouts 91 to 94 and first to fifth primary cutouts 71 to 75, and
the oblique edges of the pixel electrode 191.

[0127] The set of common electrode cutouts, first to fifth
primary cutouts 71 to 75 and the set of pixel electrode cutouts,
first to fourth secondary cutouts 91 to 94 partition the pixel
electrode 191 into a plurality of domains, each of which has
two major edges obliquely angled to the major edges of the
pixel electrode 191. The liquid crystal molecules over the
respective pixel electrode domains are generally inclined ina
direction vertical to the major edges thereof, and hence,
roughly four inclination directions are made. As the inclina-
tion directions of the liquid crystal molecules are diversified,
the reference viewing angle of the liquid crystal display may
increase.

[0128] Meanwhile, a light interception member 135 is dis-
posed along the first and the second primary-oblique edges
192¢ and 1924 of the first sub-pixel electrode 191q, and the
third and the fourth secondary oblique edges 193¢ and 193fof
the second sub-pixel electrode 1915. The light interception
member 135 has a plurality of steps 136 with horizontal and
vertical portions 136a and 1365. The horizontal portion 136a
is disposed parallel to the first and second gate lines 121a and
1215, and the vertical portion 1364 is disposed parallel to the
data line 171. As the polarization axis of the first and second
polarizers 12 and 22 is angled toward the first to fourth pri-
mary oblique edges 192¢ to 192f and the first to fourth sec-
ondary oblique edges 193¢ to 193/ by about 45° or about
135°, leakage of light may occur around the first to fourth
primary oblique edges 192¢ to 192f and the first to fourth
secondary oblique edges 193¢ to 193/ In an embodiment
wherein the light interception member 135, which has steps
136, each with horizontal and vertical portions 136a and 1365
standing parallel to the polarization axis of the first and sec-
ond polarizers 12 and 22, is disposed at the first and the
second primary oblique edges 192¢ and 1924 of the first
sub-pixel electrode 191a and the third and the fourth second-
ary oblique edges 193¢ and 193/ of the second sub-pixel
electrode 1915, the possible leakage of light at the borderline
area between neighboring pixel electrodes 191 may be sub-
stantially prevented or effectively eliminated.

[0129] The horizontal and the vertical portions 1364 and
1365 of the step 136 may be identical in length with each
other. The horizontal and the vertical portions 136a and 1365
ofthe step 136 may have alength of about 4 micrometers (um)



US 2010/0225841 Al

to about 24 um, specifically about 8 pm to about 12 pm
respectively, more specifically about 10 pm, which is desit-
able for preventing the leakage of light.

[0130] A liquid crystal display according to an exemplary
embodiment will be now described in further detail with
reference to FIG. 7. The repeated description as to the liquid
crystal display shown in FIG. 1 to FIG. 6 and theliquid crystal
composition will be omitted for clarity.

[0131] FIG. 7 is a cross-sectional view of another exem-
plary embodiment of a liquid crystal display.

[0132] The structure of the liquid crystal display shown in
FIG. 7 may be the same as that related to FIG. 1 to FIG. 6
except that red and green color filters 230R and 230G are
disposed on the first display panel 100. The light blocking
member 220 is roughly disposed between the red and the
green color filters 230R and 230G. The passivation layer 180
has a lower layer 180p placed under the red and green color
filters 230R and 230G, and an upper layer 180¢ placed over
the red and green color filters 230R and 230G. The lower and
the upper layers 180p and 180¢ each may contain an inor-
ganic insulating material or an organic insulating material.
The previously-described liquid crystal composition may be
used to form the liquid crystal layer 3, and in this embodi-
ment, it is observed that linear afterimages may not be gen-
erated during about 2,000 hours, specifically about 1,000
hours, more specifically about 500 hours.

[0133] The exemplary embodiments will be further
described by way of Examples, which do not limit or define
the scope or range of the embodiments, but exemplify the
embodiments.

EXAMPLES
Example 1

[0134] A liquid crystal composition is prepared with about
10.5 weight percent (wt %) of the compound represented by
the Formula 1, about 28.5 wt % of the compound represented
by the Formula 2, about 8 wt % of the compound represented
by the Formula 4, about 6.5 wt % of the compound repre-
sented by the Formula 5, about 15 wt % of the compound
represented by the Formula 6, about 8 wt % of the compound
represented by the Formula 7, about 12 wt % of the compound
represented by the Formula 8, and about 11.5 wt % of the
compound represented by the Formula 9. In the compound
represented by Formula 1, A is:

~~

X is F, R, is amethyl group and R, is an ethoxy group. In the
compound represented by Formula 2, R; is a propyl group,
and R, is a butyl group. In Formula 4, R, is a methyl group,
and Ry is an ethoxy group. In the Formula 5, Ry is a methyl
group, and R, is an ethyl group. In Formula 6, X is F, R is
amethyl group and R, ; is an ethoxy group. In Formula 7, X is
F, R,; is a methyl group and R,, is an ethoxy group. In
Formula 8, X is F, R, 5 is a methyl group and R 4 is an ethoxy
group. In Formula 9, X is F, R, 5 is a methyl group and R is
an ethyl group.

[0135] The liquid crystal display shown in FIG. 1 to FIG. 6
is fabricated by using the foregoing liquid crystal composi-
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tion as a material for the liquid crystal layer. The driving
frequency of the liquid crystal display is 240 Hz, and the cell
gap thereof'is 3.2 um.

Comparative Example 1

[0136] A liquid crystal composition is prepared with about
3wt % of the compound represented by the Formula 4, about
13 wt % ofthe compound represented by the Formula 5, about
9wt % of the compound represented by the Formula 5, about
12 wt % of the compound represented by Formula 10, about
20wt % ofthe compound represented by the Formula 6, about
18 wt % ofthe compound represented by the Formula 7, about
20 wt % of the compound represented by the Formula 8, and
about 5 wt % of the compound represented by Formula 11. In
the compound represented by the Formula 4, R, is a methyl
group, and Ry, is an ethoxy group. In the comparative example
prepared with 13 wt % of the compound represented by the
Formula 5, R, is a methyl group, and R, , is an ethyl group. In
the comparative example prepared with of 9 wt % of the
compound represented by the Formula 5, R, is a methyl
group, and R, is an ethoxy group. In the compound repre-
sented by the Formula 6, Xis F, R | is a methyl groupandR |,
is an ethoxy group. In the compound represented by the
Formula7,XisF, R ; is a methyl group and R, is an ethoxy
group. In the compound represented by the Formula 8, X is F,
R,s is a methyl group and R is an ethoxy group.

[0137] The liquid crystal display shown in FIG. 1 to FIG. 6
is fabricated by using the foregoing liquid crystal composi-
tion as a material for the liquid crystal layer. The driving
frequency of the liquid crystal display is 240 Hz, and the cell
gap thereofis 3.55 um.

CH3W
Formula 11
CHS@_W

Measurements of Physical Properties of Liquid Crystal

[0138] The physical properties of the liquid crystal compo-
sitions prepared according to the Example 1 and the Com-
parative Example 1 are measured at 20° C.

[0139] With the liquid crystal composition according to the
Example 1, the refractive anisotropy An (589 nm)is 0.102, the
dielectric anisotropy Ae is =3.0, the rotational viscosity is 115
mPa-s, the phase transition temperature Tni is 75° C. and the
elastic constant ratio of K11/K33 is equal to or greater than
13.6/equal to or greater than 13.8.

[0140] In the liquid crystal composition according to the
Comparative Example 1, the refractive anisotropy An (589
nm) is 0.090, the dielectric anisotropy Ae is =3.4, the rota-
tional viscosity is 125 mPa-s, the phase transition temperature
Tni is 75° C. and the elastic constant ratio of K11/K33 is
13.5/14.1.

Formula 10

Measurement of Response Time

[0141] The liquid crystal displays fabricated according to
Example 1 and Comparative Example 1 are measured for
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response time, and the measurement results are illustrated in
the graphs of FIG. 8 and FIG. 9, respectively. As is shown in
the right bottom ends of the graphs, the G-G response time
with the embodiment of Example 1 is about 3.1 milliseconds
(ms), and the G-G response time with the embodiment of
Comparative Example 1 is about 5.0 ms. Accordingly, it can
be observed that the response time decreases in an embodi-
ment wherein the compounds represented by Formulas 1 and
2 are used instead of the neutral compound containing an
alkenyl group according to Comparative Example 1.

Measurement of Motion Picture Defects

[0142] The motion picture defects of the liquid crystal dis-
plays fabricated according to Example 1 and Comparative
Example 1 are measured, and the measurement results are
illustrated in FIG. 10. The value of the y axis in the graph of
FIG. 10 is obtained by multiplying the luminance with time,
and the higher the value, the greater are the motion picture
defects.

[0143] Themethod of measuring the respective motion pic-
ture defects will be described with reference to the graphs of
FIG. 11 to FIG. 14.

[0144] FIG. 11 is a graph illustrating a method for measur-
ing the ghost, and the multiplication of the value of AL by the
value of At is measured with the liquid crystal displays
according to the Example 1 and the Comparative Example 1,
respectively. The ghost may be usually generated under the
application of an overshot voltage.

[0145] FIG. 12 is a graph for measuring the dynamic tex-
ture, and the multiplication of the value of AL by the value of
At1+At2 is measured with the liquid crystal displays accord-
ing to Example 1 and Comparative Example 1, respectively.
The dynamic texture is related to tail blur, and may be gen-
erated simultaneously with bounce blur. Furthermore, in an
embodiment wherein the overshot is extreme, the tail blur
may be worse. It can be observed from the graph of FIG. 10
that tail blur is reduced when the liquid crystal composition
according to Example 1 is used.

[0146] FIG. 13 is a graph for measuring rising blur, and the
multiplication of the value of AL by the value of At is mea-
sured with the liquid crystal displays according to the
Example 1 and the Comparative Example 1, respectively. The
rising blur may be usually generated when overshot is not
applied to the target, or applied little thereto. Furthermore, the
rising blur may influence the dynamic contrast ratio. It can be
observed from the graph of FIG. 10 that when the liquid
crystal composition according to the Example 1 is used, the
rising blur is only slightly generated, and hence, the dynamic
contrast ratio is improved significantly.

[0147] FIG. 14 is a graph for measuring the falling blur, and
the multiplication of the value of AL by the value of At is
measured with the liquid crystal displays according to the
Example 1 and the Comparative Example 1, respectively. The
falling blur is related to the white blur. It can be observed from
the graph of FIG. 10 that when the liquid crystal composition
according to the Example 1 is used, the falling blur is reduced.

Measurements of Surface Afterimages and Linear Afterim-
ages

[0148] The liquid crystal displays according to the
Example 1 and the Comparative Example 1 are measured in
the degree of surface afterimages, and the measurement
results are illustrated in the graph of FIG. 15.
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[0149] Ttcanbe observed from the graph of FIG. 15 that the
surface afterimages with the Example 1 and the Comparative
Example 1 are similar to each other in the degree of genera-
tion under the time condition of 168 hours or 336 hours.
Accordingly, it is observed that with the use of the liquid
crystal composition according to the Example 1 that the sur-
face afterimages are only slightly generated even though the
cell gap is relatively small.

[0150] Furthermore, the linear afterimages with the case of
Comparative Example 1 are generated at 60° C. within the
time period of 500 hours, whereas the linear afterimages with
Example 1 are not generated for 1,300 hours. Accordingly,
with the usage of the liquid crystal composition according to
the Example 1, it can be observed that the linear afterimages
are reduced significantly, even though the cell gap is relatively
small.

[0151] While this these embodiments have been described
in connection with what is presently considered to be exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

1. A liquid crystal display comprising:
a first substrate;
a second substrate facing the first substrate;

a pixel electrode disposed on the first substrate, the pixel
electrode comprising a first sub-pixel electrode and a
second sub-pixel electrode;

a first thin film transistor comprising a first gate electrode,
a first source electrode and a first drain electrode elec-
trically connected to the first sub-pixel electrode, and the
first gate electrode applied with a first gate signal;

a second thin film transistor comprising a second gate
electrode, a second source electrode and a second drain
electrode electrically connected to the second sub-pixel
electrode, and the second gate electrode applied with the
first gate signal,

athird thin film transistor comprising a third gate electrode,
a third drain electrode and a third source electrode elec-
trically connected to the second sub-pixel electrode, and
the third gate electrode applied with a second gate sig-
nal; and

a liquid crystal layer disposed between the first and the
second substrates;

wherein the liquid crystal layer comprises a liquid crystal
composition comprising a polar compound, the polar
compound comprising a compound represented by For-
mula 1:

R14<:>7A R2

Formula 1
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wherein A represents
< > or < > N

X represents a halogen, R, represents a substituted or unsub-
stituted C,-C, , alky] group or a substituted or unsubstituted
C,-C,,alkoxy groupand R, represents a C,-C alkyl group or
a C,-Cs alkoxy group.

2. The liquid crystal display of claim 1, wherein the liquid
crystal composition further comprises a neutral compound,
the neutral compound comprising a compound represented
by Formula 2:

wherein each of R; and R, independently represents a C,-C;

alkyl group,
a compound represented by Formula 3:

RS@_Q_Q R6

wherein each of R, and R, independently represents a C,-C,
alkyl group,

or a mixture thereof.

3. Theliquid crystal display of claim 2, wherein the content
of the compound represented by the Formula 1 is about 5
weight percent to about 15 weight percent, and the content of
the compound represented by the Formula 2, the content of
the compound represented by the Formula 3 or the content of
the mixture thereof is about 20 weight percent to about 30
weight percent, based on the total weight of the liquid crystal
composition.

4. The liquid crystal display of claim 2, wherein the liquid
crystal display has a driving frequency of about 240 hertz.

5. The liquid crystal display of claim 2, wherein the liquid
crystal layer has a thickness of about 3.1 micrometers to about
3.3 micrometers.

6. The liquid crystal display of claim 5, wherein the liquid
crystal composition has a refractive anisotropy of about 0.100
to about 0.103.

7. The liquid crystal display of claim 6, wherein the liquid
crystal composition has a dielectric anisotropy of about -3.2
to about -2.7.

8. The liquid crystal display of claim 2, wherein the liquid
crystal composition has a rotational viscosity of about 90
millipascal seconds to about 125 millipascal seconds.

Formula 2

Formula 3
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9. The liquid crystal display of claim 2, wherein the liquid
crystal composition has a phase transition temperature of
about 72° C. to about 80° C.

10. The liquid crystal display of claim 2, wherein the neu-
tral compound further comprises a compound represented by
Formula 4:

Formula 4

Re

:

wherein R, represents a substituted or unsubstituted C,-C,,
alkyl group or a substituted or unsubstituted C,-C,, alkoxy
group and R, represents a C,-C; alkyl group or a C,-Cs
alkoxy group,

a compound represented by Formula 5:

Formula 5

Ro Rio

:

wherein R, represents a substituted or unsubstituted C,-C,,
alkyl group or a substituted or unsubstituted C,-C, , alkoxy
group and R, represents a C,-Cs alkyl group or a C,-Cs
alkoxy group,

or a mixture thereof.

11. The liquid crystal display of claim 10, wherein the polar
compound further comprises a compound represented by
Formula 6:

Formula 6

wherein X represents a halogen, R, represents a substituted
orunsubstituted C, -C, , alkyl group or a substituted or unsub-
stituted C,-C,, alkoxy group and R, represents a C;-Cs
alkoxy group,

a compound represented by Formula 7:

Formula 7

Ry3 Ri4

wherein X represents a halogen, R ; is a substituted or unsub-
stituted C,-C, jalkyl group or a substituted or unsubstituted
C,-C,, alkoxy group and R,, represents a C,-C alkoxy
group, a compound represented by Formula 8:
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Formula 8

X X

wherein X represents a halogen, R 5 is a substituted or unsub-
stituted C,-C, , alkyl group or a substituted or unsubstituted
C,-C,, alkoxy group and R, represents a C,-Cs, alkoxy
group, and

a compound represented by Formula 9:

Formula 9

wherein X represents a halogen, R, represents a substituted
or unsubstituted C, -C, , alkyl group or a substituted or unsub-
stituted C,-C,, alkoxy group and R, represents a C,-Cs
alkoxy group,

or a mixture thereof.
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12. The liquid crystal display of claim 11, wherein the
liquid crystal layer has a thickness of about 3.1 micrometers
to about 3.3 micrometers.

13. The liquid crystal display of claim 12, wherein the
liquid crystal composition has a refractive anisotropy of about
0.100 to about 0.103.

14. The liquid crystal display of claim 13, wherein the
liquid crystal composition has a dielectric anisotropy of about
-3.2 to about -2.7.

15. (canceled)

16. (canceled)

17. The liquid crystal display of claim 1, wherein the sec-
ond drain electrode and the third source electrode are electri-
cally connected to each other.

18. The liquid crystal display of claim 17, further compris-
ing

a step-down capacitor electrically connected to the third

drain electrode; and

a step-up capacitor electrically connected to the third drain

electrode and the second sub-pixel electrode.

19. The liquid crystal display of claim 16, wherein the
liquid crystal layer has a thickness of about 3.1 micrometers
to about 3.3 micrometers.

20. The liquid crystal display of claim 19, wherein the
liquid crystal composition has a refractive anisotropy of about
0.100 to about 0.103.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

EHA

IPCHRS

CPCHRF

L 5ER
HAh A TF 30k
HAEREEEE

E)

patsnap

B E TR

US20100225841A1 [ (r&)B 2010-09-09
US12/534242 FER 2009-08-03
ZERETFHRASH

SAMSUNG ELECTRONICS CO. , LTD.

=EDISPLAY CO., LTD.

PARK JOON HYUNG
KIM JIN LAK

HEO JEONG UK
LEE SEONG NAM
KIM JANG HYUN

PARK, JOON-HYUNG
KIM, JIN-LAK

HEO, JEONG-UK
LEE, SEONG-NAM
KIM, JANG-HYUN

GO02F1/1368 C09K19/02

C09K19/30 C09K19/3098 C09K2019/0407 Y10T428/10 GO2F1/134363 G02F1/13624 G02F2001
/134345 C09K2019/0411

1020090018169 2009-03-03 KR

US8158024

Espacenet USPTO

Formula |

RS RS — BAR A S — EARM S = BT — X A A, &
BEE—NE-ERPNES— L RSERBEE—NE R A; X X
HoORRE RS AR AN ERESY | TR AW EER
SRIILAY - EPARE XEEE | R 1RRAIRIRKHC 1 -C 105
HFBNREARMRHNC1-C10EEE , R22C 1-C5REHRC 1-C5)k

ggo


https://share-analytics.zhihuiya.com/view/769494dc-a166-4a17-a233-f4e9c865c3b2
https://worldwide.espacenet.com/patent/search/family/042677950/publication/US2010225841A1?q=US2010225841A1
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=%2220100225841%22.PGNR.&OS=DN/20100225841&RS=DN/20100225841

