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ABSTRACT

(31)
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G7)

A liquid crystal display includes a thin film transistor, a liquid
crystal capacitor, which is electrically connected to the thin
film transistor and includes a liquid crystal layer, and a stor-
age capacitor, which is electrically connected to the thin film
transistor in parallel to the liquid crystal capacitor, wherein
the liquid crystal layer has a positive dielectric anisotropy and
is disposed in a twisted nematic mode, and a capacitance ratio
of a capacitance of the storage capacitor to a capacitance of

(22) Filed: Jul. 16, 2009 the liquid crystal capacitor is approximately 0.4 or more.
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LIQUID CRYSTAL DISPLAY

[0001] This application claims priority to Korean Patent
Application No. 10-2008-0090626, filed on Sep. 16, 2008,
and all the benefits accruing therefrom under 35 U.S.C. §119,
the contents of which in its entirety are herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] This disclosure relates to a liquid crystal display.
[0004] (b) Description of the Related Art

[0005] Aliquid crystal display, which is a widely used type

of flat panel display, includes two panels on which field gen-
erating electrodes, such as pixel electrodes, common elec-
trodes, or the like, are disposed. A liquid crystal layer is
interposed between the panels. A voltageis applied to the field
generating electrodes to generate an electric field across the
liquid crystal layer. The alignment of liquid crystal molecules
in the liquid crystal layer is determined by the electric field.
The liquid crystal molecules control a polarization of incident
light, thereby displaying an image.

[0006] The liquid crystal display can be used for various
applications. In particular, the liquid crystal display can be
used as the display in a portable apparatus such as a laptop
computer. Since a portable display device is desirably easy to
carry and light-weight, a battery incorporated in the portable
display device has a practical capacity limit. Therefore, it is
desirable for the display device to have low power consump-
tion.

BRIEF SUMMARY OF THE INVENTION

[0007] In order to reduce the power consumption of the
liquid crystal display, it is desirable to reduce a driving volt-
age, and it is important to select a condition wherein an
excellent image quality can be displayed at a low driving
voltage.

[0008] Disclosed is a liquid crystal display, which can dis-
play an image having an excellent image quality at a low
driving voltage.

[0009] The above described and other drawbacks are alle-
viated by a liquid crystal display including a thin film tran-
sistor; a liquid crystal capacitor, which is electrically con-
nected to a thin film transistor and comprises a liquid crystal
layer; and a storage capacitor, which is electrically connected
to the thin film transistor in parallel to the liquid crystal
capacitor, wherein the liquid crystal layer has a positive
dielectric anisotropy and is disposed in a twisted nematic
mode, and a capacitance ratio of a capacitance of the storage
capacitor to a capacitance of the liquid crystal capacitor is
approximately 0.4 or more.

[0010] In an embodiment, the capacitance ratio may be
approximately 0.7 or less.

[0011] In an embodiment, a dielectric anisotropy of the
liquid crystal layer may be approximately 14 or more. In an
embodiment, the dielectric anisotropy of the liquid crystal
layer is in a range of approximately 15 to approximately 18.
In an embodiment, the dielectric anisotropy of the liquid
crystal layer may be in a range of approximately 15.1 to
approximately 17.3.

[0012] In an embodiment, the liquid crystal layer com-
prises a liquid crystal composition selected from the group
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consisting of liquid crystal compositions I to IV, wherein the
liquid crystal composition I comprises compounds of formu-

las

in an amount of approximately 31.5 weight percent,

F F
F F

in an amount of approximately 15 weight percent,

F
F F

in an amount of approximately 10 weight percent,

F
F F

in an amount of approximately 7 weight percent,

F
F

in an amount of approximately 18.5 weight percent,

in an amount of approximately 12 weight percent,
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F F F F
- O 0O
F F F F

in an amount of approximately 6 weight percent, the liquid
crystal composition IT comprises compounds of the formulas

F F
F F

in an amount of approximately 41 weight percent,

in an amount of approximately 6 weight percent,

in an amount of approximately 5 weight percent, the liquid
crystal composition III comprises compounds of the formulas

T T
X Y
T F

. . . in an amount of approximately 21.5 weight percent,
in an amount of approximately 13 weight percent, PP Y ghtp

F F
F
X CF,0 F
X F
F ¥
F F

in an amount of approximately 8.5 weight percent,

F
F
X F
X F
F F
F F

. . . in an amount of approximately 7 weight percent
in an amount of approximately 6.5 weight percent, PP y FIP ’

T
F F
6]
F F F F

in an amount of approximately 12 weight percent, in an amount of approximately 5 weight percent,
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F
F
in an amount of approximately 27 weight percent,

-O-0-0-

in an amount of approximately 10 weight percent,
F F
0
-0~
F F
in an amount of approximately 13.5 weight percent,
T T T
-
T T
in an amount of approximately 2 weight percent,

in an amount of approximately 4 weight percent, and the
liquid crystal composition IV comprises compounds of the

formulas

in an amount of approximately 12 weight percent,
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F T
F F

in an amount of approximately 5.5 weight percent,

F
F F

in an amount of approximately 10 weight percent,

T
F

in an amount of approximately 35 weight percent,

in an amount of approximately 14 weight percent,

F F

in an amount of approximately 5 weight percent,

in an amount of approximately 8.5 weight percent,
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F

F

in an amount of approximately 10 weight percent, based on a
total weight of the liquid crystal composition, and X and Y
may be independently one of an alkyl group, an alkynyl group
and an alkoxy group.

[0013] In an embodiment, a thickness of the liquid crystal
layer may be in a range of approximately 3 micrometers
(“um”) to approximately 4 pm. In an embodiment, the thick-
ness of the liquid crystal layer is in a range of approximately
3.3 uM to approximately 3.6 uM.

[0014] Inanembodiment, an effective elastic coefficient of
the liquid crystal layer may be approximately 10 or less. In an
embodiment, a pitch of the liquid crystal layer may be
approximately 100 or more.

[0015] In an embodiment, the liquid crystal display is in a
normally white mode, and a final luminance is approximately
10 percent or less for one frame when a voltage difference
between both ends of the liquid crystal capacitor is changed
from 0 volts (V) to 2.5 V.

[0016] In an embodiment, the liquid crystal layer com-
prises a liquid crystal composition comprising at least one
compound of the formula

CFZO F,

X@_QCFZO i
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-continued
X Y,
F F
(6]
X O O CFZO F,
F F
F
OO0
F F
F F F
F F

and X and Y may be independently one of an alkyl group, an
alkynyl group and an alkoxy group.

[0017] The disclosed liquid crystal display can provide
excellent image quality at a low driving voltage.

[0018] These and other features, aspects, and advantages of
the disclosed embodiments will become better understood
with reference to the following description and appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The disclosed subject matter is particularly pointed
out and distinctly claimed in the claims at the conclusion of
the specification. The foregoing and other objects, features,
and advantages of the disclosed embodiments are apparent
from the following detailed description taken in conjunction
with the accompanying drawings in which:

[0020] FIG. 1 is an equivalent circuit diagram showing an
exemplary embodiment of a pixel in a liquid crystal display;
[0021] FIGS. 2 and 3 are cross-sectional views showing an
exemplary embodiment of a liquid crystal display;
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[0022] FIGS. 4 and 5 are diagrams illustrating a polariza-
tion direction of an exemplary embodiment of a polarizer in
an embodiment of a liquid crystal display;

[0023] FIG. 6isaplan view showing an exemplary embodi-
ment of a liquid crystal display;

[0024] FIG. 7 is a cross-sectional view showing an exem-
plary embodiment of a liquid crystal display taken along line
of F1G. 6;

[0025] FIG. 8A to FIG. 9C are graphs illustrating the lumi-
nance of an exemplary embodiment of a liquid crystal display
with respect to time;

[0026] FIG. 10 is a graph illustrating luminance with
respect to voltage for an exemplary embodiment of a liquid
crystal display; and

[0027] FIG. 11A to FIG. 16C are graphs illustrating the
luminance of an exemplary embodiment of a liquid crystal
display with respect to time.

[0028] The detailed description explains the preferred
embodiments, together with advantages and features, by way
of example with reference to the drawings.

DETAILED DESCRIPTION OF THE INVENTION

[0029] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiment’s 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.

[0030] Aspects, advantages, and features of the present
invention and methods of accomplishing the same may be
understood more readily by reference to the following
detailed description of preferred embodiments and the
accompanying drawings. The present invention may, how-
ever, may be embodied in many different forms, and should
notbe construed as being limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete and will fully con-
vey the concept of the invention to those skilled in the art, and
the present invention will only be defined by the appended
claims. Like reference numerals refer to like elements
throughout the specification.

[0031] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. When an element such as a layer, a film, a region, a plate,
or the like is referred to as being “above” another element, the
element may be “directly on” another element or there may be
an intervening element present therebetween. In contrast,
when an element is referred to as being “directly on” another
element, there are no intervening elements present.

[0032] It 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 region, layer, or section. Thus, a first element,
component, region, layer, or section discussed below could be
termed a second element, component, region, laver, or section
without departing from the teachings of the present invention.
[0033] Spatially relative terms, such as “below”, “lower”,
“upper” and the like, may be used herein for ease of descrip-
tion to describe one element or feature’s relationship to
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another element(s) or feature(s) as illustrated in the figures. It
will be understood that the spatially relative terms are
intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the
figures. For example, ifthe device in the figures is turned over,
elements described as “below” or “lower” relative to other
elements or features would then be oriented “above” relative
to the other elements or features. Thus, the exemplary term
“below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0034] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. 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.
Tt will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

[0035] Embodiments of the invention are described herein
with reference to cross-section illustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures) of the invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the invention should not be construed
as limited to the particular shapes of regions illustrated herein
butare to include deviations in shapes that result, for example,
from manufacturing.

[0036] For example, an implanted region illustrated as a
rectangle will, typically, have rounded or curved features
and/or a gradient of implant concentration at its edges rather
than a binary change from implanted to non-implanted
region. Likewise, a buried region formed by implantation
may result in some implantation in the region between the
buried region and the surface through which the implantation
takes place. Thus, the regions illustrated in the figures are
schematic in nature and their shapes are not intended to illus-
trate the actual shape of a region of a device and are not
intended to limit the scope of the invention.

[0037] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mearning
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 will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0038] All methods described herein can be performed in a
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.
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[0039] Hereinafter, referring to FIG. 1 to FIG. 5, a liquid
crystal display according to an exemplary embodiment is
described in detail.

[0040] FIG. 1 is an equivalent circuit diagram of an exem-
plary embodiment of a pixel in a liquid crystal display, FIG. 2
and FIG. 3 are cross-sectional views of an exemplary embodi-
ment of a liquid crystal display, and FIG. 4 and FIG. 5 are
diagrams illustrating a polarization direction of a polarizer in
an exemplary embodiment of a liquid crystal display.

[0041] Referring to FIG. 1, the liquid crystal display
includes a plurality of pixels PX, which are disposed approxi-
mately in a matrix, and a plurality of gate lines 121 and a
plurality of data lines 171, which are connected thereto. The
gate lines 121 transmit gate signals and the data lines 171
transmit data voltages. Each of the pixels includes a switching
element Qs, and a liquid crystal capacitor Clc and a storage
capacitor Cst, which are connected thereto. The switching
element Qs controls a data voltage in response to a gate signal.
The switching element Qs is activated for a short time to allow
the data voltage to be transmitted, and is turned off for a
remaining time. The data voltages applied to each of the
pixels PX are stored at the liquid crystal capacitor Clc and the
storage capacitor Cst. The liquid crystal capacitor Cle
includes a liquid crystal material as a dielectric material, and
the storage capacitor Cst includes a different insulator.
[0042] Referring to FIG. 2 and FIG. 3, the liquid crystal
display according to an exemplary embodiment includes a
thin film transistor array panel 100 and a common electrode
panel 200, which face each other, and a liquid crystal layer 3
interposed between the thin film transistor array panel 100
and the common electrode panel 200. The liquid crystal dis-
play further includes a pair of first and second polarizers 12
and 22, disposed in a crossed or parallel configuration, which
are disposed on exterior surfaces of the thin film transistor
array panel 100 and the common electrode 200, respectively.
FIG. 4 illustrates an exemplary embodiment wherein the first
and second polarizers 12 and 22 are disposed in a crossed
configuration, and FIG. 5 illustrates an exemplary embodi-
ment wherein the first and second polarizers 12 and 22 are
disposed in a parallel configuration in a liquid crystal display
300.

[0043] The thin film transistor array panel 100 includes a
first substrate 110, pixel electrodes 191, and a first homoge-
neous alignment layer 11, which are disposed on an interior
surface of the first substrate 110. The common electrode
panel 200 includes a second substrate 210, and a common
electrode 270 and a second homogeneous alignment layer 21,
which are disposed on an interior surface of the second sub-
strate 210. Liquid crystal capacitors Clc comprise pixel elec-
trodes 191, the common electrode 270, and the liquid crystal
layer 3 interposed therebetween. A selected voltage, which
can be acommon voltage, is applied to the common electrode
270, and data voltages transmitted through the switching
elements Q are applied to the pixel electrodes 191. The pixel
electrodes 191 may also form storage capacitors Cst by being
superimposed with another conductor (not shown) of the thin
film transistor array panel 100.

[0044] The liquid crystal layer 3 has positive dielectric
anisotropy and is disposed in a twisted nematic (“TN”) mode.
In an embodiment, when a voltage is not applied, long axes of
the liquid crystal molecules 31, 32, and 33 are parallel to
surfaces of the first and second substrates 110 and 210,
respectively, and the long axes gradually twist from a surface
of one of the first and second homogeneous alignment layers

Mar. 18, 2010

11 and 21 to a surface of the other of the first and second
homogeneous alignment layers 21 and 11. In this state, the
long axes of the liquid crystal molecules 31 and 32 near the
surfaces of the first and second homogeneous alignment lay-
ers 11 and 21 may each form an angle of approximately 45
degrees with polarization axes of the first and second polar-
izers 12 and 22, as shown in FIG. 4.

[0045] When a potential difference is applied between the
pixel electrodes 191 and the common electrode 270 in the
liquid crystal display, an electric field E, which is substan-
tially perpendicular to the surfaces of the first and second
substrates 110 and 210, is generated as shown in FIG. 3. Asa
result, the liquid crystal molecules 31 to 33 are arranged so
that the long axes are parallel to the electric field E. When the
intensity of the electric field E is large enough, the long axes
of most of the liquid crystal molecules 31 to 33 may be
substantially parallel to the electric field E.

[0046] Light passing through any one of the first and second
polarizers 12 and 22 is linearly polarized according to polar-
ization axes P1 and P2, respectively, and a polarization of the
light is changed when the light passes through the liquid
crystal layer 3. The incident light, having passed through the
liquid crystal layer 3, is again linearly polarized by the other
of the polarizers 22 and 12. Thus, in an embodiment, the
intensity of outgoing light depends on a degree of polarization
change by the liquid crystal layer 3. The degree of polariza-
tion change of light, which passes through the liquid crystal
layer 3, depends on an arrangement of the liquid crystal
molecules 31 to 33. In an embodiment, as shown in FIG. 3,
when most of the liquid crystal molecules 31 to 33 are per-
pendicular to the surfaces of the first and second substrates
110 and 210, there is little polarization change of the light
passing through the liquid crystal layer 3. Accordingly, when
the first and second polarizers 12 and 22 are crossed, as shown
in FIG. 4, transmission of incident light is prevented, and
when the first and second polarizers 12 and 22 are parallel, as
shown in FIG. 5, the incident light is substantially transmit-
ted. In an embodiment, as shown in FIG. 2, when an electric
field is not applied across the liquid crystal layer 3, thus the
liquid crystal molecules 31 to 33 are substantially parallel to
the surfaces of the first and second substrates 110 and 210 and
are maximally twisted, there occurs the largest polarization
change of light passing through the liquid crystal layer 3.
Accordingly, when the first and second polarizers 12 and 22
are crossed, as shown in FIG. 4, the incident light can pass,
and when the first and second polarizers 12 and 22 are paral-
lel, as shown in FIG. 5, transmission of the incident light is
prevented. Therefore, the embodiment shown in FIG. 4 is
called a normally white mode, and the embodiment shown in
FIG. 5 is called a normally black mode.

[0047] The arrangement of the liquid crystal molecules 31
to 33 is controlled by the intensity of the electric field E, and
the intensity of the electric field E is controlled by a difference
in voltage between the pixel electrodes 191 and the common
electrode 270. Therefore, it is possible to control an intensity
of outgoing light by varying the data voltage applied to the
pixel electrodes 191, and thus, it is possible to control a
luminance of the pixels PX.

[0048] Inaliquid crystal display the common voltage may
be approximately 2.5 volts (“V”) and the data voltage may
vary in a range of approximately 0V to approximately 5V,
specifically between approximately 0.25 V to approximately
7 V, more specifically between approximately 0.5 V to
approximately 6V. In an embodiment, when a data voltage of
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2.5V is applied for a sufficient time, an arrangement the
liquid crystal molecules is like that of FIG. 2, and a maximum
luminance may be displayed by configuring the polarizers in
a crossed configuration, and a minimum luminance may be
displayed by configuring the polarizers in a parallel configu-
ration. In another embodiment, when a data voltage of
approximately 0 V or approximately 5 V is applied for a
sufficient time, a minimum luminance may be displayed by
configuring the polarizers in crossed configuration, and a
maximum luminance may be displayed by configuring the
polarizers in a parallel configuration, as shown in FIG. 3.

[0049] A ratio of a capacitance of the storage capacitor Cst
to a capacitance of the liquid crystal capacitor Cle, Cst/Cle
(hereinafter, the ratio Cst/Clc is referred to as a capacitance
ratio, and the capacitor and the capacitance thereof will be
represented by the same reference numeral), is approximately
0.2 or more, specifically approximately 0.4 or more, more
specifically approximately 0.6 or more. The capacitance ratio
may be about 0.7 or less, and when the capacitance ratio is
over 0.7, the aperture ratio may be substantially reduced,
hindering display of an image. The dielectric anisotropy of
the liquid crystal layer 3 may be approximately 10 or more,
specifically approximately 14 or more, more specifically 16
or more. In an embodiment, the dielectric anisotropy may be
in a range of approximately 15 to approximately 18. Further-
more, the dielectric anisotropy may be in a range of approxi-
mately 15.1 to approximately 17.3. A thickness d of the liquid
crystal layer, also termed a cell gap, is between approximately
3.0 micrometers “um” to approximately 4.0 pm, specifically
between approximately 3.3 um to approximately 3.6 pm. An
effective elastic coefficient Keff of the liquid crystal layer 3
may be approximately 15 or less, specifically approximately
10 or less, and a pitch of the liquid crystal layer 3 may be
approximately 50 or more, specifically approximately 100 or
more.

[0050] Exemplary embodiments of the liquid crystal dis-
play shown in FIG. 1 to FIG. 5 are described in detail with
reference to FIG. 6 and FIG. 7.

[0051] FIG. 6isaplan view showing an exemplary embodi-
ment ofa liquid crystal display, and FIG. 7 is a cross-sectional
view showing an exemplary embodiment of a liquid crystal
display taken along line VII-V11 of FIG. 6.

[0052] Referring to FIG. 6 and FIG. 7, the liquid crystal
display includes a thin film transistor array panel 100; a
common electrode panel 200, a liquid crystal layer 3, and first
and second polarizers 12 and 22.

[0053] First, the common electrode panel 200 is described.

[0054] A light blocking member 220 is disposed on a sec-
ond substrate 210, which may comprise transparent glass,
plastic, or the like, or a combination comprising at least one of
the foregoing materials. The light blocking member 220 is
also referred to as a black matrix and has a plurality of open-
ings, which are arranged in a matrix.

[0055] A plurality of color filters 230 are also disposed on
the second substrate 210. A portion of the color filters 230 are
disposed in the openings and may be disposed along a column
of the openings of the light blocking member 220 in a vertical
direction. Each of the color filters 230 may have one of three
primary colors, e.g., red, green, and blue. Adjacent color
filters 230 may be superimposed over each other.

[0056] An overcoat 250 is disposed on the color filters 230
and the light blocking member 220. The overcoat 250 may
comprise an organic insulator, or the like. The overcoat 250
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can substantially reduce or prevent exposure ofthe color filter
230 and can provide a flat surface. The overcoat 250 may be
omitted.

[0057] The common electrode 270 is disposed on the over-
coat 250. The common electrode 270 may comprise a trans-
parent conductor, such as indium tin oxide (“ITO”), indium
zine oxide (“1Z0”), or the like, or a combination comprising
at least one of the foregoing materials.

[0058] The second homogeneous alignment layer 21 is dis-
posed on the common electrode 270. The second homoge-
neous alignment layer 21 may be a homogenous alignment
layer, and may be rubbed in one direction.

[0059] Next, the thin film transistor array panel 100 is
described.
[0060] Gate lines 121 and storage electrode lines 131 are

disposed on a second substrate 110, which may comprise
transparent glass, plastic, or the like, or a combination com-
prising at least one of the foregoing materials.

[0061] The gate lines 121 transmit gate signals and extend
mainly in a horizontal direction. Each of the gate lines 121
includes a plurality of gate electrodes 124, which project
upwards, and a gate line end portion 129 for electrical con-
nection with another layer or an external driving circuit. A
gate driving circuit (not shown) generates gate signals and
may be mounted on a flexible printed circuit film (not shown)
attached onto the second substrate 110, may be mounted
directly on the second substrate 110, or integrated on the
second substrate 110. In an embodiment where the gate driv-
ing circuit is integrated on the second substrate 110, the gate
lines 121 may extend to and be electrically connected directly
to the gate driving circuit.

[0062] A selected voltageis applied to the storage electrode
lines 131. The storage electrode lines 131 each include a
branch line extending substantially parallel to the gate lines
121, and a plurality of storage electrodes 133 branching from
the branch line. The storage electrode lines 131 are disposed
between adjacent gate lines 121 and the branch line is closer
to upper portions of the gate lines 121 and between two of the
gate lines 121. The storage electrodes 133 each include a fixed
end electrically connected to the branch line, a free end oppo-
site thereto, and a main body therebetween. The fixed end and
the free end have widths which are smaller than a width of the
main body. The fixed end is electrically connected to the
center of the main body and the free end is electrically con-
nected to any one side of the main body. Upper-right portions
of the main body of the storage electrodes 133 have a shape
which is different than a shape of other portions of storage
electrodes 133. The portions of the storage electrodes 133
disposed in the center of FIG. 6 protrude to the right side in
FIG. 6, and the portions of the storage electrodes 133 shown
at either side of FIG. 6 are flat. In other embodiments, the
storage electrode lines 131 may have various shapes and
various arrangement patterns.

[0063] A gate insulating layer 140, which may comprise
silicon nitride (SiN,), silicon oxide (SiO,), or the like, or a
combination comprising at least one of the foregoing mate-
rials is disposed on the gate lines 121 and the storage elec-
trode lines 131.

[0064] Semiconductor islands 154, which may comprise
hydrogenated amorphous silicon (“a-Si”), polysilicon, or the
like, or acombination comprising at least one of the foregoing
materials, are disposed on the gate insulating layer 140. The
semiconductor islands 154 are disposed on the gate elec-
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trodes 124, and an upper right portion of each of the semi-
conductor islands 154 can protrude slightly.

[0065] A pair of first and second ohmic contacts 163 and
165 are disposed on the semiconductor islands 154. The first
and second ohmic contacts 163 and 165 may comprise a
material such as n+ hydrogenated amorphous silicon doped
with an n-type impurity at high concentration, silicide, or the
like, or acombination comprising at least one of the foregoing
materials.

[0066] Datalines 171 and drain electrodes 175 are disposed
on the first and second ohmic contacts 163 and 165, respec-
tively, and on the gate insulating layer 140.

[0067] The datalines 171 extend mainly in a vertical direc-
tion and intersect the gate lines 121 near the gate electrodes
124, respectively. The data lines 171 also intersect the storage
electrode lines 131 and are superimposed on the storage elec-
trodes 133. The data lines 171 each include a source electrode
173, which have a ‘J* shape and are disposed on the gate
electrodes 124, and a data line end portion 179 for electrically
connecting with another layer or an external driving circuit. A
data driving circuit (not shown) generates the data voltages
and may be mounted on the flexible printed circuit film (not
shown), which is attached to the first substrate 110, may be
mounted directly on the first substrate 110, or may be inte-
grated on the first substrate 110. In an embodiment the data
driving circuit is integrated on the first substrate 110 and the
data lines 171 may extend to and be electrically connected
directly to the data driving circuit.

[0068] The drain electrodes 175 extend upward from one
end, are partially surrounded by the source electrodes 173,
and are bent and elongated in the horizontal direction. Fur-
ther, the drain electrodes have a part having a large areain the
middle thereof. The drain electrodes 175 can comprise two
different shapes which are each disposed on every other of the
drain electrodes 175, and a portion of the drain electrodes 175
corresponding to the protruding upper-right comer of each of
the storage electrodes 133 also protrudes upwards.

[0069] One of each of the gate electrodes 124, the source
electrodes 173, the drain electrodes 175, and the semiconduc-
torislands 154 constitute a thin film transistor (“TFT”), which
is a switching element Q shown in FIG. 1. A channel of the
thin film transistor is disposed on each of the semiconductor
islands 154 between each of the source electrodes 173 and the
drain electrodes 175.

[0070] The first and second ohmic contacts 163 and 165 are
disposed only between the underlying semiconductor islands
154 and the overlying data lines 171 and the drain electrodes
175, and reduce a contact resistance therebetween. The semi-
conductor islands 154 each include an exposed portion not
covered by the data lines 171 and the drain electrodes 175,
such as a portion between the source electrodes 173 and the
drain electrodes 175.

[0071] A passivation layer 180 is disposed on the data lines
171, the drain electrodes 175, and the exposed portions of the
semiconductor islands 154. The passivation layer 180 may
comprise an inorganic insulator, an organic insulator, or the
like, or acombination comprising at least one of the foregoing
insulators, and may have a flat surface. The inorganic insula-
tor may include silicon nitride, silicon oxide, or the like, or a
combination comprising at least one of the foregoing mate-
rials. The organic insulator may be photosensitive. The
dielectric constant of the organic insulator may be approxi-
mately 2 or less, specifically approximately 4 or less, more
specifically approximately 6 or less. In an embodiment, the
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passivation layer 180 may have a dual-layer structure com-
posed of a lower inorganic layer and an upper organic layer to
reduce or substantially prevent the exposed portions of the
semiconductor islands 154 from being damaged without sig-
nificantly altering the properties of the organic layer.

[0072] First contact holes 182, which expose the data line
end portions 179 of the data lines 171, and second contact
holes 185, which expose the wide portions of the drain elec-
trodes 175, are disposed in the passivation layer 180. Third
contact holes 181, which expose the gate line end portions
129 of the gate lines 171, and fourth contact holes 1835,
which expose a part of the branch line of each of the storage
electrode lines 131 located near the fixed end of the storage
electrodes 133, and a fifth contact holes 183a, which expose
the free end of the storage electrodes 133, are disposed in the
passivation layer 180 and the gate insulating layer 140. The
fourth and fifth contact holes 1834 and 183 are disposed at
the protruding upper-right corner of each of the storage elec-
trodes 133 and the upwardly-protruding portions of the drain
electrodes 175.

[0073] Pixel electrodes 191, overpasses 83, and first and
second contact assistants 81 and 82 are disposed on the pas-
sivation layer 180. They may comprise a transparent conduc-
tive material, such as ITO orIZO, or a reflective metal such as
aluminum, silver, chromium, an alloy thereof, or the like, ora
combination comprising at least one of the foregoing mate-
rials.

[0074] The pixel electrodes 191 are physically and electri-
cally connected to the drain electrodes 175 through the sec-
ond contact holes 185 and data voltages from the drain elec-
trodes 175 are applied to the pixel electrodes 191. The pixel
electrodes 191 are superimposed on the common electrode
270, and the liquid crystal layer 3 is interposed therebetween
to constitute liquid crystal capacitors Cle, while the pixel
electrodes 191 are superimposed on the storage electrode
lines 131 as well as the storage electrodes 133 to constitute
storage capacitors Cst. The capacitance of the storage capaci-
tors Cst can be selected by selecting the superimposing area
ofthe pixel electrodes 191 and the storage electrode lines 131.
When the superimposing area is increased to increase the
capacitance, an opening ratio may be reduced.

[0075] Thepixel electrodes 191 face an opening of the light
blocking member 220. The drain electrodes 175 are superim-
posed on the pixel electrodes 191 along a bottom side of the
pixel electrodes 191.

[0076] The overpasses 83 intersect the gate lines 121 and
are electrically connected to an exposed edge of a free end of
the storage electrodes 133 and an exposed portion of the
branch line of each of the storage electrode lines 131 through
the contactholes 183 and 1835, which are disposed opposite
to each other with respect to the gate lines 121. One overpass
83 can be disposed per every two pixels in a row direction.
The pixel electrodes 191, the drain electrodes 175, the storage
electrodes 133, and the light blocking member 220 may have
different shapes according to whether the optional overpasses
83 are present. In an embodiment, when the overpasses 83 are
present, a large portion of the corer of each of the pixel
electrodes 191 is cut off, and thus the shapes of the pixel
electrodes 191, the drain electrodes 175, the storage elec-
trodes 133, and the light blocking member 220 are changed
accordingly. The storage electrode lines 131, including the
storage electrodes 133, together with the overpasses 83, may
be used to correct a defect of the gate lines 121, the data lines
171, or a thin film transistor.
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[0077] A capacitance ratio, which is a capacitance of the
storage capacitor Cst to a capacitance of the liquid crystal
capacitor Clc, may be approximately 0.2 or more, specifically
0.4 or more, more specifically 0.6 or more. The capacitance
ratio may be approximately 0.7 or less. When the capacitance
ratio is greater than 0.7, an aperture ratio is decreased, thereby
interrupting display of an image. The dielectric anisotropy of
the liquid crystal layer 3 may be approximately 14 or more. In
particular, the dielectric anisotropy of the liquid crystal layer
3 may be in a range of approximately 14 to approximately 15.
Furthermore, the dielectric anisotropy of the liquid crystal
layer 3 may be in a range of approximately 15.1 to approxi-
mately 17.3. The thickness d of the liquid crystal layer, which
is a cell gap, may be approximately 3.0 um to approximately
4.0 um, specifically approximately 3.3 um to approximately
3.6 um, more specifically approximately 3.5 um. An effective
elastic coefficient Keff of the liquid crystal layer 3 may be
approximately 10 or less, and a pitch of the liquid crystal layer
3 may be approximately 100 or more.
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[0078] Inaliquid crystal display according to anexemplary
embodiment, the common voltage may be approximately
2.5V and the data voltage may vary in a range of approxi-
mately OV to 5V.

[0079] Theabove-described conditions have been observed
in experimental examples described below with reference to
FIG. 8A to FIG. 16C. Each of FIG. 8A to FIG. 9C, and FIG.
11A to FIG. 16C illustrates a curve representing a luminance
of a pixel with respect to time when the data voltage is
selected to be 0V, 2.5V, or 5 V in a normally white mode
liquid crystal display. In the experiments, a data voltage 0f2.5
V was applied for several frames at a state of 0V, and then a
data voltage of 5 V was applied for several frames. The
driving frequency was 60 hertz (“Hz”). The resolution of the
liquid crystal display was 1280 by 800 pixels.

[0080] Inthe experiments, five liquid crystal compositions,
A to E, were used. The five liquid crystal compositions A to E
comprised at least one of the compounds listed in Table 1 in
the amounts listed in Table 1, which are in weight percent,
based on the total weight of the liquid crystal composition.

TABLE 1

Compound

Liquid Crystal (“LC”) Composition

Formula A B C D E

1 15 4 42 215 12
X Y

2 F 15 13 12.5 10 5.5
F
3 F 10 85 105 7 10
F F
4 F 7 65 7 5 —
F F
5 F 185 — 35 27 35
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TABLE 1-continued

Liquid Crystal (“LC”) Composition

Compound Formula A B C D E

F F
0
X CF,0 F
F F
F _
0
F
F
: OCF3
F F
F F
F

12 12 10 135 14

10

~
N
<
\
\
\
\
W

les]
le=]

3

In an embediment, X and Y may be independently one of an alkyl group, an alkynyl group, an alkoxy group, and the like.
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[0081] As shown in FIG. 11A, in a first frame F1 in which
the data voltage is changed from 2.5V to 5V, the luminance
is not less than 10 percent (“%”). However, not until the
second frame F2 is the luminance decreased to the minimum
value.

[0082] In the first frame F1, the Iuminance rapidly
decreases, but the rate of decrease is gradually reduced, and at
the end of frame F1, the luminance stays at a point over 10%.
If a data voltage is no longer applied, the luminance is main-
tained in the last state. More specifically, since the response
speed of the liquid crystal layer 3 is low, it takes a time for
complete rearrangement of the liquid crystal molecules 31 to
33 in response to the intensity change of the electric field
when the intensity of the electric field varies rapidly. How-
ever, a time while a data voltage is applied to a liquid crystal
capacitor Clc can be too short to complete such a rearrange-
ment. Therefore, even after the application of a data voltage is
terminated and the voltage of the pixel electrodes 191, which
are each one terminal of each of the liquid crystal capacitors
Clc and the storage capacitors Cst, are floated, the liquid
crystal molecules 31 to 33 are still in a rearrangement process.
The dielectric constant of the liquid crystal layer 3 varies in
accordance with the rearrangement of the liquid crystal mol-
ecules 31 to 33, and accordingly, the voltage of the pixel
electrodes 191 varies and a voltage across the liquid crystal
capacitors Clc also varies. Consequently, even after the rear-
rangement of the liquid crystal molecules 31 to 33 is com-
plete, the luminance does not reach the desired value.
[0083] Inthe second frame F2, when the same data voltage
as the first frame F1 is applied, the luminance of the pixel
decreases rapidly to obtain a minimum luminance, as desired.

[0084] Therefore, a pointed cusp Pc is generated in a lumi-
nance curve.
[0085] Surprisingly, it has been observed that the pointed

cusp Pc can be located below a luminance of 10% by selection
of a response time of approximately 16 milliseconds (“ms™)
or less. In addition, it has been observed that the capacitance
ratio influences the location of the pointed cusp Pc.

[0086] First, the dielectric anisotropy of the liquid crystal
layer 3 is selected to be high so the liquid crystal display can
be driven at a low voltage, as small as approximately 2.5 V,
thus selection of a liquid crystal material having high dielec-
tric anisotropy can be desirable. The dielectric anisotropy of
the liquid crystal composition A is 17.3, and the rotational
viscosity of the liquid crystal composition A is 103. In a
condition in which the capacitance ratio is set to approxi-
mately 0.4, the response time and the luminance were mea-
sured while the thickness d (refer to FIG. 3) of the liquid
crystal layer 3, i.e., the cell gap, was varied.

[0087] Table 2 shows the response time and the pointed
cusp position in exemplary embodiments in which the cell
gapis 3.0 um, 3.3 um, and 4.0 pm, respectively. FIG. 8A, FIG.
8B, and FIG. 8C show the luminance in exemplary embodi-
ments in which the cell gap is 3.0 um, 3.6 pm, and 4.0 pm,
respectively.

TABLE 2
Capacitance Response time (ms)
Ratio Tr Tf Tt Cusp position (%)
3.0 9.08 8.18 17.26 8.8%8
33 10.66 9.07 19.73 8.95
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TABLE 2-continued

Capacitance Response time (ms)
Ratio Tr Tf Tt Cusp position (%)
3.6 12.59 9.67 22.26 10.00
4.0 14.2 10.19 24.39 10.97

Herein, Tr, Tf, and Tt represent a rising time, a falling time, and a total time,
which is a sum of the rising time and the falling time, respectively.

[0088] As shown in Table 2 and F1G. 8A to F1G. 8C, as the
cell gap is reduced, the cusp position is lowered, and in an
embodiment in which the cell gap is approximately 3.6 pm or
less, the cusp Pc is located at a luminance of equal to or less
than 10%. In all embodiments in which the cell gap is
approximately 3.0 um or more, the response time was
observed to exceed approximately 17 ms.

[0089] Next, in an exemplary embodiment in which the cell
gap is fixed at 3.6 um, the response time and the luminance
were measured while varying the liquid crystal material and
the capacitance ratio. The liquid crystal composition B and
the liquid crystal composition C were selected as the liquid
crystal material, in addition to the above-described liquid
crystal composition A. The dielectric anisotropy and the rota-
tional viscosity of the liquid crystal composition B are 15.1
and 89, respectively. The dielectric anisotropy and the rota-
tional viscosity of the liquid crystal composition C are 12.9
and 76, respectively.

[0090] Table 3 illustrates the response time and the cusp
position measured when varying the capacitance ratios in
liquid crystal displays comprising the liquid crystal compo-
sitions A, B, and C. FIG. 9A, FIG. 9B, and FIG. 9C illustrate
luminances of the liquid crystal displays comprising the lig-
uid crystal compositions C, B, and A, respectively, in a state in
which the capacitance ratio is fixed to 0.5.

TABLE 3
LC Capacitance Response time (ms) Cusp
Composition Ratio Tr Tf Tt position (%)
C 0.51 15.05 6.32 21.37 13.1
B 0.45 1494 796 229 10.0
A 0.4 12.59 9.67 22.26 10.00
[0091] As shown in Table 3 and F1G. 9A to F1G. 9C, as the

dielectric anisotropy is lowered, the cusp position is raised. In
Table 3, it can be observed that there is almost no change in
the total response time Tt since the falling time Tf becomes
short while the rising time Tr becomes long as the dielectric
constant is lowered.

[0092] FIG. 10 illustrates voltage-luminance curves for lig-
uid crystal displays comprising the liquid crystal composition
A and the liquid crystal composition C. The luminance curve
for the liquid crystal display comprising the liquid crystal
composition A, having a high dielectric constant, has a
steeper slope than that for the liquid crystal display compris-
ing the liquid crystal composition C. The luminance and the
voltage of a pixel at the cusp position for the liquid crystal A
1s lower than for the liquid crystal C. Thus a final luminance
of a pixel in the first frame F1 is reduced as the dielectric
constant is increased, so that the position of the cusp Pc is



US 2010/0066932 A1

lower. A final voltage of the pixel is approximately 1.6V. As
the dielectric constant is increased, the final voltage of the
pixel is slightly reduced.

[0093] Next, in a state in which the cell gap is set to a fixed
value, the response speed and the luminance for a liquid
crystal display comprising the liquid crystal A was measured
while the capacitance ratio was varied.

[0094] Table 4 shows the response time and the cusp posi-
tionin an embodiment in which the capacitance ratio is 0.232,
0.4, 0.6, or 0.8 when the cell gap is 3.6 um. FIG. 11A, FIG.
11B, and FIG. 11C show a luminance curves for capacitance
ratios of 0.232, 0.4, and 0.6 in an embodiment in which the
cell gap is fixed to 3.6 um.
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TABLE 6
LC Capacitance Response time (ms) Cusp
Composition Ratio Tr Tf Tt position (%)
C 0.5 14.52 9.03 23.55 12.0
B 0.5 9.66 7.89 17.55 8.3
A 0.5 8.27 9.5 17.77 5.7

[0100] Table 7 shows the response time and the cusp posi-
tion with respect to the liquid crystals A, B, and C in a state in
which the capacitance is fixed to 0.6. FIG. 14A, F1G. 14B, and
FIG. 14C show the luminance of liquid crystal displays com-
prising the liquid crystal compositions C, B, and A, respec-
tively, under the same conditions.

TABLE 4
TABLE 7
Capacitance Response time (ms)

LC Capacitance Response time (ms) Cusp

Ratio Tr Tf Tt Cusp position (%)
Composition Ratio Tr Tf Tt position (%)
0.232 15.38 10.29 25.67 18.77
0.4 12.59 9.67 22.26 10.00 C 0.6 14.28 8.93 23.21 10.1
0.6 6.62 9.33 15.95 3.70 B 0.6 2 7.79 14.99 55
0.8 5.11 9.13 14.24 248 A 0.6 6.62 9.33 15.95 3.70
. . 0101] As shown in Table 6, Table 7, and FIG. 13A to FIG.
[0095] As showninTable 4and FIG. 11A to FIG. 11C,inan (101 ; ;

embodiment in which the capacitance ratio is 0.4 or more, the
cusp positionis equal to or less than 10%, while in an embodi-
ment in which the capacitance ratio is 0.6 or more, the
response time is also below 16 ms.

[0096] Table 5 shows the response time and the cusp posi-
tion for each of the capacitance ratios 0.4, 0.5,0.55, and 0.6 in
an embodiment in which the cell gap is fixed at 3.3 pm. FIG.
12A, FIG. 12B, and FIG. 12C show luminance curves for
capacitance ratios of 0.5, 0.55, and 0.6 in an embodiment in
which the cell gap is fixed at 3.0 um, respectively.

TABLE 5
Capacitance Response time (ms)
Ratio Tr Tf Tt Cusp position (%)
0.4 10.66 9.07 19.73 8.9
0.5 7.33 941 16.74 4.9
0.55 57 8.67 14.37 4.7
0.6 5.19 8.68 13.87 34
[0097] AsshowninTable 5andFIG. 12Ato F1G.12C, inan

embodiment in which the capacitance ratio is 0.4 or more, the
cusp positionis below 10%, while in an embodiment in which
the capacitance ratio is 0.5 or more, the response time is
below 16 ms.

[0098] In a state in which the capacitance is set to a fixed
value, the response time and the luminance with respect to
each of the liquid crystal compositions A, B, and C were
measured.

[0099] Table 6 shows the response time and the cusp posi-
tion with respect to the liquid crystal compositions A, B, and
C in a state in which the capacitance ratio is fixed at 0.5. FIG.
13A, FIG. 13B, and FIG. 13C show the luminance of liquid
crystal displays comprising the liquid crystal compositions C,
B, and A, respectively, under the same conditions.

14C, as the dielectric anisotropy is increased, the cusp posi-
tion is lowered. As shown in Table 6 and Table 7, the total
response time Tt is approximately 16 ms in the exemplary
embodiment comprising the liquid crystal compositions B
and A, but in the exemplary embodiment comprising the
liquid crystal composition C, which has a low dielectric
anisotropy, the cusp position is over 10% and the total
response time Tt is over 20 ms even though the capacitance
ratio is set to 0.6. From this result, it can be observed that the
dielectric anisotropy is desirably selected to be approxi-
mately 14 or more.

[0102] The response time and the cusp position were mea-
sured using the liquid crystal compositions D and E, which
have almost the same dielectric anisotropy and rotational
viscosity as the other liquid crystals, but have different elastic
coefficients. The dielectric anisotropy, the rotational viscos-
ity, and the effective elastic coefficient Keff of the liquid
crystal composition D are 15.2, 100, and 12.5 (splay elastic
coefficient K11=12.9 and band elastic coefficient K33=11.4),
respectively. The dielectric anisotropy, the rotational viscos-
ity, and the effective elastic coefficient Keff of the liquid
crystal composition E are 15.7, 100, and 9.6 (K11=8.9 and
K33=11.8), respectively.

[0103] Table 8 shows the response time and the cusp posi-
tion for the liquid crystal compositions D and E when the
capacitance ratios are 0.232 and 0.6. FIG. 15A and FIG. 15B
show the luminance of liquid crystal displays comprising the
liquid crystal compositions D and E in a state in which the
capacitance is set to 0.6.

TABLE 8
LC Capacitance Response time (ms) Cusp
Composition Ratio Tr Tf Tt position (%)
D 0.232 15.57 8.9 2447 201
0.6 9.33 8.41 17.24 7.3
E 0.232 14.86 1219  27.05 12.16
0.6 551 11.02 1653 2.7
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[0104] Asshownin Table 8, FIG. 15A, and FIG. 15B, as the
effective elastic coefficient is reduced, the cusp position is
lowered. When the effective elastic coefficient is 10 or less,
the cusp position is below 10% and the total response time Tt
is approximately 16 ms when the capacitance ratio is equal to
0.6.

[0105] To determine an influence of the pitch of liquid
crystal layer 3 on the response time and the cusp position, an
experiment was performed in a state in which the pitch of the
liquid crystal A was varied.

[0106] Table 9 shows the response time and the cusp posi-
tion measured when the pitch of a liquid crystal display com-
prising the liquid crystal composition A was set to 40, 70, 100,
or 140 with the capacitance ratios of 0.4 and 0.6, respectively.
FIG. 16A, FIG. 16B, and FIG. 16C show the luminance of
liquid displays having pitches of 70, 100, or 130 in a state in
which the capacitance ratio is set to 0.6.

TABLE 9
Capacitance Response time (ms Cusp
Pitch Ratio Tr Tf Tt position (%)

40 0.4 14.95 9.28 24.23 11.29
0.6 7.43 9.01 16.44 6.1

70 0.4 12.59 9.67 22.26 10.00
0.6 6.62 9.33 15.95 49

100 0.4 11.08 9.83 2091 8.64
0.6 6.4 9.5 15.9 4.6

130 0.4 10.52 9.93 2045 8.24
0.6 6.27 9.56 15.85 3.5

[0107] As shown in Table 9 and FIG. 16A to FIG. 16C, as
the pitchis increased, the rising time Tr and the total response
time Tt become shorter, and the cusp position is lowered.
Accordingly, it has been observed that a pitch set to 100 or
more is desirable for low voltage driving since the cusp posi-
tion is below approximately 10% when the capacitance ratio
is approximately 0.4, and the response time is below approxi-
mately 16 ms for a capacitance of 0.6 when the pitch is set to
100 or more.

[0108] Although exemplary embodiments have been
described herein with reference to the accompanying draw-
ings, it is to be understood that the present invention should
not be limited to the disclosed embodiments and that various
other changes and modifications may be made by those
skilled in the art without departing from the scope or spirit of
the invention.

What is claimed is:

1. A liquid crystal display, comprising:

a thin film transistor;

aliquid crystal capacitor, which is electrically connected to
the thin film transistor and comprises a liquid crystal
layer; and

a storage capacitor, which is electrically connected to the
thin film transistor in parallel to the liquid crystal capaci-
tor,

wherein the liquid crystal layer has a positive dielectric
anisotropy and is disposed in a twisted nematic mode,
and

acapacitance ratio of a capacitance of the storage capacitor
to a capacitance of the liquid crystal capacitor is
approximately 0.4 or more.

2. The liquid crystal display of claim 1, wherein the capaci-

tance ratio is approximately 0.7 or less.
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3. The liquid crystal display of claim 2, wherein a dielectric
anisotropy of the liquid crystal layer is approximately 14 or
more.

4. The liquid crystal display of claim 3, wherein the dielec-
tric anisotropy of the liquid crystal layer is in a range of
approximately 15 to approximately 18.

5. The liquid crystal display of claim 4, wherein the dielec-
tric anisotropy of the liquid crystal layer is in a range of
approximately 15.1 to approximately 17.3.

6. The liquid crystal display of claim 1, wherein the liquid
crystal layer comprises a liquid crystal composition selected
from groups each consisting of liquid crystal compositions I
to 1V, wherein the liquid crystal composition I comprises
compounds of formulas

OO

in an amount of approximately 31.5 weight percent,

F F
F F

in an amount of approximately 15 weight percent,

F
F F

in an amount of approximately 10 weight percent,

F
F F

in an amount of approximately 7 weight percent,

in an amount of approximately 18.5 weight percent,

rr

rr
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14
F F F F
(0] 0}
F F F F
in an amount of approximately 12 weight percent, in an amount of approximately 12 weight percent,

F F F F
0
X CF,0 F
X CF,0 F
F T
F

in an amount of approximately 6 weight percent, the liquid
crystal composition I comprises compounds of the formulas in an amount of 8 weight percent,

i
X Y
OO0
in an amount of approximately 41 weight percent, F F

in an amount of approximately 6 weight percent,

F F
F F
F F

in an amount of approximately 13 weight percent,

in an amount of approximately 5 weight percent, the liquid

F crystal composition IIT comprises compounds of the formulas
X Y
F F

in an amount of approximately 8.5 weight percent, in an amount of approximately 21.5 weight percent,

F F F
F F F F

in an amount of approximately 6.5 weight percent, in an amount of approximately 10 weight percent,
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in an amount of approximately 4 weight percent, and the
liquid crystal composition IV comprises compounds of the
formulas

in an amount of approximately 7 weight percent,

F
F F

in an amount of approximately 12 weight percent,

F T
in an amount of approximately 5 weight percent,
F
F F
X CF,0 F
in an amount of approximately 5.5 weight percent,
F
F
in an amount of approximately 27 weight percent,
X Y 5 T
in an amount of approximately 10 weight percent,
in an amount of approximately 10 weight percent, F
. . X CF,0 F
0
F F
in an amount of approximately 13.5 weight percent, in an amount of approximately 35 weight percent,
T T T F F
0
F F F F

in an amount of approximately 2 weight percent, in an amount of approximately 14 weight percent,
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F F

in an amount of approximately 5 weight percent,

X F
F
in an amount of approximately 8.5 weight percent,
F
SO
F

in an amount of approximately 10 weight percent, based on a
total weight of the liquid crystal composition,and X andY are
independently one of an alkyl group, an alkynyl group and an
alkoxy group.

7. Theliquid crystal display ofclaim 4, wherein a thickness
of the liquid crystal layer is in a range of approximately 3
micrometers to approximately 4 micrometers.

8. The liquid crystal display of claim 7, wherein the thick-
ness of the liquid crystal layer is in a range of approximately
3.3 micrometers to approximately 3.6 micrometers.

9. Theliquid crystal display ofclaim 2, wherein a thickness
of the liquid crystal layer is in a range of approximately 3
micrometers to approximately 4 micrometers.

10. The liquid crystal display of claim 9, wherein the thick-
ness of the liquid crystal layer is in a range of approximately
3 micrometers to approximately 4 micrometers.

11. The liquid crystal display of claim 2, wherein an effec-
tive elastic coefficient of the liquid crystal layer is approxi-
mately 10 or less.

12. The liquid crystal display of claim 2, wherein a pitch of
the liquid crystal layer is approximately 100 or more.

13. The liquid crystal display of claim 1, wherein

the liquid crystal display is in a normally white mode, and

a final luminance is approximately 10 percent or less for

one frame when a voltage difference between both ends
of the liquid crystal capacitor is changed from 0 volts to
approximately 2.5 volts.

14. The liquid crystal display of claim 1, wherein the liquid
crystal layer comprises a liquid crystal composition compris-
ing at least one compound of the formulas

)<4<:>_<:>7Y7

Mar. 18, 2010
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-continued
F

F
XCFZOQ ,
F
F

F

F F F
XCFZOQF,
F F
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-continued -continued

F
X Y,
F F
F

X andY are independently one of an alkyl group, an alky-
F nyl group and an alkoxy group.
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