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An optical film assembly includes a first polarization plate
disposed below aliquid crystal layer and having a first absorp-
tion axis, a second polarization plate disposed above the
liquid crystal layer and having a second absorption axis, an
A-plate disposed between the first polarization plate and the
second polarization plate, and a negative C-plate disposed
between the first polarization plate and the second polariza-
tion plate. A thickness-direction phase retardation value of
the negative C-plate is equal to or less than a value acquired by
subtracting about 75 nanometers from a thickness-direction
phase retardation value of the liquid crystal layer and the
thickness-direction phase retardation value of the negative

(21) Appl. No.: 12/632,132 C-plate is equal to or greater than a value acquired by sub-
tracting about 275 nanometers from the thickness-direction
(22) Filed: Dec. 7, 2009 phase retardation value of the liquid crystal layer.
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OPTICAL FILM ASSEMBLY AND DISPLAY
DEVICE HAVING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2009-0058177, filed on Jun. 29, 2009,
and all the benefits accruing therefrom under 35 U.S.C. §119,
the content of which in its entirety is herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] (1) Field of the Invention

[0003] The present invention relates to an optical film
assembly and a display device including the optical film
assembly. More particularly, the present invention relates to
an optical film assembly which substantially improves side
visibility thereof, and a display device including the optical
film assembly.

[0004] (2) Description of the Related Art

[0005] A liquid crystal display (“LCD”) device generally
includes an LCD panel which displays an image using light
transmittance of liquid crystal molecules, and a backlight
assembly disposed below the LCD panel and which provides
the LCD panel with light.

[0006] The LCD panel typically includes a first substrate, a
second substrate facing the first substrate and a liquid crystal
layer disposed between the first and second substrates. The
first substrate includes a thin-film transistor (“TFT”), a first
pixel electrode and a second pixel electrode.

[0007] Theliquid crystal molecules, which are in the liquid
crystal layer, may be implemented in a vertically aligned
(“VA”)mode, in which an electric field is applied between the
first pixel electrode and the second pixel electrode. Specifi-
cally, when the electric field is not applied between the first
pixel electrode and the second pixel electrode, the LCD panel
may display a white image. When the electric field is applied
between the first pixel electrode and the second pixel elec-
trode, the LCD panel may display a black image.

[0008] More specifically, when the electric field is applied
between the first pixel electrode and the second pixel elec-
trode, the liquid crystal molecules of the liquid crystal layer
are aligned in a direction substantially horizontal with respect
to a plane defined by the first pixel electrode or the second
pixel electrode. When the liquid crystal molecules are aligned
in the horizontal direction, a contrast ratio of an image dis-
played on a front portion of the LCD panel is improved.
However, a contrast ratio of an image displayed on, e.g.,
viewed from, a side portion of the LCD panel is substantially
low, due to a phase of light emitted toward the side portion of
the LCD panel, which is substantially delayed as it travels
through the liquid crystal molecules along a thickness direc-
tion of the LCD panel.

[0009] Thus, the LCD panel operated in the vertical align-
ment mode has a reduced contrast ratio of an image viewed
from a side of the LCD panel, due to a phase retardation along
the thickness direction of the liquid crystal molecules of the
LCD panel.

BRIEF SUMMARY OF THE INVENTION

[0010] An exemplary embodiment of the present invention
includes an optical film assembly which substantially
improves a side visibility thereof in a vertical alignment
mode.

Dec. 30, 2010

[0011] An exemplary embodiment includes a display
device including the optical film assembly.

[0012] Inanexemplary embodiment, an optical film assem-
bly includes a first polarization plate, a second polarization
plate, an A-plate and a negative C-plate. The first polarization
plate is disposed below a liquid crystal layer and has a first
absorption axis. The second polarization plate is disposed
abovethe liquid crystal layer and has a second absorption axis
substantially perpendicular to the first absorption axis. The
A-plate is disposed between the first polarization plate and
the second polarization plate. The negative C-plate is dis-
posed between the first polarization plate and the second
polarization plate. A thickness-direction phase retardation
value of the negative C-plate is equal to or less than a value
acquired by subtracting about 75 nanometers (nm) from a
thickness-direction phase retardation value of the liquid crys-
tal layer and the thickness-direction phase retardation value
of the negative C-plate is equal to or greater than a value
acquired by subtracting about 275 nm from the thickness-
direction phase retardation value of the liquid crystal layer.

[0013] In an exemplary embodiment, a distance between
the negative C-plate and the liquid crystal layer may be equal
to or less than a distance between the A-plate and the liquid
crystal layer.

[0014] In an exemplary embodiment of the present inven-
tion, the A-plate may be disposed between the liquid crystal
layer and the second polarization plate, and the negative
C-plate may be disposed between the liquid crystal layer and
the first polarization plate. The A-plate may include a nega-
tive A-plate.

[0015] In an exemplary embodiment, the A-plate may be
disposed between the liquid crystal layer and the first polar-
ization plate, and the negative C-plate may be disposed
between the liquid crystal layer and the A-plate. The A-plate
may include a plurality of A-plates, where the plurality of
A-plates includes at least one of a negative A-plate and a
positive A-plate.

[0016] In an exemplary embodiment, the optical film
assembly may include a plurality of A-plates. The plurality of
A-plates may include at least one of a negative A-plate and a
positive A-plate. The negative A-plate may be disposed
between the liquid crystal layer and the second polarization
plate. The negative C-plate may be disposed between the
liquid crystal layer and the negative A-plate. The positive
A-plate may be disposed between the liquid crystal layer and
the first polarization plate.

[0017] In an exemplary embodiment, the optical film
assembly may include a plurality of A-plates. The plurality of
A-plates may include a positive A-plate and a negative
A-plate. The positive A-plate is disposed between the liquid
crystal layer and the second polarization plate. The negative
A-plate is disposed between the liquid crystal layer and the
first polarization plate. The negative C-plate is disposed
between the liquid crystal layer and the negative A-plate.

[0018] In an exemplary embodiment, the A-plate may be
disposed between the liquid crystal layer and the first polar-
ization plate, and the negative C-plate may be disposed
between the liquid crystal layer and the second polarization
plate.

[0019] In an exemplary embodiment, the A-plate may be
disposed between the liquid crystal layer and the second
polarization plate, and the negative C-plate may be disposed
between the liquid crystal layer and the A-plate.



US 2010/0328593 Al

[0020] In an exemplary embodiment, the A-plate may be
disposed between the liquid crystal layer and the first polar-
ization plate and an additional A-plate may be disposed
between the liquid crystal layer and the second polarization
plate. The negative C-plate may be disposed between the
liquid crystallayer and the A-plate, and an additional negative
C-plate may be disposed between the liquid crystal layer and
the additional A-plate.

[0021] In an exemplary embodiment, a display device
includes a display panel and an optical film assembly. The
display panel includes a first substrate, a second substrate and
a liquid crystal layer. The first substrate includes a first pixel
electrode which receives a first voltage and a second pixel
electrode which receives a second voltage. The second sub-
strate is disposed opposite the first substrate. The liquid crys-
tal layer is disposed between the first substrate and the second
substrate. The optical film assembly includes a first polariza-
tion plate, a second polarization plate, an A-plate and a nega-
tive C-plate. The first polarization plate is disposed below the
first substrate and has a first absorption axis. The second
polarization plate is disposed above the second substrate and
has a second absorption axis substantially perpendicular to
the first absorption axis. The A-plate is disposed between the
first polarization plate and the second polarization plate. The
negative C-plate is disposed between the first polarization
plate and the second polarization plate. The liquid crystal
layer is substantially vertically aligned with respect to aplane
defined by a surface of the first substrate when the first voltage
is not applied to the first pixel electrode and the second
voltage is not applied to the second pixel electrode. The liquid
crystal layer is substantially horizontally aligned with respect
to the plane defined by the surface of the first substrate when
the first voltage is applied to the first pixel electrode and the
second voltage is applied to the second pixel electrode. A
thickness-direction phase retardation value of the negative
C-plate is equal to or less than a value acquired by subtracting
about 75 nm from a thickness-direction phase retardation
value of the liquid crystal layer and the thickness-direction
phase retardation value of the negative C-plate is equal to or
greater than a value acquired by subtracting about 275 nm
from the thickness-direction phase retardation value of the
liquid crystal layer.

[0022] In an exemplary embodiment, a distance between
the negative C-plate and the liquid crystal layer may be equal
to or less than a distance between the A-plate and the liquid
crystal layer.

[0023] In an exemplary embodiment, the first polarization
plate may be disposed below the display panel, and the second
polarization plate may be disposed above the display panel.

[0024] In an exemplary embodiment, the A-plate may fur-
ther include a plurality of A-plates including at least one of a
negative A-plate and a positive A-plate.

[0025] In an exemplary embodiment, the negative C-plate
and the A-plate may change a polarization state of light,
which is dispersed by the liquid crystal layer to correspond to
an extinction point of a Poincare sphere.

[0026] In an exemplary embodiment, the thickness-direc-
tion phase retardation value of the liquid crystal layer may be
in arange from about 220 nm to about 520 nm. The thickness-
direction phase retardation value of the negative C-plate may
be in a range from about 100 nm to about 400 nm. The
thickness-direction phase retardation value of the A-plate
may be in a range from about 60 nm to about 80 nm.
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[0027] 1In an exemplary embodiment, the first pixel elec-
trode and the second pixel electrode may respectively include
aplurality of electrode bars so that the first pixel electrode and
the second pixel electrode are disposed alternately. The first
pixel electrode may be electrically connected to a data line
receiving the first voltage. The second pixel electrode may be
electrically connected to a power line receiving the second
voltage.

[0028] In an exemplary embodiment of the present inven-
tion, an A-plate and the negative C-plate are disposed on a
display panel, where a thickness-direction phase retardation
value of the negative C-plate is equal to or less than a value
acquired by subtracting about 75 nm from a thickness-direc-
tion phase retardation value of the liquid crystal layer, and a
thickness-direction phase retardation value of the negative
C-plate is equal to or greater than a value acquired by sub-
tracting about 275 nm from a thickness-direction phase retar-
dation value of theliquid crystal layer, and a polarization state
of light dispersed by the liquid crystal layer is thereby
changed to correspond to an extinction point of a Poincare
sphere. Accordingly, a contrast ratio when viewed from a side
of the display device is substantially increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other aspects, advantages and fea-
tures of the present invention will become more apparent by
describing in further detail exemplary embodiments thereof
with reference to the accompanying drawings, in which:
[0030] FIG. 1 is a partial cross-sectional view illustrating
an exemplary embodiment of a display device according to
the present invention;

[0031] FIG.2isaplanview of a first substrate in the display
device of FIG. 1;

[0032] FIG. 3 is an exploded perspective view of optical
films and aliquid crystal layer of the display device of FIG. 1;
[0033] FIG. 4 is a Poincare sphere showing a polarization
state of a light after passing through the optical films of FIG.
3;

[0034] FIGS. 5A, 5B, 5C and 5D are graphs of luminance
(in candelas per square meter) versus aspect angle (in angular
degrees) of a display panel in accordance with a phase retar-
dation value in a thickness direction of the liquid crystal layer
and phase retardation values in thickness direction of the
optical films of FIG. 3;

[0035] FIG. 6 is a partial cross-sectional view illustrating
an exemplary embodiment of a display device according to
the present invention;

[0036] FIG. 7 is an exploded perspective view of optical
films and aliquid crystal layer of the display device of FIG. 6;
[0037] FIG. 8 is a Poincare sphere showing a polarization
state of a light after passing through the optical films of FIG.
7;

[0038] FIGS.9A, 9B, 9C and 9D are graphs of luminance
(in candelas per square meter) versus aspect angle (in angular
degrees) of a display panel in accordance with a phase retar-
dation value in a thickness direction of the liquid crystal layer
and phase retardation values in a thickness direction of the
optical films of FIG. 7,

[0039] FIG. 10 is a partial cross-sectional view illustrating
another exemplary embodiment of a display device according
to the present invention;

[0040] FIG. 11 is an exploded perspective view of optical
films and a liquid crystal layer of the display device of FIG.
10;
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[0041] FIG. 12 is a Poincare sphere showing a polarization
state of a light after passing through the optical films of FIG.
11;

[0042] FIG. 13 is a partial cross-sectional view illustrating
yet another exemplary embodiment of a display device
according to the present invention;

[0043] FIG. 14 is an exploded perspective view of optical
films and a liquid crystal layer of the display device of FIG.
13;

[0044] FIG. 15 is a Poincare sphere showing a polarization
state of a light after passing through the optical films of FIG.
14,

[0045] FIG. 16 is a partial cross-sectional view illustrating
still another exemplary embodiment of a display device
according to the present invention;

[0046] FIG. 17 is a partial cross-sectional view illustrating
yet another exemplary embodiment of a display device
according to the present invention; and

[0047] FIG. 18 is a partial cross-sectional view illustrating
still another exemplary embodiment of a display device
according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0048] The invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which various embodiments are shown. This invention may,
however, be embodied in many different forms, and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
Like reference numerals refer to like elements throughout.
[0049] It will be understood that when an element is
referred to as being “on” another element, it can be directly on
the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items.

[0050] 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 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.

[0051] The terminology used herein is for the purpose of
describing particularembodiments 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.
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[0052] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to another element as
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.

[0053] 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

[0054] 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

[0055] FIG. 1 is a partial cross-sectional view illustrating
an exemplary embodiment of a display device according to
the present invention.

[0056] FIG. 2isaplan view of a first substrate in the display
device of FIG. 1.

[0057] As shown in FIGS. 1 and 2, the display device
includes a display panel 100, a first optical unit 200, a second
optical unit 300 and a backlight unit 400, e.g., a backlight
assembly 400, as shown in FIG. 1. Hereinafter, the first opti-
cal unit 200 and the second optical unit 300 are collectively
referred to as an optical film assembly. The optical film
assembly may change a polarization state of light provided
from the backlight unit 400.

[0058] The display panel 100 includes a first substrate 110,
a second substrate 120 disposed opposite to, e.g., facing, the
first substrate 110, and a liquid crystal layer 130 disposed
between the first substrate 110 and the second substrate 120.
[0059] The first substrate 110 includes a gate line 121, a
first power line 1314 and a second power line 1315. In addi-
tion, the first substrate 110 includes a first data line 171a, a
second data line 1715 and a third data line 171c that are
substantially perpendicular to the gate line 121. In addition,
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the first substrate 110 further includes thin-film transistors
(“TFTs™), e.g., a first TFT Qa, a second TFT Qb, a third TFT
Qc and a fourth TFT Qd.

[0060] The gate line 121 is extended in a horizontal direc-
tion to transmit a gate signal.

[0061] The first power line 131a and the second power line
1315 respectively receive a first power voltage and a second
power voltage, and are extended in the longitudinal direction.
The first and second power voltages may be different.
[0062] The first through third data lines 171a through 171¢
transmit data signals. The first and second data lines 171a and
1715 may receive different voltages, and the second and third
data lines 1716 and 171¢ may receive different voltage.
[0063] The first and second data lines 171a and 1715 are
electrically connected to first and third pixel electrodes 191«
and 191¢ through the first TFT Qa and the third TFT Qc,
respectively.

[0064] In addition, the first and second power lines 131a
and 1315 are electrically connected to the second and fourth
pixel electrodes 1915 and 1914 through the second TFT Qb
and the fourth TFT Qd, respectively.

[0065] The first and second pixel electrodes 191a and 1915
respectively include a plurality of electrode bars so that the
first and second pixel electrodes 191a and 1915 are disposed
alternately. Therefore, the first and second pixel electrodes
191a and 1915 may generate an electric field substantially
parallel to a plane defined by a surface of the first substrate
110.

[0066] The third and fourth pixel electrodes 191¢ and 1914
respectively include a plurality of electrode bars so that the
third and fourth pixel electrodes 191¢ and 191d are disposed
alternately. Therefore, the third and fourth pixel electrodes
191¢ and 191d may generate an electric field substantially
parallel to the plane defined by the surface of the first sub-
strate 110.

[0067] The second substrate 120 includes color filters (not
shown) corresponding to the pixel electrodes 191. The color
filters may include red color filters, green color filters and
blue color filters. Accordingly, one of a red light, a green light
and a blue light of a white light is transmitted through the
associated red, green and blue color filters, respectively. In an
exemplary embodiment, a red light component of a white
light is transmitted through the red color filter, a green light
component of the white light is transmitted through the green
color filter and a blue light component of the white light is
transmitted through the blue color filter.

[0068] The liquid crystal layer 130 is disposed between the
first substrate 110 and the second substrate 120. The first pixel
electrode 191a and the second pixel electrode 1915 may
generate an electric field substantially parallel to the plane
defined by the surface of the first substrate 110 and the second
substrate 120. In addition, the third pixel electrode 191¢ and
the fourth pixel electrode 1914 may generate an electric field
substantially parallel to a plane defined by the surface of the
first substrate 110 and the second substrate 120. When the
electric field is generated in the liquid crystal layer 130, a
longitudinal axis of liquid crystal molecules in the liquid
crystal layer 130 is aligned to be inclined substantially paral-
lel to the electric field. Accordingly, a change of polarization
of incident light in the liquid crystal layer 130 is varied in
accordance with an inclination amount of the liquid crystal
molecules. That is, the liquid crystal molecules of the liquid
crystal layer 130 may be substantially vertically aligned with
respect to the plane defined by the surface of the first substrate
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110 when voltages are not applied to the first and second
substrates 110 and 120, and a horizontal electric field that is
substantially parallel to the longitudinal direction of the first
and second substrates 110 and 120 may be generated in the
liquid crystal layer when the voltages are applied to the first
and second substrates 110 and 120. The first optical unit 200
is disposed under the display panel 100. The first optical unit
200 includes optical films.

[0069] In an exemplary embodiment, the first optical unit
200 includes a first polarization plate 210 and a negative
C-plate 230. The first polarization plate 210 is disposed under
the display panel 100, and the negative C-plate 230 is dis-
posed between the first polarization plate 210 and the first
optical unit 200. Accordingly, the light generated from the
backlight unit 400 disposed below the first polarization plate
210 passes through the first polarization plate 210 and the
negative C-plate 230, and thereby proceeds to the display
panel 100.

[0070] When the display panel 100 displays a black image,
the negative C-plate 230 effectively prevents a light leakage at
a side of the display panel 100 due to the liquid crystal
molecules of the liquid crystal layer 130 that are in a vertical
state regardless of domains of the display panel 100.

[0071] The second optical unit 300 includes optical films.
In an exemplary embodiment, the second optical unit 300 is
disposed above the display panel 100. The second optical unit
300 includes a second polarization plate 310 and an A-plate
320. The second polarization plate 310 is disposed above the
display panel 100. The A-plate 320 is disposed between the
second polarization plate 310 and the display panel 100.

[0072] In an exemplary embodiment, the negative C-plate
230 may be disposed opposite to, e.g., facing, the first sub-
strate 110, and the A-plate 320 may be disposed opposite to,
e.g., facing, the second polarization plate 310.

[0073] In anexemplary embodiment, a first distance DS11
between the negative C-plate 230 and the liquid crystal layer
130 may be substantially equal to a second distance DS12
between the A-plate 320 and the liquid crystal layer 130, but
other exemplary embodiments are not limited thereto.

[0074] FIG. 3 is an exploded perspective view of optical
films and a liquid crystal layer of the display device of FIG. 1.

[0075] Referring to FIGS. 1 and 3, the first polarization
plate 210 may include polyvinylalcohol (“PVA”) and has a
first absorption axis (“AA”) 212 substantially parallel to a first
direction DI1 and a first polarization axis (not shown) sub-
stantially parallel to a second direction DI2 that is substan-
tially perpendicular to the first direction DI1. In an exemplary
embodiment, light passing through the first polarization plate
210 is polarized in the second direction DI2, and a third
direction DI3 represents a direction of the light, which is
substantially perpendicular to at least one of the first direction
DI1 and the second direction DI2.

[0076] The negative (“NEGA”) C-plate 230 is disposed
above the first polarization plate 210 and has an optical axis
(“OA”) 232 substantially parallel to the third direction DI3. A
refractive index in an x-axis direction, a refractive index in a
y-axis direction and a refractive index in a z-axis direction of
the negative C-plate 230 may satisfy a numerical condition of
“nx=ny>nz’, where “nx” represents the refractive index in an
x-axis direction, “ny” represents the refractive index in a
y-axis direction, and “nz” represents the refractive index in a
z-axis direction. The x-axis direction is substantially parallel
to the first direction DI1, the y-axis direction is substantially
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parallel to the second direction DI2, and the z-axis direction is
substantially parallel to the third direction DI3.

[0077] An in-plane phase retardation value Ro of the nega-
tive C-plate 230 is about zero (0) because nx is substantially
equal to ny (nx=ny) and the in-plane phase retardation value
Ro of the negative C-plate 230 is (nx-ny)xd, where “d”
represents the thickness of the negative C-plate 230.

[0078] A thickness-direction phase retardation value Rth of
the negative C-plate 230 is positive because nx and ny are
greater than nz (nx=ny>nz) and the thickness-direction phase
retardation value Rth of the negative C-plate 230 is [(nx+ny)/
2-nz]xd.

[0079] The liquid crystal (“LC”) layer 130 is disposed
above the negative C-plate 230. The liquid crystal layer 130
may be operated in a vertical alignment mode. A refractive
index of the liquid crystal layer 130 may be substantially
opposite to the refractive index of the negative C-plate 230.
The liquid crystal layer 130 may have an optical axis 132
substantially parallel to the third direction DI3. In an exem-
plary embodiment, a direction of the optical axis 132 of the
liquid crystal layer 130 may be opposite to a direction of the
optical axis 232 of the negative C-plate 230. A refractive
index in an x-axis direction, a refractive index in a y-axis
direction and a refractive index in a z-axis direction in the
liquid crystal layer 130 may satisfy a numerical condition of
“nx=ny<nz.’

[0080] An in-plane phase retardation value Ro of the liquid
crystal layer 130 is zero because nx of the liquid crystal layer
130 is equal to ny of the liquid crystal layer 130 (nx=ny). A
thickness-direction phase retardation value Rth of the liquid
crystal layer 130 is negative because nx of the liquid crystal
layer 130 and ny of the liquid crystal layer 130 are less than nz
of the liquid crystal layer 130 (nx=ny<nz). In an exemplary
embodiment, the thickness-direction phase retardation value
Rthoftheliquid crystal layer 130 is [(nx+ny)/2-nz]xd, where
“d” represents the thickness of the liquid crystal layer 130.
[0081] The A-plate 320 is disposed above the liquid crystal
layer 130. The A-plate 320 has an optical axis 322 substan-
tially parallel to the first direction DI1 and the first absorption
axis 212 of the first polarization plate 210.

[0082] The A-plate 320 may be a negative A-plate 320 or a
positive A-plate 320 or, in another exemplary embodiment, a
plurality of A-plates 320 may include at least one negative
A-plate and at least one positive A-plate.

[0083] Thenegative A-plate 320 may be a phase retardation
film and have a thickness-direction phase retardation value
Rth that satisfies one of a numerical condition of Rth=0 and
nx ny and a numerical condition of Rth=0 and nx=ny.
[0084] In an exemplary embodiment, the thickness-direc-
tion phase retardation value Rth of the A-plate 320 is [(nx+
ny)/2-nz]xd, where “d” represents the thickness of the
A-plate 320.

[0085] Thesecond polarization plate 310 is disposed above
the A-plate 320. The second polarization plate 310 has a
second absorption axis 312 substantially parallel to the sec-
ond direction DI2 and a second polarization axis (not shown)
substantially parallel to the first direction D11.

[0086] FIG. 4 is a Poincare sphere showing a polarization
state of a light after passing through the optical films of FIG.
2.

[0087] Referring now to FIGS. 3 and 4, the Poincare sphere
has three coordinate axes, e.g., a first coordinate axis 51, a
second coordinate axis S2 and a third coordinate axis S3. The
Poincare sphere may describe a state of polarization of a light
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in three dimensions when the light is viewed from a side of a
display device, for example, when observer views the display
device at an azimuth angle of about 45 degrees and a polar
angle of about 60 degrees with respect to a plane of the display
device.

[0088] Theoptical axis 132 of the liquid crystal layer 130 is
an axis of rotation in a direction of the second coordinate axis
S2, and the optical axis 232 of the negative C-plate 230 is an
axis of rotation in an opposite direction of the second coor-
dinate axis S2.

[0089] The first polarization axis of the first polarization
plate 210 (e.g., a lower-plate transmission axis P) is placed at
aplane defined by the first and second coordinate axes S1 and
S2. The first polarization axis of the first polarization plate
210 is inclined at an angle of ® degrees in a clockwise
direction with respect to the first coordinate axis S1. In an
exemplary embodiment, @ may be about 11.5 degrees. The
lower-plate transmission axis P may be directed to an oppo-
site direction of the first absorption axis 212.

[0090] The second polarization axis of the second polariza-
tion plate 310 (e.g., an upper-plate transmission axis A) is
placed at a plane defined by the first and second coordinate
axes 31 and S2, and the upper-plate transmission axis A and
the lower-plate transmission axis P are symmetric with
respect to the second coordinate axis S2. The lower-plate
transmission axis A may be directed to an opposite direction
of the second absorption axis 312.

[0091] The optical axis 322 of the A-plate 320 is placed at
the plane defined by the first and second coordinate axes S1
and S2. In an exemplary embodiment, the optical axis of one
of the positive A-plate and the negative A-plate may be sub-
stantially parallel to the first absorption axis 212.

[0092] Inan exemplary embodiment, an extinction point E
of the Poincare sphere is located in a direction of the second
polarization axis of the second polarization plate 310. That is,
the extinction point E of the Poincare sphere is located in an
opposite direction of the upper-plate transmission axis A. The
opposite direction of the upper-plate transmission axis A may
be the second absorption axis 312.

[0093] Theextinctionpoint E may be apoint corresponding
to an ideal polarization state of light after passing through
from the first polarization plate 210 to the A-plate 320. When
a polarization state of the light having passed through from
the first polarization plate 210 to the A-plate 320 is substan-
tially identical to the extinction point, a contrast ratio when
viewed from the side of the display device is substantially
increased.

[0094] In FIG. 4, the polarization state of the light having
passed through the first polarization plate 210 is labeled “P.”
The polarization state of the light having passed through the
negative C-plate 230 is labeled “P1.” The polarization state of
the light having passed through the liquid crystal layer 130 is
labeled “P2.” The polarization state of the light having passed
through the A-plate 320 is labeled “P3.”

[0095] Inanexemplary embodiment, when the A-plate 320
is the negative A-plate, the polarization state of P2 may move
to P3, e.g., by rotating in a clockwise direction (as viewed in
FIG. 4).

[0096] As shown in FIG. 4, it is recognized that P3 may be
substantially identical to the extinction point E. Therefore, the
contrast ratio when viewed from the side of the display device
is substantially improved.

[0097] FIGS.5A, 5B, 5C and 5D are graphs of luminance,
in candelas per square meter (cd/m?), versus aspect angle, in
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angular degrees (°), of a display panel in accordance with a
phase retardation value in a thickness direction of the liquid
crystal layer of FIG. 3 and a phase retardation value in a
thickness direction of the optical films.

[0098] In an exemplary embodiment, a viewing angle is
about 60 degrees.

[0099] Referring back to FIG. 3 and as shown in FIGS. 5A
through 5D, the negative C-plate 230 and the A-plate 320 may
satisfy the following conditions to obtain an optimum con-
trast ratio when viewed from a side of the display device. The
thickness-direction phase retardation values of the negative
C-plate 230 and the A-plate 320 with respect to a wavelength
of the light have been adjusted, and distances between the
extinction point and each polarization state of the light while
passing through from the first polarization plate 210 to the
A-plate 320 are thereby within about 0.1 nanometers (nm).
[0100] FIG.5A s a graph of luminance versus aspect angle
of the display device when the thickness-direction phase
retardation value Rth of the liquid crystal layer 130 is about
230 nm.

[0101] As shown in FIG. 5A, when the thickness-direction
phase retardation value Rth of the negative C-plate 230 is
about 50 nm and the thickness-direction phase retardation
value Rth of the A-plate 320 is about 60 nm, the luminance
measured at different aspect angles may be represented by a
curve “A11.” The maximum luminance of the curve A11 may
be in a range from about 0.6 cd/m” to about 1.0 cd/m>.
[0102] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 50 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 70 nm, the luminance measured at different
aspect angles may be represented by a curve “A12” The
maximum luminance of the curve A12 may be in arange from
about 0.6 cd/m? to about 1.0 cd/m>

[0103] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 50 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 80 nm, the luminance measured at different
aspect angles may be represented by a curve “A13.” The
maximum luminance of the curve A13 may be in arange from
about 0.6 ¢d/m? to about 1.0 cd/m?>,

[0104] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 100 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 60 nm, the luminance measured at different
aspect angles may be represented by a curve “A21” The
maximum luminance of the curve A21 may be about 0.22
cd/m?,

[0105] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 100 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 70 nm, the luminance measured at different
aspect angles may be represented by a curve “A22” The
maximum luminance of the curve A22 may be about 0.14
cd/m?,

[0106] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 100 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 80 nm, the luminance measured at different
aspect angles may be represented by a curve “A23” The
maximum luminance of the curve A23 may be about 0.18
cd/m>.

[0107] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 150 nm and the
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thickness-direction phase retardation value Rth of the A-plate
320 is about 60 nm, the luminance measured at different
aspect angles may be represented by a curve “A31” The
maximum luminance of the curve A31 may be about 0.25
cd/m?,

[0108] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 150 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 70 nm, the luminance measured at different
aspect angles may be represented by a curve “A32. The
maximum luminance of the curve A32 may be about 0.24
cd/m?,

[0109] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 150 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 80 nm, the luminance measured at different
aspect angles may be represented by a curve “A33” The
maximum luminance of the curve A33 may be about 0.33
cd/m?,

[0110] As shown in curves of FIG. 5A, a light leakage in a
black state may occur at aspect angles of from about 22.5° to
about 67.5°, from about 112.5° to about 157.5°, from about
202.5° to about 247.5° and from about 292.5° to about 337.5°
in which the luminance is substantially high.

[0111] In a conventional display device that does not use
optical films, a maximum luminance of the conventional dis-
play device at the viewing angle of 60° may be about 14.5
cd/m*. In an exemplary embodiment, however, the maximum
luminance ofthe curves A11, A12, A13,A21, A22, A23, A31,
A32 and A33 are equal to or less than about 1.0 cd/m?, and the
light leakage from the side of the display panel is thereby
substantially reduced. As described above, the maximum
luminance of curve A22 is the smallest among the maximum
luminance values of the curves shown in FIG. 5A. Accord-
ingly, the light leakage at the side of the display panel may be
reduced efficiently when the thickness-direction phase retar-
dation value Rth of the negative C-plate 230 is about 100 nm
and the thickness-direction phase retardation value Rth of the
A-plate 320 is about 70 nm.

[0112] AsshowninFIG. 5A, the light leakage from the side
of the display panel may be affected more by a change of the
thickness-direction phase retardation value Rth of the nega-
tive C-plate 230 than by a change of the thickness-direction
phase retardation value Rth of the A-plate 320.

[0113] FIG. 5B is a graph of luminance versus aspect angle
of the display device when the thickness-direction phase
retardation value Rth ofthe liquid crystal layer 130 is 320 nm.
[0114] As shown in FIG. 5B, when the thickness-direction
phase retardation value Rth of the negative C-plate 230 is
about 150 nm and the thickness-direction phase retardation
value Rth of the A-plate 320 is about 60 nm, the luminance
measured at different aspect angles may be represented by a
curve “B11.” The maximum luminance of the curve B11 may
be in a range from about 0.6 cd/m” to about 1.0 cd/m>
[0115] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 150 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 70 nm, the luminance measured at different
aspect angles may be represented by a curve “B12” The
maximum luminance of the curve B12 may be in a range from
about 0.6 ¢d/m? to about 1.0 cd/m?.

[0116] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 150 nm and the
thickness-direction phase retardation value Rth of the A-plate
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320 is about 80 nm, the luminance measured at different
aspect angles may be represented by a curve “B13.” The
maximum luminance of the curve B13 may be in arange from
about 0.6 cd/m? to about 1.0 cd/m>.

[0117] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 200 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 60 nm, the luminance measured at different
aspect angles may be represented by a curve “B21.” The
maximum luminance of the curve B21 may be about 0.13
cd/m®,

[0118] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 200 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 70 nm, the luminance measured at different
aspect angles may be represented by a curve “B22.” The
maximum luminance of the curve B22 may be about 0.08
cd/m>,

[0119] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 200 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 80 nm, the luminance measured at different
aspect angles may be represented by a curve “B23.” The
maximum luminance of the curve B23 may be about 0.15
cd/m>.

[0120] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 250 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 60 nm, the luminance measured at different
aspect angles may be represented by a curve “B31.” The
maximum luminance of the curve B31 may be about 0.40
cd/m?,

[0121] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 250 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 70 nm, the luminance measured at different
aspect angles may be represented by a curve “B32.” The
maximum luminance of the curve B32 may be about 0.39
cd/m?,

[0122] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 250 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 80 nm, the luminance measured at different
aspect angles may be represented by a curve “B33.” The
maximum luminance of the curve B33 may be about 0.46
cd/m?,

[0123] Asshown inthe curves of FIG. 5B, alight leakage in
a black state may occur at aspect angles of from about 22.5°
to about 67.5°, from about 112.5° to about 157.5°, from about
202.5° to about 247.5° and from about 292.5° to about 337.5°
in which the luminance is high.

[0124] In a conventional display device that does not use
optical films, a maximum luminance of the conventional dis-
play device at the viewing angle of 60° may be about 14.5
cd/m. In an exemplary embodiment, however, the maximum
luminance of the curves B11, B12, B13, B21, B22, B23, B31,
B32 and B33 may be equal to or less than about 1.0 cd/m?, and
the light leakage at the side of the display panel is thereby
substantially reduced. As described above, the maximum
luminance of the curve B22 is the smallest among the maxi-
mum luminance values ofthe curves in FIG. 5B. Accordingly,
the light leakage at the side of the display panel may be
reduced efficiently when the thickness-direction phase retar-
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dation value Rth of the negative C-plate 230 is about 200 nm
and the thickness-direction phase retardation value Rth of the
A-plate 320 is about 70 nm.

[0125] FIG. 5C is a graph of luminance versus aspect angle
of the display device when the thickness-direction phase
retardation value Rth ofthe liquid crystal layer 130 is 420 nm.
[0126] As shown in FIG. 5C, when the thickness-direction
phase retardation value Rth of the negative C-plate 230 is 250
nm and the thickness-direction phase retardation value Rth of
the A-plate 320 is 60 nm, the luminance measured at different
aspect angles may be represented by a curve “C11.” The
maximum luminance of the curve C11 may be about 0.55
cd/m?,

[0127] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 250 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 70 nm, the luminance measured at different
aspect angles may be represented by a curve “C12.” The
maximum luminance of the curve C12 may be about 0.48
cd/m?.

[0128] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 250 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 80 nm, the luminance measured at different
aspect angles may be represented by a curve “C13” The
maximum luminance of the curve C13 may be about 0.55
cd/m>.

[0129] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is 300 nm and the
thickness-direction phase retardation value Rth of the A-plate
3201s 60 nm, the luminance measured according to the aspect
angle may be represented by a curve “C21.” The maximum
luminance of the curve C21 may be about 0.09 cd/m?.
[0130] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is 300 nm and the
thickness-direction phase retardation value Rth of the A-plate
320is 70 nm, the luminance measured according to the aspect
angle may be represented by a curve “C22.” A maximum
luminance of C22 may be about 0.08 cd/m>.

[0131] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is 300 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is 80 nm, the luminance measured at different aspect
angles may be represented by a curve “C23.” The maximum
luminance of the curve C23 may be about 0.18 cd/m>.
[0132] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is 350 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is 60 nm, the luminance measured at different aspect
angles may be represented by a curve “C31.” The maximum
luminance of the curve C31 may be in a range from about 0.6
cd/m? to about 1.0 cd/m>.

[0133] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is 350 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is 70 nm, the luminance measured at different aspect
angles may be represented by a curve “C32.” The maximum
luminance of the curve C32 may be from in a range about 0.6
cd/m? to about 1.0 cd/m>.

[0134] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is 350 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is 80 nm, the luminance measured at different aspect
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angles may be represented by a curve “C33.” The maximum
luminance of the curve C33 may be in a range from about 0.6
cd/m? to about 1.0 cd/m>.

[0135] Asshowninthe curves of FIG. 5C, alight leakage in
a black state may occur at aspect angles of from about 22.5°
to about 67.5°, from about 112.5° to about 157.5°, from about
202.5° to about 247.5° and from about 292.5° to about 337.5°
in which the luminance is high.

[0136] In a conventional display device that does not use
optical films, a maximum luminance of the conventional dis-
play device at the viewing angle of 60° is about 14.5 cd/m*. In
an exemplary embodiment, the maximum luminance of the
curves C11, C12, C13, C21, C22, C23, C31, C32 and C33
may be equal to or less than about 1.0 cd/m?, and the light
leakage at the side ofthe display parel is thereby substantially
reduced. As described above, the maximum luminance of the
curve C22 is the smallest among the maximum luminance
values of the curves of FIG. 5C. Accordingly, the light leak-
age at the side of the display panel may be reduced efficiently
when the thickness-direction phase retardation value Rth of
the negative C-plate 230 is about 300 nm and the thickness-
direction phase retardation value Rth of the A-plate 320 is
about 70 nm.

[0137] FIG.5Dis a graph of luminance versus aspect angle
of the display device when the thickness-direction phase
retardation value Rth of the liquid crystal layer 130 is 520 nm.
[0138] As shown in FIG. 5D, when the thickness-direction
phase retardation value Rth of the negative C-plate 230 is
about 350 nm and the thickness-direction phase retardation
value Rth of the A-plate 320 is about 60 nm, the luminance
measured at different aspect angles may be represented by a
curve “D11.” The maximum luminance of the curve D11 may
be about 0.3 cd/m?.

[0139] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 350 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 70 nm, the luminance measured at different
aspect angles may be represented by a curve “D12.” The
maximum luminance of the curve D12 may be about 0.23
cd/m?,

[0140] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 350 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 80 nm, the luminance measured at different
aspect angles may be represented by a curve “D13.” The
maximum luminance of the curve D13 may be about 0.29
cd/m?,

[0141] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 400 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 60 nm, the luminance measured at different
aspect angles may be represented by a curve “D21.” The
maximum luminance of the curve D21 may be about 0.17
cd/m?,

[0142] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 400 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 70 nm, the luminance measured at different
aspect angles may be represented by a curve “D22” The
maximum luminance of the curve D22 may be about 0.17
cd/m?,

[0143] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 400 nm and the
thickness-direction phase retardation value Rth of the A-plate
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320 is about 80 nm, the luminance measured at different
aspect angles may be represented by a curve “D23.” The
maximum luminance of the curve D23 may be about 0.27
cd/m?,

[0144] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 450 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 60 nm, the luminance measured at different
aspect angles may be represented by a curve “D31.” The
maximum luminance of the curve D31 may be in arange from
about 0.6 ¢d/m? to about 1.0 cd/m?.

[0145] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 450 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 70 nm, the luminance measured at different
aspect angles may be represented by a curve “D32” The
maximum luminance of the curve D32 may be in arange from
about 0.6 cd/m? to about 1.0 cd/m?.

[0146] When the thickness-direction phase retardation
value Rth of the negative C-plate 230 is about 450 nm and the
thickness-direction phase retardation value Rth of the A-plate
320 is about 80 nm, the luminance measured at different
aspect angles may be represented by a curve “D33”” The
maximum luminance of the curve D33 may be in arange from
about 0.6 ¢d/m? to about 1.0 cd/m?.

[0147] Asshowninthe curves of FIG. 5D, a light leakage in
a black state may occur at aspect angles of from about 22.5°
to about 67.5°, from about 112.5° to about 157.5°, from about
202.5° to about 247.5° and from about 292.5° to about 337.5°
in which the luminance is substantially high.

[0148] In a conventional display device that does not use
optical films, a maximum luminance of the conventional dis-
play device at the viewing angle of 60° may be about 14.5
cd/m® In an exemplary embodiment, the maximum lumi-
nance of the curves D11, D12, D13, D21, D22, D23, D31,
D32 and D33 may be equal to or less than about 1.0 cd/m?,
and the light leakage at the side of the display panel is thereby
substantially reduced. As described above, the maximum
luminance of curves D21 and D22 is the smallest among the
maximum luminance values of the curves of FIG. 5D.
Accordingly, the light leakage at the side of the display panel
may be reduced efficiently when the thickness-direction
phase retardation value Rth of the negative C-plate 230 is
about 400 nm and the thickness-direction phase retardation
value Rth of the A-plate 320 is about 60 nm or about 70 nm.

[0149] As shown in FIGS. 5A to 5D, when an optimum
value acquired by subtracting thickness-direction phase retar-
dation value Rth of the liquid crystal layer 130 from the
thickness-direction phase retardation value Rth of the nega-
tive C-plate 230 is in a range from about 70 nm to about 170
nm, the light leakage at the side of the display panel is sub-
stantially efficiently reduced. In an exemplary embodiment,
the thickness-direction phase retardation value Rth of the
negative C-plate 230 is substantially equal to or less than a
value acquired by subtracting about 75 nm from a thickness-
direction phase retardation value Rth of the liquid crystal
layer 130, and is substantially equal to or greater than a value
acquired by subtracting about 170 nm from the thickness-
direction phase retardation value of the liquid crystal layer
130

[0150] In an exemplary embodiment, when the optimum
value is about 120 nm, the light leakage at the side of the
display panel is substantially efficiently reduced.
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[0151] In an exemplary embodiment, the light leakage at
the side of the display panel is substantially efficiently
reduced when the thickness-direction phase retardation value
of the liquid crystal layer 130 is in a rage from about 220 nm
to about 520 nm, the thickness-direction phase retardation
value of the negative C-plate 230 is in a rage from about 100
nm to about 400 nm, and the thickness-direction phase retar-
dation value of the A-plate 320 is in a rage from about 60 nm
to about 80 nm.

[0152] Although not shown in the drawings, to obtain an
optimum value which reduces the light leakage most effi-
ciently, the thickness-direction phase retardation value Rth of
the liquid crystal layer 130 may be in a range from about 220
nm to about 520 nm, the thickness-direction phase retardation
value Rth of the negative C-plate 230 may be in a range from
about 25 nm to about 150 nm, and the thickness-direction
phase retardation value Rth of the A-plate 320 may be about
50 nm.

[0153] The optimum value divided by a green light wave-
length may be in a range of about 0.127 to about 0.310 where
the green light wavelength may be about 550 nm.

[0154] In an exemplary embodiment, the display device
includes the negative C-plate 230 and the A-plate 320. When
the negative C-plate 230, which has a thickness-direction
phase retardation value equal to or less than a value acquired
by subtracting about 75 nm from a thickness-direction phase
retardation value of the liquid crystal layer, and equal to or
greater than a value acquired by subtracting about 275 nm
from the thickness-direction phase retardation value of the
liquid crystal layer, is disposed substantially adjacent to the
liquid crystallayer 130, the light leakage may be substantially
reduced, and a contrast ratio (“CR”) is thereby substantially
increased when viewed from a side of the display device.

[0155] FIG. 6 is a schematic partial cross-sectional view
illustrating an exemplary embodiment of a display device
according to the present invention.

[0156] FIG. 7 is a conceptual diagram showing a relation-
ship among optical films and a liquid crystal layer of the
display device of FIG. 6.

[0157] The display device in FIGS. 6 and 7 is substantially
the same as the display device shown in FIGS. 1 and 3 except
that an A-plate 220 is disposed between the negative C-plate
230 and the first polarization plate 210. The same or like
elements shown in FIGS. 6 and 7 have been labeled with the
same reference characters as used above to describe the exem-
plary embodiments of the display device shown in FIGS. 1
and 3, and any repetitive detailed description thereof will
hereinafter be omitted or simplified.

[0158] Referring back to FIG. 3 and as shown in FIGS. 6
and 7, the first optical unit 200 includes optical films, for
example, the first polarization plate 210, the A-plate 220 and
the negative C-plate 230. The first polarization plate 210 is
disposed below the display panel 100, the A-plate 220 is
disposed between the first polarization plate 210 and the
display panel 100, and the negative C-plate 230 is disposed
between the A-plate 220 and the display panel 100. Accord-
ingly, a light generated from the backlight unit 400 disposed
below the first polarization plate 210 passes through the first
polarization plate 210, the A-plate 220 and the negative
C-plate 230, and thereby proceeds to the display panel 100.

[0159] The second optical unit 300 includes an optical film,
for example, the second polarization plate 310 disposed
above the display panel 100.
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[0160] The A-plate 220 may be either a negative A-plate or
a positive A-plate, and another exemplary embodiment may
include a plurality of A-plates 220 including at least one each
of a negative A-plate and a positive A-plate.

[0161] TheA-plate 220is disposed above the first polariza-
tion plate 210. The A-plate 220 has an optical axis 222 sub-
stantially parallel to the second direction DI2 and to the
second absorption axis 312 of the second polarization plate
310.

[0162] The negative C-plate 230 is disposed above the sec-
ond substrate 120 in a direction of the light, and has the optical
axis 232 substantially parallel to the third direction DI3. The
refractive index in the x-axis direction, the refractive index in
the y-axis direction and the refractive index in the z-axis
direction of the negative C-plate 230 may satisfy a numerical
condition of “nx=ny>nz,” where “nx” represents the refrac-
tive index in the x-axis direction, “ny” represents the refrac-
tive index in the y-axis direction, and “nz” represents the
refractive index in the z-axis direction. In an exemplary
embodiment, the x-axis direction is substantially parallel to
the first direction DI1, the y-axis direction is substantially
parallel to the second direction DI2, and the z-axis direction is
substantially parallel to the third direction DI3.

[0163] Thein-plane phase retardation value Ro of the nega-
tive C-plate 230 is about zero because nx is substantially
equal to ny (nx=ny) and the in-plane phase retardation value
Ro of the negative C-plate 230 is (nx-ny)xd, where “d”
represents the thickness of the negative C-plate 230.

[0164] A thickness-direction phase retardation value Rth of
the negative C-plate 230 is positive because nx and ny are
greater than nz (nx=ny>nz) and the thickness-direction phase
retardation value (Rth) of the negative C-plate 230 is [(nx+
ny)/2-nz|xd.

[0165] The A-plate 220 is disposed opposite, e.g., facing,
the first polarization plate 210. The negative C-plate 230 is
disposed opposite, e.g., facing, the first substrate 110.
[0166] Inanexemplary embodiment, a third distance DS21
between the negative C-plate 230 and the liquid crystal layer
130 may be less than a fourth distance DS22 between the
A-plate 220 and the liquid crystal layer 130.

[0167] FIG. 8 is a Poincare sphere diagram showing a
polarization state of a light after passing through the optical
films of FIG. 7.

[0168] Referring back to FIGS. 4 and 7 and as shown in
FIG. 8, the optical axis 132 of the liquid crystal layer 130 is an
axis of rotation in a direction of the second coordinate axis S2,
and the optical axis 232 of the negative C-plate 230 is an axis
of rotation in an opposite direction of the second coordinate
axis S2.

[0169] The optical axis 222 of the A-plate 220 is placed at
the plane defined by the first and second coordinate axes 51
and S2.

[0170] Inanexemplary embodiment, the extinction point E
of the Poincare sphere is located in a direction of the second
polarization axis of the second polarization plate 310. That is,
the extinction point E of the Poincare sphere is located in an
opposite direction of the upper-plate transmission axis A. The
opposite direction of the upper-plate transmission axis A may
be the second absorption axis 312.

[0171] Theextinction point E may be apoint corresponding
to an ideal polarization state of light passing through from the
first polarization plate 210 to the liquid crystal layer 130.
When the polarization state of a light having passed through
from the first polarization plate 210 to the liquid crystal layer
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130is substantially identical to the extinction point, a contrast
ratio when viewed from the side of the display device is
substantially increased.

[0172] In FIG. 8, the polarization state of the light having
passed through the first polarization plate 210 is labeled “P.”
The polarization state of the light having passed through the
A-plate 220 is labeled “P1.” The polarization state of the light
having passed through the liquid crystal layer 130 is labeled
“P2.” The polarization state of the light having passed through
the negative C-plate 230 is labeled “P3.”

[0173] As shown in FIG. 8, P3 may be substantially iden-
tical to the extinction point E, and the contrast ratio when
viewed from the side of the display device is thereby substan-
tially increased.

[0174] FIGS. 9A, 9B, 9C and 9D are graphs illustrating
luminance (in cd/m?) versus aspect angle (in angular degrees)
of a display panel in accordance with a phase retardation
value in a thickness direction of the liquid crystal layer of
FIG. 7 and a phase retardation value in a thickness direction of
the optical films.

[0175] In an exemplary embodiment, a viewing angle may
be 60 degrees.
[0176] Referring back to FIG. 8 and as shown in FIGS. 9A

through 9D, the negative C-plate 230 and the A-plate 220 may
satisty the following conditions to obtain an optimum con-
trast ratio when viewed from a side of the display device. The
thickness-direction phase retardation value of the negative
C-plate 230 and the A-plate 220 with respect to a wavelength
of the light have been adjusted, and distances between the
extinction point and each polarization state of the light while
passing through from the first polarization plate 210 to the
liquid crystal layer 130 are thereby within about 0.1 nm.
[0177] As shown in curves of FIGS. 9A to 9D, a light
leakage in a black state may occur at the aspect angle in a
range from about 22.5° to about 67.5°, from about 112.5° to
about 157.5°, from about 202.5° to about 247.5° and from
about 292.5° to about 337.5° in which the luminance is sub-
stantially high, similarly to the curves of FIGS. 5A to 5D.
[0178] Specifically, the curves of FIGS. 9A to 9D show that
more light leakage in a black state may occur at aspect angles
of about22.5°, 157.5°,202.5° and 337.5° at which luminance
values are substantially higher than the luminance values of
the curves of FIGS. 5A to 5D at the aspect angles.

[0179] In FIGS. 9A to 9D, the light leakage in the black
state may occur at an angle different from an angle at which
the light leakage in the black state may occur in FIGS. 5A to
5D. Accordingly, an angle of the light leakage may be
adjusted to prevent the light leakage effectively at a predeter-
mined angle.

[0180] FIG.10isaschematic cross-sectional view illustrat-
ing another exemplary embodiment of a display device
according to the present invention.

[0181] FIG. 11 is a conceptual diagram showing a relation-
ship among optical films and a liquid crystal layer of the
display device of FIG. 10.

[0182] The display device shown in FIGS. 10 and 11 is
substantially the same as the display device shown in FIGS. 1
and 3 except that a positive A-plate 223 is disposed between
the first polarization plate 210 and the liquid crystal layer 130
instead of the negative C-plate 230, and except that a negative
C-plate 330 and a negative A-plate 323 are sequentially dis-
posed between the liquid crystal layer 130 and the second
polarization plate 310 instead of the A-plate 320. The same or
like elements shown in FIGS. 10 and 11 have been labeled
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with the same reference characters as used above to describe
the exemplary embodiments of the display device shown in
FIGS. 1 and 3, and any repetitive detailed description thereof
will hereinafter be omitted or simplified

[0183] Referring back to FIG. 3, and as shown in FIGS. 10
and 11, the first optical unit 200 includes optical films, for
example, the first polarization plate 210, and the positive
A-plate 223. The first polarization plate 210 is disposed below
the display panel 100, and the positive A-plate 223 is disposed
between the first polarization plate 210 and the display panel
100. Accordingly, the light generated from the backlight unit
400 disposed below the first polarization plate 210 passes
through the first polarization plate 210 and the positive
A-plate 223, and thereby proceeds to the display panel 100.

[0184] The second optical unit 300 includes optical films,
for example, the second polarization plate 310, the negative
A-plate 323, and the negative C-plate 330. The second polar-
ization plate 310 is disposed above the display panel 100, the
negative A-plate 323 is disposed between the display panel
100 and the second polarization plate 310, and the negative
C-plate 330 is disposed between the display panel 100 and the
negative A-plate 323.

[0185] The positive A-plate 223 is disposed above the first
polarization plate 210. The positive A-plate 223 has an optical
axis 225 substantially parallel to the second direction DI2 and
to the second absorption axis 312 of the second polarization
plate 310.

[0186] The negative C-plate 330 disposed above the liquid
crystal layer 130 has an optical axis 332 substantially parallel
to the third direction DI3. A refractive index in an x-axis
direction, a refractive index in a y-axis direction and a refrac-
tive index in a z-axis direction of the negative C-plate 330
may satisfy a numerical condition of “nx=ny>nz”, where
“nx” represents a refractive index in an x-axis direction, “ny”
represents a refractive index in a y-axis direction, and “nz”
represents a refractive index in a z-axis direction. The x-axis
direction is substantially parallel to the first direction DI1, the
y-axis direction is substantially parallel to the second direc-
tion DI2, and the z-axis direction is substantially parallel to
the third direction DI3.

[0187] An in-plane phase retardation value Roof the nega-
tive C-plate 330 is about zero because nx is substantially
equal to ny (nx=ny) and the in-plane phase retardation value
Ro of the negative C-plate 330 is (nx-ny)xd, where “d”
represents the thickness of the negative C-plate 330.

[0188] A thickness-direction phase retardation value Rth of
the negative C-plate 330 is positive because nx and ny are
greater than nz (nx=ny>nz) and the thickness-direction phase
retardation value Rth of the negative C-plate 330 is [(nx+ny)/
2-nz]xd.

[0189] The negative A-plate 323 disposed above the nega-
tive C-plate 330 has an optical axis 325 substantially parallel
to the first direction DI1 and the first absorption axis 212 of
the first polarization plate 210.

[0190] The positive A-plate 223 is disposed opposite, e.g.,
facing, the first polarization plate 210. The negative A-plate
323 is disposed opposite, e.g., facing, the second polarization
plate 310. The negative C-plate 330 is disposed opposite, e.g.,
facing, the second substrate 120.

[0191] Inanexemplary embodiment, a fifth distance DS31
between the negative C-plate 330 and the liquid crystal layer
130 may be substantially equal to a sixth distance DS32
between the positive A-plate 223 and the liquid crystal layer
130. The fifth distance DS31 between the negative C-plate
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330and the liquid crystal layer 130 may be less than a seventh
distance DS33 between the negative A-plate 323 and the
liquid crystal layer 130.

[0192] FIG. 12 is a Poincare sphere diagram showing a
polarization state of a light after passing through the optical
films of FIG. 11.

[0193] Referring to back to FIGS. 4 and 11 and as shown in
FIG. 12, the optical axis 132 of the liquid crystal layer 130 is
an axis of rotation in a direction of the second coordinate axis
S2, and the optical axis 332 of the negative C-plate 330 is an
axis of rotation in an opposite direction of the second coor-
dinate axis S2.

[0194] The optical axis 225 of the positive A-plate 223 is
located at the plane defined by the first and second coordinate
axes S1 and S2. In an exemplary embodiment, the sixth opti-
cal axis 225 of the positive A-plate 223 may be parallel to the
second absorption axis 312. In addition, the optical axis 325
of the negative A-plate 323 is placed at the plane defined by
the first and second coordinate axes S1 and S2. In an exem-
plary embodiment, the optical axis 325 of the negative
A-plate 323 may be parallel to the first absorption axis 212.
[0195] Inanexemplary embodiment, the extinction point E
of the Poincare sphere is located in a direction of the second
polarization axis of the second polarization plate 310. That 1s,
the extinction point E of the Poincare sphere is located in an
opposite direction of the upper-plate transmission axis A. The
opposite direction of the upper-plate transmission axis A may
be the second absorption axis 312.

[0196] Theextinctionpoint E may be apoint corresponding
to an ideal polarization state of light after passing through
from the first polarization plate 210 to the negative A-plate
323. When a polarization state of the light having passed
through from the first polarization plate 210 to the negative
A-plate 323 is substantially identical to the extinction point, a
contrast ratio when viewed from in the side of the display
device may be substantially increased.

[0197] Inan exemplary embodiment, the polarization state
of the light having passed through the first polarization plate
210 is labeled “P.” The polarization state of the light having
passed through the positive A-plate 223 is labeled “P1.” The
polarization state of the light having passed through the liquid
crystal layer 130 is labeled “P2.” The polarization state of the
light having passed through the negative C-plate 330 is
labeled “P3.” The polarization state of the light having passed
through the negative A-plate 323 is labeled “P4.”

[0198] As shown in FIG. 12, P4 may be substantially iden-
tical to the extinction point E, the contrast ratio when viewed
from the side of the display device is thereby substantially
increased.

[0199] In an exemplary embodiment, the display device
includes the positive A-plate 223, the negative C-plate 330
and the negative A-plate 323, and the negative C-plate 330 is
substantially adjacent to the liquid crystal layer 130 so that the
light leakage is substantially reduced, and the contrast ratio
when viewed from the side of the display device is substan-
tially increased. In an exemplary embodiment, the number of
the optical films is substantially increased and the light leak-
age is thereby substantially reduced.

[0200] FIG. 13 is a schematic partial cross-sectional view
illustrating an exemplary embodiment of a display device
according to the present invention.

[0201] FIG. 14 is a conceptual diagram showing a relation-
ship among optical films and a liquid crystal layer of the
display device of FIG. 10.
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[0202] The display device in FIGS. 13 and 14 is substan-
tially the same as the display device shown in FIGS. 1 and 3
except that a negative A-plate 226 and the negative C-plate
230 are sequentially disposed between the first polarization
plate 210 and the liquid crystal layer 130 instead of the nega-
tive C-plate 230, and except that a positive A-plate 326 is
disposed between the liquid crystal layer 130 and the second
polarization plate 310 instead of the A-plate 320. The same or
like elements shown in FIGS. 13 and 14 have been labeled
with the same reference characters as used above to describe
the exemplary embodiments of the display device shown in
FIGS. 1 and 3, and any repetitive detailed description thereof
will hereinafter be omitted or simplified.

[0203] Referring back to FIG. 3, and as shownin 13 and 14,
the first optical unit 200 includes optical films, for example,
the first polarization plate 210, the negative A-plate 226 and
the negative C-plate 230. The first polarization plate 210 is
disposed below the display panel 100, the negative A-plate
226 is disposed between the first polarization plate 210 and
the display panel 100, and the negative C-plate 230 is dis-
posed between the display panel 100 and the negative A-plate
226. Accordingly, the light generated from the backlight unit
400 disposed below the first polarization plate 210 passes
through the first polarization plate 210, the negative A-plate
226 and the negative C-plate 230, and thereby proceeds to the
display panel 100.

[0204] The second optical unit 300 includes optical films,
for example, the second polarization plate 310 and a positive
A-plate 326. The second polarization plate 310 is disposed
above the display panel 100, and the positive A-plate 326 is
disposed between the display panel 100 and the second polar-
ization plate 310.

[0205] The negative A-plate 226 is disposed above the first
polarization plate 210. The negative A-plate 226 has an opti-
cal axis 228 substantially parallel to the second direction DI2
and the second absorption axis 312 of the second polarization
plate 310.

[0206] Thepositive A-plate 326 is disposed above the nega-
tive C-plate 230. The positive A-plate 326 has an optical axis
328 substantially parallel to the second direction D12 and the
first absorption axis 212 of the first polarization plate 210.

[0207] The negative A-plate 226 1s disposed opposite, e.g.,
facing, the first polarization plate 210. The positive A-plate
326 is disposed opposite, e.g., facing, the second polarization
plate 310. The negative C-plate 230 is disposed opposite, e.g,,
facing, the first substrate 110.

[0208] In an exemplary embodiment a eighth distance
DS41 between the negative C-plate 230 and the liquid crystal
layer 130 may be substantially equal to a ninth distance DS42
between the positive A-plate 326 and the liquid crystal layer
130. The eighth distance DS41 between the negative C-plate
230 and the liquid crystal layer 130 may be less than a tenth
distance DS43 between the negative A-plate 226 and the
liquid crystal layer 130.

[0209] FIG. 15 is a Poincare sphere diagram showing a
polarization state of a light after passing through the optical
films of FIG. 14.

[0210] Referring back to FIG. 4 and as shown in FIGS. 14
and 15, the optical axis 132 of the liquid crystal layer 130 is an
axis of rotation in a direction of the second coordinate axis S2,
and the optical axis 232 of the negative C-plate 230 is an axis
of rotation in an opposite direction of the second coordinate
axis S2.
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[0211] The optical axis 228 of the negative A-plate 226 is
placed at the plane defined by the first and second coordinate
axes 51 and S2. In an exemplary embodiment, the optical axis
228 of the negative A-plate 226 may be substantially parallel
to the second absorption axis 312. The optical axis 328 of the
positive A-plate 326 is placed at the plane defined by the first
and second coordinate axes S1 and S2. In an exemplary
embodiment, the optical axis 328 of the positive A-plate 326
may be substantially parallel to the first absorption axis 212.
[0212] Inanexemplary embodiment, the extinction point E
of the Poincare sphere is located in a direction of the second
polarization axis of the second polarization plate 310. That is,
the extinction point E of the Poincare sphere is located in an
opposite direction of the upper-plate transmission axis A. The
opposite direction of the upper-plate transmission axis A may
be the second absorption axis 312.

[0213] Theextinction point E may be apoint corresponding
to an ideal polarization state of light passing from the first
polarization plate 210 to the positive A-plate 326. When the
lights in the polarization states having passed from the first
polarization plate 210 to the positive A-plate 326 are gathered
into the extinction point, a contrast ratio when viewed from
the side of the display device is substantially increased.
[0214] For example, the polarization state of the light hav-
ing passed through the first polarization plate 210 is labeled
“P” Then, the polarization state of the light having passed
from the negative A-plate 226 is labeled “P1.” The polariza-
tion state of the light having passed from the negative C-plate
230 s labeled “P2.” The polarization state of the light having
passed from the liquid crystal layer 130 is labeled “P3.” The
polarization state of the light having passed from the positive
A-plate 326 is labeled “P4.”

[0215] As shown in FIG. 15, P4 may be substantially iden-
tical to the extinction point E, and the contrast ratio when
viewed from the side of the display device is thereby substan-
tially increased.

[0216] In an exemplary embodiment, the display device
includes the negative A-plate 226, the negative C-plate 230
and the positive A-plate 326. When the negative C-plate 230
is substantially adjacent to the liquid crystal layer 130, the
light leakage is substantially reduced and the contrast ratio
when viewed from the side of the display device is thereby
substantially increased. In an exemplary embodiment, the
number of the optical films is substantially increased and, the
light leakage is thereby substantially reduced.

[0217] Thelight leakage in the black state of the exemplary
embodiment in FIG. 13 may occur at an angle different from
an angle at which the light leakage in the black state of the
exemplary embodiment in FIG. 10 may occur. Accordingly,
an angle of the light leakage may be adjusted to prevent the
light leakage effectively at a predetermined angle.

[0218] FIG. 16 is a schematic partial cross-sectional view
illustrating an exemplary embodiment of a display device
according to the present invention.

[0219] The display device in FIG. 16 is substantially the
same as the display device shown in FIG. 1 except that the
display device includes an A-plate 220 instead of the negative
C-plate 230 and that the display device includes a negative
C-plate 330 instead of the A-plate 320. The same or like
elements shown in FIG. 16 have been labeled with the same
reference characters as used above to describe the exemplary
embodiments of the display device shown in FIG. 1, and any
repetitive detailed description thereof will hereinafter be
omitted or simplified.
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[0220] Referring back to FIGS. 3 and 4 and as shown in
FIG. 16, the first optical unit 200 includes optical films, for
example, the first polarization plate 210 and the A-plate 220.
The first polarization plate 210 is disposed below the display
panel 100, and the A-plate 220 is disposed between the first
polarization plate 210 and the display panel 100. Accord-
ingly, the light generated from the backlight unit400 disposed
below the first polarization plate 210 passes through the first
polarization plate 210 and the A-plate 220, and thereby pro-
ceeds to the display panel 100.

[0221] The second optical unit 300 includes optical films,
for example, the second polarization plate 310 and the nega-
tive C-plate 330. The second polarization plate 310 is dis-
posed above the display panel 100, and the negative C-plate
330is disposed between the display panel 100 and the second
polarization plate 310.

[0222] The negative C-plate 330 is disposed opposite, e.g.,
facing, the second substrate 120, and the A-plate 220 is dis-
posed opposite, e.g., facing, the first polarization plate 210.
[0223] In an exemplary embodiment, a eleventh distance
DS51 between the negative C-plate 330 and the liquid crystal
layer 130 may be substantially equal to a twelfth distance
DS52 between the A-plate 220 and the liquid crystal layer
130.

[0224] A graph showing a polarization state of a light after
passing through the optical films of FIG. 16 is substantially
the same as the graph in FIG. 4 except for a compensation
order. Accordingly, the same reference characters will be
used to designate the same components, and any repetitive
detailed description thereof will hereinafter be omitted.
[0225] Graphs showing luminance versus aspect angle of a
display panel in accordance with an exemplary embodiment
in FIG. 16 are substantially the same as the graphs in FIGS.
5A to 5D. Accordingly, the same reference characters will be
used to designate the same components, and any repetitive
detailed description thereof will hereinafter be omitted.
[0226] In an exemplary embodiment, the display device
includes the A-plate 220 and the negative C-plate 330, and the
negative C-plate 330 is substantially adjacent to the liquid
crystal layer 130, and the light leakage is thereby substan-
tially reduced. Accordingly, the contrast ratio when viewed
from the side of the display device is substantially increased.
[0227] FIG. 17 is a schematic partial cross-sectional view
illustrating yet another exemplary embodiment of a display
device according to the present invention.

[0228] The display device in FIG. 17 is substantially the
same as the display device shown in FIG. 6 except that a
negative C-plate 330 and an A-plate 320 are disposed above
the display panel 100 instead of being disposed below the
display panel 100. The same or like elements shown in FIG.
17 have been labeled with the same reference characters as
used above to describe the exemplary embodiments of the
display device shown in FIG. 1, and any repetitive detailed
description thereof will hereinafter be omitted or simplified.
[0229] Referring back to FIGS. 7 and 8, and as shown in
FIG. 17, the first optical unit 200 includes optical films, for
example, the first polarization plate 210 and the A-plate 220.
Accordingly, the light generated from the backlight unit 400
disposed below the first polarization plate 210 passes through
the first polarization plate 210 and the positive A-plate 223,
and thereby proceeds to the display panel 100.

[0230] The second optical unit 300 includes optical films,
for example, the second polarization plate 310, the A-plate
320 and the negative C-plate 330. The second polarization
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plate 310 is disposed below the display panel 100, the A-plate
3201is disposed between the display panel 100 and the second
polarization plate 310, and the negative C-plate 330 is dis-
posed between the display panel 100 and the A-plate 320.
[0231] The A-plate 320 is disposed opposite, e.g., facing,
the second polarization plate 310. The negative C-plate 330 is
disposed opposite, e.g., facing the second substrate 120.
[0232] In an exemplary embodiment, a thirteenth distance
DS61 between the negative C-plate 330 and the liquid crystal
layer 130 may be less than a fourteenth distance DS62
between the A-plate 320 and the liquid crystal layer 130.
[0233] A graph showing a polarization state of a light after
passing through the optical films of FIG. 17 is substantially
the same as the graph in FIG. 8 except for a compensation
order of the optical films. Accordingly, the same reference
numerals will be used to designate the same components, and
any repetitive detailed description thereof will hereinafter be
omitted.

[0234] Graphs showing luminance versus aspect angle of a
display panel in accordance with an exemplary embodiment
in FIG. 17 are substantially the same as the graphs in FIGS.
9A to 9D. Thus, the same reference characters will be used to
designate the same components, and any repetitive detailed
description thereof will hereinafter be omitted.

[0235] In an exemplary embodiment, the display device
includes the A-plate 320 and the negative C-plate 330, and the
negative C-plate 330 is substantially adjacent to the liquid
crystal layer 130 so that the light leakage is substantially
reduced. Accordingly, the contrast ratio when viewed from
the side of the display device is thereby substantially
increased.

[0236] Thelight leakage in the black state of the exemplary
embodiment in FIG. 17 may occur at an angle different from
an angle at which the light leakage in the black state of the
exemplary embodiment in FIG. 1 may occur. Accordingly, an
angle of the light leakage may be adjusted to prevent the light
leakage effectively at a predetermined angle.

[0237] FIG. 18 is a schematic partial cross-sectional view
illustrating still another exemplary embodiment of a display
device according to the present invention.

[0238] Thefirstoptical unit 200 of display device in F1G. 18
is substantially the same as the first optical unit of the display
device shown in F1G. 6, and the second optical unit 300 of the
display device in FIG. 18 is substantially the same as the
second optical unit of the display device in FIG. 17. The same
or like elements shown in FIG. 18 have been labeled with the
same reference characters as used above to describe the exem-
plary embodiments of the display device shown in FIGS. 6
and 17, and any repetitive detailed description thereof will
hereinafter be omitted or simplified.

[0239] The A-plate 220 is disposed opposite, e.g., facing,
the first polarization plate 210. The negative C-plate 230 is
disposed opposite, e.g., facing, the first substrate 110.
[0240] In an exemplary embodiment, the third distance
DS21 between the negative C-plate 230 and the liquid crystal
layer 130 may be less than the fourth distance DS22 between
the A-plate 220 and the liquid crystal layer 130.

[0241] The A-plate 320 is disposed opposite, e.g., facing,
the second polarization plate 310. The negative C-plate 330 is
disposed opposite, e.g., facing, the second substrate 120.
[0242] In an exemplary embodiment, a thirteenth distance
DS61 between the negative C-plate 330 and the liquid crystal
layer 130 may be less than a fourteenth distance DS62
between the A-plate 320 and the liquid crystal layer 130.
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[0243] The thickness-direction phase retardation value Rth
of the negative C-plate 230 and the thickness-direction phase
retardation value Rth of the negative C-plate 330, respec-
tively, are substantially equal to or less than a value acquired
by subtracting about 115 nm from a thickness-direction phase
retardation value Rth of the liquid crystal layer 130, and are
substantially equal to or greater than a value acquired by
subtracting about 275 nm from the thickness-direction phase
retardation value Rth of the liquid crystal layer 130.

[0244] In an exemplary embodiment, the light leakage is
substantially reduced when an optimum value, acquired by
subtracting one of the thickness-direction phase retardation
value Rth of the negative C-plate 230 and the negative C-plate
330 from the thickness-direction phase retardation value Rth
of the liquid crystal layer 130, is in arange from about 115 nm
to about 275 nm.

[0245] A graph showing a polarization state of a light after
passing through the optical films is substantially the same as
the graph in FIG. 8 except for a compensation order of the
optical film. Accordingly. the same reference characters will
be used to designate the same components, and any repetitive
detailed description thereof will hereinafter be omitted.
[0246] In an exemplary embodiment, the display device
includes the A-plate 320 and the negative C-plate 330, and the
negative C-plate 330 is substantially adjacent to the liquid
crystal layer 130, and the light leakage is thereby substan-
tially reduced. Accordingly, the contrast ratio when viewed
from the side of the display device is substantially increased.
[0247] In an exemplary embodiment, the display device
uses all of the optical films of FIGS. 6 and 17, and the light
leakage occurred at angles of about 22.5°, 157.5°,202.5° and
337.5° is thereby more effectively reduced.

[0248] According to exemplary embodiments of the
present invention as described herein, the display device
including the A-plate and the negative C-plate which can
gather polarization states of light dispersed by the liquid
crystal layer into an extinction point of Poincare sphere pro-
vides advantages which include, but are not limited thereto,
effectively preventing reduction of the contrast ratio caused
by a dispersion of the polarization states of the light and
substantially increasing the contrast ratio when viewed from
the side of the display device.

[0249] The present invention should not be construed as
being limited to the exemplary embodiments set forth herein.
Rather, these exemplary embodiments are provided so that
this disclosure will be thorough and complete and will fully
convey the concept of the present invention to those skilled in
the art.

[0250] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit or scope of the
present invention as defined by the following claims.

What is claimed is:

1. An optical film assembly comprising:

a first polarization plate disposed below a liquid crystal
layer and having a first absorption axis;

a second polarization plate disposed above the liquid crys-
tal layer and having a second absorption axis substan-
tially perpendicular to the first absorption axis;

an A-plate disposed between the first polarization plate and
the second polarization plate; and
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a negative C-plate disposed between the first polarization

plate and the second polarization plate,

wherein a thickness-direction phase retardation value of

the negative C-plate is equal to or less than a value
acquired by subtracting about 75 nanometers from a
thickness-direction phase retardation value of the liquid
crystal layer, and

the thickness-direction phase retardation value of the nega-

tive C-plate is equal to or greater than a value acquired
by subtracting about 275 nanometers from the thick-
ness-direction phase retardation value of the liquid crys-
tal layer.

2. The optical film assembly of claim 1, wherein a distance
between the negative C-plate and the liquid crystal layer is
equal to or less than a distance between the A-plate and the
liquid crystal layer.

3. The optical film assembly of claim 1, wherein

the A-plate is disposed between the liquid crystal layer and

the second polarization plate, and

the negative C-plate is disposed between the liquid crystal

layer and the first polarization plate.

4. The optical film assembly of claim 1, wherein the
A-plate comprises a negative A-plate.

5. The optical film assembly of claim 1, wherein

the A-plate is disposed between the liquid crystal layer and

the first polarization plate, and

the negative C-plate is disposed between the liquid crystal

layer and the A-plate.

6. The optical film assembly of claim 1, further comprising
a plurality of A-plates, wherein the plurality of A-plates
includes at least one of a negative A-plate and a positive
A-plate.

7. The optical film assembly of claim 1, further comprising
a plurality of A-plates including a negative A-plate and a
positive A-plate, wherein

the negative A-plate is disposed between the liquid crystal

layer and the second polarization plate,

the negative C-plate is disposed between the liquid crystal

layer and the negative A-plate, and

the positive A-plate is disposed between the liquid crystal

layer and the first polarization plate.

8. The optical film assembly of claim 1, further comprising
a plurality of A-plates including a positive A-plate and a
negative A-plate, wherein

the positive A-plate is disposed between the liquid crystal

layer and the second polarization plate,

the negative A-plate is disposed between the liquid crystal

layer and the first polarization plate, and

the negative C-plate is disposed between the liquid crystal

layer and the negative A-plate.

9. The optical film assembly of claim 1, wherein

the A-plate is disposed between the liquid crystal layer and

the first polarization plate, and

the negative C-plate is disposed between the liquid crystal

layer and the second polarization plate.

10. The optical film assembly of claim 1, wherein

the A-plate is disposed between the liquid crystal layer and

the second polarization plate, and

the negative C-plate is disposed between the liquid crystal

layer and the A-plate.

11. The optical film assembly of claim 1, wherein

the A-plate is disposed between the liquid crystal layer and

the first polarization plate,
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an additional A-plate is disposed between the liquid crystal
layer and the second polarization plate,

the negative C-plate is disposed between the liquid crystal
layer and the A-plate, and

an additional negative C-plate is disposed between the
liquid crystal layer and the additional A-plate.

12. A display device comprising:

a display panel comprising:

a first substrate including a first pixel electrode which
receives a first voltage and a second pixel electrode
which receives a second voltage;

a second substrate disposed opposite the first substrate;
and

aliquid crystal layer disposed between the first substrate
and the second substrate; and

an optical film assembly comprising:

a first polarization plate disposed below the first sub-
strate and having a first absorption axis;

a second polarization plate disposed above the second
substrate and having a second absorption axis sub-
stantially perpendicular to the first absorption axis;

an A-plate disposed between the first polarization plate
and the second polarization plate; and

a negative C-plate disposed between the first polariza-
tion plate and the second polarization plate, wherein

the liquid crystal layer is substantially vertically aligned
with respect to a plane defined by a surface of the first
substrate when the first voltage is not applied to the first
pixel electrode and the second voltage is not applied to
the second pixel electrode,

the liquid crystal layer is substantially horizontally aligned
with respect to the plane defined by the surface of the
first substrate when the first voltage is applied to the first
pixel electrode and the second voltage is applied to the
second pixel electrode,

a thickness-direction phase retardation value of the nega-
tive C-plate is equal to or less than a value acquired by
subtracting about 75 nanometers from a thickness-direc-
tion phase retardation value of the liquid crystal layer,
and

the thickness-direction phase retardation value of the nega-
tive C-plate is equal to or greater than a value acquired
by subtracting about 275 nanometers from the thick-
ness-direction phase retardation value of the liquid crys-
tal layer.

13. The display device of claim 12, wherein a distance
between the negative C-plate and the liquid crystal layer is
equal to or less than a distance between the A-plate and the
liquid crystal layer.

14. The display device of claim 12, wherein

the first polarization plate is disposed below the display

panel, and

the second polarization plate is disposed above the display

panel.

15. The display device of claim 12, further comprising a
plurality of A-plates including at least one of a negative
A-plate and a positive A-plate.

16. The display device of claim 12, wherein the negative
C-plate and the A-plate change a polarization state of light,
which is dispersed by the liquid crystal layer, to correspond to
an extinction point of a Poincare sphere.
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17. The display device of claim 12, wherein the thickness-
direction phase retardation value of the liquid crystal layer is
in a range from about 220 nanometers to about 520 nanom-
eters.

18. The display device of claim 12, wherein the thickness-
direction phase retardation value of the negative C-plate is in
arange from about 100 nanometers to about 400 nanometers.

19. The display device of claim 12, wherein a thickness-
direction phase retardation value of the A-plate is in a range
from about 60 nanometers to about 80 nanometers.
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20. The display device of claim 12, wherein the first pixel
electrode and the second pixel electrode respectively include
aplurality of electrode bars so that the first pixel electrode and
the second pixel electrode are disposed alternately, the first
pixel electrode is electrically connected to a data line receiv-
ing the first voltage, and the second pixel electrode is electri-
cally connected to a power line receiving the second voltage.

#® ok ok ok ok
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