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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND

[0001] 1.Field

[0002] Embodiments relate to a liquid crystal display
device and, more particularly, to a liquid crystal display
device having an improved visibility by reducing a reflection
of external light.

[0003] 2. Description of the Related Art

[0004] A liquid crystal display (LCD) device allows dis-
plays having reduced size, weight, and energy consumption
compared to conventional cathode ray tube displays. For this
reason, LCD devices have been widely used in mobile equip-
ment, e.g., cellular telephones, PDAs, and the like, as well as
in midsize and large equipment, e.g., monitors, TVs, and the
like.

[0005] A window substrate is generally included in an
upper portion of the LCD device, i.e., above, or closer to a
viewing surface than, the LCD panel. A touch screen panel
may also be provided above the LCD panel, depending on a
signal-input method for the equipment. However, when addi-
tional structures are provided above the LCD panel, the vis-
ibility of image displayed in the LCD panel when used in a
bright environment, e.g., daylight, is reduced due to reflection
of incident external light by the window substrate and/or the
touch screen panel.

SUMMARY

[0006] Embodiments are therefore directed to liquid crystal
display device, which substantially overcome ones or more of
the problems due to the limitations and disadvantages of the
related art.

[0007] Itis therefore a feature of an embodiment to provide
a liquid crystal display device having improved visibility.
[0008] It is therefore another feature of an embodiment to
provide a liquid crystal display device having reduced reflec-
tion of external light.

[0009] At least one of the above and other features and
advantages may be realized by providing a liquid crystal
display device, including a liquid crystal display panel, a first
polarizer between the liquid crystal display panel and a back
light behind the liquid crystal display panel, the first polarizer
including a first polarization film having a first transmission
axis and a first phase-difference film having a first polariza-
tion axis, a second polarizer in front of the liquid crystal
display panel, the second polarizer including a second polar-
ization film having a second transmission axis intersecting
the first transmission axis, a second phase-difference film
having a second polarization axis intersecting the first polar-
ization axis, and a third phase-difference film having a third
polarization axis, and a substrate structure in front if the liquid
crystal display panel and the second polarizer, the substrate
structure including a third polarizer, the third polarizer
including a fourth phase-difference film having a fourth
polarization axis intersecting the third polarization axis.
[0010] The first polarization axis and the second polariza-
tion axis may be orthogonal.

[0011] The third polarization axis and the fourth polariza-
tion axis may be orthogonal.

[0012] The second polarization axis and the third polariza-
tion axis may be orthogonal or equal.

[0013] The first transmission axis and the second transmis-
sion axis may be orthogonal.
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[0014] Thethird polarizer further may include a third polar-
ization film having a third transmission axis intersecting the
first transmission axis. The third transmission axis may be
equal to the second transmission axis. The third polarizer may
include, in sequential order from the back light, the fourth
phase-difference film and the third polarization film.

[0015] The first polarizer may include, in sequential order
from the back light, the first polarization film and the first
phase-difference film.

[0016] The second polarizer may include, in sequential
order from the back light, the second phase-difference film,
the second polarization film, and the third phase-difference
film.

[0017] The substrate structure may be a window substrate,
a touch screen panel, or a window substrate integral with the
touch screen panel.

[0018] The substrate structure and the liquid crystal display
panel may be spaced apart to include an air layer therebe-
tween.

[0019] The third polarizer may be at the front or the rear of
the substrate structure. The third polarizer may include an
antipollution coating layer on a front surface.

[0020] The substrate structure may include a touch screen
panel in front of the liquid crystal display panel. The substrate
structure may further include a window substrate in front of
the touch screen panel, wherein the third polarizer is between
the touch screen panel and the window substrate.

[0021] The liquid crystal display device may include a
touch screen panel integrated with the liquid crystal display
panel, wherein the third polarizer is at the front or the rear of
the substrate structure.

[0022] The first to the fourth polarization axes may be set
within +40° to +50° or —=50° to —40° relative to the first or the
second transmission axis.

[0023] The first polarization axis and the fourth polariza-
tion axis may be orthogonal or equal.

BRIEF DESCRIPTION OF THE DRAWINGS

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

[0025] FIG. 1 illustrates a cross-sectional view of a liquid
crystal display device according to a first embodiment;
[0026] FIG. 2 illustrates configurations of the first to the
third polarizer for use in FIG. 1 according to embodiments;
[0027] FIG. 3 illustrates a cross-sectional view of an inter-
nal light transmission principle and an external light reflec-
tion reduction principle using polarizers in a liquid crystal
display device as depicted in FIG. 1 and FIG. 2;

[0028] FIG. 4 illustrates a cross-sectional view of another
embodiment of an internal light transmission principle and an
external light reflection reduction principle using a polarizer
of a liquid crystal display device as depicted in FIG. 1 and
FIG. 2;

[0029] FIG. 5 illustrates a cross-sectional view of a liquid
crystal display device according to a second embodiment;
[0030] FIG. 6 illustrates configurations of first to third
polarizers for use in FIG. 5 according to embodiments;
[0031] FIG. 7 illustrates a cross-sectional view of a liquid
crystal display device according to a third embodiment;
[0032] FIG. 8 illustrates configurations of first to third
polarizers for use in FIG. 7 according to embodiments;
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[0033] FIG. 9illustrates a cross-sectional of a liquid crystal
display device according to a fourth embodiment; and
[0034] FIG. 10 illustrates a cross-sectional view of a liquid
crystal display device according to a fifth embodiment.

DETAILED DESCRIPTION

[0035] Korean Patent Application No. 10-2010-0037851,
filed on Apr. 23, 2010, in the Korean Intellectual Property
Office, and entitled: “Liquid Crystal Display” is incorporated
by reference herein in its entirety.

[0036] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. 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.
[0037] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. Further, it will be understood that when a layer is
referred to as being “under” another layer, it can be directly
under, and one or more intervening layers may also be
present. In addition, it will also be understood that when a
layer is referred to as being “between” two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

[0038] FIG. 1 illustrates a cross-sectional view of a liquid
crystal display (LCD) device according to a first embodiment.
FIG. 2 illustrates configurations of the first to the third polar-
izer as depicted in FIG. 1 according to embodiments.

[0039] Referringto FIG. 1, the LCD device according to the
first embodiment includes a back light 100 for supplying light
to the LCD panel 200, the LCD panel 200 for displaying an
image, and a substrate structure 300 above the LCD panel
200. The LCD device further includes a first polarizer 210 and
a second polarizer 220 included respectively in the rear and
the front of the LCD panel 200, and a third polarizer 310
included in the substrate structure 300. As used herein, the
relative position terms “rear”, “below”, “bottom” or “lower”
refer to an order in which an element is closer to the back light
100 and “front”, “above”, “top” or “upper” refer to an order in
which an element is closer to a viewing surface of the LCD
device.

[0040] The LCD panel 200 includes numerous components
(not separately shown), including a liquid crystal (LC) layer
between upper and lower substrates. The LCD panel 200
displays an image by controlling transmission of light sup-
plied from the back light 100.

[0041] Both light transmitting surfaces of the LCD panel
200 include a polarizer. In other words, the rear side (bottom
side) of the LCD panel includes the first polarizer 210 and the
front side (top side) of the LCD panel includes the second
polarizer 220.

[0042] The first polarizer 210 and the second polarizer 220
each include a polarization film that absorbs or transmits light
selectively according to a polarization direction of incident
light. In this case, the transmission axes of the polarization
films included in the first polarizer 210 and the second polar-
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izer 220 intersect. For example, the transmission axes of two
polarization films may be orthogonal, as will be described in
detail later.

[0043] In addition, the first polarizer 210 and the second
polarizer 220 each further include a quarter-wave plate
(QWP), i.e., a phase-difference film, which creates a quarter-
wavelength (A/4) shift by retarding one polarization state by
+45°. Such a QWP left-circularly polarizes (-A/4) or right-
circularly polarizes (+A/4) linearly polarized light, and lin-
early polarizes circularly polarized light. A first polarization
axis of a first phase-difference film included in the first polar-
izer 210 intersects a second polarization axis of a second
phase-difference film included in the second polarizer 220.
More specifically, the polarization axes of two phase-differ-
ence films may be orthogonal.

[0044] Meanwhile, in embodiments, the second polarizer
220 further includes a third phase-difference film having a
polarization axis that intersects a polarization axis of a fourth
phase-difference film included in the third polarizer 310. The
polarization axes of the second and third phase-difference
films included in the second polarizer 220 may be set to be
equal or to be orthogonal, while the polarization axes of the
third and fourth phase difference films intersect, e.g., are
orthogonal.

[0045] The substrate structure 300 is above the LCD panel
200. The substrate structure 300 may be one of a window
substrate, a touch screen panel, or a integral window sub-
strate/touch screen panel.

[0046] An air layer may be between the substrate structure
300 and the LCD panel 200, i.e., the substrate structure 300
may be spaced apart from the LCD panel 200. The substrate
structure 300 includes the third polarizer 310. For example,
the third polarizer 310 may be included in the front of the
substrate structure 300.

[0047] FIG. 2 explains in detail configurations of the first to
the third polarizer 210, 220, 310 according to embodiments.
For example the first polarizer 210 may be configured as
depicted in (a) of FIG. 2, the second polarizer 220 may be
configured as depicted in (b) of FIG. 2, and the third polarizer
310 may be configured as depicted in (c¢) of FIG. 2.

[0048] Referring to FIG. 2, the first polarizer 210 includes,
in order from the back light 100, a first polarization film 2105
having the first transmission axis and a first phase-difference
film 210e having a first polarization axis. More specifically,
the first polarizer 210 may include the first polarization film
2105 having supports 210a, 210¢ made of, e.g., TAC (tri-
acetyl-cellulose), on both sides of the first polarization film
2105, the first phase-difference film 210e above the first
polarization film 2105 secured by an adhesive 2104, and an
adhesive 2101 above the first phase-difference film 210e for
attaching the first polarizer 210 to the LCD panel 200.
[0049] The first polarization film 2105 may be made of
polyvinyl alcohol (PVA). The first polarization film 21056
selectively transmits incident light of only a particular polar-
ization. In other words, the first polarization film 2105 has the
first transmission axis and a first absorption axis, orthogonal
to the first transmission axis. Thus, light in a direction of the
first absorption axis is absorbed, i.e., not transmitted, by the
first polarization film 2105, while light in a direction of the
first transmission axis is transmitted by the first polarization
film 2104. Therefore, light output from the first polarization
film 2105 is linearly polarized.

[0050] The first phase-difference film 210e shifts the phase
of the linearly polarized light output from the first polariza-
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tion film 2105 by +45°, thereby serving as a first quarter-wave
plate (QWP1) to convert the linearly polarized light to left-
circularly polarized or right-circularly polarized light. The
first phase-difference film 210e may be set as 1/4 wavelength
plate having the first polarization axis set within +40° to +50°
or —=50° to —40° relative to the first transmission axis of the
first polarization film 21064.

[0051] The second polarizer 220 includes, in sequence
from the back light 100, a second phase-difference film 2205
having the second polarization axis, the second polarization
film 220e having the second transmission axis, and the third
phase-difference film 220/ having the third polarization axis.
More specifically, the second polarizer 220 includes the sec-
ond polarization film 220e including the supports 220d, 220/
made of, e.g., TAC, on both sides, the second phase-differ-
ence film 2204 attached in the bottom portion of the second
polarization film 220e by the adhesive 220c¢, the third phase-
difference film 220/ attached above the second polarization
film 220e by an adhesive 220g, and an adhesive 220a below
the second phase-difference film 2205 for attaching the sec-
ond polarizer 220 to the LCD panel 200.

[0052] The second polarization film 220e may be made of
PVA. The second polarization film 220e selectively transmits
incident light of only a particular polarization, and includes
the second transmission axis intersecting the first transmis-
sion axis of the first polarization film 2105 included in the first
polarizer 210, and a second absorption axis orthogonal to the
second transmission axis. For example, the second transmis-
sion axis of the second polarization film 220e may be
orthogonal to the first transmission axis of the first polariza-
tion film 2105, the second absorption axis of the second
polarization film 220e may be set to align with, i.e., be equal
to, the first transmission axis of the first polarization film
21064. In other words, the light in the direction of the second
absorption axis among the incident light of the second polar-
ization film 220e is absorbed and not transmitted, but the light
in the direction of the second transmission axis is transmitted.
[0053] The second phase-difference film 22056 acts as a
second quarter-wave plate (QWP2), and may be set as %4
wavelength plate having the second polarization axis set
within +40° to +50° or —-50° to —40° relative to the first
transmission axis of the first polarization film 2104 or the
second transmission axis of the second polarization film
220e. However, the second polarization axis of the second
phase-difference film 2206 is set to intersect the first polar-
ization axis of the first phase-difference film 210e. For
example the first polarization axis and the second polarization
axis may be orthogonal, i.e., the first and second polarization
films 2104, 220e may be crossed polarizers.

[0054] The third phase-difference film 2207 acts as a third
quarter-wave plate (QWP3) that left-circularly polarizes or
right-circularly polarizes linearly polarized light, and may be
set as ¥4 wavelength plate having the third polarization axis
set within +40° to +50° or -50° to -40° relative to the first
transmission axis of the first polarization film 21056 or the
second transmission axis of the second polarization film
220e. The third polarization axis of the third phase-difference
film 220/ and the second polarization axis of the second
phase-difference film 2205 may be set to be orthogonal or to
be equal.

[0055] The third polarizer 310 includes, in order from the
back light 100, a fourth phase-difference film 3105 having the
fourth polarization axis and a third polarization film 310e
having the third transmission. More specifically, the third
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polarizer 310 includes the third polarization film 310e having
supports 310d, 310/ made of, e.g., TAC, on both sides, the
fourth phase-difference film 31054 attached to the bottom of
the third polarization film 310e by an adhesive 310c¢, and an
adhesive 310a below the fourth phase-difference film 3105
for attaching the third polarizer 310 to the substrate structure
300. The third polarizer 310 may further include an antipol-
lution coating layer 310g that is exposed to the outside when
the third polarizer 310 is attached to an upper surface of the
substrate structure 300.

[0056] The third polarization film 310e may be made of
PVA. The third polarization film 310e selectively transmits
incident light, and includes the third transmission axis inter-
secting the first transmission axis of the first polarization film
2104 included in the first polarizer 210, and a third absorption
axis orthogonal to the third transmission axis. For example,
the third transmission axis of the third polarization film 310e
may be orthogonal to the first transmission axis of the first
polarization film 2105 and may be equal to the second trans-
mission axis of the second polarization film 220e included in
the second polarizer 210.

[0057] The fourth phase-difference film 31056 acts as a
fourth quarter-wave plate (QWP4), and may be set as Y4
wavelength plate having the second polarization axis set
within +40° to +50° or -50° to -40° relative to the first
transmission axis of the first polarization film 21056 or the
second transmission axis of the second polarization film
220e. The fourth polarization axis of the fourth phase-differ-
ence film 3105 may be set to intersect the third polarization
axis of the third phase-difference film 220/%. For example, the
third polarization axis and the fourth polarization axis may be
orthogonal.

[0058] For the LCD device according to embodiments, the
optical properties of the first to the fourth phase-difference
films 210e, 2205, 2204, 31056 and the first to the third polar-
ization films 2105, 220e, 310e included in the first to the third
polarizer 210, 220, 310, may be summarized as follows.

[0059] First, the first transmission axis of the first polariza-
tion film 21054 included in the first polarizer 210 disposed
below the LCD panel 200 and the second and the third trans-
mission axis of the second and the third polarization film
220e, 310e¢ included in the second and the third polarizer 220,
310 above the LCD panel 200 intersect to each other. In other
words, in order to maximize a transmission rate and minimize
a reflection rate, the first transmission axis may be set to be
orthogonal to the second and the third transmission axes, and
the second and the third transmission axes may be equal.

[0060] Second, in order to maximize an optical properties,
the first to the fourth polarization axes of the first and the
fourth phase-difference films 210e, 22056, 220/, 3105 may be
set within +40° to +50° or —50° to —40° relative to the trans-
mission axes of the first to the third polarization films 2105,
220¢, 310e.

[0061] However, the first polarization axis of the first
phase-difference film 210e included in the first polarizer 210
and the second polarization axis of the second phase-differ-
ence film 2204 included in the bottom portion of the second
polarizer 220 may intersect, and the third polarization axis of
the third phase-difference film 220/ included in the upper
portion of the second polarizer 220 and the fourth polariza-
tion axis of the fourth phase-difference film 3105 included in
the third polarizer 310 may intersect. In this case, the second
and the third polarization axes of the second phase-difference
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film 2204 and the third phase-difference film 220/ included
together in the second polarizer 220 may be orthogonal or
may be equal.

[0062] According to embodiments, in addition to the first
and the second polarizers 210, 220 included in the rear and the
front of the LCD panel 200, respectively, the third polarizer
310 may be further included in the substrate structure 300 that
includes an air layer therebetween and is disposed in the
upper portion of the LCD panel 200. In addition, the second
polarizer 220 includes the second phase-difference film 2205
having the second polarization axis intersecting the first
polarization axis of the first phase-difference film 210e
included in the first polarizer 210, and the third phase-differ-
ence film 220/ having the third polarization axis intersecting
the fourth polarization axis of the fourth phase-difference film
31056 included in the third polarizer 310.

[0063] In this configuration, while the transmission rate of
the internal light emitted through the LCD panel 200 from the
back light 100 is sufficiently realized, the reflection of the
external light is reduced, so that the visibility of the LCD
device can be improved.

[0064] A more detailed explanation about an internal light
transmission maximization principle and an external light
reflection reduction principle using the polarizer of the LCD
device according to the embodiment will be described here-
inafter with reference to FIG. 3 and FIG. 4.

[0065] FIG. 3 illustrates a cross-sectional view of the inter-
nal light transmission principle and the external light reflec-
tionreduction principle of the LCD device as depicted in FIG.
1 and FIG. 2 according to an embodiment. F1G. 4 illustrates a
cross-sectional view of the internal light transmission prin-
ciple and the external light reflection reduction principle
using the polarizer of the LCD device as depicted in FIG. 1
and FIG. 2 according to another embodiment.

[0066] FIG.3 and FIG. 4 depict only components that affect
the polarization direction of light, i.e., the polarization films
and phase-difference films included in the polarizers and the
liquid crystal layer of the LCD device. Other components that
do not affect the polarization direction of light are not illus-
trated for clarity.

[0067] For convenience, assuming that the transmission
axis of the polarization films (PVA) is set in X-axis or Y-axis
direction, and the polarization axis of the phase-difference
films (QWP) is left-circularly polarized (—A/4, such as —45°)
relative to the transmission axis of the polarization films
(PVA), or right-circularly polarized (+A/4, such as +45°) rela-
tive to the transmission axis of the polarization films (PVA),
the changes in polarization as light passes through the LCD
device will be described with reference to FIG. 3 and FIG. 4.
[0068] However, embodiments are not limited thereto. In
other words, the transmission axis of the polarization films
(PVAs) is not always set to 0° or 90°, i.e., the X-axis or Y-axis
direction, this is just suggested as a standard axis, so the
transmission axis of the polarization film (PVA) can be vari-
ously modified. In addition, the polarization axis of the phase-
difference films (QWP) is not always set to —45° or +45°
relative to the transmission axis of the polarization films
(PVA). For example, it can be set within +40° to +50° or -50°
to —40°, experimentally.

[0069] In the embodiment illustrated in FIG. 3, the polar-
ization axes of the second and the third phase-difference films
(QWP2, QWP3) included in the second polarizer 220 are
orthogonal. In FIG. 3, path (1) illustrates a transmission route
of the internal light as depicted in FIG. 1; specifically, a

Oct. 27,2011

transmission route of white light. Path (3) illustrates a reflec-
tion route of the external light that enters the substrate struc-
ture 300 including the third polarizer 310 and is reflected, as
depicted in FIG. 1. Embodiments may improve the visibility
by blocking the reflected light (3) that is reflected via the
substrate structure 300 including the third polarizer 310. Path
(2) in FIG. 1 illustrates a route traversed by reflected light that
is not affected by the polarizer in FIG. 1, so is not illustrated
in FIGS. 3 and 4.

[0070] First, an explanation of the transmission route of the
internal light along path (1) with reference to FIG. 3 is pro-
vided. Light incident from the back light 100 is polarized in
all directions. Light having passed through the first polariza-
tion film (PVA1) is linearly polarized. For example, when the
transmission axis of the first polarization film (PVA1) is set to
Y-axis direction, while the light that is incident from the back
light 100 passes through the first polarization film (PVA1),
only light along the light transmission axis, e.g., only the
component of light along the Y-axis (@) direction (+90°), is
transmitted.

[0071] Linearly polarized light output from the first polar-
ization film (PVA1) is incident on the first phase-difference
film (QWP1) and is circularly polarized. For example, when
the first polarization axis of the first phase-difference film
(QWP1) is set to +A/4(+45°), the linearly polarized light is
right-circularly polarized, e.g., 135°.

[0072] The right-circularly polarized light from the first
phase-difference film (QWP1) is incident on the LC layer of
the LCD panel. For example, when the LC layer is set to give
the phase-difference of a half-wave A/2, right-circularly
polarized light having from the first phase-difference film
(QWP1) is shifted by £90° to be left-circularly polarized
(=N\/4), so that the light is now left-circularly polarized to 45°
or 225°. In other words, light that was right-circularly polar-
ized will become left-circularly polarized (for convenience, a
direction ofan arrow in FIG. 3 is illustrated relative to the case
0f'212), and vice versa.

[0073] Theleft-circularly polarized light from the LC layer
is incident on the second phase-difference film (QWP2) and is
linearly polarized, now along the X-axis direction (<> ). For
example, when the second polarization axis of the second
phase-difference film (QWP2) is set to —A/4 (-45°), the left-
circularly polarized light from the L.C layer passes through
the second phase-difference film (QWP2), and is linearly
polarized to 0° or 180°.

[0074] The linearly polarized light from the second phase-
difference film (QWP2) is incident on the second polarization
film (PVA2). In this case, when the second transmission axis
of the second polarization film (PVA2) is set to X-axis direc-
tion (¢ ), i.e., orthogonal to the first transmission axis of the
first polarization film (PVA1), the light of X-axis (<> ) direc-
tion that is incident on the second polarization film (PVA2) is
transmitted and then is incident on the third phase-difference
film (QWP3).

[0075] While the linearly polarized light passes through the
third phase-difference film (QWP3), the light is circularly
polarized. For example, when the third polarization axis of
the third phase-difference film (QWP3) is set to +A/4(+45°),
the light passed through the third phase-difference film
(QWP3) is right-circularly polarized to 45° or 225°.

[0076] The right-circularly polarized light from the third
phase-difference film (QWP3) is incident on the fourth
phase-difference film (QWP4) and then is linearly polarized.
For example, when the fourth polarization axis of the fourth
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phase-difference film (QWP4) is set to —A/4 (-45°), the light
passed through the fourth phase-difference film (QWP4) is
linearly polarized along the X-axis (¢ ) direction, i.e., to 0°
or 180°.

[0077] The linearly polarized light passed through the
fourth phase-difference film (QWP4) is incident on the third
polarization film (PVA3). In this case, when the third trans-
mission axis of the third polarization film (PVA3) is set to
X-axis (<), i.e., orthogonal to the first transmission axis of
the first polarization film (PVA1), the light of X-axis (<)
direction that is incident on the third polarization film (PVA3)
is fully transmitted, so that the white image is displayed.
[0078] Meanwhile, an explanation of the reflection route of
the external light that is passes through the substrate structure
300 including the third polarizer 310 and is reflected is as
follows. The light that is incident from the outside includes
the light polarized in all directions. The third polarization film
(PVA3), only transmits linearly polarized light, i.e., X-axis (
> ) direction. The linearly polarized light from the third
polarization film (PVA3) is incident on the fourth phase-
difference film (QWP4) set to —45°, and is left-circularly
polarized

[0079] When the left-circularly polarized light from the
forth phase-difference film (QWP4) is reflected by the air
layer between the substrate structure 300 and the LCD panel
200 including the second polarizer 220, or their interface, the
phase-difference of the light is reversed by 180°, so that the
light is the right-circularly polarized light at 135°.

[0080] When the right-circularly polarized passed again
through the fourth phase-difference film (QWP4), the light is
linearly polarized at 90°, i.e., along the Y-axis (®) direction.
As aresult, the linearly polarized light cannot be transmitted
by the third polarization film (PVA3), i.e., the linearly polar-
ized light aligns with the absorption axis of the third polar-
ization film (PVA3), so that the visibility is improved by
blocking the external reflected light from being viewed.
[0081] Meanwhile, FIG. 4 illustrates an embodiment that
the polarization axes of the second and the third phase-differ-
ence film (QWP2, QWP3) included in the second polarizer
220 are equal. The routes of the light, the polarization direc-
tion of the light, and the like are shown in FIG. 4, in which the
light is transmitted from the inside, and is reflected from the
outside via the third polarizer 310. As the basic principle is
same as in FIG. 3, a detailed description of FIG. 4 is not
provided.

[0082] FIG. 5 illustrates a cross-sectional view of a struc-
ture of a LCD device according to a second embodiment. FIG.
6 illustrates configurations of the first to the third polarizers as
depicted in FIG. 5 according to embodiments.

[0083] The second embodiment as depicted in FIG. 5 and
FIG. 6 is different from the first embodiment as depicted in
FIG. 1 and FIG. 2, and shows an arrangement example of the
third polarizer 310" on the rear of the substrate structure 300.
Therefore, when explaining the second embodiment, the part
that is same with that in the first embodiment has a same
reference numeral, and the detailed description thereof is not
repeated.

[0084] Referring to FIG. 5 and FIG. 6, the third polarizer
310" is included on the rear of the substrate structure 300. In
this case, the third polarizer 310" is not disposed in the upper-
most portion of the LCD device, so that the antipollution
coating layer 310g on the uppermost portion of the third
polarizer 310 according to the first embodiment is removed.
Also, the adhesive 310a disposed in the lowest portion of the
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third polarizer 310 is moved to the upper portion in the third
polarizer 310". In other words, the third polarizer 310" attaches
to the rear of the substrate structure 300 by an adhesive 310/
included in the upper portion of the third polarizer 310'.
[0085] In the second embodiment, the explanation about
the elements that affect the polarization direction of the light,
i.e., the polarization films, the phase-difference films, and the
LC layer of the LCD 200 panel are not provided, as they are
similar to those of the first embodiment.

[0086] FIG. 7 illustrates a cross-sectional view of a struc-
ture of the LCD device according to a third embodiment. FI1G.
8 illustrates configurations of the first to the third polarizers as
depicted in FIG. 7 according to embodiments.

[0087] Inthe third embodiment depicted in FIG. 7 and FIG.
8, the substrate structure above the LCD panel 200 includes a
touch screen panel 300a to be supplied with touch input and
a window substrate 3005 above the touch screen panel 300a.
A third polarizer 310" may be between the touch screen panel
300a and the window substrate 3005.

[0088] In this case, the third polarizer 310" is not disposed
in the uppermost portion of the LCD device, so that the
antipollution coating layer 310g of the first embodiment is not
included, while adhesive layers 310q, 310/ are included for
bonding the of the third polarizer 310" to the touch screen
panel 300a and the window substrate 3004.

[0089] For the third embodiment, the configurations and
the positions of the polarization films, the phase-difference
films, and the LC layer of the LCD panel are basically similar
with those of the first and second embodiments, so that the
detailed description about those is not repeated.

[0090] FIG. 9 illustrates a cross-sectional view of a struc-
ture of a LCD device according to a fourth embodiment. FIG.
10 illustrates a cross-sectional view of a structure of a LCD
device according to a fifth embodiment. In FIG. 9 and FIG.
10, an LCD panel 200" includes a touch screen panel inte-
grated with an LCD panel, e.g., by forming pattern for touch
sensing in the rear and the front of the upper substrate of the
LCD panel, i.e., a color filter substrate.

[0091] Referring to FIG. 9 and FIG. 10, the first polarizer
210 is included in the rear of the LCD panel 200" unified with
the touch screen panel and the second polarizer 220 is
included in the front of the LCD panel 200" unified with the
touch screen panel. The first polarizer 210 and the second
polarizer 220 may be basically configured similar with the
first polarizer 210 and the second polarizer 220 as described
in the first to the third embodiments.

[0092] The third polarizer 310, 310" may be included in the
front of the substrate structure 300 such as the window sub-
strate, as depicted in FIG. 9, or in the rear of the substrate
structure 300, as depicted in FIG. 10, respectively. When the
third polarizer 310 is included in the front of the substrate
structure 300 as depicted in FIG. 9, the third polarizer 310
may be basically configured similar with the third polarizer
310 as described in the first embodiment. When the third
polarizer 310" is included in the rear of the substrate structure
300 as depicted in FIG. 10, the third polarizer 310' may be
basically configured similar with the third polarizer 310" as
described in the second embodiment.

[0093] Therefore, according to embodiments, the visibility
of the LCD device may be improved by reducing the reflec-
tion of the external light while securing sufficient transmis-
sion of light from the back light 100 to the outside through the
LCD panel 200' including a touch screen panel integrated
therewith.
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[0094] Exemplary embodiments have been disclosed
herein, and although specific terms are employed, they are
used and are to be interpreted in a generic and descriptive
sense only and not for purpose of limitation. Accordingly, it
will be understood by those of ordinary skill in the art that
various changes in form and details may be made without
departing from the spirit and scope of the present invention as
set forth in the following claims.

What is claimed is:

1. A liquid crystal display device, comprising:

a liquid crystal display panel;

afirst polarizer between the liquid crystal display panel and
a back light behind the liquid crystal display panel, the
first polarizer including a first polarization film having a
first transmission axis and a first phase-difference film
having a first polarization axis;

a second polarizer in front of the liquid crystal display
panel, the second polarizer including a second polariza-
tion film having a second transmission axis intersecting
the first transmission axis, a second phase-difference
film having a second polarization axis intersecting the
first polarization axis, and a third phase-difference film
having a third polarization axis; and

a substrate structure in front if the liquid crystal display
panel and the second polarizer, the substrate structure
including a third polarizer, the third polarizer including
a fourth phase-difference film having a fourth polariza-
tion axis intersecting the third polarization axis.

2. The liquid crystal display device as claimed in claim 1,
wherein the first polarization axis and the second polarization
axis are orthogonal.

3. The liquid crystal display device as claimed in claim 1,
wherein the third polarization axis and the fourth polarization
axis are orthogonal.

4. The liquid crystal display device as claimed in claim 1,
wherein the second polarization axis and the third polariza-
tion axis are orthogonal or equal.

5. The liquid crystal display device as claimed in claim 1,
wherein the first transmission axis and the second transmis-
sion axis are orthogonal.

6. The liquid crystal display device as claimed in claim 1,
wherein the third polarizer further includes a third polariza-
tion film having a third transmission axis intersecting the first
transmission axis.

7. The liquid crystal display device as claimed in claim 6,
wherein the third transmission axis is equal to the second
transmission axis.
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8. The liquid crystal display device as claimed in claim 6,
wherein the third polarizer includes, in sequential order from
the back light, the fourth phase-difference film and the third
polarization film.

9. The liquid crystal display device as claimed in claim 1,
wherein the first polarizer includes, in sequential order from
the back light, the first polarization film and the first phase-
difference film.

10. The liquid crystal display device as claimed in claim 1,
wherein the second polarizer includes, in sequential order
from the back light, the second phase-difference film, the
second polarization film, and the third phase-difference film.

11. The liquid crystal display device as claimed in claim 1,
wherein the substrate structure is a window substrate, a touch
screen panel, or a window substrate integral with the touch
screen panel.

12. The liquid crystal display device as claimed in claim 1,
wherein the substrate structure and the liquid crystal display
panel are spaced apart to include an air layer therebetween.

13. The liquid crystal display device as claimed in claim 1,
wherein the third polarizer is at the front of the substrate
structure.

14. The liquid crystal display device as claimed in claim
13, wherein the third polarizer further includes an antipollu-
tion coating layer on a front surface.

15. The liquid crystal display device as claimed in claim 1,
wherein the third polarizer at the rear of the substrate struc-
ture.

16. The liquid crystal display device as claimed in claim 1,
wherein the substrate structure includes a touch screen panel
in front of the liquid crystal display panel.

17. The liquid crystal display device as claimed in claim
16, wherein the substrate structure includes a window sub-
strate in front of the touch screen panel, wherein the third
polarizer is between the touch screen panel and the window
substrate.

18. The liquid crystal display device as claimed in claim 1,
further comprising a touch screen panel integrated with the
liquid crystal display panel, wherein the third polarizer is at
the front or the rear of the substrate structure.

19. The liquid crystal display device as claimed in claim 1,
wherein the first to the fourth polarization axes are set within
+40° to +50° or —50° to —40° relative to the first or the second
transmission axis.

20. The liquid crystal display device as claimed in claim 1,
wherein the first polarization axis and the fourth polarization
axis are orthogonal or equal.
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