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FIG. 2
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FIG. 3
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FIG. 6
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FIG. 7

T=12-3
12-2"
a}lz-ll 121

}12-11 ",
125
}12-11

V/22Z] PolymerA : High Refractive Index Polymer
[ PolymerB : Low Refractive Index Polymer



U.S. Patent Aug. 4,2015 Sheet § of 18 US 9,097,933 B2

FIG. 8
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FIG.9
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POLARIZER AND LIQUID CRYSTAL
DISPLAY INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from and the benefit of
Korean Patent Application No. 10-2012-0131714, filed on
Nov. 20, 2012, which is incorporated by reference for all
purposes as if set forth herein.

BACKGROUND

1. Field

Exemplary embodiments relate to display technology, and
more particularly, to reflective polarizers and liquid crystal
displays including the same.

2. Discussion

A liquid crystal display, which is one of the most common
types of flat panel displays, typically includes two panels with
field generating electrodes disposed thereon, such as a pixel
electrode, a common electrode, and the like, and a liquid
crystal layer disposed therebetween. The liquid crystal dis-
play is configured to apply an electric field in the liquid crystal
layer by applying voltage to the field generating electrodes,
and determine the direction of liquid crystal molecules of the
liquid crystal layer by the generated electric field, and control
polarization of incident light to faciliate the display of
images.

Conventional liquid crystal displays are typically classified
into three categories, e.g., transmissive liquid crystal dis-
plays, reflective liquid crystal displays, and transflective lig-
uid crystal displays. A transmissive liquid crystal display may
be configured to display an image by using a backlight posi-
tioned at a rear side of a liquid crystal cell. A reflective liquid
crystal display may be configured to display an image by
using external natural light. A transflective liquid crystal dis-
play may be configured to operate in a transmissive mode to
display an image by using an embedded light source of a
display element while indoors or in a dark place where exter-
nal light is limited and operate in a reflective mode to display
an image by reflecting external light in an outdoor high-
illumination environment. In this manner, a transflective lig-
uid crystal display may combine structures of the above-
noted transmissive liquid crystal display and the reflective
liquid crystal display.

Among liquid crystal displays, the transmissive or trans-
flective liquid crystal displays that are configured to display
images by using a backlight are mainly used because their
display luminance is relatively higher than traditionally
reflective liquid crystal displays.

It is noted, however, that about 50% of light radiating from
a backlight and made incident on a polarizer is absorbed by
the polarizer, which is typically coupled to a lower portion of
acorresponding liquid crystal display. As such, the remaining
about 50% of light may be used for displaying an image. As a
result, light efficiency and display luminance may be less than
acceptable.

Therefore, there is a need for an approach that provides
efficient, cost effective techniques to provide liquid crystal
display devices with improved light efficiency and display
luminance.

The above information disclosed in this Background sec-
tion is only for enhancement of understanding of the back-
ground of the invention, and therefore, it may contain infor-
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2

mation that does not form the prior art that is already known
in this country to a person of ordinary skill in the art.

SUMMARY

Exemplary embodiments provide polarizers and liquid
crystal displays including the same configured to increase
light efficiency supplied from a backlight unit, and thereby,
also increase display luminance.

Additional aspects will be set forth in the detailed descrip-
tion which follows and, in part, will be apparent from the
disclosure, or may be learned by practice of the invention.

According to exemplary embodiments, a polarizer
includes: a reflective polarizer main body including a repeti-
tively laminated structure, the repetitively laminated struc-
ture comprising two layers of different refractive indices
repetitively disposed on one another; and an Rth phase com-
pensation layer disposed at one side of the reflective polarizer
main body, the Rth phase compensation layer being config-
ured to compensate for a phase difference in an Rth direction.

According to exemplary embodiments, a polarizer
includes: at least one first repetitively laminated structure
including two layers of different refractive indices repeti-
tively disposed on one another; and a second repetitively
laminated structure including two layers of different refrac-
tive indices repetitively disposed on one another. One of the at
least one, first repetitively laminated structures is configured
as a light incident surface of the polarizer and the second
repetitively laminated structure is configured as a light dis-
persion surface of the polarizer. A thickness ratio or a com-
ponent ration of the two layers of the at least one first repeti-
tively laminated structure differs from a thickness ratio or a
component ration of the two layers of the second repetitively
laminated structure.

According to exemplary embodiments, a liquid crystal dis-
play includes: an upper panel including an upper polarizer
configured as an absorptive polarizer, and an upper insulation
substrate; a lower panel including a lower polarizer, and a
lower insulation substrate; a liquid crystal layer disposed
between the upper panel and the lower panel; and a backlight
providing unit configured to supply light. The lower panel is
disposed on the backlight providing unit. The lower polarizer
includes: a reflective polarizer main body including a repeti-
tively laminated structure, the repetitively laminated struc-
ture including two layers of different refractive indices repeti-
tively disposed on one another, and an Rth phase
compensation layer disposed at one side of the reflective
polarizer main body, the Rth phase compensation layer being
configured to compensate for a phase difference in an Rth
direction.

According to exemplary embodiments, a liquid crystal dis-
play includes: an upper panel including an upper polarizer
configured as an absorptive polarizer, and an upper insulation
substrate; a lower panel including a lower polarizer, and a
lower insulation substrate; a liquid crystal layer disposed
between the upper panel and the lower panel; and a backlight
providing unit configured to supply light. The lower panel is
disposed on the backlight providing unit. The lower polarizer
includes: at least one first repetitively laminated structure
including two layers of different refractive indices repeti-
tively disposed on one another, and a second repetitively
laminated structure including two layers of different refrac-
tive indices repetitively disposed on one another. The second
repetitively laminated structure is disposed closer to the lig-
uid crystal layer than the at least one first repetitively lami-
nated structure. A thickness ratio or a component ratio of the
two layers of the at least one first repetitively laminated struc-
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ture differs from a thickness ratio or acomponent ration of the
two layers of the second repetitively laminated structure.

According to exemplary embodiments, a liquid crystal dis-
play includes: an upper panel including: an upper polarizer,
and an upper insulation substrate; a lower panel including: a
lower polarizer, and a lower insulation substrate; a liquid
crystal layer disposed between the upper panel and the lower
panel; and a backlight providing unit configured to supply
light. The lower polarizer is disposed on the backlight pro-
viding unit. The lower polarizer includes a repetitively lami-
nated structure including two layers of different refractive
indices repetitively disposed on one another. The upper polar-
izer includes a C plate, the upper polarizer being configured
as an absorptive polarizer.

According to exemplary embodiments, since some light
may be transmitted and the rest of the light may be reflected
via a repetitively formed multilayer structure including dif-
ferent refractive indices to recycle light supplied from a back-
light unit, the efficiency of light use may be improved. As a
result, a luminance improvement film typically used in the
backlight unit may not be used. Further, according to exem-
plary embodiments, use of an Rth phase compensation layer
in the reflective polarizer may eliminate (or at least reduce)
issues associated with decreased viewing angles when the
reflective polarizer is used. To this end, exemplary embodi-
ments enable wider viewing angles. Further, according to
exemplary embodiments, utilization of at least two repeti-
tively laminated multilayer structures with different thickness
ratios or component ratios, may eliminate (or at least reduce)
interference colors.

The foregoing general description and the following
detailed description are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
exemplary embodiments of the invention, and together with
the description serve to explain the principles of the inven-
tion.

FIG. 1 is a cross-sectional view of a liquid crystal display,
according to exemplary embodiments.

FIG. 2 is a cross-sectional view of a reflective polarizer,
according to exemplary embodiments.

FIG. 3 is a cross-sectional view of a main body of a reflec-
tive polarizer, according to exemplary embodiments.

FIG. 4 is a cross-sectional view of an absorptive polarizer,
according to exemplary embodiments.

FIG. § is a diagram comparing viewing angle characteris-
tics of a liquid crystal display, according to exemplary
embodiments.

FIGS. 6 and 7 are cross-sectional views of a reflective
polarizer and a liquid crystal layer, according to exemplary
embodiments.

FIG. 8 is a cross-sectional view of a reflective polarizer,
according to exemplary embodiments.

FIGS. 9-12 are diagrams of display characteristics of a
liquid crystal display, according to exemplary embodiments.

FIGS. 13 and 14 are diagrams of display characteristics of
a liquid crystal display, according to exemplary embodi-
ments.

FIG. 15 is a diagram of a manufacturing method of the
reflective polarizer of FIG. 8, according to exemplary
embodiments.
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FIG. 16 is a cross-sectional view of a reflective polarizer,
according to exemplary embodiments.

FIG. 17 is a cross-sectional view ofa liquid crystal display,
according to exemplary embodiments.

FIG. 18 is a diagram of display characteristics of the liquid
crystal display of FIG. 17, according to exemplary embodi-
ments.

DETAILED DESCRIPTION OF ILLUSTRATED
EMBODIMENTS

In the following description, for the purposes of explana-
tion, numerous specific details are set forth in order to provide
a thorough understanding of various exemplary embodi-
ments. It is apparent, however, that various exemplary
embodiments may be practiced without these specific details
or with one or more equivalent arrangements. In other
instances, well-known structures and devices are shown in
block diagram form in order to avoid unnecessarily obscuring
various exemplary embodiments.

In the accompanying figures, the size and relative sizes of
layers, films, panels, regions, etc., may be exaggerated for
clarity and descriptive purposes. Also, like reference numer-
als denote like elements.

When an element or layer is referred to as being “on,”
“connected to,” or “coupled to” another element or layer, it
may be directly on, connected to, or directly coupled to the
other element or layer or intervening elements or layers may
be present. When, however, an element or layer is referred to
as being “directly on,” “directly connected to,” or “directly
coupled to” another element or layer, there are no intervening
elements or layers present. For the purposes of this disclosure,
“atleastone of X, Y, and 7 and “at least one selected from the
group consisting of X, Y, and Z” may be construed as X only,
Y only, Z only, orany combination of two or more of X, Y, and
Z, such as, for instance, XYZ, XYY, YZ, and ZZ. Like num-
bers refer to like elements throughout. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

Although the terms first, second, etc. may be used herein to
describe various elements, components, regions, layers and/
or sections, these elements, components, regions, layers and/
or sections should not be limited by these terms. These terms
are only used to distinguish one element, component, region,
layer or section from another region, layer or section. Thus, a
first element, component, region, layer or section discussed
below could be termed a second element, component, region,
layer or section without departing from the teachings of the
present disclosure.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper,” and/or the like, may be used herein
for descriptive purposes and, thereby, to describe one element
or feature’s relationship to another element(s) or feature(s) as
illustrated in the drawings. Spatially relative terms are
intended to encompass different orientations of an apparatus
in use or operation in addition to the orientation depicted in
the drawings. For example, if the apparatus in the drawings is
turned over, elements described as “below” or “beneath”
other elements or features would then be oriented “above” the
other elements or features. Thus, the exemplary term “below”
can encompass both an orientation of above and below. Fur-
thermore, the apparatus may be otherwise oriented (e.g,,
rotated 90 degrees or at other orientations) and, as such, the
spatially relative descriptors used herein interpreted accord-
ingly.

The terminology used herein is for the purpose of describ-
ing particular embodiments and is not intended to be limiting.
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As used herein, the singular forms, “a,” “an,” and “the” are
intended to include the plural forms as well, unless the con-
text clearly indicates otherwise. Moreover, the terms “com-
prises” and/or “comprising,” when used in this specification,
specify the presence of stated features, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

Various exemplary embodiments are described herein with
reference to sectional illustrations that are schematic illustra-
tions of idealized exemplary embodiments and/or intermedi-
ate structures. As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing tech-
niques and/or tolerances, are to be expected. Thus, exemplary
embodiments disclosed herein should not be construed as
limited to the particular illustrated shapes of regions, but are
to include deviations in shapes that result from, for instance,
manufacturing. For example, an implanted region illustrated
as a rectangle will, typically, have rounded or curved features
and/or a gradient of implant concentration at its edges rather
than a binary change from implanted to non-implanted
region. Likewise, a buried region formed by implantation
may result in some implantation in the region between the
buried region and the surface through which the implantation
takes place. Thus, the regions illustrated in the drawings are
schematic in nature and their shapes are not intended to illus-
trate the actual shape of a region of a device and are not
intended to be limiting.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this disclosure is a part. Terms, such as those defined in
commonly used dictionaries, should be interpreted as having
ameaning that is consistent with their meaning in the context
of the relevant art and will not be interpreted in an idealized or
overly formal sense, unless expressly so defined herein.

While exemplary embodiments are described in associa-
tion with a liquid crystal display device, it is contemplated
that exemplary embodiments may be utilized in association
with other or equivalent display devices, such as various
self-emissive and/or non-self-emissive display technologies.
For instance, self-emissive display devices may include
organic light emitting displays (OLED), plasma display pan-
els (PDP), etc., whereas non-self-emissive display devices
may constitute liquid crystal displays (LCD), electrophoretic
displays (EPD), electrowetting displays (EWD), and/or the
like.

FIG. 1 is a cross-sectional view of a liquid crystal display,
according to exemplary embodiments. FIG. 2 is a cross-
sectional view of a reflective polarizer, according to exem-
plary embodiments. FIG. 3 is a cross-sectional view of a main
body of a reflective polarizer, according to exemplary
embodiments. FIG. 4 is a cross-sectional view of an absorp-
tive polarizer, according to exemplary embodiments.

According to exemplary embodiments, the liquid crystal
display includes backlight unit 500, optical sheet 25, liquid
crystal layer 3, lower panel 100, and upper panel 200.

While not illustrated, backlight unit 500 includes a light
source, a light guide plate, and a reflector. Optical sheet 25 is
disposed on backlight unit 500.

The configuration of backlight unit 500 enables light sup-
plied from the light source to pass through the light guide
plate and the reflector, and thereby, to be discharged upward
from the backlight unit 500 and pass through the optical sheet
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25 disposed on backlight unit 500. In this manner, the light
may propagate through lower panel 100, liquid crystal layer
3, and upper panel 200.

According to exemplary embodiments, the light source
may be (or otherwise include), for example, a fluorescent
lamp (such as a cold-cathode fluorescent lamp (CCFL)), a
light emitting diode (LED), and/or the like. The light source
may be disposed on a side or a lower surface of the backlight
unit 500.

The optical sheet 25 may include at least one optical sheet
and may include a prism sheet including a prism structure or
a diffusion film, such as a diffuser. In exemplary embodi-
ments, the optical sheet 25 may not include a luminance
improvement film that typically includes two layers having
different refractive indices that are repetitively formed.
Namely, because a lower polarizer 12 may be utilized that
includes arepetitively laminated structure 12-11 that includes
amultilayer (e.g., two layer) structure having different refrac-
tive indices repetitively formed, improved characteristics in
luminance may be achieved without the use of a luminance
improvement film associated with optical sheet 25.

As seen in FIG. 1, lower panel 100, liquid crystal layer 3,
and upper panel 200 may be disposed on the backlight umt
500 and the optical sheet 25.

First, the lower panel 100 will be described.

According to exemplary embodiments, lower panel 100
may include a lower polarizer 12 and a lower insulation
substrate 110. The lower polarizer 12 is coupled to the lower
insulation substrate 110, which may be made of (or include)
transparent glass or plastic.

The lower polarizer 12 may be a reflective polarizer, and
may include a reflective polarizer main body 12-1 that
includes a multilayer structure (e.g., two layers) having dif-
ferent refractive indices that are repetitively formed, and an
Rth phase compensation layer 12-2.

The reflective polarizer main body 12-1 may include at
least one repetitively laminated structure 12-11 in which, for
example, two layers having different refractive indices are
repetitively formed. As seen in FIG. 3, the reflective polarizer
main body 12-1 may include, for instance, three repetitively
laminated structures 12-11. It is contemplated; however, that
repetitively laminated structure 12-11 may include any suit-
able number of repetitively formed layers, and reflective
polarizer main body 12-1 may include any suitable number of
the repetitively laminated structures 12-11.

According to exemplary embodiments, the repetitively
laminated structure 12-11 may be a structure formed by
repetitively laminating a first refractive index layer (e.g.,
polymer A) and a second refractive index layer (e.g., polymer
B) upon one another. The number of total layers may be any
suitable number, but in exemplary embodiments, the repeti-
tively laminated structure 12-11 may be formed with, for
instance, a total of 275 layers. Again, any suitable number of
total layers may be utilized.

In exemplary embodiments, such as illustrated in FIG. 3, a
thickness of the first refractive index layer (e.g., polymer A)
may be smaller than a thickness of the second refractive index
layer (e.g., polymer B). Further, the first refractive index layer
may include a higher refractive index than the second refrac-
tive index layer. However, depending on the choice of mate-
rials utilized, the thickness of the first refractive index layer
may be larger than the thickness of the second refractive index
layer, the thicknesses may be the same as each other, and/or
the first refractive index layer may have a smaller refractive
index than the second refractive index layer. According to
exemplary embodiments, each of the two layers used in the
repetitively laminated structure 12-11 may have a different
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refractive index, and may have a difference in only a refrac-
tive index in one axial direction among three axial directions.

The reflective polarizer main body 12-1 may also include a
buffer layer 12-5 disposed between repetitively laminated
structures 12-11 and/or disposed on one or more of the out-
ermost surfaces of the uppermost and lowermost repetitively
laminated structures 12-11. The buffer layer 12-5 may be
formed with one of the various layers (e.g., polymer B having
a low refractive index) included in the repetitively laminated
structure 12-11. The buffer layer 12-5 may be configured to
protect, support, and/or connect the repetitively laminated
structures 12-11.

According to exemplary embodiments, the Rth phase com-
pensation layer 12-2 uses a triacetyl-cellulose (TAC) layer to
compensate for a phase in an Rth direction. Since the TAC
layer may have a retardation value of the Rth direction
according to a thickness of the layer, when a phase value of
the Rth direction to be compensated is determined, the TAC
layer may be formed to a thickness depending on the deter-
mined phase value of the Rth phase compensation layer 12-2.
In the case of forming the TAC layer to a thickness of 40 pum,
the retardation value of the Rth direction may be provided as
40 nm. In the case of forming the TAC layer to a thickness of
60 um, the retardation value of the Rth direction may be
provided as 46 nm. It is contemplated, however, that the
numerical values may be changed depending on a character-
istic of the particular TAC layer being utilized, and in the case
of using the TAC layer, as the thickness increases, the pro-
vided retardation value of the Rth direction increases.

According to exemplary embodiments, the lower polarizer
12 is coupled to the outer side of the lower insulation substrate
110, and includes an adhesive 12-3 for attachment. In FIG. 2,
since only the layer providing the phase retardation is illus-
trated, the lower insulation substrate 110 is omitted.

Although not illustrated, a thin film transistor and a pixel
electrode may be formed on an inner side of the lower insu-
lation substrate 110. The thin film transistor and the pixel
electrode may be formed in any one of various structures. An
alignment layer (not shown) may be disposed on the pixel
electrode.

Hereinafter, the upper panel 200 will be described.

According to exemplary embodiments, an upper polarizer
22 may be disposed on an upper insulation substrate 210
made of, for instance, transparent glass or plastic.

The upper polarizer 22 may include a structure as illus-
trated in FIG. 4 and may be an absorptive polarizer. That is,
the upper polarizer 22, which is an absorptive polarizer, may
include a TAC layer 22-2 is disposed on the upper surface of
a polyvinyl alcohol (PVA) layer 22-1, and a biaxial compen-
sation layer 22-3 may be disposed on the lower surface of the
PVA layer 22-1. The biaxial compensation layer 22-3 is con-
figured to provide phase retardation to improve display qual-
ity.

According to exemplary embodiments, the upper polarizer
22 may be coupled to an outer side of the upper insulation
substrate 210. An outer surface of the TAC layer 22-2 of the
upper polarizer 22 may be subjected to one or more surface
treatments, such as one or more anti-glare or anti-reflection
treatments.

While not illustrated, a light blocking member, a color
filter, and a common electrode may be disposed on (or formed
inside) the upper insulation substrate 210. According to
exemplary embodiments, the light blocking member or the
color filter may be formed inside the lower insulation sub-
strate 110. An alignment layer (not shown) may be disposed
below the common electrode.
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A liquid crystal layer 3 may be disposed between the upper
panel 200 and the lower panel 100.

The liquid crystal layer 3 may include liquid crystal mol-
ecules having positive dielectric anisotropy. That is, long axes
of the liquid crystal molecules may be horizontal to the sur-
faces of lower and upper panels 100 and 200 when an electric
field is not applied to the liquid crystal layer 3. To this end,
when an electric field is applied by, for instance, the pixel
electrode and the common electrode, an alignment direction
of the liquid crystal molecules may be changed in a vertical
direction, e.g., perpendicular or substantially perpendicular
to the surfaces of the lower and upper panels 100 and 200. The
liquid crystal layer 3 may use a twisted nematic (TN) mode
liquid crystal.

As described above, the liquid crystal display uses a reflec-
tive polarizer having a phase compensation characteristic of
an Rth direction as the lower polarizer 12. Generally, in the
case of using a reflective polarizer without the phase compen-
sation characteristic of an Rth direction, a viewing angle is
decreased, but in the case of using the reflective polarizer
having the phase compensation characteristic of the Rth
direction, the viewing angle is not decreased. Here, the view-
ing angle is an angle at a position where a CR ratio is 10:1. The
aforementioned maintenance of a suitably wide viewing
angle was substantiated in an experiment, the results of which
are shown in FIG. 5.

FIG. 5 is a diagram comparing viewing angle characteris-
tics of a liquid crystal display, according to exemplary
embodiments.

In FIG. 5, a reflective POL (polarizer) sample 1 and a
reflective POL (polarizer) sample 2 are simulation results of
aliquid crystal display using a reflective polarizer without the
phase compensation characteristic of the Rth direction, and a
reflective POL+TAC (40 pm) and a reflective POL+TAC (60
um) are simulation results of a liquid crystal display that
compensates for a phase of the Rth direction by the corre-
sponding numerical value using the TAC layer as illustrated in
FIG. 1.

As illustrated in FIG. 5, a viewing angle is not changed in
a vertical direction, but in terms of compensating for the
phase in the Rth direction, the viewing angle is increased by
3 to 5 degrees in a horizontal direction. As a result, the
viewing angle of the TN mode liquid crystal layer 3 is
increased so as to have a phase compensation characteristic of
the Rth direction while using the reflective polarizer.

In FIG. 2, a TAC layer is utilized as the layer for compen-
sating for the phase of the Rth direction.

However, another layer, in addition to the TAC layer, may
be used as the layer for compensating for the phase of the Rth
direction, which is shown and will be described in association
with FIGS. 6 and 7.

FIGS. 6 and 7 are cross-sectional views of a reflective
polarizer and a liquid crystal layer, according to exemplary
embodiments.

First, FIG. 6 illustrates utilization of a negative C plate as
an Rth phase compensation layer 12-2', as opposed to the Rth
phase compensation layer 12-2 shown in FIG. 2. According to
exemplary embodiments, the negative C plate may corre-
spond to an optical anisotropic film having a negative bire-
fringence in its axial direction, i.e., in its thickness direction.
Since the negative C plate may be configured to compensate
for a phase of the Rth direction, there is an advantage in that
the viewing angle is enlarged in the TN mode liquid crystal
display utilized in association with the above-noted experi-
ment, the results of which are shown in FIG. 5.

FIG. 7 illustrates the lower polarizer 12 without the Rth
phase compensation layers 12-2 or 12-2', unlike as shown in
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association with FIGS. 2 and 6. As seen in FIG. 7, the Rth
phase compensation layer 12-2 is not separately added, and
an internal Rth phase compensation layer 12-2" configured to
compensate for the phase of the Rth direction is formed in the
reflective polarizer main body 12-1.

The reflective polarizer main body 12-1 of FIG. 7 will be
described below.

The reflective polarizer main body 12-1 of FIG. 7 includes
three repetitively laminated structures 12-11, in which, for
instance, two layers having different refractive indices are
repetitively formed upon one another. So long as the number
of repetitively laminated structures 12-11 is one or more, it is
sufficient, and the number may be different according to
exemplary embodiments. A buffer layer 12-5 may be dis-
posed between the repetitively laminated structures 12-11
and below the repetitively laminated structures 12-11. The
buffer layer 12-5 may be formed by one of the various layers
included in the repetitively laminated structure 12-11, such as
polymer B having a lower refractive index. The buffer layer
12-5 may be configured to protect or connect the repetitively
laminated structures 12-11.

Meanwhile, the internal Rth phase compensation layer
12-2" is formed above, for instance, the uppermost repeti-
tively laminated structure 12-11; that is, disposed closest to
the liquid crystal layer 3. The internal Rth phase compensa-
tion layer 12-2" may be formed by a TAC, a negative C plate,
or a cyclo olefin polymer (COP).

According to exemplary embodiments, a buffer layer 12-5
may be added between the internal Rth phase compensation
layer 12-2" and the uppermost repetitively laminated struc-
ture 12-11.

An adhesive 12-3 is disposed above the internal Rth phase
compensation layer 12-2" to enable coupling to the lower
insulation substrate 110.

In the lower polarizer 12, the reflective polarizer main body
12-1 includes the Rth phase compensation layer 12-2", the
buffer layer 12-5 is disposed at the lower outer side of three
repetitively laminated structures 12-11, and the Rth phase
compensation layer 12-2" is disposed at the upper outer side.

InFIGS. 6 and 7, a structure between the lower polarizer 12
and the liquid crystal layer 3 is omitted because constituent
elements supplying a phase difference to light are illustrated.
However, it is noted that one or more constituent elements
may be disposed on or among the various illustrated constitu-
ent elements.

According to exemplary embodiments, various additions
and/or alternations may be utilized, such as will be described
with reference to FIGS. §-20.

It is generally noted that associated liquid crystal displays
associated with FIGS. 8-20 have structures similar to the
structure described in association with FIG. 1. Namely, liquid
crystal displays associated with FIGS. 8-20 may include
backlight unit 500, optical sheet 25, lower panel 100, liquid
crystal layer 3, and upper panel 200.

While not illustrated, backlight unit 500 includes a light
source, a light guide plate, and a reflector. Optical sheet 25 is
disposed on backlight unit 500.

The configuration of backlight unit 500 enables light sup-
plied from the light source to pass through the light guide
plate and the reflector, and thereby, to be discharged upward
from the backlight unit 500 and pass through the optical sheet
25 disposed on backlight unit 500. In this manner, the light
may propagate through lower panel 100, liquid crystal layer
3, and upper panel 200.

According to exemplary embodiments, the light source
may be (or otherwise include), for example, a fluorescent
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10
lamp (such as a CCFL), a LED, and/or the like. The light
source may be disposed on a side or a lower surface of the
backlight unit 500.

The optical sheet 25 may include at least one optical sheet
and may include a prism sheet including a prism structure or
a diffusion film, such as a diffuser. In exemplary embodi-
ments, the optical sheet 25 may not include a luminance
improvement film that typically includes two layers having
different refractive indices that are repetitively formed.
Namely, because a lower polarizer 12 may be included that
includes arepetitively laminated structure 12-11 that includes
amultilayer (e.g., two layer) structure having different refrac-
tive indices repetitively formed, improved characteristics in
luminance may be achieved without the use of a luminance
improvement film associated with optical sheet 25.

Lower panel 100, liquid crystal layer 3, and upper panel
200 may be disposed on the backlight unit 500 and the optical
sheet 25.

First, the lower panel 100 will be described.

According to exemplary embodiments, lower panel 100
may include a lower polarizer 12 and a lower insulation
substrate 110. The lower polarizer 12 is coupled to the lower
insulation substrate 110, which may be made of (or include)
transparent glass or plastic.

The lower polarizer 12 may be a reflective polarizer, and
may include at least two repetitively laminated structures
12-11 and 12-12, in which, for example, two layers having
different refractive indices are repetitively formed. Hereinaf-
ter, the repetitively laminated structures will be referred to as
a first repetitively laminated structure 12-11 and a second
repetitively laminated structure 12-12. In the first repetitively
laminated structure 12-11 and the second repetitively lami-
nated structure 12-12, two layers having different refractive
indices may be repetitively formed upon one another, but the
higher refractive index layer in the first repetitively laminated
structure 12-11 and the higher refractive index layer in the
second repetitively laminated structure 12-12 may be config-
ured to provide different phase differences. Alternatively, the
lower refractive index layer in the first repetitively laminated
structure 12-11 and the lower refractive index layer in the
second repetitively laminated structure 12-12 may be config-
ured to provide different phase differences. In this case, the
lower refractive index layer in the first repetitively laminated
structure 12-11 and the lower refractive index layer in the
second repetitively laminated structure 12-12 may provide
the same phase difference, or the higher refractive index layer
in the first repetitively laminated structure 12-11 and the
higher refractive index layer in the second repetitively lami-
nated structure 12-12 may provide the same phase difference.

That 1s, since at least one of the phase differences between
two layers in the first repetitively laminated structure 12-11
and the phase difference between two layers in the second
repetitively laminated structure 12-12 is different, the first
repetitively laminated structure 12-11 and the second repeti-
tively laminated structure 12-12 may have different optical
characteristics.

It is noted that any suitable method may be utilized to
differently form at least one of the phase differences between
two layers in the first repetitively laminated structure 12-11
and the phase differences between two layers in the second
repetitively laminated structure 12-12. That is, the phase dif-
ferences may be different from each other by using different
materials configuring the corresponding layers, or the mate-
rials configuring the corresponding layer are the same as each
other, but the phase differences may be differently provided
according to different thicknesses of the layers. Further, the
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phase differences may be differently set by changing a com-
ponent ratio of the material configuring the corresponding
layers.

As seen in FIG. 8, the higher refractive index layer and the
lower refractive index layer may be formed by the same
polymer—but have different phase differences by differently
forming the thicknesses of the corresponding layers.

FIG. 8 is a cross-sectional view of a reflective polarizer,
according to exemplary embodiments.

As seen in FIG. 8, the lower polarizer 12 is a reflective
polarizer, and includes two first repetitively laminated struc-
tures 12-11, one second repetitively laminated structure
12-12, and a plurality of buffer layers 12-5 disposed therebe-
tween, as well as disposed on the outermost surfaces of the
lower polarizer.

In the first repetitively laminated structure 12-11 and the
second repetitively laminated structure 12-12, two layers hav-
ing different refractive indices may be repetitively formed
upon one another. The first repetitively laminated structure
12-11 and the second repetitively laminated structure 12-12
have different optical characteristics. To this end, phase dif-
ferences of at least one corresponding layer configuring the
first repetitively laminated structure 12-11 and the second
repetitively laminated structure 12-12 may be different from
each other.

That is, the first repetitively laminated structure 12-11 and
the second repetitively laminated structure 12-12 may not be
formed by different materials. In other words, the first repeti-
tively laminated structure 12-11 and the second repetitively
laminated structure 12-12 may be formed using polymer A as
the first refractive index layer and polymer B as the second
refractive index layer. However, as illustrated in FIG. 8, the
second refractive index layer (i.e., polymer B) may be thicker
than the first refractive index layer (i.e., polymer A) in the first
repetitively laminated structure 12-11. In the second repeti-
tively laminated structure 12-12, however, the second refrac-
tive index layer (i.e., polymer B) and the first refractive index
layer (i.e., polymer A) may be formed to the same thickness.
Itis noted, however, that the first refractive index layer and the
second refractive index layer may be different from each
other in only a refractive index with respect to one axial
direction among three axial directions.

As such, since the thickness relationship between the first
refractive index layer and the second refractive index layer is
different, phase retardations occurring as a result of the con-
figuration of the layers are different from each other, and
accordingly, optical characteristics are different from each
other.

It 1s also noted that, as seen in FIG. 8, the number of total
layers included in the first repetitively laminated structure
12-11 and the second repetitively laminated structure 12-12 is
the same, and the total thicknesses are the same as each other.
However, according to exemplary embodiments, the total
number of layers (e.g., 275 layers) may be different from each
other, and the total thicknesses may be different from each
other.

According to exemplary embodiments, two first repeti-
tively laminated structures 12-11 may be disposed at the
lower portion of lower polarizer 12, and one second repeti-
tively laminated structure 12-12 may be disposed at an upper
portion of the lower polarizer 12. Here, the first repetitively
laminated structure 12-11 has a reflective polarization char-
acteristic. That is, a partial polarization of light supplied from
the backlight unit 500 may be reflected, and the rest of the
light may be transmitted. The second repetitively laminated
structure 12-12, however, may include a reflective polariza-
tion characteristic, but may include a compensation film char-
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acteristic. That is, light passing through the two first repeti-
tively laminated structures 12-11 at the lower portion of lower
polarizer 12 may be light of a predetermined polarization
component. When the light is incident on the second repeti-
tively laminated structure 12-12, since the light meets with a
multilayered structure having a different refractive index than
the first repetitively laminated structure 12-11, an additional
phase retardation may result and have the same effect as the
compensation film. Therefore, the first repetitively laminated
structure 12-11 may be formed with one layer, but may be
formed with two or more layers in order to improve the
reflective polarization characteristics. Further, the first repeti-
tively laminated structure 12-11 may be continuously formed
at a side where the light from the backlight unit 500 is made
incident. Since the light incident to the second repetitively
laminated structure 12-12 may serve to provide an additional
phase difference (phase retardation) as compared with the
reflective polarization, one second repetitively laminated
structure 12-12 may be formed and disposed closer to the
liquid crystal layer 3 than the first repetitively laminated
structures 12-11. According to exemplary embodiments, in
order to provide sufficient phase retardation, two or more
second repetitively laminated structures 12-12 may be
formed at the upper portion of the lower polarizer 12.

According to exemplary embodiments, a plurality of buffer
layers 12-5 may be respectively disposed between adjacent
repetitively laminated structures 12-11 and/or 12-12, as well
as disposed on the outermost surfaces of the outermost repeti-
tively laminated structures 12-11 and 12-12. The plurality of
buffer layers 12-5 may be formed from one layer (e.g., poly-
mer B having the lower refractive index) among the various
layers included in the repetitively laminated structures 12-11
and 12-12. Each buffer layer 12-5 may be configured to
protect or connect the repetitively laminated structures 12-11
and 12-12.

Referring back to FIG. 1, the lower polarizer 12 is coupled
to the outer side of the lower insulation substrate 110, and
may include an adhesive 12-3 for attachment.

Although not illustrated, a thin film transistor and a pixel
electrode may be disposed on an inner side of the lower
insulation substrate 110. The thin film transistor and the pixel
electrode may be formed in any one of various structures. An
alignment layer (not shown) may be formed on the pixel
electrode.

Hereinafter, the upper panel 200 will be described.

According to exemplary embodiments, the upper polarizer
22 may be disposed on an upper insulation substrate 210
made of, for instance, transparent glass or plastic.

The upper polarizer 22 may include a structure as illus-
trated in FIG. 4 and may be an absorptive polarizer. That is,
the upper polarizer 22, which is an absorptive polarizer, may
include a TAC layer 22-2 disposed on the upper surface of a
PVA layer 22-1, and a biaxial compensation layer 22-3 may
be disposed positioned on the lower surface of the PVA layer
22-1. The biaxial compensation layer 22-3 is configured to
provide phase retardation to improve display quality.

According to exemplary embodiments, the upper polarizer
22 may be coupled to an outer side of the upper insulation
substrate 210. An outer surface of the TAC layer 22-2 of the
upper polarizer 22 may be subjected to one or more surface
treatments, such as one or more anti-glare or anti-reflection
treatments.

While not illustrated, a light blocking member, a color
filter, and acommon electrode may be disposed on (or formed
inside) the upper insulation substrate 210. According to
exemplary embodiments, at least one of the light blocking
member, the color filter, and the common electrode may be
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formed inside the lower insulation substrate 110. An align-
ment layer (not shown) may be disposed below the common
electrode.

A liquid crystal layer 3 may be disposed between the upper
panel 200 and the lower panel 100.

The liquid crystal layer 3 may have negative dielectric
anisotropy and may include liquid crystal molecules that, in a
vertically aligned mode, have long axes vertical to the sur-
faces of panels 100 and 200 when an electric field is not
applied, and which are aligned in a vertical direction to the
electric field when the electric field is applied by the pixel
electrode and the common electrode. Additionally or alterna-
tively, the liquid crystal molecules may be of an in-plane
switching (IPS) type and/or of a plane to line switching (PLS)
type that have their long axes horizontal to the surfaces of
panels 100 and 200 when an electric field is not applied to the
liquid crystal layer 3, and that rotate in a horizontal surface
according to a horizontal electric field applied by the pixel
electrode and the common electrode.

As such, a liquid crystal display according to exemplary
embodiments may include alower polarizer 12 that is formed
as areflective polarizer and at least two repetitively laminated
structures having different optical characteristics in the lower
polarizer 12. As a result, an interference colors typically
caused at a side of a display panel that are generated when
only the repetitively laminated structures having the same
optical characteristic are used in the lower polarizer 12 may
be avoided.

The above-noted interference colors and avoidance thereof
is described in more detail in association with FIGS. 9-12.

FIGS. 9-12 are diagrams of display characteristics of a
liquid crystal display, according to exemplary embodiments.

FIG. 9 provides display characteristics associated with a
liquid crystal display utilizing a CCFL as a light source,
which are illustrated in the first row, and display characteris-
tics associated with a liquid crystal display utilizing a LED as
the light source, which are illustrated in the second row.
Further, Comparative Examples in which only the repeti-
tively laminated structures having the same optical character-
istic are used in the lower polarizer 12 are illustrated in a left
column, and the Examples in which at least two repetitively
laminated structures having different optical characteristics
are used according to exemplary embodiments are illustrated
in a right column. It is noted that the liquid crystal display
associated with the right column results was configured as
described in association with FIG. 8.

In the case of using the CCFL as the light source, it was
verified that a lot of interference colors were generated as
compared with the case of using the LED as the light source.
It was also verified that when at least two repetitively lami-
nated structures having different optical characteristics are
used in the lower polarizer 12, the interference colors were
prevented.

In FIGS. 10 and 11, in the case of the Comparative
Examples and the Examples according to exemplary embodi-
ments associated with FIG. 8, front white luminance (front
Lw), a front CR, side white luminance (side Lw), and a side
CR are compared with each other, and FIG. 10 illustrates the
case of using the LED as the light source, and FIG. 11 illus-
trates the case of using the CCFL as the light source.

As can be seen in comparing FIGS. 10 and 11, the liquid
crystal displays according to exemplary embodiments asso-
ciated with F1G. 8, the side or front CR was slightly decreased
as compared with the Comparative Examples, but the
decrease was not substantial enough to cause a noticeable
problem for users. Accordingly, when at least two repetitively
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laminated structures having different optical characteristics
were used in the lower polarizer 12, display quality was not
deteriorated.

In FIG. 12, unlike the exemplary embodiments associated
with FIG. 8 (i.e., the left drawing associated with the Com-
parative Example) and FIG. 8, a characteristic according to
viewing angles of the exemplary embodiments associated
with FIG. 8 (i.e., the right drawing) in which all of the three
repetitively laminated structures of the lower polarizer 12 are
formed as the repetitively laminated structure 12-12 is illus-
trated. Inthis case, the light source used the CCFL. The CCFL
was chosen for demonstration because it typically is associ-
ated with large interference color problems.

As illustrated in FIG. 12, the display characteristics of the
two cases are almost similar to each other, but in the right
drawing, portions where the interference colors are clearly
shown exist at 90 degrees and 270 degrees. It was verified that
when three second repetitively laminated structures 12-12
were formed, a portion that supplied the phase difference did
not exist like the compensation film, and as a result, it was
difficult to reduce the interference colors. Further, it was
verified that the portion that supplied the phase difference was
a layer that was closest to the liquid crystal layer 3.

Hereinafter, interference colors according to thicknesses
(or component ratios) of the first refractive index layer and the
second refractive index layer will be described with reference
to FIGS. 13 and 14.

FIGS. 13 and 14 are diagrams of display characteristics of
a liquid crystal display, according to exemplary embodi-
ments.

FIG. 13 illustrates a case of using a CCFL as a light source.
The drawing positioned at the leftmost side of the first row
illustrates a Comparative Example in which three first repeti-
tively laminated structures 12-11 are disposed in the lower
polarizer 12, and the first repetitively laminated structure
12-11 is a case where a thickness ratio (or component ratio)
between the first refractive index layer and the second refrac-
tiveindex layeris 65:101. Even in other Examples of FIG. 13,
the thickness ratio (or component ratio) of the first repeti-
tively laminated structure 12-11 is the same as above.

The other drawings of FIG. 13 are drawings in which the
second repetitively laminated structure 12-12 is included as
associated with the exemplary embodiments of FIG. 8, and
the display characteristics are described while changing the
thickness ratio (or component ratio) between the first refrac-
tive index layer and the second refractive index layer.

The drawing of the second column of the first row illus-
trates that the thickness ratio (or component ratio) between
the first refractive index layer and the second refractive index
layer in the second repetitively laminated structure 12-12 is
70:96, the drawing of the third column of the first row illus-
trates that the thickness ratio (or component ratio) between
the first refractive index layer and the second refractive index
layer in the second repetitively laminated structure 12-12 is
83:83, and the drawing of the fourth column of the first row
illustrates that the thickness ratio (or component ratio)
between the first refractive index layer and the second refrac-
tive index layer in the second repetitively laminated structure
12-12is 90:76. The drawing of the first column of the second
row illustrates that the thickness ratio (or component ratio)
between the first refractive index layer and the second refrac-
tive index layer in the second repetitively laminated structure
12-12 is 100:66, the drawing of the second column of the
second row illustrates that the thickness ratio (or component
ratio) between the first refractive index layer and the second
refractive index layer in the second repetitively laminated
structure 12-12 is 110:56, the drawing of the third column of
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the second row illustrates that the thickness ratio (or compo-
nent ratio) between the first refractive index layer and the
second refractive index layer in the second repetitively lami-
nated structure 12-12 is 120:46, and the drawing of the fourth
column of the second row illustrates that the thickness ratio
(or component ratio) between the first refractive index layer
and the second refractive index layer in the second repeti-
tively laminated structure 12-12 is 150:16.

As illustrated in FIG. 13, it was verified that all the inter-
ference colors were improved in other drawings as compared
with the Comparative Example disposed at the first column of
the first row. Since a value of the thickness (or component
ratio) of the first refractive index layer divided by the thick-
ness (or component ratio) of the second refractive index layer
is 0.64335, a value of the thickness (or component ratio) of the
first refractive index layer divided by the thickness (or com-
ponent ratio) of the second refractive index layer (hereinafter,
simply referred to as a thickness ratio or component ratio) in
the second repetitively laminated structure 12-12 is 0.644 or
more, and in some exemplary embodiments, may be more
than 1. In the case of the fourth column of the second row in
FIG. 13, the value may be more than 9.375.

In FIG. 13, the case of the most improved interference
color is the case of the third column and the fourth column of
the first row, and in this case, the range of the thickness ratio
or the component ratio may be 1 to 1.184.

Hereinafter, a case where the light source is an LED will be
described with reference to FIG. 14.

The drawing positioned at the leftmost side of the first row
illustrates the Comparative Example in which three first
repetitively laminated structures 12-11 are positioned in the
lower polarizer 12, and the first repetitively laminated struc-
ture 12-11 is a case where a thickness ratio (or component
ratio) between the first refractive index layer and the second
refractive index layeris 65:101. In the other Examples of FIG.
14, the thickness ratio (or component ratio) of the first repeti-
tively laminated structure 12-11 is the same as above.

The other drawings of FIG. 14 are drawings in which the
second repetitively laminated structure 12-12 is included as
associated with the exemplary embodiments of FIG. 8, and
the display characteristics are described while changing the
thickness ratio (or component ratio) between the first refrac-
tive index layer and the second refractive index layer.

The drawing of the second column of the first row illus-
trates that the thickness ratio (or component ratio) between
the first refractive index layer and the second refractive index
layer in the second repetitively laminated structure 12-12 is
70:96, the drawing of the third column of the first row illus-
trates that the thickness ratio (or component ratio) between
the first refractive index layer and the second refractive index
layer in the second repetitively laminated structure 12-12 is
83:83, and the drawing of the fourth column of the first row
illustrates that the thickness ratio (or component ratio)
between the first refractive index layer and the second refrac-
tive index layer in the second repetitively laminated structure
12-12is 90:76. The drawing of the first column of the second
row illustrates that the thickness ratio (or component ratio)
between the first refractive index layer and the second refrac-
tive index layer in the second repetitively laminated structure
12-12 is 100:66, the drawing of the second column of the
second row illustrates that the thickness ratio (or component
ratio) between the first refractive index layer and the second
refractive index layer in the second repetitively laminated
structure 12-12 is 110:56, the drawing of the third column of
the second row illustrates that the thickness ratio (or compo-
nent ratio) between the first refractive index layer and the
second refractive index layer in the second repetitively lami-
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nated structure 12-12 is 120:46, and the drawing of the fourth
column of the second row illustrates that the thickness ratio
(or component ratio) between the first refractive index layer
and the second refractive index layer in the second repeti-
tively laminated structure 12-12 is 150:16.

As illustrated in FIG. 14, it was verified that all the inter-
ference colors were improved in the other drawings as com-
pared with the Comparative Example disposed at the first
column of the first row. Since a value of the thickness (or
component ratio) of the first refractive index layer divided by
the thickness (or component ratio) of the second refractive
index layer is 0.6435, a value of the thickness (or component
ratio) of the first refractive index layer divided by the thick-
ness (or component ratio) of the second refractive index layer
(hereinafter, simply referred to as a thickness ratio or com-
ponent ratio) in the second repetitively laminated structure
12-1215 0.644 or more, and in some exemplary embodiments,
may be more than 1. In the case of the fourth column of the
second row in FIG. 14, the value may be more than 9.375.

InFIG. 14, the most improved interference color is the case
of the third column and the fourth column of the first row, and
in this case, the range of the thickness ratio or the component
ratio may be 1 to 1.184.

Referring to FIGS. 13 and 14, in the first repetitively lami-
nated structure 12-11 and the second repetitively laminated
structure 12-12, the thicknesses of the first refractive index
layer and the second refractive index layer may be reversed.
That is, in the Comparative Examples of FIGS. 13 and 14, the
thickness of the second refractive index layer is increased in
the first repetitively laminated structure 12-11, but in the other
Examples, the thickness of the second refractive index layer is
decreased in the second repetitively laminated structure
12-12.

InFIGS. 13 and 14, in a state where the combined thickness
of the first refractive index layer and the second refractive
index layer is set to be constant, an experiment was performed
while changing the thickness ratio/component ratio. How-
ever, the combined thickness of the first refractive index layer
and the second refractive index layer may be different in the
first repetitively laminated structure 12-11 and the second
repetitively laminated structure 12-12, and the entire thick-
ness of the first repetitively laminated structures 12-11 may
be different from the entire thickness of the second repeti-
tively laminated structures 12-12.

FIG. 15 is a diagram of a manufacturing method of the
reflective polarizer of FIG. 8, according to exemplary
embodiments.

First, two first repetitively laminated structures 12-11
where the first refractive index layer and the second refractive
index layer are repetitively laminated and the buffer layer
12-5 disposed between and outside the first repetitively lami-
nated structures 12-11 are sequentially laminated according
to a thickness ratio (or component ratio) of the first repeti-
tively laminated structures 12-11, as can be seen in FIG. 15A.

Further, as illustrated at the top of FIG. 15A, the second
repetitively laminated structure 12-12 where the first refrac-
tive index layer and the second refractive index layer are
repetitively laminated and the buffer layer 12-5 is disposed at
one side of the second repetitively laminated structure are
sequentially laminated according to a thickness ratio (or com-
ponent ratio) of the second repetitively laminated structures
12-12.

Thereafter, as illustrated in FIG. 15B, the portion including
the second repetitively laminated structure 12-12 is laminated
at the upper side of the portion including the first repetitively
laminated structure 12-11.
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Thereafter, as illustrated in FIG. 15C, the lower polarizer
12 is completed by stretching the structure in one direction.

While the stretching method has been described, itis noted
that exemplary embodiments are not so limited and any other
suitable method to elongate the resultant structure may be
utilized, which may include forming the resultant structure in
the desired dimensions.

It is noted that the exemplary embodiments may be modi-
fied in various manners, some of which will be described in
association with FIGS. 16 and 17.

FIG. 16 is a cross-sectional view of a reflective polarizer,
according to exemplary embodiments.

As seen in FIG. 16, only one first repetitively laminated
structure 12-11 is used unlike as illustrated in FIG. 8. As a
result, the number of buffer layers 12-5 is reduced as com-
pared with the illustration of FIG. 8.

Although only one first repetitively laminated structure
12-11 is used, the exemplary embodiment of FIG. 16 may be
applied to a liquid crystal display, which may be used in the
case where a reflective polarization characteristic is good, or
may be used in the case where the reflective polarization
characteristic is bad.

According to exemplary embodiments, the number of total
layers in the first repetitively laminated structure 12-11 of
FIG. 16 may be different form the number of total layers of
the first repetitively laminated structure 12-11 as illustrated in
FIG. 8. In exemplary embodiments, more layers may be
included in the exemplary embodiments of FIG. 16.

FIG. 17 is a cross-sectional view ofa liquid crystal display,
according to exemplary embodiments. FIG. 18 is adiagram of
display characteristics of the liquid crystal display of F1G. 17,
according to exemplary embodiments.

According to exemplary embodiments, the lower polarizer
12 may be similarly configured as described in FIG. 8.

However, according to exemplary embodiments, the upper
polarizer 22 may be modified, and will be described with
reference to FI1G. 17.

In general, the liquid crystal display of FIG. 17 is similar to
as the liquid crystal display described in association with FIG.
1. However, in FIG. 17, the liquid crystal layer 3 and the upper
and lower polarizers 22' and 12' are illustrated.

The liquid crystal display includes backlight unit 500, opti-
cal sheet 25, lower panel 100, liquid crystal layer 3, and upper
panel 200.

While not illustrated, the backlight unit 500 includes a light
source, alight guide plate, and a reflector. The optical sheet 25
is disposed on the backlight unit 500.

The configuration of backlight unit 500 enables light sup-
plied from the light source to pass through the light guide
plate and the reflector, and thereby, to be discharged upward
from the backlight unit 500 and pass through the optical sheet
25 disposed on the backlight unit 500. In this manner, the light
may propagate through lower panel 100, liquid crystal layer
3, and upper panel 200.

According to exemplary embodiments, the light source
may be (or otherwise include), for example, a fluorescent
lamp (such as a CCFL), a LED, and/or the like. The light
source may be disposed on a side or a lower surface of the
backlight unit 500.

The optical sheet 25 may include at least one optical sheet
and may include a prism sheet including a prism structure or
a diffusion film, such as a diffuser. In exemplary embodi-
ments, the optical sheet 25 may not include a luminance
improvement film that typically includes two layers having
different refractive indices that are repetitively formed.
Namely, because a lower polarizer 12 may be utilized that
includes a repetitively laminated structure 12-11 that includes
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amultilayer (e.g., two layer) structure having different refrac-
tive indices repetitively formed, improved characteristics in
luminance may be achieved without the use of a luminance
improvement film associated with optical sheet 25.

Lower panel 100, liquid crystal layer 3, and upper panel
200 are disposed on the backlight unit 500 and optical sheet
25.

First, the lower panel 100 will be described.

A lower polarizer 12' is coupled below a lower insulation
substrate 110, which may be made of transparent glass or
plastic.

The lower polarizer 12' may be a reflective polarizer, and
may include only the first repetitively laminated structure
12-11 unlike exemplary embodiments described in associa-
tion with FIG. 8. While not illustrated, the lower polarizer 12'
may also include a buffer layer 12-5 according to exemplary
embodiments. The lower polarizer 12' may also include a
plurality of first repetitively laminated structures 12-11.

The buffer layer 12-5 may be configured to protect or
connect the first repetitively laminated structures 12-11.

The lower polarizer 12' is coupled to the outer side of the
lower insulation substrate 110, and includes an adhesive (not
illustrated) for attachment.

Although not illustrated, a thin film transistor and a pixel
electrode may be disposed on an inner side of the lower
insulation substrate 110. The thin film transistor and the pixel
electrode may be formed in any one of various structures. An
alignment layer (not shown) may be disposed on the pixel
electrode.

Hereinafter, the upper panel 200 will be described.

An upper polarizer 22' is disposed on an upper insulation
substrate 210 made of transparent glass or plastic.

The upper polarizer 22" includes a C plate 22-4 unlike FIG.
7, as an absorptive polarizer.

That is, referring to FIG. 17, in the upper polarizer 22,
which is an absorptive polarizer, a TAC layer 22-2 is disposed
ontheupper surface of a PVA layer 22-1, and the C plate 22-4,
which is a monoaxial compensation layer, and a biaxial com-
pensation layer 22-3 are disposed on the lower surface of the
PVA layer 22-1. The C plate 22-4 and the biaxial compensa-
tion layer 22-3 may be configured to provide a phase retarda-
tion to improve display quality. According to exemplary
embodiments, one of the C plate 22-4 and the biaxial com-
pensation layer 22-3 may be omitted.

The upper polarizer 22' is coupled to an outer side of the
upper insulation substrate 210. An outer surface of the TAC
layer 22-2 ofthe upper polarizer 22' may be subjected to one
or more surface treatments, such as one or more anti-glare or
anti-reflection treatments.

While not illustrated, a light blocking member, a color
filter, and a common electrode may be disposed on or inside
the upper insulation substrate 210. According to exemplary
embodiments, at least one of the light blocking member, the
color filter, and the common electrode may be formed inside
the lower insulation substrate 110. An alignment layer (not
shown) may be disposed below the common electrode.

A liquid crystal layer 3 may be disposed between the upper
panel 200 and the lower panel 100.

The liquid crystal layer 3 may have negative dielectric
anisotropy and may include liquid crystal molecules of a VA
type that have long axes that are vertical to the surfaces of
panels 100 and 200 when an electric field is not applied to
liquid crystal layer 3, and that are aligned in a vertical direc-
tion to the electric field when the electric field is applied by
the pixel electrode and the common electrode. Additionally or
alternatively, the liquid crystal molecules may be of an IPS
type and/or a PLS type that have long axes that are horizontal
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to the surfaces of panels 100 and 200 when an electric field is
not applied, and that rotate in a horizontal surface according
to a horizontal electric field forming via the pixel electrode
and the common electrode.

As such, in the liquid crystal display, the C plate 22-4 is
added to the upper polarizer 22' and only the first repetitively
laminated structure 12-11 is included in the lower polarizer
12'unlike as described in association with FIG. 8. As a result,
a problem that interference colors are generated is removed
by the added C plate 22-4 of the upper polarizer 22'.

Tllustrative display characteristics of the liquid crystal dis-
play described in association with FIG. 17 are described in
association with FIG. 18.

In FIG. 18, a case of using a CCFL as a light source is
illustrated, and the left drawing is a Comparative Example, in
which the C plate 22-4 is not added to the upper polarizer and
the lower polarizer includes only the first repetitively lami-
nated structure. The right drawing is associated with the lig-
uid crystal display configured as described in association with
the exemplary embodiments of FIG. 17.

As illustrated in FIG. 18, the interference colors may be
reduced in the case of using the liquid crystal display config-
ured in association with the exemplary embodiments of FIG.
17. The results associated with the right drawing are the
results of a characteristic of the first refractive index layer of
the first repetitively laminated structure used in exemplary
embodiments includes a characteristic of an A plate, and as a
result, the characteristics compensate for each other when the
C plate is added to the upper polarizer, as described in asso-
ciation with FIG. 17.

As described above, in the case of FIGS. 8-18, exemplary
embodiments in which the interference colors generated
when the repetitively laminated structures are included in the
lower polarizer in the liquid crystal of the VA mode or the IPS
and PLS mode are reduced were described.

While certain exemplary embodiments and implementa-
tions have been described herein, other embodiments and
modifications will be apparent from this description. Accord-
ingly, the invention is not limited to such embodiments, but
rather to the broader scope of the presented claims and vari-
ous obvious modifications and equivalent arrangements.

What is claimed is:
1. A polarizer, comprising:
at least one first repetitively laminated structure compris-
ing two layers of different refractive indices repetitively
disposed on one another; and
a second repetitively laminated structure comprising two
layers of different refractive indices repetitively dis-
posed on one another,
wherein one of the at least one first repetitively laminated
structures is configured as a light incident surface of the
polarizer and the second repetitively laminated structure
is configured as a light dispersion surface of the polar-
izer, and
wherein a thickness ratio of the two layers of the at least one
first repetitively laminated structure differs from a thick-
ness ratio of the two layers of the second repetitively
laminated structure.
2. The polarizer of claim 1, wherein:
the different thickness ratios of the at least one first repeti-
tively laminated structure and the second repetitively
laminated structure are determined based on:
materials configuring a first refractive index layer and a
second refractive index layer of each of the at least one
first repetitively laminated structure and the second
repetitively laminated structure, or
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a thickness ratio between the first refractive index layer
and the second refractive index layer.
3. The polarizer of claim 1, wherein:
athickness ratio between the first refractive index layer and
the second refractive index layer in association with the

second repetitively laminated structure is larger than a

thickness ratio between the first refractive index layer

and the second refractive index layer in association with
the at least one first repetitively laminated structure.

4. The polarizer of claim 3, wherein:

the thickness ratio between the first refractive index layer
and the second refractive index layer in association with
the second repetitively laminated structure is greater

than 0.644 and less than 10.

5. The polarizer of claim 1, further comprising:
a plurality of buffer layers,
wherein:

the polarizer comprises two first repetitively laminated
structures and one second repetitively laminated
structure,

a first one of the two first repetitively laminated struc-
tures is disposed on a first one of the plurality of buffer
layers,

a second one of'the plurality of buffer layers is disposed
between at least one of the two first repetitively lami-
nated structures and the second repetitively laminated
structure, and

athird one of the plurality of buffer layers is disposed on
the second repetitively laminated structure.

6. A liquid crystal display, comprising:
an upper panel comprising:

an upper polarizer configured as an absorptive polarizer,
and

an upper insulation substrate;

a lower panel comprising:
a lower polarizer, and
a lower insulation substrate;
aliquid crystal layer disposed between the upper panel and
the lower panel; and
a backlight providing unit configured to supply light,
wherein the lower panel is disposed on the backlight pro-
viding unit,
wherein the lower polarizer comprises:

at least one first repetitively laminated structure com-
prising two layers of different refractive indices
repetitively disposed on one other, and

a second repetitively laminated structure comprising
two layers of different refractive indices repetitively
disposed upon one another,

wherein the second repetitively laminated structure is dis-
posed closer to the liquid crystal layer than the at least
one first repetitively laminated structure, and

whereina thickness ratio of the two layers of the at least one
first repetitively laminated structure differs from a thick-
ness ratio of the two layers of the second repetitively
laminated structure.

7. The liquid crystal display of claim 6, wherein:

the different thickness ratios of the at least one first repeti-
tively laminated structure and the second repetitively
laminated structure are determined based on:

materials configuring a first refractive index layer and a
second refractive index layer of each of the at least one
fist repetitively laminated structure and the second
repetitively laminated structure, or

a thickness ratio between the first refractive index layer
and the second refractive index layer.
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8. The liquid crystal display of claim 6, wherein:

athickness ratio between the first refractive index layer and
the second refractive index layer in association with the
second repetitively laminated structure is larger than a
thickness ratio between the first refractive index layer
and the second refractive index layer in association with
the at least one first repetitively laminated structure.

9. The liquid crystal display of claim 6, wherein:

the thickness ratio between the first refractive index layer
and the second refractive index layer in association with
the second repetitively laminated structure is greater
than 0.644 and less than 10.

10. The liquid crystal display of claim 6, wherein:

the lower polarizer further comprises a plurality of buffer
layers;

the lower polarizer comprises two first repetitively lami-
nated structures and one second repetitively laminated
structure;

10

15

22

a first one of the two first repetitively laminated structures
is disposed on a first one of the plurality of buffer layers;

a second one of the plurality of buffer layers is disposed
between at least one of the two first repetitively lami-
nated structures and the second repetitively laminated
structure;

a third one of the plurality of buffer layers is disposed on
the second repetitively laminated structure.

11. The liquid crystal display of claim 6, wherein:

the liquid crystal layer comprises liquid crystal molecules
vertically aligned when an electric field is not applied
and horizontally aligned when a vertical electric field is
imposed on the liquid crystal layer; or

the liquid crystal layer comprises liquid crystal molecules
horizontally aligned when an electric field is not applied
and rotate in a horizontal surface when a horizontal
electric field is imposed on the liquid crystal layer.
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