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(57) ABSTRACT

The viewing angle of a Liquid Crystal Display (LCD) appa-
ratus is expanded by means of a sampled light redirecting
layer, In one embodiment, the sampled light redirecting layer
is formed as a compensation layer disposed between a top
polarizing plate and the rest of a liquid crystal display panel
having a first substrate, a second substrate, and aliquid crystal
layer interposed therebetween. The compensation layer
includes at least two optical path changing patterns disposed
in interleaved manner. The two optical path changing patterns
have different refractive indexes. As a result of the different
refractive indices and shapes of the at least two different
optical path changing patterns some of the light rays sampled
out of the output of the rest of aliquid crystal display panel are
directedina first direction by means of reflection or refraction
and some are directed in a different second direction, thereby
improving a side visibility of the display apparatus.
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LIQUID CRYSTAL DISPLAY APPARATUS
AND METHOD OF MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application relies for priority upon Korean
Patent Application No. 10-2010-093412 filed on Sep. 27,
2010, the contents of which are herein incorporated by refer-
ence in its entirety.

BACKGROUND
[0002] 1. Field of Disclosure
[0003] The present disclosure of invention relates to a dis-

play apparatus and a method of manufacturing the display
apparatus. More particularly, the present invention relates to
aliquid crystal display apparatus capable of improving image
visibility and a method of manufacturing the liquid crystal
display apparatus.

[0004] 2. Description of Related Technology

[0005] In general, a liquid crystal display (LCD) includes
an array substrate, an opposite substrate facing the array
substrate, and a liquid crystal layer disposed between the
array substrate and the opposite substrate. The array substrate
is provided with a pixel electrode, and the opposite substrate
is provided with a common electrode facing the pixel elec-
trode. Liquid crystal molecules included in the liquid crystal
layer are aligned in a direction decided by an electric field
generated between the pixel electrode and the common elec-
trode, and a transmittance of a light depends upon the align-
ment directions of the liquid crystal molecules. A to-be per-
ceived image may be formed by controlling light
transmittance of various pixels.

[0006] However, since the liquid crystal molecules have
anisotropic refractive index, the visibility of the to-be per-
ceived image may be changed according to a viewing angle of
the viewer. That is, the visibility when the user watches/views
the display panel at a side portion of the display panel may be
significantly worse than the visibility when the user watches
the display panel from a frontal head-on position relative to
the display panel. Thus, when compared to a cathode ray tube
display apparatus, the liquid crystal display has a defect of a
narrow acceptable viewing angle due to light ray directivity
characteristics of the conventional LCD device.

[0007] It is to be understood that this background of the
technology section is intended to provide useful background
for understanding the here disclosed technology and as such,
the technology background section may include ideas, con-
cepts or recognitions that were not part of what was known or
appreciated by those skilled in the pertinent art prior to cor-
responding invention dates of subject matter disclosed herein.

SUMMARY

[0008] Exemplary embodiments in accordance with the
present disclosure provide a liquid crystal display apparatus
having a wider viewing angle and improved visibility com-
pared to conventional LCD devices.

[0009] Exemplary teachings of the present disclosure also
provide a method of manufacturing the liquid crystal display
apparatus.

[0010] More specifically, the viewing angle of a Liquid
Crystal Display (LCD) apparatus is expanded by means of a
sampled light redirecting layer, In one embodiment, the
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sampled light redirecting layer is formed as a compensation
layer disposed between a top polarizing plate and the rest of a
liquid crystal display panel having a first substrate, a second
substrate, and a liquid crystal layer interposed therebetween.
The compensation layer includes at least two different optical
path changing patterns disposed in interleaved manner. The at
least two optical path changing patterns have different refrac-
tive indexes. As a result of the different refractive indices and
shapes of interface surfaces where the at least two different
optical path changing patterns contact one another, some of
the light rays sampled out of the output of the rest of a liquid
crystal display panel are directed in a first direction by means
of reflection or refraction and some are directed in a different
second direction by means of reflection or refraction, thereby
improving a side visibility of the display apparatus.

[0011] Yet more specifically, in one embodiment, a liquid
crystal display apparatus includes a first substrate, a second
substrate, and a liquid crystal layer. The first substrate
includes a first base substrate and a plurality of pixel units
arranged on the first base substrate. The second substrate
includes a second base substrate facing the first base substrate
and the compensation layer is arranged on one surface of the
second base substrate. The compensation layer includes two
interleaved (interdigitated) optical path changing patterns
that function to change the output directions of incident light
rays, where the two optical path changing patterns have dif-
ferent indexes and are alternately arranged in a direction
substantially in parallel to the one surface. The liquid crystal
layer is disposed between the first substrate and the second
substrate.

[0012] A method of manufacturing a liquid crystal display
apparatus is provided as follows. A first substrate including a
first base substrate and a plurality of pixels arranged on the
first base substrate is formed. A second substrate including a
second base substrate facing the first base substrate and a
compensation layer arranged on one surface of the second
base substrate to change a path of an incident light is formed.
A liquid crystal layer is disposed between the first and second
substrates. A first layer having a first refractive index is
formed on the one surface of the second base substrate. The
first layer is patterned to form a plurality of first optical path
changing patterns arranged substantially in parallel to the first
base substrate. A second layer having a second refractive
index different from the first refractive index is formed on the
second base substrate on which the first optical path changing
patterns are formed. The second layer is patterned to form a
plurality of second optical path changing patterns each
arranged between two first optical path changing patterns
adjacent to each other.

[0013] Other aspects of the present teachings will become
apparent from the below detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above and other advantages of the present dis-
closure of invention will become readily apparent by refer-
ence to the following detailed description when considered in
conjunction with the accompanying drawings wherein:
[0015] FIG. 1 is a cross-sectional view showing a display
apparatus according to an exemplary embodiment;

[0016] FIG. 2isa cross-sectional view showing a compen-
sation layer of FIG. 1;

[0017] FIGS. 3 to 5 are cross-sectional views showing com-
pensation layers according to respective other exemplary
embodiments;
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[0018] FIG. 6 is a perspective view showing a first polariz-
ing plate, a compensation layer, and a second polarizing plate
of F1IG. 1,

[0019] FIG. 7 is a perspective view showing a first polariz-
ing plate, a compensation layer, and a second polarizing plate
according to another exemplary embodiment;

[0020] FIG. 8A isa graph showing abrightness of each gray
scale level according to upper and lower viewing angles of a
normal TN display;

[0021] FIG. 8B isagraph showing a brightness of each gray
scale level according to left and right viewing angles of a
normal TN display;

[0022] FIG.9A is a graph showing abrightness of each gray
scale level according to upper and lower viewing angles of a
display apparatus having a compensation layer of FI1G. 6;
[0023] FIG.9B isagraph showing a brightness of each gray
scale level according to left and right viewing angles of a
display apparatus having a compensation layer of F1G. 6;
[0024] FIG. 10A is a graph showing a brightness of each
gray scale level according to upper and lower viewing angles
of a display apparatus having a compensation layer of FIG. 7,
[0025] FIG. 10B is a graph showing a brightness of each
gray scale level according to left and right viewing angles of
a display apparatus having a compensation layer of FIG. 7,
[0026] FIG. 11A is a graph showing a transmittance
according to a thickness of a second optical path changing
pattern in a white gray scale when the second optical path
changing pattern is extended in a direction that is substan-
tially in parallel to an x-axis of FIG. 6;

[0027] FIG.11Bisa graph showing a transmittance accord-
ing to a thickness of a second optical path changing pattern in
a black gray scale when the second optical path changing
pattern is extended in a direction that is substantially in par-
allel to an x-axis of FIG. 6;

[0028] FIG. 12A is a graph showing a transmittance
according to a thickness of a second optical path changing
pattern in a white gray scale when the second optical path
changing pattern is extended while being inclined by about
135° with respect to an x-axis of FIG. 7,

[0029] FIG.12Bisa graph showing a transmittance accord-
ing to a thickness of a second optical path changing pattern in
a black gray scale when the second optical path changing
pattern is extended while being inclined by about 135° with
respect to an x-axis of FIG. 7,

[0030] FIG. 13A is a graph showing a contrast ratio of a
display apparatus in the case that a second optical path chang-
ing pattern is extended in a direction that is substantially in
parallel to an x-axis of FIG. 6;

[0031] FIG. 13B is a graph showing a contrast ratio of a
display apparatus in the case that a second optical path chang-
ing pattern is extended in a direction that is inclined by about
135° with respect to an x-axis of FIG. 7,

[0032] FIGS. 14A to 14E are cross-sectional views show-
ing a manufacturing method of a compensation layer accord-
ing to an exemplary embodiment in accordance with the
disclosure; and

[0033] FIGS. 15A to 15H are cross-sectional views show-
ing a manufacturing method of a compensation layer accord-
ing to another exemplary embodiment.

DETAILED DESCRIPTION

[0034] It will be understood that when an element or layer
is referred to as being “on”, “connected to” or “coupled to”

another element or layer, it can be directly on, connected or
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coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element 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. Like numbers 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.

[0035] It will be understood that, 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 distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element, com-
ponent, 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 disclo-
sure.

[0036] Spatially relative terms, such as “beneath”,
“below”, “lower”, “above”, “upper” and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different ori-
entations of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures 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. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0037] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms, “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “includes” and/or
“including”, when used in this specification, specify the pres-
ence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

[0038] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which the present disclosure most closely pertains. It will be
further understood that terms, such as those defined in com-
monly used dictionaries, should be interpreted as having a
meaning that is consistent with their meaning in the context of
the relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
[0039] Hereinafter, the present disclosure of invention will
be explained in detail with reference to the accompanying
drawings.

[0040] FIG. 1 is a cross-sectional view showing a display
apparatus according to a first exemplary embodiment in
accordance with the disclosure.

[0041] Referring to FIG. 1, a display apparatus 500
includes a display panel 350 structured to control transmit-
tance of incident light rays using a liquid crystal. The display
apparatus 500 further includes a first polarizing plate 410 that
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polarizes light rays provided to the display panel 350 and a
second polarizing plate 420 that polarizes light rays as they
exit from the display panel 350. The display panel 350 is
disposed between the first and second polarizing plates 410
and 420.

[0042] The display apparatus 500 yet further includes a
backlight unit 450 that generates the incident light rays and
provides the light rays to the display panel 350. The backlight
unit 450 is arranged under the first polarizing plate 410. Thus,
light generated from the backlight unit 450 is output to a
viewing user of the display apparatus 500 after sequentially
passing through the first polarizing plate 410, the display
panel 350, and the second polarizing plate 420.

[0043] The display panel 350 includes a first substrate 100,
a second substrate 200 facing the first substrate 100, and a
liquid crystal material layer 300 disposed between the first
substrate 100 and the second substrate 200. The first substrate
100 is disposed adjacent to the first polarizing plate 410, and
the second substrate 200 is disposed adjacent to the second
polarizing plate 420.

[0044] The first substrate 100 includes a first base substrate
110 and a pixel array layer 120 disposed on the first base
substrate 110. Although not explicitly shown in FIG. 1, the
pixel array layer 120 is understood to be a layer on which a
plurality of pixel units are arranged in a matrix configuration,
and each pixel unit may include a thin film transistor (TFT),
a pixel electrode and optionally a storage capacitance.
[0045] The second substrate 200 includes a second base
substrate 210 facing the first base substrate 110, a compen-
sation layer 220 disposed on a first major surface 211 of the
second base substrate 210, and a color filter layer 230 dis-
posed on the compensation layer 220. The first major surface
211 of the second base substrate 210 may face the liquid
crystal layer 300 or the second polarizing plate 420. InFIG. 1,
the compensation layer 220 is shown disposed on the first
major surface 211 and facing away from the liquid crystal
layer 300.

[0046] The compensation layer 220 includes a first optical
path changing pattern 221 and a second optical path changing
pattern 222 having different refractive indexes from each
other. Each of the first and second optical path changing
patterns 221 and 222 is provided as a plurality of spaced apart
regions, and in one embodiment, the first and second optical
path changing patterns 221 and 222 are alternately arranged
one after the next in a repeat direction which is substantially
parallel to the first major surface 211 of the second base
substrate 210. As an example of the present embodiment, the
first optical path changing pattern 221 has a first refractive
index (n1) and the second optical path changing pattern 222
has a second refractive index (n2) that is lower than the first
refractive index (n2<n1).

[0047] Thefirst optical path changing pattern 221 may have
its regions formed of an organic resin having for example an
acrylic-based resin or polyamide-based resin with relatively
large refractive index. In addition, the first optical path chang-
ing pattern 221 may have its regions formed to exhibit the first
refractive index (n1) in the range of about 1.2 to about 2.1
(while n1 remains >n2). In order to increase the first refractive
index (nl1) of the first optical path changing pattern 221, a
titanium oxide (TiOx) may be added into the organic resin.
[0048] The second optical path changing pattern 222 may
include at least one of low refractive index and light-passing
materials such as a silicon nitride (SiNXx), a silicon oxide
(810x), a titanium oxide (TiOx), an indium tin oxide (ITO),

Mar. 29,2012

an indium zinc oxide (IZO), or a zinc oxide. The microstruc-
ture of the second pattern/region 222 may be made less dense
(e.g., more hollowed) than that of the first pattern/region 221
so as to thereby reduce the refractive index (n2) of the second
pattern/region 222. Also, the second optical path changing
pattern 222 may have its regions formed to exhibit the second
refractive index (n2) in a range of about 1 to about 1.6, where
the second refractive index (n2) is lower than the first refrac-
tive index (n1). The second pattern/region 222 may be filled
with air.

[0049] As shown in FIG. 1, the compensation layer 220
may further include at least one supportive/protective cover
layer 223 that protectively covers and/or supports the first and
second optical path changing patterns 221 and 222 (e.g.,
protecting 221/222 from chemicals that might be present in
layer 230). As an example of the present embodiment, the
cover layer 223 may include the same material as the first
optical path changing pattern 221.

[0050] The color filter layer 230 disposed on the compen-
sation layer 220 may include a red color filter R, a green color
filter G, and a blue color filter B. As another exemplary
embodiment, an organic layer colored with corresponding
pigments or dyes may be used as part of the first optical path
changing pattern 221. In case that the organic layer colored
with pigments or dyes is used for the first optical path chang-
ing pattern 221, the red colored, green colored and the blue
colored pixel filters may be integrally formed by the first
optical path changing pattern 221. Therefore, the first optical
path changing pattern 221 may perform a dual function as
substituting for or supplementing the color filter layer 230,
and thus, in one case the color filter layer 230 may be omitted
from the second substrate 200.

[0051] Although not shown in FIG. 1, the second substrate
200 may further include a common electrode (not shown) and
ablack matrix (not shown) in addition to the color filter layer
230.

[0052] Meanwhile, the liquid crystal material of layer 300
may include a twisted nematic (TN) liquid crystal, a vertical
alignment (VA) liquid crystal, or a cholesteric liquid crystal.
[0053] FIG. 2 is a cross-sectional view showing the com-
pensation layer of FIG. 1.

[0054] Referring to FIG. 2, the compensation layer 220
includes a plurality of first optical path changing patterns or
regions 221 having the first refractive index nl and a plurality
of second optical path changing patterns or regions 222 hav-
ing the second refractive index n2 that is lower than the first
refractive index n1. Each of the second optical path changing
patterns 222 is arranged between two spaced apart first optical
path changing patterns 221 that neighbor each other.

[0055] Anareaor region between a first pair of spaced apart
but adjacent second optical path changing patterns 222 is
defined in FIG. 2 as a first area R1 through which incident
light rays may pass. In the first area R1, the compensation
layer 220 includes a first material having the greater first
refractive index nl. A second region or area between a pair of
spaced apart but adjacent first areas R1 is defined in FIG. 2 as
asecond area R2 from which incident light rays (e.g., 1.2, 1.3)
may be reflected, totally reflected or refracted therethrough.
In the second area R2, the compensation layer 220 includes
the first material having the first refractive index n1 and the
second material having the lesser second refractive index n2.
[0056] Since the compensation layer 220 includes one
homogenous light-passing medium in the first area R1, a first
light ray L1 incident to the firstarea R1 mostly passes through
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the first area R1 without being refracted. However, the com-
pensation layer 220 includes two light-passing media having
different refractive indexes (n2>n1) in the second area R2, a
second light ray L2 and a third light ray L3 incident to the
second area R2 may be respectively essentially totally
reflected and essentially totally refracted due to the different
refractive indexes of the two media in second area R2.
[0057] More particularly, an interface or contact surface
222q at which the first optical path changing pattern 221
comes into contact with the second optical path changing
pattern 222 is provided in the second area R2, and the second
light ray .2 and the third light ray 1.3 (which light rays may be
pre-polarized and directed in the vertical (+7) direction or
another direction as they enter cover layer 223) are respec-
tively totally reflected or refracted at that contact surface 2224
due to angle of incidence and difference in refractive indices
(n1/n2). As an exemplary embodiment of the present inven-
tion, the contact surface 222a is inclined by a predetermined
angle 0 with respect to the one surface 211. The angle 0 may
be set in a range of about 30° to about 85°. Therefore, as
shown in FIG. 2, the second light ray .2 vertically incident to
a light incident surface of the compensation layer 220 is
totally reflected in the second area R2, and the third light ray
L3 incident to the light incident surface of the compensation
layer 220 while being inclined (unlike L1 and 1.2) by the
angle 6 may be refracted.

[0058] A total reflection angle of the second light ray L2
may be decided by a difference between the first refractive
index n1 and the second refractive index n2 and an inclination
degree (that is, the angle 8) of the contact surface 222a. The
second light 1.2 that is totally reflected at the contact surface
222a may be exited while being largely inclined with respect
to ahypothetical normal line of the screen that is substantially
perpendicular to the first surface 211 of the second base
substrate 210. Therefore, a side visibility of the display appa-
ratus 500 may be improved since light rays such as 1.2 are
intentionally reflected essentially totally in the direction of an
aside user while light rays such as L1 are intentionally caused
to be passed in the direction of a head-on viewer of the LCD
device 500.

[0059] Since the second light ray 1.2 vertically incident to
the light incident surface of the compensation layer 220 has
been already processed by the liquid crystal layer 300 and the
color filters layer 230, it includes an accurate gray scale and
color information, and therefore the angle 6 of the contact
surface 222a may be set to totally reflect the second light ray
L2 vertically incident to the light incident surface of the
compensation layer 220.

[0060] Meanwhile, the third light ray L3 incident to the
light incident surface of the compensation layer 220 while
being inclined generally does not include the accurate gray
scale and/or color information intended for it. Thus, the sec-
ond optical path changing pattern 222 may further include a
direction sensitive optical absorbent to absorb (attenuate) the
third light ray L3 refracted at the contact surface 222a. As an
example of the present embodiment, the second optical path
changing pattern 222 may include black carbon particles
oriented to absorb mis-directed incident light rays such as L.3.
[0061] The second optical path changing pattern 222 may
be in the form of a triangular prism (see also FIG. 6) or
another shape having the illustrated triangular cross section
and may have a triangle base width w1 of about 0.5 um to
about 10 pm and a thickness (triangle height) t1 of about 0.1
um to about 3 um. The first optical path changing pattern 221
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may be in the form of a trapezoidal prism (see also FIG. 6) or
another shape having the illustrated trapezoidal cross section
and may have a trapezoid base width w2 of about 3 pm to
about 30 um and a thickness (trapezoid height) t2 of about 1
um to about 10 um. That is, the first optical path changing
pattern 221 may have a thickness t1 equal to or thicker than
that of the second optical path changing pattern 222.

[0062] FIGS. 3 to 5 are cross-sectional views showing a
compensation layer according to another exemplary embodi-
ment in accordance with the present disclosure.

[0063] Referring to FIG. 3, a compensation layer 220a
includes a first optical path changing pattern 224 having a first
refractive index nl and a second optical path changing pattern
225 having a second refractive index n2 that is lower than the
first refractive index nl. The first optical path changing pat-
tern 224 and the second optical path changing pattern 225 are
alternately arranged in a direction that is substantially in
parallel to one surface 211 of a second base substrate 210.
[0064] The second optical path changing pattern 225 in
FIG. 3 has a half circle cross sectional shape in its cross-
sectional view. As an exemplary embodiment of the present
invention, the second optical path changing pattern 225 may
have a curvature of about 0.5 or less. Vertically directed light
rays (not shown, see L1, L.2 of FIG. 2) striking the inclined
portions of the n1>n2 optical interfaceare refracted in respec-
tive inclined directions depending on the instant angle of
incline and on the refractive index ratio (n1/n2).

[0065] An area or region between adjacent second optical
path changing patterns 225 is defined in FIG. 3 as a first area
R1 through which incident light rays may pass. In the first
area R1, the compensation layer 220a includes a first material
having the greater first refractive index nl. A second region or
area between adjacent first areas R1 is defined as a second
area R2 from which incident light rays may be reflected,
totally reflected or refracted therethrough. In the second area
R2, the compensation layer 220a includes the first material
having the first refractive index nl and the second material
having the lesser second refractive index n2.

[0066] Since the compensation layer 220q includes one
homogenous light-passing medium in the first area R1, a first
light ray L1 vertically incident to the light incident surface of
the compensation layer 220¢ in the first area R1 mostly passes
through the first area R1 without being refracted. However, a
second light ray L2 vertically incident to the light incident
surface of the compensation layer 220a in the second area R2
may be respectively essentially totally reflected and essen-
tially totally refracted due to the different refractive indexes
of the two media in second area R2.

[0067] Therefore, a side visibility of the display apparatus
500 may be improved since light rays such as [.2 are inten-
tionally reflected essentially totally in the direction of an
aside user while light rays such as L1 are intentionally caused
to be passed in the direction of a head-on viewer of the LCD
device 500.

[0068] Referring to FIG. 4, a compensation layer 2205
includes a first optical path changing pattern 226 having a first
refractive index n1 and a second optical path changing pattern
227 having a second refractive index n2 that is lower than the
first refractive index nl. The first optical path changing pat-
tern 226 and the second optical path changing pattern 227 are
alternately arranged in a direction that is substantially in
parallel to one surface of a second base substrate 210.
[0069] The first and second optical path changing patterns
226 and 227 may have a rectangular shape in a cross-sectional
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view. In this case, a medium interface or contact surface 227a
at whichthe first optical path changing pattern 226 comes into
contact with the second optical path changing pattern 227
may be substantially perpendicular to the one surface 211.
[0070] Since the compensation layer 2205 includes one
homogenous light-passing medium in the first area R1, the
first light ray L1 and the second light ray 1.2 vertically inci-
dentto alightincident surface of the compensation layer 2205
in the first area R1 mostly passes through the first area R1 and
the second area R2 without being refracted, respectively.
[0071] However, a fourth light ray .4 ray incident to the
contact surface 227a of the compensation layer 2205 may be
respectively essentially totally reflected and essentially
totally refracted due to the different refractive indexes of the
two media. As an exemplary embodiment in accordance with
the present disclosure, the fourth light ray I.4 may be approxi-
mately vertically incident to the light incident surface of the
compensation layer 2206.

[0072] Therefore, a side visibility of the display apparatus
500 may be improved since light rays such as [.2 are inten-
tionally reflected essentially totally in the direction of an
aside user while light rays such as L1 are intentionally caused
to be passed in the direction of a head-on viewer of the LCD
device 500.

[0073] Referring to FIG. 5, a compensation layer 220¢
includes a first optical path changing pattern 228 having a first
refractive index nl and a second optical path changing pattern
229 having a second refractive index n2 that is lower than the
first refractive index nl. The first optical path changing pat-
tern 228 and the second optical path changing pattern 229 are
alternately arranged in a direction that is substantially in
parallel to one surface 211 of a second base substrate 210.
[0074] The second optical path changing pattern 229 may
have a trapezoid shape in a cross-sectional view, and the first
optical path changing pattern 228 may have a reverse trap-
ezoid shape. As in the case of FIG. 3, vertically directed light
rays (not shown, see L1, 1.2 of FIG. 2) striking the inclined
portions of the n1>n2 optical interfaces are refracted in
respective inclined directions depending on the instant angle
of incline and on the refractive index ratio (n1/n2).

[0075] Since the compensation laver 220c¢ includes one
homogenous light-passing medium in the first area R1, a first
light ray L1 vertically incident to a light incident surface of
the compensation layer 220c¢ in the first area R1 mostly passes
through the first area R1 without being refracted. However, a
second light ray [.2 vertically incident to the light incident
surface of the compensation layer 220c in the second area R2
may be respectively essentially totally reflected and essen-
tially totally refracted due to the different refractive indexes
of the two media in second area R2.

[0076] Therefore, a side visibility of the display apparatus
500 may be improved since light rays such as [.2 are inten-
tionally reflected essentially totally in the direction of an
aside user while light rays such as L1 are intentionally caused
to be passed in the direction of a head-on viewer of the LCD
device 500.

[0077] FIG. 6 is a perspective view showing the first polar-
izing plate, the compensation layer, and the second polarizing
plate of FIG. 1.

[0078] Referring to FIG. 6, the compensation layer 220 and
the liquid crystal layer 300 are disposed between the first
polarizing plate 410 and the second polarizing plate 420. As
an example embodiment in accordance with the present dis-
closure, the liquid crystal layer 300 may include a twisted
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nematic liquid crystal. In this case, the first polarizing plate
410 may have a first light absorption axis 411 and the second
polarizing plate 420 may have a second absorption axis 421
that is substantially perpendicular to the first absorption axis
411. The first absorption axis 411 is inclined by about 45°
with respect to an x-axis, and the second absorption axis 421
is inclined by about 135° with respect to the x-axis to be
substantially perpendicular to the first absorption axis 411.
The x-axis may be parallel to the D2 direction.

[0079] The compensation layer 220 includes the first opti-
cal path changing pattern 221 having the first refractive index
nl and the second optical path changing pattern 222 having
the second refractive index n2 that is lower than the first
refractive index nl. The first optical path changing pattern
221 and the second optical path changing pattern 222 are
alternately arranged along a first direction D1, and each of the
first and second optical path changing patterns 221 and 222 is
extended in a second direction D2 that is substantially pet-
pendicular to the first direction D1. As illustrated, the second
optical path changing pattern 222 may have a triangular prism
shape.

[0080] As an exemplary embodiment in accordance with
the present disclosure, the second direction D2 may be a
direction that is substantially in parallel to the x-axis. Then,
the second optical path changing pattern 222 is inclined by
about 135° with respect to the second absorption axis 421 of
the second polarizing plate 420 and is inclined by about 45°
with respect to the first absorption axis 411 of the first polar-
izing plate 410.

[0081] FIG. 7 is a perspective view showing a first polariz-
ing plate, a compensation layer, and a second polarizing plate
according to another exemplary embodiment in accordance
with the present disclosure.

[0082] Referring to FIG. 7, a compensation layer 220 and a
liquid crystal layer 300 are disposed between a first polarizing
plate 410 and a second polarizing plate 420. As an example,
the liquid crystal layer 300 may include a twisted nematic
liquid crystal. The first polarizing plate 410 includes a first
absorption axis 411 that is inclined by about 45° with respect
to an x-axis, and the second polarizing plate 420 includes a
second absorption axis 421 that is inclined by about 135° with
respect to the x-axis to be substantially perpendicular to the
first absorption axis 411.

[0083] The compensation layer 220 includes a first optical
path changing pattern 221 having a first refractive index nl
and a second optical path changing pattern 222 having a
second refractive index n2 thatis lower than the first refractive
index nl. The first optical path changing pattern 221 and the
second optical path changing pattern 222 are alternately
arranged in a first direction D1, and each of the first and
second optical path changing patterns 221 and 222 is
extended in a second direction D2 that is substantially per-
pendicular to the first direction D1. Thus, the second optical
path changing pattern 222 may have a triangular prism shape.
[0084] Inthis particularexample, the first direction D1 may
be substantially in parallel to the first absorption axis 411, and
the second direction D2 may be substantially in parallel to the
second absorption axis 421 and thus the medium interface
surfaces where 221 meets 222 may extend as being substan-
tially perpendicular to the first absorption axis 411 and thus as
substantially parallel to the light transmission axis (not
shown) of the first polarizing plate 410.

[0085] FIG. 8A is a graph showing a brightness of each of
selected gray scale levels according to upper and lower view-
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ing angles of a conventional TN display (not shown), and
FIG. 8B is a graph showing a brightness of each of selected
gray scale levels according to left and right viewing angles of
a conventional TN display.

[0086] Referring to FIGS. 8A and 8B, the brightness of
each gray scale level is measured according to upper and
lower viewing angles and left and right viewing angles in a
conventional TN display. A gray scale inversion does not
occur in a range of about —60° to about 60° in the case of left
and right directions, however, the gray scale inversion occurs
at a point of about -20° in the case of upper and lower
directions.

[0087] That is, a viewing angle in the left and right direc-
tions is narrower than a viewing angle of the upper and lower
directions.

[0088] FIG.9A isa graph showing abrightness of each gray
scale level according to upper and lower viewing angles of a
display apparatus in accordance with the present disclosure
and having the compensation layer of FIG. 6. FIG. 9B is a
graph showing a brightness of each gray scale level according
to left and right viewing angles of the display apparatus
having the compensation layer of FIG. 6.

[0089] Referring to FIGS. 9A and 9B, a brightness of each
gray scale level is measured according to the upper and lower
viewing angles and the left and right viewing angles in a
display apparatus having the compensation layer 220 of FIG.
6. The compensation layer 220 of FIG. 6 includes the second
optical path changing pattern 222 that is substantially in par-
allel to the x-axis shown in FIG. 6.

[0090] Similarto the TN liquid crystal, perceived gray scale
inversion does not occur in the range of about -60° to about
60°inthe case of the left and right directions. Also, perception
ofthe gray scale inversion does not occur in the range of about
-60° to about 30° in the case of the upper and lower direc-
tions. Therefore, when the display apparatus employs the
compensation layer 220 of FIG. 6, the upper and lower view-
ing angles are improved compared to the conventional TN
display (FIGS. 8A-8B).

[0091] FIG. 10A is a graph showing a brightness of each
gray scale level according to upper and lower viewing angles
of a display apparatus having the compensation layer of FIG.
7, and FIG. 10B is a graph showing a brightness of each gray
scale level according to left and right viewing angles of a
display apparatus having the compensation layer of FIG. 7.
[0092] Referring to FIGS. 10A and 10B, a brightness of
each gray scale level is measured according to the upper and
lower viewing angles and the left and right viewing angles of
the display apparatus having the compensation layer of FIG.
7. The compensation layer 220 of FIG. 7 includes the second
optical path changing pattern 222 that is inclined by about
135° with respect to the x-axis of FIG. 7.

[0093] Similarto the TN liquid crystal, the gray scale inver-
sion does not occur in the range of about —=60° to about 60° in
the case of the left and right directions. Also, the gray scale
inversion does not occur in the range of about -60° to about
20° in the case of the upper and lower directions. Thus, when
the display apparatus employs the compensation layer 220
shown in FIG. 7, the upper and lower viewing angles are
improved when compared to the TN display.

[0094] FIG.11A isa graph showing resultant transmittance
according to change of inclination angle of the incident light
rays and also according to change of thickness (t1) of the
second optical path changing pattern (graph plots G1-G4)
where the thickness of the second optical path changing pat-
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tern is varied and the width w1 is correspondingly extended in
adirection that is substantially in parallel to the y-axis of FIG.
6. FIG. 11B is a graph showing a resultant transmittance
according to change of inclination angle of the incident light
rays and also according to change of thickness (t1) of the
second optical path changing pattern in a black gray scale in
case that the second optical path changing pattern is varied
and the width (w1) is correspondingly extended in a direction
that is substantially in parallel to the y-axis of FIG. 6. The
plotted result graphs include a first graph G1 and a fifth graph
G5 representing the transmittance when the second optical
path changing pattern 222 has a thickness t1 of about 1.5 pm,
a second graph G2 and a sixth graph G6 representing the
transmittance when the second optical path changing pattern
222 has a thickness t1 of about 3 um, a third graph G3 and a
seventh graph G7 representing the transmittance when the
second optical path changing pattern 222 has a thickness t1 of
about 4.5 um, and a fourth graph G4 and an eighth graph G8
representing the transmittance when the second optical path
changing pattern has a thickness t1 of about 6 um. In addition,
in FIGS. 11A and 11B, an x-axis represents an angle (that is,
an incident angle 61) formed by an incident light and a normal
line that is substantially perpendicular to the one surface 211
of the second base substrate 210.

[0095] Referring to details of FIG. 11A, when the display
apparatus displays its maximum white gray scale, a transmit-
tance of a light (hereinafter, referred to as a front transmit-
tance) incident to a front surface of the second base substrate
210 becomes higher as the incident angle 01 becomes smaller.
In addition, in the case that the thickness t1 of the second
optical path changing pattern 222 is more than 3.0 pm, the
front transmittance is higher than 0.6. Thus, the thickness t1
of the second optical path changing pattern 222 may be set in
consideration of desired consistency of the front transmit-
tance.

[0096] Referring to FIG. 11B, when the display apparatus
displays the black gray scale (dark output), the front trans-
mittance becomes lower as the incident angle 6i becomes
smaller. Also, the front transmittance is close to zero (0)
regardless of the thickness t1 of the second optical path
changing pattern 222. However, a transmittance of a leakage
light (hereinafter, referred as a lateral transmittance) incident
while being inclined by about 50° with respect to the second
base substrate 210 becomes higher as the thickness t1 of the
second optical path changing pattern 222 becomes smaller.
Therefore, in order to decrease the lateral transmittance, the
thickness t1 of the second optical path changing pattern 222
may be set to about 3.0 um or larger.

[0097] As described above, the transmittance in the white
gray scale may be improved and the undesired transmittance
of leakage light when in the black gray scale displaying mode
may be decreased by controlling the thickness t1 of the sec-
ond optical path changing pattern 222.

[0098] FIG. 12A is a graph showing a transmittance
according to a thickness of the second optical path changing
pattern in a white gray scale display mode when the second
optical path changing pattern is extended while being
inclined by about 135° with respect to the x-axis of FIG. 7.
FIG. 12B is a graph showing a transmittance according to a
thickness of the second optical path changing pattern in a
black gray scale display mode when the second optical path
changing pattern is extended while being inclined by about
135° with respect to the x-axis of FIG. 7. The graph plots
include a ninth graph G9 and a thirteenth graph G13 repre-
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senting the transmittance when the second optical path
changing pattern 222 has a thickness t1 of about 1.5 pm, a
tenth graph G10 and fourteenth graph G14 representing the
transmittance when the second optical path changing pattern
222 has a thickness t1 of about 3 um, an eleventh graph G11
and a fifteenth graph G15 representing the transmittance
when the second optical path changing pattern 222 has a
thickness t1 of about 4.5 um, and a twelfth graph G12 and a
sixteenth graph G16 representing the transmittance when the
second optical path changing pattern 222 has a thickness t1 of
about 6 pm. In FIGS. 12A and 12B, the graph’s x-axis repre-
sents an angle (that is, an incident angle 61) formed by an
incident light and a normal line that is substantially perpen-
dicular to the one surface 211 of the second base substrate
210.

[0099] Referring to FIG. 12A, when the display apparatus
displays a white gray scale, a transmittance of a light (here-
inafter, referred as a front transmittance) incident to a front
surface of the second base substrate 210 becomes higher as
the incident angle 81 becomes smaller. Also, when the second
optical path changing pattern 222 has a thickness t1 larger
than 3.0 um, the front transmittance becomes larger than 0.6.
Thus, the thickness t1 of the second optical path changing
pattern 222 may be set in consideration of the desired amount
and consistency of front transmittance.

[0100] Referring to FIG. 12B, when the display apparatus
displays a black gray scale, the front transmittance becomes
lower as the incident angle 61 becomes smaller. Also, the front
transmittance is close to zero (0) regardless to the thickness t1
of the second optical path changing pattern 222. However, a
transmittance of a side leakage light (hereinafter, referred as
alateral transmittance) incident while being inclined by about
50° with respect to the second base substrate 210 becomes
higher as the thickness t1 of the second optical path changing
pattern 222 becomes smaller. Therefore, in order to decrease
the undesired lateral transmittance, the thickness t1 of the
second optical path changing pattern 222 may be set to about
3.0 um or larger.

[0101] As described above, the transmittance in the white
gray scale may be improved and the transmittance of leakage
light when in the black gray scale display mode may be
decreased by controlling the thickness t1 ofthe second optical
path changing pattern 222.

[0102] FIG. 13A is a graph showing a contrast ratio of a
display apparatus in the case that the second optical path
changing pattern is extended in a direction that is substan-
tially in parallel to the x-axis of FIG. 6. FIG. 13B is a graph
showing a contrast ratio of a display apparatus in the case that
the second optical path changing pattern is extended in a
direction that is inclined by about 135° with respect to the
x-axis of F1IG. 7.

[0103] InFIGS.13Aand13B,aseventeenth graph G17 and
a twenty-first graph G21 show a contrast ratio in the case that
the second optical path changing pattern 222 has a thickness
tl of about 1.5 um, an eighteenth graph G18 and a twenty-
second graph G22 show a contrast ratio in the case that the
second optical path changing pattern 222 has a thickness t1 of
about 3 um, a nineteenth graph G19 and a twenty-third graph
(23 show a contrast ratio in the case that the second optical
path changing pattern 222 has a thickness t1 of about 4.5 pm,
and a twentieth graph G20 and a twenty-fourth graph G24
show a contrast ratio in the cast that the second optical path
changing pattern 222 has a thickness t1 of about 6 um.
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[0104] Referring to FIG. 13 A, when the second optical path
changing pattern 222 is extended in a direction that is sub-
stantially in parallel to the x-axis of FIG. 6, the contrast ratio
ofthe display apparatus is the highest when the second optical
path changing pattern 222 has the thickness t1 of about 6 pm.
[0105] Referring to FIG. 13B, when the second optical path
changing pattern 222 is extended in a direction that is inclined
by about 135° with respect to the x-axis of FIG. 7, the contrast
ratio of the display apparatus is the highest when the second
optical path changing pattern 222 has the thickness t1 of about
1.5 pm.

[0106] However, a contrast ratio of the display apparatus
when the second optical path changing pattern 222 is
extended in adirection substantially in parallel to the x-axis of
FIG. 6 is much lower than a contrast ratio of the display
apparatus when the second optical path changing pattern 222
is extended in a direction that is inclined by about 135° with
respect to the x-axis of FIG. 7. Thus, in order to improve the
contrast ratio of the display apparatus, the second optical path
changing pattern 222 should be longitudinally extended in the
direction that is inclined by about 135° with respect to the
X-axis.

[0107] FIGS. 14A to 14E are cross-sectional views show-
ing a manufacturing method usable for manufacturing a com-
pensation layer according to an exemplary embodiment of the
present disclosure. Variations in shape and angle may be
obtained with slit mask technologies.

[0108] Referring to FIG. 14A, an organic layer 241 having
a relatively large refractive index (n1) due for example to it
including at least one of an acrylic-based resin or a polya-
mide-based resin is formed on a second base substrate 210. As
an example, when the organic layer 241 includes the acrylic-
based resin or the polyamide-based resin, the organic layer
241 may have a refractive index of about 0.2 to about 0.5. As
another example, the organic layer 241 may be formed by
adding a titanium oxide (TiOx) to the acrylic-based resin or
the polyamide-based resin. When the titanium oxide (TiOx) is
added to the organic layer 241, the refractive index (nl) of the
organic layer 241 may increase to about 1.9 to about 2.1
[0109] Then, a photosensitive layer (photoresist or PR) 242
is formed on the organic layer 241. Although not shown in
figures, a mask (not shown) is disposed on the photosensitive
layer 242. An opening is formed through the mask corre-
sponding to a second area R2 that is positioned adjacent to a
first area R1 in which a first optical path changing pattern 243
is formed. When a light is irradiated onto the photosensitive
layer 242 after the mask is disposed, the photosensitive layer
242 and the organic layer 241 arranged in the second area R2
are substantially simultaneously exposed to the light. Then,
the exposed photosensitive layer 242 and the organic layer
241 are substantially simultaneously developed. After that, as
shown in FIG. 14B, a hardened photosensitive pattern 244
and a first optical path changing pattern 243 are formed in the
first area R1 of the second base substrate 210.

[0110] An inorganic layer 245 having a relatively low
refractive index (n2) due for example to it including at least
one of a silicon nitride (SiNx), a silicon oxide (SiOx), a
titanium oxide (TiOx), indium tin oxide (ITO), indium zinc
oxide (1Z0), or zinc oxide ZnOx is formed on the second base
substrate 210 on which the hardened photosensitive pattern
244 and the first optical path changing pattern 243 are formed.
The inorganic layer 245 may be deposited by a plasma-en-
hanced chemical vapor deposition (PECVD) process. In the
case that the inorganic layer 245 is formed with a silicon
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nitride (SiNx), the refractive index of the inorganic layer 245
may be controlled by a ratio between an ammonia gas (NH;)
and a silane gas (SiH,) during CVD deposition. Meanwhile,
in the case that the inorganic layer 245 is formed witha silicon
oxide layer (SiOx), the refractive index of the inorganic layer
245 may be controlled by a ratio between a silane gas (SiH,)
and an oxide nitrogen gas (N,0) during CVD deposition.
[0111] Then, an etching mask (not shown) including a pho-
tosensitive layer and an optional ITO layer (not shown) is
arranged on the inorganic layer 245, and the inorganic layer
245 is selectively dry-etched. The inorganic layer 245 may be
dry-etched by an inductively coupled plasma (ICP) method or
a reactive ion etching (RIE) method.

[0112] In the dry etching process, a sulfur hexafluoride
(SF¢) gas or a mixture gas of the sulfur hexafluoride (SF;) gas
and an oxygen gas (O,) may be used as the etching gas.
[0113] As shown in FIG. 14D, the inorganic layer 245 is
etched to form a second optical path changing pattern 246 on
the second base substrate 210. the thickness t1 of the second
optical path changing pattern 246 may be independently
changed by changing an amount of the etching gas used,
and/or changing the etching duration, and/or a temperature,
pressure or power of the etching chamber.

[0114] Then, when the photosensitive pattern 244 is
stripped, the first optical path changing pattern 243 is formed
in the first area R1 of the second base substrate 210 and the
second optical path changing pattern 246 is formed in the
second area R2. Thus, the compensation layer 220 may be
completely formed on the second base substrate 210.

[0115] FIGS. 15A to 15H are cross-sectional views show-
ing a manufacturing method of a compensation layer accord-
ing to another exemplary embodiment.

[0116] Referring to FIG. 15A, a photosensitive layer 251 is
formed on a second base substrate 210. Although not shown
in FIG. 15A, a mask (not shown) having an opening formed
therethrough corresponding to a second area R2 is arranged
on the photosensitive layer 251. When a light is irradiated
onto the photosensitive layer 251 after the mask is arranged,
the photosensitive layer 251 arranged in a first area R1 is
exposed to the light. Then, when the exposed photosensitive
layer 251 is developed, as shown in FIG. 15B, a hardened
photosensitive pattern 252 is formed in the first area R1 of the
second base substrate 210.

[0117] Referring to FIG. 15C, an inorganic layer 253
including at least one of a silicon nitride (SiNx), a silicon
oxide (Si0x), a titanium oxide (TiOx), indium tin oxide
(ITO), indium zinc oxide (IZO), or zinc oxide (ZnOx) is
formed. The inorganic layer 253 may be deposited by a
plasma-enhanced chemical vapor deposition (PECVD) pro-
cess.

[0118] Then, an etching mask (not shown) including a pho-
tosensitive layer or an ITO layer (optional) is arranged on the
inorganic layer 253 and the inorganic layer 253 is dry-etched.
The inorganic layer 253 may be dry-etched by an inductively
coupled plasma (ICP) method or a reactive ion etching (RIE)
method.

[0119] In the dry etching process, a sulfur hexafluoride
(SFy) gas or a mixture gas of the sulfur hexafluoride (SF;) gas
and an oxygen gas (O,) may be used as an etching gas.
[0120] As shown in FIG. 15D, the inorganic layer 253 is
etched to form a second optical path changing pattern 254 on
the second base substrate 210. The thickness t1 of the second
optical path changing pattern 254 may be independently

Mar. 29,2012

changed according to an amount of the etching gas, an etching
duration, and a temperature and pressure of an etching cham-
ber.

[0121] Then, when the hardened photosensitive pattern 252
is selectively stripped away, the second optical path changing
pattern 254 is left behind on the second base substrate 210 as
shown in FIG. 15E.

[0122] Referring to FIG. 15F, an organic layer 255 includ-
ing at least an acrylic-based resin or a polyamide-based resin
is formed on the second base substrate 210 on which the
second optical path changing pattern 254 is formed. As an
exemplary embodiment of the present invention, the organic
layer 255 including the acrylic-based resin or the polyamide-
based resin may have a refractive index of about 0.2 to about
0.5. As another exemplary embodiment of the present inven-
tion, the titanium oxide (TiOx) may be added into the acrylic-
based resin or the polyamide-based resin when forming the
organic layer 255. When the titanium oxide (Ti0x) is added
into the acrylic-based resin or the polyamide-based resin, the
refractive index of the organic layer 255 may increase to
about 1.9 to about 2.1

[0123] Then, a patterned photosensitive layer 256 is formed
on the organic layer 255. Although not shown in figures, a
mask (not shown) having an opening formed therethrough is
arranged on the photosensitive layer 256 corresponding to a
second area R2 of the second base substrate 210. When a light
is irradiated onto the photosensitive layer 256 after the mask
is arranged, the photosensitive layer 256 and the organic layer
255 arranged on the second area R2 are substantially simul-
taneously exposed to the light. Then, the exposed photosen-
sitive layer 256 and the organic layer 255 are substantially
simultaneously developed. As a result, a photosensitive pat-
tern 258 and a first optical path changing pattern 257 are
formed in a first area R1 of the second base substrate 210 as
shown in FIG. 15G.

[0124] Then, when the photosensitive pattern 258 is selec-
tively stripped away, the first optical path changing pattern
257 is formed in the first area R1 of the second base substrate
210, and the second optical path changing pattern 254 is
formed in the second area R2. Consequently, a compensation
layer 220 may be completely formed on the second base
substrate 210.

[0125] In FIGS. 14A to 14E and 15A to 15H, a method of
forming the compensation layer 220 on the second substrate
210 has been described. In the manufacturing process of the
display apparatus 500, the additional methods of forming the
first substrate 100 and interposing the liquid crystal layer 300
between the first substrate 100 and the second substrate 200
will be known to one ordinary skilled in the art, and therefore
detailed description thereof will be omitted here.

[0126] Although the exemplary embodiments of the
present teachings have been described, it is understood that
the present teachings should not be limited to these exemplary
embodiments but various changes and modifications can be
made by one ordinary skilled in the art in light of the forego-
ing and within the spirit and scope of the present teachings.

What is claimed is:

1. A liquid crystal display apparatus comprising:

a first substrate having a first base substrate and a plurality
of pixel units arranged on the first base substrate; and

acompensation layer disposed above a major surface of the
first substrate, the compensation layer including at least
first and second optical path changing patterns where the
second optical path changing pattern is configured to
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change an output path of an incident light ray that is
incident at a predetermined angle of incidence on the
second optical path changing pattern, the first and sec-
ond optical path changing patterns having different
refractive indexes and being alternately arranged in a
direction substantially in parallel to the major surface of
the first substrate.

2. The liquid crystal display apparatus of claim 1, wherein:

the first optical path changing pattern is repeated as a

copied plurality of itself arranged in spaced apart man-
ner along a first direction substantially in parallel to the
major surface, where each of the repeated copies of the
first optical path changing pattern is extended in a sec-
ond direction substantially perpendicular to the first
direction; and

the second optical path changing pattern is repeated as a

copied plurality of itself arranged in spaced apart man-
ner along the first direction, each of the repeated copies
of the second optical path changing pattern being
arranged between two copies of first optical path chang-
ing pattern.

3. The liquid crystal display apparatus of claim 2, wherein
the first optical path changing patterns have a first refractive
index (nl), and the second optical path changing patterns
have a second refractive index (n2) that is lower than the first
refractive index (n2<nl).

4. The liquid crystal display apparatus of claim 3, wherein
the first optical path changing patterns comprises an organic
resin including at least one of an acrylic-based resin and a
polyamide-based resin and the first optical path changing
patterns each has a refractive index in the range of about 1.2
to about 2.1.

5. The liquid crystal display apparatus of claim 4, wherein
the first optical path changing patterns further comprise a
titanium oxide added into the organic resin.

6. The liquid crystal display apparatus of claim 4, wherein
the second optical path changing patterns comprise at least
one of a silicon nitride, a silicon oxide, a titanium oxide, an
indium tin oxide, an indium zinc oxide, or a zinc oxide and the
second optical path changing patterns each has a refractive
index in the range of about 1 to about 1.6.

7. The liquid crystal display apparatus of claim 2, wherein
copies of the first and second optical path changing patterns
that are adjacent to each other are contacted with each other,
and interface or contact surfaces at which the first optical path
changing patterns come into contact with the second optical
path changing patterns are inclined with respect to the major
surface.

8. The liquid crystal display apparatus of claim 7, wherein
the second optical path changing patterns comprise a black
carbon disposed to absorb light rays that pass through the
contact surface as opposed to being essentially totally
reflected at the contact surface.

9. The liquid crystal display apparatus of claim 2, wherein
the compensation layer further comprises a cover layer cov-
ering the first and second optical path changing patterns.

10. The liquid crystal display apparatus of claim 2, wherein
the first optical path changing patterns comprise an organic
layer colored by a colored dye or pigment.

Mar. 29,2012

11. The liquid crystal display apparatus of claim 2, wherein
cross sections of the second optical path changing patterns
have at least one of a triangular shape, a rectangular shape, a
trapezoid shape, and a circular shape.

12. The liquid crystal display apparatus of claim 2, further
comprising a first polarizing plate arranged adjacent to the
first substrate to polarize light rays that are incident to the first
substrate and a second polarizing plate arranged above the
compensation layer to polarize light rays that are output from
the compensation layer.

13. The liquid crystal display apparatus of claim 12,
wherein each of the first and second optical path changing
patterns is extended in a direction that is substantially in
parallel to an absorption axis of the second polarizing plate or
in a direction that is inclined about 135 degrees to the absorp-
tion axis of the second polarizing plate.

14. A method of manufacturing a liquid crystal display
apparatus, comprising:

forming a first substrate including a first base substrate and

a plurality of pixel units arranged on the first base sub-
strate; and

forming a compensation layer spaced apart from and fac-

ing a major surface of the first substrate

wherein the forming of the compensation layer comprises:

forming a first layer having a corresponding first refrac-
tive index;

patterning the first layer to form a plurality of first optical
path changing patterns that are spaced apart from one
other along a first direction; and

forming a second layer having a second refractive index
different from the first refractive index, where the
formed second layer has portions thereof interposed
between the spaced apart first optical path changing
patterns.

15. The method of claim 14, wherein the first layer com-
prises an organic resin including at least one of an acrylic-
based resin or a polyamide-based resin and has a refractive
index of about 1.2 to about 2.1

16. The method of claim 15, wherein the first layer further
comprises a titanium oxide added into the organic resin.

17. The method of claim 15, wherein the organic resin is
colored with a colored dye or pigment.

18. The method of claim 15, wherein the second layer
comprises at least a silicon nitride, a silicon oxide, a titanium
oxide, an indium tin oxide, an indium zinc oxide, or a zinc
oxide, and the second layer has a refractive index of about 1 to
about 1.6.

19. The method of claim 14, wherein the compensation
layer comprises contact surfaces at which the first optical path
changing patterns make contact with the second optical path
changing patterns, and the contact surfaces are inclined with
respect to the major surface of the first substrate.

20. The method of claim 19, wherein the second optical
path changing patterns comprise a black carbon to absorb
leakage light rays that pass through the contact surfaces.
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