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(7) ABSTRACT

A display apparatus includes a first substrate in which a
plurality of pixel areas and a non-pixel area around the pixel
areas are defined, a cavity-defining layer disposed on the
first substrate and defining a plurality of cavities correspond-
ing to the pixel areas, an insulating layer disposed on the
cavity-defining layer and in the cavities, a liquid crystal
layer disposed on the insulating layer in the cavities, and a
second substrate disposed on the insulating layer to cover
the liquid crystal layer. The liquid crystal layer has a same
refractive index as the cavity-defining layer when the liquid
crystal layer is not driven. The liquid crystal layer has a
greater refractive index than the cavity-defining layer when
the liquid crystal layer is driven.
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DISPLAY APPARATUS AND METHOD OF
FABRICATING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2016-0105650, filed on Aug. 19, 2016,
and Korean Patent Application No. 10-2017-0076054, filed
on Jun. 15, 2017, and all the benefits accruing therefrom
under 35 US.C. §119, the contents of which in their
entireties are herein incorporated by reference.

BACKGROUND

1. Field

[0002] Embodiments of the invention relate to a display
apparatus and a method of fabricating the display apparatus,
and, more particularly, to a display apparatus with improved
light-emitting efficiency and of reduced thickness, and a
method of fabricating the display apparatus.

2. Description of the Related Art

[0003] Generally, a display apparatus typically includes a
display panel for displaying an image by using light, and a
backlight unit for generating the light and providing the light
to the display panel. The display panel may include a first
substrate on which a plurality of pixels is disposed, a second
substrate facing the first substrate, and an image display
layer disposed between the first and second substrates. The
backlight unit may be an edge-type backlight unit which is
disposed near a side portion of the display apparatus to
generate light.

[0004] The image display layer may be driven by the
pixels, and a transmittance of light provided from the
backlight unit to the display panel may be controlled by the
image display layer to display an image. The image display
layer may be a liquid crystal layer, an electrowetting layer,
or an electrophoretic layer, for example.

[0005] The edge-type backlight unit typically includes a
light source for generating light, a light guide plate for
guiding the light provided from the light source in an upper
direction toward the display panel, and an optical sheet
disposed between the light guide plate and the display panel.
The optical sheet may condense light, provided from the
light guide plate, in the upper direction. In such an edge-type
backlight unit, the optical sheet may provide the condensed
light to the display panel. In such a display apparatus,
polarizing plates which polarize light may be provided on
and under the display panel.

SUMMARY

[0006] In a display apparatus, a total thickness thereof
may be substantially thick due to the optical sheet and the
polarizing plates. In such a display apparatus, when light is
transmitted through the optical sheet and the polarizing
plates, a loss of the light may occur by the optical sheet and
the polarizing plates to deteriorate light-emitting efficiency
of the display apparatus.

[0007] Embodiments of the invention may provide a dis-
play apparatus with improved light-emitting efficiency and
reduced thickness, and a method of fabricating the display
apparatus.

[0008] In an embodiment of the invention, a display
apparatus includes a first substrate, in which a plurality of
pixel areas and a non-pixel area around the pixel areas are
defined, a cavity-defining layer disposed on the first sub-
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strate and which defines a plurality of cavities corresponding
to the pixel areas, an insulating layer disposed on the
cavity-defining layer and in the cavities, a liquid crystal
layer disposed on the insulating layer in the cavities, and a
second substrate disposed on the insulating layer to cover
the liquid crystal layer. In such an embodiment, a refractive
index of the liquid crystal layer is equal to a refractive index
of the cavity-defining layer when the liquid crystal layer is
not driven. In such an embodiment, the refractive index of
the liquid crystal layer is greater than the refractive index of
the cavity-defining layer when the liquid crystal layer is
driven.

[0009] In an embodiment of the invention, a display
apparatus includes a display panel, and a shutter panel
providing light to the display panel. In such an embodiment,
the shutter panel includes a first substrate, in which a
plurality of pixel areas and a non-pixel area around the pixel
areas are defined, a light source spaced apart from a side
surface of the first substrate by a predetermined distance and
which provides light to the first substrate, a cavity-defining
layer disposed on the first substrate and which defines a
plurality of cavities corresponding to the pixel areas, an
insulating layer disposed on the cavity-defining layer and in
the cavities, a liquid crystal layer disposed on the insulating
layer in the cavities, and a second substrate disposed on the
insulating layer to cover the liquid crystal layer. In such an
embodiment, a refractive index of the liquid crystal layer is
equal to a refractive index of the cavity-defining layer when
the liquid crystal layer is not driven. In such an embodiment,
the refractive index of the liquid crystal layer is greater than
the refractive index of the cavity-defining layer when the
liquid crystal layer is driven.

[0010] In an embodiment of the invention, a method of
fabricating a display apparatus includes preparing a first
substrate including a plurality of pixel electrodes disposed in
a plurality of pixel areas and a plurality of transistors
disposed in a non-pixel area around the pixel areas and
connected to the pixel electrodes, providing a cavity-defin-
ing layer which defines a plurality of cavities corresponding
to the pixel areas on the first substrate, providing an insu-
lating layer on the cavity-defining layer in the cavities,
providing a liquid crystal layer on the insulating layer in the
cavities, and providing a second substrate on the insulating
layer to cover the liquid crystal layer. In such an embodi-
ment, the second substrate includes a common electrode
facing the pixel electrodes. In such an embodiment, a
refractive index of the liquid crystal layer is equal to a
refractive index of the cavity-defining layer when the liquid
crystal layer is not driven. In such an embodiment, the
refractive index of the liquid crystal layer is greater than the
refractive index of the cavity-defining layer when the liquid
crystal layer is driven.

[0011] Inan embodiment of the invention, a display appa-
ratus includes a first substrate in which a plurality of pixel
areas and a non-pixel area around the pixel areas are defined,
a cavity-defining layer disposed on the first substrate and
which defines a plurality of cavities corresponding to the
pixel areas, a liquid crystal layer disposed in the cavities, and
a second substrate disposed on the cavity-defining layer to
cover the liquid crystal layer. In such an embodiment, the
liquid crystal layer has a same refractive index as the
cavity-defining layer when the liquid crystal layer is not
driven. In such an embodiment, the liquid crystal layer has
a greater refractive index than the cavity-defining layer
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when the liquid crystal layer is driven. In such an embodi-
ment, each of the cavities has a cylindrical shape, and a
diameter of each of the cavities becomes progressively
greater from a bottom thereof toward a top thereof. In such
an embodiment, a cross section of each of the cavities has an
inverted trapezoidal shape.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above and other aspects and features of the
present invention will become more apparent by describing
in further detail exemplary embodiments thereof with ref-
erence to the accompanying drawings, in which:

[0013] FIG. 1 is an exploded perspective view illustrating
a display apparatus according to an embodiment of the
invention;

[0014] FIG. 2 is an equivalent circuit diagram illustrating
a pixel of FIG. 1;

[0015] FIG. 3is a cross-sectional view illustrating a partial
region of a display panel of FIG. 1;

[0016] FIG. 4 is a plan view illustrating the display panel
including pixel areas of FIG. 3;

[0017] FIG. 5 is a perspective view illustrating a cavity-
defining layer that defines cavities of FIG. 3;

[0018] FIG. 6 is a cross-sectional view illustrating an area
of a display panel adjacent to a light source;

[0019] FIG. 7 is a cross-sectional view illustrating a trav-
eling path of light in an off-state of pixels;

[0020] FIG. 8 is a cross-sectional view illustrating a trav-
eling path of light in an on-state of pixels;

[0021] FIGS. 9A, 9B, 10A, and 10B are cross-sectional
views illustrating ranges of refracted light in a display
apparatus according to embodiments of the invention;
[0022] FIGS. 11 to 14 are cross-sectional views illustrat-
ing a method of fabricating a display apparatus, according to
an embodiment of the invention; and

[0023] FIG. 15 is a cross-sectional view illustrating a
display apparatus according to an alternative embodiment of
the invention.

[0024] FIG. 16 is an exploded perspective view illustrat-
ing a display apparatus according to another alternative
embodiment of the invention.

[0025] FIG. 17 is a cross-sectional view illustrating a
shutter panel of FIG. 16.

[0026] FIG. 18 is a cross-sectional view illustrating the
display apparatus of FIG. 16 when the display apparatus
operates in a black mode.

[0027] FIG. 19 is a cross-sectional view illustrating the
display apparatus of FIG. 16 when the display apparatus
operates in a white mode.

DETAILED DESCRIPTION

[0028] The invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which various embodiments are shown. This invention may,
however, be embodied in many different forms, and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
Like reference numerals refer to like elements throughout.
[0029] It will be understood that when an element such as
a layer, region or substrate is referred to as being “on”
another element, it can be directly on the other element or
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intervening elements may be present. In contrast, the term
“directly” means that there are no intervening elements. As
used herein, the term “and/or” includes any and all combi-
nations of one or more of the associated listed items.
[0030] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the” are intended to include the plural forms, including
“at least one,” unless the content clearly indicates otherwise.
“Or” means “and/or.” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. It will be further understood that the
terms “comprises” and/or “comprising,” or “includes” and/
or “including” when used in this specification, specify the
presence of stated features, regions, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, regions,
integers, steps, operations, elements, components, and/or
groups thereof.

[0031] 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
spatially relative terms are intended to encompass different
orientations of the device in use or operation in addition to
the orientation depicted in the figures. For example, 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.
[0032] It will be understood that, although the terms first,
second, etc. may be used herein to describe various ele-
ments, 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, laver 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
herein.

[0033] “About” or “approximately” as used herein is
inclusive of the stated value and means within an acceptable
range of deviation for the particular value as determined by
one of ordinary skill in the art, considering the measurement
in question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system).

[0034] Exemplary embodiments are described herein with
reference to cross-sectional illustrations and/or plane illus-
trations that are idealized exemplary illustrations. In the
drawings, the thicknesses of layers and regions are exag-
gerated for clarity. Accordingly, variations from the shapes
of the illustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus,
exemplary embodiments should not be construed as limited
to the shapes of regions illustrated herein but are to include
deviations in shapes that result, for example, from manu-
facturing. For example, an etching region illustrated as a
rectangle will, typically, have rounded or curved features.
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Thus, the regions illustrated in the figures are schematic in
nature and their shapes are not intended to illustrate the
actual shape of a region of a device and are not intended to
limit the scope of exemplary embodiments.

[0035] Hereinafter, exemplary embodiments of the inven-
tion will be described in detail with reference to the accom-
panying drawings.

[0036] FIG. 1 is an exploded perspective view illustrating
a display apparatus according to an embodiment of the
invention.

[0037] Referring to FIG. 1, an embodiment of a display
apparatus 600 includes a display panel 100, a gate driver
200, a printed circuit board 300, a data driver 400, and a light
source 500. The display panel 100 may have a long side
parallel to a first direction DR1 and may have a short side
parallel to a second direction DR2 intersecting the first
direction DR1. The light source 500 generates light and
provides the generated light to the display panel 100. The
display panel 100 displays an image by using the light
provided from the light source 500.

[0038] The display panel 100 includes a first substrate 110,
a second substrate 120 facing the first substrate 110, and an
image display layer 130 disposed between the first substrate
110 and the second substrate 120. The second substrate 120
may be disposed over the first substrate 110. The first and
second substrates 110 and 120 may include glass.

[0039] A plurality of pixels PX, a plurality of gate lines
GL1 to GLm, and a plurality of data lines DL1 to DLn are
disposed on the first substrate 110. Here, ‘m’ and ‘n’ are
natural numbers. In FIG. 1, only one pixel PX is illustrated
for the purpose of ease and convenience in description and
illustration, but not being limited thereto. In such an embodi-
ment, a plurality of pixels PX may be disposed on the first
substrate 110.

[0040] The gate lines GL.1 to GLm are insulated from the
data lines DL1 to DLn and intersect the data lines DL1 to
DLn. The gate lines GL1 to GLm extend in the first direction
DR1 to be connected to the gate driver 200. The data lines
DL1 to DLn extend in the second direction DR2 to be
connected to the data driver 400.

[0041] The pixels PX are disposed in areas defined by the
gate lines GL1 to GLm and the data lines DL1 to DLn
intersecting the gate lines GL1 to GLm. The pixels PX are
arranged substantially in a matrix form and are connected to
the gate lines GL.1 to GLm and the data lines DL1 to DLn.
[0042] The gate driver 200 is disposed in a predetermined
area of the first substrate 110, which is close to a side of the
first substrate 110 in the first direction DR1. The gate driver
200 may be provide or formed simultaneously with transis-
tors of the pixels PX by a same processes and may be
mounted on the first substrate 110 in an amorphous silicon
thin film transistor (“TFT” gate driver circuit (“ASG”) form
or an oxide silicon TFT gate driver circuit (“OSG”) form.

[0043] However, embodiments of the invention are not
limited thereto. In an alternative embodiment, the gate driver
200 may be formed in a tape carrier package (“TCP”) type
to be connected to the first substrate 110. The TCP may
include a flexible printed circuit board and a plurality of
driving chips mounted on the flexible printed circuit board.
Alternatively, the gate driver 200 may include a plurality of
driving chips, and may be mounted on the first substrate 110
in a chip-on-glass (“COG”) type.

[0044] A timing controller (not shown) is disposed on the
printed circuit board 300. The timing controller may be
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mounted in an integrated circuit chip type on the printed
circuit board 300 to be connected to the gate driver 200 and
the data driving unit 400. The timing controller outputs a
gate control signal, a data control signal, and image data.
[0045] The gate driver 200 receives the gate control signal
from the timing controller through a control line CL. The
gate driver 200 may generate a plurality of gate signals
based on the gate control signal, and may sequentially output
the gate signals to the gate lines GL1 to GLm. The gate
signals are provided to the pixels PX, arranged in the unit of
row corresponding to the first direction DR1, through the
gate lines GL1 to GLm. Thus, the pixels PX may be driven
in the unit of row or on a row-by-row basis.

[0046] The data driver 400 includes a plurality of source
driving chips 410. The source driving chips 410 are disposed
or mounted on flexible circuit boards 420, and are connected
to the printed circuit board 300 and a predetermined area of
the first substrate 110 adjacent to a side of the first substrate
110 in the second direction DR2. In such an embodiment, the
data driver 400 is connected to the first substrate 110 and the
printed circuit board 300 in a TCP type. However, embodi-
ments of the invention are not limited thereto. In an alter-
native embodiment, the source driving chips 410 of the data
driver 400 may be mounted on the first substrate 110 in a
COG type.

[0047] The data driver 400 receives the image data and the
data control signal from the timing controller. The data
driver 400 generates and outputs analog data voltages cor-
responding to the image data in response to the data control
signal. The data voltages are provided to the pixels PX
through the data lines DL1 to DLn.

[0048] The pixels PX receive the data voltages through the
data lines DL1 to DLn in response to the gate signals
provided through the gate lines GL1 to GLm. The pixels PX
may display gray scales corresponding to the data voltages,
thereby displaying an image.

[0049] In an embodiment, the image display layer 130
may include a liquid crystal layer. However, embodiments of
the invention are not limited thereto. In an alternative
embodiment, the image display layer 130 may include an
electrowetting layer or an electrophoretic layer. In such an
embodiment, when the pixels PX are not driven, the image
display layer 130 may inhibit or prevent light provided
through the first substrate 110 from being emitted or out-
putted upward. When the pixels PX are driven by the gate
signals and the data voltages, the image display layer 130
may emit or output the light provided through the first
substrate 110 in an upward direction, thereby displaying an
image. The image display layer 130 will be described later
in greater detail with reference to FIG. 3.

[0050] The light source 500 may extend in the first direc-
tion DR1 and may be disposed close to a side surface of the
first substrate 110 in the second direction DR2. The light
generate from the light source 500 may be provided to the
first substrate 110, and the light provided to the first substrate
110 may be guided in an upper direction.

[0051] The light source 500 includes a light source sub-
strate 510 extending in the first direction DR1 and a plurality
of light source units 520 disposed or mounted on the light
source substrate 510. The light source units 520 may be
arranged to be spaced apart from each other with constant
interval in the first direction DR1. The light source units 520
are disposed to face the side surface of the first substrate 110
in the second direction DR2. The light source units 520
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generate light, and the light generated from the light source
units 520 is provided to the side surface of the first substrate
110.

[0052] FIG. 2 is an equivalent circuit diagram illustrating
a pixel of FIG. 1.

[0053] For the purpose of ease and convenience in
description and illustration, FIG. 2 shows a transistor TR of
a pixel PX connected to a gate line GLi and a data line DI
and a liquid crystal layer LC (i.e., the image display layer)
driven by the transistor TR. Even though not shown in the
drawings, elements of each of other pixels PX of the display
panel 100 may be the same as those of the pixel PX
illustrated in FIG. 2.

[0054] Referring to FIG. 2, a pixel PX includes the tran-
sistor TR connected to a corresponding gate line, e.g., ani-th
gate line GLi, and a corresponding data line, e.g., a j-th data
line DLj, a liquid crystal capacitor Clc connected to the
transistor TR, and a storage capacitor Cst connected in
parallel to the liquid crystal capacitor Clc. In an alternative
embodiment, the storage capacitor Cst may be omitted.
Here, ‘i’ and j’ are natural numbers.

[0055] The transistor TR may be disposed on the first
substrate 110. The transistor TR includes a gate electrode
connected to the corresponding gate line GLi, a source
electrode connected to the corresponding data line DLj, and
a drain electrode connected to the liquid crystal capacitor
Cle and the storage capacitor Cst.

[0056] The liquid crystal capacitor Clc includes a pixel
electrode PE disposed on the first substrate 110, a common
electrode CE disposed on the second substrate 120, and the
liquid crystal layer LC disposed between the pixel electrode
PE and the common electrode CE. The liquid crystal layer
LC may function as a dielectric material of a capacitor. The
pixel electrode PE is connected to the drain electrode of the
transistor TR.

[0057] The pixel electrode PE may include or be formed
of a transparent conductive material. In one embodiment, for
example, the pixel electrode PE may include the transparent
conductive material such as indium-tin oxide (“ITO”),
indium-zinc oxide (“IZ0”), or indium-tin-zinc oxide
(“ITZO™). In an embodiment, as shown in FIG. 2, the pixel
electrode PE may have a non-slit structure. However,
embodiments of the invention are not limited thereto. In an
alternative embodiment, the pixel electrode PE may have a
slit structure that includes a cross-shaped stem portion and
a plurality of branch portions radially extending from the
stem portion.

[0058] In an embodiment, the common electrode CE may
be disposed to cover a substantially entire portion of the
second substrate 120. However, embodiments of the inven-
tion are not limited thereto. In an alternative embodiment,
the common electrode CE may be disposed on the first
substrate 110. In such an embodiment, at least one of the
pixel electrode PE or the common electrode CE may include
a slit. The common electrode CE may include or be formed
of a transparent conductive material. In one embodiment, for
example, the common electrode CE may include the trans-
parent conductive material such as 1TO, 1ZO, or ITZO.
[0059] The storage capacitor Cst may include the pixel
electrode PE, a storage electrode (not shown) branched from
a storage line (not shown), and an insulating layer disposed
between the pixel electrode PE and the storage electrode.
The storage line may be disposed on the first substrate 110
and may be provided or formed simultaneously with the gate
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lines GL1 to GLm in a same layer. The storage electrode
may partially overlap with the pixel electrode PE.

[0060] The pixel PX may further include a color filter CF
showing one of a red color, a green color, and a blue color.
In one embodiment, for example, the color filter CF may be
disposed on the second substrate 120, as illustrated in FIG.
2. However, embodiments of the invention are not limited
thereto. In an alternative embodiment, the color filter CF
may be disposed on the first substrate 110.

[0061] The transistor TR is turned-on in response to the
gate signal provided through the gate line GLi. The data
voltage received through the data line DL is provided to the
pixel electrode PE of the liquid crystal capacitor Clc through
the transistor TR which is turned-on. A common voltage is
applied to the common electrode CE.

[0062] An electric field is generated between the pixel
electrode PE and the common electrode CE by a difference
in voltage level between the data voltage and the common
voltage. Liquid crystal molecules of the liquid crystal layer
LC are driven by the electric field generated between the
pixel electrode PE and the common electrode CE. A light
transmittance may be adjusted or controlled by the liquid
crystal molecules driven by the electric field, thereby dis-
playing an image.

[0063] In an embodiment, a storage voltage having a
constant voltage level may be applied to the storage line.
However, embodiments of the invention are not limited
thereto. In an alternative embodiment, the common voltage
may be applied to the storage line. The storage capacitor Cst
may supplement a voltage charged in the liquid crystal
capacitor Clc.

[0064] FIG. 3 is a cross-sectional view illustrating a partial
region of a display panel of FIG. 1. FIG. 4 is a plan view
illustrating the display panel including pixel areas of FIG. 3.
FIG. 5 is a perspective view illustrating a cavity-defining
layer defining cavities of FIG. 3.

[0065] For the purpose of ease and convenience in
description and illustration, FIG. 4 illustrates a planar area of
the display panel 100 and FIG. 5 illustrates only a cavity-
defining layer CDL defining cavities MC.

[0066] Referring to FIGS. 3,4 and 5, the first substrate 110
includes a first base substrate SUB1, the transistors TR
disposed on the first base substrate SUB1, and the pixel
electrodes PE connected to the transistors TR. A planar area
of each of the pixels PX of a display area DA includes a pixel
area PXA and a non-pixel area NPXA disposed around the
pixel area PXA.

[0067] The transistors TR are disposed in the non-pixel
area NPXA. Fach of the transistors TR includes a gate
electrode GE, a semiconductor layer SM, a source electrode
SE and a drain electrode DE. The gate electrode GE of each
of the transistors TR is disposed on the first base substrate
SUBI. The first base substrate SUB1 may include a glass.
The gate electrode GE of each of the transistors TR is
connected to a corresponding one of the gate lines GL1 to
GLm.

[0068] A first insulating layer INS1 is disposed on the first
base substrate SUB1 and covers the gate electrodes GE. The
first insulating layer INS1 may be an inorganic insulating
layer including an inorganic material. In one embodiment,
for example, the first insulating layer INS1 may include an
inorganic insulating material such as silicon nitride and/or
silicon oxide.
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[0069] The semiconductor layer SM of each of the tran-
sistors TR is disposed on the first insulating layer INS1
covering the gate electrodes GE. Even though not shown in
the drawings, the semiconductor layer SM of each of the
transistors TR may include an active layer and an ohmic
contact layer.

[0070] The source electrode SE and the drain electrode DE
of each of the transistors TR, which are spaced apart from
each other, may be disposed on the semiconductor layer SM
and the first insulating layer INS1. The semiconductor layer
SM may form conductive channels between the source
electrode SE and the drain electrode DE. The source elec-
trodes SE of each of the transistors TR is connected to a
corresponding one of the data lines DL1 to DLn.

[0071] A second insulating layer INS2 is disposed on the
first insulating layer INS1 and covers the transistors TR. The
second insulating layer INS2 may be defined as a passiva-
tion layer. The second insulating layer INS2 may be an
inorganic insulating layer. The second insulating layer INS2
covers a portion of the semiconductor layer SM, which is
exposed between the source electrode SE and the drain
electrode DE.

[0072] A third insulating layer INS3 is disposed on the
second insulating layer INS2. The third insulating layer
INS3 may be an organic insulating layer including an
organic material, and a top surface of the third insulating
layer INS3 may have a flat shape. Contact holes are defined
the second and third insulating layers INS2 and INS3 to
expose predetermined areas of the drain electrode DE of
each of the transistors TR.

[0073] The pixel electrodes PE are disposed on the third
insulating layer INS3. The pixel electrodes PE are disposed
to correspond to (or to overlap in a thickness direction of the
display panel 100 with) the pixel areas PXA, respectively.
Each of the pixel electrodes PE are connected to the drain
electrode DE of a corresponding one of the transistor TR
through a contact hole CH.

[0074] The second substrate 120 includes a second base
substrate SUB2, the color filters CF, a black matrix BM, and
the common electrode CE. The color filters CF and the black
matrix BM are disposed under the second base substrate
SUB2 (or on a bottom surface of the second base substrate
SUB2). The color filters CF are disposed to correspond to (or
to overlap in the thickness direction with) the pixel areas
PXA, and the black matrix BM is disposed to correspond to
(or to overlap in the thickness direction with) the non-pixel
area NPXA,

[0075] The color filter CF provides a color to light trans-
mitted through the pixel area PXA. Each of the color filters
CF may be one of a red color filter, a green color filter, and
a blue color filter. The color filters CF of the pixels PX
adjacent to each other may have different colors such that the
adjacent pixels PX display colors different from each other.
[0076] The black matrix BM blocks light of the non-pixel
area NPXA, which is not desired to be seen when an image
is shown. The black matrix BM blocks light leakage which
may occur by abnormal behavior of liquid crystal molecules
at edges of the pixel areas PXA adjacent to the non-pixel
area NPXA. In such an embodiment, the black matrix BM
may effectively block or prevent a mixed color which may
occur at edges of the color filters CF adjacent to the
non-pixel area NPXA.

[0077] The common electrode CE is disposed under the
color filters CF and the black matrix BM, and a fourth
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insulating layer INS4 is disposed under the common elec-
trode CE. The fourth insulating layer INS4 may include an
inorganic insulating layer or an organic insulating layer.
[0078] In an embodiment, the image display layer 130
disposed between the first and second substrates 110 and 120
may include the liquid crystal layers L.C. In an embodiment,
a cavity-defining layer CDL that defines a plurality of
cavities MC may be disposed on the third insulating layer
INS3. The cavities MC are defined through the cavity-
defining layer CDL to expose predetermined areas of the
pixel electrodes PE. A diameter of each of the cavities MC
may be in a range from about 4 micrometers to about 5
micrometers at a top surface of the cavity-defining layer
CDL. The cavity-defining layer CDL may be provided or
formed by patterning an organic material. The organic
material for forming the cavity-defining layer CDL may
include a photoresist (or a photosensitive resin).

[0079] An inner side surface IS of the cavity-defining
layer CDL, which defines each of the cavities MC, may form
an inclination angle 0s with a plane defined by the first and
second directions DR1 and DR2. The inclination angle 0s
may be in a range from about 55 degrees to about 75
degrees. In such an embodiment, the inner side surface IS of
the cavity-defining layer CDL may be an inclined surface
which has the inclination angle 0Os in the range from about
55 degrees to about 75 degrees with respect to the plane
defined by the first and second directions DR1 and DR2.
[0080] The cavities MC may overlap with the pixel areas
PXA and may have cylindrical shapes. In an embodiment, as
shown in FIG. 5, the diameter of each of the cavities MC
may become progressively greater toward a top end thereof.
In such an embodiment, as shown in FIG. 3, a cross section
of each of the cavities MC may have an inverted trapezoidal
shape. A fifth insulating layer INS5 is disposed on the
cavity-defining layer CDL and the first substrate 110 of the
pixel areas PXA. The fifth insulating layer INS5 may be
disposed on the pixel electrodes PE in the cavities MC. The
fifth insulating layer INS5 may be an inorganic insulating
layer.

[0081] The liquid crystal layer LC may be disposed on the
fifth insulating laver INS5 in each of the cavities MC. The
liquid crystal layer LC may include a plurality of liquid
crystal molecules LCM. The liquid crystal molecules LCM
may be vertically oriented to the plane defined by the first
and second directions DR1 and DR2 when the pixels PX are
not driven or no electric field is generated between the pixel
electrodes PE and the common electrode CE. The second
substrate 120 is disposed on the fifth insulating layer INS5
to cover the liquid crystal layer LC.

[0082] FIG. 6 is a cross-sectional view illustrating a pre-
determined area of a display panel adjacent to a light source.
[0083] Referring to FIG. 6, a sealing layer SL is disposed
between the first substrate 110 and the second substrate 120.
The sealing layer SL is disposed in a non-display area NDA
to surround the display area DA and bonds the first substrate
110 and the second substrate 120 to each other.

[0084] The light source units 520 of the light source 500
may be disposed to face a side surface of the first base
substrate SUB1. A thickness of the light source unit 520 in
a direction perpendicular to the plane defined by the first and
second directions DR1 and DR2 (or a length of the light
source unit 520 in the thickness direction of the display
panel 100) may be equal to a thickness of the first base
substrate SUBI.
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[0085] When the light source unit 520 is spaced apart from
the first base substrate SUB1 by a first distance D1, light
emitted from the light source unit 520 toward the side
surface of the first base substrate SUB1 may be provided to
the side surface of the first base substrate SUB1 at an angle
in a range from about zero (0) degree to about 48 degrees
with respect to a normal line of the side surface of the first
base substrate SUB1. The light provided to the first base
substrate SUB1 may be guided in the first base substrate
SUBL. The first distance D1 may be set to about 5 centi-
meters (cm).

[0086] FIG. 7 is a cross-sectional view illustrating a trav-
eling path of light in an off-state of pixels. FIG. 8 is a
cross-sectional view illustrating a traveling path of light in
an on-state of pixels.

[0087] Referring to FIG. 7, an operation in which the
pixels PX are not driven may correspond to an off-state and
may be defined as a black mode. In the black mode, the
transistors TR are not driven and the liquid crystal layer LC
is also not driven. In the black mode, the liquid crystal
molecules LCM of the liquid crystal layer LC are main-
tained in a vertical orientation state.

[0088] In an embodiment, the first and second base sub-
strates SUB1 and SUB2, which may include or be formed of
a glass, the third insulating layer INS3 and the cavity-
defining layer CDL, which may include or be formed of the
organic insulating materials, and the non-driven liquid crys-
tal layer LC may have a same refractive index as each other.
In one embodiment, for example, the refractive index of
each of the first base substrate SUBI1, the second base
substrate SUB2, the third insulating layer INS3, the cavity-
defining layer CDL and the non-driven liquid crystal layer
LC may be about 1.5.

[0089] Refractive indexes of the pixel electrode PE, the
common electrode CE, and the first, second, fourth and fifth
insulating layers INS1, INS2, INS4 and INS5 of the inor-
ganic insulating layers are greater than the refractive indexes
of the first and second base substrates SUB1 and SUB2, the
third insulating layer INS3, the cavity-defining layer CDL
and the liquid crystal layer LC. A refractive index of the
color filter CF, which may include or be formed of the
organic material, may be greater than the refractive index of
the first base substrate SUB1 and smaller than a refractive
index of an inorganic insulating layer.

[0090] A bottom surface of the first base substrate SUB1
is parallel to the plane defined by the first and second
directions DR1 and DR2. First light L1 travels at a first angle
01 with respect to the bottom surface of the first base
substrate SUB1, and second light 1.2 travels at a second
angle 02 with respect to the bottom surface of the first base
substrate SUB1. Here, the second angle 62 is greater than
the first angle 61. Each of the first and second angles 61 and
02 may be equal to or greater than about 17 degrees and may
be equal to or smaller than about 48 degrees.

[0091] The first light .1 traveling at the first angle 61 in
the first base substrate SUB1 may be refracted at an angle
greater than the first angle 61 at a medium having a greater
refractive index than the first base substrate SUBI (e.g., the
pixel electrode PE, the common electrode CE, and the first,
second, fourth and fifth insulating layers INS1, INS2, INS4
and INS5 of the inorganic insulating layers) but may travel
again at the first angle 01 in a medium having the same
refractive index as the first base substrate SUBI (e.g., the
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second base substrate SUB2, the third insulating layer INS3,
the cavity-defining layer CDL and the non-driven liquid
crystal layer LC).

[0092] The second light 1.2 traveling at the second angle
02 in the first base substrate SUB1 may also be refracted at
an angle greater than the second angle 02 at the medium
having a greater refractive index than the first base substrate
SUB1 but may travel again at the second angle 62 in the
medium having the same refractive index as the first base
substrate SUBI.

[0093] In the black mode, the first light L1 and the second
light L2 traveling at the first angle 61 and the second angle
02 in the first base substrate SUB1 may travel again at the
first angle 61 and the second angle 62 in the non-driven
liquid crystal layer LC, respectively. In such an embodiment,
an incident angle of each of the first and second lights [.1 and
L2 transmitted through the fifth insulating layer INS5 may
be smaller than a critical angle. Thus, the first and second
lights L1 and L2 transmitted through the fifth insulating
layer INS5 may travel into the cavity-defining layer CDL.
[0094] The first light L1 traveling at the first angle 61 may
travel to the black matrix BM and may be absorbed in the
black matrix BM. The second light L2 traveling at the
second angle 82 may travel to the second base substrate
SUB2.

[0095] When light traveling at an angle equal to or smaller
than about 48 degrees is provided into each of the first and
second base substrates SUB1 and SUB2, the light is not
transmitted to the outside of each of the first and second base
substrates SUB1 and SUB2 but is totally reflected at an
interface between an air layer AIR and each of the first and
second base substrates SUB1 and SUB2 or blocked by the
black matrix BM. Thus, the second light L2 traveling at the
second angle 02 is totally reflected at a top surface of the
second base substrate and is not outputted to the outside of
the display panel 100. As a result, an image is not displayed
in the black mode.

[0096] Referring to FIG. 8, an operation in which the
pixels PX are driven may correspond to an on-state and may
be defined as a white mode. The data voltages are applied to
the pixel electrodes PE through the transistors TR and the
common voltage is applied to the common electrode CE, and
thus the liquid crystal layer LC is driven. When the liquid
crystal layer LC is driven, the liquid crystal molecules LCM
of the liquid crystal layer LC may be driven from vertical
orientation to horizontal orientation.

[0097] A refractive index of the liquid crystal layer LC
when the liquid crystal layer LC is driven may be greater
than the refractive index of the liquid crystal layer LC when
the liquid crystal layer LC is not driven. In one embodiment,
for example, when the liquid crystal layer LC is driven, the
refractive index of the liquid crystal layer LC may be greater
than about 1.5 and equal to or smaller than about 1.75. When
the liquid crystal layer LC is driven, the refractive index of
the liquid crystal layer LC is greater than the refractive
indexes of the base substrates SUB1 and SUB2, the third
insulating layer INS3, and the cavity-defining layer CDL
and is smaller than the refractive indexes of the pixel
electrode PE, the common electrode CE, and the first,
second, fourth, and fifth insulating layers INS1, INS2, INS4
and INS5.

[0098] The first light 1.1 traveling at the first angle 61 in
the first base substrate SUB1 may be refracted at an angle
greater than the first angle 81 at the liquid crystal layer L.C
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of which the refractive index is increased. In the white state,
an incident angle of the first light L1 transmitted through the
fifth insulating layer INS5 may be greater than the critical
angle, and thus the first light L1 may be totally reflected at
an interface between the fifth insulating layer INS5 and the
cavity-defining layer CDL. The first light L1 reflected at the
interface between the fifth insulating layer INS5 and the
cavity-defining layer CDL may travel upward and may pass
through the second base substrate SUB2, and thus the first
light L1 may be outputted to the outside of the display panel
100.

[0099] The second light L2 traveling at the second angle
02 in the first base substrate SUB1 may be refracted at an
angle greater than the second angle 62 at the liquid crystal
layer LC of which the refractive index is increased. In the
white state, an incident angle of the second light 1.2 trans-
mitted through the fifth insulating layer INS5 may be greater
than the critical angle, and thus the second light [.2 may be
totally reflected at the interface between the fifth insulating
layer INS5 and the cavity-defining layer CDL. The second
light L2 reflected at the interface between the fifth insulating
layer INSS and the cavity-defining layer CDL may travel
upward and may pass through the second base substrate
SUB2, and thus the second light .2 may be outputted to the
outside of the display panel 100. Thus, an image may be
displayed in the white mode.

[0100] The common voltage applied to the common elec-
trode CE may have a constant voltage level, and the data
voltage applied to the pixel electrode PE may have various
voltage levels on the basis of a displayed gray scale. Since
the refractive index of the liquid crystal layer LC is varied
according to a difference between the data voltage applied to
the pixel electrode PE and the common voltage applied to
the common electrode CE, the refractive index of the liquid
crystal layer LC may be set to various values when the data
voltage is varied.

[0101] When the pixels PX are driven, the refractive index
of the liquid crystal layer LC may be greater than about 1.5
and may be further increased as the difference between the
data voltage of the pixel electrode PE and the common
voltage of the common electrode CE increases. In some
embodiments, the refractive index of the liquid crystal layer
LC may have the maximum value of about 1.75.

[0102] An angle at which the light traveling to the liquid
crystal layer LC is refracted may increase as the refractive
index of the liquid crystal layer LC increases. The amount of
the light totally reflected at the interface between the fifth
insulating layer INS5 and the cavity-defining layer CDL
may be varied according to a refraction angle of the light
traveling in the liquid crystal layer LC. Accordingly, in such
an embodiment, the gray scale may be displayed according
to the voltage level of the data voltage applied to the pixel
electrode PE.

[0103] FIGS. 9A, 9B, 10A, and 10B are cross-sectional
views illustrating ranges of refracted light in a display
apparatus according to embodiments of the invention.
[0104] For the purpose of ease and convenience in
description and illustration, FIGS. 9A, 9B, 10A and 10B
illustrate a first medium M1 corresponding to the first base
substrate SUBI, a second medium M2 corresponding to the
liquid crystal layer LC, and a third medium M3 correspond-
ing to the cavity-defining layer CDL. A refractive index of
the second medium M2 illustrated in FIGS. 9A and 10A is
equal to the refractive index of the liquid crystal layer LC
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when the liquid crystal layer LC is not driven. A refractive
index of the second medium M2 illustrated in FIGS. 9B and
10B is equal to the refractive index of the liquid crystal layer
LC when the liquid crystal layer LC is driven.

[0105] Referring to FIG. 94, in an embodiment, the first,
second and third mediums M1, M2 and M3 have the same
refractive index as each other. An inner side surface IS of the
third medium M3 corresponding to the cavity-defining layer
CDL may form an inclination angle 0s with the plane
defined by the first and second directions DR1 and DR2. The
inclination angle 0s may be about 70 degrees.

[0106] Third light L3 and fourth light L4 travel at prede-
termined angles with respect to a bottom surface of the first
medium M1 in the first medium M1, respectively. The angle
between the third light .3 and the bottom surface of the first
medium M1 may be greater than the angle between the
fourth light L4 and the bottom surface of the first medium
M1. The third light .3 and the fourth light L4 may be any
two of lights traveling in the first medium M1 at angles in
a range from about 17 degrees to about 48 degrees with
respect to the bottom surface of the first medium M1. The
bottom surface of the first medium M1 may be parallel to the
plane defined by the first and second directions DR1 and
DR2.

[0107] The third light .3 and the fourth light 14 traveling
at the predetermined angles with respect to the bottom
surface of the first medium M1 pass through the second
medium M2 with no total refraction, that is, while main-
taining the angles thereof. Incident angles of the third light
L3 and the fourth light [.4 are smaller than a critical angle
Oc at an interface between the second and third mediums M2
and M3. Thus, the third light [.3 and the fourth light L4 are
not totally reflected at the interface between the second and
third mediums M2 and M3 but travel into the third medium
M3.

[0108] Referring to FIG. 9B, the refractive index of the
second medium M2 is greater than the refractive index of the
first medium M1 and the refractive index of the third
medium M3. The third and fourth lights [.3 and [.4 traveling
at the predetermined angles from the bottom surface of the
first medium M1 are totally refracted at an interface between
the first and second mediums M1 and M2 at angles greater
than the predetermined angles and pass through the second
medium M2.

[0109] An incident angle of the third light L3 may be
greater than the critical angle ¢ at the interface between the
second and third mediums M2 and M3. However, an inci-
dent angle of the fourth light I.4 may be smaller than the
critical angle Oc at the interface between the second and
third mediums M2 and M3. Thus, the third light L3 is totally
reflected at the interface between the second and third
mediums M2 and M3. However, the fourth light 1.4 is not
totally reflected at the interface between the second and third
mediums M2 and M3 but is transmitted into the third
medium M3. Accordingly, when the inclination angle of the
inner side surface IS of the third medium M3 is about 70
degrees, the third light L3 traveling at an angle in a range
from about 17 degrees to about 48 degrees may be totally
reflected at the interface between the second and third
mediums M2 and M3, but the fourth light L4 traveling at
another angle that is not in the range from about 17 degrees
to about 48 degrees may not be totally reflected at the
interface between the second and third mediums M2 and
M3.
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[0110] Referring to FIG. 104, in an alternative embodi-
ment, the first, second and third mediums M1, M2 and M3
may have the same refractive index as each other, and the
inclination angle 8s of the inner side surface IS of the third
medium M3 may be about 60 degrees.

[0111] The third light L3 and the fourth light 1.4 traveling
at the predetermined angles from the bottom surface of the
first medium M1 pass through the second medium M2
without total reflection or while maintaining the angles
thereof. Since the incident angles of the third light L3 and
the fourth light L4 are smaller than the critical angle Oc at
the interface between the second and third mediums M2 and
M3, the third light L3 and the fourth light [.4 are not totally
reflected at the interface between the second and third
mediums M2 and M3 but travels into the third medium M3.
[0112] Referring to FIG. 10B, the refractive index of the
second medium M2 is greater than the refractive index of the
first medium M1 and the refractive index of the third
medium M3, and the third light L3 and the fourth light L4
are refracted at the interface between the first and second
mediums M1 and M2 at greater angles to travel into the
second medium M2.

[0113] The incident angle of the third light L3 may be
greater than the critical angle Oc at the interface between the
second and third mediums M2 and M3. The incident angle
of the fourth light L4 may also be greater than the critical
angle O¢ at the interface between the second and third
mediums M2 and M3. Thus, the third light .3 and the fourth
light 14 are totally reflected at the interface between the
second and third mediums M2 and M3. In such an embodi-
ment, when the inclination angle of the inner side surface IS
of the third medium M3 is about 60 degrees, the third light
L3 and the fourth light [.4 among lights traveling at angles
in the range from about 17 degrees to about 48 degrees are
totally reflected at the interface between the second and third
mediums M2 and M3.

[0114] In such an embodiment described above, the
amount of light totally reflected at the inner side surface IS
of the third medium M3 may decrease as the inclination
angle of the inner side surface IS of the third medium M3
increases. In such an embodiment, the amount of light
totally reflected at the inner side surface IS of the third
medium M3 may increase as the inclination angle of the
inner side surface IS of the third medium M3 decreases.
[0115] FIGS. 9B and 10B illustrate only the third medium
M3 which corresponds to the cavity-defining layer CDL
having a smaller refractive index than the liquid crystal layer
LC when the liquid crystal layer LC is driven. However,
even though the fifth insulating layer INS5 is disposed on the
third medium M3, the amount of the light totally reflected at
the inner side surface IS of the third medium M3 may be
varied according to the inclination angle of the inner side
surface IS of the third medium M3, similarly to the operation
described with reference to FIGS. 9B and 10B.

[0116] In some embodiments of the invention, the incli-
nation angle of the inner side surface IS of the cavity-
defining layer CDL may be set to be in a range from about
55 degrees to about 75 degrees. When the inclination angle
of the inner side surface IS of the cavity-defining layer CDL
is set in the range from about 55 degrees to about 75 degrees
and the cavity-defining layer CDL is driven, light traveling
in the first base substrate SUB1 at an angle in a range from
a first angle to a second angle with respect to the bottom
surface of the first base substrate SUB1 may be totally
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reflected at the inner side surface IS of the cavity-defining
layer CDL. Here, the second angle is greater than the first
angle. The first angle may be defined as the minimum angle
at which light is totally reflected at the inner side surface IS
of the cavity-defining layer CDL. The second angle may be
defined as the maximum angle at which light is totally
reflected at the inner side surface IS of the cavity-defining
layer CDL.

[0117] When the inclination angle of the inner side surface
IS of the cavity-defining layer CDL is about 55 degrees, the
first angle may be set to be about 17 degrees and the second
angle may be set to be about 48 degrees. The first angle may
increase more than about 17 degrees as the inclination angle
of the inner side surface IS of the cavity-defining layer CDL
increases. When the inclination angle of the inner side
surface IS of the cavity-defining layer CDL is in a range
from about 55 degrees to about 75 degrees, the second angle
may be about 48 degrees. When the inclination angle of the
inner side surface IS of the cavity-defining layer CDL. is set
to be in the range from about 55 degrees to about 75 degrees,
a user may normally view an image.

[0118] As a result, the light totally reflected at the inner
side surface IS of the cavity-defining layer CDL may be light
which travels at an angle in a range from about 17 degrees
to about 48 degrees with respect to the bottom surface of the
first base substrate SUB1 in the first base substrate SUBI.
[0119] In some embodiments of the invention, the light
source 500 provides light directly to the first substrate 110.
In such embodiments, the cavity-defining layer CDL is
disposed on the first substrate 110, and the liquid crystal
layer LC is disposed in the cavities MC. Thus, the black
mode and the white mode may be realized. In such embodi-
ments, the light is provided to the display panel without an
optical sheet, a light guide plate, and a polarizing plate,
thereby displaying an image. Thus, a total thickness of the
display apparatus 600 may be substantially reduced, and a
light loss caused by the optical sheet and the polarizing plate
may not occur, thereby improving light-emitting efficiency.
[0120] FIGS. 11 to 14 are cross-sectional views illustrat-
ing a method of fabricating a display apparatus, according to
some embodiments of the invention.

[0121] Referring to FIG. 11, in an embodiment of a
method of fabricating a display apparatus, the first base
substrate SUB1 is prepared, and the transistors TR are
provided on the first base substrate SUB1 of the non-pixel
area NPXA. The third insulating layer INS3 is provided to
cover the transistors TR. The pixel electrodes PE are pro-
vided on the third insulating layer INS3 to correspond to the
pixel areas PXA. The pixel electrodes PE are connected to
the transistors TR. As a result, the first substrate 110 may be
prepared.

[0122] Referring to FIG. 12, the cavity-defining layer
CDL defining the cavities MC is provided on the first
substrate 110. In such an embodiment, a photoresist may be
provided on the first substrate 110, and portions of the
photoresist corresponding to the pixel areas PXA may be
removed by an exposure process and a development process
to form the cavity-defining layer CDL defining the cavities
MC.

[0123] The cavities MC may have cylindrical shapes, and
a diameter of each of the cavities MC may become progres-
sively greater from a bottom end toward a top end of each
of the cavities MC. As a result, the cross section of each of
the cavities MC may have an inverted trapezoidal shape. In
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such an embodiment, as described above, the inner side
surface of the cavity-defining layer CDL, which defines each
of the cavities MC, may have the inclination angle in a range
from about 55 degrees to about 75 degrees with respect to
the bottom surface of the first base substrate SUBI.
[0124] Referring to FIG. 13, the fifth insulating layer INS5
is provided on the cavity-defining layer CDL and the pixel
electrodes PE of the first substrate 110 exposed through the
cavities MC. The liquid crystal layer LC is provided on the
fifth insulating layer INS5 in the cavities MC. The liquid
crystal layer LC is provided in the pixel areas PXA.
[0125] Referring to FIG. 14, the second substrate 120 is
provided on the fifth insulating layer INS5 to cover the
liquid crystal layer LC, such that the display apparatus 600
may be fabricated.

[0126] FIG. 15 is a cross-sectional view illustrating a
display apparatus according to an alternative embodiment of
the invention.

[0127] For the purpose of ease and convenience in
description and illustration, the cross-sectional view in FIG.
15 is substantially the same as the cross-sectional view
shown in FIG. 3 except for the fifth insulating layer INS5.
The same or like elements shown in FIG. 15 have been
labeled with the same reference characters as used above to
describe the embodiments of the display apparatus stage
shown in FIG. 3, and any repetitive detailed description
thereof will hereinafter be omitted or simplified.

[0128] In an embodiment, as shown in FIG. 3, the fifth
insulating layer INS5 is disposed on the cavity-defining
layer CDL and the pixel electrodes PE of the first substrate
110. In an alternative embodiment, referring to FIG. 15, the
fifth insulating layer INSS is omitted. In such an embodi-
ment, the cavity-defining layer CDL defining cavities MC
may be disposed on a first substrate 110 of a display panel
100, the liquid crystal layer LC may be disposed in the
cavities MC, and a second substrate 120 may be disposed on
the cavity-defining layer CDL to cover the liquid crystal
layer LC. In such an embodiment, where the fifth insulating
layer INS5 is omitted, light may be totally reflected at the
inner side surface IS of the cavity-defining layer CDL to
display an image, as described with reference to FIGS. 9A,
9B, 10A, and 10B.

[0129] FIG. 16 is an exploded perspective view illustrat-
ing a display apparatus according to another alternative
embodiment of the invention. FIG. 17 is a cross-sectional
view illustrating a shutter panel of FIG. 16.

[0130] For the purpose of ease and convenience in
description and illumination, FIG. 17 shows a cross-sec-
tional view substantially corresponding to the cross-sec-
tional view in FIG. 3.

[0131] Referring to FIGS. 16 and 17, an exemplary
embodiment of a display apparatus 700 includes a shutter
panel SP and a display panel DP disposed on the shutter
panel SP. The shutter panel SP has substantially the same
elements and the same functions as the display panel 100 of
FIG. 3 except for the color filters CF. In an exemplary
embodiment, as shown in FIG. 3, the display apparatus 600
includes the color filters CF disposed under the second base
substrate SUB2 of the display panel 100. In an alternative
exemplary embodiment, as shown in FIG. 17, the shutter
panel SP includes a plurality of sixth insulating layers INS6
disposed under the second base substrate SUB2 instead of
the color filters CF. The sixth insulating layers INS6 may be
organic insulating layers and may be disposed to correspond
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to (or to overlap in the thickness direction with) the pixel
areas PXA. Other elements of the shutter panel SP are
substantially the same as corresponding elements of the
display apparatus 600 illustrated in FIGS. 1 and 3.

[0132] The shutter panel SP generates light and provides
the generated light to the display panel DP. In one exemplary
embodiment, for example, since the shutter panel SP has the
same elements as the display apparatus 600 of FIG. 1 except
for the color filters CF, the shutter panel SP includes the light
source 500 and outputs the light generated from the light
source 500 in an upward direction. The shutter panel SP
further includes the gate driver 200, the data driver 400, and
the printed circuit board 300, which are illustrated in FIG. 1.
The shutter panel SP may operate in the black mode and the
white mode, like the operations of the pixels PX of the
display apparatus 600 described above with reference to
FIGS. 7 and 8.

[0133] When the shutter panel SP operates in the black
mode, the shutter panel SP does not emit or output the light.
When the shutter panel SP operates in the white mode, the
shutter panel SP emits or output the light. Since the shutter
panel SP does not include the color filters CF, the shutter
panel SP does not display an image. However, the shutter
panel SP generates the light and provides the generated light
to the display panel DP, similarly to a general backlight unit.
[0134] Thedisplay panel DP includes a first substrate SB1,
a second substrate SB2 facing the first substrate SB1, and a
liquid crystal layer LCY disposed between the first substrate
SB1 and the second substrate SB2. The first substrate SB1
includes a plurality of gate lines G1 to Gm extending in a
first direction DRI, a plurality of data lines D1 to Dn
extending in a second direction DR2, and a plurality of
pixels PIX connected to the gate lines G1 to Gm and the data
lines D1 to Dn. In FIG. 16, one pixel PIX is illustrated for
the purpose of ease and convenience in description and
illustration, but not being limited thereto. In such an embodi-
ment, a plurality of pixels PIX may be disposed on the first
substrate SB1.

[0135] Even though not shown in FIG. 16, pixel electrodes
of the pixels PIX are disposed on the first substrate SB1, and
color filters and a common electrode are disposed on the
second substrate SB2. The color filters correspond to (or
overlap with) the pixels PIX, and the common electrode
faces the pixel electrodes. In such an embodiment, the
display panel DP of FIG. 16 may not include the cavity-
defining layer CDL, which is shown in FIG. 3.

[0136] The display apparatus 700 includes a gate driver
GD, a data driver DD, and a printed circuit board PCB,
which are provided to drive the display panel DP. The gate
driver GD, the data driver DD and the printed circuit board
PCB are substantially the same as the gate driver 200, the
data driver 400, and the printed circuit board 300, which are
illustrated in FIG. 1.

[0137] In such an embodiment, the gate driver GD is
disposed on the first substrate SB1 and is connected to the
gate lines G1 to Gm. The data driver DD includes a plurality
of source driving chips S-IC. The source driving chips S-IC
are disposed or mounted on flexible circuit boards FPCB to
be connected to the first substrate SB1. The source driving
chips S-IC connected to the first substrate SB1 are connected
to the data lines D1 to Dn of the first substrate SB1.
[0138] A timing controller (not shown) disposed on the
printed circuit board PCB outputs a gate control signal, a
data control signal, and image data. The gate driver GD
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receives the gate control signal from the timing controller
through a control line CNL and generates a plurality of gate
signals in response to the gate control signal. The gate
signals are provided to the pixels PIX through the gate lines
G1 to Gm.

[0139] The data driver DD receives the image data and the
data control signal from the timing controller and generates
data voltages corresponding to the image data in response to
the data control signal. The data voltages are provided to the
pixels PIX through the data lines D1 to Dn.

[0140] The pixels PIX receive the data voltages in
response to the gate signals and display gray scales corre-
sponding to the data voltages. The liquid crystal layers LCY
of the pixels PIX may be driven by the gate signals and the
data voltages, and light transmittances may be adjusted or
controlled by the driven liquid crystal layers LCY, thereby
displaying an image.

[0141] FIG. 18 is a cross-sectional view illustrating the
display apparatus of FIG. 16 when the display apparatus
operates in the black mode. FIG. 19 is a cross-sectional view
illustrating the display apparatus of FIG. 16 when the
display apparatus operates in the white mode. For the
purpose of ease and convenience in description and illumi-
nation, FIGS. 18 and 19 shows cross-sectional views cor-
responding to the cross-sectional view in FIG. 17.

[0142] Referring to FIG. 18, the black mode operation of
the shutter panel SP illustrated in FIG. 18 is substantially the
same as the black mode operation of the display panel 100
illustrated in FIG. 7. When the shutter panel SP operates in
the black mode, lights L1 and L2 generated in the shutter
panel SP are blocked in the shutter panel SP and are not
provided to the display panel DP. Thus, the display apparatus
700 may operate in the black mode.

[0143] Referring to FIG. 19, the white mode operation of
the shutter panel SP illustrated in FIG. 19 is substantially the
same as the white mode operation of the display panel 100
illustrated in FIG. 8. When the shutter panel SP operates in
the white mode, the lights .1 and 1.2 generated in the shutter
panel SP pass through the shutter panel SP to be provided to
the display panel DP. Thus, the display apparatus 700 may
operate in the white mode.

[0144] Generally, a contrast ratio is defined as a ratio of
the brightest screen to the darkest screen. A color reproduc-
tion range may be increased as the contrast ratio increases,
and thus a higher quality image may be provided to a user.
To increase the contrast ratio, an additional shutter panel
(hereinafter, referred to as ‘a conventional shutter panel”)
having a light-shutter function for transmitting (white mode)
and blocking (black mode) light generated in a backlight
unit may be disposed between a display panel and the
backlight unit. A difference in luminance between a bright
screen (white mode) and a dark screen (black mode) may be
increased by such a conventional shutter panel.

[0145] However, such a conventional shutter panel has
substantially the same elements as the display panel and is
disposed between the backlight unit and the display panel.
Light generated in the backlight unit may be condensed
while passing through an optical member of the backlight
unit and may then be outputted. However, a loss of light may
occur when the light passes through the optical member. In
addition, a loss of light may additionally occur while the
light passes through the conventional shutter panel. Since
brightness of the light is reduced by the loss of the light,
brightness of an image generated by a display apparatus may
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be reduced. Furthermore, since the conventional shutter
panel is added, a total thickness of the display apparatus may
be increased.

[0146] According to exemplary embodiments of the
invention, as described above with reference to FIGS. 16 to
18, the shutter panel SP of the display apparatus 700 may
perform both the function of the backlight unit and the
function of the light-shutter. Thus, the shutter panel SP may
prevent brightness of the display apparatus 700 from being
reduced and may improve a contrast ratio of the display
apparatus 700. In such an embodiment, since an additional
panel to perform the light-shutter function is not used, a total
thickness of the display apparatus 700 may be reduced.
[0147] According to some embodiments of the invention,
the image may be displayed using the light provided directly
to the display panel without using a light guide plate, an
optical sheet and a polarizing plate, and thus the light-
emitting efficiency of the display apparatus may be
improved and the thickness of the display apparatus may be
reduced.

[0148] While the invention have been described with
reference to exemplary embodiments, it will be apparent to
those skilled in the art that various changes and modifica-
tions may be made without departing from the spirits and
scopes of the invention. Therefore, it should be understood
that the above embodiments are not limiting, but illustrative.
Thus, the scopes of the invention are to be determined by the
broadest permissible interpretation of the following claims
and their equivalents, and shall not be restricted or limited
by the foregoing description.

What is claimed is:

1. A display apparatus comprising:

a first substrate in which a plurality of pixel areas and a
non-pixel area around the pixel areas are defined,

a cavity-defining layer disposed on the first substrate,
wherein the cavity-defining layer defines a plurality of
cavities corresponding to the pixel areas;

an insulating layer disposed on the cavity-defining layer
and in the cavities;

a liquid crystal layer disposed on the insulating layer in
the cavities; and

a second substrate disposed on the insulating layer to
cover the liquid crystal layer,

wherein a refractive index of the liquid crystal layer is
equal to a refractive index of the cavity-defining layer
when the liquid crystal layer is not driven, and

wherein the refractive index of the liquid crystal layer is
greater than the refractive index of the cavity-defining
layer when the liquid crystal layer is driven.

2. The display apparatus of claim 1, wherein

the insulating layer comprises an inorganic material, and

the cavity-defining layer comprises an organic material.

3. The display apparatus of claim 1, wherein

the refractive index of the liquid crystal layer is about 1.5
when the liquid crystal layer is not driven, and

the refractive index of the liquid crystal layer is greater
than about 1.5 and equal to or smaller than about 1.75
when the liquid crystal layer is driven.

4. The display apparatus of claim 1, wherein the refractive
index of the liquid crystal layer and the refractive index of
the cavity-defining layer are smaller than a refractive index
of the insulating layer.
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5. The display apparatus of claim 1, wherein

each of the cavities has a cylindrical shape,

a diameter of each of the cavities becomes progressively

greater from a bottom thereof toward a top thereof, and

a cross section of each of the cavities has an inverted

trapezoidal shape.

6. The display apparatus of claim 1, wherein an inner side
surface of the cavity-defining layer, which defines each of
the cavities, is an inclined surface having an inclination
angle in a range from about 55 degrees to about 75 degrees
with respect to a bottom surface of the first substrate.

7. The display apparatus of claim 6, further comprising:

a light source spaced apart from a side surface of a base

substrate of the first substrate by a predetermined
distance,

wherein the light source provides light to the side surface

of the base substrate of the first substrate.

8. The display apparatus of claim 7, wherein the prede-
termined distance between the light source and the base
substrate of the first substrate is about 5 centimeters.

9. The display apparatus of claim 7, wherein the light
emitted from the light source toward the side surface of the
base substrate of the first substrate forms an angle in a range
from about zero degree to about 48 degrees with respect to
a bottom surface of the base substrate of the first substrate.

10. The display apparatus of claim 7, wherein

light traveling in the first substrate at an angle in a range

from a first angle to a second angle with respect to the
bottom surface of the first substrate passes through the
liquid crystal layer and the cavity-defining layer when
the liquid crystal layer is not driven, and

the light traveling in the first substrate at the angle in the

range from the first angle to the second angle passes
through the liquid crystal layer and is totally reflected
at the inner side surface of the cavity-defining layer
when the liquid crystal layer is driven.

11. The display apparatus of claim 10, wherein

the inclination angle of the inner side surface of the

cavity-defining layer is about 55 degrees,

the second angle is greater than the first angle,

the second angle is about 48 degrees, and

the first angle is about 17 degrees.

12. The display apparatus of claim 11, wherein the first
angle increases to be greater than about 17 degrees as the
inclination angle of the inner side surface of the cavity-
defining layer increases to be greater than about 55 degrees.

13. The display apparatus of claim 1, wherein

the first substrate comprises:

a plurality of pixel electrodes corresponding to the
pixel areas; and

a plurality of transistors connected to the pixel elec-
trodes,

the second substrate comprises:

a common electrode facing the pixel electrodes with the
liquid crystal layer interposed therebetween,

the liquid crystal layer includes a plurality of liquid

crystal molecules oriented vertically to a bottom sur-
face of the first substrate, and

the liquid crystal molecules are driven from vertical

orientation to horizontal orientation when the liquid
crystal layer is driven.

14. A display apparatus comprising:

a display panel; and

a shutter panel providing light to the display panel,
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wherein the shutter panel comprises:
a first substrate in which a plurality of pixel areas and
a non-pixel area around the pixel areas are defined,;
a light source spaced apart from a side surface of the
first substrate by a predetermined distance, wherein
the light source provides light to the first substrate;
a cavity-defining layer disposed on the first substrate,
wherein the cavity-defining layer defines a plurality
of cavities corresponding to the pixel areas;
an insulating layer disposed on the cavity-defining
layer and in the cavities;
a liquid crystal layer disposed on the insulating layer in
the cavities; and
a second substrate disposed on the insulating layer to
cover the liquid crystal layer,
wherein a refractive index of the liquid crystal layer is
equal to a refractive index of the cavity-defining layer
when the liquid crystal layer is not driven, and
wherein the refractive index of the liquid crystal layer is
greater than the refractive index of the cavity-defining
layer when the liquid crystal layer is driven.
15. A method of fabricating a display apparatus, the
method comprising:
preparing a first substrate, wherein the first substrate
comprises: a plurality of pixel electrodes disposed in a
plurality of pixel areas; and a plurality of transistors
disposed in a non-pixel area around the pixel areas and
connected to the pixel electrodes;
providing a cavity-defining layer on the first substrate,
wherein a plurality of cavities corresponding to the
pixel areas is defined in the cavity-defining layer;
providing an insulating layer on the cavity-defining layer
and in the cavities;
providing a liquid crystal layer on the insulating layer in
the cavities; and
providing a second substrate on the insulating layer to
cover the liquid crystal layer, wherein the second
substrate comprises a common electrode facing the
pixel electrodes,
wherein a refractive index of the liquid crystal layer is
equal to a refractive index of the cavity-defining layer
when the liquid crystal layer is not driven, and
wherein the refractive index of the liquid crystal layer is
a greater than the refractive index of the cavity-defining
layer when the liquid crystal layer is driven.
16. The method of claim 15, wherein
the insulating layer comprises an inorganic material,
the cavity-defining layer comprises an organic material,
and
the refractive index of the liquid crystal layer and the
refractive index of the cavity-defining layer are smaller
than a refractive index of the insulating layer.
17. The method of claim 15, wherein
each of the cavities has a cylindrical shape,
a diameter of each of the cavities becomes progressively
greater from a bottom thereof toward a top thereof,
a cross section of each of the cavities has an inverted
trapezoidal shape, and
an inner side surface of the cavity-defining layer, which
defines each of the cavities, is an inclined surface
having an inclination angle in a range from about 55
degrees to about 75 degrees with respect to a bottom
surface of the first substrate.
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18. The method of claim 17, further comprising;

providing a light source spaced apart from a side surface
of a base substrate of the first substrate by a predeter-
mined distance,

wherein the light source provides light to the side surface
of the base substrate of the first substrate, and

wherein the light emitted from the light source toward the
side surface of the base substrate the first substrate
forms an angle in a range from about zero degree to
about 48 degrees with respect to a bottom surface of the
base substrate of the first substrate.

19. The method of claim 18, wherein

light traveling in the first substrate at an angle in a range
from a first angle to a second angle with respect to the
bottom surface of the first substrate passes through the
liquid crystal layer and the cavity-defining layer when
the liquid crystal layer is not driven,

the light traveling in the first substrate at the angle in the
range from the first angle to the second angle passes
through the liquid crystal layer and is totally reflected
at the inner side surface of the cavity-defining layer
when the liquid crystal layer is driven,

the second angle is greater than the first angle,

the second angle is about 48 degrees,

the first angle is about 17 degrees when the inclination
angle of the inner side surface of the cavity-defining
layer is about 55 degrees, and
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the first angle increases to be greater than about 17
degrees as the inclination angle of the inner side surface
of the cavity-defining layer increases.

20. A display apparatus comprising:

a first substrate in which a plurality of pixel areas and a
non-pixel area around the pixel areas are defined,

a cavity-defining layer disposed on the first substrate,
wherein the cavity-defining layer defines a plurality of
cavities corresponding to the pixel areas;

a liquid crystal layer disposed in the cavities; and

a second substrate disposed on the cavity-defining layer to
cover the liquid crystal layer,

wherein the liquid crystal layer has a same refractive
index as the cavity-defining layer when the liquid
crystal layer is not driven,

wherein the liquid crystal layer has a greater refractive
index than the cavity-defining layer when the liquid
crystal layer is driven,

wherein each of the cavities has a cylindrical shape,

wherein a diameter of each of the cavities becomes
progressively greater from a bottom thereof toward a
top thereof, and

wherein a cross section of each of the cavities has an
inverted trapezoidal shape.
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