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(7) ABSTRACT

A liquid crystal display includes a first panel which includes
a first electrode including a first protrusion and a first
alignment layer disposed on the first electrode, a second
panel which is disposed to face the first panel, and which
includes a second electrode including a second protrusion
disposed in a region corresponding to the first protrusion and
a second alignment layer disposed on the second electrode,
and a liquid crystal layer which is disposed between the first
panel and the second panel, where the first protrusion and
the second protrusion vertically face each other.
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LIQUID CRYSTAL DISPLAY

[0001] This application claims priority to Korean Patent
Application No. 10-2015-0090991 filed on Jun. 26, 2015,
and all the benefits accruing therefrom under 35 U.S.C.
§119, the content of which in its entirety is herein incorpo-
rated by reference.

BACKGROUND

[0002] 1. Field

[0003] Exemplary embodiments of the invention relate to
a liquid crystal display (“LLCD”), and, more particularly, to
a vertically-aligned LCD.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display (“LLCD”), which is one of
the most widely used flat panel displays, is a display device
that controls the amount of transmitted light by applying a
voltage to an electrode to rearrange the liquid crystal mol-
ecules in a liquid crystal layer.

[0006] LCDs are largely classified into vertically-aligned
LCDs and horizontally-aligned LCDs according to the
arrangement method of liquid crystal molecules. Among
these, a vertically-aligned LCD is characterized in that liquid
crystal molecules are arranged such that the major axis
thereof is aligned in a direction perpendicular to a display
panel, and has an advantage of having a large contrast ratio
and a wide viewing angle.

[0007] In a vertically-aligned LCD, in order to increase a
viewing angle, an alignment layer is configured to allow
liquid crystals to have a pre-tilt angle using a photo-align-
ment technology.

[0008] According to such a photo-alignment technology,
in order to increase a viewing angle, the liquid crystals in the
alignment layer must have pre-tilt angle of at least four
directions. For this purpose, the alignment layer must be
divided into four regions, and each of the regions must be
separately irradiated with light.

SUMMARY

[0009] In a photo-alignment technology, when a liquid
crystal display (“LCD”) is irradiated with light, only a
desired portion thereof is irradiated with light using a
shadow mask. Therefore, it may be beneficial to have high
alignment precision between the shadow mask and a pixel.
Further, when an LCD is irradiated with light, errors may be
caused in the alignment direction by an optical diffraction
effect, so as to decrease a contrast ratio.

[0010] Exemplary embodiments provide an LCD includ-
ing liquid crystal molecules to have a predetermined pre-tilt
angle without using a photo-alignment technology and
which can realize a plurality of domains.

[0011] Exemplary embodiments disclose an LCD includ-
ing a first panel which includes a first electrode including a
first protrusion and a first alignment layer disposed on the
first electrode, a second panel which is disposed to face the
first panel, and which includes a second electrode including
a second protrusion disposed in a region corresponding to
the first protrusion and a second alignment layer disposed on
the second electrode, and a liquid crystal layer which is
disposed between the first panel and the second panel, where
the first protrusion and the second protrusion vertically face
each other.
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[0012] Each of the first alignment layer and the second
alignment layer may be a vertical alignment layer including
polyimide.

[0013] In an exemplary embodiment, the first panel and
the second panel may be attached to each other to provide a
plurality of pixels, and each of the plurality of pixels may be
provided with the first protrusion and the second protrusion.
[0014] In an exemplary embodiment, the first protrusion
and the second protrusion provided in each of the plurality
of pixels may be diagonally inclined at predetermined
angles, and the predetermined angles may be different from
each other for each of the plurality of pixels.

[0015] In an exemplary embodiment, the first protrusion
may include a first inclination which is diagonally inclined
upward in one direction, a second inclination which is
diagonally inclined downward in the other direction and a
first ridge which is disposed between the first inclination and
the second inclination, where the first ridge is located at the
center of the first electrode.

[0016] In an exemplary embodiment, the first protrusion
may include a third inclination which is diagonally inclined
upward in one direction, a fourth inclination which is
diagonally inclined downward in the other direction and a
second ridge which is disposed between the third inclination
and the fourth inclination, where the second ridge faces the
first ridge, and the second ridge is disposed in a direction
perpendicular to the first ridge.

[0017] In an exemplary embodiment, the first protrusion
may include a first inclination which is diagonally inclined
downward in one direction, a second inclination which is
diagonally inclined upward in the other direction, and a first
valley which is disposed between the first inclination and the
second inclination, where the first valley is located at the
center of the first electrode.

[0018] In an exemplary embodiment, the second protru-
sion may include a third inclination which is diagonally
inclined upward in one direction, a fourth inclination which
is diagonally inclined downward in the other direction and
a second ridge which is disposed between the third inclina-
tion and the fourth inclination, where the second ridge faces
the first valley, and the second ridge is disposed in a
direction perpendicular to the first valley.

[0019] In an exemplary embodiment, the second protru-
sion may include a third inclination which is diagonally
inclined downward in one direction, a fourth inclination
which is diagonally inclined upward in the other direction
and a second valley which is disposed between the third
inclination and the fourth inclination, where the second
valley faces the first valley, and the second valley is disposed
in a direction perpendicular to the first valley.

[0020] Exemplary embodiments also disclose a liquid
crystal device including a first insulating substrate, a switch-
ing element which is disposed on the first insulating sub-
strate, a protective layer which is disposed on the switching
element and which include a first ridge, a first valley, and a
first inclination diagonally inclined between the first ridge
and the first valley, a pixel electrode which is disposed on the
protective layer, a first alignment layer which is disposed on
the pixel electrode, a second insulating substrate which is
disposed to face the first insulating substrate, a color filter
which is disposed on the second insulating substrate, an
overcoating layer which is disposed on the color filter and
which include a second ridge, a second valley, and a second
inclination diagonally inclined between the second ridge and
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the second valley, a common electrode which is disposed on
the overcoating layer and a second alignment layer which is
disposed on the common, where the first ridge and the first
valley are disposed to correspond to the second ridge or the
second valley, and the first ridge and the first valley verti-
cally face the second ridge or the second valley.

[0021] In an exemplary embodiment, each of the first
alignment layer and the second alignment layer may be a
vertical alignment layer including polyimide.

[0022] In an exemplary embodiment, the first ridge may
be disposed to correspond to the center of the pixel elec-
trode.

[0023] In an exemplary embodiment, the second ridge
may be disposed to correspond to the first ridge.

[0024] In an exemplary embodiment, the switching ele-
ment may be disposed to correspond to the first ridge.
[0025] In an exemplary embodiment, a light blocking
pattern may be further disposed between the second insu-
lating substrate and the color filter, and the light blocking
pattern is disposed to correspond to the second valley.
[0026] In an exemplary embodiment, the first valley may
be disposed to correspond to the center of the pixel elec-
trode.

[0027] In an exemplary embodiment, the second valley
may be disposed to correspond to the first valley.

[0028] In an exemplary embodiment, the switching ele-
ment may be disposed to correspond to the first ridge.
[0029] In an exemplary embodiment, a light blocking
pattern may be further disposed between the second insu-
lating substrate and the color filter, and the light blocking
pattern is disposed to correspond to the second ridge.
[0030] In an exemplary embodiment, the second ridge
may be disposed to correspond to the first valley.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The above and other exemplary embodiments and
features of the invention will become more apparent by
describing in detail exemplary embodiments thereof with
reference to the attached drawings, in which:

[0032] FIG. 1 is a exploded perspective view of a liquid
crystal display (“LCD”) according to an embodiment of the
invention;

[0033] FIG. 2 is a exploded perspective view explaining
an embodiment of the protrusions of the LCD according to
the invention;

[0034] FIG. 3 is a exploded perspective view illustrating
an embodiment of one pixel of the LCD according to the
invention;

[0035] FIG. 4 is a cross-sectional view taken along line I-I'
of FIG. 1;

[0036] FIG. 5 is a cross-sectional view taken along line
II-IT" of FIG. 1;

[0037] FIG. 6 is a cross-sectional view of FIG. 3;

[0038] FIG. 7 is a cross-sectional view explaining another

embodiment of the protrusions of an LCD according to the
invention;

[0039] FIG. 8 is a cross-sectional view of another embodi-
ment of an LCD according to the invention;

[0040] FIG. 9 is a cross-sectional view illustrating one
pixel of the LCD of FIG. 8;

[0041] FIG. 10 is a exploded perspective view of another
embodiment of an LCD according to the invention;

[0042] FIG. 11 is a cross-sectional view of the LCD of
FIG. 10;
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[0043] FIG. 12 is a exploded perspective view of another
embodiment of an LCD according to the invention; and

[0044] FIG. 13 is a cross-sectional view of the LCD of
FIG. 12.

DETAILED DESCRIPTION
[0045] 1In the following description, for purposes of expla-

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

[0046] In the accompanying figures, the size and relative
sizes of layers, films, panels, regions, etc., may be exagger-
ated for clarity and descriptive purposes. Also, like reference
numerals denote like elements.

[0047] It will be understood that when an element is
referred to as being “on” another element, it can be directly
on the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present.

[0048] 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 used to distinguish one element, component,
region, layer, and/or section from another element, compo-
nent, region, layer, and/or section. Thus, a first element,
component, region, layer, and/or section discussed below
could be termed a second element, component, region, layer,
and/or section without departing from the teachings of the
invention.

[0049] Spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper,” and the like, may be
used herein for descriptive purposes, and, thereby, to
describe one element or feature’s relationship to another
element(s) or feature(s) as illustrated in the drawings. Spa-
tially relative terms are intended to encompass different
orientations of an apparatus in use, operation, and/or manu-
facture in addition to the orientation depicted in the draw-
ings. In an exemplary embodiment, when the apparatus in
the drawings is turned over, elements described as “below”
or “beneath” other elements or features would then be
oriented “above” the other elements or features. Thus, the
exemplary term “below” can encompass both an orientation
of above and below. Furthermore, the apparatus may be
otherwise oriented (e.g., rotated 90 degrees or at other
orientations), and, as such, the spatially relative descriptors
used herein interpreted accordingly.

[0050] 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-
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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.

[0051] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to another element as
illustrated in the Figures. It will be understood that relative
terms are intended to encompass different orientations of the
device in addition to the orientation depicted in the Figures.
For example, if the device in one of the figures is turned
over, elements described as being on the “lower” side of
other elements would then be oriented on “upper” sides of
the other elements. The exemplary term “lower,” can there-
fore, encompasses both an orientation of “lower” and
“upper,” depending on the particular orientation of the
figure. Similarly, if the device in one of the figures is turned
over, elements described as “below” or “beneath” other
elements would then be oriented “above” the other elements.
The exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below.

[0052] “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). For example, “about” can mean within one or more
standard deviations, or within £30%, 20%, 10%, 5% of the
stated value.

[0053] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and the present disclosure, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

[0054] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example,
of manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not
be construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated
in the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are
not intended to limit the scope of the present claims.

[0055] Hereinafter, preferred embodiments of the inven-
tion will be described in detail with reference to the attached
drawings.

[0056] FIG. 11is a schematic exploded perspective view of
a liquid crystal display (“LCD”) according to an embodi-
ment of the invention, FIG. 2 is a schematic exploded
perspective view explaining the protrusions of the LCD
according to an embodiment of the invention, and FIG. 3 is
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a schematic exploded perspective view illustrating one pixel
of the LCD according to an embodiment of the invention.
[0057] Referring to FIGS. 1 and 2, an LCD 500 according
to an embodiment of the invention includes a first panel 100,
a second panel 200, and a liquid crystal layer 300 interposed
between the first panel 100 and the second panel 200.
[0058] The first panel 100 may include a display area DA
and a non-display area NDA.

[0059] The display area DA of the first panel 100 may be
provided with a plurality of data lines and a plurality of gate
lines, and the plurality of data lines and the plurality of gate
lines may define a plurality of pixels that may display an
image. The display area DA of the first panel 100, shown in
FIG. 3, may be provided with a plurality of first protrusions
101 arranged per each pixel. Each of the first protrusions 101
may include a first inclination 101a, which has a predeter-
mined gradient, a first ridge 1015, which is a top of the first
inclination 101¢, and a first valley 101¢ (refer to FIG. 4), at
which a protrusion of one pixel meets a protrusion of a pixel
adjacent to the one pixel. Each of the first protrusions 101
may be extended in a first direction (for example, a hori-
zontal direction) of the first panel 100.

[0060] The non-display area NDA of the first panel 100
may be provided with a driving unit capable of driving and
controlling the plurality of data lines and the plurality of gate
lines to allow a plurality of pixels to display an image.
[0061] The second panel 200 may be disposed to face the
first panel 100. Like the first panel 100, the second panel 200
may include a display area DA and a non-display area NDA.
In the display area DA of the second panel 200, a color filter
220 may be provided for each pixel. In an exemplary
embodiment, the color filter 220 may include red (R), green
(G), and blue (B), for example. In an exemplary embodi-
ment, Red (R), green (G), and blue (B) may be alternately
arranged. The display area DA of the second panel 200,
shown in FIG. 3, may be provided with a plurality of second
protrusions 201 arranged per each pixel. Each of the second
protrusions 201 may include a second inclination 201a,
which has a predetermined gradient, a second ridge 2015,
which is a top of the second inclination 201a, and a second
valley 201c (refer to FIG. 5), at which a protrusion of one
pixel meets a protrusion of a pixel adjacent to the one pixel.
Bach of the second protrusions 201 may be extended in a
second direction (for example, a vertical direction) of the
second panel 200. In other words, the first protrusions 101
of the first panel 100 and the second protrusions 201 of the
second panel 200 may be extended in a direction perpen-
dicular to each other. Therefore, when a voltage is applied to
each of the first panel 100 and the second panel 200 to
generate an electric field, the liquid crystal molecules in the
liquid crystal layer 300, as shown in FIG. 2, may be arranged
at an angle of about 45 degrees by the sum of a vector of the
first protrusions 101 and a vector of the second protrusions
201, for example. In other words, the LCD 500 according to
an embodiment of the invention has a pre-tilt angle even
when a photo-alignment technology is not used, and may
differently control the direction of rotation of the liquid
crystal molecules for each domain.

[0062] The non-display area NDA of the second panel 200
may be provided with a sealing member including a sealant
in order to attach the second panel 200 to the first panel 100.
The sealing member may be provided in the non-display
area NDA of the first panel 100 as well as in the non-display
area NDA of the second panel 200.



US 2016/0377923 Al

[0063] Hereinafter, the structure of each of the pixel, first
protrusion 101 and second protrusion 102 of the LCD 500
according to an embodiment of the invention will be
described in more detail with reference to FIGS. 3 to 6.
[0064] FIG. 4 is a cross-sectional view taken along line I-I'
of FIG. 1, FIG. 5 is a cross-sectional view taken along line
II-IT" of FIG. 1, and FIG. 6 is a cross-sectional view of FIG.
3.

[0065] First, referring to FIGS. 4 and 6, the first panel 100
may include a first insulating substrate 110 that may include
an insulating material, such as transparent glass, quartz,
ceramic, silicon, or transparent plastic, for example.
[0066] A gate electrode 121 is disposed on the first insu-
lating substrate 110. In an exemplary embodiment, the gate
electrode may include aluminum (Al) or an alloy thereof,
silver (Ag) or an alloy thereof, copper (Cu) or an alloy
thereof, molybdenum (Mo) or an alloy thereof, chromium
(Cr), titanium (Ti), or tantalum (Ta), for example. In an
exemplary embodiment, the gate electrode 121 may have a
multi-layer film structure including two conductive films
(not shown) having different physical properties. In an
exemplary embodiment, one conductive film may include
aluminum (Al) or an alloy thereof, silver (Ag) or an alloy
thereof, or copper (Cu) or an alloy thereof, and the other
conductive film may include molybdenum (Mo) or an alloy
thereof, chromium (Cr), titanium (Ti), or tantalum (Ta), for
example. Examples of such combinations may include a
combination of a lower chromium film and an upper alu-
minum film, a combination of a lower aluminum film and an
upper molybdenum film, and the like. However, the inven-
tion 1s not limited thereto, and the gate electrode 121 may
include other various metals and conductors.

[0067] A gate insulating film 122 is disposed on the gate
electrode 121. The gate insulating film 122 serves to insulate
the gate electrode 121 disposed therebeneath from source
and drain electrodes 125 and 126 disposed thereon. In an
exemplary embodiment, the gate insulating film 122, for
example, may include silicon nitride (SiNx), silicon oxide
(8102), or the like, for example.

[0068] A semiconductor layer 123 is disposed on the gate
insulating film 122. The semiconductor layer 123 is disposed
to at least partially overlap the gate electrode 121, and
provides a thin film transistor (“TFT”) 120 together with the
gate electrode 121, the source electrode 125, and the drain
electrode 126. In an exemplary embodiment, the semicon-
ductor layer 123, for example, may include hydrogenated
amorphous silicon, polycrystalline silicon, or the like, for
example. In FIG. 6, a case in which the semiconductor layer
123 is provided in the shape of an island is exemplified.
However, the invention is not limited thereto, and the
semiconductor layer 123 may have various shapes other than
the island shape.

[0069] A resistive contact layer 124 is disposed on the
semiconductor layer 123. The resistive contact layer 124 is
disposed on end portions of the semiconductor layer 123, the
source and drain electrodes 125 and 126 are disposed on the
resistive contact layer 124, and the resistive contact layer
124 serves to reduce contact resistance. In an exemplary
embodiment, the resistive contact layer 124, for example,
may include n+ hydrogenated amorphous silicon doped with
n-type impurities at a high concentration. In FIG. 6, a case
in which the resistive contact layer 124 is provided in the
shape of a pair of islands is exemplified. However, the
invention is not limited thereto, and the resistive contact
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layer 124 may have various shapes. However, the resistive
contact layer 124 has the same shape as the semiconductor
layer 123.

[0070] The source electrode 125 and the drain electrode
126 are disposed on the resistive contact layer 124. When the
source electrode 125 receives a data voltage from the
plurality of data lines and a gate on voltage is applied to the
gate electrode 121, the TFT 120 turns on. When the TFT 120
turns on, the data voltage supplied to the source electrode
125 is transmitted to the drain electrode, and is charged in a
pixel electrode 150 connected to the drain electrode 126. In
an exemplary embodiment, each of the source electrode 125
and the drain electrode 126, similarly to the gate electrode
121, may include aluminum, silver, copper, molybdenum,
chromium, titanium, tantalum, or an alloy thereof, for
example. The source electrode 125 is disposed to overlap the
gate electrode 121. The drain electrode 126 is disposed to at
least partially overlap the gate electrode 121, and is disposed
to be spaced apart from the source electrode 125. Since the
source electrode 125 and the drain electrode 126 are dis-
posed to be spaced apart from each other, the resistive
contact layer 124 may also be disposed such that the portion
thereof contacting the source electrode 125 is spaced apart
from the portion thereof contacting the drain electrode 126,
and a part of the upper portion of the semiconductor layer
123 may be exposed between the source electrode 125 and
the drain electrode 126.

[0071] A first protective layer 130 is disposed on the
source electrode 125, the drain electrode 126, the partially
exposed semiconductor layer 123, and the gate insulating
film 122. A contact hole for exposing a part of the upper
portion of the drain electrode 126 may be defined in the first
protective layer 130 to electrically connect the drain elec-
trode 126 with the pixel electrode 150. In an exemplary
embodiment, the first protective layer 130, for example, may
include an inorganic material, such as silicon nitride or
silicon oxide, or a composite material, such as a-Si:C:O
ora-Si:(:F, which is synthesized by plasma enhanced
chemical vapor deposition (“PECVD”).

[0072] A second protective layer 140 is disposed on the
first protective layer 130. In an exemplary embodiment, the
second protective layer 140 may be an organic film, for
example. The second protective layer 140 may include a
plurality of first protrusions 101 repeatedly arranged for
each pixel. Each of the first protrusions 101 may include a
first inclination 101a, a first ridge 1015, which is the top of
the first inclination 101a, and a first valley 101c.

[0073] The first inclination 101a@ may include two slant
planes for providing the first ridge 1015. In an exemplary
embodiment, one of the two slant planes may be a slant
plane which is inclined downward toward one side of the
first inclination 101a, and the other one thereof may be a
slant plane which is inclined downward toward the other
side of the first inclination 101a, for example.

[0074] The first ridge 1015 may be located so as to
correspond to the center of the color filter 220 disposed for
each pixel of the second panel 200. In other words, the first
ridge 1015 may be disposed between the two slant planes.
[0075] The first valley 101c is located between one first
protrusion 101-1 and another first protrusion 101-2, each of
which is disposed for each pixel. In other words, the first
valley 101c may be disposed at the boundary of the pixels.
In an exemplary embodiment, when one first protrusion
101-1 is located in a first pixel and another first protrusion
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101-2 is located in a second pixel adjacent to the first pixel,
the first valley 101c may be located between one first
protrusion 101-1 and another first protrusion 101-2, for
example. The first protrusions 101 of the second protective
layer 140 may be provided by controlling a profile using a
slit mask or a half-tone mask. In addition, these first pro-
trusions 101 may be provided by various methods, such as
etching and the like.

[0076] A contact hole for electrically connecting the drain
electrode 126 with the pixel electrode 150 may be also
defined in the second protective layer 140 provided with the
first protrusions 101.

[0077] The pixel electrode 150 is disposed on the second
protective layer 140 provided with the first protrusions 101.
The pixel electrode 150 is provided along the first inclina-
tion 101 and first ridge 1015 of each of the protrusion 101,
but may not be provided at the valley 101¢. The aforemen-
tioned TFT 120 may be disposed in a region corresponding
to the first valley 101¢ at which the pixel electrode 150 is not
disposed. The pixel electrode 150 may be electrically con-
nected with the drain electrode 126 through the contact hole
defined between the first protective layer 130 and the second
protective layer 140. Therefore, when the gate electrode 121
receives a gate on signal to define a channel in the semi-
conductor layer 123, the TFT 120 turns on, the data voltage
applied through the source electrode 125 is provided to the
drain electrode 126, and the data voltage provided in this
way is transmitted to the pixel electrode 150 through the
contact hole to be charged in the pixel electrode 150. Thus,
an electric field is generated by the difference between the
voltage charged in the pixel electrode 150 and the voltage of
the common electrode 240 disposed in the second panel 200,
so as to rearrange the liquid crystal molecules in the liquid
crystal layer 300. In an exemplary embodiment, the pixel
electrode 150 may include a transparent conductive material
such as polycrystalline indium tin oxide (“ITO”) or indium
zinc oxide (“IZ0”), for example.

[0078] A first alignment layer 160 is disposed on the pixel
electrode 150. The first alignment layer 160 may be disposed
according to the shape of the first protrusion 101. In an
exemplary embodiment, the first alignment layer 160 may
include polyimide (PI). In the first alignment layer 160,
liquid crystal molecules may not be aligned by a photo-
alignment method. Since the first alignment layer 160 is
provided according to the shape of the first protrusion 101,
a vertical electric field is generated between the pixel
electrode 160 and the common electrode 240 at the first
valley 101c of the first protrusion, but an electric field
slightly tilted from the vertical line is provided in a region
in which the first inclination 101a is provided. In other
words, an electric field may be provided such that liquid
crystal molecules are tilted in directions different from each
other based on the first ridge 1015. Therefore, a plurality of
domains may be provided even when a slit-type electrode is
not provided. In addition, since the liquid crystal molecules
having a negative dielectric anisotropy tend to be tilted in a
direction perpendicular to the direction of an electric field,
in the case of the vertically-aligned initial liquid crystal
molecules, there is no superiority or inferiority between the
left rotation and right rotation of these liquid crystal mol-
ecules. Accordingly, the adjacent liquid crystal molecules
may be rotated in mutually opposite directions, and, in this
case, the time taken for the liquid crystal molecules to have
a desired alignment angle may be delayed due to the
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occurrence of collision. However, as in an embodiment of
the invention, when the first inclination 101a having a
predetermined gradient is disposed based on the first ridge
1015 and the liquid crystal molecules are arranged along the
first inclination 1014, the liquid crystal molecules are natu-
rally tilted, so as to cause superiority or inferiority in the
direction of behavior of the liquid crystal molecules, thereby
rapidly rotating the liquid crystal molecules in a predeter-
mined direction.

[0079] The second panel 200 may include a second insu-
lating substrate 210 including an insulating material such as
transparent glass, quartz, ceramic, silicon, or transparent
plastic.

[0080] A light blocking pattern 215 may be disposed on
the first insulating substrate 210. The light blocking pattern
215 is disposed along the boundary of pixels to expose a
pixel area. In other words, the light blocking pattern 215
may be disposed at the position corresponding to the first
valley 101c of the first protrusion 101 of the first panel 100.
The light blocking pattern 215 may include a material that
blocks the transmission of incident light. In an exemplary
embodiment, the light blocking pattern 215 may include a
black organic polymer material including black dye or
pigment or a metal (metal oxide) such as chromium (chro-
mium oxide).

[0081] A color filter 220 may be disposed on the second
insulating substrate 210 provided with the light blocking
pattern 215. The color filter 220 may include an organic film
including a dye or pigment expressing each color. A part of
the color filter 220 may be extended to the light blocking
pattern 215 located at the boundary of pixels to overlap the
light blocking pattern 215.

[0082] An overcoating layer 230 may be disposed on the
color filter 220. The overcoating layer 230 may include a
transparent organic film. As shown in FIG. 5, the overcoat-
ing layer 230 may include a plurality of second protrusions
201 that may be disposed for each pixel. Each of the second
protrusions 201 may include a second inclination 2014, a
second ridge 2015, which is a top of the second inclination
201a, and a second valley 201c.

[0083] The second inclination 201a may include two slant
planes for providing the second ridge 2015. In an exemplary
embodiment, one of the two slant planes may be a slant
plane which is inclined downward toward one side of the
second inclination 201a, and the other one thereof may be a
slant plane which is inclined downward toward the other
side of the second inclination 201a.

[0084] The second ridge 2015 may be located so as to
correspond to the center of the color filter 220. The first ridge
1015 disposed in the first panel 100 and the second ridge
20154 disposed in the second panel 200 face each other, and
may be disposed such that their respective extending direc-
tions are perpendicular to each other.

[0085] The second valley 201 (refer to FIG. 2) may be
disposed at the boundary of the color filter 220 disposed for
each pixel. In an exemplary embodiment, when the red (R)
color filter is disposed in the first pixel and the green (G)
color filer is disposed in the second pixel, the second valley
201¢ may be disposed at the boundary of the red (R) color
filter and the green (G) color filer, for example. The second
protrusions 201 of the overcoating layer 230 may be pro-
vided by controlling a profile using a slit mask or a half-tone
mask. In addition, these second protrusions 201 may be
provided by various methods, such as etching and the like.
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[0086] The common electrode 240 may be disposed on the
overcoating layer 230 including the second protrusions 201
according to the shape of the second protrusions 201. The
common electrode 240 receives a common voltage, and
generates an electric filed together with the pixel electrode
150 disposed in the first panel 100. In an exemplary embodi-
ment, the common electrode 160, for example, may include
a transparent conductive material such as ITO and IZO, or
the like.

[0087] A second alignment layer 250 is disposed on the
common electrode 240. The second alignment layer 250
may be disposed according to the shape of the second
protrusion 201. In an exemplary embodiment, the second
alignment layer 250 may include polyimide (PI), for
example. In the second alignment layer 250, liquid crystal
molecules may not be aligned by a photo-alignment method.
Since the second alignment layer 250 is provided according
to the shape of the second protrusion 201, a vertical electric
field is generated between the pixel electrode 160 and the
common electrode 240 at the second valley 201¢ of the
second protrusion 201, but an electric field slightly tilted
from the vertical line is provided in a region in which the
second inclination 201« is provided. Further, in the LCD 500
according to an embodiment of the invention, an electric
field may be provided such that liquid crystal molecules are
tilted in directions different from each other based on the
second ridge 2015. Therefore, a plurality of domains may be
provided even when a slit-type electrode is not provided. In
addition, since the liquid crystal molecules having a nega-
tive dielectric anisotropy tend to be tilted in a direction
perpendicular to the direction of an electric field, in the case
of the vertically-aligned initial liquid crystal molecules,
there is no superiority or inferiority between the left rotation
and right rotation of these liquid crystal molecules. Accord-
ingly, the adjacent liquid crystal molecules may be rotated in
mutually opposite directions, and, in this case, the time taken
for the liquid crystal molecules to have a desired alignment
angle may be delayed due to the occurrence of collision.
However, as in an embodiment of the invention, when the
second inclination 201a having a predetermined gradient is
disposed based on the second ridge 2015 and the liquid
crystal molecules are arranged along the second inclination
201a, the liquid crystal molecules are naturally tilted, so as
to cause superiority or inferiority in the direction of behavior
of the liquid crystal molecules, thereby rapidly rotating the
liquid crystal molecules in a predetermined direction.
[0088] The LCD 500 according to an embodiment of the
invention is configured such that the first protrusion 101 is
provided in the first panel 100, the second protrusion 201 is
provided in the second panel 200, and the first protrusion
101 and the second protrusion 201 are disposed in a direc-
tion perpendicular to each other. Therefore the liquid crystal
molecules may be arranged to have a pre-tilt angle, the
number of domains may be increased, and it is not required
to provide a slit-type electrode for increasing the number of
domains, so as to further improve the viewing angle of the
LCD 500.

[0089] Further, since the LCD 500 according to an
embodiment of the invention does not use a photo-alignment
method, it is not required to use a show mask, so as to reduce
the manufacturing cost of the LCD 500.

[0090] Moreover, in the LCD 500 according to an embodi-
ment of the invention, when the direction of the second
protrusions 201 disposed in the second panel 200 matches
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with a curved direction, errors caused by misalignment may
be prevented, and thus this LCD 500 may be more easily
applied to curved LCDs.

[0091] The LCD having the above-mentioned effects may
be various modified. Hereinafter, other various embodi-
ments of the invention will be described with reference to
FIGS. 7 t0 13.

[0092] FIG. 7 is a cross-sectional view explaining the
protrusions of an LCD according to another embodiment of
the invention.

[0093] It is exemplified in the embodiment of FIG. 4 that
a plurality of first protrusions 101 are arranged to have a
predetermined angle, whereas it is exemplified in another
embodiment of FIG. 7 that a plurality of first protrusions 101
may be arranged to have a different angle for each pixel. It
is shown in FIG. 7 that only the first protrusions 101 of the
first panel 100 have a different angle for each pixel. How-
ever, the invention is not limited thereto, and the second
protrusions 201 of the second panel 200 may also have a
different angle for each pixel.

[0094] FIG. 8 is a cross-sectional view of an LCD accord-
ing to another embodiment of the invention, and FIG. 9 is a
cross-sectional view illustrating one pixel of the LCD of
FIG. 8.

[0095] Referring to FIGS. 8 and 9, the LCD according to
another embodiment of the invention is different from the
above-mentioned LCD according to an embodiment of the
invention in that color filters 170 are disposed in the first
panel 100.

[0096] When the color filters 170 are disposed in the first
panel 100, red (R), green (G), and blue (B) color filters are
disposed for each pixel, and these color filters may be
disposed on the first protective layer 130. Each of the color
filters 170 may be disposed in a region overlapping the pixel
electrode 150. After the color filters 170 is disposed on the
first protective layer 130, the second protective layer 140
including the first protrusions 101 may be disposed on the
color filters 170. Other arrangement structures will not be
described because they are substantially identical to those
shown in FIGS. 4 and 6.

[0097] FIG. 10 is an exploded perspective view of an LCD
according to another embodiment of the invention, and FIG.
11 is a cross-sectional view of the LCD of FIG. 10.
[0098] Referring to FIG. 10, the LCD 600 according to
another embodiment of the invention is different from the
above-mentioned LCD 500 in that the arrangement of the
second protrusions 201 disposed in the second panel 200 is
different from that of FIG. 2. Here, a description of the
structure of the first panel 100 will be omitted because the
structure of the first panel 100 shown in FIGS. 10 and 11 is
the same as that shown in FIGS. 2 to 6.

[0099] Referring to FIG. 11 in order to describe the
structure of the second panel 200 in detail, the color filters
220 may be disposed on the second insulating substrate 210,
and the overcoating layer 230 may be disposed on the color
filters 220.

[0100] In an exemplary embodiment, the overcoating
layer 230 may include a transparent organic material, for
example. The overcoating layer 230, as shown in FIG. 11,
may include a plurality of second protrusions 202 that may
be arranged for each pixel. Comparing FIG. 11 with FIG. 4,
the second ridge 2015 of the second protrusion 201 of FIG.
4 is disposed to correspond to the center of the color filter
220, that is, the center of each cell, whereas the second ridge
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202 of the second protrusion 202 of FIG. 11 may be
disposed to correspond to the boundary of the color filters
220, that is, the boundary of each pixel. In an exemplary
embodiment, the second protrusion 202 in each pixel may
have a V shape, for example.

[0101] As described above, the arrangement of liquid
crystal molecules in the LCD 600 according to this embodi-
ment is different from that in the above-mentioned LCD 500
because the second protrusion 202 of the second panel 200
is differently provided.

[0102] FIG. 12 is an exploded perspective view of an LCD
according to another embodiment of the invention, and FIG.
13 is a cross-sectional view of the LCD of FIG. 12.
[0103] Referring to FIG. 12, the LCD 700 according to
another embodiment of the invention is different from the
above-mentioned LCD 500 or 600 in that the arrangement of
the first protrusions 101 disposed in the first panel 100 is
different from that of FIGS. 2 and 10. Here, a description of
the structure of the second panel 200 will be omitted because
the structure of the second panel 200 shown in FIGS. 12 and
13 is the same as that shown in FIG. 10.

[0104] Referring to FIG. 13 in order to describe the
structure of the first panel 100 in detail, the TFT 120 may be
disposed on the first insulating substrate 110, and the first
protective layer 130 and the second protective layer 140 may
be disposed on the transistor 120.

[0105] In an exemplary embodiment, the second protec-
tive layer 140 may include a transparent organic material,
for example. The second protective layer 140, as shown in
FIG. 3, may include a plurality of protrusions 102 that may
be arranged for each pixel. Comparing the protrusion 101 of
FIG. 13 with the protrusion 101 of FIG. 3, the first ridge
1015 of the protrusion 101 of FIG. 3 is disposed to corre-
spond to the center of each pixel, whereas the first ridge
1026 of the protrusion 102 of FIG. 13 is disposed to
correspond to the boundary of each pixel.

[0106] As described above, the arrangement of liquid
crystal molecules in the LCD 700 according to this embodi-
ment is different from that in the above-mentioned LCD 500
because the first protrusion 102 and the second protrusion
202 of the first panel 100 and the second panel 200 are
differently provided.

[0107] Although certain exemplary embodiments and
implementations have been described herein, other embodi-
ments and modifications will be apparent from this descrip-
tion. Accordingly, the invention is not limited to such
embodiments, but rather to the broader scope of the pre-
sented claims and various obvious modifications and equiva-
lent arrangements.

What is claimed is:

1. A liquid crystal display comprising:

a first panel which includes a first electrode including a
first protrusion and a first alignment layer disposed on
the first electrode;

a second panel which is disposed to face the first panel,
and which includes a second electrode including a
second protrusion disposed in a region corresponding
to the first protrusion and a second alignment layer
disposed on the second electrode; and

a liquid crystal layer which is disposed between the first
panel and the second panel,

wherein the first protrusion and the second protrusion
vertically face each other.
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2. The liquid crystal display of claim 1, wherein each of
the first alignment layer and the second alignment layer is a
vertical alignment layer including polyimide.

3. The liquid crystal display of claim 1, wherein the first
panel and the second panel are attached to each other to
provide a plurality of pixels, and each of the plurality of
pixels is provided with the first protrusion and the second
protrusion.

4. The liquid crystal display of claim 3, wherein the first
protrusion and the second protrusion provided in each of the
plurality of pixels are diagonally inclined at predetermined
angles, and the predetermined angles are different from each
other for each of the plurality of pixels.

5. The liquid crystal display of claim 1, wherein the first
protrusion comprises:

a first inclination which is diagonally inclined upward in

one direction;

a second inclination which is diagonally inclined down-

ward in the other direction; and

a first ridge which is disposed between the first inclination

and the second inclination,

wherein the first ridge is located at a center of the first

electrode.

6. The liquid crystal display of claim 5, wherein the
second protrusion comprises:

a third inclination which is diagonally inclined upward in

one direction;

a fourth inclination which is diagonally inclined down-

ward in the other direction; and

a second ridge which is disposed between the third

inclination and the fourth inclination,

wherein the second ridge faces the first ridge, and the

second ridge is disposed in a direction perpendicular to
the first ridge.

7. The liquid crystal display of claim 1, wherein the first
protrusion comprises:

a first inclination which is diagonally inclined downward

in one direction;

a second inclination which is diagonally inclined upward

in the other direction; and

a first valley which is disposed between the first inclina-

tion and the second inclination,

wherein the first valley is located at a center of the first

electrode.

8. The liquid crystal display of claim 7, wherein the
second protrusion comprises:

a third inclination which is diagonally inclined upward in

one direction;

a fourth inclination which is diagonally inclined down-

ward in the other direction; and

a second ridge which is disposed between the third

inclination and the fourth inclination,

wherein the second ridge faces the first valley, and the

second ridge is disposed in a direction perpendicular to
the first valley.

9. The liquid crystal display of claim 7, wherein the
second protrusion comprises:

a third inclination which is diagonally inclined downward

in one direction;

a fourth inclination which is diagonally inclined upward

in the other direction; and

a second valley which is disposed between the third

inclination and the fourth inclination,



US 2016/0377923 Al

wherein the second valley faces the first valley, and the
second valley is disposed in a direction perpendicular
to the first valley.

10. A liquid crystal display, comprising:

a first insulating substrate;

a switching element which is disposed on the first insu-
lating substrate;

a protective layer which is disposed on the switching
element and which includes a first ridge, a first valley,
and a first inclination diagonally inclined between the
first ridge and the first valley;

a pixel electrode which is disposed on the protective
layer;

a first alignment layer which is disposed on the pixel
electrode;

asecond insulating substrate which is disposed to face the
first insulating substrate;

a color filter which is disposed on the second insulating
substrate;

an overcoating layer which is disposed on the color filter
and which includes a second ridge, a second valley, and
a second inclination diagonally inclined between the
second ridge and the second valley;

a common electrode which is disposed on the overcoating
layer; and

a second alignment layer which is disposed on the com-
mon electrode,

wherein the first ridge and the first valley are disposed to
correspond to the second ridge or the second valley, and
the first ridge and the first valley vertically face the
second ridge or the second valley.
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11. The liquid crystal display of claim 10, wherein each of
the first alignment layer and the second alignment layer is a
vertical alignment layer including polyimide.

12. The liquid crystal display of claim 10, wherein the first
ridge is disposed to correspond to a center of the pixel
electrode.

13. The liquid crystal display of claim 12, wherein the
second ridge is disposed to correspond to the first ridge.

14. The liquid crystal display of claim 13, wherein the
switching element is disposed to correspond to the first
ridge.

15. The liquid crystal display of claim 13, wherein a light
blocking pattern is further disposed between the second
insulating substrate and the color filter, and the light block-
ing pattern is disposed to correspond to the second valley.

16. The liquid crystal display of claim 10, wherein the first
valley is disposed to correspond to a center of the pixel
electrode.

17. The liquid crystal display of claim 16, wherein the
second valley is disposed to correspond to the first valley.

18. The liquid crystal display of claim 17, wherein the
switching element is disposed to correspond to the first
ridge.

19. The liquid crystal display of claim 17, wherein a light
blocking pattern is further disposed between the second
insulating substrate and the color filter, and the light block-
ing pattern is disposed to correspond to the second ridge.

20. The liquid crystal display of claim 16, wherein the
second ridge is disposed to correspond to the first valley.
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