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FIG. 3A
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FIG. 4




U.S. Patent Oct. 15, 2013 Sheet 4 of 21 US 8,558,975 B2

FIG. 3
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FIG. 9B
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FIG, 10A
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1

LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF FABRICATING THE SAME

This application claims the benefit of the Korean Applica-
tion No. 10-2009-0103748, filed on Oct. 29, 2009, which is
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device and a method of fabricating the same, and more par-
ticularly to a liquid crystal display device having a color filter
with a three-dimensional (3D) pattern structure provided with
a transmissive pattern for selectively transmitting light of a
specific wavelength, and a method of fabricating the same.

2. Discussion of the Related Art

Recently, as information displaying becomes more attrac-
tive and demands on the use of portable information media
increase, research and commercialization of light and thin flat
panel displays (FPDs), which substitute cathode ray tubes
(CRTs) as the existing display devices, have increased.
Among the FPDs, liquid crystal display (LCD) devices dis-
play images using optical anisotropic property of liquid crys-
tal. The LCD devices exhibit excellent resolution, color ren-
dering property, image quality and the like, so they are widely
applied to laptop computers, desktop monitors, and the like.

The LCD device includes a color filter substrate, an array
substrate, and a liquid crystal layer interposed between the
color filter substrate and the array substrate. The fabrication
of the LCD device requires performing a masking process
(i.e., a photolithography process) multiple times. Accord-
ingly, reducing the number of masks can enhance productiv-
ity.

Hereinafter, a structure of a related art LCD device will be
described in detail with reference to FIG. 1. FIG. 1 is a
perspective view showing a structure of the related art LCD
device. As shown in FIG. 1, the LCD device includes a color
filter substrate 5, an array substrate 10, and a liquid crystal
layer 30 interposed between the color filter substrate 5 and the
array substrate 10.

The color filter substrate 5 is provided with a color filter C
having a plurality of sub color filters 7 for rendering red (R),
green (G), and blue (B) colors, a black matrix 6 dividing
adjacent sub color filters 7 and blocking light transmission
through the liquid crystal layer 30, and a transparent common
electrode 8 for applying a common voltage to the liquid
crystal layer 30.

The array substrate 10 is provided with a plurality of gate
lines 16 and data lines 17 arranged horizontally and longitu-
dinally to define a plurality of pixel regions P, thin film tran-
sistors (TFTs) T as switching devices formed at intersections
between the gate lines 16 and the data lines 17, and pixel
electrodes 18 formed on the respective pixel regions P.

The color filter substrate 5 and the array substrate 10 facing
each other are bonded to each other by a sealant (not shown)
formed at an edge of an image display region, thereby con-
structing a liquid crystal panel. The attachment between the
color filter substrate 5 and the array substrate 10 may be
implemented by an alignment key (not shown) formed either
at the color filter substrate 5 or at the array substrate 10.

In order to prevent light leakage due to an alignment error
upon attachment, a line width of the black matrix is set to be
wide to ensure an alignment margin. However, an increase in
the line width of the black matrix results in a decrease of the
aperture ratio of the liquid crystal panel.
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2

The related art color filter used in LCD devices is config-
ured to filter portions of the incident light by absorbing light
with frequency components corresponding to unnecessary
colors using dyes or pigments. In particular, the color filter
transmits light with only one of the three primary colors (i.e.,
RGB) among the white light incident upon one sub-pixel.
Accordingly, it is difficult to expect transmittance of more
than 30% for the color filter. Therefore, the transmission
efficiency of a panel is lowered, which causes power con-
sumption due to the need for increasing the backlight power.

FIG. 2 is an exemplary view showing transmission effi-
ciency of a panel upon the use of a related art color filter using
a pigment dispersing method. As shown in FIG. 2, light emit-
ted from the backlight is reduced to less than 5% of'its original
amount while transmitting sequentially through a polarizer,
TFT array, liquid crystal, and color filter. In this example, the
polarizer, TFT array, and color filter have transmittance of
about 40%, 45-55%, and 25%, respectively.

In fabricating the related art color filter, color resist coat-
ing, exposure to light, development and hardening processes
are repeated for each primary color. Accordingly, the whole
fabrication process is complicated. Further, in addition to a
TFT process line, a color filter process line should be run to
fabricate the color filter on a color filter substrate, thereby
increasing a line installation cost.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a liquid
crystal display device and method of fabricating the same that
substantially obviates one or more problems due to limita-
tions and disadvantages of the related art.

An object of the present invention is to provide an LCD
device capable of enhancing the aperture ratio and transmit-
tance of a panel by forming a color filter with improved
transmission efficiency using surface plasmon phenomenon
rather than using the existing dyes or pigments, and a method
of fabricating the same.

Another object of the present invention is to provide an
LCD device capable of simplifying a fabrication process and
decreasing cost by using the color filter as a common elec-
trode or a rear surface ITO or forming the color filter on a
lower array substrate, and a method of fabricating the same.

Additional features and advantages of the invention will be
set forth in the description which follows, and in part will be
apparent from the description, or may be learned by practice
of the invention. The objectives and other advantages of the
invention will be realized and attained by the structure par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described, the method of fabricating a liquid crystal
display device includes preparing a first substrate and a sec-
ond substrate, forming a thin film transistor including a gate
electrode, semiconductor layer, source electrode, and a drain
electrode on the first substrate, forming a pixel electrode
connected to the drain electrode on the first substrate, forming
a color filter having a transmissive pattern with a plurality of
periodic holes, forming a sealant between the first substrate
and the second substrate, and bonding the first and second
substrates to each other.

In another aspect, the liquid crystal display device includes
a first substrate, a thin film transistor including a gate elec-
trode, semiconductor layer, source electrode, and a drain
electrode formed on the first substrate, a pixel electrode con-
nected to the drain electrode formed on the first substrate, a
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color filter having a transmissive pattern with a plurality of
periodic holes, a second substrate bonded to the first sub-
strate, and a sealant formed between the first substrate and the
second substrate.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 is a perspective view showing a related art LCD
device;

FIG. 2 is an exemplary view showing a transmission effi-
ciency of a panel using a color filter using a general pigment
dispersing method according to the related art;

FIGS. 3A and 3B are planar and sectional views respec-
tively showing a structure of a color filter fabricated using a
surface plasmon phenomenon in accordance with a first
exemplary embodiment of the present invention;

FIG. 4 is a planar view of a color filter in accordance with
the first exemplary embodiment of the present invention;

FIGS. 5 to 7 are sectional views showing a structure of an
LCD device in accordance with the first exemplary embodi-
ment of the present invention;

FIG. 8 is a planar view showing a part of the array substrate
of the LCD device according to the first exemplary embodi-
ment shown in FIG. 6;

FIGS. 9A to 9E are planar views sequentially showing a
fabrication process of the array substrate shown in FIGS. 6
and 8;

FIGS. 10A to 10E are sectional views sequentially show-
ing the fabricating process of the array substrate shown in
FIGS. 6 and 8;

FIG. 11 is a planar view showing a color filter in accor-
dance with a second exemplary embodiment of the present
invention;

FIGS. 12 to 14 are sectional views showing a structure of
the LCD device in accordance with the second exemplary
embodiment of the present invention;

FIG. 15 is a planar view showing a part of the array sub-
strate of the LCD device according to the second exemplary
embodiment shown in FIG. 13;

FIGS.16A to 16E are planar views sequentially showing a
fabrication process of the array substrate shown in FIGS. 13
and 15;

FIGS. 17A to 17E are sectional views sequentially show-
ing the fabrication process of the array substrate shown in
FIGS. 13 and 15; and

FIG. 18 is a prospective view showing a structure of a color
filter fabricated in accordance with a third exemplary embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings.

The improvement of transmittance by way of improving an
aperture ratio of an array substrate in the related art is faced
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with physical limitations. Accordingly, the general paradigm
needs to be shifted to a new paradigm for enhancing a trans-
mittance ratio.

A method of filtering light by forming a transmissive pat-
tern through a metal or dielectric layer so as to selectively
transmit light with specific wavelengths has been introduced.
The present invention is to provide a color filter capable of
selectively transmitting red, green, and blue light by forming
ametal layer using a surface plasmon or resonance phenom-
enon.

FIGS. 3A and 3B are planar and sectional views respec-
tively showing a structure of a color filter fabricated using a
surface plasmon phenomenon in accordance with an exem-
plary embodiment of the present invention.

As shown in FIGS. 3A and 3B, if sub-wavelength trans-
missive patterns 153 having a predetermined period L are
formed through a layer 152, an electric field of incident light
(ray) having wavelengths from visible rays to near-infrared
rays is coupled to a plasmon. The layer 152 may be a metal
layer or a dielectric layer. For simplification, the layer 152
will be referred to as a metal layer. However, similar struc-
tures can be made using a dielectric material as the layer 152.

As shown in FIG. 3B, the metal layer 152 may be formed
on a dielectric layer. In this case, portions of the dielectric
layer that are not filled with the metal layer 152 will form the
sub-wavelength transmissive patterns 153. Alternatively,
although not shown, dielectric sub-wavelength transmissive
patterns 153 may be formed by filling dielectric material in a
metal layer. In this case, portions of the metal layer that are
not filled with the dielectric sub-wavelength transmissive pat-
terns 153 will be metal layers 152. With these configurations,
rays with specific wavelengths are transmitted and the rest are
all reflected, thereby realizing RGB colors.

For example, if a plurality of sub-wavelength hole with a
predetermined period L are formed through a silver film, only
selected red, green, and blue rays with specific wavelengths
are transmitted according to the size d and the period L of
each hole so as to render RGB colors. Also, the transmission
of rays attracts rays adjacent to the hole, resulting in trans-
mission of more rays as compared to the area of the hole.

In addition, for realizing a color with high purity, the thick-
ness of the sub-wavelength transmissive patterns 153 corre-
sponding to each wavelength may be independently adjusted.
In particular, the thickness of sub-wavelength transmissive
patterns 153 for each wavelength can be varied. For example,
as shown in FIG. 3B, the thickness of the metal layers 152
corresponding to each sub-wavelength transmissive patterns
153 for each wavelength can increase and subsequently
decrease. Alternatively, thickness of the sub-wavelength
transmissive patterns 153 for each wavelength can increase
and subsequently decrease. However, the present invention
may not be limited to this. In particular, the thickness of the
sub-wavelength transmissive patterns 153 for each wave-
length can be set to be uniform. Further, the thickness of the
sub-wavelength transmissive patterns 153 can be set to be
identical to the thickness of the metal layer 152.

Plasmon refers to a quasiparticle that free electrons induces
on a surface of metal oscillate collectively by an electric field
of incident light. A surface plasmon indicates that the plas-
mon partially exists on the metal surface, which corresponds
to an electromagnetic wave that proceeds along an interface
between the metal and a dielectric.

The surface plasmon phenomenon refers to forming light
of a specific wavelength as light of a specific wavelength
incident onto a surface of metal having a nano-sized periodic
hole pattern resonates with free electrons on the metal sur-
face. Only light of specific wavelengths is made to transmit
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through the hole. Accordingly, light of other wavelengths is
made reflected from the metal surface.

Such a characteristic can be used to adjust a period of a
transmissive pattern so as to allow transmission of desired
light, thereby dividing white light into various colors. Here,
the transmitted light has a wavelength corresponding to about
1.7~2 times that of a transmissive pattern period. Hence, it is
possible to transmit light with desired wavelengths by adjust-
ing the periods of the transmissive pattern.

Here, a horizontal sectional surface of the hole of the trans-
missive pattern may be varied into various shapes, such as
oval, triangle, square, rectangle and the like, if necessary,
without being limited to the simply circular shape such as a
hole. For a hole, it may have a size, namely, a diameter in the
range of 100 to 300 nm and a period in the range 0300 to 700
nm. The period and the size of a hole may be set to about 300
nm and 155 nm, respectively, for transmission of blue light
with 436 nm wavelength. The period and the size of the hole
may be set to about 450 nm and 180 nm, respectively, for
transmission of green light with 538 nm wavelength. Also, the
period and the size of the hole may be set to about 550 nm and
225 nm, respectively, for transmission of red light with 627
nm wavelength.

As such, hole patterns with the predetermined periods and
sizes are formed at a metal layer, thereby being used as a color
filter using a surface plasmon phenomenon occurring on the
metal layer. Also, such hole pattern structure may be applied
to an LCD device to realize colors.

Here, the related art color filter has been formed on an
upper color filter substrate. However, the color filter using the
surface plasmons proposed in the present invention may be
formed on, but not limited thereto, a lower array substrate or
outside a substrate.

The related art color filter using dyes or pigments cannot be
formed by a high temperature process. However, the color
filter using metal layers allows thin film transistors (TFTs) to
be fabricated at the metal layer through the high temperature
process. Further, the formation of the color filter at the lower
array substrate results in overcoming the problem of the
related art LCD device, e.g., having no option but to decrease
the aperture ratio to ensure an alignment margin for bonding
the upper color filter substrate and the lower array substrate.

When TFTs and color filters are all formed on the array
substrate, it may be expected to extend to a technology of
simplifying a process or even removing the upper color filter
substrate of an LCD device. Accordingly, the ripple effect can
be great.

FIG. 4 is a planar view of a color filter in accordance with
a first exemplary embodiment of the present invention, which
shows a color filter for applying to a twisted nematic (TN)
type LCD device in which liquid crystal molecules on the
nematic are driven perpendicular to a substrate.

Here, the exemplary drawing illustrates a color filter for
one pixel, including sub-color filters corresponding to blue,
red and green colors from the left side. Alternatively, the
present invention may also be applied for implementing vari-
ous colors, 1.e., more than three primary colors.

As shown in FIG. 4, a color filter 150 in accordance with
the first exemplary embodiment of the present invention may
include a transmissive pattern 153 including a plurality of
sub-wavelength holes having a period, formed through a
metal layer 152. Accordingly, an electric field of incident light
with wavelengths from visible rays to near-infrared rays is
coupled to plasmons, which urges only light with wave-
lengths respectively corresponding to blue, red, or green col-
ors transmitted and the rest of light all reflected, thereby
creating blue, red, or green colors, respectively.
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Here, the plurality of sub-wavelength holes of the trans-
missive layer pattern 153 are formed within a pixel region
excluding gate lines, data lines, and regions where TFTs are
located.

In addition, the period and the size of the hole may be set to
about 300 nm and 155 nm, respectively, for transmission of
blue light with 436 nm wavelength. The period and the size of
the hole may be set to about 550 nm and 225 nm, respectively,
for transmission of red light with 627 nm wavelength. Also,
the period and the size of the hole may be set to about 450 nm
and 180 nm, respectively, for transmission of green light with
538 nm wavelength.

FIGS. 5to 7 are sectional views showing a structure of an
LCD device in accordance with the first exemplary embodi-
ment ofthe present invention. As shown in FIG. 5, the method
for implementing the color filter using surface plasmons in an
LCD device, may include a method of forming a color filter
150 according to the first exemplary embodiment of the
present invention on an upper color filter substrate 105.

Here, several advantages may be expected. As an example,
RGB color filters can be created by forming transmissive
patterns at a single metal layer through a one-step process,
and then used in place of upper ITO common electrodes,
resulting in a simplification of the fabricating process and a
reduction of a fabricating cost.

An entire surface of the metal layer of the color filter 150
using the surface plasmons may be coated with an insulating
layer having the same refractive index. Hence, for forming the
color filter 150 on a glass substrate, it may be appropriate to
form, on the glass substrate, an insulating layer (e.g., SiO,,
etc.) 106 whose refractive index is the same as that of the glass
substrate. Since the surface plasmons are affected by dielec-
tric constants of a metal and an adjacent insulating layer, it
would be more efficient to form a binary system.

The color filter substrate 105 and the color filter 150 using
the surface plasmons is bonded to an array substrate 110, by
asealant 170 at the edge of an image display region such that
a uniform cell gap is maintained therebetween due to a col-
umn spacer 160. The array substrate 110 includes a plurality
of gate lines (not shown) and data lines (not shown) arranged
horizontally and longitudinally to define a plurality of pixel
regions, TFTs as switching devices formed at intersections
between the gate lines and the data lines, and pixel electrodes
118 formed on the pixel regions.

The color filter 150 may extend up to the outer periphery of
the image display region for serving as the ITO common
electrode, so the sealant 170 may be located between the color
filter 150 of the upper color filter substrate 105 and the lower
array substrate 110.

In addition, each TFT includes a gate electrode 121 con-
nected to the gate line, a source electrode 122 connected to the
data line, and a drain electrode 123 connected to the pixel
electrode 118. The TFT further includes a first insulating
layer 115a for insulating the gate electrode 121 from the
source and drain electrodes 122 and 123, and an active pattern
124 forming a conductive channel between the source elec-
trode 122 and the drain electrode 123 in response to a gate
voltage supplied to the gate electrode 121. The reference
numerals 1155 and 125r, respectively, denote a second insu-
lating layer and an ohmic-contact layer for ohmic-contact
between source and drain regions of the active pattern 124 and
the source and drain electrodes 122 and 123.

The color filter using the surface plasmons is not damaged
even during a high temperature process due to the use of the
metal layer. As a result, the color filter may be formed on the
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array substrate. FIGS. 6 and 7 illustrate an exemplary method
of forming the color filter using the surface plasmons on the
lower array substrate.

As shown in FIG. 6, the color filter 150 may be formed
within a cell, e.g., below the TFT array. Alternatively, as
shown in FIG. 7, the color filter 150 may be formed outside a
cell, e.g., on an outer surface of the array substrate 110.

The upper color filter substrate 105 may include a common
electrode 108 excluding a color filter and a black matrix. The
color filter 150 using the surface plasmons, formed on the
array substrate 110, may be floated or grounded.

The sealant 170 may be formed between the common
electrode 108 of the upper color filter substrate 105 and the
lower array substrate 110 or the color filter 150. Alternatively,
upon forming the insulating layer 106 on the color filter 150,
the sealant 170 may be formed between the common elec-
trode 108 of the upper color filter substrate 105 and the
insulating layer 106 of the array substrate 110.

As such, upon forming the color filter 150 on the array
substrate 110, it is not necessary to ensure an alignment
margin for the upper color filter substrate 105 and the lower
array substrate 110. Further, an aperture ratio can be
enhanced, thereby improving a transmittance ratio of the
panel. The improvement of the panel transmittance may allow
a decrease of brightness of a backlight, thereby reducing
power consumption due to the backlight. Due to the decrease
in power consumption of the backlight, multi color pixels can
be created, which provide a high picture quality with real
color reproduction. In addition, if the color filter 150 is
formed on the array substrate 110 to cancel the color filter
process line, the facility installation costs and the construc-
tion costs can effectively be reduced by about 50%.

Description will now be given in detail of an array substrate
structure, e.g., when a color filter using surface plasmons is
formed on the array substrate and a fabrication method
thereof, in a twisted nematic (TN) type LCD device in accor-
dance with the first exemplary embodiment of the present
invention, with reference to the accompanying drawings.

FIG. 8 is a planar view showing a part of the array substrate
of the LCD device according to the first exemplary embodi-
ment shown in FIG. 6. For the purpose of explanation, one
pixel composed of sub-color filters corresponding to blue, red
and green colors from the left side in the drawing is exem-
plarily illustrated. However, the present invention may not be
limited to the pixel structure, but applicable to implement
multi-colors more than three primary colors.

The first exemplary embodiment of the present invention
illustrates a TN type LCD device which drives liquid crystal
molecules on a nematic perpendicular to a substrate. The
sub-color filters corresponding to the blue, red and green
colors substantially include the same components excluding
the structure of the color filter, e.g., size and period (interval)
of a transmissive pattern.

As shown in FIG. 8, the array substrate 110 according to
the first exemplary embodiment includes gate lines 116 and
data lines 117 arranged on the array substrate 110 horizon-
tally and longitudinally to define pixel regions. Also, a thin
film transistor (TFT) as a switching device is formed on each
intersection between the gate line 116 and the data line 117,
and a pixel electrode 118 is formed on each pixel region. The
pixel electrode 118 is connected to the TFT to drive a liquid
crystal layer in cooperation with a common electrode of a
color filter substrate (not shown).

The TFT may include a gate electrode 121 forming part of
the gate line 1186, a source electrode 122 connected to the data
line 117 and a drain electrode 123 connected to the pixel
electrode 118. The TFT may further include a first insulating
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layer (not shown) to insulate between the gate electrode 121
from the source and drain electrodes 122 and 123, and an
active pattern (not shown) for forming a conductive channel
between the source electrode 122 and the drain electrode 123
in response to a gate voltage supplied to the gate electrode
121.

The source electrode 122 partially extends in one direction
to realize a part of the data line 117. The drain electrode 123
partially extends toward the pixel region so as to be electri-
cally connected to the pixel electrode 118 via a contact hole
140 formed at the second insulating layer (not shown).

The color filter 150 using surface plasmons according to
the first exemplary embodiment is located at the lowest layer
of the array substrate 110 having such configuration. The
color filter 150 includes a transmissive pattern 153 formed
through a metal layer 152 comprising a plurality of sub-
wavelength holes having a period L. An electric field of
incident light (ray) with wavelengths from visible rays to
near-infrared rays is coupled to plasmons. Consequently,
only light with specific wavelengths corresponding to blue,
red, or green colors are transmitted and the rest are all
reflected, thereby realizing blue, red, or green colors, respec-
tively.

FIGS. 9A to 9E are planar views sequentially showing a
fabrication process of the array substrate shown in FIGS. 6
and 8. FIGS. 10A to 10E are sectional views sequentially
showing the fabricating process of the array substrate shown
in FIGS. 6 and 8.

As shown in FIGS. 9A and 10A, a color filter 150 using
surface plasmons is formed on an array substrate 110 formed
of a transparent insulating material, such as glass. The color
filter 150 includes a transmissive pattern 153 formed in a
metal layer 152 and includes a plurality of sub-wavelength
holes having a period L. The transmissive pattern 153 may be
made of a transparent polymer, spin on glass (SOG), organic
or inorganic material or the like, which have a high light
transmittance and a high optical property. The metal layer 152
may be made of aluminum, molybdenum, copper, gold, sil-
ver, chromium or the like.

The color filter 150 may be made in a manner that the
transmissive pattern 153 is formed by soft molding, capillary
force lithography, polymer layer transition patterning using a
rigiflex mold, patterning using UV curable polymer or the
like, followed by a metal layer deposition and planarization
process. The present invention is not limited to the method of
forming the color filter 150.

The color filter 150 having such structure in accordance
with the first exemplary embodiment of the present invention
can implement RGB colors by selectively transmitting a red
color through red color transmissive patterns within a red
color region, by selectively transmitting a green color through
green color transmissive patterns within a green color region,
and by selectively transmitting a blue color through a blue
color transmissive pattern within a blue color region.

In the structure of the color filter 150 according to the first
exemplary embodiment of the present invention, transmissive
patterns, i.e., hole patterns corresponding to blue, red and
green sub-pixels have been formed in different sizes. Further,
the metal layer has been formed with a different thickness to
increase transmission efficiency. In particular, thick red color
transmissive patterns are formed in the red color region.
Green color transmissive patterns are thinner than at least the
red color transmissive patterns. The thinnest blue color trans-
missive patterns are formed in the color region. However, the
present invention may not be limited to this. Upon forming
the color filter 150 on a glass substrate, the same insulating
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layer (SiO,, etc.) 106 as the glass substrate may be formed on
the array substrate 110 having the color filter 150 thereon.

As shown in FIGS. 9B and 10B, the gate electrode 121 and
the gate line 116 are formed on the array substrate 110 having
the insulating layer 160 formed thereon.

The gate electrode 121 and the gate line 116 may be formed
by depositing a first conductive film on the entire surface of
the array substrate 110 and performing a selective patterning
for the same through a photolithography process.

The first conductive film may be made of a low-resistance
opaque conductive material, examples of which include alu-
minum (Al), Al alloy, tungsten (W), copper (C), chromium
(Cr), molybdenum (Mo), Mo alloy and the like. The first
conductive film may be formed in a multi-layered structure
having two or more low-resistance conductive materials
deposited.

As shown in FIGS. 9C and 10C, the entire surface of the
array substrate 110 having the gate electrode 121 and the gate
line 116 is sequentially deposited with a first insulating layer
1154, an amorphous silicon thin film, n+ amorphous silicon
thin film, and a second conductive film, which are thereafter
selectively removed through a photolithography process,
thereby forming an active pattern 124 made of the amorphous
silicon thin film on the array substrate 110. The source and
drain electrodes 122 and 123, which are made of the second
conductive film and electrically connected to source and drain
regions of the active pattern 124, are formed.

The data line 117, which is made of the second conductive
film and defines a pixel region by intersecting with the gate
line 116, is formed through the photolithography process. An
ohmic-contact layer 125», which is made of the n+ amor-
phous silicon thin film and patterned into the same shape as
the source and drain electrodes 122 and 123, is formed on the
active pattern 124. The active pattern 124, the source and
drain electrodes 122 and 123 and the data line 117 according
to the first exemplary embodiment of the present invention
may simultaneously be formed through a one-time masking
process using a half-tone mask or diffraction mask.

The second conductive film may be made of a low-resis-
tance opaque conductive material, examples of which include
aluminum (Al), Al alloy, tungsten (W), copper (C), chromium
(Cr), molybdenum (Mo), Mo alloy and the like. The second
conductive film may be formed in a multi-layered structure
having two or more low-resistance conductive materials
deposited.

As shown in FIGS. 9D and 10D, the second insulating layer
1155 is selectively removed through the photolithography
process, thereby forming a contact hole 140 on the array
substrate 110 for partially exposing the drain electrode 123,
after forming a second insulating layer 1155 on the entire
surface of the array substrate 110, on which the active pattern
124, the source and drain electrodes 122 and 123 and the data
line 117 are formed.

The second insulating layer 11556 may be made of silicon
nitride or silicon oxide, or alternatively, an organic insulating
layer, such as photoacryl or benzcclobutene (BCB).

As shown in FIGS. 9E and 10E, after forming a third
conductive film on the entire surface of the array substrate
110, on which the second insulating layer 1155 is formed, the
third conductive film is selectively removed through the pho-
tolithography process, thereby forming the pixel electrode
118, which is electrically connected to the drain electrode 123
via the contact hole 140. The third conductive film may be
made of a transparent conductive material having a high
transmittance, such as indium tin oxide (ITO) or indium zinc
oxide (1Z0).
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The foregoing description according to the first exemplary
embodiment of the present invention is of the TN type LCD
device which drives liquid crystal molecules on the nematic
perpendicular to the substrate. However, the present invention
may not be limited to this. The present invention may also be
applicable to an in plane switching (IPS) type LCD device
which drives liquid crystal molecules horizontal to the sub-
strate so as to improve a viewing angle to more than 170°.

FIG. 11 is a planar view showing a color filter in accor-
dance with a second exemplary embodiment of the present
invention, which illustrates a color filter to be applied to the
IPS type LCD device, which drives liquid crystal molecules
horizontal to the substrate so as to improve a viewing angle to
more than 170°. Here, for the purpose of explanation, a color
filter for one pixel composed of sub-colors corresponding to
blue, red and green colors from the left side in the drawing is
exemplarily illustrated. However, the present invention is not
limited to the pixel structure, but is applicable to implement
multi-colors, i.e., more than three primary colors.

As shown in FIG. 11, the color filter 250 includes a trans-
missive pattern 253 formed in a metal layer 252 comprising a
plurality of sub-wavelength holes having a period .. An elec-
tric field of incident light (ray) with wavelengths from visible
rays to near-infrared rays is coupled to plasmons. Conse-
quently, only light with specific wavelengths corresponding
to blue, red, or green colors are transmitted and the rest are all
reflected, thereby realizing blue, red, or green colors, respec-
tively.

The transmissive layer patterns 253 are formed within a
pixel region excluding the gate line, the data line, and the
region where the TFT is located.

In addition, a cross-sectional view of the hole of the trans-
missive pattern may have various shapes, such as oval, tri-
angle, square, rectangle and the like, without being limited to
acircular shape such as a hole. For a circular hole, it may have
a diameter in the range of 100 to 300 nm and an period in the
range of 300 to 700 nm. The period and the size of the hole
may be set to about 300 nm and 155 nm, respectively, for
transmission of blue light with 436 nm wavelength. The
period and the size of the hole may be set to about 550 nm and
225 nm, respectively, for transmission of red light with 627
nm wavelength. Also, the period and the size of the hole may
be set to about 450 nm and 180 nm, respectively, for trans-
mission of green light with 538 nm wavelength.

FIGS. 12 to 14 are sectional views showing a structure of
the LCD device in accordance with the second exemplary
embodiment of the present invention. As shown in FIG. 12,
the method for implementing the color filter using surface
plasmons in an LCD device may include a method of forming
acolor filter 250 according to the second exemplary embodi-
ment of the present invention on an upper color filter substrate
205.

Here, several advantages may be expected. For example,
RGB color filters can be created by forming a transmissive
pattern at a single metal layer through a one-step process, and
then used in place of upper ITO rear electrodes, resulting in a
simplification of the entire process and a reduction of a fab-
ricating cost.

An entire surface of the metal layer of the color filters 250
using the surface plasmons may be coated with an insulating
layer having the same refractive index. Hence, for forming the
color filter 250 on a glass substrate, it may be appropriate to
form, on the glass substrate, an insulating layer (e.g., Si0,,
etc.) 206 having the same refractive index as that of the glass
substrate.

The color filter substrate 205 and the color filter 250 using
the surface plasmons is bonded to an array substrate 210 by a
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sealant 270 at an edge of an image display region such that a
uniform cell gap is maintained therebetween due to a column
spacer 260. The array substrate 210 includes a plurality of
gate lines (not shown) and data lines (not shown) arranged
horizontally and longitudinally to define a plurality of pixel
regions, TFTs as switching devices formed at intersections
between the gate lines and the data lines, and pixel electrodes
218 and common electrodes 208 alternately arranged on the
pixel regions to generate transversal fields.

The color filter 250 may extend up to the outer periphery of
the image display region for serving as the ITO rear electrode,
so the sealant 270 may be located between the color filter 250
of the upper color filter substrate 205 and the lower array
substrate 210.

In addition, each TFT includes a gate electrode 221 con-
nected to the gate line, a source electrode 222 connected to the
data line, and a drain electrode 223 connected to the pixel
electrode 218. The TFT further includes a first insulating
layer 215a for insulating the gate electrode 221 from the
source and drain electrodes 222, 223, and an active pattern
224 forming a conductive channel between the source elec-
trode 222 and the drain electrode 223 in response to a gate
voltage supplied to the gate electrode 221. A second insulat-
ing layer 2156 and an ohmic-contact layer 225 for ohmic-
contact between source and drain regions of the active pattern
224 and the source and drain electrodes 222 and 223 may also
be provided.

FIGS.13 and 14 show an exemplary method of forming the
color filter using surface plasmons on the lower array sub-
strate. As shown in FIG. 13, the color filter 250 may be formed
within a cell, e.g., on a lower surface of the TFT array. Alter-
natively, as shown in FIG. 7, the color filter 250 may be
formed outside a cell, e.g., on an outer surface of the array
substrate 210.

The upper color filter substrate 205 may include another
component, e.g., an ITO rear electrode 207 for preventing
static electricity, excluding a color filter and a black matrix.
The color filter 250 using the surface plasmons, formed on the
array substrate 210, may be floated or grounded.

The sealant 270 may be formed between the upper color
filter substrate 205 and the lower array substrate 210 or the
color filter 250. Alternatively, upon forming the insulating
layer 206 on the color filter 250, the sealant 270 may be
formed between the upper color filter substrate 205 and the
insulating layer 206 of the array substrate 210.

As such, upon forming the color filter 250 on the array
substrate 210, it is not necessary to ensure an alignment
margin for the upper color filter substrate 205 and the lower
array substrate 210. Further, an aperture ratio can be
enhanced, thereby improving a transmittance ratio of the
panel. The improvement of the panel transmittance may allow
a decrease of brightness of a backlight, thereby reducing
power consumption due to the backlight. As the power con-
sumption of the backlight can be decreased, multi-color pix-
els can be created to obtain a high picture quality with real
color reproduction. In addition, if the color filter 250 is
formed on the array substrate 210 to cancel the color filter
process line, the facility installation costs and construction
costs can effectively be reduced by about 50%.

Description will now be given in detail of an array substrate
structure, e.g., when a color filter using surface plasmons is
formed on the array substrate, and a fabrication method
thereof, in an IPS type LCD device in accordance with a
second exemplary embodiment of the present invention, with
reference to the accompanying drawings.

FIG. 15 is a planar view showing a part of the array sub-
strate of the LCD device according to the second exemplary
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embodiment shown in FIG. 13. For the purpose of explana-
tion, one pixel composed of sub-color filters corresponding to
blue, red and green colors from the left side in the drawing is
exemplarily illustrated. However, the present invention may
not be limited to the pixel structure, but applicable to imple-
menting various primary colors, 1.e., more than three primary
colors.

The second exemplary embodiment of the present inven-
tion illustrates an IPS type LCD device, which drives liquid
crystal molecules horizontal to the substrate so as to improve
a viewing angle more than 170°. The sub-color filters corre-
sponding to the blue, red and green colors substantially
include the same components excluding the structure of the
color filter, e.g.. size and period of a transmissive pattern.

As shown in FIG. 15, the array substrate 210 according to
the second exemplary embodiment includes gate lines 216
and data lines 217 arranged on the array substrate 210 hori-
zontally and longitudinally to define pixel regions. Also, a
thin film transistor (TFT) as a switching device is formed on
each intersection between the gate line 216 and the data line
217. A common electrode 208 and a pixel electrode 218
which drive liquid crystal (not shown) by generating a trans-
versal field are alternately formed in each pixel region.

The TFT may include a gate electrode 221 forming part of
the gate line 216, a source electrode 222 connected to the data
line 217 and a drain electrode 223 connected to the pixel
electrode 218. The TFT may further include a first insulating
layer (not shown) to insulate the gate electrode 221 from the
source and drain electrodes 222 and 223, and an active pattern
(not shown) for forming a conductive channel between the
source electrode 222 and the drain electrode 223 in response
to a gate voltage supplied to the gate electrode 221. Here, the
source electrode 222 is shown in a “U” shape in the drawing,
so the TFT is also implemented in a “U” shape. However, the
present invention may not be limited to this shape, but be
applicable irrespective of the shape of the channel of the TFT.

The source electrode 222 partially extends in one direction
to realize a part of the data line 217. The drain electrode 223
partially extends toward the pixel region so as to be electri-
cally connected to the pixel electrode 218 via a first contact
hole 240a formed at the second insulating layer (not shown).
A plurality of common electrodes 208 and pixel electrodes
218 for generating transversal fields are alternately arranged
in the pixel regions.

A common line 2081 substantially in parallel to the gate
line 216 is formed at a lower end of each pixel region. The
common electrode 208 is electrically connected to the com-
mon line 208L via a second contact hole 2405 formed at the
first insulating layer and the second insulating layer.

As shown in FIG. 15, the common electrodes 208, the pixel
electrodes 218 and the data lines 217 according to the second
exemplary embodiment of the present invention have a bent
structure. Accordingly, liquid crystal molecules are aligned in
two directions to define two domains, thereby further improv-
ing a viewing angle as compared to a mono-domain. Here, the
present invention may not be limited to the IPS type LCD
device with the two-domain structure, but is also applicable to
an IPS type LCD device with a multi-domain structure more
than two domains. In particular, the IPS structure forming the
multi domains more than two domains is referred to as a
super-IPS (S-1PS) structure.

If the bent structure of the common electrodes 208, the
pixel electrodes 218, and the data lines 217 is employed to
implement the multi-domain structure having symmetrical
driving directions of liquid crystal molecules, abnormal light
due to birefringence characteristics of liquid crystal may be
attenuated, thereby minimizing a color shift phenomenon.
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The color filter 250 using surface plasmons according to
the second exemplary embodiment is located at the lowest
layer of the array substrate 210 having such configuration.
The color filter 250 includes a transmissive pattern 253
formed through a metal layer 252 comprising a plurality of
sub-wavelength holes having a period L. An electric field of
incident light (ray) with wavelengths from visible rays to
near-infrared rays is coupled to plasmons. Consequently,
only light with specific wavelengths corresponding to blue,
red, or green colors are transmitted and the rest are all
reflected, thereby realizing blue, red, or green colors, respec-
tively.

FIGS.16A to 16E are planar views sequentially showing a
fabrication process of the array substrate shown in FIGS. 13
and 15. FIGS. 17A to 17E are sectional views sequentially
showing the fabrication process of the array substrate shown
in FIGS. 13 and 15. As shown in FIGS. 16A and 17 A, a color
filter 250 vsing surface plasmons is formed on an array sub-
strate 210 formed of a transparent insulating material, such as
glass. The color filter 250 includes a transmissive pattern 253
formed through a specific metal layer 252 including a plural-
ity of sub-wavelength holes having a period L. The transmis-
sive pattern 253 may be made of a transparent polymer, spin
on glass (80G), organic or inorganic material or the like,
which has a high light transmittance and a high optical prop-
erty. The metal layer 252 may be made of aluminum, molyb-
denum, copper, gold, silver, chromium or the like.

The color filter 250 may be made in a manner that the
plurality of sub-wavelength holes of the transmissive patterns
253 are formed by soft molding, capillary force lithography,
polymer layer transition patterning using a rigiflex mold,
patterning using UV curable polymer or the like, followed by
ametal layer deposition and planarization process. Here, the
present invention may not be limited to the method of forming
the color filter 250.

The color filter 250 having such structure in accordance
with the second exemplary embodiment of the present inven-
tion can implement RGB colors by selectively transmitting a
red color through red color transmissive patterns within a red
color region, by selectively transmitting a green color through
green color transmissive patterns within a green color region,
and by selectively transmitting a blue color through a blue
color transmissive pattern within a blue color region.

In the structure of the color filter 250 according to the
second exemplary embodiment of the present invention,
transmissive patterns, e.g., hole patterns corresponding to
blue, red and green sub-pixels have been formed in different
sizes. Further, the metal layer has been formed in a different
thickness to increase transmission efficiency. In particular,
thick red color transmissive patterns are formed on the red
color region. Green color transmissive patterns are thinner
than at least the red color transmissive pattern. The thinnest
color transmissive patterns are formed on the blue color
region. However, the present invention may not be limited to
this.

Upon forming the color filter 250 on a glass substrate, the
same insulating layer 206 (Si0,, etc.) as the glass substrate
may be formed on the array substrate 210 having the color
filter 250 thereon.

As shown in FIGS. 16B and 17B, the gate electrode 221,
the gate line 116 and the common line 2081, are formed onthe
array substrate 210 having the insulating layer 206 formed
thereon.

The gate electrode 221, the gate line 116 and the common
line 2081 may be formed by depositing a first conductive film
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onthe entire surface of the array substrate 210 and performing
a selective patterning for the same through a photolithogra-
phy process.

As shown in FIGS. 16C and 17C, the entire surface of the
array substrate 210 having the gate electrode 221, the gate line
216 and the common line 208L is sequentially deposited with
a first insulating layer 215a, an amorphous silicon thin film,
n+ amorphous silicon thin film, and a second conductive film,
which are thereafter selectively removed through a photoli-
thography process, thereby forming the active pattern 224
made of the amorphous silicon thin film on the array substrate
210. The source and drain electrodes 222 and 223, which are
made of the second conductive film and electrically con-
nected to source and drain regions of the active pattern 224,
are formed.

The data line 217, which is made of the second conductive
film and defines a pixel region by intersecting with the gate
line 216, 1s formed through the photolithography process. An
ohmic-contact layer 225», which is made of the n+ amor-
phous silicon thin film and patterned into the same shape as
the source and drain electrodes 222 and 223, is formed on the
active pattern 224. The active pattern 224, the source and
drain electrodes 222 and 223 and the data line 217 according
to the second exemplary embodiment of the present invention
may simultaneously be formed through a one-time masking
process using a half-tone mask or diffraction mask.

As shown in FIGS. 16D and 17D, the second insulating
layer 2154 is selectively removed through the photolithogra-
phy process, thereby forming a first contact hole 240a on the
array substrate 210 for partially exposing the drain electrode
223, after forming a second insulating layer 2155 on the entire
surface of the array substrate 210, on which the active pattern
224, the source and drain electrodes 222 and 223 and the data
line 217 are formed. Also, the first insulating layer 2154 and
the second insulating layer 2155 are selectively removed to
form a second contact hole 2405 on the array substrate 210 for
partially exposing the common line 208L.

As shown in FIGS. 16E and 17E, after forming a third
conductive film on the entire surface of the array substrate
210, on which the second insulating layer 2154 1s formed, the
third conductive film is then selectively removed through the
photolithography process, thereby forming the pixel elec-
trode 218, which is electrically connected to the drain elec-
trode 223 via the first contact hole 240a, and the common
electrode 208, which is electrically connected to the common
line 208L via the second contact hole 2406.

The array substrate according to each of the first and sec-
ond exemplary embodiments of the present invention is
attached onto a color filter substrate facing each other using a
sealant formed on an edge of the image display region.

FIG. 18 is a prospective view showing a structure of a color
filter fabricated in accordance with a third exemplary embodi-
ment of the present invention. As shown in FIG. 18, the
transmissive pattern 350 can have a periodic pattern in only
one direction. The transmissive pattern 350 can include
stripes of one material 352 that are interposed between
another material 355.

The first to third exemplary embodiments of the present
invention have illustrated an amorphous silicon thin film tran-
sistor using an amorphous silicon thin film as an active pat-
tern. However, the present invention is not limited to this
configuration. For example, the present invention may also be
applicable to a polycrystalline thin film transistor using a
polycrystalline silicon thin film as the active pattern.

The present invention is not limited to LCD devices but
may also be used in other display devices fabricated using
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thin film transistors, such as an organic light emitting diode
(OLED) display device in which OLEDs are connected to
switching transistors.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the liquid crystal
display device and method of fabricating the same of the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A method of fabricating a liquid crystal display device,
the method comprising:

preparing a first substrate and a second substrate compris-

ing red, green, and blue color regions;

forming a thin film transistor including a gate electrode, a

semiconductor layer, a source electrode, and a drain
electrode on the first substrate;

forming a pixel electrode connected to the drain electrode

on the first substrate;
forming a color filter comprising red, green, and blue color
transmissive patterns with a plurality of periodic holes
on the second substrate, the transmissive pattern with a
plurality of periodic holes comprising a metal layer, a
thick red color transmissive pattern being formed in the
red color region, the green color transmissive pattern
being thinner than the red color transmissive pattern, and
the blue color transmissive pattern, being a thinnest
color transmissive pattern, being formed in the blue
color region;
forming an insulating layer on the color filter, including an
inside of the holes, the insulating layer being formed of
asame dielectric material as that of the second substrate;

forming a sealant between a surface of the first substrate
and the metal layer of the color filter;

forming a liquid crystal layer between the first and second

substrates; and

bonding the first and second substrates to each other.

2. The method of claim 1, wherein the color filter is formed
of at least one of aluminum, molybdenum, copper, gold,
silver, and chromium.

3. The method of claim 1, wherein a cross-sectional view of
the holes of the transmissive pattern includes at least one of
circle, oval, triangle, square, and rectangle.

4. The method of claim 3, wherein a cross-sectional view of
the holes of the transmissive pattern includes a plurality of
circles with a diameter in the range of 100 to 300 nm and a
period in the range of 300 to 700 nm.

5. The method of claim 1, wherein the thin film transistor is
formed on an inner surface of the first substrate and the
sealant is formed between the inner surface of the first sub-
strate and the metal layer of the color filter.

6. A method of fabricating a liquid crystal display device,
the method comprising:

preparing a first substrate, comprising red, green, and blue

color regions, and a second substrate;

forming a color filter comprising red, green, and blue color

transmissive patterns with a plurality of periodic holes
on the first substrate, the transmissive pattern with a
plurality of periodic holes comprising a metal layer, a
thick red color transmissive pattern being formed in the
red color region, the green color transmissive pattern
being thinner than the red color transmissive pattern, and
the blue color transmissive pattern, being a thinnest
color transmissive pattern, being formed in the blue
color region;
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forming an insulating layer on the color filter, including an
inside of the holes, the insulating layer being formed of
a same dielectric material as that of the first substrate;

forming a thin film transistor including a gate electrode, a
semiconductor layer, a source electrode, and a drain
electrode on the insulating layer;

forming a pixel electrode connected to the drain electrode
on the first substrate;

forming a sealant between a surface of the insulating layer
and the second substrate;

forming a liquid crystal layer between the first and second
substrates; and

bonding the first and second substrates to each other.

7. The method of claim 6, further comprising a common
electrode formed on the second substrate.

8. The method of claim 6, further comprising a common
electrode formed parallel to the pixel electrode wherein the
pixel electrode and the common electrode have at least one
bent portion.

9. The method of claim 6, wherein the color filter is formed
of at least one of aluminum, molybdenum, copper, gold,
silver, and chromium.

10. The method of claim 6, wherein a cross-sectional view
of the holes of the transmissive pattern includes at least one of
circle, oval, triangle, square, and rectangle.

11. The method of claim 10, whetein a cross-sectional view
of the holes of the transmissive pattern includes a plurality of
circles with a diameter in the range of 100 to 300 nm and a
period in the range of 300 to 700 nm.

12. A liquid crystal display device, comprising;

a first substrate;

a thin film transistor including a gate electrode, a semicon-
ductor layer, a source electrode, and a drain electrode
formed on the first substrate;

a pixel electrode connected to the drain electrode formed
on the first substrate;

a second substrate, comprising red, green, and blue color
regions, and bonded to the first substrate;

a color filter comprising red, green, and blue color trans-
missive patterns with a plurality of periodic holes on the
second substrate, the transmissive pattern with a plural-
ity of periodic holes comprising a metal layer, a thick red
color transmissive pattern being formed in the red color
region, the green color transmissive pattern being thin-
ner than the red color transmissive pattern, and the blue
color transmissive pattern, being a thinnest color trans-
missive pattern, being formed in the blue color region;

an insulating layer on the color filter, including an inside of
the holes, the insulating layer being formed of a same
dielectric material as that of the second substrate; and

asealant formed between a surface of the first substrate and
the metal layer of the color filter.

13. The liquid crystal display device of claim 12, wherein
the color filter is formed of at least one of aluminum, molyb-
denum, copper, gold, silver, and chromium.

14. The liquid crystal display device of claim 12, wherein
a cross-sectional view of the holes of the transmissive pattern
includes at least one of circle, oval, triangle, square, and
rectangle.

15. The liquid crystal display device of claim 14, wherein
a cross-sectional view of the holes of the transmissive pattern
includes a plurality of circles with a diameter in the range of
100 to 300 nm and a period in the range of 300 to 700 nm.

16. The liquid crystal display device of claim 12, wherein
the thin film transistor is formed on an inner surface of the first
substrate and the sealant is formed between the inner surface
of the first substrate and the metal layer of the color filter.
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17. A liquid crystal display device, comprising:

a first substrate, comprising red, green, and blue color
regions;

a color filter comprising red, green, and blue color trans-
missive patterns with a plurality of periodic holes on the
first substrate, the transmissive pattern with a plurality of
periodic holes comprising a metal layer, a thick red color
transmissive pattern being formed in the red color
region, the green color transmissive pattern being thin-
ner than the red color transmissive pattern, and the blue
color transmissive pattern, being a thinnest color trans-
missive pattern, being formed in the blue color region;

an insulating layer on the color filter, including an inside of
the holes, the insulating layer being formed of a same
dielectric material as that of the first substrate;

athin film transistor including a gate electrode, a semicon-
ductor layer, a source electrode, and a drain electrode
formed on the insulating layer;

a pixel electrode connected to the drain electrode formed
on the first substrate;

a second substrate bonded to the first substrate; and

15

20

18

a sealant formed between a surface of the insulating layer

and the second substrate.

18. The liquid crystal display device of claim 17, further
comprising a common electrode formed on the second sub-
strate.

19. The liquid crystal display device of claim 17, further
comprising a common electrode formed parallel to the pixel
electrode wherein the pixel electrode and the common elec-
trode have at least one bent portion.

20. The liquid crystal display device of claim 17, wherein
the color filter is formed of at least one of aluminum, molyh-
denum, copper, gold, silver, and chromium.

21. The liquid crystal display device of claim 17, wherein
a cross-sectional view of the holes of the transmissive pattern
includes at least one of circle, oval, triangle, square, and
rectangle.

22. The liquid crystal display device of claim 21, wherein
a cross-sectional view of the holes of the transmissive pattern
includes a plurality of circles with a diameter in the range of
100 to 300 nm and a period in the range of 300 to 700 nm.
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