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Description
BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display device, and more particularly to a liquid crystal
display device having a color filter with a three-dimen-
sional (3D) pattern structure provided with a transmissive
patternfor selectively transmitting light of a specific wave-
length.

DISCUSSION OF THE RELATED ART

[0002] Recently, as information displaying becomes
more attractive and demands on the use of portable in-
formation media increase, research and commercializa-
tion of light and thin flat panel displays (FPDs), which
substitute cathode ray tubes (CRTs) as the existing dis-
play devices, have increased. Among the FPDs, liquid
crystal display (LCD) devices display images using opti-
cal anisotropic property of liquid crystal. The LCD devices
exhibit excellent resolution, color rendering property, im-
age quality and the like, so they are widely applied to
laptop computers, desktop monitors, and the like.
[0003] TheLCD 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) mul-
tiple times. Accordingly, reducing the number of masks
can enhance productivity.

[0004] Hereinafter, a structure of a related art LCD de-
vice 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 sub-
strate 10, and a liquid crystal layer 30 interposed between
the color filter substrate 5 and the array substrate 10.
[0005] 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 com-
mon voltage to the liquid crystal layer 30.

[0006] The array substrate 10 is provided with a plu-
rality of gate lines 16 and data lines 17 arranged horizon-
tally and longitudinally to define a plurality of pixel regions
P, thin film transistors (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.

[0007] The color filter substrate 5 and the array sub-
strate 10 facing each other are bonded to each other by
a sealant (not shown) formed at an edge of an image
display region, thereby constructing a liquid crystal panel.
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The attachment between the color filter substrate 5 and
the array substrate 10 may be implemented by an align-
ment key (not shown) formed either at the color filter sub-
strate 5 or at the array substrate 10.

[0008] Inorderto preventlightleakage due to an align-
ment 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.

[0009] The related art color filter used in LCD devices
is configured to filter portions of the incident light by ab-
sorbing light with frequency components corresponding
to unnecessary colors using dyes or pigments. In partic-
ular, 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 low-
ered, which causes power consumption due to the need
for increasing the backlight power.

[0010] FIG. 2is an exemplary view showing transmis-
sion efficiency of a panel upon the use of a related art
color filter using a pigment dispersing method. As shown
in FIG. 2, light emitted from the backlight is reduced to
less than 5% of its original amount while transmitting se-
quentially 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.

[0011] In fabricating the related art color filter, color
resist coating, exposure to light, development and hard-
ening processes are repeated for each primary color. Ac-
cordingly, 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 installa-
tion cost.

[0012] JP 2008 270061 A discloses an OLED display
device, comprising: a substrate; a thin film transistor in-
cluding a gate electrode, semiconductor layer, source
electrode, and a drain electrode formed on the substrate;
apixel electrode connected to the drain electrode formed
on the substrate; and a color filter having a transmissive
pattern with a plurality of periodic holes.

[0013] EP 0992833 A2 discloses that an optical trans-
mission modulation apparatus is provided for modulating
light transmitted through the apparatus. The apparatus
comprises a metal film having a periodic array of sub-
wavelength-diameter holes provided therein, and a sup-
porting layer. At least a portion of the supporting layer
has a selectively variable refractive index, the selectively
variable refractive index portion being substantially ad-
jacent to the metal film such that the metal film and the
supporting layer form a perforated metal film unit. Selec-
tive variation of the refractive index of the selectively var-
iable refractive index portion modulates the intensity of
the light transmitted through the perforated metal film unit
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without substantially changing the direction of the light.
Flat panel displays, spatial light modulators and tunable
optical filters based on the optical transmission control
apparatus are also provided.

SUMMARY OF THE INVENTION

[0014] Accordingly, the presentinvention is directed to
a liquid crystal display device that substantially obviates
one or more problems due to limitations and disadvan-
tages of the related art.

[0015] An object of the present invention is to provide
an LCD device capable of enhancing the aperture ratio
and transmittance of a panel by forming a color filter with
improved transmission efficiency using surface plasmon
phenomenon rather than using the existing dyes or pig-
ments, and a method of fabricating the same.

[0016] Anotherobjectof the presentinvention is to pro-
vide an LCD device capable of simplifying a fabrication
process and decreasing cost by using the color filter as
a common electrode or a rear surface ITO.

[0017] Additional features and advantages of the in-
vention 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 particularly pointed out in
the written description and claims hereof as well as the
appended drawings.

[0018] The invention provides a liquid crystal display
device according to claim 1. Further embodiments of the
invention are described in the dependent claims.
[0019] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to pro-
vide further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and com-
parative examples and together with the description
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
efficiency of a panel using a color filter using a gen-
eral pigment dispersing method according to the re-
lated art;

FIGS. 3A and 3B are planar and sectional views re-
spectively showing a structure of a color filter fabri-
cated using a surface plasmon phenomenon in ac-
cordance with an aspect of the present invention;
FIG. 4 is a planar view of a color filter in accordance
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with an aspect of the present invention;

FIG. 5 is a sectional view showing a structure of an
LCD device in accordance with an embodiment of
the present invention, and FIGS. 6 and 7 are sec-
tional views showing a structure of an LCD device
in accordance with comparative examples;

FIG. 8 is a planar view showing a part of the array
substrate of the LCD device shown in FIG. 6;
FIGS. 9A to 9E are planar views sequentially show-
ing 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 sub-
strate shown in FIGS. 6 and 8;

FIG. 11 is a planar view showing a color filter in ac-
cordance with an aspect of the present invention;
FIG. 12 is a sectional view showing a structure of an
LCD device in accordance with another embodiment
of the present invention, and FIGS. 13 and 14 are
sectional views showing a structure ofan LCD device
in accordance with comparative examples;

FIG. 15 is a planar view showing a part of the array
substrate of the LCD device 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
showing the fabrication process of the array sub-
strate shown in FIGS. 13 and 15; and

FIG. 18 is a perspective view showing a structure of
a color filter in accordance with an aspect of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0021] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples
of which are illustrated in the accompanying drawings
along with comparative examples.

[0022] The improvement of transmittance by way of
improving an aperture ratio of an array substrate in the
related art is faced with physical limitations. Accordingly,
the general paradigm needs to be shifted to a new par-
adigm for enhancing a transmittance ratio.

[0023] A method of filtering light by forming a transmis-
sive pattern through a metal or dielectric layer so as to
selectively transmit light with specific wavelengths has
been introduced. An aspect of various embodiments of
the present invention is to provide a color filter capable
of selectively transmitting red, green, and blue light by
forming a metal layer using a surface plasmon or reso-
nance phenomenon.

[0024] FIGS. 3A and 3B are planar and sectional views
respectively showing a structure of a color filter fabricated
using a surface plasmon phenomenon in accordance
with an aspect of the present invention.

[0025] As shown in FIGS. 3A and 3B, if sub-wave-
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length transmissive 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. Ac-
cording to embodiments of the present invention, the lay-
er 152 is a metal layer. For simplification, the layer 152
will thus be referred to as a metal layer. In comparative
examples, similar structures can be made using a die-
lectric material as the layer 152.

[0026] 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
filing dielectric material in a metal layer. In this case,
portions of the metal layer that are not filled with the di-
electric sub-wavelength transmissive patterns 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.

[0027] For example, if a plurality of sub-wavelength
holes 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 adja-
cent to the hole, resulting in transmission of more rays
as compared to the area of the hole.

[0028] In addition, for realizing a color with high purity,
the thickness of the sub-wavelength transmissive pat-
terns 153 corresponding to each wavelength isindepend-
ently adjusted.

[0029] Plasmon refers to a quasiparticle that free elec-
trons induces on a surface of metal oscillate collectively
by an electric field of incident light. A surface plasmon
indicates that the plasmon partially exists on the metal
surface, which corresponds to an electromagnetic wave
that proceeds along an interface between the metal and
a dielectric.

[0030] 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 na-
no-sized periodic hole pattern resonates with free elec-
trons on the metal surface. Only light of specific wave-
lengths is made to transmit through the hole. Accordingly,
light of other wavelengths is made reflected from the met-
al surface.

[0031] Such a characteristic can be used to adjust a
period of a transmissive pattern so as to allow transmis-
sion of desired light, thereby dividing white light into var-
ious 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 adjusting the periods of the
transmissive pattern.

[0032] Here, a horizontal sectional surface of the hole
of the transmissive pattern may be varied into various
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shapes, such as oval, triangle, square, rectangle and the
like, if necessary, without being limited to the simply cir-
cular 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 of 300 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.

[0033] 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 phe-
nomenon occurring on the metal layer. Also, such hole
pattern structure may be applied to an LCD device to
realize colors.

[0034] Here,therelated art color filter has been formed
on an upper color filter substrate.

[0035] The related art color filter using dyes or pig-
ments 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 for-
mation of the color filter at the lower array substrate re-
sults in overcoming the problem of the related art LCD
device, e.g., having no option but to decrease the aper-
ture ratio to ensure an alignment margin for bonding the
upper color filter substrate and the lower array substrate.
[0036] 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 colorfilter substrate of an LCD device. Accordingly,
the ripple effect can be great.

[0037] FIG. 4 is a planar view of a color filter 150 in
accordance with an aspect 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.
[0038] Here, the exemplary drawing illustrates a color
filter for one pixel, including sub-color filters correspond-
ing to blue, red and green colors from the left side. Alter-
natively, the present invention may also be applied for
implementing various colors, i.e., more than three prima-
ry colors.

[0039] As showninFIG. 4, the color filter 150 includes
a transmissive pattern 153 including a plurality of sub-
wavelength holes having a period, formed through a met-
al 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
colors transmitted and the rest of light all reflected, there-
by creating blue, red, or green colors, respectively.
[0040] Here, the plurality of sub-wavelength holes of
the transmissive layer pattern 153 are formed within a
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pixel region excluding gate lines, data lines, and regions
where TFTs are located.

[0041] 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.

[0042] FIG. 5 is a sectional view showing a structure
of an LCD device in accordance with an embodiment of
the present invention, and FIGS. 6 and 7 are sectional
views showing a structure of an LCD device in accord-
ance with comparative examples. FIGS. 6 and 7 show
LCD devices having a color filter 150 formed on an array
substrate 110, and represent background art useful for
understanding the invention. In the LCD device in ac-
cordance with the embodiment of the present invention
shown in FIG. 5, the color filter 150 using surface plas-
mons is formed on an upper color filter substrate 105.
[0043] 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.
[0044] An entire surface of the metal layer of the color
filter 150 using the surface plasmons is coated with an
insulating layer having the same refractive index. Hence,
for forming the color filter 150 on a glass substrate, it is
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 dielectric constants of a metal
and an adjacentinsulating layer, it would be more efficient
to form a binary system.

[0045] The color filter substrate 105 and the color filter
150 using the surface plasmons is bonded to an array
substrate 110, by a sealant 170 at the edge of an image
display region such that a uniform cell gap is maintained
therebetween due to a column 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 be-
tween the gate lines and the data lines, and pixel elec-
trodes 118 formed on the pixel regions.

[0046] The color filter 150 extends up to the outer pe-
riphery of the image display region for serving as the ITO
common electrode, sothe sealant170is located between
the color filter 150 of the upper color filter substrate 105
and the lower array substrate 110.

[0047] In addition, each TFT includes a gate electrode
121 connected 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
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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 con-
ductive channel between the source electrode 122 and
the drain electrode 123 in response to a gate voltage
supplied to the gate electrode 121. The reference numer-
als 115b and 125n, 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.
[0048] 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 array substrate. FIGS. 6 and
7 illustrate an exemplary method of forming the color filter
using the surface plasmons on the lower array substrate
and represent background art useful for understanding
the invention.

[0049] As shown in FIG. 6, the color filter 150 may be
formed within a cell, e.g., below the TFT array. Alterna-
tively, 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.

[0050] The upper colorfilter substrate 105 may include
a common electrode 108 excluding a color filter and a
black matrix. The color filter 150 using the surface plas-
mons, formed on the array substrate 110, may be floated
or grounded.

[0051] 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 electrode 108 of the upper color
filter substrate 105 and the insulating layer 106 of the
array substrate 110.

[0052] As such, upon forming the color filter 150 on the
array substrate 110, itis not necessary to ensure an align-
ment 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 ra-
tio of the panel. The improvement of the panel transmit-
tance may allow a decrease of brightness of a backlight,
thereby reducing power consumption due to the back-
light. 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 ad-
dition, if the color filter 150 is formed on the array sub-
strate 110 to cancel the colorfilter process line, the facility
installation costs and the construction costs can effec-
tively be reduced by about 50%.

[0053] Descriptionwillnow be givenin detail ofan array
substrate structure, e.g., when a color filter using surface
plasmons is formed on the array substrate and a fabri-
cation method thereof, in a twisted nematic (TN) type
LCD device with reference to the accompanying draw-
ings.

[0054] FIG. 8 is a planar view showing a part of the
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array substrate of the LCD device shown in FIG. 6 and
represents background art useful for understanding the
invention. For the purpose of explanation, one pixel com-
posed of sub-color filters corresponding to blue, red and
green colors from the left side in the drawing is exempla-
rily illustrated. However, it may be possible to implement
multi-colors with more than three primary colors.

[0055] It is illustrated a TN type LCD device which
drives liquid crystal molecules on a nematic perpendic-
ular 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.

[0056] As shown in FIG. 8, the array substrate 110 in-
cludes gate lines 116 and data lines 117 arranged on the
array substrate 110 horizontally and longitudinally to de-
fine 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 elec-
trode 118 is formed on each pixel region. The pixel elec-
trode 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).

[0057] The TFTmayinclude a gate electrode 121 form-
ing part of the gate line 116, a source electrode 122 con-
nected to the data line 117 and a drain electrode 123
connected to the pixel electrode 118. The TFT may fur-
ther include a firstinsulating layer (not shown) to insulate
between the gate electrode 121 fromthe 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 re-
sponse to a gate voltage supplied to the gate electrode
121.

[0058] 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 re-
gion so as to be electrically connected to the pixel elec-
trode 118 via a contact hole 140 formed at the second
insulating layer (not shown).

[0059] The color filter 150 using surface plasmons 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 hav-
ing 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 spe-
cific wavelengths corresponding to blue, red, or green
colors are transmitted and the rest are all reflected, there-
by realizing blue, red, or green colors, respectively.
[0060] FIGS. 9A to 9E are planar views sequentially
showing a fabrication process of the array substrate
shown in FIGS. 6 and 8 and represent background art
useful for understanding the invention. FIGS. 10A to 10E
are sectional views sequentially showing the fabricating
process of the array substrate shown in FIGS. 6 and 8
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and represent background art useful for understanding
the invention.

[0061] As shown in FIGS. 9A and 10A, a color filter
150 using surface plasmons is formed on an array sub-
strate 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 ma-
terial 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, silver,
chromium or the like.

[0062] The color filter 150 may be made in a manner
that the transmissive pattern 153 is formed by soft mold-
ing, capillary force lithography, polymer layer transition
patterning using a rigiflex mold, patterning using UV cur-
able polymer or the like, followed by a metal layer dep-
osition and planarization process. The present invention
is not limited to the method of forming the color filter 150.
[0063] The color filter 150 having such structure 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.

[0064] In the structure of the color filter 150, transmis-
sive patterns, i.e., hole patterns corresponding to blue,
red and green sub-pixels have been formed in different
sizes. Further, the metal layer 152 is formed with a dif-
ferent 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 transmis-
sive patterns. The thinnest blue color transmissive pat-
terns are formed in the blue color region. Upon forming
the color filter 150 on a glass substrate, the same insu-
lating layer (SiO,, etc.) 106 as the glass substrate may
be formed on the array substrate 110 having the color
filter 150 thereon.

[0065] As shown in FIGS. 9B and 10B, the gate elec-
trode 121 and the gate line 116 are formed on the array
substrate 110 having the insulating layer 160 formed
thereon.

[0066] 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 perform-
ing a selective patterning for the same through a photo-
lithography process.

[0067] The first conductive film may be made of a low-
resistance opaque conductive material, examples of
which include aluminum (Al), Al alloy, tungsten (W), cop-
per (C), chromium (Cr), molybdenum (Mo), Mo alloy and
thelike. The first conductive film may be formed in a multi-
layered structure having two or more low-resistance con-
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ductive materials deposited.

[0068] As shownin FIGS. 9C and 10C, the entire sur-
face of the array substrate 110 having the gate electrode
121 and the gate line 116 is sequentially deposited with
a first insulating layer 115a, an amorphous silicon thin
film, n+ amorphous silicon thin film, and a second con-
ductive 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.
[0069] The dataline 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 photolithog-
raphy process. An ohmic-contact layer 125n, which is
made of the n+ amorphous 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 may simultaneously be
formed through a one-time masking process using a half-
tone mask or diffraction mask.

[0070] The second conductive film may be made of a
low-resistance opaque conductive material, examples of
which include aluminum (Al), Al alloy, tungsten (W), cop-
per (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-resist-
ance conductive materials deposited.

[0071] As shown in FIGS. 9D and 10D, the second
insulating layer 115b 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 115b 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.

[0072] The second insulating layer 115b may be made
of silicon nitride or silicon oxide, or alternatively, an or-
ganic insulating layer, such as photoacryl or benzc-
clobutene (BCB).

[0073] 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 115b
is formed, the third conductive film is selectively removed
through the photolithography 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 con-
ductive material having a high transmittance, such as
indium tin oxide (ITO) or indium zinc oxide (1ZO).
[0074] The foregoing description relates to 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
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invention may also be applicable to an in plane switching
(IPS) type LCD device which drives liquid crystal mole-
cules horizontal to the substrate so as to improve a view-
ing angle to more than 170°.

[0075] FIG. 11 is a planar view showing a color filter in
accordance with an aspect of the present invention,
which illustrates a color filter to be applied to the IPS type
LCD device, which drives liquid crystal molecules hori-
zontal 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 corre-
sponding 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.

[0076] AsshowninFIG. 11, the colorfilter 250 includes
a transmissive pattern 253 formed in a metal layer 252
comprising a plurality of sub-wavelength holes having a
period L. An electric field of incident light (ray) with wave-
lengths from visible rays to near-infrared rays is coupled
to plasmons. Consequently, only light with specific wave-
lengths corresponding to blue, red, or green colors are
transmitted and the restare all reflected, thereby realizing
blue, red, or green colors, respectively.

[0077] 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.

[0078] In addition, a cross-sectional view of the hole
of the transmissive pattern may have various shapes,
such as oval, triangle, square, rectangle and the like,
without being limited to a circular 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 transmis-
sion 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, respec-
tively, for transmission of green light with 538 nm wave-
length.

[0079] FIG. 12is a sectional view showing a structure
of an LCD device in accordance with another embodi-
ment of the present invention, and FIGS. 13 and 14 are
sectional views showing a structure of an LCD device in
accordance with comparative examples. Similarly to
FIGS.6and7,FIGS. 13and 14 show LCD devices having
a color filter 250 formed on an array substrate 210, and
represent background art useful for understanding the
invention. In the LCD device in accordance with the em-
bodiment of the present invention shown in FIG. 12, the
color filter 250 using surface plasmons is formed on an
upper color filter substrate 205.

[0080] 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
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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 fabricating cost.

[0081] An entire surface of the metal layer of the color
filters 250 using the surface plasmons is coated with an
insulating layer having the same refractive index. Hence,
for forming the color filter 250 on a glass substrate, it is
appropriate to form, on the glass substrate, an insulating
layer (e.g., SiO,, etc.) 206 having the same refractive
index as that of the glass substrate.

[0082] The color filter substrate 205 and the color filter
250 using the surface plasmons is bonded to an array
substrate 210 by a 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 be-
tween the gate lines and the data lines, and pixel elec-
trodes 218 and common electrodes 208 alternately ar-
ranged on the pixel regions to generate transversalfields.
[0083] The color filter 250 extends up to the outer pe-
riphery of the image display region for serving as the ITO
rear electrode, so the sealant 270 is located between the
color filter 250 of the upper color filter substrate 205 and
the lower array substrate 210.

[0084] In addition, each TFT includes a gate electrode
221 connected 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 electrode 222 and the drain
electrode 223 in response to a gate voltage supplied to
the gate electrode 221. A second insulating layer 215b
and an ohmic-contact layer 225n for ohmic-contact be-
tween source and drain regions of the active pattern 224
and the source and drain electrodes 222 and 223 may
also be provided.

[0085] FIGS. 13 and 14 show an exemplary method of
forming the color filter using surface plasmons on the
lower array substrate. 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. Alternatively, 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.

[0086] 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 plas-
mons, formed on the array substrate 210, may be floated
or grounded.

[0087] The sealant 270 may be formed between the
upper color filter substrate 205 and the lower array sub-
strate 210 or the color filter 250. Alternatively, upon form-
ing the insulating layer 206 on the color filter 250, the
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sealant 270 may be formed between the upper color filter
substrate 205 and the insulating layer 206 of the array
substrate 210.

[0088] As such, upon forming the color filter 250 on the
array substrate 210, itis not necessary to ensure an align-
ment 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 ra-
tio of the panel. The improvement of the panel transmit-
tance may allow a decrease of brightness of a backlight,
thereby reducing power consumption due to the back-
light. As the power consumption of the backlight can be
decreased, multi-color pixels can be created to obtain a
high picture quality with real color reproduction. In addi-
tion, if the color filter 250 is formed on the array substrate
210 to cancel the color filter process line, the facility in-
stallation costs and construction costs can effectively be
reduced by about 50%.

[0089] Descriptionwillnow be givenin detail ofan array
substrate structure, e.g., when a color filter using surface
plasmons is formed on the array substrate, and a fabri-
cation method thereof, in an IPS type LCD device, with
reference to the accompanying drawings.

[0090] FIG. 15 is a planar view showing a part of the
array substrate of the LCD device shown in FIG. 13 and
represents background art useful for understanding the
invention. For the purpose of explanation, one pixel com-
posed of sub-color filters corresponding to blue, red and
green colors from the left side in the drawing is exempla-
rily illustrated. However, the present invention may not
be limited to the pixel structure, but applicable to imple-
menting various primary colors, i.e., more than three pri-
mary colors.

[0091] Itis illustrated 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 corresponding to the blue, red and green
colors substantially include the same components ex-
cluding the structure of the color filter, e.g., size and pe-
riod of a transmissive pattern.

[0092] As shown in FIG. 15, the array substrate 210
includes gate lines 216 and data lines 217 arranged on
the array substrate 210 horizontally and longitudinally to
define pixel regions. Also, a thin film transistor (TFT) as
a switching device is formed on each intersection be-
tween 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 transversal field are
alternately formed in each pixel region.

[0093] The TFT mayinclude a gate electrode 221 form-
ing part of the gate line 216, a source electrode 222 con-
nected to the data line 217 and a drain electrode 223
connected to the pixel electrode 218. The TFT may fur-
therinclude a firstinsulating layer (not shown) to insulate
the gate electrode 221 from the source and drain elec-
trodes 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
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to agate 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.

[0094] 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 re-
gion so as to be electrically connected to the pixel elec-
trode 218 via a first contact hole 240a formed at the sec-
ond insulating layer (not shown). A plurality of common
electrodes 208 and pixel electrodes 218 for generating
transversal fields are alternately arranged in the pixel re-
gions.

[0095] A common line 208L substantially in parallel to
the gate line 216 is formed at a lower end of each pixel
region. The common electrode 208 is electrically con-
nected to the common line 208L via a second contact
hole 240b formed at the first insulating layer and the sec-
ond insulating layer.

[0096] As shown in FIG. 15, the common electrodes
208, the pixel electrodes 218 and the data lines 217 have
abentstructure. Accordingly, liquid crystal molecules are
aligned in two directions to define two domains, thereby
further improving a viewing angle as compared to a mo-
no-domain. Here, the present invention may not be lim-
ited to the IPS type LCD device with the two-domain
structure, butis also applicabletoan|PS 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-
IPS) structure.

[0097] 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 hav-
ing symmetrical driving directions of liquid crystal mole-
cules, abnormal light due to birefringence characteristics
of liquid crystal may be attenuated, thereby minimizing
a color shift phenomenon.

[0098] The color filter 250 using surface plasmons 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 hav-
ing 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 spe-
cific wavelengths corresponding to blue, red, or green
colors are transmitted and the rest are all reflected, there-
by realizing blue, red, or green colors, respectively.
[0099] FIGS. 16A to 16E are planar views sequentially
showing a fabrication process of the array substrate
shown in FIGS. 13 and 15 and represent background art
useful for understanding the invention. FIGS. 17Ato 17E
are sectional views sequentially showing the fabrication
process of the array substrate shown in FIGS. 13 and 15
and represent background art useful for understanding
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the invention. As shown in FIGS. 16A and 17A, a color
filter 250 using surface plasmons is formed on an array
substrate 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 plurality of sub-wavelength holes having a
period L. The transmissive pattern 253 may be made of
a transparent polymer, spin on glass (SOG), organic or
inorganic material or the like, which has a high light trans-
mittance and a high optical property. The metal layer 252
may be made of aluminum, molybdenum, copper, gold,
silver, chromium or the like.

[0100] The color filter 250 may be made in a manner
that the plurality of sub-wavelength holes of the trans-
missive patterns 253 are formed by soft molding, capillary
force lithography, polymer layer transition patterning us-
ing a rigiflex mold, patterning using UV curable polymer
or the like, followed by a metal layer deposition and
planarization process. Here, the present invention may
not be limited to the method of forming the color filter 250.
[0101] The color filter 250 having such structure 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.

[0102] In the structure of the color filter 250, transmis-
sive 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 dif-
ferent 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 transmis-
sive pattern. The thinnest color transmissive patterns are
formed on the blue color region. However, the present
invention may not be limited to this.

[0103] Upon forming the color filter 250 on a glass sub-
strate, the same insulating layer 206 (SiO,, etc.) as the
glass substrate may be formed on the array substrate
210 having the color filter 250 thereon.

[0104] Asshownin FIGS. 16B and 17B, the gate elec-
trode 221, the gate line 116 and the common line 208L
are formed on the array substrate 210 having the insu-
lating layer 206 formed thereon.

[0105] The gate electrode 221, the gate line 116 and
the common line 208L may be formed by depositing a
first conductive film on the entire surface of the array
substrate 210 and performing a selective patterning for
the same through a photolithography process.

[0106] AsshowninFIGS. 16C and 17C, the entire sur-
face of the array substrate 210 having the gate electrode
221, the gate line 216 and the common line 208L is se-
quentially 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
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selectively removed through a photolithography process,
thereby forming the active pattern 224 made of the amor-
phous 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.

[0107] The dataline 217, which is made of the second
conductive film and defines a pixel region by intersecting
with the gate line 216, is formed through the photolithog-
raphy process. An ohmic-contact layer 225n, which is
made of the n+ amorphous 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 may simultaneously be
formed through a one-time masking process using a half-
tone mask or diffraction mask.

[0108] As shown in FIGS. 16D and 17D, the second
insulating layer 215b is selectively removed through the
photolithography process, thereby forming a first contact
hole 240a on the array substrate 210 for partially expos-
ing the drain electrode 223, after forming a second insu-
lating layer 215b on the entire surface of the array sub-
strate 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 215a and the
second insulating layer 215b are selectively removed to
form a second contact hole 240b on the array substrate
210 for partially exposing the common line 208L.
[0109] 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 215b
is formed, the third conductive film is then selectively re-
moved through the photolithography process, thereby
forming the pixel electrode 218, which is electrically con-
nected to the drain electrode 223 via the first contact hole
240a, and the common electrode 208, which is electri-
cally connected to the common line 208L via the second
contact hole 240b.

[0110] Thearraysubstrate is attached onto a color filter
substrate facing each other using a sealant formed on
an edge of the image display region.

[0111] FIG. 18 is a perspective view showing a struc-
ture of a color filter fabricated in accordance with an as-
pect 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 in-
clude stripes of one material 352 that are interposed be-
tween another material 355.

[0112] Various embodiments illustrated herein above
have an amorphous silicon thin film transistor using an
amorphous silicon thin film as an active pattern. Howev-
er, the present invention is not limited to this configura-
tion. For example, the present invention may also be ap-
plicable to a polycrystalline thin film transistor using a
polycrystalline silicon thin film as the active pattern.
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Claims

1.

A liquid crystal display device, comprising:

an array substrate (110);

a color filter substrate (105) bonded to the array
substrate (110);

a thin film transistor including a gate electrode
(121), semiconductor layer, source electrode
(122), and a drain electrode (123) formed on the
array substrate (110);

a pixel electrode (118) connected to the drain
electrode (123) formed on the array substrate
(110);

a color filter (150) formed on the color filter sub-
strate (105) having a transmissive pattern (153)
with a plurality of periodic holes formed in ametal
layer (152) and extended to an outer periphery
of an image display region of the liquid crystal
display device, the color filter (150) serving as
a common electrode;

aninsulatinglayer(106) formed onthe colorfilter
(150); and

a sealant (170) located between the array sub-
strate (110) and the color filter (150) of the color
filter substrate (105),

wherein the color filter (150) is formed with red,
green, and blue color transmissive patterns with
a plurality of periodic holes,

characterized in that:

a refractive index of the insulating layer
(106) is the same as that of the color filter
substrate (105); and

a thickness of the green color transmissive
pattern is thinner than a thickness of the red
color transmissive pattern, and a thickness
of the blue color transmissive pattern is thin-
ner than the thickness of the green color
transmissive pattern.

The liquid crystal display device of claim 1, wherein
the transmissive pattern (153) includes a three-di-
mensional pattern to selectively transmit only red,
green or blue light.

The liquid crystal display device of claim 1, wherein
a thickness of the transmissive pattern (153) for each
color is identical to a thickness of the metal layer
(152).

The liquid crystal display device of claim 1, wherein
the transmissive pattern (153) with a plurality of pe-
riodic holes has one or two dimensional periodic
structure.

The liquid crystal display device of claim 1, wherein
a period of the plurality of holes is set to be about
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0.688 times a transmission wavelength and a size
of the plurality of holes is set to be about 0.356 times
the transmission wavelength.

6. The liquid crystal display device of claim 1, wherein
a period of the plurality of holes is set to be about
0.836 times a transmission wavelength and a size
of the plurality of holes is set to be about 0.334 times
the transmission wavelength.

7. The liquid crystal display device of claim 1, wherein
a period of the plurality of holes is set to be about
0.877 times a transmission wavelength and a size
of the plurality of holes is set to be about 0.359 times
the transmission wavelength.

8. The liquid crystal display device of claim 1, wherein
the color filter (150) is formed of at least one of alu-
minum, molybdenum, copper, gold, silver, and chro-
mium.

9. The liquid crystal display device of claim 1, wherein
a cross-sectional view of the holes of the transmis-
sive pattern (153) includes at least one of circle, oval,
triangle, square, and rectangle.

Patentanspriiche
1. Eine Flussigkristallanzeigevorrichtung, aufweisend:

ein Array-Substrat (110);

ein Farbfilter-Substrat (105), das mit dem Array-
Substrat (110) verbunden ist;

einen auf dem Array-Substrat (110) ausgebilde-
ten Diinnschicht-Transistor, der eine Gate-Elek-
trode (121), Halbleiterschicht, Source-Elektrode
(122) und eine Drain-Elektrode (123) enthalt;
eine auf dem Array-Substrat (110) ausgebildete
Pixel-Elektrode (118), die mit der Drain-Elektro-
de (123) verbunden ist;

einen auf dem Farbfilter-Substrat (105) ausge-
bildeten Farbfilter (150), der eine Ubertragungs-
struktur (153) mit einer Vielzahl von periodi-
schen Lochern hat, die in einer Metallschicht
(152) ausgebildet sind, und bis zu einer duflleren
Peripherie eines Bildanzeige-Gebietes der
Flussigkristallanzeigevorrichtung ausgedehnt
ist, wobei der Farbfilter (150) als eine gemein-
same Elektrode dient;

eine Isolationsschicht (106), die auf dem Farb-
filter (150) ausgebildet ist; und

ein Dichtungsmittel (170), das zwischendem Ar-
ray-Substrat (110) und dem Farbfilter (150) des
Farbfilter-Substrats (105) angeordnet ist,
wobei der Farbfilter (150) mit Rote-, Griine- und
Blaue-Farbe-Ubertragungsstrukturen mit einer
Vielzahl von periodischen Lochern ausgebildet
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1"

ist,
dadurch gekennzeichnet, dass:

ein Brechungsindex der Isolationsschicht
(106) der gleiche wie der des Farbfilter-Sub-
strats (105) ist; und

eine Dicke der Griine-Farbe-Ubertragungs-
struktur diinner ist als eine Dicke der Rote-
Farbe-Ubertragungsstruktur und eine Di-
cke der Blaue-Farbe-Ubertragungsstruktur
dinner ist als die Dicke der Griine-Farbe-
Ubertragungsstruktur.

Die Flussigkristallanzeigevorrichtung gemaR An-
spruch 1, wobei die Ubertragungsstruktur (153) eine
dreidimensionale Struktur enthéalt, so dass selektiv
nur rotes, griines oder blaues Licht Gbertragen wird.

Die Flussigkristallanzeigevorrichtung gemaR An-
spruch 1, wobei eine Dicke der Ubertragungsstruktur
(153) fur jede Farbe identisch mit einer Dicke der
Metallschicht (152) ist.

Die Flussigkristallanzeigevorrichtung gemaR An-
spruch 1, wobei die Ubertragungsstruktur (153) mit
einer Vielzahl von periodischen Léchern eine ein-
oder zweidimensionale periodische Struktur hat.

Die Flussigkristallanzeigevorrichtung gemaR An-
spruch 1, wobei eine Periode der Vielzahl von L6-
chern auf das ungefahr 0,688-fache einer Ubertra-
gungswellenlange eingestellt ist und eine GréRe der
Vielzahl von Léchern auf das ungefahr 0,356-fache
der Ubertragungswellenlange eingestellt ist.

Die Flussigkristallanzeigevorrichtung gemaR An-
spruch 1, wobei eine Periode der Vielzahl von L6-
chern auf das ungefahr 0,836-fache einer Ubertra-
gungswellenlange eingestellt ist und eine GréRe der
Vielzahl von Léchern auf das ungefahr 0,334-fache
der Ubertragungswellenlange eingestellt ist.

Die Flussigkristallanzeigevorrichtung gemaR An-
spruch 1, wobei eine Periode der Vielzahl von L6-
chern auf das ungefahr 0,877-fache einer Ubertra-
gungswellenlange eingestellt ist und eine GréRe der
Vielzahl von Léchern auf das ungefahr 0,359-fache
der Ubertragungswellenlange eingestellt ist.

Die Flussigkristallanzeigevorrichtung gemaR An-
spruch 1, wobei der Farbfilter (150) aus mindestens
einem von Aluminium, Molybdan, Kupfer, Gold, Sil-
ber und Chrom ausgebildet ist.

Die Flussigkristallanzeigevorrichtung gemaR An-
spruch 1, wobei eine Querschnittsansicht der Lécher
der Ubertragungsstruktur (153) mindestens eines
von Kreis, Oval, Dreieck, Quadrat und Rechteck ent-
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halt.

Revendications

1.

Dispositif ~ d’affichage  a  cristaux

comprenant :

liquides,

un substrat de réseau (110) ;

un substrat de filire de couleur (105) collé sur le
substrat de réseau (110) ;

un transistor a couches minces qui comprend
une électrode de grille (121), une couche semi-
conductrice, une électrode de source (122), et
une électrode de drain (123) formées sur le
substrat de réseau (110) ;

une électrode de pixel (118) connectée a I'élec-
trode de drain (123) formée sur le substrat de
réseau (110) ;

un filtre de couleur (150) formé sur le substrat
de filtre de couleur (105), qui présente un motif
transmissif (153) avec une pluralité de trous pé-
riodiques formés dans une couche métallique
(152), et qui s’étend vers une périphérie exté-
rieure d’'une région d’affichage d'image du dis-
positif d’affichage a cristaux liquides, le filtre de
couleur (150) servant d’électrode commune ;
une couche isolante (106) formée sur le filtre de
couleur (150) ; et

un agent d’étanchéité (170) situé entre le subs-
trat de réseau (110) et le filtre de couleur (150)
du substrat de filtre de couleur (105) ;

dans lequel le filtre de couleur (150) est formé
avec des motifs transmissifs de couleurs rouge,
verte, et bleue avec une pluralité de trous
périodiques ;

caractérisé en ce que :

l'indice de réfraction de la couche isolante
(106) est identique a celui du substrat de
filtre de couleur (105) ; et

I'épaisseur du motif transmissif de la cou-
leur verte est plus mince que I'épaisseur du
motif transmissif de la couleur rouge, et
I'épaisseur du motif transmissif de la cou-
leur bleue est plus mince que I'épaisseur du
motif transmissif de la couleur verte.

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1, dans lequel le motif transmissif (153)
comprend un motif tridimensionnel destiné a trans-
mettre de maniere sélective seulement la lumiere
rouge, verte ou bleue.

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1, dans lequel I'épaisseur du motif trans-
missif (153) de chaque couleur, est identique a
I'épaisseur de la couche métallique (152).
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4.

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1, dans lequel le motif transmissif (153)
doté d’une pluralité de trous périodiques, présente
une structure périodique unidimensionnelle ou bidi-
mensionnelle.

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1, dans lequel la période de la pluralité
de trous est fixée égale a environ 0,688 fois la lon-
gueur d'onde de communication, et la taille de la
pluralité de trous est fixée égale a environ 0,356 fois
la longueur d’onde de transmission.

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1, dans lequel la période de la pluralité
de trous est fixée égale a environ 0,836 fois la lon-
gueur d'onde de communication, et la taille de la
pluralité de trous est fixée égale a environ 0,334 fois
la longueur d’onde de transmission.

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1, dans lequel la période de la pluralité
de trous est fixée égale a environ 0,877 fois la lon-
gueur d'onde de communication, et la taille de la
pluralité de trous est fixée égale a environ 0,359 fois
la longueur d’onde de transmission.

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1, dans lequel le filtre de couleur (150)
est constitué d’'un élément au moins sélectionné
dans le groupe constitué par I'aluminium, le molyb-
deéne, le cuivre, l'or, 'argent, et le chrome.

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1, dans lequel une vue en coupe des
trous du motif transmissif (153) comprend I'un au
moins d’un cercle, d’'un ovale, d’'un triangle, d’un car-
ré, et d’'un rectangle.
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