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COLOR FILTER AND DISPLAY DEVICES
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority under 35 U.S.C.
§119 from Korean Patent Application No. 10-2010-0038103,
filed on Apr. 23, 2010, in the Korean Intellectual Property
Office, the disclosures of which are incorporated herein in
their entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] Example embodiments relate to a color filter and
display devices including the same.

[0004] 2. Description of the Related Art

[0005] Recently, as portable display devices (e.g., mobile
phones, personal digital assistants (PDAs), portable multime-
dia players (PMPs) and digital multimedia broadcasting
(DMB) devices) have widely spread, the need for display
devices with low power consumption and high visibility has
increased.

[0006] Among the display devices, reflective display
devices have attracted much attention. Reflective display
devices form an image by using an external light source (e.g.,
solar light or an external illumination light), instead of using
a backlight. Thus, reflective display devices are useful in
terms of power consumption. However, because the amount
of light used to form an image varies depending on the sur-
rounding luminance, a constant image quality may not be
maintained.

[0007] Various designs of a transflective display device,
which is a combination of a reflective display device and a
transmissive display device, have been proposed. The trans-
flective type display device is designed by considering both
variation in luminance depending on the degree of an external
illumination, and power consumption.

SUMMARY

[0008] Example embodiments relate to a color filter and
display devices including the same.

[0009] A color filter configured to control a color function
according to an external illumination environment and a
reflective display device including the color filter are pro-
vided.

[0010] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice ofthe presented
embodiments.

[0011] According to example embodiments, a color filter
includes a first electrode and a second electrode that are
spaced apart from each other, and a variable filter layer that is
formed between the first electrode and the second electrode.
The variable filter layer includes a polymer, a plurality of
liquid crystals dispersed in the polymer, and a plurality of
color display materials mixed in the liquid crystals. The liquid
crystals may be in the form of drops or droplets.

[0012] The variable filter layer may be divided into a plu-
rality of pixel units each including a plurality of sub-pixels.
The color display materials included in each of the plurality of
sub-pixels display different colors.
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[0013] The plurality of sub-pixels may display red, green
and blue colors, or may display yellow, magenta and cyan
colors.

[0014] The color display materials may include a dichroic
dye, a quantum dot or a fluorescent dye.

[0015] Thecolor filter may further include a barrier wall for
dividing the plurality of sub-pixels between the first electrode
and the second electrode.

[0016] According to example embodiments, a display
device includes a color filter including a first electrode and a
second electrode that are spaced apart from each other, and a
variable filter layer that is formed between the first electrode
and the second electrode. The variable filter layer includes a
polymer, a plurality of liquid crystal drops dispersed in the
polymer, and a plurality of color display materials mixed in
the liquid crystal drops. The variable filter layer is divided
into a plurality of pixel units each including a plurality of
sub-pixels displaying different colors. The display device
further includes an optical shutter portion in which transmit-
tance of incident light is individually controlled in a region
corresponding to each of the sub-pixels. The optical shutter
portion includes an optical shutter layer. The optical shutter
layer includes a material wherein transmittance of incident
light varies under electrical control. The optical shutter layer
is disposed on the color filter. The display device further
includes a reflection layer that is formed under the color filter
and reflects light entering through the color filter ina direction
towards the color filter.

[0017] The optical shutter portion may include the optical
shutter layer, a common electrode formed on a first surface of
the optical shutter layer, a plurality of pixel electrodes formed
on a second surface (opposing the first surface) of the optical
shutter layer so as to correspond to the plurality of sub-pixels,
and a thin film transistor (TFT) array layerin which a plurality
of TFTs for driving the plurality of pixel electrodes are
arrayed.

[0018] The optical shutter layer may include a polymer
dispersed liquid crystal mixed with a black dye.

[0019] The pixel electrodes and the TFT array layer may be
formed on the optical shutter layer or under the optical shutter
layer.

[0020] Each of the pixel electrodes may be connected to the
TFT array layer by a contact hole passing through the color
filter and the reflection layer, wherein the TFT array layer is
formed under the reflection layer.

[0021] The color display material may include a dichroic
dye, a quantum dot or a fluorescent dye.

[0022] At least one of the first and second electrodes may
have a mesh pattern.

[0023] According to example embodiments, a display
device includes a color filter including a first electrode and a
second electrode that are spaced apart from each other, and a
variable filter layer that is formed between the first electrode
and the second electrode. The variable filter layer includes a
polymer, a plurality of liquid crystal drops dispersed in the
polymer, and a plurality of color display materials mixed in
the liquid crystal drops. The variable filter layer is divided
into a plurality of pixel units each including a plurality of
sub-pixels displaving different colors. The display device
further includes an optical shutter portion that is disposed
under the color filter. The optical shutter portion includes an
optical shutter layer including a material wherein transmit-
tance of incident light varies under electrical control, a com-
mon electrode formed on the optical shutter layer, a plurality
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ofpixel electrodes formed under the optical shutter layer so as
to correspond to the plurality of sub-pixels, and a thin film
transistor (TFT) array layer in which a plurality of TFTs for
driving the plurality of pixel electrodes are arrayed. The dis-
play device further includes a reflection layer that is formed
on the pixel electrodes and reflects light entering through the
optical shutter layer in a direction towards the optical shutter
layer.

[0024] According to example embodiments, a display
device includes a color filter including a first electrode and a
second electrode that are spaced apart from each other, and a
variable filter layer that is formed between the first electrode
and the second electrode. The variable filter layer includes a
polymer, a plurality of liquid crystal drops dispersed in the
polymer, and a plurality of color display materials mixed in
the liquid crystal drops. The variable filter layer is divided
into a plurality of pixel units each including a plurality of
sub-pixels displaying different colors. The display device
further includes an optical shutter portion which is disposed
on the color filter and in which transmittance of incident light
1s individually controlled in a region corresponding to each of
the sub-pixels, wherein one of the first and second electrodes
is formed of a reflective metal material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings of which:

[0026] FIG. 11is a schematic cross-sectional view illustrat-
ing a display device including a color filter according to
example embodiments;

[0027] FIGS. 2A and 2B are conceptual diagrams for
explaining variations in purity and brightness of a color
according to an applied voltage in the color filter of FIG. 1;
[0028] FIG. 3 illustrates a color display material in a color
filter according to example embodiments;

[0029] FIG. 4 is a schematic cross-sectional view illustrat-
ing a display device according to example embodiments;
[0030] FIG. 5 is a schematic cross-sectional view illustrat-
ing a display device according to example embodiments;
[0031] FIG. 6 is a schematic cross-sectional view illustrat-
ing a display device according to example embodiments;
[0032] FIG. 7 is a schematic cross-sectional view illustrat-
ing a display device according to example embodiments;
[0033] FIGS. 8A and 8B respectively show a cross-sec-
tional view and a plan view of a first electrode and a second
electrode of a color filter according to example embodiments;
[0034] FIG. 9 is a plan view illustrating a first electrode or
a second electrode of a color filter according to example
embodiments; and

[0035] FIG.10is a schematic cross-sectional view illustrat-
ing a display device according to example embodiments.

DETAILED DESCRIPTION

[0036] Various example embodiments will now be
described more fully with reference to the accomparnying
drawings in which some example embodiments are shown.
However, specific structural and functional details disclosed
herein are merely representative for purposes of describing
example embodiments. Thus, the invention may be embodied
in many alternate forms and should not be construed as lim-
ited to only example embodiments set forth herein. Therefore,
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it should be understood that there is no intent to limit example
embodiments to the particular forms disclosed, but on the
contrary, example embodiments are to cover all modifica-
tions, equivalents, and alternatives falling within the scope of
the invention.

[0037] In the drawings, the thicknesses of layers and
regions may be exaggerated for clarity, and like numbers refer
to like elements throughout the description of the figures.
[0038] Although the terms first, second, etc. may be used
herein to describe various elements, these elements should
not be limited by these terms. These terms are only used to
distinguish one element from another. For example, a first
element could be termed a second element, and, similarly, a
second element could be termed a first element, without
departing from the scope of example embodiments. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items.

[0039] Itwill beunderstood that, if an element is referred to
as being “connected” or “coupled” to another element, it can
be directly connected, or coupled, to the other element or
intervening elements may be present. In contrast, if an ele-
ment is referred to as being “directly connected” or “directly
coupled” to another element, there are no intervening ele-
ments present. Other words used to describe the relationship
between elements should be interpreted in a like fashion (e.g.,
“between” versus “directly between,” “adjacent” versus
“directly adjacent,” etc.).

[0040] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of example embodiments. As used herein, the
singular forms “a,” “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises,” “comprising,” “includes” and/or “including,” if used
herein, specify the presence of stated features, integers, steps,
operations, elements and/or components, but do not preclude
the presence or addition of one or more other features, inte-
gers, steps, operations, elements, components and/or groups
thereof.

[0041] Spatially relative terms (e.g., “beneath,” “below,”
“lower,” “above,” “upper” and the like) may be used herein
for ease of description to describe one element or a relation-
ship between a feature and another element or feature as
illustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different ori-
entations of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, forexample, the
term “below” can encompass both an orientation that is
above, as well as, below. The device may be otherwise ori-
ented (rotated 90 degrees or viewed or referenced at other
orientations) and the spatially relative descriptors used herein
should be interpreted accordingly.

[0042] Example embodiments are described herein with
reference to cross-sectional illustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures). As such, variations from the shapes of the illus-
trations as a result, for example, of manufacturing techniques
and/or tolerances, may be expected. Thus, example embodi-
ments should not be construed as limited to the particular
shapes of regions illustrated herein but may include devia-
tions in shapes that result, for example, from manufacturing.
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For example, an implanted region illustrated as a rectangle
may have rounded or curved features and/or a gradient (e.g.,
of implant concentration) at its edges rather than an abrupt
change from an implanted region to a non-implanted region.
Likewise, a buried region formed by implantation may result
in some implantation in the region between the buried region
and the surface through which the implantation may take
place. Thus, the regions illustrated in the figures are sche-
matic in nature and their shapes do not necessarily illustrate
the actual shape of a region of a device and do not limit the
scope.

[0043] In order to more specifically describe example
embodiments, various aspects will be described in detail with
reference to the attached drawings. However, the present
invention is not limited to example embodiments described.
[0044] Example embodiments relate to a color filter and
display devices including the same.

[0045] FIG. 1 is a schematic cross-sectional view illustrat-
ing a display device including a color filter according to
example embodiments.

[0046] Referring to FIG. 1, a display device 100 includes a
color filter 140, an optical shutter portion 160 and a reflection
layer 110.

[0047] Thecolor filter 140 includes afirstelectrode 141 and
a second electrode 149 that are spaced apart from each other,
and a variable filter layer 144 including a polymer 144¢
formed between the first electrode 141 and the second elec-
trode 149, a plurality of liquid crystal drops 146 dispersed in
the polymer 144a of the variable filter layer 144, and color
display materials 1487, 148g and 1485 that are mixed in the
liquid crystal drops 146. The color display materials 148,
148g and 1485 may use a dichroic dye. The variable filter
layer 144 may be manufactured by hardening a mixture of a
liquid crystal, a polymer and a dye using ultra-violet rays or
heat, thereby causing phase separation of the liquid crystal
and the polymer.

[0048] The variable filter layer 144 may be divided into a
plurality of pixel units PU each unit including plurality sub-
pixels P1, P2 and P3 (only one pixel unit PU is illustrated in
FIG. 1). Each sub-pixel may display different colors (e.g., P1
may display a red color, P2 may display a green color and P3
may display a blue color). In this case, in a region of the
variable filter layer 144 corresponding to the sub-pixel P1, the
color display material 1487 which reflects red and absorbs
other colors in incident white light, is mixed in the liquid
crystal drops 146. In a region of the variable filter layer 144
corresponding to the sub-pixel P2, the color display material
148¢, which reflects green and absorbs other colors, is mixed
in the liquid crystal drops 146.In a region of the variable filter
layer 144 corresponding to the sub-pixel P3, the color display
material 1485, which reflects blue and absorbs other colors, is
mixed in the liquid crystal drops 146.

[0049] InFIG.1, the color display materials 1487, 148g and
1485 include dyes that respectively display red, green and
blue color, but are not limited thereto. For example, the color
display materials 1487, 148g and 1485 may include dyes that
respectively display yellow, magenta and cyan colors.
[0050] A barrier wall 1445 configured to divide the plural-
ity of sub-pixels P1, P2 and P3 may further be formed
between the first electrode 141 and the second electrode 149.
For example, a barrier wall 1445 may be formed between the
sub-pixel P1 and the sub-pixel P2, and another barrier wall
1445 may be formed between the sub-pixel P2 and the sub-
pixel P3.
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[0051] The optical shutter portion 160 is disposed on the
color filter 140. In the optical shutter portion 160, transmit-
tance of incident light is individually controlled in a region
corresponding to each of the sub-pixels P1, P2 and P3. The
optical shutter portion 160 includes an optical shutter layer
164 formed of a material wherein the transmittance of inci-
dent light varies under electrical control. The optical shutter
layer 164 may be formed of a polymer wherein liquid crystal,
which includes a black dye, is dispersed in the polymer. That
is, the optical shutter layer 164 may include a polymer 164a,
aplurality of liquid crystal drops 166 dispersed in the polymer
164a, and a black dye 167 mixed in the liquid crystal drops
166. A common electrode 161 is formed on a first surface of
the optical shutter layer 164, and a plurality of pixel elec-
trodes 168 and a thin film transistor (TFT) array layer 169 are
formed on a second surface (opposite to the first surface) of
the optical shutter layer.

[0052] The plurality of pixel electrodes 168 are respec-
tively formed to correspond to the plurality of sub-pixels P1,
P2 and P3. The TFT array layer 169 includes a plurality of
TFTs (now shown) arrayed (or configured) for respectively
driving the plurality of pixel electrodes 168. For example, as
illustrated in FIG. 1, a transparent substrate S2, on which the
TFT array layer 169 and the pixel electrodes 168 are sequen-
tially formed, may be used. Also, as illustrated in FIG. 1, a
transparent substrate S1, on which the second electrode 149
of the color filter 140 and the common electrode 161 of the
optical shutter portion 160 are respectively formed on oppos-
ing surfaces of the transparent substrate S1, may be used.
However, example embodiments are not limited thereto. The
transparent substrate S1 is not necessarily used. For example,
when the second electrode 149 of the color filter 140 and the
common electrode 161 of the optical shutter portion 160 have
acommon function, only one of the second electrode 149 and
the common electrode 161 may be formed.

[0053] The optical shutter portion 160 may also use general
display devices (e.g., a liquid crystal display device, a cho-
lesteric liquid crystal display device, an electrowetting dis-
play device, an electrochromic display device, a transmissi-
tive particle type display device, etc.).

[0054] The reflection layer 110 is formed under the color
filter 140 so that light entering through the color filter 140 is
reflected in a direction towards the color filter 140.

[0055] FIGS. 2A and 2B are conceptual diagrams for
explaining variations in purity and brightness of a color
according to an applied voltage in the color filter of FIG. 1.
[0056] FIG.2A shows a case where a voltage is not applied
between the first electrode 141 and the second electrode 149.
In this case, refractive indexes of the liquid crystal drops 146
and the polymer 144q are different. Thus, incident white light
W is scattered by the plurality of liquid crystal drops 146.
When the scattered white light W arrives at the color display
materials 1485 in the liquid crystal drops 146, only blue light
B is reflected and other colors of light are absorbed. Thus, a
blue color is displayed.

[0057] FIG. 2B shows a case where a voltage is applied
between the first electrode 141 and the second electrode 149.
In this case, liquid crystal constituting the liquid crystal drops
146 is arranged in a set direction, and refractive indexes of the
liquid crystal drops 146 and the polymer 144a become equal.
Thus, incident light may pass through the liquid crystal drops
146. White light W having passed through the liquid crystal
drops 146 is reflected in the reflection layer 110 and emitted
to the outside. The degree of arrangement of the liquid crystal
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may be controlled according to an applied voltage, the refrac-
tive indexes of the liquid crystal drops 146 and the polymer
1444 may be different depending on the degree of arrange-
ment of the liquid crystal. In this case, scattering light may be
partially generated. The color display materials 1485 reflect
only blue light B from among the scattering light, thus a
mixed color of white and blue may be displayed. Because a
mixture ratio of white to blue may be controlled by a magni-
tude of the applied voltage, purity and brightness of the dis-
played blue color may be controlled.

[0058] FIGS. 2A and 2B show a case where the blue color
is displayed. However, purity and brightness of a color dis-
played from a red or green sub-pixel may also be controlled.
[0059]  According to the above-described principle, a volt-
age is not applied to the color filter 140 in bright outdoors so
that a color with a substantially high purity may be realized.
Inrelatively dark indoors, a brighter color may be realized by
applying a voltage to reduce an absorption ratio of light,
thereby securing visibility.

[0060] FIG. 3illustrates a color display material included in
a color filter according to example embodiments.

[0061] In FIG. 3, the color display material may be quan-
tum dots 1477, 147g and 14785. That is, the polymer 144¢, the
plurality of liquid crystal drops 146 dispersed in the polymer
1444, and the quantum dots 1475, 147g and 147~ mixed in the
liquid crystal drops 146 constitute a variable filter layer.
When the quantum dot 1475 for exciting a red light R by the
blue light B, the quantum dot 147g for exciting the red light R
by a green light G, and the quantum dot 147r for reflecting a
red light R are mixed in the plurality of liquid crystal drops
146 and when incident white light W is scattered by a differ-
ence between refractive indexes of the liquid crystal drops
146 and the polymer 144q, the white light W is scattered and
emitted as a red light R by operations in the quantum dots
147b, 147¢ and 147r Similarly, because the degree of
arrangement of the liquid crystal constituting the liquid crys-
tal drops 146 is controlled according to an applied voltage, the
degree to which the white light W is mixed in the displayed
color may be controlled. FIG. 3 shows a sub-pixel displaying
red color. However, in a sub-pixel displaying blue or green
color, purity and brightness may also be controlled according
to the same principle.

[0062] The color display material included in the liquid
crystal drops 146 may be a fluorescent dye, a dichroic dye or
a quantum dot.

[0063] FIG. 4 is a schematic cross-sectional view illustrat-
ing a display device according to example embodiments.
[0064] Referring to FIG. 4, a display device 200 includes a
color filter 140, an optical shutter portion 160 and a plurality
of reflection layers 110.

[0065] The structure of the color filter 140 is the same as
that of FIG. 1.

[0066] The structure of the optical shutter portion 160 is the
same as that described with reference to FIG. 1, except that
the arrangement of the common electrode 161, the plurality of
pixel electrodes 168 and the TFT array layer 169 is different
from that shown in FIG. 1. That is, in FIG. 4, the common
electrode 161 is disposed on an optical shutter layer 164, and
the plurality of pixel electrodes 168 and the TFT array layer
169 are disposed under the optical shutter layer 164.

[0067] InFIG.4,the optical shutter portion 160 is disposed
below the color filter 140. In this case, a second electrode 149
of the color filter 140 may be formed on a surface of a
transparent substrate S3. The first electrode 141 of the color
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filter 140 and the common electrode 161 of the optical shutter
portion 160 may be respectively formed on opposing surfaces
of the transparent substrate S2. In this case, the transparent
substrate S2 is not necessary. That is, when the first electrode
141 of the color filter 140 and the common electrode 161 of
the optical shutter portion 160 may have a common function,
only one of the first electrode 141 and the common electrode
161 may be formed. A transparent substrate S1, on which the
TFT array layer 169 and the plurality of pixel electrodes 168
are sequentially formed, may be used.

[0068] The reflection layers 110 may be respectively
formed on the plurality of pixel electrodes 168. Because the
TFT array layer 169 is disposed under the reflection layers
110 through the above-described arrangement, an aperture
ratio may be increased.

[0069] FIG. 5 is a schematic cross-sectional view illustrat-
ing a display device according to example embodiments.
[0070] Referring to FIG. 5, a display device 300 includes a
color filter 140, an optical shutter portion 160 and a reflection
layer 110. The electrodes of the optical shutter portion 160 in
the display device 300 are arranged in a different position that
the display device 100 shown in FIG. 1. That is, in FIG. 5. a
common electrode 161 is disposed on an optical shutter layer
164, and a plurality of pixel electrodes 168 and a TFT array
layer 169 are disposed under the optical shutter layer 164.
[0071] FIG. 6 is a schematic cross-sectional view illustrat-
ing a display device according to example embodiments.
[0072] Referring to FIG. 6, in the display device 400, the
first electrode 141 of the color filter 140 is formed of a reflec-
tive metal material. The display device 400 of FIG. 6 is
similar to the display device 300 shown in FIG. 5 except that
the display device 400 does not include a reflection layer (110
of FIG. 5).

[0073] FIG. 7 is a schematic cross-sectional view illustrat-
ing a display device according to example embodiments.
[0074] Referring to FIG. 7, the display device 500 includes
a color filter 140, an optical shutter portion 160 and a reflec-
tion layer 110.

[0075] ATFT array layer 169 of the optical shutter portion
160 is disposed under the reflection layer 110. A contact hole
VC configured to connect the pixel electrodes 168 and the
TFT array layer 169 may be further formed so as to pass
through the color filter 140 and the reflection layer 110. In this
structure, the TFT array layer 169 is disposed under the
reflection layer 110 so that an internal structure of the TFT
array layer 169 does not affect an aperture ratio. Thus, the
aperture may be increased.

[0076] FIGS. 8A and 8B respectively show a cross-sec-
tional view and a plan view of a first electrode and a second
electrode of a color filter according to example embodiments.
[0077] In general, both the first electrode 141 and the sec-
ond electrode 149 of the color filter 140 are formed of a
transparent electrode. Transmittances of the first electrode
141 and the second electrode 149 affect the quality of a
displayed image. Both the first electrode 141 and second
electrode 149 illustrated in FIG. 8B have a mesh pattern, so
that an area covering sub-pixels P1, P2 and P3 may be
reduced. Areas between the sub-pixels P1, P2 and P3 are dead
zones that do not affect a displayed image. In the mesh pat-
terns of the first electrode 141 and the second electrode 149,
an electrode is disposed only in a region facing the dead zone.
[0078] FIGS. 8A and 8B show a case where both the first
and second electrodes 141 and 149 have a mesh pattern.
However, example embodiments are not limited thereto. For
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instance, only one of the first and second electrodes 141 and
149 may have a mesh pattern. For example, in the display
device 400 of FIG. 6, in which the first electrode 141 of the
color filter 140 is formed of a reflective metal material so as to
also serve as a reflection layer, only the second electrode 149
may have a mesh pattern. When one or both of the first and
second electrodes 141 and 149 is/are formed in the mesh
pattern as illustrated in FIGS. 8A and 8B, a driving voltage for
the arrangement of liquid crystal may be slightly increased,
but light transmittance is further increased.

[0079] FIG. 9 is a plan view illustrating a first electrode or
a second electrode of a color filter according to example
embodiments.

[0080] Mesh patterns of the first and second electrodes 141
and 149 of FIG. 9 are different from those of FIG. 8 in that the
mesh patterns of the first and second electrodes 141 and 149
shown in FIG. 9 are finer than those shown in FIG. 8. In this
case, the degree of increase in light transmittance in FIG. 9 is
less than that in FIG. 8, but a driving voltage for the arrange-
ment of liquid crystal in FIG. 9 may be further decreased than
that in FIG. 8.

[0081] FIG.10isa schematic cross-sectional view illustrat-
ing a display device according to example embodiments.
[0082] Referring to FIG. 10, a display device 600 is similar
the display device 100 shown in FIG. 1 except the display
device 600 further includes a sensor 190 configured to sense
an external luminance and a controller 180 configured to
control a voltage applied between first and second electrodes
141 and 149 of a color filter 140 according to the sensed
external luminance.

[0083] In the above-described color filter, a color function
(e.g., purity and/or brightness of a color) may be controlled
according to an applied voltage. Thus, a display device
including the color filter can provide an image having a good
quality appropriate for an external illumination environment.
[0084] The foregoing is illustrative of example embodi-
ments and is not to be construed as limiting thereof. Although
a few example embodiments have been described, those
skilled in the art will readily appreciate that many modifica-
tions are possible in example embodiments without materi-
ally departing from the novel teachings and advantages.
Accordingly, all such modifications are intended to be
included within the scope of this invention as defined in the
claims. In the claims, means-plus-function clauses are
intended to cover the structures described herein as perform-
ing the recited function, and not only structural equivalents
but also equivalent structures. Therefore, it is to be under-
stood that the foregoing is illustrative of various example
embodiments and is not to be construed as limited to the
specific embodiments disclosed, and that modifications to the
disclosed embodiments, as well as other embodiments, are
intended to be included within the scope of the appended
claims.

What is claimed is:

1. A color filter, comprising:

a first electrode and a second electrode spaced apart from
each other; and

a variable filter layer between the first electrode and the
second electrode, the variable filter layer including a
plurality of liquid crystals dispersed in a first polymer,
and a plurality of color display materials mixed in the
liquid crystals.

2. The color filter of claim 1, wherein the liquid crystals are

in the form of a plurality of droplets.
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3. The color filter of claim 1, wherein the variable filter
layer is divided into a plurality of pixel units each including a
plurality of sub-pixels, and

the plurality of color display materials included in each of
the plurality of sub-pixels display different colors.

4. The color filter of claim 3, wherein a first sub-pixel
selected from among the plurality of sub-pixels displays a red
color, a second sub-pixel selected from among the plurality of
sub-pixels displays a green color, and a third sub-pixel
selected from among the plurality of sub-pixel displays a blue
color.

5. The color filter of claim 3, wherein a first sub-pixel
selected from among the plurality of sub-pixels displays a
yellow color, a second sub-pixel selected from among the
plurality of sub-pixels displays a magenta color, and a third
sub-pixel selected from among the plurality of sub-pixels
displays a cyan color.

6. The color filter of claim 1, wherein the plurality of color
display materials include a dichroic dye, a quantum dot or a
fluorescent dye.

7. The color filter of claim 1, further comprising at least one
barrier wall between the first electrode and the second elec-
trode, wherein the at least barrier wall is configured to divide
at least two of the plurality of sub-pixels.

8. A display device, comprising:

the color filter according to claim 1, the variable filter layer
being divided into a plurality of pixel units, wherein each
of the pixel units includes a plurality of sub-pixels dis-
playing different colors;

an optical shutter portion in which transmittance of inci-
dent light is individually controlled in a region corre-
sponding to each of the plurality of sub-pixels, the opti-
cal shutter portion including an optical shutter layer on
the color filter, and the optical shutter layer including a
material in which transmittance of incident light varies
under electrical control; and

a reflection layer under the color filter, the reflection layer
being configured to reflect light entering through the
color filter in a direction towards the color filter.

9. The display device of claim 8, wherein the optical shutter

portion includes:

the optical shutter layer;,

a common electrode on a first surface of the optical shutter
layer and a plurality of pixel electrodes on a second
surface of the optical shutter layer so as to correspond to
the plurality of sub-pixels, the second surface opposing
the first surface; and

a thin film transistor (TFT) array layer in which a plurality
of TFTs configured to drive the plurality of pixel elec-
trodes are arrayed.

10. The display device of claim 9, wherein the optical
shutter layer includes liquid crystal dispersed in a second
polymer, and

a black dye within the liquid crystal.

11. The display device of claim 9, wherein the plurality of
pixel electrodes and the TFT array layer are on the optical
shutter layer.

12. The display device of claim 9, wherein the plurality of
pixel electrodes and the TFT array layer are under the optical
shutter layer.

13. The display device of claim 9, wherein each of the
plurality of pixel electrodes is connected to the TFT array
layer by a respective contact hole formed through the color
filter and the reflection layer, and

the TFT array layer is under the reflection layer.
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14. The display device of claim 8, wherein the plurality of
color display materials include a dichroic dye, a quantum dot
or a fluorescent dye.

15. The display device of claim 8, wherein at least one of
the first and second electrodes has a mesh pattern.

16. The display device of claim 15, wherein the mesh
pattern corresponds to a dead zone between the plurality of
sub-pixels.

17. The display device of claim 8, further comprising a
sensor configured to sense external luminance; and

a controller configured to control a voltage applied

between the first electrode and the second electrode.

18. A display device, comprising:

the color filter according to claim 1, the variable filter layer

being divided into a plurality of pixel units, wherein each
of the pixel units includes a plurality of sub-pixels dis-
playing different colors;

an optical shutter portion under the color filter, the optical
shutter portion including an optical shutter layer having
amaterial in which transmittance of incident light varies
under electrical control, a common electrode on the opti-
cal shutter layer, a plurality of pixel electrodes under the
optical shutter layer so as to correspond to the plurality
of sub-pixels, and a thin film transistor (TFT) array layer
in which a plurality of TFTs configured to drive the
plurality of pixel electrodes are arrayed; and
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a reflection layer on the plurality of pixel electrodes, the
reflection layer being configured to reflect light entering
through the optical shutter layer in a direction towards
the optical shutter layer.

19. The display device of claim 18, wherein the plurality of
color display materials include a dichroic dye, a quantum dot
or a fluorescent dye.

20. The display device of claim 18, wherein at least one of
the first and second electrodes has a mesh pattern.

21. The display device of claim 20, wherein the mesh
pattern corresponds to an edge portion of each of the plurality
of sub-pixels.

22. A display device, comprising:

the color filter according to claim 1, the variable filter layer
being divided into a plurality of pixel units, wherein each
of the pixel units includes a plurality of sub-pixels dis-
playing different colors; and

an optical shutter portion in which transmittance of inci-
dent light is individually controlled in a region corre-
sponding to each of the plurality of sub-pixels, the opti-
cal shutter portion being on the color filter,

wherein one of the first and second electrodes is formed of
a reflective metal material.

23. The display device of claim 22, wherein the other of the

first and second electrodes has a mesh pattern and is not
formed of the reflective metal material.
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