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DISPLAY DEVICE HAVING COLOR FILTER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
119 to Korean Patent Application No. 10-2010-0111566,
filed on Nov. 10, 2010, in the Korean Intellectual Property
Office, the entire contents of which is incorporated herein by
reference.

BACKGROUND

[0002] 1.Field

[0003] Example embodiments relate to color display
devices including color filters.

[0004] 2. Description of the Related Art

[0005] Polymer-dispersed liquid crystal (PDLC) may scat-
ter or transmit incident light by adjusting the difference
between a refractive index of the liquid crystal and a refractive
index of the polymer neighboring the liquid crystal. Accord-
ingly, a PDLC may be employed in a reflective display device
in order to display information and/or an image with light
provided by an external light source. A color filter may be
further equipped to the reflective color display device having
a PDLC for color display.

[0006] When the UV curing light is arranged to pass
through a second substrate on which the thin film transistors
(TFT) are disposed, the presence of the TFT on the second
substrate which may be placed on the other side of the PDLC
may create a dead zone(s). A polymer of the PDLC inthe dead
zone(s) of the PDLC may not be fully cured by the UV light.
The presence of the polymer which is not fully cured in the
PDLC can cause various disadvantages, for example, reduc-
ing the sensitivity of the liquid crystals to an electric field,
increasing a driving voltage and lowering a scattering coeffi-
cient, thereby reducing the visibility of the images on the
display device.

SUMMARY

[0007] Example embodiments provide display devices
having color filters on a substrate on which light is not inci-
dent. Additional aspects will be set forth in part in the descrip-
tion which follows and, in part, will be apparent from the
description, or may be learned by practice of example
embodiments.

[0008] According to example embodiments, a display
device may include afirst substrate, a second substrate spaced
from the first substrate, the second substrate located above the
first substrate in a vertical direction from a cross-sectional
view, a plurality of color filters and a plurality of transistors on
asurface of the first substrate facing the second substrate, and
apolymer-dispersed liquid crystal (PDLC) layer between the
first substrate and the second substrate, the PDLC layer
including a polymer and liquid crystals dispersed in the poly-
mer.

[0009] A plurality of reflective plates and a transparent
electrode may be between the surface of the first substrate
facing the second substrate and the second substrate. The
plurality of transistors may be electrically connected to the
plurality of reflective plates. The transparent electrode may be
ona surface of the second substrate. The transparent electrode
may be formed of an indium tin oxide (ITO).

[0010] A light-absorbing layer may be between the PDLC
layer and the surface of the first substrate facing the second
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substrate. A plurality of reflective plates may be covered by
the light-absorbing layer. The light-absorbing layer may be
between the plurality of color filters and the plurality of
reflective plates. The light-absorbing layer may include a
plurality of holes therein. The light-absorbing layer may be
on the plurality of color filters. The light-absorbing layer may
be a metal oxide material, or formed of a polymer including a
black dye. The light-absorbing layer may have a thickness in
a range from about 10 nm to about 5 um.

[0011] The plurality of color filters may be red, green and
blue color filters corresponding to subpixels. The plurality of
color filters may be yellow, magenta and cyan color filters
corresponding to subpixels. A plurality of reflective plates
may be between the surface of the first substrate facing the
second substrate and a surface of the second substrate facing
the first substrate, the plurality of reflective plates formed of
at least one of aluminum and molybdenum.

[0012] According to example embodiments, a display
device may include a first substrate, a second substrate spaced
apart from the first substrate, the second substrate located
above the first substrate in a vertical direction from a cross-
sectional view a transparent electrode on the second sub-
strate, a polymer-dispersed liquid crystal (PDLC) layer
between the first substrate and the second substrate, the
PDLC layer including a polymer and liquid crystals, and a
color filter and a light-absorbing layer on a surface of the first
substrate facing the second substrate, the light-absorbing
layer between the PDLC layer and the first substrate.

[0013] A transistor and a reflective plate may be on the first
substrate, the reflective plate electrically connected to the
transistor. The transparent electrode may be formed of an
indium tin oxide (ITO). The light-absorbing layer may be a
metal oxide material and adjacent to the color filter. The
light-absorbing layer may include a plurality of holes therein.
[0014] According to example embodiments, acolor display
device may include a first substrate, a second substrate spaced
apart from the first substrate, the second substrate located
above the first substrate in a vertical direction from a cross-
sectional view, a plurality, of reflective plates and a plurality
of transistors on a surface of the first substrate facing the
second substrate, a plurality of color filters on the plurality of
reflective plates, and a polymer-dispersed liquid crystal
(PDLC) layer between the first substrate and the second sub-
strate, the PDLC layer including a polymer and liquid crystals
dispersed in the polymer, wherein a refractive index of each of
the liquid crystals is changed by an electric field formed by a
supplied voltage.

[0015] The plurality of transistors and the plurality of
reflective plates may be electrically connected. A transparent
electrode may be on the second substrate, the transparent
electrode formed of an indium tin oxide (ITO). A light-ab-
sorbing layer may be between the PDLC layer and the surface
of the first substrate facing the second substrate. The light-
absorbing layer may be between the plurality of color filters
and the plurality of reflective plates. The light-absorbing layer
may be on the plurality of color filters. The light-absorbing
layer may include a plurality of holes formed therein. The
light-absorbing layer may be a metal oxide material, or
formed of a polymer including a black dye. The light-absorb-
ing layer may have a thickness in a range from about 10 nm to
about 5 um.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The foregoing and other aspects, objects, features
and advantages of example embodiments will become appat-
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ent and more readily appreciated from the following descrip-
tion of example embodiments, taken in conjunction with the
accompanying drawings of which:

[0017] FIG.1isa cross-sectional, schematic view ofacolor
display device having a color filter, according to example
embodiments;

[0018] FIG. 2 s a schematic view illustrating an operation
mechanism in the color display device of FIG. 1,

[0019] FIG.3isacross-sectional, schematic view ofa color
display device having a color filter, according to example
embodiments;

[0020] FIG.4isa cross-sectional, schematic view ofacolor
display device having a color filter, according to example
embodiments; and

[0021] FIG.5isa cross-sectional, schematic view ofa color
display device having a color filter, according to example
embodiments.

DETAILED DESCRIPTION

[0022] Various example embodiments will now be
described more fully with reference to the accompanying
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, example embodiments may be
embodied in many alternate forms and should not be con-
strued as limited to only example embodiments set forth
herein. Therefore, 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 modifications, equivalents, and alternatives.

[0023] 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.
[0024] 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.

[0025] TItwill 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.).

[0026] 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
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the presence or addition of one or more other features, inte-
gers, steps, operations, elements, components and/or groups
thereof.

[0027] 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, for example, 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.

[0028] 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.
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.

[0029] It should also be noted that in some alternative
implementations, the functions/acts noted may occur out of
the order noted in the figures. Forexample, two figures shown
in succession may in fact be executed substantially concur-
rently or may sometimes be executed in the reverse order,
depending upon the functionality/acts involved.

[0030] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which example embodiments belong. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0031] In order to more specifically describe example
embodiments, various aspects will be described in detail with
reference to the attached drawings. However, example
embodiments are not limited thereto.

[0032] FIG. 1isa cross-sectional, schematic view of a color
display device 100 having a color filter, according to example
embodiments. Referring to FIG. 1, the color filter display
device 100 may include a plurality of pixel units 102, and
each of the pixel units 102 may include subpixels SPR, SPG,
and SPB having given colors. The SPR, SPG, and SPB may
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represent a red subpixel, a green subpixel, and a blue sub-
pixel, respectively. However, the SPR, SPG, and SPB are not
limited to the red, green, and blue subpixels, and they may be
a cyan subpixel, a magenta subpixel, and a yellow subpixel
respectively.

[0033] According to example embodiments shown in FIG.
1, the color display device 100 may include a first substrate
110 and a second substrate 120 spaced apart from each other
and disposed in parallel. The color display device may further
include reflective plates 112 and a transparent electrode 122
facing each other. The reflective plates 112 may be formed on
a surface of the first substrate 110, and the transparent elec-
trode 122 may be formed on a surface of the second substrate
120.

[0034] Referring to FIG. 1, the reflective plates 112 may be
disposed corresponding to the subpixels SPR, SPG, and SPB,
and spaced apart from one another. Each of the reflective
plates 112 may be a flat plate with a mirror surface that
specularly reflects incident light. The reflective plate 112 may
be formed of a metal, for example aluminum, molybdenum or
the like, and may functionas an electrode for a voltage supply.
The transparent electrode 122 may be a common electrode
having a flat plate shape. The transparent electrode 122 may
be formed of an indium tin oxide (ITO).

[0035] InFIG. 1, the first substrate 110 may be disposed as
a lower substrate and the second substrate 120 may be dis-
posed as an upper substrate. The first and second substrates
110, 120 may be transparent, and formed of a transparent
material (e.g. glass and/or plastic).

[0036] According to example embodiments of FIG. 1, color
filters 131R, 131G, and 131B may be formed on the reflective
plates 112. The color filters 131R, 1310, and 131B may selec-
tively transmit only red, green, and blue light, respectively.
Fach of the color filters 131R, 1310, and 131B may be a
non-scattering filter which may be formed by mixing a poly-
mer with a dye for a corresponding color.

[0037] In FIG. 1, the color filters 131R, 131G, and 131B
may be respectively a red filter, a green filter, and a blue filter,
which are disposed in order for corresponding to the subpix-
els SPR, SPG, and SPB respectively. The color filters 131R,
1310, and 131B are not limited to red, green and blue color
filters, and they may be yellow, magenta, and cyan color
filters corresponding to the subpixels SPR, SPG, and SPB.
[0038] According to example embodiments of FIG. 1, a
polymer-dispersed liquid crystal (PDLC) layer 150 may be
disposed between the first substrate 110 and the second sub-
strate 120. Thin film transistors (TFT) 140 may be positioned
on the first substrate 110. The thin film transistors 140 may be
electrically connected to the reflective plates 112 and act as an
electrode. Each of the thin film transistors 140 may be dis-
posed with respect to a corresponding reflective plate 112, as
shown in FIG. 1, and may switch the corresponding reflective
plate 112 which is electrically connected thereto. The thin
film transistors 140 may be arranged in an array form.
[0039] Referring to FIG. 1, the PDLC layer 150 may
include a polymer layer 151 and liquid crystals 152 dispersed
in the polymer layer 151. Each liquid crystal 152 may include
a plurality of liquid crystal molecules 152a. For convenience,
there are only one or two liquid crystal molecules 152a shown
in the liquid crystal 152. In the PDLC layer 150, light can be
scattered or transmitted by adjusting a difference between a
refractive index of the polymer layer 151 and a reflective
index of'the liquid crystals 152. The liquid crystals 152 may
not include a dye.
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[0040] According to example embodiments of FIG. 1, the
reflective plates 112, the color filters 131R, 131G, and 131B,
and the thin film transistors 140 may be disposed on a surface
of the first substrate 110 which is facing the second substrate
120. Therefore, incident light passes through the second sub-
strate 120, and the PDLC layer 150 before reaching the reflec-
tive plates 112, the color filters 131R, 131G, and 131B, and/or
the thin film transistors 140.

[0041] FIG. 2 is a schematic view illustrating an operation
mechanism of the color display device 100 according to
example embodiments shown in FIG. 1. Referring to FIG. 2,
a given voltage may be applied between the reflective plates
112 through the thin film transistor 140 and the common
electrode 122. For example, when a first voltage V1 is applied
between the reflective plate 112 of the red subpixel SPR and
the common electrode 122, liquid crystal molecules 152a of
the liquid crystals 152 (which are positioned within an elec-
tric field formed by the common electrode 122 and the reflec-
tive plate 112 of the red subpixel SPR) may be aligned in
parallel to the electric field. With the alignment of the liquid
crystal molecules 1524, a refractive index of the liquid crys-
tals 152 may be changed and become about the same with a
refractive index of the polymer layer 151. Therefore, a region
of the PDLC layer 150 corresponding to the red subpixel SPR
becomes transparent. Referring to FIG. 2, external white light
W with an incident angle may enter through a surface of the
color display device 100.

[0042] Due to the alignment of the liquid crystal molecules
1524, the white light W may pass through the region of the
PDLC layer 150 corresponding to the red subpixel SPR and
thenreach onthered color filter 131R. Inthe color filter 131R,
only a red light component of the white light W may pass
through the red color filter 131R. The red light component
may be specularly reflected by the reflective plate 112 and
proceed at an angle corresponding to the incident angle of the
white light W. The reflected red light component may pass
through the region of the PDLC layer 150 corresponding to
the red subpixel SPR without scattering.

[0043] The reflected red light component may further pass
through the second substrate 120, and provide a red light at
the angle. Because the external white light W and the reflected
red light component may be specularly reflected by the reflec-
tive plate 112 and proceed at the angle without experiencing
scattering, as shown in FIG. 2, there may be no red light
reflected and emitted in a direction for the viewer which may
be perpendicular to the reflective plate 112. Therefore, thered
subpixel SPR applied with the first voltage V1 may be recog-
nized as black to the viewer.

[0044] On the other hand, liquid crystal molecules 152a of
the liquid crystal 152 located in other regions corresponding
to the green subpixel SPG and the blue subpixel SPB may not
be aligned and arranged irregularly because there is no volt-
age supply. Accordingly, a refractive index of the liquid crys-
tals 152 positioned in the regions corresponding to the green
subpixel SPG and blue subpixel SPB may be sufficiently
different from the refractive index of the polymer layer 151 to
cause scattering. In the green and blue subpixels SPG and
SPB, external white light W may be scattered by the irregu-
larly arranged liquid crystal molecules 152a and transmitted
through the PDLC layer 150, and reach the green and blue
color filters 131G and 131B.

[0045] In the color filters, only green and blue light com-
ponents of the white light W may respectively pass through
the green and blue color filters 131G and 131B, and may be
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reflected by the corresponding reflective plate 112. The
reflected green and blue lights may be further scattered, as
shown in FIG. 2, by the irregularly arranged liquid crystal
molecules 152¢ in the regions of the PDLC layer 150 corre-
sponding to the green and blue subpixels SPG and SPB with-
out voltage supply. Referring to FIG. 2, the green and blue
light components may be scattered into various angles in the
PDLC layer 150, and provide green and blue lights after
passing through the second substrate 120. Therefore, the
green light from the green subpixel SPG and the blue light
from the blue subpixel SPB may be observed at various angles
including the direction for the viewer which is perpendicular
to the reflective plates 112.

[0046] According to example embodiments as shown in
FIG. 2, a subpixel with a voltage supply (e.g. the red subpixel
SPR in FIG. 2) may be recognized as a black color, and a
subpixel with no voltage supply (e.g. the green subpixel SPG
or the blue subpixel SPB in FIG. 2) may be recognized as the
color of the subpixel (e.g., the color of the color filter in the
subpixel).

[0047] Because the color of each of the subpixels (e.g. red,
green, and blue subpixels SPR, SPG, and SPB) in the pixel
units 102 may be adjusted by controlling the power supply
(e.g. voltage), various colors can be displayed by the pixel
units 102.

[0048] According to example embodiments as shown in
FIGS. 1 and 2, ultraviolet (UV) light may be irradiated to the
PDLC layer 150 through the second substrate 120, and the
PDLC layer 150 may be cured with less energy than in a
related art. The UV radiation through the second substrate
120 may further improve curing characteristics in the PDLC
layer 150, and thus, the quality of the images on the color
display device 100 may be improved as well.

[0049] FIG. 3isa cross-sectional, schematic view ofa color
display device 200 having a color filter, according to example
embodiments. The following explanation focuses on a differ-
ence between the example embodiments shown in FIGS. 1
and 2 and other example embodiments shown in FIGS. 3
through 5. Referring to FIG. 3, the color display device 200
may include a plurality of pixel units 202, and each of the
pixel units 202 may include subpixels SPR, SPG, and SPB
having given colors. For example, the subpixels SPR, SPG,
and SPB may be red, green, and blue subpixels, respectively.
[0050] According to example embodiments as shown in
FIG. 3, the color display device 200 may include first and
second substrates 210 and 220 spaced apart from each other
and in parallel. In the color display device 200, reflective
plates 212 may be formed on a surface of the first substrate
210, and a transparent electrode 222 may be formed on a
surface of the second substrate 220. The reflective plate 212
and the transparent electrode 222 may be disposed to face
each other.

[0051] Referring to FIG. 3, the reflective plates 212 may be
disposed corresponding to the subpixels SPR, SPG, and SPB,
and spaced apart from one another. Each of the reflective
plates 212 may be formed of a metal (e.g. aluminum or
molybdenum) and specularly reflect incident light. In addi-
tion, the reflective plates 212 may act as a flat electrode. The
transparent electrode 222 may be a common electrode having
a flat plate shape.

[0052] InFIG. 3, the first substrate 210 which is disposed as
a lower substrate and the second substrate 220 which is dis-
posed as an upper substrate may be transparent. A light-
absorbing layer 260 may be disposed between a PDLC layer
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250 and the first substrate 210, and may cover the reflective
plates 212. The light-absorbing layer 260 may be formed of a
polymer including a black dye. The light-absorbing layer 260
may be disposed on the reflective plates 212 and have a
thickness in a range from about 10 nm to about 5 um. If the
thickness of the light-absorbing layer 260 is less than 10 nm,
the effect of the light-absorbing layer may be reduced. If the
thickness of the light-absorbing layer 260 is greater than 5
wm, the operating voltage of the device may be undesirably
increased.

[0053] According to example embodiments, the light-ab-
sorbing layer 260 may be a metal oxide film. For example, the
reflective plates 212 may be formed of aluminum, and the
light-absorbing layer 260 may be an alumina film formed on
a surface of the reflective plates 212 through oxidation pro-
cess.

[0054] Color filters 231R, 231G, and 231B may be formed
on the light-absorbing layer 260, which may be disposed over
the reflective plates 212 corresponding to red, green, and blue
subpixels SPR, SPG, and SPB respectively.

[0055] Referring to FIG. 3, the PDLC layer 250 may be
disposed between the first substrate 210 and the second sub-
strate 220. Thin film transistors 240 may be disposed on the
first substrate 210. The thin film transistors 240 may be elec-
trically connected to the reflective plates 212 and act as an
electrode. Each of the thin film transistors 240 may be dis-
posed with respect to a corresponding reflective plate 212, as
shown in FIG. 3, and may switch the corresponding reflective
plates 212 which are electrically connected thereto.

[0056] InFIG. 3, the PDLC layer 250 may include a poly-
mer layer 251 and liquid crystals 252 dispersed in the polymer
layer 251. Each liquid crystal 252 may include a plurality of
liquid erystal molecules 252a. For convenience, there are
only one or two liquid crystal molecules 252a shown in the
liquid crystal 252. In the PDLC layer 250, light can be scat-
tered or transmitted by adjusting a difference between a
refractive index of the polymer layer 251 and a reflective
index of the liquid crystals 252. The liquid crystals 252 may
not include a dye.

[0057] With regard to the color display device 100 of FIG.
1, ambient light may be reflected and undesirably observed by
the viewer at a certain angle. In example embodiments, an
undesirable reflectance of ambient light in a subpixel to which
a voltage is applied may be higher than a reflectance of light
froma subpixel (located at the front) without a voltage supply,
which is called reflectance inversion phenomenon. The unde-
sirable reflection of ambient light may reduce light visibility.
However, the presence of the light-absorbing layer 260 in the
color display device 200 may reduce the intensity of the
undesirable reflection of ambient light, and thereby may sup-
press the reflection inversion phenomenon and improve light
visibility.

[0058] Because an operation mechanism of the color dis-
play device 200 of FIG. 3 is similar to the operation mecha-
nism of the color display device 100 of FIG. 1 except the role
of the light-absorbing layer 260 which is clearly described
above, the detailed description of the operation mechanism in
the color display device 200 will be omitted here.

[0059] FIG. 4is a cross-sectional, schematic view of a color
display device 300 having a color filter, according to example
embodiments. Referring to FIG. 4, the color display device
300 may include a plurality of pixel units 302, and each of the
pixel units 302 may include subpixels SPR, SPG, and SPB
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with given colors. For example, the subpixels SPR, SPG, and
SPB may be red, green, and blue subpixels, respectively.
[0060] According to example embodiments shown in FIG.
4, the color display device 300 may include first and second
substrates 310 and 320 spaced apart from each other and in
parallel. In the color display device 300, reflective plates 312
may be formed on a surface of the first substrate 310, and a
transparent electrode 322 may be formed on a surface of the
second substrate 320. The reflective plates 312 and the trans-
parent electrode may be disposed to face each other. Refer-
ring to FIG. 4, the reflective plates 312 may be spaced apart
from one another and disposed according to the subpixels
SPR, SPG, and SPB respectively. Each of the reflective plates
312 may be formed of a metal (e.g. aluminum or molybde-
num) and specularly reflect incident light. In addition, the
reflective plates 312 may act as a flat electrode. The transpar-
ent electrode 322 may be a common electrode having a flat
plate shape.

[0061] Referring to FIG. 4, the first substrate 310 which is
disposed as a lower substrate and the second substrate 320
which is disposed as an upper substrate may be transparent.
[0062] A light-absorbing layer 360 may be disposed on the
reflective plates 312. A plurality of holes 362 may be formed
in the light-absorbing layer 360. The light-absorbing layer
360 may be formed of a polymer including a black dye. The
light-absorbing layer 360 may have a thickness in a range
from about 10 nm to about 5 um. The holes 362 formed in the
light-absorbing layer 360 may have various shapes, for
example, a circular shape, rectangular shape and/or a triangle
shape. According to example embodiments as shown in FIG.
4, the level of absorbance of the light-absorbing layer 360 can
be adjusted by controlling the shape, size and/or number of
holes 362. Therefore, the presence of the holes 362 with the
desired shape, size and number may improve light visibility
in the color display device and may minimize or reduce an
increase in a driving voltage due to the formation of the
light-absorbing layer 360.

[0063] Color filters 331R, 331G, and 331B may be formed
on the light-absorbing layer 360, which may be disposed on
the reflective plates 312. Referring to FIG. 4, the color filters
331R, 331G, and 331B may be disposed over the reflective
plates 312 corresponding to red, green, and blue subpixels
SPR, SPG, and SPB, respectively.

[0064] A PDLC layer 350 may be disposed between the
first substrate 310 and the second substrate 320. In addition,
thin film transistors 340 may be disposed on the first substrate
310. The thin film transistors 340 may be electrically con-
nected to the reflective plates 312. Each of the thin film
transistors 340 may switch a corresponding reflective plate
312 to which each of the thin film transistor 340 is electrically
connected.

[0065] Referring to FIG. 4, the PDLC layer 350 may
include a polymer layer 351 and liquid crystals 352 dispersed
in the polymer layer 351. Each liquid crystal 352 may include
a plurality of liquid crystal molecules 352a. For convenience,
there are only one or two liquid crystal molecules 3524 shown
in the liquid crystal 352. In the PDLC layer 350, light may be
scattered or transmitted by adjusting a difference between a
refractive index of the polymer layer 351 and a reflective
index of'the liquid crystals 352. The liquid crystals 352 may
not include a dye.

[0066] FIG.5isa cross-sectional, schematic view ofacolor
display device 400 having a color filter, according to example
embodiments. Referring to FIG. 5, the color display device
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400 may include a plurality of pixel units 402, and each of the
pixel units 402 may include subpixels SPR, SPG, and SPB of
given colors. For example, the subpixels SPR, SPG, and SPB
may be red, green, and blue subpixels, respectively.

[0067] According to example embodiments of FIG. 5, the
color display device 400 may include first and second sub-
strates 410 and 420 spaced apart from each other and being in
parallel. In the color display device 400, reflective plates 412
may be formed on a surface of the first substrate 410, and a
transparent electrode 422 may be formed on a surface of the
second substrate 420. The reflective plate 412 and the trans-
parent electrode 422 may be disposed to face each other.
Referring to FIG. 5, the reflective plates 412 may be spaced
apart from one another and disposed according to the subpix-
els SPR, SPG, and SPB respectively. Each of the reflective
plates 412 may be formed of a metal (e.g. aluminum or
molybdenum) and reflect incident light. The transparent elec-
trode 422 may be a common electrode having a flat plate
shape.

[0068] InFIG.5, the first substrate 410 which is disposed as
a lower substrate and the second substrate 420 which is dis-
posed as an upper substrate may be transparent. Color filters
431R, 431G, and 431B may be disposed on the reflective
plates 412. The color filters 431R, 431G, and 431B may
selectively transmit only red, green, and blue light, respec-
tively.

[0069] Referring to FIG. 5, alight-absorbing layer 460 may
be disposed on the color filters 431R, 431G, and 431B and
may cover a surface of the first substrate 410. The light-
absorbing layer 460 may be formed of a polymer including a
black dye. The light-absorbing layer 460 formed on the color
filters 431R, 431G, and 431B may have a thickness in a range
from about 10 nm to about 5 pm.

[0070] A plurality of holes (not shown) which are similar to
the holes in the light-absorbing layer 360 of FIG. 4 may be
formed in the light-absorbing layer 460. An operation mecha-
nism of the light-absorbing layer 460 may be very similar to
the operation mechanism of the light-absorbing layer 360
shown in FIG. 4. Therefore, a detailed description of the
operation mechanism in the color display device 400 will be
omitted here.

[0071] A PDLC layer 450 may be disposed between the
first substrate 410 and the second substrate 420. In addition,
thin film transistors 440 may be disposed as an array on the
first substrate 410. The thin film transistors 440 may be elec-
trically connected to the reflective plates 412. Each of the thin
film transistors 440 may switch a corresponding reflective
plate 412 to which each of the thin film transistor 440 is
electrically connected.

[0072] Referring to FIG. 5, the PDLC layer 450 may
include a polymer layer 451 and liquid crystals 452 dispersed
in the polymer layer 451. Each liquid crystal 452 may include
aplurality of liquid crystal molecules 452a. For convenience,
there are only one or two liquid crystal molecules 4524 shown
in the liquid crystal 452. In the PDLC layer 450, light may be
scattered or transmitted by adjusting a difference between a
refractive index of the polymer layer 451 and a reflective
index of the liquid crystals 452. The liquid crystals 452 may
not include a dye.

[0073] Thedisplay device of example embodiments may be
employed in a variety of electronic devices. For example, the
display device may be employed in electronic paper (e-paper)
apparatuses, flexible display devices, and reflective display
devices.
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[0074] According to example embodiments, color filters
and an array of thin film transistors may be disposed on a
substrate, and thus UV light may be provided to a PDLC layer
through another substrate without any optical interaction with
the color filters or the array of the thin film transistor before
reaching the PDLC layer during a manufacturing process.
Therefore, the PDLC layer may be cured with less energy
while improving curing charactetistics in the PDLC layer and
thus light visibility in a color display device.

[0075] In addition, the presence of a light-absorbing layer
may prevent or reduce reflectance inversion phenomenon
between subpixels and further improve the light visibility.
[0076] While example embodiments have been described,
it should be apparent that modifications and variations thereto
are possible, all of which fall within the true spirit and scope
of example embodiments. With respect to the above descrip-
tion then, it is to be realized that the optimum relationships for
the components and steps of example embodiments, includ-
ing variations in order, form, content, function and manner of
operation, are deemed readily apparent and obvious to one
skilled in the art, and all equivalent relationships to those
illustrated in the drawings and described in the specification
are intended to be encompassed by example embodiments.
The above description and drawings are illustrative of modi-
fications that can be made without departing from example
embodiments, the scope of which is to be limited only by the
following claims.

[0077] Therefore, the foregoing is considered as illustrative
only of the principles of example embodiments. Further,
because numerous modifications and changes will readily
occur to those skilled in the art, it is not desired to limit
example embodiments to the exact construction and opera-
tion shown and described, and accordingly. all suitable modi-
fications and equivalent are intended to fall within the scope
of example embodiments as claimed.

What is claimed is:

1. A display device comprising:

a first substrate;

a second substrate spaced from the first substrate, the sec-
ond substrate located above the first substrate in a verti-
cal direction from a cross-sectional view;

aplurality of color filters and a plurality of transistors on a
surface of the first substrate facing the second substrate;
and

a polymer-dispersed liquid crystal (PDLC) layer between
the first substrate and the second substrate, the PDLC
layer including a polymer and liquid crystals dispersed
in the polymer.

2. The display device of claim 1, further comprising:

a plurality of reflective plates and a transparent electrode
between the surface of the first substrate facing the sec-
ond substrate and the second substrate.

3. The display device of claim 2, wherein the plurality of
transistors are electrically connected to the plurality of reflec-
tive plates.

4. The display device of claim 2, wherein the transparent
electrode is on a surface of the second substrate.

5. The display device of claim 4, wherein the transparent
electrode is formed of an indium tin oxide (ITO).

6. The display device of claim 1, further comprising:

a light-absorbing layer between the PDLC layer and the

surface of the first substrate facing the second substrate.
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7. The display device of claim 6, further comprising:

a plurality of reflective plates covered by the light-absorb-
ing layer.

8. The display device of claim 7, wherein the light-absorb-
ing layer is between the plurality of color filters and the
plurality of reflective plates.

9. The display device of claim 6, wherein the light-absorb-
ing layer includes a plurality of holes therein.

10. The display device of claim 6, wherein the light-ab-
sorbing layer is on the plurality of color filters.

11. The display device of claim 6, wherein the light-ab-
sorbing layer is a metal oxide material.

12. The display device of claim 6, wherein the light-ab-
sorbing layer is formed of a polymer including a black dye.

13. The display device of claim 6, wherein the light-ab-
sorbing layer has a thickness in a range from about 10 nm to
about 5 um.

14. The display device of claim 1, wherein the plurality of
color filters are red, green and blue color filters corresponding
to subpixels.

15. The display device of claim 1, wherein the plurality of
color filters are yellow, magenta and cyan color filters corre-
sponding to subpixels.

16. The display device of claim 1, further comprising:

a plurality of reflective plates between the surface of the
first substrate facing the second substrate and a surface
of the second substrate facing the first substrate, the
plurality of reflective plates formed of at least one of
aluminum and molybdenum.

17. A display device comprising:

a first substrate;

a second substrate spaced apart from the first substrate, the
second substrate located above the first substrate in a
vertical direction from a cross-sectional view;

a transparent electrode on the second substrate;

a polymer-dispersed liquid crystal (PDLC) layer between
the first substrate and the second substrate, the PDLC
layer including a polymer and liquid crystals; and

a color filter and a light-absorbing layer on a surface of the
first substrate facing the second substrate, the light-ab-
sorbing layer between the PDLC layer and the first sub-
strate.

18. The display device of claim 17, further comprising:

a transistor and a reflective plate on the first substrate, the
reflective plate electrically connected to the transistor.

19. The display device of claim 17, wherein the transparent
electrode is formed of an indium tin oxide (ITO).

20. The display device of claim 17, wherein the light-
absorbing layer is a metal oxide material and adjacent to the
color filter.

21. The display device of claim 17, wherein the light-
absorbing layer includes a plurality of holes therein.

22. A color display device comprising:

a first substrate;

a second substrate spaced apart from the first substrate, the
second substrate located above the first substrate in a
vertical direction from a cross-sectional view;

a plurality of reflective plates and a plurality of transistors
on a surface of the first substrate facing the second
substrate;

a plurality of color filters on the plurality of reflective
plates; and
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a polymer-dispersed liquid crystal (PDLC) layer between
the first substrate and the second substrate, the PDLC
layer including a polymer and liquid crystals dispersed
in the polymer,

wherein a refractive index of each of the liquid crystals is
changed by an electric field formed by a supplied volt-
age.

23. The color display device of claim 22, wherein the
plurality of transistors and the plurality of reflective plates are
electrically connected.

24. The color display device of claim 22, further compris-
ing:

a transparent electrode on the second substrate, the trans-

parent electrode formed of an indium tin oxide (ITO).

25. The color display device of claim 22, further compris-
ing:

a light-absorbing layer between the PDLC layer and the

surface of the first substrate facing the second substrate.
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26. The color display device of claim 25, wherein the
light-absorbing layer is between the plurality of color filters
and the plurality of reflective plates.

27. The color display device of claim 25, wherein the
light-absorbing layer is on the plurality of color filters.

28. The color display device of claim 25, wherein the
light-absorbing layer includes a plurality of holes formed
therein.

29. The color display device of claim 25, wherein the
light-absorbing layer is a metal oxide material.

30. The color display device of claim 25, wherein the
light-absorbing layer is formed of a polymer including a
black dye.

31. The display device of claim 25, wherein the light-
absorbing layer has a thickness in a range from about 10 nm
to about 5 pm.
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