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(54) Display device having color filter

(57) A display device may include a first substrate, a
second substrate, reflective plates and a transparent
electrode. The first substrate and the second substrate
may be facing each other. The reflective plates may be
on a surface of the first substrate facing the second sub-
strate. The transparent electrode may be disposed on a

surface of the second substrate facing the first substrate.
Color filters and a polymer-dispersed liquid crystal
(PDLC) layer may further be included in the display de-
vice. The color filters may be on the reflective plates, and
the PDLC may be between the first substrate and the
second substrate. The PDLC layer may include a poly-
mer and liquid crystals dispersed in the polymer.
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Description

BACKGROUND

1. Field

[0001] Example embodiments relate to color display
devices including color filters.

2. Description of the Related Art

[0002] Polymer-dispersed liquid crystal (PDLC) may
scatter or transmit incident light by adjusting the differ-
ence between a refractive index of the liquid crystal and
a refractive index of the polymer neighboring the liquid
crystal. Accordingly, a PDLC may be employed in a re-
flective 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 re-
flective color display device having a PDLC for color dis-
play.
[0003] When the UV curing light is arranged to pass
through a second substrate on which the thin film tran-
sistors (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 in the dead zone(s) of the PDLC may not
be fully cured by the UV light. The presence of the poly-
mer which is not fully cured in the PDLC can cause var-
ious disadvantages, for example, reducing the sensitivity
of the liquid crystals to an electric field, increasing a driv-
ing voltage and lowering a scattering coefficient, thereby
reducing the visibility of the images on the display device.

SUMMARY

[0004] Example embodiments provide display devices
having color filters on a substrate on which light is not
incident. 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 of
example embodiments.
[0005] According to example embodiments, a display
device may include a first substrate, a second substrate
spaced from the first substrate, the second substrate lo-
cated above the first substrate in a vertical direction from
a cross-sectional view, a plurality 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.
[0006] A plurality of reflective plates and a transparent
electrode may be between the surface of the first sub-
strate facing the second substrate and the second sub-
strate. The plurality of transistors may be electrically con-
nected to the plurality of reflective plates. The transparent
electrode may be on a surface of the second substrate.

The transparent electrode may be formed of an indium
tin oxide (ITO).
[0007] A light-absorbing layer may be between the
PDLC layer and the surface of the first substrate facing
the second substrate. A plurality of reflective plates may
be covered by the light-absorbing layer. The light-absorb-
ing 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-absorb-
ing 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 Pm.
[0008] The plurality of color filters may be red, green
and blue color filters corresponding to subpixels. The plu-
rality of color filters may be yellow, magenta and cyan
color filters corresponding to subpixels. A plurality of re-
flective 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 plu-
rality of reflective plates formed of at least one of alumi-
num and molybdenum.
[0009] According to example embodiments, a display
device may include a first substrate, a second substrate
spaced apart from the first substrate, the second sub-
strate located above the first substrate in a vertical direc-
tion from a cross-sectional view a transparent electrode
on the second substrate, a polymer-dispersed liquid crys-
tal (PDLC) layer between the first substrate and the sec-
ond substrate, the PDLC layer including a polymer and
liquid crystals, and a color filter and a light-absorbing lay-
er on a surface of the first substrate facing the second
substrate, the light-absorbing layer between the PDLC
layer and the first substrate.
[0010] 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 plu-
rality of holes therein.
[0011] According to example embodiments, a color
display device may include a first substrate, a second
substrate spaced apart from the first substrate, the sec-
ond substrate located above the first substrate in a ver-
tical 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 plu-
rality of color filters on the plurality of reflective plates,
and a polymer-dispersed liquid crystal (PDLC) layer be-
tween the first substrate and the second substrate, the
PDLC layer including a polymer and liquid crystals dis-
persed in the polymer, wherein a refractive index of each
of the liquid crystals is changed by an electric field formed
by a supplied voltage.
[0012] The plurality of transistors and the plurality of
reflective plates may be electrically connected. A trans-
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parent electrode may be on the second substrate, the
transparent electrode formed of an indium tin oxide (ITO).
A light-absorbing 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 includ-
ing a black dye. The light-absorbing layer may have a
thickness in a range from about 10 nm to about 5 Pm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The foregoing and other aspects, objects, fea-
tures and advantages of example embodiments will be-
come apparent and more readily appreciated from the
following description of example embodiments, taken in
conjunction with the accompanying drawings of which:

FIG. 1 is a cross-sectional, schematic view of a color
display device having a color filter, according to ex-
ample embodiments;

FIG. 2 is a schematic view illustrating an operation
mechanism in the color display device of FIG. 1;

FIG. 3 is a cross-sectional, schematic view of a color
display device having a color filter, according to ex-
ample embodiments;

FIG. 4 is a cross-sectional, schematic view of a color
display device having a color filter, according to ex-
ample embodiments; and

FIG. 5 is a cross-sectional, schematic view of a color
display device having a color filter, according to ex-
ample embodiments.

DETAILED DESCRIPTION

[0014] Various example embodiments will now be de-
scribed more fully with reference to the accompanying
drawings in which some example embodiments are
shown. However, specific structural and functional de-
tails disclosed herein are merely representative for pur-
poses of describing example embodiments. Thus, exam-
ple embodiments may be embodied in many alternate
forms and should not be construed as limited to only ex-
ample 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 mod-
ifications, equivalents, and alternatives.
[0015] 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.
[0016] Although the terms first, second, etc. may be
used herein to describe various elements, these ele-
ments 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.
[0017] It will be understood that, if an element is re-
ferred 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 element is referred to as being "directly
connected" or "directly coupled" to another element,
there are no intervening elements 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 ad-
jacent," etc.).
[0018] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended 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 otherwise. It will be further understood
that the terms "comprises," "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, integers, steps,
operations, elements, components and/or groups there-
of.
[0019] Spatially relative terms (e.g., "beneath," "be-
low," "lower," "above," "upper" and the like) may be used
herein for ease of description to describe one element or
a relationship between a feature and another element or
feature as illustrated in the figures. It will be understood
that the spatially relative terms are intended to encom-
pass different orientations of the device in use or opera-
tion 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 ele-
ments 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 oriented
(rotated 90 degrees or viewed or referenced at other ori-
entations) and the spatially relative descriptors used
herein should be interpreted accordingly.
[0020] Example embodiments are described herein
with reference to cross-sectional illustrations that are
schematic illustrations of idealized embodiments (and in-
termediate structures). As such, variations from the
shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, may be ex-
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pected. Thus, example embodiments should not be con-
strued as limited to the particular shapes of regions illus-
trated herein but may include deviations 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 re-
gion. 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 im-
plantation may take place. Thus, the regions illustrated
in the figures are schematic in nature and their shapes
do not necessarily illustrate the actual shape of a region
of a device and do not limit the scope.
[0021] It should also be noted that in some alternative
implementations, the functions/acts noted may occur out
of the order noted in the figures. For example, two figures
shown in succession may in fact be executed substan-
tially concurrently or may sometimes be executed in the
reverse order, depending upon the functionality/acts in-
volved.
[0022] Unless otherwise defined, all terms (including
technical 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 understood that terms, such as those de-
fined in commonly used dictionaries, should be interpret-
ed as having a meaning that is consistent with their mean-
ing in the context of the relevant art and will not be inter-
preted in an idealized or overly formal sense unless ex-
pressly so defined herein.
[0023] In order to more specifically describe example
embodiments, various aspects will be described in detail
with reference to the attached drawings. However, ex-
ample embodiments are not limited thereto.
[0024] FIG. 1 is a 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 represent a red subpixel, a
green subpixel, and a blue subpixel, respectively. How-
ever, the SPR, SPG, and SPB are not limited to the red,
green, and blue subpixels, and they may be a cyan sub-
pixel, a magenta subpixel, and a yellow subpixel respec-
tively.
[0025] 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 dis-
play device may further include reflective plates 112 and
a transparent electrode 122 facing each other. The re-
flective plates 112 may be formed on a surface of the
first substrate 110, and the transparent electrode 122
may be formed on a surface of the second substrate 120.
[0026] 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 function as
an electrode for a voltage supply. The transparent elec-
trode 122 may be a common electrode having a flat plate
shape. The transparent electrode 122 may be formed of
an indium tin oxide (ITO).
[0027] In FIG. 1, the first substrate 110 may be dis-
posed as a lower substrate and the second substrate 120
may be disposed 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 plas-
tic).
[0028] According to example embodiments of FIG. 1,
color filters 131 R, 131 G, and 131 B may be formed on
the reflective plates 112. The color filters 131 R, 131 G,
and 131 B may selectively transmit only red, green, and
blue light, respectively. Each of the color filters 131 R,
131G, and 131 B may be a non-scattering filter which
may be formed by mixing a polymer with a dye for a cor-
responding color.
[0029] In FIG. 1, the color filters 131 R, 131 G, and 131
B may be respectively a red filter, a green filter, and a
blue filter, which are disposed in order for corresponding
to the subpixels SPR, SPG, and SPB respectively. The
color filters 131 R, 131 G, and 131 B are not limited to
red, green and blue color filters, and they may be yellow,
magenta, and cyan color filters corresponding to the sub-
pixels SPR, SPG, and SPB.
[0030] 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 sec-
ond substrate 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 re-
flective plates 112 and act as an electrode. Each of the
thin film transistors 140 may be disposed 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 tran-
sistors 140 may be arranged in an array form.
[0031] Referring to FIG. 1, the PDLC layer 150 may
include a polymer layer 151 and liquid crystals 152 dis-
persed 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 crys-
tals 152. The liquid crystals 152 may not include a dye.
[0032] According to example embodiments of FIG. 1,
the reflective plates 112, the color filters 131 R, 131 G,
and 131 B, and the thin film transistors 140 may be dis-
posed on a surface of the first substrate 110 which is
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facing the second substrate 120. Therefore, incident light
passes through the second substrate 120, and the PDLC
layer 150 before reaching the reflective plates 112, the
color filters 131 R, 131 G, and 131 B, and/or the thin film
transistors 140.
[0033] FIG. 2 is a schematic view illustrating an oper-
ation mechanism of the color display device 100 accord-
ing 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 electric field formed
by the common electrode 122 and the reflective plate
112 of the red subpixel SPR) may be aligned in parallel
to the electric field. With the alignment of the liquid crystal
molecules 152a, a refractive index of the liquid crystals
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.
[0034] Due to the alignment of the liquid crystal mole-
cules 152a, the white light W may pass through the region
of the PDLC layer 150 corresponding to the red subpixel
SPR and then reach on the red color filter 131 R. In the
color filter 131 R, only a red light component of the white
light W may pass through the red color filter 131 R. The
red light component may be specularly reflected by the
reflective plate 112 and proceed at an angle correspond-
ing 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.
[0035] 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 reflective 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, the red subpixel SPR
applied with the first voltage V1 may be recognized as
black to the viewer.
[0036] 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 irregu-
larly because there is no voltage supply. Accordingly, a
refractive index of the liquid crystals 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 irregularly
arranged liquid crystal molecules 152a and transmitted
through the PDLC layer 150, and reach the green and
blue color filters 131 G and 131 B.
[0037] 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 131 G and 131
B, and may be 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 152a in the regions of
the PDLC layer 150 corresponding to the green and blue
subpixels SPG and SPB without voltage supply. Refer-
ring 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 includ-
ing the direction for the viewer which is perpendicular to
the reflective plates 112.
[0038] 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).
[0039] 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 dis-
played by the pixel units 102.
[0040] 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.
[0041] FIG. 3 is a cross-sectional, schematic view of
a color display device 200 having a color filter, according
to example embodiments. The following explanation fo-
cuses on a difference between the example embodi-
ments shown in FIGS. 1 and 2 and other example em-
bodiments 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 in-
clude subpixels SPR, SPG, and SPB having given colors.
For example, the subpixels SPR, SPG, and SPB may be
red, green, and blue subpixels, respectively.
[0042] 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
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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.
[0043] 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 inci-
dent light. In addition, the reflective plates 212 may act
as a flat electrode. The transparent electrode 222 may
be a common electrode having a flat plate shape.
[0044] In FIG. 3, the first substrate 210 which is dis-
posed as a lower substrate and the second substrate 220
which is disposed as an upper substrate may be trans-
parent. A light-absorbing layer 260 may be disposed be-
tween a PDLC layer 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 Pm. 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 thick-
ness of the light-absorbing layer 260 is greater than 5
Pm, the operating voltage of the device may be undesir-
ably increased.
[0045] According to example embodiments, the light-
absorbing layer 260 may be a metal oxide film. For ex-
ample, the reflective plates 212 may be formed of alumi-
num, and the light-absorbing layer 260 may be an alu-
mina film formed on a surface of the reflective plates 212
through oxidation process.
[0046] Color filters 231 R, 231 G, and 231 B 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 re-
spectively.
[0047] Referring to FIG. 3, the PDLC layer 250 may
be disposed between the first substrate 210 and the sec-
ond substrate 220. Thin film transistors 240 may be dis-
posed on the first substrate 210. The thin film transistors
240 may be electrically connected to the reflective plates
212 and act as an electrode. Each of the thin film tran-
sistors 240 may be disposed with respect to a corre-
sponding reflective plate 212, as shown in FIG. 3, and
may switch the corresponding reflective plates 212 which
are electrically connected thereto.
[0048] In FIG. 3, the PDLC layer 250 may include a
polymer layer 251 and liquid crystals 252 dispersed in
the polymer layer 251. Each liquid crystal 252 may in-
clude a plurality of liquid crystal molecules 252a. For con-
venience, there are only one or two liquid crystal mole-
cules 252a shown in the liquid crystal 252. In the PDLC
layer 250, light can be scattered or transmitted by adjust-
ing 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.
[0049] 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 from a subpixel (located
at the front) without a voltage supply, which is called re-
flectance inversion phenomenon. The undesirable re-
flection of ambient light may reduce light visibility. How-
ever, 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
suppress the reflection inversion phenomenon and im-
prove light visibility.
[0050] Because an operation mechanism of the color
display device 200 of FIG. 3 is similar to the operation
mechanism of the color display device 100 of FIG. 1 ex-
cept 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.
[0051] FIG. 4 is 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 subpix-
els SPR, SPG, and SPB with given colors. For example,
the subpixels SPR, SPG, and SPB may be red, green,
and blue subpixels, respectively.
[0052] 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, re-
flective 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 transparent electrode may
be disposed to face each other. Referring to FIG. 4, the
reflective plates 312 may be spaced apart from one an-
other 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 molyb-
denum) and specularly reflect incident light. In addition,
the reflective plates 312 may act as a flat electrode. The
transparent electrode 322 may be a common electrode
having a flat plate shape.
[0053] Referring to FIG. 4, the first substrate 310 which
is disposed as a lower substrate and the second sub-
strate 320 which is disposed as an upper substrate may
be transparent.
[0054] 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-ab-
sorbing 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 Pm.
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
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example embodiments as shown in FIG. 4, the level of
absorbance of the light-absorbing layer 360 can be ad-
justed 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 forma-
tion of the light-absorbing layer 360.
[0055] Color filters 331 R, 331 G, and 331 B 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 331 R, 331 G, and 331 B may be dis-
posed over the reflective plates 312 corresponding to
red, green, and blue subpixels SPR, SPG, and SPB, re-
spectively.
[0056] 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 connected to the reflective plates 312. Each
of the thin film transistors 340 may switch a correspond-
ing reflective plate 312 to which each of the thin film tran-
sistor 340 is electrically connected.
[0057] Referring to FIG. 4, the PDLC layer 350 may
include a polymer layer 351 and liquid crystals 352 dis-
persed 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 352a 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.
[0058] FIG. 5 is a cross-sectional, schematic view of
a color display device 400 having a color filter, according
to example embodiments. Referring to FIG. 5, the color
display device 400 may include a plurality of pixel units
402, and each of the pixel units 402 may include subpix-
els SPR, SPG, and SPB of given colors. For example,
the subpixels SPR, SPG, and SPB may be red, green,
and blue subpixels, respectively.
[0059] According to example embodiments of FIG. 5,
the color display device 400 may include first and second
substrates 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 transparent 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 subpixels SPR,
SPG, and SPB respectively. Each of the reflective plates
412 may be formed of a metal (e.g. aluminum or molyb-
denum) and reflect incident light. The transparent elec-
trode 422 may be a common electrode having a flat plate
shape.

[0060] In FIG. 5, the first substrate 410 which is dis-
posed as a lower substrate and the second substrate 420
which is disposed as an upper substrate may be trans-
parent. Color filters 431 R, 431 G, and 431 B may be
disposed on the reflective plates 412. The color filters
431 R, 431 G, and 431 B may selectively transmit only
red, green, and blue light, respectively.
[0061] Referring to FIG. 5, a light-absorbing layer 460
may be disposed on the color filters 431 R, 431 G, and
431 B 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 431 R, 431 G, and 431 B may
have a thickness in a range from about 10 nm to about
5 Pm.
[0062] 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
mechanism 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 descrip-
tion of the operation mechanism in the color display de-
vice 400 will be omitted here.
[0063] 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 electrically 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.
[0064] Referring to FIG. 5, the PDLC layer 450 may
include a polymer layer 451 and liquid crystals 452 dis-
persed in the polymer layer 451. Each liquid crystal 452
may include a plurality of liquid crystal molecules 452a.
For convenience, there are only one or two liquid crystal
molecules 452a 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.
[0065] The display device of example embodiments
may be employed in a variety of electronic devices. For
example, the display device may be employed in elec-
tronic paper (e-paper) apparatuses, flexible display de-
vices, and reflective display devices.
[0066] According to example embodiments, color fil-
ters 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 man-
ufacturing process. Therefore, the PDLC layer may be
cured with less energy while improving curing character-
istics in the PDLC layer and thus light visibility in a color
display device.
[0067] In addition, the presence of a light-absorbing
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layer may prevent or reduce reflectance inversion phe-
nomenon between subpixels and further improve the light
visibility.
[0068] While example embodiments have been de-
scribed, it should be apparent that modifications and var-
iations thereto are possible, all of which fall within the
true spirit and scope of example embodiments. With re-
spect to the above description then, it is to be realized
that the optimum relationships for the components and
steps of example embodiments, including 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 illus-
trated in the drawings and described in the specification
are intended to be encompassed by example embodi-
ments. The above description and drawings are illustra-
tive of modifications that can be made without departing
from example embodiments, the scope of which is to be
limited only by the following claims.
[0069] Therefore, the foregoing is considered as illus-
trative 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 operation shown and described, and accordingly, all
suitable modifications and equivalent are intended to fall
within the scope of example embodiments as claimed.

Claims

1. A display device comprising:

a first substrate (110, 210, 310, 410);
a second substrate (120, 220, 320, 420) spaced
from the first substrate, the second substrate lo-
cated above the first substrate in a vertical di-
rection from a cross-sectional view;
a plurality of color filters (131, 231, 331, 431)
and a plurality of transistors (140,240,340,440)
on a surface of the first substrate facing the sec-
ond substrate; and
a polymer-dispersed liquid crystal (PDLC) layer
(150, 250, 350, 450) between the first substrate
and the second substrate, the PDLC layer in-
cluding a polymer and liquid crystals dispersed
in the polymer.

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

a light-absorbing layer (260,360,460) between
the PDLC layer and the surface of the first sub-
strate facing the second substrate.

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

a plurality of reflective plates (212, 312, 412)
covered by the light-absorbing layer

(260,360,460).

4. The display device of claim 3, wherein the light-ab-
sorbing layer (260,360) is between the plurality of
color filters (231,331) and the plurality of reflective
plates (212,312).

5. The display device of claim 2, 3 or 4, wherein the
light-absorbing layer (360) includes a plurality of
holes therein.

6. The display device of claim 2 or 3, wherein the light-
absorbing layer (460) is on the plurality of color filters
(412).

7. The display device of any of claims 2 to 6, wherein
the light-absorbing layer (260, 360, 460) is a metal
oxide material.

8. The display device of any of claims 2 to 6, wherein
the light-absorbing layer (260, 360, 460) is formed
of a polymer including a black dye.

9. The display device of any of claims 2 to 8, wherein
the light-absorbing layer (260,360,460) has a thick-
ness in a range from 10 nm to 5 Pm.

10. The display device of any preceding claim, further
comprising:

a plurality of reflective plates (112, 212, 312,
412) and a transparent electrode (122, 222, 322,
422) between the surface of the first substrate
facing the second substrate and the second sub-
strate, and optionally wherein the transparent
electrode is on a surface of the second sub-
strate.

11. The display device of claim 10, wherein the plurality
of transistors (140, 240, 340, 440) are electrically
connected to the plurality of reflective plates (112,
212, 312, 412).

12. The display device of claim 10 or 11, wherein the
plurality of reflective plates (112, 212, 312, 412) are
formed of at least one of aluminum and molybdenum.

13. The display device of any preceding claim, wherein
the plurality of color filters (131, 231, 331, 431) are
red, green and blue color filters corresponding to
subpixels.

14. The display device of any of claims 1 to 12, wherein
the plurality of color filters (131, 231, 331, 431) are
yellow, magenta and cyan color filters corresponding
to subpixels.

15. Use of a display device according to any of claims
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10 to 12 for color display, the use comprising:

changing a refractive index of the liquid crystals
by an electric field formed by a supplied voltage
between the reflective plates (112, 212, 312,
412) and the transparent electrode
(122,212,312,412).
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