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(57)  Provided are display devices using electro-
chromism and PDLC and methods of driving the display
devices. A display device may include a plurality of first
electrodes and a plurality of second electrodes; a poly-
mer dispersed liquid crystal (PDLC) layer between the

Display devices using electrochromism and polymer dispersed liquid crystal and methods

first electrodes and the second electrodes; a plurality of
third electrodes and a plurality of fourth electrodes; a plu-
rality of electrochromic layers between the third elec-
trodes and the fourth electrodes; and an electrolyte layer
between the third electrodes and the fourth electrodes.
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Description
BACKGROUND
Field

[0001] One or more embodiments relate to display de-
vices using electrochromism and polymer dispersed lig-
uid crystal (PDLC) and methods of driving the display
devices.

Description of the Related Art

[0002] An electrochromic device includes an electro-
chromic material that changes color in response to re-
ceived charges (e.g., electrons and/or holes). An elec-
trochromic device may be used in a display device, for
example, an electronic paper device (e-paper) or an ad-
vertising board device (e.g., billboard). The electrochro-
mic device may exhibit memory characteristics in that
even if power to the device is discontinued, if the color
of the electrochromic device has already been changed,
the color-changed state may be maintained and the elec-
trochromic device may realize a still image. However,
response speed of electrochromic devices may be de-
creased as compared to other memory technologies and
an electrochromic device may not realize acceptable
moving images.

[0003] Adisplaydevice, suchas aliquid crystal display
(LCD), mayrealize acceptable moving images. However,
since LCDs do not have memory properties, if the power
supply is discontinued, a displayed screen image may
not be maintained and the LCD may not realize a still
image. Accordingly, when the LCD is used in, for exam-
ple, an electronic paper device or advertising board de-
vice, a continuous power supply may be required.

SUMMARY

[0004] One or more embodiments include display de-
vices using electrochromism and polymer dispersed lig-
uid crystal (PDLC) and a methods of driving the display
devices.

[0005] One or more example embodiments include a
display device including a plurality of first electrodes and
a plurality of second electrodes; a polymer dispersed lig-
uid crystal (PDLC) layer between the first electrodes and
the second electrodes; a plurality of third electrodes and
a plurality of fourth electrodes on and spaced apart from
the second electrodes, a plurality of electrochromic lay-
ers between the third electrodes and the fourth elec-
trodes; and an electrolyte layer between the third elec-
trodes and the fourth electrodes.

[0006] A light absorbing layer may be on the first elec-
trodes. The PDLC layer, the first electrodes, the second
electrodes, the third electrodes, the fourth electrodes,
the electrochromic layers, and the electrolyte layer may
be included in a pixel of a display device. The electro-
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chromic layers may include at least three different elec-
trochromic layers. The electrochromic layers may include
red and cyan electrochromic layers which face each other
in a vertical direction, green and magenta electrochromic
layers which face each other in a vertical direction, and
blue and yellow electrochromic layers which face each
other in a vertical direction. The first electrodes may in-
clude a common electrode that is a single body, the sec-
ond electrodes may include first pixel electrodes, the third
electrodes may include second pixel electrodes corre-
sponding to the first pixel electrodes, and the fourth elec-
trodes may include a common electrode that is a single
body. The first pixel electrodes and the second pixel elec-
trodes that correspond to each other may be electrically
connected by at least one thin film transistor (TFT).
[0007] The display device may be driven to realize a
still image by applying a voltage between at least one
corresponding pair of electrodes, the corresponding pair
of electrodes including one of the third electrodes and
one of the fourth electrodes; and not applying a voltage
between the first and second electrodes. The display de-
vice may be driven to realize a moving image by applying
a first voltage between the third electrodes and the fourth
electrodes; removing the first voltage and leaving the
third and fourth electrodes in a floating state; and applying
a second voltage between at least one corresponding
pair of electrodes, the corresponding pair of electrodes
including one of the first electrodes and one of the second
electrodes.

[0008] One or more example embodiments include a
plurality of first electrodes and a plurality of second elec-
trodes; a PDLC layer between the first electrodes and
the second electrodes, and including black dyes; a plu-
rality of third electrodes and a plurality of fourth elec-
trodes, the third electrodes and the fourth electrodes on
and spaced apart from the second electrodes; a plurality
of electrochromic layers between the third electrodes and
the fourth electrodes; and an electrolyte layer between
the third electrodes and the fourth electrodes.

[0009] Display devices using electrochromism and
PDLC according to example embodiments may realize
a moving image and a still image due to memory char-
acteristics of electrochromic layers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Example embodiments will be more clearly un-
derstood from the following brief description taken in con-
junction with the accompanying drawings. FIGS. 1-19
represent non-limiting, example embodiments as de-
scribed herein.

FIG. 1 is a cross-sectional schematic of a display
device according to an example embodiment;

FIG. 2 is a cross-sectional schematic illustrating a
method of realizing a still image using the display
device of FIG. 1;
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FIG. 3 is a cross-sectional schematic illustrating a
method of realizing a moving image using the display
device of FIG. 1;

FIGS. 4-5 are cross-sectional schematics of a dis-
play device according to example embodiments;

FIG. 6 is a cross-sectional schematic illustrating a
method of realizing a still image using the display
device of FIG. 5;

FIG. 7 is a cross-sectional schematic illustrating a
method of realizing a moving image using the display
device of FIG. 5;

FIG. 8 is a cross-sectional schematic of a display
device according to an example embodiment;

FIG. 9 is a cross-sectional schematic illustrating a
method of realizing a still image using the display
device of FIG. 8;

FIG. 10 is a cross-sectional schematic illustrating a
method of realizing a moving image using the display
device of FIG. 8;

FIG. 11 is a cross-sectional schematic of a display
device according to an example embodiment;

FIG. 12 is a cross-sectional schematic illustrating a
method of realizing a still image using the display
device of FIG. 11;

FIG. 13 is a cross-sectional schematic illustrating a
method of realizing a moving image using the display
device of FIG. 11;

FIG. 14 is a cross-sectional schematic of a display
device according to an example embodiment;

FIG. 15 is a schematic illustrating a process for re-
alizing red color using the display device of FIG. 14;

FIGS. 16A-16C are schematics illustrating modified
examples of a pixel of the display device of FIG. 14;

FIG. 17 is a cross-sectional schematic of a display
device according to an example embodiment;

FIG. 18 is a cross-sectional schematic illustrating a
method of realizing a still image using the display
device of FIG. 17; and

FIG. 19 is a cross-sectional schematic illustrating a
method of realizing a moving image using the display
device of FIG. 17.

[0011] Itshould be noted thatthese Figures are intend-
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ed to illustrate the general characteristics of methods,
structure and/or materials utilized in certain example em-
bodiments and to supplement the written description pro-
vided below. These drawings are not, however, to scale
and may not precisely reflect the precise structural or
performance characteristics of any given embodiment,
and should not be interpreted as defining or limiting the
range of values or properties encompassed by example
embodiments. For example, the relative thicknesses and
positioning of molecules, layers, regions and/or structural
elements may be reduced or exaggerated for clarity. The
use of similar or identical reference numbers in the var-
ious drawings is intended to indicate the presence of a
similar or identical element or feature.

DETAILED DESCRIPTION

[0012] Example embodiments will now be described
more fully with reference to the accompanying drawings,
in which example embodiments are shown. Example em-
bodiments may, however, be embodied in many different
forms and should not be construed as being limited to
the embodiments set forth herein; rather, these embod-
iments are provided so that this disclosure will be thor-
ough and complete, and will fully convey the concept of
example embodiments to those of ordinary skill in the art.
In the drawings, the thicknesses of layers and regions
are exaggerated for clarity. Like reference numerals in
the drawings denote like elements, and thus their de-
scription will be omitted.

[0013] It will be understood that when 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, when an element is referred to as being "di-
rectly connected" or "directly coupled" to another ele-
ment, there are no intervening elements present. Like
numbers indicate like elements throughout. As used
herein the term "and/or" includes any and all combina-
tions of one or more of the associated listed items. Other
words used to describe the relationship between ele-
ments or layers should be interpreted in a like fashion
(e.g., "between" versus "directly between," "adjacent"
versus "directly adjacent," "on" versus "directly on").
[0014] It will be understood that, although the terms
"first", "second", etc. may be used herein to describe var-
ious elements, components, regions, layers and/or sec-
tions, these elements, components, regions, layers
and/or sections should not be limited by these terms.
These terms are only used to distinguish one element,
component, region, layer or section from another ele-
ment, component, region, layer or section. Thus, a first
element, component, region, layer or section discussed
below could be termed a second element, component,
region, layer or section without departing from the teach-
ings of example embodiments.

[0015] Spatially relative terms, such as "beneath," "be-
low," "lower," "above," "upper" and the like, may be used



5 EP 2 209 040 A2 6

herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass dif-
ferent orientations 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, ele-
ments described as "below" or "beneath" other elements
or features would then be oriented "above" the other el-
ements or features. Thus, the exemplary term "below"
can encompass both an orientation of above and below.
The device may be otherwise oriented (rotated 90 de-
grees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0016] 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 singularforms "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" and/or "comprising," when
used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, oper-
ations, elements, components, and/or groups thereof.
[0017] Example embodiments are described herein
with reference to cross-sectional illustrations that are
schematic illustrations of idealized embodiments (and in-
termediate structures) of example embodiments. As
such, variations from the shapes of the illustrations as a
result, for example, of manufacturing techniques and/or
tolerances, are to be expected. Thus, example embodi-
ments should not be construed as limited to the particular
shapes of regions illustrated herein but are to include
deviations in shapes that result, for example, from man-
ufacturing. For example, an implanted region illustrated
as a rectangle may have rounded or curved features
and/or a gradient of implant concentration at its edges
rather than a binary change from implanted to non-im-
planted region. Likewise, a buried region formed by im-
plantation may result in some implantation in the region
between the buried region and the surface through which
the implantation takes place. Thus, the regions illustrated
in the figures are schematic in nature and their shapes
are not intended to illustrate the actual shape of a region
of a device and are not intended to limit the scope of
example embodiments.

[0018] 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. Example embodiments may
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be described with reference to colors for convenience.
The transmissibility of the electrochromic materials in a
color-changed state may be described to show device
characteristics.

[0019] FIG. 1 is a cross-sectional schematic of a dis-
play device according to an example embodiment. FIG.
1 illustrates one pixel of a display device, wherein the
pixel includes red, green, and blue sub-pixels 150R,
150G, and 150B.

[0020] Referring to FIG. 1, the display device accord-
ing to an example embodiment may include a polymer
dispersed liquid crystal (PDLC) region 130 and an elec-
trochromic region 140 on the PDLC region 130. The
PDLC region 130 may include a plurality of first elec-
trodes 131 and a plurality of second electrodes 132, the
first electrodes 131 and the second electrodes 132
spaced apart from one another. The PDLC region 130
may also include a PDLC layer 135 between the first
electrodes 131 and the second electrodes 132. In a pas-
sive matrix (PM) type display device, the first electrodes
131 and the second electrodes 132 may cross each oth-
er. In an active matrix (AM) type display device, the first
electrodes 131 may be one body and may be a common
electrode and the second electrodes 132 may corre-
spond to sub-pixels 150R, 150G and/or 150B each hav-
ing a color. Alternatively, the second electrodes 132 may
be one body and may be a common electrode. The first
and second electrodes 131 and 132 may be and/or in-
clude a transparent conductive material. The PDLC layer
135 may include a polymer 134 and liquid crystals 133
dispersed in the polymer 134. A light absorbing layer 136
may be on the first electrode 131.

[0021] A first transparent substrate 110 may be be-
tween the PDLC region 130 and the electrochromic re-
gion 140. The electrochromic region 140 may include a
plurality of third electrodes 141 and a plurality of fourth
electrodes 142. The third electrodes 141 and the fourth
electrodes 142 may be spaced apart from one another.
The electrochromic region 140 may also include a plu-
rality of electrochromic layers 145R, 145G, and 145B on
the third electrodes 141, and an electrolyte layer 146 may
be between the third electrodes 141 and the fourth elec-
trodes 142. In a PM type display device, the third elec-
trodes 141 and the fourth electrodes 142 may cross each
other. In an AM type display device, the fourth electrodes
142 may be one body and may be a common electrode,
and the third electrodes 141 may correspond to sub-pix-
els 150R, 150G, and 150B each having a color. Alterna-
tively, the third electrodes 141 may be one body and may
be a common electrode. Each of the third and fourth elec-
trodes 141 and 142 may be and/or include a transparent
conductive material.

[0022] The display device may include a red electro-
chromic layer 145R, a green electrochromic layer 145G,
and/or a blue electrochromic layer 145B which respec-
tively turn red, green, and blue in response to an applied
electricfield. The electrochromic layers 145R, 145G, and
145B may include nano particles and electrochromic ma-
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terials coated on a surface of the nano particles. The
nano particles may be a metal oxide, for example a tran-
sition metal oxide (e.g., TiO2) The electrochromic mate-
rials may change color upon receiving charges (e.g. elec-
trons and/or holes) during application of an electric field.
The electrochromic layers 145R, 145G, and 145B may
be an electrochromic material coating on the third elec-
trodes 141. An electrolyte layer 146 may be between
(e.g., filled between) the third electrodes 141 and the
fourth electrodes 142 so that ions move when electro-
chromism occurs. The electrolyte layer 70 may be a sol-
vent and an ionized material. The ionized material may
be, for example, melted into the solvent. Although not
shown in FIG. 1, a material layer including a material
corresponding to the electrochromic material may be be-
tween the third electrodes 141 and the fourth electrodes
142 in order to increase charge stability. For example,
when the electrochromic layers 145R, 145G, and 145B
are an electrochromic material that receives electrons to
cause electrochromism, the corresponding material layer
may be a material that receives holes when electro-
chromism occurs. The corresponding material layer may
be on the electrochromic material layers 145R, 145G,
and 145B.

[0023] A transparent second substrate 120 may be on
the fourth electrodes 142. In FIG. 1, reference numeral
147 may denote a dividing wall.

[0024] FIGS. 2 and 3 are cross-sectional schematics
illustrating a method of driving the display device of FIG.
1. FIG. 2 is a cross-sectional schematic illustrating a
method of realizing a still image using the display device
of FIG. 1. FIG. 3is a cross-sectional schematicillustrating
a method of realizing a moving image using the display
device of FIG. 1. Referring to FIG. 2, a voltage may not
be applied between the first electrodes 131 and the sec-
ond electrodes 132 of the PDLC region 130, a voltage
may be applied between the third and fourth electrodes
141 and 142, and electrochromism may be induced in
the electrochromic region 140. For example, when a volt-
age (e.g., V1) is applied between the third and fourth
electrodes 141 and 142 corresponding to a green sub-
pixel 150G, the green electrochromic layer 145G may
undergo electrochromism. An external green light G may
penetrate the color-changed green electrochromic layer
145G, the green light G may be reflected by the PDLC
region 130, and the reflected green light G may be emit-
ted from the green sub-pixel 150G. When a voltage is
not applied between the first electrodes 131 and the sec-
ond electrodes 132, the PDLC region 130 may reflect an
external light. If the voltage applied between the third
electrode 141 and the fourth electrode 142 is removed,
the green electrochromic layer 145G may maintain the
green color due to its memory characteristic. A stillimage
may be realized and maintained by changing colors of
the electrochromic layers 145R, 145G, and 145B by the
use of the memory property.

[0025] Referring to FIG. 3, a voltage (e.g., V1) may be
applied between each of the third electrodes 141 and the
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fourth electrodes 142 of the electrochromic region 140,
the red, green and blue electrochromic layers 145R,
145G and 145B respectively may undergo electro-
chromism and change into red, green and blue colors.
When the voltage applied between the third electrodes
141 and the fourth electrodes 142 is removed, the third
electrodes 141 and the fourth electrodes 142 may be
maintained in a floating state, and the red, green and
blue electrochromic layers 145R, 145G, and 145B may
maintain the color-changed state due to a memory prop-
erty. The external red, green and blue lights R, G and B
respectively may penetrate the red, green and blue elec-
trochromic layers 145R, 145G and 145B and proceed
towards the PDLC region 130. The color-changed red,
green and blue electrochromic layers 145R, 145G and
145B may function as a color filter.

[0026] A voltage (e.g., V2) may be applied between
electrodes of the PDLC region 130, forexample, between
the first electrode 131 and the second electrodes 132
corresponding to the red and blue sub-pixels 150R and
150B. The red and blue lights R and B from among the
red, green and blue lights R, G and B incident to the
PDLC region 130 may penetrate the PDLC layer 135 and
may be absorbed by the light absorbing layer 136. The
green light G may be reflected by the PDLC region 130
and the green light G may be emitted from the green sub-
pixel 150G. The PDLC layer 135 may not have a memory
property and if a voltage is applied between the first elec-
trodes 131 and the second electrodes 132, a moving im-
age may be realized.

[0027] FIG. 4 is a cross-sectional schematic of a dis-
play device according to an example embodiment. Re-
ferring to FIG. 4, red, green and blue electrochromic lay-
ers 145'R, 145’G and 145’B may be on a plurality of fourth
electrodes 142, which may be upper electrodes of an
electrochromic region 140.

[0028] FIG. 5 is a cross-sectional schematic of a dis-
play device according to an example embodiment. Re-
ferring to FIG. 5, the display device includes a PDLC
region 230 and an electrochromic region 240 on the
PDLC region 230. The PDLC region 230 may include a
plurality of first electrodes 231 and a plurality of second
electrodes 232. The first electrodes 231 and the second
electrodes 232 may be spaced apart from one other. The
PDLC region 230 may also include a PDLC layer 235
between the first electrodes 231 and the second elec-
trodes 232. The first and second electrodes 231 and 232
may be and/or include a transparent conductive material.
The PDLC layer 235 may include a polymer 234 and
liquid crystals 233 dispersed in the polymer 234. A light
absorbing layer 236 may be on the first electrodes 231.
[0029] A first transparent substrate 210 may be be-
tween the PDLC region 230 and the electrochromic re-
gion 240. The electrochromic region 240 may include a
plurality of third electrodes 241 and a plurality of fourth
electrodes 242. The third electrodes 241 and the fourth
electrode 242 may be spaced apart from one another.
The electrochromic region 240 may also include a plu-
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rality of color filter layers 249R, 249G and/or 249B, on
the third electrodes 241. A plurality of electrochromic lay-
ers 245 may be on the plurality of color filter layers 249R,
249G and 249B, and an electrolyte layer 246 may be
between the third electrodes 241 and the fourth elec-
trodes 242. The third and fourth electrodes 241 and 242
may be a transparent conductive material. The color filter
layers 249R, 249G and 249B may be respectively red,
green, and blue color filter layers. The electrochromic
layers 245 on the color filter layers 249R, 249G and 249B
may be a material that is transparent when an electric
field is not applied thereto and which undergoes electro-
chromism and changes into a black color in response to
an electric field. A second transparent substrate 220 may
be on the fourth electrodes 242. In FIG. 5, reference nu-
meral 247 may denote a dividing wall.

[0030] FIGS. 6 and 7 are cross-sectional schematics
illustrating a method of driving the display device of FIG.
5. FIG. 6 is a cross-sectional schematic illustrating a
method of realizing a still image using the display device
of FIG. 5. FIG. 7 is a cross-sectional schematiciillustrating
a method of realizing a moving image using the display
device of FIG. 5. Referring to FIG. 6, a voltage may not
be applied between the first electrodes 231 and the sec-
ond electrodes 232 of the PDLC region 230, a voltage
(e.g., V1) may be applied between the third electrodes
241 and the fourth electrode 242 corresponding to red
and blue sub-pixels 250R and 250B, and the electrochro-
mic layers 245 of the red and blue sub-pixels 250R and
250B may undergo electrochromism, changing colors
(e.g., to black). Only green light G from the external light
penetrates the electrochromic layer 245. The penetrating
green light G is reflected by the PDLC region 230 and is
emitted from the green sub-pixel 250G. Because a volt-
age is not applied between the first electrodes 231 and
the second electrodes 232, the PDLC region 230 reflects
external light. If the voltage applied between the third
electrodes 241 and the fourth electrodes 242 is removed,
the electrochromic layers 245, having changed colors,
retain the color-changed (e.g., black) state due to mem-
ory characteristics of the electrochromic layers 245. A
stillimage may be realized without requiring an additional
power supply by changing colors of the electrochromic
layers 245 having memory characteristics.

[0031] Referring to FIG. 7, if a voltage is not applied
between the third electrodes 241 and the fourth elec-
trodes 242 of the electrochromic region 240, the electro-
chromic layers 245 may maintain a transparent state.
The external red, green and blue lights R, G and B re-
spectively penetrate the red, green and blue color filter
layers 249R, 249G and 249B and may proceed towards
the PDLC region 230. A voltage (e.g., V2) may be applied
between individual electrodes of the PDLC region 230,
for example, between the first electrodes 231 and the
second electrodes 232 corresponding to the red and blue
sub-pixels 250R and 250B. The red and blue lights R and
B from among the red, green and blue lights R, G and B
incident to the PDLC region 230 may penetrate the PDLC
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layer 235 and may be absorbed by the light absorbing
layer 236. The green light G may be reflected by the
PDLC region 230 and may be emitted from the green
sub-pixel 250G. The PDLC layer 235 may not have mem-
ory characteristics and if a voltage is applied between
the first electrodes 231 and the second electrodes 232,
a moving image may be realized.

[0032] FIG. 8 is a cross-sectional schematic of a dis-
play device according to an example embodiment. Re-
ferring to FIG. 8, the display device according to an ex-
ample embodiment includes a PDLC region 330 and an
electrochromic region 340 on the PDLC region 330. The
PDLC region 330 may include a plurality of first elec-
trodes 331 and a plurality of second electrodes 332. The
first electrodes 331 and the second electrodes 332 may
be spaced apart from one other. The PDLC region 330
may include a PDLC region layer 335 between the first
electrodes 331 and the second electrodes 332. The
PDLC layer 335 may include a polymer 334, liquid crys-
tals 333 dispersed in the polymer 334, and a plurality of
black dyes 337 included in the liquid crystal 333. A light
reflecting layer 336 may be on the first electrodes 331.
[0033] A first transparent substrate 310 may be be-
tween the PDLC region 330 and the electrochromic re-
gion 340. The electrochromic region 340 may include a
plurality of third electrodes 341 and a plurality of fourth
electrodes 342. The third electrodes 341 and the fourth
electrodes 342 may be spaced apart from one another.
The electrochromic region 340 may include a plurality of
electrochromic layers 345R, 345G and/or 345B, on the
third electrodes 341, and an electrolyte layer 346 be-
tween the third electrodes 341 and the fourth electrodes
342. The red, green and blue electrochromic layers
345R, 345G and 345B may undergo electrochromism
and may pass red, green and blue colors in response to
an applied electric field. A transparent second substrate
320 may be on the fourth electrodes 342. In FIG. 8, ref-
erence numeral 347 may denote a dividing wall.

[0034] FIG.9isacross-sectional schematicillustrating
amethod of realizing a stillimage using the display device
of FIG. 8. FIG. 10 is a cross-sectional schematic illustrat-
ing a method of realizing a moving image using the dis-
play device of FIG. 8. Referring to FIG. 9, a voltage (e.g.,
V2) may be applied between the first electrodes 331 and
the second electrodes 332 of the PDLC region 330, and
the PDLC region 330 may pass an external light. In a
state in which voltage V2 is applied between the first elec-
trodes 331 and the second electrodes 332, a voltage
(e.g., V1) may be applied between the third electrode
341 and the fourth electrode 342 corresponding to a
green sub-pixel 350G, and the green electrochromic lay-
er 345G may undergo electrochromism. The external
green light G may penetrate the color-changed green
electrochromic layer 345G and PDLC region 330, and
be reflected by the light reflecting layer 336. The green
light G may be emitted from the green sub-pixel 350G.
If the voltage applied between the third electrode 341
and the fourth electrode 342 is removed, due to the mem-
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ory characteristics of the green electrochromic layer
345G, it may maintain the color-changed state. Because
of the memory characteristics of the electrochromic lay-
ers 345R, 345G and 345B, a stillimage may be realized
by changing the colors of the electrochromiclayers 345R,
345G and 345B.

[0035] Referring to FIG. 10, when a voltage (e.g., V1)
is applied between each of the third electrodes 341 and
the fourth electrodes 342 of the electrochromic region
340, thered, green and blue electrochromic layers 345R,
345G and 345B may undergo electrochromism and may
respectively change into red, green and blue colors.
When the voltage applied between the third electrodes
341 and the fourth electrodes 342 is removed and the
third electrodes 341 and the fourth electrodes 342 are
maintained in a floating state, the red, green and blue
electrochromic layers 345R, 345G and 345B may main-
tain the color-changed state due to the memory charac-
teristics of the electrochromic materials. The externalred,
green and blue lights R, G and B may respectively pen-
etrate the red, green and blue electrochromic layers
345R, 345G and 345B, and proceed towards the PDLC
region 330. The color-changed red, green and blue elec-
trochromic layers 345R, 345G and 345B may function
as a color filter.

[0036] A voltage (e.g., V2) may be applied between
electrodes of the PDLC region 330, for example, between
the first electrodes 331 and the second electrodes 332
corresponding to the green sub-pixel 350G. The red and
blue lights R and B from among the red, green and blue
lights R, G and B incident to the PDLC region 330 may
be absorbed into black dyes 337 of the PDLC layer 335.
The green light G may penetrate the PDLC layer 335 and
be reflected by the light reflecting layer 336. The green
light G may be emitted from the green sub-pixel 350G.
The PDLC layer 335 may not have memory characteris-
tics and if a voltage is applied between the first electrodes
331 and the second electrodes 332, a moving image may
be realized.

[0037] FIG. 11 is a cross-sectional schematic of a dis-
play device according to an example embodiment. Re-
ferring to FIG. 11, the display device may include a PDLC
region 330, an electrochromic region 340 on the PDLC
region 330, and a backlight unit 370 on the PDLC region
330. The backlight unit 370 may be on a side of the PDLC
region 330 opposite the electrochromic region 340. The
PDLC region 330 may include a plurality of first elec-
trodes 331 and a plurality of second electrodes 332. The
first electrodes 331 and the second electrodes 332 may
be spaced apart from one another. The PDLC region 330
may include a PDLC layer 335 between the first elec-
trodes 331 and the second electrodes 332. The PDLC
layer 335 may include a polymer 334, liquid crystals 333
dispersed in the polymer 334, and black dyes 337 includ-
ed in the liquid crystal 333.

[0038] A transparent first substrate 310 may be be-
tween the PDLC region 330 and the electrochromic re-
gion 340. The electrochromic region 340 may include a
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plurality of third electrodes 341 and a plurality of fourth
electrodes 342. The third electrodes 341 and the fourth
electrodes 342 may be spaced apart from one another.
The electrochromic region 340 may include a plurality of
electrochromic layers 345R, 345G and/or 345B on the
third electrodes 341, and an electrolyte layer 346 be-
tween the third electrodes 341 and the fourth electrode
342. Thedisplay device may include a red electrochromic
layer 345R, a green electrochromic layer 345G, and a
blue electrochromic layer 345B which undergo electro-
chromism and change into red, green, and blue colors in
response to an electric field applied to the pixel. A second
transparent substrate 320 may be on the fourth elec-
trodes 342. In FIG. 11, reference numeral 347 may de-
note a dividing wall. The backlight unit 370 may radiate
white light W towards the PDLC region 330 and may be
on the PDLC region 330. A transparent plate 360 may
be between the PDLC region 330 and the backlight unit
370.

[0039] FIGS. 12 and 13 are cross-sectional schemat-
ics for illustrating a method of driving the display device
of FIG. 11. FIG. 12 is a cross-sectional schematic illus-
trating a method of realizing a stillimage using the display
device of FIG. 11. FIG. 13 is a cross-sectional schematic
illustrating a method of realizing a moving image using
the display device of FIG. 11.

[0040] Referring to FIG. 12, when a voltage (e. g., V2)
is applied between the first electrodes 331 and the sec-
ond electrodes 332 of the PDLC region 330, the PDLC
region 330 may pass an external light. In the state where
voltage V2 is applied between the first electrodes 331
and the second electrodes 332, a voltage (e.g., V1) may
be applied between the third electrodes 341 and the
fourth electrodes 342 corresponding to a green sub-pixel
350G so that the green electrochromic layer 345G un-
dergoes electrochromism. Green light G of the white light
W radiated from the backlight unit 370 may penetrates
the color-changed green electrochromic layer 345R and
the green light G may be emitted from the green sub-
pixel 350G. If the voltage applied between the third elec-
trode 341 and the fourth electrode 342 is removed, the
green electrochromic layer 345G, which has changed
into the green color, may maintain the color-changed
state due to the memory characteristics of the electro-
chromic layer 345G. Because of the memory character-
istics, a desired still image may be realized by changing
colors of the electrochromic layers 345R, 345G and 345B
even when voltage is not applied between the third elec-
trode 341 and the fourth electrode 342 .

[0041] Referring to FIG. 13, when a voltage (e.g., V1)
is applied between each of the third electrodes 341 and
the fourth electrodes 342 of the electrochromic region
340, and the red, green and blue electrochromic layers
345R, 345G and 345B may undergo electrochromism
and respectively change into red, green and blue colors.
If the voltage applied between the third electrodes 341
and the fourth electrodes 342 is removed and the third
electrodes 341 and the fourth electrodes 342 are main-
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tained in a floating state, the red, green and blue elec-
trochromic layers 345R, 345G and 345B, which have
changed colors, may maintain the color-changed state
due the memory characteristics of the electrochromiclay-
ers 345R, 345G and 345B. The color-changed red,
green, and blue electrochromic layers 345R, 345G and
345B may function as a color filter.

[0042] A voltage (e.g., V2) may be applied between
the electrodes of the PDLC region 330, for example, be-
tween the first electrode 331 and the second electrode
332 corresponding to the green sub-pixel 350G. The red
and blue lights R and B of the white light W radiated from
the backlight unit 370 may be absorbed into black dyes
337 in the PDLC layer 335. The green light G may pen-
etrate the PDLC layer 335 and the color-changed green
electrochromic layer 345G. The green light G may be
emitted from the green sub-pixel 350G. The PDLC layer
335 may nothave memory characteristics and if a voltage
is applied between the first electrodes 331 and the sec-
ond electrodes 332, a moving image may be realized.
[0043] FIG. 14 is a cross-sectional schematic of a dis-
play device according to an example embodiment. Re-
ferring to FIG. 14, the display device may include a PDLC
region 430 and an electrochromic region 440 on the
PDLC region 430. The PDLC region 430 may include a
plurality of first electrodes 431 and a plurality of second
electrodes 432. The first electrodes 431 and the second
electrodes 432 may be spaced apart from one another.
The PDLC region 430 may include a PDLC layer 435
between the first electrodes 431 and the second elec-
trodes 432. The PDLC layer 435 may include a polymer
434 and liquid crystals 433 dispersed in the polymer 434.
A light absorbing layer 436 may be on the first electrodes
431. A first transparent substrate 410 may be between
the PDLC region 430 and the electrochromic region 440.
The electrochromic region 440 may include a plurality of
third electrodes 441 and a plurality of fourth electrodes
442, wherein the plurality of third electrodes 441 and the
fourth electrodes 442 may be spaced apart from one an-
other. The electrochromic region 440 may include a plu-
rality of electrochromic layers 445R, 445G, 445B, 445C,
445M and/or 445Y, and an electrolyte layer 446, between
the third electrodes 441 and the fourth electrodes 442.
[0044] The display device may include red and cyan
electrochromic layers 445R and 445C which may face
each other in a vertical direction, green and magenta
electrochromic layers 445G and 445M which may face
each other in a vertical direction, and blue and yellow
electrochromic layers 445B and 445Y which may face
each other in a vertical direction. The red and cyan elec-
trochromic layers 445R and 445C may constitute a red-
cyan sub-pixel 450RC, the green and magenta electro-
chromic layers 445G and 445M may constitute a green-
magenta sub-pixel 450GM, and the blue and yellow elec-
trochromic layers 445B and 445Y may constitute a blue-
yellow sub-pixel 450BY. A second transparent substrate
420 may be on the fourth electrodes 442. In FIG. 14,
reference numeral 447 may denote a dividing wall. Be-
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cause the electrochromic layers 445R, 445G and 445B
respectively corresponding to the electrochromic layers
445C, 445M and 445Y may face each other in a vertical
direction within the pixel, the color reproducibility of the
pixel of the display device may be increased.

[0045] [0032]FIG. 15is aschematicillustrating a proc-
ess for realizing a red color using the display device of
FIG. 14. Referring to FIG. 14, when the red electrochro-
mic layer 445R, the magenta electrochromic layer 445M
and the yellow electrochromic layer 445Y are respective-
ly color-changed, red, magenta and yellow, lights R, M
and Y may be respectively emitted from the red-cyan
sub-pixel 450RC, the green-magenta sub-pixel 450GM
and the blue-yellow sub-pixel 450BY asillustrated in FIG.
15. Because magenta and yellow may mix to form red,
red color may be better obtained as compared to the case
where a red light is emitted from one sub-pixel.

[0046] FIGS. 16A-16C are schematics illustrating
modified examples of a pixel of the display device of FIG.
14. The pixel illustrated in FIGS. 16A through 16C may
include six sub-pixels. Referring to FIG. 16A, a pixel 550
may include red, green, blue, cyan, magenta and yellow
sub-pixels 550R, 550G, 550B, 550C, 550M and/or 550Y,
which may bered, green, blue, cyan, magenta and yellow
electrochromic layers arranged in the same plane. Re-
ferring FIG. 16B, a pixel 550 may include three transpar-
ent sub-pixels 550W and red, green and blue sub-pixels
550R, 550G and 550B. The transparent sub-pixels 550W
may be electrochromic layers of a material that transmits
when an electric field is not applied thereto. Referring to
FIG. 16C, a pixel 550 may include three black sub-pixels
550K and cyan, magenta and yellow sub-pixels 550C,
550M and 550Y. The black sub-pixels 550K may be an
electrochromic layer of a material whose color changes
into a black color when an electric field is applied thereto.
In a pixel according to example embodiments illustrated
in FIGS. 16A through 16C, color reproducibility of the
pixel may be increased. The modified pixels described
above are examples and other modified pixels may be
used. The modified pixels of the examples, and other
modified pixels, may be applied to all the aforementioned
embodiments.

[0047] FIG. 17 is a cross-sectional schematic of a dis-
play device according to an example embodiment. Re-
ferring to FIG. 17, the display device may include a PDLC
region 630 and an electrochromic region 640 on the
PDLC region 630. The PDLC region 630 may include a
first electrode 631 and a plurality of second electrodes
632. The first electrode 631 and the plurality of second
electrodes 632 may be spaced apart from one other. The
PDLC region 630 may include a PDLC layer 635 between
the first electrode 631 and the second electrodes 632.
The first electrode 631 may be a common electrode and
the second electrodes 632 may be pixel electrodes cor-
responding to sub-pixels 650R, 650G and 650B. The
PDLC layer 635 may include a polymer 634 and liquid
crystals 633 dispersed in the polymer 634. A light ab-
sorbing layer 636 may be on the first electrode 631.
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[0048] A transparent first substrate 610 may be be-
tween the PDLC region 630 and the electrochromic re-
gion 640. The electrochromic region 640 may include a
fourth electrode 642, a plurality of third electrodes 641,
a plurality of electrochromic layers 645R, 645G and/or
645B on the third electrodes 641, and an electrolyte layer
646 between the third electrodes 641 and the fourth elec-
trode 642. The third electrodes 641 may be pixel elec-
trodes corresponding to the sub-pixels 650R, 650G and
650B, and the fourth electrode 642 may be a common
electrode. The red electrochromic layer 645R, the green
electrochromic layer 645G and the blue electrochromic
layer 645B may be respectively on the third electrodes
641. The electrolyte layer 646 may be between the third
electrodes 641 and the fourth electrode 642.

[0049] A transparent second substrate 620 may be on
the fourth electrode 642. In FIG. 17, reference numeral
645 may denote a dividing wall. The second electrodes
632 and the third electrodes 641, which may be pixel
electrodes corresponding to each other, may be electri-
cally connected to a thin film transistor (TFT) 660 through
avia hole 611. Although the first electrode and the fourth
electrode are described as common electrodes, and the
second electrodes and the third electrodes are described
as pixel electrodes, this may be reversed. The second
electrodes and the third electrodes may be single body
common electrodes and a plurality of first and fourth elec-
trodes may be pixel electrodes. In this case, the second
electrode and the third electrode may be electrically con-
nected to one TFT.

[0050] FIGS. 18 and 19 are cross-sectional schemat-
ics illustrating a method of driving the display device of
FIG. 17. FIG. 18 is a cross-sectional schematic illustrat-
ing a method of realizing a still image using the display
device of FIG. 17. FIG. 19 is a cross-sectional schematic
illustrating a method of realizing a moving image using
the display device of FIG. 17. Referring to FIG. 18, if a
voltage is not applied between the first electrode 631 and
the second electrodes 632 of the PDLC region 630 and
a voltage (e.g., V1) is applied through a TFT between
third electrodes 641 corresponding to the green sub-pixel
650G and the fourth (common) electrode 642, the green
electrochromic layer 645G may undergo electro-
chromism. An external green light G may penetrate the
color-changed green electrochromic layer 645G, may be
reflected by the PDLC region 630, and may be emitted
from the green sub-pixel 650G. Because a voltage is not
applied between the first electrode 631 and the second
electrodes 632, the PDLC region 630 reflects external
light. If the voltage applied between the third electrodes
641 and the fourth electrode 642 is removed, the green
electrochromic layer 645G, which may have color-
changed into green color, may maintain the color-
changed state due to memory characteristics of the elec-
trochemical layer 645G. A still image may be realized by
changing colors of the electrochromic layers 645R, 645G
and 645B, and maintaining the color-change states be-
cause of the memory characteristics of the electrochro-
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mic layers 650R, 650G and 650B.

[0051] Referring to FIG. 19, when a voltage (e.g., V1)
is applied between the third electrodes 641 and the fourth
(common) electrode 642 through each of the TFTs 660,
the red, green and blue electrochromic layers 645R,
645G and 645B may undergo electrochromism. The red,
green and blue electrochromic layers 645R, 645G and
645B may respectively change into red, green and blue
colors. Ifthe voltage applied between the third electrodes
641 and the fourth electrode 642 is removed and the third
electrodes 641 and the fourth electrode 642 are main-
tained in a floating state, the red, green and blue elec-
trochromic layers 645R, 645G and 645B may maintain
the color-changed state due to memory characteristics
of the electrochromic layers. Accordingly, the external
red, green and blue lights R, G and B respectively may
penetrate the red, green and blue electrochromic layers
645R, 645G and 645B and may proceed towards the
PDLC region 630. The color-changedred, green and blue
electrochromic layers 645R, 645G and 645B may func-
tion as a color filter.

[0052] A voltage (e.g., V2) may be applied between
the first (common) electrode 631 and the second elec-
trodes 632 corresponding to the red and blue sub-pixels
650R and 650B. The red and blue lights R and B from
among the red, green and blue lights R, G and B, incident
to the PDLC region 630, may penetrate the PDLC layer
635 and may be absorbed into the light absorbing layer
636. The green light G may be reflected by the PDLC
region 630, and thus the green light G may be emitted
from the green sub-pixel 650G. The PDLC layer 635 may
not have memory characteristics and if a voltage is ap-
plied between the first (common) electrode 631 and the
second electrodes 632, a moving image may be realized.
[0053] According to an example embodiment, two pix-
el electrodes corresponding to each other may be elec-
trically connected to a single TFT 660, thereby reducing
the manufacturing cost of the display device. This con-
figuration may be also applied to the aforementioned em-
bodiments.

[0054] While example embodiments have been partic-
ularly shown and described, it will be understood by one
of ordinary skill in the art that variations in form and detail
may be made therein.

Claims
1. Adisplay device, comprising:

a plurality of first electrodes (131,231,331,431,
631) and a plurality of second electrodes (132,
232,332,432,632);

a polymer dispersed liquid crystal, PDLC, layer
(135,235,335,435,634) between the first elec-
trodes and the second electrodes;

a plurality of third electrodes (141,241,341,441,
641) and a plurality of fourth electrodes (142,
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242,342,442 642) on and spaced apart from the
second electrodes,

a plurality of electrochromic layers (145,245,
345,445,645) between the third electrodes and
the fourth electrodes; and

an electrolyte layer (146,246,346,446,646) be-
tween the third electrodes and the fourth elec-
trodes.

The display device of claim 1, wherein the PDLC
layer (135,235,335,435,65), the first electrodes
(131,231,331,431,631), the second electrodes (132,
232,332,432,632), the third electrodes (141,241,
341,441,641), the fourth electrodes (142,242,342,
442,642), the electrochromic layers (145,245,345,
445,645), and the electrolyte layer (146,246,346,
446,646) are included in a pixel of the display device.

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

a light absorbing layer (136,236,436) on the first
electrodes (131,231,431).

The display device of claim 1 or 2, further comprising
a plurality of color filter layers (249) corresponding
to the electrochromic layers (245), the color filter lay-
ers (249) between the third electrodes and the fourth
electrodes (241),

wherein the electrochromic layers (245) are a mate-
rial that changes into a black color in response to an
electric field.

The display device of claim 1 or claim 2, wherein the
PDLC layer (335) includes a plurality of black dyes
(337).

The display device of claim 5, further comprising:

a light reflecting layer (336) on the first elec-
trodes.

The display device of claim 5 or 6, further comprising:

a backlight unit (370) on the first electrodes and
optionally a transparent plate between the first
electrodes and the backlight unit.

The display device of any preceding claim, wherein
the electrochromic layers (145,245,345,445) include
at least three different electrochromic layers.

The display device of any preceding claim, wherein
the electrochromic layers (445) include red and cyan
electrochromic layers which face each otherin a ver-
tical direction,

green and magenta electrochromic layers which
face each other in a vertical direction, and

blue and yellow electrochromic layers which face
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each other in a vertical direction.

10. The display device of any preceding claim, wherein

the first electrodes (131,231,331,431,631) include a
common electrode that is a single body,

the second electrodes (132,232,332,432,632) in-
clude first pixel electrodes,

the third electrodes include second pixel electrodes
corresponding to the first pixel electrodes, and

the fourth electrodes (141,24 1,341,441,641) include
a common electrode that is a single body,

wherein the first pixel electrodes and the second pix-
el electrodes that correspond to each other are elec-
trically connected by at least one thin film transistor
(TFT).

11. A method of driving the display device of any of

claims 1 to 4 torealize a stillimage, the method com-
prising:

applying a voltage between at least one corre-
sponding pair of electrodes, the corresponding
pair of electrodes including one of the third elec-
trodes (141,241,341,441,641) and one of the
fourth electrodes (142,242,342,442,642); and
not applying a voltage between the first
(131,231,331,431,631) and second electrodes
(132,232,332,432,632).

12. A method of driving the display device of claim 1 or

2 to realize a moving image, the method comprising:

applying a first voltage between the third elec-
trodes (141,241,341,441,641) and the fourth
electrodes (142,242,342,442,642);

removing the first voltage and leaving the third
and fourth electrodes in a floating state; and
applying a second voltage between at least one
corresponding pair of electrodes, the corre-
sponding pair of electrodes including one of the
first electrodes (131,231,331,431,631) and one
of the second electrodes (132,232,332,432,
632).

13. A method of driving the display device of claim 3 or

4 to realize a moving image, the method comprising:

applying a voltage between a corresponding
pair of electrodes, the corresponding pair of
electrodes including one of the first electrodes
(131,231,431,631) and one of the second elec-
trodes (132,232,432,632) ; and

not applying a voltage between the third elec-
trodes (141,241,441,641) and

the fourth electrodes (142,242,442,642).

14. A method of driving the display device of claim 5, 6

or 7 to realize a still image, the method comprising:
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applying a voltage between at least one corre-
sponding pair of electrodes, the corresponding
pair of electrodes including one of the third elec-
trodes (341) and one of the fourth electrodes
(342), 5
applying a voltage between the first electrodes
(331) and the second electrodes (332).

15. A method of driving the display device of claim 5, 6
or 7 to realize a moving image, the method compris- 70

ing:
applying a voltage between the third electrodes
(341) and the fourth electrodes (342);
removing the voltage, leaving the third and 75
fourth electrodes (341,342) in a floating state;
and
applying a voltage between at least one corre-
sponding pair of electrodes, the corresponding
pair of electrodes including one of the first elec- 20
trodes (331) and
one of the second electrodes (332).
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