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POLYMER-DISPERSED LIQUID CRYSTAL
DISPLAY DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under U.S.C. §119
to Korean Patent Application No. 10-2009-0121402, filed on
Dec. §, 2009, in the Korean Intellectual Property Office, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Example embodiments relate to polymer-dispersed
liquid crystal (PDLC) display devices and methods of manu-
facturing the same.

[0004] 2. Description of the Related Art

[0005] A polymer-dispersed liquid crystal (PDLC) display
device may be a display device which scatters light or trans-
mits light by changing the refractive indices of polymers and
liquid crystals through the application of an electric field to a
PDLC layer in which the polymers and the liquid crystals are
uniformly mixed. The PDLC display device may transmit
light therethrough or may block light by using an electric
field, instead of using an alignment layer and a polarization
plate. In the PDLC display device, cured polymers adhere to
a substrate to enable bending of the PDLC display device. In
this regard, the PDLC display device may be more favorable
for the implementation of a flexible display device than other
LCD devices.

SUMMARY

[0006] Example embodiments provide polymer-dispersed
liquid crystal (PDLC) display devices and methods of manu-
facturing the same. 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.

[0007] According to example embodiments, a polymer-
dispersed liquid crystal (PDLC) display device may include a
first substrate and a second substrate configured to face each
other, a first electrode and a second electrode on the first
substrate and the second substrate, respectively and a PDLC
layer between the first electrode and the second electrode, the
PDLC layer including at least two regions containing poly-
mers having different concentrations.

[0008] The PDLC layer may further include liquid crystals.
The at least two regions containing the polymers having dif-
ferent concentrations may be provided alternately and repeti-
tively. The at least two regions may include a region contain-
ing polymers with a lower concentration and a region
containing polymers with a higher concentration, and the
region containing polymers with a lower concentration may
correspond with an effective display region of a pixel and the
region containing polymers with a higher concentration may
correspond with a non-display region of the pixel.

[0009] According to example embodiments, a method of
manufacturing a polymer-dispersed liquid crystal (PDLC)
display device may include injecting a mixture including a
photocurable material between a first electrode and a second
electrode configured to face each other, applying light to the
mixture through a photomask including patterns having dif-
ferent light transmittances and forming a PDLC layer includ-
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ing polymers by absorbing the light into the photocurable
material, the PDLC layer including at least two regions con-
taining polymers having different concentrations.

[0010] Themixture may further include liquid crystals. The
method may further include applying light to the mixture
after removing the photo-mask. A concentration of the poly-
mers in a region of the at least two regions of the PDLC layer
may be higher than a concentration of the photocurable mate-
rial in the mixture. A concentration of the polymers in another
region of the at least two regions of the PDLC layer may be
lower than a concentration of the photocurable material in the
mixture. The at least two regions containing the polymers
having different concentrations may be formed alternately
and repetitively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These and/or other aspects will become apparent
and more readily appreciated from the following description
of example embodiments, taken in conjunction with the
accompanying drawings of which:

[0012] FIG. 1is a cross-sectional view schematically illus-
trating a polymer-dispersed liquid crystal (PDLC) display
device according to example embodiments;

[0013] FIGS. 2 through 4 are views for explaining a method
of manufacturing a PDLC display device, according to
example embodiments; and

[0014] FIGS. 5A through 5C illustrate photo-masks used in
amethod of manufacturing a PDLC display device, according
to example embodiments.

DETAILED DESCRIPTION

[0015] Reference will now be made in detail to example
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to the like elements throughout. In this regard, example
embodiments may have different forms and should not be
construed as being limited to the descriptions set forth herein.
Accordingly, example embodiments are merely described
below, by referring to the figures, to explain aspects of the
present description. In the drawings, the thicknesses of layers
and regions are exaggerated for clarity.

[0016] 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 “directly connected”
or “directly coupled” to another element, there are no inter-
vening elements present. As used herein the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0017] Itwill beunderstood that, although the terms “first”,
“second”, etc. may be used herein to describe various ele-
ments, components, regions, layers and/or sections, 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 element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of example embodiments.

[0018] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper’ and the like, may be used herein for
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ease of description to describe one element or feature’s rela-
tionship 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 different 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, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0019] The terminology used herein is for the purpose of
describing particularembodiments only and is not intended to
be limiting of example embodiments. As used herein, the
singular forms “a,” “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises”, “comprising”, “includes™ and/or “including,” if used
herein, specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not preclude
the presence or addition of one or more other features, inte-
gers, steps, operations, elements, components, and/or groups
thereof.

[0020] Example embodiments are described herein with
reference to cross-sectional illustrations that are schematic
illustrations of idealized embodiments (and intermediate
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 embodiments should not be con-
strued as limited to the particular shapes of regions illustrated
herein but are to include deviations in shapes that result, for
example, from manufacturing. For example, an implanted
region illustrated as a rectangle will, typically, have rounded
or curved features and/or a gradient of implant concentration
at its edges rather than a binary change from implanted to
non-implanted region. Likewise, a buried region formed by
implantation may result in some implantation in the region
between the buried region and the surface through which the
implantation 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 embodi-
ments.

[0021] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which example embodiments belong. It will be further under-
stood that terms, such as those defined in commonly-used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0022] FIG. 1isa cross-sectional view schematically illus-
trating a polymer-dispersed liquid crystal (PDLC) display
device according to example embodiments. Like a conven-
tional display device, the PDLC display device according to
example embodiments may include a plurality of pixels that
are the basic units of image display. However, in FIG. 1, some
of the plurality of pixels are illustrated for convenience sake.
Each of the pixels may have blue, green, and red sub-pixels to
express a color.
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[0023] Referring to FIG. 1, the PDLC display device may
include a first substrate 110 and a second substrate 120 which
are spaced apart from each other and face each other, a first
electrode 111 and a second electrode 121 formed on the first
substrate 110 and the second substrate 120, respectively, and
a PDLC layer 130 formed between the first electrode 111 and
the second electrode 121.

[0024] The first substrate 110 and the second substrate 120
may be transparent substrates. The first substrate 110 and the
second substrate 120 may be, but are not limited to, flexible.
The first substrate 110 and the second substrate 120 may be
made of, without being limited to, glass or plastic, or other
materials. The first electrode 111 may be formed on a top
surface of the first substrate 110, and the second electrode 121
may be formed on a bottom surface of the second substrate
120. The first electrode 111 and the second electrode 121 may
be made of, for example, a transparent conductive material,
e.g., Indium Tin Oxide (ITO). In a passive matrix (PM) driv-
ing scheme, the first electrodes 111 may be formed in parallel
in a stripe form and the second electrodes 121 may be formed
in parallel in a stripe form to intersect the first electrodes 111.
In an active matrix (AM) driving scheme, the first electrodes
111 (or the second electrodes 121) may be integrated to form
acommon electrode and the second electrode 121 (or the first
electrode 111) may be formed to have a shape corresponding
to sub-pixels.

[0025] Although not shown in FIG. 1, thin film transistors
(TFTs) and driving electrodes may be formed on the first
substrate 110, together with the first electrode 111. Between
the first substrate 110 and the second substrate 120 may be
provided barrier ribs (not shown) that separate the PDLC
layers 130 of different colors to prevent or reduce color mix-
ing. A reflective layer (not shown) may be further formed on
a bottom surface of the first substrate 110 to reflect incident
light.

[0026] ThePDLC layer 130 may include polymers 131 and
liquid crystals 132 included in the polymers 131. The PDLC
layer 130 may further include dichroic dye (not shown).
When the dichroic dye is mixed with the PDLC layer 130, the
dichroic dye may be aligned or randomly distributed under
the influence of movement of the liquid crystals 132, resulting
in an optical change. The PDLC layer 130 may be formed by
mixing a photocurable material with liquid crystals and cur-
ing this mixture with light, e.g., ultraviolet (UV) light. The
photocurable material refers to light curing material. The
photocurable material may be at least one of a monomer, an
oligomer, and a polymer.

[0027] Inexample embodiments, the PDLC layer 130 may
include at least two regions where the polymers 131 have
different concentrations, e.g., weight percents, that is, a high-
concentration region 130a where the concentration of the
polymers 131 is higher and a low-concentration region 1305
in which the concentration of the polymers 131 is lower.
Generally, in a PDLC layer, the concentration of polymers for
satisfying optical characteristics may be from about 5 to
about 25 weight percent (wt %). However, in a PDLC display
device including the polymers having those specified concen-
trations, an adhesive strength between the polymers and sub-
strates may be lower, whereby the substrates and the PDLC
layer may be separated from each other by repetitive bending
of the PDLC display device. The separation between the
PDLC layer and the substrates may be overcome by increas-
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ing the concentration of the polymers included in the PDLC
layer, thereby degrading the optical characteristics of the
PDLC layer.

[0028] However, as in example embodiments, by forming
the regions 130a and 1305 where the polymers 131 have
different concentrations in the PDLC layer 130, the PDLC
layer 130 may have improved optical characteristics and
bending durability. For example, the high-concentration
region 130a and the low-concentration region 1305 may be
formed in the PDLC layer 130. The low-concentration region
1305 corresponds to an effective display region necessary for
actual screen display among pixels, for example, sub-pixels.
Therefore, optical characteristics are of importance in the
low-concentration region 1305, and the concentration of the
polymers 131 may be adjusted to optimize or improve the
optical characteristics.

[0029] For example, the concentration of the polymers 131
in the low-concentration region 1305 may be, for example,
but not limited to, about 5-25 wt %. The high-concentration
region 130a corresponds to a non-display region remaining
after excluding the effective display region. In regards to the
high-concentration region 130q, satisfying optical character-
istics may not be an issue. Consequently, by sufficiently
increasing the concentration of the polymers 131, an adhesive
strength between the first substrate 110 and the second sub-
strate 120, and the PDLC layer 130 may be locally improved.
For example, the concentration of the polymers 131 in the
high-concentration region 130a may be, for example, but not
limited to, about 25 wt % or higher.

[0030] The high-concentration region 130a and the low-
concentration region 1305 may be formed alternately and
repetitively in the PDLC layer 130. Although it has been
described above that the two regions 130a and 1305 where the
polymers 131 have different concentrations are formed in the
PDLC layer 130, three or more regions where the polymers
131 have different concentrations may be formed in the
PDLC layer 130.

[0031] FIGS. 2 through 4 are views for explaining a method
of manufacturing a PDLC display device, according to
example embodiments. Referring to FIG. 2, a first electrode
211 and a second electrode 221 may be disposed to face each
other. The first electrode 211 and the second electrode 221
may be made of a transparent conductive material. For
example, the first electrode 211 and the second electrode 221
may be made of, without being limited to, ITO, or other
materials. The first electrode 211 and the second electrode
221 may be formed on a first substrate 210, which is an upper
substrate, and a second substrate 220, which is a lower sub-
strate, respectively. The first substrate 210 and the second
substrate 220 may be transparent substrates, for example, a
glass substrate or a plastic substrate. Although not shown in
the FIGS. 2 through 4, TFTs and driving electrodes may be
formed on the first substrate 210, together with the first elec-
trode 211.

[0032] A mixture 230" may be injected between the first
electrode 211 and the second electrode 221. In example
embodiments, liquid crystals and a photocurable material
may be mixed to form the mixture 230'. The photocurable
material refers to light curing material. The photocurable
material may be at least one of a monomer, an oligomer, and
a polymer. The mixture 230" may further include dichroic
dye, a photo-polymerizing agent, and/or a cross-linking
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agent. The dichroic dye may have various colors, for example,
but not limited to, black, yellow, magenta, red, green, and/or
blue.

[0033] Referring to FIG. 3, a photo-mask 250 may be pro-
vided in which a light-transmitting pattern 250a and a light-
blocking pattern 2505 may be formed with different transmit-
tances according to positions on the second substrate 220, and
UV light may be applied to the mixture 230" through the
photo-mask 250. The photo-mask 250 may include, for
example, the light-transmitting pattern 250a having a light
transmittance of 100% and the light-blocking pattern 2505
having a light transmittance of 0%. Once the UV light is
applied to the mixture 230, the photocurable material in the
mixture 230" may be turned into polymers 231.

[0034] In detail, upon application of the UV light to the
mixture 230, a curing reaction of the photocurable material
rapidly occurs in a light-transmitting region 230'a of the
mixture 230" corresponding to the light-transmitting pattern
250a, and the photocurable material present in a light-block-
ing region 230'h around the light-transmitting region 230'a
moves to the light-transmitting region 230'a. Thus, the pho-
tocurable material may be turned into polymers 231. As a
result, the concentration of the photocurable material in the
light-blocking region 230'4 may be lowered.

[0035] The UV light incident to the light-transmitting
region 230'a may be scattered by the polymers 231 and liquid
crystals 232 formed in the light-transmitting region 230'a, as
shown in FIG. 4, and the scattered UV light cures the photo-
curable material present in the light-blocking region 230'5 of
the mixture 230', thus forming a PDLC layer 230 between the
first electrode 211 and the second electrode 221. After the
application of the UV light to the mixture 230" through the
photo-mask 250, the photo-mask 250 may be removed and
then UV light may be further applied to the mixture 230".

[0036] A high concentration region 230a where the con-
centration of the polymers 231 is high and a low-concentra-
tion region 2305 where the concentration of the polymers 231
is low may be formed in the PDLC layer 230. The high-
concentration region 230a may be formed by curing the light-
transmitting region 230'a of the mixture 230'. The concentra-
tion of the polymers 231 in the high-concentration region
230a may be higher than that of the photocurable material in
the imtial mixture 230'. The high-concentration region 230a
corresponds to a non-display region as described above.

[0037] Through the high-concentration region 230a, an
adhesive strength between the polymers 231, and the first
substrate 210 and the second substrate 220 can be increased.
The low-concentration region 2305 may be formed by curing
the light-blocking region 230'b of the mixture 230". The low-
concentration region 2305 corresponds to an effective display
region as described above. Consequently, the concentration
of the polymers 231 in the low-concentration region 2305
may be adjusted to be optimal to satisfy necessary optical
characteristics.

[0038] The concentration of the polymers 231 in the low-
concentration region 2305 may be lower than that of the
photocurable material in the initial mixture 230". That is, both
the effective display region having improved optical charac-
teristics and the non-display region having stronger adhesive
strength can be formed when the concentration of the photo-
curable material in the initial mixture 230" is higher than that
of the polymers 231 necessary to satisfy the optical charac-
teristics of the PDLC layer 230.
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[0039] The transmittances of the light-transmitting pattern
250a and the light-blocking pattern 2505 of the photo-mask
250 used in example embodiments may be adjusted variously
according to the material or pattern shape of the photo-mask
250. FIGS. 5A through 5C illustrate photo-masks used in a
method of manufacturing a PDLC display device, according
to example embodiments.

[0040] Referring to FIG. 5A, a photo-mask 251 may
include a light-transmitting pattern 251a having a light trans-
mittance of 100% and a light-blocking pattern 2516 having a
light transmittance of 0%. The photo-mask 251 may be
formed of, for example, metal. Referring to FIG. 5B, a photo-
mask 252 may include a light-transmitting pattern 252a hav-
ing a light transmittance of 100% and a partial light-transmit-
ting pattern 2524 having a light transmittance being less than
100%. The photo-mask 252 may be made of, for example,
metal oxide. If metal oxide is formed by oxidizing metal
having a light absorption of 100%, a portion of the light may
be transmitted through the metal oxide. The light transmit-
tance of the partial light-transmitting pattern 2525 of the
photo-mask 252 can be adjusted by changing the type of
metal to be oxidized.

[0041] Referring to FIG. 5C, a photo-mask 253 may
include a light-transmitting pattern 253q having a light trans-
mittance of 100% and a partial light-transmitting pattern
253b having a light transmittance being less than 100%. The
photo-mask 253 may be made of metal or metal oxide where
aplurality of through-holes are formed. By adjusting the size
and number of through-holes, the light transmittance of the
partial light-transmitting pattern 2535 of the photo-mask 253
can be adjusted.

[0042] As described above, by forming different regions
where polymers have different concentrations in a PDLC
layer, a flexible PDLC display device may be implemented
with improved optical characteristics and bending durability.
[0043] It should be understood that example embodiments
described therein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of fea-
tures or aspects within each embodiment should typically be
considered as available for other similar features or aspects in
other example embodiments.

What is claimed is:
1. A polymer-dispersed liquid crystal (PDLC) display
device comprising:
a first substrate and a second substrate configured to face
each other;
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afirst electrode and a second electrode on the first substrate

and the second substrate, respectively; and

a PDLC layer between the first electrode and the second

electrode, the PDLC layer including at least two regions
containing polymers having different concentrations.

2. The PDLC display device of claim 1, wherein the PDLC
layer further comprises liquid crystals.

3. The PDLC display device of claim 1, wherein the at least
two regions containing the polymers having different concen-
trations are provided alternately and repetitively.

4. The PDLC display device of claim 1, wherein the at least
two regions include a region containing polymers with a
lower concentration and a region containing polymers with a
higher concentration, and

the region containing polymers with a lower concentration

corresponds with an effective display region of a pixel
and the region containing polymers with a higher con-
centration corresponds with a non-display region of the
pixel.

5. A method of manufacturing a polymer-dispersed liquid
crystal (PDLC) display device, the method comprising:

injecting a mixture including a photocurable material

between a first electrode and a second electrode config-
ured to face each other;
applying light to the mixture through a photomask includ-
ing patterns having different light transmittances; and

forming a PDLC layer including polymers by absorbing
the light into the photocurable material, the PDLC layer
including at least two regions containing polymers hav-
ing different concentrations.

6. The method of claim 5, wherein the mixture further
comprises liquid crystals.

7. The method of claim 5, further comprising:

applying light to the mixture after removing the photo-

mask.

8. The method of claim 5, wherein a concentration of the
polymers in a region of the at least two regions of the PDLC
layer is higher than a concentration of the photocurable mate-
rial in the mixture.

9. The method of claim 5, wherein a concentration of the
polymers in another region of the at least two regions of the
PDLC layer is lower than a concentration of the photocurable
material in the mixture.

10. The method of claim 5, wherein the at least two regions
containing the polymers having different concentrations are
formed alternately and repetitively.
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