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7) ABSTRACT

Disclosed is a display device that includes a display area
having an appearance of a specific color in a non-driving
state or displaying a specific screen by using PDLC to
improve esthetic appearance as in a home appliance. The
display device comprises a reflective dispersed layer
arranged on a display panel, wherein the reflective dispersed
layer includes a PDLC layer between a first substrate and a
second substrate, and a transflective layer arranged between
the PDLC layer and the second substrate to transmit light
externally emitted from the display panel and reflect exter-
nally incident light.
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DISPLAY DEVICE HAVING POLYMER
DISPERSED LIQUID CRYSTALS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the Korean
Patent Application No. 10-2015-0061061 filed on Apr. 30,
2015, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display device.
More particularly, the present invention relates to a display
device having polymer dispersed liquid crystals (PDLC).
[0004] 2. Discussion of the Related Art

[0005] With the advancement of the information age,
display fields for visually displaying an electrical signal
have been rapidly developed. In response to this trend,
various flat display devices having excellent performance
such as thin profile, lightweight, and low power consump-
tion have been developed to replace the existing cathode ray
tube (CRT).

[0006] The flat display devices may include liquid crystal
display (LCD) devices, organic light emitting display
(OLED) devices, electrophoretic display (EPD, electric
paper display) devices, plasma display panel (PDP) devices,
field emission display (FED) devices, electroluminescence
display (ELD) devices, and electro-wetting display (EWD)
devices.

[0007] The flat display devices of the related art display
images in a display area while emitting light of specific
luminance and specific color for each pixel during driving.
However, during non-driving, the flat display devices of the
related art display a black color through the display area. In
this way, in the flat display devices of the related art, since
the display area maintains a black color in a non-driving
state in which a power is not supplied, a problem occurs in
that esthetic appearance, such as if a home appliance, is not
good.

SUMMARY OF THE INVENTION

[0008] Accordingly, the present invention is directed to a
display device that substantially obviates one or more prob-
lems due to limitations and disadvantages of the related art.
[0009] An advantage of the present invention is to provide
a display device that includes a display area having the
appearance of a specific color or displaying a specific screen
even during a non-driving state by using polymer dispersed
liquid crystals (PDLC) to improve an esthetic appearance,
for example, in a home appliance.

[0010] Additional advantages and features of the inven-
tion will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be
learned from practice of the invention. The objectives and
other advantages of the invention may be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0011] To achieve these and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a display device having poly-
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mer dispersed liquid crystals (PDLC) according to the
present invention comprises a reflective dispersed layer
arranged on a display panel, wherein the reflective dispersed
layer includes a PDLC layer between a first substrate and a
second substrate, and a transflective layer arranged between
the PDLC layer and the second substrate to transmit light
externally emitted from the display panel and reflect exter-
nally incident light.

[0012] It is to be understood that both the foregoing
general description and the following detailed description of
the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0014] FIG. 1 is a cross-sectional view illustrating a liquid
crystal display device according to the first embodiment of
the present invention;

[0015] FIG. 2 is a cross-sectional view illustrating a liquid
crystal panel shown in FIG. 1;

[0016] FIG. 3 is a cross-sectional view illustrating a PDLC
layer shown in FIG. 1;

[0017] FIGS. 4A, 4B and 4C are cross-sectional views
illustrating a PDLC layer according to a modified example
of FIG. 3;

[0018] FIG. 5 is a schematic view illustrating a liquid
crystal display device shown in FIG. 1 driven in a first mode;

[0019] FIG. 6 is a schematic view illustrating a liquid
crystal display device shown in FIG. 1 driven in a second
mode;

[0020] FIG. 7 is a schematic view illustrating a liquid
crystal display device shown in FIG. 1 driven in a third
mode;

[0021] FIG. 8 is a perspective view illustrating a liquid
crystal display device according to a second embodiment of
the present invention;

[0022] FIG. 9 is a perspective view illustrating a liquid
crystal display device according to a modified example of
FIG. 8;

[0023] FIG. 10 is a cross-sectional view illustrating a
liquid crystal display device shown in FIG. 8;

[0024] FIG. 11 is a schematic view illustrating a liquid
crystal display device shown in FIG. 10 driven in a display
mode;

[0025] FIG. 12 is a schematic view illustrating a liquid
crystal display device shown in FIG. 11 driven in a white
mode;

[0026] FIGS. 13A-13C are exemplary views illustrating
first and second electrodes 450 and 420 patterned in accor-
dance with the present invention; and

[0027] FIG. 14 is an exemplary view illustrating a portable
electronic device to which the present invention is applied.
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DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0028] Terms disclosed in this specification should be
understood as follows.

[0029] The term of a singular expression should be under-
stood to include a multiple expression as well as the singular
expression if there is no specific definition in the context.
The terms such as “the first” and “the second” are used only
to differentiate one element from other elements. Thus, a
scope of claims is not limited by these terms. Also, it should
be understood that the term such as “include” or “have” does
not preclude existence or possibility of one or more features,
numbers, steps, operations, elements, parts or their combi-
nations. It should be understood that the term “at least one”
includes all combinations related with any one item. For
example, “at least one among a first element, a second
element and a third element” may include all combinations
of two or more elements selected from the first, second and
third elements as well as each element of the first, second
and third elements. Also, if it is mentioned that a first
element is positioned “on or above” a second element, it
should be understood that the first and second elements may
be brought into contact with each other, or a third element
may be interposed between the first and second elements.
[0030] Hereinafter, embodiments of a display device hav-
ing polymer dispersed liquid crystals (PDLC) according to
the present invention will be described in detail with refer-
ence to the accompanying drawings.

[0031] For reference, the display device of the present
invention may be realized based on flat display devices such
as liquid crystal display (LCD) devices, field emission
display (FED) devices, plasma display panel (PDP) devices,
organic light emitting display (OLED) devices, and electro-
phoretic display (EPD). In the following embodiments,
although the liquid crystal display device will be described
as an example of the flat display devices, it should be noted
that the display device of the present invention is not limited
to the liquid crystal display device.

[0032] FIG. 1is a cross-sectional view illustrating a liquid
crystal display device according to the first embodiment of
the present invention. FIG. 2 is a cross-sectional view
illustrating a liquid crystal panel shown in FIG. 1. FIG. 3 is
a cross-sectional view illustrating a PDLC layer shown in
FIG. 1.

[0033] Referring to FIG. 1, the liquid crystal display
device according to the first embodiment of the present
invention includes a liquid crystal display panel 100 and a
reflective dispersed layer 400. The reflective dispersed layer
400 is arranged on the liquid crystal display panel 100. The
reflective dispersed layer 400 includes a PDLC layer 410
and a transflective layer 460. The transflective layer 460 is
arranged below the PDLC layer 410 to transmit light extet-
nally emitted from the liquid crystal display panel 100 and
reflect externally incident light.

[0034] In more detail, the liquid crystal display device
according to the first embodiment of the present invention
includes the liquid crystal display panel 100, the transflec-
tive layer 460, the PDLC layer 410, a backlight unit 200, a
first polarizing layer 520, and a second polarizing layer 510.
[0035] The liquid crystal display panel 100 defines a
plurality of pixel areas respectively corresponding to a
plurality of pixels and display an image by controlling a light
transmittance of each of the plurality of pixel areas. The
transflective layer 460 is formed above the liquid crystal
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panel 100 to transmit light externally emitted from the liquid
crystal display panel 100 and reflect light externally entering
the liquid crystal panel 100. The PDLC layer 410 is formed
on the transflective layer 460 to selectively disperse light
which is externally emitted. The backlight unit 200 is
arranged below the liquid crystal panel 100 to irradiate light
towards the liquid crystal panel 100. The first polarizing
layer 520 1s arranged between the liquid crystal panel 100
and the backlight unit 200 to polarize the light irradiated
from the backlight unit 200. The second polarizing layer 510
is arranged between the liquid crystal panel 100 and the
transflective layer 460 to polarize the light emitted from the
liquid crystal panel 100.

[0036] Referring to FIG. 2, the liquid crystal panel 100
includes lower substrate 110 and upper substrate 120 facing
each other, and a first liquid crystal layer 130 formed
between the lower substrate 110 and the upper substrate 120.
In this case, the lower substrate 110 defines a plurality of
pixel areas respectively corresponding to a plurality of
pixels, and is provided with a plurality of thin film transis-
tors arranged to correspond to the plurality of pixels. There-
fore, the lower substrate 110 may be referred to as a thin film
transistor (TFT) array substrate. Since the upper substrate
120 is provided with a color filter layer arranged to transmit
light of a wavelength area corresponding to a color of each
of the plurality of pixel areas, the upper substrate 120 may
be referred to as a color filter (CF) array substrate. The liquid
crystal panel 100 may be driven in a vertical electric field
mode or a horizontal electric field mode.

[0037] The transflective layer 460 is formed in a structure
that a thin prism film (not shown) and a reflective polarized
film (not shown) are bonded to each other, and reflect light
entering a surface where a prism mountain is formed, but
transmits light entering a surface where a prism mountain is
not formed. The transflective layer 460 transmits light
emitted from the liquid crystal panel 100 and polarized by
the second polarizing plate 510. That is, the light externally
directed from the liquid crystal panel 100, and reflects light
externally entering the liquid crystal panel 100.

[0038] The thin prism film of the transflective layer 460
has one surface on which triangular prisms (corresponding
to the above “prism mountain”) are arranged in parallel
along one direction and another surface bonded to the
reflective polarized film. The reflective polarized film may
be comprised of multi-layered optical films of several hun-
dreds of layers overlapped with one another with a thickness
of several hundreds of um and their respective refractive
indexes different from one another. The reflective polarized
film has reflectivity with respect to light polarized in one
direction and transmissivity with respect to light polarized in
another direction. At this time, the light reflected by the
reflective polarized film may again be reflected and trans-
mitted by being modified to the light polarized in the another
direction, whereby the amount of the light transmitted by the
transflective layer 460 may be increased. The transflective
layer 460 may be made of polyester material and serve as a
mirror. The transflective layer 460 according to one example
may be used as a dual brightness enhancement film (DBEF)
manufactured and sold by 3M company. Also, the transflec-
tive layer 460 may be comprised of a metal layer such as Al,
Ag and Cr. Moreover, the transflective layer 460 may be
comprised of Ag-wire coating layer having polarizing prop-
erty. The transflective layer 460 comprised as above may
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serve as a second electrode 420 which is a lower driving
electrode of the PDLC layer 410.

[0039] Referring to FIG. 3, as described above, the reflec-
tive dispersed layer 400 includes a PDLC layer 410, and a
transflective layer 460 arranged below the PDLC layer 410
to transmit light externally emitted from the liquid crystal
panel 100 and reflect externally incident light. For reference,
the transflective layer 460 is not shown in FIG. 3 since the
transflective layer 460 is served as the second electrode 420.
[0040] The reflective dispersed layer 400 includes first
substrate 440 and second substrate 430 facing each other, a
first electrode 450 on the first substrate 440, and a second
electrode 420 on the second substrate 430. In this case, the
first electrode 450 and second electrode 420 are arranged to
face each other. The PDLC layer 410 is provided between
the first electrode 450 and the second electrode 420. The
PDLC layer 410 includes a second liquid crystal layer 320
which is capsulated. The second liquid crystal layer 320
includes at least one capsulated liquid crystal 321 and a
filling layer 322. The filling layer 322 is formed of polymer
to surround and capsulate the liquid crystal layer 321. The
second liquid crystal layer 320 may be formed by injecting
a mixture of a polymer monomer capable of UV hardening
and the capsulated liquid crystal 321 between the first
electrode 450 and the second electrode 420, deriving phase
separation of the liquid crystal and polymer through expo-
sure, and capsulating the liquid crystal 321.

[0041] At least one capsulated liquid crystal 321 is ran-
domly arranged in its initial state because a specific align-
ment direction is not formed inside the capsule. The light
entering the second liquid crystal layer 320 of the initial state
is dispersed by the capsulated liquid crystal 321 randomly
arranged within the capsule and a difference in a refractive
index between the capsulated liquid crystal 321 and the
filling layer 322. Hereinafter, the PDLC layer 410 driven to
allow the second liquid crystal layer 320 to disperse the light
will be referred to as a “PDLC layer 410 of a dispersed
mode”.

[0042] However, if a voltage difference occurs between
the first electrode 450 and the second electrode 420, a
predetermined electric field is formed between the first
electrode 450 and the second electrode 420, and the capsu-
lated liquid crystals 321 randomly arranged in initial state
are aligned in one direction by the electric field between the
first electrode 450 and the second electrode 420, whereby
the light entering the second liquid crystal layer 320 is
transmitted as it is. Hereinafter, the PDLC layer 410 driven
to allow the second liquid crystal layer 320 to transmit the
light will be referred to as a “PDLC Layer 410 of a
transmissive mode”. Moreover, since the electric field is
formed between the first electrode 450 and the second
electrode 420, the PDLC layer 410 of the transmissive mode
may indicate a turn-on state, and the PDLC layer 420 of the
dispersed mode may indicate a turn-off’ state.

[0043] In FIG. 3, the transflective layer which serves as
the second electrode 420 is preferably made of a metal layer,
such as Al, Ag and Cr, which is a reflective material. In the
present invention, a transflective layer cannot be provided
separately from the first and second electrodes 450 and 420
provided to drive the PDLC layer 410, whereby it is advan-
tageous in that the structure of the present invention is
simplified.

[0044] However, the transflective layer may be provided
separately from the second electrode 420. That is, as shown
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in FIG. 4A, the transflective layer 460 may be disposed
between the PDLC layer 410 and the second electrode 420.
Also, as shown in FIG. 4B, the transflective layer 460 may
be disposed between the second electrode 420 and the
second substrate 430. Also, as shown in FIG. 4C, the
transflective layer 460 may be disposed below the second
substrate 430. Since the transflective layer 460 may directly
be coated on the PDLC layer 410 or deposited on the outer
surface of the PDLC layer 410, it is advantageous in that the
liquid crystal display device according to the present inven-
tion may be manufactured and realized in various types.
[0045] As described above, the liquid crystal display
device according to the first embodiment of the present
invention including the liquid crystal panel 100, the trans-
flective layer 460, and the PDLC layer 410 may be driven in
a display mode (hereinafter, referred to as “first mode™) for
displaying an image corresponding to an image signal in a
display area, a mirror mode (hereinafter, referred to as
“second mode”) in which external light reflected by the
transflective layer 460 is transmitted by the PDLC layer 410
of the transmissive mode to allow the outside of display
device to appear in the display area, and an appearance mode
(hereinafter, referred to as “third mode”) in which external
light reflected by the transflective layer 460 is dispersed by
the PDLC layer 410 of the dispersed mode to allow the
display area to have a white color.

[0046] Hereinafter, the first to third modes in which the
liquid crystal display device according to the first embodi-
ment of the present invention is driven will be described in
detail with reference to FIGS. 5 to 7.

[0047] FIG. 5 is a schematic view illustrating a liquid
crystal display device shown in FIG. 1 driven in a first mode,
FIG. 6 is a schematic view illustrating a liquid crystal
display device shown in FIG. 1 driven in a second mode, and
FIG. 7 is a schematic view illustrating a liquid crystal
display device shown in FIG. 1 driven in a third mode.
[0048] FIGS. 5 to 7 illustrates a transflective layer 460 is
below the PDLC layer 410 separately from the PDLC layer
410. As described above, the liquid crystal display device
according to the first embodiment of the present invention
may be driven in the first to third modes.

TABLE 1
Second
First mode mode
(FIG. 5) (FIG. 6) Third mode (FIG. 7)
Liquid crystal panel Turn-on Turn-off Turn-off
PDLC layer Turn-on Turn-on Turn-off

Display screen Image display ~ Mirror state  White colored state

[0049] As illustrated in Table 1, according to the first
embodiment of the present invention, the liquid crystal
display device of the first mode displays an image corre-
sponding to an image signal in the display area as the liquid
crystal panel 100 and the PDLC layer 410 are turned on.
[0050] As shown in FIG. 5, the liquid crystal display
device of the first mode is driven using light irradiated from
the backlight unit 200 as the liquid crystal panel 100 in the
turn-on state emits light for displaying an image.

[0051] That is, in the liquid crystal display device of the
first mode, light irradiated from the backlight unit 200 and
polarized by the first polarizing layer 520 enters the liquid
crystal panel 100 in the turn-on state, and the liquid crystal
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panel 100 in the turn-on state emits light for displaying an
image by controlling light transmittance of each of the
plurality of pixel areas. The transflective layer 460 transmits
the light emitted from the liquid crystal panel 100 and
polarized by the second polarizing layer 510, and the PDLC
layer 410 in the turn-on state is driven in the transmissive
mode in which the capsulated liquid crystals 321 are aligned
in one direction. Therefore, the transflective layer 460 is
driven to display an image in the display area by transmitting
and externally emitting the incident light.

[0052] In contrast, as shown in FIGS. 6 and 7, the liquid
crystal display device of the second mode and the third mode
is driven using the external light reflected by the transflec-
tive layer 460 because the liquid crystal panel 100 in the
turn-off state does not emit light for displaying an image.
[0053] That is, as shown in FIG. 6, in the liquid crystal
display device of the second mode, the transflective layer
460 reflects the external light, and the PDLC layer 410 in the
turn-on state is driven in the transmissive mode to transmit
the light reflected by the transflective layer 460 and allow the
transmitted light to be externally emitted, whereby the
display area is driven as a mirror for reflecting the outside.
[0054] And, as shown in FIG. 7, in the liquid crystal
display device of the third mode, the transflective layer 460
reflects the external light, and the PDLC layer 410 in the
turn-off state is driven in the dispersed mode in which the
capsulated liquid crystals 321 are randomly arranged, to
disperse the light reflected by the transflective layer 460,
whereby the display area has an opaque white color. At this
time, since the liquid crystal panel 100 and the PDLC layer
410 are in the turn-off state in which the electric field for
aligning the liquid crystals is not formed, a driving voltage
is not required. That is, the liquid crystal display device of
the third mode corresponds to a non-driving state in which
a separate voltage is not consumed, and has a display area
having a white color.

[0055] As described above, in the liquid crystal display
device according to the first embodiment of the present
invention, since the display area may have a white colored
appearance even in the non-driving state in which a separate
power is not supplied, esthetic effect as in, for example, a
home appliance can be improved.

[0056] Meanwhile, in the first embodiment described as
above, since the transflective layer 460 transmits light cor-
responding to 40% of externally incident light, there is a
limitation in increasing brightness of the display area during
the second and third modes. Therefore, in a display device
of a second embodiment of the present invention, brightness
of the display area is increased during the second and third
modes.

[0057] FIG. 8 is a perspective view illustrating a liquid
crystal display device according to the second embodiment
of the present invention. FIG. 9 is a perspective view
illustrating a liquid crystal display device according to a
modified example of FIG. 8. FIG. 10 is a cross-sectional
view illustrating a liquid crystal display device shown in
FIG. 8.

[0058] Referring to FIGS. 8 and 10, the liquid crystal
display device according to the second embodiment of the
present invention further includes a polarizing control panel
600, a first reflective polarized film 610, and a second
reflective polarized film 620 in addition to the liquid crystal
display device shown in FIG. 1. The polarizing control panel
600 is arranged between the reflective dispersed layer 400
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and the liquid crystal panel 100, and controls a polarizing
direction of the light from the liquid crystal panel 100. In the
second embodiment, description of the same elements as
those of the first embodiment will be replaced with the
aforementioned description.

[0059] The polarizing control panel 600 includes third
substrate 630 and fourth substrate 640 facing each other, a
third electrode 635 on the third substrate 630, a fourth
electrode 645 on the fourth substrate 640, and a third liquid
crystal layer 650 between the third electrode 635 and fourth
electrode 645.

[0060] The first reflective polarized film 610 is between
the third substrate 630 and the reflective dispersed layer 400.
The second reflective polarized film 620 is between the
fourth substrate 640 and the liquid crystal panel 100. In this
case, the second reflective polarized film 620 may serve as
a second polarizing layer 510 arranged on the liquid crystal
panel 100 in the first embodiment. The second polarizing
layer 510 is not shown in FIGS. 8 and 9 since the second
reflective polarized film 620 is served as the second polar-
izing layer 510.

[0061] Therefore, the structure of the present invention
may be simplified.

[0062] The polarizing control panel 600 controls a polar-
izing direction of the light from the liquid crystal panel 100.
The polarizing control panel 600 passes through the first
linearly polarized light from the outside as it is or converts
the first linearly polarized light to the second linearly
polarized light (or circularly polarized light). For example,
the first linearly polarized light means light vibrated in a
z-axis direction, and the second linearly polarized light
means light ongoing while being vibrated in an x-axis
direction. Hereinafter, the state that the polarizing control
panel 600 passes through the first linearly polarized light
from the outside as it is will be defined as the transmissive
mode, and the state that the polarizing control panel 600
converts the first linearly polarized light to the second
linearly polarized light will be defined as a shielding mode.

[0063] The reflective polarized film basically has a trans-
mission axis and a reflective axis, which are orthogonal to
each other. Therefore, although the polarized light vibrated
in a direction parallel with the transmission axis may trans-
mit the reflective polarized film, the polarized light vibrated
in a direction parallel with the reflective axis is reflected
from the reflective polarized film. As the reflective polarized
film according to one example, a dual brightness enhance-
ment film (DBEF), a wire grid polarizer (WGP), or a TiO2
multi-layer film may be used.

[0064] Meanwhile, the first and second reflective polar-
ized films 610 and 620 according to the second embodiment
of the present invention may have transmission axes the
same as or perpendicular to each other, as shown in FIGS.
8 and 9. That is, as shown in FIG. 8, the transmission axis
of the first reflective polarized film 610 and the transmission
axis of the second reflective polarized film 620 may be
parallel with each other. Also, as shown in FIG. 9, the
transmission axis of the first reflective polarized film 610
and the transmission axis of the second reflective polarized
film 620 may be perpendicular to each other.

[0065] Hereinafter, a method for driving the liquid crystal
display device according to the second embodiment of the
present invention will be described in detail with reference
to FIGS. 11 and 12.



US 2016/0320644 Al

[0066] FIG. 11 is a schematic view illustrating a liquid
crystal display device shown in FIG. 10 driven in a display
mode. FIG. 12 is a schematic view illustrating a liquid
crystal display device shown in FIG. 11 driven in a white
mode.

[0067] According to the second embodiment of the present
invention, the liquid crystal display device of the display
mode displays an image corresponding to an image signal in
the display area as the liquid crystal panel 100 and the PDLC
layer 410 are turned on.

[0068] If the transmission axis of the first reflective polar-
ized film 610 and the transmission axis of the second
reflective polarized film 620 are parallel with each other, the
polarizing control panel 600 is driven in the transmissive
mode to transmit the light from the liquid crystal panel 100
as it is. In more detail, the liquid crystal display device of the
display mode is driven using the light irradiated from the
backlight unit 200 as the liquid crystal panel 100 in the
turn-on state emits the light for displaying an image.
[0069] That is, in the liquid crystal display device of the
display mode in FIG. 11, the light irradiated from the
backlight unit 200 and polarized by the first polarizing layer
520 enters the liquid crystal panel 100 in the turn-on state,
and the liquid crystal panel 100 in the turn-on state emits the
light for displaying an image by controlling light transmit-
tance of each of the plurality of pixel areas. The polarizing
control panel 600 transmits the light emitted from the liquid
crystal panel 100 and polarized by the second reflective
polarized film 620, and the light that has transmitted the
polarizing control panel 600 transmits the first reflective
polarized film 610. The transflective layer 460 transmits the
light that has transmitted the first reflective polarized film
610, and the PDLC layer 410 in the turn-on state is driven
in a transmissive mode in which the liquid crystals 321 are
aligned in one direction, to transmit the light transmitted by
the transflective layer 460 and externally emit the light,
whereby an image 1s displayed in the display area.

[0070] In contrast, if the transmission axis of the first
reflective polarized film 610 and the transmission axis of the
second reflective polarized film 620 are perpendicular to
each other, the polarizing control panel 600 is driven in the
shielding mode to convert a polarizing direction of the light
from the liquid crystal panel 100. In more detail, the
polarizing control panel 600 converts the polarizing direc-
tion of the light emitted from the liquid crystal panel 100 and
polarized by the second reflective polarized film 620, and the
polarizing direction of the light converted by the polarizing
control panel 600 is again converted by the first reflective
polarized film 610. The transflective layer 460 transmits the
light converted by the first reflective polarized film 610, and
the PDLC layer 410 in the turn-on state is driven in a
transmissive mode in which the liquid crystals 321 are
aligned in one direction, to transmit the light transmitted by
the transflective layer 460 as it is and externally emit the
light, whereby an image is displayed in the display area.
[0071] Meanwhile, when the liquid crystal panel 100 does
not emit the light for displaying the image, the liquid crystal
display device of the white mode displays a white color by
using the external light reflected by the transflective layer
460, the first reflective polarized film 610, and the second
reflective polarized film 620.

[0072] If the transmission axis of the first reflective polar-
ized film 610 and the transmission axis of the second
reflective polarized film 620 are parallel with each other, the
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polarizing control panel 600 is driven in the shielding mode
to convert the polarizing direction of the incident light. In
more detail, in the liquid crystal display device of the white
mode in FIG. 12, the transflective layer 460 reflects the
external light, and the PDLC layer 410 in the turn-off state
allows the capsulated liquid crystals 321 to be randomly
arranged and disperses the light reflected by the transflective
layer 460, whereby the display area has an opaque white
color. At this time, since the liquid crystal panel 100 and the
PDLC layer 410 are in the turn-off state in which the electric
field for aligning the liquid crystals is not formed, a driving
voltage is not required.

[0073] That is, the liquid crystal display device of the
white mode corresponds to a non-driving state in which a
separate voltage is not consumed, and has a display area
having a white color. The light that has transmitted the
transflective layer 460 is reflected by each of the first and
second reflective polarized films 610 and 620, whereby
brightness of the white colored display screen becomes
brighter. In more detail, the light that has transmitted the
transflective layer 460 is primarily reflected by the first
reflective polarized film 610. After the polarizing direction
of the light that has transmitted the first reflective polarized
film 610 is converted by the polarizing control panel 600, the
light is secondarily reflected by the second reflective polar-
ized film 620. After the polarizing direction of the second-
arily reflected light is converted by the polarizing control
panel 600, the light enters the PDLC layer 410 by transmit-
ting the first reflective polarized film 610.

[0074] In contrast, if the transmission axis of the first
reflective polarized film 610 and the transmission axis of the
second reflective polarized film 620 are perpendicular to
each other, the polarizing control panel 600 is driven in the
transmissive mode to transmit the incident light as it is. In
more detail, the light that has transmitted the transflective
layer 460 is primarily reflected by the first reflective polar-
ized film 610. After the light that has transmitted the first
reflective polarized film 610 transmits the polarizing control
panel 600, the light is secondarily reflected by the second
reflective polarized film 620. After the polarizing direction
of the secondarily reflected light is converted by the polar-
izing control panel 600 and then converted by the first
reflective polarized film 610, the light enters the PDLC layer
410.

[0075] As described above, in the liquid crystal display
device according to the second embodiment of the present
invention, since the display area may have a white colored
appearance even in the non-driving state in which a separate
power is not supplied, esthetic effect, for example, as a home
appliance can be improved. Also, the first and second
reflective polarized films 610 and 620 and the polarizing
control panel 600 are further provided between the trans-
flective layer 460 and the liquid crystal panel 100, whereby
brightness of the white colored display screen becomes

brighter.

[0076] Meanwhile, the liquid crystal display device
according to the present invention may display a specific
image even in case of a non-driving state of the liquid crystal
panel 100 by patterning the first and second electrodes 450
and 420 for driving the PDLC layer 410 and independently
driving the patterned first and second electrodes 450 and
420.
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[0077] FIGS. 13A-13C are exemplary views illustrating
first and second electrodes 450 and 420 patterned in accor-
dance with the present invention.
[0078] Referring to FIGS. 13A-13C, in the reflective dis-
persed layer 400, the first and second electrodes 450 and 420
for driving the PDLC layer 410 are split and patterned into
a plurality of areas when viewed on a plane. In more detail,
the reflective dispersed layer 400 may be categorized into a
first area 700 having an opaque white color during non-
driving of the liquid crystal panel 100 and a second area 710
having a black color or any other color during non-driving
of the liquid crystal panel 100 in accordance with the area
where the first and second electrodes 450 and 420 are split.
[0079] The reflective dispersed layer 400 corresponding to
the first area 700 has a white color as the PDLC layer 410
is driven in the aforementioned dispersed mode during
non-driving of the liquid crystal panel 100. In the reflective
dispersed layer 400 corresponding to the second area 710,
the PDLC layer 410 may contain a pigment having a black
color or a specific color to display a black or specific color
during non-driving of the liquid crystal panel 100. The
second area 710 has appearance of a specific color in the
display area during non-driving of the liquid crystal panel
100 or displays a specific screen.
[0080] For example, the second area 710, as shown in
FIGS. 13A and 13B, may display clock information or may
be an area where a log of a manufacturer is displayed. Also,
the second area 710, as shown in FIG. 13C, may be split into
a plurality of areas in a matrix arrangement, and may display
images different for each of the plurality of areas.
[0081] The display device having the reflective dispersed
layer 400 of which first and second electrodes 450 and 420
are patterned as above may be realized as a portable elec-
tronic device 800 as shown in FIG. 14, and may be driven
to display a clock or a specific screen if the portable
electronic device 800 is in a locked state (or idle state).
[0082] As described above, the display device according
to the present invention has the following advantages.
[0083] In the display device according to the present
invention, since the PDLC layer and the transflective layer
are arranged on the display panel, the display area may have
white colored appearance even in case of a non-driving state
that a separate power is not supplied, whereby esthetic effect
as home appliance can be improved. Also, the first and
second reflective polarized films and the polarizing control
panel are further arranged between the transflective layer
and the display panel, whereby brightness of the white
colored display screen is increased, whereby esthetic effect
can be improved.
[0084] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the inventions. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:

1. A display device comprising:

a display panel; and

a reflective dispersed layer arranged on the display panel,

wherein the reflective dispersed layer includes:

first and second substrates facing each other;

a polymer dispersed liquid crystal (PDLC) layer between

the first substrate and the second substrate;
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a first electrode between the first substrate and the PLDC
layer; and

a transflective layer arranged between the PDLC layer and
the second substrate to transmit light externally emitted
from the display panel and reflect externally incident

light.
2. The display device of claim 1, further comprising a
second electrode on the second substrate.

3. The display device of claim 2, wherein the transflective
layer is provided between the PDLC layer and the second
electrode or between the second electrode and the second
substrate.

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

a polarizing control panel arranged between the reflective
dispersed layer and the display panel to control a
polarizing direction of the incident light from the
display panel,

a first reflective polarized film between the reflective
dispersed layer and the polarizing control panel; and

a second reflective polarized film between the polarizing
control panel and the display panel.

5. The display device of claim 4, wherein the polarizing
control panel includes:

third and fourth substrates facing each other;

a liquid crystal layer between the third and fourth sub-
strates;

a third electrode between the third substrate and the liquid
crystal layer; and

a fourth electrode between the liquid crystal layer and the
fourth substrate;

6. The display device of claim 4, further comprising:

a back light unit arranged below the display panel to
irradiate light towards the display panel; and

a first polarizing layer arranged between the display panel
and the backlight unit to polarize the light irradiated
from the backlight unit,

wherein the second reflective polarized film is a second
polarizing layer to polarize the light emitted from the
display panel.

7. The display device of claim 4, wherein the first and
second reflective polarized films have transmission axes
parallel with each other.

8. The display device of claim 4, wherein the first and
second reflective polarized films have transmission axes
perpendicular to each other.

9. The display device of claim 2, wherein the first and
second electrodes are split and patterned into a plurality of
areas when viewed on a plane.

10. The display device of claim 9, wherein the patterned
first and second electrodes are independently driven.

11. The display device of claim 9, wherein the reflective
dispersed layer includes a first area having an opaque white
color during non-driving of the display panel and a second
area having a predetermined color during non-driving of the
display panel in accordance with an area where the first and
second electrodes are split.



US 2016/0320644 Al

12. A display device comprising:

a display panel; and

a reflective dispersed layer arranged on the display panel,

wherein the reflective dispersed layer includes:

first and second substrates facing each other;

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

a first electrode between the first substrate and the PDLC
layer;

a second electrode between the PDLC layer and the
second substrate; and

a transflective layer arranged below the second substrate
to transmit light externally emitted from the display
panel and reflect externally incident light.

13. The display device of claim 12, further comprising;

a polarizing control panel arranged between the reflective
dispersed layer and the display panel to control a
polarizing direction of the incident light from the
display panel;

a first reflective polarized film between the reflective
dispersed layer and the polarizing control panel; and

a second reflective polarized film between the polarizing
control panel and the display panel.

14. The display device of claim 13, wherein the polarizing

control panel includes:

third and fourth substrates facing each other;

a liquid crystal layer between the third and fourth sub-
strates;

a third electrode between the third substrate and the liquid
crystal layer; and
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a fourth electrode between the liquid crystal layer and the

fourth substrate;

15. The display device of claim 13, further comprising:

a back light unit arranged below the display panel to

irradiate light towards the display panel; and

a first polarizing layer arranged between the display panel

and the backlight unit to polarize the light irradiated
from the backlight unit,

wherein the second reflective polarized film is a second

polarizing layer to polarize the light emitted from the
display panel.

16. The display device of claim 13, wherein the first and
second reflective polarized films have transmission axes
parallel with each other.

17. The display device of claim 13, wherein the first and
second reflective polarized films have transmission axes
perpendicular to each other.

18. The display device of claim 12, wherein the first and
second electrodes are split and patterned into a plurality of
areas when viewed on a plane.

19. The display device of claim 18, wherein the patterned
first and second electrodes are independently driven.

20. The display device of claim 18, wherein the reflective
dispersed layer includes a first area having an opaque white
color during non-driving of the display panel and a second
area having a predetermined color during non-driving of the
display panel in accordance with an area where the first and
second electrodes are split.
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