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(57) ABSTRACT

A display apparatus capable of controlling light transmittance
includes: atransparent organic light emitting device compris-
ing a first region including an emission region capable of
emitting light and a second region adjacent to the first region
in a horizontal direction and including a transmission region
capable of transmitting external light therethrough; and a
light transmission control device coupled to and facing the
transparent organic light emitting device, the light transmis-
sion control device comprising a third region formed at a
location corresponding to the first region and a fourth region
adjacent to the third region in the horizontal direction and
positioned to correspond to the second region, wherein the
fourth region comprises a sealed cavity having a transmission
control material layer therein, and the transmission control
material layer is configured to be selectively driven by the
light transmission control device.
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DISPLAY APPARATUS CAPABLE OF
CONTROLLING LIGHT TRANSMITTANCE

RELATED APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0092666, filed on Jul. 22, 2014 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiments of the present invention
relate generally to flat panel displays. One or more embodi-
ments of the present invention relate more specifically to a
display apparatus capable of controlling light transmittance
therethrough.

[0004] 2. Description of the Related Art

[0005] An organic light emitting display apparatus has
excellent characteristics in terms of viewing angle, contrast,
response speed, and power consumption, and the number of
applications to which organic light emitting display appara-
tuses may be applied has increased. For example, the organic
light emitting display apparatus may be applied to personal
portable devices such as an MP3 player or a mobile phone,
and ever to a television (TV). Unlike a liquid crystal display
(LCD) device, an organic light emitting display is self-emis-
sive, and thus does not need an additional light source. There-
fore, the use of an organic light emitting display reduces the
thickness and weight of its display apparatus. In addition, the
organic light emitting display apparatus may be formed as a
transparent display apparatus, by forming a thin film transis-
tor or an organic light emitting device that is transparent and
forming a transmission region (or transmission window)
separately from a pixel area.

SUMMARY

[0006] One or more embodiments of the present invention
include a display apparatus capable of controlling light trans-
mittance.

[0007] 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 ofthe presented
embodiments.

[0008] According to one or more embodiments of the
present invention, a display apparatus capable of controlling
light transmittance includes: a transparent organic light emit-
ting device including a first region having an emission region
capable of emitting light and a second region adjacent to the
first regionina horizontal direction and having a transmission
region capable of transmitting external light therethrough;
and a light transmission control device facing the transparent
organic light emitting device, and including a third region
formed at a location corresponding to the first region and a
fourth region adjacent to the third region in the horizontal
direction and positioned to correspond to the second region.
The fourth region may include a sealed cavity having a trans-
mission control material layer therein, and the transmission
control material layer is configured to be selectively driven by
the light transmission control device.

[0009] The display apparatus may further include: a first
base member including a first surface and an opposite second
surface; and a second base member coupled to the first surface
ofthe first base member, wherein the transparent organic light
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emitting unit is located on the first surface of the first base
member and sealed by the second base member.

[0010] The first base member may be flexible.

[0011] The light transmission control device may be
located facing the second surface of the first base member.
[0012] The light transmission control device may be
located facing a surface of the second base member.

[0013] Thelight transmission control device may include: a
third base member; a cavity layer formed on the third base
member and including a barrier forming a boundary of a
cavity and a roof layer connected to the barrier to form an
upper portion of the cavity; a first electrode adjacent to the
cavity and located at least in the fourth region; and a second
electrode adjacent to the cavity and located at least in the
fourth region, the second electrode also being spaced apart
from the first electrode.

[0014] The third base member may be flexible.

[0015] The light transmission control device may further
include a light blocking unit located at least in the third
region.

[0016] Thedisplay apparatus may further include a capping
layer disposed between the transparent organic light emitting
device and the light transmission control device.

[0017] The capping layer may include an acryl-based or an
epoxy-based polymer material.

[0018] The display apparatus may further include: a first
polarizer; and a second polarizer facing the first polarizer,
wherein the transparent organic light emitting device and the
light transmission control device may be located between the
first polarizer and the second polarizer.

[0019] A direction in which the first polarizer rotates light
may be opposite to a direction in which the second polarizer
rotates light.

[0020] An area of the cavity may be greater than an area of
the transmission region.

[0021] The transparent organic light emitting device may
include: a pixel electrode located in the first region; and an
opposite electrode facing the pixel electrode, located in the
first region and the second region, and having an opening ata
location corresponding to the transmission region, wherein an
area of the cavity may be greater than an area of the opening.
[0022] Thedisplay apparatus may further include an adhe-
sive layer which is disposed between the transparent organic
light emitting device and the light transmission control device
and which is capable of transmitting light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings in which:

[0024] FIGS. 1 and 2 are schematic cross-sectional views
of a display apparatus according to an embodiment of the
present invention;

[0025] FIGS. 3 and 4 are schematic cross-sectional views
of a display apparatus according to another embodiment of
the present invention;

[0026] FIG. 5 is a cross-sectional view of a display appa-
ratus according to an embodiment of the present invention;
[0027] FIG. 6 is a cross-sectional view of a display appa-
ratus according to another embodiment of the present inven-
tion;
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[0028] FIG. 7 is a cross-sectional view of a transparent
organic light emitting unit and a light transmittance control-
ling device according to an embodiment of the present inven-
tion;

[0029] FIG. 8 is a plan view of a pixel in the transparent
organic light emitting unit;

[0030] FIG. 9 is a cross-sectional view of the pixel taken
along line I-I of FIG. 8;

[0031] FIG. 10 is a cross-sectional view of the pixel taken
along line I-I of FIG. 8 according to another example;
[0032] FIG. 11 s across-sectional view of a light transmis-
sion control device according to an embodiment of the
present invention;

[0033] FIG.12is aschematic cross-sectional view ofa light
transmission control device according to another embodi-
ment of the present invention;

[0034] FIG. 13 is a schematic cross-sectional view of a
display apparatus according to another embodiment of the
present invention.

DETAILED DESCRIPTION

[0035] As the invention allows for various changes and
numerous embodiments, particular embodiments will be
illustrated in the drawings and described in detail in the writ-
ten description. However, this is not intended to limit the
present invention to particular modes of practice, and it is to
be appreciated that all changes, equivalents, and substitutes
that do not depart from the spirit and technical scope of the
present invention are encompassed in the present invention.
Furthermore, any one or more features of any of the embodi-
ments may be mixed and matched in any manner, to produce
further embodiments also falling within the scope of the
invention.

[0036] Hereinafter, the present invention will be described
in detail by explaining preferred embodiments of the inven-
tion with reference to the attached drawings. Like reference
numerals in the drawings denote like elements, and detailed
descriptions may be omitted.

[0037] As used herein, the singular forms “a,” “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise.

[0038] It will be further understood that the terms “com-
prises” and/or “comprising” used herein specify the presence
of stated features or components, but do not preclude the
presence or addition of one or more other features or compo-
nents.

[0039] Tt will be understood that when a layer, region, or
component is referred to as being “formed on” another layer,
region, or component, it can be directly or indirectly formed
on the other layer, region, or component. That is, for example,
intervening layers, regions, or components may be present.
[0040] When a certain embodiment may be implemented
differently, a specific process order may be performed differ-
ently from the described order. For example, two consecu-
tively described processes may be performed substantially at
the same time or performed in an order opposite to the
described order.

[0041] Sizes of components in the drawings may be exag-
gerated for convenience of explanation. In other words, since
sizes and thicknesses of components in the drawings are
arbitrarily illustrated for convenience of explanation, the fol-
lowing embodiments are not limited thereto. Accordingly, the
various figures arenot necessarily to scale. As used herein, the
term “and/or” includes any and all combinations of one or
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more of the associated listed items. Expressions such as “at
least one of,” when preceding a list of elements, modify the
entire list of elements and do not modify the individual ele-
ments of the list.

[0042] FIG. 1 is a schematic cross-sectional view of a dis-
play apparatus according to an embodiment of the present
invention.

[0043] Referring to FIG. 1, the display apparatus of the
present embodiment includes a transparent organic light
emitting device 1 and a light transmission control device 2.
[0044] The transparent organic light emitting device 1
emits light of an image toward a user (U), and at the same
time, transmits external light in a thickness direction thereof.
Thus, an image of an object O, located on the other side of the
transparent organic light emitting device 1 from the user U,
may be seen through the transparent organic light emitting
device 1by the user U. That is, the user U may simultaneously
see both the image generated by device 1, as well as the object
0.

[0045] The light transmission control device 2 may be dis-
posed between the transparent organic light emitting device 1
and the object O. The light transmission control device 2 may
transmit or pass external light in a thickness direction thereof,
and accordingly, the image of the object O located behind the
transparent organic light emitting device 1 and the light trans-
mission control device 2 may pass through both the transpar-
ent organic light emitting device 1 and the light transmission
control device 2, to be observed by the user U.

[0046] Thelight transmission control device 2 may be con-
figured so that predetermined regions of device 2 can selec-
tively block transmission of external light. Accordingly, as
shown in FIG. 2, the device 2 may selectively block light from
object O, so that user U does not observe the image of the
object O that is located behind the transparent organic light
emitting device 1 and the light transmission control device 2.
The user U may freely adjust observation of the image
through the transparent organic light emitting device 1 and
observation of the object O by using the light transmission
control device 2.

[0047] Inthe embodiment shownin FIGS. 1 and 2, the light
transmission control device 2 may be closer to the object O
than the transparent organic light emitting device 1 is.
Accordingly, brightness of the image emitted from the trans-
parent organic light emitting device 1 may not be degraded by
the light transmission control device 2, so as to provide the
user U with an image of high quality. However, one or more
embodiments of the present invention are not limited thereto,
and if the emission brightness of the transparent organic light
emitting device 1 is sufficiently high, the light transmission
control device 2 may be positioned closer to the user U than
the object O, 1.e. between device 1 and the user U.

[0048] According to FIGS. 1 and 2, the transparent organic
light emitting device 1 may emit light to a front surface and/or
arear surface of the transparent organic light emitting device
1to display its image. However, one or more embodiments of
the present invention are not limited thereto, that is, as shown
in FIGS. 3 and 4, the transparent organic light emitting device
1 may be a dual-emission type device so that a first image may
be displayed toward a first user Ul and a second image is
displayed toward a second user U2.

[0049] As shown in FIG. 3, in a state where the light trans-
mission control device 2 transmits external light, the first user
U1 and the second user U2 located on opposite sides of both
the transparent organic light emitting device 1 and the light
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transmission control device 2 may observe the firstimage and
the second image respectively, and moreover, the firstuser Ul
and the second user U2 may also see each other through the
transparent organic light emitting device 1 and the light trans-
mission control device 2.

[0050] Ina state where the light transmission control device
2 selectively blocks the transmission of external light at least
atapartial region, as shown in FIG. 4, the first user U1 and the
second user U2 may only observe the first image and the
second image that are displayed respectively toward the first
user Ul and the second user U2, but may not see each other.
That is, each user U1, U2 sees only the image emitted by the
side of device 1 facing that user; users U1, U2 do not see each
other.

[0051] As described above, the light transmission control
device 2 may act as a shutter unit that may selectively control
transmittance of the external light with respect to the trans-
parent organic light emitting device 1.

[0052] FIG.5is a cross-sectional view of the display appa-
ratus according to the present invention in more detail.
[0053] Referring to FIG. 5, the transparent organic light
emitting device 1 includes a first base member 11 and a
transparent organic light emitting unit 12 disposed on the first
base member 11.

[0054] The first base member 11 has a first surface 111 and
asecond surface 112 facing each other, and may be a substrate
formed of a glass or a plastic. The first base member 11 may
be transparent and flexible.

[0055] The transparent organic light emitting unit 12 is
formed on the first surface 111 of the first base member 11,
and a second base member 13 that is an encapsulation unit is
bonded to the first surface 111 of'the first base member 11 for
sealing the transparent organic light emitting unit 12 from
external air and impurities. According to the embodiment of
FIG. 5, the second base member 13 may be an encapsulation
substrate 131. If the first base member 11 is flexible, the
encapsulation substrate 131 may also be flexible. The encap-
sulation substrate 131 may be formed as a transparent mem-
ber. The encapsulation substrate 131 may be formed of a glass
or a plastic.

[0056] Edges of the first base member 11 and the encapsu-
lation substrate 131 are coupled to each other by a sealing
material 132 so that a space 133 between the first base mem-
ber and the encapsulation substrate 131 may be sealed. A
moisture absorbent or a filler may be located in the space 133.
[0057] Instead of the encapsulation substrate 131, as shown
in FIG. 6, athin film encapsulation film 134 may be formed as
the second base member 13 and on the transparent organic
light emitting unit 12, so as to protect the transparent organic
light emitting unit 12 from external air.

[0058] The thin film encapsulation film 134 may include a
plurality of inorganic layers or a mixture of inorganic and
organic layers.

[0059] Theorganic layer of the thin film encapsulation film
134 may be formed of a polymer. For example, the organic
layer may have a single-layered structure or a stacked struc-
ture including one of polyethylene terephthalate, polyimide,
polycarbonate, epoxy, polyethylene, and polyacrylate. In par-
ticular, the organic layer may be formed of polyacrylate, and
may include a polymerized monomer composition including
a diacrylate-based monomer and a triacrylate-based mono-
mer. The monomer composition may further include a
monoacrylate-based monomer. Also, the monomer composi-
tion may further include a well-known photoinitiator such as
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2,4,6-trimethyl benzoyl diphenyl phosphine oxide (TPO);
however, one or more embodiments of the present invention
are not limited thereto.

[0060] The inorganic layer in the thin film encapsulation
film 134 may have a single-layered structure or a stacked
structure including a metal oxide or a metal nitride. In par-
ticular, the inorganic layer may include one of SiNx, AL,O;,
SiQ,, and TiO,.

[0061] An uppermost layer of the thin film encapsulation
film 134 may be formed of an inorganic layer in order to
prevent moisture infiltration into the transparent organic light
emitting unit.

[0062] The thin film encapsulation film 134 may include at
least one sandwich structure in which at least one organic
layer is inserted between at least two inorganic layers. As
another example, the thin film encapsulation film 134 may
include at least one sandwich structure in which at least one
inorganic layer is inserted between at least two organic layers.
As another example, the thin film encapsulation film 134 may
include a sandwich structure in which at least one organic
layer is inserted between at least two inorganic layers, and a
sandwich structure in which at least one inorganic layer is
inserted between at least two organic layers.

[0063] The thin film encapsulation film 134 may include a
first inorganic layer, a first organic layer, and a second inor-
ganic layer sequentially from an upper portion of the trans-
parent organic light emitting unit 12.

[0064] As another example, the thin film encapsulation film
134 may include a first inorganic layer, a first organic layer, a
second inorganic layer, a second organic layer, and a third
inorganic layer sequentially from the upper portion of the
transparent organic light emitting unit 12.

[0065] As another example, the thin film encapsulation film
134 may include a first inorganic layer, a first organic layer, a
second inorganic layer, a second organic layer, a third inor-
ganic layer, a third organic layer, and a fourth inorganic layer
from the upper portion of the transparent organic light emit-
ting unit 12.

[0066] A metal halide layer including LiF may be further
included between the transparent organic light emitting unit
12 and the first inorganic layer. The metal halide layer may
prevent damage to the transparent organic light emitting unit
12 when the first inorganic layer is formed by a sputtering
method or a plasma deposition method.

[0067] The first organic layer may have an area that is less
than that of the second inorganic layer, and the second organic
layer may have an area that is less than that of the third
inorganic layer.

[0068] As another example, the first organic layer may be
completely covered by the second inorganic layer, and the
second organic layer may be completely covered by the third
inorganic layer.

[0069] In the embodiments of FIGS. 5 and 6, the light
transmission control device 2 may be coupled to the second
surface 112 of the first base member 11 via an adhesive layer
3. In this case, the transparent organic light emitting unit 12
may be, for example, a top emission type light emitting unit,
projecting an image in an upward direction of the drawings
(i.e. through the encapsulation substrate 131), or a dual-emis-
sion type unit projecting an image in both the upward direc-
tion and the downward direction of the drawings. The adhe-
sive layer 3 may transmit light and may, for example, be an
OCA film.
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[0070] The light transmission control device 2 may alter-
natively be coupled to the upper surface of the second base
member 13 via the adhesive layer 3. In this case, the trans-
parent organic light emitting unit 12 may be a bottom emis-
sion type projecting an image in the downward direction of
the drawings, or a dual emission type projecting images in
both the upward and downward directions of the drawings.
[0071] As shown in FIG. 7, the transparent organic light
emitting unit 12 may include first regions R1 including emis-
sion regions that emit light, and second regions R2 including
transmission regions through which external light passes. The
first and second regions R1 and R2 may be adjacent to each
other in a horizontal direction. Since the light is emitted from
the emission regions, the user may see the image displayed on
the transparent organic light emitting unit 12. Since external
light passes through the transmission regions, the user may
observe the transmitted image of an object located across the
display apparatus. Therefore, the first substrate 11 may be
transparent. In FIG. 7, the first and second regions R1, R2 of
the transparent organic light emitting unit 12 are immediately
adjacent to each other, and uniformly formed throughout the
entire horizontal area of the transparent organic light emitting
unit 12. However, one or more embodiments of the present
invention are not limited thereto. That is, the first and second
regions R1 and R2 may be separated from each other. This
will be applied to one or more embodiments of the present
invention, as described below.

[0072] Thelight transmission control device 2 may include
third regions R3 and fourth regions R4 that are adjacent to
each other in the horizontal direction. The third regions R3
correspond to the locations of the first regions R1, and the
fourth regions R4 correspond to the locations of the second
regions R2. In FIG. 7, the third and fourth regions R3, R4 of
the light transmission control device 2 are immediately adja-
cent to each other and uniformly formed throughout the entire
horizontal area of the light transmission control device 2;
however, one or more embodiments of the present invention
are not limited thereto. That is, the third and fourth regions R3
and R4 may be separated from each other, and this may be
applied to one or more embodiments of the present invention,
as described below.

[0073] The transparent organic light emitting unit 12 may
include a plurality of pixels. FIG. 8 is a plan view of one pixel
PX from among the plurality of pixels, and FIG. 9 is a cross-
sectional view of the pixel taken along line I-I of FIG. 8.
[0074] The pixel PX may include the first region R1 and the
second region R2. The first region R1 may include a first
emission region E1, a second emission region E2, and a third
emission region E3 that each emit light, and the second region
R2 may include a transmission region T through which the
external light passes. The first, second, and third emission
regions E1, E2 and E3 may be, for example, a red sub-pixel,
a green sub-pixel, and a blue sub-pixel, respectively. FIG. 8
shows that one pixel PX includes three emission regions.
However, one or more embodiments of the present invention
are not limited thereto, and the pixel PX may further include
any number of sub-pixels each being of any color.

[0075] For example, red, green, blue, and/or white sub-
pixels may make up one pixel PX that emits white light. In
this case, a color converting layer or a color filter for changing
the white light emitted from each pixel into a predetermined
color may be adopted.

[0076] Thered, green, blue, and/or white sub-pixels are but
an illustrative example, and the present embodiment is not
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limited thereto. That is, combinations of pixels emitting light
of various colors, in addition to the combination ofred, green,
blue, and/or white, may be used.

[0077] Referringto FIG. 9, an organic light emitting device
and a pixel circuit unit C may be disposed in the first region
R1. The pixel circuit unit C may include a switching thin film
transistor (TFT) connected to a scan line and a data line, a
driving TFT connected to the switching TFT and a Vdd line,
and a capacitor connected to the switching TFT and the driv-
ing TFT. These circuit elements and their construction are
known.

[0078] A first insulating layer 120 may be formed to cover
the pixel circuit unit C. The first insulating layer 120 may have
a single-layered structure or a multi-layered structure, an
upper surface of which is planarized. The first insulating layer
120 may be formed of an inorganic material and/or an organic
material.

[0079] As shown in FIG. 9, a pixel electrode 121 that is
electrically connected to the pixel circuit unit C may be
formed on the first insulating layer 120. The pixel electrode
121 may be formed as an island, and a plurality of pixel
electrodes 121 are spaced apart from each other.

[0080] A second insulating layer 124 is formed on the first
insulating layer 120 so as to cover edges of the pixel elec-
trodes 121. The second insulating layer 124 may be formed of
an organic material such as acryl and polyimide.

[0081] An intermediate layer 123 including an organic
emission layer is formed on the pixel electrode 121, and an
opposite electrode 122 is formed to cover the intermediate
layer 123 to form the organic light emitting device.

[0082] The intermediate layer 123 may be formed of a
low-molecular weight or a high-molecular weight organic
layer.

[0083] Theintermediate layer 123 may include a first inter-
mediate layer, a second intermediate layer, and the organic
emission layer between the first and second intermediate
layers.

[0084] The first intermediate layer is disposed between the
organic emission layer and the pixel electrode 121, and may
include a hole injection layer (HIL) and/or a hole transport
layer (HTL).

[0085] The second intermediate layer is disposed between
the organic emission layer and the opposite electrode 122,
and may include an electron transport layer (ETL) and/or an
electron injection layer (EIL).

[0086] The organic emission layer may be independently
formed in each of the red, green, and blue sub-pixels, and the
first and second intermediate layers may be formed com-
monly throughout the pixels.

[0087] The HIL may include a phthalocyanine compound
such as copper phthalocyanine, or TCTA, and m-MTDATA or
m-MTDAPB that is star-burst type amine.

[0088] The HTL may be formed of N,N'-bis(3-methylphe-
nyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine (TPD), or
N,N'-di(naphthalene-1-y1)-N,N'-diphenyl benzidine
(0-NPD).

[0089] The ETL may be formed of Alq,.

[0090] The EIL may be formed of a material such as LiF,
NaCl, CsF, Li,0, BaO, or Liq.

[0091] Theorganic emission layer may include ahost mate-
rial and a dopant material.

[0092] Thehost material of the organic emission layer may
be tris(8-hydroxyquinolinato)aluminum (Alg;), 9,10-di
(naphty-2-yl)anthracene (AND), 2-tert-butyl-9,10-di(naph-
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thy-2-yl)-anthracene  (TBADN), 4.4'-Bis(2,2-diphenyl-
ethen-1-ylbiphenyl  (DPVBi), or 4,4'-Bis[2,2-di(4-
methylphenyl)-ethen-1-yl]biphenyl (p-DMDPVBI).

[0093] The dopant material of the organic emission layer
may be 4,4'-bis[4-(di-p-tolylamino)styryl]biphenyl
(DPAVBI), 9,10-di-(2-naphthyl)anthracene (ADN), or 2-tert-
butyl-9,10-di(naphth-2-yl)anthracene (TBADN).

[0094] Theabove listed materials for the intermediate layer
123 are exemplary only, and the invention contemplates these
and any other suitable materials for forming a light emitting
layer.

[0095] The pixel electrode 121 may function as an anode
and the opposite electrode 122 may function as a cathode, or
vice versa.

[0096] Ifthe pixel electrode 121 functions as an anode, the
pixel electrode 121 may include indium tin oxide (ITO),
indium zine oxide (IZ0), ZnO, or In,0, having a large work
function. In a case of the top emission type display in which
the image is displayed toward the second base member 13, the
pixel electrode 121 may further include a reflective layer (not
shown) including at least one selected from Ag, Mg, Al, Pt,
Pd, Au, Ni, Nd, Ir, Cr, L1, Yb, Co, Sm, and Ca.

[0097] Ifthe opposite electrode 122 functions as a cathode,
the opposite electrode 122 may be formed of a metal such as
Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Yb. Co, Sm, or Ca.
In a case of the top emission type display in which the image
1s displayed toward the second base member 13, the opposite
electrode 122 may transmit light emitted from the intermedi-
ate layer 123 so that the image may be displayed. To do this,
the opposite electrode 122 may be formed as a thin film by
using Mg and/or Mg alloy. The opposite electrode 122 may be
formed as a thin film by using Ag and/or Ag alloy having
higher light transmittance than that of Mg and/or Mg alloy.
The opposite electrode 122 may be formed by commonly
depositing or stacking the Mg and/or Mg alloy and Ag and/or
Ag alloy. In addition, the opposite electrode 122 may be
formed as a thin film by using metal including at least one
selected from Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Yb, Co, Sm,
and Ca. In a case of the bottom emission tvpe display, the
opposite electrode 122 may be thick so as to reflect light.
[0098] The opposite electrode 122 may be formed as a
common electrode so as to apply a common voltage across all
the pixels, unlike the pixel electrode 121. This may be accom-
plished by using an open mask, so that the opposite electrode
122 is not patterned in each of the pixels. Therefore, the
opposite electrode 122 may be located on both the first and
second regions R1 and R2.

[0099] The first region R1 includes a second emission
region E2 and the second region R2 includes the transmission
region T. The second emission region E2 emits light gener-
ated by the stacked pixel electrode 121, intermediate layer
123, and opposite electrode 122. An image of an object dis-
posed under the substrate 11 passes through the transmission
region T so that the user may observe the passed image
through the second base member 13.

[0100] Selectively, an opening 122¢ may be formed in the
opposite electrode 122 that is formed of metal having high
reflectivity. Opening 1224 thus forms a transmission window
in order to increase an external light transmittance through the
transmission region T. The opening 122a may have a shape
corresponding to the transmission region T. As shown in FIG.
8, if one transmission region T is formed as wide as its three
sub-pixels, that is, the first, second, and third emission regions
E1, E2, and E3, in a transverse direction, that is, a width
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direction thereof, the opening 122a formed in the second
electrode 122 may be formed to be adjacent to the three
sub-pixels, that is, the first, second, and third emission regions
E1, E2, and E3 so as to correspond to the shape of the trans-
mission region T. FIG. 9 shows that the opening 122a, that is,
the transmission window, is only formed in the second elec-
trode 122; however, one or more embodiments of the present
invention are not limited thereto, that is, an opening con-
nected to the opening 122a may be further formed in at least
one of the first insulating layer 120 and the second insulating
layer 124. Accordingly, the external light transmittance in the
transmission region T may be increased. The opening 1224
may have an area that is at least approximately the same as
that of the transmission region T. However, one or more
embodiments of the present invention are not limited thereto,
that is, the opening 122a may have an area that is less than or
greater than that of the transmission region T.

[0101] In addition, the opening 122a may not be formed
continuously across the first, second, and third emission
regions E1, F2, and E2, but may instead be formed as three
separate openings corresponding respectively to the first, sec-
ond, and third emission regions E1, E2, and E3.

[0102] The pixel structure of the transparent organic light
emitting unit shown in FIGS. 8 and 9 may be applied to the
other embodiments of the present invention.

[0103] According to the pixel structure of FIG. 9, when the
pixel circuit unit C overlaps with (i.e. falls within) the second
emission region E2 and the display is a top emission type
display, areas of the first, second, and third emission regions
E1, E2, and E3 may be made large.

[0104] FIG. 10 is a cross-sectional view of a pixel structure
according to another embodiment of the present invention.

[0105] Referring to FIG. 10, the pixel structure does not
overlap with the second emission region E2. Accordingly,
when the display is a bottom emission type and/or a dual-
emission type display, the image displayed toward the first
base member 11 may not be blocked by the pixel circuit unit
C. Other components are the same as those of the embodi-
ment shown in FIG. 9, and thus, detailed descriptions thereof
are omitted here.

[0106] FIG. 11 is a cross-sectional view of the light trans-
mittance controlling device of FIG. 7 in more detail.

[0107] As described above, the light transmission control
device 2 includes the third region R3 and the fourth region R4
that are adjacent to each other in the horizontal direction.

[0108] Here, the fourth region R4 may include a cavity 23
that is sealed, and a transmission control material layer 231
located in the cavity 23. In this manner, the light transmission
control device 2 may selectively drive the transmission con-
trol material layer 231 so as to selectively block light trans-
mission through the fourth region R4.

[0109] Thelight transmission control device 2 may include
athird base member 21, a cavity layer 250 formed on the third
base member 21 to form the cavity 23, and a first electrode
221 and a second electrode 222 that are adjacent or proximate
to the cavity layer 250 and located at least in the fourth region
R4 to be separate from each other. The cavity layer 250 may
include a barrier 251 forming a boundary of the cavity 23, and
arooflayer 252 connected to the barrier 251 to form an upper
portion of the cavity 23. The transmission control material
layer 231 accommodated in the cavity 23 may be a liquid
crystal material layer, an electrophoretic material layer, or an
organic light emitting material layer.
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[0110] Such above structure is an embedded micro cavity
structure, and has characteristics such as reduction in manu-
facturing costs and light weight when compared with conven-
tional structures, that is, structures in which a liquid crystal
layer is formed between two substrates on which electrodes
are formed. Also, when the above structure is used as a flex-
ible shutter, image degradation due to bending may be pre-
vented.

[0111] The first electrode 221 is formed on the third base
member 21. The third base member 21 may be a transparent
glass substrate or a transparent plastic substrate, and may be
flexible. If the first base member 11 and the second base
member 13 are flexible, an assembly of the transparent
organic light emitting device 1 and the light transmission
control device 2 may also be flexible.

[0112] The first electrode 221 may be formed ofa transpar-
ent conductive material, for example, ITO, 120, Zn0O, or
In,O;. The first electrode 221 may be formed as a stripe so as
to penetrate through, or conform to the shape of, the fourth
region R4.

[0113] The first electrode 221 may include a plurality of
branch electrodes, and a stem electrode connecting the branch
electrodes may be further formed on a region that is not shown
in the drawings.

[0114] A sacrificial layer (not shown) is formed on the third
base member 21. Since the sacrificial layer is removed in a
post process to form the cavity 23, the sacrificial layer may be
patterned to correspond to the shape of the cavity 23. The
sacrificial layer may be formed of a photoresist material.

[0115] The second electrode 222 is formed on the sacrifi-
cial layer. The second electrode 222 may be formed of a
transparent conductive material, for example, ITO, 170,
710, and In,0,. The second electrode 222 may be formed as
a stripe so as to penetrate through, and conform to the shape
of, the fourth region R4, and also to be spaced apart from the
first electrode 221. The first and second electrodes 221 and
222 are formed as stripes crossing each other to configure a
passive matrix (PM) type light modulator.

[0116] A passivation layer 24 is formed on the second elec-
trode 222. Since the passivation layer 24 is formed to cover
the sacrificial layer, the passivation layer 24 may surround the
cavity 23. The passivation layer 24 may be formed of an
insulating layer having a high light transmittance, for
example, SiNx, Al,Q,, SiOx, and TiOx.

[0117] The cavity layer 250 may be formed on the third
base member layer 21 so as to cover the passivation layer 24.
Therefore, the cavity layer 250 may include the barrier 251
forming the boundary of the cavity 23, and the roof layer 252
connected to the barrier 251 to form the upper portion of the
cavity 23. The cavity layer 250 may be formed of a polymer
such as polyethylene terephthalate, polyimide, polycarbon-
ate, epoxy, polyethylene, and polyacrylate.

[0118] A thickness of the cavity layer 250 on an upper
portion of the sacrificial layer, that is, a thickness of the roof
layer 252, may be set as 50 um or less. If the roof layer 252 is
excessively thick, exposure energy or time taken to perform
the exposure may increase in an electric field/non-electric
field light exposure process that will be described later.
[0119] After forming the cavity layer 250, a patter mask
layer 26 may be formed on the cavity layer 25. The pattern
mask layer 26 may be formed of SiNx, and may be patterned
in order to transform a predetermined region in the cavity
layer 250 for exposing a part of the sacrificial layer.
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[0120] A predetermined region of the cavity layer 250 is
removed by using the pattern mask layer 26 so as to expose
some parts of the passivation layer 24 and the sacrificial layer,
and then the sacrificial layer may be removed by using, for
example, a wet strip process so as to form the cavity 23 at the
removed part of the sacrificial layer. An oxygen plasma pro-
cess may be further performed in order to remove residues.
After that, a transmission control material, for example, a
liquid crystal material, is injected into the cavity 23 and sealed
to form the transmission control material layer 231.

[0121] For example, an inkjet nozzle may be used to inject
the liquid crystal material. In addition, before injecting the
liquid crystal material into the cavity 23, as shownin F1G. 11,
a first alignment layer 223 and a second alignment layer 224
may be formed on lower and upper portions of the cavity 23.
The first and second alignment layers 223 and 224 may be
formed of polyimide, and may undergo a thermal curing
process. The first and second alignment layers 223 and 224
may be isolated, i.e. spaced apart, from each other; however,
the first and second alignment layers 223 and 224 may alter-
natively be connected to each other along an inner wall of the
cavity 23 according to the manufacturing processes desired.
[0122] After injecting the liquid crystal material, an open
region of the cavity layer 25 may be filled with a material that
is the same as or similar to the material forming the cavity
layer 250.

[0123] Next, an electric field light exposure and/or a non-
electric field light exposure process is performed.

[0124] The electric field light exposure process is a process
ofirradiating light while forming an electric field in the trans-
mission control material layer 231, e.g., the liquid crystal
material layer. In contrast, the non-electric field light expo-
sure process is a process of irradiating light without forming
an electric field in the transmission control material layer 231.
[0125] In an electric field light exposure process, electric
field light exposure is performed to form a pre-tilt in the liquid
crystal material. In the electric field light exposure process,
when a voltage is applied between the first electrode 221 and
the second electrode 222 and an electric field is formed in the
liquid crystal material, liquid crystal molecules in the liquid
crystal material are aligned in a predetermined direction.
More specifically, adjacent liquid crystal molecules are
aligned in parallel with a length direction of a plurality of
branch electrodes 141 forming the first electrode 221, and
major axes thereof are inclined at a predetermined angle. In
FIG. 11, the major axes of the liquid crystal molecules are
shown as being arranged perpendicular to the surface of third
base member 21 for convenience of description. However, the
majoraxes may be actually tilted with respect to the substrate.
During electric field light exposure, a liquid crystal com-
pound including liquid crystal molecules is hardened, and
orientation of the liquid crystal molecules is maintained after
removing the electric field.

[0126] The non-electric field light exposure process
induces reaction of the remaining liquid crystal compound
that fails to react during the electric field light exposure pro-
cess, and thus makes alignment of the liquid crystal mol-
ecules more uniform.

[0127] The electric field/non-electric field light exposure
processes are performed with an exposure energy and expo-
sure time appropriate for liquid crystal alignment. In the
present embodiment, the cavity layer 250 may be formed thin,
and thus energy and time for the light exposure processes may
be reduced.
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[0128] A capping layer 27 may be formed on the pattern
mask layer 26. Before forming the capping layer 27, a clean-
ing process may be performed in order to remove residual
liquid crystal generated through the liquid crystal injection
process. The capping layer 27 may also be formed on the
cavity layer 250 without the pattern mask layer 26 disposed
therebetween.

[0129] The capping layer 27 is formed to entirely cover the
cavity layer 250 that forms the cavity 23 in which the liquid
crystal material is accommodated so as to encapsulate and
protect the cavity 23.

[0130] The capping layer 27 may include an acryl-based or
an epoxy-based polymer material.

[0131] According to the embodiment of the present inven-
tion, the capping layer 27 may be formed of a sealant material
in which a plurality of fillers are distributed. One example of
such material would be a polymer-filled nanocomposite
(PFN). The capping layer 27 is formed to improve barrier
characteristics by using the sealant material, and accordingly,
athermal expansion coefficient is reduced, and static electric-
ity may be reduced.

[0132] When filler particles in the polymer form a matrix, a
volume fraction of the filler, an aspect ratio of the filler, and
penetrating property are in following relation.

Peomp _ 1-¢

Pooyy  L+ap
[0133] Here, P_,,, denotes the penetrating property of the
PFN, and P, denotes the penetrating property of the pure

polymer. Also, a denotes an aspect ratio, ¢ denotes a volume
fraction of the filler with respect to the polymer, and it is
assumed that the filler is distributed homogeneously in the
polymer.

[0134] According to the above equation, the barrier char-
acteristic may be improved only by containing a very small
amount of filler. For example, in a case of PFN containing
about 1% filler, the penetrating property is greatly reduced
when compared with a polymer that does not contain filler.
This tendency becomes greater when the aspect ratio of the
filler increases.

[0135] The penetrating property of the PFN is also affected
by the orientation of the filler within the polymer, and may be
represented by following equation.

Pewp _ 1-0
Fray 1+ a¢§(s + %]
[0136] Here, S may be defined by following equation.
5= 130501
= §< cos“0 - 1)
[0137] Here, 0 denotes an angle of the filler with respect to

areference surface. If the filler is disposed in parallel with the
reference surface, a value of 0 is 0, and thus S becomes 1. If
the filler is disposed perpendicular to the reference surface,
the value of 6 is 90°, and thus, S becomes -1/2. If the filler is
disposed randomly, S becomes 0.
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[0138] In this case, when the aspect ratio of the filler
increases, the influence of the orientation of the filler on the
penetrating property is reduced.

[0139] In the one or more embodiments, the sealant, the
filler type, the volume fraction, and the filler material in the
PFN that is used to form the capping layer 27 may be set in
consideration of the above results and the light transmittance
of the capping layer 27.

[0140] Various polymers that are generally used as a seal-
ing material, for example an acryl-based or epoxy-based
polymer, may be used as the sealant. For example, an acryl-
based or epoxy-based polymer material including a photoini-
tiator may be used as the sealant. Viscosity may range from 30
to 10000 CP.

[0141] The filler may include nanoparticles, nanowires, or
nanorods having nano-size, and the material forming the filler
may include Ta, Nb, Zr, Th, Ti, Al, Mg, Ba, or P. The material
forming the filler may be a getter material capable of absorb-
ing gas, for example, O,. The aspect ratio of the filler may be
50 or greater, for example, 300 or greater.

[0142] A volume fraction of the filler contained in the seal-
ant may be 0.5% or greater. For example, the volume fraction
of the filler may be 1% or greater. When the volume fraction
of the filler increases, the light transmittance of the capping
layer 27 degrades, and accordingly, the volume fraction of the
filler may be set to be 5% or less.

[0143] The capping layer 27 may be formed by coating or
printing a liquid phase sealant, in which a plurality of fillers
are distributed, on the pattern mask layer 26.

[0144] The capping layer 27 may have the penetrating
property that is greatly reduced and may also have improved
barrier characteristics as a result of the filler, an amount of
which is too small to affect the light transmittance. In addi-
tion, since the capping layer 27 is formed after the electric
field/non-electric field light exposure processes for forming
the pre-tilt of the liquid crystal material layer, there is effec-
tively no possibility that the filler infiltrates into the cavity 23
or affects the pre-tilt process.

[0145] Thetransmission of external light through the trans-
mission region T may be selectively blocked by the transmis-
sion control material layer 231 filled in the cavity 23. An area
of the cavity 23 may be greater than that of the transmission
region T in the first region R1. Accordingly, in an external
light blocking mode, the transmission of external light
through the transmission region T may be prevented by the
transmission control material layer 231 filled in the cavity 23
of the light transmission control device 2.

[0146] The area of the cavity 23 may be greater than that of
the opening 122a formed in the opposite electrode 122. That
is, cavity 23 may be formed to be wider than opening 1224.
Accordingly, in the external light blocking mode, transmis-
sion of the external light through the transmission region T, in
particular, the opening 1224, may be prevented by the trans-
mission control material layer 231 of the cavity 23.

[0147] FIG. 12 is a cross-sectional view of the light trans-
mission control device of FIG. 7 in more detail.

[0148] According to the embodiment shown in FIG. 12, a
light blocking unit 28 may be further formed in the third
region R3, unlike the embodiment of FIG. 11. The light
blocking unit 28 may be a black matrix.

[0149] Since the third region R3 is located to correspond to
the first region R1 of the transparent organic light emitting
device 1, visibility may be improved when the emission
region of the first region R1 emits light.
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[0150] In addition, the capping layer 27 may be formed
integrally with the adhesive layer 3 so that the transparent
organic light emitting device 1 and the light transmission
control device 2 may be attached to each other without using
an additional adhesive layer.
[0151] FIG. 13 is a cross-sectional view of a display appa-
ratus according to another embodiment of the present inven-
tion.
[0152] The display apparatus includes a first polarizer 41
and a second polarizer 42 facing the first polarizer 41. The
transparent organic light emitting device 1 and the light trans-
mission control device 2 may be located between the first and
second polarizers 41 and 42. According to the present
embodiment, the first polarizer 41 may be formed on an outer
surface of the transparent organic light emitting device 1, and
the second polarizer 42 may be formed on an outer surface of
the light transmission control device 2.
[0153] A rotation direction of the external light due to the
first polarizer 41 and a rotation direction of light due to the
second polarizer 42 may be opposite to each other. According
to the present embodiment, the first polarizer 41 may use a
circular polarizing film that may prevent the external light
from being reflected by the surface of the transparent organic
light emitting device 1. The second polarizer 42 may use a
circular polarizing film, the rotating direction of which is
opposite to that of the circular polarizing film of the first
polarizer 41. Accordingly, when the liquid crystal material
layer is used as the transmission control material layer, the
transmission control material layer may be driven by the first
and second polarizers 41 and 42.
[0154] According to the above embodiment, only two
polarizers are used in the assembly of the transparent organic
light emitting device 1 and the light transmission control
device 2 in order to reduce the reflection of the external light
by the surface of the organic light emitting device 1 and to
drive the transmission control material layer. Accordingly, a
thickness of the entire display apparatus may be reduced, and
the reduction in the external light transmittance due to the
increase in the number of the polarizers may be prevented.
[0155] It should be understood that the exemplary embodi-
ments described therein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.
[0156] While one or more embodiments of the present
invention have been described with reference to the figures, it
will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the present
invention as defined by the following claims.
What is claimed is:
1. A display apparatus capable of controlling light trans-
mittance, the display apparatus comprising:
a transparent organic light emitting device comprising:
a first region including an emission region capable of
emitting light; and
asecond region adjacent to the first region in a horizontal
direction, the second region including a transmission
region capable of transmitting external light there-
through; and
a light transmission control device facing the transparent
organic light emitting device, the light transmission con-
trol device comprising:
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a third region formed at a location corresponding to the
first region; and

a fourth region adjacent to the third region in the hori-
zontal direction and positioned to correspond to the
second region,

wherein the fourth region comprises a sealed cavity having
a transmission control material layer therein, and the
transmission control material layer is configured to be
selectively driven by the light transmission control
device.

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

a first base member comprising a first surface and an oppo-
site second surface; and

a second base member coupled to the first surface of the
first base member,

wherein the transparent organic light emitting unit is
located on the first surface of the first base member and
sealed by the second base member.

3. The display apparatus of claim 2, wherein the first base

member is flexible.

4. The display apparatus of claim 2, wherein the light
transmission control device is located facing the second sur-
face of the first base member.

5. The display apparatus of claim 2, wherein the light
transmission control device is located facing a surface of the
second base member.

6. The display apparatus of claim 2, wherein the light
transmission control device comprises:

a third base member;

a cavity layer formed on the third base member, the cavity
layer comprising a barrier forming a boundary of a cav-
ity and a roof layer connected to the barrier to form an
upper portion of the cavity;

a first electrode adjacent to the cavity and located at least in
the fourth region; and

a second electrode adjacent to the cavity, the second elec-
trode located at least in the fourth region, and spaced
apart from the first electrode.

7. The display apparatus of claim 6, wherein the third base

member is flexible.

8. The display apparatus of claim 6, wherein the light
transmission control device further includes a light blocking
unit located at least in the third region.

9. The display apparatus of claim 6, further comprising a
capping layer disposed between the transparent organic light
emitting device and the light transmission control device.

10. The display apparatus of claim 9, wherein the capping
layer comprises an acryl-based or an epoxy-based polymer
material.

11. The display apparatus of claim 1, further comprising:

a first polarizer; and

a second polarizer facing the first polarizer,

wherein the transparent organic light emitting device and
the light transmission control device are located
between the first polarizer and the second polarizer.

12. The display apparatus of claim 11, wherein a direction
in which the first polarizer rotates light is opposite to a direc-
tion in which the second polarizer rotates light.

13. The display apparatus of claim 1, wherein an area of the
cavity is greater than an area of the transmission region.

14. The display apparatus of claim 1, wherein the transpar-
ent organic light emitting device comprises:
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a pixel electrode located in the first region; and

an opposite electrode facing the pixel electrode, located in
the first region and the second region, and having an
opening at a location corresponding to the transmission
region,

wherein an area of the cavity is greater than an area of the

opening.

15. The display apparatus of claim 1, further comprising an
adhesive layer which is disposed between the transparent
organic light emitting device and the light transmission con-
trol device and which is capable of transmitting light.

® 0% % % %
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