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7) ABSTRACT

An organic light-emitting display apparatus includes a plu-
rality of first emission units, each including a first organic
light-emitting device configured to emit light in at least a
first direction and through a first display surface, a plurality
of second emission units, each including a second organic
light-emitting device configured to emit in a second direc-
tion opposite to the first direction and through a second
display surface. The first emission units and the second
emission units are alternately disposed. The apparatus fur-
ther includes a transmissive area disposed adjacent to but not
overlapping with the plurality of first emission units and the
plurality of second emission units when viewed from a
direction perpendicular to the first display surface, and

(51) Imt. CL capable of transmitting external light through the first and
HOIL 27/32 (2006.01) second display surfaces in the transmissive area.
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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. patent
application Ser. No. 13/753,424, filed on Jan. 29, 2013, and
Korean Patent Application No. 10-2012-0063408, filed on
Jun. 13, 2012, in the Korean Intellectual Property Office, the
disclosure of which are incorporated herein in their entirety
by reference.

BACKGROUND

[0002] Field

[0003] The present disclosure relates to an organic light-
emitting display apparatus, and more particularly, to a
transparent organic light-emitting display apparatus.
[0004] Description of the Related Art

[0005] Organic light-emitting display apparatuses are
widely used in personal portable apparatuses including a
moving picture experts group layer 3 (MP3) player, a mobile
phone, or the like, and TVs, due to its excellent character-
istics with respect to viewing angles, contrast, response
times, power consumption, and the like.

[0006] The organic light-emitting display apparatuses
have a self-emission characteristic, and thus do not require
a separate light source, unlike a liquid crystal display (LCD)
apparatus. Therefore, a thickness and a weight of the organic
light-emitting display apparatus may be reduced.

[0007] Also, the organic light-emitting display apparatus
may have a transparent thin-film transistor (TFT) or a
transparent organic light-emitting device, so that the organic
light-emitting display apparatus may be formed as a trans-
parent display apparatus.

[0008] When the transparent display apparatus is in a
switch-off’ state, an object or an image on a side of the
transparent display apparatus opposite to a user is visible to
the user via patterns of the organic light-emitting device, the
TFT, several wirings, and gaps therebetween. However,
although the organic light-emitting display apparatus is the
transparent display apparatus, transmittances of the organic
light-emitting device, the TFT, and the several wirings are
not excellent, and the gaps therebetween are very small, and
thus transmittance of the organic light-emitting display
apparatus is not high.

[0009] Also, due to the patterns, i.e., the patterns of the
organic light-emitting device, the TFT, and the several
wirings, the user may view a distorted image. Because a
distance between the patterns is in the range of several
hundreds of nm, which is the same level as wavelengths of
visible light, scattering of light occurs.

SUMMARY OF CERTAIN INVENTIVE
ASPECTS

[0010] According to an aspect of the present invention,
there is provided an organic light-emitting display apparatus
including a plurality of first emission units, each including
a first organic light-emitting device configured to emit light
in at least a first direction and through a first display surface;
a plurality of second emission units, each including a second
organic light-emitting device configured to emit light in a
second direction opposite to the first direction and through
a second display surface opposing the first display surface,
wherein the first emission units and the second emission
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units are alternately disposed; and a transmissive area dis-
posed adjacent to but not overlapping with the plurality of
first emission units and the plurality of second emission
units when viewed from a direction perpendicular to the first
display surface, and capable of transmitting external light
through the first and second display surfaces in the trans-
missive area.

[0011] At least one of the first emission units and at least
one of the second emission units may be adjacent 1o a side
of the transmissive area.

[0012] The organic light-emitting display apparatus may
further include a plurality of first circuit units, each of which
is electrically connected to one of the plurality of first
emission units, and does not overlap with the connected one
of the plurality of first emission units when viewed from the
direction, and a plurality of second circuit units, each of
which is electrically connected to one of the plurality of
second emission units, and overlaps with the connected one
of the plurality of second emission units when viewed from
the direction.

[0013] The organic light-emitting display apparatus may
further include a plurality of circuit units, each of which is
electrically connected to one of the plurality of first emission
units and one of the plurality of second emission units, and
overlaps with the connected one of the plurality of second
emission units when viewed from the direction.

[0014] At least one of the first emission units and at least
one of the second emission units may be adjacent to two
opposite sides of the transmissive area, respectively.
[0015] The organic light-emitting display apparatus may
further include a plurality of first circuit units, each of which
is electrically connected to one of the plurality of first
emission units, and does not overlap with the connected one
of the plurality of first emission units when viewed from the
direction, and a plurality of second circuit units, each of
which is electrically connected to one of the plurality of
second emission units, and overlaps with the connected one
of the plurality of second emission units when viewed from
the direction.

[0016] The organic light-emitting display apparatus may
further include a plurality of circuit units, each of which is
electrically connected to one of the plurality of first emission
units and one of the plurality of second emission units, and
overlaps with the connected one of the plurality of second
emission units when viewed from the direction.

[0017] At least a portion of the transmissive area may be
disposed between at least one of the plurality of first
emission units and at least one of the plurality of second
emission units.

[0018] The organic light-emitting display apparatus may
further include a see-through window formed in the trans-
missive area.

[0019] According to another aspect of the present inven-
tion, there is provided an organic light-emitting display
apparatus including a substrate; a plurality of first pixels
formed over the substrate and including a plurality of first
emission units configured to emit light in at least first
direction and through a first display surface; a plurality of
second pixels formed on the substrate, including a plurality
of second emission units configured to emit in a second
direction opposite to the first direction and through a second
display surface opposing the first display surface, wherein
the first pixels and the second pixels are alternately dis-
posed; a plurality of first pixel electrodes, each of which is
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disposed in one of the plurality of first emission units of the
plurality of first pixels, and includes a transparent conduc-
tive layer or a transflective conductive layer; a plurality of
second pixel electrodes, each of which is disposed in one of
the plurality of second emission units of the plurality of
second pixels, and includes a reflective layer; a first opposite
electrode facing the plurality of first pixel electrodes; a
second opposite electrode facing the plurality of second
pixel electrodes; a first organic layer interposed between one
of the plurality of first pixel electrodes and the first opposite
electrode, and including a first emission layer; a second
organic layer interposed between one of the plurality of
second pixel electrodes and the second opposite electrode,
and including a second emission layer; and at least one
transmissive area disposed adjacent to the plurality of first
pixels and the plurality of second pixels, and capable of
transmitting external light through the first and second
display surfaces in the transmissive area.

[0020] The first opposite electrode and the second oppo-
site electrode may be electrically connected.

[0021] At least one of the first pixels and at least one of the
second pixels may be adjacent to a side of the transmissive
area.

[0022] Each of the plurality of first pixels may further
include a first circuit unit that is electrically connected to the
corresponding first pixel electrode and that does not overlap
with the corresponding first pixel electrode when viewed
from a direction perpendicular to the first display surface,
and wherein each of the plurality of second pixels may
further include a second circuit unit that is electrically
connected to the corresponding second pixel electrode and
that overlaps with the corresponding second pixel electrode
when viewed from the direction.

[0023] Each of the plurality of second pixels may further
include a circuit unit that is electrically connected to the
corresponding second pixel electrode and the first pixel
electrode of an adjacent first pixel, and that overlaps with the
corresponding second pixel electrode.

[0024] At least one of the first pixels and at least one of the
second pixels may be adjacent to two opposite sides of the
transmissive area, respectively.

[0025] Each of the plurality of first pixels may further
include a first circuit unit that is electrically connected to the
corresponding first pixel electrode and that does not overlap
with the corresponding first pixel electrode when viewed
from a direction perpendicular to the first display surface,
and wherein each of the plurality of second pixels may
further include a second circuit unit that is electrically
connected to the corresponding second pixel electrode and
that overlaps with the corresponding second pixel electrode
when viewed from the direction.

[0026] Each of the plurality of second pixels may further
include a circuit unit that is electrically connected to the
corresponding second pixel electrode and the first pixel
electrode of an adjacent first pixel, and that overlaps with the
corresponding second pixel electrode when viewed from a
direction perpendicular to the first display surface.

[0027] The organic light-emitting display apparatus may
further include a see-through window formed in the trans-
missive area.

[0028] The second opposite electrode may include a metal
layer capable of reflecting light, and the metal layer may
include an opening that corresponds to at least the see-
through window.

Dec. 15,2016

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other features and advantages of the
present invention will become more apparent by describing
in detail exemplary embodiments thereof with reference to
the attached drawings in which:

[0030] FIG. 1 is a cross-sectional view of an organic
light-emitting display apparatus according to an embodi-
ment of the present invention;

[0031] FIG. 2 is a cross-sectional view of an organic
light-emitting display apparatus according to another
embodiment of the present invention;

[0032] FIG. 3 is a plane view of a first pixel and a second
pixel that are adjacent to each other in an organic light
emission unit of FIG. 1 or 2, according to an embodiment of
the present invention;

[0033] FIG. 4 is a cross-sectional view taken along a line
IV-IV of FIG. 3;

[0034] FIG. 5 is a cross-sectional view taken along a line
V-V of FIG. 3;
[0035] FIG. 6 is a plane view of a first pixel and a second

pixel that are adjacent to each other in the organic light
emission unit of FIG. 1 or 2, according to another embodi-
ment of the present invention;

[0036] FIG. 7 is a circuit view illustrating in detail an
example of a circuit unit of FIG. 6;

[0037] FIG. 8 illustrates another example of the organic
light emission unit of FIG. 1 or 2, according to an embodi-
ment of the present invention;

[0038] FIG. 9 is a plane view illustrating an example of a
portion A of FIG. 8; and

[0039] FIG. 10 is a plane view illustrating another
example of the portion A of FIG. 8.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0040] Hereinafter, embodiments of the present invention
will be described in detail with reference to the attached
drawings.

[0041] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed
items.

[0042] Compared to the LCD apparatus, an organic light-
emitting display apparatus may include a dual-emission
device. In a dual-emission device, however, the same image
may be realized on two sides such that the left and right of
an image realized on one side is reversed in the same image
realized on the other side.

[0043] In addition, it is possible to embody a dual-emis-
sion type display by manufacturing and attaching two inde-
pendent organic light-emitting display apparatuses to form
one display device with dual emission. However, it would be
difficult to form this dual-emission display device as a
transparent display apparatus.

[0044] FIG. 1 is a cross-sectional view of an organic
light-emitting display apparatus according to an embodi-
ment of the present invention.

[0045] Referring to FIG. 1, the organic light-emitting
display apparatus includes an organic light emission unit 2
that is formed on a surface of a substrate 1, and an encap-
sulation unit 3 that encapsulates the organic light emission
unit 2. The substrate may include a display surface on which
an image is formed.
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[0046] The encapsulation unit 3 in the present embodi-
ment illustrated in FIG. 1 may include an encapsulation
substrate 31. The encapsulation substrate 31 may be formed
as a transparent substrate so as to realize an image from the
organic light emission unit 2 and on its surface and to
prevent outside air and moisture from penetrating into the
organic light emission unit 2.

[0047] Side ends of the substrate 1 and the encapsulation
substrate 31 are combined by using an encapsulation mem-
ber 32, so that a space 33 between the substrate 1 and the
encapsulation substrate 31 is encapsulated. An absorbent or
a filling member may be arranged in the space 33.

[0048] Instead of the encapsulation substrate 31, as shown
in FIG. 2, a thin encapsulation film 34 may be formed on the
organic light emission unit 2, so that the organic light
emission unit 2 may be protected from outside air. The
encapsulation film 34 may have a structure in which an
inorganic layer that is formed of silicon oxide or silicon
nitride and an organic layer that is formed of epoxy or
polyimide are alternately stacked. However, the structure of
the encapsulation film 34 is not limited thereto and thus any
encapsulation structure having a transparent thin film may
be used.

[0049] FIG. 3 is a plane view of a first pixel 21 and a
second pixel 22 that are adjacent to each other in the organic
light emission unit 2, according to an embodiment of the
present invention. The first pixel 21 includes a 1-1 sub-pixel
21-1, a 1-2 sub-pixel 21-2, and a 1-3 sub-pixel 21-3 to
realize a full-white color via emission of different colors.
The second pixel 22 includes a 2-1 sub-pixel 22-1, a 2-2
sub-pixel 22-2, and a 2-3 sub-pixel 22-3 to realize a full-
white color via emission of different colors. The 1-1 sub-
pixel 21-1, the 1-2 sub-pixel 21-2, and the 1-3 sub-pixel 21-3
may be a red sub-pixel, a green sub-pixel, and a blue
sub-pixel, respectively. The 2-1 sub-pixel 22-1, the 2-2
sub-pixel 22-2, and the 2-3 sub-pixel 22-3 may be a red
sub-pixel, a green sub-pixel, and a blue sub-pixel, respec-
tively.

[0050] Each of the 1-1 sub-pixel 21-1, the 1-2 sub-pixel
21-2, and the 1-3 sub-pixel 21-3 of the first pixel 21 includes
a first emission unit 211 and a first circuit unit 212. The first
emission unit 211 and the first circuit unit 212 may be
disposed adjacent to each other and may not overlap with
each other when viewed from a direction perpendicular to a
display surface of the display device. The first circuit units
212 of the 1-1 sub-pixel 21-1, the 1-2 sub-pixel 21-2, and the
1-3 sub-pixel 21-3 of the first pixel 21 are electrically
connected to the first emission units 211 of the 1-1 sub-pixel
21-1, the 1-2 sub-pixel 21-2, and the 1-3 sub-pixel 21-3,
respectively.

[0051] Each of the 2-1 sub-pixel 22-1, the 2-2 sub-pixel
22-2, and the 2-3 sub-pixel 22-3 of the second pixel 22
includes a second emission unit 221 and a second circuit unit
222. The second emission unit 221 and the second circuit
unit 222 may be disposed to overlap with each other when
viewed from the direction. The second circuit units 222 of
the 2-1 sub-pixel 22-1, the 2-2 sub-pixel 22-2, and the 2-3
sub-pixel 22-3 are electrically connected to the second
emission units 221 of the 2-1 sub-pixel 22-1, the 2-2
sub-pixel 22-2, and the 2-3 sub-pixel 22-3, respectively.
[0052] The first pixel 21 and the second pixel 22 that are
adjacent to each other are adjacent to a transmissive unit or
area 23. For example, the first pixel 21 and the second pixel
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22 that are adjacent to each other may be adjacent and in
parallel to a side of the transmissive unit 23.

[0053] The first pixel 21 and the second pixel 22 may
realize images in different directions. For example, the first
emission units 211 of the first pixel 21 may be a bottom
emission type, and the second emission units 221 of the
second pixel 22 may be a top-emission type.

[0054] Because the second emission units 221 of the
second pixel 22 are the top-emission type, and the second
circuit units 222 overlap with the second emission units 221
when viewed from the direction, the second circuit units 222
do not interfere with the transmissive unit 23, and thus
transmittance deterioration may be decreased, and emission
efficiency deterioration in the second emission units 221 due
to the second circuit units 222 may be decreased.

[0055] Because the first emission units 211 of the first
pixel 21 are the bottom emission type, and the first circuit
units 212 do not overlap with the first emission units 211
when viewed from the direction, emission efficiency dete-
rioration in the first emission units 211 due to the first circuit
units 212 may also be decreased.

[0056] As described above, the first pixel 21 and the
second pixel 22 that are adjacent to each other, and the
transmissive unit 23 may form one pixel structure 20.
[0057] Accordingly, a pixel circuit formed in the first
circuit unit 212 of the 1-1 sub-pixel 21-1 and a pixel circuit
formed in the second circuit unit 222 of the 2-1 sub-pixel
22-1 may selectively or simultaneously allow the first emis-
sion unit 211 and the second emission unit 221 of each of the
sub-pixels to selectively or simultaneously emit light so as
to be equivalent to or to be symmetrical with each other.
[0058] When the organic light emission unit 2 of FIGS. 1
and 2 is embodied by having a plurality of the pixel
structures 20, transmittance via the transmissive unit 23 may
be increased, and thus a transparent or see-through display
apparatus may be embodied, and images that are equivalent
to or symmetrical with each other may be selectively or
simultaneously realized on top and bottom surfaces of a
display apparatus.

[0059] FIGS. 4 and 5 are cross-sectional views that are
respectively taken along lines IV-IV and V-V of FIG. 3, and
illustrate examples of the first emission unit 211, the first
circuit unit 212, the second emission unit 221, the second
circuit unit 222, and the transmissive unit 23.

[0060] As shown in FIGS. 4 and 5, the first circuit unit 212
and the second circuit unit 222 are formed on the substrate
1, and here, the first circuit unit 212 and the second circuit
unit 222 include at least thin-film transistors (TFTs) T and T',
respectively.

[0061] In embodiments, a buffer layer 111 is formed on a
surface of the substrate 1, and the TFTs T and T' are formed
on the buffer layer 111.

[0062] First, a first semiconductor active layer 112a and a
second semiconductor active layer 1125 are formed on the
buffer layer 111.

[0063] The buffer layer 111 may function to prevent
penetration of foreign substances and to planarize a top
surface, and may be formed of various materials capable of
performing the functions. For example, the buffer layer 111
may be formed of inorganic materials including silicon
oxide, silicon nitride, silicon oxynitride, aluminum oxide,
aluminum nitride, titanium oxide, or titanium nitride,
organic materials including polyimide, polyester, or acryl, or
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a multi-stack structure including these materials. The buffer
layer 111 is not necessarily arranged and thus may not be
formed.

[0064] The first semiconductor active layer 112a and the
second semiconductor active layer 1125 may be formed of,
but is not limited to, polycrystalline silicon and thus may be
formed as oxide semiconductors. For example, each of the
first semiconductor active layer 112q and the second semi-
conductor active layer 1126 may be a G-I—7—O layer
[(In,O5)a(Ga,05)b(Zn0O)c layer| (where, a, b, and ¢ are real
numbers that satisfy a=0, b=0, and c>0, respectively).
[0065] A gate insulating layer 113 is formed on the buffer
layer 111 so as to cover the first semiconductor active layer
1124 and the second semiconductor active layer 1125, and a
first gate electrode 114a and a second gate electrode 1145 are
formed on the gate insulating layer 113.

[0066] An interlayer insulating layer 115 is formed on the
gate insulating layer 113 so as to cover the first gate
electrode 114a and a second gate electrode 1145. Then, a
first source electrode 1164 and a first drain electrode 117a
and a second source electrode 1165 and a second drain
electrode 1175 are formed on the interlayer insulating layer
115, and contact the first semiconductor active layer 112a
and the second semiconductor active layer 1125, respec-
tively, via contact holes.

[0067] However, a structure of the TFTs T and T' is not
limited to the aforementioned structure, and thus the TFTs T
and T' may have one of various structures. In embodiments,
the TFT T of the first circuit unit 212 and the TFT T" of the
second circuit unit 222 may have different structures.
[0068] A passivation layer 118 may be formed to cover the
first circuit unit 212 and the second circuit unit 222 including
the TFTs T and T'. The passivation layer 118 may be a single
or composite insulating layer. The passivation layer 118 may
be formed of an inorganic material and/or an organic mate-
rial.

[0069] As shown in FIGS. 4 and 5, a first pixel electrode
241 and a second pixel electrode 251 are formed on the
passivation layer 118. The first pixel electrode 241 and the
second pixel electrode 251 are respectively connected to the
first drain electrode 117 and the second drain electrode
1175 of the TFTs T and T' through vias or holes formed in
the passivation layer 118. The first pixel electrode 241 and
the second pixel electrode 251 have structures that are
separated from each other.

[0070] A pixel defining layer (PDL) 119 is formed on the
passivation layer 118 so as to cover side ends of the first
pixel electrode 241 and the second pixel electrode 251.
[0071] A first organic layer 243 is formed on the first pixel
electrode 241, and a first opposite electrode 242 is formed to
cover the first organic layer 243. A first organic light-
emitting device 24 is formed as a multilayered body includ-
ing the first pixel electrode 241, the first organic layer 243,
and the first opposite electrode 242.

[0072] A second organic layer 253 is formed on the second
pixel electrode 251, and a second opposite electrode 252 is
formed to cover the second organic layer 253. A second
organic light-emitting device 25 is formed as a multilayered
body including the second pixel electrode 251, the second
organic layer 253, and the second opposite electrode 252.
[0073] The first opposite electrode 242 and the second
opposite electrode 252 may be electrically connected to each
other as a common electrode.
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[0074] The first organic layer 243 and the second organic
layer 253 may be formed of the same material. The first
organic layer 243 and the second organic layer 253 may be
formed as a small-molecule organic layer or a polymer
organic layer. When the first organic layer 243 and the
second organic layer 253 are formed as the small-molecule
organic layer, in embodiments, each of the first organic layer
243 and the second organic layer 253 may have a structure
in which a hole injection layer (HIL), a hole transport layer
(HTL), an emission layer (EML), an electron transport layer
(ETL), an electron injection layer (EIL), and the like are
singularly or multiply stacked, and may be formed by using
one of various organic materials including copper phthalo-
cyanine (CuPc), N,N'-Di(naphthalene-1-y1)-N,N'-diphenyl-
benzidine (NPB), tris-8-hydroxyquinoline aluminum)
(Alg3), or the like. The small-molecule organic layer may be
formed by using a vacuum deposition method. Here, at least
one of the HIL, the HTL, the ETL, and the EIL. may be
commonly formed without being patterned for each of the
sub-pixels of the first pixel 21 and the second pixel 22. The
EML may be patterned for each of the sub-pixels. In this
regard, the 1-1 sub-pixel 21-1, the 1-2 sub-pixel 21-2, and
the 1-3 sub-pixel 21-3, and the 2-1 sub-pixel 22-1, the 2-2
sub-pixel 22-2, and the 2-3 sub-pixel 22-3 may be patterned
to have the same-color emission layers, respectively.
[0075] The first pixel electrode 241 and the second pixel
electrode 251 may function as an anode electrode, and the
first opposite electrode 242 and the second opposite elec-
trode 252 may function as a cathode electrode. Obviously,
polarities of the first pixel electrode 241 and the second pixel
electrode 251 and polarities of the first opposite electrode
242 and the second opposite electrode 252 may be switched.
[0076] In embodiments, the first pixel electrode 241 may
have a size corresponding to the first emission unit 211 in
each of the sub-pixels of the first pixel 21. Also, the second
pixel electrode 251 may have a size corresponding to the
second emission unit 221 in each of the sub-pixels of the
second pixel 22.

[0077] The first opposite electrode 242 and the second
opposite electrode 252 may apply a common voltage to all
pixels of the organic light emission unit 2.

[0078] The passivation layer 118, the gate insulating layer
113, the interlayer insulating layer 115, and the PDL 119
may be formed as, but are not limited to, transparent
insulating layers. Here, the substrate 1 has transmittance that
is equal to or less than transmittance of the insulating layers.
[0079] According to the present embodiment, the first
pixel electrode 241 may be formed as a transparent elec-
trode, and the first opposite electrode 242 may be a reflective
electrode. Thus, the first emission unit 211 corresponds to a
bottom-emission type in which an image is realized toward
the first pixel electrode 241.

[0080] In embodiments, the second pixel electrode 251
may be an electrode including a reflective layer, and the
second opposite electrode 252 may be a transflective elec-
trode. Thus, the second emission unit 221 corresponds to a
top-emission type in which an image is realized toward the
second opposite electrode 252.

[0081] As described above, when the second pixel elec-
trode 251 is formed as a reflective electrode, the pixel circuit
formed therebelow is covered by the second pixel electrode
251. That is, in FIG. 5, a user on an upper side of the second
opposite electrode 252 may not view each pattern of the TFT
T' below the second pixel electrode 251.
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[0082] Also, because the second pixel electrode 251 is
formed as the reflective electrode, emitted light travels only
toward a viewer, so that an amount of light that is lost in a
direction away from the viewer may be reduced.

[0083] The first pixel electrode 241 is formed as a trans-
parent conductive layer. The transparent conductive layer
may be formed of ITO, IZO, ZnO, or In,0,, which has a
relatively high work function.

[0084] The second pixel electrode 251 may be formed as
a multi-stack of a transparent conductive layer and a reflec-
tive layer. The transparent conductive layer may be formed
of ITO, 1ZO, ZnO, or In,0,, which has a relatively high
work function. The reflective layer may be formed of Ag,
Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, Yb, or a compound
of any of these.

[0085] The first opposite electrode 242 and the second
opposite electrode 252 may be formed of a metal having a
relatively small work function, e.g., Ag, Mg, Al, Pt, Pd, Au,
Ni, Nd, Ir, Cr, Li, Ca, Yb, or an alloy thereof. The first
opposite electrode 242 and the second opposite electrode
252 may be formed as thin-layers having relatively high
transmittance, and a thickness of each of the thin-layers may
be from about 100 to about 500 A. The first opposite
electrode 242 may further include a reflective layer. The
reflective layer may be formed of Ag, Mg, Al, Pt, Pd, Au, Ni,
Nd, Ir, Cr, Li, Ca, Yb, or a compound of any of these.
[0086] A distance between a surface of the reflective layer
of the second pixel electrode 251 and the second opposite
electrode 252 may be adjusted to allow optical resonance
with respect to a wavelength of light generated in the EML
of the second organic layer 253. Thus, the distance may vary
for each of red, green, and blue sub-pixels. In order to adjust
the distance for the optical resonance, a thickness of at least
one of the HIL, the HTL, the ETL, and the FIL may vary for
each of red, green, and blue sub-pixels, or an auxiliary layer
may be further formed.

[0087] The second emission unit 221 having the afore-
mentioned structure may cotrespond to the top-emission
type in which an image is realized toward the second
opposite electrode 252, and by adjusting the distance for the
optical resonance, light extraction efficiency may be maxi-
mized.

[0088] In order to further increase external light transmit-
tance in the transmissive unit 23, a see-through window 231
may be formed in the transmissive unit 23.

[0089] The see-through window 231 may be embodied by
forming an opening in a corresponding region of the trans-
missive unit 23 so that none of the first opposite electrode
242 and the second opposite electrode 252 is formed in the
corresponding region. Due to the see-through window 231,
external light transmittance of the transmissive unit 23 may
be improved.

[0090] As illustrated in FIG. 3, the see-through window
231 may have an area corresponding to the transmissive unit
23. Thus, the first pixel 21 and the second pixel 22 may be
adjacent and in parallel to a side of the see-through window
231.

[0091] Although FIGS. 4 and 5 illustrate an example in
which the see-through window 231 corresponds to the
opening formed in the first opposite electrode 242 and the
second opposite electrode 252, one or more embodiments of
the present invention are not limited thereto, and thus the
see-through window 231 may be further formed in at least

Dec. 15,2016

one of the PDL 119, the passivation layer 118, the interlayer
insulating layer 115, the gate insulating layer 113, and the
buffer layer 111.

[0092] FIG. 6 is a plane view of a first pixel 21' and a
second pixel 22' that are adjacent to each other in the organic
light emission unit 2, according to another embodiment of
the present invention. Similar to the embodiment illustrated
in FIG. 3, the first pixel 21' includes a 1-1 sub-pixel 21'-1,
a 1-2 sub-pixel 21'-2, and a 1-3 sub-pixel 21'-3, and the
second pixel 22' includes a 2-1 sub-pixel 22'-1, a 2-2
sub-pixel 22'-2, and a 2-3 sub-pixel 22'-3.

[0093] Unlike the embodiment illustrated in FIG. 3, in the
present embodiment illustrated in FIG. 6, each of the 1-1
sub-pixel 21'-1, the 1-2 sub-pixel 21'-2, and the 1-3 sub-
pixel 21'-3 of the first pixel 21" includes a first emission unit
211" without a circuit unit.

[0094] Each of the 2-1 sub-pixel 22'-1, the 2-2 sub-pixel
22'-2, and the 2-3 sub-pixel 22'-3 of the second pixel 22'
includes a second emission unit 221" and a circuit unit 223.
The second emission unit 221" and the circuit unit 223 may
overlap with each other when viewed from the direction.
The second emission units 221' of the 2-1 sub-pixel 22'-1,
the 2-2 sub-pixel 22'-2, and the 2-3 sub-pixel 22'-3 of the
second pixel 22' are electrically connected to the circuit units
223, and the first emission unit 211' of the 1-1 sub-pixel
21'-1, the 1-2 sub-pixel 21'-2, and the 1-3 sub-pixel 21'-3 of
the first pixel 21' are electrically connected to the circuit
units 223.

[0095] Similar to the embodiment illustrated in FIG. 3, the
first pixel 21' and the second pixel 22' may realize images in
different directions. For example, the first emission units
211" of the first pixel 21' may be a bottom emission type, and
the second emission units 221" of the second pixel 22' may
be a top-emission type.

[0096] As described above, the first pixel 21' and the
second pixel 22' that are adjacent to each other, and a
transmissive unit 23' may form one pixel structure 20"
[0097] Pixel circuits formed in the circuit units 223 simul-
taneously drive the first emission units 211' of the 1-1
sub-pixel 21'-1, the 1-2 sub-pixel 21'-2, and the 1-3 sub-
pixel 21'-3 of the first pixel 21", and the second emission
units 221" of the 2-1 sub-pixel 22'-1, the 2-2 sub-pixel 22'-2,
and the 2-3 sub-pixel 22'-3 of the second pixel 22'.

[0098] FIG. 7 is a circuit view illustrating in detail an
example of the circuit unit 223 of FIG. 6.

[0099] Referring to FIG. 7, a scan line S, a data line D, and
a Vdd line V that is a driving power source are electrically
connected to the circuit unit 223. Although not illustrated in
FIG. 7, according to a configuration of the circuit unit 223,
other various conductive lines, in addition to the scan line S,
the data line D, and the Vdd line V, may be further arranged.
[0100] The circuit unit 223 includes a first TFT T1 con-
nected to the scan line S and the data line D, a second TFT
T2 connected to the first TFT T1 and the Vdd line V, and a
capacitor Cst connected to the first TFT T1 and the second
TFT T2.

[0101] A gate electrode of the first TFT T1 is connected to
the scan line S and thus receives a scan signal, a first
electrode of the first TFT T1 is connected to the data line D,
and a second electrode of the first TFT T1 is connected to the
capacitor Cst and a gate electrode of the second TFT T2.
[0102] A first electrode of the second TFT T2 is connected
to the Vdd line V and the capacitor Cst, and a second
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electrode of the second TFT T2 is connected to each of first
electrodes of a first emission TFT T3 and a second emission
TFT T4.

[0103] Here, the first TFT T1 corresponds to a switching
transistor, and the second TFT T2 corresponds to a driving
transistor.

[0104] A second electrode of the first emission TFT T3 is
electrically connected to a first organic light-emitting device
24', and a second electrode of the second emission TFT T4
is electrically connected to a second organic light-emitting
device 25'. In the embodiment illustrated in FIG. 6, the first
organic light-emitting device 24' may be arranged at the first
emission unit 211" of each of the 1-1 sub-pixel 21'-1, the 1-2
sub-pixel 21'-2, and the 1-3 sub-pixel 21'-3 of the first pixel
21", and the second organic light-emitting device 25' may be
arranged at the second emission unit 221' of each of the 2-1
sub-pixel 22'-1, the 2-2 sub-pixel 22'-2, and the 2-3 sub-
pixel 22'-3 of the second pixel 22",

[0105] Gate electrodes of the first emission TFT T3 and
the second emissiont TFT T4 are electrically connected to
separate emission signal lines, respectively.

[0106] In the example shown in FIG. 7, all of the TFTs T1
through T4 correspond to, but are not limited to, a p-type,
and thus at least one of them may be formed as an n-type.
The number of the TFTs T1 through T4 and the capacitor Cst
is not limited to the example, and thus, according to a pixel
circuit unit 223, two or more TFTs and at least one capacitor
may be further arranged.

[0107] According to the aforementioned configuration of
the circuit unit 223, image information input via the data line
D is realized by the first organic light-emitting device 24'
when the first emission TFT T3 is open, and image infor-
mation input via the data line D is realized by the second
organic light-emitting device 25' when the second emission
TFT T4 is open, so that the first organic light-emitting device
24' and the second organic light-emitting device 25' may
realize different images. Thus, an image on a top emission
surface and an image on a bottom emission surface may be
reversed like a mirror image with respect to each other by
time-division driving so that dual-emission may be achieved
in an unseen manner. Obviously, when the same switching
signal is applied to the first emission TFT T3 and the second
emission TFT T4 while the same data signal is applied
thereto, reversed mirror images may be viewed on a top
surface and a bottom surface. As described above, the circuit
unit 223 may enable various screen displays while the first
organic light-emitting device 24' and the second organic
light-emitting device 25' share a basic configuration of a
pixel circuit unit.

[0108] FIG. 8 illustrates disposition of pixels in the
organic light emission unit 2, according to an embodiment of
the present invention. In the embodiment illustrated in FIG.
8, first pixel structures 201 are disposed at every odd row 0,
and second pixel structures 202 are disposed at every even
row B. The first pixel structures 201 may be for bottom
emission and transmittance of external light, and the second
pixel structures 202 may be for top emission and transmit-
tance of external light. The first pixel structures 201 and the
second pixel structures 202 may simultaneously or selec-
tively realize the same or different images. In the embodi-
ment illustrated in FIG. 8, the same pixel structures are
disposed at, but are not limited to, every row, and thus the
same pixel structures may be disposed at every column.
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[0109]
8.
[0110] The first pixel structure 201 disposed at the odd
row 0 may have the first pixel 21. The first pixel 21 includes
the 1-1 sub-pixel 21-1, the 1-2 sub-pixel 21-2, and the 1-3
sub-pixel 21-3, which realize a full-white color via emission
of different colors. Each of the 1-1 sub-pixel 21-1, the 1-2
sub-pixel 21-2, and the 1-3 sub-pixel 21-3 of the first pixel
21 includes the first emission unit 211 and the first circuit
unit 212. The first emission unit 211 and the first circuit unit
212 may be disposed adjacent to each other and may not
overlap with each other when viewed from the direction.
The first circuit units 212 of the 1-1 sub-pixel 21-1, the 1-2
sub-pixel 21-2, and the 1-3 sub-pixel 21-3 of the first pixel
21 are electrically connected to the first emission units 211
of the 1-1 sub-pixel 21-1, the 1-2 sub-pixel 21-2, and the 1-3
sub-pixel 21-3 of the first pixel 21, respectively.

[0111] The 1-1 sub-pixel 21-1, the 1-2 sub-pixel 21-2, and
the 1-3 sub-pixel 21-3 are adjacent to the transmissive unit
23. An opening window 231' may be formed in the trans-
missive unit 23, and in this regard, the 1-1 sub-pixel 21-1,
the 1-2 sub-pixel 21-2, and the 1-3 sub-pixel 21-3 are
adjacent and in parallel to a side of the opening window
231'.

[0112] The second pixel structure 202 disposed at the even
row E may have the second pixel 22. The second pixel 22
includes the 2-1 sub-pixel 22-1, the 2-2 sub-pixel 22-2, and
the 2-3 sub-pixel 22-3, which realize a full-white color via
emission of different colors.

[0113] Fach of the 2-1 sub-pixel 22-1, the 2-2 sub-pixel
22-2, and the 2-3 sub-pixel 22-3 of the second pixel 22
includes the second emission unit 221 and the second circuit
unit 222. The second emission unit 221 and the second
circuit unit 222 may be disposed to overlap with each other
when viewed from the direction. The second pixels 222 of
the 2-1 sub-pixel 22-1, the 2-2 sub-pixel 22-2, and the 2-3
sub-pixel 22-3 are electrically connected to the second
emission units 221 of the 2-1 sub-pixel 22-1, the 2-2
sub-pixel 22-2, and the 2-3 sub-pixel 22-3, respectively.
[0114] The 2-1 sub-pixel 22-1, the 2-2 sub-pixel 22-2, and
the 2-3 sub-pixel 22-3 are adjacent to the transmissive unit
23. The opening window 231' may be formed in the trans-
missive unit 23, and in this regard, the 2-1 sub-pixel 22-1,
the 2-2 sub-pixel 22-2, and the 2-3 sub-pixel 22-3 are
adjacent and in parallel to a side of the opening window
231'.

[0115] Detailed descriptions of the aforementioned ele-
ments are the same as those of the embodiment illustrated in
FIG. 3, and thus are omitted here.

FIG. 9 illustrates an example of a portion A of FIG.

[0116] FIG. 10 illustrates another example of the portion
A of FIG. 8.
[0117] Each of the sub-pixels 21'-1, 21'-2, and 21'-3 of a

first pixel structures 201" that disposed at the odd row 0
includes the first emission unit 211" without a circuit unit,
similar to the embodiment illustrated in FIG. 6.

[0118] Each of the sub-pixels 22'-1, 22'-2, and 22'-3 of a
second pixel structures 202' that is disposed at the even row
F includes the second emission unit 221" and the circuit unit
223, similar to the embodiment illustrated in FIG. 6. The
second emission unit 221" and the circuit unit 223 may
overlap with each other when viewed from the direction.
The second emission units 221' of the sub-pixels 22'-1, 22'-2,
and 22'-3 of the second pixel 22' are electrically connected
to the circuit units 223, respectively, and the first emission
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units 211" of the sub-pixels 22'-1, 22'-2, and 22'-3 of the first
pixel 21' are electrically connected to the circuit units 223,
respectively.

[0119] Detailed descriptions of the aforementioned ele-
ments are the same as those of the embodiment illustrated in
FIG. 6, and thus are omitted here.

[0120] As described above, in the embodiments of FIGS.
8 through 10, users on a top surface side and a bottom
surface side of a transparent or see-through display may
simultaneously or respectively view the same or different
images, and may view an image that is transmitted to both
the top surface side and the bottom surface side.

[0121] While embodiments of the present invention have
been particularly shown and described, 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. An organic light-emitting display apparatus compris-

ing:

a first emission unit, comprising a first organic light-
emitting device configured to emit light in at least a first
direction and through a first display surface;

a second emission unit, comprising a second organic
light-emitting device configured to emit light in a
second direction opposite to the first direction and
through a second display surface opposing the first
display surface, wherein the first emission unit and the
second emission unit are alternately disposed,

a transmissive area disposed adjacent to but not overlap-
ping with the first emission unit and the second emis-
sion unit when viewed from a direction perpendicular
to the first display surface, and capable of transmitting
external light through the first and second display
surfaces in the transmissive area; and
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a circuit unit which is electrically connected to the first
emission unit and the second emission unit,

wherein the circuit unit comprises a first emission thin
film transistor and a second emission thin film transis-
tor, each comprises a first electrode, a second electrode
and a gate electrode,

wherein the first electrode of the first emission thin film
transistor is electrically connected to the first electrode
of the second emission thin film transistor, and

wherein the second electrode of the first emission thin
film transistor and the second electrode of the second
emission thin film transistor are electrically connected
to the first organic light-emitting device and the second
organic light-emitting device, respectively.

2. The organic light-emitting display apparatus of claim 1,

the circuit unit further comprising;

a first thin film transistor electrically connected a scan line
and a data line;

a second thin film transistor electrically connected the first
thin film transistor, a voltage line, the first emission thin
film transistor and the second emission thin film tran-
sistor; and

a capacitor electrically connected the first thin film tran-
sistor and the second thin film transistor;

3. The organic light-emitting display apparatus of claim 1,
wherein the first emission unit and the second emission unit
are adjacent to a side of the transmissive area.

4. The organic light-emitting display apparatus of claim 1,
wherein the circuit unit overlaps with the second emission
unit when viewed from the direction.

5. The organic light-emitting display apparatus of claim 1,
wherein at least a portion of the transmissive area is disposed
between the first emission unit and the second emission unit.

6. The organic light-emitting display apparatus of claim 1,
further comprising a see-through window formed in the
transmissive area.
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