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(7) ABSTRACT

An organic light emitting display is disclosed. In one embodi-
ment, the display includes 1) a substrate, 2) a plurality of
pixels formed on the substrate, wherein each of the pixels
comprises at least one circuit region including 1) a first light
emission area, ii) a second light emission area iii) at least one
transmission area transmitting external light, and iv) a pixel
circuit unit and 3) a first pixel electrode formed in the first
light emission area and electrically connected to the pixel
circuit unit, wherein the first pixel electrode comprises a first
transparent conductive layer and a reflective layer. The dis-
play may further include 1) a second pixel electrode formed in
the second light emission area and electrically connected to
the first pixel electrode, wherein the second pixel electrode
comprises a second transparent conductive layer, 2) a first
opposite electrode substantially directly below or above the
first pixel electrode, 3) a second opposite electrode substan-
tially directly below or above the second pixel electrode and
4) an organic emission layer formed between the first pixel
electrode and the first opposite electrode and between the
second pixel electrode and the second opposite electrode.
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ORGANIC LIGHT EMITTING DISPLAY

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application is a continuation of U.S. patent
application Ser. No. 13/176,293, filed on Jul. 5, 2011, which
claims the benefit of Korean Patent Application No. 10-2010-
0092854, filed on Sep. 24, 2010, in the Korean Intellectual
Property Office, the disclosure of which is incorporated
herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to an
organic light emitting display, and more particularly, to a
transparent organic light emitting display.

[0004] 2. Description of the Related Technology

[0005] Organic light emitting displays generally have wide
viewing angles, high contrast ratios, short response times, and
reduced power consumption. The displays may be used
across a variety of applications such as personal portable
devices (e.g.. MP3 players and mobile phones) or a large
screen display (e.g., television sets). An organic light emitting
display is self-emissive. Also, the weight and thickness of the
organic display can be reduced since it does not require an
additional light source unlike a liquid crystal display. Further,
the device can be made transparent by using transparent thin
film transistors and other transparent elements (e.g., transpar-
ent organic light emitting elements).

SUMMARY

[0006] Oneaspectis anorganic light emitting display that is
transparent by improving a light transmittance at a transmis-
sion region and may be formed as a dual-emission type.
[0007] Another aspect is a transparent organic light emit-
ting display that prevents distortion of images by restraining
scatter of transmitted light.

[0008] Another aspect is an organic light emitting display
including: a substrate; a plurality of pixels formed on the
substrate, and each comprising at least one circuit area includ-
ing a first emission area and a second emission area emitting
light, at least one transmission area transmitting external
light, and a pixel circuit unit; a plurality of first pixel elec-
trodes disposed on the first emission areas of the pixels,
electrically connected to the pixel circuit units, and compris-
ing transparent conductive layers and reflective layers; a plu-
rality of second pixel electrodes disposed on the second emis-
sion areas, electrically connected to the first pixel electrodes,
and comprising transparent conductive layers; a first opposite
electrode facing the first pixel electrode; a second opposite
electrode facing the second pixel electrode; and organic lay-
ers disposed between the first pixel electrode and the first
opposite electrode and between the second pixel electrode
and the second opposite electrode, and comprising emission
layers.

[0009] At least a part of the second emission area may be
disposed on the transmission area. The first pixel electrode
and the second pixel electrode may be connected to each
other. The transparent conductive layer may be formed of at
least one metal oxide selected from the group consisting of
indium tin oxide (ITO), indium zinc oxide (1Z0), ZnO, and
In,0;.
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[0010] The second pixel electrode may further include a
reflective layer that is formed to reflect or transmit the light.
The reflective layer may include at least one metal material
selected from the group consisting of Ag, Mg, Al, Pt, Pd, Au,
Ni, Nd, Ir, Cr, Li, Ca, Yb, and an alloy thereof. The first
opposite electrode and the second opposite electrode may be
integrally formed with each other.

[0011] The first opposite electrode may be formed to trans-
mit the light. The second opposite electrode may be formed to
reflect the light. The first opposite electrode and the second
opposite electrode may include at least one metal selected
from the group consisting of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd,
Ir, Cr, Li, Ca, YD, and an alloy thereof.

[0012] Another aspect is an organic light emitting display
including: a substrate; a plurality of pixels formed on the
substrate, and each comprising at least one circuit area includ-
ing a first emission area and a second emission area emitting
light, at least one transmission area transmitting external
light, and a pixel circuit unit, wherein at least a part of the
second emission area is disposed on the transmission area; a
plurality of transmission windows formed in the at least one
transmission area; a plurality of first pixel electrodes disposed
on the first emission areas of the pixels, electrically connected
to the pixel circuit units, and comprising transparent conduc-
tive layers and reflective layers; a plurality of second pixel
electrodes disposed on the second emission areas, electrically
connected to the first pixel electrodes, and comprising trans-
parent conductive layers; a first opposite electrode facing the
first pixel electrode; a second opposite electrode facing the
second pixel electrode; and organic layers disposed between
the first pixel electrode and the first opposite electrode and
between the second pixel electrode and the second opposite
electrode, and comprising emission layers.

[0013] The first pixel electrode and the second pixel elec-
trode may be connected to each other. The transparent con-
ductive layer may be formed of at least one metal oxide
selected from the group consisting of indium tin oxide (ITO),
indium zinc oxide (IZO), ZnO, and In,0;. The second pixel
electrode may further include a reflective layer that is formed
to reflect or transmit the light.

[0014] The reflective layer may include at least one metal
material selected from the group consisting of Ag, Mg, Al, Pt,
Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, Yb, and an alloy thereof. The
first opposite electrode and the second opposite electrode
may be integrally formed with each other. The first opposite
electrode may be formed to transmit the light. The second
opposite electrode may be formed to reflect the light. The first
opposite electrode and the second opposite electrode may
include at least one metal selected from the group consisting
of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, Yb, and an
alloy thereof.

[0015] Another aspect is an organic light emitting display
comprising: a substrate; a plurality of pixels formed on the
substrate, wherein each of the pixels comprises at least one
circuit region including i) a first light emission area, ii) a
second light emission area iii) at least one transmission area
transmitting external light, and iv) a pixel circuit unit; a first
pixel electrode formed in the first light emission area and
electrically connected to the pixel circuit unit, wherein the
first pixel electrode comprises a first transparent conductive
layer and a reflective layer; a second pixel electrode formed in
the second light emission area and electrically connected to
the first pixel electrode, wherein the second pixel electrode
comprises a second transparent conductive layer; a first oppo-
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site electrode substantially directly below or above the first
pixel electrode; a second opposite electrode substantially
directly below or above the second pixel electrode; and an
organic emission layer formed between the first pixel elec-
trode and the first opposite electrode and between the second
pixel electrode and the second opposite electrode.

[0016] Inthe above display, at least part of the second light
emission area overlaps with the transmission area. In the
above display, the first and second pixel electrodes are con-
nected to each other and formed on the organic layer. In the
above display, at least one of the first and second transparent
conductive layers is formed of at least one metal oxide
selected from the group consisting of indium tin oxide (ITO),
indium zinc oxide (IZO), ZnO, and In,0;. In the above dis-
play, the second pixel electrode is partially transmissive and
partially reflective.

[0017] In the above display, the reflective layer of the first
pixel electrode comprises at least one metal material selected
from the group consisting of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd,
Ir, Cr, Li, Ca, Yb, and an alloy thereof. In the above display,
the first and second opposite electrodes are integrally formed
with each other. In the above display, the first opposite elec-
trode is at least partially transmissive. In the above display,
the second opposite electrode is at least partially reflective. In
the above display, at least one of the first and second opposite
electrodes comprises at least one metal selected from the
group consisting of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li,
Ca, Yb, and an alloy thereof.

[0018] Another aspect is an organic light emitting display
comprising: a substrate; a plurality of pixels formed on the
substrate, wherein each of the pixels comprises at least one
circuit region including i) a first light emission area, ii) a
second light emission area, iii) at least one light transmission
area, and iv) a pixel circuit unit, and wherein at least part of
the second emission area overlaps with the light transmission
area; at least one transmission window formed in the light
transmission area; a first pixel electrode formed on the first
light emission area and electrically connected to the pixel
circuit unit, wherein the first pixel electrode is at least par-
tially reflective; a second pixel electrode formed on the sec-
ond light emission area and electrically connected to the first
pixel electrode, wherein the second pixel electrode is at least
partially transmissive; a first opposite electrode substantially
directly below or above the first pixel electrode; a second
opposite electrode substantially directly below or above the
second pixel electrode; and an organic emission layer formed
between the first pixel electrode and the first opposite elec-
trode and between the second pixel electrode and the second
opposite electrode.

[0019] Inthe above display, the first and second pixel elec-
trodes contact each other and formed on the organic layer. In
the above display, the first pixel electrode is thicker than the
second pixel electrode. In the above display, the second pixel
electrode is formed of a partially transmissive material and a
partially reflective material. In the above display, the pixel
circuit unit is formed substantially directly below or above the
first pixel electrode and is not formed in the light transmission
area.

[0020] In the above display, the second pixel electrode is
closer to the light transmission area than the first pixel elec-
trode. The above display further comprises at least one insu-
lating layer contacting the pixel circuit unit, wherein the at
least one transmission window contacts the insulating layer.
In the above display, the at least one transmission window
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comprises a first transmission window formed on a pixel
defining layer. In the above display, the at least one transmis-
sion window comprises a second transmission window
formed on a passivation layer and formed between the first
and second pixel electrodes.

[0021] Another aspect is an organic light emitting display
comprising: a substrate; a plurality of pixels formed on the
substrate, wherein each of the pixels comprises 1) a first light
emission area, ii) a second light emission area, iii) a light
transmission area and iv) at least one circuit element which is
formed substantially directly below or above the first light
emission area and is not formed in the light transmission area,
and wherein the second light emission area at least partially
overlaps with the light transmission area; a first pixel elec-
trode formed on the first light emission area and electrically
connected to the circuit element, wherein the first pixel elec-
trode is at least partially reflective; a second pixel electrode
formed on the second light emission area and electrically
connected to the first pixel electrode, wherein the second
pixel electrode is at least partially transmissive; and an
organic light emitting diode contacting and formed over the
first and second pixel electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1is a cross-sectional view of an organic light
emitting display according to an embodiment.

[0023] FIG. 2 is a cross-sectional view of an organic light
emitting display according to another embodiment.

[0024] FIG. 3 is a schematic diagram of an organic emis-
sion unit shown in FIG. 1 or FIG. 2.

[0025] FIG. 4 is a schematic diagram of the organic emis-
sion unit illustrating a pixel circuit unit of FIG. 3 in detail.
[0026] FIG. 5 is a detailed plan view of the organic emis-
sion unit of FIG. 4.

[0027] FIG. 6is a cross-sectional view of the organic emis-
sion unit taken along line A-A of FIG. 5.

[0028] FIG. 7A is a cross-sectional view showing an
example of a first emission area (PA1) of FIG. 6.

[0029] FIG. 7B is a cross-sectional view showing an
example of a second emission area (PA2) of FIG. 6.

[0030] FIG. 8 is a cross-sectional view of an organic emis-
sion unit according to another example.

[0031] FIG. 9 is a cross-sectional view of an organic emis-
sion unit according to another example.

[0032] FIG. 10A is across-sectional view of a first emission
area (PA1) of FIG. 9.

[0033] FIG. 10Bisacross-sectional view of a second emis-
sion area (PA2) of FIG. 9.

[0034] FIG. 11 is a plan view of an organic emission unit
according to another example.

DETAILED DESCRIPTION

[0035] A transparentdisplay, when in an off state, generally
allows an object, positioned on an opposite side of a user with
respect to the display, to be transmitted to the user. This
transmission may occur not only through organic light emit-
ting diodes but also through spaces between patterns of thin
film transistors and various wires. However, the light trans-
mittance of a transparent organic light-emitting display is not
very high, because the light transmittance of display compo-
nents such as transistors and various wires are low, and there
is little space between the wires.
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[0036] Inaddition, a distorted image may be transmitted to
the user due to the patterns. This is because gaps between the
patterns are only a few nanometers, a dimension which is
close to the wavelengths of visible light, and thus, light scat-
ters while passing through the gaps.

[0037] Meanwhile, organic light emitting displays may be
realized as a dual-emission type display when compared with
LCDs. However, in the dual-emission type display, a reflec-
tive anode may not be used, and thus, an optical resonant
effect may not be obtained. Accordingly, greater light extract-
ing efficiency may not be obtained.

[0038] Hereinafter, embodiments will be described in
detail with reference to accompanying drawings. FIG. 1is a
cross-sectional view of an organic light emitting display 1
according to an embodiment.

[0039] Referring to FIG. 1, the organic light emitting dis-
play 2 includes an organic emission unit 21 formed on a first
surface 11 of a substrate 1, and a sealing substrate 23 for
sealing the organic emission unit 21.

[0040] The sealing substrate 23 may be formed at least
partially of a transparent material so that images emitted from
the unit 21 may be displayed therethrough, and substantially
prevents external air and moisture from infiltrating into the
organic emission unit 21.

[0041] Edges ofthe substrate 1 and the sealing substrate 23
are coupled to each other by a sealing material (e.g., frit) 24 so
as to substantially seal the space 25 between the substrate 1
and the sealing substrate 23. An absorbent or a filler may be
provided in the space 25.

[0042] As shown in FIG. 2, instead of using the sealing
substrate 23, a thin sealing film 26 may be formed on the
organic emission unit 21 so as to protect the organic element
21 from external impurities such as air or moisture. The
sealing film 26 may include an alternately stacked structure of
1) an inorganic film formed at least partially of, for example,
silicon oxide or silicon nitride and ii) an organic film formed
at least partially of, for example, epoxy or polyimide. How-
ever, the sealing film 26 may have other sealing structure
including a transparent film.

[0043] FIGS. 3 and 4 are plan views showing a red pixel P,,
a green pixel P, or a blue pixel P, that are adjacent to each
other in the organic emission unit 21. FIG. 4 is a detailed
schematic diagram showing a pixel circuit unit PC of FIG. 3.
[0044] Each of the red, green, and blue pixels P,, P,, and P,
has a first emission area PA1, a second emission area PA2, and
a transmission area TA. The transmission area TA may be
separately provided in each of the pixels P,, P,, and P, or may
be shared by the pixels P, P,, and P,,.

[0045] Referring to FIGS. 1 through 4, the organic emis-
sion unit 21 is formed on the substrate 1 that is divided into 1)
the transmission areas TA, and ii) the plurality of first emis-
sionareas PA1 that are separated by the transmission areas TA
(see FIGS. 3 and 4). The plurality of second emission areas
PA2 that are respectively adjacent to the plurality of first
emission areas PA1 are located on at least part of the trans-
mission areas TA so that the second emission areas PA2 both
transmit the external light into the display and emit the light
toward the environment.

[0046] As shown in FIG. 4, each of'the first emission areas
PA1 includes a pixel circuit unit PC, and a plurality of con-
ductive lines such as ascan line S, a data line D, and a Vdd line
V (driving voltage line) are electrically connected to the pixel
circuit unit PC. Although not shown in FIG. 4, various addi-
tional conductive lines may be formed according to a struc-
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ture of the pixel circuit unit PC. In one embodiment, at least
some of the pixel circuit unit PC and the above conductive
lines are not formed directly below or above the second emis-
sion areas PA2.

[0047] The pixel circuit unit PC includes i) a first thin film
transistor TR1 electrically connected to the scanline S and the
data line D, ii) a second thin film transistor TR2 electrically
connected to the first thin film transistor TR1 and the Vdd line
V, and iii) a capacitor Cst electrically connected to the first
and second thin film transistors TR1 and TR2. In one embodi-
ment, the first thin film transistor TR1 is a switching transistor
and the second thin film transistor TR2 is a driving transistor.
The second thin film transistor TR2 is electrically connected
to a first pixel electrode 221. In one embodiment, as shown in
FIG. 4, the first and second thin film transistors TR1 and TR2
are P-type transistors. In another embodiment, at least one of
the first and second thin film transistors TR1 and TR2 is an
N-type transistor. The number of thin film transistors and the
number of the capacitor are not limited to the above example,
and two or more thin film transistors and one or more capaci-
tors may be formed according to the configuration of the pixel
circuit unit PC.

[0048] In one embodiment, as shown in FIGS. 3 and 4, the
scan lines S, the data lines D, and the Vdd lines V at least
partially overlap with the first pixel electrode 221. In another
embodiment, atleast one of the conductive lines (e.g.. S, D, V)
may at least partially overlap with the first pixel electrode
221. Depending on the embodiment, all of the conductive
lines may be disposed next to the first pixel electrode 221.
[0049] In one embodiment, each of the first emission areas
PA1 is a top emission type, a light extracting efficiency of
which is excellent, in each of sub-pixels, which will be
described later. In addition, since the pixel circuit unit PC is
located in the top emission area, the user may see the external
portion through the transmission area TA including the sec-
ond emission area PA2. That is, since the conductive patterns
of the pixel circuit unit PC, which is generally the largest
element for reducing the light transmittance of the transmis-
sion area TA, are not located on the transmission area TA, the
light transmittance of the transmission area TA may be
improved.

[0050] As described above, according to one embodiment,
the organic emission unit 21 displaying the images is divided
into the first emission area PA1 and the transmission area TA.
Further, most conductive patterns that reduce the entire light
transmittance of the display are disposed on the first emission
area PA1 in order to increase the light transmittance of the
transmission area TA. Thus, a light transmittance of the entire
image displaying area (the organic emission unit 21 of FIG. 1
or FIG. 2) may be significantly improved compared to a
typical transparent display where conductive patterns are
formed in both light emission areas and light transmission
area.

[0051] Moreover, since the pixel circuit unit PC is disposed
to substantially overlap with the first emission area PAl,
distortion of external images, which is generated because the
external light is scattered due to the patterns of the devices in
the pixel circuit unit PC, may be substantially prevented.
[0052] Although atleast one of the conductive lines (e.g., S,
D, V) may be disposed to cross the transmission area TA
located between two adjacent first emission areas PA1, the
conductive lines are very thin, and thus, do not affect the
entire light transmittance of the organic emission unit 21 and
are hardly seen by the user. In addition, even if the user may
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not see the external image as much as the region blocked by
the first emission areas PA1, the first emission areas PA1 may
be like a plurality of points arranged substantially regularly
on the entire display area. Thus, the user can easily see the
external images.

[0053] The first pixel electrode 221 is disposed on the first
emission area PA1, and the pixel circuit unit PC substantially
overlaps with the first pixel electrode 221 so as to be substan-
tially blocked by the first pixel electrode 221. In addition, at
least one of the conductive lines may be disposed to cross the
first pixel electrode 221. Since the conductive lines may less
affect the light transmittance than the pixel circuit unit PC
does, the conductive lines may be disposed adjacent to the
first pixel electrode 221 according to the design condition. In
one embodiment, the first pixel electrode 221 includes a
reflective layer formed at least partially of a conductive metal
reflecting light as will be described later, and thus, the first
pixel electrode 221 substantially blocks the pixel circuit unit
PC and prevents the external images from being distorted by
the pixel circuit unit PC on the first emission area PA1.
[0054] A second pixel electrode 222 is further disposed on
the transmission area TA to form the second emission area
PA2. In one embodiment, the second pixel electrode 222 is
formed at least partially of a metal oxide transmitting the light
so that the second emission area PA2 becomes a bottom
emission type.

[0055] FIG.5is aplan view of the organic emission unit 21
showing the pixel circuit unit PC of FIG. 4 in more detail.
FIG. 6 is a cross-sectional view of the pixel circuit unit PC
taken along line A-A of FIG. 5.

[0056] In one embodiment, as illustrated in FIGS. 5 and 6,
a buffer layer 211 is formed on a first surface 11 of the
substrate 1, and the first thin film transistor TR1, the capacitor
Cst, and the second thin film transistor TR2 are formed on the
buffer layer 211.

[0057] First, a first semiconductor active layer 212q and a
second semiconductor active layer 2125 are formed on the
buffer layer 211.

[0058] The buffer layer 211 may be formed of various
materials so as to prevent infiltration of impurities and to
planarize a surface of the substrate 1. For example, the buffer
layer 211 may be formed at least partially of an inorganic
material such as silicon oxide, silicon nitride, silicon oxyni-
tride, aluminum oxide, aluminum nitride, titanium oxide, or
titanium nitride, an organic material such as polyimide, poly-
ester, or acryl, or a stacked substance thereof. Depending on
the embodiment, the buffer laver 211 may be omitted.
[0059] The first and second semiconductor active layers
212a and 21256 may be at least partially formed of polycrys-
talline silicon. Further, the first and second semiconductor
active layers 212a and 2125 may be formed at least partially
of an oxide semiconductor. For example, the semiconductor
active layer 212 may be a G-I-Z-O layer [(In,O;)a(Ga,05)b
(ZnO)c layer] (a, b, c are real numbers satisfying conditions
of az0, b=0, ¢>0).

[0060] A gate insulating layer 213 is formed on the buffer
layer 211 so as to cover the first and second semiconductor
active layers 212¢ and 2125, and a first gate electrode 214a
and a second gate electrode 2145 are formed on the gate
insulating layer 213.

[0061] An interlayer dielectric 215 is formed on the gate
insulating layer 213 so as to cover the first and second gate
electrodes 214a and 214b. A first source electrode 2164 and a
first drain electrode 2174, and a second source electrode 2165
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and a second drain electrode 2175 are formed on the inter-
layer dielectric 215 so as to contact the first and second
semiconductor active layers 212a and 2125 through contact
holes.

[0062] In FIG. 6, the scan line S may be formed substan-
tially simultaneously when the first and second gate elec-
trodes 214a and 21454 are formed. In one embodiment, the
data line D is formed substantially simultaneously when the
first source electrode 2164 is formed so as to be electrically
connected to the first source electrode 2164, and the Vdd line
V may be formed substantially simultaneously when the sec-
ond source electrode 2165 is formed so as to be electrically
connected to the second source electrode 2165.

[0063] In one embodiment, a lower electrode 220a of the
capacitor Cst is formed substantially simultaneously when
the first and second gate electrodes 214a and 2145, and an
upper electrode 2204 of the capacitor Cst is formed substan-
tially simultaneously when the first drain electrode 217a is
formed.

[0064] The above structure is not considered limiting. For
example, the first and second thin film transistors TR1 and
TR2 are formed as top-gate structures; however, they may be
formed as bottom-gate structures, in which the first and sec-
ond gate electrodes 214a and 2144 are formed respectively
under the first and second semiconductor active layers 212a
and 212b. Other structures of the thin film transistor may be
also used.

[0065] A passivation layer 218 is formed to cover the first
thin film transistor TR1, the capacitor Cst, and the second thin
film transistor TR2. The passivation layer 218 may be a single
insulating layer or a plurality of insulating layers having a
substantially flat upper surface. The passivation layer 218
may be formed at least partially of a transparent inorganic
insulating material and/or an organic insulating material.
[0066] As shown in FIGS. 5 and 6, the first pixel electrode
221 is formed on the passivation layer 218 to substantially
block the first thin film transistor TR1, the capacitor Cst, and
the second thin film transistor TR2. The first pixel electrode
221 is electrically connected to the second drain electrode
217 of the second thin film transistor TR2 through a via hole
formed in the passivation layer 218.

[0067] In addition, a second pixel electrode 222 is formed
onthepassivation layer 218 to be adjacent to and/or to contact
the first pixel electrode 221. The first and second pixel elec-
trodes 221 and 222 may be electrically connected to each
other, and the connected body of the first and second pixel
electrodes 221 and 222 may be formed as an island that is
independently formed on each of the pixels, as shown in FIG.
5.

[0068] A pixel defining layer 219 covers edge portions of
the first pixel electrode 221 and the second pixel electrode
222, and an organic layer 223 is formed on the first pixel
electrode. In addition, a first opposite electrode 224a and a
second opposite electrode 2245 are formed to cover the
organic layer 223. Therefore, the first opposite electrode 224a
is formed on the first emission area PA1 and the second
opposite electrode 2245 is formed on the second emission
area PA2. In one embodiment, at least part of the second
opposite electrode 2244 is formed on the transmission area
TA.

[0069] The organic layer 223 may be formed at least par-
tially of a low-molecular weight organic material or a high-
molecular weight organic material. When including a low-
molecular weight organic layer, the organic layer 223 may



US 2015/0021580 A1

have a single or multi-layer structure including at least one
selected from the group consisting of a hole injection layer
(HIL), a hole transport layer (HTL), an emission layer
(EML), an electron transport layer (ETL), and an electron
injection layer (EIL). Examples of available organic materials
may include copper phthalocyanine (CuPc), N,N'-di(naph-
thalene-1-y1)-N,N'-diphenylbenzidine (NPB), tris-8-hydrox-
yquinoline aluminum (Alg3), and the like. The low-molecu-
lar weight organic layer may be formed by vacuum
deposition. Here, the EML is independently formed in each of
the red, green, and blue pixels P, P, and P,, and the HIL, the
HTL, the ETL, and the EIL are common layers applied com-
monly to the red, green, and blue pixels P, P, and P,.
[0070] The first and second pixel electrodes 221 and 22
may function as anodes, and the first and second opposite
electrodes 224a and 2245 may function as cathodes. Alterna-
tively, the first and second pixel electrodes 221 and 222 may
function as cathodes, and the first and second opposite elec-
trodes 224a and 2245 may function as anodes.

[0071] The first pixel electrode 221 is formed in each of the
pixels in a size substantially corresponding to the first emis-
sion area PA1. In addition, the second pixel electrode 222 is
formed in each of the pixels in a size substantially corre-
sponding to the second emission area PA2.

[0072] The first and second opposite electrodes 224a and
224h may be applied by a common voltage with respect to
entire pixels in the organic emission unit 21.

[0073] At least one of the passivation layer 218, the gate
insulating layer 213, the interlayer dielectric 215, and the
pixel defining layer 219 may be formed at least partially of a
transparent insulating material. Here, the light transmittance
of the substrate 1 may be less than or equal to the entire light
transmittance of the above insulating layers (213, 215, 218
and 219).

[0074] FIG.7A is adetailed schematic cross-sectional view
of the first emission area PA1, and FIG. 7B is a detailed
schematic cross-sectional view of the second emission area
PA2.

[0075] The first pixel electrode 221 may be at least partially
reflective, and the first opposite electrode 224a may be at least
partially transmissive and at least partially reflective. In this
embodiment, the first emission area PA1 is a top emission
type which displays images toward the first opposite elec-
trode 224a.

[0076] In one embodiment, when the first pixel electrode
221 is reflective, the pixel circuit unit PC disposed under the
first pixel electrode 221 is blocked by the first pixel electrode
221. Accordingly, as shown in FIG. 6, the user may not see
patterns of the first thin film transistor TR1, the capacitor Cst,
and the second thin film transistor TR2 under the first pixel
electrode 221 from an upper outer portion of the first opposite
electrode 224a.

[0077] In this embodiment, since the first pixel electrode
221 is the reflective electrode, the light is only emitted toward
the observer (user), and thus, loss of light to the opposite side
of the observer may be reduced. In addition, since the first
pixel electrode 221 blocks the various patterns of the pixel
circuit as described above, the user may see substantially
clear transmission images.

[0078] The second pixel electrode 222 may be at least par-
tially transparent and the second opposite electrode 224b may
be at least partially reflective. In this embodiment, the second
emission area PA2 is a bottom emission type which displays
images toward the second pixel electrode 222.
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[0079] The second pixel electrode 222 may be formed sub-
stantially simultaneously when the first pixel electrode 221 is
formed. For example, the transparent metal oxide layer of the
first pixel electrode 221 except for the reflective layer may be
patterned to extend to the second pixel electrode 222.

[0080] The first pixel electrode 221 may include a first
transparent conductive layer 221a, a reflective layer 2215,
and a second transparent conductive layer 221¢. The first and
second transparent conductive layers 221a and 221¢ may be
formed at least partially of indium tin oxide (ITO), indium
zinc oxide (IZO), ZnO, or In,0, having a high work function.
The reflective layer 2215 may be formed at least partially of
Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, Yb, or a
compound thereof.

[0081] The organic layer 223 including a first functional
layer 223a, an emission layer 2235, and a second functional
layer 223c¢ is formed on the first pixel electrode 221, and the
first opposite electrode 224a is formed on the organic layer
223.

[0082] The first functional layer 223a may include the HIL
and the HTL, and the second functional layer 223¢ may
include the EIL and the ETL.

[0083] The first opposite electrode 224a may be formed at
least partially of metal having a low work function, for
example, Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, Yb, or
an alloy thereof. The first opposite electrode 224a may be
formed as a thin film so as to increase the light transmittance,
for example, the first opposite electrode 224a may be formed
to a thickness t2 of about 100 A to about 300 A.

[0084] At this time, the distance t1 between a surface ofthe
reflective layer 2215 and the first opposite electrode 224a
may be adjusted to generate an optical resonance with respect
to the wavelength of the light emitted from the emission layer
223b. Therefore, the distance t1 may vary depending on the
pixels, thatis, red, green, and blue pixels. In order to adjust the
distance t1 for generating the optical resonance, the first
functional layer 2234 and/or the second functional layer 223¢
may further include an auxiliary layer for varying the thick-
ness of the organic layer according to the color of the pixel.
[0085] The first emission area PA1 having the above struc-
ture is the top emission type area for displaying images
toward the opposite electrode 224, and the light extracting
efficiency may be maximized by adjusting the distance t1 for
generating the optical resonance.

[0086] In one embodiment, the second pixel electrode 222
is formed at least partially of a transparent conductive mate-
rial without including a reflective layer, as described above.
Therefore, at least one of the first and second transparent
conductive layers 221a and 221¢ of the first pixel electrode
221 may extend to form the second pixel electrode 222.
[0087] The organic layer 223 including the first functional
layer 223a, the emission layer 2235, and the second func-
tional layer 223¢ is formed on the second pixel electrode 222,
and the second opposite electrode 2245 is formed on the
organic layer 223.

[0088] In the second emission area PA2, since there is no
reflective layer in the second pixel electrode 222, there is no
need to adjust the optical resonant distance. In addition, since
the second emission area PA2 is the bottom emission type
which displays images toward the second pixel electrode 222,
and the thickness t3 of the second opposite electrode 224b
may be greater than the thickness t2 of the first opposite
electrode 224a. Accordingly, the second opposite electrode
224b may reflect the light emitted from the emission layer
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223h more than the first opposite electrode 224a does. That is,
since the thickness t3 of the second opposite electrode 224b is
greater than the thickness t2 of the first opposite electrode
224a, the light reflectivity of the second opposite electrode
224b is greater than that of the first opposite electrode 224a.
[0089] However, the second opposite electrode 2245 may
be formed to transmit the light to a predetermined extent, and
may be formed not to be excessively thick.

[0090] In addition, if the first and second opposite elec-
trodes 224a and 2245 are formed of a transparent material
having a work function of cathode, the first and second oppo-
site electrodes 224a and 2245 may be formed to have sub-
stantially the same thickness as each other. In this case, the
first opposite electrode 224a further includes a thin semi-
transmission metal layer in order to improve the resonant
effect.

[0091] In one embodiment, the second opposite electrode
224b is formed on only part of the transmission area TA as
shown in FIGS. 5 and 6, and thus, the user may see the
external images through the transmission area TA without any
obstacle.

[0092] Inoneembodiment, the second emission area PA2 is
formed on only part of the transmission area TA, and accord-
ingly, the external light transmittance of the transmission area
TA does not degrade much.

[0093] In addition, as shown in FIG. 6, a first transmission
window 230 is formed in the second opposite electrode 2245.
The first transmission window 230 may be a hole formed in
the second opposite window 224b. In addition, since the first
transmission window 230 is located on the transmission area
TA, degradation of the light transmittance of the transmission
area TA may be minimized or substantially prevented even
when the second opposite electrode 2245 that is thicker than
the first opposite electrode 224a is located on the transmis-
sion area TA.

[0094] Furthermore, the user may see clear images through
the first emission area TA1, and may see external images
transmitted through the transmission area TA. In addition, a
person located opposite to the user may see the images
through the second emission area PA2, although image qual-
ity may be lower than the images displayed through the first
emission area PA1. Accordingly, the organic light emitting
display may realize a dual-emission display and a transparent
display, at the same time.

[0095] As described above, when the second opposite elec-
trode 2245 is formed of the transparent material having the
work function of the cathode, there is no need to form an
additional transmission window in the second opposite elec-
trode 2245 as shown in FIG. 8.

[0096] In one embodiment, in order to improve the light
transmittance of the transmission area TA and to substantially
prevent generation of optical interference caused due to the
multi-transparent insulating layers in the transmission area
TA and degradation of color purity and color change caused
by the optical interference, a second transmission window
231 (FIG. 9) is formed in some insulating layers among the
insulating layers corresponding to the transmission area TA.
[0097] In the present embodiment, in order to improve the
external light transmittance of the transmission area TA, the
area of the transmission area TA is increased, or the light
transmittance of the material forming the transmission area
TA is increased. However, there is a limitation in increasing
the area of the transmission area TA due to the pixel circuit
unit PC. In addition, there is a limitation in increasing the light
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transmittance of the material forming the transmission area
due to difficulty in developing the materials.

[0098] In one embodiment, the second transmission win-
dow 231 is formed in at least some of the insulating layers
located on the portions corresponding to the transmission
area TA.

[0099] In FIG. 9, the second transmission window 231 is
formed in the passivation layer 218 that covers the pixel
circuit unit PC. In one embodiment, as shown in FIG. 9, the
second transmission window 231 is formed in the passivation
layer 218. However, holes connecting to the second transmis-
sion window 231 may be further formed in at least one of the
interlayer dielectric 215, the gate insulating layer 213, and the
buffer layer 211 so as to improve the light transmittance
through the second transmission window 231. The second
transmission window 231 is formed as large as possible
within a range of not interfering with the scan lines S, the data
lines D, and the Vdd lines V.

[0100] In addition, the second transmission window 231
may be greater than the first transmission window 230 formed
on the second opposite electrode 2245 so as to improve the
light transmittance of the transmission area TA.

[0101] Here, at least part of the second pixel electrode 222
may be disposed to extend to and/or contact the second trans-
mission window 231.

[0102] FIG. 10A is a schematic cross-sectional view of a
first emission area PA1 according to another embodiment,
and FIG. 10B is a schematic cross-sectional view of a second
emission area PA2 according to another embodiment.
[0103] According to the present embodiment, a first pixel
electrode 221' and a second pixel electrode 222' may respec-
tively include reflective layers 2215' and 2222, third trans-
parent conductive layers 221a' and 2224', and fourth trans-
parent conductive layers 221¢' and 222¢".

[0104] Inoneembodiment, the thicknesst4 ofthe reflective
layer 2215 in the first pixel electrode 221" and the thickness t5
of the reflective layer 2225' in the second pixel electrode 222'
are substantially the same as each other, and at this time, the
thickness t4 and t5 may be less than the thickness of the
reflective layer 2216 shown in FIG. 7A according to the
previous embodiment. The thickness t4 of the reflective layer
2215' in the first pixel electrode 221" and the thickness t5 of
the reflective layer 222" may be about 100 A to about 300 A.
[0105] The first opposite electrode 224a and a second
opposite electrode 2244' may be half-transmission and half-
reflective electrodes. In one embodiment, the thickness t2 of
the first opposite electrode 224a and the thickness t3' of the
second opposite electrode 224b' are substantially the same as
each other, that is, about 100 A to about 300 A.

[0106] According to the present embodiment, both of the
first and second emission areas PA1 and PA2 are formed as
the top-emission type; however, the thin reflective layers
2214 and 222?' are formed in the first and second pixel
electrodes 221" and 222" so that the first and second emission
areas PA1 and PA2 substantially perform as the dual-emis-
sion type.

[0107] Here, as shown in FIGS. 3 and 4, the pixel circuit
unit PC is located on the firstemission area PA1, and thus, less
light is emitted as the bottom emission and more light is
emitted as the top emission among the light emitted from the
emission layer 2235.

[0108] Since the second emission area PA2 is located onthe
transmission area TA, the images may be displayed on both
surfaces.



US 2015/0021580 A1

[0109] The first and second transmission windows 230 and
231 illustrated in FIGS. 6 and 9 may be applied to the present
embodiment.
[0110] FIG. 11 is a plan view of an organic emission unit
according to another embodiment, in which one second trans-
mission window 231" is formed throughout the red, green, and
blue pixels P,, P, and P,. Although not shown in FIG. 11, the
first transmission window may be formed in the second oppo-
site electrode.
[0111] In this case, the area of the transmission window
231" increases in one pixel including the red, green, and blue
pixels P,, P, and P,, and thus, the light transmittance of the
organic emission unit 21 may be increased.
[0112] The structures illustrated in FIGS. 3 through 105
may be applied to the organic emission unit of FIG. 11
according to the present embodiment.
[0113] According to at least one of the disclosed embodi-
ments, a transparent organic light emitting display may be
realized by increasing an external light transmittance, and at
the same time, a dual-emission image display may be real-
ized.
[0114] Inaddition, a transparent organic light emitting dis-
play may prevent distortion of a transmission image by
restraining scatter of the transmitting light.
[0115] While the disclosed embodiments have been par-
ticularly shown and described with reference to accompany-
ing embodiments thereof, 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 following claims.
What is claimed is:
1. An organic light emitting display comprising:
a substrate;
aplurality of pixels formed on the substrate, wherein each
of the pixels comprises at least one circuit region includ-
ing 1) a first light emission area, ii) a second light emis-
sion area iii) at least one light transmission area, and iv)
a pixel circuit unit, and wherein at least part of the
second emission area overlaps with the light transmis-
sion area;
at least one transmission window formed in the light trans-
mission area;
afirst pixel electrode formed on the first light emission area
and electrically connected to the pixel circuit unit,
wherein the first pixel electrode is at least partially
reflective;
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a second pixel electrode formed on the second light emis-
sion area and electrically connected to the first pixel
electrode, wherein the second pixel electrode is at least
partially transmissive;

a first opposite electrode substantially directly below or
above the first pixel electrode;

a second opposite electrode substantially directly below or
above the second pixel electrode; and

an organic emission layer formed between the first pixel
electrode and the first opposite electrode and between
the second pixel electrode and the second opposite elec-
trode,

wherein the transmission window is not overlapped with
the second pixel electrode and the second opposite elec-
trode.

2. The organic light emitting display of claim 1, wherein

the first and second pixel electrode contact each other.

3. The organic light emitting display of claim 1, wherein
the first pixel electrode is thicker than the second pixel elec-
trode.

4. The organic light emitting display of claim 1, wherein
the second pixel electrode is formed of a partially transmis-
sive material and a partially reflective material.

5. The organic light emitting display of claim 1, wherein
the pixel circuit unit is formed substantially directly below or
above the first pixel electrode and is not formed in the light
transmission area.

6. The organic light emitting display of claim 1, wherein
the second pixel electrode is closer to the light transmission
area than the first pixel electrode.

7. The organic light emitting display of claim 1, further
comprising at least one insulating layer contacting the pixel
circuit unit, wherein the at least one transmission window
contacts the insulating layer.

8. The organic light emitting display of claim 1, wherein
the at least one transmission window comprises a first trans-
mission window formed on a pixel defining layer.

9. The organic light emitting display of claim 1, wherein
the at least one transmission window comprises a second
transmission window formed on a passivation layer and
formed between the first and second pixel electrodes.

10. The organic light emitting display of claim 1, further
comprising a passivation layer covering the pixel circuit unit,
wherein an opening is formed at the passivation layer and is
located at the transmission area.

11. The organic light emitting display of claim 10, wherein
the opening is greater than the transmission window.
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