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(57)  An organic light emitting display device is dis-
closed. In one embodiment, the organic light emitting dis-
play device includes: i) a substrate having a transmitting
region and a plurality of pixel regions separated from
each other by the transmitting region, wherein the sub-
strate has first and second surfaces opposing each other;
i) at least one thin film transistor formed in each of the
pixel regions over the first surface of the substrate and
iii) a passivation film covering the thin film transistors.
The device may further include a plurality of pixel elec-

trodes formed on the passivation film, wherein each of
the pixel electrodes is electrically connected to and
formed substantially directly above the corresponding
thin film transistor, wherein each of the pixel electrodes
is formed only in the corresponding pixel region, and
wherein the pixel electrodes are separated from each
other. The device may further include a solar cell active
layer formed below the second surface.
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Description

[0001] The described technology generally relates to
an organic light emitting display device, and more par-
ticularly, to a transparent organic light emitting display
device.

[0002] 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).
[0003] An organic light emitting display is self-emis-
sive. Also, the weight and thickness of the organic light
emitting display can be reduced since it does not require
an additional light source unlike a liquid crystal display
device. Further, the device can be made transparent by
using transparent thin film transistors and other transpar-
ent elements (e.g., transparent organic light emitting el-
ements).

[0004] When a transparent display device is in an off-
state, an object or an image, positioned on an opposite
side of a user with respect to the transparent device, may
be transmitted to the user. This undesirable transmission
occurs not only through organic light emitting diodes but
also through spaces between patterns of thin film tran-
sistors and various wires. Therefore, 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, which are close to the wavelengths of visible
light, and thus, light scatters while passing through the
gaps.

[0005] One aspect of the invention is a transparent or-
ganic light emitting display device that can prevent dis-
tortion of an image transmitted therethrough by prevent-
ing light scattering during image display.

[0006] Another aspect is an organic light emitting dis-
play device that has reduced power consumption by us-
ing power obtained from a solar cell as an auxiliary power
source for driving the organic light emitting display de-
vice.

[0007] Another aspect is an organic light emitting dis-
play device including: a substrate having a transmitting
region and a plurality of pixel regions separated from
each other by the transmitting region interposed between
the pixel regions; a thin film transistor that is positioned
on a first surface of the substrate and disposed in the
pixel regions of the substrate; a passivation film covering
the thin film transistor; a pixel electrode that is formed on
the passivation film to be electrically connected to the
thin film transistor, is located in the pixel regions, and is
disposed to overlap and cover the thin film transistor; a
facing electrode that faces the pixel electrode and is
formed to be able to transmit light; an organic light emit-
ting layer that is interposed between the pixel electrode
and the facing electrode to emit light; a first electrode
formed on a second surface of the substrate; a second
electrode facing the first electrode; and a solar cell active
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layer interposed between the first electrode and the sec-
ond electrode.

[0008] Another aspect is an organic light emitting dis-
play device including: a substrate having a transmitting
region and a plurality of pixel regions separated from
each other by the transmitting region interposed between
the pixel regions; a pixel circuit unit that is formed on a
first surface of the substrate, includes a thin film transis-
tor, and is positioned in the pixel regions; a first insulating
film covering the pixel circuit unit; a pixel electrode that
is formed on the first insulating film to be electrically con-
nected to the pixel circuit unit, and is disposed to overlap
and cover the pixel circuit unit; a facing electrode facing
the pixel electrode; an organic light emitting layer that is
interposed between the pixel electrode and the facing
electrode to emit light; a first electrode formed on a sec-
ond surface of the substrate; a second electrode facing
the first electrode; and a solar cell active layer interposed
between the first electrode and the second electrode.
[0009] Another aspect is an organic light emitting dis-
play device comprising: a substrate having a transmitting
region and a plurality of pixel regions separated from
each other by the transmitting region, wherein the trans-
mitting region is configured to transmit light therethrough,
wherein the pixel regions are configured to display an
image, and wherein the substrate has first and second
surfaces opposing each other; at least one thin film tran-
sistor formed in each of the pixel regions over the first
surface of the substrate; a passivation film covering the
thin film transistors; a plurality of pixel electrodes formed
on the passivation film, wherein each of the pixel elec-
trodes is electrically connected to and formed substan-
tially directly above the corresponding thin film transistor,
wherein each of the pixel electrodes is formed only in the
corresponding pixel region, and wherein the pixel elec-
trodes are separated from each other; an organic light
emitting layer formed on each of the pixel electrodes and
configured to emit light; a facing electrode formed on the
organic light emitting layer and configured to transmit
light; a first electrode formed on the second surface of
the substrate; a solar cell active layer formed on the first
electrode; and a second electrode formed on the solar
cell active layer, wherein the first electrode is closer to
the substrate than the second electrode.

[0010] Intheabovedevice, each ofthe pixel electrodes
has an area substantially identical to that of one of the
pixel regions. The above device further comprises a plu-
rality of conductive lines formed in each of the pixel re-
gions and electrically connected to the corresponding
thin film transistor, wherein all of the conductive lines are
formed substantially directly below the corresponding
pixel electrode. In the above device, a ratio of 1) a total
area of the transmitting region with respect to 2) a total
area of the pixel regions and the transmitting region is
between about 20% and about 90%. In the above device,
the passivation film is formed on both the transmitting
region and the pixel regions and wherein the passivation
film is formed of a transparent material. In the above de-
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vice, the substrate has a transmittance greater than or
equal to that of the passivation film.

[0011] In the above device, the passivation film is
formed on both the transmitting region and the pixel re-
gions, wherein the passivation film has a recess in the
transmitting region and wherein the recess is covered by
the facing electrode. In the above device, a plurality of
insulating films are formed in the transmitting region,
wherein the insulating films have a recess covered by
the facing electrode.

[0012] Intheabove device, atleast one of the first elec-
trode and the second electrode is formed of a transparent
material. In the above device, each of the pixel electrodes
has a surface which faces the corresponding thin film
transistor, and wherein the surface of the pixel electrode
is configured to reflect light. In the above device, each of
the pixel electrodes has a first length, wherein each of
the thin film transistors has a second length, wherein the
first and second lengths are defined in a direction sub-
stantially parallel with the first surface of the substrate,
and wherein the first length is greater than or equal to
the second length.

[0013] Another aspect is an organic light emitting dis-
play device comprising: a substrate having a transmitting
region and pixel regions separated from each other by
the transmitting region, wherein the transmitting region
is configured to transmit light therethrough, wherein the
pixel regions are configured to display an image, and
wherein the substrate has first and second surfaces op-
posing each other; a plurality of pixel circuit units formed
in the pixel regions over the first surface of the substrate
respectively, wherein each of the pixel circuit units com-
prises at least one thin film transistor; a first insulating
film covering the pixel circuit units; a plurality of pixel elec-
trodes formed on the first insulating film, wherein each
of the pixel electrodes is electrically connected to and
formed substantially directly above the corresponding
pixel circuit unit, and wherein the pixel electrodes are
separated from each other and formed only in the pixel
regions; an organic light emitting layer formed on each
of the pixel electrodes and configured to emit light; a fac-
ing electrode formed on the organic light emitting layer
and configured to transmit light; a first electrode formed
on the second surface of the substrate; a solar cell active
layer formed on the first electrode; and a second elec-
trode formed on the solar cell active layer, wherein the
first electrode is closer to the substrate than the second
electrode.

[0014] Intheabove device, each ofthe pixel electrodes
has an area substantially identical to that of one of the
pixel regions. The above device further comprises a plu-
rality of conductive lines formed in each of the pixel re-
gions and electrically connected to the corresponding
pixel circuit unit, wherein the conductive lines are formed
substantially directly below the corresponding pixel elec-
trode. In the above device, a ratio of 1) a total area of the
transmitting region with respect to 2) a total area of the
pixel regions and the transmitting region is between
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about20% and about90%. Inthe above device, the trans-
mitting region and the pixel regions each comprise the
first insulating film and a plurality of second insulating
films, and wherein the first insulating film and the second
insulating films are formed of a transparent material.
[0015] In the above device, the substrate has a trans-
mittance greater than or equal to the total transmittance
of the first insulating film and the second insulating films.
In the above device, the transmitting region and the pixel
regions each comprise the first insulating film and a plu-
rality of second insulating films, wherein at least one of
the first insulating film and the second insulating films
has a recess in the transmitting region, and wherein the
recess is covered by the facing electrode..

[0016] Another aspect is an organic light emitting dis-
play device comprising: a substrate in which a light trans-
missive region and a plurality of pixel regions are formed,
wherein the pixel regions are separated from each other
by the light transmissive region, wherein the pixel regions
are configured to display an image, and wherein the sub-
strate has first and second surfaces opposing each other;
atleastone pixel circuitformed in each of the pixel regions
over the first surface of the substrate; a pixel electrode
formed in each of the pixel regions, wherein each of the
pixel electrodes is electrically connected to and formed
substantially directly above the corresponding pixel cir-
cuit, wherein the pixel electrodes are not formed in the
light transmissive region; an organic light emitting ele-
ment formed on the pixel electrode; a first electrode
formed on the second surface of the substrate; a solar
cell active layer formed on the first electrode; and a sec-
ond electrode formed on the solar cell active layer, where-
in the first electrode is closer to the substrate than the
second electrode.

[0017] Intheabovedevice, each ofthe pixel electrodes
has a first length, wherein each of the pixel circuits has
a second length, wherein the first and second lengths
are defined in a direction substantially parallel with the
first surface of the substrate, and wherein the first length
is greater than or equal to the second length.

[0018] Embodiments of the invention will now be de-
scribed more fully with reference to the accompanying
drawings in which exemplary embodiments of the inven-
tion are shown.

FIG. 1 is a cross-sectional view of an organic light
emitting display device according to an embodiment
of the present invention.

FIG. 2 is a cross-sectional view showing details of
an embodiment of the organic light emitting display
device of FIG. 1.

FIG. 3 is a cross-sectional view showing details of
another embodiment of the organic light emitting dis-
play device of FIG. 1.

FIG. 4 is a schematic drawing showing an example
of the organic light emitting unit of FIG.2 or FIG. 3.
FIG. 5 is a schematic drawing of the organic light
emitting unit including an example of a pixel circuit



5 EP 2 341 544 A2 6

unit of FIG. 4.

FIG. 6is a plan view specifically showing an example
of the organic light emitting unit of FIG. 5.

FIG. 7 is a cross-sectional view specifically showing
an example of the organic light emitting unit of FIG. 6.
FIG. 8 is a plan view specifically showing another
example of the organic light emitting unit of FIG. 5.
FIG. 9 is a cross-sectional view specifically showing
an example of the organic light emitting unit of FIG. 8.
FIG. 10 is a cross-sectional view of an organic light
emitting display device according to another embod-
iment of the present invention.

[0019] Referring to FIG. 1, a display unit 2 is formed
on a first surface 11 of a substrate 1 and a solar cell unit
3 is formed on a second surface 12 of the substrate 1.
In one embodiment, the substrate 1 is formed of a trans-
parent material, such as a transparent glass or a trans-
parent plastic. The first surface 11 and the second sur-
face 12 face each other.

[0020] External light enters through the solar cell unit
3, the substrate 1, and the display unit 2, and a portion
of the light is absorbed in the solar cell unit 3.

[0021] In one embodiment, the display unit 2 is formed
to transmit external light. For example, referring to FIG.
1, the display unit 2 is formed in such a way that a user
positioned on a side where an image is displayed can
observe the image displayed on an outside of the solar
cell unit 3.

[0022] The solar cell unit 3 may additionally include a
condenser unit (not shown), and may be electrically con-
nected to the display unit 2 to be used as a power source
for driving the display unit 2. The display unit 2 may be
connected to a main power source in addition to the solar
cell unit 3.

[0023] FIG. 2 is a cross-sectional view specifically
showing an embodiment of the organic light emitting dis-
play device of FIG. 1. The display unit 2 includes an or-
ganic light emitting unit 21 formed on the first surface 11
of the substrate 1 and a sealing substrate 23 to seal the
organic light emitting unit 21.

[0024] The sealing substrate 23 may be formed of a
transparent material to allow viewing of an image gener-
ated by the organic light emitting unit 21 and to prevent
external air and moisture from penetrating into the or-
ganic light emitting unit 21.

[0025] Edges of the sealing substrate 23 and the or-
ganic light emitting unit 21 are sealed by a sealant (not
shown), and thus, a space 25 is formed between the seal-
ing substrate 23 and the organic light emitting unit 21.
The space 25 may be filled with an absorbent or a filler.
[0026] FIG. 3 is a cross-sectional view specifically
showing another embodiment of the organic light emitting
display device of FIG. 1. As shownin FIG. 3, athin sealing
film 24 may be formed on the organic light emitting unit
21 to protect the organic light emitting unit 21 from the
environment. The thin sealing film 24 may have a struc-
ture in which a film formed of an inorganic material (for
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example, silicon oxide or silicon nitride) and a film formed
of an organic material (for example, epoxy or polyimide)
are alternately stacked. The thin sealing film 24 may have
any thin film type sealing structure.

[0027] The solar cell unit 3 includes a first electrode
31 formed on the second surface 12 of the substrate 1,
a solar cell active layer 33 formed on the first electrode
31, and a second electrode 32 formed on the solar cell
active layer 33.

[0028] The first electrode 31 may be a semi-transpar-
ent electrode formed of a thin film metal, for example,
Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, or Ca. The second
electrode 32 may be a transparent electrode formed of
a material, for example, ITO, 1ZO, In,O3, or ZnO. In this
case, since the transmittance of external light that passes
through the second electrode 32 is increased, the exter-
nal light absorption rate of the solar cell unit 3 can be
increased.

[0029] The first electrode 31 may be a transparent
electrode and the second electrode 32 may be a semi-
transparent electrode. However, in this case, the external
lightabsorption rate of the solar cell unit 3 may be reduced
compared to the embodiment described above.

[0030] The solar cell active layer 33 is formed by de-
positing or printing a material on the first electrode 31.
The material may be any material that can be deposited
and printed on a transparent electrode base, such as an
organic monomer, p-Si, or c-Si. The solar cell active layer
33 may be formed of a material that has semiconductor
characteristics, such as a p-n junction, and that may ab-
sorb visible light and near infrared light.

[0031] As an example, the solar cell active layer 33
may include a nano sized titanium oxide powder, a pho-
tosensitive dye that can absorb solar light, and an elec-
trolyte. The electrolyte may be a liquid electrolyte or a
solid electrolyte. When a liquid electrolyte is used, a seal-
ing structure is formed to prevent the liquid electrolyte
from leaking out of the solar cell active layer 33. Although
not shown, the first and second electrodes 31 and 32
may be additionally connected to a condenser unit (not
shown).

[0032] FIG. 4 is a schematic drawing showing an ex-
ample of the organic light emitting unit of FIG. 2 or FIG.
3. Referring to FIGS. 2 through 4, the organic light emit-
ting unit 21 is formed on the substrate 1 on which trans-
mitting regions TA (or light transmissive regions) for
transmitting external light and pixel regions PA separated
from each other and having the transmitting regions TA
interposed therebetween are defined.

[0033] Each of the pixel regions PA includes a pixel
circuit unit PC, and a plurality of conductive lines, such
as a scan line S, a data line D, and a driving power line
V, are electrically connected to the pixel circuit unit PC.
Although not shown, various other conductive lines be-
sides the scan line S, the data line D, and the driving
power line V may further be connected to the pixel circuit
unit PC according to the configuration of the pixel circuit
unit PC. In one embodiment, the pixel circuit unitincludes
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at least one thin film transistor.

[0034] FIG. 5shows anexample of the pixel circuit unit
PC that includes a first thin film transistor TR1 connected
to the scan line S and the data line D, a second thin film
transistor TR2 connected to the first thin film transistor
TR1 and the driving power line V, and a capacitor Cst
connected to the first and second thin film transistors TR1
and TR2. In one embodiment, 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 pixel elec-
trode 221. In FIG. 5, the first and second thin film tran-
sistors TR1 and TR2 are P-type transistors, but are not
limited thereto, and at least one of the first and second
thin film transistors TR1 and TR2 may be an N-type tran-
sistor.

[0035] According to an embodiment of the present in-
vention, at least one of the conductive lines including
scan line S, data line D, and driving power line V are
disposed to cross the pixel region PA. However, the
present invention is not limited thereto, and all the con-
ductive lines may be disposed to cross the pixel region
PA, and no conductive lines may cross the transmitting
regions TA.

[0036] The pixel regions PA are light emitting regions
configured to display an image. Since the pixel circuit
unit PC is located in the light emitting regions and all the
conductive lines cross the light emitting regions, the user
only recognizes light emitting regions and can see an
outside view through the transmitting regions TA. Thus,
solar light can be prevented from scattering caused by
interfering with the patterns of internal devices of the pixel
circuit unit PC, thereby preventing external image distor-
tion. In one embodiment, at least one of the conductive
lines including scan line S, data line D, and driving power
line V are disposed to cross the transmitting region TA
between the pixel regions PA. However, since the con-
ductive lines are formed to be very thin, the conductive
lines can hardly be observed by the user and have little
effect on the overall transmittance of the organic light
emitting unit 21, and accordingly, a transparent display
can be realized. Also, although the user may not see the
external image as much in regions covered by the pixel
regions PA, in consideration of the overall display region,
there is little effect on observing the external image since
the pixel regions PA are like a plurality of dots regularly
arranged on a surface of a transparent glass. That s, this
gives substantially the same effect as tinting a transpar-
ent glass.

[0037] Inoneembodiment, the transmitting regions TA
and the pixel regions PA are formed in such a way that
a ratio of the area of the transmitting regions TA with
respect to the overall area of the transmitting regions TA
and the pixel regions PA is between about 20% and about
90%.

[0038] The above ratio range may provide an optimal
balance between the prevention of light scattering and
pixel integrity for providing a stable image. For example,
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if the ratio is greater than or equal to about 20%, the
transparency of the device is enhanced. The ratio of the
area of the transmitting regions TA with respect to the
overall area of the transmitting regions TA and the pixel
regions PA may be approximately 20%. In this embodi-
ment, the pixel regions PA are present in an island state
withrespectto the transmitting regions TA, and scattering
of light is minimized since all conductive patterns are dis-
posed across the pixel regions PA, and thus, the display
unit 2 may be recognized as a transparent display unit
by the user. As will be described later, when a transistor
included in the pixel circuit unit PC is formed of a trans-
parent thin film transistor (TFT) such as an oxide semi-
conductor and an organic light emitting device is a trans-
parent device, the display unit 2 may further be recog-
nized as a transparent display unit. In this case, unlike a
conventional transparent display unit, if possible, all con-
ductive patterns are disposed across the pixel regions
PA. Accordingly, scattering of light can be prevented, and
thus, the user can see an undistorted external image.
[0039] Further, if the ratio is less than or equal to about
90%, pixelintegrity of the display unit2 may be enhanced,
and thus, a stable image can be realized through the light
emission from the pixel regions PA. In one embodiment,
asthe area of the pixel regions PA is reduced, the amount
of light emitted from the organic light emitting film 223 is
increased in order to realize an image. However, if the
organic light emitting device is operated so as to emit
light having a high intensity, the lifetime of the organic
light emitting device is rapidly reduced. Also, when the
ratio is less than or equal to about 90%, the resolution of
the organic light emitting device may be enhanced, since
the number of pixel regions PA is not reduced. The ratio
of the area of the transmitting regions TA with respect to
the entire area of the pixel regions PA and the transmitting
regions TA may further be in a range of about 40% to
about 70%. This ratio range (about 40% to about 70%)
may provide certain advantages. For example, the ratio
range of being greater than or equal to about 40% may
not significantly limit the user’s capability of observing an
external image through the transmitting regions TA. Fur-
ther, the ratio range of being less than or equal to about
70% may make it easier to design the pixel circuit unit
PC. However, in other embodiments, ratio ranges other
than the above-described ranges can be used.

[0040] Each of the pixel regions PA includes a pixel
electrode 221 that has an area corresponding to the area
of pixel regions PA and is electrically connected to the
pixel circuit unit PC. The pixel circuit unit PC overlaps
with the pixel electrode 221 so that the pixel circuit unit
PC can be covered by the pixel electrode 221. Also, the
conductive lines including the scan line S, the data line
D, and the driving power line V are disposed to cross the
pixel electrode 221. According to an embodiment of the
present invention, the pixel electrode 221 may have an
area equal to or slightly greater than that of the pixel
region PA. Accordingly, as shown in FIG. 6, when the
user observes the organic light emitting unit 21, the pixel
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circuit unit PC described above is covered by the pixel
electrode 221 and a large portion of the conductive lines
are also covered. Therefore, scattering of light is greatly
reduced as described above and the user sees a portion
of the conductive lines through the transmitting regions
TA. Accordingly, the user can observe an undistorted
external image.

[0041] FIG. 7 is a cross-sectional view showing an ex-
ample of an organic light emitting unit for explaining the
organic light emitting unit 21, and the example illustrates
the pixel circuit unit PC of FIG. 5 in detail.

[0042] According to an embodiment of the present in-
vention, in the organic light emitting unit 21 of FIG. 7, a
buffer film 211 is formed on the first surface 11 of the
substrate 1, and a first thin film transistor (first TFT) TR1,
a capacitor Cst, and a second thin film transistor (second
TFT) TR2 are formed on the buffer film 211.

[0043] First, a first semiconductor active layer 212a
and a second semiconductor active layer 212b are
formed on the buffer film 211.

[0044] The buffer film 211 prevents impurity elements
from penetrating into the organic light emitting unit 21
and planarizes a surface of the organic light emitting unit
21. The buffer film 211 may be formed of any of various
materials that can perform the functions described
above, for example, an inorganic material such as silicon
oxide, silicon nitride, silicon oxynitride, aluminum oxide,
aluminum nitride, titanium oxide, or titanium nitride, an
organic material such as polyimide, polyester, or acryl,
or stacks of these materials. In some embodiments, the
buffer film 211 may be omitted.

[0045] The first and second semiconductor active lay-
ers 212a and 212b may be formed of polycrystalline sil-
icon, but are not limited thereto, and may be formed of a
semiconductor oxide, for example, a G-I-Z-O layer
[(In,O3)a(Gay03)b(ZnO)c layer] (where a, b, and ¢ are
integers that respectively satisfy a>0, b>0, and c>0).
When the first and second semiconductor active layers
212a and 212b are formed of a semiconductor oxide,
optical transmittance can further be increased compared
to when the active layers are formed of a silicon semi-
conductor.

[0046] A gate insulating film 213 covering the first and
second semiconductor active layers 212a and 212b is
formed on the buffer film 211, and first and second gate
electrodes 214a and 214b are formed on the gate insu-
lating film 213.

[0047] An interlayer insulating layer 215 is formed on
the gate insulating film 213 to cover the first and second
gate electrodes 214a and 214b. A first source electrode
216a and a first drain electrode 217a and a second
source electrode 216b and a second drain electrode
217b are each formed on the interlayer insulating layer
215, and are respectively connected to the first semicon-
ductor active layer 212a and the second semiconductor
active layer 212b through contact holes.

[0048] InFIG. 7, the scan line S may be substantially
simultaneously formed with the first and second gate
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electrodes 214a and 214b. The data line D may be sub-
stantially simultaneously formed with the first source
electrode 216a and connected to the first source elec-
trode 216a. The driving power line V may be substantially
simultaneously formed with the second source electrode
216b and connected to the second source electrode
216b.

[0049] In the capacitor Cst, a lower electrode 220a is
substantially simultaneously formed with the first and
second gate electrodes 214a and 214b, and an upper
electrode 220b is substantially simultaneously formed
with the first drain electrode 217a.

[0050] The structures of the first TFT TR1, the capac-
itor Cst, and the second TFT TR2 are not limited thereto,
and any of various types of TFT and capacitor structures
can be employed.

[0051] A passivation film 218 is formed to cover the
first TFT TR1, the capacitor Cst, and the second TFT
TR2. The passivation film 218 may be a single layer or
multiple layers of insulating film, an upper surface of
which is planarized, and may be formed of an inorganic
material and/or an organic material.

[0052] A pixel electrode 221 covering the first TFT
TRA1, the capacitor Cst, and the second TFT TR2 may
be formed on the passivation film 218. The pixel electrode
221 is connected to the second drain electrode 217b of
the second TFT TR2 through a via hole formed in the
passivation film 218. In one embodiment, as shown in
FIG. 6, the pixel electrode 221 is formed as an island
type independent from each other.

[0053] A pixel defining film 219 covering edges of the
pixel electrode 221 is formed on the passivation film 218.
An organic light emitting layer 223 and a facing electrode
222 are sequentially formed on the pixel electrode 221.
Thefacing electrode 222 is formed on all the pixel regions
PA and the transmitting regions TA.

[0054] The organic light emitting layer 223 may be a
low molecular weight organic film or a polymer organic
film. When the organic light emitting layer 223 is a low
molecular weight organic film, the organic light emitting
layer 223 may be formed by stacking 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) in a single structure or a
composite structure, and may be formed of any of various
material such as copper phthalocyanine (CuPc), N,N’-Di
(naphthalene-1-yl)-N,N’-diphenyl-benzidine (NPB), or
tris-8-hydroxyquinoline aluminum (Alg3). The low molec-
ular weight organic film may be formed by using an evap-
oration method or a nozzle printing method. At this point,
the HIL, the HTL, the ETL, and the EIL are common layers
and may be commonly applied to red, green, and blue
pixels. Accordingly, unlike the organic light emitting layer
in FIG. 7, the common layers may be formed to cover
the pixel regions PA and the transmitting regions TA like
the facing electrode 222.

[0055] In one embodiment, the pixel electrode 221
functions as an anode electrode, and the facing electrode
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222 functions as a cathode electrode. Of course, the po-
larities of the pixel electrode 221 and the facing electrode
222 may be reversed.

[0056] According to an embodiment of the present in-
vention, the pixel electrode 221 may be a reflection elec-
trode and the facing electrode 222 may be a transparent
electrode. The pixel electrode 221 may be formed of a
reflective material or include a reflection film formed of,
for example, Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca,
or a compound of these materials, or an oxide having a
high work function such as ITO, IZO, ZnO, or In,03. The
reflective material or reflection film may be formed only
on the surface of the pixel electrode 221 which faces the
pixel circuit unit. The facing electrode 222 may be formed
of a metal having a low work function such as Ag, Mg,
Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, or Ca. Accordingly, the
organic light emitting unit 21 is a top emission type in
which an image is displayed in a direction to the facing
electrode 222.

[0057] When the pixel electrode 221 is a reflection
electrode, a pixel circuit unit disposed under the pixel
electrode 221 is covered by the pixel electrode 221.
Therefore, referring to FIG. 7, at upper outer sides of the
facing electrode 222, the user cannot observe the first
TFT TR1, the capacitor Cst, and the second TFT TR2
disposed under the pixel electrode 221, as well as por-
tions of the scan line S, the data line D, and the driving
power line V. Accordingly, a clear external image can be
seen since distortion of the external image due to each
of the patterns that constitute the organic light emitting
unit 21 is not generated.

[0058] The present invention is not limited thereto, for
example, the pixel electrode 221 can also be a transpar-
ent electrode or a semi-transparent electrode. In this em-
bodiment, the pixel electrode 221 is formed of an oxide
having a high work function, such as ITO, 1ZO, ZnO, or
In,O5. If the pixel electrode 221 is transparent, at the
upper outer sides of the facing electrode 222, the user
can observe the first TFT TR1, the capacitor Cst, and the
second TFT TR2 disposed under the pixel electrode 221,
as well as portions of the scan line S, the data line D, and
the driving power line V. However, although the pixel
electrode 221 is transparent, there is a loss of light since
the transmittance of light therethrough cannot be 100%,
and the transmittance of external light is further reduced
due to the pixel electrode 221 since the conductive pat-
terns are disposed in the region of the pixel electrode
221. Therefore, interference due to the conductive pat-
terns on the external light is reduced as compared when
the external light directly enters the conductive patterns,
thereby reducing distortion of an external image.
[0059] In one embodiment of the present invention, in
order to further increase the optical transmittance of the
transmitting regions TA, the passivation film 218, the gate
insulating film 213, the interlayer insulating layer 215,
and the pixel defining film 219 may be formed as trans-
parent insulating films. At this point, the substrate 1 may
have a transmittance greater than or equal to the overall
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transmittance of the transparent insulating films.

[0060] The passivation film 218 is interchangeably
used with a first insulating film, and the combination of
the gate insulating film 213, the interlayer insulating layer
215, and the pixel defining film 219 is interchangeably
used with a second insulating film. FIGS. 8 and 9 are
drawings specifically showing another example of the or-
ganic light emitting unit of FIG. 5, and show an opening
220 having a predetermined shape, formed in the trans-
parent insulating films in the transmitting regions TA.
[0061] The opening 220 may be formed as wide as
possible as long as the opening 220 does not interrupt
the scan line S, the data line D, and the driving power
line V, and may be formed to cross the gate insulating
film 213, the interlayer insulating layer 215, the passiva-
tion film 218, and the pixel defining film 219. In FIG. 9,
the opening 220 is not formed in the buffer film 211 in
order to prevent impurities from penetrating into the sub-
strate 1. If necessary, the opening 220 may extend to the
buffer film 211.

[0062] In this way, the formation of the opening 220 in
the transmitting regions TA further increases the optical
transmittance of the transmitting regions TA, and thus,
an external image can be further clearly observed by the
user.

[0063] The display unit 2 according to an embodiment
of the present invention as described above, as shown
in FIG. 10, is formed on an additional substrate, and thus,
can be joined or combined using a sliding method with
the first surface 11.

[0064] In this case, the substrate 1 having a solar cell
unit 3 on the second surface thereof can be a window of
a building, and driving power for driving the display unit
2 can be obtained from solar light entered through the
solar cell unit 3.

[0065] According to an embodiment of the present in-
vention, an organic light emitting display device can pre-
vent distortion of a transmitted image by eliminating light
scattering during image display.

[0066] At least one embodiment of the present inven-
tion also can provide an organic light emitting display
device that can reduce power consumption by using pow-
er obtained from a solar cell as an auxiliary power source
for driving the organic light emitting display device.
[0067] While the present invention has been particu-
larly shown and described with reference to exemplary
embodiments thereof, it will be understood by one of or-
dinary skill in the art that various changes in form and
details may be made therein without departing from the
scope of the present invention as defined by the following
claims.

Claims
1. An organic light emitting display device comprising:

a substrate (1) having a light transmitting region



13 EP 2 341 544 A2 14

and a plurality of pixel regions separated from
each other by the light transmitting region,
wherein the light transmitting region is config-
ured to transmit light therethrough, wherein the
pixel regions are configured to display an image,
and wherein the substrate has first and second
surfaces opposing each other;

a pixel circuit formed in each of the pixel regions
over the first surface of the substrate;

a plurality of pixel electrodes (221) formed in
each of the pixel regions,

wherein each of the pixel electrodes is electri-
cally connected to and formed above the corre-
sponding pixel circuit, wherein the pixel elec-
trodes are not formed in the light transmitting
region;

an organic light emitting layer (223) formed on
each of the pixel electrodes;

a first electrode (31) formed on the second sur-
face of the substrate;

a solar cell active layer (33) formed on the first
electrode; and

a second electrode (32) formed on the solar cell
active layer.

The organic light emitting display device of claim 1,
wherein each of the pixel electrodes has an area
substantially identical to that of one of the pixel re-
gions.

The organic light emitting display device of claim 1
or 2, wherein the pixel circuit comprises at least one
thin film transistor.

The organic light emitting display device of claim 3,
further comprising a plurality of conductive lines
formed in each of the pixel regions and electrically
connected to the corresponding thin film transistor,
wherein all of the conductive lines are formed below
the corresponding pixel electrode.

The organic light emitting display device of any one
of the preceding claims, wherein a ratio of a total
area of the light transmitting region with respect to a
total area of the pixel regions and the light transmit-
ting region is between about 20% and about 90%.

The organic light emitting display device of any one
ofthe preceding claims, comprising an insulating lay-
er covering the pixel circuit.

The organic light emitting display device of claim 6,
wherein the insulating layer comprises a passivation
film formed on both the transmitting region and the
pixel regions and wherein the passivation film is
formed of a transparent material.

The organic light emitting display device of claim 7,
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10.

1.

12,

13.

14,

15.

wherein the substrate has a transmittance greater
than or equal to that of the passivation film.

The organic light emitting display device of any one
of the preceding claims, further comprising a facing
electrode formed on the organic light emitting layer
and configured to transmit light.

The organic light emitting display device of claim 9,
when dependent on claim 7 or 8, wherein the passi-
vation film is formed on both the transmitting region
and the pixel regions, wherein the passivation film
has a recess (220) in the transmitting region and
wherein the recess is covered by the facing elec-
trode.

The organic light emitting display device of claim 9
or 10, wherein one or more insulating films are
formed in the light transmitting region, and wherein
at least one of the insulating films has a recess (220)
covered by the facing electrode.

The organic light emitting display device of any one
of the preceding claims, wherein at least one of the
first electrode and the second electrode is formed of
a transparent material.

The organic light emitting display device of any one
of the preceding claims, when dependent on claim
3, wherein each of the pixel electrodes has a surface
which faces the corresponding thin film transistor,
and wherein the surface of the pixel electrode is con-
figured to reflect light.

The organic light emitting display device of any one
of the preceding claims, wherein each of the pixel
electrodes has a first length, wherein each of the
pixel circuits has a second length, wherein the first
and second lengths are defined in a direction sub-
stantially parallel with the first surface of the sub-
strate, and wherein the first length is greater than or
equal to the second length.

The organic light emitting display device of any one
of the preceding claims, wherein the light transmit-
ting region and the pixel regions each comprise a
plurality of insulating films, formed of a transparent
material, wherein the substrate has a transmittance
greater than or equal to the total transmittance of the
insulating films.
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