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MANUFACTURING THE SAME

(57) A see-through organic light emitting display de-
vice including a light emitting region having a transparent
anode, an organic light emitting layer, and a transparent
cathode, and a see-through region having a transparent
auxiliary electrode, which is configured to transmit exter-
nallight. The transparent auxiliary electrode can be made
from the same material as the transparent anode and
separated from the transparent anode, and the transpar-
ent cathode extends into the see-through region so as
to be electrically connected with the transparent auxiliary
electrode.

SEE-THROUGH ORGANIC LIGHT EMITTING DISPLAY DEVICE AND METHOD FOR
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Description
BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The presentdisclosure relates to a see-through
organic light emitting display device and a method for
manufacturing the same, and more particularly, to a see-
through organic light emitting display device in which an
area of a see-through region is maximized by using a
transparent auxiliary electrode and a method for manu-
facturing the same.

Description of the Related Art

[0002] Anorganic light emitting display device is a self-
light emitting display that does not need a separate light
source unlike a liquid crystal display device. Thus, the
organiclight emitting display device can be manufactured
into a lightweight and thin form. Further, the organic light
emitting display device is advantageous in terms of pow-
er consumption since it is driven with a low voltage. Also,
the organic light emitting display device has a high re-
sponse speed, a wide viewing angle, and an infinite con-
trast ratio. Therefore, the organic light emitting display
device is considered to be a next-generation display de-
vice.

[0003] Since the organic light emitting display device
can be easily manufactured into a thin form, it can be
used as a see-through display device which is transpar-
ent and capable of displaying an image. A see-through
organic light emitting display device includes a light emit-
ting region where sub-pixels each including an organic
light emitting element are disposed and a see-through
region configured to transmit a background view through
the organic light emitting display device. In order to in-
crease the transmissivity (transparency) of the see-
through organic light emitting display device, an area of
the see-through region needs to be maximized. Particu-
larly, as the resolution of the see-through organic light
emitting display device is increased, the number of sub-
pixels is increased, and the number of lines for driving
the sub-pixels is also increased in proportion to the in-
crease in the number of sub-pixels. Thus, there is a dif-
ficulty in securing a sufficient area of the see-through
region. Particularly, if the transmissivity is too low, the
background view perceived through the see-through dis-
play may be too dim.

[0004] Atop-emission organiclightemitting display de-
vice uses a transparent electrode or a translucent (semi-
transparent) electrode as an upper electrode (e.g., a
cathode) in order to emit light from an organic light emit-
ting layer to an upper side, and translucent can refer to
a semi-transparent property. A VSS voltage is applied to
the cathode. Herein, in order to increase the transmis-
sivity of the cathode, the cathode is formed to have a
very thin thickness. However, a decrease in the thickness
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of the cathode causes an increase in a line resistance of
the cathode.

[0005] Further, in a large-area organic light emitting
display device, as a distance from a voltage supply pad
is increased, a line resistance of a cathode is increased
in proportion to the distance. Therefore, as the distance
from the voltage supply pad increases, a voltage drop
(or VSS rising) occurs more severely, which may cause
non-uniformity in luminance of the organic light emitting
display device. In the present disclosure, the term "volt-
age drop" refers to a decrease in a potential difference
formed in an organic light emitting element, and more
specifically, a decrease in a potential difference between
an anode and a cathode of an organic light emitting ele-
ment.

[0006] In other words, since a distance between each
sub-pixel and a voltage supply pad varies, a line resist-
ance of a cathode in each sub-pixel also varies. There-
fore, a degree of voltage drop in each sub-pixel varies
depending on a line resistance value of the cathode, re-
sulting in non-uniformity in luminance of the organic light
emitting display device.

[0007] In order to address such voltage drop issues,
an auxiliary electrode may be used. The auxiliary elec-
trode reduces a line resistance between a voltage supply
pad and a cathode by electrically connecting the voltage
supply pad with the cathode. However, since the see-
through organic light emitting display device has a rela-
tively narrow region in which the auxiliary electrode can
be formed, the auxiliary electrode has a limit in reducing
a line resistance of the cathode.

[0008] Further, since an incident angle at which a ma-
terial to be used as an organic light emitting layer is de-
posited on an organic light emitting display panel is dif-
ferentdepending on a position of a source for the material
to be used as an organic light emitting layer, a voltage
drop may occur differently in the overall organic light emit-
ting display panel.

[0009] To be more specific, since the source of the
organic light emitting layer is heated in a crucible and
then deposited, an incident angle for deposition is deter-
mined on the basis of a position of the crucible within a
chamber. If the material to be used as an organic light
emitting layer is incident at an smaller angle than a re-
verse-taper angle of a partition wall, the organic light emit-
ting layer is also formed in a region on the auxiliary elec-
trode hidden by the partition wall. Therefore, an area of
the organic light emitting layer which may be formed in
the region on the auxiliary electrode hidden by the parti-
tion wall may vary, and a contact area between the aux-
iliary electrode and the cathode may also vary.

[0010] In particular, when the contact area between
the cathode and the auxiliary electrode decreases, an
overcurrent may flow in a narrow contact area causing
undesirable heat to be created. Thus, a burnt defect may
occur in the display device.

[0011] Accordingly, in order to secure luminance uni-
formity of the large-area top-emission organic light emit-
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ting display device regardless of a position of the organic
light emitting display panel, there is a need of a method
for uniformly maintaining the contact area between the
auxiliary electrode and the cathode.

SUMMARY OF THE INVENTION

[0012] The inventors of the present disclosure recog-
nized that since a see-through region of a see-through
organic light emitting display device needs to have trans-
parency and transmissivity sufficient to perceive back-
ground objects through the see-through organic light
emitting display device, it is difficult to dispose a typical
auxiliary electrode. Further, the inventors of the present
disclosure recognized that since the space for forming
an auxiliary electrode is very small, except for in the see-
through region, there is a limit in improving voltage drop
problems. Particularly, since an auxiliary electrode of the
related art is formed using an opaque metal having a low
electrical resistance, if an area of the auxiliary electrode
is increased, then an area of the see-through region is
decreased. Thus, transmissivity of the organic light emit-
ting display device is also decreased. Accordingly, the
inventors of the present disclosure conducted various
research efforts to come up with an auxiliary electrode
capable of effectively improving voltage drop problems
while minimizing a decrease in transmissivity of a see-
through organic light emitting display device. As a result,
the inventors have provided a see-through organic light
emitting display device including a transparent auxiliary
electrode formed in a wide see-through region and a
method for manufacturing the same.

[0013] Accordingly, an object to be achieved by the
present disclosure is to provide a see-through organic
light emitting display device which has improved voltage
uniformity due to improved handling of voltage drop is-
sues while a maximized transmissivity is obtained, and
a method for manufacturing the same. This may be
achieved by disposing a transparent auxiliary electrode
formed of a transparent conductive oxide in a wide see-
through region.

[0014] Another object to be achieved by the present
disclosure is to provide a see-through organic light emit-
ting display device which has a minimized parasitic ca-
pacitance between an auxiliary electrode and the lines
under a planarization layer, and a method for manufac-
turing the same. This may be achieved by disposing the
auxiliary electrode on a planarization layer.

[0015] Yetanotherobjecttobe achievedbythe present
disclosure is to provide a see-through organic light emit-
ting display device, so that a covering area of an organic
light emitting layer on the transparent auxiliary electrode
under the partition wall can be minimized. For this, a col-
lapsed part (e.g. a recess) may be formed in a partition
wall disposed on a transparent auxiliary electrode. Also,
a column part and a roof part of the partition wall may be
formed of different materials such that their respective
development rate is different. Therefore, the probability
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of depositing material to be used as the organic light emit-
ting layer on the transparent auxiliary electrode under
the partition wall can be minimized.

[0016] The objects of the present disclosure are not
limited to the aforementioned objects, and other objects,
which are not mentioned above, will be apparent to a
person having ordinary skill in the art from the following
description. The objects are solved by the features of the
independent claims.

[0017] According to an embodiment, there is provided
a see-through organic light emitting display device in-
cluding: a light emitting region; and a see-through region.
A transparent anode, an organic light emitting layer, and
a transparent cathode may be disposed in the light emit-
ting region. A transparent auxiliary electrode may be dis-
posed in the see-through region, and the see-through
region, e.g. the transparent auxiliary electrode, may be
configured to transmit externallight. The transparent aux-
iliary electrode may be formed of the same material as
the transparent anode. The transparent auxiliary elec-
trode may be disposed so as to be separated from the
transparent anode. The transparent cathode may be ex-
tended to the see-through region so as to be electrically
connected with the transparent auxiliary electrode. In the
see-through region of the see-through organic light emit-
ting display device according to an aspect of the present
disclosure, the transparent auxiliary electrode having
transparency and configured to be overlapped with the
see-through region may be disposed. Therefore, an area
of the see-through region can be maximized and a volt-
age drop of the see-through organic light emitting display
device can be reduced. Thus, luminance uniformity can
be improved.

[0018] Preferably, in the see-through organic light
emitting display device, the transparent anode, the trans-
parent cathode, and the transparent auxiliary electrode
are formed of transparent conductive oxides. The trans-
parent cathode may be formed of a different material from
the transparent anode and the transparent auxiliary elec-
trode.

[0019] Preferably, the transparent cathode is formed
of a material that generates fewer foreign substances
than materials of the transparent anode and the trans-
parent auxiliary electrode.

[0020] Preferably, the see-through organic light emit-
ting display device further includes a transparent encap-
sulation layer including at least a first inorganic encap-
sulation layer, an organic layer, and a second inorganic
encapsulationlayer. The transparentencapsulation layer
may be disposed on the transparent cathode so as to
cover the light emitting region and the see-through re-
gion. The transparent encapsulation layer may be cov-
ering the light emitting region while allowing the see-
through organic light emitting display device to be flexi-
ble.

[0021] Preferably, the see-through organic light emit-
ting display device further includes a partition wall dis-
posed on the transparent auxiliary electrode. The organic
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light emitting layer may be disposed so as to cover a
majority or an entirety of the see-through region. For ex-
ample, the transparent electrode can be patterned such
that one or more empty regions are included to increase
the transparency of the see-through region. The trans-
parent cathode may be formed of a material having a
higher step coverage than the organic light emitting layer
and may be electrically connected with the transparent
auxiliary electrode.

[0022] Preferably, the see-through organic light emit-
ting display device further includes a dielectric layer dis-
posed under the transparent auxiliary electrode and the
transparent anode. Further, a bottom transparent auxil-
iary electrode may be disposed under the dielectric layer.
The bottom transparent auxiliary electrode may be elec-
trically connected with the transparent auxiliary electrode
through a contact hole formed in the dielectric layer. Pref-
erably, an area of the bottom transparent auxiliary elec-
trode is greater than an area of the transparent auxiliary
electrode. Preferably, the bottom transparent auxiliary
electrode can be disposed only under the transparent
anode in the light emitting region.

[0023] Preferably, atleasta portion of the bottom trans-
parent auxiliary electrode is overlapped with the trans-
parentanode. The bottom transparent auxiliary electrode
may be electrically insulated from the transparent anode
by the dielectric layer.

[0024] Preferably, the transparent auxiliary electrode
is configured so as to cover more than half or all of the
overall see-through region.

[0025] Preferably, the see-through organic light emit-
ting display device further includes a dielectric layer dis-
posed under the transparent auxiliary electrode and the
transparent anode. Further, an opaque auxiliary elec-
trode may be disposed on the dielectric layer and elec-
trically connected with transparent auxiliary electrode.
Further, the opaque auxiliary electrode may be disposed
between the light emitting region and an adjacent light
emitting region adjacent to the light emitting region.
[0026] Preferably, the see-through organic light emit-
ting display device further includes a data line. The data
line and the opaque auxiliary electrode perpendicularly
intersect each other.

[0027] Accordingto anotherexample, thereis provided
a see-through organic light emitting display device, in-
cluding: a light emitting region; and a see-through region.
A reflection layer, a transparent anode, an organic light
emitting layer, and a transparent cathode may be dis-
posed in the light emitting region. A transparent auxiliary
electrode may be disposed in the see-through region.
The see-through region, i.e. the transparent auxiliary
electrode, may be configured to transmit external light.
The light emitted from the organic light emitting layer may
be reflected from the reflection layer and transmitted
through the transparent cathode. The transparent cath-
ode may be disposed so as to cover the light emitting
region and the see-through region. The transparent cath-
ode may be electrically connected with the transparent
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auxiliary electrode. In the see-through organic light emit-
ting display device, the transparent cathode may be dis-
posed so as to cover all of the light emitting region and
the see-through region, and may be also electrically con-
nected with the transparent auxiliary electrode. There-
fore, itis possible to improve transmissivity and also pos-
sible to greatly reduce a total line resistance of the cath-
ode.

[0028] Preferably, the see-through organic light emit-
ting display device further includes a translucent cathode
formed of a metallic material and disposed between the
light emitting region and an adjacent light emitting region.
A work function of the translucent cathode is lower than
a work function of the transparent cathode.

[0029] Preferably, the translucent cathode has a first
thickness and a second thickness. The first thickness
may be smaller than the second thickness. The translu-
cent cathode having the first thickness may be disposed
in the light emitting region. Further, the translucent cath-
ode having the second thickness may be disposed be-
tween the light emitting region and an adjacent light emit-
ting region, i.e. between two adjacent light emitting re-
gions.

[0030] Preferably, the second thickness is two times
the first thickness. Preferably, a transmissivity of the re-
gion having the first thickness is higher than a transmis-
sivity of the region having the second thickness. Also, a
resistance ofthe region having the second thickness may
be lower than a resistance of the region having the first
thickness.

[0031] Preferably, the translucent cathode is disposed
between the organic light emitting layer and the trans-
parent cathode.

[0032] Preferably, the translucent cathode and the
transparent auxiliary electrode are disposed so as to be
parallel to each other. Further, the translucent cathode
may be disposed so as to cover more than half or all of
the overall light emitting region.

[0033] Preferably, the translucent cathode and the
transparent auxiliary electrode are disposed so as to be
separated from each other and electrically connected
with each other by the transparent cathode.

[0034] According to yet another example, there is pro-
vided a method for manufacturing a see-through organic
light emitting display device, including: a step of forming
a transparent anode on a substrate in a light emitting
region and forming a transparent auxiliary electrode on
the substrate in a see-through region configured to trans-
mit external light so as to be separated from the trans-
parent anode; a step of forming an organic light emitting
layer on the transparent anode; and a step of forming a
transparent cathode by extending the transparent cath-
ode to the see-through region so as to be electrically
connected with the transparent auxiliary electrode. The
transparent anode, the organic light emitting layer, and
the transparent cathode may be formed in the light emit-
ting region and the transparent auxiliary electrode is
formed of the same material as the transparent anode.
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In the method for manufacturing a see-through organic
light emitting display device, the transparent auxiliary
electrode having transparency may be formed so as to
be overlapped with the see-through region. Therefore,
an area of the see-through region can be maximized and
a total resistance of the transparent cathode can be re-
duced. Further, the transparent auxiliary electrode and
the transparent anode can be formed at the same time.
Therefore, an additional process for forming the trans-
parent auxiliary electrode is not necessary. Thus, a man-
ufacturing process of the see-through organic light emit-
ting display device can be simplified. Hence, according
to an embodiment, a method for manufacturing the see-
through organic light emitting display device comprises
forming a transparent layer across the light emitting re-
gion and the see-through region on a substrate and pat-
terning the transparent layer to form a transparent anode
in a light emitting region and a transparent auxiliary elec-
trode in a see-through region configured to pass external
light through the see-through region, wherein the trans-
parent auxiliary electrode is separated from the transpar-
ent anode; forming an organic light emitting layer on the
transparent anode; and forming a transparent cathode
electrically connected with the transparent auxiliary elec-
trode in the see through region.

[0035] Preferably, the transparent cathode, the trans-
parent anode, and the transparent auxiliary electrode are
formed by a sputtering process.

[0036] Preferably, the step of forming a transparentan-
ode and a transparent auxiliary electrode may include a
step of forming a reflection layer in the light emitting re-
gion. Further, a step of forming a transparent conductive
oxide layer may be included so as to cover the reflection
layer. The transparent anode may be formed separated
from the transparent auxiliary electrode and disposed on
the reflection layer by patterning the transparent conduc-
tive oxide layer.

[0037] Preferably, the step of forming a reflection layer
may include a step of forming an opaque auxiliary elec-
trode between the light emitting region and an adjacent
light emitting region adjacent to the light emitting region
on the same plane as the reflection layer.

[0038] Preferably, the step of forming a transparent
cathode further includes a step of forming a translucent
cathode so as to be in contact with the transparent cath-
ode. The transparent cathode may be formed in the see-
through region and the light emitting region, while the
translucent cathode may be formed of a metallic material
and formed only in the light emitting region. Preferably,
the method may include a step of forming a transparent
encapsulation layer on the transparent cathode in the
see-through region and the light emitting region.

[0039] According to still another embodiment, there is
provided a see-through organic light emitting display de-
vice. The see-through organic light emitting display de-
vice may include a planarization layer disposed on a plu-
rality of pixels. A transparent anode may be disposed on
the planarization layer so as to correspond to one of the
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plurality of pixels. A transparent auxiliary electrode may
be disposed on the planarization layer so as to be sep-
arate from the transparent anode. A bank may be dis-
posed so as to cover a side portion of the transparent
auxiliary electrode and a side portion of the transparent
anode. A partition wall may be disposed on the transpar-
ent auxiliary electrode and includes a column part and a
roof part. An organic light emitting layer may be disposed
at least on the transparent anode. A transparent cathode
may be formed at least on the organic light emitting layer
and may be electrically connected with the transparent
auxiliary electrode. The roof part may be formed so as
to equalize a contact area between the transparent aux-
iliary electrode and the cathode in the plurality of pixels.
In the see-through organic light emitting display device,
the roof part of the partition wall may be configured to
hide the transparent auxiliary electrode, so that a cover-
ing area of the organic light emitting layer on the trans-
parent auxiliary electrode can be minimized. Further, the
contact area between the transparent cathode and the
transparent auxiliary electrode may be equalized, so that
luminance uniformity of the organic light emitting display
device can be improved.

[0040] Preferably, the column part and the roof part
are integrated as one body.

[0041] Preferably, the partition wall includes a col-
lapsed part at a lower portion thereof.

[0042] Preferably, a cross section of the column part
has a square shape or a reverse-taper shape.

[0043] Preferably, a cross section of the roof part has
a square shape or a positive-taper shape.

[0044] According to still another embodiment, a see-
through organic light emitting display device comprises
a transparent anode corresponding to one of a plurality
of pixels; a transparent auxiliary electrode separated
from the transparent anode; a partition wall on the trans-
parent auxiliary electrode and including a column part
and a roof part; an organic light emitting layer on at least
the transparent anode; and a transparent cathode on at
least the organic light emitting layer and electrically con-
nected with the transparent auxiliary electrode, wherein
the roof part is configured to prevent the organic light
emitting layer from fully covering a contact area between
the transparent auxiliary electrode and the cathode in the
plurality of pixels.

[0045] Preferably, a recess is provided under at least
a portion of the roof part of the partition wall and adjacent
to at least a portion of the contact area.

[0046] Preferably, the see-through organic light emit-
ting display device further comprises a plurality of the
see-through regions; and a plurality of the light emitting
regions; wherein the plurality of the see-through regions
are disposed between adjacent light emitting regions of
the plurality of the light emitting regions in an alternating
manner.

[0047] Details of other exemplary embodiments will be
included in the detailed description of the disclosure and
the accompanying drawings.
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[0048] Thus, a decrease in transmissivity of a see-
through organic light emitting display device may be min-
imized by forming an auxiliary electrode of a transparent
conductive oxide.

[0049] Also, a voltage drop may be minimized by form-
ing a transparent auxiliary electrode in a see-through re-
gion wider than a light emitting region thereby reducing
a line resistance of a transparent cathode.

[0050] Also, aparasitic capacitance which may be gen-
erated between the lines under the planarization layer,
which are disposed under a transparent auxiliary elec-
trode and the planarization layer, may be minimized by
forming the transparent auxiliary electrode on the planari-
zation layer.

[0051] Further, an organic light emitting display device
can be manufactured in which a covering area of an or-
ganic light emitting layer on a transparent auxiliary elec-
trode under a partition wall can be minimized. A contact
area between a transparent cathode and the transparent
auxiliary electrode under the partition wall can be equal-
ized regardless of a position of an organic light emitting
display panel.

[0052] The effects of the present disclosure are not
limited to the aforementioned effects, and other various
effects are included in the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] Theabove and other aspects, features and oth-
er advantages of the present disclosure will be more
clearly understood from the following detailed description
taken in conjunction with the accompanying drawings, in
which:

FIG. 1 is a schematic plan view provided to describe
a see-through organic light emitting display device
according to an exemplary embodiment of the
present disclosure;

FIG. 2 is a cross-sectional view taken along a line
lla-lla’ and a line llb-lIb’ of FIG. 1;

FIG. 3 is a cross-sectional view taken along the line
lla-lla’ and the line llb-11b’ of FIG. 1 according to an-
other exemplary embodiment of the present disclo-
sure;

FIG. 4 is a cross-sectional view taken along the line
lla-lla’ and the line IIb-1Ib’ of FIG. 1 according to yet
another exemplary embodiment of the present dis-
closure;

FIG.5Aand FIG. 5B are cross-sectional views taken
along a line V-V’ of FIG. 1 according to still another
exemplary embodiment of the present disclosure;
FIG. 6 is a schematic cross-sectional view provided
to describe a see-through organic light emitting dis-
play device according to still another exemplary em-
bodiment of the present disclosure;

FIG. 7A and FIG. 7B are schematic plan views pro-
vided to describe a see-through organic light emitting
display device according to still another exemplary
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embodiment of the present disclosure;

FIG. 8 is a flowchart provided to describe a method
for manufacturing a see-through organic light emit-
ting display device according to an exemplary em-
bodiment of the present disclosure;

FIG. 9A to FIG. 9F are schematic cross-sectional
views provided to describe the method for manufac-
turing a see-through organic light emitting display
device according to the exemplary embodiment of
the present disclosure;

FIG. 10is a schematic cross-sectional view provided
to describe an organic light emitting display device
according to still another exemplary embodiment of
the present disclosure; and

FIG. 11is a schematic cross-sectional view provided
to describe an organic light emitting display device
according to still another exemplary embodiment of
the present disclosure.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0054] Advantages and features of the present disclo-
sure, and methods for accomplishing the same will be
more clearly understood from exemplary embodiments
described below with reference to the accompanying
drawings. However, the present disclosure is not limited
to the following exemplary embodiments but may be im-
plemented in various different forms. The exemplary em-
bodiments are provided only to complete disclosure of
the present disclosure and to fully provide a person hav-
ing ordinary skill in the art to which the present disclosure
pertains with the category of the disclosure, and the
present disclosure will be defined by the appended
claims.

[0055] Theshapes, sizes, ratios, angles, numbers, and
the like shown in the accompanying drawings for describ-
ing the exemplary embodiments of the presentdisclosure
are merely examples, and the present disclosure is not
limited thereto. Like reference numerals generally denote
like elements throughout the present disclosure. Further,
in the following description, a detailed explanation of
known related technologies may be omitted to avoid un-
necessarily obscuring the subject matter of the present
disclosure. The terms such as "including," "having," and
"consist of" used herein are generally intended to allow
other components to be added unless the terms are used
with the term "only". Any references to singular may in-
clude plural unless expressly stated otherwise.

[0056] Components are interpreted to include an ordi-
nary error range even if not expressly stated.

[0057] When the position relation between two parts
is described using the terms such as "on", "above", "be-
low", "next" and the like, one or more parts may be po-
sitioned between the two parts unless the terms are used
with the term "immediately" or "directly" is not used.
[0058] When anelementor layerisreferred to as being
"on" another element or layer, it may be directly on the
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other element or layer, or intervening elements or layers
may be present.

[0059] Although the terms "first", "second", and the like
are used for describing various components, these com-
ponents are not confined by these terms. These terms
are merely used for distinguishing one component from
the other components. Therefore, a first component to
be mentioned below may be a second component in a
technical concept of the present disclosure.

[0060] Throughout the whole specification, the same
reference numerals denote the same elements.

[0061] Since size and thickness of each component
illustrated in the drawings are represented for conven-
ience in explanation, the present disclosure is not nec-
essarily limited to the illustrated size and thickness of
each component.

[0062] The features of various embodiments of the
present disclosure can be partially or overall bonded to
or combined with each other and can be interlocked and
operated in technically various ways as can be fully un-
derstood by a person having ordinary skill in the art, and
the embodiments can be carried out independently of or
in association with each other.

[0063] Hereinafter, various exemplary embodiments
of the present disclosure will be described in detail with
reference to the accompanying drawings.

[0064] FIG. 1 is a schematic plan view provided to de-
scribe a see-through organic light emitting display device
according to an exemplary embodiment of the present
disclosure. FIG. 2 is a cross-sectional view taken along
aline lla-lla’ and aline lIb-11b’ of FIG. 1. Referring to FIG.
1and FIG. 2, a see-through organic light emitting display
device 100 includes a substrate 101, an organic light
emitting element, and a transparent auxiliary electrode
150. For convenience in explanation, FIG. 1 schemati-
cally illustrates two sub-pixels, and each of the sub-pixels
is configured as a 2T1C structure including two thin film
transistors and a capacitor. However, a structure of the
sub-pixel is not limited to the 2T1C structure, and each
sub-pixel may be configured to have various additional
compensation structures such as a 3T1C structure in-
cluding three thin film transistors and a capacitor or a
4T2C structure including four thin film transistors and two
capacitors. Meanwhile, illustration of a reflection layer
141, an organic light emitting layer 143, and a transparent
cathode 144 is omitted from FIG. 1, and thicknesses and
shapes of respective lines are schematically illustrated.
[0065] The see-through organic light emitting display
device 100 according to an exemplary embodiment of
the present disclosure is a top-emission organic light
emitting display device in which light emitted from the
organic light emitting layer 143 is released in a direction
of a top surface of the substrate 101. The top-emission
see-through organic light emitting display device 100 in-
cludes the reflection layer 141 disposed under a trans-
parent anode 142, and the light emitted from the organic
light emitting layer 143 is released through the transpar-
ent cathode 144 configured to transmit light.
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[0066] In the present disclosure, transmissivity of a
specific component refers to the transmissivity with re-
spect to visible light wavelengths. In the present disclo-
sure, the transmissivity of a specific componentis defined
as a ratio of an amount of light transmitted through the
specific component to an amount of light incident into the
specific component.

[0067] In the present disclosure, transparency refers
to a characteristic that allows an object of a background
to be visible through the see-through organic light emit-
ting display device.

[0068] Inordertoimprove transparency, itis necessary
to minimize distortion of the transmitted background. For
example, a surface of a substrate may be formed to be
flat. If the surface of the substrate is not flat, refraction,
scattering, and reflection of transmitted light may cause
a decrease in transparency. Each layer having transpar-
ency and disposed in the see-through region may also
be formed to be flat.

[0069] In the presentdisclosure, the components hav-
ing transparency, for example, the transparent cathode,
the transparent auxiliary electrode, the bottom transpar-
ent auxiliary electrode, and the transparent conductive
oxide layer, may have a visible light transmissivity of 80%
or more.

[0070] Inthe presentdisclosure, the components hav-
ing translucence, for example, the translucent cathode,
may have a visible light transmissivity of 30% to less than
80%.

[0071] However, transparency and translucence may
not be limited to such values, and should be construed
in consideration of a purpose and a function of each com-
ponent to be substantially disclosed in the present dis-
closure.

[0072] Referringto FIG. 1, the substrate 101 is config-
ured to support various components of the see-through
organic light emitting display device 100, and may be a
glass substrate or a transparent plastic substrate having
a high transmissivity. Further, the substrate is configured
to have excellent transparent characteristics. The sub-
strate 101 includes a plurality of light emitting regions
D/A1 and D/A2, a plurality of see-through regions T/A1
and T/A2, and a non-display region N/A. FIG. 1 illustrates
two light emitting regions D/A1 and D/A2, and two see-
through regions T/A1 and T/A2. The light emitting regions
D/A1 and D/A2 refer to regions where the organic light
emitting elements are disposed and an image is dis-
played, and may be referred to as pixel areas or sub-
pixels. The see-through regions T/A1 and T/A2 refer to
regions where animage is not displayed and background
objects can be viewed through the substrate 101, and
thus may be referred to as a transparent window. Since
the see-through regions T/A1 and T/A2 allow external
light to pass through, the see-through organic light emit-
ting display device 100 has transparency. The non-dis-
play region N/A refers to regions other than the light emit-
ting regions D/A1 and D/A2 and the see-through regions
T/A1 and T/A2. In particular, the see-through regions
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T/A1 and T/A2 may be configured to have transparency
such that background objects can be seen through the
see-through organic light emitting display device 100.
[0073] Adataline 110 and a gate line 120 are disposed
so as to intersect (or overlap) each other on the substrate
101. The light emitting regions D/A1 and D/A2 and the
see-through regions T/A1 and T/A2 may be respectively
included in regions defined by the data line 110 and the
gate line 120 intersecting each other, but are not limited
thereto. Although FIG. 1 illustrates the data line 110 and
the gate line 120 having a straight shape, the data line
110 and the gate line 120 may have a diagonal, curve,
or zigzag shape, but are not limited thereto.

[0074] Each of a first thin film transistor TFT1 and a
second thin film transistor TFT2 includes a gate elec-
trode, a source electrode, and a drain electrode, and may
be a P-type thin film transistor or an N-type thin film tran-
sistor. For convenience in explanation, FIG. 1 and FIG.
2 illustrate P-type thin film transistors. Further, each of
the first thin film transistor TFT1 and the second thin film
transistor TFT2 may have a coplanar structure in which
a gate electrode is disposed on an active layer or an
inverted-staggered structure in which a gate electrode is
disposed under an active layer. For convenience in ex-
planation, FIG. 1 and FIG. 2illustrate a thin film transistor
having a coplanar structure. However, the thin film tran-
sistor included in the see-through organic light emitting
display device 100 according to an exemplary embodi-
ment of the present disclosure is not limited to a P-type
thin film transistor and the structure of the thin film tran-
sistor is not limited to the coplanar structure. It should be
noted that all of the thin film transistors (TFTs) on the
panel need not be of the same type or structure. Namely,
a single panel may have multiple types of TFTs and/or
TFTs with various types of structures.

[0075] The gate electrode of the first thin film transistor
TFT1 is connected with the gate line 120, the source
electrode is connected with the data line 110, and the
drain electrode is connected with an electrode of a stor-
age capacitor Cst formed of the same metal as the gate
line 120 and the gate electrode of the second thin film
transistor TFT2. The first thin film transistor TFT1 may
be referred to as a switching transistor. The source elec-
trode of the second thin film transistor TFT2 is connected
with a VDD line 130 and an opposite electrode of the
storage capacitor Cst formed of the same metal as the
data line 110. Further, the drain electrode is connected
with the first thin film transistor TFT1 and the transparent
anode 142 of the organic light emitting element. The sec-
ond thin film transistor TFT2 may be referred to as a
driving transistor.

[0076] The VDD line 130 supplies a VDD voltage to
the organic light emitting element.

[0077] The first thin film transistor TFT1, the second
thin film transistor TFT2, the storage capacitor Cst, the
data line 110, the gate line 120, and the VDD line 130
are not disposed in the see-through regions T/A1 and
T/A2. For example, the first thin film transistor TFT1, the
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second thin film transistor TFT2, and the storage capac-
itor Cst are disposed in the light emitting regions D/A1
and D/A2 but are not overlapped with the see-through
regions T/A1 and T/A2. The data line 110 and the gate
line 120 are disposed in the non-display region N/A but
not disposed in the see-through regions T/A1 and T/A2.
Further, the VDD line 130 is extended so as to pass
through the light emitting regions D/A1 and D/A2 but does
not pass through the see-through regions T/A1 and T/A2.
That is, only transparent layers having an excellent vis-
ible light transmissivity are disposed in the see-through
regions T/A1 and T/A2. Thus, the see-through regions
T/A1and T/A2 canachieve an excellent visible lighttrans-
missivity. Further, since the see-through regions T/A1
and T/A2 are disposed on a planarization layer 161, the
see-through regions T/A1 and T/A2 can have excellent
transparency with less distortion.

[0078] Referring to FIG. 2, the planarization layer 161
is disposed so as to cover the first thin film transistor
TFT1, the second thin film transistor TFT2, the storage
capacitor Cst, and the VDD line 130. The planarization
layer 161 planarizes the top surface of the substrate 101,
and may be formed of a transparent organic insulation
material. The planarization layer 161 is thick enough to
planarize a step caused by the first thin film transistor
TFT1, the second thin film transistor TFT2, and the stor-
age capacitor Cst.

[0079] The reflection layer 141 electrically connected
with the second thin film transistor TFT2 is disposed on
the planarization layer 161. For example, the reflection
layer 141 is separately disposed in each of the light emit-
ting regions D/A1 and D/A2. The reflection layer 141 re-
flects the light emitted from the organic light emitting layer
143 to an upper side. The reflection layer 141 maybe
formed of silver (Ag), nickel (Ni), gold (Au), platinum (Pt),
aluminum (Al), copper (Cu), APC, molybdenum/alumi-
num neodymium (Mo/AINd) or alloys thereof having an
excellent reflectivity. In addition, the reflection layer can
be configured to reflect light emitted from the organic light
emitting layer through the transparent cathode.

[0080] The transparent anode 142 is disposed on the
reflection layer 141. For example, the transparent anode
142 is separately disposed in each of the light emitting
regions D/A1 and D/A2 in the same manner as the re-
flection layer 141. The transparent anode 142 supplies
holes to the organic light emitting layer 143. The trans-
parent anode 142 may be formed of a transparent con-
ductive oxide (TCO) having a high work function, such
as indium tin oxide (ITO), indium zinc oxide (1ZO), indium
tin zinc oxide (ITZO), zinc oxide, and tin oxide, in order
to readily supply holes. Although the reflection layer 141
and the transparent anode 142 are differentially de-
scribed in the present disclosure, the transparent anode
142 and the reflection layer 141 may not be differentiated
but may be referred to as one transparent anode or re-
flective anode.

[0081] A transparent auxiliary electrode 150 is sepa-
rated from the transparent anode 142 and disposed in
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the see-through regions T/A1 and T/A2. The transparent
auxiliary electrode 150 is configured to cover the plurality
of see-through regions T/A1 and T/A2. For example, as
illustrated in FIG. 1, the transparent auxiliary electrode
150 may be extended so as to cover the first see-through
region T/A1, the second see-through region T/A2, and
the non-display region N/A between the first see-through
region T/A1 and the second see-through region T/A2.
Therefore, if the transparent auxiliary electrode 150 is
disposed so as to cover the non-display region N/A, a
line resistance similar to that of an auxiliary electrode of
the related art can be achieved, and a decrease in an
aperture ratio of the see-through regions T/A1 and T/A2
of the see-through organic light emitting display device
100 can be minimized at the same time.

[0082] According to this configuration, since the trans-
parent auxiliary electrode 150 is extended in one direc-
tion, it can be connected with a voltage supply pad in a
peripheral region of the see-through organiclight emitting
display device 100. Therefore, a VSS voltage can be
transferred from the voltage supply pad through the
transparent auxiliary electrode 150. The transparent aux-
iliary electrode 150 may have a preset width W. For ex-
ample, the transparent auxiliary electrode 150 may have
the same width as the first see-through region T/A1 and
the second see-through region T/A2.

[0083] Asillustratedin FIG. 2, the transparent auxiliary
electrode 150 is disposed on the planarization layer 161.
As described above, since the planarization layer 161
has a sufficient thickness, a parasitic capacitance which
may be generated between the transparent auxiliary
electrode 150 and the lines under the planarization layer
161 can be reduced. Further, planarization may improve
transparency of the see-through regions. For example,
as illustrated in FIG. 2, although the gate line 120 may
be disposed under the transparent auxiliary electrode
150, the relatively thick planarization layer 161 is dis-
posed between the gate line 120 and the transparent
auxiliary electrode 150. Thus, a parasitic capacitance
which may be generated between the transparent auxil-
iary electrode 150 and the gate line 120 can be mini-
mized.

[0084] The transparent auxiliary electrode 150 is elec-
trically connected with the transparent cathode 144. For
example, as illustrated in FIG. 1, the transparent auxiliary
electrode 150 is electrically connected with the transpar-
ent cathode 144 in a contact region C/A positioned in the
non-display region N/A. Therefore, the transparent aux-
iliary electrode 150 reduces a voltage drop caused by a
high line resistance of the transparent cathode 144.
[0085] Further, the transparent auxiliary electrode 150
may be formed of the same material as the transparent
anode 142. For example, the transparent auxiliary elec-
trode 150 may be formed of a transparent conductive
oxide, such as ITO, 1ZO, ITZO, zinc oxide, and tin oxide,
having an excellent transmissivity.

[0086] A bank 162 is disposed on the transparent an-
ode 142 and the transparent auxiliary electrode 150, and
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has openings corresponding to the light emitting regions
D/A1 and D/A2, the see-through regions T/A1 and T/A2,
and the contact region C/A. That is, as illustrated in FIG.
2, the bank 162 surrounds a periphery of the transparent
anode 142, and a top surface of the transparent anode
142 is exposed in the light emitting regions D/A1 and
D/A2.

[0087] As described above, since the bank 162 has
the openings corresponding to the see-through regions
T/A1 and T/A2, a top surface of the transparent auxiliary
electrode 150 is exposed inthe see-through regions T/A1
and T/A2, but is not limited thereto. The bank 162 can
also be configured so as to cover the see-through regions
T/A1 and T/A2.

[0088] Thebank162is configuredtoseparate adjacent
sub-pixel regions and separate a light emitting region D/A
and a see-through region T/A in the same sub-pixel re-
gion. The bank 162 may be formed of a transparent or-
ganic insulation material, for example, any one of poly-
imide, photo acryl, and benzocyclobutene (BCB), or may
be formed of a material having black color, for example,
black resin.

[0089] A part of the top surface of the transparent aux-
iliary electrode 150 is exposed through the opening of
the bank 162 corresponding to the contact region C/A.
Although FIG. 1 illustrates a shape of the contact region
C/A as a rectangular shape, the contact region C/A may
have a polygonal shape, a circular shape, or an oval
shape instead of the rectangular shape. The shape of
the contact region C/A is not particularly limited.

[0090] The bank 162 may be formed of an organic in-
sulation material, and may have a taper shape. Referring
to FIG. 2 again, the taper shape refers to a shape in which
a width of the bank 162 decreases from its base to its
distal end that is upwardly away from the substrate 101.
If the bank 162 has a taper shape, the bank 162 may be
formed of a photoresist. The bank 162 has a thickness
that is sufficient to separate the first light emitting region
D/A1 and the second light emitting region D/A2 adjacent
to each other, and to separate the first light emitting re-
gion D/A1 and the first see-through region T/A1 adjacent
to each other.

[0091] Referring to FIG. 2, a partition wall 170 is dis-
posed in the contact region C/A. The partition wall 170
is formed to have a reverse-taper shape. The reverse-
taper shape refers to a shape in which a width of the bank
partition wall 170 increases from its base to its distal end
that is upwardly away from the substrate 101. The parti-
tion wall 170 is disposed within the opening of the bank
162 in the non-display region N/A. This opening may be
referred to as the contact region C/A. A bottom surface
of the partition wall 170 is in contact with a partial region
of the transparent auxiliary electrode 150, and an area
of a top surface of the partition wall 170 is greater than
an area of the bottom surface of the partition wall 170.
Therefore, a lower part of the partition wall 170 is shaded
(or partially covered) by the reverse-taper shape of the
partition wall 170.
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[0092] The partition wall 170 may be thicker than the
bank 162. For example, the partition wall 170 may have
athickness of about 1 um to about 2.5 pum. If the partition
wall 170 is thicker than the bank 162, the partition wall
170 may be more readily formed to have the reverse-
taper shape. In some exemplary embodiments, the par-
tition wall 170 may be disposed on the bank 162. In this
case, the island-shaped bank 162 may be further dis-
posed on a central part of the contact region C/A and the
partition wall 170 may be disposed on the island-shaped
bank 162.

[0093] The organic light emitting layer 143 is disposed
in the light emitting regions D/A1 and D/A2, the see-
through regions T/A1 and T/A2, and the non-display re-
gion N/A. For example, the organic light emitting layer
143 is disposed on the transparent anode 142 exposed
in the light emitting regions D/A1 and D/A2. The organic
light emitting layer 143 emits a red, green, blue, or white
lighton the basis of holes transferred from the transparent
anode 142 and electrons transferred from the transparent
cathode 144 in the light emitting regions D/A1 and D/A2.
Further, since the organic light emitting layer 143 is trans-
parent in a non-light emitting state, the organic light emit-
ting layer 143 is also disposed on the transparent auxil-
iary electrode 150 in the see-through regions T/A1 and
T/A2. In this case, a decrease in transmissivity caused
by the organic light emitting layer 143 may not substan-
tially occur.

[0094] The organic light emitting layer 143 is disposed
on the bank 162 in the non-display region N/A and con-
figured so as to cover a partial side surface of the bank
162 and the top surface of the partition wall 170 in the
contactregion C/A. Thatis, the organic light emitting layer
143 may not cover a partial top surface of the transparent
auxiliary electrode 150 exposed between a side surface
of the partition wall 170 and a side surface of the bank
162. Therefore, a physical space for a contact between
the transparent cathode 144 and the transparent auxiliary
electrode 150 can be secured between the side surface
of the bank 162 and the side surface of the partition wall
170. The organic light emitting layer 143 may be formed
by depositing an organic light emitting substance so as
to cover all of the light emitting regions D/A1 and D/A2,
the see-through regions T/A1 and T/A2, and the non-
display region N/A. Generally, the organic light emitting
substance is formed of a material having low step cov-
erage. Due to the step coverage of the organic light emit-
ting substance, the organic light emitting substance is
not deposited on a part shaded by the reverse-taper
shape of the partition wall 170 and the side surface of
the partition wall 170. Further, the organic light emitting
substanceis deposited on the top surfaces of the partition
wall 170 and the bank 162. Therefore, a physical space
can be secured between the side surface of the partition
wall 170 and the side surface of the bank 162, in which
the transparent auxiliary electrode 150 and the transpar-
ent cathode 144 can be electrically connected. That is,
the organic light emitting layer 143 is cut and separated
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by the partition wall 170. However, a structure of the phys-
ical space for a contact between the transparent cathode
144 and the transparent auxiliary electrode 150 is not
limited thereto.

[0095] Thetransparentcathode 144 is disposed onthe
organic light emitting layer 143. For example, the trans-
parent cathode 144 is disposed so as to cover the light
emitting regions D/A1 and D/A2, the see-through regions
T/A1 and T/A2, and the non-display region N/A. Herein,
the transparent cathode 144 is connected with the trans-
parent auxiliary electrode 150, thereby reducing a volt-
age drop in the light emitting regions D/A1 and D/A2.
[0096] The transparent cathode 144 is formed of a
transparent conductive oxide. For example, the transpar-
ent cathode 144 may be formed of a transparent conduc-
tive oxide suchas ITO, IZO, ITZO, zinc oxide, or tin oxide,
and may be formed of the same transparent conductive
oxide as the transparent anode 142 and the transparent
auxiliary electrode 150.Since the transparent cathode
144 needs to supply electrons to the organic light emitting
layer 143, the transparent cathode 144 needs to have a
high electrical conductivity and a low work function. How-
ever, the transparent cathode 144 formed of a transpar-
ent conductive oxide has a high work function. Thus, it
may be difficult to readily supply electrons to the organic
light emitting layer 143. In order to solve such problem,
ametal doping layer may be disposed between the trans-
parent cathode 144 and the organic light emitting layer
143. The metal doping layer enables electrons supplied
from the transparent cathode 144 to be readily injected
into the organic light emitting layer 143. The metal doping
layer is doped with a metallic dopant. The metallic dopant
may include any one selected from aluminum-based met-
als including aluminum or aluminum neodymium, alkali
metals such as lithium (Li), alkali earth metals such as
magnesium (Mg), or mixtures thereof. In order to sup-
press a decrease in transmissivity in the see-through re-
gions T/A1 and T/A2, the metal doping layer may be dis-
posed only in the light emitting regions D/A1 and D/A2.
A see-through organic light emitting display device fur-
ther including a separate cathode formed of the same
metallic material as the metal doping layer will be de-
scribed later with reference to FIG. 3 and FIG. 4.
[0097] Further, an electron injection layer (EIL) may be
further disposed between the transparent cathode 144
and the organic light emitting layer 143 in order to facil-
itate the electron injection into the organic light emitting
layer 143 from the transparent cathode 144.

[0098] Furthermore, the transparent cathode 144 may
be formed of a material different from the transparent
anode 142 and the transparent auxiliary electrode 150.
To be specific, the transparent cathode 144 may be
formed of a material that generates fewer foreign sub-
stances than materials of the transparent anode 142 and
the transparent auxiliary electrode 150. For example, if
the transparent anode 142 and the transparent auxiliary
electrode 150 are formed of ITO, the transparent cathode
144 may be formed of 1ZO that generates fewer foreign
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substances than ITO during a manufacturing process.
[0099] Since the transparent cathode 144 is formed of
a material that generates fewer foreign substances than
materials of the transparent anode 142 and the transpar-
ent auxiliary electrode 150, fewer foreign substances are
generated inthe transparent cathode 144. Also, in a proc-
ess for forming a transparent encapsulation layer to be
disposed on the transparent cathode 144, an effect of
foreign substances from the transparent cathode 144 can
be minimized. The transparent encapsulation layer is
configured to protect the organic light emitting element
against oxygen and moisture. Particularly, if a crack or a
seam occurs in the transparent encapsulation layer, a
moisture permeation path is formed, and, thus, defects
may occur. To be more specific, if fewer foreign substanc-
es are generated in the transparent cathode 144, the
possibility of cracks or seams from occurring in the trans-
parent encapsulation layer caused by a foreign sub-
stance after the transparent encapsulation layer is de-
posited on the transparent cathode 144 is reduced.
Therefore, defects of the transparent encapsulation layer
can be minimized and manufacturing yield can be in-
creased to better achieve mass production. Herein, the
transparent encapsulation layer includes at least a first
inorganic encapsulation layer, an organic layer, and a
second inorganic encapsulation layer, and is disposed
on the transparent cathode 144 so as to cover a light
emitting region and a see-through region. Herein, the first
inorganic encapsulation layer and the second inorganic
encapsulation layer are configured to seal the organic
layer in a peripheral region.

[0100] Particularly, if the above-described transparent
encapsulation layeris applied, the display panel or device
can still be flexible (e.g., the transparent encapsulation
layer can be made from a flexible material).

[0101] The transparent cathode 144 can be in direct
contact with the exposed top surface of the transparent
auxiliary electrode 150 between the side surface of the
partition wall 170 and the side surface of the bank 162
in the contact region C/A. Since the transparent conduc-
tive oxide constituting the transparent cathode 144 has
high step coverage, the transparent cathode 144 may be
continuously formed from the top surface of the bank 162
to the side surface of the bank 162, the side surface of
the partition wall 170, and the top surface of the partition
wall 170. Thus, the transparent cathode 144 can be in
contact with the exposed area of the transparent auxiliary
electrode 150 between the side surface of the partition
wall 170 and the side surface of the bank 162, so that
the transparent cathode 144 and the transparent auxiliary
electrode 150 are electrically connected with each other.
In order to securely connect the transparent cathode 144
with the transparent auxiliary electrode 150, preferably,
the transparent cathode 144 may be formed to have suf-
ficient thickness. For example, the transparent cathode
144 may be formed to have a thickness of about 1000 A
or more. But the transparent cathode 144 is not limited
to such thickness, as the particular thickness may de-
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pend upon various factors and characteristics related to
the display device and thus can be adjusted accordingly.
[0102] Although FIG. 2 illustrates an example where
the organic light emitting layer 143 is disposed on the
overall surface of the substrate 101 so as to cover all of
the light emitting regions D/A1 and D/A2, the see-through
regions T/A1 and T/A2, and the non-display region N/A,
the organic light emitting layer 143 may be disposed only
on the transparent anode 142 in the light emitting regions
D/A1 and D/A2 but not in the non-display region N/A and
the see-through regions T/A1 and T/A2. In order to form
the organic light emitting layer 143 only in the light emit-
ting regions D/A1 and D/A2, a so-called FMM (Fine Metal
Mask) or shadow mask may be used. To be more spe-
cific, the organic light emitting layer 143 may be formed
by using an FMM including openings corresponding to
the light emitting regions D/A1 and D/A2. In this case,
the top surface of the transparent auxiliary electrode 150
can be exposed without the partition wall 170. Further,
the transparent cathode 144 and the transparent auxiliary
electrode 150 can be electrically connected with each
other without the partition wall 170.

[0103] As described above, since the transparent aux-
iliary electrode 150 is electrically connected with the
transparent cathode 144, a line resistance between the
voltage supply pad and the transparent cathode 144 can
be reduced. That is, since the transparent cathode 144
is formed of a transparent conductive oxide, it has a high-
er resistivity than typical metal line materials. Further,
since the transparent auxiliary electrode 150 is electri-
cally connected with the transparent cathode 144, an
overall line resistance between the voltage supply pad
and the transparent cathode 144 can be reduced. Thus,
it is possible to reduce voltage drops caused by a resist-
ance of the transparent cathode 144 and it is also pos-
sible to improve luminance uniformity of the see-through
organic light emitting display device 100.

[0104] Further, since the transparent auxiliary elec-
trode 150 is formed of a transparent conductive oxide, it
may be disposed so as to cover all of the see-through
regions T/A1 and T/A2 and the transmissivity of the see-
through organic light emitting display device 100 is min-
imally decreased.

[0105] Generally, an opaque metal such as silver, alu-
minum, molybdenum, titanium, copper or alloys thereof
has a lower resistivity, but has a higher reflectivity than
a transparent conductive oxide. For example, if a metal
auxiliary electrode having a width of 10 wm and a thick-
ness of 1000 A is formed using a silver alloy, when a unit
length of the metal auxiliary electrode is converted to a
length of a sub-pixel, for example, the metal auxiliary
electrode may have a line resistance of 25.2 Q per unit
length under such configuration and a total line resist-
ance of the transparent cathode 144 which is connected
with the metal auxiliary electrode may be reduced. How-
ever, since the metal auxiliary electrode is opaque, as
the width of the metal auxiliary electrode is increased by
10 wm, the transmissivity of the see-through organic light
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emitting display device 100 may be decreased by, for
example, 3 to 4%. In other words, the transmissivity of
the see-through organic light emitting display device 100
is determined in consideration of not only a visible light
transmissivity of a see-through region but also an aper-
ture ratio of the see-through region and a visible light
transmissivity of materials disposed in the see-through
region. Therefore, there are difficulties in reducing volt-
age drops of the see-through organic light emitting dis-
play device 100 while preserving the transmissivity of the
see-through organic light emitting display device 100
when using the opaque metal auxiliary electrode. Mean-
while, the transparent auxiliary electrode 150 has a high-
er resistivity than metals, but as illustrated in FIG. 1, it
can be disposed so as to cover all of the see-through
regions T/A1 and T/A2 and the transmissivity is barely
decreased. Therefore, if the transparent auxiliary elec-
trode 150 is formed in a relatively wide region, i.e., the
transparent auxiliary electrode 150 is formed to have a
considerably large line width, a line resistance of the
transparent auxiliary electrode 150 can be sufficiently
low. For example, if the transparent auxiliary electrode
150 is formed of IZO and the transparent auxiliary elec-
trode 150 has a width W of 550 wm and a thickness of
10004, the transparent auxiliary electrode 150 in the first
see-through region T/A1 may have a line resistance of
30 Q per unit length. That is, the line resistance of the
transparent auxiliary electrode 150 is similar to the re-
sistance of the metal auxiliary electrode. Therefore, if the
transparent auxiliary electrode 150 is used, a wide see-
through region can be formed. Thus, an aperture ratio of
the see-through region can be increased as compared
with a general auxiliary electrode. Therefore, transmis-
sivity is increased.

[0106] Meanwhile, the transparent auxiliary electrode
150 is disposed on the planarization layer 161 so as to
cover the see-through regions T/A1 and T/A2. Thus, a
parasitic capacitance which may be generated between
the transparent auxiliary electrode 150 and the lines un-
der the planarization layer 161 can be effectively re-
duced.

[0107] FIG. 3is a cross-sectional view taken along the
line lla-11a’ and the line lIb-1Ib’ of FIG. 1 according to an-
other exemplary embodiment of the present disclosure.
A see-through organic light emitting display device 300
illustrated in FIG. 3 is substantially the same as the see-
through organic light emitting display device 100 illustrat-
edinFIG. 1 and FIG. 2 except that a translucent cathode
345 is further provided on the transparent cathode 144
in the light emitting region D/A1. Therefore, redundant
descriptions thereof will be omitted merely for the sake
of brevity.

[0108] ReferringtoFIG. 3, the translucent cathode 345
is disposed on the transparent cathode 144 only in the
light emitting region D/A1 so as to be in contact with the
transparent cathode 144. Herein, the translucent cath-
ode 345 is configured to apply a voltage to the organic
lightemitting layer 143 together with the transparent cath-
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ode 144. Further, the translucent cathode 345 can further
suppress a voltage drop in the cathode which may occur
when a cathode is formed of only the transparent cathode
144 which is a transparent electrode.

[0109] The translucent cathode 345 is formed of a me-
tallic material having a very small thickness and a low
work function. Examples of a metal to be used as the
translucent cathode 345 may include silver (Ag), titanium
(Ti), aluminum (Al), molybdenum (Mo), or an alloy of sil-
ver (Ag) and magnesium (Mg).

[0110] Since the translucent cathode 345 is formed of
ametallic material, it has lower transmissivity to light than
the transparent cathode 144 and also has poorer trans-
parency than the transparent cathode 144. Therefore,
even if the translucent cathode 345 as a metallic material
is formed to have small thickness, a relatively low trans-
missivity, for example, a transmissivity of about 55%, can
be obtained. Therefore, the translucent cathode 345 is
disposed only in the light emitting region D/A1 but not in
the see-through regions T/A1 and T/A2 in order to main-
tain high transmissivity in the see-through regions T/A1
and T/A2.

[0111] Inthe see-through organic light emitting display
device 300 according to another exemplary embodiment
of the present disclosure, the translucent cathode 345
as ametallic material is disposed on the transparent cath-
ode 144 having a high transmissivity and a high resistiv-
ity. Since the translucent cathode 345 is disposed on the
transparent cathode 144, a line resistance of the trans-
parent cathode 144 can be effectively decreased. Thus,
a voltage drop caused by the transparent cathode 144
and the translucent cathode 345 can be effectively com-
pensated.

[0112] Further, since the translucent cathode 345 has
a lower transmissivity than the transparent cathode 144,
the translucent cathode 345 is disposed only in the light
emitting region D/A1, so that a maximum transmissivity
in the see-through regions T/A1 and T/A2 of the see-
through organic light emitting display device 300 can be
obtained and a voltage drop caused by the transparent
cathode 144 and the translucent cathode 345 can also
be effectively reduced.

[0113] Herein, since the translucent cathode 345 is not
disposed in a see-through region, it does not need to
have an excellent transparency.

[0114] FIG. 4 is a cross-sectional view taken along the
line lla-1la’ and the line llb-11b’ of FIG. 1 according to yet
another exemplary embodiment of the present disclo-
sure. A see-through organic light emitting display device
400 illustrated in FIG. 4 is substantially the same as the
see-through organic light emitting display device 300 il-
lustrated in FIG. 3 except that a transparent cathode 444
is disposed on a translucent cathode 445 in the light emit-
ting region D/A1. Therefore, redundant descriptions
thereof will be omitted merely for the sake of brevity.
[0115] ReferringtoFIG.4,the transparent cathode 444
is disposed on the translucent cathode 445 so as to be
in contact with the translucent cathode 445. The trans-
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parent cathode 444 is also configured to apply a voltage
to the organic light emitting layer 143. The transparent
cathode 444 may be formed of a transparent conductive
material such as indium zinc oxide (I1ZO). Herein, the
transparent cathode 444 having a transmissivity means
that the transparent cathode 444 has a transmissivity of
90% or more. The exemplary transmissivity of the trans-
parent cathode can be applied to other embodiments.
[0116] Herein, the translucent cathode 445 disposed
between the transparent cathode 444 and the organic
light emitting layer 143 may assist electrons supplied
from the transparent cathode 444 to be readily injected
into the organic light emitting layer 143. In order to sup-
press a decrease in transmissivity in the see-through re-
gions T/A1 and T/A2, the translucent cathode 445 maybe
disposed only in the light emitting regions D/A1 and D/A2.
[0117] ReferringtoFIG.4,thetransparent cathode 444
is in contact with the transparent auxiliary electrode 150
disposed in the see-through regions T/A1 and T/A2 and
the non-display region N/A. Considering that the partition
wall 170 is disposed on the transparent auxiliary elec-
trode 150, the transparent cathode 444 needs to be
formed of a material having a high step coverage in order
for the transparent cathode 444 to be in contact with the
transparent auxiliary electrode 150. That is, indium zinc
oxide (1ZO) as the transparent cathode 444 has a step
coverage sufficient to be formed on the translucent cath-
ode 445, the transparent auxiliary electrode 150, and the
partition wall 170 while being in contact with the trans-
parent auxiliary electrode 150.

[0118] Considering the thickness of the see-through
organic light emitting display device 400 and a resistivity
required for the transparent cathode 444, the transparent
cathode 444 may be disposed so as to have a thickness
of 1000 to 1500 A. The exemplary thickness of the trans-
parent cathode can be applied to other embodiments.
[0119] Inthe see-through organic light emitting display
device 400 according to yet another exemplary embod-
iment of the present disclosure, the transparent cathode
444 is disposed in all of the see-through regions T/A1
and T/A2 and the light emitting region D/A1. Therefore,
even if the transparent cathode 444 having a high trans-
missivity is disposed in the see-through regions T/A1 and
T/A2, the see-through regions T/A1 and T/A2 can trans-
mit light incident from the outside due to a high transmis-
sivity of the transparent cathode 444.

[0120] FIG. 5A and FIG. 5B are cross-sectional views
taken along a line V-V’ of FIG. 1 according to still another
exemplary embodiment of the present disclosure. FIG.
5A and FIG. 5B are cross-sectional views of the light
emitting regions D/A1 and D/A2 and the non-display re-
gion N/A. Further, a see-through organic light emitting
display device 500 illustrated in FIG. 5A and FIG. 5B is
substantially the same as the see-through organic light
emitting display device 400 illustrated in FIG. 4 except
that thickness(es) of a transparent cathode 544 and/or a
translucent cathode 545 in the non-display region N/A
are/is different thickness(es) thereof in the light emitting
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regions D/A1 and D/A2. Therefore, redundant descrip-
tions thereof will be omitted for the sake of brevity.
[0121] Referring to FIG. 5A, the translucent cathode
545 may have a first thickness t1 in the first light emitting
region D/A1 and the second light emitting region D/A2,
and a second thickness t2 in the non-display region N/A
between the first light emitting region D/A1 and the sec-
ond light emitting region D/A2. Herein, the second thick-
ness t2 is greater than the first thickness t1. For example,
the first thickness t1 may be about 100 A to about 200
A, and the second thickness t2 may be about 200 A to
about 400 A. The exemplary thickness of the translucent
cathode can be applied to other embodiments.

[0122] Referringto FIG. 5B, in the see-through organic
light emitting display device 500 according to still another
exemplary embodiment of the present disclosure, the
translucent cathode 545 has the first thickness t1 in the
first light emitting region D/A1 and the second light emit-
ting region D/A2 and the second thickness t2 in the non-
display region N/A between the first light emitting region
D/A1 and the second light emitting region D/A2. To be
specific, the translucent cathode 545 is disposed so as
to be overlapped in part in the non-display region N/A,
and the second thickness t2 of the translucent cathode
545 becomes greater than the first thickness t1. That is,
the translucent cathode 545 may be overlapped perpen-
dicularly to the transparent auxiliary electrode 150 in a
part where the translucent cathode 545 is disposed so
as to have the second thickness t2.

[0123] Inthe see-through organic light emitting display
device 500 according to still another exemplary embod-
iment of the present disclosure, since the translucent
cathode 545 has the second thickness t2 greater than
the first thickness t1 in as many regions as possible be-
tween the first light emitting region D/A1 and the second
light emitting region D/A2, line resistances of the trans-
parent cathode 544 and the translucent cathode 545 can
be further decreased. Therefore, it is possible to further
compensate for voltage drops in the transparent cathode
544 and the translucent cathode 545.

[0124] Further, in the see-through organic light emit-
ting display device 500 according to still another exem-
plary embodiment of the present disclosure, a distance
between the translucent cathode 545 and the transparent
anode 142 may be an optical distance of a microcavity.
For example, a distance d between the translucent cath-
ode 545 and the transparent anode 142 may satisfy a
condition of mA=2nd. Herein, m represents an order, A
represents a wavelength of a light emitted from each light
emitting region, and n represents an average refractive
index of a plurality of organic layers positioned between
the translucent cathode 545 and the reflection layer 141
in each light emitting region. Since the distance between
the translucent cathode 545 and the transparent anode
142 is an optical distance of a microcavity, reflection re-
peatedly occurs between translucent cathode 545 and
the transparent anode 142. Thus, efficiency of light at a
peak-wavelength caused by constructive interference is
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increased.

[0125] FIG. 6 is a schematic cross-sectional view pro-
vided to describe a see-through organic light emitting dis-
play device according to still another exemplary embod-
iment of the present disclosure. For convenience in ex-
planation, FIG. 6 illustrates a part of each of the first light
emitting region D/A1, the first see-through region T/A1,
the second see-through region T/A2, and the non-display
region N/A of FIG. 1. A see-through organic light emitting
display device 600 illustrated in FIG. 6 is substantially
the same as the see-through organic light emitting dis-
play device 100 illustrated in FIG. 1 and FIG. 2 except
that a dielectric layer 663 disposed under the transparent
auxiliary electrode 150 and a bottom transparent auxiliary
electrode 655 disposed under the dielectric layer 663 are
further provided. Therefore, redundant descriptions
thereof will be omitted.

[0126] Referring to FIG. 6, the dielectric layer 663 is
disposed under the transparent auxiliary electrode 150.
The dielectric layer 663 is disposed on the planarization
layer 161 and may be formed of substantially the same
transparent organic insulation material as the planariza-
tion layer 161. For example, the planarization layer 161
and the dielectric layer 663 may be formed of any one or
more materials of polyacrylates resin, epoxy resin, phe-
nolic resin, polyamides resin, polyimides resin, unsatu-
rated polyesters resin, poly-phenylenethers resin, poly-
phenylenesulfides resin, and benzocyclobutene, but are
not limited thereto, and may be formed of various organic
insulation materials.

[0127] A connection electrode 644 is disposed be-
tween the dielectric layer 663 and the planarization layer
161. The connection electrode 644 is electrically con-
nected with the second thin film transistor TFT2 through
a contact hole formed in the planarization layer 161 and
electrically connected with the reflection layer 141 in the
first light emitting region D/A1 through a contact hole
formed in dielectric layer 663.

[0128] The bottom transparent auxiliary electrode 655
is disposed under the dielectric layer 663 so as to be
separated from the connection electrode 644. The bot-
tom transparent auxiliary electrode 655 under the reflec-
tion layer 141 is overlapped in part with the reflection
layer 141. That is, the bottom transparent auxiliary elec-
trode 655 is overlapped with not only the first see-through
region T/A1 but also the non-display region N/A and the
first light emitting region D/A1. Thus, an area of the bot-
tom transparent auxiliary electrode 655 may be greater
than an area of the transparent auxiliary electrode 150.
[0129] Each of the bottom transparent auxiliary elec-
trode 655 and the connection electrode 644 may be
formed of a transparent conductive oxide. In this case,
even if the bottom transparent auxiliary electrode 655 is
disposed in the first see-through region T/A1 and the sec-
ond see-through region T/A2, a decrease in transmissiv-
ity caused by the bottom transparent auxiliary electrode
655 may substantially not occur. In some exemplary em-
bodiments, all of the bottom transparent auxiliary elec-
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trode 655, the connection electrode 644, the transparent
anode 142, the transparent auxiliary electrode 150, and
the transparent cathode 144 may be formed of the same
transparent conductive oxide.

[0130] ReferringtoFIG. 6, the bottom transparent aux-
iliary electrode 655 is electrically connected with the
transparent auxiliary electrode 150 disposed on the die-
lectric layer 663. For example, the bottom transparent
auxiliary electrode 655 is electrically connected with the
transparent auxiliary electrode 150 in the non-display re-
gion N/A through the contact hole formed in the dielectric
layer 663. For example, asillustratedin FIG. 6, the bottom
transparent auxiliary electrode 655 and the transparent
auxiliary electrode 150 are connected with each other in
the contact region C/A.

[0131] Asdescribed above, since the bottom transpar-
ent auxiliary electrode 655 is connected with the trans-
parent auxiliary electrode 150 and the transparent aux-
iliary electrode 150 is connected with the transparent
cathode 144 in the contact region C/A, a line resistance
of the transparent cathode 144 is decreased by the trans-
parentauxiliary electrode 150 and the bottom transparent
auxiliary electrode 655. In particular, since the bottom
transparent auxiliary electrode 655 has a greater area
than the transparent auxiliary electrode 150, a total re-
sistance of the transparent cathode 144 can be further
decreased as compared with a case where only the trans-
parent auxiliary electrode 150 and the cathode 144 are
connected with each other. That is, the bottom transpar-
ent auxiliary electrode 655 is overlapped with the trans-
parent anode, and the bottom transparent auxiliary elec-
trode 655 is electrically insulated from the transparent
anode by the dielectric layer.

[0132] Further, since the bottom transparent auxiliary
electrode 655 is formed of a transparent conductive oxide
inthe same manner as the transparent auxiliary electrode
150, even if the bottom transparent auxiliary electrode
655 is overlapped with the first see-through region T/A1
and the second see-through region T/A2, a decrease in
transmissivity caused by the bottom transparent auxiliary
electrode 655 can be minimized. Thus, the see-through
organic light emitting display device 600 has a high trans-
missivity and a voltage drop in the see-through organic
light emitting display device 600 can be minimized.
[0133] FIG. 7A and FIG. 7B are schematic plan views
provided to describe a see-through organic light emitting
display device according to still another exemplary em-
bodiment of the present disclosure. A see-through or-
ganic light emitting display device 700 illustrated in FIG.
7A and FIG. 7B is substantially the same as the see-
through organic light emitting display device 100 illustrat-
ed in FIG. 1 except that a voltage supply pad 790 and an
opaque auxiliary electrode 780 electrically connected
with the transparent auxiliary electrode 150 are further
provided and the opaque auxiliary electrode 780 is per-
pendicularly overlapped with a translucent cathode 745.
Therefore, redundant description thereof will be omitted.
For convenience in explanation, FIG. 7A only illustrates
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the substrate 101, the transparent auxiliary electrode
150, the opaque auxiliary electrode 780, the translucent
cathode 745, and the voltage supply pad 790.

[0134] Referring to FIG. 7A, the see-through organic
light emitting display device 700 according to still another
exemplary embodiment of the present disclosure further
includes the voltage supply pad 790. To be specific, the
voltage supply pad 790 is disposed on the substrate 101
so as to surround a periphery of a display region A/A. A
region configured to surround the periphery of the display
region A/A may be defined as a peripheral region of the
see-through organic light emitting display device 700.
FIG. 7A illustrates that the voltage supply pad 790 sur-
rounds the overall periphery of the display region A/A,
and the voltage supply pad 790 may be disposed only in
a part of the periphery of the display region A/A. For ex-
ample, the voltage supply pad 790 may be disposed only
in an upper periphery of the display area A/A. Herein, a
width of the voltage supply pad 790 may be about 500
pm to about 1000 pm.

[0135] The translucent cathode 745 is disposed so as
to be perpendicular to the opaque auxiliary electrode 780
and parallel to the transparent auxiliary electrode 150.
FIG. 7A illustrates that the translucent cathode 745 is
separated from the transparent auxiliary electrode 150
in an alternating manner without being overlapped with
the transparent auxiliary electrode 150. To be specific,
the translucent cathode 745 is disposed so as to cover
a light emitting region and the transparent auxiliary elec-
trode 150 is disposed to cover at least a see-through
region. Therefore, the translucent cathode 745 and the
transparent auxiliary electrode 150 may be disposed to
be parallel to each other with a space therebetween.
[0136] Further, as can be understood from FIG. 7A,
the transparent cathode may be arranged in all of the
light emitting region and the see-through region. There-
fore, the transparent cathode may be electrically con-
nected with the translucent cathode 745 and the trans-
parent auxiliary electrode 150. That is, the transparent
cathode and the translucent cathode 745 are electrically
connected with the transparent auxiliary electrode 150.
Thus, a total cathode resistance of the see-through or-
ganic light emitting display device can be decreased.
[0137] In some exemplary embodiments, the translu-
cent cathode 745 may be disposed so as to be over-
lapped with the transparent auxiliary electrode 150. That
is, if the transparent auxiliary electrode 150 is disposed
so as to cover the see-through region and the light emit-
tingregion, it can be overlapped with the translucent cath-
ode 745 disposed in the light emitting region.

[0138] The voltage supply pad 790 may be electrically
connected with the transparent auxiliary electrode 150,
the translucent cathode 745, and the opaque auxiliary
electrode 780. Further, the voltage supply pad 790 may
also be electrically connected with the transparent cath-
ode. To be more specific, the voltage supply pad 790
may be electrically connected with the transparent cath-
ode and the translucent cathode 745 through the contact
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hole and may supply a common voltage VSS. Further,
the voltage supply pad 790 is electrically connected with
the transparent auxiliary electrode 150 and the opaque
auxiliary electrode 780 through the contact hole. There-
fore, the transparent auxiliary electrode 150 and the
opaque auxiliary electrode 780 are also electrically con-
nected with the transparent cathode and the translucent
cathode 745, so that a total resistance of the transparent
cathode and the translucent cathode 745 can be greatly
decreased. In an organic light emitting display device of
the related art, since a voltage supply pad is disposed in
the overall edge of a substrate, there is a limit in reducing
a bezel region of a see-through organic light emitting dis-
play device. Besides, since the voltage supply pad is
formed of an opaque metallic material, even when the
see-through organic light emitting display device is not
operated, the voltage supply pad disposed in the bezel
region can be recognized by a user. Thus, this may be
aesthetically displeasing for consumers.

[0139] Inthe see-through organic light emitting display
device 700 according to still another exemplary embod-
iment of the present disclosure, since the voltage supply
pad 790 may be disposed in only one side of the periphery
of the display region A/A on the substrate 110, it is pos-
sible to greatly reduced a bezel region and also possible
to improve an aesthetic effect by providing a transparent
bezel.

[0140] Referringto FIG. 7B, the opaque auxiliary elec-
trode 780 electrically connected with the transparent aux-
iliary electrode 150 is disposed in the non-display region
N/A. The opaque auxiliary electrode 780 can be electri-
cally connected with the cathode and can apply the same
VSS voltage to the cathode in all of the light emitting
regions D/A1 and D/A2.

[0141] The opaque auxiliary electrode 780 may be dis-
posed under the transparent auxiliary electrode 150. That
is, the opaque auxiliary electrode 780 may be disposed
on the same plane as the reflection layer 141 and formed
of the same material as the reflection layer 141. That is,
since the opaque auxiliary electrode 780 is disposed in
the non-display region N/A, transparency is not neces-
sary. Therefore, the opaque auxiliary electrode 780 may
be formed of an opaque metal having a relatively low
resistance.

[0142] The opaque auxiliary electrode 780 can be ex-
tended in a direction different from an extension direction
of the transparent auxiliary electrode 150. Therefore, the
opaque auxiliary electrode 780 and the transparent aux-
iliary electrode 150 can intersect each other. The opaque
auxiliary electrode 780 is connected with the transparent
auxiliary electrode 150 in the non-display region N/A. For
example, the opaque auxiliary electrode 780 may be in
direct contact with the transparent auxiliary electrode 150
in a region where the opaque auxiliary electrode 780 in-
tersects the transparent auxiliary electrode 150. There-
fore, since the opaque auxiliary electrode 780 and the
transparent auxiliary electrode 150 intersect each other,
they may have a substantially mesh-pattern structure.
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That is, since the respective auxiliary electrodes and the
transparent cathode are organically disposed so as to
have a specific pattern and electrically connected with
each other, it is possible to provide transparency and
transmissivity to the see-through organic light emitting
display device and also possible to efficiently supply a
VSS voltage to the display region A/A.

[0143] Further, as illustrated in FIG. 7B, the opaque
auxiliary electrode 780 is perpendicularly overlapped
withthe dataline 110 and the VDD line 130.Since aregion
where the data line 110 and the VDD line 130 are dis-
posed is substantially irrelevant to luminance efficiency
of the see-through organic light emitting display device
700, if the opaque auxiliary electrode 780 is disposed so
as to be overlapped with the data line 110 and the VDD
line 130, it is possible to minimize a decrease in the ap-
erture ratio of the see-through organic light emitting dis-
play device 700 caused by disposition of the opaque aux-
iliary electrode 780 and also possible to decrease a total
cathode resistance. However, the opaque auxiliary elec-
trode 780 is not necessarily limited to perpendicularly
intersect the data line 110, the VDD line 130, or the trans-
parent auxiliary electrode 150, and can also be disposed
at a position that does not interfere with transmissivity.
[0144] Asdescribed above, since the opaque auxiliary
electrode 780 is connected with the transparent auxiliary
electrode 150, a voltage drop in the cathode can be fur-
ther reduced. That is, the opaque auxiliary electrode 780
intersects the transparent auxiliary electrode 150. Fur-
ther, the opaque auxiliary electrode 780 and the trans-
parent auxiliary electrode 150 are connected with each
otherinan intersection region where the opaque auxiliary
electrode 780 intersects the transparent auxiliary elec-
trode 150 so as to form a mesh pattern. Since the same
VSS voltage is supplied to the mesh pattern, all of the
cathodes in the respective pixels connected with the
mesh pattern are supplied with the same VSS voltage.
Thus, a voltage drop in the see-through organic light emit-
ting display device 700 can be reduced more efficiently.
Even if an area of the see-through organic light emitting
display device 700 is increased, non-uniformity in lumi-
nance can be improved.

[0145] FIG. 8 is a flowchart provided to describe a
method for manufacturing a see-through organic light
emitting display device according to an exemplary em-
bodiment of the present disclosure. FIG. 9A to FIG. 9F
are schematic cross-sectional views provided to describe
the method for manufacturing a see-through organic light
emitting display device according to the exemplary em-
bodiment of the present disclosure. In FIG. 9A to FIG.
9E, illustration of a first thin film transistor and a storage
capacitor is omitted, and a part of each of the first light
emitting region D/A1, the second see-through region
T/A2, and the non-display region N/A of FIG. 1 is illus-
trated.

[0146] Referring to FIG. 8, in a method for manufac-
turing a see-through organic light emitting display device
according to an exemplary embodiment of the present
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disclosure, firstly, a transparent anode and a transparent
auxiliary electrode separated from the transparent anode
are formed on a substrate including a light emitting region
and a see-through region separated from the light emit-
ting region (S810).

[0147] Referring to FIG. 9A, a first thin film transistor,
a storage capacitor, a second thin film transistor TFT2,
adataline, a gate line, and a VDD line are formed on the
substrate 101. Then, the planarization layer 161 is
formed so as to cover the first thin film transistor, the
storage capacitor, the second thin film transistor TFT2,
the data line, the gate line, and the VDD line. Thereafter,
a contact hole through which the second thin film tran-
sistor TFT2 can be contacted is formed in the planariza-
tion layer 161.

[0148] The reflectionlayer 141 connected with the sec-
ond thin film transistor TFT2 and the opaque auxiliary
electrode 780 are formed on the planarization layer 161.
For example, a metal layer is formed so as to fill the con-
tact hole of the planarization layer 161. Thereafter, the
reflection layer 141 is formed in the first light emitting
region D/A1 by patterning the metal layer, and the opaque
auxiliary electrode 780 is formed in the non-display re-
gion N/A.

[0149] Referring to FIG. 9B, a transparent conductive
oxide layer 945 is formed so as to cover the reflection
layer 141 and the opaque auxiliary electrode 780. The
transparent conductive oxide layer 945 is formed so as
to cover the first light emitting region D/A1, the second
see-throughregion T/A2, and the non-display region N/A.
For example, the transparent conductive oxide layer 945
may be formed by a deposition process such as sputter-
ing, atomic layer deposition (ALD), and etc. However,
the method for forming the transparent conductive oxide
layer 945 is not limited thereto, and the transparent con-
ductive oxide layer 945 may be formed by a printing proc-
ess or a coating process.

[0150] Referring to FIG. 9C, by patterning the trans-
parent conductive oxide layer 945, the transparent aux-
iliary electrode 150 and the transparent anode 142 sep-
arated from the transparent auxiliary electrode 150 and
disposed on the reflection layer 141 are formed. For ex-
ample, by performing a photolithography process using
a mask through which a region where the transparent
anode 142 and the transparent auxiliary electrode 150
are formed, the transparent anode 142 and the transpar-
ent auxiliary electrode 150 may be formed.

[0151] Then, the bank 162 is formed so as to cover the
transparentanode 142 and the transparent auxiliary elec-
trode 150, and an opening is formed by removing a part
of the bank 162. Through the opening, the top surface of
the transparent anode 142 is exposed in the first light
emitting region D/A1 and the top surface of the transpar-
ent auxiliary electrode 150 is exposed in the second see-
through region T/A2 and the contact region C/A. For ex-
ample, the opening may be formed by a photolithography
process using a mask through which the firstlight emitting
region D/A1, the second see-through region T/A2, and
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the contact region C/A are exposed.

[0152] Referring to FIG. 9D, the partition wall 170 is
formed on the transparent auxiliary electrode 150 ex-
posed in the contact region C/A of the non-display region
N/A. As described above, the partition wall 170 may be
formed to have a reverse-taper shape. The partition wall
170 may be formed using a negative photoresist. For
example, the negative photoresist is coated so as to cov-
er the non-display region N/A. Then, the negative pho-
toresist is partially exposed to light and developed, so
that the partition wall 170 having a reverse-taper shape
may be formed. The reverse-taper shape of the partition
wall 170 may be changed by regulating an exposure tem-
perature and a bake temperature during manufacturing.
[0153] Then, an organic light emitting layer is formed
on the transparent anode (S820).

[0154] Referring to FIG. 9E, the organic light emitting
layer 143 is formed on the exposed transparent anode
142. For example, the organic light emitting layer 143 is
formed on the transparent anode 142 in the first light
emitting region D/A1, on the transparent auxiliary elec-
trode 150 in the second see-through region T/A2, and on
the top surfaces of the bank 162 and the partition wall
170 in the non-display region N/A. The method for form-
ing the organic light emitting layer 143 is not particularly
limited. For example, the organic light emitting layer 143
can be formed by a front-surface deposition method in
which an organic substance is vaporized and then de-
posited. However, the method for forming the organic
light emitting layer 143 is not limited thereto. The organic
light emitting layer 143 can be obtained by a mask-free
process such as LITI (Laser Induced Thermal Imaging),
LIPS (Laser Induced Pattern-wise Sublimation), Soluble
Printing, etc.

[0155] Then, the transparent cathode 144 is formed on
the organic light emitting layer 143 (S830). The transpar-
ent cathode 144 is formed so as to cover all of the organic
light emitting layer 143, the bank 162, the transparent
auxiliary electrode 150, and the partition wall 170. The
transparent cathode 144 may be formed by a deposition
process such as sputtering, ALD, etc. As described
above, since a transparent conductive oxide has a high
step coverage, the transparent cathode 144 may be
formed so as to cover all of the top surface of the bank
162, the side surface of the bank 162, the side surface
of the partition wall 170, and the top surface of the par-
tition wall 170 in the non-display region N/A. Thus, the
transparent auxiliary electrode 150 exposed between the
side surface of the partition wall 170 and the side surface
of the bank 162 is brought into contact with the transpar-
ent cathode 144. As a result, the transparent cathode
144 electrically connected with the transparent auxiliary
electrode 150 is formed.

[0156] Then, the translucent cathode 145 may be
formed on the transparent cathode 144.

[0157] Referring to FIG. 9F, the translucent cathode
145 is formed on the transparent cathode 144 in the light
emitting region D/A1. Herein, since the translucent cath-
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ode 145 is formed of a metallic material (for example,
silver (Ag), titanium (Ti), aluminum (Al), molybdenum
(Mo), or an alloy of silver (Ag) and magnesium (Mg)) hav-
ing very small thickness and a low work function, the
translucent cathode 145 has a lower transmissivity to
light than the transparent cathode 144. Therefore, even
if the translucent cathode 145 formed of a metallic ma-
terial has a small thickness, the desired transmissivity
cannot be achieved. Therefore, the translucent cathode
145 is disposed only in the light emitting region D/A1 but
not disposed in the see-through regions T/A1 and T/A2
in order to obtain transmissivity in the see-through re-
gions T/A1 and T/A2.

[0158] Although not illustrated in FIG. 9A to FIG. 9F,
the translucent cathode 145 may be formed earlier than
the transparent cathode 144 in the light emitting region
D/A1 and thus may be disposed under the transparent
cathode 144. In this case, the translucent cathode 145
disposed between the transparent cathode 444 and the
organic light emitting layer 143 can assist electrons sup-
plied from the transparent cathode 144 to be readily in-
jected into the organic light emitting layer 143. However,
in order to suppress a decrease in transmissivity in the
see-through regions T/A1 and T/A2, the translucent cath-
ode 145 may be disposed only in the light emitting regions
D/A1 and D/A2.

[0159] Further, although not illustrated in FIG. 9A to
FIG. 9F, a bottom transparent auxiliary electrode and a
dielectric layer may be further formed under the trans-
parent auxiliary electrode. For example, a transparent
conductive oxide layer may be formed on the planariza-
tion layer so as to be connected with the second thin film
transistor, and the bottom transparent auxiliary electrode
and a connection electrode may be formed by patterning
the transparent conductive oxide layer. Then, the dielec-
tric layer may be formed so as to cover the bottom trans-
parent auxiliary electrode and the connection electrode,
and a first contact hole through which a part of the con-
nection electrode is exposed in the light emitting region
and a second contact hole through which a part of the
transparent auxiliary electrode is exposed in the non-dis-
play region are formed in the dielectric layer. Then, a
transparent anode connected with the connection elec-
trode through the first contact hole and a transparent aux-
iliary electrode connected with the bottom transparent
auxiliary electrode through the second contact hole may
be formed. In this case, all of the bottom transparent aux-
iliary electrode, the transparent anode, the transparent
auxiliary electrode, and the cathode may be formed of
the same transparent conductive oxide.

[0160] As described above, the method for manufac-
turing a see-through organic light emitting display device
according to an exemplary embodiment of the present
disclosure can form the transparent anode 142 and the
transparent auxiliary electrode 150 at the same time by
a patterning process. Thus, an additional process for
forming the transparent auxiliary electrode 150 is not nec-
essary. Since the transparent auxiliary electrode 150 can



33 EP 3 026 725 A1 34

be formed by modifying a shape of a mask used in the
patterning process, the transparent auxiliary electrode
150 can be easily formed.

[0161] FIG. 10is a schematic cross-sectional view pro-
vided to describe an organic light emitting display device
according to still another exemplary embodiment of the
present disclosure. An organic light emitting display de-
vice 1000 illustrated in FIG. 10 is substantially the same
as the organic light emitting display device illustrated in
FIG. 2 except a shape and a configuration of a partition
wall 1070. Therefore, redundant descriptions thereof will
be omitted.

[0162] Referring to FIG. 10, the partition wall 1070 is
disposed on the transparent auxiliary electrode 150. The
partition wall 1070 disposed on the transparent auxiliary
electrode 150 includes a column part 1071 and a roof
part 1073. The column part 1071 is a lower part of the
partition wall 1070 that is in contact with the top surface
of the transparent auxiliary electrode 150. The roof part
1073 is an upper part of the of the partition wall 1070 and
connected with an upper portion of the column part
1071.Referring to FIG. 10, the column part 1071 and the
roof part 1073 of the partition wall 1070 are integrated
as one body.

[0163] Herein, the partition wall 1070 is formed of pho-
toresist which is an insulation material. To be specific,
the partition wall 1070 may be formed of negative pho-
toresist. That is, the column part 1071 and the roof part
1073 of the partition wall 1070 may be all formed of neg-
ative photoresist.

[0164] Herein, the negative photoresist is disposed on
the overall surface of the organic light emitting display
panel so as to cover all of the transparent anode 142,
the transparent auxiliary electrode 150, and the bank
162. The negative photoresist may be disposed by var-
ious methods. To be more specific, the negative photore-
sist may be disposed by spin-coating so as to cover all
of the transparent anode 142, the transparent auxiliary
electrode 150, and the bank 162.

[0165] Then,the negative photoresistis exposed using
a mask disposed on the negative photoresist, and ultra-
violet (UV) rays are irradiated above the mask through
an opening of the mask. Therefore, the negative photore-
sistis changed in properties by the UV rays and thus may
not react with a developing solution.

[0166] Then, the negative photoresist is developed.
Only the developed portion of the negative photoresist
is disposed on the transparent auxiliary electrode 150.
In this case, the negative photoresist developed accord-
ing to the properties of the negative photoresist has a
reverse-taper shape.

[0167] Then,the negative photoresistis cured atatem-
perature equal to or higher than a critical temperature of
the negative photoresist, so that the partition wall 1070
is formed. Generally, the critical temperature of the neg-
ative photoresist is about 100°C, and the negative pho-
toresist may lose its original properties at the critical tem-
perature or higher. To be more specific, a molding tem-
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perature of the partition wall 1070 is equal to or higher
than the critical temperature of the negative photoresist.
For example, the molding temperature of the partition
wall 1070 maybe 100°C to 150°C. Therefore, if the de-
veloped negative photoresist is cured atthe molding tem-
perature of the partition wall 1070 in the range of 100°C
to 150°C, a shape of the developed negative photoresist
may be changed. The developed negative photoresist
has flowability, and a shape of the developed negative
photoresist is changed from an upper part due to the
reverse-taper shape of the developed negative photore-
sist. Further, a side portion of the upper part of the de-
veloped negative photoresist may flow down by gravity.
The column part 1071 of the partition wall 1070 may have
areverse-taper shape, and the roof part 1073 of the par-
tition wall 1070 may have a curved top surface.

[0168] Further, while the negative photoresist is devel-
oped and cured, a collapse part (recess) 1079 may be
formed at a lower portion of the partition wall 1070. To
be specific, the collapse part 1079 is a region of the par-
tition wall 1070 collapsed from the outside toward the
column part 1071, and the partition wall 1070 may have
various shapes depending on a degree of collapse. Due
to the collapse part 1079, as a lower portion of the roof
part 1073 is away from the column part 1071, the lower
portion of the roof part 1073 may be protruded toward
the transparent auxiliary electrode 150. Also, as the lower
portion of the roof part 1073 is close to the column part
1071, the lower portion of the roof part 1073 may be de-
pressed. Therefore, the partition wall 1070 may have an
umbrella shape, an overhang shape, amushroom shape,
or an eaves shape. Herein, a top surface of the roof part
1073 may include a curved surface rather than a flat sur-
face, and a cross section of the column part 1071 may
have a reverse-taper shape.

[0169] The partition wall 1070 is formed so as to min-
imize an area where the organic light emitting layer 143
is disposed on the transparent auxiliary electrode 150.
That is, the area where the organic light emitting layer
143 is disposed on the transparent auxiliary electrode
150 may vary depending on a shape of the partition wall
1070.

[0170] Referring to FIG. 10, a contact area between a
bottom surface of the column part 1071 and the top sur-
face of the transparent auxiliary electrode 150 is smaller
than an area of the top surface of the transparent auxiliary
electrode 150. The lower portion of the roof part 1073
covers an upper portion of the transparent auxiliary elec-
trode 150. Further, both side portions of the roof part
1073 are protruded toward the transparent auxiliary elec-
trode 150, and a space between a side surface of the
roof part 1073 of the partition wall 1070 and an inclined
surface of the bank 162 is narrowed by the protruded
roof part 1073. Therefore, it is difficult for a material con-
stituting the organic light emitting layer 143 to be incident
into the space between the side surface of the roof part
1073 of the partition wall 1070 and the inclined surface
of the bank 162. Further, it is difficult to dispose the or-
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ganic light emitting layer 143 on the transparent auxiliary
electrode 150. Therefore, in each pixel of the transparent
organic light display device including a plurality of pixels,
the area where the organic light emitting layer 143 is dis-
posed on the transparent auxiliary electrode 150 can be
further equalized.

[0171] Inthe organic light emitting display device 1000
according to still another exemplary embodiment of the
presentdisclosure, since the collapse part 1079 is formed
at the lower portion of the partition wall 1070, the organic
light emitting layer 143 is not disposed on the transparent
auxiliary electrode 150. To be more specific, the partition
wall 1070 having an umbrella shape due to the recess
part 1079 reduces a space between the bank 162 and
the partition wall 1070. That is, the partition wall 1070
having an umbrella shape due to the recess part 1079
minimizes a space into which the material constituting
the organic light emitting layer 143 can be incident.
Therefore, the possibility of disposing the organic light
emitting layer 143 on the transparent auxiliary electrode
150 under the partition wall 1070 can be extremely low-
ered, and a contact area between the transparent auxil-
iary electrode 150 and the transparent cathode 144 can
be equalized.

[0172] FIG. 11is a schematic cross-sectional view pro-
vided to describe an organic light emitting display device
according to still another exemplary embodiment of the
present disclosure. An organic light emitting display de-
vice 1100 illustrated in FIG 11 is substantially the same
as the organic light emitting display device 1000 illustrat-
ed in FIG 10 except a shape and a configuration of a
partition wall 1170. Therefore, redundant descriptions
thereof will be omitted.

[0173] Since a material constitutinga columnpart1171
and a material constituting a roof part 1173 are different
from each other, a reaction rate of the material constitut-
ing the column part 1171 with respect to a developing
solution may be different from a reaction rate of the ma-
terial constituting the roof part 1173 with respect to the
developing solution. Therefore, the column part 1171
may be formed of a non-photosensitive resist having a
high development rate and the roof part 1173 may be
formed of a positive photoresist having a low develop-
ment rate, so that roof part 1173 may completely cover
the column part 1171 and partially cover an upper portion
of the transparent auxiliary electrode 150.

[0174] Herein, the non-photosensitive resist may be
disposed by spin-coating. For example, the non-photo-
sensitive resist may be coated by spin-coating at a rate
of 250 rpm (revolution per minute). Further, the positive
photoresist may be disposed so as to have smaller thick-
ness than the non-photosensitive resist. The positive
photoresist may also be disposed by spin-coating. For
example, the positive photoresist may be coated by spin-
coating at a rate of 300 to 350 rpm.

[0175] Then, UV rays are irradiated onto the positive
photoresist through an opening of a mask, and UV rays
passing through the opening of the mask are irradiated
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to the positive photoresist and the non-photosensitive
resist. The positive photoresist and the non-photosensi-
tive resist are developed.

[0176] Then, the positive photoresist in a region to
which UV rays are not irradiated is not removed by the
developing solution, and the positive photoresist in a re-
gion to which UV rays are irradiated is removed by the
developing solution. The non-photosensitive resist can
be easily removed by the developing solution. Therefore,
a remaining part of the developed positive photoresist
becomes the roof part 1173 of the partition wall 1170,
and a remaining part of the non-photosensitive resist be-
comes the column part 1171 of the partition wall 1170.
[0177] Herein, a rate (hereinafter, referred to as "de-
velopment rate") at which the non-photosensitive resist
is developed by the developing solution is higher than a
development rate of the positive photoresistin the region
where UV rays are irradiated. Further, since the non-
photosensitive resist can be easily removed by the de-
veloping solution, the non-photosensitive resist is rapidly
removed by the developing solution in a region where
the positive photoresist is removed.

[0178] Inthe organic light emitting display device 1100
according to still another exemplary embodiment of the
present disclosure, since the partition wall 1170 includes
the column part 1171 and the roof part 1173, the organic
light emitting layer 143 is not disposed on the transparent
auxiliary electrode 150. To be specific, since the material
constituting the column part 1171 and the material con-
stituting the roof part 1173 are different from each other,
a reaction rate of the material constituting the column
part 1171 with respect to the developing solution is dif-
ferent from a reaction rate of the material constituting the
roof part 1173 with respect to the developing solution.
Therefore, the column part 1171 may be formed of a non-
photosensitive resist having a high developmentrate. Al-
s0, the roof part 1173 may be formed of a positive pho-
toresist having a low development rate, so that roof part
1173 may completely cover the column part 1171 and
partially cover the upper portion of the transparent aux-
iliary electrode 150. Therefore, the covering area of the
organic light emitting layer 143 on the transparent auxil-
iary electrode 150 under the partition wall 1170 can be
minimized. Further, the contact area between the trans-
parent cathode 144 and the transparent auxiliary elec-
trode 150 under the partition wall 1170 can be equalized
regardless of a position of the organic light emitting dis-
play panel.

[0179] Although the exemplary embodiments of the
present disclosure have been described in detail with ref-
erence to the accompanying drawings, the present dis-
closure is not limited thereto and may be embodied in
many different forms without departing from the technical
concept of the present disclosure. Therefore, the exem-
plary embodiments of the present disclosure are provid-
ed for illustrative purposes only but not intended to limit
the technical concept of the present disclosure. The
scope of the technical concept of the present disclosure
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is not limited thereto. Therefore, it should be understood
that the above-described exemplary embodiments are
illustrative in all aspects and do not limit the present dis-
closure. The protective scope of the present disclosure
should be construed based on the following claims, and
all the technical concepts in the equivalent scope thereof
should be construed as falling within the scope of the
present disclosure.

Claims

1. A see-through organic light emitting display device
comprising:

a light emitting region including a transparent
anode, an organic light emitting layer, and a
transparent cathode; and

a see-through region including a transparent
auxiliary electrode configured to transmit exter-
nal light,

wherein the transparent cathode extends into
the see-through region and is electrically con-
nected with the transparent auxiliary electrode.

2. Thesee-throughorganiclight emitting display device
according to claim 1, wherein the transparent auxil-
iary electrode includes a same material as the trans-
parent anode and the transparent auxiliary electrode
is formed electrically separated from the transparent
anode.

3. Thesee-throughorganiclight emitting display device
according to claim 1 or 2, wherein the transparent
anode, the transparent cathode, and the transparent
auxiliary electrode are formed of a transparent con-
ductive oxide, and
the transparent cathode is formed of a different ma-
terial than the transparent anode and the transparent
auxiliary electrode.

4. Thesee-throughorganiclightemitting display device
according to any one of the preceding claims, further
comprising:

a transparent encapsulation layer including at
least a first inorganic encapsulation layer, an or-
ganic layer, and a second inorganic encapsula-
tion layer,

wherein the transparent encapsulation layer is
disposed on the transparent cathode and covers
the light emitting region and the see-through re-
gion.

5. Thesee-through organiclight emitting display device
according to any one of the preceding claims, further
comprising:
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a partition wall disposed on the transparent aux-
iliary electrode in a non-display region, the par-
tition wall having a reverse-taper shape,
wherein the transparent cathode is formed of a
material having a higher step coverage than the
organic light emitting layer.

6. Thesee-through organiclightemitting display device
according to any one of the preceding claims, further
comprising:

a dielectric layer disposed between a thin film
transistor substrate and the transparent auxilia-
ry electrode and between the thin film transistor
substrate and the transparent anode; and

a bottom transparent auxiliary electrode dis-
posed between the thin film transistor substrate
and the dielectric layer,

wherein the bottom transparent auxiliary elec-
trode is electrically connected with the transpar-
ent auxiliary electrode.

7. Thesee-through organiclight emitting display device
according to claim 6,
wherein at least a portion of the bottom transparent
auxiliary electrode is overlapped with the transparent
anode, and
the bottom transparent auxiliary electrode is electri-
cally insulated from the transparent anode by the
dielectric layer.

8. Thesee-through organiclight emitting display device
according to any one of the preceding claims, where-
in the transparent auxiliary electrode covers more
than half of an area of the see-through region.

9. Thesee-through organiclight emitting display device
according to any one of the preceding claims, further
comprising:

a dielectric layer disposed between a thin film
transistor substrate and the transparent auxilia-
ry electrode and between the thin film transistor
substrate and the transparent anode; and

an opaque auxiliary electrode disposed be-
tween the dielectric layer and the transparent
auxiliary electrode and electrically connected
with transparent auxiliary electrode,

wherein the opaque auxiliary electrode is dis-
posed between the light emitting region and a
further adjacent light emitting region.

10. The see-through organiclight emitting display device
according to claim 9, further comprising:

adataline, wherein the data line and the opaque
auxiliary electrode cross each other.
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The see-through organic light emitting display device
according to any one of the preceding claims, where-
in the transparent cathode covers the light emitting
region and the see-through region.

The see-through organic light emitting display device
according to any one of the preceding claims, further
comprising:

a translucent cathode composed of a metallic
material, wherein a work function of the translu-
cent cathode is lower than a work function of the
transparent cathode.

The see-through organic light emitting display device
according to claim 12,

wherein the translucent cathode has a first thickness
and a second thickness, the first thickness being
smaller than the second thickness,

wherein afirst portion of the translucent cathode hav-
ing the first thickness is disposed in the light emitting
region, and

a second portion of the translucent cathode having
the second thickness is disposed between the light
emitting region and a further adjacent light emitting
region.

The see-through organic light emitting display device
according to claim 12 or 13, wherein the translucent
cathode is disposed between the organic light emit-
ting layer and the transparent cathode or wherein
the translucent cathode is formed on the transparent
cathode.

A method for manufacturing a see-through organic
light emitting display device including a light emitting
region and a see-through region configured to pass
external light, the method comprising:

forming a transparent layer on a substrate
across the light emitting region and the see-
through region and patterning the transparent
layer to form a transparent anode in the light
emitting region and a transparent auxiliary elec-
trode in the see-through region, wherein the
transparent auxiliary electrode is electrically
separated from the transparent anode;

forming an organic light emitting layer on the
transparent anode; and

forming a transparent cathode electrically con-
nected with the transparent auxiliary electrode
in the see-through region.
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