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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING ORGANIC LIGHT
EMITTING DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority to Korean Patent
Application No. 10-2015-0061982 filed on Apr. 30, 2015 in
the Korean Intellectual Property Office (KIPO); the disclo-
sure of the Korean Patent Application is incorporated by
reference herein in its entirety.

BACKGROUND

[0002] 1. Field

[0003] The technical field is related to a display device,
e.g., an organic light emitting display device, and a method
of manufacturing the display device.

[0004] 2. Description of the Related Art

[0005] An organic light emitting display device includes
pixels having organic light emitting diodes. The organic
light emitting diodes may emit lights having wavelengths
that depend on organic materials included in the organic
light emitting diodes. For example, the organic light emit-
ting diodes may organic materials corresponding to a red
color light, a green color light, and a blue color light. The
organic light emitting display device may display an image
by mixing lights of different colors.

SUMMARY

[0006] Example embodiments may be related to an
organic light emitting display device that includes substan-
tial transparent areas capable of transmitting external light.
[0007] Example embodiments may be related to a method
for manufacturing the organic light emitting display device.
[0008] Example embodiments may be related to an
organic light emitting display device. The organic light
emitting display device may include a substrate, a first
auxiliary electrode, a first first-group first-color correspond-
ing electrode, a second first-group first-color corresponding
electrode, and a first group electrode. The first auxiliary
electrode may overlap the substrate. The second first-group
first-color corresponding electrode may be larger than the
first first-group first-color corresponding electrode. The first
group electrode may overlap both the first first-group first-
color corresponding electrode and the second first-group
first-color corresponding electrode (i.e., may be positioned
over both the first first-group first-color corresponding elec-
trode and the second first-group first-color corresponding
electrode in a direction perpendicular to a back side or
bottom side of the substrate). A first portion of the first group
electrode may directly contact the first auxiliary electrode
(through a first contact hole) and may be positioned closer
to the first first-group first-color corresponding electrode
than to the second first-group first-color corresponding elec-
trode.

[0009] A first edge of the first first-group first-color cor-
responding electrode may be aligned with a first edge of the
second first-group first-color corresponding electrode in a
first direction, i.e., a geometric line that extends in the first
direction may pass (and coincide) both the first edge of the
first first-group first-color corresponding electrode and the
first edge of the second first-group first-color corresponding
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electrode. The first portion of the first group electrode may
be positioned between the first first-group first-color corre-
sponding electrode and a first transparent portion of the
substrate in a second direction in a plan view of the organic
light emitting display device. The second direction may be
perpendicular to the first direction.

[0010] A first edge of the first first-group first-color cor-
responding electrode may be aligned with a first edge of the
second first-group first-color corresponding electrode in a
first direction. The first first-group first-color corresponding
electrode may be shorter than the second first-group first-
color corresponding electrode in a second direction in a plan
view of the organic light emitting display device.

[0011] The organic light emitting display device may
include the following elements: a first second-group first-
color corresponding electrode; a second second-group first-
color corresponding electrode, which may be larger than the
first second-group first-color corresponding electrode; and a
second group electrode, which may be insulated from the
first group electrode and may overlap both the first second-
group first-color corresponding electrode and the second
second-group first-color corresponding electrode, A first
portion of the second group electrode may directly contact
the first auxiliary electrode (through a second contact hole)
and may be positioned closer to the first second-group
first-color corresponding electrode than to the second sec-
ond-group first-color corresponding electrode.

[0012] The first second-group first-color corresponding
electrode may be as large as the first first-group first-color
corresponding electrode. The second second-group first-
color corresponding electrode may be as large as the second
first-group first-color corresponding electrode.

[0013] The second first-group first-color corresponding
electrode may be positioned between the first portion of the
first group electrode and the first portion of the second group
electrode in a first direction in a plan view of the organic
light emitting display device.

[0014] The second first-group first-color corresponding
electrode and the first second-group first-color correspond-
ing electrode may be positioned between the first first-group
first-color corresponding electrode and the second second-
group first-color corresponding electrode in the first direc-
tion in the plan view of the organic light emitting display
device.

[0015] The organic light emitting display device may
include a third first-group first-color corresponding elec-
trode, which may be larger than the first first-group first-
color corresponding electrode and may overlap the first
group electrode. The first first-group first-color correspond-
ing electrode may be positioned between the third first-
group first-color corresponding electrode and the second
first-group first-color corresponding electrode. The first
first-group first-color corresponding electrode, the second
first-group first-color corresponding electrode, and the sec-
ond second-group first-color corresponding electrode may
be positioned between the third first-group first-color cor-
responding electrode and the first second-group first-color
corresponding electrode.

[0016] The organic light emitting display device may
include a third first-group first-color corresponding elec-
trode, which may be smaller than the second first-group
first-color corresponding electrode and may overlap the first
group electrode. The second first-group first-color corre-
sponding electrode may be positioned between the third
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first-group first-color corresponding electrode and the first
first-group first-color corresponding electrode. The first
first-group first-color corresponding electrode, the second
first-group first-color corresponding electrode, and the first
second-group first-color corresponding electrode may be
positioned between the third first-group first-color corre-
sponding electrode and the second second-group first-color
corresponding electrode. A second portion of the first group
electrode may directly contact the first auxiliary electrode
and may be positioned closer to the third first-group first-
color corresponding electrode than to the second first-group
first-color corresponding electrode. The first portion of the
first group electrode may be positioned between the second
portion of the first group electrode and the first portion of the
second group electrode.

[0017] The organic light emitting display device may
include the following elements: a second auxiliary electrode,
which may overlap the substrate and extends parallel to the
first auxiliary electrode; a first third-group first-color corre-
sponding electrode; a second third-group first-color corre-
sponding electrode, which may be larger than the first
third-group first-color corresponding electrode; a third
group electrode, which may overlap both the first third-
group first-color corresponding electrode and the second
third-group first-color corresponding electrode, wherein a
first portion of the third group electrode may directly contact
the second auxiliary electrode (through a third contact hole)
and may be positioned closer to the first third-group first-
color corresponding electrode than to the second third-group
first-color corresponding electrode; and a bridge electrode,
which may be shorter than the first third-group first-color
electrode in a first direction. A first end of the bridge
electrode may directly contact the first group electrode. A
second end of the bridge electrode may directly contact the
third group electrode.

[0018] A second direction may be perpendicular to the first
direction. In embodiments, no portion of the first group
electrode that directly contacts the first auxiliary electrode
may be aligned with the first portion of the third group
electrode in the second direction in a plan view of the
organic light emitting display device. In other words, in
embodiments, in the plan view of the organic light emitting
display device, any geometric line that extends in the second
direction would not pass (or cross) both the first portion of
the third group electrode and any portion of the first group
electrode that directly contacts the first auxiliary electrode.
[0019] A second direction may be perpendicular to the first
direction. The bridge electrode may be positioned between
first first-group first-color corresponding electrode or the
second first-group first-color corresponding electrode and
the first third-group first-color corresponding electrode or
the second third-group first-color corresponding electrode in
the second direction in a plan view of the organic light
emitting display device. The first first-group first-color cor-
responding electrode may be positioned between the first
portion of the first group electrode and the bridge electrode
in the second direction in the plan view of the organic light
emitting display device.

[0020] The bridge electrode may be positioned between
first first-group first-color corresponding electrode and the
first third-group first-color corresponding electrode or the
second third-group first-color corresponding electrode in the
second direction in the plan view of the organic light
emitting display device. In embodiments, no bridge elec-
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trode is aligned with the second first-group first-color cor-
responding electrode in the second direction in the plan view
of the organic light emitting display device and directly
contacts both the first auxiliary electrode and the second
auxiliary electrode. In other words, in embodiments, in the
plan view of the organic light emitting display device, no
geometric line that extends in the second direction passes (or
crosses) both the second first-group first-color correspond-
ing electrode and any bridge electrode that directly contacts
both the first auxiliary electrode and the second auxiliary
electrode.

[0021] An edge of the bridge electrode may be aligned
with each of the first first-group first-color corresponding
electrode and the first portion of the first group electrode in
the second direction in the plan view of the organic light
emitting display device. In other words, in the plan view of
the organic light emitting display device, a geometric line
that extends in the second direction may pass (or cross) all
of the edge of the bridge electrode, the first first-group
first-color corresponding electrode, and the first portion of
the first group electrode. The edge of the bridge electrode
may be aligned with the second third-group first-color
corresponding electrode in the second direction in the plan
view of the organic light emitting display device.

[0022] The bridge electrode may be positioned between
second first-group first-color corresponding electrode and
the first third-group first-color corresponding electrode or
the second third-group first-color corresponding electrode in
the second direction in the plan view of the organic light
emitting display device. In embodiments, no bridge elec-
trode is aligned with the first first-group first-color corre-
sponding electrode in the second direction in the plan view
of the organic light emitting display device and directly
contacts both the first auxiliary electrode and the second
auxiliary electrode. An edge of the bridge electrode may be
aligned with each of the second first-group first-color cor-
responding electrode and the second third-group first-color
corresponding electrode in the second direction in the plan
view of the organic light emitting display device.

[0023] The organic light emitting display device may
include the following elements: a first first-group second-
color corresponding electrode, which may be longer than the
first first-group first-color corresponding electrode in the
second direction; and a second first-group second-color
corresponding electrode, which may be longer than the first
first-group first-color corresponding electrode in the second
direction. In embodiments, no bridge electrode is aligned
with either of the first first-group second-color correspond-
ing electrode and the second first-group second-color cor-
responding electrode in the second direction and directly
contacts both the first auxiliary electrode and the second
auxiliary electrode.

[0024] The organic light emitting display device may
include the following elements: a first first-group third-color
corresponding electrode, which may be longer than the first
first-group first-color corresponding electrode in the second
direction; and a second first-group third-color corresponding
electrode, which may be longer than the first first-group
first-color corresponding electrode in the second direction.
In embodiments, not any bridge electrode is aligned with
either of the first first-group third-color corresponding elec-
trode and the second first-group third-color corresponding
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electrode in the second direction and directly contacts both
the first auxiliary electrode and the second auxiliary elec-
trode.

[0025] According example embodiments, an organic light
emitting display device includes a substrate, a semiconduc-
tor element, N auxiliary electrodes, [M*N] pixel electrode
sets (or color-corresponding electrode sets, first-type elec-
trodes, or first electrodes) that form an electrode-set array of
M electrode-set rows by N electrode-set columns, a pixel
defining layer, a light emitting layer, at most [(M/G)*N] or
[(M/G+1)*N] group electrodes (or second-type electrode or
second electrode) that are insulated from one another, and at
most [(M/G) multiplied by (N-1)] or [(M/G+1) multiplied
by (N-1)] bridge electrodes that each directly contact two
group electrodes of the at most [(M/G)*N] or [(M/G+1)*N]
group electrodes. The M, N, and G are integers greater than
1. The G represents the number of pixel electrode sets
included in each group that corresponds to (and overlap) one
group electrode of the group electrodes. Associated with the
M, N, and the symbol * represents “multiplied by”, the
symbol / represents “divided by”, the symbol +represents
“plus”, and the symbol - represents “minus”. The substrate
includes a plurality of pixel regions. Each pixel region of the
pixel regions has a transparent region and a sub-pixel region
that corresponds to one pixel-electrode set of the pixel
electrode sets, and the pixel regions form a pixel region
array of M rows by N columns, corresponding to the
electrode-set array. The group electrodes directly contact the
auxiliary electrodes at no more than [(M/G)*(G-1)*N] or
[(M/G+1)*(G-1)*N] contact points through no more than
[(M/G)*(G=1)*N] or [(M/G+1)*(G-1) *N] contact holes.
Each group electrode may directly contact a corresponding
auxiliary electrode through no more than G-1 contract
holes.

[0026] The semiconductor element is disposed in a first
sub-pixel region on the substrate. A first auxiliary electrode
is spaced apart from the semiconductor element in the first
sub-pixel region on the substrate. A first pixel electrode set
is disposed in the first sub-pixel region on the semiconductor
element and the first auxiliary electrode. The pixel defining
layer insulates the pixel electrode sets from one another and
insulates pixel electrodes in each of the pixel electrode sets
from one another. The pixel defining layer has the contact
holes for partially exposing the auxiliary electrode. The light
emitting layer is disposed on a pixel electrode of the first
pixel electrode set.

[0027] Along each of the N electrode-set columns, at most
(M/G) or (M/G)+1 group electrodes are aligned in a first
direction and expose transparent regions. The group elec-
trodes direct contact the auxiliary electrodes through the
contact holes. The bridge electrodes partially overlap the
transparent regions. Each of the bridge electrodes directly
contacts and electrically connects two immediately neigh-
boring group electrodes and extends in a second direction
that is perpendicular to the first direction.

[0028] The N auxiliary electrodes may extend along the N
electrode-set columns in the first direction.

[0029] The semiconductor element may represent a tran-
sistor and may include an active layer on the substrate, a gate
electrode on the active layer, and source and drain electrodes
on the gate electrode.
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[0030] The first auxiliary electrode and active layer may
be disposed at the same level, and the first auxiliary elec-
trode and the active layer are simultaneously formed using
the same material.

[0031] The sub-pixel regions may be grouped by two
sub-pixel regions in the first direction, corresponding to
grouping of the pixel electrode sets, wherein G=2. Each
group electrode may correspond to (and overlap) two adja-
cent sub-pixel regions in a same column.

[0032] The contact holes may be located in portions of the
grouped sub-pixel regions where the group electrodes are
disposed.

[0033] The contact holes may be located in the grouped
sub-pixel region that is located at a (J)th column or a (J+1)th
column among the first through (N)th columns in the same
row, where J 1s an odd number that is more than 1 and not
more than N-1.

[0034] The contact holes may be arranged in a zigzag
pattern.
[0035] The sub-pixel regions may be grouped by at least

three adjacent sub-pixel regions in the first direction, cor-
responding to grouping of the pixel electrode sets, wherein
G is greater than or equal to 3. Each group electrode may
correspond to (and overlap) at least three adjacent sub-pixel
regions that immediately neighbor one another in the first
direction.

[0036] Example embodiments may be related to a method
of manufacturing organic light emitting display device with
one or more of the aforementioned features.

[0037] Afirst set of bridge electrodes may be formed using
a first fine metal mask such that the bridge electrodes
partially overlap edges of some of the group electrodes.
[0038] The group electrodes may be formed using a sec-
ond fine metal mask.

[0039] A second set of bridge electrode may be formed
using a third fine metal mask.

[0040] The group electrodes and the bridge electrodes may
be formed in a same process step.

[0041] According to embodiments, the number and/or
sizes of bridge electrodes that overlap transparent regions
may be minimized. Advantageously, transmittance of the
organic light emitting display device may be maximized.
According to embodiments, the total number of contact
holes in the organic light emitting display device may be
minimized. Accordingly, manufacturing cost of the organic
light emitting display device may be advantageously mini-
mized. According embodiments, in manufacturing an
organic light emitting display device, the number of mask
processes may be minimized. Advantageously, manufactur-
ing cost of the organic light emitting display device may be
minimized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] FIG. 1 is a plan view illustrating an organic light
emitting display device according to example embodiments.
[0043] FIG. 2 is a cross-sectional view taken along a line
LT of FIG. 1.

[0044] FIG. 3 is a cross-sectional view taken along a line
[I-IT' of FIG. 1.

[0045] FIG. 4, FIG. 5, FIG. 6, FIG. 7, FIG. 8, and FIG. 9
are cross-sectional views for describing a method of manu-
facturing an organic light emitting display according to
example embodiments.
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[0046] FIG. 10, FIG. 11, FIG. 12, FIG. 13, FIG. 14, FIG.
15, and FIG. 16 are plan views for describing a sequence of
forming second-type electrodes (or second electrodes for
conciseness) and bridge electrodes according to example
embodiments.

[0047] FIG. 17, FIG. 18, FIG. 19, and FIG. 20 are plan
views for describing a sequence of forming second-type
electrodes (or second electrodes for conciseness) and bridge
electrodes according to example embodiments.

[0048] FIG. 21A and FIG. 21B are plan views illustrating
configurations (or method) of grouping three sub-pixel
regions according to example embodiments.

[0049] FIG. 22A and FIG. 22B are plan views for describ-
ing second-type electrodes (or second electrodes for con-
ciseness) and bridge electrodes associated with FIG. 21
according to example embodiments.

DESCRIPTION OF EMBODIMENTS

[0050] Example embodiments are described with refer-
ence to the accompanying drawings. Although the terms
“first”, “second”, etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms may be used to distinguish one element
from another element. Thus, a first element recited in this
application may be termed a second element without depart-
ing from embodiments. The description of an element as a
“first” element may not require or imply the presence of a
second element or other elements. The terms “first”, “sec-
ond”, etc. may also be used herein to differentiate different
categories or sets of elements. For conciseness, the terms
“first”, “second”, etc. may represent “first-category (or first-
set)”, “second-category (or second-set)”, etc., respectively.
[0051] If a first element (such as a layer, film, region, or
substrate) is referred to as being “on”, “neighboring”, “con-
nected to”, or “coupled with” a second element, then the first
element can be directly on, directly neighboring, directly
connected to, or directly coupled with the second element, or
an intervening element may also be present between the first
element and the second element. If a first element is referred
to as being “directly on”, “directly neighboring”, “directly
connected to”, or “directed coupled with” a second element,
then no intervening element (except environmental elements
such as air) may be intended between the first element and
the second element.

[0052] Spatially relative terms, such as “beneath”,
“below”, “lower”, “above”, “upper”, and the like, may be
used herein for ease of description to describe one element
or feature’s spatial relationship to another element(s) or
feature(s) as illustrated in the figures. It will be understood
that the spatially relative terms may encompass different
orientations of the device in use or operation in addition to
the orientation depicted in the figures. For example, if the
device in the figures is turned over, elements described as
“below” or “beneath” other elements or features would then
be oriented “above” the other elements or features. Thus, the
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations), and the spatially relative
descriptors used herein should be interpreted accordingly.
[0053] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to
limit the embodiments. As used herein, the singular forms,
“@”, “an”, and “the” may indicate plural forms as well,
unless the context clearly indicates otherwise. The terms
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“includes” and/or “including”, when used in this specifica-
tion, may specify the presence of stated features, integers,
steps, operations, elements, and/or components, but may not
preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups.

[0054] Unless otherwise defined, terms (including techni-
cal and scientific terms) used herein have the same meanings
as commonly understood by one of ordinary skill in the art.
[0055] Terms, such as those defined in commonly used
dictionaries, should be interpreted as having meanings that
are consistent with their meanings in the context of the
relevant art and should not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
[0056] The term “connect” may mean “directly connect”,
“indirectly connect”, or “electrically connect”. The term
“insulate” may mean “electrically insulate”. The term “con-
ductive” may mean “electrically conductive”. The term
“electrically connected” may mean “electrically connected
without any intervening transistors” or “electrically con-
nected through no intervening transistors”.

[0057] FIG. 1 is a plan view illustrating an organic light
emitting display device according to example embodiments.
[0058] Referring to FIG. 1, the organic light emitting
display (OLED) device may include a substrate 80, a semi-
conductor element, an auxiliary electrode, a first electrode,
apixel defining layer, a light emitting layer, group electrodes
220 (i.e., second-type electrodes 220 or second electrode
220 for conciseness), and a bridge electrode 60.

[0059] In example embodiments, (the substrate 80 of) the
OLED device may include a plurality of pixel regions 1, 2,
3, 4,5 6, 7, and 8. One pixel region may include a
transparent region T and a sub-pixel region P. Here, a
transparent window 40 may be located in the transparent
region T, and first through third sub-pixels 10, 20, and 30
may be disposed in the sub-pixel region P. An external light
may travel through the transparent window. Therefore, s
user of the OLED device may see an image of an object that
is located in the rear of the OLED device. In example
embodiments illustrated in FIG. 1, one sub-pixel region P
may correspond to one transparent window 40. In embodi-
ments, a plurality of sub-pixel regions P may correspond to
one transparent window 40.

[0060] The first through third sub-pixels 10, 20, and 30
may be disposed in a sub-pixel region P. In example embodi-
ments, at least two adjacent sub-pixel regions P among the
sub-pixel regions P may be grouped. For example, the pixel
regions may be arranged in M rows and N columns on the
substrate 80, where M and N are each an integer greater than
1.

[0061] When the sub-pixel regions P are grouped with
adjacent two sub-pixel regions P among the sub-pixel
regions P in a first direction, the adjacent two sub-pixel
regions P that are located at a (K)th row and a (K+1)th row
among the first through (M)th rows in the same column may
be grouped, where K is an odd number that is more than 1
and not more than M-1. The second electrode 220 is
disposed in a grouped sub-pixel region P where the adjacent
two sub-pixel regions P are grouped in the first direction, and
the second electrode 220 may be integrally formed in the
grouped sub-pixel region P. The second electrode 220 that is
integrally formed in the grouped sub-pixel region P is
defined as a grouped second electrode 220, and each of the
grouped second electrodes 220 may be disposed in each of
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the grouped sub-pixel regions P. The grouped second elec-
trodes 220 may be spaced apart from each other.

[0062] Similarly, when the sub-pixel regions P are
grouped with at least three adjacent sub-pixel regions P
among the sub-pixel regions P in the first direction, the
second electrode 220 may be disposed in a grouped sub-
pixel region P where the at least three adjacent sub-pixel
regions P are grouped in the first direction. The second
electrode 220 may be integrally formed in the grouped
sub-pixel region, and the second electrode 220 that is
integrally formed in the grouped sub-pixel region is defined
as a grouped second electrode 220. Each of the grouped
second electrodes 220 may be disposed in each of the
grouped sub-pixel regions P, and the grouped second elec-
trodes 220 may be spaced apart from each other.

[0063] The semiconductor element may be disposed in the
sub-pixel region P on the substrate 80. In example embodi-
ments, the semiconductor element may include an active
layer, a source electrode, a drain electrode, and gate elec-
trode. The semiconductor element may overlap the sub-pixel
region P, and may be formed of a thin film transistor (TFT).

[0064] The auxiliary electrodes that are located at the
sub-pixel regions P in the same column among the auxiliary
electrodes may be integrally formed, and the auxiliary
electrodes in the same column may extend along the first
direction. Also, the auxiliary electrode and active layer may
be disposed at the same level, and the auxiliary electrode and
the active layer may be simultaneously formed using the
same material. For example, the auxiliary electrodes and
source and drain regions of the active layer each may serve
as a metal by performing an impurity implantation process.

[0065] In example embodiments, the auxiliary electrode
and the active layer of the semiconductor element are
disposed at the same level but not being limited thereto. In
some example embodiments, for example, the auxiliary
electrode may be disposed at the same level with a gate
electrode of the semiconductor element or source and drain
electrode of the semiconductor element by using the same
materials.

[0066] The first electrode may be disposed in the sub-pixel
regions P on the semiconductor element and the auxiliary
electrode.

[0067] The pixel defining layer may be disposed in at least
two adjacent the sub-pixel regions P among the sub-pixel
regions P in the first direction on the substrate 80. Here, the
first direction may be parallel to an upper surface of the
substrate 80. The pixel defining layer may have a contact
hole partially exposing the auxiliary electrode, and the pixel
defining layer may expose a portion of the first electrode.
For example, the pixel defining layer may substantially
surround the sub-pixel region P and the transparent region T.

[0068] In example embodiments, the contact hole 50 may
be located in at least a portion of the grouped sub-pixel
regions P where the grouped second electrode 220 is dis-
posed. The contact holes 50 may be repeatedly located in the
grouped sub-pixel region P that is located at a (J)th column
or a (J+1)th column among the first through (N)th columns
(where, J is an odd number that is more than 1 and not more
than N-1) in the same row, and the contact holes 50 may be
arranged in a zigzag pattern. As the contact hole 50 is located
in the grouped sub-pixel region P, the total number of the
contact hole 50 may be relatively decreased. Accordingly, a
manufacturing cost of the OLED device may be reduced.
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[0069] 1In FIG. 1, the contact hole 50 is disposed adjacent
to the first sub-pixel 10, but the contact hole 50 may be
disposed adjacent to the second sub-pixel 20 or the third
sub-pixel 30.

[0070] The light emitting layer may be disposed on the
first electrode that is partially exposed by the pixel defining
layer.

[0071] The second electrode 220 may be disposed in at
least two adjacent the sub-pixel regions P among the sub-
pixel regions P in the first direction on the light emitting
layer and the pixel defining layer, and the second electrode
220 may expose the transparent region T. The second
electrode 220 may be in contact with the auxiliary electrode
through the contact hole 50.

[0072] When the sub-pixels 10, 20, 30 are electrically
connected through the second electrode 220, a voltage level
of a first sub-pixel column (or row) may be different from a
voltage of a last sub-pixel column (or row) by a IR drop. But,
when a voltage that is applied to the auxiliary electrode is
provided to the second electrode 220 by contacting the
auxiliary electrode and the second electrode 220 through the
contact hole 50, a difference of the voltage level between the
first sub-pixel column and the last sub-pixel column in the
same row may be reduced. Therefore, when the number of
the contact hole 50 is increased, the difference of the voltage
level may be reduced.

[0073] Also, as the second electrode 220 exposes the
transparent region T, a transmittance may be increased.
Meanwhile, when the second electrodes 220 may expose the
transparent region T, the OLED device may not be driven
because the grouped second electrodes 220 in the same row
are not electrically connected to each other. But, above
problem may be solved using the bridge electrode 60.
[0074] The bridge electrode 60 may be disposed in a
portion of at least two adjacent the transparent regions T
among the transparent regions T in the first direction, and the
bridge electrode 60 may be electrically connected to the
second electrodes 220 (e.g., the second electrodes 220 is
adjacent to each other in a second direction that is perpen-
dicular to the first direction) that are adjacent to the at least
two adjacent the transparent regions T among the transparent
regions T in the first direction. The bridge electrode 60 may
extend in the second direction. Also, since only at most one
bridge electrode 60 is disposed in a portion of two adjacent
the transparent regions T among the transparent regions T in
the first direction, a transmittance of the OLED device may
be relatively increased.

[0075] Inexample embodiments, the number of the bridge
electrode 60 may be minimized within a range capable of
compensating the IR drop. When the number of the bridge
electrode 60 is decreased, a manufacturing process may be
simplified, and a manufacturing cost may be decreased.
Also, a transmittance of the OLED device may be increased.
But, when the number of the bridge electrode 60 is not
enough, a voltage unbalance of the OLED device may occur.
Therefore, the number of the bridge electrode 60 may be
determined by considering the number of the contact hole
50.

[0076] A structure of the sub-pixels 10, 20, and 30 will be
described below.

[0077] FIG. 2 is a cross-sectional view taken along a line
I-T of FIG. 1.
[0078] Referring to FIGS. 1 and 2, the OLED device may

include a substrate 80, a buffer layer 100, a common
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electrode 270 (or auxiliary electrode 270), a first insulating
layer 280, a second insulating layer 290, contact hole 50,
sub-pixel electrodes 210 (or first-type electrodes 210 or first
electrodes 210 for conciseness), a pixel defining layer 230,
a light emitting layer 200, group electrodes 220 (or second
electrodes 220), and a sealing substrate 90.

[0079] In example embodiments, as illustrated in FIG. 1,
a sub-pixel region P of a first pixel region 1 and a sub-pixel
region P of a second pixel region 2 may be grouped, and the
sub-pixel regions P of the first and second pixel regions 1
and 2 may share a first second electrode 220. A sub-pixel
region P of third pixel region 3 and a sub-pixel region P of
a fourth pixel region 4 may be grouped, and the sub-pixel
regions P of the third and fourth pixel regions 3 and 4 may
share a second second electrode 220. Here, the first second
electrode 220 (which is disposed in the first and second pixel
regions 1 and 2) may be spaced and insulated from the
second second electrode 220 (which is disposed in the third
and fourth pixel regions 3 and 4). Each of the first second
electrode 220 and the second second electrode 220 may have
an island shape. The contact holes 50 may be located at the
first pixel region 1 and the third pixel region 3, and a first
auxiliary electrode 270 may directly contact and be electri-
cally connected to each of the first second electrode 220 and
the second second electrode 220 through the contact holes
50. In similar structures, a sub-pixel region P of a fifth pixel
5 and a sub-pixel region P of a sixth pixel 6 may be grouped,
and the sub-pixel regions P of the fifth and sixth pixels 5 and
6 may share a third second electrode 220. A sub-pixel region
P of seventh pixel 7 and a sub-pixel region P of an eighth
pixel 8 may be grouped, and the sub-pixel regions P of the
seventh and eighth pixels 7 and 8 may share a fourth second
electrode 220. Here, the third second electrode 220 (which
is disposed in the fifth and sixth pixel regions 5 and 6) may
be spaced and insulated from the fourth second electrode
220 (which is disposed in the seventh and eighth pixel
regions 7 and 8). Each of the third second electrode 220 and
the fourth second electrode 220 may have the island shape.
The contact holes 50 may be located at the sixth pixel region
6 and the eighth pixel region 8, and a second auxiliary
electrode 270 may be electrically connected to each of the
second electrodes 220 through the contact holes 50.

[0080] The substrate 80 may include a transparent insu-
lating substrate. For example, the substrate 80 may be
composed of a glass substrate, a quartz substrate, a trans-
parent resin substrate, etc. In this case, the transparent resin
substrate may include a polyimide-based resin, an acryl-
based resin, a polyacrylate-based resin, a polycarbonate-
based resin, a polyether-based resin, a sulfonic acid-based
resin, a polyethyleneterephthalate-based resin, eftc.

[0081] The buffer layer 100 may be disposed on substrate
80. The buffer layer 100 may prevent the phenomenon
diffusing a metal atom or impurities from the substrate 80,
and a substantially uniform pattern may be obtained by
controlling a rate of a heat transfer during a crystallization
process for forming the active layer 275. Also, when a
surface of the substrate 80 is relatively irregular, a buffer
layer 100 may perform a role in order to improve the flatness
of the surface of the substrate 80. The buffer layer 100 may
be formed of a silicon compound. For example, the buffer
layer 100 may include silicon oxide, silicon nitride, silicon
oxynitride, silicon oxycarbide, silicon carbonitride, etc.
These may be used alone or in a suitable combination
thereof. A buffer layer 100 may have a single layer structure
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or a multi-layer structure including a silicon compound. For
example, the buffer layer 100 may be formed a single layer
structure or a multi-layer structure including silicon oxide,
silicon nitride, silicon oxynitride, silicon oxycarbide and/or
silicon carbonitride on the substrate 80.

[0082] The auxiliary electrode 270 may extend in a first
direction and may be disposed on the buffer layer 100. The
auxiliary electrode 270 may be composed of silicon. In some
example embodiments, the auxiliary electrode 270 may be
composed oxide semiconductor including two-component
compound (ABXx), ternary compound (ABxCy), four-com-
ponent compound (ABxCyDz), etc. These compounds con-
tain indium (In), zinc (Zn), gallium (Ga), tin (Sn), titanium
(Ti), aluminum (A1), hafhium (Hf), zirconium (Zr), magne-
sium (Mg), etc. These may be used alone or in a suitable
combination thereof. As described above, the auxiliary elec-
trode 270 may serve as a metal by performing an impurity
implantation process.

[0083] The first insulating layer 280 may be disposed on
the buffer layer 100, and the first insulating layer 280 may
cover the auxiliary electrode 270. The first insulating layer
280 may be formed using silicon oxide, metal oxide, etc. For
example, the metal oxide may include hafnium oxide
(HfOx), aluminum oxide (AlOx), zirconium oxide (ZrOx),
titanium oxide (TiOx), tantalum oxide (TaOx), etc. These
may be used alone or in a suitable combination thereof In
example embodiments, the first insulating layer 280 may be
formed as a substantially uniform thickness along a profile
of the auxiliary electrode 270. In this case, the first insulating
layer 280 may have a relatively thin thickness.

[0084] The second insulating layer 290 may be disposed
on the first insulating layer 280. The second insulating layer
290 may be formed as a single layer structure. Alternatively,
the second insulating layer 290 may be formed as a multi-
layer structure including at least two insulating layers. The
second insulating layer 290 may be formed using an organic
material. For example, the second insulating layer 290 may
include a photoresist, an acrylic-based resin, a polyimide-
based resin, a polyamide-based resin, a siloxane-based resin.
These may be used alone or in a suitable combination
thereof. In some example embodiments, the second insulat-
ing layer 290 may be formed using an inorganic material
such as silicon compounds, metals, metal oxides. For
example, the second insulating layer 290 may include sili-
con oxide, silicon nitride, silicon oxynitride, silicon oxycat-
bide, silicon carbonitride, aluminum, magnesium, zinc, haf-
nium, zirconium, titanium, tantalum, aluminum oxide,
titanium oxide, tantalum oxide, magnesium oxide, zinc
oxide, hafnium oxide, zirconium oxide, titanium oxide, etc.
These may be used alone or in a suitable combination
thereof.

[0085] The via insulating layer 110 may be disposed on
the second insulating layer 290. The via insulating layer 110
may be formed using organic materials or inorganic mate-
rials.

[0086] The first electrodes 210 may be disposed on the via
insulating layer 110 The first electrodes 210 may be formed
using materials transmitting or reflecting a light according to
a light emitting method of the OLED device. For example,
the first electrode 210 may include aluminum (Al), an alloy
containing aluminum, aluminum nitride (AINX), silver (Ag),
an alloy containing silver, tungsten (W), tungsten nitride
(WNXx), copper (Cu), an alloy containing copper, nickel (Ni),
chromium (Cr), chromium nitride (CrOx), molybdenum
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(Mo), an alloy containing molybdenum, titanium (T1), tita-
nium nitride (TaNx), platinum (Pt), tantalum (Ta), tantalum
nitride (TaNx), neodymium (Nd), scandium (Sc), strontium
ruthenium oxide (SRO), zinc oxide (ZnOx), indium tin
oxide (ITO), tin oxide (SnOx), indium oxide (InOx), gallium
oxide (GaOx), indium zinc oxide (IZO), etc. These may be
used alone or in a suitable combination thereof. In example
embodiments, the first electrode 210 may be formed as a
single layer structure or a multilayer structure including a
metal film, an alloy film, a metal nitride film, a conductive
metal oxide film and/or a transparent conductive material
layer. Each sub-pixel region P may include a first-color
corresponding sub-pixel electrode, a second-color corre-
sponding sub-pixel electrode, and a third-color correspond-
ing sub-pixel electrode that respectively correspond to a
first-color light emitting layer, a second-color light emitting
layer, and a third-color light emitting layer and are respec-
tively positioned in the sub-pixels 10, 20, and 30.

[0087] The pixel defining layer 230 may disposed on the
second insulating layer 290 to expose a portion of the first
electrode 210. The pixel defining layer 230 may be formed
using organic material, inorganic material, etc. The pixel
defining layer 230 may expose the first through third sub-
pixels of sub-pixel region P and the transparent window of
the transparent region T.

[0088] The light emitting layers 200 may be disposed on
portions the first electrodes 210 exposed by the pixel defin-
ing layer 230. Also, the light emitting layers 200 may extend
along a side wall of the pixel defining layer 230. The light
emitting layers 200 can be obtained by using a laser transfer
process, a printing process, etc. In example embodiments, a
light emitting layer 200 may have a multi-layer structure
including an organic light emitting layer (EL), a hole injec-
tion layer (HIL), a hole transport layer (HTL), an electronic
transport layer (ETL), an electronic injection layer (EIL),
etc. The EL of light emitting layer 200 may be formed using
organic light emitting materials that emit color lights such as
a red light, a green light, a blue light according to each of
sub-pixels. In some example embodiments, the EL of the
light emitting layer 200 may have a structure that emits a
white color of light by stacking a plurality of light emitting
materials capable of generating different colors of light such
as a red light, a green light, a blue light, etc. Each sub-pixel
region P may include a first-color light emitting layer, a
second-color light emitting layer, and a third-color light
emitting layer that are respectively positioned in the sub-
pixels 10, 20, and 30.

[0089] The second electrode 220 may be disposed on the
pixel defining layer 230, the light emitting layer 200, and the
second insulating layer 290. The second electrode 220 may
include magnesium and silver, etc. The second electrode 220
may be electrically connected to the auxiliary electrode 270
via the contact hole 50 penetrating a portion of the via
insulating layer 110, a portion of the second insulating layer
290, and a portion of the first insulating layer 280. In
example embodiments, the first electrode 210 may be an
anode electrode, and the second electrode 220 may be a
cathode electrode. In some example embodiments, the first
electrode 210 may be a cathode electrode, and the second
electrode 220 may be an anode electrode.

[0090] The sealing substrate 90 may be disposed on the
second electrode 220. The sealing substrate 90 may include
a transparent material, and may protect the OLED device
from water and moisture. The sealing substrate 90 may be
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combined with the substrate 100 by a sealing member (not
shown). Alternatively, the sealing substrate 90 may have a
multi-layer that an inorganic layer and an organic layer are
alternately formed.

[0091] FIG. 3 is a cross-sectional view taken along a line
[I-IT' of FIG. 1.
[0092] Referring to FIGS. 1 through 3, the OLED device

may include a substrate 80, a buffer layer 100, an auxiliary
electrode 270, an active layer 275, a source electrode 240, a
drain electrode 250, a gate electrode 260, a first insulating
layer 280, a second insulating layer 290, a contact hole 50,
first electrodes 210, a pixel defining layer 230, a light
emitting layer 200, second electrodes 220, a bridge electrode
60, and a sealing substrate 90.

[0093] As illustrated in FIG. 1, a first pixel region 1 may
be disposed adjacent to a fifth pixel region 5 in a second
direction that is perpendicular to a first direction. The second
electrode 220 disposed in the first pixel 1 may be electrically
connected to the second electrode 220 disposed in the fifth
pixel 5 through the bridge electrode 60, and the auxiliary
electrode 270 may be electrically connected to the second
electrode 220 through the contact hole 50.

[0094] The active layer 275 and the auxiliary electrode
270 may be disposed on the buffer layer 100. The active
layer 275 may be composed of silicon. In some example
embodiments, the active layer 275 may be composed of a
semiconductor oxide including two-component compound,
ternary compound, four-component compound, etc. contain-
ing In, Zn, Ga, Sn, Ti, Al, Hf, Zr, Mg, etc. These may be used
alone or in a suitable combination thereof. As described
above, the auxiliary electrode 275 and source and drain
regions of the active layer each may serve as a metal by
performing an impurity implantation process.

[0095] The source electrode 240 and the drain electrode
250 may be electrically connected to the active layer 275 by
removing a portion of the first insulating layer 280 and a
portion of the second insulating layer 290.

[0096] The gate electrode 260 may be disposed on the first
insulating layer 280. The gate electrode 260 may be formed
using a metal, alloy, metal nitride, conductive metal oxide,
transparent conductive material. For example, the gate elec-
trode 260 may include Al, an alloy containing Al, AINx, Ag,
an alloy containing Ag, W, WNx, Cu, an alloy containing
Cu, Ni, Cr, CrOx, Mo, an alloy containing Mo, Ti, TaNx, Pt,
Ta, TaNx, Nd, Sc, SRO, ZnOx, ITO, SnOx, InOx, GaOx,
170, etc. These may be used alone or in a suitable combi-
nation thereof. In addition, the gate electrode 260 is a single
layer structure or a multi-layer structure including a metal
film, an alloy film, a metal nitride film, a conductive metal
oxide film and/or a transparent conductive material film.
[0097] The OLED device may further include signal lines
(not shown). The signal line may be electrically connected
to the gate electrode 260. For example, the gate electrode
260 of the TFT may be electrically connected to at least one
(e.g., a scan line) among the scan lines. The OLED device
includes the TFT of a top gate method, but the OLED device
may further include the TFT of a bottom gate method.
[0098] The first electrode 210 may be electrically con-
nected to the drain electrode 250 through the contact hole
penetrating the via insulating layer 110, and the second
electrode 220 may be electrically connected to the auxiliary
electrode 270 through the contact hole 50 penetrating the
pixel defining layer 230, the via insulating layer 110, the
second insulating layer 290, and the first insulating layer



US 2016/0322595 Al

280. In example embodiments, the first electrode 210 may
be an anode electrode, and the second electrode 220 may be
a cathode electrode. In example embodiments, the first
electrode 210 may be a cathode electrode, and the second
electrode 220 may be an anode electrode.

[0099] The bridge electrode 60 may be disposed in a
portion of the transparent region T. The second electrode 220
disposed in the first pixel region 1 may be connected to the
second electrode 220 disposed in the fifth pixel region 5
through the bridge electrode 60. In addition, since the bridge
electrode 60 may be disposed in a portion of the transparent
region T, a transmittance of the OLED device may be
relatively improved.

[0100] FIGS. 4 through FIG. 9 are cross-sectional views
for describing a method of manufacturing a transparent
organic light emitting display according to example embodi-
ments.

[0101] Referring to FIG. 4 a buffer layer 100 may be
formed on a substrate 80. The substrate 80 may be formed
using a transparent polymer resin such as a polyimide-based
resin. A portion of the substrate 80 may be defined as a
sub-pixel region P, and a remaining portion of the substrate
80 may be defined as a transparent region T.

[0102] An active layer 275 may be formed on the sub-
pixel region P, and an auxiliary electrode 270 and the active
layer 275 may be formed at the same level. For example,
after a semiconductor layer (not shown) is formed on the
entire buffer layer 100, a preliminary active layer (not
shown) may be formed by patterning the semiconductor
layer on the buffer layer 100. Subsequently, a crystallization
process may be performed on the preliminary active layer to
form the active layer 275, and then the active layer 275 may
be formed on the buffer layer 100. Here, the semiconductor
layer may be formed by using a chemical vapor deposition
process, a plasma enhanced chemical vapor deposition, a
low pressure chemical vapor deposition process, a sputtering
process, or the like. When the semiconductor layer includes
amorphous silicon, the active layer 275 may be composed of
polysilicon. Also, a crystallization process to obtain the
active layer 275 from the preliminary active layer may
include a laser exposure process, a heat treatment process,
and a heat treatment process using a catalyst. In example
embodiments, after the semiconductor layer may be formed,
the dehydrogenation process may be performed on the
semiconductor layer. As the dehydrogenation process is
perfumed, a concentration of hydrogen atoms in the semi-
conductor layer It may be decreased. As a result, electrical
characteristics of the active layer 275 may be improved.
[0103] An impurity may be doped in a portion of the active
layer 275 and the auxiliary electrode 270 each, and an
electrical conductivity of the portion of the active layer 275
and the auxiliary electrode 270 each may be higher than a
remaining portion of the active layer 275. For example, the
portion of the active layer 275 may be source and drain
regions.

[0104] Referring to FIG. 5, the first insulating layer 280
may be formed on a buffer layer 100 to cover the active layer
275 and the auxiliary electrode 270. The auxiliary electrode
270 and the active layer 275 may be disposed at the same
level, and the auxiliary electrode 270 and the active layer
275 may be simultaneously formed using the same material.
The first insulating layer 280 may be obtained using a
chemical vapor deposition process, a spin coating process, a
plasma enhanced chemical vapor deposition process, a sput-
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tering process, a vacuum deposition process, a high-density
plasma-chemical vapor deposition process, a printing pro-
cess, or the like.

[0105] A gate electrode 260 may be formed on the first
insulating layer 280. A second insulating layer 290 may be
formed on the first insulating layer 280 to cover the gate
electrode 260. The second insulating layer 290 may be
obtained using a chemical vapor deposition process, a spin
coating process, a plasma enhanced chemical vapor depo-
sition process, a sputtering process, a vacuum deposition
process, a high-density plasma-chemical vapor deposition
process, a printing process, or the like.

[0106] A source electrode 240 and a drain electrode 250
may be formed on the second insulating layer 280. Each of
the source electrode 240 and the drain electrode 250 may be
electrically connected to the active layer 275 by penetrating
the first insulating layer 280 and second insulating layer 290.
In particular, after each of contact holes exposing each of the
source and drain regions of the active layer 275 is formed,
a conductive layer may be disposed on the entire second
insulting layer 280 such that the conductive layer fills the
contact holes. The conductive layer may be patterned
through an etching process to form the source electrode 240
and the drain electrode 250 after the conductive layer is
disposed on the entire second insulting layer 280. The
conductive layer may be formed using a metal, metal nitride,
or an alloy.

[0107] A via insulating layer 110 may be formed, and the
via insulating layer 110 may cover the second insulating
layer 290, the source electrode 240 and the drain electrode
250. The via insulating layer 110 may have a substantially
flat upper surface as shown in FIG. 5. The via insulating
layer 110 may be formed using the organic material (e.g.,
polyimide, an epoxy-based resin, an acrylic-based resin,
polyester, etc.) through a spin coating process or a slit
coating process. A via hole may be formed by partially
etching the via insulating layer 110. An upper surface of the
drain electrode 250 may be exposed by the via hole. A first
electrode 210 that is electrically connected to the drain
electrode 250 may be formed on the via insulating layer to
fill the via hole of the via insulating layer 110.

[0108] Referring to FIG. 6, a pixel defining layer 230 is
formed in the sub-pixel region P on the via insulating layer
110, and the pixel defining layer 230 may expose a portion
of the first electrode 210. The pixel defining layer 230 may
be formed through an exposure and a development processes
after photosensitive organic materials (e.g., polyimide resin,
acrylic resin, etc.) are laminated on the via insulating layer
110.

[0109] A light emitting layer 200 is formed on the first
electrode 210 exposed by the pixel defining layer 230. For
example, the light emitting layer 200 may be formed through
a spin coating process, a roll printing process, a nozzle
printing process, an ink-jet printing process, etc. using a fine
metal mask (FMM) including openings exposing a region in
which a plurality of sub-pixel is formed. Accordingly, the
light emitting layer 200 including an organic light emitting
material may be formed.

[0110] A contact hole 50 may be formed. The contact hole
50 may expose an upper surface of auxiliary electrode 270
by removing a portion of the pixel defining layer 230, the via
insulating layer 110, the first insulating layer 280 and the
second insulating layer 290. For example, the contact hole
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50 may be located adjacent to a first sub-pixel 10 of the first
pixel region 1, and may be formed using a laser drilling
process.

[0111] Referring to FIG. 7, a second electrode 220 may be
formed, and the second electrode may be disposed in the
sub-pixel region P on the light emitting layer 200, the pixel
defining layer 230 and the via insulating layer 110. The
second electrode 220 may be electrically connected to the
auxiliary electrode 270 through a contact hole 50. The
second electrode 220 may be formed through a spin coating,
a roll printing process, a nozzle printing process, an ink jet
printing process, etc. using the FMM.

[0112] Referring to FIG. 8, a bridge electrode 60 that is
disposed in a portion of at least two adjacent the transparent
regions T among the transparent regions T in a first direction
may be electrically connected to the second electrodes 220
(e.g., the second electrodes 220 is adjacent to each other in
a second direction that is perpendicular to the first direction)
that are adjacent to the at least two adjacent the transparent
regions T among the transparent regions T in the first
direction. Since the bridge electrode 60 is disposed in a
portion of at least two adjacent the transparent regions T
among the transparent regions T in the first direction, a
transmittance of the OLED device may be relatively
increased. The bridge electrode 60 may be formed through
a spin coating, a roll printing process, a nozzle printing
process, an ink jet printing process, etc. using the FMM.
[0113] Referring to FIG. 9, a sealing substrate 90 may be
formed on the second electrode 220 and the bridge electrode
60. The substrate 80 and the sealing substrate 90 may protect
the sub-pixels from the outside (e.g., the moisture or the
water). The sealing substrate 90 includes a transparent
material. The sealing substrate 90 may be bonded to the
substrate 80 by a sealing member (e.g., a sealant), and the
space between the substrate 80 and the sealing substrate 90
may be sealed.

[0114] FIGS. 10 through 16 are plan views for describing
a forming sequence of second electrodes and bridges elec-
trodes.

[0115] FIG. 10 illustrates a position of each of contact
holes 50 on a substrate when adjacent two sub-pixel regions
P among sub-pixel regions P in a first direction are grouped.
FIG. 11 illustrates a first FMM 310, and FIG. 12 illustrates
a position of each of second electrodes 220 disposed on the
substrate of FIG. 10 by using the first FMM 310. FIG. 13
illustrates a second FMM 320, and FIG. 14 illustrates a
position of each of second electrodes 220 disposed on the
substrate of FIG. 12 by using the second FMM 320. FIG. 15
illustrates a third FMM 330, and FIG. 16 illustrates a
position of each of bridge electrodes 60 disposed on the
substrate of FIG. 14 by using the third FMM 330.

[0116] Referring to FIG. 10, pixel regions may be
arranged in (4)th rows and (5)th columns on a substrate.
[0117] In example embodiments, a method of manufac-
turing a OLED device may include providing a substrate,
forming a semiconductor device and an auxiliary electrode,
forming a first electrode, forming a pixel definition and a
light emitting layer, forming a second electrode and the
bridge electrode, as described in FIGS. 4 through 8.
[0118] When the adjacent two sub-pixel regions P among
the sub-pixel regions P in the first direction are grouped, the
grouped sub-pixel region P may include the sub-pixel
regions P that are located at a (K)th row and a (K+1)th row
among first through (M)th rows in the same column, where
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K is an odd number that is more than 1 and not more than
M-1, and where M is an integer greater than 1.

[0119] A contact hole 50 may be formed in at least one
among the grouped sub-pixel regions P. The contact holes 50
may be repeatedly located in the grouped sub-pixel region P
that is located at a (J)th column or a (J+1)th column among
the first through (N)th columns (where, J is an odd number
that is more than 1 and not more than N-1, and N is an
integer greater than 1) in the same row, and the contact holes
50 may be arranged in a zigzag pattern. For example, the
contact holes 50 may located in the sub-pixel regions of (1)st
row and (1)st column, (3)rd row and (1)st column, (2)nd row
and (2)nd column, (4)th row and (2)nd column, etc.
[0120] An IR-drop capable of being generated in the
OLED device may be relatively decreased, and a stain
capable of being generated in a display image of the OLED
device may be prevented.

[0121] For example, when the contact holes are formed in
even or odd rows or are formed in even or odd columns, a
voltage level of the lines (e.g., the rows or the column)
where the contact holes are located may be different from a
voltage level of the lines where the contact holes are not
located, the contact holes may be arranged in paralleled to
each other. In this case, a stain in a display image of the
OLED device may occur. In example embodiments, as the
contact holes 50 are disposed in the zigzag pattern, a voltage
that is applied to an auxiliary electrode may be uniformly
provided to the second electrode 220 through the contact
holes 50.

[0122] After the contact holes 50 are formed, the second
electrodes 220 may be disposed on a light emitting layer by
using the FMMs of FIGS. 11 and 13. The second electrodes
220 may be electrically connected to the auxiliary electrode
through the contact holes 50.

[0123] Referring to FIGS. 11, 12, 13, and 14, openings 300
of the FMMs 310 and 320 are not continuously formed in
rows or columns. For example, because the FMMSs are thin
metal masks, the FMMs may be bent (or curved) when the
openings are continuously formed in rows or columns. In
this case, the second electrodes may not be formed in an
exact location.

[0124] As illustrated in FIG. 12, the second electrode 220
may be disposed on a portion of the substrate by using the
FMM 310. As illustrated in FIG. 14, the second electrode
may be disposed on a remaining portion of the substrate by
using the FMM 320. Accordingly, the second electrode 220
may be disposed in the entire sub-pixel region P.

[0125] As illustrated in FIG. 14, each of the grouped
second electrodes 220 may have an island shape. The
grouped second electrodes 220 that are located in a (j)th
column among first through (N)th columns may not be
electrically connected to the grouped second electrodes 220
that are located in a (j+1)th column among the first through
(N)th columuns (where, J is an odd number that is more than
1 and not more than N-1, and N is an integer greater than
.

[0126] As illustrated in FIG. 16, the bridge electrodes 60
may be disposed on the substrate by using a FMM 330 of
FIG. 15.

[0127] Since the bridge electrode 60 is disposed in a
portion of adjacent two transparent regions T among the
transparent regions T in the first direction, a transmittance of
the OLED device may be relatively increased. In addition,
the number of the bridge electrode 60 may be minimized
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within a range capable of compensating the IR drop. When
the number of the bridge electrode 60 is decreased, a
manufacturing process may be simplified, and a manufac-
turing cost may be decreased. Also, a transmittance of the
OLED device may be increased. But, when the number of
the bridge electrode 60 is not enough, a voltage unbalance
of the OLED device may occur. Therefore, the number of the
bridge electrode 60 may be determined by considering the
number of the contact hole 50.

[0128] FIGS. 17 through 20 are plan views for describing
a forming sequence of second electrodes and bridge elec-
trodes.

[0129] FIG. 17 illustrates a fourth FMMI 310, and FIG. 18
illustrates a position of each of second and bridge electrodes
disposed on the substrate FIG. 10 by using the fourth FMM
310.

[0130] FIG. 19 illustrates a fifth FMM 320, and FIG. 20
illustrates a position of each of second and bridge electrodes
disposed on the substrate of FIG. 18 by using the fifth FMM
320.

[0131] The FMM 310 and 320 may include an opening
300, and the second electrode 220 and the bridge electrode
60 may be simultaneously formed by using the FMM 310
and 320. A OLED device of FIG. 20 may be manufactured
after the second electrode 220 and the bridge electrode 60
may be simultaneously formed by using the FMM 310 and
320. The OLED device of FIG. 20 may be substantially the
same as a OLED device of FIG. 16.

[0132] FIG. 21A and FIG. 21B are plan views illustrating
two configurations (or methods) of grouping three sub-pixel
regions, and FIG. 22A and FIG. 22B are plan views for
describing second electrodes and bridge electrodes of FIG.
21A and FIG. 21B, respectively.

[0133] Referring to FIGS. 21A, 21B, 22A, and 22B, when
three pixel regions are grouped in a group, a contact hole 50
may be formed in the group in a manner illustrated in FIG.
21A, or two contact holes 50 may be formed in the group in
a manner illustrated in FIG. 21B. A position of the contact
holes 50 may be determined such that a distribution of a
voltage applied to the second electrode 220 is uniform. One
contact hole 50 is formed in each pixel group a that consists
of three pixel regions in an OLED device illustrated in FIG.
22A. Two contact holes 50 are formed in each pixel group
b that consists of three pixel regions in an OLED device
illustrated in FIG. 22B.

[0134] Embodiments may be applied to various display
devices that include organic light emitting display devices.
For example, embodiments may be applied to mobile
phones, smartphones, smart pads, laptop computers, tablet
computers, personal digital assistants (PDAs), portable mul-
timedia players (PMPs), digital cameras, music players (e.g.,
a MP3 player), portable game consoles, navigation devices,
vehicle display devices, ship display devices, aircraft display
devices, portable communication devices, medical display
devices, etc.

[0135] The foregoing is illustrative of example embodi-
ments and is not to be construed as limiting. Although a few
example embodiments have been described, those skilled in
the art will readily appreciate that many modifications are
possible in the example embodiments All such modifications
are intended to be included within the scope defined in the
claims.
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What is claimed is:

1. An organic light emitting display device comprising:

a first auxiliary electrode;

a first first-group first-color corresponding electrode;

a second first-group first-color corresponding electrode,
which is larger than the first first-group first-color
corresponding electrode; and

a first group electrode, which overlaps both the first
first-group first-color corresponding electrode and the
second first-group first-color corresponding electrode,
wherein a first portion of the first group electrode
directly contacts the first auxiliary electrode and is
positioned closer to the first first-group first-color cor-
responding electrode than to the second first-group
first-color corresponding electrode.

2. The organic light emitting display device of claim 1
comprising a substrate, which overlaps the first auxiliary
electrode,

wherein a first edge of the first first-group first-color
corresponding electrode is aligned with a first edge of
the second first-group first-color corresponding elec-
trode in a first direction, and

wherein the first portion of the first group electrode is
positioned between the first first-group first-color cor-
responding electrode and a first transparent portion of
the substrate in a second direction in a plan view of the
organic light emitting display device.

3. The organic light emitting display device of claim 1,

wherein a first edge of the first first-group first-color
corresponding electrode is aligned with a first edge of
the second first-group first-color corresponding elec-
trode in a first direction, and

wherein the first first-group first-color corresponding
electrode is shorter than the second first-group first-
color corresponding electrode in a second direction in
aplan view of the organic light emitting display device.

4. The organic light emitting display device of claim 1
comprising:

a first second-group first-color corresponding electrode;

a second second-group first-color corresponding elec-
trode, which is larger than the first second-group first-
color corresponding electrode; and

a second group electrode, which is insulated from the first
group electrode and overlaps both the first second-
group first-color corresponding electrode and the sec-
ond second-group first-color corresponding electrode,
wherein a first portion of the second group electrode
directly contacts the first auxiliary electrode and is
positioned closer to the first second-group first-color
corresponding electrode than to the second second-
group first-color corresponding electrode.

5. The organic light emitting display device of claim 4,

wherein the first second-group first-color corresponding
electrode is as large as the first first-group first-color
corresponding electrode, and

wherein the second second-group first-color correspond-
ing electrode is as large as the second first-group
first-color corresponding electrode.

6. The organic light emitting display device of claim 4,
wherein the second first-group first-color corresponding
electrode is positioned between the first portion of the first
group electrode and the first portion of the second group
electrode in a first direction in a plan view of the organic
light emitting display device, and

wherein the second first-group first-color corresponding
electrode and the first second-group first-color corre-
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sponding electrode are positioned between the first
first-group first-color corresponding electrode and the
second second-group first-color corresponding elec-
trode in the first direction in the plan view of the
organic light emitting display device.

7. The organic light emitting display device of claim 4

comprising:

a third first-group first-color corresponding electrode,
which is larger than the first first-group first-color
corresponding electrode and overlaps the first group
electrode,

wherein the first first-group first-color corresponding
electrode is positioned between the third first-group
first-color corresponding electrode and the second first-
group first-color corresponding electrode, and

wherein the first first-group first-color corresponding
electrode, the second first-group first-color correspond-
ing electrode, and the second second-group first-color
corresponding electrode are positioned between the
third first-group first-color corresponding electrode and
the first second-group first-color corresponding elec-
trode.

8. The organic light emitting display device of claim 4

comprising:

a third first-group first-color corresponding electrode,
which is smaller than the second first-group first-color
corresponding electrode and overlaps the first group
electrode,

wherein the second first-group first-color corresponding
electrode is positioned between the third first-group
first-color corresponding electrode and the first first-
group first-color corresponding electrode, and

wherein the first first-group first-color corresponding
electrode, the second first-group first-color correspond-
ing electrode, and the first second-group first-color
corresponding electrode are positioned between the
third first-group first-color corresponding electrode and
the second second-group first-color corresponding
electrode.

9. The organic light emitting display device of claim 8,

wherein a second portion of the first group electrode
directly contacts the first auxiliary electrode and is
positioned closer to the third first-group first-color
corresponding electrode than to the second first-group
first-color corresponding electrode, and

wherein the first portion of the first group electrode is
positioned between the second portion of the first group
electrode and the first portion of the second group
electrode.

10. The organic light emitting display device of claim 4

comprising:

a second auxiliary electrode, which extends parallel to the
first auxiliary electrode;

a first third-group first-color corresponding electrode;

a second third-group first-color corresponding electrode,
which is shorter than the first third-group first-color
corresponding electrode;

a third group electrode, which overlaps both the first
third-group first-color corresponding electrode and the
second third-group first-color corresponding electrode,
wherein a first portion of the third group electrode
directly contacts the second auxiliary electrode and is
positioned closer to the second third-group first-color
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corresponding electrode than to the first third-group
first-color corresponding electrode; and

a bridge electrode, which is shorter than the first third-

group first-color electrode in a first direction, wherein
a first end of the bridge electrode directly contacts the
first group electrode, and wherein a second end of the
bridge electrode directly contacts the third group elec-
trode.

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

wherein a second direction is perpendicular to the first

direction, and

wherein no portion of the first group electrode that

directly contacts the first auxiliary electrode is aligned
with the first portion of the third group electrode in the
second direction in a plan view of the organic light
emitting display device.

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

wherein a second direction is perpendicular to the first

direction,
wherein the bridge electrode is positioned between the
first first-group first-color corresponding electrode or
the second first-group first-color corresponding elec-
trode and the first third-group first-color corresponding
electrode or the second third-group first-color corre-
sponding electrode in the second direction in a plan
view of the organic light emitting display device, and

wherein the first first-group first-color corresponding
electrode is positioned between the first portion of the
first group electrode and the bridge electrode in the
second direction in the plan view of the organic light
emitting display device.

13. The organic light emitting display device of claim 12,

wherein the bridge electrode is positioned between first

first-group first-color corresponding electrode and the
first third-group first-color corresponding electrode or
the second third-group first-color corresponding elec-
trode in the second direction in the plan view of the
organic light emitting display device, and

wherein no bridge electrode is aligned with the second

first-group first-color corresponding electrode in the
second direction in the plan view of the organic light
emitting display device and directly contacts both the
first auxiliary electrode and the second auxiliary elec-
trode.

14. The organic light emitting display device of claim 13,
wherein an edge of the bridge electrode is aligned with each
of the first first-group first-color corresponding electrode and
the first portion of the first group electrode in the second
direction in the plan view of the organic light emitting
display device.

15. The organic light emitting display device of claim 14,
wherein the edge of the bridge electrode is aligned with the
second third-group first-color corresponding electrode in the
second direction in the plan view of the organic light
emitting display device.

16. The organic light emitting display device of claim 12,

wherein the bridge electrode is positioned between second

first-group first-color corresponding electrode and the
first third-group first-color corresponding electrode or
the second third-group first-color corresponding elec-
trode in the second direction in the plan view of the
organic light emitting display device, and

wherein no bridge electrode is aligned with the first

first-group first-color corresponding electrode in the
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second direction in the plan view of the organic light
emitting display device and directly contacts both the
first auxiliary electrode and the second auxiliary elec-
trode.

17. The organic light emitting display device of claim 16,
wherein an edge of the bridge electrode is aligned with each
of the second first-group first-color corresponding electrode
and the second third-group first-color corresponding elec-
trode in the second direction in the plan view of the organic
light emitting display device.

18. The organic light emitting display device of claim 12
comptrising:

a first first-group second-color corresponding electrode,
which is longer than the first first-group first-color
corresponding electrode in the second direction; and

a second first-group second-color corresponding elec-
trode, which is longer than the first first-group first-
color corresponding electrode in the second direction,

wherein no bridge electrode is aligned with either of the
first first-group second-color corresponding electrode
and the second first-group second-color corresponding
electrode in the second direction and directly contacts
both the first auxiliary electrode and the second auxil-
iary electrode.

19. The organic light emitting display device of claim 18

comptising:

a first first-group third-color corresponding electrode,
which is longer than the first first-group first-color
corresponding electrode in the second direction; and

a second first-group third-color corresponding electrode,
which is longer than the first first-group first-color
corresponding electrode in the second direction,

wherein not any bridge electrode is aligned with either of
the first first-group third-color corresponding electrode
and the second first-group third-color corresponding
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electrode in the second direction and directly contacts
both the first auxiliary electrode and the second auxil-
iary electrode.

20. An organic light emitting display device comprising:

a first auxiliary electrode;

a first first-group first-color corresponding electrode on
the first auxiliary electrode;

a second first-group first-color corresponding electrode at
the same level with the first first-group first-color
corresponding electrode;

a first group electrode, which overlaps both the first
first-group first-color corresponding electrode and the
second first-group first-color corresponding electrode,
wherein a first portion of the first group electrode
electrically contacts the first auxiliary electrode and is
positioned adjacent to the first first-group first-color
corresponding electrode or the second first-group first-
color corresponding electrode;

a first second-group first-color corresponding electrode
spaced apart from the first and second first-group first
color corresponding electrodes on the first auxiliary
electrode;

a second second-group first-color corresponding electrode
at the same level with the first first-group first-color
corresponding electrode; and

a second group electrode, which is insulated from the first
group electrode and overlaps both the first second-
group first-color corresponding electrode and the sec-
ond second-group first-color corresponding electrode,
wherein a first portion of the second group electrode
electrically contacts the first auxiliary electrode and is
positioned adjacent to the first second-group first-color
corresponding electrode or the second second-group
first-color corresponding electrode.
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