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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. application
Ser. No. 15/183,166 filed on Jun. 15, 2016, which claims the
benefit under 35 U.S.C. §119(a) of Korean Patent Applica-
tion No. 10-2015-0093273, filed on Jun. 30, 2015, in the
Korean Intellectual Property Office, both of which are
hereby incorporated by reference as if fully set forth herein.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to an organic light
emitting diode display device, and more particularly, to an
organic light emitting diode display device where an elec-
trode of a light emitting diode and an auxiliary line are
connected to each other through an emission assisting layer
and a method of fabricating the organic light emitting diode
display device.

2. Discussion of the Related Art

[0003] Among various flat panel displays (FPDs), an
organic light emitting diode (OLED) display device has
properties such as high luminance and low driving voltage.
The OLED display device uses an emissive electrolumines-
cent layer to realize a high contrast ratio and a thin profile,
and is excellent at displaying a moving image because of a
short response time of several micro seconds (usec). Also,
the OLED display device has no limitation on a viewing
angle and is stable even in a low temperature. Since the
OLED display device is typically driven by a low voltage
(e.g., between 5V and 15V in direct current (DC)), fabrica-
tion and design of a driving circuit is easy. Further, a
fabrication process for the OLED display device including a
deposition and an encapsulation is simple.

[0004] The OLED display device may be classified into a
top emission type and a bottom emission type according to
a light emission direction. The top emission type OLED
display device having an advantage in an aperture ratio has
been researched and developed as a product having a large
size and a high resolution.

[0005] FIG. 11isa cross-sectional view showing an organic
light emitting diode display device according to a related art.
[0006] In FIG. 1, the OLED display device 10 according
to the related art includes a substrate 20 and a thin film
transistor (TFT) Td and a light emitting diode (LED) De in
each pixel region P on the substrate 20.

[0007] A semiconductor layer 22 is formed on the sub-
strate 20, and a gate insulating layer 24 is formed on the
semiconductor layer 22. The semiconductor layer 22
includes an active region of an intrinsic semiconductor
material at a central portion and source and drain regions of
an impurity-doped semiconductor material at both sides of
the central portion.

[0008] A gate electrode 26 is formed on the gate insulating
layer 24 over the semiconductor layer 22, and an interlayer
insulating layer 28 is formed on the gate electrode 26. The
interlayer insulating layer 28 and the gate insulating layer 24
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include first and second contact holes exposing the source
and drain regions, respectively, of the semiconductor layer
22.

[0009] Source and drain electrodes 30 and 32 spaced apart
from each other are formed on the interlayer insulating layer
28 corresponding to the semiconductor layer 22. The source
and drain electrodes 30 and 32 are connected to the source
and drain regions of the semiconductor layer 22 through the
first and second contact holes, respectively.

[0010] The semiconductor layer 22, the gate electrode 26,
the source electrode 30 and the drain electrode 32 constitute
a thin film transistor (TFT) Td. A passivation layer 34 is
formed on the TFT Td and has a third contact hole exposing
the source electrode 30.

[0011] A first electrode 36 is formed on the passivation
layer 34 corresponding to a central portion of the pixel
region P and is connected to the source electrode 30 through
the third contact hole.

[0012] A bank layer 38 is formed on the first electrode 36.
The bank layer 38 covers an edge portion of the first
electrode 36 and has an opening exposing a central portion
of the first electrode 36.

[0013] A first emission assisting layer 40 is formed on the
first electrode 36 exposed through the opening of the bank
layer 38, and an emitting layer 42 is formed on the first
emission assisting layer 40 in the opening of the bank layer
38. In one aspect, the first emission assisting layer 40 assists
injection or transport of carriers (e.g., holes or electrons).
[0014] A second emission assisting layer 44 is formed on
the entire surface of the substrate 20 having the emitting
layer, and a second electrode 46 is formed on the entire
surface of the substrate 20 having the second emission
assisting layer 44. In one aspect, the second emission
assisting layer 44 assists injection or transport of other
carriers (e.g., electrons or holes).

[0015] The first emission assisting layer 40 may include a
hole injecting layer (HIL) and a hole transporting layer
(HTL), and the second emission assisting layer 44 may
include an electron injecting layer (EIL) and an electron
transporting layer (ETL). The first electrode 36, the first
emission assisting layer 40, the emitting layer 42, the second
emission assisting layer 44 and the second electrode 46
constitute a light emitting diode De.

[0016] In the OLED display device 10, the second emis-
sion assisting layer 44 is not patterned in each pixel region
P. Instead, the second emission assisting layer 44 is formed
on the entire surface of the substrate 20 for cost reduction of
and yield increase due to process simplification in a product
having a large size and a high resolution.

[0017] In addition, since the second electrode 46 should
have transparency in the top emission type OLED display
device 10, the second electrode 46 may be formed by
depositing a metallic material such as aluminum (Al), mag-
nesium (Mg) and silver (Ag) with a relatively thin thickness.
However, a resistance of the second electrode 46 increases
due to the relatively thin thickness and non-uniformity in
brightness is caused by a voltage drop of a low level voltage
VSS.

[0018] To prevent the non-uniformity in brightness, a
structure where the second electrode 46 is connected to an
auxiliary electrode or an auxiliary line of a low resistance
material at a border of the pixel region P under the emitting
layer 42 has been suggested.
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[0019] In the product having a large size with a high
resolution, however, since second emission assisting layer
44 is formed on the entire surface of the substrate 20, it is
required to eliminate the second emission assisting layer 44
on the auxiliary electrode or the auxiliary line for connecting
the second electrode 46 to the auxiliary electrode or the
auxiliary line.

[0020] Accordingly, a laser patterning and a patterning
using a separator have been suggested as a method of
eliminating the second emission assisting layer 44 on the
auxiliary electrode or the auxiliary line.

[0021] However, for laser patterning, a step of irradiating
a laser beam onto the second emission assisting layer 44 on
the auxiliary electrode or the auxiliary line is added, there-
fore a fabrication cost increases and a yield decreases.
Similarly, for patterning using the separator, a step of
forming the separator is added, thus a fabrication cost
increases and a yield decreases. Further, the emitting layer
42 can be deteriorated due to a sputtering for forming a
transparent conductive layer as an uppermost layer.

SUMMARY

[0022] Embodiments relate to an organic light emitting
diode display device and a method of fabricating the same
that substantially obviate one or more of the problems due
to limitations and disadvantages of the related art.

[0023] In one or more embodiments, an organic light
emitting diode display device comprises: a substrate includ-
ing a pixel region, the pixel region including a first portion
and a second portion; a first electrode in the second portion
of the pixel region; a bank layer separating the first portion
and the second portion of the pixel region; an emitting layer
in the second portion of the pixel region but not in the first
portion of the pixel region; an emission assisting layer
extending in the first portion of the pixel region, over the
bank, and in the second portion of the pixel region, the
emission assisting layer in the first portion of the pixel
region being more conductive than the emission assisting
layer in the second portion of the pixel region; and a second
electrode on the emission assisting layer in the first portion
of the pixel region, over the bank, and in the second portion
of the pixel region.

[0024] In one or more embodiments, the bank layer
includes an organic material.

[0025] In one or more embodiments, the organic light
emitting diode display device further includes an auxiliary
line in the first portion of the pixel region below and in
contact with the emission assisting layer. The emission
assisting layer may have a thickness within a range of 10 A
to 1000 A, and the emission assisting layer in the second
portion of the pixel region between the auxiliary line and the
second electrode may have a resistance within a range of 5Q
to 1 kQ.

[0026] In one or more embodiments, the organic light
emitting diode display device further includes another aux-
iliary line of a line shape in the first portion of the pixel
region under the auxiliary line, wherein said another auxil-
iary line is connected to the auxiliary line.

[0027] In one or more embodiments, the emission assist-
ing layer in the first portion of the pixel region includes a
plurality of conductive particles, the plurality of conductive
particles including a same material as one of the auxiliary
line and the second electrode.
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[0028] 1In oneor more embodiments, the auxiliary line and
the first electrode are on a same layer.

[0029] In one or more embodiments, the organic light
emitting diode display device further comprises another
emission assisting layer in the second portion of the pixel
region between the first electrode and the emitting layer. The
emission assisting layer may include a hole injecting layer
and a hole transporting layer, and said another emission
assisting layer may include an electron injecting layer and an
electron transporting layer.

[0030] One or more embodiments relate to a method of
fabricating an organic light emitting diode display device.
The method comprises: forming an auxiliary line in a first
portion of a pixel region on a substrate; forming a first
electrode in a second portion of the pixel region on the
substrate; forming an emitting layer on the first electrode in
the second portion of the pixel region; forming an emission
assisting layer on the auxiliary line in the first portion of the
pixel region and on the emitting layer in the second portion
of the pixel region; forming a second electrode on the
emission assisting layer in the first portion of the pixel
region and the second portion of the pixel region on the
emission assisting layer; and applying a bias voltage to the
auxiliary line and the second electrode to induce conductive
particles in the emission assisting layer in the first portion of
the pixel region.

[0031] In one or more embodiments, the bias voltage is
one of a direct current voltage, an alternating current voltage
and a pulse voltage.

[0032] In one or more embodiments, the emitting layer
and the emission assisting layer are formed through a
soluble process.

[0033] In one or more embodiments, the method further
includes forming another emission assisting layer in the
second portion of the pixel region between the first electrode
and the emitting layer.

[0034] In one or more embodiments, the method further
includes forming another auxiliary line of a line shape in the
first portion of the pixel region under the auxiliary line. Said
another auxiliary line may be connected to the auxiliary line.
[0035] In one or more embodiments, the method further
includes forming a bank layer between the first portion of the
pixel region and the second portion of the pixel region after
forming the first electrode in the first portion of the pixel
region and the auxiliary line in the second portion of the
pixel region. The emission assisting layer may be formed on
the auxiliary line in the first portion of the pixel region, on
the emitting layer in the second portion of the pixel region
and on the bank layer between the first portion of the pixel
region and the second portion of the pixel region.

[0036] In one or more embodiments, the auxiliary line and
the first electrode are formed on a same layer simultane-
ously.

[0037] Advantages and features of the disclosure will be
set forth in part in the description, which follows and in part
will become apparent to those having ordinary skill in the art
upon examination of the following or may be learned from
practice of the disclosure. Other advantages and features of
the embodiments herein may be realized and attained by the
structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.

[0038] It is to be understood that both the foregoing
general description and the following detailed description
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are explanatory, and are intended to provide further expla-
nation of the embodiments as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] The accompanying drawings, which are included
to provide a further understanding of the disclosure, are
incorporated in and constitute a part of this specification,
illustrate implementations of the disclosure and together
with the description serve to explain the principles of
embodiments of the disclosure.

[0040] FIG.1isa cross-sectional view showing an organic
light emitting diode display device according to a related art.

[0041] FIG. 2 is a cross-sectional view showing a top
emission type organic light emitting diode display device
according to an embodiment of the present disclosure.
[0042] FIGS. 3A through 3E are cross-sectional views
showing a method of fabricating an organic light emitting
diode display device according to an embodiment of the
present disclosure.

[0043] FIG. 41s a graph showing a conductive property of
a second emission assisting layer of an organic light emitting
diode display device according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0044] Reference will now be made in detail to embodi-
ments of the present disclosure, examples of which are
illustrated in the accompanying drawings. In the following
description, when a detailed description of well-known
functions or configurations related to this document is
determined to unnecessarily cloud a gist of an embodiment
of the disclosure, the detailed description thereof will be
omitted. The progression of processing steps and/or opera-
tions described is an example; however, the sequence of
steps and/or operations is not limited to that set forth herein
and may be changed as is known in the art, with the
exception of steps and/or operations necessarily occurring in
a certain order. Like reference numerals designate like
elements throughout. Names of the respective elements used
in the following explanations are selected only for conve-
nience of writing the specification and may be thus different
from those used in actual products.

[0045] FIG. 2 is a cross-sectional view showing a top
emission type organic light emitting diode display device
according to an embodiment of the present disclosure.
[0046] In FIG. 2, an organic light emitting diode (OLED)
display device 110 includes a substrate 120 and a thin film
transistor (TFT) Td and a light emitting diode (LED) De in
each pixel region P on the substrate 120.

[0047] A semiconductor layer 122 is formed on the sub-
strate 120, which may be referred to as a lower substrate, a
TFT substrate or a backplane, and a gate insulating layer 124
is formed on the semiconductor layer 122. The semiconduc-
tor layer 122 may include an active region of an intrinsic
semiconductor material at a central portion and source and
drain regions of an impurity-doped semiconductor material
at both sides of the central portion.

[0048] A gate electrode 126 is formed on the gate insu-
lating layer 24 over the semiconductor layer 122, and an
interlayer insulating layer 128 is formed on the gate elec-
trode 126. The interlayer insulating layer 128 and the gate
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insulating layer 124 include first and second contact holes
exposing the source and drain regions, respectively, of the
semiconductor layer 122.

[0049] Source and drain electrodes 130 and 132 spaced
apart from each other are formed on the interlayer insulating
layer 128 corresponding to the semiconductor layer 122. The
source and drain electrodes 130 and 132 are connected to the
source and drain regions of the semiconductor layer 122
through the first and second contact holes, respectively.
[0050] The semiconductor layer 122, the gate electrode
126, the source electrode 130 and the drain electrode 132
constitute a thin film transistor (TFT) Td. Although the TFT
Td of a coplanar type is formed on the substrate 120 in FIG.
2, the TFT of a staggered type may be formed on the
substrate in another embodiment. Although the driving TFT
Td is shown in FIG. 2, a plurality of TFTs including a
switching TFT having the same structure as the driving TFT
Td may be further formed in each pixel region P.

[0051] Although not shown, a gate line, a data line and a
power line may be formed on the substrate 120. The gate line
may cross the data line and the power line to define the pixel
region P. In one aspect, each pixel region P includes a first
portion 210 in which an auxiliary electrode is disposed, and
a second portion 220 from which light is emitted. In addi-
tion, the switching TFT may be connected to the gate line
and the data line, and the driving TFT Td may be connected
to the switching TFT and the power line.

[0052] A passivation layer 134 is formed on the TFT Td
and has a third contact hole exposing the source electrode
130.

[0053] A first electrode 136 is formed on the passivation
layer 134 corresponding to the second portion 220 (e.g.,
central portion) of the pixel region P, and an auxiliary line
137 is formed on the passivation layer 134 corresponding to
a first portion 210 of the pixel region P. The first electrode
136 is connected to the source electrode 130 through the
third contact hole. The auxiliary line 137 may include the
same material and be formed in the same layer as the first
electrode 136.

[0054] In one or more embodiments, the drain electrode
132 may be exposed through the third contact hole and
connected to the first electrode 136 instead of the source
electrode 130.

[0055] Although the auxiliary line 137 of a line shape is
formed on the passivation layer 134 along the first portion
210 of the pixel region P in FIG. 2, a first auxiliary line
(auxiliary electrode or auxiliary pattern) of an island shape
and a second auxiliary line of a line shape connected to each
other through a contact hole may be formed over the
substrate 120 for further reducing the resistance in another
embodiment. For example, the first auxiliary line of an
island shape having the same material and in the same layer
as the first electrode 136 may be formed on the passivation
layer 134 at the first portion 210 of the pixel region P. In
addition, the second auxiliary line of a line shape including
the same material and in the same layer as the gate electrode
126 may be formed between the gate insulating layer 124
and the interlayer insulating layer 128 along the first portion
210 of the pixel region P. Alternatively, the second auxiliary
line of a line shape including the same material and the same
layer as the source and drain electrodes 130 and 132 may be
formed between the interlayer insulating layer 128 and the
passivation layer 134 along the first portion 210 of the pixel
region P.
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[0056] A bank layer 138 is formed on the first electrode
136 and the auxiliary line 137. The bank layer 138 covers an
edge portion of the first electrode 136 and an edge portion
of the auxiliary line 137. In one or more embodiments, the
bank layer 138 separates the first portion 210 and the second
portion 220 of the pixel region P. In addition, the bank layer
138 has first and second openings exposing a central portion
of the first electrode 136 in the second portion 220 of the
pixel region P and a central portion of the auxiliary line 137
in the first portion 210 of the pixel region P.

[0057] The bank layer 138 may include an organic insu-
lating material or an inorganic insulating material for main-
taining a contact property (e.g., hydrophilic property or
hydrophobic property) with a first emission assisting layer
140 and an emitting layer 142 (also referred to as “light
emitting layer 142”) formed in a subsequent process.
[0058] A first emission assisting layer 140 is formed on the
first electrode 136 exposed through the first opening of the
bank layer 138 in the second portion 220 of the pixel region
P, and an emitting layer 142 is formed on the first emission
assisting layer 140 in the first opening of the bank layer 138
in the second portion 220 of the pixel region P. The first
emission assisting layer 140 and the emitting layer 142 may
be formed in each pixel region P by patterning an organic
material.

[0059] The first emission assisting layer 140 may include
a hole injecting layer (HIL) and a hole transporting layer
(HTL), and the emitting layer 142 may include individual
organic material for each pixel region P to emit a light of
different color. The first emission assisting layer 140 may be
omitted in another embodiment.

[0060] In one or more embodiments, a second emission
assisting layer 144 extends over the first portion 210 of the
pixel region P, the bank layer 138, and the second portion
220 of the pixel region P. Similarly, a second electrode 146
extends over the first portion 210 of the pixel region P, the
bank layer 138, and the second portion 220 of the pixel
region P on the second emission assisting layer 144. In one
embodiment, the second emission assisting layer 144 may
be formed on the entire surface of the substrate 120 having
the emitting layer 142, and the second electrode 146 may be
formed on the second emission assisting layer 144 over the
entire surface of the substrate 120.

[0061] The second emission assisting layer 144 may
include an electron injecting layer (EIL) and an electron
transporting layer (ETL) and may have a thickness within a
range of about 10 A to about 1000 A,

[0062] The first emission assisting layer 140, the emitting
layer 142 and the second emission assisting layer 144 may
be formed through a soluble process such as an inkjet
printing and a nozzle printing. The second electrode 146
may be formed through a thermal evaporation.

[0063] The first electrode 136, the first emission assisting
layer 140, the emitting layer 142, the second emission
assisting layer 144 and the second electrode 146 constitute
a light emitting diode De, and the first electrode 136 and the
second electrode 146 may be an anode and a cathode,
respectively. In other embodiments, the first electrode 136
and the second electrode 146 may be a cathode and an
anode, respectively.

[0064] For example, the first electrode 136 may have a
single layered structure of a transparent conductive material
such as indium tin oxide (ITO) or a double layered structure
of a metallic material and a transparent conductive material.
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The second electrode 146 may have a single layered struc-
ture of one of aluminum (Al), magnesium (Mg) and silver
(Ag) or a double layered structure of at least two of
aluminum (Al), magnesium (Mg) and silver (Ag).

[0065] Although not shown in FIG. 2, a capping layer
including one of an organic material, an inorganic material
and a metal oxide material may be formed on the entire
surface of the substrate 120 having the second electrode 146.
The capping layer may have a refractive index greater than
about 1.5. The capping layer may cover the light emitting
diode De to prevent penetration of moisture into the emitting
layer 142 of the light emitting diode De. In addition, the
capping layer may minimize reflection of an external light
on the second electrode 146 and may increase a transmit-
tance of the second electrode 146.

[0066] Further, an encapsulation substrate may be dis-
posed over the second electrode 146. The encapsulation
substrate may be attached to the substrate 120 using a seal
pattern or a seal layer.

[0067] Inthe OLED display device 110, the second emis-
sion assisting layer 144 and the second electrode 146 are
sequentially formed on the auxiliary line 137 exposed
through the second opening of the bank layer 138. After the
second electrode 146 is formed, a bias voltage is applied to
the auxiliary line 137 and the second electrode 146 during a
fabrication process. As a result, a plurality of conductive
particles 147 of the auxiliary line 137 or the second electrode
146 may be induced in the second emission assisting layer
144 due to electromigration.

[0068] Accordingly, the second emission assisting layer
144 between the auxiliary line 137 and the second electrode
146 may include the plurality of conductive particles 147 to
have a conductive property or to improve conductivity
compared to without the conductive particles 147.

[0069] In one aspect, the second emission assisting layer
144 with the conductive particles 147 in the first portion 210
of the pixel region P is more conductive than the second
emission assisting layer 144 in the second portion 220 of the
pixel region P without the conductive particles 147. For
example, the second emission assisting layer 144 between
the auxiliary line 137 and the second electrode 146 including
the plurality of conductive particles 147 may have a resis-
tance between 5Q and 1 kQ. The plurality of conductive
particles 147 may include the same material as the auxiliary
line 137 or the second electrode 146.

[0070] Since the second emission assisting layer 144
between the auxiliary line 137 and the second electrode 146
in the first portion 210 of the pixel region P has a conductive
property or has improved conductivity due to the conductive
particles 147 compared to the second emission assisting
layer 144 in the second portion 220 of the pixel region P, the
auxiliary line 137 and the second electrode 146 are electri-
cally connected to each other through the second emission
assisting layer 144. Accordingly, the resistance of the second
electrode 146 having a relatively thin thickness can be
lowered due to an electrical connection to the auxiliary line
137 through the second emission assisting layer 144, and a
voltage drop of a low level voltage VSS applied to the
second electrode 146 while the OLED display device 110 is
driven can be reduced. As a result, non-uniformity in bright-
ness and deterioration in display quality can be prevented.
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[0071] A method of fabricating the OLED display device
110 will be illustrated hereinafter.

[0072] FIGS. 3A through 3E are cross-sectional views
showing a method of fabricating an organic light emitting
diode display device according to an embodiment of the
present disclosure. Illustration for the same parts as those of
FIG. 2 may be omitted.

[0073] InFIG. 3A, a semiconductor layer 122 is formed in
each pixel region P on a substrate 120, and a gate insulating
layer 124 is formed on the entire surface of the substrate 120
having the semiconductor layer 122.

[0074] Next, a gate electrode 126 is formed on the gate
insulating layer 124 corresponding to the semiconductor
layer 122, and an interlayer insulating layer 128 is formed on
the gate electrode 126.

[0075] Next, source and drain electrodes 130 and 132
spaced apart from each other are formed on the interlayer
insulating layer 128 corresponding to the semiconductor
layer 122. The semiconductor layer 122, the gate electrode
126, the source electrode 130 and the drain electrode 132
constitute a thin film transistor (TFT) Td.

[0076] Next, a passivation layer 134 is formed on the TFT
Td.
[0077] Next, a first electrode 136 is formed on the passi-

vation layer 134 corresponding to the second portion 220 of
the pixel region P, and an auxiliary line 137 is formed on the
passivation layer 134 corresponding to the first portion 210
of the pixel region P.

[0078] Next, a bank layer 138 is formed on the first
electrode 136 and the auxiliary line 137. The bank layer 138
covers an edge portion of the first electrode 136 and an edge
portion of the auxiliary line 137. In addition, the bank layer
138 has a first opening exposing a central portion of the first
electrode 136 and a second opening exposing a central
portion of the auxiliary line 137.

[0079] In FIG. 3B, a first emission assisting layer 140 is
formed on the first electrode 136 exposed through the first
opening of the bank layer 138, and an emitting layer 142 is
formed in the first opening of the bank layer 138 on the first
emission assisting layer 140. The first emission assisting
layer 140 and the emitting layer 142 may be patterned in
each pixel region P through a soluble process such as an
inkjet printing and a nozzle printing using an organic mate-
rial. In addition, the first emission assisting layer 140 may
include a hole injecting layer (HIL) and a hole transporting
layer (HTL), and the emitting layer 142 may include indi-
vidual organic material for each pixel region P to emit light
of different color.

[0080] In FIG. 3C, a second emission assisting layer 144
is formed on the entire surface of the substrate 120 having
the emitting layer 142 and the auxiliary line 137, and a
second electrode 146 is formed on the entire surface of the
substrate 120 having the second emission assisting layer
144. The second emission assisting layer 144 may be formed
through a soluble process such as an inkjet printing and a
nozzle printing using an organic material for reducing a
fabrication cost and increasing a yield, and the second
electrode 146 may be formed through a thermal evaporation
using a metallic material. In addition, the second emission
assisting layer 144 may include an electron injecting layer
(EIL) and an electron transporting layer (ETL) and may
have a thickness within a range of about 10 A to about 1000
A.
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[0081] 1InFIG. 3D, abias voltage is applied to the auxiliary
line 137 and the second electrode 146 during a fabrication
process. The bias voltage applied to the auxiliary line 137
and the second electrode 146 may be a direct current (DC)
voltage, an alternating current (AC) voltage or a pulse
voltage having a shape of a rectangular wave. For example,
voltages within a range of about =20V to about +20V in
0.5V steps may be sequentially applied to the auxiliary line
137 and the second electrode 146. In addition, the bias
voltage may be repeatedly applied to the auxiliary line 137
and the second electrode 146 several times.

[0082] In FIG. 3E, a part of a material constituting the
auxiliary line 137 or the second electrode 146 moves into the
second emission assisting layer 144 due to an electromigra-
tion by the bias voltage applied to the auxiliary line 137 and
the second electrode 146 to become a plurality of conductive
particles 147. For example, the plurality of conductive
particles 147 may include at least one of aluminum (Al),
magnesium (Mg) and silver (Ag).

[0083] As aresult, the second emission assisting layer 144
including the plurality of conductive particles 147 between
the auxiliary line 137 and the second electrode 146 attains a
conductive property or higher conductivity compared to the
second emission assisting layer 144 without the conductive
particles 147. Thus, the auxiliary line 137 and the second
electrode 146 can be electrically connected to each other
through the second emission assisting layer 144 having a
conductive property. For example, the second emission
assisting layer 144 including the plurality of conductive
particles 147 between the auxiliary line 137 and the second
electrode 146 may have a resistance between 52 and 1 k€.
[0084] FIG. 4is a graph showing a conductive property of
a second emission assisting layer of an organic light emitting
diode display device according to an embodiment of the
present disclosure.

[0085] In FIG. 4, a second emission assisting layer 144 of
FIG. 2 of an electron injecting layer (EIL) is formed of
sodium fluoride (NaF) having a thickness of about 40 A, and
asecond electrode 146 of FIG. 2 is formed of aluminum (Al)
having a thickness of about 300 A. Next, a bias voltage is
applied to an auxiliary line 137 of FIG. 2 and the second
electrode 146. A resistance of the second emission assisting
layer 144 is measured before and after the bias voltage is
applied. For example, the resistance of the second emission
assisting layer 144 before application of the bias voltage
may be within a range of about 6.8 kQ to about 8.8 kQ, and
the resistance of the second emission assisting layer 144
after application of the bias voltage may be within a range
of about 3.99 to about 4.6€2. As a result, the resistance after
application of the bias voltage is reduced to about Y5000 of
the resistance before application of the bias voltage.
[0086] Although not shown, when the second emission
assisting layer 144 is formed of sodium fluoride (NaF)
having a thickness of about 100 A and the second electrode
146 is formed of aluminum (Al) having a thickness of about
300 A, the resistance of the second emission assisting layer
144 is reduced from a range of about 10 kQ to about 15 kQ
before application of the bias voltage to a range of about
508 to about 73€2 after application of the bias voltage.
[0087] In addition, when the second emission assisting
layer 144 is formed of sodium fluoride (NaF) having a
thickness of about 200 A and the second electrode 146 is
formed of aluminum (Al) having a thickness of about 1000
A, the resistance of the second emission assisting layer 144
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is reduced from a range of about 12 kQ to about 35 kQ
before application of the bias voltage to a range of about
78Q to about 80Q after application of the bias voltage.
[0088] Further, when the second emission assisting layer
144 is formed of sodium fluoride (NaF) having a thickness
of about 300 A and the second electrode 146 is formed of
aluminum (Al) having a thickness of about 1000 A, the
resistance of the second emission assisting layer 144 is
reduced from a range of about 40 kQ to about 71 kQ before
application of the bias voltage to a range of about 154Q to
about 177Q after application of the bias voltage.

[0089] Since the resistance of the second emission assist-
ing layer 144 is reduced from a value of several tens of kQ
to a value of several hundreds of Q due to application of the
bias voltage, the second emission assisting layer including
the plurality of conductive particles 147 of FIG. 2 becomes
conductive. As a result, the auxiliary line 137 and the second
electrode 146 are electrically connected to each other
through the second emission assisting layer 144. However,
the second emission assisting layer 144 of the light emitting
diode De without the conductive particles 147 in the second
portion 220 may have a higher resistance (or may be less
conductive) than the second emission assisting layer 144 in
the first portion 210 with the conductive particles.

[0090] Consequently, in the OLED display device 110
according to an embodiment of the present disclosure, after
the second electrode 146 is formed, the bias voltage is
applied to the auxiliary line 137 and the second electrode
146, and the plurality of conductive particles 147 of the
auxiliary line 137 or the second electrode 146 move into the
second emission assisting layer 144 between the auxiliary
line 137 and the second electrode 146 due to electromigra-
tion.

[0091] The second emission assisting layer 144 between
the auxiliary line 137 and the second electrode 146 includes
the plurality of conductive particles 147 and becomes to
have a conductive property. As a result, the auxiliary line
137 and the second electrode 146 are electrically connected
to each other through the second emission assisting layer
144,

[0092] Accordingly, the resistance of the second electrode
146 having a relatively thin thickness can be reduced due to
the auxiliary line 137. In addition, non-uniformity in bright-
ness and deterioration in display quality can be prevented by
reducing a voltage drop of a low level voltage VSS applied
to the second electrode 146.

[0093] A number of examples have been described above.
Nevertheless, it will be understood that various modifica-
tions may be made. For example, suitable results may be
achieved if the described techniques are performed in a
different order and/or if components in a described system,
architecture, device, or circuit are combined in a different
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manner and/or replaced or supplemented by other compo-
nents or their equivalents. Accordingly, other implementa-
tions are within the scope of the following claims.

What is claimed is:

1. A method of fabricating an organic light emitting diode
display device comprising:

forming an auxiliary line in a first portion of a pixel region

on a substrate;

forming a first electrode in a second portion of the pixel

region on the substrate;

forming an emitting layer on the first electrode in the

second portion of the pixel region;
forming an emission assisting layer on the auxiliary line
in the first portion of the pixel region and on the
emitting layer in the second portion of the pixel region;

forming a second electrode on the emission assisting layer
in the first portion of the pixel region and the second
portion of the pixel region on the emission assisting
layer; and

applying a bias voltage to the auxiliary line and the second

electrode to induce conductive particles in the emission
assisting layer in the first portion of the pixel region.

2. The method of claim 1, wherein the bias voltage is one
of a direct current voltage, an alternating current voltage and
a pulse voltage.

3. The method of claim 1, wherein the emitting layer and
the emission assisting layer are formed through a soluble
process.

4. The method of claim 1, further comprising forming
another emission assisting layer in the second portion of the
pixel region between the first electrode and the emitting
layer.

5. The method of claim 1, further comprising forming
another auxiliary line of a line shape in the first portion of
the pixel region under the auxiliary line, wherein said
another auxiliary line is connected to the auxiliary line.

6. The method of claim 1, further comprising:

forming a bank layer between the first portion of the pixel

region and the second portion of the pixel region after
forming the first electrode in the first portion of the
pixel region and the auxiliary line in the second portion
of the pixel region,

wherein the emission assisting layer is formed on the

auxiliary line in the first portion of the pixel region, on
the emitting layer in the second portion of the pixel
region and on the bank layer between the first portion
of the pixel region and the second portion of the pixel
region.

7. The method of claim 1, wherein the auxiliary line and
the first electrode are formed on a same layer simultane-
ously.
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