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7) ABSTRACT

In an embodiment, an organic light emitting display device
includes a first substrate, a display region, a pad portion,
lines, and a moisture-transmission delay layer. The display
region includes sub-pixels disposed on the first substrate.
The pad portion is disposed on the first substrate and
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C. §
119(a) of Republic of Korea Patent Application No.
10-2016-0125623, filed on Sep. 29, 2016, which is incor-
porated herein by reference in its entirety.

BACKGROUND

Technical Field

[0002] The present disclosure relates to an organic light
emitting display device.

Discussion of the Related Art

[0003] An Organic Light Emitting Diode (OLED) used in
an organic light emitting display device is a self-emitting
element having an emission layer between two electrodes.
The OLED emits light in a manner that an electron and a
hole are injected from an electron cathode and a hole anode,
respectively, so as to generate exciton, which is an electron-
hole pair, and an excited state of the exciton falls to a ground
state so as to emit light.

[0004] The organic light emission display device forms a
display panel using the OLED. The display panel may be
implemented as a top emission type, a bottom-emission
type, or a dual-emission type depending on a direction of
light emission. In addition, the display panel may be imple-
mented as a passive matrix type or an active matrix type
depending on a driving method. The organic light emitting
display device may be formed to be flexible and thus
implemented in various forms in which, for example, the
display device has a curved surface or is artificially or
mechanically bent.

[0005] The organic light emitting display device may be
manufactured based on a flexible display panel and thus may
be implemented in various forms in which, for example, the
display device is artificially bent or have a curved surface.
[0006] The organic light emitting display device has the
aforementioned characteristics and thus can be applied in
various fields. However, due to structural characteristics, an
existing organic light emitting display device has problems
such as reduction in lifespan or image quality degradation,
for example, a dark spot, which may occur because a display
region of the display device is exposed to moisture. There-
fore, there is need for a solution for these problems.

SUMMARY

[0007] Embodiments of the present invention provide an
organic light emitting display device including a first sub-
strate, a display region, a pad portion, a plurality of lines,
and a moisture-transmission delay layer. The display region
includes sub-pixels disposed on the first substrate. The pad
portion is disposed on the first substrate and electrically
connected to an external device. The plurality of lines are
disposed between the pad portion and the display region.
Further, the plurality of lines are electrically connected to the
external device via the pad portion, and configured to
transfer a signal or power to the external device. The
moisture-transmission delay layer covers edges of the plu-
rality of lines.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompany drawings, which are included to
provide a further understanding of embodiments of the
invention and are incorporated on and constitute a part of
this specification illustrate embodiments of the invention
and together with the description serve to explain the
principles of embodiments of the invention.

[0009] FIG. 1 is a block diagram illustrating an organic
light emitting display device according to an embodiment.
[0010] FIG. 2 is a circuit diagram of a sub-pixel according
to an embodiment.

[0011] FIG. 3 is another circuit diagram of a sub-pixel
according to an embodiment.

[0012] FIG. 4 is a cross-sectional view of a display panel
according to an embodiment.

[0013] FIG. 5 illustrates mechanical characteristics of the
display panel shown in FIG. 4 according to an embodiment.
[0014] FIG. 6 is a plane view of a display panel according
to an embodiment.

[0015] FIG. 7 is a cross-sectional view of a display panel
with reference to a single sub-pixel according to an embodi-
ment.

[0016] FIG. 8 is a diagram for explanation of a problem
occurring in a display panel according to an example.
[0017] FIG. 9 is a plane view showing a part of a display
panel according to an embodiment.

[0018] FIG. 10 is a cross-sectional view of a portion
A1-A2 shown in FIG. 9 according to an embodiment.
[0019] FIG. 11 is a plane view of the portion A1-A2 shown
in FIG. 10 according to an embodiment.

[0020] FIG. 12 is a plane view of a portion of a display
panel according to an embodiment.

[0021] FIG. 13 is a cross-sectional view of a portion
B1-B2 shown in FIG. 12 according to an embodiment.
[0022] FIG. 14 is a plane view of the portion B1-B2 shown
in FIG. 13 according to an embodiment.

[0023] FIG. 15 is a plane view of a portion of a display
panel according to an embodiment.

[0024] FIG. 16 is a cross-sectional view of a portion
C1-C2 shown in FIG. 15 according to an embodiment.
[0025] FIG. 17 is a plane view of the portion C1-C2 shown
in FIG. 16 according to an embodiment.

[0026] FIG. 18 is a diagram illustrating various forms of
a moisture-transmission delay layer according to various
embodiments.

DETAILED DESCRIPTION

[0027] Reference will now be made in detail to embodi-
ments of the invention, examples of which are illustrated in
the accompanying drawings.

[0028] Hereinafter, embodiments of the present invention
will be described with reference to the accompanying draw-
ings.

[0029] Inthe following description, a Thin Film Transistor
(TFT) may be referred to as a source electrode and a drain
electrode, or a drain electrode and a source electrode, except
for a gate electrode, depending on a type of the TFT. To
avoid any limitation, the TFT may be described as including
a first electrode and a second electrode.

[0030] FIG. 1 is a block diagram illustrating an organic
light emitting display device according to an embodiment,
FIG. 2 is a circuit diagram of a sub-pixel according to an



US 2018/0090547 A1l

embodiment, and FIG. 3 is another circuit diagram of a
sub-pixel according to an embodiment.

[0031] As illustrated in FIG. 1, an organic light emitting
display device includes an image processor 110, a timing
controller 120, a data driver 130, a gate driver 140, and a
display panel 150.

[0032] The image processor 110 outputs a data enable
signal DE in addition to a data signal DATA supplied from
the outside. The image processor 110 may output at least one
of a vertical synchronization signal, a horizontal synchro-
nization signal, and a clock signal, apart from the data enable
signal DE, but these signals are not depicted for convenience
of explanation. The image processor 110 is in the form of an
Integrated Circuit (IC) on a system circuit board.

[0033] The image processor 110 may supply the timing
controller 120 with the data signal DATA, the data enable
signal DE, or a driving signal that includes a vertical
synchronization signal, a horizontal synchronization signal,
and/or a clock signal.

[0034] Based on a driving signal, the timing controller 120
outputs a gate timing control signal GDC for controlling an
operation timing of a gate driver 140, and outputs a data
timing control signal DDC for controlling an operation
timing of the data driver 130. The timing controller 120 is in
the form of an IC on a control circuit board.

[0035] 1In response to a data timing control signal DDC
supplied from the timing controller 120, the data driver 130
samples and latches a data signal DATA supplied from the
timing controller 120, converts the sampled and latched data
signal DATA into a gamma reference voltage, and outputs
the gamma reference voltage. The data driver 130 outputs a
data signal DATA via data lines D1 to DLn. The data driver
130 is in the form of an IC attached to a data circuit board.
[0036] In response to a gate timing control signal GDC
supplied from the timing controller 120, the gate driver 140
outputs a gate signal. The gate driver 140 outputs a gate
signal via gate lines GL1 to GLm. The gate driver 140 is in
the form of an IC on a gate circuit board or in the form of
a Gate In Panel (GIP) circuit on the display panel 150.
[0037] The display panel 150 displays an image in
response to a data signal DATA from the data driver 130 and
a gate signal from the gate driver 140. The display panel 150
includes sub-pixels SP for displaying an image.

[0038] A sub-pixel may be implemented as a top-emission
type, a bottom-emission type, or a dual-emission type
depending on a structure. The sub-pixels SP may include a
red sub-pixel, a green sub-pixel, and a blue sub-pixel, or
may include a white sub-pixel, a red sub-pixel, a green
sub-pixel, and a blue sub-pixel. The sub-pixels may have
one or more emission areas depending on emission charac-
teristics.

[0039] As illustrated in FIG. 2, a sub-pixel includes a
switching transistor SW, a driving transistor DR, a capacitor
Cst, a compensation circuit CC, and an OLED. The OLED
operates to emit light by a driving current from the driving
transistor DR.

[0040] In response to a gate signal supplied via a first gate
line GL1, the switching transistor SW performs a switching
operation such that a data signal supplied via a first data line
DL1 is stored in capacitor Cst as a data voltage. With the
data voltage stored in the capacitor Cst, the driving transistor
DR operates to allow a driving current to flow between a
high-potential power line VDD and a low-potential power
line VGND.
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[0041] The compensation circuit CC is a circuit for com-
pensating for a threshold voltage of the driving transistor
DR. In an embodiment, the compensation circuit is com-
posed of one or more Thin Film Transistors (TFTs) and a
capacitor. Configuration of the compensation circuit CC
varies depending on a compensation method, and one
example thereof will be described as follows.

[0042] As illustrated in FIG. 3, the compensation circuit
CC includes a sensing transistor ST and a reference line
VREF. The sensing transistor ST is connected between a
source line of the driving transistor DR and an anode
electrode of the OLED (hereinafter, referred to as a sensing
node). The sensing transistor ST may operate to supply an
initialization voltage (or a sensing voltage) transferred along
the reference line VREF to the sensing node or to sense a
voltage or current of the sensing node.

[0043] The switching transistor SW includes a gate elec-
trode connected to a first gate line-a (GL1a), a first electrode
connected to a first data line DL1, and a second electrode
connected to a gate electrode of the driving transistor DR.
The driving transistor DR includes the gate electrode con-
nected to the second electrode of the switching transistor
SW, a first electrode connected to a first power line VDD,
and a second electrode connected to the anode electrode of
the OLED. The capacitor Cst includes a first electrode
connected to the gate electrode of the driving transistor DR,
and a second electrode connected to the anode electrode of
the OLED. The OLED includes an anode electrode con-
nected to the second electrode of the driving transistor DR,
and a cathode electrode of a second power line VGND. The
sensing transistor ST includes a gate electrode connected to
a first gate line-b (GL15), a first electrode connected to the
reference line VREF, and a second electrode connected to
the second electrode of the driving transistor DR and the
anode electrode of the OLED, which are the sensing node.
[0044] In an embodiment, the operation time of the sens-
ing transistor ST may be similar or identical to an operation
time of the switching transistor SW depending on a com-
pensation algorithm (or configuration of the compensation
circuit). The reference line VREF may be connected to the
data driver 130. In this case, the data driver 130 may sense
a sensing node of a sub-pixel during a non-display period or
duration of an N-th frame (where N is an integer equal to or
greater than 1), and may generate a sensing result.

[0045] A subject of compensation dependent upon a sens-
ing result may be a digital or analog data signal or gamma.
The compensation circuit for generating a compensation
signal (or a compensation voltage) based on a sensing result
may be implemented inside of the data driver 130, may be
implemented inside of the timing controller, or may be
implemented as an additional circuit.

[0046] In some embodiments, a light shield layer LS may
be arranged only below a channel region of the driving
transistor DR, or may be implemented not just below the
channel region of the driving transistor DR but also below
channel regions of the switching transistors SW and the
sensing transistor ST. The light shield layer LS may be used
only to shield external light in some embodiments, or may
be used as an electrode for connection to a different elec-
trode or line and/or for forming a capacitor.

[0047] FIG. 3 shows a sub-pixel in 3T(Transistor)1C
(Capacitor) structure which includes a switching transistor
SW, a driving transistor DR, a capacitor Cst, an OLED, and
a sensing transistor. However, if a compensation circuit CC
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is added, a sub-pixel may be in a 3T2C, 4T2C, 5T1C, or
6T2C structure (e.g., having a different number of transistors
or capacitors).

[0048] In addition, TFTs such as the switching transistor
SW, the driving transistor DR, and the sensing transistor ST
may be implemented based on an LTPS, a-Si, oxide, or
organic semiconductor layer.

[0049] FIG. 4 is a cross-sectional view of a display panel
according to an embodiment, FIG. § illustrates mechanical
characteristics of the display panel shown in FIG. 4 accord-
ing to an embodiment, FIG. 6 is a plane view of a display
panel according to an embodiment, and FIG. 7 is a cross-
sectional view of a display panel with reference to a single
sub-pixel according to an embodiment.

[0050] As illustrated in FIG. 4, the display panel 150
includes a first substrate 150a, a display region AA, a
protective layer 165, and a second substrate 1505. The first
substrate 1504 and the second substrate 1505 may be formed
of a plastic material selected from polyimide (PI), polyether-
sulfone (PES), polyethylene terephthalate (PET), polycar-
bonates (PC), polyethylene naphthalate (PEN), and acrylo-
nitrile butadiene styrene (ABS).

[0051] The display region AA is formed between the first
substrate 150a and the second substrate 1505. On the display
region AA, various signal and power lines are formed. In
some embodiments, sub-pixels and various signal and power
lines are formed on the display region AA by a thin film
process.

[0052] The first substrate 150a and the second substrate
1505 are bonded and sealed together by an adhesive member
(e.g., the protective layer 165) disposed therebetween. The
adhesive member may be selected between a Pressure
Sensitive Adhesive (PSA) film and an Optical Clear Adhe-
sive (OCA) film.

[0053] The sub-pixels and various signal and power lines
formed on the display region AA are susceptible to moisture
(humidity) or oxygen. For this reason, the display region AA
is protected by the protective layer 165. The protective layer
165 may include a single layer or multiple layers, and may
include organic layers and/or inorganic layers being depos-
ited alternatively. Depending on an interlayer of the protec-
tive layer 165, the second substrate 1505 may be omitted in
some embodiments.

[0054] An organic light emitting display device manufac-
tured based on the display panel 150 may be implemented as
a top-emission type, a bottom-emission type, or a dual-
emission type.

[0055] As illustrated in FIG. 5, the aforementioned display
panel 150 may be flexible. Thus, the organic light emitting
display device manufactured based on the flexible display
panel 150 may be implemented in various forms, for
example, in which a display device is artificially or mechani-
cally bent or has a curved surface.

[0056] As illustrated in FIG. 6, the display panel includes
a first substrate 150qa, a display region AA, a pad portion
160, a first and second gate driver 140a and 1405, a
high-potential power line VDD, a low-potential power line
VGND, and a reference line VREF.

[0057] The pad portion 160 is formed on the upper outer
area of the first substrate 150a. The pad portion 160 is a pad
area electrically connected to an external circuit board. The
pad portion 160 may be, for example, connected to a data

Mar. 29, 2018

circuit board having a data driver 130 mounted thereon or to
a control circuit board having a timing controller mounted
thereon.

[0058] The first and second gate drivers 140a and 1405 are
circuits for outputting a gate signal to sub-pixels SP formed
on the display region AA. In the embodiment shown in FIG.
6, the first gate driver 140qa supplies a gate signal from the
left side of the display region AA, and the second gate driver
1405 supplies a gate signal from the right side of the display
region AA.

[0059] The high-potential power line VDD supplies high-
potential power, which is supplied from outside the display
panel 150 (for example, from a power supplier) via the pad
portion 160, to the sub-pixels formed on the display region
AA. The low-potential power line VGND is a line for
supplying low-potential power (or ground power), which is
supplied from outside the display panel 150 (for example,
from a power supplier) via the pad portion 160, to sub-pixels
SP formed on the display region AA. The reference line
VREF is a line for supplying initialization power (or a
sensing voltage), which is supplied from outside the display
panel 150 (for example, from a data driver 130) via the pad
portion 160, to sub-pixels formed on the display region AA.
In addition or alternatively, the reference line VREF may be
a line for transferring a sensing result to the data driver 130.
The power-potential power line VDD, the low-potential
power line VGND, and the reference line VREF are not
limited to the structure of arrangement shown in FIG. 6, but
may be arranged with different locations and numbers in
other embodiments.

[0060] As illustrated in FIG. 7, the first substrate 150a
includes a first layer GLS, a second layer SAC, and a third
layer PI. In an embodiment, the first layer GLS may be
formed of a transparent glass, the second layer SAC may be
formed of a-Si:H or SiNz, and the third layer PI may be
formed of polyimide, but embodiments of the present inven-
tion are not limited thereto. The first layer GLS or a
sacrificial layer may be removed after a thin film process
during manufacturing of the display panel 150.

[0061] A buffer layer BUF is disposed on the first layer
1504. The buffer layer BUF may be a single layer of SiNz
or SiOx, or may be multi-layers of SiNx and SiOx.

[0062] Semiconductor layers ACT1 and ACT2 are dis-
posed on the buffer layer BUF. The first and second semi-
conductor layers ACT1 and ACT?2 are separated by a pat-
terning process. In an embodiment, the first semiconductor
layer ACT1 becomes a semiconductor region (including a
source region, a channel region, and a drain region) of the
driving transistor DR, and the second semiconductor layer
ACT?2 becomes a lower electrode of the capacitor Cst.
[0063] A first insulation layer 151 is disposed on the
semiconductor layers ACT1 and ACT2. The first insulation
layer 151 may be a single layer of SiNx or SiOx, or may be
multi-layers of SiNx and SiOx.

[0064] Gate metal layers 153¢ and 153 are disposed on
the first insulation layer 151. The first and second gate metal
layers 153a and 1535 are separated by the patterning process
(e.g., used to separate the first and second semiconductor
layers ACT1 and ACT2). In an embodiment, the first gate
metal layer 153a is disposed to correspond to the first
semiconductor layer ACT1. The second gate metal layer
1525 is disposed to correspond to the second semiconductor
layer ACT2. The second gate metal layer 1535 becomes a
middle electrode of the capacitor Cst.
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[0065] A second insulation layer 154 is disposed on the
gate metal layers 153a and 1534. The second insulation
layer 154 may be a single layer of SiNx or SiOx, or may be
multi-layers of SiNx and SiOx.

[0066] Data metal layers 155¢ and 1556 are disposed on
the second insulation layer 154. In an embodiment, the first
and second data metal layers 155a and 1555 are separated by
the patterning process. The first data metal layer 1554 is
connected to a drain region of the first semiconductor layer
ACT1 through contact holes of the insulation layers 151 and
154. The first data metal layer 155a becomes a drain
electrode of the driving transistor DR. The second data metal
layer 1555 is connected to a source region of the first
semiconductor layer ACT1 via contact holes of the insula-
tion layers 151 and 154. The second data metal layer 1555
becomes a source electrode of the driving transistor DR.
[0067] A third insulation layer 156 (also referred to herein
as a lower layer 156) is disposed on the data metal layers
1554 and 155b. The third insulation layer 156 may be
formed of an organic material that makes the surface flat,
e.g., an upper surface of the third insulation layer 156 is flat.
The third insulation layer 156 may be referred to as a
planarization layer. The third insulation layer 156 may be
formed of polyacrylate, but it is not limited thereto.

[0068] A lower electrode 157 (also referred to herein as a
middle layer 157 or middle layers 157) is disposed on the
third insulation layer 156. The lower electrode 157 is
connected to the first data metal layer 155a, which is the
drain electrode of the driving transistor DR, via a contact
hole of the third insulation layer 156. The lower electrode
157 becomes an anode electrode of the OLED. The lower
electrode 157 may be formed of a transparent electrode
material, such as ITO, IXO, or ITZO, but it is not limited
thereto.

[0069] A bank layer BNK is disposed on the third insu-
lation layer 156. The bank layer BNK is patterned to cover
the lower electrode 157 and has an open area that defines an
emission area of the OLED.

[0070] In some embodiments, a spacer layer SPC is dis-
posed on the bank layer BNK. The spacer layer SPC
addresses a problem which occurs during a process of
deposition of an upper electrode 159 (also referred to herein
as an upper layer 159) and an organic emission layer 158 of
the OLED. The space layer SPC may be omitted depending
on a manufacturing method.

[0071] An organic emission layer 158 is disposed on the
lower electrode 157. The organic emission layer 158 may be
formed of an organic material that emits red, green, blue, or
white light. The organic emission layer 158 may include a
Hole Injection Layer (HIL), a Hole Transport Layer (HTL),
an Emissive Layer (EML), an Electron Transport Layer
(ETL), or an Electron Injection Layer (EIL), and may further
include other function layers (an electron trap layer, a buffer
layer, etc.).

[0072] An upper electrode 159 is disposed on the organic
emission layer 158. The upper electrode 159 becomes a
cathode electrode of the OLED. The upper electrode 159
may be formed of a non-transparent electrode material, such
as AL or Ag, but it is not limited thereto.

[0073] The protective layer 165 is disposed on the upper
layer 159. In an embodiment, the protective layer 165
includes a first inorganic protective layer 165a, an organic
protective layer 165b, and a second inorganic protective
layer 165¢. The protective layer 165 is not limited thereto,
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and may further include other types of layers (e.g., an
absorption layer, a buffer layer, etc.).

[0074] The aforementioned display panel 150 obviates a
need of performing a process of forming a protective layer
on the data metal layers 1554 and 1556 of the driving
transistor DR (in order to reduce a mask process), and
therefore, some steps of the whole process may be omitted,
for example, reducing an amount of time or resources
required to manufacture the display panel 150.

[0075] Hereinafter, a problem that may occur in the afore-
mentioned display panel 150, and embodiments for solving
the problem will be described.

[0076] FIG. 8 is a diagram for explanation of a problem
occurring in a display panel according to an example.
[0077] As illustrated in FIG. 8, a high-potential power line
VDD, a low-potential power line VGND, and a reference
line VREF are disposed between a pad portion 160 and a
display region AA. The high-potential power line VDD, the
low-potential power line VGND, and the reference line
VREF are data metal layers 155¢, 1554, and 155e, respec-
tively.

[0078] In the embodiment shown in FIG. 8, test contact
holes PCH are formed on a third insulation layer 156 of the
high-potential power line VDD, the low-potential power line
VGND, and the reference line VREF, where the third
insulation layer 156 is adjacent to the pad portion 160. The
test contact holes PCH are holes that expose portions of the
high-potential power line VDD, the low-potential power line
VGND, and the reference line VREF. However the test
contact holes PCH may be omitted in other embodiments.
[0079] The high-potential power line VDD, the low-po-
tential power line VGND, the reference line VREF, and the
third insulation layer 156 are protected by a protective layer
165, which is formed in a following process. The high-
potential power line VDD, the low-potential power line
VGND, and the reference line VREF may have sharply
sloped edges due to a structural characteristic.

[0080] Due to the sharp sloped edges, damage or a crack
(e.g., S/D edge damage) may occur, which is a collapse of
some sections during a patterning process (e.g., using a
developing solution) or an etching process (e.g., using a
cleaning solution).

[0081] Thus, if moisture transmission occurs in the high-
potential power line VDD, the low-potential power line
VGND, and/or the reference line VREF through the pad
portion 160, moisture or outdoor air spreads from outside of
the display panel 150 to the inside along the edges of the
power-potential power line VDD, the low-potential power
line VGND, and/or the reference line VREF. In some
embodiments, when mechanical distortion (e.g., bending of
the display panel 150) constantly occurs, moisture transmis-
sion may occur because the lines become separated from a
substrate. If moisture transmission occurs, it may reduce the
lifespan of the display panel 150 and cause image quality
degradation, such as a dark spot, and therefore, it is desirable
to solve these problems.

[0082] In an example, in order to solve the moisture
transmission, a third insulation layer 156 corresponding to a
planarization layer is formed to cover the high-potential
power line VDD, the low-potential power line VGND, and
the reference line VREF.

[0083] However, forming the third insulation layer 156 by
itself may not necessarily be enough to mitigate or eliminate
the moisture transmission problem in which moisture con-
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stantly spreads along edges of the high-potential power line
VDD, the low-potential power line VGND, and/or the
reference line VREF. Tt is because a void or passage is
formed between an insulation layer and a metal layer due to
a damage which is, for example, a collapse of an edge
section of the lines.

[0084] In another example, in order to solve the moisture
transmission problem, a third insulation layer 156 corre-
sponding to a planarization layer is formed only in certain
portions (e.g., some sections) of the high-potential power
line VDD, the low-potential power line VGND, and the
reference line VREF, where the portions include a portion
for the pad portion 160 and another portion adjacent to the
display area AA.

[0085] However, in some embodiments, forming the third
insulation layer 156 in certain portions may not necessarily
be enough to mitigate or eliminate the moisture transmission
problem in which moisture spreads along edges of the
high-potential power line VDD, the low-potential power line
VGND, or the reference line VREF. Forming the third
insulation layer 156 in certain portions may be helpful to
prevent a void or passage from occurring between an
insulation layer and a metal layer, but does not necessarily
delay incoming moisture or outdoor air caused by the
moisture transmission.

[0086] FIG. 9 is a plane view showing a part of a display
panel according to an embodiment, FIG. 10 is a cross-
sectional view of a portion A1-A2 shown in FIG. 9 accord-
ing to an embodiment, and FIG. 11 is a plane view of the
portion A1-A2 shown in FIG. 10 according to an embodi-
ment.

[0087] As illustrated in FIGS. 9 to 11, a high-potential
power line VDD, a low-potential power line VGND, and a
reference line VREF are disposed between a pad portion 160
and a display region AA. The high-potential power line
VDD, the low-potential power line VGND, and the refer-
ence line VREF are data metal layers 155¢, 155d, and 155¢,
respectively.

[0088] In some embodiment test contact holes PCH are
formed on a third insulation layer 156 of the high-potential
power line VDD, the low-potential power line VGND, and
the reference line VREF, where the third insulation layer 156
is adjacent to the pad portion 160. The test contact holes
PCH are holes that expose portions of the high-potential
power line VDD, the low-potential power line VGND,
and/or the reference line VREF. However, the text contact
holes PCH may be omitted in other embodiments.

[0089] The high-potential power line VDD, the low-po-
tential power line VGND, the reference line VREF, and the
third insulation layer 156 are protected by a protective layer
165, which is formed in a following process. The high-
potential power line VDD, the low-potential power line
VGND, and the reference line VREF may have sharply
sloped edges due to a structural characteristic.

[0090] In one embodiment, a moisture-transmission delay
layer 170 is formed on exposed edges of the high-potential
power line VDD, the low-potential power line VGND, and
the reference line VREF in order to prevent moisture trans-
mission, where the exposed edges are not covered by the
third insulation layer 156. The moisture-transmission delay
layer 170 is formed to cover not just the exposed edges of
the high-potential power line VDD, the low-potential power
line VGND, and the reference line VREF, but also a portion
of a third layer PI of a first substrate 150¢. Thus, the
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moisture-transmission delay layer 170 are hung on the
edges. In some embodiments, the moisture-transmission
delay layer 170 is in the form of a bar that is long-patterned
along both exposed edges of the high-potential power line
VDD, the low-potential power line VGND, or the reference
line VREF.

[0091] The moisture-transmission delay layer 170 may be
formed of the same material of the third insulation layer 156.
Even though the moisture-transmission delay layer 170 may
be formed of the same material of the third insulation layer
156, the moisture-transmission delay layer 170 is separated
or spaced apart from portions of the third insulation layer
156 covering the pad portion 160 the display region AA. As
a result, a delay space 171 in which an insulation layer does
not exist is formed between the moisture-transmission delay
layer 170 and the third insulation layer 156 covering the pad
portion 160. In addition, a delay space 171 in which an
insulation layer does not exist is formed between the mois-
ture-transmission delay layer 170 and the third insulation
layer 156 covering the display region AA.

[0092] The delay space 171 between the moisture-trans-
mission delay layer 170 and the third insulation layer 156
delays incoming moisture and outdoor air. For example,
transmission of moisture is delayed until the moisture fills
the delay space 171, which is provided by the moisture-
transmission delay layer 170 and the third insulation layer
156 covering the pad portion 160. In an embodiment,
transmitted moisture can move inside of the moisture-
transmission delay layer 170 only when the moisture fills up
the delay space 171 provided between the moisture-trans-
mission delay layer 170 and the third insulation layer 156.
That is, the moisture-transmission delay layer 170 and the
delay space 171 in the surroundings thereof provide a
structure for delaying transmission of moisture.

[0093] Embodiments including the moisture-transmission
delay layer 170 and the delay space 171 have an excellent
moisture-transmission delay rate (a moisture-transmission
delay time) compared to the examples described above. The
moisture-transmission delay rate indicates a period of time
during which moisture or outdoor air incoming to the
high-potential power line VDD, the low-potential power line
VGND, or the reference line VREF through the pad portion
160 is delayed from being spread from outside the display
panel 150 to the inside along edges of the high-potential
power line VDD, the low-potential power line VGND, or the
reference line VREF. In addition, when the protective layer
165 is formed, step coverage improves due to the presence
of the moisture-transmission delay layer 170, and thus,
embodiments of the display panel 150 have an advantage in
blocking a moisture transmission passage toward the pro-
tective layer 165.

[0094] FIG. 12 is a plane view of a portion of a display
panel 150 according to an embodiment, FIG. 13 is a cross-
sectional view of a portion B1-B2 shown in FIG. 12 accord-
ing to an embodiment, and FIG. 14 is a plane view of the
portion B1-B2 shown in FIG. 13 according to an embodi-
ment.

[0095] As illustrated in FIGS. 12 and 14, a high-potential
power line VDD, a low-potential power line VGND, and a
reference line VREF are disposed between a pad portion 160
and a display region AA. The high-potential power line
VDD, the low-potential power line VGND, and the refer-
ence line VREF are data metal layers 155¢, 1554, and 155¢,
respectively.
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[0096] In some embodiments, test contact holes PCH are
formed on a third insulation layer 156 of the high-potential
power line VDD, the low-potential power line VGND, and
the reference line VREF, where the third insulation layer 156
is adjacent to the pad portion 160. The test contact holes
PCH are holes that expose portions of the high-potential
power line VDD, the low-potential power line VGND, and
the reference line VREF. However, the text contact holes
PCH may be omitted in other embodiments.

[0097] The high-potential power line VDD, the low-po-
tential power line VGND, the reference line VREF, and the
third insulation layer 156 are protected by a protective layer
165, which is formed in a following process. The high-
potential power line VDD, the low-potential power line
VGND, and the reference line VREF may have sharply
sloped edges due to a structural characteristic.

[0098] In one embodiment, a moisture-transmission delay
layer 170 is formed on exposed edges of the high-potential
power line VDD, the low-potential power line VGND, and
the reference line VREF in order to prevent moisture trans-
mission, where the exposed edges are not covered by the
third insulation layer 156. The moisture-transmission delay
layer 170 is formed to cover not just the exposed edges of
the high-potential power line VDD, the low-potential power
line VGND, and the reference line VREF, but also a portion
of a third layer PI of a first substrate 150a. Thus, the
moisture-transmission delay layer 170 is hung on the edges.
The moisture-transmission delay layer 170 may be in the
form of multiple islands that are patterned along both
exposed edges of the high-potential power line VDD, the
low-potential power line VGND, or the reference line
VREF.

[0099] The moisture-transmission delay layer 170 may be
formed of the same material of the third insulation layer 156.
Even though the moisture-transmission delay layer 170 is
formed of the same material of the third insulation layer 156,
the moisture-transmission delay layer 170 may be separated
or spaced apart from portions of the third insulation layer
156 covering the pad portion 160 and the display region AA.
As a result, multiple delay spaces 171 in which an insulation
layer does not exist are formed between the moisture-
transmission delay layer 170 and the third insulation layer
156 covering the pad portion 160, and between the moisture-
transmission delay layer 170 and the third insulation layer
156 covering the display region AA.

[0100] The multiple delay spaces 171 between the mois-
ture-transmission delay layer 170 and the third insulation
layer 156 delays incoming moisture and outdoor air. For
example, transmission of moisture is delayed until the
moisture fills the delay spaces 171, which is provided by the
moisture-transmission delay layer 170 and the third insula-
tion layer 156 covering the pad portion 160. In an embodi-
ment, transmitted moisture can move inside of a next block
of the moisture-transmission delay layer 170 only when the
moisture fills up the delay spaces 171 provided between the
moisture-transmission delay layer 170 and the third insula-
tion layer 156. That is, the moisture-transmission delay layer
170 and the delay spaces 171 in the surroundings thereof
provide a structure for delaying transmission of moisture.
[0101] In some embodiments, including additional delay
spaces 171 (e.g., as shown in FIG. 12) may improve the
moisture-transmission delay rate (a moisture-transmission
delay time) compared to embodiments with fewer delay
spaces 171 (e.g.. as shown in FIG. 9). The moisture-
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transmission delay rate indicates a period of time during
which moisture or outdoor air incoming to the high-potential
power line VDD, the low-potential power line VGND, or the
reference line VREF through the pad portion 160 is delayed
from being spread from outside the display panel 150 to the
inside along edges of the high-potential power line VDD, the
low-potential power line VGND, or the reference line
VREF. In addition, when the protective layer 165 is formed,
step coverage improves due to the presence of the moisture-
transmission delay layer 170, and thus, embodiments of the
display panel 150 have an advantage in blocking a moisture
transmission passage toward the protective layer 165.

[0102] FIG. 15 is a plane view of a portion of a display
panel according to an embodiment, FIG. 16 is a cross-
sectional view of a portion C1-C2 shown in FIG. 15 accord-
ing to an embodiment, and FIG. 17 is a plane view of the
portion C1-C2 shown in FIG. 16 according to an embodi-
ment, and FIG. 18 is a diagram illustrating various forms of
a moisture-transmission delay layer according to various
embodiments.

[0103] As illustrated in FIGS. 15 and 17, a high-potential
power line VDD, a low-potential power line VGND, and a
reference line VREF are disposed between a pad portion 160
and a display region AA. The high-potential power line
VDD, the low-potential power line VGND, and the refer-
ence line VREF are data metal layers 155¢, 1554, and 155¢,
respectively.

[0104] In some embodiments, test contact holes PCH are
formed on a third insulation layer 156 of the high-potential
power line VDD, the low-potential power line VGND, and
the reference line VREF, where the third insulation layer 156
is adjacent to the pad portion 160. The test contact holes
PCH are holes that expose portions of the high-potential
power line VDD, the low-potential power line VGND, and
the reference line VREF. However, the text contact holes
PCH may be omitted in other embodiments.

[0105] The high-potential power line VDD, the low-po-
tential power line VGND, the reference line VREF, and the
third insulation layer 156 are protected by a protective layer
165, which is formed in a following process. The high-
potential power line VDD, the low-potential power line
VGND, and the reference line VREF may have sharply
sloped edges due to a structural characteristic.

[0106] In one embodiment, a moisture-transmission delay
layer 170 is formed on exposed edges of the high-potential
power line VDD, the low-potential power line VGND, and
the reference line VREF in order to prevent moisture trans-
mission, where the exposed edges are not covered by the
third insulation layer 156. The moisture-transmission delay
layer 170 is formed to cover not just the exposed edges of
the high-potential power line VDD, the low-potential power
line VGND, and the reference line VREF, but also a portion
of a third layer PI of a first substrate 150a. Thus, the
moisture-transmission delay layer 170 is hung on the edges.

[0107] In one embodiment, the moisture-transmission
delay layer 170 is in the form of a combination of multiple
islands and a bridge connecting the multiple islands, where
the multiple islands are patterned along both exposed edges
of the high-potential power line VDD, the low-potential
power line VGND, or the reference line VREF. Additionally,
the moisture-transmission delay layer 170 may include
hybrid multi-layers in which an organic material and an
inorganic material are combined.
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[0108] A lower layer 156, which is part of the third
insulation layer 156, includes an island in the moisture-
transmission delay layer 170 and may be formed of the same
material of the third insulation layer 156. Multiple lower
layers 156 are arranged in the form of islands. Multiple
middle layers 157 are disposed on the lower layers 156. The
middle layers 157 may function as bridges, for example, by
connecting an island of a lower layer 156 and to another
island of a neighboring lower layer 156. The middle layers
157 may be formed of the same material of a lower electrode
of an OLED (e.g., lower electrode 157 shown in FIG. 7).
Each of the middle layers 157 may have a depression
because the middle layer 157 connects a lower layer 156 and
its neighboring lower layer 156, e.g., filling in the gap
between the two islands of the lower layers 156.

[0109] Multiple upper layers BNK are disposed on the
middle layers 157. The upper layers BNK cover depressions
of the middle layers 157. The upper layers may be formed
of the same material of the bank layer BNK. The size ratio
(e.g., length or width) between a middle layer 157 and an
upper layer BNK may be 1:1 or N:1 (e.g., where N is an
integer equal to or greater than 1).

[0110] In one embodiment, the middle layers 157 block
moisture-transmission passages or delays transmission of
moisture into a display panel 150. In some embodiments, the
middle layers 157 are desirably larger than the upper layers
BNK. However, relative to the upper layers BNK (or the
lower layers 156), the middle layers 157 may be more
separated or spaced apart from each other to have a space
therebetween, and thus, the middle layers 157 may desirably
have a smaller size than the upper layers BNK (or the lower
layers 156).

[0111] The moisture-transmission delay layer 170 is sepa-
rate or spaced apart from portions of the third insulation
layer 156 covering the pad portion 160 and the display
region AA. As a result, multiple delay spaces 171 in which
an insulation layer does not exist are formed between the
moisture-transmission delay layer 170 and the third insula-
tion layer 156, which covers the pad portion 160, and
between the moisture-transmission delay layer 170 and the
third insulation layer 156 which covers the display region
AA,

[0112] The multiple delay spaces 171 between the mois-
ture-transmission delay layer 170 and the third insulation
layer 156 delays incoming moisture and outdoor air. For
example, transmission of moisture is delayed until the
moisture fills the delay spaces 171, which is provided by the
moisture-transmission delay layer 170 and the third insula-
tion layer 156 covering the pad portion 160. In an embodi-
ment, transmitted moisture can move inside of a next block
of the moisture-transmission delay layer 170 only when the
moisture fills up the delay spaces 171 provided between the
moisture-transmission delay layer 170 and the third insula-
tion layer 156. That is, the moisture-transmission delay layer
170 and the delay spaces 171 in the surroundings thereof
provide a structure for delaying transmission of moisture.

[0113] In some embodiments, the middle layers 157 cor-
responding to bridges in the moisture-transmission delay
layer 170 cover parts damaged by edges of the high-
potential power lines VDD, the low-potential power line
VGND, or the reference line VREF. In other words, the
middle layers 157 may not only block a void or passage
occurring between an insulation layer and a metal layer due
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to a chemical damage (e.g., the middle layers 157 fills the
void or passage), but also block a moisture-transmission
passage.

[0114] In an embodiment, a display panel 150 having the
third insulation layer 156 in a form of islands connected by
bridges, for example, as shown in FIG. 15, has an excellent
moisture-transmission delay rate (e.g., a moisture-transmis-
sion delay time) compared to the embodiments shown in
FIGS. 9 and 12. The moisture-transmission delay rate indi-
cates a period of time during which moisture or outdoor air
incoming to the high-potential power line VDD, the low-
potential power line VGND, or the reference line VREF
through the pad portion 160 is delayed from being spread
from outside the display panel 150 to the inside along edges
of the high-potential power line VDD, the low-potential
power line VGND, or the reference line VREF. In addition,
when the protective layer 165 is formed, step coverage
improves due to the presence of the moisture-transmission
delay layer 170, and thus, embodiments of the display panel
150 have an advantage in blocking a transmission passage
toward the protective layer 165.

[0115] The embodiments shown in FIGS. 12-17 include
moisture-transmission delay layers 170 having the form of
rectangular islands. However, in other embodiments, the
moisture-transmission delay layer 170 may be in another
type of form, e.g., a circle, a diamond, or a triangle (as
shown in FIG. 18), among other types of suitable forms. In
addition, the sizes of the moisture-transmission layer 170
and the delay space 171, or a distance therebetween may be
optimized (e.g., increased or decreased) through repeated
experiments.

[0116] As such, embodiments of the present invention
provide an organic light emitting display device that reduces
a probability of lines becoming damaged and delays a time
for spreading moisture along edges of the lines, so that the
lifespan and reliability of a display panel 150 may improve
and a probability of image quality degradation may be
reduced. In addition, embodiments provide an organic light
emitting display that improves step coverage when forming
a protective layer 165, which may improve sealing of the
protective layer 165.

What is claimed is:

1. An organic light emitting display unit comprising:

a first substrate;

a display region having sub-pixels disposed on the first
substrate;

a pad portion disposed on the first substrate and electri-
cally connected to an external device;

a plurality of lines disposed between the pad portion and
the display region, the plurality of lines electrically
connected to the external device via the pad portion,
and configured to transfer a signal or power to the
external device; and

a moisture-transmission delay layer covering edges of the
plurality of lines.

2. The organic light emitting display device of claim 1,
wherein the moisture-transmission delay layer covers a
plurality of edges of each of the plurality of lines and a
portion of the first substrate.

3. The organic light emitting display device of claim 1,
wherein the moisture-transmission delay layer and a pla-
narization layer disposed on the display region are made of
a same material.
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4. The organic light emitting display device of claim 1,
further comprising:

a first planarization layer on first ones of the plurality of

lines adjacent to the pad portion; and

a second planarization layer on second ones of the plu-
rality of lines adjacent to the display region,

wherein the first planarization layer and the second pla-
narization layer are spaced apart from each other.

5. The organic light emitting display device of claim 4,
wherein the moisture-transmission delay layer is spaced
apart from the first planarization layer and the second
planarization layer, so that the moisture-transmission layer
has a moisture-transmission delay space that delays trans-
mission of moisture.

6. The organic light emitting display device of claim 5,
wherein the moisture-transmission delay layer is divided
into a plurality of pieces so as to have a plurality of
moisture-transmission delay spaces between the pad portion
and the display region.

7. The organic light emitting display device of claim 1,
wherein the moisture-transmission delay layer is a hybrid
multi-layer including an organic material and an inorganic
material.

8. The organic light emitting display device of claim 1,
wherein the moisture-transmission delay layer comprises:

a plurality of lower layers arranged in a form of islands
along edges of the plurality of lines;

a plurality of middle layers disposed on the plurality of
lower layers and connecting the plurality of lower
layers; and

a plurality of upper layers disposed on the plurality of
middle layers.

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

wherein:

the plurality of lower layers and a planarization layer
disposed on the display region are formed of a first
material,

the plurality of middle layers and a lower electrode
disposed on the display region are formed of a second
material, and

the plurality of upper layers and a bank layer disposed on
the display region are formed of a third material.
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10. The organic light emitting display device of claim 1,
wherein the plurality of lines comprises:

a high-potential power line for transferring high-potential
power, supplied from the pad portion, to the display
region;

a low-potential power line configured for transferring
low-potential power, supplied from the pad portion, to
the display region, and

a reference line for transferring a voltage, supplied from
the pad portion, to the display region and transferring
a sensing result of the display region to the pad portion.

11. An organic light emitting display device comprising:

a first substrate;

a display region having sub-pixels disposed on the first
substrate;

a pad portion disposed on the first substrate and electri-
cally connected to an external device;

a plurality of lines disposed between the pad portion and
the display region, the plurality of lines electrically
connected to the external device via the pad portion,
and configured to transfer a signal or power to the
external device;

an insulation layer covering a portion of the plurality of
lines disposed between the pad portion and the display
region; and

a moisture-transmission delay layer covering exposed line
edges of the plurality of lines not covered by the
insulation layer.

12. The organic light emitting display device of claim 11,
wherein the insulation layer is formed to cover first ones of
the plurality of lines adjacent to the pad portion and second
ones of the plurality of lines adjacent to the display region.

13. The organic light emitting display device of claim 11,
wherein the moisture-transmission delay layer covers a
plurality of edges of each of the plurality of lines and a
portion of the first substrate.

14. The organic light emitting display device of claim 11,
wherein the moisture-transmission delay layer and a pla-
narization layer disposed on the display layer are made of a
same material.
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