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7) ABSTRACT

Disclosed is an organic light emitting display device which
may improve reliability. The organic light emitting display
device includes light emitting elements arranged in an active
area, crack prevention layers arranged in a non-active area
along the perimeter of the active area, and at least one crack
detection line arranged between the active area and the crack
prevention layers, and judges whether or not a crack is
generated through an output resistance value from the at
least one crack detection line and may thus raise yield.
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FIG. 4D
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FIG. 6
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FIG. 12
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2017-0157583, filed on Nov. 23,
2017, which is hereby incorporated by reference as if fully
set forth herein.

BACKGROUND

Technical Field

[0002] The present disclosure relates to an organic light
emitting display device, and more particularly, to an organic
light emitting display device which may improve reliability.

Description of the Related Art

[0003] Image display devices, which display various
pieces of information on a screen, are a core technology in
the age of information and communication and have been
developed to satisfy thinness, light-weight, portability and
high-performance trends. Therefore, as a flat panel display
device which can reduce weight and volume to make up for
drawbacks of a cathode ray tube (CRT), an organic light
emitting display device (OLED), which controls the amount
of light emitted from an organic light emitting layer and thus
displays an image, is now in the spotlight. Such an organic
light emitting display device is a self-luminous display and
has advantages, such as low power consumption, high
response speed, high luminous efficacy, high brightness and
wide viewing angle.

[0004] Such an organic light emitting display device is
formed mainly using an organic thin film having flexibility
and elasticity and may thus be implemented as a flexible
display device. However, in the case of a flexible organic
light emitting display device, cracks are easily generated by
external force during movement or handling of the flexible
organic light emitting display device. If external moisture or
oxygen penetrates into the organic light emitting display
device through such cracks, elements in the organic light
emitting display device are easily oxidized and, thus, reli-
ability of the organic light emitting display device may be
lowered.

BRIEF SUMMARY

[0005] Accordingly, the present disclosure is directed to
an organic light emitting display device that substantially
obviates one or more problems due to limitations and
disadvantages of the related art.

[0006] In various embodiments, the present disclosure
provides an organic light emitting display device which may
improve reliability.

[0007] Additional advantages, objects, 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. The
objectives and other advantages of the disclosure may be
realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the
appended drawings.
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[0008] To achieve these objects and other advantages and
in accordance with the purpose of the disclosure, as embod-
ied and broadly described herein, an organic light emitting
display device is provided that includes light emitting ele-
ments positioned in an active area of the display device, a
crack prevention layer positioned in a non-active area of the
display device, the non-active area positioned adjacent to a
perimeter of the active area, and at least one crack detection
line positioned between the active area and the crack pre-
vention layer. The at least one crack detection element may
be utilized to determine whether or not a crack is generated
through measuring an output resistance value of the at least
one crack detection line and may thus raise yield.

[0009] It is to be understood that both the foregoing
general description and the following detailed description of
the present disclosure are exemplary and explanatory and
are intended to provide further explanation of the disclosure
as claimed.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0010] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the disclosure and together with
the description serve to explain the principle of the disclo-
sure. In the drawings:

[0011] FIG. 1 is a plan view illustrating an organic light
emitting display device in accordance with one embodiment
of the present disclosure;

[0012] FIG. 2 is a circuit diagram illustrating a sub-pixel
shown in FIG. 1;

[0013] FIG. 3 is a cross-sectional view of the organic light
emitting display device, taken along line I-I' of FIG. 1,
[0014] FIGS. 4A to 4C are plan views illustrating crack
prevention layers and crack prevention holes shown in FIG.
3;
[0015] FIG. 4D is a plan view illustrating crack detection
lines shown in FIG. 3;

[0016] FIG. 5 is a cross-sectional view illustrating an
organic light emitting display device in accordance with
another embodiment of the present disclosure;

[0017] FIG. 6 is a plan view illustrating resistance mea-
surement units to measure output resistances of crack detec-
tion lines shown in FIG. 5;

[0018] FIG. 7 is a cross-sectional view illustrating an
organic light emitting display device in accordance with
another embodiment of the present disclosure;

[0019] FIG. 8is a cross-sectional view illustrating another
embodiment of crack detection lines shown in FIG. 7;
[0020] FIG. 9 is a plan view illustrating resistance mea-
surement units to measure output resistances of the crack
detection lines shown in FIG. 7;

[0021] FIG. 10 is a cross-sectional view illustrating an
organic light emitting display device in accordance with
another embodiment of the present disclosure;

[0022] FIG. 11 is a cross-sectional view illustrating
another embodiment of crack detection lines shown in FIG.
10;

[0023] FIG. 12 is a plan view illustrating an organic light
emitting display device in accordance with yet another
embodiment of the present disclosure;

[0024] FIG. 13 is a plan view illustrating another embodi-
ment of a bending area shown in FIG. 12;
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[0025] FIG. 14 is a cross-sectional view of the organic
light emitting display device, taken along line II-1I' of FIG.
13; and

[0026] FIG. 15 is a cross-sectional view of the organic
light emitting display device, taken along line of FIG. 13.

DETAILED DESCRIPTION

[0027] Reference will now be made in detail to the pre-
ferred embodiments of the present disclosure, examples of
which are illustrated in the accompanying drawings.
[0028] FIG. 1 is a plan view illustrating an organic light
emitting display device in accordance with one embodiment
of the present disclosure.

[0029] The organic light emitting display device shown in
FIG. 1 includes an organic light emitting display panel 100,
and a driving unit 150 to drive the organic light emitting
display panel 100.

[0030] The driving unit 150 includes a circuit film 152 and
a driving integrated circuit 154 mounted on the circuit film
152.

[0031] The driving integrated circuit 154 generates a driv-
ing signal, etc. to drive the organic light emitting display
panel 100 and supplies the driving signal to the organic light
emitting display panel 100 through the circuit film 152,
[0032] One end of the circuit film 152 is connected to pad
parts of the organic light emitting display panel 100, and the
other end of the circuit film 152 is connected to a printed
circuit board, on which a timing controller, a power supply,
etc. are mounted. Therefore, power voltage generated by the
power supply is supplied to a power line 160 of the organic
light emitting display panel 100 through power supply
terminals 162 disposed on the circuit film 152. Here, power
voltage includes at least one of reference voltage, high
voltage or low voltage. Although FIG. 1 illustrates only one
power line 160, two or more power lines 160 may be formed
s0 as to supply a plurality of different driving voltages. Such
apower line 160 is arranged inside a dam 106 in a non-active
area NA, and a crack detection linel70 and crack prevention
layers 182, which are parallel to the power line 160, are
arranged outside the dam 106 in the non-active area NA. The
crack detection line 170 may take the form of a circuit
element, a conductive member, a circuit member, a conduc-
tive interconnection line, a line through which a current runs
as a circuit element, a connection to a resistor, a capacitor
plate, an inductor winding, a circuit connection to a capaci-
tor, or any conductive line. The term crack detection line is
therefore used herein in the broadest sense include a mem-
ber, element or any of the examples provided herein. If a
particular meaning that is only a subset of the broad defi-
nition stated above for a selected embodiment, it will be
particularly stated and explained for that embodiment.
[0033] The organic light emitting display panel 100 is
divided into an active area AA provided on a substrate 101,
and the non-active area NA arranged around the active area
AA. TIf the substrate 101 is a glass or plastic substrate, the
substrate 101 may be formed of a polyimide-based or
polycarbonate-based material and thus have flexibility.
[0034] The active area AA displays an image through unit
pixels arranged in a matrix. The unit pixel includes red (R),
green (G) and blue (B) sub-pixels SP or includes red (R),
green (G), blue (B) and white (W) sub-pixels SP. Each of the
sub-pixels SP includes a pixel driving circuit and a light
emitting element 120 connected to the pixel driving circuit,
as exemplarily shown in FIG. 2.
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[0035] The pixel driving circuit includes first and second
switching transistors ST1 and ST2, a driving transistor DT
and a storage capacitor Cst. Here, the pixel driving circuit is
not limited to the configuration of FIG. 2 and pixel driving
circuits having various configurations may be used.

[0036] The storage capacitor Cst is connected between a
scan terminal of the driving transistor DT and a low voltage
(EVSS) supply line, charges differential voltage therebe-
tween and supplies it as driving voltage of the driving
transistor DT.

[0037] The first switching transistor ST1 is turned-on
under control of a first scan line SL1 and transmits data
voltage from a data line DL to a gate electrode of the driving
transistor DT.

[0038] The second switching transistor ST2 is turned-on
under control of a second scan line SL2 and transmits
reference voltage from a reference line RL to a source
electrode of the driving transistor DT. Further, the second
switching transistor ST2 may transmit current of the driving
transistor DT to the reference line RT in a sensing mode. The
first and second switching transistors ST1 and ST2 may be
controlled by the different scan lines SI.1 and SL2 or
controlled by the same scan line.

[0039] The driving transistor DT is switched by a data
signal supplied from the first switching transistor ST1 and
thus controls current transmitted from a high voltage
(EVDD) supply line to the organic light emitting element
120.

[0040] Such a driving transistor DT, 130 includes, as
exemplarily shown in FIG. 3, a semiconductor layer 134
arranged on a buffer layer 112, a gate electrode 132 over-
lapping the semiconductor layer 134 with a gate insulating
film 102 interposed therebetween, and source and drain
electrodes 136 and 138 formed on an interlayer film 114 and
contacting the semiconductor layer 134. Here, the semicon-
ductor layer 134 may be formed of at least one of an
amorphous semiconductor material, a polycrystalline semi-
conductor material or an oxide semiconductor material.

[0041] The organic light emitting element 120 is electri-
cally connected between a source terminal of the driving
transistor DT and the low voltage (EVSS) supply line and
emits light by current corresponding to a data signal sup-
plied from the driving transistor DT. For this purpose, the
organic light emitting element 120 includes an anode 122
and a cathode 126 disposed opposite to each other with an
organic layer 124 therebetween. The anode 122 is connected
to the source electrode 138 of the driving transistor DT
exposed through a pixel contact hole formed through a
protective film 116 and a planarization layer 118, and is
exposed by a bank 128 arranged to provide a light emitting
area. The organic layer 124 is formed on the anode 122 and
the bank 128. The organic layer 124 may include a hole
injection layer/a hole transport layer/a light emitting layer/an
electron transport layer/an electron injection layer, etc. The
cathode 126 is formed on the organic layer 124 so as to be
disposed opposite to the anode 122 with the organic layer
124 therebetween.

[0042] Therefore, each of the red (R), green (G), blue (B)
and white (W) sub-pixels SP controls the magnitude of
current flowing from a high voltage power supply (EVDD)
to the organic light emitting element 120 using switching of
the driving transistor DT according to the data signal, and
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thus emits light through the light emitting layer of the
organic light emitting element 120, thereby expressing a
designated color.

[0043] An encapsulation structure 140 (which may be
referred to herein as encapsulation unit 140) having a
multilayer structure is arranged on the organic light emitting
element 120. The encapsulation unit 140 prevents external
moisture or oxygen from penetrating into the organic light
emitting element 120, which is vulnerable to external mois-
ture or oxygen. For this purpose, the encapsulation unit 140
includes a plurality of inorganic encapsulation layers 142
and 146 and an organic encapsulation layer 144 arranged
between the inorganic encapsulation layers 142 and 146, and
the inorganic encapsulation layer 146 is arranged as the
uppermost layer. Here, the encapsulation layer 140 includes
at least two inorganic encapsulation layers 142 and 146 and
at least one organic encapsulation layer 144. In the present
disclosure, a structure of the encapsulation unit 140 in which
the organic encapsulation layer 144 is arranged between first
and second inorganic encapsulation layers 142 and 146 will
be exemplarily described. In the present disclosure, the
organic encapsulation layer 144 at least partially covers a
side surface of the dam 106, the inorganic encapsulation
layer 142 totally covers the dam 106, and the inorganic
encapsulation layer 146 at least partially covers the dam 106,
in particular, the inorganic encapsulation layer 146 covers a
top surface of the dam 106.

[0044] The first inorganic encapsulation layer 142 is
formed on the cathode 126 so as to be closest to the organic
light emitting element 120. The first inorganic encapsulation
layer 142 is formed of an inorganic insulating material
which may be deposited at a low temperature, such as silicon
nitride (SiN,), silicon oxide (Si0O,), silicon oxynitride
(SiON) or aluminum oxide (Al,O,). The first inorganic
encapsulation layer 142 is deposited in a low temperature
atmosphere and may thus prevent damage to a light emitting
stack 124, which cannot withstand high temperatures, during
the deposition process of the first inorganic encapsulation
layer 142.

[0045] The organic encapsulation layer 144 serves as a
buffer to reduce stress between respective layers due to
bending of the organic light emitting display panel 100 and
reinforces planarization performance. The organic encapsu-
lation layer 144 is formed of an organic insulating material,
such as acrylic resin, epoxy resin, polyimide, polyethylene
or silicon oxycarbide (SiOC). Such an organic encapsulation
layer 144 may be formed so as to diffuse to the dam 106, or
to diffuse to a region in front of the non-active area NA, in
which signal pads are arranged, past the dam 106.

[0046] The second inorganic encapsulation layer 146 is
formed so as to cover the upper and side surfaces of the
organic encapsulation layer 144 and the first inorganic
encapsulation layer 142. That is, the second inorganic encap-
sulation layer 146 may be formed not only in the active area
AAbut also in a remaining region of the non-active area NA
except for a region of the non-active area in which the signal
pads are arranged. Thereby, the second inorganic encapsu-
lation layer 146 minimizes and prevents penetration of
external moisture or oxygen into the first inorganic encap-
sulation layer 142 and the organic encapsulation layer 144.
The second inorganic encapsulation 146 is formed of an
inorganic insulating material, such as silicon nitride (SiN_),
silicon oxide (SiO,), silicon oxynitride (SiON) or aluminum
oxide (Al,0,).
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[0047] 1In the non-active area NA, the power line 160, the
dam 106, the crack detection line 170 and the crack pre-
vention layers 182 are arranged.

[0048] The power line 160 supplies power voltage includ-
ing at least one of reference voltage Vref, high voltage
EVDD or low voltage EVSS. The power line 160 is arranged
to surround the remainder of the active area AA except for
one side of the active area AA, to which the circuit film 152
1s attached. A gate driving unit (not shown) may be arranged
between the power line 160 and the active area AA. The gate
driving unit mainly uses a gate-in-panel (GIP) type which is
embedded in the non-active area NA (a bezel area) of the
display panel 100, and is formed through the same process
as thin film transistors arranged in the active area.

[0049] If the organic encapsulation layer 144 is formed
through an inkjet method, the dam 106 is arranged so as to
prevent the organic encapsulation layer 144 of a liquid type
from diffusing into the non-active area NA. Such a dam 106
may prevent the organic encapsulation layer 144 from
diffusing to the signal pads arranged in the outermost region
of the non-active area NA. For this purpose, as shown in
FIG. 1, the dam 106 may be formed to completely surround
the active area AA, in which the organic light emitting
elements 120 are arranged, and thus formed between the
active area AA and the non-active area NA.

[0050] A plurality of crack prevention layers 182 is
formed along the perimeter of the active area AA so as to
prevent a crack generated at the edge of the inorganic light
emitting display panel 100 from propagating to the active
area AA. The crack prevention layers 182 may prevent the
organic light emitting elements 120, the transistors ST1, ST2
and DT, the capacitors Cst, signal lines SL, DL and RL and
power lines PL, which are arranged in the active area AA,
from being damaged. In the present disclosure, the crack
prevention layers 182 may be formed partially or totally
along the perimeter of the active area AA.

[0051] For this purpose, the crack prevention layers 182
are spaced apart from each other by crack prevention holes
180. Here, the crack prevention layers 182 are formed of the
same material as at least one of a plurality of inorganic
insulating films. For example, the crack prevention layers
182 may include a first crack prevention layer 182q formed
of the same material as the gate insulating film 102, on the
buffer layer 112, and a second crack prevention layer 1825
formed of the same material as the interlayer film 114, on the
first crack prevention layer 182q. In the present disclosure,
the crack prevention hole 180 may be disposed between the
crack prevention layer 182 and the crack detection line 170.

[0052] The crack prevention layers 182 may be arranged
in a straight line, as exemplarily shown in FIG. 4A, or be
arranged in a zigzag line, as exemplarily shown in FIG. 4B,
or the crack prevention layers 182 having a polygonal
structure, a circular structure or a combined structure thereof
may be arranged in a matrix, as exemplarily shown in FIG.
4C. Here, the respective crack prevention layers 182 may
have the same shape, or at least one of heights, lengths,
widths or shapes of the respective crack prevention layers
182 may be different.

[0053] A propagation path of a crack generated at the edge
of the display panel 100 is elongated by the crack prevention
layers 182 and, thus, it is difficult to propagate cracks to the
active area AA. Therefore, the crack prevention layers 182
may prevent cracks generated at the edge of the display
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panel 100 from damaging the elements 120, ST1, ST2, DT
and Cst and the signal lines SL, DL and RL of the active area
AA.

[0054] The crack detection line 170 judges whether or not
there is a crack having a high strength, which is generated
at the edge of the display panel 100 and is thus not blocked
by the crack prevention holes 180 and the crack prevention
layers 182 and propagates. For this purpose, at least one
crack detection line 170 is positioned between at least one of
the crack prevention layers 182 and the crack prevention
holes 180, and the dam 106. The crack detection line 170 is
formed so as to surround at least three sides of the active area
AA. For example, the crack detection line 170 is formed in
a U-shape or an open frame shape, a part of which is open.
Respective sides of the crack detection line 170 may be
formed in a straight line or a zigzag line, as exemplarily
shown in FIG. 1, along the crack prevention layers 182
shown in FIG. 4A or 4B, or be formed in a shape in which
plural diamonds having a vacant central area are connected
in a line (e.g., a plurality of diamond shapes connected to
one another with each of the diamond shapes having a
vacant central area), as exemplarily shown in FIG. 4D. The
crack detection line 170 is formed of the same material as at
least one of the gate electrode 132, the source electrode 136
or the drain electrode 138 of the driving transistor DT, on the
same layer as the at least one of the gate electrode 132, the
source electrode 136 or the drain electrode 138 of the driving
transistor DT.

[0055] Crack detection terminals 164 connected to both
ends of the crack detection line 170 are positioned on the
circuit film 152, the printed circuit board or the non-active
area NA, as exemplarily shown in FIG. 1. A resistance
measurement circuit (or unit) contacts the crack detection
terminals 164 and thus measures an output resistance value
from the crack detection line 170. If the output resistance
value is detected as an infinite value, 1t is judged that a crack
is generated at the crack detection line 170 and thus propa-
gates to the active area AA. Further, if the output resistance
value is detected as a proper value which is smaller than the
infinite value, it is judged that no crack is generated at the
crack detection line 170.

[0056] As such, in the present disclosure, the crack detec-
tion line 170 is positioned between the crack prevention
layers 182 and the active area AA. Whether or not a crack
propagates to the active area AA may be judged by mea-
suring the output resistance value from the crack detection
line 170 during inspection of each unit process or during
final inspection. Thereby, in the present disclosure, a dark
spot generated by penetration of moisture or oxygen into a
crack may be prevented and, thus, reliability may be
improved. Further, in the present disclosure, whether or not
a crack is generated may be judged through inspection prior
to product shipping and, thus, yield may be increased.
[0057] FIG. 5 is a cross-sectional view illustrating an
organic light emitting display device in accordance with
another embodiment of the present disclosure.

[0058] The organic light emitting display device shown in
FIG. 5 includes the same elements as the organic light
emitting display device shown in FIG. 3 except that a
plurality of dams 106 is arranged and a plurality of crack
detection lines 170 is arranged in a horizontal direction on
the same plane. Therefore, a detail description of the ele-
ments of the organic light emitting display device in accor-
dance with this embodiment, which are the same as those of
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the organic light emitting display device in accordance with
the earlier embodiment, will be omitted.

[0059] The dams 106 shown in FIG. 5 are arranged in
parallel between a non-active area NA and an active area
AA. For example, the dams 106 include a first dam 1064
adjacent to the active area AA and a second dam 1065
adjacent to the non-active area NA. Both the first and second
dam 106a, 1065 may be positioned in the non-active area
NA, with the first dam 1064 being positioned between the
active area AA and the second dam 1065. The first and
second dams 1064 and 1065 prevent an organic encapsula-
tion layer 144 of a liquid type from diffusing to signals pads
of the non-active area NA, when the organic encapsulation
layer 144 of the liquid type is dropped onto the active area
AA. The crack detection lines 170 are positioned between
crack prevention layers 182 and the active area AA and
detect the horizontal position of a crack. For example, the
crack detection lines 170 include first and second crack
detection lines 172 and 174 which are arranged in parallel in
the horizontal direction on the same plane, ie., a gate
insulating film 102, as exemplarily shown in FIG. 6. Here,
the crack detection lines 170 are not limited to the structure
and the number shown in FIGS. 5 and 6, and two or more
crack detection lines 170 may be arranged on the substrate,
either adjacent to each other or in different locations.

[0060] The first crack detection line 172 is positioned
adjacent to the active area AA, and the second crack
detection line 174 is positioned between the first crack
detection line 172 and crack prevention layers 182. The first
and second crack detection lines 172 and 174 are formed of
the same material as one of a gate electrode 132 and a source
electrode 136, on the same layer as the one of the gate
electrode 132 and the source electrode 136. For example, the
first and second crack detection lines 172 and 174 are
formed of the same material as the source electrode 136, on
an interlayer film 114. Output resistance values from the first
and second crack detection lines 172 and 174 are measured
by resistance measurement circuits 178 (which may be
referred to herein as resistance measurement units 178). The
resistance measurement circuits 178 may include any cir-
cuitry operable to measure resistances of the first and second
crack detection lines 172 and 174, including, for example,
circuitry which applies a known current and determines the
resistance by measuring the resulting voltage, and/or cir-
cuitry which applies a known voltage and determines the
resistance by measuring the resulting current. Other circuitry
may be suitable for use as the resistance measurement
circuits 178, including any circuitry operable to detect
electrical continuity of the first and second crack detection
lines 172 and 174 (e.g., when the crack detection lines 172
and 174 are unbroken) and to detect an open circuit condi-
tion (e.g., an infinite or very high resistance), such as when
there is a crack through at least one of the first and second
crack detection lines 172 and 174.

[0061] If both the output resistance values from the first
and second crack detection lines 172 and 174 are measured
as infinite values, it is judged that a crack propagates to the
active area AA and thus a corresponding display panel 100
is defective. Further, if both the output resistance values
from the first and second crack detection lines 172 and 174
are measured as proper values, it is judged that no crack
propagates to the active area AA and thus the corresponding
display panel 100 is normal. Further, if the output resistance
value from the first crack detection line 172 is measured as
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a proper value which is lower than an infinite value and the
output resistance value from the second crack detection line
174 is measured as an infinite value, it is judged that a crack
propagates to a region between the first and second crack
detection lines 172 and 174 but does not propagate to the
active area AA and thus the corresponding display panel 100
is normal.

[0062] As such, in the organic light emitting display
device in accordance with this embodiment of the present
disclosure, a plurality of crack detection lines 170 is
arranged in parallel in the horizontal direction between the
crack prevention layers 182 and the active area AA. Not only
whether or not a crack propagates to the active area AA but
also the horizontal position of the crack may be judged by
measuring the output resistance values from the crack detec-
tion lines 170 during inspection of each unit process or
during final inspection. Thereby, in the present disclosure, a
dark spot generated by penetration of moisture or oxygen
into a crack may be prevented and, thus, reliability may be
improved. Further, in the present disclosure, whether or not
a crack is generated may be judged through inspection prior
to product shipping and, thus, yield may be increased.
[0063] FIG. 7 is a cross-sectional view illustrating an
organic light emitting display device in accordance with
another embodiment of the present disclosure.

[0064] The organic light emitting display device shown in
FIG. 7 includes the same elements as the organic light
emitting display device shown in FIG. 3 except that a
plurality of crack detection lines 170 is arranged in vertical
and horizontal directions. Therefore, a detail description of
the elements of the organic light emitting display device in
accordance with this embodiment, which are the same as
those of the organic light emitting display device in accor-
dance with the earlier embodiment, will be omitted.
[0065] The crack detection lines 170 shown in FIG. 7 are
positioned between crack prevention layers 182 and an
active area AA and detect the horizontal and vertical posi-
tions of a crack. For example, the crack detection lines 170
include first and second crack detection lines 172 and 174.
Here, the crack detection lines 170 are not limited to the
structure and the number shown in FIG. 7, and two or more
crack detection lines 170 may be arranged on the substrate,
either adjacent to each other or in different locations.
[0066] The first crack detection lines 172 are positioned
adjacent to the active area AA. The first crack detection lines
172 include a first lower crack detection line 1724 and a first
upper crack detection line 1726 which are arranged on
different planes. The first lower crack detection line 172a
may overlap the first upper crack detection line 1725 with at
least one insulating film therebetween, as exemplarily
shown in FIG. 7, or the first lower crack detection line 172a
and the first upper crack detection line 1725 may be alter-
nately arranged, as exemplarily shown in FIG. 8. For
example, the first lower crack detection line 172a is formed
of the same material as a gate electrode 132, on a gate
insulating film 102, and the first upper crack detection line
1720 is formed of the same material as source and drain
electrodes 136 and 138, on an interlayer film 114. In this
case, the first lower crack detection line 1724 and the first
upper crack detection line 1724 overlap each other or are
alternately arranged with the interlayer film 114 therebe-
tween. The term “overlap” is used herein to indicate that any
two or more elements are arranged in an overlapping man-
ner, and does not otherwise indicate a specific positional

May 23, 2019

relationship between the two or more elements. For
example, the first lower crack detection line 1724 may
overlap the first upper crack detection line 1724 even though
the first upper crack detection line 1726 may be oriented
above the first lower crack detection line 1724, as shown in
FIG. 7.

[0067] The second crack detection lines 174 are positioned
between the first crack detection lines 172 and the crack
prevention layers 182. The second crack detection lines 174
include a second lower crack detection line 174a and a
second upper crack detection line 1745 which are arranged
on different planes. The second lower crack detection line
174a may overlap the second upper crack detection line
1745 with at least one insulating film therebetween. For
example, the second lower crack detection line 174a is
formed of the same material as the gate electrode 132, on the
gate insulating film 102, and the second upper crack detec-
tion line 1745 is formed of the same material as the source
and drain electrodes 136 and 138, on the interlayer film 114.
In this case, the second lower crack detection line 174a and
the second upper crack detection line 1745 overlap each
other or are alternately arranged with the interlayer film 114
therebetween.

[0068] Output resistance values from the first and second
lower crack detection lines 172¢ and 174a and the first and
second upper crack detection lines 1725 and 174 are
respectively measured by resistance measurement units 178,
as exemplarily shown in FIG. 9.

[0069] If both the output resistance values from the first
and second lower crack detection lines 172a and 174a and
the first and second upper crack detection lines 1726 and
174b are measured as infinite values, it is judged that a crack
propagates to the active area AA and thus a corresponding
display panel 100 is defective.

[0070] If both the output resistance values from the first
and second lower crack detection lines 172a and 174a and
the first and second upper crack detection lines 1725 and
1745 are measured as proper values, it is judged that no
crack propagates to the active area AA and thus the corre-
sponding display panel 100 is normal.

[0071] If the output resistance values from the first and
second lower crack detection lines 1724 and 174a are
measured as proper values and the output resistance values
from the first and second upper crack detection lines 1724
and 1745 are measured as infinite values, it is judged that a
crack does not propagate up to the first and second lower
crack detection lines 172a and 174a.

[0072] If the output resistance values from the first lower
and upper crack detection lines 172a and 1725 are measured
as proper values and the output resistance values from the
second lower and upper crack detection lines 174a and 1745
are measured as infinite values, it is judged that a crack does
not propagate up to the first lower and upper crack detection
lines 172a and 1726.

[0073] As such, in the organic light emitting display
device in accordance with this embodiment of the present
disclosure, a plurality of crack detection lines 170 is
arranged in parallel in the horizontal and vertical directions
between the crack prevention layers 182 and the active area
AA. The horizontal and vertical positions of a crack may be
judged by measuring the output resistance values from the
crack detection lines 170 during inspection of each umt
process or during final inspection and, thus, whether or not
the crack propagates to the active area AA may be judged.
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Thereby, in the present disclosure, a dark spot generated by
penetration of moisture or oxygen into a crack may be
prevented and, thus, reliability may be improved. Further, in
the present disclosure, whether or not a crack is generated
may be judged through inspection prior to product shipping
and, thus, yield may be increased.

[0074] FIG. 10 is a cross-sectional view illustrating an
organic light emitting display device in accordance with
another embodiment of the present disclosure.

[0075] The organic light emitting display device shown in
FIG. 10 includes the same elements as the organic light
emitting display device shown in FIG. 3 except that an
auxiliary crack detection line 176 to judge whether or not a
crack propagates to the inside of an active area AA is further
provided. Therefore, a detail description of the elements of
the organic light emitting display device in accordance with
this embodiment, which are the same as those of the organic
light emitting display device in accordance with the earlier
embodiment, will be omitted.

[0076] The auxiliary crack detection line 176 is positioned
inside a dam 106. That is, the auxiliary crack detection line
176 is arranged in parallel to a power line 160, between the
dam 106 and the power line 160. Whether or not a crack
propagates to an area inside the dam 106 is judged by
measuring an output resistance value from the auxiliary
crack detection line 176. Therefore, the organic light emit-
ting display device shown in FIG. 10 may not only judge
whether or not a crack propagates to the active area AA from
the non-active area NA through crack detection lines 170 but
also judge whether or not the crack propagates to the inside
of the active area AA through the auxiliary crack detection
line 176.

[0077] That is, if the output resistance value from the
auxiliary crack detection line 176 is measured as an infinite
value, it is judged that a crack propagates to the area inside
the dam 106, i.e., the inside of the active area AA, and thus
a corresponding display panel 100 is defective. If the output
resistance value from the auxiliary crack detection line 176
is measured as a proper value which is lower than the infinite
value, it is judged that a crack does not propagate to the area
inside the dam 106, i.e., the inside of the active area AA, and
thus the corresponding display panel 100 is normal.
[0078] Besides, an auxiliary crack detection line 176 may
be arranged so as to overlap a crack prevention layer 182, as
exemplarily shown in FIG. 11. Thereby, dimensions of a
non-active area NA, i.e., a bezel area, occupied by the
auxiliary crack detection line 176 may be reduced and, thus,
the bezel area may be minimized.

[0079] FIG. 12 is a plan view illustrating an organic light
emitting display device in accordance with yet another
embodiment of the present disclosure.

[0080] The organic light emitting display device shown in
FIG. 12 includes the same elements as the organic light
emitting display device shown in FIG. 3 except that a
bending area BA is provided within a non-active area NA so
that the organic light emitting display device is bendable.
Therefore, a detail description of the elements of the organic
light emitting display device in accordance with this
embodiment, which are the same as those of the organic light
emitting display device in accordance with the earlier
embodiment, will be omitted.

[0081] The bending area BA shown in FIG. 12 is an area,
which is bent towards the rear surface of the active area AA
based on a bending line BL, and corresponds to an area
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arranged between an upper region of the active area AA and
a circuit film 152. Therefore, out of the entire screen of the
organic light emitting display device, dimensions occupied
by the active area AA are maximized and dimensions
occupied by a bezel area corresponding to the non-active
area NA are minimized.

[0082] Crack prevention holes 180 and crack prevention
layers 182 are positioned between the bending area BA and
the active area AA and may thus prevent a crack from
propagating to the active area AA due to stress generated
during bending of the bending area BA.

[0083] Although FIG. 12 exemplarily illustrates a struc-
ture in which the bending area BA is arranged at one side of
the active area AA, bending areas BA may be arranged at up
to four sides of the active area AA, as exemplarily shown in
FIG. 13. The bending area BA in which a gate driving unit
184 and a circuit film 152 are arranged is bent towards the
rear surface of the active area AA based on the bending line
BL, as exemplarily shown in FIG. 14.

[0084] In this case, at least one of crack prevention holes
180, crack prevention layers 182 or crack detection lines 170
is positioned between the active area AA and the bending
area BA. Particularly, at least one of the crack prevention
holes 180, the crack prevention layers 182 or the crack
detection lines 170 is arranged between the gate driving umit
184 positioned in the bending area BA and the active area
AA, as exemplarily shown in FIG. 14. Second crack pre-
vention holes 190 to expose a substrate 101 are positioned
between the power supply line 160 and the crack detection
line 170 positioned in the bending area BA, as exemplarily
shown in FIG. 15. The second crack prevention holes 190
are formed by removing at least one inorganic insulating
film selected from the group consisting of a buffer layer 112,
a gate insulating film 102, an interlayer film 114 and first and
second inorganic encapsulation layers 142 and 146, which
are formed of inorganic insulating materials, between the
crack detection line 170 and the power supply line 160.
Thereby, propagation of a crack, generated during bending
of the bending area BA, to the active area AA through the
inorganic insulating films may be prevented.

[0085] The crack prevention holes 180 and the crack
prevention layers 182 are positioned between the bending
area BA and the crack detection line 170 and prevent a crack
from propagating to the active area AA due to stress gen-
erated during bending of the bending area BA. The crack
detection line 170 is positioned between the crack preven-
tion layers 182 and the active area AA and judges whether
or not a crack propagates to the active area AA due to stress
generated during bending of the bending area BA.

[0086] As such, in the organic light emitting display
device in accordance with this embodiment of the present
disclosure, the crack detection lines 170 are arranged
between the bending area BA and the active area AA. The
horizontal and vertical positions of a crack may be judged by
measuring the output resistance values from the crack detec-
tion lines 170 during inspection of each unit process or
during final inspection and, thus, whether or not the crack
propagates to the active area AA may be judged. Thereby, in
the present disclosure, a dark spot generated by penetration
of moisture or oxygen into a crack may be prevented and,
thus, reliability may be improved. Further, in the present
disclosure, whether or not a crack is generated may be
judged through inspection prior to product shipping and,
thus, yield may be increased.
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[0087] Although the organic light emitting display panel
100 including the substrate 101 in accordance with the
present disclosure is exemplarily described, the present
disclosure is applicable to an organic light emitting display
panel without a substrate so as to implement a slim and
flexible structure. In this case, an organic light emitting
display panel without a substrate is manufactured by form-
ing a plurality of light emitting elements 120 on a substrate
101 and then removing the substrate 101.

[0088] As apparent from the above description, in an
organic light emitting display device in accordance with the
present disclosure, at least one crack detection line is posi-
tioned between crack prevention layers and an active area.
Whether or not a crack propagates to the active area may be
judged by measuring an output resistance value from the
crack detection line during inspection of each unit process or
during final inspection. Thereby, in the present disclosure, a
dark spot generated by penetration of moisture or oxygen
into a crack may be prevented and, thus, reliability may be
improved. Further, in the present disclosure, whether or not
a crack is generated may be judged through inspection prior
to product shipping and, thus, yield may be increased.
[0089] The present disclosure also relates to and is not
limited to the following aspects.

[0090] In the present disclosure, the power line and the
crack detection line are disposed in parallel with each other.
[0091] In the present disclosure, the power line partially
overlaps the dam and the crack prevention layer, and the
crack detection line partially overlaps the crack prevention
layer.

[0092] In the present disclosure, the organic encapsulation
layer at least partially covers a side surface of the dam.
[0093] In the present disclosure, the plurality of inorganic
encapsulation layers comprises a first inorganic encapsula-
tion layer and a second inorganic encapsulation layer,
wherein the first inorganic encapsulation layer totally covers
the dam, and the second inorganic encapsulation layer at
least partially covers the dam.

[0094] In the present disclosure, the second inorganic
encapsulation layer covers a top surface of the dam.
[0095] In the present disclosure, at least one crack pre-
vention holes is disposed between the crack prevention layer
and the crack detection line.

[0096] In the present disclosure, a bending area is dis-
posed in the non-active area, and at least one of the crack
prevention layer and the at least one crack detection line is
positioned between the bending area and the active area.
[0097] In the present disclosure, the power line and the
crack detection line are parallel with each other in a bending
area.

[0098] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure without departing from the spirit or scope
of the disclosure. Thus, it is intended that the present
disclosure cover the modifications and variations of this
disclosure provided they come within the scope of the
appended claims and their equivalents.

[0099] The various embodiments described above can be
combined to provide further embodiments. These and other
changes can be made to the embodiments in light of the
above-detailed description. In general, in the following
claims, the terms used should not be construed to limit the
claims to the specific embodiments disclosed in the speci-
fication and the claims, but should be construed to include
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all possible embodiments along with the full scope of
equivalents to which such claims are entitled. Accordingly,
the claims are not limited by the disclosure.

What is claimed is:

1. An organic light emitting display device comprising:

light emitting elements positioned in an active area of the
display device;

a crack prevention layer positioned in a non-active area of
the display device, the non-active area positioned adja-
cent to a perimeter of the active area; and

at least one crack detection line positioned between the
active area and the crack prevention layer.

2. The organic light emitting display device according to
claim 1, wherein the at least one crack detection line
comprises a plurality of crack detection lines positioned in
parallel with one another and disposed on a same plane.

3. The organic light emitting display device according to
claim 2, further comprising thin film transistors connected to
the light emitting elements,

wherein the crack detection lines are formed of a same
material as one of gate electrodes and source electrodes
of the thin film transistors.

4. The organic light emitting display device according to
claim 3, wherein the crack detection lines are formed on a
same layer as the one of the gate electrodes and the source
electrodes of the thin film transistors.

5. The organic light emitting display device according to
claim 1, wherein the at least one crack detection line
comprises a plurality of crack detection lines positioned on
different planes to overlap each other or to be alternately
disposed.

6. The organic light emitting display device according to
claim 5, further comprising thin film transistors connected to
the light emitting elements,

wherein the crack detection lines comprise:

a lower crack detection line formed of a same material as
gate electrodes of the thin film transistors, and formed
on a same layer as the gate electrodes of the thin film
transistors; and

an upper crack detection line formed of a same material
as source electrodes of the thin film transistors, and
formed on a same layer as the source electrodes of the
thin film transistors.

7. The organic light emitting display device according to
claim 6, further comprising an interlayer film positioned
between the lower crack detection line and the upper crack
detection line.

8. The organic light emitting display device according to
any one of claims 2 and 5, further comprising at least one
dam surrounding the active area,

wherein the crack detection lines are positioned between
the dam and the crack prevention layer.

9. The organic light emitting display device according to

claim 8, further comprising:

a power line positioned between the dam and the active
area.

10. The organic light emitting display device according to

claim 9, further comprising:

an auxiliary crack detection line positioned between the
power line and the dam.

11. The organic light emitting display device according to

claim 10, wherein the power line and the crack detection line
are disposed in parallel with each other.
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12. The organic light emitting display device according to
claim 10, wherein the power line partially overlaps the dam
and the crack prevention layer, and the crack detection line
partially overlaps the crack prevention layer.
13. The organic light emitting display device according to
claim 1, further comprising an auxiliary crack detection line
positioned under the crack prevention layer to overlap the
crack prevention layer.
14. The organic light emitting display device according to
claim 1, wherein:
an output resistance value of the at least one crack
detection line is an infinite value when the at least one
crack detection line has at least one crack therein; and

the output resistance value of the at least one crack
detection line is less than the infinite value when the at
least one crack detection line does not have any cracks
therein.

15. The organic light emitting display device according to
claim 8, further comprising:

an encapsulation structure including a plurality of inor-

ganic encapsulation layers and an organic encapsula-
tion layer positioned between the inorganic encapsula-
tion layers.

16. The organic light emitting display device according to
claim 15, wherein the organic encapsulation layer at least
partially covers a side surface of the dam.

17. The organic light emitting display device according to
claim 15, wherein the plurality of inorganic encapsulation
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layers comprises a first inorganic encapsulation layer and a
second inorganic encapsulation layer, wherein the first inor-
ganic encapsulation layer totally covers the dam, and the
second inorganic encapsulation layer at least partially covers
the dam.

18. The organic light emitting display device according to
claim 17, wherein the second inorganic encapsulation layer
covers a top surface of the dam.

19. The organic light emitting display device according to
claim 1, wherein the at least one crack detection line is
formed in a straight line. a zigzag line, or as a plurality of
diamond shapes connected to one another with each of the
diamond shapes having a vacant central area.

20. The organic light emitting display device according to
claim 1, further comprising: at least one crack prevention
hole disposed between the crack prevention layer and the at
least one crack detection line.

21. The organic light emitting display device according to
claim 1, wherein a bending area is disposed in the non-active
area, and

wherein at least one of the crack prevention layer and the

at least one crack detection line is positioned between
the bending area and the active area.

22. The organic light emitting display device according to
claim 9, wherein the power line and the at least one crack
detection line are parallel with each other in a bending area.
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