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DISPLAY PANEL AND METHOD OF
FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2018-0001884, filed
on Jan. 5, 2018, in the Korean Intellectual Property Office,
the entire content of which is hereby incorporated by refer-
ence.

BACKGROUND

1. Field

[0002] The present disclosure relates to a display panel
and a method of fabricating the same, and in particular, to a
highly reliable display panel and a method of fabricating the
same.

2. Description of the Related Art

[0003] A display panel includes a display region, in which
pixels are disposed, and which is utilized to display an
image. If electrical signals are applied to the pixels, the
pixels emit light, which constitutes an image, in respond to
the applied electrical signals. The display panel may be
exposed to various external impacts, during a process of
fabricating or utilizing the display panel. For example,
impact to be exerted on an outer portion of the display panel
may be transmitted to the display region. As a result, some
of the pixels in the display region may be damaged, thereby
causing failure of the display panel.

SUMMARY

[0004] An aspect according to an embodiment of the
inventive concept is directed toward a display panel, whose
usage reliability and process reliability are improved, and a
method of fabricating the display panel. In addition, an
aspect according to an embodiment of the inventive concept
is directed toward a display panel with a reduced bezel
region and a method of fabricating the display panel.
[0005] According to an embodiment of the inventive con-
cept, a display panel may include an insulating substrate
having a display region and a peripheral region adjacent to
the display region; a plurality of insulating layers on the
insulating substrate; a pixel on the display region, the pixel
including a thin-film transistor and an organic light emitting
device connected to the thin-film transistor; and a crack dam
on the peripheral region and spaced apart from the pixel, the
crack dam being adjacent to one of side surfaces of the
insulating substrate extending in a first direction. The crack
dam may include a plurality of insulating patterns extending
in the first direction and spaced apart from each other in a
second direction crossing the first direction, and a plurality
of conductive patterns filling gap regions between the insu-
lating patterns.

[0006] In an embodiment, the conductive patterns may be
extended in the first direction and may be spaced apart from
each other in the second direction.

[0007] Inan embodiment, each of the conductive patterns
may be configured to connect adjacent insulating patterns to
each other.

[0008] In an embodiment, the thin-film transistor may
include a semiconductor pattern, a control electrode spaced
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apart from the semiconductor pattern and overlapping the
semiconductor pattern when viewed in a plan view, an input
electrode spaced apart from the control electrode and
coupled to a portion of the semiconductor pattern, and an
output electrode spaced apart from the control electrode and
coupled to an opposite portion of the semiconductor pattern.
The conductive patterns may include a same material as at
least one of the control electrode, the input electrode, and the
output electrode.

[0009] In an embodiment, the insulating layers may
include a first insulating layer between the semiconductor
pattern and the control electrode and a second insulating
layer between the control electrode and the input electrode.
The insulating patterns may be on a same layer as at least
one of the first insulating layer and the second insulating
layer.

[0010] In an embodiment, each of the insulating patterns
may have a double-layered structure.

[0011] In an embodiment, the display panel may further
include a base layer between the thin-film transistor and the
insulating substrate. The base layer may include at least one
of a barrier layer and a buffer layer, and the insulating
patterns may be on a same layer as the base layer.

[0012] In an embodiment, the insulating patterns may be
spaced apart from the base layer in the second direction.
[0013] In an embodiment, one of the conductive patterns
may be disposed to connect one of the insulating patterns to
the base layer.

[0014] In an embodiment, the insulating patterns may be
connected to at least a portion of the base layer.

[0015] In an embodiment, the insulating patterns may
include a plurality of first insulating patterns spaced apart
from each other in the second direction, and a plurality of
second insulating patterns spaced apart from each other in
the second direction and located on a layer different from the
first insulating patterns.

[0016] In an embodiment, the display panel may further
include an encapsulation layer on the display region and
configured to cover the pixel. The encapsulation layer may
be extended to cover the crack dam and in contact with the
insulating patterns and the conductive patterns.

[0017] In an embodiment, each of the insulating patterns
and the conductive patterns may include an inorganic mate-
rial.

[0018] According to an embodiment of the inventive con-
cept, a method of fabricating a display panel may include
forming pixels on a mother substrate, the mother substrate
having a plurality of display regions and a peripheral region,
the pixels being on each of the display regions and including
a thin-film transistor and an organic light emitting device
connected to the thin-film transistor, the thin-film transistor
including a semiconductor pattern, a control electrode, an
input electrode, and an output electrode; forming a plurality
of crack dams on the peripheral region to be adjacent to the
display regions, respectively; and cutting the mother sub-
strate along a cutting line defined between the display
regions to form a plurality of display panels. The forming of
the crack dams may include forming a plurality of insulating
patterns arranged in a first direction and filling gap regions
between the insulating patterns with a conductive material to
form a plurality of conductive patterns.

[0019] In an embodiment, the conductive patterns may be
formed concurrently with the control electrode.
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[0020] In an embodiment, the conductive patterns may be
formed concurrently with the input electrode and the output
electrode.

[0021] In an embodiment, the cutting of the mother sub-
strate may be performed utilizing a laser beam.

[0022] According to an embodiment of the inventive con-
cept, a display panel may include an insulating substrate
having a display region, a peripheral region adjacent to the
display region, and a side surface extending in a first
direction; a pixel on the display region, the pixel including
a thin-film transistor and an organic light emitting device
connected to the thin-film transistor; an encapsulation layer
configured to cover the pixel and including an inorganic
layer and an organic layer; and a crack dam on the peripheral
region, adjacent to the side surface, and extending in the first
direction. The crack dam may include a plurality of inor-
ganic insulating patterns extending in the first direction and
spaced apart from each other in a second direction crossing
the first direction, and a plurality of conductive patterns
between the inorganic insulating patterns, configured to
connect adjacent ones of the inorganic insulating patterns to
each other, and spaced apart from each other in the second
direction.

[0023] Inanembodiment, the inorganic layer of the encap-
sulation layer may be configured to cover the crack dam. The
organic layer of the encapsulation layer may be spaced apart
from the crack dam, when viewed in a plan view.

[0024] Inan embodiment, the inorganic insulating patterns
may include a plurality of insulating patterns on different
layers, and the inorganic layer of the encapsulation layer
may have a stepwise shape on the crack dam.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Example embodiments will be more clearly under-
stood from the following brief description taken in conjunc-
tion with the accompanying drawings. The accompanying
drawings represent non-limiting, example embodiments as
described herein.

[0026] FIG. 1 is a perspective view schematically illus-
trating a display panel according to an embodiment of the
inventive concept.

[0027] FIG. 2A is an equivalent circuit diagram illustrat-
ing a portion of a display panel shown in FIG. 1.

[0028] FIG. 2B is a sectional view taken along the line I-I'
of FIG. 1.
[0029] FIG. 2C is an enlarged sectional view illustrating a

portion of FIG. 2B.

[0030] FIGS. 3A and 3B are sectional views illustrating a
portion of a display panel according to an embodiment of the
inventive concept.

[0031] FIGS. 4A and 4B are sectional views illustrating a
region of a display panel according to an embodiment of the
inventive concept.

[0032] FIGS. 5A to 5C are sectional views illustrating a
region of a display panel according to an embodiment of the
inventive concept.

[0033] FIGS. 6A to 6C are schematic perspective views
illustrating a method of fabricating a display panel according
to an embodiment of the inventive concept.

[0034] FIG. 7A s a sectional view illustrating a region of
a display panel according to a comparative embodiment, and
FIG. 7B is a sectional view illustrating a region of a display
panel according to an embodiment of the inventive concept.
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[0035] FIGS. 8A to 8F are sectional views illustrating a
method of fabricating a display panel according to an
embodiment of the inventive concept.

[0036] FIGS. 9A to 9F are sectional views illustrating a
method of fabricating a display panel according to an
embodiment of the inventive concept.

[0037] Tt should be noted that these figures are intended to
illustrate the general characteristics of methods, structure
and/or materials utilized in certain example embodiments
and to supplement the written description disposed below.
These drawings, however, may not be drawn to scale and
may not precisely reflect the precise structural or perfor-
mance characteristics of any given embodiment, and should
not be interpreted as defining or limiting the range of values
or properties encompassed by example embodiments. For
example, the relative thicknesses and positioning of mol-
ecules, layers, regions and/or structural elements may be
reduced or exaggerated for clarity. The use of similar or
identical reference numbers in the various drawings is
intended to indicate the presence of a similar or identical
element or feature.

DETAILED DESCRIPTION

[0038] Example embodiments of the inventive concept
will now be described more fully with reference to the
accompanying drawings. in which example embodiments
are shown. Example embodiments of the inventive concept
may, however, be embodied in many different forms and
should not be construed as being limited to the embodiments
set forth herein; rather, these embodiments are disposed so
that this disclosure will be thorough and complete, and will
fully convey the concept of example embodiments to those
of ordinary skill in the art. In the drawings, the thicknesses
of layers and regions are exaggerated for clarity. Like
reference numerals in the drawings denote like elements,
and thus their description will not be repeated.

[0039] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element, or intervening elements may be present. In con-
trast, when an element is referred to as being “directly
connected” or “directly coupled” to another element, there
are no intervening elements present. Like numbers indicate
like elements throughout.

[0040] Spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the device in use or operation in addition to
the orientation depicted in the figures. For example, if the
device in the figures is turned over, elements described as
“below” or “beneath” other elements or features would then
be oriented “above” the other elements or features. Thus, the
exemplary term “below” can encompass both an orientation
of above and below. The device may be otherwise oriented
(e.g., rotated 90 degrees or at other orientations) and the
spatially relative descriptors used herein may be interpreted
accordingly.

[0041] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of example embodiments. As used herein, the

singular forms “a,” “an” and “the” are intended to include
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the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises”, “comprising”, “includes” and/or “including,”
if used herein, specify the presence of stated features,
integers, steps, operations, elements and/or components, but
do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components
and/or groups thereof.

[0042] FIG. 1 is a perspective view schematically illus-
trating a display panel according to an embodiment of the
inventive concept. FIG. 2A is an equivalent circuit diagram
illustrating a portion of a display panel shown in FIG. 1.
FIG. 2B is a sectional view taken along the line I-I' of FIG.
1. FIG. 2C s an enlarged sectional view illustrating a portion
of FIG. 2B. For convenience of illustration, FIG. 2C is
prepared to illustrate an enlarged shape of a region with a
crack dam CRD. An embodiment of the inventive concept
will be described with reference to FIGS. 1 to 2C.

[0043] A display panel 100 may include an insulating
substrate BS, a base layer BL. a circuit layer DP-CL, a
display device layer DP-OLED, an encapsulation layer TFE,
and a crack dam CRD. The insulating substrate BS may be
formed of or include an insulating material. The insulating
substrate BS may be formed to have a flexible property. For
example, the insulating substrate BS may include polyimide
(PD). However, the inventive concept is not limited to this
example, and in certain embodiments, the insulating sub-
strate BS may be formed of or include at least one of glass
or plastic materials.

[0044] The insulating substrate BS may include a display
region DA and a peripheral region NDA. The display region
DA may be a region of the display panel 100, which is
utilized to display an image. A plurality of pixels PX may be
disposed on the display region DA.

[0045] The peripheral region NDA may be located adja-
cent to the display region DA. The peripheral region NDA
1s illustrated to have a frame shape surrounding the display
region DA. However, the inventive concept is not limited to
this example, and in certain embodiments, the peripheral
region NDA may be locally disposed at one of edge regions
of the display region DA. For convenience in illustration,
some of elements constituting the display panel 100 (e.g.,
some pixels PX and the crack dam CRD) are exemplarily
illustrated in FIG. 1.

[0046] The pixels PX may be arranged to be spaced apart
from each other in a first direction DR1 and a second
direction DR2. For convenience in illustration, FIG. 2A
illustrates an equivalent circuit diagram of one of the pixels
PX as an example. However, the inventive concept is not
limited to this example, and in certain embodiments, the
structure of the pixel PX may be variously changed.
[0047] As shown in FIG. 2A, the pixel PX may include a
first thin-film transistor TR1, a capacitor CAP, a second
thin-film transistor TR2, and an organic light emitting device
OLED. The first thin-film transistor TR1 may be utilized as
a switching device controlling a switching (i.e., on/off)
operation of a first pixel PX1. For example, the first thin-film
transistor TR1 may be utilized to transmit a data signal from
a second signal line DL to the capacitor Cap or the second
transistor TR2 or to prevent (e.g., cut off) such transmission
of the data signal, in response to a scan signal transmitted
through.

[0048] The capacitor CAP may be connected to the first
thin-film transistor TR1 and a first power line VDD. The
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capacitor CAP may be charged to have a charge amount
corresponding to a difference in voltage level between the
data signal transmitted from the first thin-film transistor TR1
and a first power voltage applied to the first power line VDD.
[0049] The second thin-film transistor TR2 may be con-
nected to the first thin-film transistor TR1, the capacitor
CAP, and the organic light emitting device OLED. The
second thin-film transistor TR2 may be utilized to control a
driving current flowing through the organic light emitting
device OLED, depending on an amount of electric charges
stored in the capacitor CAP. A length in time of a turn-on
period of the second thin-film transistor TR2 may be depen-
dent on an amount of electric charges stored in the capacitor
CAP. During the turn-on period, the second thin-film tran-
sistor TR2 may be utilized to supply the first power voltage,
which is transmitted through the first power line VDD, to the
organic light emitting device OLED.

[0050] The organic light emitting device OLED may be
connected to the second thin-film transistor TR2 and a power
terminal VSS. The organic light emitting device OLED may
be configured to emit light whose intensity is determined by
a difference in voltage level between a signal transmitted
through the second thin-film transistor TR2 and a second
power voltage received through the power terminal VSS. A
light-emitting operation of the organic light emitting device
OLED may be executed during a turn-on period of the
second thin-film transistor TR2.

[0051] The organic light emitting device OLED may be
formed of or include a light-emitting material. The organic
light emitting device OLED may be configured to generate
light, whose color is determined by the light-emitting mate-
rial. Color of light generated by the organic light emitting
device OLED may be one of red, green, blue, and white.
[0052] In FIG. 2B, some of the elements constituting the
pixel PX (e.g., a thin-film transistor TR-P (hereinafter, a
pixel transistor) and an organic light emitting device ED) are
illustrated as an example. As shown in FIG. 2B, the pixel
transistor TR-P may be disposed on the insulating substrate
BS.

[0053] The pixel transistor TR-P may constitute (e.g., may
be a constituent of) the circuit layer DP-CL. In the present
embodiment, the display panel 100 may further include the
base layer BL disposed between the circuit layer DP-CL and
the insulating substrate BS. The base layer BL may include
a single insulating layer or a plurality of insulating layers.
For example, the base layer BL may include at least one of
a buffer layer or a barrier layer. Thus, it may be possible to
stably form the circuit layer DP-CL on the base layer BL and
to prevent or substantially prevent oxygen or moisture,
which may enter through the insulating substrate BS or the
insulating substrate BS, from infiltrating into the circuit
layer DP-CL.

[0054] The pixel transistor TR-P may include a semicon-
ductor pattern SP, a control electrode CE, an input electrode
IE, and an output electrode OE. The control electrode CE of
the pixel transistor TR-P may be spaced apart from the
semiconductor pattern SP with a first insulating layer 10
interposed therebetween. The control electrode CE may be
connected to the first thin-film transistor TR1 of FIG. 2A.
The first insulating layer 10 may be utilized as a gate
insulating layer.

[0055] The input and output electrodes IE and OE of the
pixel transistor TR-P may be spaced apart from the control
electrode CE of the pixel transistor TR-P with a second



US 2019/0214446 Al

insulating layer 20 interposed therebetween. The input and
output electrodes IE and OF of the pixel transistor TR-P may
be disposed to penetrate the first and second insulating
layers 10 and 20, and may be respectively coupled to two
separate region of the semiconductor pattern SP. The input
electrode IE of the pixel transistor TR-P may be connected
to the capacitor CAP of FIG. 2A, and the output electrode
OE of the pixel transistor TR-P may be connected to the
organic light emitting device ED.

[0056] Meanwhile, in the pixel transistor TR-P, the control
electrode CE may be disposed below the semiconductor
pattern SP, or the input and output electrodes IE and OF may
be disposed below the semiconductor pattern SP. Alterna-
tively, the input and output electrodes IE and OE may be
disposed on the same layer as the semiconductor pattern SP,
and may be directly coupled to the semiconductor pattern
SP. According to an embodiment of the inventive concept,
the structure of the pixel transistor TR-P may be variously
changed, but the inventive concept is not limited thereto.

[0057] The organic light emitting device ED may be
disposed on a third insulating layer 30. The organic light
emitting device ED and a fourth insulating layer 40 may
constitute the display device layer DP-OLED. The organic
light emitting device ED may include a first electrode E1, a
light emitting layer EL, and a second electrode E2, which are
sequentially stacked in a third direction DR3.

[0058] The first electrode E1 may be coupled to the pixel
transistor TR-P through the third insulating layer 30.
Although not shown, an additional connection electrode
may be further disposed between the first electrode E1 and
the pixel transistor TR-P, and in this case, the first electrode
E1 may be electrically coupled to the pixel transistor TR-P
through a connection electrode.

[0059] The fourth insulating layer 40 may be disposed on
the third insulating layer 30. The fourth insulating layer 40
may be disposed to have an opening. The opening may be
disposed to expose at least a portion of the first electrode E1.
The fourth insulating layer 40 may serve as a pixel definition
layer.

[0060] The light emitting layer EL may be disposed on the
first electrode E1. The light emitting layer EL may be
formed of or include a light-emitting material. For example,
the light emitting layer EL. may be formed of or include at
least one of fluorescent or phosphorescent materials. The
light emitting layer EL may be configured to emit red, green,
or blue light, in response to a potential difference between
the first electrode E1 and the second electrode E2.

[0061] The second electrode E2 may be disposed on the
light emitting layer EL. The second electrode E2 may be
disposed to face the first electrode E1. The second electrode
F2 may be connected to the second power terminal VSS of
FIG. 2A. The organic light emitting device ED may receive
the second power voltage through the second electrode E2.

[0062] The second electrode E2 may be formed of or
include a transparent conductive material or a transflective
conductive material. Thus, light generated by the light
emitting layer EL may easily pass through the second
electrode E2 and may propagate in the third direction DR3.
However, the inventive concept is not limited to this
example, and in certain embodiments, the organic light
emitting device ED may be configured to have a back-side
emission structure, in which the first electrode E1 includes
a transparent or transflective material, or a double-sided
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emission structure, which is configured to allow light to be
emitted through top and bottom surfaces thereof.

[0063] Although not shown, the organic light emitting
device ED may further include at least one organic layer,
which is disposed between the light emitting layer EL and
the first electrode E1 or between the light emitting layer EL
and the second electrode E2. The organic layer may be
utilized to control flow of electric charges, which are sup-
plied from the first electrode E1 and the second electrode E2
to the light emitting layer EL, and this may make it possible
to improve optical characteristics and lifespan of the organic
light emitting device ED.

[0064] The encapsulation layer TFE may be disposed on
the organic light emitting device ED to encapsulate the
organic light emitting device ED. Although not shown, a
capping layer covering the second electrode E2 may be
further disposed between the second electrode E2 and the
encapsulation layer TFE.

[0065] The encapsulation layer TFE may include a first
inorganic layer I0L1, an organic layer OL, and a second
inorganic layer IOL2, which are sequentially stacked in the
third direction DR3. However, the inventive concept is not
limited thereto, and in certain embodiments, the encapsula-
tion layer TFE may further include a plurality of inorganic
layers and a plurality of organic layers.

[0066] The first inorganic layer IOL1 may be disposed to
cover a second electrode ED2. The first inorganic layer [OL1
may prevent or substantially prevent external moisture or
oxygen from infiltrating into the organic light emitting
device ED. For example, the first inorganic layer IOL1 may
be formed of or include at least one of silicon nitride or
silicon oxide. The first inorganic layer IOL1 may be formed
by a deposition process.

[0067] The organic layer OL may be disposed on the first
inorganic layer [OL1 to be in contact with the first inorganic
layer IOL1. The organic layer OL may be configured to
improve a non-uniform surface profile caused by the first
inorganic layer IOL1. For example, the organic layer OL
may be disposed to cover the first inorganic layer 1011
having an uneven top surface or particles on the first
inorganic layer I0OL1, and this may make it possible to
prevent or substantially prevent the non-uniform surface
profile of the first inorganic layer I0L1 or the particles from
affecting elements on the organic layer OL. In addition, the
organic layer OL may be configured to relieve stress
between layers that are in contact with each other. The
organic layer OL may be formed of or include an organic
material and may be formed by a solution-based film-
forming process (e.g., a spin coating process, a slit coating
process, or an inkjet process).

[0068] The second inorganic layer IOL.2 may be disposed
on the organic layer OL to cover the organic layer OL. By
virtue of the organic layer OL having a relatively flat top
surface, it may be possible to more stably form the second
inorganic layer I0L2, compared to the case of forming it on
the first inorganic layer IOL1. The second inorganic layer
I0L2 may be configured to encapsulate the organic layer
OL. The second inorganic layer IOL2 may be formed of or
include at least one of silicon nitride or silicon oxide. The
second inorganic layer IOL2 may be formed by a deposition
process.

[0069] Although not shown, an input sensing unit includ-
ing a plurality of sensor patterns may be further disposed on
the encapsulation layer TFE. The input sensing unit may be
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directly formed on the encapsulation layer TFE and may be
utilized to sense an external input such as a touch event or
a pressure event. However, the inventive concept is not
limited to this example, and in certain embodiments, the
structure of the display panel may be variously changed.
[0070] The display panel 100 may further include a thin-
film transistor TR-D (hereinafter, a driving transistor), con-
ductive patterns E-VSS, E-CNT, VIN, and CL, and dam
portions DM1 and DM2, which are disposed on the periph-
eral region NDA.

[0071] The driving transistor TR-D may constitute the
circuit layer DP-CL. In the present embodiment, the driving
transistor TR-D may have a structure corresponding to that
of the pixel transistor TR-P. For example, the driving tran-
sistor TR-D may include the semiconductor pattern SP
disposed on the base layer BL, the control electrode CE
disposed on the first insulating layer 10, and the input and
output electrodes IE and OE disposed on the second insu-
lating layer 20. Accordingly, the pixel transistor TR-P and
the driving transistor TR-D may be concurrently (e.g.,
simultaneously) formed by the same process, and thus, it
may be possible to simplify a fabrication process and to
reduce a process cost. However, the inventive concept is not
limited to this example, and in certain embodiments, the
driving transistor TR-D may have a structure different from
that of the pixel transistor TR-P.

[0072] The conductive patterns E-VSS, E-CNT, VIN, and
CL may include a power supplying line E-VSS, a connection
electrode E-CNT, an initializing voltage line VIN, and a
signal line CL. The power supplying line E-VSS may
correspond to a power terminal of the pixel PX. Thus, the
power supplying line E-VSS may be utilized to supply the
second power voltage to the organic light emitting device
ED. In the present embodiment, the second power voltage
PX may be supplied in common to a plurality of the pixels.
[0073] The power supplying line B-VSS, which is a part of
the circuit layer DP-CL, may be disposed on the second
insulating layer 20. The power supplying line E-VSS and the
input or output electrode IE or OFE of the driving transistor
TR-D may be simultaneously or concurrently formed by the
same process. However, the inventive concept is not limited
to this example, and in certain embodiments, the power
supplying line E-VSS may be formed by a process different
from that for the input or output electrode IE or OF and may
be disposed on a layer different from that under the input or
output electrode IE or OFE.

[0074] The connection electrode E-CNT may be disposed
on the third insulating layer 30 to constitute the display
device layer DP-OLED. The connection electrode E-CNT
may be electrically coupled to the power supplying line
E-VSS. The connection electrode E-CNT may be extended
from the top surface of the third insulating layer 30 to cover
a top surface of the power supplying line E-VSS exposed by
the third insulating layer 30.

[0075] The second electrode E2 of the organic light emit-
ting device ED may be extended from the display region DA
and may be coupled to the connection electrode E-CNT. The
connection electrode E-CNT may receive the second power
voltage from the power supplying line E-VSS. Accordingly,
the second power voltage may be transmitted to the second
electrode E2 through the connection electrode E-CNT and
may be disposed (e.g., transmitted) to each of the pixels.
[0076] The connection electrode E-CNT may be disposed
on the same layer as the first electrode E1 of the organic light
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emitting device ED and may be formed concurrently with
the first electrode E1. However, the inventive concept is not
limited to this example, and in certain embodiments, the
connection electrode E-CNT may be disposed on a layer
different from that (i.e., a layer) under the first electrode E1.
[0077] Inanembodiment, a plurality of the signal lines CL.
may be disposed on the second insulating layer 20. The
signal lines CL may be spaced apart from each other in the
first direction DR1 and may be utilized to independently
transmit electrical signals.

[0078] The initializing voltage line VIN may be utilized to
provide an initializing voltage to the pixel PX. The initial-
izing voltage line VIN may be coupled to a plurality of
pixels, respectively, and may be utilized to provide the
initializing voltage to each of the pixels. In the present
embodiment, the signal line CL and the initializing voltage
line VIN may be formed on the same layer and concurrently
(e.g., simultaneously) by the same process. However, the
inventive concept is not limited to this example, and in
certain embodiments, the signal line CL and the initializing
voltage line VIN may be independently formed through
different processes.

[0079] The dam portions DM1 and DM2 may prevent or
substantially prevent the organic layer OL from being
formed outside of the dam portions DM1 and DM2, when
the organic layer OL of the encapsulation layer TFE is
formed on the display region DA. The dam portions DM1
and DM2 may be disposed near at least one of the edge
regions of the display region DA. The dam portions DM1
and DM2 may be disposed to enclose the display region DA,
when viewed in a plan view. The dam portions DM1 and
DM2 may include a plurality of dam portions (e.g., a first
dam portion DM1 and a second dam portion DM2).
[0080] The first dam portion DM1 may be disposed closer
to the display region DA than the second dam portion DM2.
The first dam portion DM1 may be overlapped with the
power supplying line E-VSS, when viewed in a plan view.
In the present embodiment, the connection electrode E-CNT
may include a portion that is disposed between the first dam
portion DM1 and the power supplying line E-VSS, when
viewed in a sectional view.

[0081] In the present embodiment, the first dam portion
DM1 may be formed of or include the same material as the
fourth insulating layer 40 and may be concurrently (e.g.,
simultaneously) formed utilizing the same mask as that for
the fourth insulating layer 40. In this case, an additional
process for forming the first dam portion DM1 may be
omitted, and this may make it possible to simplify the
fabrication process and to reduce the process cost.

[0082] The second dam portion DM2 may be disposed at
arelatively outer region, compared with the first dam portion
DM1. The second dam portion DM2 may be disposed to
cover a portion of the power supplying line E-VSS. In an
embodiment, the second dam portion DM2 may have a
double-layered structure including a first layer DM2-1.1 and
a second layer DM2-1.2. For example, the first layer DM2-
L1 and the third insulating layer 30 may be formed at the
same time (e.g., concurrently), and the second layer DM2-
L2 and the fourth insulating layer 40 may be formed at the
same time (e.g., concurrently). Accordingly, it may be
possible to easily form the second dam portion DM2,
without an additional process.

[0083] In the present embodiment, the connection elec-
trode E-CNT may be disposed on the first layer DM2-1.1 of



US 2019/0214446 Al

the second dam portion DM2 to be overlapped with a portion
of the first layer DM2-L1. For example, the connection
electrode E-CNT may include an end portion that is inter-
posed between the first layer DM2-L1 and the second layer
DM2-1.2. However, the inventive concept is not limited to
this example, and in certain embodiments, the connection
electrode E-CNT may not be extended to the second dam
portion DM2.

[0084] The first inorganic layer IOL1 and the second
inorganic layer IOL2 may be extended from the display
region DA to an outer region of the second dam portion
DM2. Thus, the first inorganic layer I0L1 and the second
inorganic layer IOL2 may cover the first dam portion DM1
and the second dam portion DM2. The organic layer OL may
be located within an internal region beyond (e.g., away
from) the second dam portion DM2.

[0085] The crack dam CRD may be disposed on the
peripheral region NDA. Referring to FIGS. 1 to 2C, the
crack dam CRD may be disposed on the peripheral region
NDA to be adjacent to an edge EG of the insulating substrate
BS. For convenience in illustration, in FIGS. 2B and 2C, one
of the side surfaces of the insulating substrate BS is illus-
trated as the edge EG, and one crack dam CRD adjacent to
the edge EG is illustrated. However, the inventive concept is
not limited to this example, and in certain embodiments, a
plurality of the crack dams CRD may be disposed adjacent
to two or more of the side surfaces of'the insulating substrate
BS.

[0086] The crack dam CRD may be extended in an exten-
sion direction of the edge EG adjacent thereto. In an
embodiment, the extension direction of the edge EG may be
parallel to the second direction DR2, and thus, the crack dam
CRD may be extended in the second direction DR2. The
crack dam CRD may include a plurality of inorganic insu-
lating patterns ILP and a plurality of conductive patterns
MTP.

[0087] The inorganic insulating patterns ILP may be
arranged to be spaced apart from each other in the first
direction DR1. In an embodiment, gap regions may be
defined between the inorganic insulating patterns ILP. Each
of the inorganic insulating patterns ILP may be a line-shaped
structure extending in the second direction DR2. The inor-
ganic insulating patterns ILP may be arranged in the first
direction DR1 to be parallel to each other.

[0088] The inorganic insulating patterns ILP may prevent
or substantially prevent impact, which is exerted through the
edge EG from the outside, or the consequent crack from
being transferred or expanded to elements (e.g., the driving
transistor TR-D, the pixel transistor TR-P, or the organic
light emitting device ED) constituting the display panel 100.
The inorganic insulating patterns ILP may be spaced apart
from each other in the first direction DR1, thereby prevent-
ing or substantially preventing impact or crack from being
transferred or expanded in the first direction DR1. Accord-
ingly, it may be possible to improve the reliability of the
display panel 100.

[0089] The conductive patterns MTP may be disposed in
gap regions, respectively, which are defined between the
inorganic insulating patterns ILP. For example, the conduc-
tive patterns MTP may be disposed to fill the gap regions.
Thus, each of the conductive patterns MTP may have a
shape corresponding to a corresponding one of the gap
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regions. In the present embodiment, each of the conductive
patterns MTP may be a line-shaped structure extending in
the second direction DR2.

[0090] In the present embodiment, the conductive patterns
MTP may be arranged to be spaced apart from each other in
the first direction DR1. Each of the conductive patterns MTP
may be disposed to be in direct contact with an adjacent
corresponding pair of the inorganic insulating patterns ILP.
For example, each of the conductive patterns MTP may be
disposed to cover opposite side surfaces of an adjacent
corresponding pair of the inorganic insulating patterns ILP
and a top surface of the insulating substrate BS between the
adjacent corresponding pair of the inorganic insulating pat-
terns ILP. The inorganic insulating patterns ILP, which are
separated from each other, may be physically connected to
each other by the conductive patterns MTP.

[0091] Inthe present embodiment, at least a portion of the
conductive patterns MTP may also be disposed to fill gap
regions between the inorganic insulating patterns ILP and
the base layer BL. Thus, the crack dam CRD may be
disposed to be in contact with the base layer BL.

[0092] The conductive patterns MTP may be formed of or
include a conductive material. For example, the conductive
patterns MTP may be formed of or include the same material
as the control electrode CE of the pixel transistor TR-P.
Here, the conductive patterns MTP may be formed concur-
rently (e.g., simultaneously) by the same process as that for
the control electrode CE of the pixel transistor TR-P.
[0093] The conductive patterns MTP may be formed of or
include the same material as that of the input and output
electrodes IE and OE of the pixel transistor TR-P. Here, the
conductive patterns MTP may be formed concurrently (e.g.,
simultaneously) by the same process as that for the input and
output electrodes IE and OF of the pixel transistor TR-P.
[0094] Accordingly, it may be possible to form the con-
ductive patterns MTP without an additional process, and this
may make it possible to simplify the fabrication process and
to reduce the process cost. However, the inventive concept
is not limited to this example, and in certain embodiments,
the conductive patterns MTP and the pixel transistor TR-P
may be independently formed through different processes.
[0095] According to an embodiment of the inventive con-
cept, since the gap regions between the inorganic insulating
patterns ILP are covered with the conductive patterns MTP,
it may be possible to prevent or substantially prevent par-
ticles from entering the gap regions between the inorganic
insulating patterns TLP, during a fabrication process. In
addition, even when the particles enter the gap regions
between the inorganic insulating patterns ILP during the
fabrication process, owing to the conductive patterns MTP
covering the gap regions, it may be possible to prevent or
substantially prevent a process of forming the organic light
emitting device ED from being affected by the particles,
which remain in the gap regions between the inorganic
insulating patterns ILP. Thus, it may be possible to improve
process reliability of the fabrication process. This will be
described in more detail below.

[0096] FIGS. 3A and 3B are sectional views illustrating a
portion of a display panel according to an embodiment of the
inventive concept. For convenience in illustration, FIGS. 3A
and 3B illustrate a region corresponding to the region shown
in FIG. 2C. Hereinafter, a display panel according to an
embodiment of the inventive concept will be described with
reference to FIGS. 3A and 3B. For concise description, an
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element previously described with reference to FIGS. 1 to
2C may be identified by the same reference number without
repeating an overlapping description thereof.

[0097] As shownin FIG. 3A, acrack dam CRD-S1 may be
disposed to be spaced apart from the base layer BL. The
crack dam CRD-S1 may be spaced apart from an end portion
of the base layer BL in the first direction DRI, thereby
defining a gap region SS.

[0098] The crack dam CRD-S1 may include the inorganic
insulating patterns ILP and conductive patterns MTP-S,
which are disposed to fill gap regions between the inorganic
insulating patterns ILP. The conductive patterns MTP-S may
not be provided in the gap region SS between the crack dam
CRD-S1 and the base layer BL. The inorganic insulating
patterns ILP of the crack dam CRD-S1 may be physically
separated from the base layer BL.

[0099] Alternatively, as shown in FIG. 3B, a crack dam
CRD-S2 may be inserted in a base layer BL-S. The base
layer BL-S may be extended to the edge EG of the insulating
substrate BS, and inorganic insulating patterns ILP-S of the
crack dam CRD-82 may be formed by removing some
portions of the base layer BL-S.

[0100] The conductive patterns MTP-S of the crack dam
CRD-S2 may be disposed to fill gap regions between the
inorganic insulating patterns ILP-S. For example, the con-
ductive patterns MTP-S may be formed to fill the removed
portions of the base layer BL-S. Accordingly, the crack dam
CRD-S2 and the base layer BL-S may be formed to consti-
tute a single object.

[0101] According to an embodiment of the inventive con-
cept, the structure of the crack dam CRD-S1 or CRD-S2
may be variously changed, if a display panel is configured
to include a plurality of insulating patterns, which are spaced
apart from each other, and a plurality of conductive patterns,
which are disposed to fill gap regions between the insulating
patterns.

[0102] FIGS. 4A and 4B are sectional views illustrating a
region of a display panel according to an embodiment of the
inventive concept. For convenience in illustration, FIGS. 4A
and 4B illustrate a region corresponding to the region shown
in FIG. 2B. Hereinafter, a display panel according to an
embodiment of the inventive concept will be described with
reference to FIGS. 4A and 4B. For concise description, an
element previously described with reference to FIGS. 1 to
3B may be identified by the same reference number without
repeating an overlapping description thereof.

[0103] As shown in FIG. 4A, a display panel 100-1 may
include a crack dam CRD-1 disposed on the base layer
BL-1. The base layer BL-1 may be disposed to cover
substantially the entire top surface of the insulating substrate
BS and may be overlapped with all of the display region DA
and the peripheral region NDA.

[0104] The crack dam CRD-1 may be disposed adjacent to
end portions of the first and second insulating layers 10 and
20. The crack dam CRD-1 may include a plurality of
inorganic insulating patterns ILP-1 and a plurality of the
conductive patterns MTP. The inorganic insulating patterns
ILP-1 may be spaced apart from the end portions of the first
and second insulating layers 10 and 20, in the first direction
DR1. Furthermore, the inorganic insulating patterns ILP-1
may be spaced apart from each other in the first direction
DR1, thereby defining the gap regions therebetween.
[0105] Each of the inorganic insulating patterns ILP-1
may have a double-layered structure. For example, the
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inorganic insulating patterns ILP-1 may include a plurality
of first layers P1, which extend in the second direction DR2
and are arranged in the first direction DR1, and a plurality
of second layers P2, which extend in the second direction
DR2 and are arranged in the first direction DR1. Each of the
second layers P2 may be stacked on a corresponding one of
the first layers P1.

[0106] The first layers P1 may be formed on the same
layer as the first insulating layer 10. The first layers P1 may
be formed of the same material as the first insulating layer
10 and may have the same thickness as the first insulating
layer 10. The second layers P2 may be formed on the same
layer as the second insulating layer 20. The second layers P2
may be formed of the same material as the second insulating
layer 20 and may have the same thickness as the second
insulating layer 20.

[0107] The conductive patterns MTP may be disposed to
fill the gap regions between the inorganic insulating patterns
ILP-1. Each of the conductive patterns MTP may be dis-
posed to connect an adjacent corresponding pair of the
inorganic insulating patterns ILP-1 to each other.

[0108] The conductive patterns MTP may be formed of or
include a conductive material. For example, the conductive
patterns MTP may include the same material as that of the
input and output electrodes IE and OE of the pixel transistor
TR-P. Here, the conductive patterns MTP may be formed
concurrently (e.g., simultaneously) by the same process as
that for the input and output electrodes IE and OE of the
pixel transistor TR-P. However, the inventive concept is not
limited to this example, and in certain embodiments, the
conductive patterns MTP may be independently formed by
a process different from that for the input and output
electrodes IE and OFE of the pixel transistor TR-P.

[0109] In certain embodiments, as shown in FIG. 4B, a
display panel 100-2 may include inorganic insulating pat-
terns 1LP1 and 1L.P2, which are disposed on different layers,
and a crack dam CRD-2 including the conductive patterns
MTP. The inorganic insulating patterns ILP1 and ILP2 may
include first inorganic insulating patterns ILP1, which are
disposed on the insulating substrate BS, and second inor-
ganic insulating patterns ILP2, which are disposed on the
base layer BL.

[0110] The first inorganic insulating patterns ILP1 may be
disposed on the same layer as the base layer BL and may be
spaced apart from the end portion of the base layer BL. The
first inorganic insulating patterns ILP1 may substantially
correspond to a portion of the inorganic insulating patterns
ILP shown in FIG. 2A. The conductive patterns MTP may
be disposed to fill gap regions, respectively, which are
formed between the first inorganic insulating patterns ILP1
and between the base layer BL and the first inorganic
insulating patterns ILP1.

[0111] The second inorganic insulating patterns ILP2 may
have a double-layered structure. The second inorganic insu-
lating patterns ILP2 may include the first layers P1, which
are disposed on the same layer as the first insulating layer 10,
and the second layers P2, which are stacked on the first
layers P1 and are disposed on the same layer as the second
insulating layer 20. The second inorganic insulating patterns
ILP2 may substantially correspond to a portion of the
inorganic insulating patterns ILP-1 shown in FIG. 4A. The
conductive patterns MTP may be disposed to fill gap
regions, respectively, which are formed between the second
inorganic insulating patterns ILP2, between the first insu-
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lating layer 10 and the second inorganic insulating patterns
ILP2, and between the second insulating layer 20 and the
second inorganic insulating patterns TLP2.

[0112] As described with reference to the crack dam
CRD-1 or CRD-2 of the display panel 100-1 or 100-2, the
crack dam may be disposed at any levels of the display panel
100-1 or 100-2, and this may make it possible to stably
prevent or substantially prevent impact or crack from being
transferred or expanded laterally in various layers. Accord-
ingly, it may be possible to improve the reliability of the
display panel 100-1 or 100-2.

[0113] FIGS. 5A to 5C are sectional views illustrating a
region of a display panel according to an embodiment of the
inventive concept. For convenience in illustration, FIGS. 5A
to 5C illustrate a region corresponding to the region shown
in FIG. 2B. Hereinafter, a display panel according to an
embodiment of the inventive concept will be described with
reference to FIGS. 5A to 5C. For concise description, an
element previously described with reference to FIGS. 1 to
4B may be identified by the same reference number without
repeating an overlapping description thereof.

[0114] As shown in FIG. 5A, a display panel 100-3 may
include an encapsulation layer TFE-1 that is extended onto
the crack dam CRD. The crack dam CRD and the base layer
BL may be disposed on the same layer. In the present
embodiment, the crack dam CRD may correspond to the
crack dam CRD shown in FIG. 2B.

[0115] The encapsulation layer TFE-1 may be overlapped
with the crack dam CRD, when viewed in a plan view. An
organic layer OL1 of the encapsulation layer TFE-1 may
correspond to the organic layer OL shown in FIG. 2B, but
the first inorganic layer I0L11 and the second inorganic
layer IOL21 of the encapsulation layer TFE-1 may be
extended beyond the second dam portion DM2 to cover the
end portion of the second insulating layer 20, the end portion
of the first insulating layer 10, and the top surface of the
crack dam CRD.

[0116] The top surfaces of the inorganic insulating pat-
terns ILP and the top surfaces of the conductive patterns
MTP may be in contact with the first inorganic layer IOL11.
Since the inorganic insulating patterns ILP and the conduc-
tive patterns M TP are formed of inorganic materials, the first
inorganic layer IOL11 in contact with the inorganic insulat-
ing patterns ILP and the conductive patterns MTP may be
tightly attached to the crack dam CRD. Accordingly, it may
be possible to prevent or substantially prevent delamination
of the encapsulation layer TFE-1 from occurring on the
crack dam CRD and thereby to improve an encapsulation
property of the encapsulation layer TFE-1.

[0117] In certain embodiments, as shown in FIG. 5B, a
display panel 100-4 may include an encapsulation layer
TFE-2 that is extended onto the crack dam CRD-1. The
crack dam CRD-1 may be disposed on the base layer BL to
have a stacked structure. In the present embodiment, the
crack dam CRD-1 may correspond to the crack dam CRD-1
shown in FIG. 4A.

[0118] The encapsulation layer TFE-2 may include a first
inorganic layer I0L12, a second inorganic layer IO1.22, and
an organic layer OL2. The organic layer OL2 may corre-
spond to the organic layer OL shown in FIG. 4A, but the first
and second inorganic layers I0L12 and 10L22 may be
extended to cover the top surface of the crack dam CRD-1,
which is defined by the top surfaces of the second layers P2
and the conductive patterns MTP. The inorganic insulating
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patterns ILP-1 and the conductive patterns MTP may have
top surfaces that are in contact with the first inorganic layer
I0L12.

[0119] As shown in FIG. 5C, a display panel 100-5 may
include an encapsulation layer TFE-3 that is extended onto
the crack dam CRD-2. The crack dam CRD-2 may include
the inorganic insulating patterns ILP1 and ILP2, which are
disposed on different layers. In the present embodiment, the
crack dam CRD-2 may correspond to the crack dam CRD-2
shown in FIG. 4B.

[0120] The encapsulation layer TFE-3 may include a first
inorganic layer 10113, a second inorganic layer IOL.23, and
an organic layer OL3. The organic layer OL3 may corre-
spond to the organic layer OL shown in FIG. 4B, but the first
inorganic layer IOL13 and the second inorganic layer I0L.23
may be extended to cover the top surface of the crack dam
CRD-2. The first inorganic layer I0L13 and the second
inorganic layer 101.23 may be disposed to cover the first
inorganic insulating patterns ILP1 and the second inorganic
insulating patterns ILP2 and to have a stepwise shape on the
crack dam CRD-2.

[0121] Inthe display panel 100-3, 100-4, or 100-5 accord-
ing to an embodiment of the inventive concept, the thin-film
encapsulation layer TFE-1, TFE-2, or TFE-3 may be
extended to the crack dam CRD, CRD-1, or CRD-2. The
inorganic insulating pattern ILP, ILP1-1, ILP1, or ILP2 and
the conductive patterns MTP may be formed of or include an
inorganic material. Accordingly, the first inorganic layer
10L11, I0L12, or IOL13 may be tightly (e.g., strongly)
attached to the crack dam CRD, CRD-1, or CRD-2. Thus, it
may be possible to prevent or substantially prevent delami-
nation of the encapsulation layer TFE-1, TFE-2, or TFE-3
from occurring on the crack dam CRD, CRD-1, or CRD-2
and thereby to improve an encapsulation property of the
encapsulation layer TFE-1, TFE-2, or TFE-3.

[0122] According to an embodiment of the inventive con-
cept, since the encapsulation layer TFE-1, TFE-2, or TFE-3
is disposed to cover the crack dam CRD, CRD-1, or CRD-2,
it may be possible to form the crack dam CRD, CRD-1, or
CRD-2 without providing an additional region for the crack
dam CRD, CRD-1, or CRD-2 outside the encapsulation
layer TFE-1, TFE-2, or TFE-3. Accordingly, a distance from
the end portion of the insulating substrate BS to the encap-
sulation layer TFE may be reduced, and thus, it may be
possible to reduce an area of the peripheral region NDA and
to reduce an area of a bezel region in the display panel
100-3, 100-4, or 100-5.

[0123] FIGS. 6A to 6C are schematic perspective views
illustrating a method of fabricating a display panel according
to an embodiment of the inventive concept. FIG. 7A is a
sectional view illustrating a region of a display panel accord-
ing to a comparative embodiment, and FIG. 7B is a sectional
view illustrating a region of a display panel according to an
embodiment of the inventive concept.

[0124] A step of forming a plurality of display panels
100-A, 100-B, 100-C, and 100-D from a mother substrate
1000 may be briefly illustrated in FIGS. 6A to 6C. FIG. 7A
illustrates a region corresponding to the region shown in
FIG. 2B, and FIG. 7B is a sectional view illustrating the
display panel 100-A, which is one of the display panels
100-A, 100-B, 100-C, and 100-D of FIG. 6C. Hereinafter,
some display panels will be described with reference to
FIGS. 6A to 7B. For concise description, an element previ-
ously described with reference to FIGS. 1 to 5C may be
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identified by the same reference number without repeating
an overlapping description thereof.

[0125] As shown in FIG. 6A, the mother substrate 1000
may include a plurality of crack dams CRD-A1, CRD-A2,
CRD-B1, CRD-B2, CRD-C1, CRD-C2, CRD-D1, and
CRD-D2, which are adjacent to a plurality of display regions
DA1, DA2, DA3, and DA4. Each of the display regions
DA1, DA2, DA3, and DA4 may correspond to the display
region DA (e.g., see FIG. 1) described above. The display
regions DAL, DA2, DA3, and DA4 may be formed by the
same process.

[0126] Each of the crack dams CRD-A1, CRD-A2, CRD-
B1, CRD-B2, CRD-C1, CRD-C2, CRD-D1, and CRD-D2
may be disposed on (e.g., adjacent to) a corresponding one
of the display regions DA1, DA2, DA3, and DA4. In the
present embodiment, a pair of crack dams may be disposed
adjacent to each of the display regions DA1, DA2, DA3, and
DA4.

[0127] A cutting line CTL may be defined between the
display regions DA1, DA2, DA3, and DA4. For example,
the cutting line CTL may be defined to determine the edge
EG or the side surfaces of the insulating substrate BS (e.g.,
see FIG. 2B). The cutting line CTL may define edges of each
of the display regions DA1, DA2, DA3, and DA4.

[0128] The crack dams CRD-Al, CRD-A2, CRD-BI,
CRD-B2, CRD-C1, CRD-C2, CRD-D1, and CRD-D2 may
be extended in an extension direction of the cutting line CTL
adjacent thereto. The crack dams CRD-A1, CRD-A2, CRD-
B1, CRD-B2, CRD-C1, CRD-C2, CRD-D1, and CRD-D2
may include first crack dams CRD-A1, CRD-B1, CRD-C1,
and CRD-D1 extending in the second direction DR2 and
second crack dams CRD-A2, CRD-B2, CRD-C2, and CRD-
D2 extending in the first direction DR1. The cutting line
CTL extending in the second direction DR2 may be posi-
tioned between two opposite ones of the first crack dams
CRD-A1, CRD-B1, CRD-C1, and CRD-D1, and the cutting
line CTL extending in the first direction DR1 may be
positioned between two opposite ones of the second crack
dams CRD-A2, CRD-B2, CRD-C2, and CRD-D2.

[0129] Thereafter, as shown in FIGS. 6B and 6C, the
mother substrate 1000 may be cut along the cutting line CTL
to form a plurality of display panels 100-A, 100-B, 100-C,
and 100-D. The display regions DA1, DA2, DA3, and DA4
may be spaced apart from each other along the cutting line
interposed therebetween.

[0130] The cutting of the mother substrate 1000 may be
performed utilizing a laser module LM. The laser module
LM may be configured to irradiate a laser beam LS onto the
mother substrate 1000 along the cutting line CTL, and this
irradiation process may be utilized to divide the mother
substrate 1000 into the display panels 100-A, 100-B, 100-C,
and 100-D, which include the display regions DA1, DA2,
DA3, and DA4, respectively.

[0131] Here, when the mother substrate 1000 is cut along
the cutting line CTL, impact may be exerted on each of the
display regions DA1, DA2, DA3, and DA4. For example,
impact may be transmitted from the cutting line CTL toward
the display regions DAL, DA2, DA3, and DA4. However,
according to an embodiment of the inventive concept, such
a propagation of the impact may be prevented or reduced by
the crack dams CRD-Al, CRD-A2, CRD-B1, CRD-B2,
CRD-C1, CRD-C2, CRD-D1, and CRD-D2 formed along
the cutting line CTL. Thus, it may be possible to prevent or
substantially prevent impact, which may occur along the
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cutting line CTL during the cutting process, or the conse-
quent crack from being transferred or expanded to the
display regions DA1, DA2, DA3, and DA4 and thereby to
improve process reliability of the fabrication process.
[0132] According to an embodiment of the inventive con-
cept, it may be possible to reduce an area of the peripheral
or bezel region of each of the display panels 100-A, 100-B,
100-C, and 100-D. A comparative display panel 100-CE
according to the comparative embodiment and the display
panel 100-A will be compared with each other with refer-
ence to FIGS. 7A and 7B. As shown in FIG. 7B, the display
panel 100-A is configured to have substantially the same
features as those of the display panel 100 of FIG. 2B, and as
shown in FIG. 7A, except for the difference associated with
the structure of the crack dam CRD-C, the comparative
display panel 100-CE is configured to have substantially the
same features as those of the display panel 100-A.

[0133] As shown in FIG. 7A, in the comparative display
panel 100-CE according to the comparative embodiment,
the crack dam CRD-C may include inorganic insulating
patterns ILP and an organic insulating pattern OLP. The
inorganic insulating patterns ILP may be covered with the
organic insulating pattern OLP.

[0134] To reduce a width of a margin region MGA defined
between the crack dam CRD-C and the end portion of the
insulating substrate BS, the laser beam LS from the laser
module LM may be irradiated onto a region close to the
crack dam CRD-C, as depicted by the arrow. In this case, the
organic insulating pattern OLP may be easily damaged by
the laser beam LS. Furthermore, if the laser beam LS is
irradiated onto the organic insulating pattern OLP, a con-
tamination material such as carbide may be easily produced
from a portion of the organic insulating pattern OLP. Thus,
in the comparative display panel 100-CE, in order to prevent
or substantially prevent the organic insulating pattern OLP
from being damaged, the margin region MGA should be
disposed to have a sufficiently large width.

[0135] By contrast, as shown in FIG. 7B, the crack dam
CRD of the display panel 100-A may include the conductive
patterns MTP, instead of the organic insulating pattern OLP.
The inorganic insulating patterns ILP may be covered with
the conductive patterns MTP, and the gap regions between
the inorganic insulating patterns ILP may be filled with the
conductive patterns MTP.

[0136] 1In the case where, as depicted by the arrow, the
laser beam LS from the laser module LM is irradiated onto
a region adjacent to the crack dam CRD to reduce a width
of the margin region MGA, the conductive patterns MTP of
the display panel 100-A may have a relatively high resis-
tance to the laser beam LS, compared with the organic
insulating pattern OLP. Accordingly, even when the laser
beam LS is irradiated onto a region adjacent to the crack
dam CRD, it may be possible to stably maintain the crack
dam CRD. Thus, the cutting process may be performed so as
to effectively reduce the width of the margin region MGA,
and this may allow the display panel 100-A to have a narrow
bezel region, compared with the comparative display panel
100-CE.

[0137] According to an embodiment of the inventive con-
cept, since the gap regions between the inorganic insulating
patterns ILP are filled with the conductive patterns MTP, it
may be possible to prevent or substantially prevent a con-
tamination material (e.g., dust or particles), which is pro-
duced from the insulating substrate BS in the cutting process
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utilizing the laser beam LS, from entering the gap regions
between the inorganic insulating patterns ILP. Thus, it may
be possible to improve process reliability in a process of
fabricating the display panel.

[0138] FIGS. 8A to 8F are sectional views illustrating a
method of fabricating a display panel according to an
embodiment of the inventive concept. For convenience in
illustration, each of FIGS. 8A to 8F is prepared to illustrate
a region corresponding to the region shown in FIG. 2B.
Hereinafter, a method of fabricating a display panel accord-
ing to an embodiment of the inventive concept will be
described with reference to FIGS. 8A to 8F.

[0139] As shown in FIG. 8A, an initial base layer BL-1
may be formed on the insulating substrate BS. The initial
base layer BL-1 may be formed of or include an insulating
material. The initial base layer BL-I may be formed of an
inorganic material and may be formed by a deposition
process.

[0140] As shown in FIG. 8B, the initial base layer BL-1
may be patterned to form the base layer BL and a plurality
of the inorganic insulating patterns ILP. The inorganic
insulating patterns ILP may be spaced apart from each other
to form gap regions OP.

[0141] As shown in FIG. 8C, the semiconductor pattern
SP and the first insulating layer 10 may be formed on the
base layer BL. The semiconductor pattern SP may be formed
by patterning a semiconductor material. The first insulating
layer 10 may be disposed on the base layer BL to cover the
semiconductor pattern SP. The first insulating layer 10 may
be formed to be spaced apart from the inorganic insulating
patterns ILP, when viewed in a plan view. The first insulating
layer 10 may be formed of an inorganic material and may be
formed by a deposition process.

[0142] As shown in FIGS. 8D and 8E, a conductive layer
CLL may be formed on the first insulating layer 10 and may
be patterned to form the control electrode CE and a plurality
of the conductive patterns MTP. The conductive layer CLL
may be formed to cover the first insulating layer 10 and the
inorganic insulating patterns ILP. The conductive layer CLL
may be formed by depositing or coating a conductive
material on the first insulating layer 10.

[0143] The control electrode CE and the conductive pat-
terns MTP may be formed concurrently (e.g., simultane-
ously) by the same process. For example, the control elec-
trode CE and the conductive patterns MTP may be formed
utilizing a single common mask. The conductive patterns
MTP may be formed of the same material as the control
electrode CE and may have the same layered structure as the
control electrode CE.

[0144] The conductive patterns MTP, in conjunction with
the inorganic insulating patterns ILP, may constitute the
crack dam CRD. In an embodiment, since the crack dam
CRD is formed utilizing the same process as that for forming
the base layer BL or the control electrode CE, it may be
possible to easily form the crack dam CRD without adding
a mask or a process step. This may make it possible to
simplify the fabrication process and to reduce the process
cost.

[0145] Thereafter, as shown in FIG. 8F, the circuit layer
DP-CL, the display device layer DP-OLED, and the encap-
sulation layer TFE may be sequentially formed to form the
display panel 100. Each of the circuit layer DP-CL, the
display device layer DP-OLED, and the encapsulation layer

Jul. 11,2019

TFE may be formed by one of the known technologies, and
a detailed description thereof will be omitted.

[0146] As described above, the gap regions OP between
the inorganic insulating patterns ILP may be filled with the
conductive patterns MTP, before the formation of the circuit
layer DP-CL, the display device layer DP-OLED, and the
encapsulation layer TFE. Thus, even if a contamination
material remains in the gap regions OP between the inor-
ganic insulating patterns ILP, it may be possible to prevent
or substantially prevent elements of the display panel from
being damaged by the contamination material, because the
remaining contamination material is covered with the con-
ductive patterns MTP when the circuit layer DP-CL, the
display device layer DP-OLED, and the encapsulation layer
TFE are formed. This may make it possible to improve
process reliability of the fabrication process.

[0147] Furthermore, as described above, because an exist-
ing process of forming a cell is utilized to form the cell as
well as the crack dam CRD, it is unnecessary to perform an
additional process for forming the crack dam CRD. This
may make it possible to simplify the fabrication process and
to reduce the process cost.

[0148] FIGS. 9A to 9F are sectional views illustrating a
method of fabricating a display panel according to an
embodiment of the inventive concept. For convenience in
illustration, each of FIGS. 9A to 9F is prepared to illustrate
a region corresponding to the region shown in FIG. 4A.
Hereinafter, a method of fabricating a display panel (i.e., the
display panel 100-1 of FIG. 4A) according to an embodi-
ment of the inventive concept will be described with refer-
ence to FIGS. 9A to 9F.

[0149] As shown in FIG. 9A, the base layer BL-1 may be
formed on the insulating substrate BS. The base layer BL-1
may be formed by depositing an inorganic material on the
insulating substrate BS. The base layer BL-1 may be formed
by substantially the same method as that for forming the
initial base layer BL-I of FIG. 8A.

[0150] Thereafter, as shown in FIG. 9B, the semiconduc-
tor pattern SP, an initial first insulating layer 10-1, the control
electrode CE, and an initial second insulating layer 20-I may
be sequentially formed on the base layer BL-1. The semi-
conductor pattern SP may be formed by pattering a semi-
conductor material.

[0151] The initial first insulating layer 10-1 may be formed
on the base layer BL-1 to cover the semiconductor pattern
SP. The initial first insulating layer 10-I may be formed to
cover substantially the entire top surface of the base layer
BL-1. The initial first insulating layer 10-I may be formed by
depositing an inorganic material on the base layer BL-1.
[0152] The control electrode CE may be formed on the
initial first insulating layer 10-1. The control electrode CE
may be formed by depositing and patterning a conductive
material. The control electrode CE may be formed by
substantially the same method as that of FIG. 8B.

[0153] The initial second insulating layer 20-1 may be
formed on the initial first insulating layer 10-I to cover the
control electrode CE. The initial second insulating layer 20-I
may be formed to cover substantially the entire top surface
of the initial first insulating layer 10-I. The initial second
insulating layer 20-I may be formed by depositing an
inorganic material on the initial first insulating layer 10-1.
[0154] Next, as shown in FIG. 9C, the initial first insulat-
ing layer 10-I and the initial second insulating layer 20-I
may be patterned to form the inorganic insulating patterns



US 2019/0214446 Al

ILP-1, the first insulating layer 10, and the second insulating
layer 20. The first and second insulating layers 10 and 20
may be formed by forming contact holes CH in the initial
first insulating layer 10-1 and the initial second insulating
layer 20-1.

[0155] The inorganic insulating patterns ILP-1 may be
formed to be spaced apart from each other with the gap
regions OP interposed therebetween. The inorganic insulat-
ing patterns ILP-1 may include the first layers P1, which are
formed from the initial first insulating layer 10-1, and the
second layers P2, which are formed from the initial second
insulating layer 20-1.

[0156] The inorganic insulating patterns ILP-1 and the
first and second insulating layers 10 and 20 may be concur-
rently (e.g., simultaneously) formed through the same pro-
cess. Thus, the gap regions OP and the contact holes CH may
be concurrently (e.g., simultaneously) formed utilizing a
single mask. In addition, the first layers P1 and the second
layers P2 may be aligned to each other in the third direction
DR3.

[0157] Thereafter, as shown in FIGS. 9D and 9E, a con-
ductive layer CLL-1 may be formed on the second insulating
layer 20 and then the conductive layer CLL-1 may be
patterned to form the input electrode IE, the output electrode
OE, and the conductive patterns MTP. The conductive layer
CLL-1 may be formed by depositing or coating a conductive
material on the second insulating layer 20. The conductive
layer CLL-1 may be formed by forming a single layer or
stacking a plurality of layers. The conductive layer CLL-1
may be formed to fill the gap regions OP and the contact
holes CH.

[0158] The conductive layer CLL-1 may be patterned to
form the input electrode IE, the output electrode OF, and the
conductive patterns MTP. The input electrode IE, the output
electrode OE, and the conductive patterns MTP may be
concurrently (e.g., simultaneously) formed utilizing a single
common mask. Thus, it may be possible to easily form the
crack dam CRD-1, without an additional process for form-
ing the conductive patterns MTP.

[0159] Next, as shown in FIG. 9F, the display device layer
DP-OLED and the encapsulation layer TFE may be sequen-
tially formed to form the display panel 100-1. Each of the
display device layer DP-OLED and the encapsulation layer
TFE may be formed by one of the known technologies, and
a detailed description thereof will be omitted.

[0160] As described above, the gap regions OP between
the inorganic insulating patterns ILP-1 may be filled with the
conductive patterns MTP, before the formation of the dis-
play device layer DP-OLED. Thus, even if a contamination
material remains in the gap regions OP between the inot-
ganic insulating patterns ILP-1, it may be possible to prevent
or substantially prevent elements of the display panel from
being damaged by the contamination material, because the
remaining contamination material is covered with the con-
ductive patterns MTP when the display device layer DP-
OLED or the encapsulation layer TFE are formed. This may
make it possible to improve process reliability of the fabri-
cation process.

[0161] Furthermore, as described above, because an exist-
ing process of forming a cell is utilized to form the cell as
well as the crack dam CRD-1, it is unnecessary to perform
an additional process for forming the crack dam CRD-1.
This may make it possible to simplify the fabrication process
and to reduce the process cost.
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[0162] According to an embodiment of the inventive con-
cept, a crack dam may be formed in a display panel to
prevent or substantially prevent an impact, which is exerted
to an outer portion of the display panel, from being trans-
mitted to a display region. Accordingly, it may be possible
to improve the reliability of a display device.

[0163] According to an embodiment of the inventive con-
cept, because an organic pattern is omitted from the crack
dam, it may be possible to prevent or substantially prevent
a crack dam from being broken in a cutting process. Accord-
ingly, it may be possible to reduce an area of a margin region
for protecting the crack dam and thereby to reduce an area
of a bezel region of display panel.

[0164] While example embodiments of the inventive con-
cept have been particularly shown and described, it will be
understood by one of ordinary skill in the art that variations
in form and detail may be made therein without departing
from the spirit and scope of the attached claims, and
equivalents thereof.

What is claimed is:

1. A display panel, comprising:

an insulating substrate having a display region and a
peripheral region adjacent to the display region;

a plurality of insulating layers on the insulating substrate;

a pixel on the display region, the pixel comprising a
thin-film transistor and an organic light emitting device
connected to the thin-film transistor; and

a crack dam on the peripheral region and spaced apart
from the pixel, the crack dam being adjacent to one of
side surfaces of the insulating substrate extending in a
first direction,

wherein the crack dam comprises:

a plurality of insulating patterns extending in the first
direction and spaced apart from each other in a second
direction crossing the first direction; and

a plurality of conductive patterns filling gap regions
between the insulating patterns.

2. The display panel of c¢laim 1, wherein the conductive
patterns are extended in the first direction and spaced apart
from each other in the second direction.

3. The display panel of claim 2, wherein each of the
conductive patterns is configured to connect adjacent insu-
lating patterns to each other.

4. The display panel of claim 1, wherein the thin-film
transistor comprises:

a semiconductor pattern;

a control electrode spaced apart from the semiconductor
pattern and overlapping the semiconductor pattern in a
plan view;

an input electrode spaced apart from the control electrode
in a plan view and coupled to a portion of the semi-
conductor pattern; and

an output electrode spaced apart from the control elec-
trode and coupled to an opposite portion of the semi-
conductor pattern,

wherein the conductive patterns comprise a same material
as at least one of the control electrode, the input
electrode, and the output electrode.

5. The display panel of claim 4, wherein the insulating

layers comprise:

a first insulating layer between the semiconductor pattern
and the control electrode; and

a second insulating layer between the control electrode
and the input electrode,
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wherein the insulating patterns are on a same layer as at
least one of the first insulating layer and the second
insulating layer.

6. The display panel of claim 5, wherein each of the
insulating patterns has a double-layered structure.

7. The display panel of claim 1, further comprising a base
layer between the thin-film transistor and the insulating
substrate,

wherein the base layer comprises at least one of a barrier

layer and a buffer layer, and

the insulating patterns are on a same layer as the base

layer.

8. The display panel of claim 7, wherein the insulating
patterns are spaced apart from the base layer in the second
direction.

9. The display panel of claim 8, wherein one of the
conductive patterns is configured to connect one of the
insulating patterns to the base layer.

10. The display panel of claim 7, wherein the insulating
patterns are connected to at least a portion of the base layer.

11. The display panel of claim 1, wherein the insulating
patterns comprise a plurality of first insulating patterns
spaced apart from each other in the second direction, and a
plurality of second insulating patterns spaced apart from
each other in the second direction and located on a layer
different from the first insulating patterns.

12. The display panel of claim 1, further comprising an
encapsulation layer on the display region and configured to
cover the pixel,

wherein the encapsulation layer is extended to cover the

crack dam and is in contact with the insulating patterns
and the conductive patterns.

13. The display panel of claim 12, wherein each of the
insulating patterns and the conductive patterns comprises an
inorganic material.

14. A method of fabricating a display panel, comprising:

forming pixels on a mother substrate, the mother substrate

having a plurality of display regions and a peripheral
region, the pixels being on each of the display regions
and comprising a thin-film transistor and an organic
light emitting device connected to the thin-film tran-
sistor, the thin-film transistor comprising a semicon-
ductor pattern, a control electrode, an input electrode,
and an output electrode;

forming a plurality of crack dams on the peripheral region

to be adjacent to the display regions, respectively; and
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cutting the mother substrate along a cutting line defined
between the display regions to form a plurality of
display panels,

wherein the forming of the crack dams comprises:

forming a plurality of insulating patterns arranged in a
first direction; and

filling gap regions between the insulating patterns with a
conductive material to form a plurality of conductive
patterns.

15. The method of claim 14, wherein the conductive

patterns are formed concurrently with the control electrode.

16. The method of claim 14, wherein the conductive
patterns are formed concurrently with the input electrode
and the output electrode.

17. The method of claim 14, wherein the cutting of the
mother substrate is performed utilizing a laser beam.

18. A display panel, comprising:

an insulating substrate having a display region, a periph-
eral region adjacent to the display region, and a side
surface extending in a first direction;

a pixel on the display region, the pixel comprising a
thin-film transistor and an organic light emitting device
connected to the thin-film transistor;

an encapsulation layer configured to cover the pixel and
comprising an inorganic layer and an organic layer; and

a crack dam on the peripheral region, adjacent to the side
surface, and extending in the first direction,

wherein the crack dam comprises:

a plurality of inorganic insulating patterns extending in
the first direction and spaced apart from each other in
a second direction crossing the first direction; and

a plurality of conductive patterns between the inorganic
insulating patterns, configured to connect adjacent inor-
ganic insulating patterns to each other, and spaced apart
from each other in the second direction.

19. The display panel of claim 18, wherein the inorganic
layer of the encapsulation layer is configured to cover the
crack dam, and

the organic layer of the encapsulation layer is spaced apart
from the crack dam, when viewed in a plan view.

20. The display panel of claim 19, wherein the inorganic
insulating patterns comprise a plurality of insulating patterns
on different layers, and

the inorganic layer of the encapsulation layer has a
stepwise shape on the crack dam.
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