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(54) DISPLAY DEVICE

(57) A display device includes a first substrate (101)
including a display area (100a) and a non-display area
(100b), a display element disposed on the first substrate
(101) in the display area, a first sealing portion (881) dis-
posed on the first substrate (101) in the non-display area
(101b), a second substrate (102) facing the first substrate
(101) in a thickness direction, a hole (TH) defined through
the first substrate (101) and the second substrate (102)
along the thickness direction in the display area, and a
second sealing portion (882) disposed between the first
substrate (101) and the second substrate (102) and en-
closing the hole (TH).
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Description

TECHNICAL FIELD

[0001] Exemplary embodiments of the present inven-
tion relate to a display device, and more particularly, to
a display device having a through hole.

DISCUSSION OF THE RELATED ART

[0002] Flat panel display (FPD) devices have advan-
tages of reduced weight and volume compared to cath-
ode ray tube (CRT) devices. Examples of such FPD de-
vices include liquid crystal display (LCD) devices, field
emission display (FED) devices, plasma display panel
(PDP) devices and organic light emitting diode (OLED)
display devices.

SUMMARY OF THE INVENTION

[0003] Exemplary embodiments of the present inven-
tion are directed to a display device having a through
hole.
[0004] According to an exemplary embodiment, a dis-
play device includes a first substrate including a display
area and a non-display area, a display element disposed
on the display area of the first substrate, a first sealing
portion disposed on the non-display area of the first sub-
strate, a second substrate facing the first substrate in a
first direction, a hole defined through the first substrate
and the second substrate along the first direction in the
display area, and a second sealing portion disposed be-
tween the first substrate and the second substrate and
enclosing the hole.
[0005] In an exemplary embodiment, the first substrate
further includes a dummy area located between the first
sealing portion and the second sealing portion.
[0006] In an exemplary embodiment, the dummy area
is located between the second sealing portion and one
side of the first sealing portion that is disposed closest
to the second sealing portion.
[0007] In an exemplary embodiment, the dummy area
has a polygonal shape including four sides.
[0008] In an exemplary embodiment, each of a third
side and a fourth side of the dummy area that are dis-
posed along a second direction in which long sides of
the first sealing portion face each other has a curved line
shape, and a first side and a second side of the dummy
area that are disposed along a third direction in which
short sides of the first sealing portion face each other
have a straight line shape and a curved line shape, re-
spectively.
[0009] In an exemplary embodiment, a distance be-
tween the third side and the fourth side gradually increas-
es along the third direction from the one side of the first
sealing portion that is disposed closest to the second
sealing portion toward the second sealing portion.
[0010] In an exemplary embodiment, a curvature of the

third side is substantially equal to a curvature of the fourth
side.
[0011] In an exemplary embodiment, the second seal-
ing portion has a circular shape, and a curvature of the
second sealing portion is substantially equal to or less
than a curvature of the third side or the second side.
[0012] In an exemplary embodiment, the first side is
adjacent to the first sealing portion, the second side is
adjacent to the second sealing portion, and a length of
the second side is greater than a length of the first side.
[0013] In an exemplary embodiment, each of a third
side and a fourth side of the dummy area that are dis-
posed along a second direction in which long sides of
the first sealing portion face each other has a straight line
shape, and a first side and a second side of the dummy
area that are disposed along a third direction in which
short sides of the first sealing portion face each other
have a straight line shape and a curved line shape, re-
spectively.
[0014] In an exemplary embodiment, a distance be-
tween the third side and the fourth side gradually de-
creases along the third direction from the one side of the
first sealing portion that is disposed closest to the second
sealing portion toward the second sealing portion.
[0015] In an exemplary embodiment, the first side is
adjacent to the first sealing portion, the second side is
adjacent to the second sealing portion, and a length of
the second side is greater than a length of the first side.
[0016] In an exemplary embodiment, the display ele-
ment includes a light emitting layer, and the light emitting
layer is selectively disposed only in the display area of
the display area and the dummy area.
[0017] In an exemplary embodiment, a hole injecting
layer, a hole transporting layer, an electron transporting
layer, and an electron injecting layer are further selec-
tively disposed only in the display area of the display area
and the dummy area.
[0018] In an exemplary embodiment, the display de-
vice further includes an insulating layer having a conca-
vo-convex shape disposed in the dummy area.
[0019] In an exemplary embodiment, no pattern layer
exists in the dummy area.
[0020] In an exemplary embodiment, a width of the
second sealing portion is less than a width of the first
sealing portion.
[0021] In an exemplary embodiment, the display de-
vice further includes at least one of a first heat transfer
layer disposed between the first substrate and the first
sealing portion, and a second heat transfer layer dis-
posed between the first substrate and the second sealing
portion.
[0022] In an exemplary embodiment, the first heat
transfer layer contacts the first sealing portion, and the
second heat transfer layer contacts the second sealing
portion.
[0023] In an exemplary embodiment, the non-display
area of the first substrate includes a pad area that does
not overlap the second substrate, and a non-pad area
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that overlaps the second substrate. A first side of first
and second sides of the first sealing portion that face
each other is more adjacent to the non-pad area, and the
second sealing portion is more adjacent to either one of
the first side and the second side.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The above and other features of the present
invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to
the accompanying drawings, wherein:

FIG. 1 is a block diagram illustrating a display device
according to an exemplary embodiment.
FIG. 2 is an equivalent circuit diagram illustrating one
of pixels illustrated in FIG. 1.
FIG. 3 is a plan view illustrating a display device ac-
cording to an exemplary embodiment that includes
elements of FIG. 1.
FIG. 4 is an enlarged view of part A of FIG. 3.
FIG. 5 is a cross-sectional view taken along line I-I’
of FIGs. 3 and 4 according to an exemplary embod-
iment.
FIG. 6 is a cross-sectional view taken along line I-I’
of FIGs. 3 and 4 according to an exemplary embod-
iment.
FIG. 7 is a cross-sectional view taken along line I-I’
of FIGs. 3 and 4 according to an exemplary embod-
iment.
FIG. 8 illustrates an arrangement of a light emitting
layer of a first substrate of FIG. 3.
FIG. 9 is a plan view illustrating a display device ac-
cording to an exemplary embodiment that includes
elements of FIG. 1.
FIG. 10 is an enlarged view of part A of FIG. 9.
FIG. 11 is a view illustrating a dummy area according
to an exemplary embodiment.
FIG. 12 is a view illustrating a dummy area according
to an exemplary embodiment.
FIG. 13 is a view illustrating a dummy area according
to an exemplary embodiment.
FIG. 14 is a view illustrating a dummy area according
to an exemplary embodiment.
FIG. 15 is a view illustrating a dummy area according
to an exemplary embodiment.
FIG. 16 is a view illustrating a dummy area according
to an exemplary embodiment;
FIG. 17 is a plan view illustrating a first sealing portion
and a second sealing portion according to an exem-
plary embodiment.
FIGs. 18A to 18C are views illustrating electronic de-
vices that include the display devices according to
exemplary embodiments.
FIG. 19 is a cross-sectional view of a light emitting
diode.

DETAILED DESCRIPTION

[0025] Exemplary embodiments will be described
more fully hereinafter with reference to the accompany-
ing drawings. Like reference numerals may refer to like
elements throughout the accompanying drawings.
[0026] When a layer, area, or plate is referred to as
being "on" another layer, area, or plate, it may be directly
on the other layer, area, or plate, or intervening layers,
areas, or plates may be present therebetween. Further,
when a layer, area, or plate is referred to as being "below"
another layer, area, or plate, it may be directly below the
other layer, area, or plate, or intervening layers, areas,
or plates may be present therebetween.
[0027] The spatially relative terms "below", "beneath",
"lower", "above", "upper" and the like, may be used herein
for ease of description to describe the relations between
one element or component and another element or com-
ponent as illustrated in the drawings. It will be understood
that the spatially relative terms are intended to encom-
pass different orientations of the device in use or opera-
tion, in addition to the orientation illustrated in the draw-
ings. For example, in a case in which a device illustrated
in the drawing is turned over, the device positioned "be-
low" or "beneath" another device may be placed "above"
another device. Accordingly, the illustrative term "below"
may include both the lower and upper positions. The de-
vice may also be oriented in the other direction and thus
the spatially relative terms may be interpreted differently
depending on the orientations.
[0028] Throughout the specification, when an element
is referred to as being ’on’, ’connected to’, ’coupled to’,
or ’adjacent to’ another element, it can be directly on,
connected to, coupled to, or adjacent to the other ele-
ment, or intervening elements may also be present.
When an element is referred to as being connected to
another element, the element may be electrically con-
nected to the other element.
[0029] It will be understood that, although the terms
"first," "second," "third," and the like may be used herein
to describe various elements, these elements should not
be limited by these terms. These terms are only used to
distinguish one element from another element. Thus, "a
first element" discussed below could be termed "a second
element" or "a third element," and "a second element"
and "a third element" may be termed likewise without
departing from the teachings herein.
[0030] "About" or "approximately" as used herein is in-
clusive of the stated value and means within an accept-
able range of deviation for the particular value as deter-
mined by one of ordinary skill in the art, considering the
measurement in question and the error associated with
measurement of the particular quantity (i.e., the limita-
tions of the measurement system). For example, "about"
may mean within one or more standard deviations, or
within 6 30%, 20%, 10%, 5% of the stated value.
[0031] Hereinafter, a display device according to an
exemplary embodiment will be described in detail with
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reference to FIGs. 1 to 13C.
[0032] FIG. 1 is a block diagram illustrating a display
device according to an exemplary embodiment.
[0033] A display device 1000 according to an exem-
plary embodiment of the present invention includes a
substrate 101, a scan driver 111, an emission control
driver 112, and a data driver 113, as illustrated in FIG. 1.
[0034] On the substrate 101, i+2 number of scan lines
SL0 to SLi+1, k number of emission control lines EL1 to
ELk,j number of data lines DL1 to DLj, k∗j number of pixels
PX, the scan driver 111, the emission control driver 112
and the data driver 113 are disposed, where each of i, j
and k is a natural number greater than 1.
[0035] The plurality of pixels PX are located in a display
area 100a of the substrate 101.
[0036] The i+2 number of scan lines SL0 to SLi+1, the
k number of emission control lines EL1 to ELk, and the j
number of data lines DL1 to DLj are located at the display
area 100a of the substrate 101. In such an exemplary
embodiment, the i+2 number of scan lines SL0 to SLi+1
extend to a non-display area 100b and are connected to
the scan driver 111, the k number of emission control
lines EL1 to ELk extend to the non-display area 100b and
are connected to the emission control driver 112, and the
j number of data lines DL1 to DLj extend to the non-dis-
play area 100b and are connected to the data driver 113.
[0037] The scan driver 111 and the emission control
driver 112 may be manufactured on the substrate 101
through a process substantially the same as a process
in which the pixel PX is disposed. For example, switching
elements of the scan driver 111, switching elements of
the emission control driver 112, and switching elements
of the pixel PX may be disposed on the substrate 101
through a photolithography process.
[0038] In an exemplary embodiment, the emission
control driver 112 may be embedded in the scan driver
111. For example, the scan driver 111 may further serve
the function of the emission control driver 112. In such
an exemplary embodiment, the scan lines SL0 to SLi+1
and the emission control lines EL1 to ELk are driven to-
gether by the scan driver 111.
[0039] The data driver 113 may be manufactured in
the form of a chip. The data driver 113 may be attached
on the substrate 101 in a chip bonding manner. In an
exemplary embodiment, the data driver 113 may be dis-
posed on a separate printed circuit board (PCB) instead
of the substrate 101, in which case the data lines DL1 to
DLj are connected to the data driver 113 through the PCB.
[0040] In an exemplary embodiment, each of the scan
driver 111 and the emission control driver 112 may be
manufactured in the form of a chip. The chip-type scan
driver 111 may be located in the non-display area 100b
of the substrate 101 or at another separate PCB. The
chip-type emission control driver 112 may be located in
the non-display area 100b of the substrate 101 or at an-
other separate PCB.
[0041] The scan lines SL0 to SLi+1 are arranged along
a Y-axis direction, and each of the scan lines SL0 to SLi+1

extends along an X-axis direction. The emission control
lines EL1 to ELk are arranged along the Y-axis direction,
and each of the emission control lines EL1 to ELk extends
along the X-axis direction. The data lines DL1 to DLj are
arranged along the X-axis direction, and each of the data
lines DL1 to DLj extends along the Y-axis direction.
[0042] Of the aforementioned scan lines SL0 to SLi+1,
a scan line SL0 that is furthest from the data driver 113
is defined as a first dummy scan line SL0, and a scan
line SLi+1 that is closest to the data driver 113 is defined
as a second dummy scan line SLi+1. In addition, the scan
lines SL1 to SLi between the first dummy scan line SL0
and the second dummy scan line SLi+1 are respectively
defined as first to i-th scan lines SL1 to SLi sequentially
from a scan line that is furthest from the data driver 113.
[0043] The scan driver 111 generates scan signals ac-
cording to a scan control signal provided from a timing
controller, and sequentially applies the scan signals to
the plurality of scan lines SL0 to SLi+1. The scan driver
111 outputs first to i-th scan signals, a first dummy scan
signal, and a second dummy scan signal. The first to i-
th scan signals output from the scan driver 111 are ap-
plied to the first to i-th scan lines SL1 to SLi, respectively.
For example, an n-th scan signal is applied to an n-th
scan line SLn, where n is a natural number greater than
or equal to 1 and less than or equal to i. In addition, the
first dummy scan signal output from the scan driver 111
is applied to the first dummy scan line SL0, and the sec-
ond dummy scan signal output from the scan driver 111
is applied to the second dummy scan line SLi+1.
[0044] During one frame period, the scan driver 111
outputs the first to i-th scan signals sequentially from the
first scan signal. In such an exemplary embodiment, the
scan driver 111 outputs the first dummy scan signal prior
to the first scan signal, and outputs the second dummy
scan signal subsequent to the i-th scan signal. For ex-
ample, the scan driver 111 outputs the first dummy scan
signal first during said one frame period, and outputs the
second dummy scan signal last during the one frame
period. Accordingly, during one frame period, the entire
scan lines SL0 to SLi+1 including the dummy scan lines
SL0 and SLi+1 are driven sequentially from the first dum-
my scan line SL0.
[0045] The emission control driver 112 generates
emission control signals according to a control signal pro-
vided from a timing controller and sequentially applies
the emission control signals to the plurality of emission
control lines EL1 to ELk. First to k-th emission control
signals output from the emission control driver 112 are
applied to first to k-th emission control lines EL1 to ELk,
respectively. In an exemplary embodiment, an m-th emis-
sion control signal is applied to an m-th emission control
line ELm, where m is a natural number greater than or
equal to 1 and less than or equal to k. During one frame
period, the emission control driver 112 outputs the first
to k-th emission control signals sequentially from the first
emission control line EL1. Accordingly, during one frame
period, the entire emission control lines EL1 to ELk are
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driven sequentially from the first emission control line
EL1.
[0046] The data driver 113 applies first to j-th data volt-
ages to the first to j-th data lines DL1 to DLj, respectively.
In an exemplary embodiment, the data driver 113 re-
ceives image data signals and a data control signal from
a timing controller. In addition, the data driver 113 sam-
ples the image data signals according to the data control
signal, sequentially latches the sampled image data sig-
nals corresponding to one horizontal line in each hori-
zontal period, and applies the latched image data signals
to the data lines DL1 to DLj substantially simultaneously.
[0047] The pixels PX may be disposed on the substrate
101 in the display area 100a in the form of a matrix. The
pixels PX emit lights having different colors from each
other. For example, of pixels PX illustrated in FIG. 1, a
pixel indicated by a reference character R is a red pixel
which emits a red light, a pixel indicated by a reference
character G is a green pixel which emits a green light,
and a pixel indicated by a reference character B is a blue
pixel which emits a blue light.
[0048] In an exemplary embodiment, the display de-
vice 1000 may further include at least one white pixel
which emits a white light. The white pixel may be dis-
posed on the substrate 101 in the display area 100a.
[0049] One pixel is connected to at least one scan line.
For example, as illustrated in FIG. 1, of a plurality of pixels
PX connected to the first data line DL1, a blue pixel that
is closest to an upper edge of the substrate 101 is con-
nected to three scan lines that receive scan signals hav-
ing different output timings, e.g., the first dummy scan
line SL0, the first scan line SL1 and the second scan line
SL2. In such an exemplary embodiment, the upper edge
of the substrate 101 refers to an edge of the substrate
101 that faces the data driver 113 with the display area
100a disposed therebetween.
[0050] In an exemplary embodiment, of a plurality of
pixels PX connected to the second data line DL2, a green
pixel that is third closest to the upper edge of the substrate
101 is connected to three scan lines that receive scan
signals having different output timings, e.g., the fourth
scan line SL4, the fifth scan line SL5 and the sixth scan
line SL6.
[0051] In an exemplary embodiment, pixels that are
connected in common to a same data line and located
adjacent to each other are connected in common to at
least one scan line. For example, two adjacent ones of
the pixels connected to a same data line that are adjacent
to each other in the Y-axis direction share at least one
scan line. In an exemplary embodiment, for example, a
green pixel (hereinafter referred to as a first green pixel)
that is connected to the second data line DL2 and is clos-
est to the upper edge of the substrate 101 and a green
pixel (hereinafter referred to as a second green pixel)
that is connected to the second data line DL2 and is sec-
ond closest to the upper edge of the substrate 101 are
located adjacent to each other, and the first green pixel
and the second green pixel are connected in common to

the second scan line SL2. In an exemplary embodiment,
when defining a green pixel that is connected to the sec-
ond data line DL2 and is third closest to the upper edge
of the substrate 101 as a third green pixel, the third green
pixel and the second green pixel are connected in com-
mon to the fourth scan line SL4.
[0052] Pixels that are connected in common to a same
data line are independently connected to one or more
different scan lines. In an exemplary embodiment, for
example, the first green pixel described above is con-
nected independently to the first scan line SL1, the sec-
ond green pixel described above is connected independ-
ently to the third scan line SL3, and the third green pixel
described above is connected independently to the fifth
scan line SL5.
[0053] As such, each of pixels connected to a same
data line is independently connected to at least one scan
line. As used herein, the meaning of at least two pixels
(e.g., a first pixel and a second pixel) being connected
to different scan lines is that at least one of scan lines
connected to the first pixel is different from at least one
of scan lines connected to the second pixel. Accordingly,
pixels connected to a same data line are connected to
different scan lines, respectively.
[0054] Alternatively, as used herein, the meaning of at
least two pixels (e.g., a first pixel and a second pixel)
being connected to a same scan line is that scan lines
connected to the first pixel are completely the same as
scan lines connected to the second pixel. Accordingly,
each of pixels connected to a same emission control line
is connected to the same scan lines. For example, in an
exemplary embodiment, pixels connected in common to
the second emission control line EL2 are connected in
common to the second scan line SL2, the third scan line
SL3 and the fourth scan line SL4.
[0055] The red pixel and the blue pixel are connected
to a (2p-1)-th data line, and the green pixel is connected
to a 2p-th data line, where p is a natural number. Ex-
pressed differently, a (2p-1)-th data line is connected to
only red and blue pixels, and a 2p-th data line is only
connected to green pixels. In an exemplary embodiment,
for example, the red pixel and the blue pixel are connect-
ed to the first data line DL1, and the green pixel is con-
nected to the second data line DL2.
[0056] One pixel (hereinafter referred to as a first pre-
determined pixel) connected to a (2p-1)-th data line (e.g.,
the first data line DL1) and one pixel (hereinafter referred
to as a second predetermined pixel) connected to anoth-
er (2p-1)-th data line (e.g., the third data line DL3) may
be connected to a same scan line, and in such an exem-
plary embodiment, the first predetermined pixel emits a
light having a color different from a color of a light emitted
from the second predetermined pixel. In an exemplary
embodiment, for example, the first predetermined pixel
may be a blue pixel connected to the first dummy scan
line SL0, the first scan line SL1, the second scan line
SL2, and the first data line DL1, and the second prede-
termined pixel may be a red pixel connected to the first
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dummy scan line SL0, the first scan line SL1, the second
scan line SL2, and the third data line DL3.
[0057] Two adjacent pixels that are connected to a
same data line (e.g., the (2p-1)-th data line) and emit
lights having different colors from each other, and at least
one green pixel adjacent to one of the two adjacent pixels,
are included in a unit pixel for displaying a unit image. In
an exemplary embodiment, for example, a red pixel con-
nected to the third data line DL3 and the first scan line
SL1, a blue pixel connected to the third data line DL3 and
the third scan line SL3, a green pixel connected to the
second data line DL2 and the first scan line SL1, and a
green pixel connected to the fourth data line DL4 and the
first scan line SL1 may collectively define a unit pixel.
[0058] Each pixel PX commonly receives a high po-
tential driving voltage ELVDD, a low potential driving volt-
age ELVSS and an initializing voltage Vinit from a power
supply. In such an exemplary embodiment, each pixel
PX receives all of the high potential driving voltage
ELVDD, the low potential driving voltage ELVSS and the
initializing voltage Vinit.
[0059] FIG. 2 is an equivalent circuit diagram illustrat-
ing one of pixels illustrated in FIG. 1.
[0060] In an exemplary embodiment, a pixel PX may
include a first switching element T1, a second switching
element T2, a third switching element T3, a fourth switch-
ing element T4, a fifth switching element T5, a sixth
switching element T6, a seventh switching element T7,
a storage capacitor Cst and a light emitting element
(hereinafter referred to as a light emitting diode (LED)).
[0061] Each of the first, second, third, fourth, fifth, sixth
and seventh switching elements T1, T2, T3, T4, T5, T6
and T7 may be a P-type transistor, as illustrated in FIG.
2. However, exemplary embodiments are not limited
thereto. For example, in an exemplary embodiment, each
of the first, second, third, fourth, fifth, sixth and seventh
switching elements T1, T2, T3, T4, T5, T6 and T7 may
be an N-type transistor.
[0062] The first switching element T1 includes a gate
electrode connected to a first node n1 and is connected
between a second node n2 and a third node n3. One of
a source electrode and a drain electrode of the first
switching element T1 is connected to the second node
n2, and the other of the source electrode and the drain
electrode of the first switching element T1 is connected
to the third node n3.
[0063] The second switching element T2 includes a
gate electrode connected to an n-th scan line SLn, and
is connected between the data line DL and the second
node n2. One of a source electrode and a drain electrode
of the second switching element T2 is connected to the
data line DL, and the other of the source electrode and
the drain electrode of the second switching element T2
is connected to the second node n2. An n-th scan signal
SSn is applied to the n-th scan line SLn.
[0064] The third switching element T3 includes a gate
electrode connected to the n-th scan line SLn, and is
connected between the first node n1 and the third node

n3. One of a source electrode and a drain electrode of
the third switching element T3 is connected to the first
node n1, and the other of the source electrode and the
drain electrode of the third switching element T3 is con-
nected to the third node n3.
[0065] The fourth switching element T4 includes a gate
electrode connected to an (n-1)-th scan line SLn-1, and
is connected between the first node n1 and an initializa-
tion line IL. One of a source electrode and a drain elec-
trode of the fourth switching element T4 is connected to
the first node n1, and the other of the source electrode
and the drain electrode of the fourth switching element
T4 is connected to the initialization line IL. The initializing
voltage Vinit is applied to the initialization line IL, and an
(n-1)-th scan signal SSn-1 is applied to the (n-1)-th scan
line SLn-1.
[0066] The fifth switching element T5 includes a gate
electrode connected to the emission control line EL, and
is connected between the second node n2 and a high
potential line VDL which is one of power supply lines.
One of a source electrode and a drain electrode of the
fifth switching element T5 is connected to the high po-
tential line VDL, and the other of the source electrode
and the drain electrode of the fifth switching element T5
is connected to the second node n2. The high potential
driving voltage ELVDD is applied to the high potential
line VDL.
[0067] The sixth switching element T6 includes a gate
electrode connected to the emission control line EL, and
is connected between the third node n3 and a fourth node
n4. One of a source electrode and a drain electrode of
the sixth switching element T6 is connected to the third
node n3, and the other of the source electrode and the
drain electrode of the sixth switching element T6 is con-
nected to the fourth node n4. An emission control signal
ES is applied to the emission control line EL.
[0068] The seventh switching element T7 includes a
gate electrode connected to an (n+1)-th scan line SLn+1,
and is connected between the initialization line IL and
the fourth node n4. One of a source electrode and a drain
electrode of the seventh switching element T7 is con-
nected to the initialization line IL, and the other of the
source electrode and the drain electrode of the seventh
switching element T7 is connected to the fourth node n4.
An (n+1)-th scan signal SSn+1 is applied to the (n+1)-th
scan line SLn+1.
[0069] The storage capacitor Cst is connected be-
tween the high potential line VDL and the first node n1.
The storage capacitor Cst stores a signal applied to the
gate electrode of the first switching element T1 for one
frame period.
[0070] The LED emits light corresponding to a driving
current applied through the first switching element T1.
The LED emits light with different brightnesses depend-
ing on a magnitude of the driving current. An anode elec-
trode of the LED is connected to the fourth node n4, and
a cathode electrode of the LED is connected to a low
potential line VSL which is another of the power supply
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lines. The low potential driving voltage ELVSS is applied
to this low potential line VSL. The LED may be an organic
light emitting diode (OLED). The anode electrode of the
LED corresponds to a pixel electrode to be described
below, and the cathode electrode of the LED corresponds
to a common electrode to be described below.
[0071] The fourth switching element T4 is turned on
when the (n-1)-th scan signal SSn-1 is applied to the (n-
1)-th scan line SLn-1. The initializing voltage Vinit is ap-
plied to the first node n1 (e.g., the gate electrode of the
first switching element T1) through the turned-on fourth
switching element T4. Accordingly, a voltage of the gate
electrode of the first switching element T1 is initialized.
[0072] The second switching element T2 and the third
switching element T3 are turned on when the n-th scan
signal SSn is applied to the n-th scan line SLn. A data
voltage DA is applied to the second node n2 through the
turned-on second switching element T2, and according-
ly, the first switching element T1 is turned on. According-
ly, a threshold voltage of the first switching element T1
is detected, and the threshold voltage is stored in the
storage capacitor Cst.
[0073] The fifth switching element T5 and the sixth
switching element T6 are turned on when the emission
control signal ES is applied to the emission control line
EL. A driving current is applied to the LED through the
fifth switching element T5, the first switching element T1,
and the sixth switching element T6 that are turned on,
such that the LED emits light.
[0074] The seventh switching element T7 is turned on
when the (n+1)-th scan signal SSn+1 is applied to the
(n+1)-th scan line SLn+1. The initializing voltage Vinit is
applied to the fourth node n4 (e.g., the anode electrode
of the LED) through the turned-on seventh switching el-
ement T7. Accordingly, the LED is biased in a reverse
direction such that the LED is turned off.
[0075] FIG. 3 is a plan view illustrating a display device
according to an exemplary embodiment that includes el-
ements of FIG. 1. FIG. 4 is an enlarged view of part A of
FIG. 3. FIG. 5 is a cross-sectional view taken along line
I-I’ of FIGs. 3 and 4 according to an exemplary embodi-
ment.
[0076] For convenience of illustration, a second sub-
strate 102, which is illustrated in FIG. 3, is omitted in FIG.
4 to allow for a clear description of a first sealing portion
881 and a second sealing portion 882.
[0077] Referring to FIGs. 3 to 5, a display device ac-
cording to an exemplary embodiment includes a first sub-
strate 101, a buffer layer 120, a semiconductor layer 321,
a gate insulating layer 140, a gate electrode GE, a first
insulating interlayer 150, a second insulating interlayer
160, a source electrode SE, a drain electrode DE, a first
heat transfer layer 331, a second heat transfer layer 332,
a planarization layer 180, a pixel electrode PE, a pixel
defining layer 190, a spacer 442, a light emitting layer
512, a common electrode 613, a capping layer 200, a
first sealing portion 881, a second sealing portion 882,
and a second substrate 102. The light emitting layer 512

may also be referred to herein as a display element, in
particular a display element to emit light. The pixel defin-
ing layer 190 may also be referred to herein as a light
blocking layer 190.
[0078] The first substrate 101 is substantially the same
as the substrate 101 of FIG. 1 described above. The first
substrate 101 includes a display area 100a and a non-
display area 100b. An area of the first substrate 101 is
larger than an area of the second substrate 102. Accord-
ingly, a part of the non-display area 100b of the first sub-
strate 101 does not overlap the second substrate 102.
In such an exemplary embodiment, a portion of the non-
display area 100b of the first substrate 101 that does not
overlap the second substrate 102 is defined as a pad
area 101c, and a portion of the non-display area 100b
excluding the pad area 101c is defined as a non-pad
area. The first substrate 101 may include an organic or
plastic material.
[0079] The buffer layer 120 is disposed on the first sub-
strate 101. The buffer layer 120 may be disposed over
an entire surface of the first substrate 101. For example,
the buffer layer 120 may overlap the entire surface of the
first substrate 101.
[0080] The buffer layer 120 serves to prevent perme-
ation of undesirable elements and to planarize a surface
therebelow, and may include suitable materials for
planarizing and/or preventing permeation. For example,
the buffer layer 120 may include one of a silicon nitride
(SiNx) layer, a silicon oxide (SiO2) layer and a silicon
oxynitride (SiOxNy) layer. However, the buffer layer 120
is not limited thereto, and in exemplary embodiments,
the buffer layer 120 may be omitted based on the type
of the first substrate 101 and process conditions thereof.
[0081] The semiconductor layer 321 is disposed on the
buffer layer 120. The semiconductor layer 321 includes
a channel area, a source area, and a drain area. The
semiconductor layer 321 may include, for example, a
polycrystalline silicon layer, an amorphous silicon layer,
and an oxide semiconductor including, for example, in-
dium gallium zinc oxide (IGZO) or indium zinc tin oxide
(IZTO). For example, in a case in which the semiconduc-
tor layer 321 includes a polycrystalline silicon layer, the
semiconductor layer 321 may include a channel area is
not doped with an impurity, and source and drain areas
respectively disposed on opposite sides of the channel
area which are doped with impurity ions.
[0082] The gate insulating layer 140 is disposed on the
semiconductor layer 321 and the buffer layer 120. The
gate insulating layer 140 may include at least one of, for
example, tetraethylorthosilicate (TEOS), silicon nitride
(SiNx) and silicon oxide (SiO2). For example, the gate
insulating layer 140 may have a double-layer structure
in which a SiNx layer having a thickness of about 40 nm
and a TEOS layer having a thickness of about 80 nm are
sequentially stacked.
[0083] The gate electrode GE is disposed on the gate
insulating layer 140. For example, the gate electrode GE
may be disposed between the gate insulating layer 140
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and the first insulating interlayer 150. In such an exem-
plary embodiment, the gate electrode GE overlaps the
channel area of the semiconductor layer 321.
[0084] In an exemplary embodiment, the gate elec-
trode GE may include, for example, an aluminum-based
metal such as aluminum (Al) and an aluminum alloy, a
silver-based metal such as silver (Ag) and a silver alloy,
a copper-based metal such as copper (Cu) and a copper
alloy, or a molybdenum-based metal such as molybde-
num (Mo) and a molybdenum alloy. In an exemplary em-
bodiment, the gate electrode GE may include one of chro-
mium (Cr) and tantalum (Ta). In an exemplary embodi-
ment, the gate electrode GE may have a multilayer struc-
ture that includes two conductive layers having physical
properties different from each other.
[0085] The scan line and the emission control line are
also disposed on the gate insulating layer 140. In an ex-
emplary embodiment, the (n-1)-th scan line SLn-1, the
n-th scan line SLn, the (n+1)-th scan line SLn+1, and the
emission control line EL may be disposed between the
gate insulating layer 140 and the first insulating interlayer
150. The scan line and the emission control line may
include a material substantially the same as the material
included in the gate electrode GE.
[0086] The first insulating interlayer 150 is disposed on
the gate electrode GE and the gate insulating layer 140.
The first insulating interlayer 150 may have a thickness
greater than a thickness of the gate insulating layer 140.
The first insulating interlayer 150 may include a material
substantially the same as the material included in the
gate insulating layer 140 described above.
[0087] The first insulating interlayer 150 is also dis-
posed on each of the scan lines (e.g., SLn-1, SLn, and
SLn + 1) and each emission control line EL.
[0088] In an exemplary embodiment, the storage ca-
pacitor Cst in FIG. 2 includes a first capacitor electrode
and a second capacitor electrode that face each other,
and the second capacitor electrode is located on the first
insulating interlayer 150. For example, the second ca-
pacitor electrode is located between the first insulating
interlayer 150 and the second insulating interlayer 160.
The second capacitor electrode defines the storage ca-
pacitor Cst along with the gate electrode of the first
switching element T1 (hereinafter referred to as a first
gate electrode).
[0089] The initialization line IL of FIG. 2 is also disposed
on the first insulating interlayer 150. For example, the
initialization line IL is disposed between the first insulating
interlayer 150 and the second insulating interlayer 160.
[0090] The second insulating interlayer 160 is dis-
posed on the second capacitor electrode of the storage
capacitor Cst, the initialization line IL, and the first insu-
lating interlayer 150. The second insulating interlayer 160
may have a thickness greater than a thickness of the
gate insulating layer 140. The second insulating interlay-
er 160 may include a material substantially the same as
the material included in the gate insulating layer 140 de-
scribed above.

[0091] The source electrode SE, the drain electrode
DE, the first heat transfer layer 331 and the second heat
transfer layer 332 are disposed on the second insulating
interlayer 160.
[0092] The source electrode SE is connected to the
source area of the semiconductor layer 321 through a
source contact hole that is defined through the second
insulating interlayer 160, the first insulating interlayer
150, and the gate insulating layer 140.
[0093] The drain electrode DE is connected to the drain
area of the semiconductor layer 321 through a drain con-
tact hole that is defined through the second insulating
interlayer 160, the first insulating interlayer 150, and the
gate insulating layer 140.
[0094] The source electrode SE may include a refrac-
tory metal such as, for example, molybdenum, chromium,
tantalum and titanium, or an alloy thereof. The data line
DL may have a multilayer structure including a refractory
metal layer and a low-resistance conductive layer. Ex-
amples of the multilayer structure may include a double-
layer structure including a chromium or molybdenum (al-
loy) lower layer and an aluminum (alloy) upper layer, or
a triple-layer structure including a molybdenum (alloy)
lower layer, an aluminum (alloy) intermediate layer and
a molybdenum (alloy) upper layer. In an exemplary em-
bodiment, the source electrode SE may include any suit-
able metals or conductors other than the aforementioned
materials.
[0095] The drain electrode DE may include a material
substantially the same as the material included in the
source electrode SE described above.
[0096] The aforementioned switching element TFT
that includes the semiconductor layer 321, the gate elec-
trode GE, the source electrode SE and the drain elec-
trode DE may be one of the first to seventh switching
elements T1 to T7 in FIG. 2. In an exemplary embodi-
ment, for example, the switching element TFT may be
the sixth switching element T6.
[0097] The first heat transfer layer 331 is disposed be-
tween a layer on the first substrate 101, here the second
insulating interlayer 160, and the first sealing portion 881.
A laser light is used during a sealing process between
the first substrate 101 and the second substrate 102. The
laser light is directed to an outer surface of the second
substrate 102 located in an area corresponding to the
first sealing portion 881. In such an exemplary embodi-
ment, an upper surface of the first sealing portion 881 is
melted by heat of the laser light, such that the first sealing
portion 881 and the second substrate 102 are attached
to each other. In an exemplary embodiment, the heat of
the laser light is transmitted to the first heat transfer layer
331 through the first sealing portion 881. By this first heat
transfer layer 331, the heat of the laser light may be con-
centrated to a lower surface of the first sealing portion
881. Accordingly, the lower surface of the first sealing
portion 881 is melted, and thus, the first sealing portion
881 and the second insulating interlayer 160 on the first
substrate 101 are attached to each other. The first heat
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transfer layer 331 may improve adhesion between the
first sealing portion 881 and a layer on the first substrate
101, here the second insulating interlayer 160.
[0098] The second heat transfer layer 332 is disposed
between a layer on the first substrate 101, here the sec-
ond insulating interlayer 160, and the second sealing por-
tion 882. The second heat transfer layer 332 may include
a material substantially the same as the material included
in the first heat transfer layer 331 described above. The
second heat transfer layer 332 may improve adhesion
between the second sealing portion 882 and the layer on
the first substrate 101, here the second insulating inter-
layer 160.
[0099] Each of the first heat transfer layer 331 and the
second heat transfer layer 332 may include a material
substantially the same as the material included in the
source electrode SE described above.
[0100] The data line DL and the high potential line VDL
in FIG. 2 are also disposed on the second insulating in-
terlayer 160. The data line DL and the high potential line
VDL may include a material substantially the same as
the material included in the source electrode SE de-
scribed above.
[0101] The planarization layer 180 is disposed on the
source electrode SE, the drain electrode DE, the high
potential line VDL, and the data line DL.
[0102] The planarization layer 180 serves to eliminate
a height difference of a layer therebelow. As a result, a
luminous efficiency of the LED to be disposed thereon
may be increased. The planarization layer 180 may in-
clude at least one of, for example, a polyacrylate resin,
an epoxy resin, a phenolic resin, a polyamide resin, a
polyimide resin, an unsaturated polyester resin, a
polyphenylene ether resin, a polyphenylene sulfide resin,
and benzocyclobutene (BCB).
[0103] The LED may be an OLED. The LED includes
a light emitting layer 512, an anode electrode PE (here-
inafter referred to as a pixel electrode) and a cathode
electrode 613, which corresponds to and is hereinafter
referred to as a common electrode.
[0104] The light emitting layer 512 may include a low
molecular weight organic material or a high molecular
weight organic material. As shown in FIG. 19, at least
one of a hole injecting layer (HIL) 661 and a hole trans-
porting layer (HTL) 662 may further be disposed between
the pixel electrode PE and the light emitting layer 512,
and at least one of an electron transporting layer (ETL)
664 and an electron injecting layer (EIL) 665 may further
be disposed between the light emitting layer 512 and the
common electrode 613.
[0105] The pixel electrode PE is disposed on the
planarization layer 180. A part of or all of the pixel elec-
trode PE is located in a light emission area 900. For ex-
ample, the pixel electrode PE is located in an area cor-
responding to the light emission area 900 that is defined
by the light blocking layer 190 to be described below.
The pixel electrode PE is connected to the drain electrode
DE through a pixel contact hole that is defined through

the planarization layer 180.
[0106] The pixel electrode PE may have a rhombic
shape. Alternatively, the pixel electrode PE may have
one of various shapes other than the rhombic shape such
as, for example, a quadrangular shape.
[0107] The light blocking layer 190 is disposed on the
pixel electrode PE and the planarization layer 180. The
light blocking layer 190 has an opening that is defined
through the light blocking layer 190. The opening corre-
sponds to the light emission area 900. The light emission
area 900 may have a rhombic shape. Alternatively, the
light emission area 900 may have one of various shapes
other than the rhombic shape such as, for example, a
quadrangular shape. A size of the light emission area
900 may be less than a size of the pixel electrode PE
described above. At least a portion of the pixel electrode
PE is located in the light emission area 900. In such an
exemplary embodiment, the entirety of the light emission
area 900 overlaps the pixel electrode PE.
[0108] The light blocking layer 190 may include a resin
such as, for example, a polyacrylate resin and a polyimide
resin.
[0109] The spacer 442 is disposed on the light blocking
layer 190. The spacer 442 may include a material sub-
stantially the same as the material included in the light
blocking layer 190. The spacer 442 serves to minimize
or reduce a height difference between a layer located in
the display area 100a of the first substrate 101 and a
layer located in the non-display area 100b of the first
substrate 101.
[0110] The pixel electrode PE and the common elec-
trode 613 may be formed as one of a transmissive elec-
trode, a transflective electrode and a reflective electrode.
[0111] In an exemplary embodiment, the transmissive
electrode may include transparent conductive oxide
(TCO). Such TCO may include at least one of, for exam-
ple, indium tin oxide (ITO), indium zinc oxide (IZO), an-
timony tin oxide (ATO), aluminum zinc oxide (AZO), zinc
oxide (ZnO), and mixtures thereof.
[0112] In an exemplary embodiment, the transflective
electrode and the reflective electrode may include a met-
al such as, for example, magnesium (Mg), silver (Ag),
gold (Au), calcium (Ca), lithium (Li), chromium (Cr), alu-
minum (Al) and copper (Cu), or an alloy thereof. In such
an exemplary embodiment, whether an electrode is a
transflective type or a reflective type depends on the
thickness of the electrode. Typically, the transflective
electrode has a thickness of about 200 nm or less, and
the reflective electrode has a thickness of about 300 nm
or more. As the thickness of the transflective electrode
decreases, light transmittance and resistance increase.
Alternatively, as the thickness of the transflective elec-
trode increases, light transmittance decreases.
[0113] In such an exemplary embodiment, the trans-
flective electrode and the reflective electrode may have
a multilayer structure that includes a metal layer including
a metal or a metal alloy and a TCO layer stacked on the
metal layer.
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[0114] The capping layer 200 is disposed on the com-
mon electrode 613. For example, the capping layer 200
is disposed between the common electrode 613 and the
second substrate 102. The capping layer 200 may in-
clude a material substantially the same as the material
included in the first insulating interlayer 150.
[0115] The second substrate 102 is disposed on the
capping layer 200. The second substrate 102 may in-
clude glass or plastic. An area of the second substrate
102 is less than an area of the first substrate 101.
[0116] As illustrated in FIG. 5, the first sealing portion
881 is disposed between the first substrate 101 and the
second substrate 102. For example, the first sealing por-
tion 881 is disposed between an edge of the non-pad
area of the first substrate 101 and an edge of the second
substrate 102. The first sealing portion 881 has a closed
loop shape. For example, the first sealing portion 881
may have a closed loop shape that encloses the display
area 100a, the scan driver 111, and the emission control
driver 112.
[0117] In an exemplary embodiment, the data driver
113 is disposed in the pad area 101c outside of the first
sealing portion 881.
[0118] As illustrated in FIG. 3, the first sealing portion
881 may have a quadrangular shape (e.g., a rectangular
shape). For example, the first sealing portion 881 may
have a rectangular shape in which two sides S3 and S4
that face each other in the X-axis direction are longer
than two sides S1 and S2 that face each other in the Y-
axis direction.
[0119] Herein, when an element has a plurality of
sides, some of the sides may be referred to as short sides
and some of the sides may be referred to as long sides.
It is to be understood that the short sides and the long
sides are described relative to each other. For example,
the short sides are shorter than the long sides, and the
long sides are longer than the short sides.
[0120] A lower surface of the first sealing portion 881
contacts the second insulating interlayer 160 on the first
substrate 101, and an upper surface of the first sealing
portion 881 contacts the second substrate 102.
[0121] A through hole TH is located in the display area
100a of the first substrate 101. The through hole TH is
defined through, or in other words passes through, the
first substrate 101, the second substrate 102, and ele-
ments disposed between the first substrate 101 and the
second substrate 102 along a direction in which the first
substrate 101 and the second substrate 102 face each
other. For example, the through hole TH is defined
through the first substrate 101, the second substrate 102,
and elements disposed between the first substrate 101
and the second substrate 102 along a Z-axis direction.
The Z-axis direction may also be referred to as a thick-
ness direction of the display device 1000. Thus, as shown
in FIG. 5, in an exemplary embodiment, the second sub-
strate 102 faces the first substrate 101 in a thickness
direction of the display device 1000, and the through hole
TH is defined through the first substrate 101 and the sec-

ond substrate 102 along the thickness direction.
[0122] The second sealing portion 882 is disposed be-
tween the first substrate 101 and the second substrate
102. The second sealing portion 882 is disposed in the
display area 100a. The second sealing portion 882 is
enclosed by the first sealing portion 881. The second
sealing portion 882 has a closed loop shape that encloses
(e.g., entirely encloses) the through hole TH. The second
sealing portion 882 defines a center portion of the through
hole TH. For example, a space enclosed by the second
sealing portion 882 is the center portion of the through
hole TH.
[0123] As illustrated in FIGs. 3 and 4, the second seal-
ing portion 882 may have a circular shape.
[0124] As illustrated in FIG. 5, in an exemplary embod-
iment, a width W1 of the first sealing portion 881 may be
about equal to a width W2 of the second sealing portion
882. Alternatively, in an exemplary embodiment, the
width W2 of the second sealing portion 882 may be less
than the width W1 of the first sealing portion 881. When
the width W2 of the second sealing portion 882 is less
than the width W1 of the first sealing portion 881, reduc-
tion of a planar area of the display area 100a due to the
second sealing portion 882 in the display area 100a may
be significantly reduced or minimized.
[0125] The first sealing portion 881 may include an ad-
hesive, a glass, or a curable resin composition. The sec-
ond sealing portion 882 may include a material substan-
tially the same as the material included in the first sealing
portion 881.
[0126] As illustrated in FIGs. 4 and 5, a dummy area
101d is located above the first substrate 101 between
the second sealing portion 882 and the first sealing por-
tion 881. For example, the dummy area 101d is located
between the second sealing portion 882 and one side of
the first sealing portion 881. For example, in an exem-
plary embodiment, of first, second, third, and fourth sides
S1, S2, S3, and S4 of the first sealing portion 881, the
first side S1 is located closest to the second sealing por-
tion 882, and the dummy area 101d is located between
the first side S1 and the second sealing portion 882. In
such an exemplary embodiment, a distance between one
side of the first sealing portion 881 and the second sealing
portion 882 refers to a length of a perpendicular line that
connects the one side of the first sealing portion 881 and
a center point of the second sealing portion 882 (or a
center point of the through hole TH).
[0127] A part of the dummy area 101d may be located
in the display area 100a of the first substrate 101, and
another part of the dummy area 101 d may be located in
the non-display area 100b of the first substrate 101.
[0128] In an exemplary embodiment, when, of the first,
second, third, and fourth sides S1, S2, S3, and S4 of the
first sealing portion 881, two different sides (e.g., the first
and third sides S1 and S3) are located at a same distance
from the second sealing portion 882 and are located clos-
er to the second sealing portion 882 than other two sides
(e.g., the second and fourth sides S2 and S4) are to the
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second sealing portion 882, the dummy area 101d may
be located between one of the two different sides (e.g.,
the first and third sides S1 and S3) and the second sealing
portion 882.
[0129] Herein, the terms "first," "second," "third," etc.
are used to distinguish one element from another, and
the elements are not limited by these terms. Thus, a "first"
element in an exemplary embodiment may be described
as a "second" element in another exemplary embodi-
ment.
[0130] As illustrated in FIG. 4, the dummy area 101d
may have a polygonal shape including first, second, third,
and fourth sides S11, S22, S33, and S44. Here and in
the following a polygonal shape is not limited to include
only straight sides but may include also only curved sides
or a combination of curved and straight sides. In such an
exemplary embodiment, the first side S11 of the dummy
area 101d refers to an interface between the dummy area
101d and the first side S1 of the first sealing portion 881,
and the second side S22 of the dummy area 101d refers
to an interface between the dummy area 101d and the
second sealing portion 882.
[0131] The third and fourth sides S33 and S44 of the
dummy area 101d disposed along a direction in which
long sides (e.g., the third and fourth sides S3 and S4) of
the first sealing portion 881 face each other may each
have a curved line shape. For example, each of the third
and fourth sides S33 and S44 of the dummy area 101d
that face each other in the X-axis direction may have a
curved line shape. A length of the third side S33 of the
dummy area 101d and a length of the fourth side S44 of
the dummy area 101d may be about equal to each other.
[0132] A curvature of the third side S33 of the dummy
area 101d and a curvature of the fourth side S44 of the
dummy area 101 d may be about equal to each other. In
addition, a curvature of the second sealing portion 882
may be about equal to or less than the curvature of the
third side S33 (or the fourth side S44) of the dummy area
101d.
[0133] The third side S33 of the dummy area 101d and
the fourth side S44 of the dummy area 101d may have
a symmetrical shape with each other. For example, the
third side S33 and the fourth side S44 may have a sym-
metrical shape with respect to an extending direction of
the data line DL (e.g., the Y-axis direction). For example,
the third side S33 and the fourth side S44 may have a
symmetrical shape with respect to the extending direction
of the data line DL (e.g., the Y-axis direction) that passes
through the center point of the second sealing portion
882 (or the center point of the through hole TH).
[0134] When one side (e.g., the first side S1) of the
first sealing portion 881 disposed closest to the second
sealing portion 882 is defined as a reference side S1, a
distance between the third side S33 and the fourth side
S44 may gradually increase along a direction from the
reference side S1 toward the second sealing portion 882
(e.g., a direction opposite to the Y-axis direction).
[0135] The first and second sides S11 and S22 of the

dummy area 101d disposed along a direction in which
short sides (e.g., the first and second sides S1 and S2)
of the first sealing portion 881 face each other may have
a straight line shape and a curved shape, respectively.
For example, one of the first and second sides S11 and
S22 of the dummy area 101 d that face each other in the
Y-axis direction, e.g., the first side S11, may have a
straight line shape, and the other side thereof, e.g., the
second side S22, may have a curved line shape. For
example, of the first and second sides S11 and S22 of
the dummy area 101d that face each other in the Y-axis
direction, the first side S11 adjacent to the first sealing
portion 881 may have a straight line shape, and the sec-
ond side S22 adjacent to the second sealing portion 882
may have a curved line shape. In an exemplary embod-
iment, the first side S11 adjacent to the first sealing por-
tion 881 contacts the first sealing portion 881, and the
second side S22 adjacent to the second sealing portion
882 contacts the second sealing portion 882. For exam-
ple, in an exemplary embodiment, the shape of the first
side S11 may correspond to the shape of the first sealing
portion 881 in an area that the first side S11 contacts the
first sealing portion 881, and the shape of the second
side S22 may correspond to the shape of the second
sealing portion 882 in an area that the second side S22
contacts the second sealing portion 882.
[0136] A length of the second side S22 of the dummy
area 101d is greater than a length of the first side S11 of
the dummy area 101d.
[0137] The buffer layer 120, the semiconductor layer
321, the gate insulating layer 140, the gate electrode GE,
the first insulating interlayer 150, the second insulating
interlayer 160, the source electrode SE, the drain elec-
trode DE, the planarization layer 180, the pixel electrode
PE, the pixel defining layer 190, the spacer 442, the com-
mon electrode 613, the capping layer 200, and the sec-
ond substrate 102 may be disposed above the dummy
area 101d of the first substrate 101. For example, the
buffer layer 120, the semiconductor layer 321, the gate
insulating layer 140, the gate electrode GE, the first in-
sulating interlayer 150, the second insulating interlayer
160, the source electrode SE, the drain electrode DE,
the planarization layer 180, the pixel electrode PE, the
pixel defining layer 190, the spacer 442, the common
electrode 613, and the capping layer 200 may be dis-
posed between the first substrate 101 and the second
substrate 102 corresponding to the dummy area 101d.
[0138] For example, the light emitting layer 512 is not
disposed in the dummy area 10ld of the first substrate
101. Thus, a dummy area 101d may be an area of the
first substrate 101, in which no display element to emit
light is disposed. In addition, the hole injecting layer 661,
the hole transporting layer 662, the electron transporting
layer 664, and the electron injecting layer 665 described
above are not disposed in the dummy area 101d of the
first substrate 101. For example, in an exemplary em-
bodiment, the light emitting layer 512, the hole injecting
layer 661, the hole transporting layer 662, the electron
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transporting layer 664, and the electron injecting layer
665 are selectively disposed only in the display area 100a
from among the display area 100a and the dummy area
101d of the first substrate 101.
[0139] The light emitting layer 512, the hole injecting
layer 661, the hole transporting layer 662, the electron
transporting layer 664, and the electron injecting layer
665 are formed before the first sealing portion 881 and
the second sealing portion 882 are formed. In such an
exemplary embodiment, a pattern layer including the light
emitting layer 512, the hole injecting layer 661, the hole
transporting layer 662, the electron transporting layer
664, and the electron injecting layer 665 are selectively
deposited in the light emission area 900 of the display
area 100a using a mask having a plurality of pattern
holes. The pattern holes of the mask are aligned corre-
sponding to the plurality of light emission areas 900.
[0140] In an exemplary embodiment, the pattern holes
are not located at a portion of the mask corresponding
to an area in which the first sealing portion 881 is to be
formed (hereinafter referred to as a first sealing area)
and an area in which the second sealing portion 882 is
to be formed (hereinafter referred to as a second sealing
area). In such an exemplary embodiment, a portion of
the mask corresponding to the first sealing area will be
defined as a first mask portion, and a portion of the mask
corresponding to the second sealing area will be defined
as a second mask portion. The second mask portion is
connected to the first mask portion, which may prevent
sagging of the second mask portion, and the second
mask portion and the first mask portion are connected
by a dummy mask portion that is disposed therebetween.
In such an exemplary embodiment, the dummy mask por-
tion is located corresponding to the dummy area 101d
described above. In an exemplary embodiment, the pat-
tern holes are not located at the dummy mask portion.
This is because if the pattern holes are located at the
dummy mask portion, a support force of the dummy mask
portion may be diminished, and the dummy mask portion
and the second mask portion may sag downwardly. For
this reason, in an exemplary embodiment, pattern holes
are not located at the dummy mask portion. Accordingly,
in an exemplary embodiment, the light emitting layer 512,
the hole injecting layer 661, the hole transporting layer
662, the electron transporting layer 664 and the electron
injecting layer 665 described above, are not formed in
the dummy area 101d.
[0141] FIG. 6 is a cross-sectional view taken along line
I-I’ of FIGs. 3 and 4 according to an exemplary embodi-
ment.
[0142] In an exemplary embodiment, as illustrated in
FIG. 6, a buffer layer 120, a gate insulating layer 140, a
second insulating interlayer 160, and a second substrate
102 may be disposed above a dummy area 101d of a
first substrate 101. For example, the buffer layer 120, the
gate insulating layer 140, and the second insulating in-
terlayer 160 may be disposed between the first substrate
101 and the second substrate 102 corresponding to the

dummy area 101d.
[0143] An insulating layer 642 that includes the buffer
layer 120, the gate insulating layer 140 and the second
insulating interlayer 160 has a concavo-convex shape,
for example, as illustrated in FIG. 6.
[0144] For example, in an exemplary embodiment, a
light emitting layer 512 is not disposed in the dummy area
101d of the first substrate 101. In addition, a hole injecting
layer 661, a hole transporting layer 662, an electron trans-
porting layer 664, and an electron injecting layer 665, as
described above, are not disposed in the dummy area
101d of the first substrate 101.
[0145] FIG. 7 is a cross-sectional view taken along line
I-I’ of FIGs. 3 and 4 according to an exemplary embodi-
ment.
[0146] In an exemplary embodiment, as illustrated in
FIG. 7, a second substrate 102 is disposed above a dum-
my area 101d of a first substrate 101. For example, in an
exemplary embodiment, no components are disposed
between the first substrate 101 and the second substrate
102 corresponding to the dummy area 101d.
[0147] For example, in an exemplary embodiment, a
light emitting layer 512 is not disposed in the dummy area
101d of the first substrate 101. In addition, a hole injecting
layer 661, a hole transporting layer 662, an electron trans-
porting layer 664, and an electron injecting layer 665, as
described above, are not disposed in the dummy area
101d of the first substrate 101.
[0148] FIG. 8 illustrates an arrangement of the light
emitting layer 512 of the first substrate 101 of FIG. 3.
[0149] As illustrated in FIG. 8, in an exemplary embod-
iment, the light emitting layer 512 is disposed in the dis-
play area 100a of the first substrate 101. However, the
light emitting layer 512 is not disposed in the dummy area
101d of the first substrate 101. In addition, the light emit-
ting layer 512 is not disposed at the first sealing portion
881, the second sealing portion 882, and the through
hole TH.
[0150] The through hole TH may be defined as the first
and second substrates 101 and 102 that are bonded to
each other by the first and second sealing portions 881
and 882 are irradiated with a laser light. The laser light
is incident to the bonded substrate, e.g., the first and
second substrates 101 and 102, enclosed by the second
sealing portion 882. For example, as the laser light pen-
etrates through the bonded substrate, the through hole
TH is defined.
[0151] In an exemplary embodiment, if an organic ma-
terial, e.g., the light emitting layer 512, is present in an
area corresponding to the through hole TH, an outgas
may be generated from the light emitting layer 512 by
irradiation of the laser light. The outgas may damage the
light emitting layer of surrounding pixels. Accordingly, an
organic material, e.g., the light emitting layer 512, the
hole injecting layer 661, the hole transporting layer 662,
the electron transporting layer 664, and the electron in-
jecting layer 665, is not formed at a portion of the first
substrate 101 corresponding to the through hole TH.
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[0152] FIG. 9 is a plan view illustrating a display device
according to an exemplary embodiment that includes el-
ements of FIG. 1. FIG. 10 is an enlarged view of part A
of FIG. 9. For convenience of illustration, a second sub-
strate 102 is omitted in FIG. 10 to allow for a clear de-
scription of forms of a first sealing portion 881 and a sec-
ond sealing portion 882.
[0153] As illustrated in FIGs. 9 and 10, the second seal-
ing portion 882 may be disposed close to a pad area
101c of a first substrate 101.
[0154] As illustrated in FIGs. 9 and 10, a dummy area
101d is located above the first substrate 101 between
the second sealing portion 882 and the first sealing por-
tion 881. For example, the dummy area 101d is located
between the second sealing portion 882 and one side of
the first sealing portion 881. For example, of first, second,
third, and fourth sides S1, S2, S3, and S4 of the first
sealing portion 881, the second side S2 is located closest
to the second sealing portion 882, and the dummy area
101d is located between the second side S2 and the sec-
ond sealing portion 882. The dummy area 101d is sub-
stantially the same as the dummy area 101d of FIG. 4
described above.
[0155] FIG. 11 is a view illustrating a dummy area 101d
according to an exemplary embodiment.
[0156] As illustrated in FIG. 11, a dummy area 101d
may have a polygonal shape including first, second, third,
and fourth sides S11, S22, S33, and S44. In such an
exemplary embodiment, the first side S11 of the dummy
area 101 d refers to an interface between the dummy
area 101d and a first side S1 of a first sealing portion
881, and the second side S22 of the dummy area 101d
refers to an interface between the dummy area 101d and
a second sealing portion 882.
[0157] The third and fourth sides S33 and S44 of the
dummy area 101d disposed along a direction in which
long sides (e.g., third and fourth sides S3 and S4) of the
first sealing portion 881 face each other may each have
a straight line shape. For example, each of the third and
fourth sides S33 and S44 of the dummy area 101d that
face each other in the X-axis direction may have a straight
line shape. A length of the third side S33 of the dummy
area 101d and a length of the fourth side S44 of the dum-
my area 101d may be about equal to each other.
[0158] The third side S33 of the dummy area 101d and
the fourth side S44 of the dummy area 101d may have
a symmetrical shape with each other. For example, the
third side S33 and the fourth side S44 may have a sym-
metrical shape with respect to an extending direction of
a data line DL (e.g., the Y-axis direction). For example,
the third side S33 and the fourth side S44 may have a
symmetrical shape with respect to the extending direction
of the data line DL (e.g., the Y-axis direction) that passes
through a center point of the second sealing portion 882
(or a center point of a through hole TH).
[0159] When one side (e.g., the first side S1) of the
first sealing portion 881 disposed closest to the second
sealing portion 882 is defined as a reference side S1, a

distance between the third side S33 and the fourth side
S44 may gradually decrease along a direction from the
reference side S1 toward the second sealing portion 882
(e.g., a direction opposite to the Y-axis direction).
[0160] The first and second sides S11 and S22 of the
dummy area 101d disposed along a direction in which
short sides (e.g., first and second sides S1 and S2) of
the first sealing portion 881 face each other may have a
straight line shape and a curved shape, respectively. For
example, one of the first and second sides S11 and S22
of the dummy area 101d that face each other in the Y-
axis direction, e.g., the first side S11, may have a straight
line shape, and the other side thereof, e.g., the second
side S22, may have a curved line shape. For example,
of the first and second sides S11 and S22 of the dummy
area 101d that face each other in the Y-axis direction,
the first side S11 adjacent to the first sealing portion 881
may have a straight line shape, and the second side S22
adjacent to the second sealing portion 882 may have a
curved line shape.
[0161] A length of the first side S11 of the dummy area
101 d may be greater than a length of the second side
S22 of the dummy area 101d. In an exemplary embodi-
ment, when a distance between the third side S33 and
the fourth side S44 gradually increases along the direc-
tion opposite to the Y-axis direction, the length of the
second side S22 may be greater than the length of the
first side S11 of the dummy area 101d.
[0162] FIG. 12 is a view illustrating a dummy area 101
d according to an exemplary embodiment.
[0163] As illustrated in FIG. 12, a dummy area 101d
may have a polygonal shape including first, second, third,
and fourth sides S11, S22, S33, and S44. In such an
exemplary embodiment, the first side S11 of the dummy
area 101 d refers to an interface between the dummy
area 101d and a first side S1 of a first sealing portion
881, and the second side S22 of the dummy area 101 d
refers to an interface between the dummy area 101d and
a second sealing portion 882.
[0164] The third and fourth sides S33 and S44 of the
dummy area 101d disposed along a direction in which
long sides (e.g., third and fourth sides S3 and S4) of the
first sealing portion 881 face each other may each have
a curved line shape. For example, each of the third and
fourth sides S33 and S44 of the dummy area 101d that
face each other in the X-axis direction may have a curved
line shape. A length of the third side S33 of the dummy
area 101 d and a length of the fourth side S44 of the
dummy area 101d may be about equal to each other.
[0165] A curvature of the third side S33 of the dummy
area 101d and a curvature of the fourth side S44 of the
dummy area 101 d may be about equal to each other. In
addition, a curvature of the second sealing portion 882
may be about equal to or less than the curvature of the
third side S33 (or the fourth side S44) of the dummy area
101d.
[0166] The third side S33 of the dummy area 101d and
the fourth side S44 of the dummy area 101d may have
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a symmetrical shape with each other. For example, the
third side S33 and the fourth side S44 may have a sym-
metrical shape with respect to an extending direction of
a data line DL (e.g., the Y-axis direction). For example,
the third side S33 and the fourth side S44 may have a
symmetrical shape with respect to the extending direction
of the data line DL (e.g., the Y-axis direction) that passes
through a center point of the second sealing portion 882
(or a center point of a through hole TH).
[0167] When one side (e.g., the first side S1) of the
first sealing portion 881 disposed closest to the second
sealing portion 882 is defined as a reference side S1, a
distance between the third side S33 and the fourth side
S44 may gradually decrease along a direction from the
reference side S1 toward the second sealing portion 882
(e.g., a direction opposite to the Y-axis direction).
[0168] The first and second sides S11 and S22 of the
dummy area 101d disposed along a direction in which
short sides (e.g., first and second sides S1 and S2) of
the first sealing portion 881 face each other may have a
straight line shape and a curved shape, respectively. For
example, one of the first and second sides S11 and S22
of the dummy area 101d that face each other in the Y-
axis direction, e.g., the first side S11, may have a straight
line shape, and the other side thereof, e.g., the second
side S22, may have a curved line shape. For example,
of the first and second sides S11 and S22 of the dummy
area 101d that face each other in the Y-axis direction,
the first side S11 adjacent to the first sealing portion 881
may have a straight line shape, and the second side S22
adjacent to the second sealing portion 882 may have a
curved line shape.
[0169] A length of the second side S22 of the dummy
area 101d is less than a length of the first side S11 of the
dummy area 101d.
[0170] FIG. 13 is a view illustrating a dummy area 101
d according to an exemplary embodiment.
[0171] As illustrated in FIG. 13, a dummy area 101d
may have a polygonal shape including first, second, third,
and fourth sides S11, S22, S33, and S44. In such an
exemplary embodiment, the first side S11 of the dummy
area 101 d refers to an interface between the dummy
area 101d and a first side S1 of a first sealing portion
881, and the second side S22 of the dummy area 101 d
refers to an interface between the dummy area 101d and
a second sealing portion 882.
[0172] The third and fourth sides S33 and S44 of the
dummy area 101d disposed along a direction in which
long sides (e.g., third and fourth sides S3 and S4) of the
first sealing portion 881 face each other may each have
a curved line shape. For example, each of the third and
fourth sides S33 and S44 of the dummy area 101d that
face each other in the X-axis direction may have a curved
line shape. A length of the third side S33 of the dummy
area 101d and a length of the fourth side S44 of the dum-
my area 101d may be about equal to each other.
[0173] A curvature of the third side S33 of the dummy
area 101d and a curvature of the fourth side S44 of the

dummy area 101 d may be about equal to each other. In
addition, a curvature of the second sealing portion 882
may be about equal to or less than the curvature of the
third side S33 (or the fourth side S44) of the dummy area
101d.
[0174] The third side S33 of the dummy area 101d and
the fourth side S44 of the dummy area 101d may have
a symmetrical shape with each other. For example, the
third side S33 and the fourth side S44 may have a sym-
metrical shape with respect to an extending direction of
a data line DL (e.g., the Y-axis direction). For example,
the third side S33 and the fourth side S44 may have a
symmetrical shape with respect to the extending direction
of the data line DL (e.g., the Y-axis direction) that passes
through a center point of the second sealing portion 882
(or a center point of a through hole TH).
[0175] When one side (e.g., the first side S1) of the
first sealing portion 881 that is disposed closest to the
second sealing portion 882 is defined as a first reference
side S1, one side (e.g., the second side S22) of the dum-
my area 101d that faces the first reference side S1 is
defined as a second reference side S22, and a virtual
line that connects a center point of the third side S33 and
a center point of the fourth side S44 is defined as a center
line, a distance between the third side S33 and the fourth
side S44 gradually decreases along a direction from the
first reference side S1 toward the center line (e.g., a di-
rection opposite to the Y-axis direction), and a distance
between the third side S33 and the fourth side S44 grad-
ually decreases along a direction from the second refer-
ence side S22 toward the center line (e.g., the Y-axis
direction). Accordingly, the third side S33 and the fourth
side S44 may have a concave lens shape. For example,
the third side S33 may have a shape of ")", and the fourth
side S44 may have a shape of "(".
[0176] The first and second sides S11 and S22 of the
dummy area 101d disposed along a direction in which
short sides (e.g., first and second sides S1 and S2) of
the first sealing portion 881 face each other may have a
straight line shape and a curved shape, respectively. For
example, one of the first and second sides S11 and S22
of the dummy area 101d that face each other in the Y-
axis direction, e.g., the first side S11, may have a straight
line shape, and the other side thereof, e.g., the second
side S22, may have a curved line shape. For example,
of the first and second sides S11 and S22 of the dummy
area 101d that face each other in the Y-axis direction,
the first side S11 adjacent to the first sealing portion 881
may have a straight line shape, and the second side S22
adjacent to the second sealing portion 882 may have a
curved line shape.
[0177] A length of the second side S22 of the dummy
area 101d is greater than a length of the first side S11 of
the dummy area 101d.
[0178] FIG. 14 is a view illustrating a dummy area 101d
according to an exemplary embodiment.
[0179] As illustrated in FIG. 14, a dummy area 101d
may have a polygonal shape including first, second, third,
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and fourth sides S11, S22, S33, and S44. In such an
exemplary embodiment, the first side S11 of the dummy
area 101d refers to an interface between the dummy area
101d and a first side S1 of a first sealing portion 881, and
the second side S22 of the dummy area 101d refers to
an interface between the dummy area 101d and a second
sealing portion 882.
[0180] The third and fourth sides S33 and S44 of the
dummy area 101d disposed along a direction in which
long sides (e.g., third and fourth sides S3 and S4) of the
first sealing portion 881 face each other may each have
a curved line shape. For example, each of the third and
fourth sides S33 and S44 of the dummy area 101d that
face each other in the X-axis direction may have a curved
line shape. A length of the third side S33 of the dummy
area 101d and a length of the fourth side S44 of the dum-
my area 101d may be about equal to each other.
[0181] A curvature of the third side S33 of the dummy
area 101d and a curvature of the fourth side S44 of the
dummy area 101 d may be about equal to each other. In
addition, a curvature of the second sealing portion 882
may be about equal to or less than the curvature of the
third side S33 (or the fourth side S44) of the dummy area
101d.
[0182] The third side S33 of the dummy area 101d and
the fourth side S44 of the dummy area 101d may have
a symmetrical shape with each other. For example, the
third side S33 and the fourth side S44 may have a sym-
metrical shape with respect to an extending direction of
a data line DL (e.g., the Y-axis direction). For example,
the third side S33 and the fourth side S44 may have a
symmetrical shape with respect to the extending direction
of the data line DL (e.g., the Y-axis direction) that passes
through a center point of the second sealing portion 882
(or a center point of a through hole TH).
[0183] When one side (e.g., the first side S1) of the
first sealing portion 881 that is disposed closest to the
second sealing portion 882 is defined as a first reference
side S1, one side (e.g., the second side S22) of the dum-
my area 101d that faces the first reference side S1 is
defined as a second reference side S22, and a virtual
line that connects a center point of the third side S33 and
a center point of the fourth side S44 is defined as a center
line, a distance between the third side S33 and the fourth
side S44 gradually increases along a direction from the
first reference side S1 toward the center line (e.g., a di-
rection opposite to the Y-axis direction), and a distance
between the third side S33 and the fourth side S44 grad-
ually increases along a direction from the second refer-
ence side S22 toward the center line (e.g., the Y-axis
direction). Accordingly, the third side S33 and the fourth
side S44 may have a convex lens shape. For example,
the third side S33 may have a shape of "(", and the fourth
side S44 may have a shape of ")".
[0184] The first and second sides S11 and S22 of the
dummy area 101d disposed along a direction in which
short sides (e.g., first and second sides S1 and S2) of
the first sealing portion 881 face each other may have a

straight line shape and a curved shape, respectively. For
example, one of the first and second sides S11 and S22
of the dummy area 101d that face each other in the Y-
axis direction, e.g., the first side S11, may have a straight
line shape, and the other side thereof, e.g., the second
side S22, may have a curved line shape. For example,
of the first and second sides S11 and S22 of the dummy
area 101d that face each other in the Y-axis direction,
the first side S11 adjacent to the first sealing portion 881
may have a straight line shape, and the second side S22
adjacent to the second sealing portion 882 may have a
curved line shape.
[0185] A length of the second side S22 of the dummy
area 101d is greater than a length of the first side S11 of
the dummy area 101d.
[0186] FIG. 15 is a view illustrating a dummy area 101d
according to an exemplary embodiment.
[0187] As illustrated in FIG. 15, a dummy area 101d
may have a polygonal shape including first, second, third,
and fourth sides S11, S22, S33, and S44. In such an
exemplary embodiment, the first side S11 of the dummy
area 101d refers to an interface between the dummy area
101d and a first side S1 of a first sealing portion 881, and
the second side S22 of the dummy area 101d refers to
an interface between the dummy area 101d and a second
sealing portion 882.
[0188] The third and fourth sides S33 and S44 of the
dummy area 101d disposed along a direction in which
long sides (e.g., third and fourth sides S3 and S4) of the
first sealing portion 881 face each other may each have
a straight line shape that is bent. For example, each of
the third and fourth sides S33 and S44 of the dummy
area 101d that face each other in the X-axis direction
may have a straight line shape that is bent. For example,
in an exemplary embodiment, each of the third and fourth
sides S33 and S44 of the dummy area 101d that face
each other in the X-axis direction may include a first
straight line portion and a second straight line portion
connected to the first straight line portion. An angle may
be formed between the corresponding first and second
straight line portions. A length of the third side S33 of the
dummy area 101d and a length of the fourth side S44 of
the dummy area 101 d may be about equal to each other.
[0189] The third side S33 of the dummy area 101d and
the fourth side S44 of the dummy area 101d may have
a symmetrical shape with each other. For example, the
third side S33 and the fourth side S44 may have a sym-
metrical shape with respect to an extending direction of
a data line DL (e.g., the Y-axis direction). For example,
the third side S33 and the fourth side S44 may have a
symmetrical shape with respect to the extending direction
of the data line DL (e.g., the Y-axis direction) that passes
through a center point of the second sealing portion 882
(or a center point of a through hole TH).
[0190] When one side (e.g., the first side S1) of the
first sealing portion 881 that is disposed closest to the
second sealing portion 882 is defined as a first reference
side S1, one side (e.g., the second side S22) of the dum-
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my area 101d that faces the first reference side S1 is
defined as a second reference side S22, and a virtual
line that connects a center point of the third side S33 and
a center point of the fourth side S44 is defined as a center
line, a distance between the third side S33 and the fourth
side S44 gradually decreases along a direction from the
first reference side S1 toward the center line (e.g., a di-
rection opposite to the Y-axis direction), and a distance
between the third side S33 and the fourth side S44 grad-
ually decreases along a direction from the second refer-
ence side S22 toward the center line (e.g., the Y-axis
direction). For example, the third side S33 may have a
shape of ">", and the fourth side S44 may have a shape
of "<".
[0191] The first and second sides S11 and S22 of the
dummy area 101d disposed along a direction in which
short sides (e.g., first and second sides S1 and S2) of
the first sealing portion 881 face each other may have a
straight line shape and a curved shape, respectively. For
example, one of the first and second sides S11 and S22
of the dummy area 101d that face each other in the Y-
axis direction, e.g., the first side S11, may have a straight
line shape, and the other side thereof, e.g., the second
side S22, may have a curved line shape. For example,
of the first and second sides S11 and S22 of the dummy
area 101d that face each other in the Y-axis direction,
the first side S11 adjacent to the first sealing portion 881
may have a straight line shape, and the second side S22
adjacent to the second sealing portion 882 may have a
curved line shape.
[0192] A length of the second side S22 of the dummy
area 101d is greater than a length of the first side S11 of
the dummy area 101d.
[0193] FIG. 16 is a view illustrating a dummy area 101
d according to an exemplary embodiment.
[0194] As illustrated in FIG. 16, a dummy area 101d
may have a polygonal shape including first, second, third,
and fourth sides S11, S22, S33, and S44. In such an
exemplary embodiment, the first side S11 of the dummy
area 101 d refers to an interface between the dummy
area 101d and a first side S1 of a first sealing portion
881, and the second side S22 of the dummy area 101d
refers to an interface between the dummy area 101d and
a second sealing portion 882.
[0195] The third and fourth sides S33 and S44 of the
dummy area 101d disposed along a direction in which
long sides (e.g., third and fourth sides S3 and S4) of the
first sealing portion 881 face each other may each have
a straight line shape that is bent. For example, each of
the third and fourth sides S33 and S44 of the dummy
area 101d that face each other in the X-axis direction
may have a straight line shape that is bent. For example,
in an exemplary embodiment, each of the third and fourth
sides S33 and S44 of the dummy area 101d that face
each other in the X-axis direction may include a first
straight line portion and a second straight line portion
connected to the first straight line portion. An angle may
be formed between the corresponding first and second

straight line portions. A length of the third side S33 of the
dummy area 101d and a length of the fourth side S44 of
the dummy area 101d may be about equal to each other.
[0196] The third side S33 of the dummy area 101d and
the fourth side S44 of the dummy area 101d may have
a symmetrical shape with each other. For example, the
third side S33 and the fourth side S44 may have a sym-
metrical shape with respect to an extending direction of
a data line DL (e.g., the Y-axis direction). For example,
the third side S33 and the fourth side S44 may have a
symmetrical shape with respect to the extending direction
of the data line DL (e.g., the Y-axis direction) that passes
through a center point of the second sealing portion 882
(or a center point of a through hole TH).
[0197] When one side (e.g., the first side S1) of the
first sealing portion 881 that is disposed closest to the
second sealing portion 882 is defined as a first reference
side S1, one side (e.g., the second side S22) of the dum-
my area 101d that faces the first reference side S1 is
defined as a second reference side S22, and a virtual
line that connects a center point of the third side S33 and
a center point of the fourth side S44 is defined as a center
line, a distance between the third side S33 and the fourth
side S44 gradually increases along a direction from the
first reference side S1 toward the center line (e.g., a di-
rection opposite to the Y-axis direction), and a distance
between the third side S33 and the fourth side S44 grad-
ually increases along a direction from the second refer-
ence side S22 toward the center line (e.g., the Y-axis
direction). For example, the third side S33 may have a
shape of "<", and the fourth side S44 may have a shape
of ">".
[0198] The first and second sides S11 and S22 of the
dummy area 101d disposed along a direction in which
short sides (e.g., first and second sides S1 and S2) of
the first sealing portion 881 face each other may have a
straight line shape and a curved shape, respectively. For
example, one of the first and second sides S11 and S22
of the dummy area 101d that face each other in the Y-
axis direction, e.g., the first side S11, may have a straight
line shape, and the other side thereof, e.g., the second
side S22, may have a curved line shape. For example,
of the first and second sides S11 and S22 of the dummy
area 101d that face each other in the Y-axis direction,
the first side S11 adjacent to the first sealing portion 881
may have a straight line shape, and the second side S22
adjacent to the second sealing portion 882 may have a
curved line shape.
[0199] A length of the second side S22 of the dummy
area 101d is greater than a length of the first side S11 of
the dummy area 101d.
[0200] Alternatively, in an exemplary embodiment, the
second sealing portion 882 of FIGs. 11 to 16 may be
disposed close to the second side S2 of the first sealing
portion 881 that is close to the pad area 101c.
[0201] FIG. 17 is a plan view illustrating a first sealing
portion 881 and a second sealing portion 882 according
to an exemplary embodiment.
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[0202] As illustrated in FIG. 17, in an exemplary em-
bodiment, the second sealing portion 882 may be con-
nected to the first sealing portion 881. For example, the
second sealing portion 882 may be connected to a first
side S1 of the first sealing portion 881 that is closest to
the second sealing portion 882.
[0203] The first sealing portion 881 may have a notch
444 at a connection point between the first sealing portion
881 and the second sealing portion 882. For example,
the notch 444 may be located at a portion of the first
sealing portion 881 opposite to a contact surface be-
tween the first sealing portion 881 and the second sealing
portion 882.
[0204] Alternatively, in an exemplary embodiment, the
second sealing portion 882 may be connected to a sec-
ond side S2 of the first sealing portion 881 that is close
to the pad area 101c.
[0205] FIGs. 18A to 18C are views illustrating electron-
ic devices that include the display devices according to
exemplary embodiments.
[0206] Referring to FIG. 18A, the display device 1000
according to the above-described exemplary embodi-
ments may be applied to a smartphone 3000. An element
3200, e.g., a camera, may be located in the through hole
TH. For example, the element 3200, e.g., a camera, may
be located in an area enclosed by the second sealing
portion 882.
[0207] Referring to FIG. 18B, the display device 1000
according to the above-described exemplary embodi-
ments may be applied to a smartwatch 4000. A driving
unit DU that includes a minute hand and an hour hand
may be disposed in the through hole TH. For example,
the driving unit DU may be disposed in an area enclosed
by the second sealing portion 882.
[0208] Referring to FIG. 18C, the display device 1000
according to the above-described exemplary embodi-
ments may be applied to an instrument panel 5000 for a
vehicle. A first driving unit DU1 that includes a needle
indicating an engine speed (RPM) and a second driving
unit DU2 that includes a needle indicating a speed may
be provided in the through holes TH, respectively. For
example, the first driving unit DU1 and the second driving
unit DU2 may be disposed in two areas enclosed by two
second sealing portions 882, respectively.
[0209] The display device of the present invention may
be an LED device that includes the light emitting layer
512 as a display element. However, the display device
of the present invention is not limited thereto. For exam-
ple, the display device of the present invention may be
an LCD device that includes a liquid crystal layer as its
display element.
[0210] As set forth above, display devices according
to one or more exemplary embodiments may provide the
following effects.
[0211] A through hole at which, for example, a camera,
may be installed is located in a display area, and thus a
display area for displaying images of the display device
may be widened.

[0212] In addition, since the through hole is sealed by
a sealing portion, a path along which moisture may per-
meate through the through hole may be blocked.

Claims

1. A display device, comprising:

a first substrate (101) comprising a display area
(100a) and a non-display area (100b);
a display element disposed on the display area
(100a) of the first substrate (101);
a first sealing portion (881) disposed on the non-
display area (100b) of the first substrate (101);
a second substrate (102) facing the first sub-
strate (101) in a first direction;
a hole (TH) defined through the first substrate
(101) and the second substrate (102) along the
first direction in the display area (100a); and
a second sealing portion (882) disposed be-
tween the first substrate (101) and the second
substrate (102) and enclosing the hole (TH).

2. The display device of claim 1, wherein the first sub-
strate (101) further comprises a dummy area (101d)
located between the first sealing portion (881) and
the second sealing portion (882).

3. The display device of claim 2, wherein the dummy
area (101d) is located between the second sealing
portion (882) and one side of the first sealing portion
(881) that is disposed closest to the second sealing
portion (882).

4. The display device of one of the claims 2 to 3, wherein
the dummy area (101d) has a polygonal shape in-
cluding four sides (S11, S22, S33, S44).

5. The display device of claim 4, wherein each of a third
side (S33) and a fourth side (S44) of the dummy area
(101d) that are disposed along a second direction in
which long sides of the first sealing portion (881) face
each other has a curved line shape, and
a first side (S11) and a second side (S22) of the
dummy area (101d) that are disposed along a third
direction in which short sides of the first sealing por-
tion (881) face each other have a straight line shape
and a curved line shape, respectively.

6. The display device of claim 5, wherein a distance
between the third side (S33) and the fourth side (S44)
gradually increases along the third direction from the
one side of the first sealing portion (881) that is dis-
posed closest to the second sealing portion (882)
toward the second sealing portion (882).

7. The display device of one of the claims 5 to 6, wherein
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a curvature of the third side (S33) is about equal to
a curvature of the fourth side (S44).

8. The display device of one of the claims 5 to 7, wherein
the second sealing portion (882) has a circular
shape, and
a curvature of the second sealing portion (882) is
about equal to or less than a curvature of the third
side (S33) or the fourth side (S44).

9. The display device of one of the claims 5 to 8, wherein
the first side (S11) is adjacent to the first sealing por-
tion (881),
the second side (S22) is adjacent to the second seal-
ing portion (882), and
a length of the second side (S22) is greater than a
length of the first side (S11).

10. The display device of claim 4, wherein each of a third
side (S33) and a fourth side (S44) of the dummy area
(101d) that are disposed along a second direction in
which long sides of the first sealing portion (881) face
each other has a straight line shape, and
a first side (S11) and a second side (S22) of the
dummy area (101d) that are disposed along a third
direction in which short sides of the first sealing por-
tion (881) face each other have a straight line shape
and a curved line shape, respectively.

11. The display device of claim 10, wherein a distance
between the third side (S33) and the fourth side (S44)
gradually decreases along the third direction from
the one side of the first sealing portion (881) that is
disposed closest to the second sealing portion (882)
toward the second sealing portion (882) and/or
wherein the first side (S11) is adjacent to the first
sealing portion (881),
the second side (S22) is adjacent to the second seal-
ing portion (882), and
a length of the second side (S22) is greater than a
length of the first side (S11).

12. The display device of one of the claims 2 to 11,
wherein the display element comprises a light emit-
ting layer (512), and
the light emitting layer (512) is selectively disposed
only in the display area (100a) of the display area
(100a) and the dummy area (101d) and/or wherein
a hole injecting layer (661), a hole transporting layer
(662), an electron transporting layer (664), and an
electron injecting layer (665) are selectively dis-
posed only in the display area (100a) of the display
area (100a) and the dummy area (101d).

13. The display device of one of the claims 2 to 12, further
comprising:
an insulating layer (642) having a concavo-convex
shape disposed in the dummy area (101d) or where-

in no pattern layer exists in the dummy area (101d).

14. The display device of one of the claims 1 to 13,
wherein a width (W2) of the second sealing portion
(882) is less than a width (W1) of the first sealing
portion (881) and/or, further comprising at least one
of:

a first heat transfer layer (331) disposed be-
tween the first substrate (101) and the first seal-
ing portion (881); and
a second heat transfer layer (332) disposed be-
tween the first substrate (101) and the second
sealing portion (882), wherein the first heat
transfer layer (331) contacts the first sealing por-
tion (881), and
the second heat transfer layer (332) contacts
the second sealing portion (882).

15. The display device of one of the claims 1 to 14,
wherein the non-display area (101b) of the first sub-
strate (101) comprises a pad area (101c) that does
not overlap the second substrate (102), and a non-
pad area that overlaps the second substrate (102),
a first side of first and second sides of the first sealing
portion (881) that face each other is more adjacent
to the non-pad area, and
the second sealing portion (882) is more adjacent to
either one of the first side and the second side.
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