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(54) DISPLAY APPARATUS AND METHOD OF MANUFACTURING THE SAME

(57) A display apparatus is described that includes
a substrate having a display area and a sensor area,
wherein the sensor area includes a transmission area; a
plurality of first opposite electrodes arranged to corre-
spond to the display area; and a plurality of second op-

posite electrodes arranged to correspond to the sensor
area and surround the transmission area, wherein a
shape of each of the plurality of first opposite electrodes
is different from a shape of each of the plurality of second
opposite electrodes.
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Description

BACKGROUND

1. Field

[0001] One or more embodiments relate to a display
apparatus and a method of manufacturing the same.

2. Description of Related Art

[0002] Display devices are found in televisions, com-
puters, mobile electronics, and automobiles, among oth-
er examples. Usage of display devices has diversified to
include many different settings, leading to increased de-
mand for thinner and lighter displays. However, smaller
designs may contribute to a reduction in light transmit-
tance of a display.
[0003] Despite the ever-shrinking design of display de-
vices, it is desirable to achieve a high light transmittance.
A high light transmittance may correspond to higher qual-
ity images, clearer images, and more detailed images.
Therefore, there is a need in the art for a high light trans-
mittance and high quality of display apparatuses for use
in thinner and lighter displays.

SUMMARY

[0004] One or more embodiments include a display ap-
paratus for displaying an image and including a sensor
area in which sensors are arranged. However, this ob-
jective is an example, and the scope of the disclosure is
not limited thereto.
[0005] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the presented embodiments of the disclosure.
[0006] According to one or more embodiments, a dis-
play apparatus includes: a substrate including a display
area, and a sensor area, the sensor area including a
transmission area; a plurality of first opposite electrodes
arranged to correspond to the display area; and a plurality
of second opposite electrodes arranged to correspond
to the sensor area and surround the transmission area,
wherein a shape of each of the plurality of first opposite
electrodes is different from a shape of each of the plurality
of second opposite electrodes.
[0007] Each of the plurality of first opposite electrodes
may have the shape of a first quadrangle with a first width
in a first direction, and each of the plurality of second
opposite electrodes may have the shape of a second
quadrangle with a second width in the first direction,
wherein projections project from four vertexes of the sec-
ond quadrangle. The first width may be greater than the
second width.
[0008] First opposite electrodes adjacent to each other
in the first direction, from among the plurality of first op-
posite electrodes, may overlap each other at an edge of

the first quadrangle, and second opposite electrodes ad-
jacent to each other along an edge of the transmission
area, from among the plurality of second opposite elec-
trodes, may overlap each other at the projections.
[0009] First opposite electrodes adjacent to each other
in a second direction crossing the first direction, from
among the plurality of first opposite electrodes, may be
arranged to be apart from each other.
[0010] The display apparatus may further include a plu-
rality of third opposite electrodes between the plurality of
first opposite electrodes and the plurality of second op-
posite electrodes, wherein an area of each of the plurality
of third opposite electrodes is greater than an area of
each of the plurality of first opposite electrodes.
[0011] Each of the plurality of first opposite electrodes
may have a shape of a first quadrangle with a first width
in a first direction, each of the plurality of third opposite
electrodes may have a shape of a third quadrangle with
a third width in the first direction, and the first width and
the third width may be substantially the same as each
other.
[0012] A plurality of main pixels may be included in the
display area, a plurality of auxiliary pixels may be included
in the sensor area, and the number of the main pixels
covered by each of the plurality of first opposite elec-
trodes may be the same as the number of the auxiliary
pixels covered by each of the plurality of second opposite
electrodes.
[0013] A plurality of main pixels may be included in the
display area, a plurality of auxiliary pixels may be included
in the sensor area, and the number of the main pixels
covered by each of the plurality of first opposite elec-
trodes may be twice the number of the auxiliary pixels
covered by each of the plurality of second opposite elec-
trodes.
[0014] A length of each of the plurality of first opposite
electrodes in a second direction may be 1.8 to 2 times a
length of each of the plurality of second opposite elec-
trodes in the second direction.
[0015] An area of an area of the transmission area may
be greater than an area of an emission area of an auxiliary
pixel arranged in the sensor area. The transmission area
may include a first transmission area and a second trans-
mission area, and the first transmission area may have
a different size from the second transmission area. A
width of the transmission area in a first direction may be
greater than a width of each of the plurality of second
opposite electrodes in the first direction.
[0016] The substrate may further include a power sup-
ply line arranged in a non-display area outside the display
area, and one or more of the plurality of first opposite
electrodes and one or more of the plurality of second
opposite electrodes may be arranged to overlap the pow-
er supply line.
[0017] The display apparatus may further include a
component arranged to correspond to a lower portion of
the sensor area. An auxiliary thin-film transistor may be
arranged in the sensor area, and a lower metal layer may

1 2 



EP 3 745 463 A2

3

5

10

15

20

25

30

35

40

45

50

55

be arranged between the substrate and the auxiliary thin-
film transistor.
[0018] According to one or more embodiments, a
method of manufacturing a display apparatus including
a display area, and a sensor area, wherein the sensor
area includes a transmission area includes: aligning a
mask to correspond to a substrate; performing a first op-
eration of depositing a portion of an opposite electrode
on the substrate using the mask; and performing a sec-
ond operation of depositing another portion of the oppo-
site electrode by moving the mask in a first direction and
a second direction crossing the first direction.
[0019] The mask may include (one or more) first mask
openings and (one or more) second mask openings, and
a shape of each of the (one or more) first mask openings
may be different from a shape of each of the (one or
more) second mask openings.
[0020] Each of the (one or more) first mask openings
may have the shape of a first quadrangle with a first width,
and each of the (one or more) second mask openings
may have the shape of a second quadrangle with a sec-
ond width, wherein the second quadrangle has an ex-
pansion hole extending from each of four vertexes of the
second quadrangle.
[0021] The mask may include (one or more) third mask
openings between (one or more) first mask openings and
(one or more) second mask openings, and an area of
each of the (one or more) third mask openings may be
greater than an area of each of the (one or more) first
mask openings.
[0022] The (one or more) first mask openings may be
arranged to be apart from each other by a first distance
in the second direction, and the (one or more) second
mask openings may be arranged to be apart from each
other by a second distance in the second direction,
wherein the first distance is less than the second dis-
tance. The second distance may be about 5 to 10 times
the first distance.
[0023] According to one or more embodiments, a dis-
play apparatus includes: a substrate including a display
area and a non-display area around the display area; an
opposite electrode arranged to correspond to the display
area; and a power supply line arranged in the non-display
area, wherein the opposite electrode extends to the non-
display area to overlap the power supply line, and a side
of the opposite electrode includes partially projecting ex-
terior patterns (e.g. one or more exterior patterns partially
project from a side of the opposite electrode).
[0024] The opposite electrode may include a plurality
of first opposite electrodes and a plurality of second op-
posite electrodes, wherein first opposite electrodes ad-
jacent to each other in a first direction, from among the
plurality of first opposite electrodes, may overlap each
other, and the plurality of first opposite electrodes may
have a different shape or a different size from the plurality
of second opposite electrodes.
[0025] Some of the exterior patterns may have the
same shape as the plurality of first opposite electrodes

and the others of the exterior patterns may have the same
shape as the plurality of second opposite electrodes.
[0026] The display apparatus may further include: a
planarization layer arranged on the power supply line and
including a contact hole exposing a portion of the power
supply line; and a connection wire arranged on the
planarization layer and connected to the power supply
line through the contact hole, wherein the opposite elec-
trode contacts the connection wire.
[0027] The substrate may further include a sensor area
including a transmission area, and a distance by which
exterior patterns arranged outside the sensor area, from
among the exterior patterns, are apart from each other
may be greater than a distance by which exterior patterns
arranged outside the display area, from among the ex-
terior patterns, are apart from each other.
[0028] According to one or more embodiments, a dis-
play apparatus comprises a substrate including a display
area and a sensor area with respect to a plan view, the
sensor area including at least one transmission area; a
plurality of first opposite electrodes having a first shape
and overlapping the display area in the plan view; and a
plurality of second opposite electrodes having a second
shape different from the first shape and overlapping the
sensor area in the plan view, wherein the at least one
transmission area borders the plurality of second oppo-
site electrodes on at least two opposite sides in the plan
view.
[0029] In some examples, the second shape compris-
es a rectangle with a notch on each side, and wherein
the notch on at least one side of at least two of the plurality
of second opposite electrodes borders the at least one
transmission area in the plan view, wherein a portion of
the transmission area corresponds to the notch on at
least one side of the at least two of the plurality of second
opposite electrodes.
[0030] In some examples the display apparatus further
comprises a plurality of third opposite electrodes having
a third shape, wherein each of the plurality of third oppo-
site electrodes borders a boundary between the display
area and the sensor area in the plan view and overlaps
at least one of the plurality of first opposite electrodes or
at least one of the plurality of second opposite electrodes.
[0031] At least some of the above and other features
of the present invention are set out in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] A display apparatus having various functions
and improved quality is provided. The display apparatus,
the pixel portion, and the transmission area provide for
improved light transmittance and may be arranged in the
sensor area SA corresponding to the component.
[0033] The above and other aspects, features, and ad-
vantages of certain embodiments of the disclosure will
be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:

3 4 



EP 3 745 463 A2

4

5

10

15

20

25

30

35

40

45

50

55

FIG. 1 is a perspective view schematically illustrating
a display apparatus according to an embodiment;
FIG. 2 is a cross-sectional view simply illustrating a
display apparatus according to embodiments;
FIG. 3 is a plan view schematically illustrating a dis-
play panel according to an embodiment;
FIG. 4A is an equivalent circuit diagram of an active
matrix pixel which may be arranged in a display area
of a display apparatus according to an embodiment;
FIG. 4B is an equivalent circuit diagram of an active
matrix pixel which may be arranged in a display area
of a display apparatus according to another embod-
iment;
FIGS. 5 and 6 are schematic plan views correspond-
ing to region B of FIG. 3;
FIG. 7 is a schematic cross-sectional view of the dis-
play apparatus taken along line I-I’ of FIG. 5;
FIG. 8 is a schematic cross-sectional view of the dis-
play apparatus taken along lines II-II’ and III-III’ of
FIG. 5;
FIG. 9 is a cross-sectional view schematically illus-
trating a display apparatus according to another em-
bodiment;
FIG. 10 is a cross-sectional view schematically illus-
trating a display apparatus according to another em-
bodiment;
FIG. 11 illustrates an example of a mask for forming
an opposite electrode according to embodiments;
FIGS. 12A and 12B illustrate a method of manufac-
turing a display apparatus, according to an embod-
iment;
FIG. 13 is a plan view schematically illustrating a
display apparatus according to another embodi-
ment;
FIG. 14 is an enlarged view of region C of FIG. 13;
FIG. 15 is a schematic cross-sectional view of the
display apparatus taken along line IV-IV’ of FIG. 14;
FIG. 16 is a schematic plan view of a portion of a
display apparatus according to another embodi-
ment;
FIG. 17 illustrates another example of a mask for
forming an opposite electrode according to embod-
iments; and
FIG. 18 is a plan view of a portion of a display panel
according to another embodiment.

DETAILED DESCRIPTION

[0034] While various modifications may be made to
and numerous embodiments may be included in the dis-
closure, embodiments of the disclosure are shown by
way of example in the drawings and are herein described
in detail. Effects and characteristics of the disclosure and
the methods of achieving the effects and the character-
istics will be clearly shown with reference to the embod-
iments described in detail below, together with the draw-
ings. However, the disclosure is not limited to the em-
bodiments described herein and may be realized in var-

ious forms.
[0035] Hereinafter, the embodiments of the disclosure
will be described in detail with reference to the accom-
panying drawings. In the descriptions, like reference nu-
merals refer to the like elements and the same descrip-
tions will not be repeated.
[0036] It will be understood that the terms "first," "sec-
ond," etc. may be used herein to describe various com-
ponents; these components should not be limited by
these terms. These components are used to distinguish
one component from another.
[0037] As used herein, the singular forms "a," "an," and
"the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise.
[0038] It will be further understood that the terms "com-
prises" and/or "comprising" used herein specify the pres-
ence of stated features or components, but do not pre-
clude the presence or addition of one or more other fea-
tures or components.
[0039] It will be understood that when a layer, area, or
component is referred to as being "formed on," another
layer, area, or component, the layer, area, or component
can be directly or indirectly formed on the other layer,
area, or component. For example, intervening layers, ar-
eas, or components may be present.
[0040] The sizes of elements in the drawings may be
exaggerated for convenience of explanation. In other
words, since sizes and thicknesses of components in the
drawings are arbitrarily illustrated for convenience of ex-
planation, the following embodiments are not limited
thereto.
[0041] When a certain embodiment may be imple-
mented differently, a process order may be performed
differently from the described order. For example, two
consecutively described processes may be performed
substantially at the same time or performed in an order
opposite to the described order.
[0042] In the embodiments hereinafter, it will be under-
stood that when an element, an area, or a layer is referred
to as being connected to another element, area, or layer,
the element, area, or layer can be directly or indirectly
connected to the other element, area, or layer. For ex-
ample, it will be understood in this specification that when
an element, an area, or a layer is referred to as being in
contact with or being electrically connected to another
element, area, or layer, the element, area, or layer can
be directly or indirectly in contact with or electrically con-
nected to the other element, area, or layer.
[0043] FIG. 1 is a perspective view schematically illus-
trating a display apparatus 1 according to an embodi-
ment.
[0044] Referring to FIG. 1, the display apparatus 1 may
include a display area DA for realizing an image and a
non-display area NDA not for realizing an image. The
display apparatus 1 may provide a main image by using
pieces of light emitted from a plurality of main pixels Pm
arranged in the display area DA.
[0045] The display apparatus 1 may include a sensor
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area SA. A sensor area SA may be an area under which
a component where a sensor may exist. The sensor may
use infrared rays, visible rays, sound, or the like, which
is described below with reference to FIG. 2. The sensor
area SA may include a transmission area TA through
which light or sound output from the component to the
outside or proceeding from the outside toward the com-
ponent may be transmitted. According to an embodiment,
when infrared rays are transmitted through the sensor
area SA, a light transmittance may be equal to or greater
than about 30 %. The light transmittance may be equal
to or greater than about 50 %, about 75 %, about 80 %,
about 85 %, or about 90 %.
[0046] According to the present embodiment, a plural-
ity of auxiliary pixels Pa may be arranged in the sensor
area SA. A certain image may then be provided by using
light emitted from the plurality of auxiliary pixels Pa. The
image provided in the sensor area SA may be a sub-
image and may have a lower resolution than an image
provided by the display area DA. For example, because
the sensor area SA includes a transmission area TA
through which the light and/or the sound may be trans-
mitted, the number of auxiliary pixels Pa, which may be
arranged per unit area in the sensor area SA, may be
smaller than the number of main pixels Pm. The main
pixels Pm may be arranged per unit area in the display
area DA.
[0047] The sensor area SA may be disposed at a side
of the display area DA. According to an embodiment,
FIG. 1 illustrates that the sensor area SA is disposed at
an upper side of the display area DA. Additionally, the
sensor area SA is disposed between the non-display ar-
ea NDA and the display area DA.
[0048] Hereinafter, an organic light-emitting display
apparatus is described as an example of the display ap-
paratus 1 according to an embodiment. However, display
apparatuses, according to embodiments, are not limited
thereto. According to another embodiment, various types
of display apparatuses may be used, such as an inor-
ganic light-emitting display apparatus, a quantum dot
light-emitting display apparatus, etc.
[0049] FIG. 1 illustrates that the sensor area SA is ar-
ranged at the upper side of the display area DA, having
a quadrangular shape. However, embodiments are not
limited thereto. The display area DA may have a circular
shape, an oval shape, or a polygonal shape. A polygonal
shape may include, but not limited to, a triangular shape
or a pentagonal shape. A location of the sensor area SA
and the number of sensor areas SA may be variously
modified.
[0050] FIG. 2 is a cross-sectional view simply illustrat-
ing the display apparatus 1 according to embodiments
and may correspond to a cross-section taken along line
A-A’ of FIG. 1.
[0051] Referring to FIG. 2, the display apparatus 1 may
include a display panel 10 including a display element,
and a component 20 corresponding to the sensor area
SA.

[0052] The display panel 10 may include a substrate
100, a display element layer 200 arranged on the sub-
strate 100, and a thin-film encapsulation layer 300. The
thin-film encapsulation layer 300 is an encapsulation
member, encapsulating the display element layer 200.
Also, the display panel 10 may further include a lower
protective film 175 arranged under the substrate 100,
and a lower covering layer 185.
[0053] The substrate 100 may include glass or polymer
resins. The polymer resins may include polyethersulfone
(PES), polyacrylate, polyetherimide (PEI), polyethylene
naphthalate (PEN), polyethylene terephthalate (PET),
polyphenylene sulfide (PPS), polyarylate, polyimide (PI),
polycarbonate (PC), cellulose acetate propionate (CAP),
or the like. The substrate 100, including the polymer res-
ins, may have flexible, rollable, or bendable characteris-
tics. The substrate 100 may have a multi-layered struc-
ture including a layer including the polymer resins de-
scribed above and an inorganic layer (not shown).
[0054] The display element layer 200 may include a
circuit layer including thin-film transistors TFT and TFT’,
organic light-emitting diodes OLED and OLED’ as display
elements, and insulating layers IL and IL’ between the
main and auxiliary thin-film transistors TFT and TFT’ and
the organic light-emitting diodes OLED and OLED’.
[0055] The main pixel Pm may be arranged in the dis-
play area DA. The main pixel Pm includes the main thin-
film transistor TFT and the organic light-emitting diode
OLED connected to the main thin-film transistor TFT. The
auxiliary pixel Pa may be arranged in the sensor area
SA. The auxiliary pixel Pa may include the auxiliary thin-
film transistor TFT’ and the organic light-emitting diode
OLED’ connected to the auxiliary thin-film transistor TFT’.
[0056] Also, the transmission area TA in which the aux-
iliary thin-film transistor TFT’ and the display element are
not arranged may be disposed in the sensor area SA.
The transmission area TA may be an area through which
the light/signal emitted from the component 20 or the
light/signal incident into the component 20 is transmitted.
[0057] The component 20 may be located in the sensor
area SA. The component 20 may include an electronic
element using light or sound. For example, the compo-
nent 20 may include a sensor configured to receive and
use light, a sensor configured to output and sense light
or sound, a small-sized lamp configured to output light,
a speaker configured to output sound, or the like. A sen-
sor configured to receive and use light may include an
infrared sensor. A sensor configured to output and sense
light or sound may be used to measure a distance, or
recognize a fingerprint, or the like. The electronic element
using light may use lights of various wavelength ranges,
such as visible rays, infrared rays, ultraviolet rays, etc.
The component 20 arranged in the sensor area SA may
be provided in a multiple number. For example, the com-
ponent 20 may be a light-emission device and a light-
reception device and may be provided together in the
sensor area SA. Alternatively, a light-emission portion
and a light-reception portion may be simultaneously in-
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cluded in the component 20.
[0058] A lower metal layer BSM may be arranged in
the sensor area SA. The lower metal layer BSM may be
arranged to correspond to a lower portion of the auxiliary
thin-film transistor TFT’. The lower metal layer BSM may
prevent external light from reaching the auxiliary pixel Pa
including the auxiliary thin-film transistor TFT’, etc. For
example, the lower metal layer BSM may prevent the
light emitted from the component 20 from reaching the
auxiliary pixel Pa, or vice versa (i.e., it may prevent the
light emitted from the auxiliary pixel Pa from reaching the
component 20).
[0059] In some embodiments, a constant voltage or a
signal may be applied to the lower metal layer BSM to
prevent damage to a pixel circuit caused by an electro-
static discharge.
[0060] The thin-film encapsulation layer 300 may in-
clude at least one inorganic encapsulation layer and at
least one organic encapsulation layer. With respect to
this aspect, FIG. 2 illustrates first and second inorganic
encapsulation layers 310 and 330 and an organic encap-
sulation layer 320 therebetween.
[0061] The first inorganic encapsulation layer 310 and
the second inorganic encapsulation layer 330 may in-
clude one or more inorganic insulating materials such as,
but not limited to, aluminium oxide, titanium oxide, tan-
talum oxide, hafnium oxide, zinc oxide, silicon oxide, sil-
icon nitride, and silicon oxynitride. The organic encapsu-
lation layer 320 may include a polymer-based material.
The polymer-based material may include acryl-based
resins, epoxy-based resins, PI, and polyethylene.
[0062] The lower protective film 175 may be coupled
under the substrate 100 to support and protect the sub-
strate 100. The lower protective film 175 may include a
material having a higher transmittance of light. The lower
protective film 175 may include PET or PI.
[0063] The lower covering layer 185 may further be
provided under the lower protective film 175. The lower
covering layer 185 may include an opening 185OP cor-
responding to the sensor area SA. The lower covering
layer 185 may include the opening 185OP to improve the
light transmittance of the sensor area SA. The lower cov-
ering layer 185 may include a light-blocking material. Ac-
cordingly, external light which may be transmitted
through a lower surface of the substrate 100 may be
blocked.
[0064] The sensor area SA may have a greater area
than an area in which the component 20 is arranged.
Thus, an area of the opening 185OP provided in the lower
covering layer 185 may not correspond to an area of the
sensor area SA. For example, the area of the opening
185OP may be less than the area of the sensor area SA.
[0065] Also, a plurality of component 20 may be ar-
ranged in the sensor area SA. The plurality of component
20 may have different functions from one another.
[0066] Although not shown, a touch sensing member,
a reflection preventing member, and a transparent win-
dow may further be arranged on the display panel 10.

The touch sensing member may sense a touch input.
The reflection preventing member may include a polar-
izer and a retarder, or a color filter and a black matrix.
[0067] According to the present embodiment, it is illus-
trated that the thin-film encapsulation layer 300 is used
as an encapsulation member for encapsulating the dis-
play element layer 200. However, embodiments are lim-
ited thereto. For example, as the member for encapsu-
lating the display element layer 200, an encapsulation
substrate coupled to the substrate 100 by a sealant or
frit may also be used.
[0068] FIG. 3 is a plan view schematically illustrating
the display panel 10 according to an embodiment.
[0069] Referring to FIG. 3, the display panel 10 may
be disposed in the display area DA and may include a
plurality of main pixels Pm. Each of the main pixels Pm
may include a display element, such as an organic light-
emitting diode OLED. Each main pixel Pm may emit, for
example, red, green, blue, or white light through the or-
ganic light-emitting diode OLED. In this specification, the
main pixel Pm may be a sub-pixel emitting any of red
light, green light, blue light, and white light as described
above. The display area DA may be covered by the en-
capsulation member described above with reference to
FIG. 2 and may be protected from external materials,
moisture, etc.
[0070] The sensor area SA may be disposed at a side
of the display area DA, and a plurality of auxiliary pixels
Pa may be arranged in the sensor area SA. Each of the
auxiliary pixels Pa may include a display element, such
as an organic light-emitting diode OLED. Each auxiliary
pixel Pa may emit, for example, red, green, blue, or white
light through the organic light-emitting diode OLED. In
this specification, the auxiliary pixel Pa may be a sub-
pixel emitting any of red light, green light, blue light, and
white light, as described above. The transmission area
TA may be disposed between the auxiliary pixels Pa in
the sensor area SA. At least one component 20 may be
arranged to correspond to a lower portion of the sensor
area SA of the display panel 10.
[0071] According to an embodiment, one main pixel
Pm and one auxiliary pixel Pa may include the same pixel
circuit. However, embodiments are not limited thereto. A
pixel circuit included in the main pixel Pm and a pixel
circuit included in the auxiliary pixel Pa may be different
from each other.
[0072] Because the sensor area SA includes the trans-
mission area TA, the resolution of the sensor area SA
may be lower than the resolution of the display area DA.
For example, the resolution of the sensor area SA may
be about a half of the resolution of the display area DA.
In some embodiments, the resolution of the display area
DA may be equal to or greater than about 400 ppi, and
the resolution of the sensor area SA may be equal to or
greater than about 200 ppi.
[0073] Each of the main pixels Pm and the auxiliary
pixels Pa may be electrically connected to outer circuits
arranged in the non-display area NDA. A first scan driving
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circuit 110, a second scan driving circuit 120, a terminal
140, a data driving circuit 150, a first power supply line
160, and a second power supply line 170 may be ar-
ranged in the non-display area NDA.
[0074] The first scan driving circuit 110 may provide a
scan signal to each of the main pixels Pm and the auxiliary
pixels Pa through a scan line SL. The first scan driving
circuit 110 may provide an emission control signal to each
of the main pixels Pm and the auxiliary pixels Pa through
an emission control line EL. The second scan driving
circuit 120 may be arranged in parallel with the first scan
driving circuit 110 with the display area DA therebetween.
Some of the main pixels Pm arranged in the display area
DA may be electrically connected to the first scan driving
circuit 110. Others of the main pixels Pm arranged in the
display area DA may be electrically connected to the sec-
ond scan driving circuit 120. For example, main pixels
Pm may alternate between those that connect to the first
scan driving circuit 110 and those that connect to the
second scan driving circuit 120. Other connecting pat-
terns may also be used. According to another embodi-
ment, the second scan driving circuit 120 may be omitted.
[0075] Terminal 140 may be arranged at a side of the
substrate 100. The terminal 140 may not be covered by
an insulating layer. Additionally, the terminal 140 may be
exposed and may be electrically connected to a printed
circuit board PCB. A terminal PCB-P of the printed circuit
board PCB may be electrically connected to the terminal
140 of the display panel 10. The printed circuit board
PCB may transmit a signal or power of a control portion
(not shown) to the display panel 10. A control signal gen-
erated in the control portion may be transmitted to each
of the first and second scan driving circuits 110 and 120
through the printed circuit board PCB. The control portion
may provide a first power voltage ELVDD (or a driving
voltage) and a second power voltage ELVSS (or a com-
mon voltage) (refer to FIGS. 4A and 4B below) to the first
power supply line 160 and the second power supply line
170, respectively, through first and second connection
wires 161 and 171. The first power voltage ELVDD (or a
driving voltage) may be provided to each of the main
pixels Pm and the auxiliary pixels Pa through a driving
voltage line PL connected to the first power supply line
160. The second power voltage ELVSS (or a common
voltage) may be provided to an opposite electrode of
each of the main pixels Pm and the auxiliary pixels Pa
connected to the second power supply line 170.
[0076] The data driving circuit 150 may be electrically
connected to a data line DL. A data signal of the data
driving circuit 150 may be provided to each of the main
pixels Pm and the auxiliary pixels Pa. The data signal is
provided through a connection wire 151 connected to the
terminal 140 and the data line DL connected to the con-
nection wire 151. FIG. 3 illustrates that the data driving
circuit 150 is arranged in the printed circuit board PCB.
However, according to another embodiment, the data
driving circuit 150 may be arranged on the substrate 100.
For example, the data driving circuit 150 may be arranged

between the terminal 140 and the first power supply line
160.
[0077] The first power supply line 160 may include a
first sub-line 162 and a second sub-line 163 extending
in parallel with each other in an x-direction with the display
area DA therebetween. The second power supply line
170 may have a loop shape with one open side and may
partially surround the display area DA.
[0078] FIGS. 4A and 4B are equivalent circuit diagrams
of a main pixel Pm and/or an auxiliary pixel Pa which may
be included in a display panel according to an embodi-
ment.
[0079] Referring to FIG. 4A, each of the main pixels
Pm and the auxiliary pixels Pa may include a pixel circuit
PC connected to a scan line SL and a data line DL and
an organic light-emitting diode OLED connected to the
pixel circuit PC.
[0080] The pixel circuit PC may include a driving thin-
film transistor T1, a switching thin-film transistor T2, and
a storage capacitor Cst. The switching thin-film transistor
T2 may be connected to the scan line SL and the data
line DL. The switching thin-film transistor T2 may transmit
a data signal Dm provided through the data line DL to
the driving thin-film transistor T1, in response to a scan
signal Sn provided through the scan line SL.
[0081] The storage capacitor Cst may be connected
to the switching thin-film transistor T2 and a driving volt-
age line PL. The storage capacitor Cst may store a volt-
age corresponding to a difference between a voltage re-
ceived from the switching thin-film transistor T2 and a
first power voltage ELVDD (or a driving voltage) supplied
to the driving voltage line PL.
[0082] The driving thin-film transistor T1 may be con-
nected to the driving voltage line PL and the storage ca-
pacitor Cst. Also, the driving thin-film transistor T1 may
control a driving current flowing from the driving voltage
line PL through the organic light-emitting diode OLED, in
correspondence with a voltage value stored in the stor-
age capacitor Cst. The organic light-emitting diode OLED
may emit light having a certain brightness, based on the
driving current.
[0083] It is described in FIG. 4A that the pixel circuit
PC includes two thin-film transistors and one storage ca-
pacitor. However, embodiments are not limited thereto.
As illustrated in FIG. 4B, the pixel circuit PC may include
seven thin-film transistors and one storage capacitor.
[0084] Referring to FIG. 4B, each of the main pixels
Pm and the auxiliary pixels Pa may include a pixel circuit
PC and an organic light-emitting diode OLED connected
to the pixel circuit PC. The pixel circuit PC may include
a plurality of thin-film transistors and a storage capacitor.
The thin-film transistors and the storage capacitor may
be connected to signal lines SL, SL-1, EL, and DL, an
initialization voltage line VL, and a driving voltage line PL.
[0085] FIG. 4B illustrates that each of the main pixels
Pm and the auxiliary pixels Pa are connected to the signal
lines SL, SL-1, EL, and DL. Additionally, the main pixel
Pm and the auxiliary pixel Pa are connected to the ini-
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tialization voltage line VL and the driving voltage line PL.
However, embodiments are not limited thereto. Accord-
ing to another embodiment, at least one of the signal
lines SL, SL-1, EL, and DL, the initialization voltage line
VL, and the driving voltage line PL may be shared by
neighboring pixels.
[0086] The plurality of thin-film transistors may include
a driving thin-film transistor T1, a switching thin-film tran-
sistor T2, a compensation thin-film transistor T3, a first
initialization thin-film transistor T4, an operation control
thin-film transistor T5, an emission control thin-film tran-
sistor T6, and a second initialization thin-film transistor
T7.
[0087] The signal lines may include the scan line SL
transmitting a scan signal Sn and the scan line SL-1
transmitting a scan signal Sn-1 to the first initialization
thin-film transistor T4 and the second initialization thin-
film transistor T7. The signal lines may also include the
emission control line EL transmitting an emission control
signal En to the operation control thin-film transistor T5
and the emission control thin-film transistor T6. The sig-
nal lines may also include the data line DL crossing the
scan line SL and transmitting a data signal Dm. The driv-
ing voltage line PL may transmit a first power voltage
ELVDD (or a driving voltage) to the driving thin-film tran-
sistor T1. The initialization voltage line VL may transmit
an initialization voltage Vint for initializing the driving thin-
film transistor T1 and a pixel electrode.
[0088] A driving gate electrode G1 of the driving thin-
film transistor T1 may be connected to a first storage
capacitor plate Cst1 of the storage capacitor Cst. A driv-
ing source electrode S1 of the driving thin-film transistor
T1 may be connected to a lower driving voltage line PL
through the operation control thin-film transistor T5. A
driving drain electrode D1 of the driving thin-film transis-
tor T1 may be electrically connected to a pixel electrode
of a main organic light-emitting diode OLED through the
emission control thin-film transistor T6. The driving thin-
film transistor T1 may receive a data signal Dm according
to a switching operation of the switching thin-film transis-
tor T2 and supply a driving current IOLED to the main
organic light-emitting diode OLED.
[0089] A switching gate electrode G2 of the switching
thin-film transistor T2 may be connected to the scan line
SL. A switching source electrode S2 of the switching thin-
film transistor T2 may be connected to the data line DL.
A switching drain electrode D2 of the switching thin-film
transistor T2 may be connected to the diving source elec-
trode S1 of the driving thin-film transistor T1, and to the
lower driving voltage line PL through the operation control
thin-film transistor T5. The switching thin-film transistor
T2 may be turned on in response to the scan signal Sn
transmitted through the scan line SL . Additionally, the
switching thin-film transistor T2 may perform a switching
operation of transmitting the data signal Dm transmitted
through the data line DL to the driving source electrode
S1 of the driving thin-film transistor T1.
[0090] A compensation gate electrode G3 of the com-

pensation thin-film transistor T3 may be connected to the
scan line SL. The compensation source electrode S3 of
the compensation thin-film transistor T3 may be connect-
ed to the driving drain electrode D1 of the driving thin-
film transistor T1 and to the pixel electrode of the organic
light-emitting diode OLED through the emission control
thin-film transistor T6. A compensation drain electrode
D3 of the compensation thin-film transistor T3 may be
connected to the first storage capacitor plate Cst1 of the
storage capacitor Cst, a first initialization drain electrode
D4 of the first initialization thin-film transistor T4, and the
driving gate electrode G1 of the driving thin-film transistor
T1. The compensation thin-film transistor T3 may be
turned on in response to the scan signal Sn received
through the scan line SL and may electrically connect
the driving gate electrode G1 and the driving drain elec-
trode D1 of the driving thin-film transistor T1 to diode-
connect the driving thin-film transistor T1.
[0091] A first initialization gate electrode G4 of the first
initialization thin-film transistor T4 may be connected to
the scan line SL-1. A first initialization source electrode
S4 of the first initialization thin-film transistor T4 may be
connected to a second initialization drain electrode D7
of the second initialization thin-film transistor T7 and the
initialization voltage line VL. A first initialization drain elec-
trode D4 of the first initialization thin-film transistor T4
may be connected to the first storage capacitor plate Cst1
of the storage capacitor Cst, the compensation drain
electrode D3 of the compensation thin-film transistor T3,
and the driving gate electrode G1 of the driving thin-film
transistor T1. The first initialization thin-film transistor T4
may be turned on in response to the scan signal Sn-1
received through the scan line SL-1. The first initialization
thin-film transistor T4 may perform an initialization oper-
ation of transmitting the initialization voltage Vint to the
driving gate electrode G1 of the driving thin-film transistor
T1 to initialize the voltage of the driving gate electrode
G1 of the driving thin-film transistor T1.
[0092] An operation control gate electrode G5 of the
operation control thin-film transistor T5 may be connect-
ed to the emission control line EL, an operation control
source electrode S5 of the operation control thin-film tran-
sistor T5 may be connected to the lower driving voltage
line PL, and an operation control drain electrode D5 of
the operation control thin-film transistor T5 may be con-
nected to the driving source electrode S1 of the driving
thin-film transistor T1 and the switching drain electrode
D2 of the switching thin-film transistor T2.
[0093] An emission control gate electrode G6 of the
emission control thin-film transistor T6 may be connected
to the emission control line EL, an emission control
source electrode S6 of the emission control thin-film tran-
sistor T6 may be connected to the driving drain electrode
D1 of the driving thin-film transistor T1 and the compen-
sation source electrode S3 of the compensation thin-film
transistor T3, and an emission control drain electrode D6
of the emission control thin-film transistor T6 may be elec-
trically connected to a second initialization source elec-
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trode S7 of the second initialization thin-film transistor T7
and the pixel electrode of the organic light-emitting diode
OLED.
[0094] The operation control thin-film transistor T5 and
the emission control thin-film transistor T6 may be simul-
taneously turned-on in response to the emission control
signal En received through the emission control line EL
so that the first power voltage ELVDD (or a driving volt-
age) is transmitted to the main organic light-emitting di-
ode OLED, and the driving current IOLED flows in the or-
ganic light-emitting diode OLED.
[0095] A second initialization gate electrode G7 of the
second initialization thin-film transistor T7 may be con-
nected to the scan line SL-1, the second initialization
source electrode S7 of the second initialization thin-film
transistor T7 may be connected to the emission control
drain electrode D6 of the emission control thin-film tran-
sistor T6 and the pixel electrode of the main organic light-
emitting diode OLED, and a second initialization drain
electrode D7 of the second initialization thin-film transis-
tor T7 may be connected to the first initialization source
electrode S4 of the first initialization thin-film transistor
T4 and the initialization voltage line VL. The second ini-
tialization thin-film transistor T7 may be turned on in re-
sponse to the scan line Sn-1 received through the scan
line SL-1 and may initialize the pixel electrode of the main
organic light-emitting diode OLED.
[0096] FIG. 4B illustrates that the first initialization thin-
film transistor T4 and the second initialization thin-film
transistor T7 are connected to the scan line SL-1. How-
ever, embodiments are not limited thereto. According to
another embodiment, the first initialization thin-film tran-
sistor T4 may be connected to the scan line SL-1 to be
driven in response to the scan signal Sn-1 and the second
initialization thin-film transistor T7 may be connected to
an additional signal line (for example, a next scan line)
to be driven in response to a signal transmitted to the
additional signal line.
[0097] A second storage capacitor plate Cst2 of the
storage capacitor Cst may be connected to the driving
voltage line PL, and the opposite electrode of the organic
light-emitting diode OLED may be connected to the sec-
ond power voltage ELVSS (or a common voltage). Ac-
cordingly, the organic light-emitting diode OLED may re-
ceive the driving current IOLED from the driving thin-film
transistor T1 to emit light to display an image.
[0098] FIG. 4B illustrates that the compensation thin-
film transistor T3 and the first initialization thin-film tran-
sistor T4 have dual gate electrodes. However, the com-
pensation thin-film transistor T3 and the first initialization
thin-film transistor T4 may have one gate electrode.
[0099] According to the present embodiment, the main
pixel Pm and the auxiliary pixel Pa may include the same
pixel circuit PC. However, embodiments are not limited
thereto. The main pixel Pm and the auxiliary pixel Pa may
include the pixel circuits PC having different structures.
Various modifications are possible. For example, the
main pixel Pm may implement the pixel circuit PC of FIG.

4B and the auxiliary pixel Pa may implement the pixel
circuit PC of FIG. 4A.
[0100] FIGS. 5 and 6 are schematic plan views corre-
sponding to region B of FIG. 3 and illustrate part of the
adjacent edge portions of the display area DA and the
sensor area SA. FIG. 7 is a schematic cross-sectional
view of the display panel 10 taken along line I-I’ of FIG.
5 and FIG. 8 is a schematic cross-sectional view of the
display panel 10 taken along lines II-II’ and III-III’ of FIG. 5.
[0101] First, referring to FIGS. 5 and 6, a display ap-
paratus according to an embodiment may include the
display area DA and the sensor area SA including the
transmission area TA and may include a plurality of op-
posite electrodes 223. The opposite electrodes 223 may
include a plurality of first opposite electrodes 223A ar-
ranged to correspond to the display area DA and a plu-
rality of second opposite electrodes 223B arranged to
correspond to the sensor area SA, wherein a shape of
each of the plurality of first opposite electrodes 223A may
be different from a shape of each of the plurality of second
opposite electrodes 223B. The opposite electrodes 223
may be connected to one another, and may have a great-
er thickness at a connection portion.
[0102] As used herein, the phrases "correspond to the
display area DA" and "correspond to the sensor area SA"
may refer to an element of which more than half of the
area (in the x-y plane) overlaps with the display area DA
or sensor area SA, respectively.
[0103] The display apparatus, according to the present
embodiment, may further include a plurality of third op-
posite electrodes 223C arranged to be adjacent to the
edge portion of the display area DA and the sensor area
SA. For example, the third opposite electrodes 223C may
be arranged between the first opposite electrodes 223A
and the second opposite electrodes 223B.
[0104] Each of the first opposite electrodes 223A, the
second opposite electrodes 223B, and the third opposite
electrodes 223C may be arranged to correspond to one
pixel group Pg.
[0105] A pixel group Pg may include at least one pixel
Pa (or Pm). FIG. 5 illustrates that one pixel group Pg
includes four pixels Pa (or Pm) arranged in two columns.
However, embodiments are not limited thereto. The
number of pixels Pa (or Pm) included in one pixel group
Pg and the arrangement of the pixels Pa (or Pm) may be
variously modified. For example, three pixels Pa (or Pm)
arranged in parallel in a column may be included in one
pixel group Pg, or eight pixels Pa (or Pm) arranged in
four columns may be included in one pixel group Pg. In
this specification, the pixels Pa (or Pm) may denote sub-
pixels emitting red, green, or blue light.
[0106] The transmission area TA may be an area in
which a display element is not arranged and thus has a
high light transmittance. Additionally, the transmission
area TA may be provided in a multiple number in the
sensor area SA. The transmission area TA may be alter-
nately arranged with the pixel group Pg in a first direction
(x) and/or a second direction (y). Alternatively, the trans-
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mission areas TA may be arranged to surround the pixel
group Pg. Alternatively, the auxiliary pixels Pa may be
arranged to surround the transmission area TA. Accord-
ing to the present embodiment, the transmission area TA
may be an area in which neither the first opposite elec-
trodes 223A, the second opposite electrodes 223B, nor
the third opposite electrodes 223C are arranged. Instead,
the transmission area TA may be an area corresponding
to an opening 233OP of the opposite electrode 233 in
the sensor area SA.
[0107] A size (e.g. area) of the transmission area TA
may be greater than a size (e.g. area) of an emission
area of at least one pixel Pa (or Pm). In some embodi-
ments, the size of the transmission area TA may be equal
to or greater than a size of one pixel group Pg. According
to the present embodiment, the transmission area TA
may be provided in a multiple number. In this case, the
transmission areas TA may include transmission areas
TA having different sizes. For example, the transmission
area may include a first transmission area and a second
transmission area, wherein the first transmission area
has a different size from the second transmission area.
For example, as illustrated in FIG. 5, a width Wt of the
transmission area TA arranged between the second op-
posite electrodes 223B, the width Wt being in the first
direction (the x-direction), may be greater than a width
Wt’ of the transmission area TA arranged between the
third opposite electrodes 223C, the width Wt’ being in
the first direction (the x-direction).
[0108] The first opposite electrode 223A, second op-
posite electrode 223B, and third opposite electrodes
223C may be electrically connected to one another. First
opposite electrodes 223A adjacent to each other in the
first direction (the x-direction) from among the first oppo-
site electrodes 223A may overlap and contact each other
at edges thereof. The first opposite electrodes 223A may
contact each other in the first direction (the x-direction)
and may be electrically connected to the second power
supply line 170 (see FIG. 3) of the non-display area NDA.
First opposite electrodes 223A adjacent to each other in
a second direction (a y-direction) from among the first
opposite electrodes 223A may be apart from each other.
However, the first opposite electrodes 223A separated
from each other are electrically connected to the second
power supply line 170 of the non-display area NDA. Thus,
the first opposite electrodes 223A may be electrically
connected to each other.
[0109] The second opposite electrodes 223B may be
arranged to surround the transmission area TA. The sec-
ond opposite electrodes 223B are arranged to be adja-
cent to each other along an edge of the transmission area
TA, from the second opposite electrodes 223B surround-
ing the transmission area TA and may each have projec-
tions PT. Projections PT may project at vertexes of each
second opposite electrode 223B, wherein the projections
PT of each second opposite electrode 223B may overlap
and contact each other. The second opposite electrodes
223B connected to each other may be electrically con-

nected to the second power supply line 170 of the non-
display area NDA.
[0110] According to the present embodiment, it may
be understood that the second opposite electrodes 223B
arranged in the first direction (the x-direction) may be
arranged to be apart from each other with the transmis-
sion area TA therebetween. Additionally, the second op-
posite electrodes 223B arranged in the second direction
(the y-direction) may be arranged to be apart from each
other with the transmission area TA therebetween. Here,
it may be understood that second opposite electrodes
223B arranged in an ith column may overlap and contact
second opposite electrodes 223B arranged in an i+1th

column at the projections PT thereof.
[0111] The third opposite electrodes 223C may be ar-
ranged to be adjacent to the edge portion of the display
area DA and the sensor area SA, wherein one or more
of the third opposite electrodes 223C may contact the
first opposite electrodes 223A of the display area DA.
Additionally, one or more of the third opposite electrodes
223C may contact the second opposite electrodes 223B
of the sensor area SA.
[0112] The third opposite electrodes 223C arranged in
the display area DA may be alternately arranged with the
first opposite electrodes 223A in the first direction. Here,
edges of the third opposite electrodes 223C and edges
of the first opposite electrodes 223A may partially overlap
and contact each other.
[0113] The third opposite electrodes 223C arranged in
the sensor area SA may surround the transmission areas
TA with the second opposite electrodes 223B. Vertexes
of the third opposite electrodes 223C may overlap and
contact the projections PT of the second opposite elec-
trodes 223B.
[0114] The first opposite electrode 223A, second op-
posite electrode 223B, and third opposite electrodes
223C may be electrically connected to one another so a
uniform second power voltage may be supplied to the
entire display area DA.
[0115] Based on the shape of the second opposite
electrodes 223B, the area of the transmission areas TA
may be increased, which increases the light transmit-
tance in the transmission areas TA. For example, the
second opposite electrodes 223B may be in the shape
of a rectangle with a notch removed from two or more
sides. In some cases, a rectangular notch is removed
from each of the four sides. The removed notches may
enable the size of the transmission areas TA to be in-
creased while enabling the second opposite electrodes
223B to overlap with other second opposite electrodes
223B and, in some cases, third opposite electrodes
223C.
[0116] Referring to FIG. 6, shapes of the first opposite
electrode 223A, second opposite electrode 223B, and
third opposite electrodes 223C are described in detail.
Referring to FIG. 6, each of the first opposite electrodes
223A may have a shape of a first quadrangle with a first
width W1 in the first direction (the x-direction). Each of
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the second opposite electrodes 223B may have a shape
of a second quadrangle with a second width W2 in the
first direction (the x-direction), wherein projections PT
project at four vertexes of the second quadrangle. Here,
the projections PT may be an area at which adjacent
second opposite electrodes 223B overlap each other,
and may be smaller than the second quadrangle.
[0117] In some embodiments, the first width W1 may
be greater than the second width W2. For example, the
second width W2 of the second opposite electrode 223B
arranged in the sensor area SA is less than the first width
W1 of the first opposite electrode 223A arranged in the
display area DA. The second width W2 is in the first di-
rection (the x-direction) and the first width W1 is in the
first direction (the x-direction). Thus, distances between
the second opposite electrodes 223B arranged with the
transmission area TA therebetween may be increased.
For example, a width Wt of the transmission area TA in
the first direction (the x-direction) may be greater than
the first width W1. Thus, an area of the transmission area
TA, through which light may be transmitted, may be in-
creased (Wt > W1 > W2).
[0118] In some embodiments, an area of one third op-
posite electrode 223C may be greater than an area of
one first opposite electrode 223A. To this end, in FIGS.
5 and 6, a third length L3 of the third opposite electrode
223C in the second direction may be greater than a first
length L1 of the first opposite electrode 223A in the sec-
ond direction. Because the third length L3 is greater than
the first length L1, the third opposite electrode 223C ar-
ranged in the sensor area SA may overlap and contact
the first opposite electrode 223A and the second opposite
electrode 223B at a vertex area thereof. In FIG. 6, a third
width W3 in the first direction (the x-direction) is substan-
tially the same as the first width W1. However, embodi-
ments are not limited thereto. For example, the third width
W3 may be greater than the first width W1.
[0119] A distance d1 between the first opposite elec-
trodes 223A adjacent to each other in the second direc-
tion (the y-direction) from among the first opposite elec-
trodes 223A may be much less than a length d2 of the
transmission area TA in the second direction (the y-di-
rection). For example, the length d2 of the transmission
area TA may be about five to ten times the distance d1
(d1 << d2). In some embodiments, the distance d1 may
be about 10 mm through about 20 mm.
[0120] Thus, according to one or more embodiments,
a display apparatus 1 comprises a substrate 100 includ-
ing a display area DA and a sensor area SA with respect
to a plan view, the sensor area SA including at least one
transmission area TA; a plurality of first opposite elec-
trodes 223A having a first shape and overlapping the
display area DA in the plan view; and a plurality of second
opposite electrodes 223B having a second shape differ-
ent from the first shape and overlapping the sensor area
SA in the plan view, wherein the at least one transmission
area TA borders the plurality of second opposite elec-
trodes 223B on at least two opposite sides in the plan

view.
[0121] In some examples, the second shape compris-
es a rectangle with a notch on each side, where the notch
on at least one side of at least two of the plurality of second
opposite electrodes 223B borders the at least one trans-
mission area TA in the plan view, and where a portion of
the transmission area TA corresponds to the notch on at
least one side of the at least two of the plurality of second
opposite electrodes 223B.
[0122] In some examples, the display apparatus 1 fur-
ther comprises a plurality of third opposite electrodes
223C having a third shape (which may be a rectangle
with different dimensions than a rectangle of the first
shape), wherein each of the plurality of third opposite
electrodes 223C borders a boundary between the display
area DA and the sensor area SA in the plan view and
overlaps at least one of the plurality of first opposite elec-
trodes 223A or at least one of the plurality of second
opposite electrodes 223B.
[0123] Hereinafter, referring to FIGS. 7 and 8, a stack
structure of a display apparatus according to an embod-
iment will be described. FIG. 7 is a schematic cross-sec-
tional view of the display apparatus taken along line I-I’
of FIG. 5 and illustrates a partial cross-section of a display
area DA and FIG. 8 is a schematic cross-sectional view
of the display apparatus taken along lines II-II’ and III-III’
of FIG. 5 and illustrates a partial cross-section of a sensor
area SA.
[0124] Referring to FIGS. 7 and 8, the display appara-
tus, according to an embodiment, may include the display
area DA and the sensor area SA. A main pixel Pm may
be arranged in the display area DA and an auxiliary pixel
Pa and a transmission area TA may be arranged in the
sensor area SA.
[0125] The main pixel Pm may include a main thin-film
transistor TFT, a main storage capacitor Cst, and a main
organic light-emitting diode OLED. The auxiliary pixel Pa
may include an auxiliary thin-film transistor TFT’, an aux-
iliary storage capacitor Cst’, and an auxiliary organic
light-emitting diode OLED’. The transmission area TA
may have a transmission hole TAH to correspond to the
transmission area TA.
[0126] Hereinafter, a structure in which the compo-
nents of the display apparatus, according to an embod-
iment, are stacked will be described.
[0127] The substrate 100 may include glass or polymer
resins. The polymer resins may include PES, PAR, PEI,
PEN, PET, PPS, polyarylate, PI, PC, CAP, or the like.
The substrate 100, including the polymer resins, may
have flexible, rollable, or bendable characteristics. The
substrate 100 may have a multi-layered structure includ-
ing a layer including the polymer resins described above
and an inorganic layer (not shown).
[0128] A buffer layer 111 may be located on the sub-
strate 100, may reduce or prevent penetration of foreign
materials, moisture, or foreign substances from below
the substrate 100, and may provide a planarization sur-
face on the substrate 100. The buffer layer 111 may in-
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clude an inorganic material, such as oxide or nitride, an
organic material, or an organic and inorganic compound,
and may have a single-layered structure or a multi-lay-
ered structure including an inorganic material and/or an
organic material. A barrier layer (not shown) preventing
the penetration of foreign substances may further be in-
cluded between the substrate 100 and the buffer layer
111. In some embodiments, the buffer layer 111 may
include silicon oxide (SiO2) or silicon nitride (SiNx). The
buffer layer 111 may include a first buffer layer 111a and
a second buffer layer 111b that are stacked.
[0129] In the sensor area SA, a lower electrode layer
BSM may be arranged between the first buffer layer 111a
and the second buffer layer 111b. According to another
embodiment, the lower electrode layer BSM may be ar-
ranged between the substrate 100 and the first buffer
layer 111a. The lower electrode layer BSM may be ar-
ranged below the auxiliary thin-film transistor TFT’ and
may prevent the deterioration of the characteristics of the
auxiliary thin-film transistor TFT’ caused by the light emit-
ted from the component 20, etc.
[0130] Also, the lower electrode layer BSM may be
connected to a line GCL arranged in another layer via a
contact hole. The lower electrode layer BSM may receive
a constant voltage or a signal from the line GCL. For
example, the lower electrode layer BSM may receive a
first power voltage ELVDD (or a driving voltage) or a scan
signal. The lower electrode layer BSM may significantly
reduce the probability of the occurrence of electrostatic
discharge by receiving the constant voltage or the signal.
The lower electrode layer BSM may include Al, Pt, Pd,
Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and/or Cu.
The lower electrode layer BSM may include a single layer
or multiple layers, including the materials described
above.
[0131] The main thin-film transistor TFT and the aux-
iliary thin-film transistor TFT’ may be arranged on the
buffer layer 111. The main thin-film transistor TFT may
include a first semiconductor layer A1, a first gate elec-
trode G1, a first source electrode S1, and a first drain
electrode D1. The auxiliary thin-film transistor TFT’ may
include a second semiconductor layer A2, a second gate
electrode G2, a second source electrode S2, and a sec-
ond drain electrode D2. The main thin-film transistor TFT
may be connected to the main organic light-emitting di-
ode OLED of the display area DA and may drive the main
organic light-emitting diode OLED. The auxiliary thin-film
transistor TFT’ may be connected to the auxiliary organic
light-emitting diode OLED’ of the sensor area SA and
may drive the auxiliary organic light-emitting diode
OLED’.
[0132] The first semiconductor layer A1 and the sec-
ond semiconductor layer A2 may be arranged on the buff-
er layer 111 and may include polysilicon. According to
another embodiment, the first semiconductor layer A1
and the second semiconductor layer A2 may include
amorphous silicon. According to another embodiment,
the first semiconductor layer A1 and the second semi-

conductor layer A2 may include oxide of at least one se-
lected from among the group consisting of In, Ga, Sn, Zr,
V, Hf, Cd, Ge, Cr, Ti, and Zn. The first semiconductor
layer A1 and the second semiconductor layer A2 may
include a channel area and a source area and a drain
area doped with impurities.
[0133] The second semiconductor layer A2 may over-
lap the lower electrode layer BSM with the second buffer
layer 111b therebetween. According to an embodiment,
a width of the second semiconductor layer A2 may be
less than a width of the lower electrode layer BSM. Thus,
when viewed from a direction perpendicular to the sub-
strate 100, the second semiconductor layer A2 may gen-
erally overlap the lower electrode layer BSM.
[0134] A first gate insulating layer 112 may be included
to cover the first semiconductor layer A1 and the second
semiconductor layer A2. The first gate insulating layer
112 may include an inorganic insulating material, such
as SiO2, SiNx, silicon oxynitride (SiON), aluminium oxide
(Al2O3), titanium oxide (TiO2), tantalum oxide (Ta2O5),
hafnium oxide (HfO2), or zinc oxide (ZnO2). The first gate
insulating layer 112 may include a single layer or multiple
layers, including the organic insulating materials de-
scribed above.
[0135] A first gate electrode G1 and a second gate
electrode G2 may be arranged on the first gate insulating
layer 112 to overlap the first semiconductor layer A1 and
the second semiconductor layer A2, respectively. The
first gate electrode G1 and the second gate electrode G2
may include Mo, Al, Cu, Ti, etc., and may include a single
layer or multiple layers. For example, the first gate elec-
trode G1 and the second gate electrode G2 may include
a single layer, including Mo.
[0136] A second gate insulating layer 113 may be in-
cluded to cover the first gate electrode G1 and the second
gate electrode G2. The second gate insulating layer 113
may include an inorganic insulating material, such as
SiO2, SiNx, SiON, Al2O3, TiO2, Ta2O5, HfO2, or ZnO2.
The second gate insulating layer 113 may include a single
layer or multiple layers, including the organic insulating
materials described above.
[0137] A first upper electrode CE2 of the main storage
capacitor Cst and a second upper electrode CE2’ of the
auxiliary storage capacitor Cst’ may be arranged on the
second gate insulating layer 113.
[0138] The first upper electrode CE2 may overlap the
first gate electrode G1 therebelow in the display area DA.
The first gate electrode G1, and the first upper electrode
CE2 overlapping each other with the second gate insu-
lating layer 113 therebetween may be included in the
main storage capacitor Cst. For example, the first gate
electrode G1 may function as a first lower electrode CE1
of the main storage capacitor Cst.
[0139] The second upper electrode CE2’ may overlap
the second gate electrode G2 therebelow in the sensor
area SA. The second gate electrode G2 and the second
upper electrode CE2’ overlapping each other with the
second gate insulating layer 113 therebetween may be
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included in the auxiliary storage capacitor Cst’. The first
gate electrode G1 may function as a second lower elec-
trode CE1’ of the auxiliary storage capacitor Cst’.
[0140] The first upper electrode CE2 and the second
upper electrode CE2’ may include Al, Pt, Pd, Ag, Mg, Au,
Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and/or Cu and may include
a single layer or multiple layers including the materials
described above.
[0141] An interlayer insulating layer 115 may be
formed to cover the first upper electrode CE2 and the
second upper electrode CE2’. The interlayer insulating
layer 115 may include SiO2, SiNx, SiON, Al2O3, TiO2,
Ta2O5, HfO2, or ZnO2.
[0142] Source electrodes S1 and S2 and drain elec-
trodes D1 and D2 may be arranged on the interlayer in-
sulating layer 115. The source electrodes S1 and S2 and
the drain electrodes D1 and D2 may include a conductive
material including Mo, Al, Cu, Ti, etc., and may include
multiple layers or a single layer including the materials
described above. For example, the source electrodes S1
and S2, and the drain electrodes D1 and D2 may include
a multi-layered structure, including Ti/AI/Ti.
[0143] A planarization layer 117 may be arranged to
cover the source electrodes S1 and S2 and the drain
electrodes D1 and D2. The planarization layer 117 may
have a planarized upper surface so that a first pixel elec-
trode 221 and a second pixel electrode 221’ may be
formed thereon to be flat.
[0144] The planarization layer 117 may include a single
layer or multiple layers, including an organic material or
an inorganic material. The planarization layer 117 may
include benzocyclobutene (BCB), PI, hexamethyldisi-
loxane (HMDSO), polymethylmethacrylate (PMMA), or
a general-purpose polymer, such as polystylene (PS), a
polymer derivate having a phenol-based group, an acryl-
based polymer, an imide-based polymer, an arylether-
based polymer, an amide-based polymer, a fluorine-
based polymer, a p-xylene-based polymer, a vinyl alco-
hol-based polymer, and a blend thereof. The planariza-
tion layer 117 may include SiO2, SiNx, SiON, Al2O3, TiO2,
Ta2O5, HfO2, or ZnO2. After the planarization layer 117
is formed, a chemical mechanical polishing operation
may be performed to provide a flat upper surface.
[0145] An opening may be included in the planarization
layer 117 to expose any of the first source electrode S1
and the first drain electrode D1 of the main thin-film tran-
sistor TFT. The first pixel electrode 221 may contact the
first source electrode S1 or the first drain electrode D1
through the opening to be electrically connected to the
main thin-film transistor TFT.
[0146] Also, the planarization layer 117 may include
an opening to expose any of the second source electrode
S2 and the second drain electrode D2 of the auxiliary
thin-film transistor TFT’. The second pixel electrode 221’
may contact the second source electrode S2 or the sec-
ond drain electrode D2 through the opening to be elec-
trically connected to the auxiliary thin-film transistor TFT’.
[0147] The first pixel electrode 221 and the second pix-

el electrode 221’ may include a conductive oxide, such
as indium tin oxide (ITO), indium zinc oxide (IZO), zinc
oxide (ZnO), indium oxide (In2O3), indium gallium oxide
(IGO), or aluminium zinc oxide (AZO). According to an-
other embodiment, the first pixel electrode 221 and the
second pixel electrode 221’ may include a reflective layer
including Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, or a com-
pound thereof. According to another embodiment, the
first pixel electrode 221 and the second pixel electrode
221’ may further include a layer including ITO, IZO, ZnO,
or In2O3 above/below the reflective layer described
above. In some embodiments, the first pixel electrode
221, and the second pixel electrode 221’ may include a
stack structure including ITO/Ag/ITO.
[0148] A pixel-defining layer 119 may cover an edge
of each of the first pixel electrode 221 and the second
pixel electrode 221’. The pixel-defining layer 119 may
overlap each of the first pixel electrode 221 and the sec-
ond pixel electrode 221’ and may include a first opening
OP1 and a second opening OP2 defining an emission
area of a pixel. The pixel-defining layer 119 may increase
a distance between edges of the first and second pixel
electrodes 221 and 221’ and the opposite electrode 223
thereon to prevent the occurrence of arcs, etc., at edges
of the first and second pixel electrodes 221 and 221’. The
pixel-defining layer 119 may be formed by using a spin
coating method, etc., by using an organic insulating ma-
terial, such as PI, polyamide, acryl resins, BCB, HMDSO,
phenol resins, etc.
[0149] A first functional layer 222a may be arranged
on the first and second pixel electrodes 221 and 221’
exposed through the openings OP1 and OP2 of the pixel-
defining layer 119. The first functional layer 222a may be
arranged to extend onto an upper surface of the pixel-
defining layer 119. The first functional layer 222a may
include a single layer or multiple layers. The first func-
tional layer 222a may include a hole transport layer (HTL)
having a single-layered structure. Alternatively, the first
functional layer 222a may include a hole injection layer
(HIL) and an HTL. The first functional layer 222a may be
formed as a single body to correspond to the main pixels
Pm and the auxiliary pixels Pa included in the display
area DA and the sensor area SA.
[0150] A first emission layer 222b and a second emis-
sion layer 222b’ formed to correspond to the first pixel
electrode 221 and the second pixel electrode 221’, re-
spectively, may be arranged on the first functional layer
222a. A first emission layer 222b and a second emission
layer 222b’ may include a high molecular-weight material
or a low molecular-weight material and may emit red,
green, blue, or white light.
[0151] A second functional layer 222c may be formed
on the first emission layer 222b and the second emission
layer 222b’. The second functional layer 222c may in-
clude a single layer or multiple layers. The second func-
tional layer 222c may include an electron transport layer
(ETL) and/or an electron injection layer (EIL). The second
functional layer 222c may be formed as a single body to
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correspond to the main pixels Pm and the auxiliary pixels
Pa included in the display area DA and the sensor area
SA. The first functional layer 222a and/or the second
functional layer 222c may be omitted.
[0152] The opposite electrode 223 may be arranged
on the second functional layer 222c. The opposite elec-
trode 223 may include a conductive material having a
low work function. For example, the opposite electrode
223 may include a (semi) transparent layer including Ag,
Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, or an alloy thereof.
Alternatively, the opposite electrode 223 may further in-
clude a layer, such as ITO, IZO, ZnO, or In2O3, on the
(semi) transparent layer, including the materials de-
scribed above.
[0153] According to the present embodiment, the op-
posite electrode 223 may include the first opposite elec-
trodes 223A arranged in the display area DA and the
second opposite electrodes 223B arranged in the sensor
area SA, as described above. Also, the opposite elec-
trode 223 may further include the third opposite elec-
trodes 223C (see FIG. 5).
[0154] First opposite electrodes 223A adjacent to each
other from among the first opposite electrodes 223A may
overlap and contact each other at edges thereof (Region
R1 of FIG. 7). The overlapping portion may be formed
between the main pixels Pm. Second opposite electrodes
223B adjacent to each other from among the second op-
posite electrodes 223B may overlap and contact each
other at the projections PT thereof (Region R2 of FIG.
8). A thickness of the opposite electrode 223 at the over-
lapping portion may be greater than a thickness of each
of the first opposite electrodes 223A at a central portion
thereof.
[0155] One or more second opposite electrodes 223B
may be arranged to be apart from each other with the
transmission portion TA therebetween in the sensor area
SA. Here, a distance by which the second opposite elec-
trodes 223B are apart from each other may be the open-
ing 223OP of the opposite electrode 223. The opening
223OP may include the transmission hole TAH through
which light is transmitted. A width Wt of the transmission
hole TAH may be greater than a width Wa of an emission
area defined as a second opening OP2 of the pixel-de-
fining layer 119.
[0156] That the transmission hole TAH is formed may
denote that a member, such as the opposite electrode
223, etc., is removed in correspondence with the trans-
mission area TA. Thus, the light transmittance may be
significantly increased in the light transmission area TA.
[0157] Although not shown in FIGS. 7 and 8, a capping
layer may be formed on the opposite electrode 223 to
protect the opposite electrode 223 and improve the light
extraction efficiency. The capping layer may include LiF.
Alternatively, the capping layer may include an inorganic
insulating material, such as SiNx, and/or an organic in-
sulating material. In some embodiments, the capping lay-
er may be omitted.
[0158] FIGS. 9 and 10 are schematic cross-sectional

views of a display apparatus according to another em-
bodiment. FIGS. 9 and 10 may correspond to line II-II’ of
FIG. 5. In FIGS. 9 and 10, reference numerals that are
the same as the reference numerals in FIG. 8 denote the
members that are the same as the members in FIG. 8.
Thus, their descriptions will not be repeated.
[0159] FIG. 8 illustrates that the transmission hole TAH
includes the opening 223OP of the opposite electrode
223. However, embodiments are not limited thereto.
[0160] Referring to FIG. 9, the transmission hole TAH
may further include a first hole H1 defined in the pixel-
defining layer 119 and/or a second hole H2 defined in
the planarization layer 117.
[0161] The pixel-defining layer 119 may have the first
hole H1 to correspond to the transmission area TA. The
first hole H1 may be arranged to overlap the opening
223OP of the opposite electrode 223. In the drawing, it
is illustrated that a lower width of the opening 223OP is
greater than a lower width of the first hole H1. However,
embodiments are not limited thereto. For example, the
opposite electrode 223 may extend to an inner sidewall
of the transmission hole TAH so that the width of the
opening 223OP may be less than the width of the first
hole H1.
[0162] The planarization layer 117 may have the sec-
ond hole H2 to correspond to the transmission area TA.
The second hole H2 may be arranged to overlap the
opening 223OP of the opposite electrode 223. In the
drawing, it is illustrated that a lower width of the first hole
H1 is greater than a lower width of the second hole H2.
However, embodiments are not limited thereto. For ex-
ample, the pixel-defining layer 119 may cover an edge
of the second hole H2 of the planarization layer 117 so
that the width of the first hole H1 may be less than the
width of the second hole H2.
[0163] Because the first hole H1 and/or the second
hole H2 are/is formed, the light transmittance of the trans-
mission area TA may further be improved. In the drawing,
it is illustrated that both the first hole H1 and the second
hole H2 are formed. However, embodiments are not lim-
ited thereto. For example, various modifications are pos-
sible. For example, one of the first hole H1 and the second
hole H2 may be included to correspond to the transmis-
sion area TA. The first functional layer 222a and the sec-
ond functional layer 222c may be arranged inside the
transmission hole TAH.
[0164] Referring to FIG. 10, the transmission hole TAH
may further include a third hole H3 corresponding to the
transmission area TA.
[0165] When the first gate insulating layer 112, the sec-
ond gate insulating layer 113, and the interlayer insulat-
ing layer 115 are commonly referred to as an inorganic
insulating layer IL, the inorganic insulating layer IL may
have a third hole H3 corresponding to the transmission
area TA. The third hole H3 may be formed to expose an
upper surface of the buffer layer 111 or the substrate
100. A first opening of the first gate insulating layer 112,
a second opening of the second gate insulating layer
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113, and a third opening of the interlayer insulating layer
115 may overlap one another, thereby forming the third
hole H3. The first through third openings being formed
to correspond to the transmission area TA. The first
through third openings may be separately formed in sep-
arate processes or simultaneously formed in the same
process. Alternatively, the first opening and the second
opening may be simultaneously formed, and the third
opening may be separately formed. As such, various
modifications are possible. When the first through third
openings are formed in separate processes, a step dif-
ference may be formed at a side surface of the third hole
H3.
[0166] The inorganic insulating layer IL may include a
groove, rather than the third hole H3 exposing the buffer
layer 111. For example, the first gate insulating layer 112
of the inorganic insulating layer IL may be continually
arranged to correspond to the transmission area TA and
the second gate insulating layer 113. Additionally, the
interlayer insulating layer 115 may respectively have the
second opening and the third opening to correspond to
the transmission portion TA.
[0167] Alternatively, the first gate insulating layer 112
and the second gate insulating layer 113 may be contin-
ually arranged to correspond to the transmission area
TA. Additionally, the interlayer insulating layer 115 may
include the third opening to correspond to the transmis-
sion area TA. As such, various modifications are possi-
ble.
[0168] According to the present embodiments, layers
including the inorganic insulating layer IL, the planariza-
tion layer 117, and the pixel-defining layer 119 may have
sufficient transmittance of light to allow the component
20 to transmit and receive light. Thus, the inorganic in-
sulating layer IL, the planarization layer 117, the pixel-
defining layer 119 may not include holes corresponding
to the transmission portion TA. However, when the inor-
ganic insulating layer IL, the planarization layer 117, and
the pixel-defining layer 119 include the holes correspond-
ing to the transmission area TA, the light transmittance
may further be improved.
[0169] FIG. 11 illustrates an example of a mask M1 for
forming an opposite electrode according to embodiments
and FIGS. 12A and 12B illustrate a manufacturing meth-
od using the mask M1.
[0170] Referring to FIG. 11, the mask M1, according
to an embodiment, may include a first mask opening
510A and a second mask opening 510B having different
shapes from each other. Also, the mask M1, according
to an embodiment, may further include a third mask open-
ing 510C having a different size from the first mask open-
ing 510A.
[0171] The first mask opening 510A may have a shape
of a quadrangle with a first mask width MW1 in a first
direction (an x-direction) and a first mask length ML1 in
a second direction (a y-direction).
[0172] The second mask opening 510B may include
an opening having a shape of a quadrangle with a second

mask width MW2 in the first direction (the x-direction)
and a second mask length ML2 in the second direction
(the y-direction), and may further include an extension
hole EH extending from a vertex of the opening. The sec-
ond mask width MW2 may denote a width in the first
direction (the x-direction) crossing a center of the second
mask opening 510B.
[0173] The third mask opening 510C may have a
shape of a quadrangle with a third mask width MW3 in
the first direction (the x-direction) and a third mask length
ML3 in the second direction (the y-direction).
[0174] Here, the first mask width MW1 may be greater
than the second mask width MW2. The first mask width
MW1 may be substantially the same as the third mask
width MW3. The third mask length ML3 may be greater
than the first mask length ML1. An area of the third mask
opening 510C may be greater than an area of the first
mask opening 510A.
[0175] The first mask opening 510A, the third mask
opening 510C, and the second mask opening 510B may
be sequentially arranged in the second direction (the y-
direction).
[0176] The first mask opening 510A may be arranged
to be apart from the third mask opening 510C by a first
distance d1’. The third mask opening 510C may be ar-
ranged to be apart from the second mask opening 510B
by a second distance d2’. Here, the second distance d2’
may be greater than the first distance d1’. In some em-
bodiments, the second distance d2’ may be about five to
ten times the first distance d1’ (d2’ > d1’).
[0177] Second mask openings 510B may further be
arranged in a positive(+) y-direction to be apart from each
other by the second distance d2’ and first mask openings
510A may further be arranged in a negative(-) y-direction
to be apart from each other by the first distance d1’.
[0178] The first mask opening 510A may be provided
in a multiple number and may be serially arranged in the
first direction to be apart from each other by a third dis-
tance d3’. The second mask opening 510B may be pro-
vided in a multiple number and may be serially arranged
in the first direction to be apart from each other by a fourth
distance d4’. Here, the fourth distance d4’ may denote a
shortest distance between the second mask openings
510B. The third mask opening 510C may be provided in
a multiple number and may be serially arranged in the
first direction to be apart from each other by the third
distance d3’.
[0179] Here, the third distance d3’ and the fourth dis-
tance d4’ may be less than the first mask width MW1.
[0180] The mask M1, according to the present embod-
iment, may include a mask used for depositing the op-
posite electrode 233 (see FIG. 5) and may include a fine
metal mask (FMM). The FMM may be manufactured by
forming a hole in a metal plate and stretching the metal
plate. Accordingly, each of the first mask opening 510A,
the second mask opening 510B, and third mask opening
510C may be symmetrically formed based on an axis in
the first direction and an axis in the second direction. The
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axis in the first direction crosses a center of each of the
first mask opening 510A, the second mask opening
510B, and the third mask opening 510C. The axis of the
second direction crosses the center of each of the first
mask opening 510A, the second mask opening 510B,
and third mask opening 510C.
[0181] The first mask opening 510A may be included
to form the first opposite electrode 223A, and a size of
the first mask opening 510A may be less than or equal
to a size of the first opposite electrode 223A. The second
mask opening 510B may be included to form the second
opposite electrode 223B, and a size of the second mask
opening 510B may be less than or equal to a size of the
second opposite electrode 223B. The third mask opening
510C may be included for forming the third opposite elec-
trode 223C, and a size of the third mask opening 510C
may be less than or equal to a size of the third opposite
electrode 223C.
[0182] According to the present embodiment, a depo-
sition process using one mask M1 may be used to form
the opposite electrode 223. FIGS. 12A and 12B illustrate
a method of depositing the opposite electrode 223 by
using the mask M1.
[0183] Referring to FIG. 12A, after forming the second
functional layer 222c (see FIG. 7) on the substrate 100,
the first mask opening 510A, the second mask opening
510B, and third mask opening 510C may be arranged to
correspond to one or more pixel groups Pg.
[0184] Thereafter, a deposition material for forming the
opposite electrode may be released by using a deposition
source (not shown) to primarily deposit a portion of the
opposite electrode 223 on the second functional layer
222c. Here, the first opposite electrode 223A, second
opposite electrodes 223B, and third opposite electrode
223C may be partially formed according to the arrange-
ment of the first mask opening 510A, the second mask
opening 510B, and third mask opening 510C of the mask
M1.
[0185] Next, as illustrated in FIG. 12B, after arranging
the mask M1 by moving the position of the mask M1 in
the x-direction and the y-direction, a remaining portion
of the opposite electrode 223 may be secondarily depos-
ited. The portion of the first opposite electrode 223A, sec-
ond opposite electrodes 223B, and third opposite elec-
trode 223C, the portion being formed by the secondary
deposition may overlap and contact the portion of the
first opposite electrode 223A, second opposite elec-
trodes 223B, and third opposite electrode 223C, the por-
tion being formed by the primary deposition.
[0186] In FIG. 12B, after the opposite electrode 223 is
primarily deposited, the opposite electrode 223 may be
secondarily deposited by arranging the mask M1 in the
right and upper direction by 45 degrees. However, em-
bodiments are not limited thereto. After the opposite elec-
trode 223 is primarily deposited, the opposite electrode
223 may be secondarily deposited by arranging the mask
M1 in the left and lower direction by -45 degrees.
[0187] When the mask M1 according to the embodi-

ment is used, the opposite electrode 223 may be depos-
ited twice by using one mask M1. Thus, process time and
costs may be reduced compared to process time and
costs of a method using two masks.
[0188] As illustrated in FIG. 14, according to the em-
bodiments, when the display apparatuses are formed by
using the deposition method, exterior patterns 223D may
be included at an outermost portion of the opposite elec-
trode 223 formed in the non-display area NDA. In this
specification, the exterior patterns 223D denote patterns
formed at the outermost portion of the opposite electrode
223. The exterior patterns 223D may be included in the
opposite electrode 223, and FIG. 13 illustrates some of
the exterior patterns 223D.
[0189] Referring to FIG. 13, the exterior patterns 223D
may be arranged to overlap the second power supply
line 170 and may be arranged to be apart from each other
by a distance d1’ or d2’.
[0190] The distances d1’ and 2’ between the exterior
patterns 233D may be variously configured. The distance
d1’ between the exterior patterns 223D arranged to be
adjacent to the display area DA may be less than the
distance d2’ between the exterior patterns 223D ar-
ranged to be adjacent to the sensor area SA.
[0191] FIG. 14 is an enlarged view of region C of FIG.
13 and FIG. 15 is a schematic cross-sectional view of a
display apparatus taken along line IV-IV’ of FIG. 14. In
FIGS. 14 and 15, reference numerals that are the same
as the reference numerals in FIGS. 5 and 7 denote the
members that are the same as the members in FIG. 5
and 7. Thus, their descriptions will not be repeated.
[0192] Referring to FIG. 14, the opposite electrode 223
may be arranged to extend to the non-display area NDA.
The opposite electrode 223 may include the first opposite
electrode 223A, the second opposite electrode 223B,
and the third opposite electrode 223C. Thus, in the non-
display area NDA, the first opposite electrode 223A, the
second opposite electrode 223B, and the third opposite
electrode 223C may be arranged.
[0193] The second opposite electrodes 223B and/or
the third opposite electrodes 223C may be arranged in
the non-display area NDA outside the sensor area SA.
The transmission areas TA may be defined by distances
between the second opposite electrodes 223B and the
third opposite electrodes 223C. The second opposite
electrodes 223B and the third opposite electrodes 223C
may be arranged to overlap and contact each other.
Thus, the same voltage may be applied to the second
opposite electrodes 223B and the third opposite elec-
trodes 223C.
[0194] The first opposite electrodes 223A and/or the
third opposite electrodes 223C may be arranged in the
non-display area NDA outside the display area DA. The
first opposite electrodes 223A and the third opposite elec-
trodes 223C may be arranged to overlap and contact
each other. Thus, the same voltage may be applied to
the first opposite electrodes 223A and the third opposite
electrodes 223C.
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[0195] Exterior patterns 223D1, 223D2, and 223D3 ar-
ranged at the outermost portions in the first direction (the
x-direction) may have different shapes and may be ar-
ranged to be apart from each other by the distance d1’
or d2’. Thus the opposite electrode 223 may have an
amorphous saw-toothed shape. Alternatively, it may be
understood that a side of the opposite electrode 223 in-
cludes the partially projecting exterior patterns 223D1,
223D2, and 223D3. For example, from a planar perspec-
tive, a side of the opposite electrode 223 may not have
a linear shape.
[0196] The opposite electrode 223 may be electrically
connected to the second power supply line 170 and may
receive a second power voltage ELVSS (or a common
voltage).
[0197] Referring to FIG. 15, a thin-film transistor T’
which may be included in the scan driving circuit 120 (see
FIG. 3) may be arranged between the display area DA
and the second power supply line 170. The planarization
layer 117 and the pixel-defining layer 119 may be ar-
ranged on the thin-film transistor T’. Thus, the thin-film
transistor T’ may be arranged to be apart from the oppo-
site electrode 223.
[0198] The second power supply line 170 may be ar-
ranged on the same layer as a source electrode or a drain
electrode of the thin-film transistor T’. The second power
supply line 170 may include the same material as the
source electrode or the drain electrode of the thin-film
transistor T’. The planarization layer 117 may be ar-
ranged on the second power supply line 170. Addition-
ally, the planarization layer 117 may have a contact hole
CNT’ exposing a portion of the second power supply line
170.
[0199] A connection wire CM arranged on the same
layer and including the same material as the first pixel
electrode 221 (see FIG. 7) may be arranged on the
planarization layer 117. The connection wire CM may
contact the second power supply line 170 through the
contact hole CNT’.
[0200] The pixel-defining layer 119 may be arranged
on the connection wire CM, and the pixel-defining layer
119 may include a connection opening CH exposing a
portion of the connection wire CM. A portion of the op-
posite electrode 223 may be arranged in the connection
opening CH and may contact the connection wire CM.
[0201] The opposite electrode 223 may include the first
opposite electrodes 223A, the second opposite elec-
trodes 223B, and/or the third opposite electrodes 223C.
Thus, there may be an overlapping area in which the first
opposite electrodes 223A, the second opposite elec-
trodes 223B, and/or the third opposite electrodes 223C
overlap one another. A thickness of the opposite elec-
trode 223 at the overlapping area may be a greater thick-
ness than that of the same at an area in which the first
opposite electrodes 223A, the second opposite elec-
trodes 223B, and/or the third opposite electrodes 223C
do not overlap one another.
[0202] The exterior pattern 223D1 arranged at the out-

ermost portion of the opposite electrode 223 may be ar-
ranged to at least partially overlap the second power sup-
ply line 170. Also, a portion of the opposite electrode 223
may be arranged to correspond to the contact hole CNT’.
[0203] FIG. 16 is a schematic plan view of a portion of
a display apparatus according to another embodiment.
In FIG. 16, reference numerals that are the same as the
reference numerals in FIGS. 5 and 6 denote the members
that are the same as the members in FIG. 5 and 6. Thus,
their descriptions will not be repeated.
[0204] Referring to FIG. 16, the display apparatus, ac-
cording to an embodiment may include the display area
DA and the sensor area SA including the transmission
area TA and may include a plurality of opposite elec-
trodes 223. The opposite electrodes 223 may include a
plurality of first opposite electrodes 223A’ arranged to
correspond to the display area DA and a plurality of sec-
ond opposite electrodes 223B’ arranged to correspond
to the sensor area SA. Additionally, a shape of the plu-
rality of first opposite electrodes 223A’ may be different
from a shape of the plurality of second opposite elec-
trodes 223B’.
[0205] Also, the display apparatus may further include
a plurality of third opposite electrodes 223C’ arranged to
be adjacent to an edge of the display area DA and the
sensor area SA. For example, the third opposite elec-
trodes 223C’ may be arranged between the first opposite
electrodes 223A’ and the second opposite electrodes
223B’.
[0206] According to the present embodiment, each of
the first opposite electrodes 223A’ and the third opposite
electrodes 223C’ may be arranged to correspond to two
pixel groups Pg and the second opposite electrodes
223B’ may be arranged to correspond to one pixel group
Pg. For example, it may be understood that the number
of pixels to which one first opposite electrode 223A’ cor-
responds may be about two times the number of pixels
to which one second opposite electrode 223B’ corre-
sponds. For example, when the number of pixels includ-
ed in one pixel group Pg is four, one second opposite
electrode 223B’ may be arranged to correspond to four
pixels and one first opposite electrode 223A’ and one
third opposite electrode 223C’ may be arranged to cor-
respond to eight pixels.
[0207] According to the present embodiment, each of
the first opposite electrodes 223A’ may have a shape of
a first quadrangle with a first width W1’ in the first direction
(the x-direction). Each of the second opposite electrodes
223B’ may have a shape of a second quadrangle with a
second width W2’ in the first direction (the x-direction),
wherein projections PT project at four vertexes of the
second quadrangle. Here, the projections PT may be an
area overlapping the second opposite electrode 223B’
adjacent thereto and may be smaller than the second
quadrangle.
[0208] In some embodiments, an area of one third op-
posite electrode 223C’ may be greater than an area of
one first opposite electrode 223A’. To this end, in FIG
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16, a third length L3’ of the third opposite electrode 223C’
in the second direction may be greater than a first length
L1’ of the first opposite electrode 223A’ in the second
direction. Because the third length L3’ is greater than the
first length L1’, the third opposite electrode 223C’ ar-
ranged in the sensor area SA may overlap and contact
the first opposite electrode 223A’ and the second oppo-
site electrode 223B’ at a vertex area. A third width W3’
in the first direction (the x-direction) is substantially the
same as the first width W1’ in the drawing. However,
embodiments are not limited thereto. For example, the
third width W3’ may be greater than the first width W1’.
According to the present embodiment, the first length L1’
may be about one point eight to two times the second
length L2, which is a central length of the second opposite
electrode 223B in the second direction.
[0209] A distance d1 between first opposite electrodes
223A’ adjacent to each other in the second direction (the
y-direction) from among the first opposite electrodes
223A’ may be much less than the length d2 of the trans-
mission area TA in the second direction (the y-direction).
For example, the length d2 of the transmission area TA
may be about five to ten times the distance d1 (d1 <<
d2). In some embodiments, the distance d1 may be about
10 um to about 20 um.
[0210] The first opposite electrodes 223A’ may be ar-
ranged in a zigzag shape in the first direction. Accord-
ingly, the total number of first opposite electrodes 223A’
and/or third opposite electrodes 223C’ contacting one
first opposite electrode 223A’ may be four.
[0211] The third opposite electrodes 223C’ may be ar-
ranged in a zigzag shape in the first direction. Accord-
ingly, one third opposite electrode 223C’ may be con-
nected to an adjacent third opposite electrode 223C’ and
the first opposite electrode 223A’, or may contact the first
opposite electrode 223A’ and the second opposite elec-
trode 223B’.
[0212] As the number of first opposite electrodes
223A’, second opposite electrodes 223B’, third opposite
electrodes 223C’ contacting one first opposite electrode
223A’ and one third opposite electrode 223C’ is in-
creased, a more uniform second power voltage may be
provided to the display area DA. Accordingly, a deviation
of brightness in the display area DA may be decreased.
[0213] FIG. 17 illustrates a mask M2 for manufacturing
the display apparatus of FIG. 16. In FIG. 17, reference
numerals that are the same as the reference numerals
in FIG. 11 denote the members that are the same as the
members in FIG. 11. Thus, their descriptions will not be
repeated.
[0214] Referring to FIG. 17, the mask M2, according
to an embodiment, may include a first mask opening
510A’ and the second mask opening 510B’ having dif-
ferent shapes from each other. Also, the mask M2, ac-
cording to an embodiment, may further include a third
mask opening 510C’ having a different size from the first
mask opening 510A’.
[0215] The first mask opening 510A’ may have a shape

of a quadrangle with a first mask width MW1’ in a first
direction (an x-direction) and a first mask length ML1’ in
a second direction (a y-direction).
[0216] The third mask opening 510C’ may have a
shape of a quadrangle with a third mask width MW3’ in
the first direction (the x-direction) and a third mask length
ML3’ in the second direction (the y-direction).
[0217] Here, the third mask length ML3’ may be greater
than the first mask length ML1’. An area of the third mask
opening 510C’ may be greater than an area of the first
mask opening 510A’. The third mask length ML3’ may
be equal to or greater than two times the second mask
length ML2’ of the second mask opening 510B’. The first
mask length ML1’ may be about 1.8 times to about 2
times the second mask length ML2’ of the second mask
opening 510B’.
[0218] The first mask opening 510A’, the third mask
opening 510C’, and the second mask opening 510B’ may
be sequentially arranged in the second direction (the y-
direction).
[0219] The first mask opening 510A’ may be arranged
to be apart from the third mask opening 510C’ by a first
distance d1’. The third mask opening 510C’ may be ar-
ranged to be apart from the second mask opening 510B’
by a second distance d2’. Here, the second distance d2’
may be greater than the first distance d1’. In some em-
bodiments, the second distance d2’ may be about five to
ten times the first distance d1’ (d2’ > d1’).
[0220] The second mask openings 510B’ may further
be arranged in a positive(+) y-direction to be apart from
each other by the second distance d2’. The first mask
openings 510A’ may further be arranged in a negative(-)
y-direction to be apart from each other by the first dis-
tance d1’.
[0221] The first mask opening 510A’ may be provided
in a multiple number and the first mask openings 510A’
may be serially arranged in the first direction (x-direction)
to be apart from each other by a third distance d3’. The
third mask opening 510C’ may be provided in a multiple
number and the third mask openings 510C’ may be se-
rially arranged in the first direction (x-direction) to be apart
from each other by the third distance d3’.
[0222] Here, the third distance d3’ may be less than
the first mask width W1’.
[0223] The opposite electrode 223 according to the
embodiment of FIG. 16 may be deposited by primarily
depositing the opposite electrode 223 by using the mask
M2 according to the present embodiment and then sec-
ondarily depositing the opposite electrode 223 by moving
the mask M2 in the right and upper or the left and lower
direction by 45 degrees.
[0224] FIG. 18 is a plan view of a portion of a display
panel 10’ according to another embodiment.
[0225] Referring to FIG. 18, the display panel 10’ may
further include an opening area OA. Additionally, the sen-
sor area SA may be disposed inside the display area DA
and may be surrounded by the display area DA.
[0226] The opening area OA may be an area below
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which a component 30 may be arranged. The opening
area OA may be a transmission area through which light
output from the component 30 to the outside or proceed-
ing from the outside toward the component 30 may be
transmitted. According to an embodiment, when light is
transmitted through the opening area OA, a light trans-
mittance may be equal to or greater than about 50 %.
The light transmittance may be equal to or greater than
about 70 %, about 75 %, about 80 %, about 85 %, or
about 90 %. The opening area OA may be an area in
which a display element is not arranged not to provide
an image. According to the present embodiment, the
opening area OA may be disposed inside the display
area DA, so that main pixels may be arranged to surround
the opening area OA.
[0227] The component 30 may also be arranged below
the sensor area SA. Also, auxiliary pixels may be ar-
ranged in the sensor area SA. Thus, a certain image may
be provided in the sensor area SA.
[0228] In some embodiments, light transmittance of
the opening area OA may be greater than a light trans-
mittance of the sensor area SA. Accordingly, the com-
ponent 30, such as a camera, etc., which may have a
high light transmittance, may be arranged in the opening
area OA, and a sensor configured to sense infrared rays
may be arranged in the sensor area SA.
[0229] As described above, according to the one or
more of the above embodiments, in the display appara-
tus, the pixel portion, and the transmission area having
improved light transmittance may be arranged in the sen-
sor area SA corresponding to the component, such as
the sensor, etc. Thus, an environment for the operation
of the component may be generated, while an image may
be realized in the area overlapping the component.
[0230] Thus, the display apparatus having various
functions and improved quality may be provided.
[0231] It should be understood that embodiments de-
scribed herein should be considered in a descriptive
sense only and not for purposes of limitation. Descrip-
tions of features or aspects within each embodiment
should typically be considered as available for other sim-
ilar features or aspects in other embodiments. While one
or more embodiments have been described with refer-
ence to the figures, it will be understood by those of or-
dinary skill in the art that various changes in form and
details may be made therein without departing from the
scope as defined by the following claims.

Claims

1. A display apparatus (1) comprising:

a substrate (100) including a display area (DA)
and a sensor area (SA), the sensor area (SA)
including a transmission area (TA);
a plurality of first opposite electrodes (223A) ar-
ranged to correspond to the display area (DA);

and
a plurality of second opposite electrodes (223B)
arranged to correspond to the sensor area (SA)
and to surround the transmission area (TA),
wherein a shape of each of the plurality of first
opposite electrodes (223A) is different from a
shape of each of the plurality of second opposite
electrodes (223B).

2. A display apparatus (1) according to claim 1, wherein

each of the plurality of first opposite electrodes
(223A) has a shape of a first quadrangle with a
first width (W1) in a first direction, and
each of the plurality of second opposite elec-
trodes (223B) has a shape of a second quad-
rangle with a second width (W2) in the first di-
rection, and wherein projections (PT) project
from four vertexes of the second quadrangle,
optionally wherein:
the first width (W1) is greater than the second
width (W2).

3. A display apparatus (1) according to claim 2, wherein

first opposite electrodes (223A) adjacent to each
other in the first direction, from among the plu-
rality of first opposite electrodes, overlap each
other at an edge of the first quadrangle, and
second opposite electrodes (223B) adjacent to
each other along an edge of the transmission
area (TA), from among the plurality of second
opposite electrodes (223B), overlap each other
at the projections (PT), optionally wherein:
first opposite electrodes (223A) adjacent to each
other in a second direction crossing the first di-
rection, from among the plurality of first opposite
electrodes (223A), are arranged to be apart from
each other.

4. A display apparatus (1) according to any one of
claims 1 to 3, further comprising
a plurality of third opposite electrodes (223C) be-
tween the plurality of first opposite electrodes (223A)
and the plurality of second opposite electrodes
(223B), wherein an area of each of the plurality of
third opposite electrodes (223C) is greater than an
area of each of the plurality of first opposite elec-
trodes (223A), optionally wherein:

each of the plurality of first opposite electrodes
(223A) has a shape of a first quadrangle with a
first width (W1) in a first direction,
each of the plurality of third opposite electrodes
(223C) has a shape of a third quadrangle with
a third width (W3) in the first direction, and
the first width (W1) and the third width (W3) are
substantially the same as each other.
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5. A display apparatus (1) according to any one of
claims 1 to 4, wherein
a plurality of main pixels (Pm) are included in the
display area (DA),
a plurality of auxiliary pixels (Pa) are included in the
sensor area (SA), and
a number of the main pixels (Pm) covered by each
of the plurality of first opposite electrodes (223A) is
equal to a number of the auxiliary pixels (Pa) covered
by each of the plurality of second opposite electrodes
(223B).

6. A display apparatus (1) according to any one of
claims 1 to 4, wherein
a plurality of main pixels (Pm) are included in the
display area (DA),
a plurality of auxiliary pixels (Pa) are included in the
sensor area (SA), and the number of the main pixels
(Pm) covered by each of the plurality of first opposite
electrodes (223A) is twice the number of the auxiliary
pixels (Pa) covered by each of the plurality of second
opposite electrodes (223B), optionally wherein:
a length (L1) of each of the plurality of first opposite
electrodes (223A) in a second direction is 1.8 to 2
times a length (L2) of each of the plurality of second
opposite electrodes (223B) in the second direction.

7. A display apparatus (1) according to any one of
claims 1 to 6, wherein:

(i) an area of the transmission area (TA) is great-
er than an area of an emission area of an aux-
iliary pixel (Pa) arranged in the sensor area (SA);
and/or
(ii) the transmission area (TA) includes a first
transmission area and a second transmission
area, wherein the first transmission area has a
different size from the second transmission ar-
ea; and/or
(iii) a width (Wt) of the transmission area (TA) in
a first direction is greater than a width (W2) of
each of the plurality of second opposite elec-
trodes (223B) in the first direction.

8. A display apparatus (1) according to any one of
claims 1 to 7, wherein:

(i) the substrate (100) further includes a power
supply line (170) arranged in a non-display area
(NDA) outside the display area (DA), and one
or more of the plurality of first opposite elec-
trodes (223A) and one or more of the plurality
of second opposite electrodes (223B) are ar-
ranged to overlap the power supply line (170);
and/or
(ii) the display apparatus (1) further comprises
a component (20) arranged to correspond to a
lower portion of the sensor area (SA); and/or

(iii) an auxiliary thin-film transistor (TFT’) is ar-
ranged in the sensor area (SA), and

a lower metal layer (BSM) is arranged between the
substrate (100) and the auxiliary thin-film transistor
(TFT’).

9. A method of manufacturing a display apparatus (1)
including a display area (DA) and a sensor area (SA),
wherein the sensor area (SA) includes a transmis-
sion area (TA), the method comprising:

aligning a mask (M1) to correspond to a sub-
strate (100);
performing a first operation of depositing a por-
tion of an opposite electrode (223) on the sub-
strate using the mask (M1); and
performing a second operation of depositing an-
other portion of the opposite electrode (223) by
moving the mask (M1) in a first direction and a
second direction crossing the first direction.

10. A method according to claim 9, wherein

(i) the mask (M1) includes one or more first mask
openings (510A) and one or more second mask
openings (510B), and

a shape of each of the one or more first mask
openings (510A) is different from a shape
of each of the one or more second mask
openings (510B), optionally wherein:
each of the one or more first mask openings
(510A) has the shape of a first quadrangle
with a first width (MW1), and
each of the one or more second mask open-
ings (510B) has the shape of a second
quadrangle with a second width (MW2),
wherein the second quadrangle has an ex-
pansion hole (EH) extending from each of
four vertexes of the second quadrangle;
and/or

(ii) the mask (M1) includes one or more third
mask openings (510C) between one or more
first mask openings (510A) and one or more sec-
ond mask openings (510B), and

an area of each of the one or more third mask open-
ings (510C) is greater than an area of each of the
one or more first mask openings (510A).

11. A method according to claim 9 or claim 10, wherein

the one or more first mask openings (510A) are
arranged to be apart from each other by a first
distance (d1’) in the second direction, and
the one or more second mask openings (510B)
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are arranged to be apart from each other by a
second distance (d2’) in the second direction,
wherein the first distance (d1’) is less than the
second distance (d2’), optionally wherein:
the second distance (d2’) is 5 to 10 times the
first distance (d1’).

12. A display apparatus (1) comprising: a substrate (100)
including a display area (DA) and a non-display area
(NDA) around the display area (DA);
an opposite electrode (223) arranged to correspond
to the display area (DA); and
a power supply line (170) arranged in the non-display
area (NDA), wherein
the opposite electrode (223) extends to the non-dis-
play area (NDA) to overlap the power supply line
(170), and
one or more exterior patterns (223D1, 223D2,
223D3) partially project from a side of the opposite
electrode (223).

13. A display apparatus (1) according to claim 12, where-
in:

(i) the opposite electrode (223) includes a plu-
rality of first opposite electrodes (223A) and a
plurality of second opposite electrodes (223B),
wherein first opposite electrodes (223A) adja-
cent to each other in a first direction, from among
the plurality of first opposite electrodes (223A),
overlap each other, and the plurality of first op-
posite electrodes (223A) have a different shape
or a different size from the plurality of second
opposite electrodes (223B), optionally wherein:
some of the exterior patterns (223D1, 223D2,
223D3) have a same shape as the plurality of
first opposite electrodes (223A) and others of
the exterior patterns (223D1, 223D2, 223D3)
have the same shape as the plurality of second
opposite electrodes (223B); and/or
(ii) wherein the display apparatus (1) further
comprises:

a planarization layer (117) arranged on the
power supply line (170) and including a con-
tact hole (CNT’) exposing a portion of the
power supply line (170); and
a connection wire (CM) arranged on the
planarization layer (117) and connected to
the power supply line (170) through the con-
tact hole (CNT’), wherein
the opposite electrode (223) contacts the
connection wire (CM); and/or

(iii) the substrate (100) further includes a sensor
area (SA) including a transmission area (TA),
and
a distance by which exterior patterns (223D1,

223D2, 223D3) arranged outside the sensor ar-
ea (SA), from among the exterior patterns
(223D1, 223D2, 223D3), are apart from each
other is greater than a distance by which exterior
patterns (223D1, 223D2, 223D3) arranged out-
side the display area (DA), from among the ex-
terior patterns (223D1, 223D2, 223D3), are
apart from each other.

14. A display apparatus (1) comprising:

a substrate (100) including a display area (DA)
and a sensor area (SA) with respect to a plan
view, the sensor area (SA) including at least one
transmission area (TA);
a plurality of first opposite electrodes (223A)
having a first shape and overlapping the display
area (DA) in the plan view; and
a plurality of second opposite electrodes (223B)
having a second shape different from the first
shape and overlapping the sensor area (SA) in
the plan view, wherein the at least one transmis-
sion area (TA) borders the plurality of second
opposite electrodes (223B) on at least two op-
posite sides in the plan view.

15. A display apparatus (1) according to claim 14, where-
in:

(i) the second shape comprises a rectangle with
a notch on each side, and wherein the notch on
at least one side of at least two of the plurality
of second opposite electrodes (223B) borders
the at least one transmission area (TA) in the
plan view, wherein a portion of the transmission
area (TA) corresponds to the notch on at least
one side of the at least two of the plurality of
second opposite electrodes (223B); and/or
(ii) the display apparatus (1) further comprises:
a plurality of third opposite electrodes (223C)
having a third shape, wherein each of the plu-
rality of third opposite electrodes (223C) borders
a boundary between the display area (DA) and
the sensor area (SA) in the plan view and over-
laps at least one of the plurality of first opposite
electrodes (223A) or at least one of the plurality
of second opposite electrodes (223B).
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