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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2014-0141698,
filed on Oct. 20, 2014, and entitled, “Organic Light-Emitting
Display Apparatus,” is incorporated by reference herein in its
entirety.

BACKGROUND

[0002] 1.Field

[0003] Oneormore embodiments described hereinrelate to
an organic light-emitting display apparatus.

[0004] 2. Description of the Related Art

[0005] An organic light-emitting display generates an
image from pixels that include organic light-emitting devices.
Each organic light-emitting device includes an organic emis-
sion layer between a hole injection electrode and an electron
injection electrode. In operation, excitons are generated as
holes from the hole injection electrode and electrons from the
electron injection electrode combine in the organic emission
layer. When the excitons change from an excited state to a
ground state, light is emitted to form an image. Thus, an
organic light-emitting display may be considered to be one
type of self-emissive display.

[0006] Because it is self-emissive, an organic light-emit-
ting display does not require a separate light source. Also,
organic light-emitting displays may be driven at low voltage
and is thinner, lighter in weight, and has excellent viewing
angle, contrast, and response speed compared to other types
of displays. As a result, organic light-emitting displays may
be used in personal portable devices such as media players
and mobile phones, as well as in larger displays such as
monitors and televisions.

SUMMARY

[0007] In accordance with one or more embodiments, an
organic light-emitting display apparatus having a pixel area to
emit light and a transmission area to transmit external light,
the organic light-emitting display apparatus includes a sub-
strate; a scan wiring disposed on the substrate, the scan wiring
extending in a first direction across the pixel area; a data
wiring and a power wiring insulated from the scan wiring, the
wiring and a power wiring extending in a second direction
across the first direction, the data wiring and the power wiring
adjacent to the pixel area and the transmission area; a switch-
ing transistor in the pixel area and connected to the scan
wiring and the data wiring; a driving transistor in the pixel
area and connected to the switching transistor and the power
wiring; and an organic light-emitting device in the pixel area
and connected to the driving transistor. At least one of the data
wiring or the power wiring includes first wiring adjacent to
the pixel area and including a mother wiring having a first
width, and a second wiring including a plurality of branched
wirings which branch from the mother wiring, the branched
wirings adjacent to the transmission area, a width of each of
the branched wirings less than the first width.

[0008] A sum of the widths of the branched wirings may be
substantially equal to or greater than the first width. The
widths of the branched wirings may be substantially equal to
each other. The width of each of the branched wirings may be
less than 10 um.
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[0009] The power wiring may include a first additional
wiring extending in the first direction and having a mesh
structure. The first additional wiring may include a plurality
of wirings which extend across the transmission area, which
are connected to each other, and which have widths less than
the first width.

[0010] The apparatus may include an initialization voltage
wiring to initialize a voltage applied to a electrode of the
driving transistor, the initialization voltage wiring extending
in the second direction and being adjacent to the pixel area
and the transmission area. The initialization voltage wiring
may include a firstinitialization voltage wiring adjacent to the
pixel area and including a mother wiring having a second
width, and a second initialization voltage wiring including a
plurality of branched wirings which branch from the mother
wiring having the second width and which are adjacent to the
transmission area, wherein each of the branched wirings in
the second initialization voltage wiring has a width less than
the second width.

[0011] The initialization voltage wiring may include a sec-
ond additional wiring extending in the first direction and
having a mesh structure. The second additional wiring may
include a plurality of wirings which extend across the trans-
mission area, which are connected to each other, and which
have widths less than the second width.

[0012] Each of the scan wiring, the data wiring, and the
power wiring may include at least one of titanium (Ti),
molybdenum (Mo), aluminum (Al), or copper (Cu). The pixel
area may include a first emission area, a second emission area,
and a third emission are to emit light of different colors,
wherein the transmission area is adjacent to the first emission
area, the second emission area, and the third emission area.
[0013] The organic light emitting device may include a
pixel electrode connected to the driving transistor; an oppo-
site electrode facing the pixel electrode; and an intermediate
layer between the pixel electrode and the opposite electrode
and including an organic emission layer to emits light,
wherein the switching transistor and the driving transistor
overlap the pixel electrode. The apparatus may include a pixel
defining film covering at least a part of the pixel electrode,
wherein the pixel defining film includes an opening in the
transmission area.

[0014] In accordance with one or more embodiments, an
organic light-emitting display apparatus includes a first dis-
play area and a second display area, each of the first and
second display areas including a plurality of pixels. each of
the pixels having a pixel area to emit light and a transmission
area to transmit external light, the pixel including: a scan
wiring extending in a first direction across the pixel area; a
data wiring and a power wiring insulated from the scan wit-
ing, the date wiring and a power wiring extending in a second
direction across the first direction, the data wiring and the
power wiring being adjacent to the pixel area and the trans-
mission area, a switching transistor in the pixel area and
connected to the scan wiring and the data wiring, a driving
transistor in the pixel area and connected to the switching
transistor and the power wiring, and an organic light-emitting
device in the pixel area and connected to the driving transis-
tor.

[0015] Atleast one of the data wiring or the power wiring in
each of the pixels in the first display area includes a first
wiring adjacent to the pixel area and a mother wiring having
a first width, and a second wiring including a plurality of
branched wirings which branch from the mother wiring and
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which are adjacent to the transmission area, a width of each of
the branched wirings is less than the first width, and the data
wiring and the power wiring in the pixels in the second
display area have substantially uniform widths.

[0016] The transmittance of the first display area may be
greater than transmittance of the second display area. The first
display area and the second display area may be connected to
each other to form one screen. The first display area may
surround the second display area. A sum of widths of the
branched wirings may be substantially equal to or greater
than the first width. The widths of the branched wirings may
be substantially equal to each other. The width of each of the
branched wirings may be less than 10 um. The scan wiring,
the data wiring, and the power wiring may include at least one
of titanium, molybdenum, aluminum, or copper.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Features will becomeapparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0018] FIG. 1 illustrates an embodiment of a sub-pixel;
[0019] FIG. 2 illustrates an embodiment of a pixel;

[0020] FIG. 3 illustrates a view along section line III-III in
FIG. 2;

[0021] FIGS. 4 and 5 illustrate a view along section line

1I-1IT in FIG. 2;

[0022] FIG. 6 illustrates another embodiment of a sub-

pixel;

[0023] FIG. 7 illustrates another embodiment of a pixel;

[0024] FIG. 8 illustrates another embodiment of a pixel;

[0025] FIG. 9 illustrates an embodiment of a display area;

and

[0026] FIG. 10 illustrates another embodiment of a pixel.
DETAILED DESCRIPTION

[0027] Example embodiments are described more fully

hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
In the drawings, the dimensions of layers and regions may be
exaggerated for clarity of illustration. Like reference numer-
als refer to like elements throughout.

[0028] FIG. 1 illustrates an embodiment of a sub-pixel in a
display device. The display device may be, for example,
organic light-emitting display device. Referring to FIG. 1, the
sub-pixel includes a plurality of wirings S, D, and Vdd, a
switching transistor sTR, a driving transistor dTR, a capacitor
Cst, and an organic light emitting device OLED.

[0029] The wirings S, D, and Vdd may include the scan
wiring S extending in a first direction and the data wiring D
and the power wiring Vdd extending in a second direction
across the first direction. Although the sub-pixel includes two
thin film transistors and one capacitor in FIG. 1, the sub-pixel
may have a different number of transistors and/or capacitors
in another embodiment.

[0030] The switching transistor sTR includes a gate termi-
nal, a source terminal, and a drain terminal. The gate terminal,
the source terminal, and the drain terminal may be respec-
tively connected to the scan wiring S, the data wiring D, and
the driving transistor dTR. The switching transistor sTR
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transfers a data signal to the driving transistor dTR in
response to a scan signal applied to the gate terminal.
[0031] The driving transistor dTR includes a gate terminal,
asource terminal, and a drain terminal. The gate terminal, the
source terminal, and the drain terminal may be respectively
connected to the switching transistor sTR, the power wiring
Vdd, and the organic light emitting device OLED. The driv-
ing transistor dTR enables an output current to flow with an
intensity that varies according to a voltage applied between
the gate terminal and the drain terminal.

[0032] The capacitor Cst is connected between the gate
terminal and the source terminal of the driving transistor dTR.
The capacitor Cst charges the data signal applied to the gate
terminal and maintains the data signal after the switching
transistor TR is turned off.

[0033] The organic light emitting device OLED includes a
pixel electrode (e.g., 121 in FIG. 3) connected to the drain
terminal of the driving transistor dTR and an opposite elec-
trode (e.g., 122 in FIG. 3) connected to a common voltage line
Vss. The organic light emitting device OLED emits light by
varying an intensity thereof according to the intensity of the
output current of the driving transistor dTR.

[0034] FIG. 2illustrates an embodiment of a pixel P1 in the
organic light-emitting display apparatus of F1G. 1. FIG. 3 isa
cross-sectional view along a line III-IIl in FIG. 2. The organic
light-emitting display apparatus may include a plurality of
pixels, like P1, which emit light to form an image.

[0035] Thepixel P1includes a pixel area PA, atransmission
area TA, and a wiring area WA. The pixel area emits light. The
transmission area TA transmits external light. The wiring area
WA includes data wirings D1, D2, and D3, scan wiring S, and
power wiring Vdd. Scan wiring S extends in a first direction
across the pixel area PA, and data wirings D1,D2, and D3 and
power wiring Vdd extends in a second direction adjacent to
the pixel area PA and the transmission area TA.

[0036] The switching thin film transistor sTR is disposed in
the pixel area PA and is electrically connected to the scan
wiring S and the data wirings D1, D2, and D3. The driving
thin film transistor dTR is disposed in the pixel area PA and is
electrically connected to the switching thin film transistor
sTR and the power wiring Vdd. The organic light emitting
device OLED is disposed in the pixel area PA and is electri-
cally connected to the driving thin film transistor dTR.
[0037] Inoneembodiment, the wiring area WA includes the
scan wiring S, the data wirings D1, D2, and D3, and the power
wiring Vdd. The wiring area WA may be outside the pixel area
PA and the transmission area TA. The pixel P1 may be parti-
tioned from another pixel by the wiring area WA, e.g., the
wiring area WA may be between pixel P1 and an adjacent
pixel.

[0038] In one embodiment, the pixel area PA includes first
through third emission units SP1, SP2, and SP3 that emit light
of different colors. A combination of these colors may form
white light. The transmission area TA may be adjacent to the
first through third emission units SP1, SP2, and SP3. External
light may be recognized by a user after being transmitted
through the transmission area TA.

[0039] The scan wiring S transfers a scan signal to the
switching transistor sTR and extends in the first direction
across the pixel area PA. The scan wiring S may not extend
across the transmission area TA and may have a generally
uniform width.

[0040] Thedatawirings D1, D2, and D3 may be electrically
connected to the switching transistor sTR, through which a



US 2016/0111487 Al

data signal may be transferred to the driving transistor dTR.
The data wirings D1, D2, and D3 may respectively transfer
data signals to the first through third emission units SP1, SP2,
and SP3.

[0041] The data wirings D1, D2, and D3 include a first
wiring unit Da extending in the second direction adjacent to
the pixel area PA and a second wiring unit Db. The first wiring
unit Da includes a mother wiring Dm adjacent to the pixel
area PA and having a first width LID. The second wiring unit
Db includes a plurality of branched wirings Db1, Db2, and
Db3 which are branched from the mother wiring Dm and
which are adjacent to the transmission area TA. The width of
each of the branched wirings Db1, Db2, and Db3 may be less
than the first width L1D.

[0042] A plurality of wirings may be used to drive the pixel
P1 in the organic light-emitting display apparatus. These
wirings may deteriorate the transmittance of external light,
which compromises the ability to see-through the organic
light-emitting display apparatus. The transmission area TA
may be increased, and the pixel area PA may be reduced in
order to increase the transmittance of the organic light-emit-
ting display apparatus. However, in this case, an opening ratio
may be reduced. As a result, the lifespan of the organic light-
emitting display apparatus may be reduced.

[0043] Inaccordance with one embodiment, the plurality of
branched wirings Db1, Db2, and Db3 have widths sufficiently
small that they are effectively invisible to or undetectable by
the naked eye of a user. In one non-limiting embodiment, the
widths of the branched wirings Db1, Db2, and Db3 may be
less than 10 pm. In another embodiment, the branched wir-
ings Db1, Db2, and Db3 may have a different (e.g., greater)
width or widths.

[0044] In one embodiment, the three branched wirings
Db1, Db2, and Db3 may be included in the second wiring unit
Db of the data wirings D1, D2, and D3, and may have sub-
stantially the same widths. In another embodiment, the num-
ber of branched wirings may be two or more than three and
may have different widths.

[0045] Although the branched wirings Db1, Db2, and Db3
may have small widths, since the branched wirings Db1, Db2,
and Db3 are electrically connected to the mother wiring Dm
and have a parallel connected shape. In other words, each of
the branched wirings Db1, Db2, and Db3 includes connection
portion contacting with the mother wiring Dm and main
portion extending from the connection portion and main por-
tions of the branched wirings Db1, Db2, and Db3 is parallel
each other. Thus, any increase in resistance of the branched
wirings Db1, Db2, and Db3 that might occur as a result of
their small widths may be reduced or minimized. In one
embodiment, the sum of the widths of the branched wirings
Db1, Db2, and Db3 in the second wiring unit Db may be equal
to or greater than the first width LID. In this case, an increase
in resistance of the branched wirings Db1, Db2, and Db3 may
be further reduced or minimized.

[0046] The power wiring Vdd may supply a power signal to
each of the first through third emission units SP1, SP2, and
SP3 in the pixel P1 and may be electrically connected to the
driving transistor dTR. The power wiring Vdd extends in the
second direction adjacent to the pixel area PA and the trans-
mission area TA, and may include a first wiring unit Va and a
second wiring unit Vb. The first wiring unit Va includes a
mother wiring Vm adjacent to the pixel area PA and having a
first width L1V. The second wiring unit Vb includes a plural-
ity of branched wirings Vb1, Vb2, and Vb3 branched from the
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mother wiring Vm and is adjacent to the transmission area
TA. The width of each of the branched wirings Vb1, Vb2, and
Vb3 may be less than the first width L1V.

[0047] The widths of the branched wirings Vb1, Vb2, and
Vb3 may have values that effectively make them invisible to
the naked eye of a user. According to one non-limiting
embodiment, each of the widths of the branched wirings Vb1,
Vb2, and Vb3 may be less than 10 um. In another embodi-
ment, the widths may be substantially equal to or greater than
10 um when, for example, the structure or layout of the pixel
and/or display device permits those widths to be virtually
undetectable by a user.

[0048] Although the branched wirings Vb1, Vb2, and Vb3
may have small widths, since the branched wirings Vb1, Vb2,
and Vb3 are electrically connected to the mother wiring Vm
and electrically connected in parallel each other. In other
words, each of the branched wirings Dbl, Db2, and Db3
includes connection portion contacting with the mother wit-
ing Dm and main portion extending from the connection
portion and main portions of the branched wirings Db1, Db2,
and Db3 is parallel each other. Thus, an increase in resistance
of the power wiring V based on the small widths may be
reduced or minimized.

[0049] In one embodiment, the sum of the widths of the
branched wirings Vb1, Vb2, and Vb3 in the second wiring
unit Vb may be equal to or greater than the first width L1V.
Thus, a resistance increase of the power wiring V may be
further reduced or minimized, whether the branched wirings
Vb1. Vb2, and Vb3 are parallel or not.

[0050] In one embodiment, the three branched wirings
Vb1, Vb2, and Vb3 may be in the second wiring unit Vb of the
power wiring Vdd, and may have substantially the same
widths. In another embodiment, the number of branched wir-
ings may be two or more than three and may have different
widths.

[0051] In one embodiment, the data wirings D1, D2, and
D3 and the power wiring Vdd include the first wiring units Da
and Va and the mother wirings Dm and Vm having the first
widths L1D and L1V, and the second wiring units Db and Vb
which include the branched wirings Dbl, Db2, Db3, Vbl,
Vb2, and Vb3 branched from the mother wirings Dm and Vm.
In one embodiment, only one of the data wirings D1, D2, and
D3 or the power wiring Vdd may include the first wiring units
Da and Va and the second wiring units Db and Vb.

[0052] Forexample, at least one of the data wirings D1, D2,
and D3 and the power wiring Vdd may include the first wiring
units Da and Va and the second wiring units Db and Vb. The
second wiring units Db and Vb may include only wirings
having small widths which are effectively invisible or unde-
tectable by a user. Thus, light incident on the organic light-
emitting display apparatus may be transmitted through the
second wiring units Db and Vb and may be not be visibly
recognized by the user. Thus, an effect of expanding the
transmission area TA to a part of the wiring area WA may be
produced. As a result, transmittance of the organic light-
emitting display apparatus may be improved by not reducing
an opening ratio, while at the same time reducing or mini-
mizing an increase in resistance of the wirings.

[0053] FIG. 3 illustrates a cross-sectional structure of the
organic light-emitting display apparatus according to one
embodiment. The substrate 110 includes areas corresponding
to the pixel area PA, the transmission area TA, and the wiring
area WA of the pixel P1, respectively and may be formed, for
example, of glass or plastic. A buffer layer 111 may be on the
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substrate 110. The buffer layer 111 may prevent impure ele-
ments from penetrating through the substrate 110, and may
also serve to planarize the surface of the substrate 110. The
bufferlayer 111 may be a single layer or may include multiple
layers of an inorganic material, e.g., silicon nitride (SiNx)
and/or silicon oxide (SiOx).

[0054] The switching thin film transistor sTR, the driving
thin film transistor dTR, and the capacitor Cst may be in the
pixel area PA of the buffer layer 111. Each of the switching
thin film transistor sTR and the driving thin film transistor
dTR may include active layers 112a and 1125, gate electrodes
114¢ and 1145 insulated from the active layers 112a and
112h, and source electrodes 1164 and 1165 and drain elec-
trodes 117 and 1175 electrically connected to the active layers
112a and 1125, respectively. A first insulating film 113 may
be between the active layers 112 and 1125 and the gate
electrodes 114a and 1144. A second insulating film 115 may
be between the gate electrodes 114a and 1145, the source
electrodes 116a and 1165, and the drain electrodes 117a and
1175.

[0055] The first insulating film 113 may be, for example, a
single film of Si0,. The second insulating film 115 may be a
single layer or may include multiple layers of, for example,
Si02 and/or SiNx.

[0056] The switching thin film transistor sTR and the driv-
ing thin film transistor dTR may be, for example, a top-gate
type where the gate electrodes 114a and 1145 are on the active
layers 112a and 1125. In another embodiment, the gate elec-
trodes 114a and 1145 may be below the active layers 1124
and 112b.

[0057] The active layers 112a and 1126 may include vari-
ous materials. For example, the active layers 112a and 1125
may include an inorganic semiconductor material, such as
amorphous silicon or crystalline silicon. In another example,
the active layers 112 and 1125 may include an oxide semi-
conductor or an organic semiconductor material.

[0058] The gate electrodes 114a and 1145 may be a single
layer or may include multiple layers that include, for
example, at least one of aluminum (Al), platinum (Pt), palla-
dium (Pd), silver (Ag). magnesium (Mg), gold (Au), nickel
(Ni), neodymium (Nd), iridium (Ir), chromium (Cr), lithium
(Li), calcium (Ca), molybdenum (Mo), titanium (Ti), tung-
sten (W), or copper (Cu). A scan wiring S may be on the same
layer and may include the same material as the gate electrodes
114a and 1145.

[0059] In one embodiment, the scan wiring S may include,
for example, at least one metal of titanium (Ti1), molybdenum
(Mo), aluminum (Al), or copper (Cu) In one embodiment, the
scan wiring S may include Mo, Mo/Al, Ti/Al/Ti, or Mo/Al/
Mo, etc.

[0060] The source electrodes 116a and 1165 and the drain
electrodes 1174 and 117b may include at least two metal
layers of, for example, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li,
Ca, Mo, Ti, W, Cu, or an alloy thereof. The data wirings D1,
D2, and D3 and the power wiring Vdd may be on the same
layer and may include the same material as the source elec-
trodes 1164 and 1164 and the drain electrodes 117a and 1175.
[0061] In one embodiment, the data wirings D1, D2, and
D3 and the power wiring Vdd may be include at least one of
Ti, Mo, Al, Cu, or another metal. In one embodiment, the data
wirings D1, D2, and D3 and the power wiring Vdd may
include Ti/Al/Ti or Mo/Al/Mo. Aluminum (Al) may be
included in the data wirings D1, D2, and D3, and the power
wiring Vdd may be thicker than aluminum (Al) in the scan
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wiring D in order to reduce wiring resistance. Although
widths of the data wirings D1, D2, and D3 and the power
wiring Vdd are thin, the resistance may not be significantly
increased.

[0062] The capacitor Cst may include lower and upper
electrodes 120a and 1205.

[0063] A third insulating film 118 may be on the second
insulating film 115 to cover the switching thin film transistor
sTR, the driving thin film transistor dTR, and the capacitor
Cst. A pixel electrode 121 may be electrically connected to a
drain electrode 1175 of the driving thin film transistor dTR, an
opposite electrode 122 facing the pixel electrode 121, and an
intermediate layer 123 between the pixel electrode 121 and
the opposite electrode 122. The pixel electrode 121 may
include an organic emission layer that emits light and may be
disposed on the third insulating film 118.

[0064] Edges of the pixel electrode 121 may be covered by
a pixel-defining film 119. The third insulating film 118 and
the pixel-defining film 119 may each include an organic mate-
rial, e.g., polyimide (PI). The third insulating film 118 may
function to cover and planarize driving elements. The pixel-
defining film 119 may function to define an emission area,
prevent an electric field from concentrating at an edge of the
pixel electrode 121, and prevent the pixel electrode 121 and
the opposite electrode 122 from being short-circuited.
[0065] The pixel-defining film 119 may include an opening
in the transmission area TA. For example, the opening is in an
area of the pixel-defining film 119 in the transmission area
TA. Thus, a transmission window TW having a higher trans-
mittance than that of another area may be formed in the
transmission area TA, thereby improving the transmittance of
the organic light emitting display apparatus. To further
improve the transmittance, the opening may be formed in at
least one of the first through third insulating films 113, 115,
and 118.

[0066] The pixel electrode 121 may be a reflective elec-
trode including a reflective layer. The reflective layer may
include, for example, at least one of Ag, Mg, Al, Pt, Pd, Au,
Ni, Nd, Ir, or Cr. A transparent electrode layer and a semi-
transmittance electrode layer formed of at least one of indium
tin oxide (ITO), indium zinc oxide (IZ0), zinc oxide (ZnO),
indium oxide (In203), indium gallium oxide (IGO), or alu-
minum zinc oxide (AZQ) may be further disposed on the
reflective layer. In one embodiment, the pixel electrode 121
may have a triple structure of ITO/Ag/ITO, and may be con-
figured as the reflective electrode by sufficiently increasing a
thickness of Ag.

[0067] The opposite electrode 122 may be a transparent
electrode or a semi-transmittance electrode, and may include
atleast one of Ag, Al, Mg, Li, Ca, Cu, LiF/Ca, LiF/Al, MgAg,
or CaAg. The opposite electrode 122 may be a thin-film
having a thickness, for example, from several to dozens of
nm. The opposite electrode 122 may be electrically connected
throughout all pixels in the organic light-emitting display
apparatus.

[0068] The intermediate layer 123 may be between the
pixel electrode 121 and the opposite electrode 122. The inter-
mediate layer 123 includes an organic emission layer that
emits light, and may further include at least one of a hole
injection layer (HIL), a hole transport layer (HTL), an elec-
tron transport layer (ETL), or an electron injection layer
(EIL). In one embodiment, various functional layers may be
further disposed between the pixel electrode 121 and the
opposite electrode 122.
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[0069] The organic emission layer may emit red light,
green light, or blue light. In another embodiment, the organic
emission layer may emit white light. In this case, the organic
emission layer may have a structure in which a light-emitting
substance emitting red light, a light-emitting substance emit-
ting green light, and a light-emitting substance emitting blue
light are stacked on one another, or a structure in which a
light-emitting substance emitting red light, a light-emitting
substance emitting green light, and a light-emitting substance
emitting blue light are mixed. In another embodiment, a pixel
may emit a combination of other colors (e.g., ones different
from red, green, and/or blue), for example, which are capable
of emitting white light.

[0070] When the organic emission layer emits the white
light, the organic light-emitting display apparatus may further
include color filters of different colors respectively corre-
sponding to the first through third emission units SP1, SP2,
and SP3.

[0071] The organic light-emitting display apparatus may
be, for example, a top-emission type that generates an image
in a direction of the opposite electrode 122. The switching
thin film transistor sTR, the driving thin film transistor dTR,
and the capacitor Cst may overlap the pixel electrode 121 in
a plan view. For example, a driving circuit unit may overlap
the pixel electrode 121, and thus no additional space for the
driving circuit unit is necessary, thereby improving an open-
ing ratio and easily implementing high resolution.

[0072] FIGS. 4 and 5 illustrate cross-sectional views taken
of various embodiments taken along line III-I1I in FIG. 2.
Referring to FIG. 4, the organic light emitting display appa-
ratus includes an intermediate layer 223 and an opposite
electrode 222 that extend to the transmission window TW
along an upper surface of the pixel-defining film 119 and an
opening in the pixel-defining film 119.

[0073] The opposite electrode 222 may be a transparent
electrode or a semi-transparent electrode, and the intermedi-
ate layer 223 is also formed of a transparent organic material.
Thus, although the intermediate layer 223 and the opposite
electrode 222 are in the transmission area TA, external light
incident on the organic light emitting display apparatus may
be visibly recognized by a user through the transmission area
TA. As a result of this configuration, the intermediate layer
223 and the opposite electrode 222 may be easily deposited,
thereby improving production of the display.

[0074] Referring to FIG. 5, the organic light emitting dis-
play apparatus includes a substrate 310 that includes areas
corresponding to a pixel area PA to emit light, a transmission
area TA for transmitting external light, and a wiring area WA
including wirings of the pixel P1, respectively. The buffer
layer 311 may dispose on the substrate 310.

[0075] The substrate 310 may include, for example, glass
or plastic. The buffer layer 311 may be a single layer or may
include multiple layers that include, for example, an inor-
ganic material such as silicon nitride (SiNx) and/or silicon
oxide (SiOx).

[0076] The driving transistor dTR may be in the pixel area
PA of the buffer layer 311, and may include an active layer
312b, a gate electrode 3145, a source electrode 3165, and a
drain electrode 3175. A first insulating film 313 may be
between the active layer 3125 and the gate electrode 3145. A
second insulating film 315 may be between the gate electrode
3145, the source electrode 3165, and the drain electrode 3174.
[0077] A third insulating film 318 may serve to planarize
circuit elements such as the driving thin film transistor dTR
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and may be on the second insulating film 315. A pixel elec-
trode 321 is electrically connected to a drain electrode 3175,
an opposite electrode 322 facing the pixel electrode 321, and
anintermediate layer 323 between the pixel electrode 321 and
the opposite electrode 322. The pixel electrode 321 may
include a light-emitting organic emission layer on the third
insulating film 318. Two edges of the pixel electrode 321 may
be covered by a pixel-defining film 319.

[0078] The pixel electrode 321 may include a transparent
conductive layer and a semi-transmittance layer. The trans-
parent conductive layer may include, for example, at least one
of indium tin oxide (ITO), indium zinc oxide (IZO), zinc
oxide (Zn0O), indium oxide (In203), indium gallium oxide
(IGO), or aluminum zinc oxide (AZO). The semi-transmit-
tance layer may include, for example, at least one of Ag, Mg,
Al Pt, Pd, Au, Ni, Nd, Ir, Cr, L1, Ca, or Yb and may be formed
of a thin film, for example, having a thickness of several nm to
several tens nm.

[0079] Theopposite electrode 322 may be a reflective elec-
trode and, for example, may include at least one of Ag, Al,
Mg, Li, Ca, Cu, LiF/Ca, LiF/Al, MgAg, or CaAg. The oppo-
site electrode 322 may include an opening in the transmission
area TA. The opening may pass through the third insulating
film 318 and the pixel defining film 319 in the transmission
area TA. The area including the opening may correspond, for
example, to the transmission window TW in the transmission
area TA. The opposite electrode 322, the intermediate layer
323, the pixel defining layer 319, and the third insulating film
318 are not disposed in the transmission window TW. As a
result, high transmittance may be obtained.

[0080] The intermediate layer 323 may be between the
pixel electrode 321 and the opposite electrode 322. The inter-
mediate layer 323 includes an organic emission layer that
emits light, and may further include at least one of a hole
injection layer (HIL), a hole transport layer (HTL), an elec-
tron transport layer (ETL), or an electron injection layer
(EIL), but is not limited thereto. Various functional layers
may be further disposed between the pixel electrode 321 and
the opposite electrode 322.

[0081] The organic light-emitting display apparatus may
be, for example, a bottom-emission type in which an image is
formed in a direction of the substrate 310. One or more circuit
elements (e.g., the driving thin film transistor dTR) may be
provided so as to not overlap an emission area defined by the
pixel defining film 319. For example, light emitted by the
intermediate layer 323 may be emitted to the outside without
interference from the circuit elements.

[0082] FIG. 6illustrates another embodiment ofa sub-pixel
of an organic light-emitting display apparatus. Referring to
FIG. 6, the sub-pixel includes a plurality of wirings Sn, Sn-1,
EMn, D, Vdd, and Vint, the switching transistor sTR, the
driving transistor dTR, a compensation thin film transistor
TR3, an initialization thin film transistor TR4, an operation
control thin film transistor TR5, an emission control thin film
transistor TR6, the capacitor Cst, and the organic light emit-
ting device OLED. Although the sub-pixel includes six thin
film transistors and one capacitor in FIG. 6, the sub-pixel may
include a different number of transistors and/or capacitors in
another embodiment.

[0083] The driving transistor dTR has a gate electrode con-
nected to the capacitor Cst, a source electrode connected to
the power wiring Vdd via the operation control thin film
transistor TRS, and a drain electrode connected to the organic
light emitting device OLED via the emission control thin film



US 2016/0111487 Al

transistor TR6. The driving transistor dTR transfers a data
signal according to a switching operation of the switching
transistor sTR, and supplies a driving current ID to the
organic light emitting device OLED.

[0084] The switching transistor sTR has a gate electrode
connected to the scan wiring Sn, a source electrode connected
to the data wiring D, and a drain electrode connected to the
source electrode of the driving transistor dTR and to the
power wiring Vdd via the operation control thin film transis-
tor TR5. The switching transistor sTR may be turned on
according to a scan signal received through the scan wiring
Sn, and performs a switching operation for transferring the
data signal from the data wiring D to the source electrode of
the driving transistor dTR.

[0085] The compensation thin film transistor TR3 may be
turned on according to the scan signal received through the
scan wiring Sn, to connect the gate electrode and the drain
electrode of the driving transistor dTR to each other, and to
connect the driving transistor dTR to a diode. A threshold
voltage of the driving transistor dTR is therefore compen-
sated.

[0086] The initialization thin film transistor TR4 has a gate
electrode connected to a previous scan wiring Sn-1 and a
source electrode connected to an initialization voltage wiring
Vint. The initialization thin film transistor TR4 may be turned
on according to a previous scan signal from the previous scan
wiring Sn-1, to transfer an initialization voltage to the driving
transistor dTR and to initialize a voltage of the gate electrode
of the driving transistor dTR.

[0087] The operation control thin film transistor TR5 may
be turned on according to an emission control signal trans-
ferred by an emission control line EMn, to transfer a driving
voltage to the driving transistor dTR.

[0088] The emission control thin film transistor TR6 may
be turned on according to an emission control signal trans-
ferred by the emission control line EMn, to transfer the diving
voltage from the driving transistor dTR to the organic light
emitting device OLED.

[0089] In one embodiment, the operation control thin film
transistor TR5 and the emission control thin film transistor
TR6 may be continuously turned on according to the emis-
sion control signal from the emission control line EMn, to
transfer the driving voltage to the organic light emitting
device OLED and to allow the driving current ID to the
organic light emitting device OLED.

[0090] The capacitor Cst may be connected to the driving
transistor dTR and the power wiring Vdd. The organic light
emitting device OLED includes a pixel electrode connected
to the drain electrode of the driving transistor dTR and an
opposite electrode connected to the common voltage line Vss.
The organic light emitting device OLED emits light by vary-
ing intensity thereof according to the intensity of an output
current of the driving transistor dTR.

[0091] FIG.7illustrates an embodiment of a pixel P2 in the
organic light-emitting display apparatus of FIG. 6. Referring
to FIG. 7, the organic light-emitting display apparatus may
include a plurality of pixels, of which pixel P2 is exemplary.
The pixel P2 includes a pixel area PA to emit light, a trans-
mission area TA to transmit external light, and a wiring area
WA including wirings Sn, Sn-1, EMn, D1, D2, D3, Vint, and
Vdd.

[0092] The scan wiring Sn, the previous scan wiring Sn-1,
and the emission control line EMn may extend in a first
direction across the pixel area PA. The data wirings D1, D2,
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and D3, the initialization wiring Vint, and the power wiring
Vdd D and the power wiring Vdd may extend in a second
direction across the first direction to be adjacent to the pixel
area PA and the transmission area TA.

[0093] In one embodiment, the pixel area PA may include
the first through third emission units SP1, SP2, and SP3 that
emit light of different colors. A combination of these colors
may form a white light. The transmission area TA may be
adjacent to the first through third emission units SP1 SP2, and
SP3. External light may be recognized by a user after being
transmitted through the transmission area TA of the organic
light-emitting display apparatus.

[0094] The scan wiring Sn, the previous scan wiring Sn-1,
and the emission control line EMn may not extend across the
transmission area TA and may have a generally uniform width
according to one embodiment.

[0095] The data wirings D1, D2, and D3 may include the
first wiring unit Da and a second wiring unit Db. The first
wiring unit Da may be adjacent to the pixel area PA and may
include the mother wiring Dm having the first width L1D. The
second wiring unit Db include the branched wirings Dbl,
Db2, and Db3 branched from the mother wiring Dm and may
be adjacent to the transmission area TA. The width of each of
the plurality of branched wirings Db1, Db2, and Db3 may be
less than the first width L1D in one embodiment.

[0096] The widths of the branched wirings Db1, Db2, and
Db3 may have values that allow them to be effectively invis-
ible to auser. For example, the widths of the branched wirings
Db1, Db2, and Db3 may be less than 10 pm. The widths of the
branched wirings Db1, Db2, and Db3 may be substantially
the same or different. In one embodiment, the sum of the
widths of the branched wirings Db1, Db2, and Db3 may be
equal to or greater than the first width LID.

[0097] The power wiring Vdd extends in the second direc-
tion adjacent to the pixel area PA and the transmission area
TA, and may include the first wiring unit Va including the
mother wiring Vm adjacent to the pixel area PA and having
the first width L1V. The second wiring unit Vb includes the
plurality of branched wirings Vb1, Vb2, and Vb3 branched
from the mother wiring Vm and may be adjacent to the trans-
mission area TA. The width of each of the branched wirings
Vb1, Vb2, and Vb3 may be less than the first width L1V inone
embodiment.

[0098] The widths of the branched wirings Vb1, Vb2, and
Vb3 may have values which allow them to effectively be
invisible to or undetected by the naked eye of a user. For
example, the widths of the branched wirings Vb1, Vb2, and
Vb3 may be less than 10 wm. The widths of the branched
wirings Vb1, Vb2, and Vb3 may be substantially the same or
different. The sum of the widths of the branched wirings Vb1,
Vb2, and Vb3 may be equal to or greater than the first width
L1V in one embodiment.

[0099] The power wiring Vdd may include a first additional
wiring unit Vdd2 extending in the first direction. For example,
the power wiring Vdd may include a main power wiring Vdd1l
extending in the second direction and the first additional
wiring unit Vdd2, and may have a mesh structure to reduce a
voltage drop in the power wiring Vdd as the power wiring Vdd
extends farther away from a power supply unit.

[0100] In one embodiment, the first additional wiring unit
Vdd2 may extend in a direction parallel to the scan wiring Sn
across the pixel area PA. The first additional wiring unit Vdd2
may be in a different layer from that of the main power wiring
Vddl, and may be electrically connected to the main power
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wiring Vdd1 through a first contact unit C1. The first addi-
tional wiring unit Vdd2 may have generally a uniform width.
[0101] The initialization voltage wiring Vint extends in the
second direction adjacent to the pixel area PA and the trans-
mission area TA, and may include a first initialization voltage
wiring unit Via including a mother wiring Vim adjacent to the
pixel area PA and having a second width L2V. A second
initialization voltage wiring unit Vib includes a plurality of
branched wirings Vib1, Vib2, and Vib3 branched from the
mother wiring Vim and disposed adjacent to the transmission
area TA. The width of each of the branched wirings Vib1,
Vib2, and Vib3 may be less than the first width L2V in one
embodiment.

[0102] The initialization voltage wiring Vint may include a
second additional wiring unit Vint2 extending in the first
direction. For example, the initialization voltage wiring Vint
may include a main initialization voltage wiring Vintl
extending in the second direction and the second additional
wiring unit Vint2, and may have a mesh structure.

[0103] In one embodiment, the second additional wiring
unit Vint2 may extend in adirection parallel to the scan wiring
Sn across the pixel area PA. The second additional wiring unit
Vint2 may be in a different layer from that of the main ini-
tialization voltage wiring Vint1, and may be electrically con-
nected to the main power wiring Vddl through a second
contact unit C2. The second additional wiring unit Vint2 may
have generally a uniform width.

[0104] FIG. 8 illustrates another embodiment of a pixel P3,
that may be exemplary of the pixels in the organic light-
emitting display apparatus of FIG. 6. Referring to FIG. 8, the
power wiring Vdd in the pixel P3 may have a mesh structure
including the main power wiring Vdd1 extending in a second
direction and the first additional wiring unit Vdd2. The first
additional wiring unit Vdd2 may include a plurality of wir-
ings electrically connected to each other across the transmis-
sion area TA, each having a width less than the first width
L1V.

[0105] The widths of the wirings in the first additional
wiring unit Vdd2 may allow them to effectively be invisible to
orundetected by the naked eye of a user, e.g., may be less than
10 um. The first additional wiring unit Vdd2 may include, for
example, three wirings. In another embodiment, the first addi-
tional wiring unit Vdd2 may include two or more than three
wirings.

[0106] The first additional wiring unit Vdd2 may be elec-
trically connected to the main power wiring Vdd1 through a
third contact hole C3. The wirings may have a parallel con-
nected shape.

[0107] The main power wiring Vdd1 extends in a second
direction adjacent to the pixel area PA and the transmission
area TA, and may include the first wiring unit Va including the
mother witing Vm adjacent to the pixel area PA and having
the first width L1V. The second wiring unit Vb includes the
plurality of branched wirings Vb1, Vb2, and Vb3 which are
branched from the mother wiring Vm and which are adjacent
to the transmission area TA.

[0108] Theinitialization voltage wiring Vint in the pixel P3
may have a mesh structure including the main initialization
voltage wiring Vintil extending in a second direction and the
second additional wiring unit Vint2 extending in a first direc-
tion. The second additional wiring unit Vint2 may include a
plurality of wirings electrically which are connected to each
other across the transmission area TA and which have a width
less than the second width L.2V.

Apr. 21,2016

[0109] The widths of the wirings in the second additional
wiring unit Vint2 may allow them to be effectively invisible to
orundetected by the naked eye of a user, e.g., may be less than
10 um. The second additional wiring unit Vint2 may include
three wirings. In another embodiment, the second additional
wiring unit Vint2 may include two or more than three wirings.
[0110] The second additional wiring unit Vint2 may be
electrically connected to the main initialization voltage wir-
ing Vintil through a fourth contact hole C4. The wirings may
have a parallel connected shape.

[0111] The main initialization voltage wiring Vintil
extends in the second direction adjacent to the pixel area PA
and the transmission area TA, and may include the first ini-
tialization voltage wiring unit Via including the mother wir-
ing Vim adjacent to the pixel area PA and having the second
width L2V. The second initialization voltage wiring unit Vib
includes the branched wirings Vib1, Vib2, and Vib3 which are
branched from the mother wiring Vim and which are adjacent
to the transmission area TA.

[0112] In embodiment, the second wiring units Vb of the
main power wiring Vdd1 and the second initialization voltage
wiring units Vib of the main initialization voltage wiring
Vintl may extend to not only an area adjacent to the trans-
missionarea TA, but also an area adjacent to the pixel area PA,
obtained by placing the first additional wiring unit Vdd2 and
the second additional wiring unit Vint2 across the transmis-
sion area TA other than the pixel area PA.

[0113] Forexample, an area through which external light is
transmitted may expand to, not only the transmission area TA
and the second wiring units Vb and Vib adjacent to the trans-
mission area TA, but also an area B adjacent to the pixel area
PA. Thus. transmittance of the organic light emitting display
apparatus may be further improved.

[0114] The data wirings D1, D2, and D3 are adjacent to the
pixel area PA and the transmission area TA, and may include
the first wiring unit Da including the mother wiring Dm
adjacent to the pixel area PA and having the first width L1D.
The second wiring unit Db includes the branched wirings
Dbl1, Db2, and Db3 which are branched from the mother
wiring Dm and which are adjacent to the transmission area
TA.

[0115] The second wiring unit Db of the data wirings D1,
D2, and D3 may extend to, not only the area adjacent to the
transmission area TA, but also the area adjacent to the pixel
area PA, obtained by placing the first additional wiring unit
Vdd2 and the second additional wiring unit Vint2 across the
transmission area TA other than the pixel area PA.

[0116] For example, the area through which external light
is transmitted may expand to, not only the transmission area
TA and the second wiring unit Db adjacent to the transmission
area TA, but also an area A adjacent to the pixel area PA. Thus,
transmittance of the organic light emitting display apparatus
may be further improved.

[0117] FIG. 9 illustrates an embodiment of a display area
DA of an organic light-emitting display apparatus. F1G. 10
illustrates an embodiment of a pixel Pb of FIG. 9.

[0118] Referring to FIGS. 9 and 10, the display area DA
includes a first display area DA1 and a second display area
DA2. The first display area has a plurality of pixels Pa, each of
whichincludes a pixel area PA (FIGS. 2, 7, and 8) for emitting
light and a transmission area TA (FIGS. 2, 7, and 8) for
transmitting external light. The second display area DA2 has
aplurality of pixels Pb, each of which includes a pixel area PA



US 2016/0111487 Al

(FIG. 10) for emitting light and a transmission area TA (FIG.
10) for transmitting external light.

[0119] Each of the pixels Pa in the first display area DA1
may include the data wirings D1, D2, D3 and power wiring
Vdd, including first wiring units Da and Va which include
mother wirings Dm and Vm adjacent to the pixel area PA and
second wiring units Db and Vb including branched wirings
Dbl, Db2, Db3, Vb1, Vb2 and Vb3 adjacent to the transmis-
sion area TA, for example, as shown in FIG. 2, 7, or 8. The
pixel Pa in the first display area DA1 may have a high trans-
mittance compared, for example, to a case where wirings
have uniform widths.

[0120] Eachofthe pixels Pb in the second display area DA2
may include a pixel area PA for emitting light, a transmission
area TA for transmitting external light, and a wiring area WA
including various wirings. The pixel area PA may include the
first through third emission units SP1, SP2, and SP3 that emit
light of different colors, and may form a white light based on
a combination of the emitted colors. The transmission area
TA may be adjacent to the first through third emission units
SP1, SP2, and SP3. External light may be recognized by a
user after being transmitted through the transmission area TA
of the organic light-emitting display apparatus.

[0121] Thescan wiring S, the data wirings D1, D2, and D3,
and the power wiring Vdd may be in the wiring area WA. The
scan wiring S may extend in a first direction across the pixel
area PA and may have generally a uniform width. The data
wirings D1, D2, and D3 and the power wiring Vdd may
extend in a second direction across the first direction to be
adjacent to the pixel area PA and the transmission area TA,
and also may have generally uniform widths.

[0122] The first display area DA1 may have a higher trans-
mittance than that of the second display area DA2. The first
display area DA1 and the second display area DA2 may be
connected to each other to configure one screen. For example,
apart required to transfer information by forming an image in
adisplay apparatus (such as a watch) may be configured as the
pixel Pb in the second display area DA2, and a part requiring
a high transmittance may be configured as the pixels Pa in the
first display area DA1. As a result, the functionality and
aesthetics of the display apparatus may be simultaneously
improved.

[0123] Thedisplay area DA has a predetermined (e.g., rect-
angular) shape, and the first display area DA1 may surround
the second display area DA2 in FIG. 9, but this may not be the
case for all embodiments. For example, the display area DA
may have, for example, a circular shape and may be disposed
in various ways with respect to the first display area DA1 and
the second display area DA2.

[0124] In accordance with one or more of the aforemen-
tioned embodiments, a see-through organic light-emitting
display apparatus is provided which has improved transmit-
tance and which, at the same time, does not reduce an opening
ratio.

[0125] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
ments unless otherwise indicated. Accordingly, it will be
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understood by those of skill in the art that various changes in
form and details may be made without departing from the
spirit and scope of the present invention as set forth in the
following claims.

What is claimed is:

1. An organic light-emitting display apparatus having a
pixel area to emit light and a transmission area to transmit
external light, the organic light-emitting display apparatus
comprising:

a substrate;

a scan wiring disposed on the substrate, the scan wiring

extending in a first direction across the pixel area;

a data wiring and a power wiring insulated from the scan
wiring, the data wiring and a power wiring extending in
a second direction across the first direction, the data
wiring and the power wiring adjacent to the pixel area
and the transmission area;

a switching transistor in the pixel area and connected to the
scan wiring and the data wiring;

a driving transistor in the pixel area and connected to the
switching transistor and the power wiring; and

an organic light-emitting device in the pixel area and con-
nected to the driving transistor, wherein at least one of
the data wiring or the power wiring includes:

first wiring adjacent to the pixel area and including a
mother wiring having a first width, and

a second wiring including a plurality of branched wirings
which branch from the mother wiring, the branched
wirings adjacent to the transmission area, wherein a
width of each of the branched wirings is less than the first
width.

2. The apparatus as claimed in claim 1, wherein a sum of
the widths of the branched wirings is substantially equal to or
greater than the first width.

3. The apparatus as claimed in claim 1, wherein the widths
of the branched wirings are substantially equal to each other.

4. The apparatus as claimed in claim 1, wherein the width
of each of the branched wirings is less than 10 pM.

5. The apparatus as claimed in claim 1, wherein the power
wiring includes a first additional wiring extending in the first
direction and having a mesh structure.

6. The apparatus as claimed in claim 5, wherein the first
additional wiring includes a plurality of wirings which extend
across the transmission area, which are connected to each
other, and which have widths less than the first width.

7. The apparatus as claimed in claim 1, further comprising:

an initialization voltage wiring to initialize a voltage
applied to a electrode of the driving transistor, the ini-
tialization voltage wiring extending in the second direc-
tion and being adjacent to the pixel area and the trans-
mission area.

8. The apparatus as claimed in claim 7, wherein the initial-
ization voltage wiring including:

a firstinitialization voltage wiring adjacent to the pixel area
and including a mother wiring having a second width,
and

a second initialization voltage wiring including a plurality
of branched wirings which branch from the mother wir-
ing having the second width and which are adjacent to
the transmission area, wherein each of the branched
wirings in the second initialization voltage wiring has a
width less than the second width.
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9. The apparatus as claimed in claim 8, wherein the initial-
ization voltage wiring includes a second additional wiring
extending in the first direction and having a mesh structure.

10. The apparatus as claimed in claim 9, wherein the sec-
ond additional wiring includes a plurality of wirings which
extend across the transmission area, which are connected to
each other, and which have widths less than the second width.

11. The apparatus as claimed in claim 1, wherein each of
the scan wiring, the data wiring, and the power wiring
includes at least one of titanium (Ti), molybdenum (Mo),
aluminum (Al), or copper (Cu).

12. The apparatus as claimed in claim 1, wherein the pixel
area includes:

a first emission area, a second emission area, and a third
emission are to emit light of different colors, wherein the
transmission area is adjacent to the first emission area,
the second emission area, and the third emission area.

13. The apparatus as claimed in claim 1, wherein the
organic light emitting device includes:

a pixel electrode connected to the driving transistor;

an opposite electrode facing the pixel electrode; and

an intermediate layer between the pixel electrode and the
opposite electrode and including an organic emission
layer to emits light, wherein the switching transistor and
the driving transistor overlap the pixel electrode.

14. The apparatus as claimed in claim 13, further compris-

ing:

a pixel defining film covering at least a part of the pixel
electrode,

wherein the pixel defining film includes an opening in the
transmission area.

15. An organic light-emitting display apparatus, compris-

ing:

a first display area and a second display area, each of the
first and second display areas including a plurality of
pixels, each of the pixels having a pixel area to emit light
and a transmission area to transmit external light, the
pixel including:

scan wiring extending in a first direction across the pixel
area;

a data wiring and a power wiring insulated from the scan
wiring, the data wiring and a power wiring extending in
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a second direction across the first direction, the data
wiring and the power wiring being adjacent to the pixel
area and the transmission area,

a switching transistor in the pixel area and connected to the

scan wiring and the data wiring,

a driving transistor in the pixel area and connected to the

switching transistor and the power wiring, and

an organic light-emitting device in the pixel area and con-

nected to the driving transistor, wherein:

at least one of the data wiring or the power wiring in each

of the pixels in the first display area includes a first
wiring adjacent to the pixel area and a mother wiring
having a first width, and a second wiring including a
plurality of branched wirings which branch from the
mother wiring and which are adjacent to the transmis-
sion area,

awidth of each of the branched wirings is less than the first

width, and

the data wiring and the power wiring in the pixels in the

second display area have substantially uniform widths.

16. The apparatus as claimed in claim 15, wherein trans-
mittance of the first display area is greater than transmittance
of the second display area.

17. The apparatus as claimed in claim 15, wherein the first
display area and the second display area are connected to each
other to form one screen.

18. The apparatus as claimed in claim 15, wherein the first
display area surrounds the second display area.

19. The apparatus as claimed in claim 15, wherein a sum of
widths of the branched wirings is substantially equal to or
greater than the first width.

20. The apparatus as claimed in claim 15, wherein widths
of the branched wirings are substantially equal to each other.

21. The apparatus as claimed in claim 15, wherein the
width of each of the branched wirings is less than 10 pm.

22. The apparatus as claimed in claim 15, wherein the scan
wiring, the data wiring, and the power wiring include at least
one of titanium (Ti), molybdenum (Mo), aluminum (Al), or
copper (Cu).
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