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ORGANIC LIGHT-EMITTING DIODE (OLED)
DISPLAY

INCORPORATION BY REFERENCE TO ANY
PRIORITY APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0072302, filed on Jun. 13, 2014, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to
organic light-emitting diode (OLED) displays.

[0004] 2. Description of the Related Technology

[0005] An OLED display is self-emissive, and includes
OLEDs. An OLED includes a hole injecting electrode, an
electron injecting electrode, and an organic emission layer
interposed therebetween. The OLED emits light when exci-
tons generated via recombination of holes injected from the
hole injecting electrode and electrons injected from the elec-
tron injecting electrode in the organic emission layer drop
from an excited state to a ground state.

[0006] Recently, OLED displays have been used in various
applications such as MP3 players, smartphones, TVs, and the
like, and their scope of use has grown wider due to their
favorable characteristics such as reduced thickness and
weight, a wide viewing angle, high contrast ratio, and quick
response.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0007] One inventive aspect is an OLED display.

[0008] Another aspect is an OLED display which includes:
a substrate; and a plurality of pixels disposed on the substrate
and respectively including a first region emitting light and a
second region transmitting external light, wherein at least
three pixels adjacent to one another among the plurality of
pixels respectively have different areas of the second regions.

[0009] Each pixel may have a random area of the second
region.
[0010] The first region may include a first emission unit, a

second emission unit, and a third emission unit respectively
emitting different colors, and the second region may be dis-
posed to correspond to the first emission unit, the second
emission unit, and the third emission unit adjacent to one
another.

[0011] The OLED display may further includes: a plurality
of first wirings formed in a first direction to pass the first
region; and a plurality of second wirings formed in a second
direction to pass the first region and the second region,
wherein at least one of the second wirings includes a first
portion formed of a transparent material and a second portion
formed of an opaque material and electrically connected to
the first portion, the first portion at least partially correspond-
ing to the second region.

[0012] The first portion of the second wiring may include at
least one material selected from the group consisting of
indium tin oxide (ITO), indium zinc oxide (IZO), carbon
nanotube, and graphene.

[0013] The OLED display may further include a plurality
of pixels circuit units respectively disposed in the first region
of each pixel and respectively including at least one thin film
transistor and a capacitor; a first insulating layer covering the
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pixel circuit units; a plurality of first electrodes formed on the
first insulating layer, independently disposed in the first
region of each of the pixels, and electrically connected to each
of the pixel circuit units; a second insulating layer covering at
least one portion of the first electrode; a second electrode
opposite to the first electrode, electrically connected to each
of the pixels, and formed at least in the first region in each of
the pixels; and an organic emission layer interposed between
the first electrode and the second electrode and emitting light.

[0014] The first portion and the second portion of the sec-
ond wiring may be disposed on different layers.

[0015] The thin film transistor may include: an active layer
disposed on the substrate; a gate electrode disposed at a
position corresponding to the active layer to be insulated from
the active layer; an interlayer insulating layer disposed on the
gate electrode; and a source electrode and a drain electrode
disposed on the interlayer insulating layer and respectively
electrically connected to the active layer, and the capacitor
may include: a lower electrode disposed on the same layer as
the gate electrode; and an upper electrode insulated from the
lower electrode.

[0016] The first portion of the second wiring may be dis-
posed on the same layer as the first electrode, the gate elec-
trode, and/or the upper electrode, the second portion of the
second wiring may be disposed on the same layer as the
source electrode and the drain electrode, and the first insulat-
ing layer and/or the interlayer insulating layer may have a
contact hole electrically connecting the first portion with the
second portion.

[0017] The first electrode may be a reflective electrode, the
second electrode may be a transparent or semi-transparent
electrode, and the pixel circuit unit may be disposed at a
region overlapping the first electrode in plan view.

[0018] The first electrode may be a transparent or semi-
transparent electrode, the second electrode may be a reflec-
tive electrode, and the pixel circuit unit may be disposed at a
region not overlapping a region exposed by the second insu-
lating layer of the first electrode in plan view.

[0019] The second electrode may include a first transmis-
sion window at a position corresponding to the second region.
The second insulating layer may include a second transmis-
sion window connected to the first transmission window.

[0020] Another aspect is an organic light-emitting diode
(OLED) display, comprising: a substrate; and a plurality of
pixels formed over the substrate, wherein each of the pixels
comprises a first region configured to emit light and a second
region configured to pass external light therethrough, wherein
the second regions of at least three adjacent ones of the pixels
have different areas.

[0021] Intheabove display, the second regions of the pixels
have randomly defined areas. In the above display, the first
region comprises a first emission unit, a second emission unit,
and a third emission unit configured to respectively emit
different colors, and wherein the second region corresponds
to the first emission unit, the second emission unit, and the
third emission unit that are adjacent to one another. The above
display further comprises: a plurality of first wirings formed
in a first direction to pass through the first region; and a
plurality of second wirings formed in a second direction to
pass through the first and second regions, wherein at least one
of the second wirings comprises a first portion formed of a
transparent material and a second portion formed of an
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opaque material and electrically connected to the first portion,
and wherein the first portion at least partially corresponds to
the second region.

[0022] In the above display, the first portion of the second
wiring comprises at least one material selected from the
group consisting of indium tin oxide (ITO), indium zinc oxide
(IZ0), carbon nanotube, and graphene. The above display
further comprises: a plurality of pixel circuit units respec-
tively placed in the first regions of each pixel, wherein each of
the pixel circuit units comprises at least one thin film transis-
tor (TFT) and a capacitor; a first insulating layer covering the
pixel circuit units; a plurality of first electrodes formed over
the first insulating layer, independently formed in the first
region of each of the pixels, and electrically connected to each
of the pixel circuit units; a second insulating layer covering at
least one portion of the first electrode; a second electrode
opposite to the first electrode, electrically connected to each
of the pixels, and formed at least in the first region in each of
the pixels; and an organic emission layer interposed between
the first and second electrodes and configured to emit light.

[0023] Inthe above display, the first and second portions of
the at least one second wiring are formed on different layers.
In the above display, the TFT comprises: an active layer
formed over the substrate; a gate electrode formed at a posi-
tion corresponding to the active layer to be insulated from the
active layer; an interlayer insulating layer formed over the
gate electrode; and a source electrode and a drain electrode
formed over the interlayer insulating layer, wherein each of
the source and drain electrodes is electrically connected to the
active layer, and wherein the capacitor comprises: a lower
electrode formed on the same layer as the gate electrode; and
an upper electrode insulated from the lower electrode.

[0024] In the above display, the first portion of the at least
one second wiring is formed on the same layer as the first
electrode, the gate electrode, and/or the upper electrode,
wherein the second portion of the at least one second wiring
is formed on the same layer as the source electrode and the
drain electrode, and wherein the first insulating layer and/or
the interlayer insulating layer have a contact hole electrically
connecting the first portion with the second portion. In the
above display, the first electrode is a reflective electrode,
wherein the second electrode is a transparent or semi-trans-
parent electrode, and wherein the pixel circuitunit is placed at
a region at least partially overlapping the first electrode in a
plan view.

[0025] Inthe above display, the first electrode is a transpar-
ent or semi-transparent electrode, wherein the second elec-
trode is a reflective electrode, and wherein the pixel circuit
unit is placed at a region not overlapping a region exposed by
the second insulating layer of the first electrode in a plan view.
In the above display, the second electrode comprises a first
transmission window at a position corresponding to the sec-
ond region. In the above display, the second insulating layer
comprises a second transmission window connected to the
first transmission window.

[0026] Another aspect is an organic light-emitting diode
(OLED) display, comprising: a substrate; a plurality of pixels
formed over the substrate, wherein each of the pixels com-
prises a first region configured to emit light and a second
region configured to substantially transmit external light; and
a plurality of wirings crossing the first and second regions,
wherein at least one of the wirings comprises a first portion
formed of a transparent material.
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[0027] In the above display, the first portion of the at least
one wiring is formed of one or more of: indium tin oxide
(ITO), indium zinc oxide (IZO), carbon nanotube, and
graphene. In the above display, the at least one wiring com-
prises a second portion formed of an opaque material and
electrically connected to the first portion. In the above dis-
play, the first and second portions of the at least one wiring are
formed on different layers. In the above display, the second
regions of at least three adjacent ones of the pixels have
different areas. In the above display, the second regions of the
pixels have different areas. In the above display, the area of
the second region in a selected pixel is greater than that of the
first region in the selected pixel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1is a cross-sectional view schematically illus-
trating an OLED display according to an embodiment.
[0029] FIG. 2is a cross-sectional view schematically illus-
trating an OLED display according to another embodiment.
[0030] FIG. 3isaplanview schematically illustrating some
of a plurality of pixels included in an organic light-emitting
unit according to an embodiment.

[0031] FIG. 4is a plan view illustrating some of the pixels
of FIG. 3 in more detail.

[0032] FIG. 5 is a plan view schematically illustrating a
pixel included in an organic light-emitting unit according to
another embodiment.

[0033] FIG. 6 is a cross-sectional view taken along a line
VI-IV' of FIG. 4.

[0034] FIG. 71isa cross-sectional view of an OLED display
according to another embodiment.

[0035] FIG. 8isa cross-sectional view of an OLED display
according to another embodiment.

[0036] FIG. 9isa cross-sectional view of an OLED display
according to another embodiment.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0037] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like ele-
ments throughout. In this regard, the present embodiments
may have different forms and should not be construed as
being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by refer-
ring to the figures, to explain aspects of the present descrip-
tion. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding alist of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0038] It will be understood that although the terms “first”,
“second”, etc. may be used herein to describe various com-
ponents, these components should not be limited by these
terms. These components are only used to distinguish one
component from another.

[0039] It will be understood that when a layer, region, or
component is referred to as being “formed on,” another layer,
region, or component, it can be directly or indirectly formed
on the other layer, region, or component. That is, for example,
intervening layers, regions, or components may be present.
[0040] Sizes of elements in the drawings may be exagger-
ated for convenience of explanation. In other words, since
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sizes and thicknesses of components in the drawings are
arbitrarily illustrated for convenience of explanation, the fol-
lowing embodiments are not limited thereto. In this disclo-
sure, the term “substantially” includes the meanings of com-
pletely, almost completely or to any significant degree under
some applications and in accordance with those skilled in the
art. Moreover, “formed on” can also mean “formed over.” The
term “connected” includes an electrical connection. [0037]
Embodiments will now be described more fully with refer-
ence to the accompanying drawings.

[0041] FIG.11is a cross-sectional view schematically illus-
trating an OLED display according to an embodiment.
[0042] Referring to FIG. 1, an organic light-emitting unit 3,
which includes a plurality of pixels P1 to P12 (FIG. 3) each
including a first region 100 (FIG. 3) emitting light and a
second region 200 (FIG. 3) passing external light there-
through, and a sealing substrate 21, which seals the organic
light-emitting unit 3, are sequentially placed on a substrate 1.
The substrate 1 and the sealing substrate 21 may be a glass
substrate or a plastic substrate, and one of the substrate 1 and
the sealing substrate 21 placed at a portion in which an image
is not formed may be a metal substrate.

[0043] The substrate 1 may be bonded to the sealing sub-
strate 21 via a sealant 23 formed at edges thereof, and space
24 between the substrate 1 and the sealing substrate 21 may be
sealed. An absorbent ora filler may be formed in the space 24.
[0044] FIG. 2 is a cross-sectional view schematically illus-
trating an OLED display according to another embodiment of
the present invention.

[0045] Referring to FIG. 2, an organic light-emitting unit 3,
which includes a plurality of pixels P1 to P12 each including
a first region 100 (FI1G. 3) emitting light and a second region
200 (F1G. 3) passing external light therethrough, and a sealing
film 22, which is a thin film sealing the organic light-emitting
unit 3, may be sequentially formed on a substrate 1. The
sealing film 22 may have a structure in which a film formed of
an inorganic material such as silicon oxide or silicon nitride
and a film formed of an organic material such as epoxy or
polyimide are alternately stacked without being limited
thereto, but any thin film type sealing structure may also be
applied to the sealing film 22.

[0046] Although not shown herein, a structure including
both the sealing film 22 of FIG. 2 and the sealing substrate 21
of FIG. 1 may also be used as the structure for sealing the
organic light-emitting unit 3.

[0047] Referring to FIGS. 3 and 4, the organic light-emit-
ting unit 3 (FIGS. 1 and 2) includes the plurality of pixels P1
to P12.

[0048] Each of the pixels P1 to P12 includes the first region
100 emitting light and the second region 200 passing external
light therethrough, and at least three pixels adjacent to one
another among the plurality of pixels P1 to P12 may occupy
second regions 200 with different areas.

[0049] Since each of the pixels P1 to P12 includes the first
region 100 emitting light and the second region 200 passing
external light therethrough in the OLED display, a user can
see through the OLED display (see the vertical arrows
reflected in the second region 200 of the pixels in FIGS. 6-9).
That is, the described OLED display is a transparent display.
[0050] Inthe first region 100, a pixel circuit unit PC includ-
ing at least one thin film transistor (TFT) and a light-emitting
region PA including an organic light-emitting device (OLED,
FIG. 6) may be disposed. The light-emitting region PA may
realize white light emission by a first emission unit Pa, a
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second emission unit Pb, and a third emission unit Pc respec-
tively emitting different colors, and each of the first emission
unit Pa, the second, emission unit Pb, and the third emission
unit Pc may be driven by a first circuit unit Ca, a second circuit
unit Ch, and a third circuit unit Cc, respectively. According to
an embodiment, the first emission unit Pa, the second emis-
sion unit Pb, and the third emission unit Pc may respectively
be a red sub-pixel, a green sub-pixel, and a blue sub-pixel.
[0051] The pixel circuit unit PC may be placed in a region
planarly overlapping the light-emitting region PA, i.e., a first
electrode 141 (FIG. 6). This structure is suitable for an OLED
display including the first electrode 141 (FIG. 6) formed in
the light-emitting region PA as a reflective electrode and a
second electrode 145 (FIG. 6) as a transparent or semi-trans-
parent electrode, i.e., a top emission type OLED display. By
disposing the pixel circuit unit PC between the substrate 1
(FIG. 6) and the first electrode 141 (FIG. 6), space for dis-
posing the pixel circuit unit PC is not separately required,
thereby improving an aperture ratio.

[0052] Inthe second region 200, a device including opaque
materials such as a reflective electrode and wiring is not
disposed, and only a transparent insulating layer, and the like
may be disposed. The second region 200 may be defined by
opaque wirings passing edges of each of the pixels P1 to P12.
[0053] More particularly, the OLED display according to
an embodiment may include a first wiring S formed in a first
direction (transverse direction) to pass the first region 100 and
second wirings D1, D2, and D3 formed in a second direction
(longitudinal direction) to pass the first region 100 and the
second region 200.

[0054] The first wiring S and the second wirings D1, D2,
and D3 may respectively correspond to a scan line transmit-
ting scan signals and a data line transmitting data signals. The
first wiring S and the second wirings D1, D2, and D3 may be
electrically connected to a switching TFT (not shown)
included in the pixel circuit unit PC. The pixel circuit unit PC
further includes a driving TFT (not shown), and the driving
TFT may be electrically connected to the switching TFT and
driving voltage lines V1 and V2 supplying driving voltage.
Bach of the plurality of second wiring D1, D2, and D3 and
each of the plurality of driving voltage lines V1 and V2
passing through each pixel may respectively be connected to
the first circuit unit Ca, the second circuit unit Cb, and the
third circuit unit Cc. Since two driving voltage lines V1 and
V2 are used herein, a description will be given of two circuit
units connected to one driving voltage line. However, the
number of the driving voltage lines may be the same as that of
the circuit units, and each of the driving voltage line may
respectively be connected to each of the circuit units.

[0055] At least one of the second wirings D1, D2, and D3
has a first portion D1¢ and D2¢ formed of a transparent mate-
rial and a second portion D1n¢ and D2nt formed of an opaque
material. According to an embodiment, the first second wir-
ing D1 has the first portion D1¢ and the second portion D1t
electrically connected to the first portion D1z and the second
wiring D2 has the first portion D2¢ and the second portion
D2nt electrically connected to the first portion D2z,

[0056] The first portion D1¢ and D2z may be formed of at
least one material selected from the group consisting of
indium tin oxide (ITO), indium zinc oxide (IZO), carbon
nanotube, and graphene.

[0057] A position of the first portion D1z and D2¢ or an area
of the first portion D1¢ and D2¢ may vary in the pixels P1 to
P12, and thus the pixels P1 to P12 may occupy different areas
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of the second regions 200 defined by the second portion D1xn¢
and D2nt formed of an opaque material. That is, the second
region 200 included in each of the pixels P1 to P12 may have
a randomly defined area.

[0058] In a transparent OLED display by which external
light permits viewing of images visible through the second
region 200, light passing through the second region 200 may
be diffracted by opaque wirings.

[0059] That is, since the plurality of second regions 200
respectively included in the plurality of pixels P1 to P12
function as a multi-slit, an external image is split into several
images due to constructive interference of light diffracted by
the second region 200, thereby reducing clearness.

[0060] However, the OLED display according to an
embodiment reduces constructive interference of diffracted
light by increasing the degree of randomness of the area of the
second region 200 included in each of the pixels P1 to P2,
thereby improving clearness of the external image.

[0061] FIG. 5 is a plan view schematically illustrating a
pixel included in an organic light-emitting unit according to
another embodiment.

[0062] Referring to FIG. 5, one pixel P1 of the organic
light-emitting unit according to the illustrated embodiment
includes a first region 100 emitting light and a second region
200 passing external light therethrough. The first region 100
may include a pixel circuit unit PC including at least one TFT
and a light-emitting region PA including an organic light-
emitting device (OLED, FIG. 9). The light-emitting region
PA may realize white light emission by a first emission unit
Pa, a second emission unit Pb, and a third emission unit Pc
respectively emitting different colors.

[0063] The pixel circuit unit PC may be placed not to pla-
narly overlap the light-emitting region PA, i.e., a region
exposed by a second insulating layer 118 (FIG. 9) of a first
electrode 341 (F1G. 9). This structure is suitable for a bottom
emission type OLED display in which light is emitted toward
the substrate 1 (FIG. 9). Since light is emitted downward from
the first electrode 341 (FIG. 9), the pixel circuit unit PC may
be placed not to planarly overlap the light-emitting region PA
to prevent a path of emitted light from being interfered with
by devices included in the pixel circuit unit PC.

[0064] The other constituent elements of FIG. 5 are the
same as those of FIG. 4, and thus descriptions thereof will not
be given herein.

[0065] FIG. 6 is a cross-sectional view taken along a line
VI-IV' of FIG. 4.

[0066] Referring to FIG. 6, the OLED display according to
the illustrated embodiment may include a buffer layer 111
formed on a glass or plastic substrate 1.

[0067] The buffer layer 111 prevents impurities from pen-
etrating into an active layer 122 and the like from the substrate
1, planarizes the surface of the substrate 1, and may have a
single-layered structure or a multi-layered structure formed
of an inorganic material such as silicon nitride (SiN,) and/or
silicon oxide (SiO,).

[0068] A driving TFT TFTd is formed on the buffer layer
111, and the driving TFT TFTd includes the active layer 122,
a gate electrode 124 foamed to be insulated from the active
layer 122, and a source electrode 1264 and a drain electrode
126d respectively electrically connected to the active layer
122. A gate insulating layer 113 is formed between the active
layer 122 and the gate electrode 124, and an interlayer insu-
lating layer 115 may be formed between the gate electrode
124 and the source and drain electrodes 126s and 126d4.
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[0069] Thedriving TFT TFTd s atop gate type driving TFT
in which the gate electrode 124 is formed on the active layer
122. However, the gate electrode 124 may be formed under
the active layer 122.

[0070] The active layer 122 may include a variety of mate-
rials. For example, the active layer 122 may include inorganic
semiconductor materials such as amorphous silicon or crys-
talline silicon. For example, the active layer 122 may include
oxide semiconductor materials or organic semiconductor
materials.

[0071] The gate electrode 124 may have a single-layered or
multi-layered structure including at least one material
selected from the group consisting of aluminum (Al), plati-
num (Pt), palladium (Pd), silver (Ag), magnesium (Mg), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chromium
(Cr), lithium (L), calcium (Ca), molybdenum (Mo), titanium
(Ti), tungsten (W), and copper (Cu).

[0072] The source electrode 126s and the drain electrode
1264 may have a structure with two or more metal layers
selected from the group consisting of aluminum (Al), plati-
num (Pt), palladium (Pd), silver (Ag), magnesium (Mg), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chromium
(Cr), lithium (L1), calcium (Ca), molybdenum (Mo), titanium
(Ti), tungsten (W), and copper (Cu).

[0073] A first insulating layer 117 may be formed on the
interlayer insulating layer 115 to cover the source electrode
216s and the drain electrode 2164, and an organic light-
emitting device OLED including a first electrode 141 electri-
cally connected to the drain electrode 126d. a second elec-
trode 145 opposite to the first electrode 141, and an organic
emission layer 143 interposed between the first electrode 141
and the second electrode 145 and emitting light may be
formed on the first insulating layer 117 in the first region 100.

[0074] Both edges of the first electrode 141 are covered
with the second insulating layer 118, and the second insulat-
ing layer 118 may be formed to extend from the first region
100 to the second region 200.

[0075] The first electrode 141 may be a reflective electrode
and may include a reflection layer including Ag, Mg, Al, Pt,
Pd, Au, Ni, Nd, Ir, Cr, and any compound thereof and a
transparent or semi-transparent electrode layer formed on the
reflection layer. The first electrode 141 may be formed as an
independent island form in each sub-pixel.

[0076] The second electrode 145 may include a transparent
or semi-transparent electrode, may include at least one mate-
rial selected from the group consisting of Ag, Al, Mg, Li, Ca,
Cu, LiF/Ca, LiF/Al, MgAg, and CaAg, and may have a thin
film with a thickness of several to several tens nm. The second
electrode 145 may be electrically connected to all pixels.

[0077] The organic emission layer 143 emitting light may
be formed between the first electrode 141 and the second
electrode 145, and at least one of a hole injection layer (HIL),
a hole transport layer (HTL), an electron transport layer
(ETL), and an electron injection layer (EIL) may further be
formed therebetween. However, embodiments of the present
invention are not limited thereto, and a variety of functional
layers may further be formed between the first electrode 141
and the second electrode 145.

[0078] The organic emission layer 143 emits light such as
red, green, or blue light. The OLED display according to an
embodiment may be a top emission type OLED display in
which an image is realized in a direction toward the second
electrode 145.
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[0079] Since the image is realized in the direction toward
the second electrode 145 in the top emission type OLED
display, the pixel circuit unit PC (FI1G. 4 including the driving
TFT TFTd, and the like, may be formed between the substrate
1 and the first electrode 141, i.e., in a region planarly over-
lapping the light-emitting region PA (FIG. 4). Thus, the pixel
circuit unit PC (FIG. 4) does not occupy separate space,
thereby improving an aperture ratio of the OLED display.
[0080] Referring to FIGS. 4 and 6, the second wirings D1,
D2, and D3 are formed to pass through the first region 100 and
the second region 200. At least one D1 of the second wirings
D1, D2, and D3 may have a first portion D1¢ formed of a
transparent material and a second portion D1#x¢ formed of an
opaque material and electrically connected to the first portion
D1z

[0081] The first portion D1z and the second portion D1t
may be formed on different layers. The second portion D1n¢
of the OLED display may be formed on the same layer and
formed of the same material as the source electrode 1265 and
the drain electrode 126d of the driving TFT TFTd, and the first
portion D1¢ may be formed on the same layer as the first
electrode 141 and formed of the same material as a transpar-
ent electrode layer included in the first electrode 141. The first
portion D1z and the second portion D1z¢ may be electrically
connected to each other via a first contact hole C1 and a
second contact hole C2 formed in the first insulating layer
117.

[0082] Although not shown herein, to improve transmit-
tance of the second region 200 with respect to external light,
the second electrode 145 and the second insulating layer 118
formed in the second region 200 may have openings, and the
first portion D1z may also be formed of various materials such
as indium tin oxide (ITO), indium zinc oxide (1Z0O), carbon
nanotube, or graphene in addition to the same material as that
of the transparent electrode layer included in the first elec-
trode 141.

[0083] FIG.7isa cross-sectional view of an OLED display
according to another embodiment.

[0084] Referring to FIG. 7, an OLED display according to
the illustrated embodiment may include a buffer layer 111
formed on a glass or plastic substrate 1.

[0085] A switching TFT TFTs and a driving TFT TFTd
may be formed on the buffer layer 111. The switching TFT
TFTs includes an active layer 232, a gate electrode 234
formed to be insulated from the active layer 232, and a source
electrode 238s and a drain electrode 2384 respectively elec-
trically connected to the active layer 232. A gate insulating
layer 213 is formed between the active layer 232 and the gate
electrode 234, and a dielectric layer 215 and an interlayer
insulating layer 217 may be formed between the gate elec-
trode 234 and the source and drain electrodes 238s and 2384.
The driving TFT TFTd includes an active layer 222 and a gate
electrode 224 formed to be insulated from the active layer
222. The gate electrode 224 may function as a lower electrode
of a capacitor Cst. The dielectric layer 215 is formed on the
gate electrode 224, an upper electrode 226 of the capacitor
Cst is formed on the dielectric layer 215, and the interlayer
insulating layer 217 is formed on the upper electrode 226.
[0086] That is, the driving TF'T TFTd and the capacitor Cst
may be formed to planarly overlap each other.

[0087] A first insulating layer 219 may be formed on the
interlayer insulating layer 217 to cover the source electrode
238s and the drain electrode 2384, and an organic light-
emitting device OLED including a first electrode 241, a sec-
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ond electrode 245 opposite to the first electrode 241, and an
organic emission layer 243 interposed between the first elec-
trode 241 and the second electrode 245 and emitting light may
be formed on the first insulating layer 219 in the first region
100.

[0088] Both edges of the first electrode 241 are covered
with a second insulating layer 220, and the second insulating
layer 220 may be formed to extend from the first region 100 to
the second region 200.

[0089] In order to improve transmittance of the second
region 200, the second electrode 245 may have a first trans-
mission window TW1 at a position corresponding to the
second region 200, and the second insulating layer 220 may
include a second transmission window TW2 connected to the
first transmission window TW1.

[0090] FIG. 7 illustrates that the second electrode 245 and
the second insulating layer 220 respectively include the first
transmission window TW1 and the second transmission win-
dow TW2. However, embodiments of the present invention
are not limited thereto, and only one of the second electrode
245 and the second insulating layer 220 may include a trans-
mission window. The first electrode 241 may be a reflective
electrode.

[0091] The second wiring D formed to pass through the
second region 200 may include a first portion Dt formed of a
transparent material and a second portion Dnt formed of an
opaque material and electrically connected to the first portion
Dt.

[0092] The first portion Dt and the second portion Dnt may
be formed on different layers. The second portion Dnt of the
OLED display according to the illustrated embodiment may
be formed on the same layer and formed of the same material
as the source electrode 238s and the drain electrode 2384 of
the switching TFT TFTs and the first portion D may be
formed on the same layer as the upper electrode 226 of the
capacitor Cst.

[0093] The first portion Dt may be formed of a transparent
material such as indium tin oxide (ITO), indium zinc oxide
(IZ0O), carbon nanotube, and graphene. The first portion Dt
and the second portion Dnt may be electrically connected to
each other through a third contract hole C3 and a fourth
contact hole C4 formed in the interlayer insulating layer 217.
[0094] Although the first portion Dt of the second wiring D
of the OLED display according to the illustrated embodiment
is formed on the same layer as the upper electrode 226 of the
capacitor Cst, a first portion of a second wiring of an OLED
display according to another embodiment may be formed on
the same layer as the gate electrode 234 of the switching TFT
TFTs or the gate electrode 224 of the driving TFT TFTd.
[0095] FIG. 8isa cross-sectional view of an OLED display
according to another embodiment.

[0096] Referring to FIG. 8, the second wiring D formed to
pass through the second region 200 may includea first portion
Dt formed of a transparent material and a second portion Dnt
formed of an opaque material and electrically connected to
the first portion Dt.

[0097] The first portion Dt and the second portion Dnt may
be formed on different layers. The second portion Dnt of the
OLED display according to the illustrated embodiment is
formed on the same layer and formed of the same material as
the source electrode 2385 and the drain electrode 2384 of the
switching TFT TFTs, and the first portion Dt may include a
first region Dta aimed on the same layer as the upper electrode
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226 of the capacitor Cst and a second region Dtb formed on
the same layer as the first electrode 241.

[0098] The first portion Dt and the second portion Dnt may
be electrically connected to each other via a first contact hole
C1 and a second contact hole C2 formed in the first insulating
layer 219 and via a third contact hole C3 and a fourth contact
hole C4 formed in the interlayer insulating layer 217.

[0099] According to this configuration, resistance of the
second wiring D may be reduced.

[0100] The other constituent elements are the same as those
of FIG. 7, and thus descriptions thereof will not be given
herein.

[0101] FIG.9isa cross-sectional view of an OLED display
according to another embodiment.

[0102] Referring to FIG. 9, an OLED display according to
the illustrated embodiment may include a buffer layer 111
formed on a glass or plastic substrate 1.

[0103] A driving TFT TFTd is formed on the buffer layer
111, and the driving TFT TFTd includes an active layer 122,
a gate electrode 124 formed to be insulated from the active
layer 122, and a source electrode 1264 and a drain electrode
1264 respectively electrically connected to the active layer
122. A gate insulating layer 113 is formed between the active
layer 122 and the gate electrode 124, and an interlayer insu-
lating layer 115 may be formed between the gate electrode
124 and the source and drain electrodes 126s and 1264.
[0104] A first insulating layer 117 may be formed on the
interlayer insulating layer 115 to cover the source electrode
216s and the drain electrode 216d, and an organic light-
emitting device OLED including a first electrode 341 electri-
cally connected the drain electrode 1264, a second electrode
345 opposite to the first electrode 341, and an organic emis-
sion layer 343 interposed between the first electrode 341 and
the second electrode 345 and emitting light may be formed on
the first insulating layer 115 in the first region 100.

[0105] Both edges of the first electrode 341 are covered
with the second insulating layer 318, and the second insulat-
ing layer 318 may be formed to extend from the first region
100 to the second region 200.

[0106] Thefirst electrode 341 may be a transparent or semi-
transparent electrode and may include a transparent electrode
including at least one selected from the group consisting of
indium tin oxide (ITO), indium zinc oxide (IZO), zinc oxide
(Zn0), indium oxide (In,0;), indium gallium oxide (IGO),
and aluminum zinc oxide (AZ0O). The first electrode 341 may
further include a semi-transmissive layer including at least
one selected from the group consisting of Ag, Mg, Al, Pt, Pd,
Au, Ni, Nd, Ir, Cr, Li, Ca, and Yb in a thin film form having a
thickness of several to several tens of nm.

[0107] The second electrode 345 may be a reflective elec-
trode and may include at least one selected from the group
consisting of Ag, Al, Mg, Li, Ca, Cu, LiF/Ca, LiF/Al, MgAg,
and CaAg.

[0108] In order to improve transmittance of the second
region 200, the second electrode 345 that is a reflective elec-
trode may have a third transmission window TW3 at a posi-
tion corresponding to the second region 200, and the second
insulating layer 318 may include a fourth transmission win-
dow TW4 connected to the third transmission window TW3.
The organic emission layer 342, emits light suchas red, green,
or blue light, and the OLED display according to the illus-
trated embodiment may be a bottom emission type OLED
display in which an image is realized in a direction toward the
first electrode 341.
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[0109] Since the image is realized in the direction toward
the first electrode 341 in the bottom emission type OLED
display, the pixel circuit unit PC (FIG. 6) including the driving
TFT TFTd, and the like cannot be formed between the sub-
strate 1 and the first electrode 141. That is, the pixel circuit
unit PC (FIG. 6) may be formed in a region not planarly
overlapping the light-emitting region PA (FIG. 6), i.e., the
first electrode 341 exposed by the second insulating layer
318.

[0110] The second wiring D included in the OLED display
according to the illustrated embodiment may include a first
portion Dt formed of a transparent material and a second
portion Dnt formed of an opaque material and electrically
connected to the first portion Dt.

[0111] The second portion Dnt is formed on the same layer
and formed of the same material as the source electrode 126s
and the drain electrode 1264 of the driving TFT TFTd, and the
first portion Dt is formed on the same layer as the first elec-
trode 341 and formed of the same material as a transparent
electrode layer included in the first electrode 341.

[0112] The first portion Dt and the second portion Dnt may
be electrically connected to each other via a first contact hole
C1 and a second contact hole C2 formed in the first insulating
layer 117.

[0113] At least one of the disclosed embodiments reduces
constructive interference of diffracted light by increasing the
degree of randomness of the area of the second region 200
included in each of the pixels P1 to P2, thereby improving
clearness of the external image

[0114] According to atleast one of the above embodiments,
the OLED display has improved clearness with respect to an
external image viewed through a transmission region.
[0115] Itshould be understood that the exemplary embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.

[0116] While the inventive technology has been described
with reference to the figures, it will be understood by those of
ordinary skill in the art that various changes in faun and
details may be made therein without departing from the spirit
and scope of the present invention as defined by the following
claims.

What is claimed is:

1. An organic light-emitting diode (OLED) display, com-
prising:

a substrate; and

a plurality of pixels formed over the substrate, wherein

each of the pixels comprises a first region configured to
emit light and a second region configured to pass exter-
nal light therethrough,

wherein the second regions of at least three adjacent ones

of the pixels have different areas.

2. The OLED display of claim 1, wherein the second
regions of the pixels have randomly defined areas.

3. The OLED display of claim 1, wherein the first region
comprises a first emission unit, a second emission unit, and a
third emission unit configured to respectively emit different
colors, and wherein the second region corresponds to the first
emission unit, the second emission unit, and the third emis-
sion unit that are adjacent to one another.
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4. The OLED display of claim 1, further comprising:

aplurality of first wirings formed in a first direction to pass
through the first region; and

a plurality of second wirings formed in a second direction
to pass through the first and second regions,

wherein at least one of the second wirings comprises a first
portion formed of a transparent material and a second
portion formed of an opaque material and electrically
connected to the first portion, and wherein the first por-
tion at least partially corresponds to the second region.

5. The OLED display of claim 4, wherein the first portion
of the second wiring comprises at least one material selected
from the group consisting of indium tin oxide (ITO), indium
zine oxide (IZO), carbon nanotube, and graphene.

6. The OLED display of claim 4, further comprising:

a plurality of pixel circuit units respectively placed in the
first regions of each pixel, wherein each of the pixel
circuit units comprises at least one thin film transistor
(TFT) and a capacitor;

a first insulating layer covering the pixel circuit units;

aplurality of first electrodes formed over the first insulating
layer, independently formed in the first region of each of
the pixels, and electrically connected to each of the pixel
circuit units;

a second insulating layer covering at least one portion of
the first electrode;

a second electrode opposite to the first electrode, electri-
cally connected to each of the pixels, and formed at least
in the first region in each of the pixels; and

an organic emission layer interposed between the first and
second electrodes and configured to emit light.

7. The OLED display of claim 6, wherein the first and
second portions of the at least one second wiring are formed
on different layers.

8. The OLED display of claim 7, wherein the TFT com-
prises:

an active layer formed over the substrate;

a gate electrode formed at a position corresponding to the
active layer to be insulated from the active layer;

an interlayer insulating layer formed over the gate elec-
trode; and

a source electrode and a drain electrode formed over the
interlayer insulating layer, wherein each of the source
and drain electrodes is electrically connected to the
active layer, and

wherein the capacitor comprises:

a lower electrode formed on the same layer as the gate
electrode; and
an upper electrode insulated from the lower electrode.

9. The OLED display of claim 8, wherein the first portion
of the at least one second wiring is formed on the same layer
as the first electrode, the gate electrode, and/or the upper
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electrode, wherein the second portion of the at least one
second wiring is formed on the same layer as the source
electrode and the drain electrode, and wherein the first insu-
lating layer and/or the interlayer insulating layer have a con-
tact hole electrically connecting the first portion with the
second portion.

10. The OLED display of claim 6, wherein the first elec-
trode is a reflective electrode, wherein the second electrode is
a transparent or semi-transparent electrode, and wherein the
pixel circuit unit is placed at a region at least partially over-
lapping the first electrode in a plan view.

11. The OLED display of claim 6, wherein the first elec-
trode is a transparent or semi-transparent electrode, wherein
the second electrode is a reflective electrode, and wherein the
pixel circuit unit is placed at a region not overlapping a region
exposed by the second insulating layer of the first electrode in
aplan view.

12. The OLED display of claim 6, wherein the second
electrode comprises a first transmission window at a position
corresponding to the second region.

13. The OLED display of claim 12, wherein the second
insulating layer comprises a second transmission window
connected to the first transmission window.

14. An organic light-emitting diode (OLED) display, com-
prising:

a substrate;

a plurality of pixels formed over the substrate, wherein
each of the pixels comprises a first region configured to
emit light and a second region configured to substan-
tially transmit external light; and

a plurality of wirings crossing the first and second regions,
wherein at least one of the wirings comprises a first
portion formed of a transparent material.

15. The OLED display of claim 14, wherein the first por-
tion of the at least one wiring is formed of one or more of:
indium tin oxide (ITO), indium zinc oxide (IZ0), carbon
nanotube, and graphene.

16. The OLED display of claim 14, wherein the at least one
wiring comprises a second portion formed of an opaque mate-
rial and electrically connected to the first portion.

17. The OLED display of claim 16, wherein the first and
second portions of the at least one wiring are formed on
different layers.

18. The OLED display of claim 14, wherein the second
regions of at least three adjacent ones of the pixels have
different areas.

19. The OLED display of claim 14, wherein the second
regions of the pixels have different areas.

20. The OLED display of claim 14, wherein the area of the
second region in a selected pixel is greater than that of the first
region in the selected pixel.
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