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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2011-0041991, filed on May 3, 2011, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] Embodiments relate to an organic light-emitting
display apparatus.

[0004] 2. Description of the Related Art

[0005] Display apparatuses are being replaced with por-
table, slim flat panel display apparatuses. Among various flat
panel display apparatuses, an organic light-emitting display
apparatus is a self-luminescent display apparatus having wide
viewing angles, excellent contrast, and short response times.
Therefore, an organic light-emitting display apparatus may
be applied to various fields.

SUMMARY

[0006] According to an embodiment, there may be an
organic light-emitting display apparatus including a sub-
strate; a plurality of pixels on a first surface of the substrate,
each pixel of the plurality of pixels having a first region in
which visible rays are emitted and a second region through
which external light penetrates, such that the plurality of
pixels provide a plurality of first and second regions; a plu-
rality of pixel circuit units in the first region of each pixel,
each pixel circuit unit of the plurality of pixel circuit units
including at least one thin film transistor (TFT); a plurality of
first electrodes independently disposed in the first region of
each pixel, each first electrode of the plurality of first elec-
trodes being electrically connected to each pixel circuit unit;
a second electrode facing the first electrodes, the second
electrode being electrically connected throughout the pixels;
and an intermediate layer including an organic emitting layer
between the first electrodes and the second electrode, wherein
second regions included in at least two adjacent pixels of the
pixels in a first direction are integrally connected to form a
plurality of second region groups obliquely disposed relative
to each other in the first direction.

[0007] Every second one of the plurality of second region
groups is mutually aligned in the first direction.

[0008] Second region groups adjacent to each other in a
second direction perpendicular to the first direction may be
parallel to each other.

[0009] The second region groups may be formed by inte-
grally connecting second regions included in three adjacent
pixels in the first direction.

[0010] At least two second region groups adjacent to each
other in a second direction perpendicular to the first direction
may be integrally connected to form a plurality of second
region group sets.

[0011] The second region group sets may be obliquely dis-
posed relative to each other in the first direction.

[0012] Every second one of the plurality of second region
group sets may be mutually aligned in the first direction.
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[0013] The second region group sets adjacent to each other
in the second direction perpendicular to the first direction
may be parallel to each other.

[0014] The first electrodes may include light penetration
electrodes.

[0015] The first electrodes may include light reflection
electrodes.

[0016] The second electrode may include a plurality of first
penetration windows in positions corresponding to the sec-
ond regions.

[0017] The first penetration windows may be formed cor-
responding to the second region groups.

[0018] The organic light-emitting display apparatus may
further include: at least one insulation film between the sub-
strate and the second electrode, wherein the insulation film
includes a plurality of second penetration windows corre-
sponding to the plurality of second region groups.

[0019] The first region of each pixel may include a light-
emitting region and a circuit region, the at least one TFT is
disposed in the circuit region, the plurality of first electrodes
are disposed in the light-emitting region, and the light-emit-
ting region and the circuit region of each pixel are adjacent to
each other.

[0020] The first region of each pixel may include a light-
emitting region and a circuit region, the plurality of pixel
circuit units are disposed in the circuit region, the plurality of
first electrodes are disposed in the light-emitting region, and
the light-emitting region overlaps the circuit region to cover
the circuit-region.

[0021] A first area of each first electrode of each pixel may
be a same area as a second area of the first region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The above and other features will become more
apparent by describing in detail exemplary embodiments
thereof with reference to the attached drawings in which:
[0023] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to an
embodiment;

[0024] FIG. 2 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to another
embodiment;

[0025] FIG. 3 is a cross-sectional view illustrating in detail
the organic light-emitting display apparatus of FIG. 1 or 2,
according to an embodiment;

[0026] FIG. 41is a cross-sectional view illustrating in detail
the organic light-emitting display apparatus of FIG. 1 or 2,
according to another embodiment;

[0027] FIG. 5 is a schematic plan view of an organic light-
emitter of FIG. 3 or 4, according to an embodiment;

[0028] FIG. 6 is a cross-sectional view of a pixel of the
organic light-emitter of FIG. 5, according to an embodiment;
[0029] FIG. 7 is a schematic plan view of the organic light-
emitter of FIG. 3 or 4, according to another embodiment;
[0030] FIG. 8 is a cross-sectional view of a pixel of the
organic light-emitter of FIG. 7, according to another embodi-
ment;

[0031] FIG. 9 is a cross-sectional view of a pixel of the
organic light-emitter of FIG. 7, according to another embodi-
ment; and
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[0032] FIG. 10 is a schematic plan view of the organic
light-emitter of FIG. 3 or 4, according to another embodi-
ment.

DETAILED DESCRIPTION

[0033] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein.

[0034] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to an
embodiment.

[0035] Referring to FIG. 1, the organic light-emitting dis-
play apparatus includes a display unit 2 disposed on a sub-
strate 1.

[0036] In the organic light-emitting display apparatus, an
external light penetrates through the substrate 1 and the dis-
play unit 2. Also, the display unit 2 is configured such that the
external light penetrates therethrough. As shown in FIG. 1, a
user located at a side where an image is realized may be able
to view an image of an upper external side of the substrate 1.
[0037] The organic light-emitting display apparatus of
FIG. 1 is a bottom-emission type, wherein the image of the
display unit 2 is realized toward the substrate 1. Alternatively,
as shown in FIG. 2, the organic light-emitting display appa-
ratus may be a top-emission type, wherein the image of the
display unit 2 is realized in an opposite direction of the sub-
strate 1. Here, the user may view the image of the display unit
2 above the substrate 1, and an external image under the
substrate 1. However, the type of the organic light-emitting
display apparatus is not limited thereto. The type of the
organic light-emitting display apparatus may be a two-sided
emission type, wherein the image of the display unit 2 is
realized toward and in an opposite direction of the substrate 1.
[0038] FIGS. 1 and 2 show a first pixel P1 and a second
pixel P2, which are two adjacent pixels of the organic light-
emitting display apparatus.

[0039] Each of the first and second pixels P1 and P2
includes a first region 31 and a second region 32. The image
is formed on the display unit 2 through the first region 31, and
the external light penetrates through the second region 32.
[0040] In other words, both the first and second pixels P1
and P2 include the first region 31 that realizes the image and
the second region 32 through which the external light pen-
etrates. Thus, the user may view an external image when not
viewing the image formed on the display unit 2.

[0041] Here, devices, such as a thin film transistor (TFT), a
capacitor, and an organic light-emitting device, are not
formed in the second region 32 so as to maximize external
light transmittance in the second region 32, thereby increas-
ing external light transmittance of the display unit 2. Also,
distortion of an external penetrated image due to the devices,
i.e., the TFT, the capacitor, and the organic light-emitting
device, may be reduced.

[0042] FIG. 3 is a cross-sectional view illustrating in detail
the organic light-emitting display apparatus of FIG. 1 or 2,
according to an embodiment. Referring to FIG. 3, the display
unit 2 includes an organic light-emitter 21 formed on a first
surface 11 of the substrate 1 and a sealing substrate 23 sealing
the organic light-emitter 21.

[0043] The sealing substrate 23 is formed of a transparent
material so that the image is realized from the organic light-
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emitter, and prevents any external air or moisture from pen-
etrating into the organic light-emitter.

[0044] Boundaries of the substrate 1 and the display unit 2
are combined with the sealing material 24. Thus, a space 25
between the substrate 1 and the sealing substrate 23 are
sealed. A moisture absorbent or a filling material may be
disposed in the space 25.

[0045] Asshown in FIG. 4, a sealing film 26, instead of the
sealing substrate 23, may be formed on the organic light-
emitter 21 so as to protect the organic light-emitter 21 from
external air. The sealing film 26 may have a structure in which
afilm formed of an inorganic material, and a film formed of an
organic material, are alternately stacked on each other. How-
ever, the structure of the sealing film 26 is not limited thereto,
and may have any sealing structure formed of a transparent
thin film.

[0046] Although not shown, the sealing substrate 23 of
FIG. 3 may be formed on the sealing film 26 of FIG. 4 as a
sealing structure with respect to the organic light-emitter 21.
[0047] Reflection prevention films for preventing external
light from being reflected may be respectively formed in a
bottom surface of the substrate 1 and a top external surface of
the display unit 2.

[0048] Next, the organic light-emitter 21 according to
embodiments will be described.

[0049] FIG. 5 is a schematic plan view of the organic light-
emitter 21 of FIG. 3 or 4, according to an embodiment. More
specifically, FIG. 5 is a schematic plan view of a first pixel P1,
a second pixel P2, a third pixel P3, a fourth pixel P4, a fifth
pixel P5, a sixth pixel P6, a seventh pixel P7, an eighth pixel
P8, a ninth pixel P9, a tenth pixel P10, an eleventh pixel P11,
a twelfth pixel P12, a thirteenth pixel P13, a fourteenth pixel
P14, a fifteenth pixel P15, a sixteenth pixel P16, a seventeenth
pixel P17, and an eighteenth pixel P18 of the organic light-
emitter 21 that are adjacent to each other.

[0050] Each of the first through eighteenth pixels P1
through P18 includes a circuit region 311 and a light-emitting
region 312 in the first region 31. The circuit region 311 and the
light-emitting region 312 are disposed to be adjacent to each
other.

[0051] Also, the second regions 32 allowing the external
light to penetrate therethrough are disposed to be adjacent to
the first regions 31. Second region groups 32A, 32B, 32C,
32D, 32E, and 32F are formed by integrally connecting the
second regions 32 that are adjacent to each other.

[0052] For descriptive convenience, in FIG. 5, no reference
numeral denotes the second regions 32 for a pixel as shown in
FIGS. 1 and 2, and the second regions 32 are shown as the
second region groups 32A, 32B, 32C, 32D, 32E, and 32F
formed by integrally connecting the second regions 32 that
are adjacent to each other.

[0053] The second region groups 32A, 32B, 32C, 32D,
32E, and 32F will now be described in detail below.

[0054] The first pixel P1, the second pixel P2, and the third
pixel P3 are adjacent to each other in a first direction (in an X
axial direction of FIG. 5). The second regions included in the
first pixel P1, the second pixel P2, and the third pixel P3 are
integrally connected to form the second region group A 32A.
[0055] The pixel P4, the fifth pixel P5, and the sixth pixel P6
are adjacent to each other in the first direction. The second
regions included in the pixel P4, the fifth pixel P5, and the
sixth pixel P6 are integrally connected to form the second
region group B 32B.
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[0056] The seventh pixel P7, the eighth pixel P8, and the
ninth pixel P9 are adjacent to each other in the first direction.
The second regions included in the seventh pixel P7, the
eighth pixel P8, and the ninth pixel P9 are integrally con-
nected to form the second region group C 32C.

[0057] The tenth pixel P10, the eleventh pixel P11, and the
twelfth pixel P12 that are adjacent to the first pixel P1, the
second pixel P2, and the third pixel P3 in a second direction
(in aY axial direction of FIG. 5) are adjacent to each other in
the first direction (in the X axial direction of FIG. 5). The
second regions included in the tenth pixel P10, the eleventh
pixel P11, and the twelfth pixel P12 are integrally connected
to form the second region group D 32D.

[0058] The thirteenth pixel P13, the fourteenth pixel P14,
and the fifteenth pixel P15 that are adjacent to the fourth pixel
P4, the fifth pixel P5, and the sixth pixel P6 in the second
direction are adjacent to each other in the first direction. The
second regions included in the thirteenth pixel P13, the four-
teenth pixel P14, and the fifteenth pixel P15 are integrally
connected to form the second region group E 32E.

[0059] The sixteenth pixel P16, the seventeenth pixel P17,
and the eighteenth pixel P18 that are adjacent to the seventh
pixel P7, the eighth pixel P8, and the ninth pixel P9 in the
second direction are adjacent to each other in the first direc-
tion. The second regions included in the sixteenth pixel P16,
the seventeenth pixel P17, and the eighteenth pixel P18 are
integrally connected to form the second region group F 32F.
[0060] The second regions are connected to each other
throughout three adjacent pixels, so that an area of the second
regions through which the external light penetrates may be
increased. Thus, transmittance of the display unit 2 may be
increased.

[0061] Although the second regions are connected to each
other throughout three adjacent pixels in FIG. 5, present
embodiments are not limited thereto. The second regions may
be integrally connected to each other throughout at least two
adjacent pixels to form second region groups.

[0062] The second region groups 32A, 32B, 32C, 32D,
32E, and 32F are obliquely disposed relative to each other in
the first direction. Every second one of the second region
groups 32A, 32B, 32C, 32D, 32E, and 32F are disposed in
line with each other in the first direction.

[0063] More specifically, the second region group A 32A,
the second region group B 32B, and the second region group
C 32C are not disposed in line with each other but are dis-
posed obliquely relative to each other. However, the second
region group A 32A and the second region group C 32C of
every other line are disposed in line with each other. Although
not shown, the arrangement of the second region group A
32A, the second region group B 32B, and the second region
group C 32C may be continuously repeated.

[0064] The second region group D 32D, the second region
group E 32E, and the second region group F 32F are not
disposed in line with each other but are disposed obliquely
relative to each other. However, the second region group D
32D and the second region group F 32F of every other line are
disposed in line with each other. Although not shown, the
arrangement of the second region group D 32D, the second
region group E 32E, and the second region group F 32F may
be continuously repeated.

[0065] The second region groups 32A, 32B, 32C, 32D,
32E, and 32F that are adjacent to each other in the second
direction are disposed in parallel with each other.
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[0066] That is, the second region group A 32A and the
second region group D 32D are disposed in parallel with each
other, the second region group B 32B and the second region
group E 32E are disposed in parallel with each other, and the
second region group C 32C and the second region group F
32F are disposed in parallel with each other.

[0067] If the second region groups 32A, 32B, 32C, 32D,
32E, and 32F are disposed in line with each other in the first
direction, spaces between the second region groups 32A,
32B, 32C, 32D, 32E, and 32F disposed in line with each other
in the first direction are much greater than those therebetween
disposed in parallel with each other in the second direction.
Thus, this may cause image distortion when a user views an
image through the second region groups 32A, 32B, 32C, 32D,
32E, and 32F.

[0068] However, in present embodiments, the second
region groups 32A, 32B, 32C, 32D, 32E, and 32F are dis-
posed obliquely relative to each other in the first direction, in
particular, every second one thereof are disposed in line with
each other in the first direction. Thus, differences in the
spaces therebetween in the first direction and in the second
direction are reduced, thereby reducing the image distortion.

[0069] FIG. 6 is a cross-sectional view of the first pixel P1
of the first through eighteenth pixels P1 through P18 of FIG.
5, according to an embodiment. Referring to FIG. 6, a pixel
circuit unit PC including a TFT TR is disposed in the circuit
region 311. Although one TFT TR is shown in FIG. 6, present
embodiments are not limited thereto. The pixel circuit unit PC
may further include a plurality of other TFTs, aside from the
TFTTR, astorage capacitor, and wires, i.e., a scan line, a data
line, and a Vdd line, which are connected to the TFTs and the
storage capacitor.

[0070] The organic light-emitting device EL constituting a
light-emitting device is disposed in the light-emitting region
312. The organic light-emitting device EL is electrically con-
nected to the TFT TR of the pixel circuit unit PC.

[0071] A buffer film 211 is formed on the substrate 1, and
the pixel circuit unit PC including the TFT TR is formed on
the buffer film 211.

[0072] First, a semiconductor active layer 212 is formed on
the buffer film 211. The buffer film 211 is formed of any
transparent insulating material, which prevents penetration of
an impure element and smoothens a surface of the buffer film
211. For example, the buffer film 211 may be formed of an
inorganic material, i.e., a silicon oxide, a silicon nitride, a
silicon oxynitride, an aluminum oxide, an aluminum nitride,
a titanium oxide, or a titanium nitride, an organic material,
such as polyimide, polyester, acryl, or a stacked structure of
the inorganic material and the organic material. The buffer
film 211 is not an essential element, and may not be included.

[0073] The semiconductor active layer 212 may be formed
ofpolycrystalline silicon, but is not limited thereto. The semi-
conductor active layer 212 may be formed of an oxide semi-
conductor. For example, the semiconductor active layer 212
may be a G—I—Z7—O0 layer [(In203)a(Ga203)b(ZnO)c
layer], wherein a, b, and ¢ are each a real number satisfying
az0, b=0, c>0. When the semiconductor active layer 212 is
formed of an oxide semiconductor, transmittance of external
light of the circuit region 311 of the first region 31 may be
increased. Thus, external light transmittance of the display
unit 2 may be increased.

[0074] A gate insulation film 213, which is formed of a
transparent insulating material, is formed on the buffer film



US 2012/0280215 Al

211 to cover the semiconductor active layer 212. A gate
electrode 214 is formed on the gate insulation film 213.
[0075] An interlayer insulation film 215, which is formed
of a transparent insulating material, is formed on the gate
insulation film 213 to cover the gate electrode 214, and a
source electrode 216 and a drain electrode 217 are formed on
the interlayer insulation film 215, each contacting the semi-
conductor active layer 212 via a hole.

[0076] The structure of the TFT TR is not limited thereto,
and may vary.

[0077] A passivation film 218 is formed to cover the pixel
circuit unit PC including the TFT TR. The passivation film
218 may be a single or plurality of insulation films, wherein a
top surface is smooth. The passivation film 218 may be
formed of a transparent inorganic insulating material and/or
organic insulating material. The passivation film 218 may be
formed throughout all pixels.

[0078] As shown in FIG. 6, a first electrode 221 of the
organic light-emitting device EL electrically connected to the
TFT TR is formed on the passivation film 218. The first
electrode 221 is formed in an individual and independent
island form with respect to all pixels.

[0079] A pixel definition film 219 formed of an organic
and/or inorganic insulating material is formed on the passi-
vation film 218. The pixel definition film 219 covers a bound-
ary and exposes a predetermined region of the first electrode
221. The pixel definition film 219 may cover the first region
31, and may cover only a part of the first electrode 221. The
part of the first electrode 221 may specifically be the bound-
ary of the first electrode 221, and not the entire first region 31.

[0080] An intermediate layer 223 and a second electrode
222 are sequentially stacked on the first electrode 221. The
second electrode 222 is formed on the intermediate layer 223
and the pixel definition film 219, and is electrically connected
throughout all pixels.

[0081] The organic light emitting layer included in the
intermediate layer 223 may be a low molecular or high
molecular organic film. The low molecular organic film may
have a single or complex structure, in which a hole injection
layer (HIL), a hole transport layer (HTL), an emission layer
(EML), an electron transport layer (ETL), and an electron
injection layer (EIL) are stacked on each other, and may be
formed of an organic material, i.e., copper phthalocyanine
(CuPc), N,N'-Di(naphthalene-1-yl)-N,N'-diphenyl-benzi-
dine (NPB), or tris-8-hydroxyquinoline aluminum (Alg3). In
this case, the intermediate layer 23 may be formed in various
ways. Here, the HIL, the HTL, the ETL, and the EIL are
common layers and may be formed in all pixels irrespective of
their colors.

[0082] The first electrode 221 operates as an anode and the
second electrode 222 operates as a cathode. Alternatively,
polarities of the first and second electrodes 221 and 222 may
be changed.

[0083] The first electrode 221 may be a transparent elec-
trode and the second electrode 222 may be a reflective elec-
trode. The first electrode 221 may be formed of indium tin
oxide (ITO), anindium zinc oxide (IZO), zinc oxide (ZnO), or
indium oxide (In203), which have a high work function.
Also, the second electrode 222 may be formed of a metal
having a low work function, i.e., silver (Ag), magnesium
(Mg), aluminum (Al), platinum (Pt), palladium (Pd), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chromium
(Cr), lithium (L1), or calcium (Ca). Accordingly, the organic
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light-emitting device EL is a bottom emission type realizing
an image in a direction of the first electrode 221.

[0084] However, alternatively, the second electrode 222
may also be a transparent electrode.

[0085] As described above, the passivation film 218, the
gate insulation film 213, the interlayer insulation film 215,
and the pixel definition film 219 may each be a transparent
insulation film so as to increase external light transmittance.
The sealing substrate 23 may be disposed above the second
electrode 222. As shown in FIG. 3, the sealing substrate 23 is
combined to the substrate 1 by using the separate sealing
material 24 in the boundary of the display unit 2, so as to seal
the organic light-emitter 21 from external air. A separate
filling material (not shown) or a moisture absorbent may be
disposed in a space between the sealing substrate 23 and the
second electrode 222. However, a sealing structure of the
display unit 2 is not limited to using the sealing substrate 23
of FIG. 6. The sealing film of FIG. 3 may be alternatively
used.

[0086] Meanwhile, the second electrode 222 and the pixel
definition film 219 may respectively include a first penetrat-
ing window 224 and a second penetrating window 225. The
first penetrating window 224 may be formed by removing a
portion of the second electrode 222, which corresponds to the
second region 32. The second penetrating window 225 may
be formed by removing a portion of the pixel definition film
219, which corresponds to the second region 32. The first and
second penetrating windows 224 and 225 may be connected
to each other.

[0087] The first penetrating window 224 and the second
penetrating window 225 may be formed in island patterns. As
shown in FIG. 5, the first penetrating window 224 and the
second penetrating window 225 may be formed throughout
adjacent pixels and, in particular, corresponding to the second
region groups 32A, 32B, 32C, 32D, 32E, and 32F. In this
regard, the first penetrating window 224 is only shown in FIG.
5 for descriptive convenience, the second penetrating window
225 may be formed in a pattern corresponding to the second
region groups 32A, 32B, 32C, 32D, 32E, and 32F.

[0088] The second penetrating window 225 may be further
formed in at least one of the passivation film 218, the inter-
layer insulation film 215, the gate insulation film 213, and the
buffer film 211. However, the first and second penetrating
windows 224 and 225 do not have to exist together, and any
one of the first and second penetrating windows 224 and 225
may be formed. Here, only the first penetrating window 224
may be formed so as to increase transmittance of external
light.

[0089] Present embodiments are not limited thereto, and
the first penetrating window 224 and the second penetrating
window 225 may be formed by removing predetermined
thicknesses of portions of the second electrode 222 and the
pixel definition film 219 corresponding to the second region
32 rather than completely removing the portions.

[0090] FIG. 7 is a schematic plan view of the organic light-
emitter 21 of FIG. 3 or 4, according to an embodiment. More
specifically, FIG. 7 is a schematic plan view of the first pixel
P1, the second pixel P2, the third pixel P3, the fourth pixel P4,
the fifth pixel P5, the sixth pixel P6, the seventh pixel P7, the
eighth pixel P8, the ninth pixel P9, the tenth pixel P10, the
eleventh pixel P11, the twelfth pixel P12, the thirteenth pixel
P13, the fourteenth pixel P14, the fifteenth pixel P15, the



US 2012/0280215 Al

sixteenth pixel P16, the seventeenth pixel P17, and the eigh-
teenth pixel P18 of the organic light-emitter 21 that are adja-
cent to each other.

[0091] Each of the first through eighteenth pixels P1
through P18 includes a circuit region 311 and a light-emitting
region 312 inthe first region 31. The circuit region 311 and the
light-emitting region 312 are disposed to overlap with each
other.

[0092] Also, the second regions, through which the exter-
nal light penetrates, are disposed to be adjacent to the first
regions 31. The second region groups 32A, 32B, 32C, 32D,
32FE, and 32F are formed by integrally connecting the second
regions 32 that are adjacent to each other.

[0093] The first through eighteenth pixels P1 through P18
each include the first electrode 221 that corresponds to the
first region 31.

[0094] A scan line S extends in a first direction (in an X
axial direction of FIG. 7) and is connected to each of the first
through eighteenth pixels P1 through P18. First through third
data lines D1 through D3 are electrically connected to the first
electrodes 221 of'the first through third pixels P1 through P3.
A first Vdd line V1 is electrically connected to the first elec-
trode 221 of the first pixel P1 and the first electrode 221 of the
second pixel P2. A second Vdd line V2 is electrically con-
nected to the first electrode 221 of the third pixel P3. Although
not shown for descriptive convenience, data lines of the fourth
through eighteenth pixels P4 through P18 and the first and
second Vdd lines V1 and V2 are connected in a similar man-
ner to the first through third pixels P1 through P3.

[0095] The second region groups 32A, 32B, 32C, 32D,
32E, and 32F will now be described in detail below.

[0096] The first pixel P1, the second pixel P2, and the third
pixel P3 are adjacent to each other in the first direction (in the
X axial direction of FIG. 7). The second regions included in
the first pixel P1, the second pixel P2, and the third pixel P3
are integrally connected to form the second region group A
32A.

[0097] Thepixel P4, the fifth pixel P5, and the sixth pixel P6
are adjacent to each other in the first direction. The second
regions included in the pixel P4, the fifth pixel P5, and the
sixth pixel P6 are integrally connected to form the second
region group B 32B.

[0098] The seventh pixel P7, the eighth pixel P8, and the
ninth pixel P9 are adjacent to each other in the first direction.
The second regions included in the seventh pixel P7, the
eighth pixel P8, and the ninth pixel P9 are integrally con-
nected to form the second region group C 32C.

[0099] The tenth pixel P10, the eleventh pixel P11, and the
twelfth pixel P12 that are adjacent to the first pixel P1, the
second pixel P2, and the third pixel P3 in a second direction
(inaY axial direction of FIG. 7) are adjacent to each other in
the first direction (in the X axial direction of FIG. 7). The
second regions included in the tenth pixel P10, the eleventh
pixel P11, and the twelfth pixel P12 are integrally connected
to form the second region group D 32D.

[0100] The thirteenth pixel P13, the fourteenth pixel P14,
and the fifteenth pixel P15 that are adjacent to the fourth pixel
P4, the fifth pixel P5, and the sixth pixel P6 in the second
direction are adjacent to each other in the first direction. The
second regions included in the thirteenth pixel P13, the four-
teenth pixel P14, and the fifteenth pixel P15 are integrally
connected to form the second region group E 32E.

[0101] The sixteenth pixel P16, the seventeenth pixel P17,
and the eighteenth pixel P18 that are adjacent to the seventh
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pixel P7, the eighth pixel P8, and the ninth pixel P9 in the
second direction are adjacent to each other in the first direc-
tion. The second regions included in the sixteenth pixel P16,
the seventeenth pixel P17, and the eighteenth pixel P18 are
integrally connected to form the second region group F 32F.
[0102] The second regions are connected to each other
throughout three adjacent pixels, so that an area of the second
regions through which the external light penetrates, and thus
transmittance of the display unit 2 may be increased.

[0103] Although the second regions are connected to each
other throughout three adjacent pixels in FIG. 7, present
embodiments are not limited thereto. The second regions may
be integrally connected to each other throughout at least two
adjacent pixels to form second region groups.

[0104] The second region groups 32A, 32B, 32C, 32D,
32E, and 32F are obliquely disposed relative to each other in
the first direction. Every second one of the second region
groups 32A, 32B, 32C, 32D, 32E, and 32F are disposed in
line with each other in the first direction.

[0105] More specifically, the second region group A 32A,
the second region group B 32B, and the second region group
C 32C are not disposed in line with each other but are dis-
posed obliquely relative to each other. However, the second
region group A 32A and the second region group C 32C of
every other line are disposed in line with each other. Although
not shown in FIG. 7, the arrangement of the second region
group A 32A, the second region group B 32B, and the second
region group C 32C may be continuously repeated.

[0106] The second region group D 32D, the second region
group E 32E, and the second region group F 32F are not
disposed in line with each other but are disposed obliquely
relative to each other. However, the second region group D
32D and the second region group F 32F of every other line are
disposed in line with each other. Although not shown in FIG.
7, the arrangement of the second region group D 32D, the
second region group E 32E, and the second region group F
32F may be continuously repeated.

[0107] The second region groups 32A, 32B, 32C, 32D,
32E, and 32F that are adjacent to each other in the second
direction are disposed in parallel with each other.

[0108] That is, the second region group A 32A and the
second region group D 32D are disposed in parallel with each
other, the second region group B 32B and the second region
group E 32E are disposed in parallel with each other, and the
second region group C 32C and the second region group F
32F are disposed in parallel with each other.

[0109] However, in the present embodiment, the second
region groups 32A, 32B, 32C, 32D, 32E, and 32F are dis-
posed obliquely relative to each other in the first direction, in
particular, every second one thereof are disposed in line with
each other in the first direction, and thus differences in the
spaces therebetween in the first direction and in the second
direction are reduced, thereby reducing image distortion.
[0110] FIG. 8 is a cross-sectional view of the first pixel P1
of the first through eighteenth pixels P1 through P18 of FIG.
7, according to an embodiment. Referring to FIG. 8, the pixel
circuit unit PC including first and second TFTs TR1 and TR2
is disposed in the circuit region 311. Although now shown in
FIG. 8, the pixel circuit unit PC may further include wires,
such as a scan line, a data line, and a Vdd line.

[0111] Referringto FIG. 8, the buffer film 211 is formed on
the first surface 11 of the substrate 1, and the first TFT TR1,
a capacitor Cst, and the second TFT TR2 are formed on the
buffer film 211.
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[0112] First, a first semiconductor active layer 212a and a
second semiconductor active layer 2124 are formed on the
buffer film 211.

[0113] The first semiconductor active layer 2124 and the
second semiconductor active layer 2125 may be formed of
polycrystalline silicon, but is not limited thereto, and may be
formed of an oxide semiconductor. For example, the semi-
conductor active layer 212 may be a G—I—Z—O layer
[(In203)a(Ga203)b(ZnO)c layer], wherein a, b, and ¢ are
each a real number satisfying a=0, b=0, ¢c>0.

[0114] The gate insulation film 213 is formed on the buffer
film 211 to cover the first semiconductor active layer 212a
and the second semiconductor active layer 2125, and a first
gate electrode 214a and a second gate electrode 2145 are
formed on the gate insulation film 213.

[0115] The interlayer insulation film 215 is formed on the
gate insulation film 213 to cover the first gate electrode 214a
and the second gate electrode 2145, and a first source elec-
trode 216a, a second source electrode 2165, a first drain
electrode 217a, and a second source electrode 2175 are
formed on the interlayer insulation film 215, each contacting
the first semiconductor active layer 212a and the second
semiconductor active layer 2125 via a hole.

[0116] The scan line S may be formed simultaneously with
the formation of the first gate electrode 214a and the second
gate electrode 214b. The first data line D1 may be formed to
be simultaneously connected to the first source electrode
216a. The first Vdd line V may be formed to be simulta-
neously connected to the second source electrode 2164.

[0117] Abottom electrode 2204 of the capacitor Cst may be
formed simultaneously with the formation of the first gate
electrode 214a and the second gate electrode 2145. The top
electrode 2204 of the capacitor Cst may be formed simulta-
neously with the formation of the first drain electrode 217a.

[0118] The structures of the first TFT TR1, the capacitor
Cst, and the second TFT TR2 are not limited thereto, and may
vary. For example, the first TFT TR1 and the second TFT TR2
may have a top gate structure, whereas the first TFT TR1 and
the second TFT TR2 may have a bottom gate structure in
which the first gate electrode 214a and the second gate elec-
trode 2145 are disposed in bottom portions of the first semi-
conductor active layer 212a and the second semiconductor
active layer 2125. All applicable structures of a TFT may be
applied.

[0119] The passivation film 218 is formed to cover the first
TFT TR1, the capacitor Cst, and the second TFT TR2. The
passivation film 218 may be a single or plurality of insulation
films, wherein a top surface is even. The passivation film 218
may be formed of an inorganic material and/or organic mate-
rial.

[0120] The first electrode 221 is formed on the passivation
film 218 to cover the first TFT TR1, the capacitor Cst, and the
second TFT TR2. The first electrode 221 is connected to the
second drain electrode 2176 of the second TFT TR2. The first
electrode 221 is formed in an individual and independent
island form according to all pixels as shown in FIG. 7.

[0121] The pixel definition film 219fis formed on the pas-
sivation film 218 to cover the boundary of the first electrode
221. The intermediate layer 223 including the organic light
emitting layer and the second electrode 222 are sequentially
stacked on the first electrode 221. The second electrode 222
may be formed throughout the first and second regions 31 and
32.
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[0122] The first electrode 221 operates as an anode and the
second electrode 222 operates as a cathode, or alternatively,
polarities of the first and second electrodes 221 and 222 may
be changed.

[0123] The first electrode 221 has a size corresponding to
the first region 31 according to pixels. The second electrode
222 may be a common electrode to cover all pixels.

[0124] According to an embodiment, the first electrode 221
may be a reflective electrode and the second electrode 222
may be a transparent electrode. Accordingly, the organic
light-emitter 21 is a top emission type realizing an image in a
direction of the second electrode 222.

[0125] Accordingly, the first electrode 221 may include a
reflective film formed of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr,
Li, Ca, or a compound thereof, and ITO, IZO, ZnO, or In,0;,
which has a high work function. Meanwhile, the second elec-
trode 222 may be formed of a metal having a low work
function, such as Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca,
or an alloy thereof. The second electrode 222 may be formed
as a thin film for high transmittance.

[0126] As such, when the first electrode 221 is a reflective
electrode, the pixel circuit unit PC disposed below the first
electrode 221 is covered by the first electrode 221, and thus,
a user at an upper outer side of the second electrode 222 is
unable to view patterns of the first TFT TR1, the capacitor
Cst, and the second TFT TR2, the scan line S, the first data line
D, and the first Vdd line V1, which are below the first elec-
trode 221.

[0127] Since the first electrode 221 is the reflective elec-
trode, an emitted light is only transmitted to the user, i.e.,
upward. Thus, the amount of light lost in an opposite direction
of the user may be reduced. Also, as described above, since
the first electrode 221 covers various patterns of a pixel circuit
therebelow, the user is able to view a clear external image
[0128] As described above, the passivation film 218, the
gate insulation film 213, the interlayer insulation film 215,
and the pixel definition film 219 may be transparent insulation
films to increase transmittance of external light.

[0129] Meanwhile, the first penetrating window 224 may
be formed in a portion of the second electrode 222 of the
second region group A 32A. FIG. 9 is a cross-sectional view
of a pixel of the organic light-emitter of FIG. 7, according to
another embodiment. The second penetrating window 225 is
further formed in the pixel definition film 219. The second
penetrating window 225 may be formed by removing a por-
tion of the pixel definition film 219 corresponding to the
second region group A 32A. The first and second penetrating
windows 224 and 225 may be connected to each other.
[0130] Although the first penetrating window 224 is only
shown in FIG. 7, the second penetrating window 225 may be
formed in the same pattern as the first penetrating window
224.

[0131] The second penetrating window 225 may be further
formed in at least one of the passivation film 218, the inter-
layer insulation film 215, the gate insulation film 213, and the
buffer film 211. However, the first and second penetrating
windows 224 and 225 do not have to exist together, and any
one of the first and second penetrating windows 224 and 225
may be formed. Here, only the first penetrating window 224
may be formed so as to increase transmittance of external
light.

[0132] Present embodiments are not limited thereto, and
the first penetrating window 224 and the second penetrating
window 225 may be formed by removing predetermined
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thicknesses of portions of the second electrode 222 and the
pixel definition film 219 corresponding to the second region
32 rather than completely removing the portions.

[0133] FIG. 10 is a schematic plan view of the organic
light-emitter 21 of FIG. 3 or 4, according to an embodiment.
More specifically, FIG. 10 is a schematic plan view of the first
pixel P1, the second pixel P2, the third pixel P3, the fourth
pixel P4, the fifth pixel P5, the sixth pixel P6, the seventh pixel
P7, the eighth pixel P8, the ninth pixel P9, the tenth pixel P10,
the eleventh pixel P11, the twelfth pixel P12, the thirteenth
pixel P13, the fourteenth pixel P14, the fifteenth pixel P15, the
sixteenth pixel P16, the seventeenth pixel P17, and the eigh-
teenth pixel P18 of the organic light-emitter 21 that are adja-
cent to each other.

[0134] Each of the first through eighteenth pixels P1
through P18 includes a circuit region 311 and a light-emitting
region 312 in the first region 31. The circuit region 311 and the
light-emitting region 312 are disposed to be adjacent to each
other.

[0135] Also, the second regions allowing the external light
to penetrate therethrough are disposed to be adjacent to the
first regions 31. A plurality of second region groups are
formed by integrally connecting the second regions that are
adjacent to each other. The second region groups are inte-
grally connected to form second region group sets 32AA,
32BB, and 32CC.

[0136] The second region group sets 32AA, 32BB, and
32CC will now be described in detail below.

[0137] The first pixel P1, the second pixel P2, and the third
pixel P3 are adjacent to each other in a first direction (in an X
axial direction of FIG. 10). The second regions included in the
first pixel P1, the second pixel P2, and the third pixel P3 are
integrally connected to form a second region group. The
fourth pixel P4, the fifth pixel P5, and the sixth pixel P6 that
are adjacent to the first pixel P1, the second pixel P2, and the
third pixel P3 in a second direction (in aY axial direction of
FIG. 10) are adjacent to each other in the first direction. The
second regions included in the fourth pixel P4, the fifth pixel
P5, and the sixth pixel P6 are integrally connected to form
another second region group. The second regions of the first
through sixth pixels P1 through P6 are integrally connected to
form the second region group set AA 32AA.

[0138] A center line L1 of the second region group set AA
32AA may be a boundary of the first pixel P1 and the fourth
pixel P4, a boundary of'the second pixel P2 and the fifth pixel
P5, and a boundary of the third pixel P3 and the sixth pixel P6.

[0139] The seventh pixel P7, the eighth pixel P8, and the
ninth pixel P9 are adjacent to each other in the first direction
(in the X axial direction of FIG. 10). The second regions
included in the seventh pixel P7, the eighth pixel P8, and the
ninth pixel P9 are integrally connected to form a second
region group. The tenth pixel P10, the eleventh pixel P11, and
the twelfth pixel P12 that are adjacent to the seventh pixel P7,
the eighth pixel P8, and the ninth pixel P9 in the second
direction (in the Y axial direction of FIG. 10) are adjacent to
each other in the first direction. The second regions included
in the tenth pixel P10, the eleventh pixel P11, and the twelfth
pixel P12 are integrally connected to form another second
region group. The second regions of the seventh through
twelfth pixels P7 through P12 are integrally connected to
form the second region group set BB 32BB.

[0140] Thecenter line L1 ofthe second region group set BB
32BB may be a boundary of the seventh pixel P7 and the tenth
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pixel P10, a boundary of the eighth pixel P8 and the eleventh
pixel P11, and a boundary of the ninth pixel P11 and the
twelfth pixel P12.

[0141] The thirteenth pixel P13, the fourteenth pixel P14,
and the fifteenth pixel P15 are adjacent to each other in the
first direction (in the X axial direction of FIG. 10). The second
regions included in the thirteenth pixel P13, the fourteenth
pixel P14, and the fifteenth pixel P15 are integrally connected
to form a second region group. The sixteenth pixel P16, the
seventeenth pixel P17, and the eighteenth pixel P18 that are
adjacent to the thirteenth pixel P13, the fourteenth pixel P14,
and the fifteenth pixel P15 in the second direction (in the Y
axial direction of FIG. 10) are adjacent to each other in the
first direction. The second regions included in the sixteenth
pixel P16, the seventeenth pixel P17, and the eighteenth pixel
P18 are integrally connected to form another second region
group. The second regions of the thirteenth through eigh-
teenth pixels P13 through P18 are integrally connected to
form the second region group set CC 32CC.

[0142] Thecenter line L1 ofthe second region group set CC
32CC may be a boundary of the thirteenth pixel P13 and the
sixteenth pixel P16, a boundary of the fourteenth pixel P14
and the seventeenth pixel P17, and a boundary of the fifteenth
pixel P15 and the eighteenth pixel P18.

[0143] The second regions are connected to each other
throughout six adjacent pixels to form the second region
group sets 32AA, 32BB, and 32CC, so that an area of the
second regions through which the external light penetrates
increases. Thus, transmittance of the display unit 2 may be
increased.

[0144] The second region group sets 32AA, 32BB, and
32CC are obliquely disposed relative to each other in the first
direction. Every second one of the second region group sets
32AA, 32BB, and 32CC are disposed in line with each other
in the first direction.

[0145] More specifically, the second region group set AA
32AA, the second region group set BB 32BB, and the second
region group set CC 32CC are not disposed in line with each
other but are disposed obliquely relative to each other. How-
ever, the second region group set AA 32AA and the second
region group set CC 32CC of every other line are disposed in
line with each other. Although not shown in FIG. 10, the
arrangement of the second region group set AA 32AA, the
second region group set BB 32BB, and the second region
group set CC 32CC may be continuously repeated.

[0146] The second region group set AA 32AA, the second
region group set BB 32BB, and the second region group set
CC 32CC that are adjacent to each other in the second direc-
tion are disposed in parallel with each other.

[0147] Inthe present embodiment, the second region group
set AA 32AA, the second region group set BB 32BB, and the
second region group set CC 32CC are disposed obliquely
relative to each other in the first direction. In particular, every
second one thereof are disposed in line with each other in the
firstdirection. Thus, differences in the spaces therebetween in
the first direction and in the second direction are reduced,
thereby reducing the image distortion.

[0148] By way of summation and review, an organic light-
emitting apparatus may include a transparent display appara-
tus. However, when the organic light-emitting apparatus is
used as the transparent display apparatus, a user sees light
from the object or the image penetrating through an organic
light-emitting device, a transparent thin film transistor (TFT),
a pattern of several wires, and a space between the wires.



US 2012/0280215 Al

Hence, transmittances of the organic light-emitting diode of
the organic light-emitting apparatus, the TFT, and the wires
may not be high. In this regard, the space between the wires is
very small, contributing to the transmittance of the organic
light-emitting apparatus not being high.

[0149] In contrast, embodiments are directed to an organic
light-emitting display apparatus with improved external light
transmittance and image quality.

[0150] Exemplary 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.

What is claimed is:

1. An organic light-emitting display apparatus, compris-
ing:

a substrate;

a plurality of pixels on a first surface of the substrate, each
pixel of the plurality of pixels having a first region in
which visible rays are emitted and a second region
through which external light penetrates, such that the
plurality of pixels provide a plurality of first and second
regions;

a plurality of pixel circuit units in the first region of each
pixel, each pixel circuit unit of the plurality of pixel
circuit units including at least one thin film transistor
(TET);

aplurality of first electrodes independently disposed in the
first region of each pixel, each first electrode of the
plurality of first electrodes being electrically connected
to each pixel circuit unit;

a second electrode facing the first electrodes, the second
electrode being electrically connected throughout the
pixels; and

an intermediate layer including an organic emitting layer
between the first electrodes and the second electrode,

wherein the second regions included in at least two adja-
cent pixels of the plurality of pixels in a first direction are
integrally connected to form a plurality of second region
groups obliquely disposed relative to each other in the
first direction.

2. The organic light-emitting display apparatus as claimed
in claim 1, wherein every second one of the plurality of
second region groups is mutually aligned in the first direction.

3. The organic light-emitting display apparatus as claimed
in claim 1, wherein second region groups adjacent to each
other in a second direction perpendicular to the first direction
are parallel to each other.

4. The organic light-emitting display apparatus as claimed
in claim 1, wherein the second region groups are formed by
integrally connecting second regions included in three adja-
cent pixels in the first direction.

5. The organic light-emitting display apparatus as claimed
in claim 1, wherein at least two second region groups adjacent
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to each other in a second direction perpendicular to the first
direction are integrally connected to form a plurality of sec-
ond region group sets.

6. The organic light-emitting display apparatus as claimed
in claim 5, wherein the second region group sets are obliquely
disposed relative to each other in the first direction.

7. The organic light-emitting display apparatus as claimed
in claim 6, wherein every second one of the plurality of
second region group sets is mutually aligned in the first direc-
tion.

8. The organic light-emitting display apparatus as claimed
in claim 6, wherein the second region group sets adjacent to
each other in the second direction perpendicular to the first
direction are parallel to each other.

9. The organic light-emitting display apparatus as claimed
in claim 1, wherein the first electrodes include light penetra-
tion electrodes.

10. The organic light-emitting display apparatus as
claimed in claim 1, wherein the first electrodes include light
reflection electrodes.

11. The organic light-emitting display apparatus as
claimed in claim 1, wherein the second electrode includes a
plurality of first penetration windows in positions corre-
sponding to the second regions.

12. The organic light-emitting display apparatus as
claimed in claim 11, wherein the first penetration windows
are formed corresponding to the second region groups.

13. The organic light-emitting display apparatus as
claimed in claim 12, further comprising at least one insulation
film between the substrate and the second electrode,

wherein the insulation film includes a plurality of second

penetration windows corresponding to the plurality of
second region groups.

14. The organic light-emitting display apparatus as
claimed in claim 1, wherein the first region of each pixel
includes a light-emitting region and a circuit region, the at
least one TFT is disposed in the circuit region, the plurality of
first electrodes are disposed in the light-emitting region, and
the light-emitting region and the circuit region of each pixel
are adjacent to each other.

15. The organic light-emitting display apparatus as
claimed in claim 1, wherein the first region of each pixel
includes a light-emitting region and a circuit region, the plu-
rality of pixel circuit units are disposed in the circuit region,
the plurality of first electrodes are disposed in the light-emit-
ting region, and the light-emitting region overlaps the circuit
region to cover the circuit region.

16. The organic light-emitting display apparatus as
claimed in claim 15, wherein a first area of each first electrode
of'each pixel is a same area as a second area of the first region.
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