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(54) Organic Light-Emitting Display Device

(57)  Anorganic light-emitting display device includes
pixels on a first surface of a substrate (1), each pixel
having a first region (31) and a second region (32); pixel
circuit units in the first region, each pixel circuit unit in-
cluding at least one TFT (TR); a first insulation film (218)
covering the pixel circuit units; first electrodes (221) on
the first insulation film, each first electrode being inde-
pendently disposed in the first region and electrically con-

FIG.

nected to each pixel circuit unit; a second insulation film
(219) covering at least part of the first electrodes; a sec-
ond electrode (222) facing the first electrodes, the second
electrode being electrically connected throughout the
pixels and formed in at least the first region; an organic
film (223) between the first electrodes and the second
electrode; a sealing member (2) facing the first surface
of the substrate; and a reflection preventing film (4) on a
second surface of the substrate.
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Description

[0001] The present invention relates to an organic
light-emitting display device. More particularly, embodi-
ments relate to a transparent organic light-emitting dis-
play device.

[0002] An organic light-emitting display device has ex-
cellent characteristics in terms of viewing angle, contrast,
response speed, and power consumption. Thus, organic
light-emitting display devices are widely used in personal
portable devices, i.e., MP3 players or mobile phones,
and televisions (TVs).

[0003] According to an embodiment, there is provided
an organic light-emitting display device including: a sub-
strate; a plurality of pixels on a first surface of the sub-
strate, each pixel having a first region emitting light to-
ward the substrate and a second region allowing an ex-
ternal light to penetrate therethrough; a plurality of pixel
circuit units in the first region of each pixel, each pixel
circuit unitincluding at least one thin film transistor (TFT);
a first insulation film covering the pixel circuit units; a
plurality of first electrodes formed on the first insulation
film, each first electrode of the first electrodes independ-
ently disposed in the first region of each pixel and elec-
trically connected to each pixel circuit unit; a second in-
sulation film covering at least part of the first electrodes;
a second electrode facing the plurality of first electrodes,
the second electrode being electrically connected
throughoutthe pixels and formed in at least the firstregion
of each pixel; an organic film between the first electrodes
and the second electrode; a sealing member facing the
first surface of the substrate; and a reflection preventing
film on a second surface of the substrate, wherein the
reflection preventing film includes a reflection preventer
corresponding to the first region and a transparent unit
corresponding to the second region.

[0004] The reflection preventer may include a linear
polarization film and a phase converting film. The reflec-
tion preventer may include a circular polarization film.
The transparent unit may include any one of a linear po-
larization film and a phase converting film.

[0005] The transparent unit may have a hole.
[0006] The second electrode may be a light reflecting
electrode.

[0007] Thefirstregion of each pixel may include a light-
emitting region and a circuit region, the pixel circuit units
may be disposed in the circuit region, the first electrodes
may be disposed in the light-emitting region, and the light-
emitting region and the circuit region of each pixel may
be adjacent to each other.

[0008] The second region of at least two adjacent pix-
els may be independent from each other, and the trans-
parent unit may be independent from another adjacent
transparent unit.

[0009] The second region of at least two adjacent pix-
els may be connected to each other, and the transparent
unit may be connected to another adjacent transparent
unit.
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[0010] The second electrode may include a plurality of
first penetrating windows respectively at locations corre-
sponding to the second regions.

[0011] The second insulation film may include a plu-
rality of second penetrating windows connected to the
plurality of first penetrating windows.

[0012] According to another embodiment, there is pro-
vided an organic light-emitting display device including:
a substrate; a plurality of pixels on a first surface of the
substrate, each pixel of the pixels having a first region
emitting light in a direction opposite to the substrate and
a second region allowing an external light to penetrate
therethrough; a plurality of pixel circuit units in the first
region of each pixel, each pixel circuit unit including at
least one TFT; a first insulation film covering the pixel
circuit units; a plurality of first electrodes on the first in-
sulation film, each first electrode of the first electrodes
being independently disposed in the first region of each
pixel and electrically connected to each pixel circuit unit;
a second insulation film covering at least part of the first
electrodes; a second electrode facing the plurality of first
electrodes, the second electrode being electrically con-
nected throughout the pixels and formed in at least the
first region of each pixel; an organic film between the first
electrodes and the second electrode; a sealing member
facing the first surface of the substrate; and a reflection
preventing film on a second surface of the substrate,
wherein the reflection preventing filmincludes areflection
preventer corresponding to the first region and a trans-
parent unit corresponding to the second region.

[0013] The reflection preventer may include a linear
polarization film and a phase converting film. The reflec-
tion preventer may include a circular polarization film.
The transparent unit may include any one of a linear po-
larization film and a phase converting film.

[0014] The transparent unit may have a hole.
[0015] Each first electrode may be a light reflecting
electrode.

[0016] Thefirstregion of each pixel may include a light-
emitting region and a circuit region, the pixel circuit units
may be disposed in the circuit region, the first electrodes
may be disposed in the light-emitting region, and the light-
emitting region may overlap and cover the circuit region.
[0017] The second region of at least two adjacent pix-
els may be independent from each other, and the trans-
parent unit may be independent from another adjacent
transparent unit.

[0018] The second region of at least two adjacent pix-
els may be connected to each other, and the transparent
unit may be connected to another adjacent transparent
unit.

[0019] The second electrode may include a plurality of
first penetrating windows respectively at locations corre-
sponding to the second regions.

[0020] The second insulation film may include a plu-
rality of second penetrating windows connected to the
plurality of first penetrating windows.

[0021] The above and other features will become more
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apparent by describing in detail exemplary embodiments
thereof with reference to the attached drawings in which:

FIG. 1 is a schematic cross-sectional view of an or-
ganic light-emitting display device according to an
embodiment;

FIG. 2 is a schematic cross-sectional view of an or-
ganic light-emitting display device according to an-
other embodiment;

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

FIG. 4 is a cross-sectional view illustrating in detail
the organic light-emitting display device of FIG. 1 or
2, according to another embodiment;

FIGS. 5A and 5B are conceptual diagrams for de-
scribing a principle of preventing reflection of an ex-
ternal light by a reflection preventer;

FIG. 6 is a schematic plan view of an organic light-
emitter of FIG. 3 or 4, according to an embodiment;
FIG. 7 is a schematic plan view of the organic light-
emitter of FIG. 3 or 4, according to another embod-
iment;

FIG 8 is a cross-sectional view of a pixel of the or-
ganic light-emitter of FIG. 3 or 4, according to an
embodiment;

FIG 9 is a cross-sectional view of the pixel of the
organic light-emitter of FIG. 3 or 4, according to an-
other embodiment;

FIG. 10 is a schematic plan view of the organic light-
emitter of FIG. 3 or 4, according to another embod-
iment;

FIG 11 is a cross-sectional view of a pixel of the
organic light-emitter of FIG. 3 or 4, according to an-
other embodiment; and

FIGS. 12 and 13 are plan views of reflection prevent-
ing films according to embodiments.

[0022] Referring to FIG. 1, the organic light-emitting
display device includes an organic light-emitter (not
shown) on a substrate 1, and a sealing substrate 2 cov-
ering the organic light-emitter. Meanwhile, the organic
light-emitting display device also includes a reflection
preventing film 4 on an outer surface of the substrate 1
where an image is realized.

[0023] In the organic light-emitting display device, ex-
ternal light penetrates through the substrate 1, the or-
ganic light-emitter, and the sealing substrate 2.

[0024] Also, aswillbe described later, the organic light-
emitter and the sealing substrate 2 are configured such
that the external light penetrates, or passes, through
them, and as shown in FIG. 1, a user located at a side
where the image is realized may be able to view an image
of an upper external side of the substrate 1. The organic
light-emitting display device of FIG. 1 is a bottom-emis-
sion type, wherein the image is realized toward the sub-
strate 1. Alternatively, as shown in FIG. 2, the organic
light-emitting display device may be a top-emission type,
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wherein the image is realized in an opposite direction of
the substrate 1. As shown in FIG. 2, the user may view
theimage on the substrate 1, or at a bottom external side.
However, the type of the organic light-emitting display
device is not limited thereto. The organic light-emitting
display device may be a dual-emission type, wherein the
image is realized toward and in an opposite direction of
the substrate 1.

[0025] FIGS. 1 and 2 shows a first pixel P1 and a sec-
ond pixel P2, which are two adjacent pixels of the organic
light-emitting display device.

[0026] Each of the first and second pixels P1 and P2
includes a first region 31 and a second region 32.
[0027] The image is realized through the first region
31, and the external light penetrates through the second
region 32.

[0028] 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 ex-
ternal light penetrates. Thus, the user may view an ex-
ternal scene when not viewing the image realized by the
organic light-emitting display device.

[0029] Here, devices, i.e., 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 exter-
nal light transmittance in the second region 32. Thus,
external light transmittance is increased in the organic
light-emitting display device. Also, distortion of a pene-
trated image due to the devices, i.e., the TFT, the capac-
itor, and the organic light-emitting device, may be re-
duced.

[0030] FIG. 3 is a cross-sectional view illustrating in
detail the organic light-emitting display device of FIG. 1
or 2, according to an embodiment. Referring to FIG. 3,
the organic light-emitting display device further includes
an organic light-emitter 21 formed on a first surface 11
of the substrate 1, the sealing substrate 2 sealing the
organic light-emitter 21, and a sealing material 24 for
combining the substrate 1 and the sealing substrate 2.
[0031] The sealing substrate 2 is formed of a transpar-
ent material so that the image is realized from the organic
light-emitter. The sealing substrate 2 prevents any exter-
nal air or moisture from penetrating into the organic light-
emitter.

[0032] Boundaries of the substrate 1 and the sealing
substrate 2 are combined by the sealing material 24.
Thus, a space 25 between the substrate 1 and the sealing
substrate 2 are sealed. A moisture absorbent or a filling
material may be disposed in the space 25.

[0033] As shown in FIG. 4, a sealing film 23, instead
of the sealing substrate 2, may be formed on the organic
light-emitter 21 so as to protect the organic light-emitter
21 from external air. The sealing film 23 may have a struc-
ture in which a film formed of an inorganic material, i.e.,
a silicon oxide or a silicon nitride, and a film formed of an
organic material, i.e., epoxy or polyimide, are alternately
stacked on each other. However, the structure of the seal-
ing film 23 is not limited thereto, and may have any sealing
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structure formed of a transparent thin film.

[0034] Although not shown, the sealing substrate 2 of
FIG. 3 may be formed on the sealing film 23 of FIG. 4.
[0035] Meanwhile, FIGS. 3 and 4 illustrate in detail the
organic light-emitting display device of FIG. 1, according
to embodiments. Since the organic light-emitting display
device of FIG. 1 realized the image toward the bottom of
the substrate 1, the reflection preventing film 4 for pre-
venting reflection of the external light is formed on the
bottom, i.e., a second surface 12, of the substrate 1. Al-
ternatively, although notillustratedin FIGS. 3and 4, since
the organic light-emitting display device of FIG. 2 realizes
the image in the opposite direction of the substrate 1, the
reflection preventing film 4 for preventing the reflection
of the external light is formed on an external surface of
the sealing substrate 2 or the sealing film 23.

[0036] In the organic light-emitting display device, the
external light transmittance in the second region 32 is
maximized to increase external light transmittance in the
organic light-emitting display device. Also, the reflection
preventing film 4 is disposed on the first region 31 to
prevent the reflection of the external light, thereby in-
creasing contrast of the organic light-emitting display de-
vice and displaying a clear image.

[0037] Aswillbe described laterin detail with reference
to FIGS. 8 and 11, a pixel circuit unit including at least
one TFTisdisposedinthe firstregion 31. Also, an organic
light-emitting device including a first electrode and a sec-
ond electrode is disposed in thefirstregion 31. A structure
such as the pixel circuit unit or the organic light-emitting
device including the first and second electrodes reflects
the external light, thereby causing contrast of the organic
light-emitting display device to deteriorate. Specifically,
one of the first and second electrodes operates as a re-
flection electrode to realize bottom emission or top emis-
sion. Thus, the contrast of the organic light-emitting dis-
play deviceis further deteriorated since the first or second
electrodereflects the external light. Accordingly, a portion
corresponding to the firstregion 31 needs to have a struc-
ture forremoving the reflection of the external light. Mean-
while, the second region 32 may not include an insulation
film, an electrode, or an optical film so as to increase the
external light transmittance.

[0038] Accordingly, the reflection preventing film 4 is
used to reduce reflectivity of the external light in the first
region 31 and increase the external light transmittance
inthe second region 32. In detail, the reflection preventing
film 4 includes a reflection preventer 41 for reducing the
reflectivity of the external light in a portion corresponding
to the first region 31, and a transparent unit 42 for in-
creasing the external light transmittance in a portion cor-
responding to the second region 32.

[0039] The reflection preventer 41 includes a circular
polarization film, or a film in which a linear polarization
film and a phase converting film are stacked on each
other. Here, the external light is converted to a circular
light having a predetermined rotating direction as it pass-
es through the circular polarization film. Alternatively, the
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external light is converted to a linear light having a pre-
determined direction as it passes through the linear po-
larization film, and a phase of the linear light is changed
by 1/4 of a wavelength as the linear light passes through
the phase converting film. Thus, the linear light is con-
verted to a circular light having a predetermined rotating
direction. Here, the phase converting film may be a A/4
retarder. Accordingly, the film in which the linear polari-
zation film and the phase converting film are stacked on
each other may have the same functions as the circular
polarization film.

[0040] Meanwhile, the reflection preventing film 4 may
have a film shape or may be formed by directly molding
a linear structure on a coated thin film. For example, the
circular polarization film, the linear polarization film, and
the phase converting film may be films adhered to the
reflection preventer41. However, the reflection preventer
41 is not limited thereto. The phase converting film of the
reflection preventer 41 may be configured to change a
phase by forming a multilayer of organic or inorganic thin
films and then adjusting a thickness of the organic or
inorganic thin films. Here, the linear polarization film of
the reflection preventer 41 may be formed on the phase
converting film by periodically disposing a metallic linear
structure having a nano-size.

[0041] FIGS. 5A and 5B are conceptual diagrams for
describing a principle of preventing the reflection of the
external light by the reflection preventer 41.

[0042] The principle of preventing the reflection of the
external light by the reflection preventer 41 including the
circular polarization film 47 will now be described with
reference to FIG. 5A.

[0043] Anexternallight51is convertedtoafirstcircular
light 51’ rotating in a predetermined direction, by passing
through the reflection preventer 41. The first circular light
51’ is reflected at a first electrode or a second electrode,
which reflects a light and is included in an organic light-
emitting device EL disposed in the first region 31. Here,
when the organic light-emitting display device is a bottom
emission type, the second electrode may be a light re-
flecting electrode, and when the organic light-emitting
display device is a top emission type, the first electrode
may be a light reflecting electrode. Here, the reflected
first circular light 51’ is converted to a second circular
light 51" as a rotating direction of the first circular light
51’ changes to an opposite direction. For example, when
the first circular light 51’ is a right circular light in a clock-
wise rotation, the second circular light 51" is a left circular
light in a counterclockwise rotation. Since the rotating
direction of the second circular light 51" is opposite, the
second circular light 51" cannot pass through the reflec-
tion preventer 41 including the circular polarization film
47 again. As aresult, the external light 51 is not reflected
and disappears. Thus, an image reflected from the first
region 31 of the organic light-emitting display device is
clearly displayed without deterioration of contrast due to
the reflection of the external light 51.

[0044] The principle of preventing the reflection of the
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external light by the reflection preventer including a film
in which a linear polarization film 45 and a phase con-
verting film 43 are stacked on each other will be described
with reference to FIG. 5B. Here, the phase converting
film 43 may be disposed closer to the organic light-emit-
ting device EL, and the linear polarization film 45 may be
stacked on an external surface of the phase converting
film 43.

[0045] The externallight’51 is converted to afirstlinear
light 51x, which vibrates in a predetermined axis direc-
tion, by passing through the linear polarization film 45.
Then, a phase of the first linear light 51x is changed by
1/4 of a wavelength by the phase converting film 43.
Thus, the first linear light 51x is converted to the first
circular light 51’ rotating in a predetermined rotating di-
rection. The first circular light 51’ is reflected at a first
electrode or a second electrode, which reflects a light
and is included in the organic light-emitting device EL
disposed in the first region 31. Here, the reflected first
circular light 51’ is converted to the second circular light
51" as a rotating direction of the first circular light 51’
changes to an opposite direction. The second circular
light 51" again passes through the phase converting film
43 and thus is converted into a second linear light 51y.
The second linear light 51y has a perpendicular compo-
nent of the first linear light 51x. Accordingly, the second
linear light 51y cannot pass through the linear polariza-
tion film 45 again. As a result, the external light 51 is not
reflected and disappears. Thus, an image reflected from
the first region 31 of the organic light-emitting display
device is clearly displayed without deterioration of con-
trast due to the reflection of the external light 51.
[0046] Meanwhile, unlike the reflection preventer 41,
the transparent unit 42 may include any one of the linear
polarization film 45 and the phase converting film 43, or
may not include any optical film and have a hole corre-
sponding to the second region 32. Since the transparent
unit 42 penetrates through the external light without a
polarization function, the external light transmittance of
the organic light-emitting display device is improved.
Meanwhile, it may be better to form a hole through the
transparent unit 42, since the linear polarization film 45
or the phase converting film 43 may partially absorb or
allow the external light to only partially penetrate there-
through.

[0047] The transparent unit42 may be formed by mak-
ing the hole at a portion corresponding to the second
region 32 of the pixel in the reflection preventing film 4.
Such a hole may be formed by pressing the reflection
preventing film 4 by using a mold including a minute
blade. Alternatively, the hole may be formed by applying
heat to a part of the reflection preventing film 4 by using
a minute laser beam.

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

[0049] FIG. 6 is a schematic plan view of a red pixel
Pr, a green pixel Pg, and a blue pixel Pb of the organic
light-emitter 21, according to an embodiment.
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[0050] Each of the red pixel Pr, green pixel Pg, and
blue pixel Pb includes a circuit region 311 and a light-
emitting region 312in the firstregion 31. The circuit region
311 and the light-emitting region 312 are adjacently dis-
posed.

[0051] Also, the second region 32 penetrating through
the external light is adjacently disposed to the first region
31.

[0052] The second regions 32 may be independently
disposed according to the red, green, and blue pixels Pr,
Pg, and Pb as shown in FIG. 6, or connected to each
other throughout the red, green, and blue pixels Pr, Pg,
and Pb. Referring to FIG. 7, an area of the second region
32 the external light to penetrate therethrough is large.
Thus, transmittance of the organic light-emitting display
device may be increased. Meanwhile, in FIG. 6, wires
(data wires and power supply wires) pass through a
space between the independent second regions 32, but
in FIG. 7, the second regions 32 are connected to each
other. Thus, the wires (data wires and power supply
wires) are disposed at both outer sides of a penetration
region. In other words, the wires (data wires and power
supply wires) are not disposed to cross the second region
32.

[0053] InFIG.7,thered, green, and blue pixels Pr, Pg,
and Pb are connected to each other throughout the sec-
ond region 32, but positions of the red, green, and blue
pixels Pr, Pg, and Pb are not limited thereto. Any two
adjacent pixels of the red, green, and blue pixels Pr, Pg,
and Pb may be connected in the second regions 32.
[0054] FIG 8 is a cross-sectional view of any one of
the red, green, and blue pixels Pr, Pg, and Pb of FIG. 6
or 7, according to an embodiment.

[0055] As shown in FIG. 8, a TFT TR is disposed in
the circuit region 311, but instead of just one TFT TR, a
pixel circuit unit PC including the TFT TR may be dis-
posed in the circuit region 311. The pixel circuit unit PC
may further include a plurality of other TFTs, aside from
the TFT TR, a storage 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.

[0056] The organic light-emitting device EL constitut-
ing a light-emitting device is disposed in the light-emitting
region 312. The organic light-emitting device EL is elec-
trically connected to the TFT TR of the pixel circuit unit
PC.

[0057] 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.

[0058] First, a semiconductor active layer 212 is
formed on the buffer film 211.

[0059] The buffer film 211 is formed of any transparent
insulating material, which prevents penetration of an im-
pure element and smooths a surface of the buffer film
21. For example, the buffer film 211 may be formed of
aninorganic material, i.e., a silicon oxide, a silicon nitride,
a silicon oxynitride, an aluminum oxide, an aluminum ni-
tride, a titanium oxide, or a titanium nitride, an organic
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material, i.e., polyimide, polyester, acryl, or a stacked
structure of the inorganic material and the organic mate-
rial. The buffer film 211 is not an essential element, and
thus may not be included.

[0060] The semiconductor active layer 212 may be
formed of polycrystalline silicon, but is not limited thereto,
and may be formed of an oxide semiconductor. For ex-
ample, the semiconductor active layer 212 may be a G-
I-Z-0O layer [(In,03)a(Ga,03)b(Zn0O)c layer], wherein a,
b, and c are each a real number satisfying a0, b>0, ¢ >
0. When the semiconductor active layer 212 is formed of
an oxide semiconductor, light transmittance of the circuit
region 311 of the first region 31 may be increased. Thus,
external light transmittance of the organic light-emitting
display device may be increased.

[0061] A gate insulation film 213, which is formed of a
transparent insulating material, is formed on the buffer
film 211 to cover the semiconductor active layer 212, and
a gate electrode 214 is formed on the gate insulation film
213.

[0062] 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 semiconductor active layer 212 via a con-
tact hole.

[0063] The structure ofthe TFT TR is not limited there-
to, and may vary.

[0064] A passivation film 218 is formed to cover the
pixel circuitunitPCincludingthe TFT TR. 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 a transparent inorganic insulating ma-
terial and/or organic insulating material. The passivation
film 218 may be formed throughout all pixels.

[0065] As shownin FIG. 7, 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 inde-
pendent island form according to pixels.

[0066] A pixel definition film 219 formed of an organic
and/or inorganic insulating material is formed on the pas-
sivation film 218. The pixel definition film 219 covers a
boundary and exposes a center of the first electrode 221.
The pixel definition film 219 may cover the first region
31. In this case, the pixel definition film 219 may cover
only a part of the first electrode 221, specifically the
boundary of the first electrode 221, and not the entire
first region 31.

[0067] Anorganicfilm 223 and a second electrode 222
are sequentially stacked on the first electrode 221. The
second electrode 222 covers the organic film 223 and
the pixel definition film 219 constituting an insulating film,
and is electrically connected throughout all pixels.
[0068] The organic film 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
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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(naphtha-
lene-1-yl)-N,N’-diphenyl-benzidine (NPB), or tris-8-hy-
droxyquinoline aluminum (Alg3). The low molecular or-
ganic film may be formed by using a vacuum deposition
method. Here, the HIL, the HTL, the ETL, and the EIL
are common layers and may be commonly applied to
red, green, and blue pixels.

[0069] 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.

[0070] According to an embodiment, the first electrode
221 may be a transparent electrode and the second elec-
trode 222 may be a reflective electrode. The first elec-
trode 221 may be formed of indium tin oxide (ITO), an
indium zinc oxide (1Z0), zinc oxide (ZnO), or indium oxide
(In,O3), which have a high work function. Also, the sec-
ond electrode 222 may be formed of a metal having a
low work function, i.e., silver (Ag), magnesium (Mg), alu-
minum (Al), platinum (Pt), palladium (Pd), gold (Au), nick-
el (Ni), neodymium (Nd), iridium (Ir), chromium (Cr), lith-
ium (Li), or calcium (Ca). Accordingly, the organic light-
emitting device EL is a bottom emission type for realizing
an image in a direction of the first electrode 221.

[0071] Alternatively, the second electrode 222 may al-
so be a transparent electrode.

[0072] 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 trans-
parent insulation film so as to increase external light
transmittance.

[0073] The sealingsubstrate 2 may be disposed above
the second electrode 222. As shown in FIG. 3, the bound-
ary of the sealing substrate 2 is combined with the sub-
strate 1 by using the separate sealing material 24, so as
to seal the organic light-emitter 21 from external air. A
separate filling material (not shown) or a moisture ab-
sorbent may be disposed in a space between the sealing
substrate 2 and the second electrode 222. However, a
sealing structure of the organic light-emitter 21 is not lim-
ited to using the sealing substrate 2 of FIG. 8. The sealing
film 23 of FIG. 4 may be alternatively used.

[0074] Meanwhile, the second electrode 222 and the
pixel definition film 219 may respectively include a first
penetrating window 224 and a second penetrating win-
dow 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 re-
moving a portion of the pixel definition film 219, which
corresponds to the second region 32. The first and sec-
ond penetrating windows 224 and 225 may be connected
to each other.

[0075] The second penetrating window 225 may be
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further formed in at least one of the passivation film 218,
the interlayer insulation film 215, the gate insulation film
213, and the buffer film 211.

[0076] However, the first and second penetrating win-
dows 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 win-
dow 224 may be formed on the second electrode 222
formed of a metal, so as to increase external light trans-
mittance.

[0077] FIG. 9is a cross-sectional view of the adjacent
red, green, and blue pixels Pr, Pg, and Pb of the organic
light-emitter 21 according to another embodiment.
[0078] The circuit region 311 and the light-emitting re-
gion 312 are included in the first region 31 of each of the
red, green, and blue pixels Pr, Pg, and Pb, wherein the
circuit region 311 and the light-emitting region 312 over-
lap each other. As shown in FIG. 9, an area of the light-
emitting region 312 is larger than an area of the pixel
circuit unit PC of the circuit region 311. Thus, the pixel
circuit unit PC of the circuit region 311 is completely cov-
ered by the light-emitting region 312.

[0079] The second region 32 allowing the external light
to penetrate therethrough is disposed adjacent to the first
region 31. As shown in FIG. 9, the second region 32 may
be independently included according to the red, green,
and blue pixels Pr, Pg, and Pb. Alternatively, as shown
in FIG. 10, the second region 32 may be connectively
formed throughout the red, green, and blue pixels Pr, Pg,
and Pb. In FIG. 10, since the area of the second region
32 through which the external light penetrates is large,
transmittance of the organic light-emitting display device
may be increased.

[0080] FIG. 11 is a cross-sectional view of any one of
the red, green, and blue pixels Pr, Pg, and Pb of FIG. 9
or 10.

[0081] As shown in FIG. 11, the TFT TR is disposed
in the circuit region 311, but instead of just one TFT TR,
the pixel circuit unit PC including the TFT TR may be
disposed in the circuit region 311. The pixel circuit unit
PC may further include a plurality of other TFTs, aside
from the TFT TR, a storage capacitor, and wires, i.e., a
scanline, adataline, and a Vdd line, which are connected
to the TFTs and the storage capacitor.

[0082] Meanwhile, the organic light-emitting device EL
constituting a light emitting device is disposed in the light-
emitting region 312, which is formed to cover the circuit
region 311 by overlapping with the circuitregion 311. The
organic light-emitting device EL is electrically connected
to the TFT TR of the pixel circuit unit PC.

[0083] The 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.

[0084] First, the semiconductor active layer 212 is
formed on the buffer film 211.

[0085] The semiconductor active layer 212 may be
formed of polycrystalline silicon, but is not limited thereto,
and may be formed of an oxide semiconductor. For ex-
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ample, the semiconductor active layer 212 may be a G-
[-Z-O layer [(In,O3)a(Gay,03)b(Zn0)c layer], wherein a,
b, and c are each a real number satisfying a>0, b>0, c> 0.
[0086] The gate insulation film 213 formed of a trans-
parent insulating material is formed on the buffer film 211
to cover the semiconductor active layer 212, and the gate
electrode 214 is formed on the gate insulation film 213.
[0087] The interlayer insulation film 214 formed of a
transparent insulating material is formed on the gate in-
sulation film 213 to cover the gate electrode 214, and the
source electrode 216 and the drain electrode 217 are
formed on the interlayer insulation film 215, wherein the
source and drain electrodes 216 and 217 each contact
the semiconductor active layer 212 through a contact
hole.

[0088] However, the structure ofthe TFT TR is not lim-
ited thereto, and may vary.

[0089] The passivation film 218 is formed to cover the
pixelcircuitunit PCincludingthe TFT TR. The passivation
film 218 may be a single or plurality of insulation films
having aflat top. The passivation film 218 may be formed
of a transparent inorganic insulating material and/or or-
ganic insulating material. The passivation film 218 may
be connectively formed throughout all pixels.

[0090] As shown in FIG. 11, the first electrode 221 of
the organic light-emitting device EL is formed on the pas-
sivation film 218 to cover the TFT TR. The first electrode
221 is formed in an individual and independent island
form according to pixels.

[0091] The pixel definition film 219 formed of an organ-
ic and/or inorganic insulating material is formed on the
passivation film 218.

[0092] The pixel definition film 219 covers the bound-
ary and exposes the center of the first electrode 221. The
pixel definition film 219 may cover the first region 31, and
here, may cover only a part of the first electrode 221,
specifically the boundary of the first electrode 221, and
not the entire first region 31.

[0093] The organic film 223 and the second electrode
222 are sequentially stacked on the first electrode 221.
The second electrode 222 covers the organic film 223
and the pixel definition film 219 constituting an insulation
film, and is electrically connected throughout all pixels.
The second electrode 222 may be formed throughout the
first and second regions 31 and 32.

[0094] 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.

[0095] Thefirstelectrode 221 has asize corresponding
to thefirstregion 31 according to pixels. The second elec-
trode 222 may be a common electrode to cover all pixels
of the organic light-emitter 21.

[0096] According to an embodiment, the first electrode
221 may be a reflective electrode and the second elec-
trode 222 may be a transparent electrode. Accordingly,
the organic light-emitter 21 is a top emission type realiz-
ing an image in a direction of the second electrode 222.
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[0097] 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, 1ZO, ZnO,
or In,O3, which has a high work function. Meanwhile, the
second electrode 222 may be formed of a metal having
a low work function, i.e., 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.
[0098] As such, when the first electrode 221 is a re-
flective electrode, the pixel circuit unit PC disposed below
the first electrode 221 is covered by the first electrode
221. Thus, as shown in FIG. 11, a user at an upper outer
side of the second electrode 222 is unable to view parts
of the TFT TR, each pattern of a capacitor (not shown),
the scan line, the data line, and the Vdd line, which are
below the first electrode 221.

[0099] Since the first electrode 221 is the reflective
electrode, an emitted light is only transmitted to the user,
i.e., upward, and thus an amount of light lost in an oppo-
site direction of the user may be reduced. Also, as de-
scribed above, since the first electrode 221 covers vari-
ous patterns of a pixel circuit therebelow, the user is able
to clearly view therethrough.

[0100] 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 external light transmittance.
[0101] Meanwhile, the second electrode 222 and the
pixel definition film 219 may respectively further include
the first penetrating window 224 and the second pene-
trating window 225. The first penetrating window 224 may
be formed by removing a portion of the second electrode
222 corresponding to the second region 32, and the sec-
ond penetrating window 225 may be formed by removing
a portion of the pixel definition film 219 corresponding to
the second region 32. The first and second penetrating
windows 224 and 225 may be connected to each other.
[0102] Alternatively, an opening or penetrating win-
dows connected to the second penetrating window 225
formed on the pixel definition film 219 may be further
formed on at least one of the passivation film 218, the
interlayer insulation film 215, the gate insulation film 213,
and the buffer film 211, so as to increase light transmit-
tance of the second region 32.

[0103] FIGS. 12 and 13 are plan views of reflection
preventing films 4 according to embodiments.

[0104] FIG. 12 shows the reflection preventing film 4
included in the organic light-emitting display device,
wherein the second region 32 is independently formed
according to pixels, as in FIGS. 6 and 9. In FIG. 12, 4
pixel sets shown in FIGS. 6 and 9 are adhered to each
other. Referring to FIG. 12, the transparent unit 42 is
independently formed from another adjacent transparent
unit 42 to correspond to the second region 32.

[0105] FIG. 13 shows the reflection preventing film 4
included in the organic light-emitting display device,
wherein the second regions 32 of at least two adjacent
pixels are connected to each other as in FIGS. 7 and 10.
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In FIG. 13, 4 pixel sets shown in FIGS. 7 and 10 are
adhered to each other. Referring to FIG. 13, the trans-
parent unit42 is connected to another adjacent transpar-
ent unit 42 to correspond to the second region 32.
[0106] By way of summation and review, there have
been attempts to manufacture a transparent organic
light-emitting display device by disposing a transparent
thin film transistor (TFT) or a transparent organic light-
emitting device therein. An object or an image on the
opposite side of the transparent organic light-emitting dis-
play device is seen by a user as light from the object or
the image penetrating through the transparent organic
light-emitting device, the transparent TFT, a pattern of
several wires, and a space between the wires. However,
transmittance of the transparent organic light-emitting
device, the TFT, and the wires is not high. In addition,
the space between the wires is very small. Thus, trans-
mittance of the transparent organic light-emitting display
device is not high.

[0107] Incontrast, according to present embodiments,
a user can view an image having high contrast by pre-
venting reflection of external light from a reflective elec-
trode. In addition, according to present embodiments,
deterioration of external light transmittance can be re-
duced. Thus, the user can easily view the image.
[0108] Exemplary embodiments have been disclosed
herein, and although specific terms are employed, they
are used and are to be interpreted in a generic and de-
scriptive sense only and not for purpose of limitation.

Claims
1. Anorganic light-emitting display device, comprising:

a substrate;

a plurality of pixels on a first surface of the sub-
strate, each pixel having a first region arranged
to emit light towards and/or away from the sub-
strate and a second region that is arranged to
allow external light to pass through it;

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

a first insulation film covering the pixel circuit
units;

aplurality of first electrodes on the first insulation
film, each first electrode being independently
disposed in the first region of each pixel and
electrically connected to each pixel circuit unit;
a second insulation film covering at least part of
the first electrodes;

a second electrode facing the first electrodes,
the second electrode being electrically connect-
ed throughout the pixels and formed in at least
the first region of each pixel;

an organic film between the first electrodes and
the second electrode;
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a sealing member facing the first surface of the
substrate; and

a reflection preventing film on a second surface
of the substrate,

wherein the reflection preventing film includes a
reflection preventer corresponding to the first re-
gion and a transparent unit corresponding to the
second region.

The organic light-emitting display device as claimed
in claim 1, wherein the reflection preventer includes
a linear polarization film and a phase converting film.

The organic light-emitting display device as claimed
in claim 1, wherein the reflection preventer includes
a circular polarization film.

The organic light-emitting display device as claimed
in claim 1, 2 or 3, wherein the transparent unit in-
cludes any one of a linear polarization film and a
phase converting film.

The organic light-emitting display device as claimed
inany one of the preceding claims, wherein the trans-
parent unit has a hole.

The organic light-emitting display device as claimed
in any one of the preceding claims, wherein each
first electrode is a light reflecting electrode.

The organic light-emitting display device as claimed
in any one of claims 1 to 5, wherein the second elec-
trode is a light reflecting electrode.

The organic light-emitting display device as claimed
in any one of the preceding claims, wherein the first
region of each pixel includes a light-emitting region
and a circuit region, the pixel circuit units are dis-
posed in the circuit region, the 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.

The organic light-emitting display device of any one
of claims 1 to 7, wherein the first region of each pixel
includes a light-emitting region and a circuit region,
the pixel circuit units are disposed in the circuit re-
gion, the first electrodes are disposed in the light-
emitting region, and the light-emitting region over-
laps and covers the circuit region.

The organic light-emitting display device as claimed
in any one of the preceding claims, wherein the sec-
ond region of one pixel is independent from the sec-
ond region of an adjacent pixel, and the transparent
unit is independent from another adjacent transpar-
ent unit.
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1.

12

13.

The organic light-emitting display device as claimed
inany one of claims 1 to 9, wherein the second region
of one pixel is connected to the second region of an
adjacent pixel, and the transparent unit is connected
to another adjacent transparent unit.

The organic light-emitting display device as claimed
in any one of the preceding claims, wherein the sec-
ond electrode includes a plurality of first penetrating
windows respectively at locations corresponding to
the second regions.

The organic light-emitting display device as claimed
in claim 12, wherein the second insulation film in-
cludes a plurality of second penetrating windows
connected to the plurality of first penetrating win-
dows.
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