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(57) ABSTRACT

An organic light emitting display device has high transmit-
tancy to external light. The organic light emitting display
device includes a substrate; a first wiring formed on the sub-
strate in a first direction; second and third wirings formed on
the substrate in a second direction; a first thin film transistor
connected to the first and second wirings; a second thin film
transistor connected to the first thin film transistor and the
third wiring; and an organic light emitting display panel
(OLED) connected to the second thin film transistor, wherein
the second and third wirings are formed of graphene.
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C. §119 from an application for an ORGANIC LIGHT
EMITTING DISPLAY DEVICE earlier filed in the Korean
Intellectual Property Office on 20 Dec. 2010 and there duly
assigned Serial No. 10-2010-0130930.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting display device, and more particularly, to an organic
light emitting display device including source electrodes,
drain electrodes, and wirings, which are all formed of
graphene.

[0004] 2. Description of the Related Art

[0005] Organic light emitting display devices have been
widely applied to personal mobile devices such as MP3 play-
ers, mobile phones, and televisions due to their superior per-
formance and characteristics, such as wide viewing angle,
high contrast, rapid response, and tow power consumption,
organic. Attempts to make transparent organic light emitting
display devices have been made.

[0006] Inparticular, when wirings arc formed of an opaque
metal, the transmittancy of an organic light emitting display
device is reduced. Also, as the resolution of the organic light
emitting display device increases, the ratio of area occupied
by the wirings in the organic light emitting display device
increases, and accordingly, when the wirings are formed of an
opaque metal, the transmittancy of the organic light emitting
display device is markedly reduced.

SUMMARY OF THE INVENTION

[0007] To address the above and/or other problems, the
present invention provides organic light emitting display
devices having high transmittancy of external light.

[0008] According to an aspect of the present invention,
there is provided an organic light emitting display device
including a substrate; a first wiring formed on the substrate in
a first direction; second and third wirings formed on the
substrate in a second direction; a first thin film transistor
connected to the first and second wirings; a second thin film
transistor connected to the first thin film transistor and the
third wiring; and an organic light emitting display device
(OLED) connected to the second thin film transistor, wherein
the second and third wirings are formed of graphene.

[0009] The first thin film transistor may include an active
layer formed on the substrate; a gate electrode formed at a
location of the substrate corresponding to the active layer by
being insulated from the active layer; an insulating layer
covering the gate electrode and having openings connected to
the active layer; and source and drain electrodes that are
formed on the insulating layer and connected to the active
layer through the openings, wherein the source and drain
electrodes comprise first portions buried in the openings and
second portions formed on the insulating layer, and the first
portions and the second portions are formed of materials
different from each other.
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[0010] The first portions may be formed of at least one
metal selected from the group consisting of Ti, Mo, Al, and
Cu, and the second portions may be formed of graphene.
[0011] The first portions may be formed of at least one
metal selected from the group consisting of ITO, IZO, ZnO,
In,0;, SnO,, and AlZnO,, and the second portions may be
formed of graphene.

[0012] Thesecond portions may be connected to the second
wiring, and may be formed of the same material as the second
wiring.

[0013] The second thin film transistor may include an

active layer formed on the substrate; a gate electrode formed
at a location of the substrate corresponding to the active layer
by being insulated from the active layer; an insulating layer
covering the gate electrode and having openings connected to
the active layer; and source and drain electrodes that are
formed on the insulating layer and connected to the active
layer through the openings, wherein the source and drain
electrodes comprise first portions buried in the openings and
second portions formed on the insulating layer, and the first
portions and the second portions are formed of materials
different from each other.

[0014] The first portions may be formed of at least one
metal selected from the group consisting of Ti, Mo, Al, and
Cu, and the second portions may be formed of graphene.
[0015] The first portions may be formed of at least one
metal selected from the group consisting of ITO, IZ0O, ZnO,
In,0;, SnO,, and AlZnO,, and the second portions may be
formed of graphene.

[0016] The second portions may be connected to the third
wiring, and may be formed of the same material as the second
wiring.

[0017] The organic light emitting display may include a
pixel electrode connected to the drain electrode; a facing
electrode formed facing the pixel electrode; and a light emit-
ting member that generates light by being interposed between
the pixel electrode and the facing electrode.

[0018] According to another aspect of the present inven-
tion, there is provided an organic light emitting display device
including a substrate having a transmitting region through
which external light passes and a pixel region adjacent to the
transmitting region; a first wiring formed on the substrate in a
first direction to pass through the pixel region; second and
third wirings formed on the substrate in a second direction to
pass through the pixel region and the transmitting region; a
first thin film transistor located in the pixel region and con-
nected to the first and second wirings; a second thin film
transistor located in the pixel region and connected to the first
thin film transistor and the third wiring; a pixel electrode
connected to the second thin film transistor, located in the
pixel region, and disposed to cover the first and second thin
film transistors; a facing electrode that faces the pixel elec-
trode, allows light to pass therethrough, and is located across
the transmitting region and the pixel region; and a light emit-
ting member that generates light by being interposed between
the pixel electrode and the facing electrode, wherein the sec-
ond and third wirings are formed of graphene.

[0019] The first thin film transistor may include an active
layer formed on the substrate; a gate electrode formed at a
location of the substrate corresponding to the active layer by
being electrically insulated from the active layer; an insulat-
ing layer covering the gate electrode and having openings
connected to the active layer; and source and drain electrodes
formed on the insulating layer and connected to the active
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layer through the openings, wherein the source and drain
electrodes comprise first portions buried in the openings and
second portions formed on the insulating layer, and the first
portions and the second portions are formed of materials
different from each other.

[0020] The first portions may be formed of at least one
metal selected from the group consisting of Ti, Mo, Al, and
Cu, and the second portions may be formed of graphene.
[0021] The first portions may be formed of at least one
metal selected from the group consisting of ITO, IZO, ZnO,
In,0;, SnO,, and AlZnO,, and the second portions may be
formed of graphene.

[0022] Thesecond portions may be connected to the second
wiring, and may be formed of the same material as the second
wiring.

[0023] The second thin film transistor may include: an

active layer formed on the substrate; a gate electrode formed
on a location of the substrate corresponding to the active layer
by being insulated from the active layer; an insulating layer
that covers the gate electrode and has openings connected to
the active layer; and source and drain electrodes that are
formed on the insulating layer and are connected to the active
layer through the openings, wherein the source and drain
electrodes comprise first portions buried in the openings and
second portions formed on the insulating layer, and the first
portions and the second portions are formed of materials
different from each other.

[0024] The first portions may be formed of at least one
metal selected from the group consisting of Ti, Mo, Al, and
Cu, and the second portions may he formed of graphene.
[0025] The first portions may be formed of at least one
metal selected from the group consisting of ITO, IZO, ZnO,
In, 05, SnO,, and AlZnO,, and the second portions may be
formed of graphene.

[0026] The second portions may be connected to the third
wiring, and may be formed of the same material as the second
wiring.

[0027] As described above, according to the present inven-
tion, since the source and drain electrodes and wirings are
formed of graphene having high transmittancy to external
light, an organic light emitting display device having high
transmittancy to external light can be obtained.

[0028] Inparticular, dueto physical properties of graphene,
the application of graphene in openings where the source and
drain electrodes were buried was difficult. Accordingly, in the
prior art, all wirings could not be formed of graphene. How-
ever, according to the present invention, when the source and
drain electrodes are formed, all of the wirings can be formed
of graphene because the openings are formed of a metal or a
metal oxide together with graphene.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] A more complete appreciation of the present inven-
tion, and many of the attendant advantages thereof, will be
readily apparent as the present invention becomes better
understood by reference to the following detailed description
when considered in conjunction with the accompanying
drawings, in which like reference symbols indicate the same
or s similar components in which:

[0030] FIG. 1 is an equivalent circuit of an organic light
emitting display device according to an embodiment of the
present invention;

[0031] FIG. 2 is part of a plan view of the organic light
emitting display device of FIG. 1 ;
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[0032] FIG. 3 is a cross-sectional view taken along line I-I'
of FIG. 2;

[0033] FIG. 4 is a cross-sectional view taken along line
II-IT' of FIG. 2;

[0034] FIG. 5 is a conceptual drawing of an organic light
emitting display device according to another embodiment of
the present invention;

[0035] FIG. 6 is part of a plan view of the organic light
emitting display device of FIG. 5;

[0036] FIG. 7 is a cross-sectional view taken along line of
FIG. 6; and
[0037] FIG. 8 is a schematic drawing of a transparent

organic light emitting display device according to another
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0038] The invention may be made various changes and
embodied in many different forms, and thus, the present
invention will now be described more fully with reference to
the accompanying drawings in which exemplary embodi-
ments of the present invention are shown. However, the
present invention it should not be construed as being limited
to the embodiments set forth herein; rather, it is understood
that these embodiments include all changes, equivalents, and
substitutes that can be included in the spirit and technique of
the present invention. In describing the present invention,
when practical descriptions with respect to related known
function and configuration may unnecessarily make unclear
of the scope of the present invention, the descriptions thereof
will be omitted.

[0039] It will be understood that, although the terms first,
second, third, etc., may be used herein to describe various
elements, the elements should not be limited by these terms.
Thus, the terms are used only to distinguish constituent ele-
ments from one another.

[0040] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the present invention. A singular forms includes
plural forms unless the context clearly indicates otherwise. It
will further be understood that the terms “comprise” and/or
“comprising” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0041] The general inventive concept of the present inven-
tion is described more fully below with reference to the
accompanying drawings in which exemplary embodiments of
the present invention are shown.

[0042] FIG. 1 is an equivalent circuit of an organic light
emitting display device according to an embodiment of the
present invention.

[0043] Referring to FIG. 1, the equivalent circuit of the
organic light emitting display device includes a plurality of
pixels P arranged in an array shape by a plurality of first,
second, and third wirings W1, W2, and W3.

[0044] The first wirings W1 is formed as scanning lines S
arranged in a horizontal direction to transmit scanning sig-
nals; the second, and third wirings W2, and W3 are formed as
data lines D arranged in a vertical direction to transmit data
signals; and driving voltage lines V arranged in a vertical
direction to transmit a driving voltage.

[0045] The pixel P in FIG. 1 includes a switching transistor
TR1, adriving transistor TR2, a capacitor Cst, and an organic
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light emitting display (OLED). In FIG. 1, which shows an
embodiment of the present invention, the pixel P includes two
transistors (TR1 and TR2), one OLED, and one capacitor
(Cst). However, the pixel P according to the present invention
is not limited thereto, that is, the pixel P may include more
transistors and more capacitors.

[0046] The switching transistor TR1 includes a gate termi-
nal, a source terminal, and a drain terminal. The gate terminal
is connected to the scanning lines S, the source terminal is
connected to the data lines D, and the drain terminal is con-
nected to the driving transistor TR2. The switching transistor
TR1 transmits a data signal to the driving transistor TR2 in
response to a scan signal applied to the gate terminal of
driving transistor TR1.

[0047] The driving transistor TR2 includes a gate terminal,
a source terminal, and a drain terminal. The gate terminal is
connected to the switching transistor TR1, the source termi-
nal is connected to driving voltage lines V, and the drain
terminal is connected to the OLED. The driving transistor
TR2 outputs an output current, the intensity of the output
current varies depending on a voltage applied between the
gate terminal and the drain terminal of driving transistor TR2.
[0048] The capacitor Cst is connected between the gate
terminal and the source terminal of the driving transistor TR2.
The capacitor Cst stores a data signal applied to the gate
terminal of the driving transistor TR2, and maintains the data
signal after the switching transistor TR1 is turned off.
[0049] The OLED includes an anode connected to the drain
terminal of the driving transistor TR2 and a cathode con-
nected to a common voltage Vss. The OLED generates light
with different intensities in response to a current outputted
from the driving transistor TR2.

[0050] FIG. 2 is part of a plan view of the OLED device of
FIG.1.FIG. 3 is a cross-sectional view taken along line I-I' of
FIG. 2, and FIG. 4 is a cross-sectional view taken along line
II-IT' of FIG. 2.

[0051] In FIGS. 2 through 4, a sealing substrate and a
sealing thin film layer are omitted for convenience of expla-
nation. In FIGS. 2 through 4, a top gate type transistor is
depicted as describing the present invention. However, the
present invention is not limited thereto. The switching tran-
sistor TR1 and the driving transistor TR2 may be thin film
transistors (TFTs).

[0052] Referring to FIG. 2, a scanning line S is formed in a
horizontal direction on a substrate 1. In addition, a data line D
and a driving voltage line V are formed in a vertical direction
on the substrate 1. The switching transistor TR1 is connected
to the scanning line S and the data line D.

[0053] A first gate electrode 114a of the switching transis-
tor TR1 extends from the scanning line S. In addition, a first
source electrode 116a extends from the data line D. Accord-
ing to the current embodiment, the data line D is formed of
graphene. Accordingly, the first source electrode 1164 of the
switching transistor TR1 is also formed of graphene.

[0054] Meanwhile, the first source electrode 116a and a
first drain electrode 1174 of the switching transistor TR1 are
connected to a first active layer 112a. Thus, when a scanning
signal is applied to the scanning line S, a data signal inputted
through the data line D is transmitted to the first drain elec-
trode 117a of the switching transistor TR1 through the first
source electrode 116a and the first active layer 112a of the
switching transistor TR1. According to the current embodi-
ment, a portion of the first source electrode 116a of the
switching transistor TR1 buried in an opening H so as to
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connect the data line D and the first active layer 112a is
formed of a metal or a metal oxide. Meanwhile, since the first
drain electrode 117a is formed together with the first source
electrode 1164, the first drain electrode 117a has the same
structure as the first source electrode 1164.

[0055] Referring to FIGS. 2 and 3, an extended portion
117¢ of the first drain electrode 117a of the switching tran-
sistor TR1 is connected to one end of a first electrode 120a of
the capacitor Cst through the opening H. A portion of the first
drain electrode 1174 buried in the opening H is formed of a
metal or a metal oxide, and the other portion of the first drain
electrode 117a that is not buried in the opening H is formed of
graphene.

[0056] Referring to FIG. 2, the other end of the first elec-
trode 120q of the capacitor Cst extends to form a second gate
electrode 1145 of the driving transistor TR2. A second elec-
trode 12056 of the capacitor Cst is formed by extending the
driving voltage line V. According to the current embodiment
of the present invention, the driving voltage line V is formed
of graphene. Accordingly, a second electrode 1206 of the
capacitor Cst connected to the driving voltage line V is also
formed of graphene. The driving transistor TR2 will be
described with reference to FIG. 4.

[0057] The switching transistor TR1 will now he described
with reference to FIG. 3.

[0058] A bufferlayer 211 may be formed on the substrate 1
using an inorganic material such as a silicon oxide or a silicon
nitride in order to improve the planarity of the substrate 1.
[0059] The firstactive layer 1124 is formed on the substrate
1. The first active layer 112a may be an amorphous silicon
layer, a polysilicon layer, or a semiconductor oxide layer such
as a(In,0;)a(Ga,0;)b(Zn0)c(G-I—Z—O0) layer (where a, b,
¢ respectively satisfies a=0, b=0, and c¢>0). When the first
active layer 112a is formed of a semiconductor oxide, a
crystallization process is unnecessary and uniformity of the
first active layer 1124 is improved since the first active layer
1124 is in an amorphous state.

[0060] The first gate electrode 114a is formed on the first
active layer 112a. The first gate electrode 114a may be
formed in a mono-layer or multi-layers using a conductive
metal. The first gate electrode 114a may be formed of a
material such as MoW, or Al/Co in consideration of tightness
with a neighbouring layer, planarity of stacked surface, and
processing ability, but the present invention is not limited
thereto.

[0061] A gate insulating layer 213 is formed between the
first active layer 112a and the first gate electrode 114a for
insulating them from each other. An interlayer 215 as an
insulating layer is formed on the first gate electrode 1144 and
the gate insulating layer 213. The interlayer 215 may be a
mono-layer or multi-layers, and may be formed of a silicon
oxide, a tantalum oxide, or an aluminium oxide, but the
present invention is not limited thereto. The gate insulating
layer 213 and the interlayer 215 include openings H con-
nected to the first active layer 112a.

[0062] The first source electrode 116a and the first drain
electrode 117a are formed on the interlayer 215. According to
the current embodiment, each of the first source electrode
1164 and the first drain electrode 117a includes a first portion
A and a second portion B.

[0063] The first portion A is buried in the opening H, and is
located between the second portion 8 and the first active layer
1124 in order to electrically connect the second. portion B and
the first active layer 112a. The first portion A is formed of a
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conductive metal or a conductive metal oxide. For example,
the first portion A may be formed of at least one metal selected
from the group consisting of Ti, Mo, Al, and Cu. Also, the first
portion A may be formed of at least a metal oxide selected
from the group consisting of ITO, 1Z0, ZnO, In,0;, SnO,,
and AlZnO,.

[0064] The second portion. B is formed on the interlayer
215. The second portion B of the first source electrode 116a
of the switching transistor TR1 is formed by extending the
data line D, and thus, is formed of graphene like the data line
D. The first drain electrode 117a of the switching transistor
TR1 is formed together with the first source electrode 116a,
and thus, has the same structure and is formed of the same
material as the first source electrode 116a.

[0065] Graphene is a polycyclic aromatic molecule in
which a plurality of carbon atoms is connected through a
covalent bond. The carbon atoms connected by covalent bond
form a six-membered ring as a basic repeating unit. However,
the carbon atoms also form a five-membered ring or a seven-
membered ring. Graphene referred in the current present
invention is a sheet shaped graphene in which carbon atoms
are covalently bonded (typically sp> hybridization) to each
other to form a mono-layer. However, the graphene may have
various structures, and the structure may vary according to the
numbers of the five-membered rings or the seven-membered
rings that can be included in the graphene. The graphene may
be a mono-layer of covalent bonded carbon atoms as
described above. However, the present invention is not lim-
ited thereto, that is, the mono-layer of covalent bonded carbon
atoms may form multiple layers by stacking multiple num-
bers of the mono-layer of covalent bonded carbon atoms.
Usually, end-sides of the graphene are saturated by hydrogen.

[0066] Graphene has several characteristics such as higher
impact resistance and flexibility, higher transparency, and
higher electrical conductivity than a metal oxide such as
indium tin oxide (ITO). Graphene developed so far has an
area surface resistance as remarkably low as about 30 ohm/sq,
compared to that of ITO, which is about hundreds of ohm/sq
(for example, about 270 to about 500 ohm/sq), thus having
high electrical conductivity. Graphene is less likely to scatter
and interfere with moving electrons, and thus has a lower
resistance than copper by about 35% or greater. Therefore, an
organic light emitting display device having high transpar-
ency and high electrical conductivity can be obtained when
wirings and source/drain electrodes are formed of graphene.

[0067] However, since graphene is a mono-layer or mul-
tiple layers of covalent bonded carbon atoms, it is difficult to
maintain the shape of the graphene when the graphene is
buried in the opening H. That is, since the graphene is formed
in a sheet shape, the graphene sheet cannot be buried in the
opening H. Although the graphene sheet is buried, the
graphene sheet may be damaged. Due to the physical prop-
erties of graphene, the graphene is difficult to be used in the
first portions A of the first source electrode 1164 and the first
drain electrode 1174, which are buried in the opening H.
Therefore, according to the current embodiment, in order to
solve the above problem and to take advantages of the
graphene’s characteristics, the first portions A of the first
source electrode 116a and the first drain electrode 1174 of the
driving transistor TR1 are formed of a metal or a metal oxide,
and the second portion B of the first drain electrode 117a and
the second portion B of the first source electrode 116a con-
nected to the data line D are formed of graphene. In this way,
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the material for forming wirings included in the organic light
emitting display device can be graphene.

[0068] The first portions A may be formed by depositing a
metal or a metal oxide in the openings H. Also, the second
portions B and the wirings D and V may be formed by pat-
terning a graphene sheet according to the shapes of the wir-
ings D and V and the first source electrode 116a, and the first
drain electrode 117a after disposing the graphene sheet onthe
buried openings H and the interlayer 215.

[0069] At least one insulating layer is formed on the first
source electrode 1164 and the first drain electrode 1174a. For
example, a passivation layer 216 for protecting the switching
transistor TR1 and a planarizing layer 217 for planarizing a
surface of the resultant product that has a non-uniform surface
due to the structure of the switching transistor TR1 are formed
on the first source electrode 1164 and the first drain electrode
117a. For example, the passivation layer 216 may be formed
of an inorganic material such as a silicon nitride or a silicon
oxide. The planarizing layer 217 may be formed of an organic
material such as benzocyclobutene (BCB) or acryl. However,
the passivation layer 216 and the planarizing layer 217 are not
limited thereto.

[0070] Referring to FIG. 2 again, the second gate electrode
1145 of the driving transistor TR2 is connected to the other
end of the first electrode 120a of the capacitor Cst. Also, a
second source electrode 1165 of the driving transistor TR2 is
formed by extending the driving voltage line V. According to
the current embodiment, the driving voltage line V is formed
of graphene. Accordingly, the second source electrode 1165
of'the driving transistor TR2 is also formed of graphene. The
second source electrode 1165 and a second drain electrode
11754 of the driving transistor TR2 are connected to a second
active layer 1125 through the opening H. According to the
current embodiment of the present invention, a portion of the
second source electrode 1165 of the driving transistor TR2
buried in the opening H so as to connect the driving voltage
line V. The second active layer 1124 is not formed of
graphene, but is formed of a metal or a metal oxide.

[0071] The driving transistor TR2 will now be described
with references to FIG. 4.

[0072] First, as the same as the switching transistor TR1,
the buffer layer 211 is formed on the substrate 1 using an
inorganic material such as a silicon oxide or a silicon nitride
to improve planarity of the substrate 1.

[0073] The second active layer 1125 is formed on the sub-
strate 1. The second active layer 1125 may be an amorphous
silicon layer, a polycrystalline silicon layer, or a semiconduc-
tor oxide layer such as a G-I—Z—O0 layer (where a, b, and ¢
respectively satisfies a=0, b=0, and ¢>0).

[0074] The second gate electrode 1144 is formed on the
second active layer 1125. The second gate electrode 1145
may be formed in a mono-layer or multi-layers using a con-
ductive metal.

[0075] The gate insulating layer 213 is formed between the
second active layer 1125 and the second gate electrode 1145
to insulate them from one another. The interlayer 215 as an
insulating layer is formed on the second gate electrode 1145
and the gate insulating layer 213. The Interlayer 215 may be
a mono-layer or multi-layers. The gate insulating layer 213
and the interlayer 215 include openings H connected to the
second active layer 1125.

[0076] The second source electrode 1165 and the second
drain electrode 1175 are formed on the interlayer 215.
According to the current embodiment, each of the second
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source electrode 1165 and the second drain electrode 1175
includes a first portion A and a second portion B.

[0077] The first portion A is buried in the opening H, and is
located between the second portion B and the second active
layer 1125 to electrically connect the second portion B and
the second active layer 1125. The first portion A is formed of
a conductive metal or a conductive metal oxide. For example,
the first portion A may be formed of at least one metal selected
from the group consisting of Ti, Mo, Al, and Cu. Also, the first
portion A may be formed of at least a metal oxide selected
from the group consisting of ITO. IZO, ZnO, In,0;, SnO,,
and AlZnO,.

[0078] The second portion B is formed on the interlayer
215. The second portion B of the second source electrode
1165 of the driving transistor TR2 is formed by extending the
driving voltage line V, and thus, is formed of graphene like the
driving voltage line V. The second drain electrode 1175 of the
driving transistor TR2 is formed together with the second
source electrode 1165, and thus, has the same structure and is
formed of the same material as the second source electrode
1166.

[0079] As described above, when the wirings and the sec-
ond source electrode 1165 and the second drain electrode
117b are formed of graphene, an organic light emitting dis-
play device having high transparency and high electrical con-
ductivity can be manufactured.

[0080] However, since graphene has a structure in which
thin carbon structures are stacked, it is difficult to maintain the
shape of the graphene when the graphene is buried in the
opening H. Due to the physical properties of graphene, the
graphene can be hardly used in the first portions A of the
second source electrode 1165 and the second drain electrode
1174, which are buried in the opening H. Therefore, accord-
ing to the current embodiment, in order to solve the above
problem and to take advantages of the graphene’s character-
istics, the first portions A of the second source electrode 1165
and the second drain electrode 1175 of the driving transistor
TR2 are formed of a metal or a metal oxide, and the second
portion B of the second drain electrode 1175, and the second
portion B of the second source electrode 1165 connected to
the driving voltage line V are formed of graphene. In this way,
the material for forming wirings included in the organic light
emitting display device can graphene.

[0081] Atleastone insulating layer is formed on the second
source electrode 1165 and the second drain electrode 1174.
For example, the passivation layer 216 for protecting the
driving transistor TR2 and the planarizing layer 217 for pla-
narizing a surface of the resultant product that has a non-
uniform surface due to the structure of the driving transistor
TR2 are formed on the second source electrode 1165 and the
second drain electrode 1175. For example, the passivation
layer 216 may be formed of an inorganic material such as a
silicon nitride or a silicon oxide. The planarizing layer 217
may be formed of an organic material such as benzocy-
clobutene (BCB) or acryl. However, the passivation layer 216
and the planarizing layer 217 are not limited thereto.

[0082] After forming the passivation layer 216 and the pla-
narizing layer 217, a via hole VH is formed in the passivation
layer 216 and the planarizing layer 217 on a location corre-
sponding to the second drain electrode 1175 so as to electri-
cally connect a pixel electrode 221 and the second drain
electrode 1175 of the driving transistor TR2. The pixel elec-
trode 221 will be formed in a subsequent process.
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[0083] Next, referring to FIG.4, an OLED is formed on the
planarizing layer 217. The OLED includes the pixel electrode
221, a light emitting member 223, and a facing electrode 222.
The pixel electrode 221 of the OLED is connected to the
second drain electrode 1175 of the driving transistor TR2
through the via hole VH.

[0084] The pixel electrode 221 is formed on the planarizing
layer 217. After forming the pixel electrode 221, a pixel
defining layer 219 that exposes at least a portion of the pixel
electrode 221 through a pixel opening is formed on at least a
portion of the pixel electrode 221. The light emitting member
223 is formed on the pixel electrode 221 exposed through the
pixel opening. The light emitting member 223 includes an
organic light emitting layer. The facing electrode 222 is
formed on the light emitting member 223 and the pixel defin-
ing layer 219. Thus, when an appropriate condition is
achieved between the pixel electrode 221 and the facing elec-
trode 222 in response to a voltage applied to the pixel elec-
trode 221, light is emitted from the OLED.

[0085] Inthe case of a top emission type structure in which
an image is realized in a direction towards the facing elec-
trode, the pixel electrode 221 may he a reflection electrode. In
addition, the facing electrode 222 may be an optical transmit-
ting electrode in this case, the facing electrode 222 may
include a semi-transparent reflection film having a thin film
formed of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, and Ca,
oran optical transparent metal oxide such as ITO, indium zinc
oxide (IZ0), or ZnO. In the case of a bottom emission type
structure, the facing electrode 222 may have a reflection
function by depositing a metal such as Ag, Mg, Al, Pt, Pd, Au,
Ni, Nd, Ir, Cr, Li, or Ca.

[0086] When the pixel electrode 221 is used as an anode
electrode, the pixel electrode 221 is formed to include a layer
formed of a metal oxide having high work function (absolute
value), such as ITO, IZO, or ZnO. When the pixel electrode
221 is used as a cathode electrode, the pixel electrode 221 is
formed of a metal having a low work function (absolute
value), such as Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, or Ca.
When the pixel electrode 221 is used as an anode electrode,
the facing electrode 222 can be used as a cathode electrode,
and vice versa.

[0087] As described above, in the organic light emitting
display device according to an embodiment of the present
invention, data lines D, driving voltage lines V, second por-
tions B of source electrodes of transistors connected to the
data lines D and the driving voltage lines V, and second
portions B of the drain electrode of the transistors are formed
of graphene having high transmittancy to external light and
high electrical conductivity. Therefore, an organic light emit-
ting display device having high electrical conductivity and
high transparency can be obtained.

[0088] FIG. 5 is a conceptual drawing of an organic light
emitting display device according to another embodiment of
the present invention.

[0089] Referring to FIG. 5, the organic light emitting dis-
play device includes a display unit 2 on a first surface of the
substrate 1. In the organic light emitting display device of FIG.
5, external light passes through the substrate I and the display
unit 2. The display unit 2 includes a transmitting region TA
through which the external light can pass, the transmitting
region TA will be described later. That is, the transmitting
region TA is included such that, as indicated in FIG. 6, the
user positioned on a side where an image is displayed can be
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able to see the image displayed on a lower outside of the
organic light emitting display device.

[0090] That is, the organic light emitting display device
according to the current embodiment of the present invention
includes the transmitting region TA through which external
light passes, a pixel region PA that is adjacently disposed to
the transmitting region TA, the equivalent circuit of FIG. 1,
and an OLED.

[0091] FIG. 6 is a part of a plan view of the organic light
emitting display device of FIG. 5. FIG. 7 is a cross-sectional
view taken along line III-IIT' of FIG. 6.

[0092] Referringto FIGS. 6 and 7, according to an embodi-
ment of the present invention, the organic light emitting dis-
play device is different from the organic light emitting display
device described with reference to FIGS. 2 and 4 because the
organic light emitting display device described with reference
to FIGS. 6 and 7 includes the transmitting region TA to
transmit external light. In addition, the pixel region PA is
disposed close to the transmitting region TA, and the pixel
electrode 221 is located in the pixel region PA.

[0093] In. FIGS. 6 and 7, a sealing substrate and a sealing
thin film layer are omitted for convenience of explanation. In
addition, in FIGS. 6 and 7, a top gate type transistor is
depicted. However, this is an example for explaining the
current embodiment of the present invention, and the present
invention is not limited thereto. In addition, the switching
transistor TR1, the capacitor Cst, and the driving transistor
TR2 are included in the pixel region PA. However, the struc-
tures and operations of the switching transistor TR1, the
capacitor Cst, and the driving transistor TR2 are substantially
the same as the descriptions made with reference to FIGS. 2
through 4, and thus, the descriptions thereof will not be
repeated.

[0094] Referring to FIG. 6, a scanning line S is formed in a
horizontal direction on the substrate 1. The scanning line S is
formed to pass through the pixel region PA. A data line D and
adriving voltage line V are formed in a vertical direction. The
data line D and the driving voltage line V are formed to pass
through the pixel region PA and the transmitting region TA.
The switching transistor TR1, the capacitor Cst, and the driv-
ing transistor TR2 are located in the pixel region PA.

[0095] The switching transistor TR1 is connected to the
scanning line S and the data line D. Referring to FIG. 6, a first
gate electrode 114a of the switching transistor TR1 is
extended from the scanning line S. In addition, a first source
electrode 1164 of the switching transistor TR1 is extended
from the data line D. According to the current embodiment of
the present invention, the data line D is formed of graphene.
Accordingly, the first source electrode 1164 of the switching
transistor TR1 is formed of graphene. Meanwhile, the first
source electrode 116a and the first drain electrode 117a of the
switching transistor TR1 are connected to the first active layer
112a through openings H. According to the current embodi-
ment of the present invention, a portion of the first source
electrode 1164 buried in the opening H so as to connect the
data line D. The first active layer 112a is formed of a metal or
a metal oxide. However, since the first drain electrode 117ais
formed together with the first source electrode 1164, the first
drain electrode 117a has the same structure as the first source
electrode 116a. That is, the first drain electrode 117a is
formed of graphene.

[0096] Referring to FIG. 7, an extended portion 117¢ of the
first drain electrode 117a of the switching transistor TR1 is
connected to the first electrode 120a of the capacitor Cst
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through the opening H. At this point, a portion of the first
drain electrode 117a buried in the opening H is formed of a
metal or a metal oxide, and the other portion of the first drain
electrode 117a that is not buried in the opening H is formed of
graphene.

[0097] The second gate electrode 1145 of the driving tran-
sistor TR2 is formed by extending the other end of the first
electrode 120a of the capacitor Cst. The second electrode
1205 of the capacitor Cst is formed by extending the driving
voltage line V. According to the current embodiment of the
present invention, the driving voltage line V is formed of
graphene. Accordingly, the second electrode 12056 of the
capacitor Cst connected to the driving voltage line V is also
formed of graphene.

[0098] The second gate electrode 1145 of the driving tran-
sistor TR2 is connected to the other end of the first electrode
120a of the capacitor Cst. The second source electrode 1165
of the driving transistor TR2 is formed by extending the
driving voltage line V. According to the current embodiment
of'the present invention, the driving voltage line V is formed
of graphene. Accordingly, the second source electrode 1165
is also formed of graphene. The second source electrode 1165
and the second drain electrode 1175 of the driving transistor
TR2 are connected to the second active layer 1125 through
the openings H. According to the current embodiment of the
present invention, it is an aspect that a portion of the second
source electrode 1165 of the driving transistor TR2 buried in
the opening H so as to connect the driving voltage line V and
the second active layer 1124 is formed of a metal or a metal
oxide. Since the second drain electrode 1175 is formed
together with the second source electrode 1165, the second
drain electrode 1175 has the same structure as the second
source electrode 1165.

[0099] According to the current embodiment of the present
invention, the data line D and the driving voltage line V that
are disposed to pass through the transmitting region TA are
formed of transparent graphene. Accordingly, even if the data
line D and the driving voltage line V pass through the trans-
mitting region TA, the transmittancy to external light of the
transmitting region TA is not reduced. The scanning line S
that is not formed of graphene is disposed not to pass through
the transmitting region TA but to pass through the pixel region
PA. In this way, in the organic light emitting display device
according to the current embodiment of the present invention,
a region on which an image is displayed is divided into the
pixel region PA and the transmitting region TA, and the wir-
ings that pass through the transmitting region TA are formed
of transparent graphene. Therefore, the transmittancy of the
entire region where an image is displayed can be increased
when compared to a conventional transparent display device,
by increasing the transmittancy of the transmitting region TA
of the organic light emitting display device.

[0100] According to the current embodiment of the present
invention, the pixel region PA including the pixel electrode
221 connected to the driving transistor TR2, and electronic
devices such as the driving transistor TR2, the switching
transistor TR1, and the capacitor Cst overlap the pixel elec-
trode 221 to be covered by the pixel electrode 221. As shown
in FIG. 6, when the user is viewed, the electronic devices
described above are covered by the pixel electrode 221, and
also, a large portion of the scanning line S is also covered by
the pixel electrode 221. In addition, since part of the entire
wirings that pass through the transmitting region TA are
formed of transparent graphene, the total transmittancy of the
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organic light emitting display device is increased, and thus,
the user can see an external image through the transmitting
region TA.

[0101] FIG. 7 is a cross-sectional view taken along line
III-TIT" of FIG. 6. Descriptions of elements that are substan-
tially identical to the elements described with reference to
FIGS. 3 and 4 are not repeated.

[0102] Referring to FIG. 7, a buffer layer 211 is formed on
a substrate 1, and the switching transistor TR1, the capacitor
Cst, and the driving transistor TR2 are formed on the buffer
layer 211.

[0103] The buffer layer 211 improves the planarity of a
surface of the substrate 1 and prevents foreign materials pen-
etrating from the substrate 1.

[0104] A first active layer 112a and a second active layer
1125 are formed on the buffer layer 211. A first gate electrode
114a and a second gate electrode 1145 are respectively
formed on the first active layer 112a and the second active
layer 1125. The first gate electrode 1144 and the second gate
electrode 1145 may be formed in a mono-layer or multi-
layers using a conductive metal.

[0105] A gate insulating layer 213 for insulating the first
active layer 112a and the second active layer 1125 from the
first gate electrode 114a and the second gate electrode 1145 is
formed between the first active layer 1124 and the second
active layer 1124 and the first gate electrode 1144 and the
second gate electrode 1145. Aninterlayer 215 as an insulating
layer is formed on the first gate electrode 1144, and the second
gate electrode 1145, and the gate insulating layer 213 may be
formed in a mono-layer or multi-layers. The gate insulating
layer 213 and the interlayer 215 respectively include open-
ings H connected to the first active layer 112a and the second
active layer 1125.

[0106] A first source electrode 116a, a first drain electrode
117a, a second source electrode 1165, and a second drain
electrode 1174 are formed on the interlayer 215. According to
the current embodiment of the present invention, each of the
first source electrode 1164 and the first drain electrode 117a
and the second source electrode 1165 and the second drain
electrode 1175 respectively includes first portions A and sec-
ond portions B.

[0107] Thefirst portions A are buried in the openings H, and
the first portions A electrically respectively connect the first
active layer 112a and the second active layer. 1125 to the
second portions B. The first portions A may be formed of a
conductive metal or a conductive metal oxide. For example,
the first portions A may be formed of at least a metal selected
from the group consisting of Ti, Mo, Al, and Cu. Also, the first
portions A may be formed of at least a metal oxide selected
from the group consisting of ITO, IZO, ZnO, In,0O;, SnO,,
and AlZnO,.

[0108] The second portions B are formed on the interlayer
215. The second portion B of the first source electrode 116a
of the switching transistor TR1 is formed by extending the
data line D, and is formed of graphene as the same as the data
line D. In addition, the second portion B of the second source
electrode 1165 of the driving transistor TR2 is formed by
extending the driving voltage line V, and thus, is formed of
graphene like the driving voltage line V. Meanwhile, since the
first drain electrode 117a of the switching transistor TR1 is
formed together with the first source electrode 1164, the first
drain electrode 117a has the same structure as the first source
electrode 1164. In addition, since the second drain electrode
11756 of the driving transistor TR2 is formed together with the
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second source electrode 1165, the second drain electrode
1175 has the same structure as the second source electrode
11654.

[0109] A passivation layer 216 and a planarizing layer 217
may be formed on the source and drain electrodes 1164, 1174,
1165 and 1175. After forming the passivation layer 216 and
the planarizing layer 217, a via hole VH may be formed at a
location in the passivation layer 216 and the planarizing layer
217 corresponding to the second drain electrode 1175 so that
a pixel electrode 221, which will be formed later, can be
electrically connected to the second drain electrode 1174.
[0110] Next, an OLED is formed on the planarizing layer
217. The OLED includes the pixel electrode 221, a light
emitting device 223, and a facing electrode 222. The pixel
electrode 221 of the OLED is connected to the second drain
electrode 1175 through the via hole VH.

[0111] The pixel electrode 221 locates in a pixel region PA,
and is formed on the planarizing layer 217. After forming the
pixel electrode 221, a pixel defining layer 219 that exposes at
least a portion of the pixel electrode 221 through a pixel
opening is formed on at least a portion of the pixel electrode
221. Although not shown, the passivation layer 216 and the
planarizing layer 217 located in the transmitting region TA
may be etched. In this way, a transparent organic light emit-
ting display device having increased transmittancy of exter-
nal light can be manufactured.

[0112] The light emitting device 223 is formed on the pixel
electrode 221 exposed through the pixel opening. The light
emitting device 223 includes an organic light emitting layer.
The facing electrode 222 is formed on the light emitting
device 223 and the pixel defining layer 219. The facing elec-
trode 222 may be formed in both the pixel region PA and the
transmitting region TA.

[0113] In FIGS. 6 and 7, the passivation layer 216, gate
insulating layer 213, interlayer 215, the planarizing layer 217,
and the pixel defining layer 219 may be formed of a transpar-
ent material. In addition, the substrate I may have high trans-
mittancy. In this way, a transparent organic light emitting
display device having high transmittancy can be manufac-
tured.

[0114] FIG. 8 is a schematic drawing of a transparent
organic light emitting display device according to another
embodiment of the present invention.

[0115] Referring to FIG. 8, a transmitting region TA is
formed with respect to a plurality of sub-pixels. That is, a
single transmitting region TA is formed corresponding to a
first pixel electrode 2214, a second pixel electrode 2215 and
a third pixel electrode 221c¢. First through third data lines D1,
D2, and D3 are respectively electrically connected to the first
through third pixel electrodes 221qa, 2215, and 221c. A first
driving voltage line V1 is electrically connected to the first
pixel electrode 221a and the second pixel electrode 2215, and
a second driving voltage line V2 is electrically connected to
the third pixel electrode 221c.

[0116] The first through third datalines D1, D2, and D3 and
the first and second driving voltage lines V1 and V2 are
formed of graphene. Accordingly, image distortion can be
reduced and transmittancy of an organic light emitting dis-
play device can be increased.

[0117] Inthe above structure as shown in FIG. 8, since the
single transmitting region TA is formed with respect to three
sub-pixels, for example, red R, green G, and blue B sub-
pixels, the transmittancy of an organic light emitting display
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device can further be increased, and image distortion due to
light scattering can also be reduced.

[0118] Table 1 shows acomparison of simulation results for
the overall transmittancy of the transparent organic light
emitting display device (OLED) of FIG. 6 with respect to
wiring transmittancy. Graphene has as high transmittancy as
about 85%. Thus, if including graphene wirings, an OLED
may have an overall transmittancy of at least about 46.9%,
which is remarkably higher compared to when using metal
wiring having very low transmittancy or when using metal
oxide wirings having a transmittancy of about 80%. The
simulation data in Table 1 were obtained with the assumption
that the OLED includes a transparent insulating layer and its
opposite electrode has a transmittancy of about 70%.

TABLE 1

Wiring OLED’s Overall
Transmittancy Transmittancy
(%) (%)

0 36.7
20 38.9
40 41.3
60 44.0
80 46.9

[0119] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
to in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims.

What is claimed is:

1. An organic light emitting display device comprising:

a substrate;

a first wiring formed on the substrate in a first direction;

second and third wirings formed on the substrate in a
second direction;

a first thin film transistor connected to the first and second
wirings;

a second thin film transistor connected to the first thin film
transistor and the third wiring; and

an organic light emitting display panel (OLED) connected
to the second thin film transistor,

wherein the second and third wirings are formed of
graphene.

2. The organic light emitting display device of claim 1,

wherein the first thin film transistor comprises:

an active layer formed on the substrate;

a gate electrode formed at a location of the substrate cor-
responding to the active layer and being insulated from
the active layer;

an insulating layer covering the gate electrode and having
openings connected to the active layer; and

source and drain electrodes formed on the insulating layer
and connected to the active layer through the openings,

wherein the source and drain electrodes comprise first por-
tions buried in the openings and second portions formed
on the insulating layer, and

the first portions and the second portions are formed of
materials different from each other.

3. The organic light emitting display device of claim 2,
wherein the first portions are formed of at least one metal
selected from the group consisting of Ti, Mo, Al, and Cu, and

the second portions are formed of graphene.
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4. The organic light emitting display device of claim 2,
wherein the first portions are formed of at least one metal
selected from the group consisting of ITO, 120, ZnO, In,0;,
SnO,, and AlZnO,, and

the second portions are formed of graphene.

5. The organic light emitting display device of claim 2,
wherein the second portions are connected to the second
wiring, and are formed of the same material as the second
wiring.

6. The organic light emitting display device of claim 1,
wherein the second thin film transistor comprises:

an active layer formed on the substrate;

a gate electrode formed on a location of the substrate cor-
responding to the active layer and being electrically
insulated from the active layer;

an insulating layer covering the gate electrode and having
openings connected to the active layer; and

source and drain electrodes formed on the insulating layer
and connected to the active layer through the openings,

wherein the source and drain electrodes comprise first por-
tions buried in the openings and second portions formed
on the insulating layer, and

the first portions and the second portions are formed of
materials different from each other.

7. The organic light emitting display device of claim 6,
wherein the first portions are formed of at least one metal
selected from the group consisting of Ti, Mo, Al, and Cu, and

the second portions are formed of graphene.

8. The organic light emitting display device of claim 6,
wherein the first portions are formed of at least one metal
selected from the group consisting of ITO, 120, ZnO, In,0;,
SnO,, and AlZnO,, and

the second portions are formed of graphene.

9. The organic light emitting display device of claim 6,
wherein the second portions are connected to the third wiring,
and are formed of the same material as the second wiring.

10. The organic light emitting display device of claim 6,
wherein the organic light emitting display panel comprises:

a pixel electrode connected to the drain electrode;

a facing electrode formed facing the pixel electrode; and

a light emitting member interposed between the pixel elec-
trode and the facing electrode and generating visible
light.

11. An organic light emitting display device comprising:

a substrate having a transmitting region through which
external light passes and a pixel region located adjacent
to the transmitting region;

a first wiring formed on the substrate in a first direction to
pass through the pixel region;

second and third wirings formed on the substrate in a
second direction to pass through the pixel region and the
transmitting region;

a first thin film transistor located in the pixel region and
connected to the first and second wirings;

a second thin film transistor located in the pixel region and
connected to the first thin film transistor and the third
wiring;

a pixel electrode connected to the second thin film transis-
tor, located in the pixel region, and disposed to cover the
first and second thin film transistors;

a facing electrode facing the pixel electrode, and allowing
light to pass therethrough, the facing electrode being
located across the transmitting region and the pixel
region; and
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a light emitting member interposed between the pixel elec-
trode and the facing electrode and generating light,

wherein the second and third wirings are formed of
graphene.

12. The organic light emitting display device of claim 11,

wherein the first thin film transistor comprises:

an active layer formed on the substrate;

a gate electrode formed at a location of the substrate cor-
responding to the active layer and being insulated from
the active layer;

an insulating layer covering the gate electrode and having
openings connected to the active layer; and

source and drain electrodes formed on the insulating layer
and connected to the active layer through the openings,

wherein the source and drain electrodes comprise first por-
tions buried in the openings and second portions formed
on the insulating layer, and

the first portions and the second portions are formed of
materials different from each other.

13. The organic light emitting display device of claim 12,
wherein the first portions are formed of at least one metal
selected from the group consisting of Ti, Mo, Al, and Cu, and

the second portions are formed of graphene.

14. The organic light emitting display device of claim 12,
wherein the first portions are formed of at least one metal
selected from the group consisting of ITO, IZO, ZnO, 1n,0;,
SnO,, and AlZnO,, and the second portions are formed of
graphene.

15. The organic light emitting display device of claim 2,
wherein the second portions are connected to the second
wiring, and are formed of the same material as the second
wiring.
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16. The organic light emitting display device of claim 1,
wherein the second thin film transistor comprises:

an active layer formed on the substrate;

a gate electrode formed on a location of the substrate cor-
responding to the active layer by being electrically insu-
lated from the active layer;

an insulating layer covering the gate electrode and having
openings connected to the active layer; and

source and drain electrodes formed on the insulating layer
and connected to the active layer through the openings,

wherein the source and drain electrodes comprise first por-
tions buried in the openings and second portions formed
on the insulating layer, and

the first portions and the second portions are formed of
materials different from each other.

17. The organic light emitting display device of claim 16,
wherein the first portions are formed of at least one metal
selected from the group consisting of Ti, Mo, Al, and Cu, and

the second portions are formed of graphene.

18. The organic light emitting display device of claim 16,
wherein the first portions are formed of at least one metal
selected from the group consisting of ITO, 120, ZnO, In,0;,
SnO,, and Al1ZnO,, and

the second portions are formed of graphene.

19. The organic light emitting display device of claim 16,
wherein the second portions are connected to the third wiring,
and are formed of the same material as the second wiring.
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