US 20160197304A1

12 Patent Application Publication (o) Pub. No.: US 2016/0197304 A1

a9y United States

KANG et al.

(43) Pub, Date: Jul, 7, 2016

(54) ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF

MANUFACTURING THE SAME

(52) US.CL
CPC ... HOIL 51/5215 (2013.01); HOIL 27/3248
(2013.01); HOIL 51/5221 (2013.01); HOIL

51/56 (2013.01); HOIL 2227/323 (2013.01);

(71)  Applicant: SAMSUNG DISPLAY CO., LTD., HOIL 2251/308 (2013.01); HOIL 2251/301
Yongin-City (KR) (2013.01)
(72) Inventors: Su-Hyoung KANG, Bucheon-si (KR);
Hyun Eok SHIN, Gwacheon-si (KR);
Chang Oh JEONG, Suwon-si (KR) (7) ABSTRACT
(21) Appl. No.: 14/741,966
(22) Filed: Jun. 17, 2015
) Lo L An organic light emitting display device includes a thin film
(30) Foreign Application Priority Data transistor including a semiconductor layer, a gate electrode,
and source and drain electrodes, a pixel electrode connected
Jan.2, 2015 (KR) oo 10-2015-0000223 to the thin film transistor, the pixel electrode including a first
Publication Classification layer, a second layer disposed on the first layer and including
silver, and a third layer including a carbon-based material and
(51) Int.CL covering an upper portion and lateral surface of the second
HoIL 51/52 (2006.01) layer, an organic emission layer including an organic light
HOIL 51/56 (2006.01) emitting member and disposed on the pixel electrode, and a
HOIL 27/32 (2006.01) common electrode disposed on the organic emission layer.
LD
f—‘_‘—%\
360 270
68 o oyarran |
\ 63 191a191b191c , |
/ 6lb 62b 185
| R I I A |
/ ] i A T 1Y 7
| [F = : — \', : [ [ \ 350
140 m\ T L
la- L\ 180
[ \ : Ly 1! \ !
7l / Hh o
— 4 [f\\ a \ \ H - \lx JMO
B \ / \ ) ——110
|
— /] ' 161
|
- ) 1 ] K \ 171
" / 1546a 15452 15473 18 178  /1546b 1545b 1547b 173a
1732 124 15 Gt 173 15 12 175b, 175,
% i 175

178 )



Patent Application Publication Jul. 7,2016 Sheet1 of 9 US 2016/0197304 A1

FIG. 1

17 172

Cst VDD

Y
Id

LD
Lol ]
Vss

121 T




Patent Application Publication Jul. 7,2016 Sheet 2 of 9 US 2016/0197304 A1

FIG. 2

Qs
173 124a 154a 1753

X
elamﬂm Isa} '-@fi" |- 62a

171~ :
bt = Ty ™"

- |-62b
1B~ | |- E@ | gj’-f\/ﬁlb

1+

i J
175h—— 1+
154b"““J

o
=
(
\\
/




US 2016/0197304 A1

Jul. 7,2016 Sheet 3 of 9

Patent Application Publication

00¢

8L1
QSLI
BGLT
qeLl
BELT
I
191

PO

A

2

qsLT vzl QST 9T I eS/1
HNH - A ~ —

eST  epzl eeLl
BLYST BSYST BQYST M

A

| q.LyST qSPST q994ST 8LT 871
A I O T O

\
09T —— / /%ﬁ:ﬁ\, \ |
i \ T\ T L — T X
08T ——
1 | ,//
05— h /, ——— |
_, \ mﬁ § # [ A / // |
i TELATEIEIEE €0 o
0z 0T8T
i
&
¢ ‘DI



Patent Application Publication Jul. 7,2016 Sheet 4 of 9
FIG. 4
R \ Pixel (lz'O/Ag/lT 0)
Pl - =i
¢ “\rA}}S/D
Ti
Pixel(ITO/Ag/ITO)
(P04
8 R OB
OB
PI c l"'1r'1l—ll"]l'1Hl_lﬁ_l Ti
A ﬂLA_I}S/D
Ti
. @
(P04 (Ag)
== @
AN \ ~
" i %
T
TEAl Ti

US 2016/0197304 A1



Patent Application Publication Jul. 7,2016 Sheet 5 of 9 US 2016/0197304 A1

P
Graphite .

Ve
5 )
e
—
T
1B
O o0
E<E

Pixel {



US 2016/0197304 A1

Jul. 7,2016 Sheet 6 of 9

Patent Application Publication

MOVED OL1 OL NNGVHININA © X Buipuaq s|qixa|4

O X NOLLN3AZY¥d NOLLONATY by
O v NOILNIATYd NOILYDIYODY by
O O (uotssiwd wonoq) IINVLIINSNYYL
@) O fyAnpU0)

110N auayderg / by OL1/ by 43y NOSRIVAWOD

AVIM ONOYLS
X v O ©O
9 "'DIA




US 2016/0197304 A1

Jul. 7,2016 Sheet 7 of 9

Patent Application Publication

P ) 9
I TR Qs 81 g eg AR
s N N R r N r N 4 T
STLTALLT LT 0T 2060r Togrr \ ST GGHST 09ST et é QE § mé Né E: M mé 2e¢.1 Te€/1
T — sz BGHST sﬁ
SELT 20ELT za
/ //ij _:4 e \\\\ il
u I e1/]
= B =93] U \ : 7] ,..Z = “\Wﬂs
fx\\\l/ﬁ
= — : /] | "
: \ ,, ﬂ, Y T w \_ \_ / _g //
, , |
. Ji s s T\
/] | Job Gt6L E6L g5 gy |
qs.T
mm m o smg 181
0021 ec 7 ,@
i1
191

L "DId



Patent Application Publication Jul. 7,2016 Sheet 8 of 9 US 2016/0197304 A1

171,173a,1754,
173b,175b,178

5
>

Graphite .

Graphite
A\‘ Al p

FIG. 8
g particle
—

A
/./

> —— . p—



US 2016/0197304 A1

Jul. 7,2016 Sheet 9 of 9

Patent Application Publication

(u)psueey

W ws s

§-o0

3

8&(&,:

Isuy)

8
n'e)

‘ (jnfe) Auayy

{0g) ZHZD

oumug | D.000 +(S€) ZH

(55105 SERE ‘ O {MI0S g8) .
0g - D.00v ZH

susydean

o ,w:mxnﬁw.wmﬁ

6 DId

ML WL seo



US 2016/0197304 A1

ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2015-0000223,
filed on Jan. 2, 2015, in the Korean Intellectual Property
Office, and entitled: “Organic Light Emitting Display Device
and Method Of Manufacturing The Same,” is incorporated by
reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Embodiments relate to an organic light emitting
display device and a method of manufacturing the same.
[0004] 2. Description of the Related Art

[0005] Recently, lightweight and thin momitors, televi-
sions, and the like have been required, and accordingly, a
cathoderay tube (CRT)has been replaced with a liquid crystal
display (LCD). However, a liquid crystal display is a light
receiving and emitting device and uses a separate backlight,
and may not be ideal in terms of response speed and a viewing
angle.

[0006] Recently, an organic light emitting display device
has attracted much attention as a display device for providing
improved characteristics. The organic light emitting display
device includes an emission layer disposed between the two
electrodes and is configured in such a way that electrons
injected from one electrode and holes injected from another
electrode are combined in an emission layer to form excitons
and the excitons emits light while emitting energy.

[0007] Since the organic light emitting display device is a
self-emitting type device and does not need a separate light
source, the organic light emitting display device has excellent
response speed, viewing angle, and contrast ratio and is also
excellent in terms of power consumption.

[0008] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY

[0009] Embodiments are directed to an organic light emit-
ting display device, including a thin film transistor including
a semiconductor layer, a gate electrode, and source and drain
electrodes, a pixel electrode connected to the thin film tran-
sistor, the pixel electrode including a first layer, a second layer
disposed on the first layer and including silver, and a third
layer including a carbon-based material and covering an
upper portion and lateral surface of the second layer, an
organic emission layer including an organic light emitting
member and disposed on the pixel electrode, and a common
electrode disposed on the organic emission layer.

[0010] The first layer may include a carbon-based material.
[0011] The carbon-based material of the first layer and the
third layer may include one or more of carbon nanotubes,
carbon nanofibers, carbon black, graphene, fullerene, or
graphite.

[0012] The first layer may be connected to the drain elec-
trode.
[0013] The first layer may include indium tin oxide.
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[0014] At least one of the source and drain electrodes may
include a lower layer including titanium or a carbon-based
material, an intermediate layer including aluminum, and an
upper layer including a carbon-based material.

[0015] The upper layer may cover an upper portion and
lateral surface of the intermediate layer.

[0016] The carbon-based material may include one or more
of carbon nanotubes, carbon nanofibers, carbon black,
graphene, fullerene, or graphite.

[0017] The intermediate layer may include pure aluminum
that is not alloy.

[0018] The intermediate layer may include aluminum
alloy.
[0019] Embodiments are also directed to a method of

manufacturing an organic light emitting display device, the
method including forming a thin film transistor including a
semiconductor layer, a gate electrode, and source and drain
electrodes, forming a pixel electrode connected to the thin
film transistor and including a first layer, a second layer
disposed on the first layer, and a third layer covering upper
portions and lateral surfaces of the first layer and the second
layer, forming an organic emission layer disposed on the pixel
electrode, and forming a common electrode disposed on the
organic emission layer.

[0020] The first layer and the third layer may include a
carbon-based material, and the second layer may include
silver.

[0021] The carbon-based material of the first layer and the
third layer may include carbon nanotubes, carbon nanofibers,
carbon black, graphene, fullerene, or graphite.

[0022] The first layer may include indium tin oxide, the
second layer may include silver, and the third layer may
include a carbon-based material.

[0023] The carbon-based material of the third layer may
include one or more of carbon nanotubes, carbon nanofibers,
carbon black, graphene, fullerene, or graphite.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Features will become apparent to those of skill in the
art by describing in detail example embodiments with refer-
ence to the attached drawings in which:

[0025] FIG. 1 illustrates a circuit a one-pixel equivalent
circuit diagram of an organic light emitting display device
according to an example embodiment.

[0026] FIG. 2 illustrates a one-pixel layout view of an
organic light emitting display device according to an example
embodiment.

[0027] FIG. 3 illustrates a cross-sectional view taken along
aline of FIG. 2.
[0028] FIG. 4 illustrates a drawing for explanation of a

phenomenon of reducing and eluting silver (Ag) of a pixel
electrode according to a Comparative Example.

[0029] FIG. 5 illustrates a cross-sectional view of a pixel
electrode according to a Comparative Example and a pixel
electrode according to an example embodiment.

[0030] FIG. 6illustrates a drawing for comparison of char-
acteristics between a pixel electrode according to a Compara-
tive Example and a pixel electrode according to an example
embodiment.

[0031] FIG. 7illustrates a one-pixel cross-sectional view of
an organic light emitting display device according to another
example embodiment.
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[0032] FIG. 8 illustrates a cross-sectional view of source
and drain electrodes of a pixel cross-sectional view according
to another example embodiment.

[0033] FIG. 9 illustrates a drawing showing the case in
which graphene is formed on silver (Ag).

DETAILED DESCRIPTION

[0034] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey example implementations to those skilled in the art.
[0035] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. Like
reference numerals refer to like elements throughout.

[0036] Itwill be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0037] Hereinafter, an organic light emitting display device
according to an example embodiment will be described in
detail with reference to the accompanying drawings.

[0038] FIG. 1 illustrates a circuit a one-pixel equivalent
circuit diagram of an organic light emitting display device
according to an example embodiment, FIG. 2 illustrates a
one-pixel layout view of an organic light emitting display
device according to an example embodiment, and FIG. 3 is a
cross-sectional view taken along a line III-I1I of FIG. 2.
[0039] Referring to FIG. 1, the organic light emitting dis-
play device according to the present example embodiment
includes a plurality of signal lines 121, 171, and 172 and a
plurality of pixels PX connected thereto and arranged in the
form of approximate matrix.

[0040] A signalline includes a plurality of gate lines 121 for
transmitting a gate signal (or a scan signal), a plurality of data
lines 171 for transmitting a data signal, and a plurality of
driving voltage lines 172 for transmitting a driving voltage
(ELVDD). The gate signal and the data signal are applied
through a display driving driver (not shown).

[0041] The gate lines 121 extend in an approximate row
direction and are almost disposed in parallel to each other.
The data lines 171 and the driving voltage lines 172 extend in
an approximate column direction and are almost disposed in
parallel to each other.

[0042] Each pixel PX includes a switching thin film tran-
sistor Qs, a driving thin film transistor Qd, a storage capacitor
Cst, and an organic light emitting diode LD.

[0043] The switching thin film transistor Qs includes a
control terminal, an input terminal, and an output terminal.
The control terminal is connected to the gate line 121, the
input terminal is connected to the dataline 171, and the output
terminal is connected to the driving thin film transistor Qd.
The switching thin film transistor Qs transmits a data signal
applied to the data line 171 to the driving thin film transistor
Qd in response to a gate signal applied to the gate line 121.
[0044] The driving thin film transistor Qd also includes a
control terminal, an input terminal, and an output terminal.
The control terminal is connected to the switching thin film
transistor Qs, the input terminal is connected to the driving
voltage line 172, and the output terminal is connected to the
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organic light emitting diode LD. The driving thin film tran-
sistor Qd flows output current Id, the amount of which is
changed according to a voltage between the control terminal
and the output terminal.

[0045] The storage capacitor Cst is connected between the
control terminal and input terminal of the driving thin film
transistor Qd. The storage capacitor Cst is charged with a data
signal applied to the control terminal of the driving thin film
transistor Qd and also maintains the data signal after the
switching thin film transistor Qs is turned off.

[0046] The organic light emitting diode LD includes an
anode connected to the output terminal of the driving thin film
transistor Qd and a cathode connected to a common voltage
VSS. The organic light emitting diode LD displays an image
by emitting light with intensity that is varied according to the
output current Id of the driving thin film transistor Qd.
[0047] The switching thin film transistor Qs and the driving
thin film transistor Qd may be an n-channel electric field
effect transistor (FET) or a p-channel electric field effect
transistor. In addition, connection correlations of the switch-
ing and the driving thin film transistors Qs and Qd, and the
storage capacitor Cst, and the organic light emitting diode LD
may be changed.

[0048] Referring to FIG. 2 and FIG. 3, the light emitting
display device according to an example embodiment is con-
figured in such a way that a thin film display layer 200 is
disposed on a display substrate 110.

[0049] The thin film display layer 200 includes a buffer
layer 120, switching and driving semiconductor layers 154a
and 154b, a gate insulating layer 140, a gate line 121, a first
storage capacitor plate 128, an interlayer insulating layer 160,
a data line 171, a driving voltage line 172, a switching drain
electrode 175a, a driving drain electrode 1755, and a passi-
vation layer 180.

[0050] Thebuffer layer 120 may be disposed on the display
substrate 110 formed of transparent glass, etc. and formed as
asingle layer of silicon nitride (SiNx), or a bilayer structure in
which silicon nitride (SiNx) and silicon oxide (Si0,) are
stacked. The buffer layer 120 may prevent undesirable con-
taminants, such as impurities or moisture, from penetrating,
and may simultaneously smoothen a surface.

[0051] The switching semiconductor layer 154a and the
driving semiconductor layer 1545 are spaced apart from each
other on the buffer layer 120. The switching semiconductor
layer 154a and the driving semiconductor layer 1544 are
formed of polycrystalline silicon, and include channel
regions 1545a and 15455, source regions 1546a and 15464,
and drain regions 15474 and 1547b. The source regions
15464 and 15465 and the drain regions 1547a and 15475 are
disposed next to opposite sides of the channel regions 15454
and 15455, respectively.

[0052] Thechannel regions 15454 and 15455 are formed of
polysilicon that is not doped with impurity, i.e., is an intrinsic
semiconductor, and the source regions 15464 and 15465 and
the drain regions 1547a and 1547 are formed of polysilicon
that is doped with conductive impurity, i.e., is an impurity
semiconductor.

[0053] The gate insulating layer 140 is disposed on the
channel regions 1545a and 15455 of the switching semicon-
ductor layer 1544 and the driving semiconductor layer 1545.
The gate insulating layer 140 may be a single layer or multiple
layers including at least one of silicon nitride and silicon
oxide.
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[0054] The gate line 121 is disposed on the gate insulating
layer 140 and the first storage capacitor plate 128 is disposed
on the buffer layer 120.

[0055] The gate line 121 extends in a horizontal direction,
transmits a gate signal, and includes a switching gate elec-
trode 124a that protrudes toward the switching semiconduc-
tor layer 154¢ from the gate line 121.

[0056] The first storage capacitor plate 128 includes a driv-
ing gate electrode 124b that protrudes toward the driving
semiconductor layer 1546 from the first storage capacitor
plate 128. The switching gate electrode 124a and the driving
gate electrode 1245 overlap with the channel regions 1545a
and 15455, respectively.

[0057] The interlayer insulating layer 160 is disposed on
the gate line 121, the first storage capacitor plate 128, and the
buffer layer 120.

[0058] A switching source contact hole 61a and a switching
drain contact hole 62a that expose the source region 1546a
and drain region 1547a of the switching semiconductor layer
154a therethrough, respectively, are formed in the interlayer
insulating layer 160. In addition, a driving source contact hole
615 and a driving drain contact hole 626 that expose the
source region 15465 and drain region 15475 of the driving
semiconductor layer 1545 therethrough, respectively, are
formed in the interlayer insulating layer 160.

[0059] The data line 171, the driving voltage line 172, the
switching drain electrode 1754, and the driving drain elec-
trode 1755 are disposed on the interlayer insulating layer 160.
[0060] The dataline 171 transmits a data signal, extends in
a direction in which the data line 171 and the gate line 121
cross each other and includes a switching source electrode
173a that protrudes toward the switching semiconductor
layer 154a from the data line 171.

[0061] The driving voltage line 172 transmits a driving
voltage, is separated from the data line 171, and extends in the
same direction as the data line 171. The driving voltage line
172 includes a second storage capacitor plate 178 that over-
laps with a driving source electrode 1735 that protrudes
toward the driving semiconductor layer 1545 from the driving
voltage line 172 and the first storage capacitor plate 128 that
protrudes from the driving voltage line 172. Here, the first
storage capacitor plate 128 and the second storage capacitor
plate 178 constitute a storage capacitor Cst using the inter-
layer insulating layer 160 as a dielectric material.

[0062] The switching drain electrode 175a faces the
switching source electrode 173a and the driving drain elec-
trode 1756 faces the driving source electrode 17364.

[0063] The switching source electrode 173a and the
switching drain electrode 175a are connected to the source
region 15464 and the drain region 1547a of the switching
semiconductor layer 154¢ through the switching source con-
tact hole 61a and the switching drain contact hole 62a,
respectively. In addition, the switching drain electrode 175a
extends and is electrically connected to the first storage
capacitor plate 128 and the driving gate electrode 1245
through the first contact hole 63 formed in the interlayer
insulating layer 160.

[0064] The driving source electrode 1735 and the driving
drain electrode 1755 are electrically connected to the source
region 15465 and the drain region 15475 of the driving semi-
conductor layer 1545 through the driving source contact hole
615 and the driving drain contact hole 625, respectively.
[0065] The switching semiconductor layer 154a, the
switching gate electrode 124a, the switching source electrode
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173a, and the switching drain electrode 175a constitute a
switching thin film transistor Qs, and the driving semicon-
ductor layer 1545, the driving gate electrode 1244, the driving
source electrode 1735, and the driving drain electrode 1755
constitute the driving thin film transistor Qd.

[0066] The passivation layer 180 is formed on the data line
171, the driving voltage line 172, the switching drain elec-
trode 1754, and the driving drain electrode 175b.

[0067] A second contact hole 185 through which the driv-
ing drain electrode 1755 is exposed is formed in the passiva-
tion layer 180.

[0068] An organic light emitting diode LD and a pixel
definition layer 350 are disposed on the passivation layer 180.
[0069] Theorganic light emitting diode LD includes a pixel
electrode 191, an organic emission layer 360, and a common
electrode 270.

[0070] The pixel electrode 191 is disposed on the passiva-
tion layer 180 and is electrically connected to the driving
drain electrode 1755 of the driving thin film transistor Qd
through the second contact hole 185 formed in the interlayer
insulating layer 160. The pixel electrode 191 may be an anode
of the organic light emitting diode LD.

[0071] Inthe present example embodiment, the pixel elec-
trode 191 may be formed as a triple layer in which a first layer
1914, a second layer 1915, and a third layer 191¢ are sequen-
tially stacked. The pixel electrode 191 may be electrically
conductive, with an electrical path being formed through each
of the first layer 191a, the second layer 1915, and the third
layer 191c.

[0072] The first layer 191a may be formed of a transparent
conductive material such as a carbon-based material or
indium tin oxide (ITO), indium zinc oxide (IZO), or the like.
The first layer 191a is electrically connected to the driving
drain electrode 1755 of the driving thin film transistor Qd
through the second contact hole 185 formed in the interlayer
insulating layer 160. The first layer 191a may directly contact
the driving drain electrode 1755 of the driving thin film tran-
sistor Qd through the second contact hole 185 formed in the
interlayer insulating layer 160.

[0073] Thesecondlayer 1915 may be positioned on the first
layer 191a and may include silver (Ag).

[0074] The third layer 191¢ may be positioned on the sec-
ond layer 1915 and may include a carbon-based material.
[0075] The carbon-based material of the first layer 191a
and/or the third layer 191¢ may include one or more of, for
example, carbon nanotubes (CNT), carbon nanofibers (CNF),
carbon black, graphene, fullerene, or graphite.

[0076] Inaddition, the third layer 191¢ may be formed ona
lateral surface of the second layer 1915 as well as an upper
portion of the second layer 1915 so as to be formed to com-
pletely cover the second layer 1914.

[0077] According to the present example embodiment, the
second layer 1915 of the pixel electrode 191 may include
silver (Ag). In this regard, the organic light emitting display
device according to the present example embodiment is con-
figured in such a way that the third layer 191¢ of the pixel
electrode 191 is formed of a carbon-based material that is
easily reduced instead of silver (Ag) and the second layer
1915 is completely covered by the third layer 191c. Thus,
dark spots from elution of silver (Ag) may be reduced or
eliminated.

[0078] Thepixel definition layer 3501s disposed on an edge
portion of the pixel electrode 191 and the passivation layer
180.
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[0079] The pixel definition layer 350 has an opening
through which the pixel electrode 191 is exposed. The pixel
definition layer 350 may be formed of a resin such as poly-
acrylates, polyimides, or the like.

[0080] The organic emission layer 360 is disposed on the
pixel electrode 191 in the opening of the pixel definition layer
350. The organic emission layer 360 may be disposed as a
plurality of organic light emitting members, and may include
oneormore of an emission layer, a hole-injection layer (HIL),
a hole-transporting layer (HTL), an electron-transporting
layer (ETL), and an electron-injection layer (EIL.). When the
organic emission layer 360 includes all of them, the hole-
injection layer may be positioned on the pixel electrode 191
as an anode, and the hole-transporting layer, the emission
layer, the electron-transporting layer, and the electron-injec-
tion layer may be sequentially stacked on the hole-injection
layer.

[0081] The organic emission layer 360 may include a red
organic emission layer for emitting red light, a green organic
emission layer for emitting green light, and a blue organic
emission layer for emitting blue light, and the red organic
emission layer, the green organic emission layer, and the blue
organic emission layer are formed in ared pixel, a green pixel,
and a blue pixel, respectively so as to realize a color image.

[0082] In another implementation, the organic emission
layer 360 may be configured in such a way that all of the red
organic emission layer, the green organic emission layer, and
the blue organic emission layer are stacked in the red pixel,
the green pixel, and the blue pixel, and a red color filter, a
green color filter, and a blue color filter are formed in the
respective pixels so as to realize a color image. As another
example, a white organic emission layer for emitting white
light is formed on all of the red pixel, the green pixel, and the
blue pixel, and the red color filter, the green color filter, and
the blue color filter are formed in the respective pixels so as to
realize a color image. When the color image is realized using
the white organic emission layer and the color filter, a depo-
sition mask for deposition of the red organic emission layer,
the green organic emission layer, and the blue organic emis-
sion layer on the respective pixels, that is, respective red,
green, and blue pixels, may not be used.

[0083] Also, the white organic emission layer described as
another example may be formed as one organic emission
layer, or may also be configured so as to stack a plurality of
organic emission layers to emit white light. For example, the
white organic emission layer may also be configured so as to
combine at least one yellow organic emission layer and at
least one blue organic emission layer to emit white light, to
combine at least one cyan organic emission layer and at least
one red organic emission layer to emit white light, and to
combine at least one magenta organic emission layer and at
least one green organic emission layer to realize white light.

[0084] The common electrode 270 is disposed on the pixel
definition layer 350 and the organic emission layer 360. The
common electrode 270 may be formed of a transparent con-
ductive material such as ITO, IZO, ZnO, In,O;, or the like, or
reflective material such as lithium, calcium, fluoride lithium/
calcium, fluoride lithium/aluminum, aluminum, silver, mag-
nesium, gold, or the like. The common electrode 270 is a
cathode of the organic light emitting diode LD.

[0085] With reference to FIGS. 4, 5, and 6, a pixel electrode
and an effect thereof will be described according to an
example embodiment.
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[0086] FIG. 4 illustrates a drawing for explanation of a
phenomenon of silver (Ag) elution and reduction in a pixel
electrode according to a Comparative Example, FIG. 5 illus-
trates a cross-sectional view of a pixel electrode according to
a Comparative Example and a pixel electrode according to an
example embodiment, and FIG. 6 illustrates a drawing for
comparison of characteristics between a pixel electrode
according to a Comparative Example and a pixel electrode
according to an example embodiment.

[0087] Referring to FIG. 4, the pixel electrode according to
a Comparative Example is formed as a triple layer of ITO/
Ag/ITO and source and drain electrodes are formed as a triple
layer of Ti/Al/Ti. With regard to the pixel electrode Pixel, the
triple layer of ITO/Ag/ITO is illustrated as one layer.

[0088] During formation of patterns of the pixel electrode
Pixel, an etchant including phosphoric acid (H;PO,) is used.
In this case, silver ion (Ag+) of the pixel electrode Pixel is
generated by phosphoric acid (H;PO,) of the etchant.

[0089] Silver (Ag) included in the pixel electrode is easily
reduced compared with aluminum Al included in the source
and drain electrodes. That is, silver (Ag) is reduced and alu-
minum (Al) is oxidized, and thus problems arise in that silver
ion Ag+ are stuck to the source and drain electrodes and are
reduced to silver (Ag) particles to generate dark spots.

[0090] Referring to FIG. 5, instead of a triple layer of ITO/
Ag/TTO (left side of FIG. 5), the pixel electrode according to
an example embodiment (right side of FIG. 5) may be formed
as a triple layer including the first layer/second layer/third
layer. Particularly, the first layer and the third layer may be
formed of a carbon-based material and the second layer may
be formed of silver (Ag). In this case, the carbon-based mate-
rial may be formed of one or more of carbon nanotubes
(CNT), carbon nanofibers (CNF), carbon black, graphene,
fullerene, or graphite.

[0091] Inaddition, the third layer may be formed to cover a
lateral surface (see the rightmost edge of the pixel electrode)
as well as an upper portion of the second layerincluding silver
(Ag), soas to prevent silver (Ag) from being changed to silver
ion (Ag+) by phosphoric acid (H;PO,) of the etchant.

[0092] Referring to FIG. 6, the pixel electrode according to
a Comparative Example includes a third layer formed of ITO
on the second layer including silver (Ag), whereas the pixel
electrode according to an example embodiment includes a
third layer including graphene on a second layer including
silver (Ag). It may be seen that, compared with the case in
which the third layer is formed of ITO, when the third layer is
formed of graphene, excellent conductivity and flexible bend-
ing are achieved, and silver (Ag) is prevented from being
reduced to generate dark spots.

[0093] Hereinafter, repetition of materials and configura-
tions of respective components will be omitted.

[0094] FIG. 7illustrates a one-pixel cross-sectional view of
an organic light emitting display device according to another
example embodiment, and is the same as the one-pixel cross-
sectional view of the organic light emitting display device of
FIG. 3 except that structures of the source electrode 173a and
1735, the drain electrode 175a and 1755, and the second
storage capacitor plate 178 are changed. FIG. 8 is a cross-
sectional view of source and drain electrodes of a pixel cross-
sectional view according to another example embodiment.
Thus, the same reference numeral is denoted for the same
component, and a detailed description thereof will be omit-
ted.
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[0095] Referring to FIG. 7, the organic light emitting dis-
play device according to another example embodiment is
configured in such a way that the thin film display layer 200
is disposed on the display substrate 110.

[0096] The thin film display layer 200 includes the inter-
layer insulating layer 160, the data line 171, the switching
source electrode 1734, the switching drain electrode 175a,
the driving source electrode 1734, the driving drain electrode
175b, and the storage capacitor plate 178.

[0097] The data line 171, the switching source electrode
173a, the switching drain electrode 1754, the driving source
electrode 1735, the driving drain electrode 1755, and the
storage capacitor plate 178 may be formed as a triple layer
including a lower layer/intermediate layer/upper layer on the
interlayer insulating layer 160.

[0098] Lower layers 171a, 17341, 17541, 17351, 17551,
and 178a may include Ti or a carbon-based material, inter-
mediate layers 1715, 173a2, 17542, 17362, 17552, and 178b
may include aluminum (Al), and upper layers 171¢, 17343,
17543, 17363, 17563, and 178¢ may include a carbon-based
material.

[0099] In this case, the carbon-based material may include
one or more of carbon nanotubes (CNT), carbon nanofibers
(CNF), carbon black, graphene, fullerene, or graphite.
[0100] The upper layers 171c, 17343, 17543, 17343,
17563, and 178¢ including a carbon-based material may be
formed to cover lateral surfaces and upper portions of the
intermediate layers 1715, 17342, 17542, 17352, 17552, and
1786 including aluminum (Al) so as to prevent silver ion
(Ag+) from being stuck to the data line 171, the switching
source electrode 173a, the switching drain electrode 1754,
the driving source electrode 173, the driving drain electrode
175b, and the storage capacitor plate 178 to be reduced to
silver (Ag) particles and to generate dark spots.

[0101] In addition, the intermediate layers 1715, 17342,
17502, 17352, 17552, and 178b may be formed of pure alu-
minum that is not alloy or aluminum alloy.

[0102] In this case, when the intermediate layers 1715,
173a2,175a2, 17352, 17562, and 1785 are formed of alumi-
num alloy, the intermediate layers 1715, 17342, 17542,
17352, 17552, and 1785 may be more stable at high tempera-
ture compared with the case of pure aluminum that is not
alloy. Aluminum alloy may be an alloy including aluminum
(Al) and neodymium (Nd). In this case, Al—Nd alloy may
contain about 95-98 at. % of Al and 2-5 at. % of Nd.

[0103] FIG. 9 illustrates a drawing showing the case in
which graphene is formed on silver (Ag) and shows intensity
according to Raman Shift when graphene is formed on silver
(Ag) using hydrogen (H,) gas at a temperature of 400° C. for
a predetermined time period.

[0104] As seen from FIG. 9, a peak point of intensity
according to Raman Shift is also present in pure silver (Ag)
when graphene is formed on silver Ag. This shows that
graphene is well formed on silver (Ag).

[0105] That is, the pixel electrode of the organic light emit-
ting display device according to an example embodiment may
be formed of graphene/silver (Ag)/graphene and the pixel
electrode may be formed of graphene/silver (Ag)/graphene so
as to originally prevent silver ion (Ag+) of the pixel electrode
Pixel from being generated by phosphoric acid (H,PO,) of
etchant.

[0106] Hereinafter, a method of manufacturing the organic
light emitting display device of FIG. 3 will be described
briefly.
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[0107] Referring to FIG. 3, the method of manufacturing
the organic light emitting display device according to an
example embodiment includes forming thin film transistors
Qs and Qd including the semiconductor layers 154a and
1545, the gate electrodes 124a and 1755, and the source and
drain electrodes 1734, 1735, 1754, and 1755, forming a pixel
electrode 191 connected to the thin film transistors Qs and Qd
and including a first layer 191a, a second layer 1915 posi-
tioned on the first layer 191qa, and a third layer 191¢ that
covers upper portions and lateral surfaces of the first layer
191a and the second layer 1915, forming the organic emis-
sion layer 360 disposed on the pixel electrode 191, and form-
ing the common electrode 270 disposed on the organic emis-
sion layer 360.

[0108] The forming of the thin film transistors Qs and Qd,
the forming of the organic emission layer 360, and the form-
ing of the common electrode 270 are the same as known
technologies, and thus a detailed description thereof will be
omitted.

[0109] In the forming of the pixel electrode 191, the first
layer 191a and the second layer 1915 are stacked and pat-
terned and the third layer 191¢ is formed to cover upper
portions and lateral surfaces of the first layer 191a and the
second layer 1914.

[0110] In this case, the first layer 191a may be formed of
indium tin oxide (ITO) or a carbon-based material, the second
layer 1915 may be formed of silver (Ag), and the third layer
191¢ may be formed of a carbon-based material.

[0111] Thecarbon-based material may be formed of one or
more materials selected from carbon nanotubes (CNT), car-
bon nanofibers (CNF), carbon black, graphene, fullerene, and
graphite.

[0112] As described above, embodiments may provide an
organic light emitting display device, and a method of manu-
facturing the same, wherein silver (Ag) included in a pixel
electrode is prevented from being eluted to cause dark spots.
According to embodiments, a pixel electrode may be formed
of ITO or a triple layer in which carbon-based material/silver
(Ag)/carbon-based material are stacked, and the carbon-
based material may be formed to cover an upper portion and
lateral surface of silver (Ag) so as to prevent silver (Ag) from
being changed to silver ion (Ag+) by phosphoric acid
(H,PO,) of an etchant, to prevent dark spots.

[0113] According to the present example embodiment,
source and drain electrodes may be formed of Ti or a triple
layer in which carbon-based material/aluminum (Al)/carbon-
based material are stacked and the carbon-based material may
be formed to cover an upper portion and lateral surface of
aluminum (Al) so as to prevent silver ion (Ag+) from being
stuck to the source and drain electrodes to be reduced, thereby
preventing errors of dark spots.

<Description of symbols™>

110: display substrate 120: buffer layer

121: gate line 124a: switching gate electrode

124b: driving gate electrode 128: first storage capacitor plate
134a: switching semiconductor layer 154b: driving semiconductor layer
160: interlayer insulating layer 171: data line

173a: switching source electrode 173b: driving source electrode
175a: switching drain electrode 175b: driving drain electrode
178: storage capacitor plate 191: pixel electrode

191a: first layer 191b: second layer

191c: third layer

171a, 173al, 175a1,173b1, 175b1, 178a: lower layer
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-continued

<Description of symbols>

171b, 17342, 175a2, 173b2, 175b2, 178b: intermediate layer
171¢, 17343, 17543, 173b3, 175b3, 178¢: upper layer

[0114] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, charac-
teristics, and/or elements described in connection with other
embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made without
departing from the spirit and scope as set forth in the follow-
ing claims.

What is claimed is:

1. An organic light emitting display device, comprising:

a thin film transistor including a semiconductor layer, a

gate electrode, and source and drain electrodes;

a pixel electrode connected to the thin film transistor, the

pixel electrode including:

a first layer,

a second layer disposed on the first layer and including
silver, and

a third layer including a carbon-based material and cov-
ering an upper portion and lateral surface of the sec-
ond layer;

an organic emission layer including an organic light emit-

ting member and disposed on the pixel electrode; and

a common electrode disposed on the organic emission

layer.

2. The organic light emitting display device as claimed in
claim 1, wherein the first layer includes a carbon-based mate-
rial.

3. The organic light emitting display device as claimed in
claim 2, wherein the carbon-based material of the first layer
and the third layer includes one or more of carbon nanotubes,
carbon nanofibers, carbon black, graphene, fullerene, or
graphite.

4. The organic light emitting display device as claimed in
claim 2, wherein the first layer is connected to the drain
electrode.

5. The organic light emitting display device as claimed in
claim 1, wherein the first layer includes indium tin oxide.
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6. The organic light emitting display device as claimed in
claim 5, wherein at least one of the source and drain elec-
trodes includes:

a lower layer including titanium or a carbon-based mate-

rial;
an intermediate layer including aluminum; and
an upper layer including a carbon-based material.
7. The organic light emitting display device as claimed in
claim 6, wherein the upper layer covers an upper portion and
lateral surface of the intermediate layer.
8. The organic light emitting display device as claimed in
claim 7, wherein the carbon-based material includes one or
more of carbon nanotubes, carbon nanofibers, carbon black,
graphene, fullerene, or graphite.
9. The organic light emitting display device as claimed in
claim 6, wherein the intermediate layer includes pure alumi-
num that is not alloy.
10. The organic light emitting display device as claimed in
claim 6, wherein the intermediate layer includes aluminum
alloy.
11. A method of manufacturing an organic light emitting
display device, the method comprising:
forming a thin film transistor including a semiconductor
layer, a gate electrode, and source and drain electrodes;

forming a pixel electrode connected to the thin film tran-
sistor and including a first layer, a second layer disposed
on the first layer, and a third layer covering upper por-
tions and lateral surfaces of the first layer and the second
layer;

forming an organic emission layer disposed on the pixel

electrode; and

forming a common electrode disposed on the organic emis-

sion layer.

12. The method as claimed in claim 11, wherein:

the first layer and the third layer include a carbon-based

material; and

the second layer includes silver.

13. The method as claimed in claim 12, wherein the car-
bon-based material of the first layer and the third layer
includes carbon nanotubes, carbon nanofibers, carbon black,
graphene, fullerene, or graphite.

14. The method as claimed in claim 11, wherein:

the first layer includes indium tin oxide;

the second layer includes silver; and

the third layer includes a carbon-based material.

15. The method as claimed in claim 14, wherein the car-
bon-based material of the third layer includes one or more of
carbon nanotubes, carbon nanofibers, carbon black,
graphene, fullerene, or graphite.
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