US 20140061607A1

12) Patent Application Publication (o) Pub. No.: US 2014/0061607 A1

a9y United States

You et al. 43) Pub. Date: Mar, 6, 2014
(54) ORGANIC LIGHT-EVITTING DISPLAY (32) US.CL

DEVICE AND METHOD OF &1 S HOIL 27/3258 (2013.01)

MANUFACTURING THE SAME USPC oo 257/40; 257/88; 438/34

(71)  Applicant: SAMSUNG DISPLAY CO., LTD.,
Yongin-si (KR)

(72) Inventors: Chun-Gi You, Yongin-si (KR);
Joon-Hoo Choi, Yongin-si (KR)

SAMSUNG DISPLAY CO., LTD.,
Yongin-si (KR)

(73) Assignee:

(21) Appl. No.: 13/801,530

(22) Filed: Mar. 13,2013
(30) Foreign Application Priority Data
Sep. 6,2012  (KR) oovvevviveecceee 10-2012-0098959

Publication Classification

(51) Int.CL
HOIL 27/32

(2006.01)

2170

(57) ABSTRACT

An organic light-emitting display device includes: a sub-
strate; an active layer on the substrate; a gate electrode insu-
lated from the active layer and overlapping with the active
layer; a source electrode including a first source electrode
layer, connected to the active layer, and a second source
electrode layer connected to the first source electrode layer,
the second source electrode layer being larger than the first
source electrode layer; a drain electrode including a first drain
electrode layer connected to the active layer, and a second
drain electrode layer connected to the first drain electrode
layer, the second drain electrode layer being larger than the
first drain electrode layer; a first electrode directly connected
to a top surface of the source electrode or the drain electrode;
an intermediate layer on the first electrode and including an
organic emission layer; and a second electrode on the inter-
mediate layer.
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0098959, filed in the
Korean Intellectual Property Office on Sep. 6,2012, the entire
contents of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiments of the present invention
relate to an organic light-emitting display device and a
method of manufacturing the same.

[0004] 2. Description of the Related Art

[0005] Display devices are being replaced with flat display
devices that are portable and thin. Among flat display devices,
organic light-emitting display devices have drawn attention
as next generation display devices because they are self light-
emitting and have supetior characteristics, such as wide view-
ing angles, high contrast ratios, and short response times.
[0006] An organic light-emitting display device includes
an intermediate layer, a first electrode, and a second electrode.
The intermediate layer includes an organic emission layer,
and when voltages are applied to the first and second elec-
trodes, visible light is emitted from the organic emission
layer.

[0007] The organic light-emitting display device may fur-
ther include a thin film transistor for operating the organic
light-emitting display device. The thin film transistor
includes an active layer, a gate electrode, a source electrode,
and a drain electrode.

[0008] In this case, when the thin film transistor is formed,
an insulating layer is disposed between thin layers of the thin
film transistor. For example, an insulating layer may be dis-
posed between the source and gate electrodes and between the
drain and gate electrodes.

[0009] When the insulating layer is formed, a short-circuit
may occur between elements to be insulated by the insulating
layer, such as between the gate electrode and the source
electrode or between the gate electrode and the drain elec-
trode. The short circuits may be the result of particles pen-
etrating the insulating layer or morphology of elements
formed under the insulating layer, such as the gate electrode.
In particular, when an organic light-emitting display device
having high resolution is manufactured, a line width of wir-
ings and a distance between wirings are decreased. Thus, the
above defects occur frequently, and there is a limitation in
improving a display quality of the organic light-emitting dis-
play device.

SUMMARY

[0010] Aspects of embodiments of the present invention are
directed to an organic light-emitting display device that has
an increased aperture ratio and improved display quality, and
a method of manufacturing the same.

[0011] According to aspects of the present invention, an
organic light-emitting display device includes: a substrate; an
active layer on the substrate; a gate electrode insulated from
the active layer and overlapping the active layer; a source
electrode; a drain electrode; a first electrode that is directly

Mar. 6, 2014

connected to a top surface of the source electrode or the drain
electrode; and a second electrode on the intermediate layer.
The source electrode includes a first source electrode layer
connected to the active layer, and a second source electrode
layer connected to the first source electrode layer, the second
source electrode layer being larger than the first source elec-
trode layer. The drain electrode includes a first drain electrode
layer connected to the active layer, and a second drain elec-
trode layer connected to the first drain electrode layer, the
second drain electrode layer being larger than the first drain
electrode layer.

[0012] The organic light-emitting display device may fur-
ther include a first interlayer insulating layer on the gate
electrode and having a first contact opening; and a second
interlayer insulating layer on the first interlayer insulating
layer and having a second contact opening.

[0013] The first source electrode layer and the first drain
electrode layer may correspond to the first contact opening,
and the second source electrode layer and the second drain
electrode layer may correspond to the second contact open-
ing.

[0014] The first contact opening may be smaller than the
second contact opening.

[0015] A plurality of first contact openings may be con-
nected to one second contact opening.

[0016] The first interlayer insulating layer may include an
inorganic material, and the second interlayer insulating layer
may include an organic material.

[0017] A top surface of the second interlayer insulating
layer may have a planarized surface.

[0018] The first electrode may be in an opening in the
second interlayer insulating layer, and the first electrode may
be connected to the source electrode or the drain electrode
along a side surface of the opening,

[0019] The first electrode may be between the substrate and
the gate electrode.

[0020] The opening in the second interlayer insulating
layer may be at an inner side of an opening in the first inter-
layer insulating layer.

[0021] A gate insulating layer may be between the active
layer and the gate electrode, and an opening in the gate
insulating layer and an opening in the first interlayer insulat-
ing layer may have the same etched surface.

[0022] The first electrode may include at least one of
indium tin oxide (ITO), indium zinc oxide (IZ0), zinc oxide
(Zn0), In,0,, indium gallium oxide (IGO), or Al-doped zinc
oxide (AZ0O).

[0023] The first electrode further may include a semi-per-
meable metal layer.

[0024] The second electrode may be a reflective electrode.
[0025] The substrate may include a capacitor area where at
least one capacitor including a first capacitor electrode and a
second capacitor electrode is located.

[0026] The first capacitor electrode and the active layer
may be in the same layer, and the second capacitor electrode
and the gate electrode may be in the same layer.

[0027] According to another aspect of the present inven-
tion, a method of manufacturing an organic light-emitting
display device includes: forming an active layer on a sub-
strate; forming a gate electrode that is insulated from the
active layer and overlaps with the active layer; forming a
source electrode including a first source electrode layer con-
nected to the active layer, and a second source electrode layer
connected to the first source electrode layer, the second
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source electrode layer being formed to be larger than the first
source electrode layer; forming a drain electrode including a
first drain electrode layer connected to the active layer, and a
second drain electrode layer connected to the first drain elec-
trode layer, the second drain electrode layer being formed to
be larger than the first drain electrode layer; forming a first
electrode to be directly connected to a top surface of the
source electrode or the drain electrode; forming an interme-
diate layer on the first electrode that includes an organic
emission layer; and forming a second electrode on the intet-
mediate layer.

[0028] The method may further include forming a first
interlayer insulating layer on the gate electrode, wherein the
first interlayer insulating layer has a first contact opening; and
forming a second interlayer insulating layer on the first inter-
layer insulating layer, wherein the second interlayer insulat-
ing layer may have a second contact opening.

[0029] The forming of the source electrode and the forming
of the drain electrode may include forming the first source
electrode layer and the first drain electrode layer to corre-
spond to the first contact opening and forming the second
source electrode layer and the second drain electrode layer to
correspond to the second contact opening.

[0030] The forming of the source electrode and the forming
of the drain electrode may include forming the first source
electrode layer, the first drain electrode layer, the second
source electrode layer, and the second drain electrode layer in
one process after forming the first interlayer insulating layer
and the second interlayer insulating layer.

[0031] The forming of the second interlayer insulating
layer may include forming an opening in the second intet-
layer insulating layer, and the first electrode may be in the
opening.

[0032] The forming of the first electrode may include form-
ing the first electrode to be connected to a top surface of the
source electrode or the drain electrode along a side surface of
the opening formed in the second interlayer insulating layer.

[0033] The forming of the first interlayer insulating layer
may include forming an opening in the first interlayer insu-
lating layer, and the forming of the second interlayer insulat-
ing layer may include forming an opening in the second
interlayer insulating layer, the opening in the second inter-
layer insulating layer being smaller than the opening formed
in the first interlayer insulating layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The above and other features and aspects of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawings in which:

[0035] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting display device according to an embodi-
ment of the present invention;

[0036] FIG.2isaplan view of portion 11 of FIG. 1 in detail;
and
[0037] FIGS. 3A through 3G are schematic cross-sectional

views sequentially illustrating a method of manufacturing an
organic light-emitting display device, according to an
embodiment of the present invention.
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DETAILED DESCRIPTION

[0038] The present invention will now be described more
fully with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown.

[0039] The invention may, however, be embodied in many
different forms, and should not be construed as being limited
to the embodiments set forth herein; rather, these embodi-
ments are provided so that this disclosure will be thorough
and complete, and will fully convey the concept of the inven-
tion to one of ordinary skill in the art.

[0040] In the drawings, the thicknesses of layers and areas
may be exaggerated for clarity. Like reference numerals
denote like elements throughout the specification. Through-
out the specification, it will also be understood that when an
element such as layer, area, 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 addition,
relative terms such as “lower” or “bottom”, and “upper” or
“top” may be used herein to describe one element’s relation-
ship to another as illustrated in the drawings. It will be under-
stood that relative terms are intended to encompass different
orientations of the device in addition to the orientation
depicted in the drawings. For example, if a device in the
drawings is inverted, elements described as being on the
“lower” side of other elements would then be oriented on
“upper” sides of the other elements. The exemplary term
“lower”, can therefore, encompasses both an orientation of
“lower” and “upper”, depending of the particular orientation
of the figure. Similarly, if a device in one of the drawings is
inverted, elements described as “below” or “beneath” other
elements would then be oriented “above” the other elements.
The exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items. Expressions
such as “at least one of,” when preceding a list of elements,
may modify the entire list of elements and does not necessar-
ily modify the individual elements of the list.

[0041] Also, the accompanying drawings show an active
matrix (AM) organic light-emitting diode (AMOLED) dis-
play device having a 2Tr-1Cap structure which includes two
thin film transistors (TFTs) and one capacitor in one pixel,
and an AMOLED display device having a 6 Tr-2Cap structure
which includes six TFTs and two capacitors, but the present
invention is not limited thereto. Thus, an organic light-emit-
ting display device may include a plurality of TFTs and at
least one capacitor in one pixel, and may be formed to have
any of various structures by further forming an additional
wiring or by omitting the existing wiring. Here, the pixel is
the smallest unit that displays a portion of an image, and an
organic light-emitting display device displays an image
through a plurality of pixels.

[0042] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting display device according to an embodi-
ment of the present invention.

[0043] Referring to FIG. 1, the organic light-emitting dis-
play device according to the present embodiment includes a
substrate 10, a buffer layer 11, a first electrode 118, a thin film
transistor TFT, an intermediate layer 120, a second electrode
122, a first interlayer insulating layer 15, a second interlayer
insulating layer 16, and a capacitor 310.

[0044] The substrate 10 is defined by a plurality of areas,
which includes a pixel area PX1,, a transistor area TR, and a
capacitor area CAP.
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[0045] The pixel area PXL is an area in which at least the
intermediate layer 120 is included and in which visible light
is emitted from the intermediate layer 120. The transistor area
TR is an area in which various electrical signals for perform-
ing an operation in the emission area PXL are transmitted and
where the thin film transistor TFT is disposed.

[0046] The thin film transistor TFT includes an active layer
212, a gate electrode 214, a source electrode 2174, and adrain
electrode 217b. In addition, the source electrode 217a
includes a first source electrode layer 217a-1 and a second
source electrode layer 217a-2, and the drain electrode 217b
includes a first drain electrode layer 217h-1 and a second
drain electrode layer 2175-2.

[0047] The capacitor 310 is disposed in the capacitor area
CAP and includes a first capacitor electrode 312 and a second
capacitor electrode 314.

[0048] The configuration of elements will now be
described in more detail.

[0049] The substrate 10 may be formed of a transparent
glass material containing SiO, as a main component. How-
ever, embodiments of the present invention are not limited
thereto, and the substrate 10 may also be formed of a trans-
parent plastic material. In this case, the transparent plastic
material for forming the substrate 10 may be at least one
selected from various known organic materials. However, any
suitable substrate material may be used.

[0050] The buffer layer 11 is formed on the substrate 10.
The buffer layer 11 prevents impurity elements from penetrat-
ing into the substrate 10 (or reduces the amount of impurities
penetrating into the substrate 10) and planarizes an upper
portion of the substrate 10. Thus, the buffer layer 11 may be
formed of various materials that serve such functions. For
example, the buffer layer 11 may include an inorganic mate-
rial, such as silicon oxide, silicon nitride, silicon oxynitride,
aluminum oxide, aluminum nitride, titanium oxide, and/or
titanium nitride, or an organic material, such as polyimide,
polyester, and/or acryl. The buffer layer 11 may have a stack
structure in which a plurality of the materials are deposited.
Also, the buffer layer 11 may be omitted according to process
conditions.

[0051] Theactive layer 212 and the first capacitor electrode
312 are formed on the buffer layer 11. The active layer 212
and the first capacitor electrode 312 may be formed of the
same material. The active layer 212 and the first capacitor
electrode 312 may include a semiconductor material, for
example, silicon. The active layer 212 may include a source
area 212a, a drain area 2125, and a channel layer 212¢ which
is disposed between the source area 2124 and the drain area
212b.

[0052] A gate insulating layer 13 is formed on the buffer
layer 11 to cover the active layer 212 and the first capacitor
electrode 312.

[0053] The gate electrode 214 and the second capacitor
electrode 314 are formed on the gate insulating layer 13.
[0054] The gate electrode 214 may be formed with a metal
or a metal alloy such as Mo, MoW, or an Al-based alloy.
However, embodiments of the present invention are not lim-
ited thereto, and the gate electrode 214 may also include a
stack (i.e., layered) structure of Mo/Al/Mo.

[0055] The second capacitor electrode 314 may be formed
of the same material as the gate electrode 214.

[0056] The first interlayer insulating layer 15 is formed on
the gate electrode 214 and the second capacitor electrode 314.
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The first interlayer insulating layer 15 may include various
insulating materials, for example, inorganic materials.

[0057] The first interlayer insulating layer 15 includes first
contact holes 155 (e.g., first contact openings) exposing the
TFT.

[0058] Also, an opening 15a is formed in the first interlayer
insulating layer 15, wherein the opening 15« and an opening
in the gate insulating layer 13 have the same etched surface.
The firstinterlayer insulating layer 15 is formed so that it does
not cover a top surface of the first electrode 118.

[0059] The first source electrode layer 217a-1 of the source
electrode 217a and the first drain electrode layer 2175-1 of the
drain electrode 2175 are formed to correspond to the first
contact holes 1556 of the first interlayer insulating layer 15.

[0060] The first source electrode layer 217a-1 and the first
drain electrode layer 2175-1 are formed to be connected to the
active layer 212 of the TFT. The first source electrode layer
217a-1 and the first drain electrode layer 21756-1 may be
formed using various materials. For example, the first source
electrode layer 217a-1 and the first drain electrode layer
2175-1 may be formed of metal, such as Au, Pd, Pt, Ni, Rh,
Ru,Ir, Os, Al, Mo, Nd, Mo, or W, or may be formed of an alloy
including two or more of these materials. However, embodi-
ments of the present invention are not limited thereto.

[0061] The second interlayer insulating layer 16 is formed
on the first interlayer insulating layer 15. The second intet-
layer insulating layer 16 may be formed of various insulating
materials, for example, organic materials.

[0062] The second interlayer insulating layer 16 includes
second contact holes 165 (e.g., second contact openings).

[0063] Also, an opening 164 is formed in the second inter-
layer insulating layer 16 at an inner side of the opening 15a
formed in first interlayer insulating layer 15. The opening 164
is formed so that it does not cover a top surface of the first
electrode 118.

[0064] The second source electrode layer 217a-2 of the
source electrode 217a and the second drain electrode layer
217b-2 of the drain electrode 2176 are formed to correspond
to the second contact hole 165 of the second interlayer insu-
lating layer 16.

[0065] The second source electrode layer 2174-2 and the
second drain electrode layer 2175-2 are formed to be con-
nected to the first source electrode layer 217a-1 and the first
drain electrode layer 2175-1, respectively. The second source
electrode layer 217a-2 and the second drain electrode layer
2175-2 may be formed using various materials, for example,
ametal such as Au, Pd, Pt, Ni, Rh, Ru, Ir, Os, Al, Mo, Nd, Mo,
or W, or may be formed of an alloy including two or more of
the materials. However, embodiments of the present inven-
tion are not limited thereto.

[0066] The first source electrode layer 217a-1 of the source
electrode 2174 is formed smaller than the second source
electrode layer 217a-2. In detail, a first contact hole 155 of the
first interlayer insulating layer 15 is formed smaller than the
second contact hole 165 of the second interlayer insulating
layer 16, the first source electrode layer 217a-1 1s formed to
correspond to the first contact hole 155, and the second source
electrode layer 217a-2 is formed to correspond to the second
contact hole 165. Also, as shown in FIG. 2, a plurality of the
first contact holes 155 are formed to be connected to one
second comntact hole 165 so that a plurality of the first source
electrode layers 217a-1 are formed to be connected to one
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second source electrode layer 217a-2. For example, as shown
in FIG. 2, four first contact holes 155 may be connected to one
second contact hole 165.

[0067] The first drain electrode layer 2175-1 of the drain
electrode 2175 is formed smaller than the second drain elec-
trode layer 2175-2. In detail, a first contact hole 155 of the first
interlayer insulating layer 15 is formed smaller than the sec-
ond contact hole 165 of the second interlayer insulating layer
16, and the first drain electrode layer 2175-1 is formed to
correspond to the first contact hole 155, and the second drain
electrode layer 217b-2 is formed to correspond to the second
contact hole 165 of the second interlayer insulating layer 16.
Also, as illustrated in FIG. 2, a plurality of the first contact
holes 155 are formed to be connected to one second contact
hole 164 so that a plurality of the first drain electrode layers
217b-1 are formed to be connected to the second drain elec-
trode layer 2175-2. For example, as shown in FIG. 2, one
second contact hole 165 may be connected to four first contact
holes 156b.

[0068] Consequently, in the current embodiment, two insu-
lating layers, namely, the first and second interlayer insulat-
ing layers 15 and 16, are formed between the gate electrode
214, the second source electrode layer 217a-2, and the second
drain electrode layer 2175-2. Accordingly, foreign substances
are effectively prevented (e.g., substantially prevented) from
being migrating between the gate electrode 214, the second
source electrode layer 217a-2, and the second drain electrode
layer 217b-2, and/or a short-circuit may be effectively pre-
vented from occurring between the gate electrode 214, the
second source electrode layer 2174-2, and the second drain
electrode layer 21756-2 as a result of metal components that
remain in the gate electrode 214, the second source electrode
layer 217a-2, or the second drain electrode layer 2175-2
during formation.

[0069] In particular, the first interlayer insulating layer 15,
containing an inorganic material that is capable of preventing
moisture penetration and also provides good step coverage
characteristics, is first formed on the gate electrode 214 so
that the gate electrode 214 may be effectively insulated. Also,
because the second interlayer insulating layer 16 is formed on
the first layer insulating layer 15 by using an organic material,
the second layer insulating layer 16 may be easily formed to
a desired thickness, and a top surface of the second layer
insulating layer 16 is planarized so that the second layer
insulating layer 16 may easily function as a planarization
layer. Also, a gate wiring of the gate electrode 214 may be
formed to be thick so that an increase in resistance due 1o a
reduction in a width of the gate wiring may be reduced or
prevented, thereby preventing or reducing a delay in signal
transmission.

[0070] In this case, the first contact hole 156 of the first
interlayer insulating layer 15 is formed to have a small size so
that a distance between the source electrode 217a and the
drain electrode 2175 and a distance between other wirings
may be minimized, thereby enabling an organic light-emit-
ting display device having high resolution. In addition, the
second contact hole 165 of the second layer insulating layer
16 is formed larger than the first contact hole 154 so that
electrical characteristics of the thin film transistor TFT may
be improved. In particular, a plurality of the first contactholes
155 are formed to be connected to one second contact hole
164 so that an electrical contact characteristic between the
first source electrode layer 217a-1 and the active layer 212
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and an electrical contact characteristic between the first drain
electrode layer 217b-1 and the active layer 212 may be
improved.

[0071] One of the source electrode 2174 and the drain elec-
trode 217b is electrically connected to the first electrode 118.
FIG. 1illustrates that the second drain electrode layer 2175-2
of the drain electrode 2175 is electrically connected to the first
electrode 118. In detail, the first electrode 118 directly con-
tacts a top surface of the second drain electrode layer 2175-2
of the drain electrode 21756. Furthermore, the first electrode
118 is formed at a bottom surface of the opening 164 formed
in the second interlayer insulating layer 16 and along a side
surface of the opening 164 of the second interlayer insulating
layer 16. In other words, the first electrode 118 and the drain
electrode 2175 are not connected to each other via a contact
hole. Thus, because the design margin (e.g. size) of the con-
tact hole may be reduced, the design margin (e.g. size) of the
first electrode 118 may be increased, thereby improving an
aperture ratio compared to conventional devices.

[0072] Inthe current embodiment, the first electrode 118 is
formed in a separate mask process than the mask process for
forming other conductive layers, such as the mask process for
forming the gate electrode 214 and the second capacitor elec-
trode 314. Thus, the degree of freedom of selecting a material
of the first electrode 118 is high. For example, in a bottom
emission type display, in which an image is displayed toward
the substrate 10, the first electrode 118 is formed of a trans-
parent electrode including a transparent conductive material
such as indium tin oxide (ITO), indium zinc oxide (IZ0), zinc
oxide (ZnO), In,0,, indium gallium oxide (IGO), or Al-
doped zinc oxide (AZO). Here, because the first electrode 118
1s not etched in a process of forming the gate electrode 214 or
the second capacitor electrode 314, which generally includes
a low-resistive metal, an etching speed may be increased.
[0073] The first electrode 118 may be used as a transparent
electrode, and at the same time, the first electrode 118 may be
formed to further include a semi-permeable metal layer con-
taining silver (Ag) and thus may function as a semi-perme-
able mitror so that the first electrode 118 and the second
electrode 122, which is a reflective electrode, may form a
resonance structure. It is difficult to form the semi-permeable
metal layer containing Ag together with another low-resistive
metal in the same etching process without causing damage.
Thus, in the current embodiment, the first electrode 118 is
formed in a separate process from the process for forming the
other conductive layers so as to protect the first electrode 118
from such damage.

[0074] A pixel-defining layer 19 is formed on the first elec-
trode 118 to cover the second source electrode layer 217a-2 of
the source electrode 217a and the second drain electrode
layer 2175-2 of the drain electrode 2175. An opening 19a is
formed in the pixel-defining layer 19 so that at least a portion
of the area of the top surface of the first electrode 118 is not
covered.

[0075] The intermediate layer 120 is formed on the first
electrode 118. The intermediate layer 120 includes an organic
emission layer 121 so as to emit visible light.

[0076] The intermediate layer 120 may be a low-molecular
weight organic layer or a polymer organic layer.

[0077] When the intermediate layer 120 is formed of a
low-molecular weight organic layer, the intermediate layer
120 may include a hole injection layer (HIL), a hole transport
layer (HTL), an organic emission layer, an electron transport
layer (ETL), and an electron injection layer (EIL).
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[0078] The HIL may be formed of a phthalocyanine com-
pound, such as copper phthalocyanine (CuPc) or a star-burst
type amine such as TCTA, m-MTDATA, or m-MTDAPB.
[0079] The HTL may be formed of N,N'-bis(3-methylphe-
nyl)-N,N'-diphenyl  [1,1-biphenyl]-4,4'-diamine  (TPD),
N.N'-di(naphthalene-1-y1)-N,N'-diphenyl-benzidine
(a-NPD), and/or the like.

[0080] The EIL may be formed of LiF, NaCl, CsF, Li,0,
BaO, and/or Liq.

[0081] The ETL may be formed using tris-8-hydrox-
yquinoline aluminum (Alg3).

[0082] Theorganic emission layer may include ahost mate-
rial and a dopant material.

[0083] The second electrode 122 is formed on the interme-
diate layer 120. The second electrode 122 may be formed of
a metal, such as Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li,
and/or Ca. In addition, the second electrode 122 may include
a light transmitting material such as 1TO, IZO, ZnO, and/or
In, 0.

[0084] Although not shown, an encapsulation member may
be formed on the second electrode 122. The encapsulation
member may be formed of an organic and/or inorganic mate-
rial.

[0085] As described above, in the organic light-emitting
display device according to the current embodiment, two
insulating layers, namely, the first and second interlayer insu-
lating layers 15 and 16, are formed between the gate electrode
214, the source electrode 2175, and the drain electrode 217a
so to effectively prevent a short-circuit from occurring
between the gate electrode 214, the source electrode 2175,
and the drain electrode 217a, thereby improving a display
quality. Also, a gate wiring of the gate electrode 214 may be
formed to be thick so that an increase in resistance due 1o a
reduction in a width of the gate wiring may be reduced or
prevented, thereby preventing or reducing a delay in signal
transmission.

[0086] In this case, the first contact hole 156 of the first
layer insulating layer 15 is formed to have a small size so that
a distance between the gate electrode 214, the source elec-
trode 217a, and the drain electrode 2175 is minimized or
reduced so as to easily implement (e.g., enable) an organic
light-emitting display device having high resolution. In addi-
tion, the second contact hole 165 of the second layer insulat-
ing layer 16 is formed to be larger than the first contact hole
155 so that the electrical characteristics of the thin film tran-
sistor TFT may be improved.

[0087] The first electrode 118 directly contacts a top sur-
face of the drain electrode 2175 (i.e. not via a contact hole) so
that a design margin for forming the contact hole is reduced
(e.g., the size of the contact hole may be reduced), thereby
improving an aperture ratio. Also, the first electrode 118 is
formed by using a separate etching process than the process
for forming other conductive layers, and thus, the degree of
freedom of selecting a material of the first electrode 118 is
increased.

[0088] FIGS. 3A through 3G are schematic cross-sectional
views sequentially illustrating a method of manufacturing an
organic light-emitting display device according to an embodi-
ment of the present invention.

[0089] Indetail, FIGS. 3A through 3G illustrate an embodi-
ment of a method of manufacturing the organic light-emitting
display device of FIG. 1. For convenience of explanation,
only differences between FIGS. 1 and 2 and FIGS. 3A
through 3G may be described below.
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[0090] Referring to FIG. 3A, the substrate 10 is prepared.
The buffer layer 11 is formed on the substrate 10. The active
layer 212 and the first capacitor electrode 312 are formed on
the buffer layer 11. The first capacitor electrode 312 and the
active layer 212 may be formed of the same material. Here,
the active layer 212 and the first capacitor electrode 312 may
be concurrently (e.g., simultaneously) formed (e.g., formed
in the same process) by performing a patterning process using
one mask.

[0091] Referring to FIG. 3B, the gate insulating layer 13 is
formed to cover the active layer 212 and the first capacitor
electrode 312, and the gate electrode 214 and the second
capacitor electrode 314 are formed on the gate insulating
layer 13. The gate electrode 214 and the second capacitor
electrode 314 may be formed by performing a patterning
process using one mask, as with the formation of the active
layer 212 and the first capacitor electrode 312. Here, a doping
process D for doping the source area 212a and the drain area
212b of the thin film transistor TFT with ion impurities may
be performed by using the gate electrode 214 as a self-aligned
mask.

[0092] Referring to FIG. 3C, the first interlayer insulating
layer 15 is formed on the gate electrode 214 and the second
capacitor electrode 314. The first contact holes 156 are
formed in the first interlayer insulating layer 15 to partially
expose a top surface of the active layer 212 (i.e., a portion of
drain area 2125 and source area 212a). Although not shown in
FIG. 3C, aplurality of the first contact holes 155 are formed
to correspond to the active layer 212 in any one area about the
gate electrode 214, as shown in FIG. 2.

[0093] Also, the opening 15¢ in which the first electrode
118 is to be disposed is formed in the first interlayer insulating
layer 15. When the opening 15a is formed in the first inter-
layer insulating layer 15, the gate insulating layer 13, which is
adjacent to the first interlayer insulating layer 15, and/or the
buffer layer 11 may also be concurrently (e.g., simulta-
neously) etched.

[0094] Referring to FIG. 3D, the second interlayer insulat-
ing layer 16 is formed on the first interlayer insulating layer
15. The second interlayer insulating layer 16 includes the
second contact hole 165 in communication with (e.g., con-
nected to) the first contact hole 155. The second contact hole
165 is formed to be larger than the first contact hole 155. In
particular, when the first interlayer insulating layer 15 is
formed of an inorganic material and the second interlayer
insulating layer 16 is formed of an organic material, the first
contact hole 156 may be easily formed to have a small and
uniform size, and the second contact hole 165 may be easily
formed to have a large size.

[0095] Also, the opening 164 in which the first electrode
118 is disposed is formed in the second interlayer insulating
layer 16. The opening 16a formed in the second interlayer
insulating layer 16 is formed at an inner side of the opening
15a formed in the first interlayer insulating layer 15. Accord-
ingly, because the first interlayer insulating layer 15 and the
second interlayer insulating layer 16 are formed in different
processes, etched surfaces of the opening 15a formed in the
firstinterlayer insulating layer 15 and the opening 164 formed
in the second interlayer insulating layer 16 are spaced apart
from each other.

[0096] Referring to FIG. 3E, the source electrode 217a and
the drain electrode 2175 are formed. In detail, the first source
electrode layer 217a-1 of the source electrode 2174 and the
first drain electrode layer 2176-1 of the drain electrode 2175
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are formed to correspond to respective first contact holes 155
of the first interlayer insulating layer 15, and the second
source electrode layer 217a-2 of the source electrode 217a
and the second drain electrode layer 2175-2 of the drain
electrode 2175 are formed to correspond to respective second
contact holes 165 of the second interlayer insulating layer 16.
Here, the first source electrode layer 217a-1, the first drain
electrode layer 217b-1, the second source electrode layer
217a-2, and the second drain electrode layer 2175-2 may be
concurrently (e.g., simultaneously) formed (e.g., formed dur-
ing a single process) by using a patterning process using one
mask.

[0097] Thus, the first source electrode layer 217a-1 and the
first drain electrode layer 2175-1 are formed to be smaller
than the second source electrode layer 2174-2 and the second
drain electrode layer 21756-2, respectively. Also, a plurality of
the first source electrode layers 217a-1 are connected 1o one
second source electrode layer 217a-2, and a plurality of the
first drain electrode layers 2175-1 are connected to one sec-
ond drain electrode layer 2175-2.

[0098] Referring to FIG. 3F, the first electrode 118 is
formed to be connected to one of the source electrode 217a or
the drain electrode 217b. The first electrode 118 is formed in
the opening 16a formed in the second interlayer insulating
layer 16. Here, the first electrode 118 is formed along a side
surface of the opening 164 in the second interlayer insulating
layer 16 and directly contacts a top surface of one of the
source electrode 217a or the drain electrode 2175 directly,
and does not contact one of the source electrode 217a or the
drain electrode 2175 via a contact hole (or viahole) formed in
the first interlayer insulating layer 15 and/or the second inter-
layer insulating layer 16. Accordingly, because the contact
hole (or viahole) is not separately formed, a design margin for
forming the contact hole may be reduced (e.g., a size of the
contact hole may be reduced), thereby improving an aperture
ratio.

[0099] Referring to FIG. 3G, the pixel-defining layer 19 is
formed on the second interlayer insulating layer 16 to cover
the second source electrode layer217a-2 and the second drain
electrode layer 21756-2. The pixel-defining layer 19 is formed
so that at least one portion of the top surface of the first
electrode 118 is not covered.

[0100] Next, although not shown in the drawings, the inter-
mediate layer 120 is formed on the first electrode 118, and the
second electrode 122 is formed on the intermediate layer 120.
[0101] According to the above-described embodiment, two
insulating layers namely, the first and second interlayer insu-
lating layers 15 and 16, may be formed between the gate
electrode 214, the source electrode 2174, and the drain elec-
trode 2175 so that a short-circuit may be effectively prevented
from occurring between the gate electrode 214, the source
electrode 217, and the drain electrode 217, thereby improving
a display quality. Also, a gate wiring may be formed to be
thick so that an increase in resistance due to a reduction in a
width ofthe gate wiring may be prevented or reduced, thereby
preventing or reducing a delay in signal transmission.
[0102] Also, the first contact hole 155 of the first layer
insulating layer 15 is formed to have a small size so that a
distance between wirings is minimized, thereby easily imple-
menting an organic light-emitting display device having high
resolution.

[0103] The source electrode 217a and the drain electrode
217b and a distance between other wirings are minimized so
as to easily implement an organic light-emitting display
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device having high resolution. In addition, because the sec-
ond contact hole 165 of the second interlayer insulating layer
16 is formed to be larger than the first contact hole 155,
electrical characteristics of the thin film transistor TFT may
be improved.

[0104] The first electrode 118 directly contacts a top sur-
face of the drain electrode 2175 (and does not do so via a
contact hole), and therefore, a design margin for forming the
contact hole is reduced (e.g., the size of the contact hole is
reduced), thereby improving an aperture ratio. Also, the first
electrode 118 is formed by using a separate etching process
than the process for forming other conductive layers, and thus
the degree of freedom of selecting a material of the first
electrode 118 is increased.

[0105] According to some embodiments, an organic light-
emitting display device according to one or more embodi-
ments of the present invention and amethod of manufacturing
the same provide the following effects:

[0106] First, two insulating layers are formed between a
gate electrode, a source electrode, and a drain electrode so
that a short-circuit may be effectively prevented from occur-
ring between wirings, thereby improving a display quality.
[0107] Second, a gate wiring may be formed to be thick so
that an increase in resistance due to a reduction in a width of
the gate wiring may be prevented or reduced, thereby pre-
venting or reducing a delay in signal transmission.

[0108] Third, a first contact hole of a first interlayer insu-
lating layer is formed to be small so that a distance between
the wirings may be minimized, thereby easily implementing
an organic light-emitting display device having high resolu-
tion. Also, because a second contact hole of a second inter-
layer insulating layer is formed to be larger than the first
contact hole, electrical characteristics of a thin film transistor
are improved.

[0109] Fourth, the first electrode directly contacts the drain
electrode (and does not do so via a contact hole), and as such,
a design margin for forming the contact hole is reduced (e.g,,
the size of the contact hole may be reduced), thereby improv-
ing an aperture ratio.

[0110] Fifth, the first electrode is formed by using a sepa-
rate etching process than the process for forming other con-
ductive layers, and thus the degree of freedom of selecting a
material of the first electrode is increased.

[0111] 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
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, and
equivalents thereof.

What is claimed is:

1. An organic light-emitting display device comprising:

a substrate;

an active layer on the substrate;

a gate electrode insulated from the active layer and over-
lapping the active layer;

a source electrode comprising a first source electrode layer
connected to the active layer, and a second source elec-
trode layer connected to the first source electrode layer,
the second source electrode layer being larger than the
first source electrode layer;

a drain electrode comprising a first drain electrode layer
connected to the active layer, and a second drain elec-



US 2014/0061607 A1l

trode layer connected to the first drain electrode layer,
the second drain electrode layer being larger than the
first drain electrode layer;

afirst electrode that is directly connected to a top surface of

the source electrode or the drain electrode;

an intermediate layer on the first electrode and comprising

an organic emission layer; and

a second electrode on the intermediate layer.

2. The organic light-emitting display device of claim 1,
further comprising:

a first interlayer insulating layer on the gate electrode and

having a first contact opening; and

a second interlayer insulating layer on the first interlayer

insulating layer and having a second contact opening.

3. The organic light-emitting display device of claim 2,
wherein the first source electrode layer and the first drain
electrode layer correspond to the first contact opening, and
the second source electrode layer and the second drain elec-
trode layer correspond to the second contact opening.

4. The organic light-emitting display device of claim 2,
wherein the first contact opening is smaller than the second
contact opening.

5. The organic light-emitting display device of claim 2,
wherein a plurality of first contact holes are connected to one
second contact hole.

6. The organic light-emitting display device of claim 2,
wherein the first interlayer insulating layer comprises an inor-
ganic material, and the second interlayer insulating layer
comprises an organic material.

7. The organic light-emitting display device of claim 2,
wherein a top surface of the second interlayer insulating layer
comprises a planarized surface.

8. The organic light-emitting display device of claim 2,
wherein the first electrode is in an opening in the second
interlayer insulating layer, and the first electrode is connected
to the source electrode or the drain electrode along a side
surface of the opening.

9. The organic light-emitting display device of claim 2,
wherein the first electrode is between the substrate and the
gate electrode.

10. The organic light-emitting display device of claim 2,
wherein an opening in the second interlayer insulating layer is
at an inner side of an opening in the first interlayer insulating
layer.

11. The organic light-emitting display device of claim 2,
wherein a gate insulating layer is between the active layer and
the gate electrode, and an opening in the gate insulating layer
and an opening in the first interlayer insulating layer have the
same etched surface.

12. The organic light-emitting display device of claim 1,
wherein the first electrode comprises at least one of indium tin
oxide (ITO), indium zinc oxide (IZO), zinc oxide (Zn0O),
In,QO;, indium gallium oxide (IGO), or Al-doped zinc oxide
(AZO).

13. The organic light-emitting display device of claim 12,
wherein the first electrode further comprises a semi-perme-
able metal layer.

14. The organic light-emitting display device of claim 1,
wherein the second electrode is a reflective electrode.

15. The organic light-emitting display device of claim 1,
wherein the substrate comprises a capacitor area, and at least
one capacitor comprising a first capacitor electrode and a
second capacitor electrode is on the capacitor area.
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16. The organic light-emitting display device of claim 15,
wherein the first capacitor electrode and the active layer are in
the same layer, and the second capacitor electrode and the
gate electrode are in the same layer.

17. A method of manufacturing an organic light-emitting
display device, the method comprising:

forming an active layer on a substrate;

forming a gate electrode that is insulated from the active

layer and overlaps with the active layer;
forming a source electrode comprising a first source elec-
trode layer connected to the active layer, and a second
source electrode layer connected to the first source elec-
trode layer, the second source electrode layer being
larger than the first source electrode layer;
forming a drain electrode comprising a first drain electrode
layer connected to the active layer, and a second drain
electrode layer connected to the first drain electrode
layer, the second drain electrode layer being larger than
the first drain electrode layer;
forming a first electrode to be directly connected to a top
surface of the source electrode or the drain electrode;

forming an intermediate layer on the first electrode, the
intermediate layer comprising an organic emission
layer; and

forming a second electrode on the intermediate layer.

18. The method of claim 17, further comprising:

forming a first interlayer insulating layer on the gate elec-

trode, wherein the first interlayer insulating layer has a
first contact opening; and

forming a second interlayer insulating layer on the first

interlayer insulating layer, wherein the second interlayer
insulating layer has a second contact opening.

19. The method of claim 18, wherein the forming of the
source electrode and the forming of the drain electrode com-
prises forming the first source electrode layer and the first
drain electrode layer to correspond to the first contact opening
and forming the second source electrode layer and the second
drain electrode layer to correspond to the second contact
opening.

20. The method of claim 19, wherein the forming of the
source electrode and the forming of the drain electrode com-
prises concurrently forming the first source electrode layer,
the first drain electrode layer, the second source electrode
layer, and the second drain electrode layer after forming the
first interlayer insulating layer and the second interlayer insu-
lating layer.

21. The method of claim 18, wherein the forming of the
second interlayer insulating layer comprises forming an
opening in the second interlayer insulating layer, wherein the
first electrode is in the opening.

22. The method of claim 21, wherein the forming of the
first electrode comprises forming the first electrode to be
connected to a top surface of the source electrode or the drain
electrode along a side surface of the opening in the second
interlayer insulating layer.

23. The method of claim 18, wherein the forming of the
first interlayer insulating layer comprises forming an opening
in the first interlayer insulating layer, and the forming of the
second interlayer insulating layer comprises forming an
opening in the second interlayer insulating layer, the opening
in the second interlayer insulating layer being smaller than
the opening formed in the first interlayer insulating layer.
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