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Provided are an organic light emitting display device
(OLED), which can prevent the occurrence of galvanic
corrosion and ensure reliable adhesion of source and drain
electrodes with a first electrode during rework of the first
electrode, and a method of fabricating the same. The OLED
includes a substrate; a thin film transistor (TFT) disposed on
the substrate and including a semiconductor layer, a gate
electrode, and source and drain electrodes; a first metal layer
disposed on the source and drain electrodes of the TFT; an
insulating layer disposed on the substrate including the first
metal layer; a first electrode disposed on the insulating layer
and electrically connected to the TFT, the first electrode
including a second metal layer; a pixel defining layer
disposed on the first electrode; an organic layer disposed on
the pixel defining layer; and a second electrode disposed on
the organic layer.
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND MANUFACTURING THE
SAME

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
US.C. §119 from an application for ORGANIC LIGHT
EMITTING DISPLAY DEVICE AND MANUFACTUR-
ING THE SAME earlier filed in the Korean Intellectual
Property Office on the 10 of Nov. 2006, and there duly
assigned Serial No. 2006-111175.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting display device (OLED) and a method of manufac-
turing the same, and more particularly, to an OLED and a
method of manufacturing the same, which can prevent
galvanic corrosion and deterioration of adhesion between a
first electrode and the source and drain electrodes during
rework of the first electrode.

[0004] 2. Description of the Related Art

[0005] Generally, an organic light emitting display device
(OLED) is a self-emissive display device which emits light
by exciting fluorescent organic compounds. The OLED may
be classified as either a passive matrix (PM) type and an
active matrix (AM) type, depending upon how and NXM
number of unit pixels that are arranged in a matrix shape are
driven to emit light. In comparison to the PM type, the AM
type is adequate for large-area devices due to its low power
consumption and its high resolution.

[0006] OLEDs may also be divided into a top-emitting
OLED, a bottom-emitting OLED, and a double-sided emit-
ting OLED, depending upon the direction in which light is
emitted from organic compounds incorporated into the
OLED. Unlike the bottom-emitting OLED, the top-emitting
OLED emits light in a direction extending opposite to a
substrate on which pixels are arranged; the top-emitting
OLED has an advantage of a high aperture ratio.

[0007] In the top-emitting OLED, a first electrode may be
formed of a conductive material with excellent reflective
characteristics and an appropriate work function. It is diffi-
cult however, to find an electrically conductive material that
satisfies all of the above-described requirements. To solve
this problem, the first electrode of a top-emitting OLED may
include a reflective layer for reflecting light.

[0008] A typical OLED may be constructed with an inter-
layer insulating layer formed on the entire surface of a
substrate bearing a gate electrode, and the interlayer insu-
lating layer is etched to expose a predetermined region of the
semiconductor layer through contact holes. A material is
deposited on the entire surface of the substrate and is
patterned to form source and drain electrodes which are
connected to region of the semiconductor layer. A planariza-
tion layer is formed on the entire surface of the substrate and
is etched to form a via hole which exposes any one of the
source and drain electrodes. A reflective layer and a first
electrode are formed on the planarization layer and are
connected to one of the source and drain electrodes.
[0009] If inspection reveals either the reflective layer or
the first electrode to be incompletely formed, the reflective
layer or the first electrode must be removed and formed

May 15, 2008

again using a rework process. During the removal however,
when the source and drain electrodes and the reflective layer
which is in contact with the source and drain electrodes are
simultaneously exposed to an etchant. The source and drain
electrodes have a low electromotive force (EMF) and lose
electrons at higher rate than does the reflective layer, which
has a higher EMF; thus, the source and drain electrodes are
etched at higher rate than is the reflective layer. Owing to its
high EMF, the reflective layer will attract electrons while
re-depositing the etchant on the reflective layer. As the rate
of etching of the reflective layer slows down, galvanic
corrosion occurs. As a result, the rework process is difficult,
and adhesion between the source and drain electrodes, and
the first electrode and the reflective layer deteriorates,
thereby causing a concomitant increase in contact resistance
between the source and drain electrodes, and the first elec-
trode and the reflective layer.

SUMMARY OF THE INVENTION

[0010] It is therefore, one object of the present invention
to provide an improved organic light emitting display device
(OLED) and an improved process for manufacturing organic
light emitting display devices.

[0011] It is another object to provide an organic light
emitting display device (OLED) and a method of manufac-
turing an OLEDs able to ameliorate galvanic corrosion and
deterioration of adhesion between a first electrode and the
source and drain electrodes during rework of the first
electrode.

[0012] These and other objects may be attained with an
exemplary embodiment of an OLED illustrating the prin-
ciples of the present invention constructed with a substrate;
a thin film transistor (TFT) disposed on the substrate with a
semiconductor layer, a gate electrode, a source electrode and
a drain electrode; a first metal layer disposed on the source
and drain electrodes of the TFT; an insulating layer disposed
on the substrate bearing the first metal layer; and a first
electrode disposed on the insulating layer and electrically
connected to the TFT. The first electrode may include a
second metal layer. A pixel defining layer may be disposed
on the first electrode; an organic layer may be disposed on
the pixel defining layer; and a second electrode may be
disposed on the organic layer.

[0013] In another exemplary embodiment of the present
invention, a method of manufacturing an OLED contem-
plates the step of providing a substrate; and forming a TFT
on the substrate, with the TFT including a semiconductor
layer, a gate electrode, a source electrode and a drain
electrode. A first metal layer may be formed on the source
and drain electrodes of the TFT; an insulating layer may be
formed on the substrate including the first metal layer; and
a first electrode including a second metal layer may be
disposed on the insulating layer. A pixel defining layer may
be formed on the entire surface of the substrate to expose the
first electrode; an organic layer may be formed on the
exposed first electrode; and a second electrode may be
formed on the entire surface of the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by refer-
ence to the following detailed description when considered
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in conjunction with the accompanying drawings in which
like reference symbols indicate the same or similar compo-
nents, wherein:

[0015] FIG. 1 is a cross-sectional view of a contemporary
organic light emitting display device (OLED);

[0016] FIG. 2 is a cross-sectional view of an exemplary
embodiment of an organic light emitting display device after
formation of a gate electrode in accordance with the prin-
ciples of the present invention;

[0017] FIG. 3 is a cross-sectional view of an exemplary
embodiment of an organic light emitting display device after
formation of source and drain electrodes in accordance with
the principles of the present invention;

[0018] FIG. 4 is a cross-sectional view of an exemplary
embodiment of an organic light emitting display device after
formation of an insulating layer, second metal layer and first
electrode layer in accordance with the principles of the
present invention; and

[0019] FIG. 5 is a cross-sectional view of an exemplary
embodiment of an organic light emitting display device after
formation of a pixel defining layer, an organic layer, and a
second electrode in accordance with the principles of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0020] Turning now to the drawings, FIG. 1 is a cross-
sectional view of a contemporary OLED which may be
constructed with buffer layer 110 is formed on a substrate
100 that may be an insulating glass, a conductive substrate,
or a plastic substrate. An amorphous silicon (a-Si) layer is
formed on the buffer layer 110 and crystallized into a
polycrystalline silicon (poly-Si) layer to form a semicon-
ductor layer 120.

[0021] Gate insulating layer 130 is formed on the entire
surface of the substrate 100 including the upper surface of
semiconductor layer 120, and gate electrode 140 is formed
on the surface of gate insulating layer 130 to correspond to
a predetermined region of the semiconductor layer 120.
Subsequently, interlayer insulating layer 150 is formed on
the entire surface of substrate 100 bearing gate electrode
140; and interlayer insulating layer 150 is etched to expose
predetermined regions of semiconductor layer 120, thereby
forming contact holes 163, 165.

[0022] Thereafter, a material used to form source and
drain electrodes is deposited on the entire surface of the
substrate 100 and then patterned to form electrically separate
source and drain electrodes 161 and 162 connected to
different predetermined regions of semiconductor layer 120.
Planarization layer 170 is formed on the entire surface of the
substrate 100 and etched to form a via hole 167 that exposes
any one of source and drain electrodes 161 and 162. Reflec-
tive layer 175 and first electrode 180 are formed on pla-
narization layer 170 and are electrically connected to any
one of source and drain electrodes 161 and 162.

[0023] In this case, when reflective layer 175 or first
electrode 180 is incompletely formed, reflective layer 175 or
first electrode 180 is removed and formed again during
rework steps in the course of the manufacturing process.
[0024] When source and drain electrodes 161 and 162, and
reflective layer 175 which is in electrical contact with one of
source and drain electrodes 161 and 162, are exposed to an
etchant at the same time during the rework process, source
and drain electrodes 161 and 162 which have a low elec-
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tromotive force (EMF), tend to lose electrons at a higher rate
than does reflective layer 175 which has a higher EMF.
Consequently, source and drain electrodes 161 and 162 are
etched at a higher rate than is reflective layer 175. Owing to
its higher EMF, reflective layer 175 obtains electrons while
re-depositing materials from the etchant onto reflective layer
175. Thus, as the rate of etching of reflective layer 175 slows
down, galvanic corrosion occurs. As a result, it becomes
difficult to satisfactorily complete the rework process, and
adhesion of source and drain electrodes 161 and 162 with
first electrode 180 and reflective layer 175 deteriorates, thus
increasing contact resistance between first electrode 180 and
reflective layer 175.

[0025] The present invention will now be described more
fully hereinafter with reference to the accompanying draw-
ings, in which exemplary embodiments of the invention are
shown. This invention may, however, be embodied in dif-
ferent forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure is thorough and complete
and fully conveys the scope of the invention to those skilled
in the art. In the drawings, the thicknesses of layers and
regions are exaggerated for clarity. The same reference
numerals are used to denote the same elements.

[0026] FIGS. 2 through 5 show a sequence of cross-
sectional views that illustrate successive steps performed
during the manufacture of an exemplary embodiment of an
organic light emitting display device (OLED) constructed
according to the principles of the present invention.

[0027] Referring now to FIG. 2, substrate 200 is provided.
Substrate 200 may be an insulating glass substrate, a plastic
substrate, or a conductive substrate. Buffer layer 210 is
formed on substrate 200. Buffer layer 210 may be a silicon
oxide layer, a silicon nitride layer, or a combination thereof.
Also, buffer layer 210 prevents the diffusion of impurities
from underlying substrate 200.

[0028] A semiconductor layer 220 is formed on buffer
layer 210. Semiconductor layer 220 may be a polycrystalline
silicon layer that is obtained by crystallizing an amorphous
silicon layer using at least one material selected from the
group including a rapid thermal annealing (RTA) process, a
solid phase crystallization (SPC) process, an excimer laser
annealing (ELA) process, a metal induced crystallization
(MIC) process, a metal induced lateral crystallization
(MILC) process, and a sequential lateral solidification (SLS)
process.

[0029] Thereafter, gate insulating layer 230 is formed on
the entire surface of substrate 200 including semiconductor
layer 220. Gate insulating layer 230 may be a silicon oxide
layer, a silicon nitride layer, or a layer of a combination of
silicon oxide and silicon nitride.

[0030] A material for a gate electrode is deposited on gate
insulating layer 230 and patterned, thereby forming gate
electrode 240 corresponding to a predetermined region of
semiconductor layer 220. The material for gate electrode
240 may be selected from the group that includes aluminum
(Al), an aluminum (Al) alloy, molybdenum (Mo), and a
molybdenum (Mo) alloy. More preferably, the material for
gate electrode 240 may be a molybdenum-tungsten (Mo—
W) alloy.

[0031] Referring now to FIG. 3, interlayer insulating layer
250 is formed across the entire surface of substrate 200.
Interlayer insulating layer 250 may be a silicon oxide layer,
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a silicon nitride layer, or a double layer of a silicon oxide
layer and a silicon nitride layer.

[0032] Gate insulating layer 230 and interlayer insulating
layer 250 are etched to form contact holes 263, 265 respec-
tively exposing both of diametrically opposite end portions
of semiconductor layer 220. Thereafter, a material for source
and drain electrodes 261, 263 and a material for first metal
layer 270 are sequentially deposited on the entire surface of
substrate 200 and patterned at the same time, thereby
forming source and drain electrodes 261 and 262 and first
metal layer 270.

[0033] In this case, source and drain electrodes 261 and
262 may be formed using a single layer formed of one
selected from the group which includes Al, an Al alloy, Mo,
a Mo alloy, and chrome (Cr) or a stacked layer formed of one
material selected from the group which includes Al/MoW,
Ti/AV/Ti, and Al/Ta. Preferably, source and drain electrodes
261 and 262 may be formed using a triple layer formed of
Ti/AVTi. Also, first metal layer 270 may be formed by
depositing a single layer formed of a material selected from
the group which includes Ag, Pt, and Au. Alternatively, first
metal layer 270 may be formed by depositing a double layer
formed of a material selected from the group which includes
Ag/Pt, Pt/Au, and Ag/Au. In this case, first metal layer 270
may be formed of a material having an EMF equal to or
higher than that of second metal layer 285 that will be
formed later. Thus, when first and second metal layers 270
and 285 are simultaneously exposed to an etchant during a
subsequent process of reworking a first electrode, the occur-
rence of galvanic corrosion in which a material having a
lower EMF is first etched can be prevented.

[0034] Therefore, since first metal layer 270 has a higher
EMF than second metal layer 285, etching of first metal
layer 270 may be averted, or prevented. Thus, the underlying
source and drain electrodes 261 and 262 are protected so that
reliable adhesion of source and drain electrodes 261 and 262
with a first electrode 290 (refer to FIG. 4) and second metal
layer 285 may be reliably ensured, even during etching
performed as a step in a reworking process.

[0035] Here, first metal layer 270 is preferably constructed
as a double layer obtained by depositing a material layer
with a lower EMF on a material layer with a higher EMF.
For example, since Ag has an EMF of 0.799 V, Pt has an
EMF of1.2'V, and Au has an EMF of 1.63 V, first metal layer
270 may be a double layer of Ag/Pt, Ag/Au, or Pt/Au, in
which a material having a higher EMF is disposed below. In
this case, a lower layer of first metal layer 270, which is in
contact with source and drain electrodes 261 and 262, has a
higher EMF, thus preventing source and drain electrodes 261
and 262 from being etched during a subsequent process of
reworking first electrode 290. As a result, the occurrence of
galvanic corrosion can be effectively inhibited during the
subsequent process of reworking first electrode 290.
[0036] Also, first metal layer 270 may be formed to a
thickness within a range of about 200 A to about 800 A.
When first metal layer 270 has a thickness of less than 200
A, first metal layer 270 may galvanically corrode. When first
metal layer 270 has a thickness of more than 800 A, contact
resistance between first metal layer 270 and first electrode
290 becomes too high.

[0037] Referring to FIG. 4, insulating layer 280 is formed
on the entire surface of substrate 200. Insulating layer 280
may be formed of a material having a planarization charac-
teristic, for example, one of a material selected from the
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group which includes of acryl, polyimide, polyamide, and
benzocyclobutene (BCB). Thereafter, insulating layer 280 is
etched to form via hole 272 which exposes any one of source
and drain electrodes 261 and 262.

[0038] Subsequently. a material for second metal layer
285 and a material for first electrode 290 are sequentially
deposited on the entire surface of substrate 200 and pat-
terned at the same time, thereby forming second metal layer
285 and first electrode 290.

[0039] Second metal layer 285 may be formed of a metal
having a good reflection characteristic, for example, a metal
selected from the group which includes Al, an Al alloy, Ag,
and an Ag alloy. Preferably, second metal layer 285 may be
formed of Ag. Also, first electrode 290 may be formed of a
material having a high work function, for example, one of
indium tin oxide (ITO) and indium zinc oxide (IZO). Pref-
erably, first electrode 290 may be formed of 1TO.

[0040] Here, second metal layer 285 and first metal layer
270, which are formed on source and drain electrodes 261
and 262, are brought into contact with each other and are
electrically connected to each other. In this case, second
metal layer 285 should have an EMF equal to or lower than
that of first metal layer 270. As described above, when first
and second metal layers 270 and 285 are simultaneously
exposed to an etchant during a subsequent process of
reworking first electrode 290, the occurrence of galvanic
corrosion in which a material having a lower EMF is first
etched can be prevented.

[0041] Referring now to FIG. 5, pixel defining layer 300
is formed on the entire surface of substrate 200. Pixel
defining layer 300 may be formed using an organic layer or
an inorganic layer. Preferably, pixel defining layer 300 may
be an organic layer. More preferably, pixel defining layer
300 may be formed of a material selected from the group
which includes BCB, acrylic polymer, and polyimide. Pixel
defining layer 300 may be planarized on the entire surface of
substrate 200 due to its good flowability. Afterwards, pixel
defining layer 300 is etched to form opening 312 exposing
first electrode 290.

[0042] Organic layer 310 is formed on exposed first elec-
trode 290 and pixel defining layer 300. Organic layer 310
may include at least an emission layer and may also include
a hole injection layer, a hole transport layer, an electron
transport layer, and an electron injection layer.

[0043] Thereafter, a second electrode 320 is formed on the
entire surface of substrate 200, thereby completing the
OLED as an exemplary embodiment of the principles of the
present invention.

[0044] As explained thus far, the first metal layer, which is
deposited on the source and drain electrodes, is formed of a
material having an EMF equal to or higher than the EMF of
the second metal layer which functions as a reflective layer.
As a result, galvanic corrosion can be prevented from
occurring during rework of the first electrode.

[0045] Therefore, reliable adhesion of the source and drain
electrodes with the first electrode can be ensured, and
contact resistance between the source and drain electrodes
with the first electrode can be reduced.

[0046] As described above, an OLED and a method of
manufacturing that OLED according to the principles of the
present invention can prevent the occurrence of galvanic
corrosion and deterioration of adhesion between source and
drain electrodes and a first electrode during rework of the
first electrode.
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[0047] Although the present invention has been described
with reference to certain exemplary embodiments thereof, it
will be understood by those skilled in the art that a variety
of modifications and variations may be made to the present
invention without departing from the spirit or scope of the
present invention defined in the appended claims, and their
equivalents.

What is claimed is:

1. An organic light emitting display device (OLED),
comprising:

a substrate;

a thin film transistor (TFT) disposed on the substrate, said
TFT comprising a semiconductor layer, a gate elec-
trode, a source electrode, and a drain electrode;

a first metal layer disposed on the source and drain
electrodes of the TFT;

an insulating layer disposed on the substrate and on the
first metal layer;

a first electrode disposed on the insulating layer, electri-
cally connected to the TFT, said first electrode com-
prising a second metal layer;

a pixel defining layer disposed on the first electrode;

an organic layer disposed on the pixel defining layer; and

a second electrode disposed on the organic layer.

2. The OLED according to claim 1, with the source and
drain electrodes comprising a single layer formed of one
selected from the group consisting of Al, an Al alloy, Mo, a
Mo alloy, and Cr, or a multiple layer formed of one selected
from the group consisting of AI'MoW, Al/Ta, and Ti/Al/Ti.

3. The OLED according to claim 1, with the first metal
layer comprising one of a single layer and a double layer.

4. The OLED according to claim 3, with the single layer
formed of one selected from the group consisting of Ag, Pt,
and Au.

5. The OLED according to claim 3, with the double layer
is formed of one selected from the group consisting of Ag/Pt,
Pt/Au, and Ag/Au.
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6. The OLED according to claim 3, with the double layer
comprising a material layer with a higher electromotive
force (EMF) and a material layer with a lower EMF that are
stacked sequentially.
7. The OLED according to claim 1, comprised of the first
metal layer having a thickness of between 200 A to 800 A.
8. The OLED according to claim 1, with the second metal
layer comprising an Ag layer.
9. The OLED according to claim 1, with the first metal
layer comprising an EMF equal to or higher than an EMF of
the second metal layer.
10. A method of manufacturing an organic light emitting
display device (OLED), comprised of:
providing a substrate;
forming a thin film transistor (TFT) on the substrate, the
TFT comprising a semiconductor layer, a gate elec-
trode, a source electrode and a drain electrode;

forming a first metal layer on the source and drain
electrodes of the TFT;

forming an insulating layer on the substrate and on the

first metal layer;

forming a first electrode comprising a second metal layer

on the insulating layer;

forming a pixel defining layer on the entire surface of the

substrate to expose the first electrode;

forming an organic layer on the first electrode; and

forming a second electrode on the entire surface of the

substrate.

11. The method according to claim 10, comprised of
forming the source and drain electrodes and the first metal
layer by a blanket etching process.

12. The method according to claim 10, with the first metal
layer comprising one of a single layer and a double layer.

13. The method according to claim 12, comprised of
forming the double layer by stacking a material layer with a
lower EMF on a material layer with a higher EMF.

* ok ok sk ok
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