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7) ABSTRACT

Provided is an organic light emitting diode (OLED) display
device, including: a substrate; a semiconductor layer on the
substrate; a gate insulating layer on the substrate with the
semiconductor layer; a gate electrode on a region of the gate
insulating layer corresponding to the semiconductor layer
and insulated from the semiconductor layer; source and drain
electrodes connected to the semiconductor layer; metal layers
on the source and drain electrodes, spaced a distance apart
from each other, and including nickel; a passivation layer over
the gate insulating layer; a first electrode on the passivation
layer, and electrically connected to the metal layers; an
organic layer on the first electrode; and a second electrode on
the organic layer.
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1
ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2007-0047135, filed May
15,2007, the entire content of which is incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an organic light emitting
diode (OLED) display device and a method of fabricating the
same, and more particularly, to an OLED display device
including a metal layer containing nickel to reduce contact
resistance.

2. Description of the Related Art

Flat panel display devices, such as organic light emitting
diode display devices or liquid crystal display devices, have
NxM unit pixels disposed in a matrix, and they may be clas-
sified into passive matrix types or active matrix types,
depending on their driving methods. In the active matrix type,
apixel electrode, defining an emission region, and a unit pixel
drive circuit, for applying a current or voltage to the pixel
electrode, are formed in a unit pixel region. The unit pixel
drive circuit includes at least one thin film transistor.

A thin film transistor generally includes a semiconductor
layer, a gate electrode, and source and drain electrodes. Here,
source and drain regions are at edge portions of the semicon-
ductor layer, and a channel region is between the source and
drain regions. Also, the thin film transistor is used as a switch-
ing device for controlling the operation of an unit pixel and a
driving device for driving the pixel.

However, a conventional OLED display device, including
a thin film transistor, has reduced charge mobility because of
high contact resistance between the source and drain elec-
trodes, which are formed of aluminum, and a first electrode
that is a transparent conductive layer. Due to the reduction in
charge mobility, signal delay may occur, thereby causing
deterioration in display quality of the OLED display device.
Also, since the source and drain electrodes formed of alumi-
num are easily oxidized in the atmosphere, an oxide layer
may be formed between the source and drain electrodes and
the first electrode, resulting in an increase in contact resis-
tance therebetween. Also, a top-emission OLED display
device uses a first electrode, including a reflective layer,
which has high contact resistance between the reflective layer
and the transparent conductive layer of the first electrode.
Thus, charges are not easily transported to an organic layer,
and luminous efficiency of the OLED display device is low-
ered.

SUMMARY OF THE INVENTION

An aspect of an embodiment of the present invention is
directed toward an organic light emitting diode (OLED) dis-
play device, which may reduce contact resistances between a
first electrode and source and drain electrodes, and between a
reflective layer and a transparent conductive layer of the first
electrode, and a method of fabricating the same.

An embodiment of the present invention provides an
organic light emitting diode (OLED) display device, includ-
ing: a substrate; a semiconductor layer on the substrate; a gate
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2

insulating layer on the substrate with the semiconductor
layer; a gate electrode on a region of the gate insulating layer
corresponding to the semiconductor layer and insulated from
the semiconductor layer; source and drain electrodes con-
nected to the semiconductor layer; metal layers on the source
and drain electrodes, and spaced a distance apart from each
other, and the metal layers including nickel; a passivation
layer on the substrate with the gate insulating layer; a first
electrode on the passivation layer, and electrically connected
to the metal layers; an organic layer on the first electrode; and
a second electrode on the organic layer.

Another embodiment of the present invention provides an
organic light emitting diode (OLED) display device, includ-
ing: a substrate; a semiconductor layer on the substrate; a gate
insulating layer on the substrate with the semiconductor
layer; a gate electrode on the gate insulating layer correspond-
ing to the semiconductor layer; an interlayer insulating layer
on the gate insulating layer; source and drain electrodes
extending through the interlayer insulating layer and con-
nected to the semiconductor layer; a passivation layer on the
interlayer insulating layer and the source and drain elec-
trodes; a first electrode on the passivation layer, the first
electrode including: a reflective layer coupled to the source
and drain electrodes; metal layers on the reflective layer, and
spaced a distance apart from each other, and the metal layers
including nickel; and a transparent conductive layer on the
metal layers; an organic layer on the first electrode; and a
second electrode on the organic layer.

Another embodiment of the present invention provides a
method of fabricating an organic light emitting diode (OLED)
display device, the method includes: preparing a substrate;
forming a semiconductor layer on the substrate; forming a
gate insulating layer on the substrate with the semiconductor
layer; forming a gate electrode in a region corresponding to
the semiconductor layer on the gate insulating layer; forming
an interlayer insulating layer on the gate insulating layer and
the gate electrode; forming source and drain electrodes con-
nected to the semiconductor layer through a contact hole in
the interlayer insulating layer; forming a metal material layer
on the source and drain electrodes; forming a passivation
layer on the interlayer insulating layer and the metal layer;
forming a first electrode electrically connected to the metal
layer, and on the passivation layer; forming an organic layer
on the first electrode; and forming a second electrode on the
organic layer.

Another embodiment of the present invention provides a
method of fabricating an organic light emitting diode (OLED)
display device, the method includes: preparing a substrate;
forming a semiconductor layer on the substrate; forming a
gate insulating layer on the semiconductor layer; forming a
gate electrode in a region corresponding to the semiconductor
layer on the gate insulating layer; forming an interlayer insu-
lating layer on the gate insulating layer and the gate electrode;
forming source and drain electrodes connected to the semi-
conductor layer through a contact hole in the interlayer insu-
lating layer; forming a passivation layer on the source and
drain electrodes, and the gate insulating layer; forming a via
hole in the passivation layer to partially expose the source and
drain electrodes; forming a metal material layer over the
source and drain electrodes; forming a first electrode electri-
cally connected to the metal layer, and on the passivation
layer; forming an organic layer on the first electrode; and
forming a second electrode on the organic layer.

Another embodiment of the present invention provides a
method of fabricating an organic light emitting diode (OLED)
display device, the method including: preparing a substrate;
forming a semiconductor layer on the substrate; forming a
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gate insulating layer on the semiconductor layer; forming a
gate electrode in a region corresponding to the semiconductor
layer on the gate insulating layer; forming an interlayer insu-
lating layer on the gate insulating layer with the gate elec-
trode; forming source and drain electrodes connected to the
semiconductor layer through a contact hole in the interlayer
insulating layer; forming a passivation layer over the intet-
layer insulating layer and the source and drain electrodes;
forming a first electrode by sequentially stacking a reflective
layer connected to the source and drain electrodes on the
passivation layer, metal layers on the reflective layer, and
spaced a distance apart from each other and the metal layers
including nickel, and a transparent conductive layer on the
metal layers; forming an organic layer on the first electrode;
and forming a second electrode on the organic layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, together with the specifica-
tion, illustrate exemplary embodiments of the present inven-
tion, and, together with the description, serve to explain the
principles of the present invention.

FIG. 1A is a cross-sectional view of an organic light emit-
ting diode (OLED) display device according to a first exem-
plary embodiment of the present invention;

FIG. 1B is a cross-sectional view of an OLED display
device according to a second exemplary embodiment of the
present invention; and

FIG. 2 is a cross-sectional view of an OLED display device
according to a third exemplary embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

In the following detailed description, only certain exem-
plary embodiments of the present invention have been shown
and described, simply by way of illustration. As those skilled
in the art would realize, the described embodiments may be
modified in various different ways, all without departing from
the spirit or scope of the present invention. Accordingly, the
drawings and description are to be regarded as illustrative in
nature and not restrictive. Like reference numerals designate
like elements throughout the specification. Also, in the con-
text of the present application, when an element is referred to
as being “on” another element, it can be directly on the
another element or be indirectly on the another element with
one or more intervening elements interposed therebetween.

FIG. 1A is a cross-sectional view of an organic light emit-
ting diode (OLED) display device according to a first exem-
plary embodiment of the present invention.

Referring to FIG. 1A, a buffer layer 105 is on a substrate
100 formed of glass, stainless steel and/or plastic. The buffer
layer 105 may be a silicon nitride layer, a silicon oxide layer,
or multiple layers thereof. Here, the buffer layer 105 serves to
facilitate crystallization of a semiconductor layer 110 by pre-
venting (or reducing) diffusion of moisture or impurities in
the substrate 100, or controlling heat transfer during crystal-
lization.

An amorphous silicon layer is crystallized on the buffer
layer 105, thereby forming a polycrystalline or single crys-
talline silicon layer. The amorphous silicon layer may be
formed by chemical vapor deposition (CVD) and/or physical
vapor deposition (PVD). Also, the amorphous silicon layer
may be dehydrogenated to lower a hydrogen concentration.
Further, the amorphous silicon layer may be crystallized
using rapid thermal annealing (RTA), solid phase crystalliza-
tion (SPC), metal induced crystallization (MIC), metal
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induced lateral crystallization (MILC), super grain silicon
(SGS), excimer laser crystallization (ELA), and/or sequential
lateral solidification (SLS).

A semiconductor layer 110 is formed by patterning the
polycrystalline or single crystalline silicon layer. A gate insu-
lating layer 115, which may be a silicon oxide layer, a silicon
nitride layer or a multiple layer thereof, is formed on (or over)
the entire surface of the substrate 100 with the semiconductor
layer 110, and a gate electrode 120 is formed in a region
corresponding to the semiconductor layer 110 on the gate
insulating layer 115. The gate electrode 120 may include
aluminum (Al), an aluminum alloy (Al alloy), molybdenum
(Mo), and/or amolybdenum alloy (Mo alloy). In one embodi-
ment, the gate electrode 120 includes a molybdenum-tung-
sten (MoW) alloy.

A mask is disposed on the gate electrode 120, and the
semiconductor layer 110 is doped with impurity ions, thereby
forming source and drain regions 112 and a channel region
111.

The mask is removed after the semiconductorlayer 110 has
been doped, and an interlayer insulating layer 125 is disposed
on (or over) the entire surface of the substrate 100 with the
gate electrode 120. Theinterlayer insulating layer 125 may be
silicon nitride layer and/or a silicon oxide.

Contact holes 125a are formed by etching the interlayer
insulating layer 125; and source and drain electrodes 130,
connected to the source and drain regions 112 through the
contact hole 1254, are formed to a thickness ranging from
about 3000 to about 4000 A (or 3000 to 4000 A) by sputtering.
The source and drain electrodes 130 may be formed of Al.

A metal material layer containing nickel is disposed on (or
over) the entire surface of the substrate 100 with the source
and drain electrodes 130 by sputtering, and then patterned so
that the metal material layer remains only in a region for a via
hole. The metal material layer may be formed to a thickness
ranging from about 0.1 to about 0.5 mm (or 0.1 to 0.5 mm).
When the metal material layer has a thickness within the
above-mentioned range, contact resistance between a first
electrode to be formed in the subsequent process and the
source and drain electrodes 130 may be considerably
reduced, and the thickness of the device is not greatly affected
by an additional metal layer.

A passivation layer 135 is formed on the entire surface of
the substrate 100 with the metal material layer, and a via hole
135a for exposing the metal material layer is formed through
the passivation layer 135.

A first electrode 150, connected to the metal material layer
through the via hole 1354, is formed of ITO, IZO, or ITZO,
which have relatively high work functions.

The substrate 100, with the first electrode 150, is annealed
for a time period ranging from about 0.5 to about 4 hours (or
0.5 to 4 hours) at a temperature ranging from about 150 to
about 400° C. (or 150 to 400° C.). The metal material layer,
interposed between the source and drain electrodes 130 and
the first electrode 150, moves toward (or concentrates at) the
nickel, which has the lowest energy, to be lumped together by
heating (i.e., an annealing occurs, due to the characteristics of
nickel, which is a material forming the metal material layer).
Accordingly, metal layers (or separate metal layers) 140 are
interposed between the source and drain electrodes 130 and
the first electrode 150. The metal layers 140 are spaced a
distance apart from each other and contain nickel. The dis-
tance between the metal layers 140 is affected by annealing
temperature and time, and may be in a range from about 0.01
to about 3 pm (or 0.01 to 3 um).

A pixel defining layer 145 is formed on the first electrode
150, and patterned to form an opening 145a. The pixel defin-
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ing layer 145 may be an organic layer such as polyimide,
benzocyclobutene series resin, and/or acrylate, and/or an
inorganic layer such as silicate on glass.

An organic layer 160, including an organic emitting layer,
is formed on the first electrode 150 (and the pixel defining
layer 145). The organic layer 160 may be formed by deposi-
tion, ink-jet printing, or laser induced thermal imaging. Also,
the organic layer 160 may further include a hole injection
layer, a hole transport layer, a hole blocking layer, an electron
transport layer, and/or an electron injection layer.

A second electrode 170 is formed on the organic layer 160.
The second electrode 170 may be formed of Ag, Al, Ca, Mg,
or alloys thereof.

The OLED display device is sealed with an encapsulating
substrate using a sealant and/or a frit.

FIG. 1B is a cross-sectional view of an OLED display
device according to a second exemplary embodiment of the
present invention.

In the second exemplary embodiment of the present inven-
tion, the process is the same (or substantially the same) as that
in the first embodiment of the present invention except for the
formation of the source and drain electrodes, and thus a
description thereof is not repeated.

Referring to FIG. 1B, a passivation layer 135 is formed on
(orover) the entire surface of the substrate 100 with the source
and drain electrodes 130; and a via hole 135a, partially expos-
ing source and drain electrodes 130, is formed in the passi-
vation layer 135.

Then, a metal material layer containing nickel is formed
over the exposed part of the source and drain electrodes 130
by sputtering using a mask. Here, the metal material layer
may be formed to a thickness ranging from about 0.1 to about
0.5 nm (or 0.1 to 0.5 nm). When the metal material layer has
a thickness within the above-mentioned range, contact resis-
tance between afirst electrode, to be formed in the subsequent
process, and the source and drain electrodes 130 may be
considerably reduced, and the thickness of the device may not
be affected by an additional metal layer. As a result, the
passivation layer cannot be formed (or will not form) on the
metal material layer.

A first electrode 150, connected to the metal material layer
through the via hole 1354, is formed on the passivation layer
135. The first electrode 150 may be formed of ITO, IZO or
ITZO, which have high work functions.

The substrate 100, with the first electrode 150, is annealed
for a time ranging from about 0.5 to about 4 hours (or 0.5 to
4 hours) at a temperature ranging from about 150 to about
400° C. (or 150 to 400° C.). The metal material layer inter-
posed between the source and drain electrodes 130 and the
first electrode 150 moves toward (or concentrates at) the
nickel, which has the lowest energy, to be lumped together by
heating (i.e., an annealing occurs, due to the characteristics of
nickel, which is a material forming the metal material layer).
Accordingly, metal layers 140 (or separate metal layers) are
interposed between the source and drain electrodes 130 and
the first electrode 150. The metal layers 140 are spaced a
distance apart from each other and contain nickel. The dis-
tance between the metal layers 140 is affected by the anneal-
ing temperature and time, and may be in a range from about
0.01 to about 3 um (0.01 to 3 um).

After that, a pixel defining layer 145, an organic layer 160,
and a second electrode 170 are formed by the same (or sub-
stantially the same) method as described in the first exem-
plary embodiment.

The OLED display device is sealed with an encapsulating
substrate using a sealant and/or a frit.

10

15

20

25

30

35

40

45

50

55

60

65

6

FIG. 2 is a cross-sectional view of an OLED display device
according to a third exemplary embodiment of the present
invention. In the third exemplary embodiment of the present
invention, the process is the same (or substantially the same)
as that in the first embodiment of the present invention until
the formation of the source and drain electrodes, and thus a
description thereof is not repeated.

Referring to FIG. 2, a passivation layer 135 is formedon (or
over) the entire surface of a substrate 100, with source and
drain electrodes 130, and a planarization layer 185 is formed
on (or over) the entire surface of the substrate 100, with the
passivation layer 135. The planarization layer 185 may be an
organic layer, such as polyimide, benzocyclobutene series
resin, and/or acrylate, and/or an inorganic layer, such as sili-
cate on glass.

The passivation layer 135 and the planarization layer 185
are etched, thereby forming a via hole 1354 for exposing the
source and drain electrodes 130. A reflective material layer is
disposed on the planarization layer 185 and connected to the
source and drain electrodes 130 through the via hole 135aq,
and a metal material layer is formed on the reflective material
layer. A transparent conductive material layer is disposed on
the metal material layer. The reflective material layer, the
metal material layer, and the transparent conductive material
layer are blanket-etched to form a first electrode 200, which
includes a stacked structure of a reflective layer 210, the metal
material layer, and a transparent conductive layer 230.

The reflective layer 210 may be formed of aluminum or an
aluminum alloy having high reflectance. Also, the metal
material layer may be formed to a thickness ranging from
about 0.1 to about 0.5 nm (or 0.1 nm to 0.5 nm). When the
metal material layer has a thickness within the above-men-
tioned range, contact resistance between the transparent con-
ductive layer 230 and the reflective layer 210 may be consid-
erably reduced, and the thickness of the device is not greatly
affected by an additional metal layer. The transparent con-
ductive layer 230 may be formed of ITO, IZO, or 1TZO,
which have high work functions.

The substrate 100 with the transparent conductive layer
230 is annealed for a time period ranging from about 0.5 to
about 4 hours (or 0.5 to 4 hours) at a temperature ranging from
about 150 to about 400° C. (or 150 to 400° C.). The metal
material layer moves toward (or concentrates at) the nickel,
whichhas the lowest energy, to be lumped together by heating
(i.e., an annealing occurs, due to the characteristics of nickel,
which is a material forming the metal material layer). The
metal layers 220 (or separate metal layers) are spaced a dis-
tance apart from each other between gaps formed by surface
roughness of the reflective layer 210 and the transparent con-
ductive layer 230. The interval between the metal layers 220
is affected by the annealing temperature and time, and may be
in a range from about (.01 to about 3 um (or 0.01 to 3 um).

As such, the first electrode 200 is formed by stacking the
reflective layer 210, the metal layer 220 and the transparent
conductive layer 230.

A pixel defining layer 145 is formed on the entire surface
having the first electrode 200, and an opening 145a for par-
tially exposing the first electrode 200 is formed.

An organic layer 160 having an emitting layer is formed on
the first electrode 200 and the pixel defining layer 145, and a
second electrode 170 is formed on the organic layer 160. The
second electrode 170 is a semi-transparent electrode, and may
be formed of magnesium silver (MgAg) and/or aluminum
silver (AlAg). In one embodiment, MgAg is formed by co-
depositing Mg and Ag. In another embodiment, AlAg is
formed in a stacked structure by sequentially depositing Al
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and Ag. Also, a transparent conductive layer of ITO and/or
170 may be further formed on the second electrode 170.

In view of the foregoing and according to an embodiment
of the invention, a metal layer containing nickel is formed
between a first electrode and source and drain electrodes,
thereby lowering contact resistance between the first elec-
trode and source and drain electrodes, and improving charge
mobility. Accordingly, signal delay of a thin film transistor
may be prevented (or reduced), thereby improving display
quality and reliability of a device. Also, in a top-emission
OLED display device according to an embodiment of the
invention, a metal layer containing nickel is interposed
between a reflective layer and a transparent conductive layer
of a first electrode, thereby lowering contact resistance and
improving charge mobility of the first electrode, and thus
luminous efficiency of the OLED display device can be
improved.

While the present invention has been described in connec-
tion with certain exemplary embodiments, it is to be under-
stood that the invention is not limited to the disclosed embodi-
ments, but, on the contrary, is intended to cover various
modifications and equivalent arrangements included within
the spirit and scope of the appended claims, and equivalents
thereof.

What is claimed is:

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

a substrate;

a semiconductor layer on the substrate;

a gate insulating layer on the substrate with the semicon-

ductor layer;

a gate electrode on a region of the gate insulating layer
corresponding to the semiconductor layer and insulated
from the semiconductor layer;

source and drain electrodes connected to the semiconduc-
tor layer;

metal layers on and contacting one of the source and drain
electrodes, the metal layers being spaced from each
other and comprising nickel;

apassivation layer on the substrate with the gate insulating
layer;

a first electrode on the passivation layer, and electrically
connected to the metal layers;

an organic layer on the first electrode; and

a second electrode on the organic layer.

2. The OLED display device according to claim 1, wherein
the source and drain electrodes have a thickness between
about 3000 A and about 4000 A.

3. The OLED display device according to claim 1, wherein
the source and drain electrodes comprise aluminum.

4. The OLED display device according to claim 1, wherein
the metal layers have a thickness between about 0.1 nm and
about 0.5 nm.

5. The OLED display device according to claim 1, wherein
the distance between the metal layers is between about 0.01
pm and about 3 pum.

6. The OLED display device according to claim 1, wherein
the passivation layer comprises a via hole, and the metal
layers are in the via hole.

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

a substrate;

a semiconductor layer on the substrate;

a gate insulating layer on the substrate with the semicon-

ductor layer;

a gate electrode on the gate insulating layer corresponding
to the semiconductor layer;
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an interlayer insulating layer on the gate insulating layer;

source and drain electrodes extending through the inter-
layer insulating layer and connected to the semiconduc-
tor layer;

apassivation layer on the interlayer insulating layer and the
source and drain electrodes;

a first electrode on the passivation layer, the first electrode
comprising: a reflective layer coupled to one of the
source and drain electrodes; metal layers on and contact-
ing the reflective layer, the metal layers being spaced
from each other, and comprising nickel; and a transpar-
ent conductive layer on the metal layers;

an organic layer on the first electrode; and

a second electrode on the organic layer.

8. The OLED display device according to claim 7, wherein
the metal layers have a thickness between about 0.1 nm and
about 0.5 nm.

9. The OLED display device according to claim 7, wherein
the distance between the metal layers is between about 0.01
pm and about 3 pum.

10. The OLED display device according to claim 7,
wherein the source and drain electrodes comprise aluminum.

11. A method of fabricating an organic light emitting diode
(OLED) display device, the method comprising:

forming a semiconductor layer on a substrate;

forming a gate insulating layer on the substrate with the
semiconductor layer;

forming a gate electrode in a region corresponding to the
semiconductor layer on the gate insulating layer;

forming an interlayer insulating layer on the gate insulating
layer and the gate electrode;

forming source and drain electrodes connected to the semi-
conductor layer through a contact hole in the interlayer
insulating layer;

forming a plurality of metal material layers on and contact-
ing one of the source and drain electrodes, the metal
material layers being spaced from each other;

forming a passivation layer on the interlayer insulating
layer and the metal material layers;

forming a first electrode electrically connected to the metal
material layers, and on the passivation layer;

forming an organic layer on the first electrode; and

forming a second electrode on the organic layer.

12. The method according to claim 11, wherein the metal
material layers are formed by sputtering.

13. The method according to claim 11, wherein the metal
material layers are formed in a via hole of the passivation
layer by patterning.

14. The method according to claim 11, wherein the sub-
strate with the first electrode is annealed at a temperature
between about 150° C. and about 400° C. after the first elec-
trode has been formed.

15. A method of fabricating an organic light emitting diode
(OLED) display device, the method comprising:

forming a semiconductor layer on a substrate;

forming a gate insulating layer on the semiconductor layer;

forming a gate electrode in a region corresponding to the
semiconductor layer on the gate insulating layer;

forming an interlayer insulating layer on the gate insulating
layer and the gate electrode;

forming source and drain electrodes connected to the semi-
conductor layer through a contact hole in the interlayer
insulating layer;

forming a passivation layer on the source and drain elec-
trodes, and the gate insulating layer;

forming a via hole in the passivation layer to partially
expose the source and drain electrodes;
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forming a plurality of metal material layers on and contact-
ing one of the source and drain electrodes, the metal
material layers being spaced from each other;

forming a first electrode electrically connected to the metal

material layers, and on the passivation layer;

forming an organic layer on the first electrode; and

forming a second electrode on the organic layer.

16. The method according to claim 15, wherein the metal
material layers are formed by sputtering.

17. The method according to claim 15, wherein the sub-
strate with the first electrode is annealed at a temperature
between about 150° C. and about 400° C. after the first elec-
trode has been formed.

18. A method of fabricating an organic light emitting diode
(OLED) display device, the method comprising:

forming a semiconductor layer on a substrate;

forming a gate insulating layer on the semiconductor layer;

forming a gate electrode in a region corresponding to the

semiconductor layer on the gate insulating layer;
forming an interlayer insulating layer on the gate insulating
layer with the gate electrode;

10

15

20

10

forming source and drain electrodes connected to the semi-
conductor layer through a contact hole in the interlayer
insulating layer;

forming a passivation layer over the interlayer insulating

layer and the source and drain electrodes;

forming a first electrode by sequentially stacking a reflec-

tive layer connected to one of the source and drain elec-
trodes on the passivation layer, metal layers on and con-
tacting the reflective layer, the metal layers being spaced
from each other and comprising nickel, and a transparent
conductive layer on the metal layers;

forming an organic layer on the first electrode; and

forming a second electrode on the organic layer.

19. The method according to claim 18, wherein the metal
layers are formed by sputtering.

20. The method according to claim 18, wherein the sub-
strate with the first electrode is annealed at a temperature
between about 150° C. and about 400° C. after the first elec-
trode has been formed.
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