US 20130207087A1

a2y Patent Application Publication (o) Pub. No.: US 2013/0207087 A1

a9 United States

Kim et al.

43) Pub. Date: Aug. 15, 2013

(54) ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD FOR FABRICATING
THE SAME

(71)  Applicant: LG DISPLAY CO., LTD., (US)

(72) Inventors: Min-Joo Kim, Seoul (KR); Ho-Young
Jeong, Goyang-si (KR)

(73) Assignee: LG DISPLAY CO., LTD., Seoul (KR)
(21) Appl. No.: 13/725,537

(22) Filed: Dec. 21, 2012

(30) Foreign Application Priority Data

Feb.9,2012 (KR) .ccevvvvviviiiine 10-2012-0013173
Oct. 26,2012 (KR) oo, 10-2012-0119615

Publication Classification

(51) Int.CL
HOIL 51/56
HOIL 27/32

(2006.01)
(2006.01)

(52) US.CL
CPC ....c....... HOIL 51/56 (2013.01); HOIL 27/3225
(2013.01)
USPC oo 257/40; 438/23
(57) ABSTRACT

An organic light emitting display device includes a light
shield layer formed on a substrate and a buffer layer formed
on an entire surface of the substrate, an oxide semiconductor
layer and first electrode formed on the buffer layer, a gate
insulation film and gate electrode formed on the oxide semi-
conductor layer while being deposited to expose both edges
of'the oxide semiconductor layer, an interlayer insulation film
formed to expose both the exposed edges of the oxide semi-
conductor layer and the first electrode, source and drain elec-
trodes connected with one edge and the other edge of the
oxide semiconductor layer, respectively, and a protective film
formed to cover the source and drain electrodes while expos-
ing a region of the first electrode so as to define a luminescent
region and a non-luminescent region.
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FIG.6C
Plasma Treatment
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FIG. 8
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD FOR FABRICATING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Republic of
Korea Patent Application No. 10-2012-0013173, filed on Feb.
9, 2012, and to Republic of Korea Patent Application No.
10-2012-01196135, filed on Oct. 26, 2012, both of which are

incorporated by reference herein in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting display device and a method for fabricating the same
capable of simplifying a fabrication process.

[0004] 2. Discussion of the Related Art

[0005] Foranimage display device which embodies a vari-
ety of information on a screen as a core technology in
advanced information and communication, there is continu-
ous progress in development of thin, light-weight, and por-
table devices with improved performance. Hereupon, an
Organic Light Emitting Display (OLED) device for control-
ling a luminescent amount of an organic luminescent layer is
recently receiving attention as a flat panel display device,
along with need of a flexible display capable of being bent
pursuant to convenience and utilization of space.

[0006] The OLED device includes a Thin Film Transistor
(TFT) array part formed on a substrate, an organic lumines-
cent cell located on the TFT array part, and a glass cap to
isolate the organic luminescent cell from the outside. The
OLED device applies an electric field to a cathode and anode
formed at both ends of an organic luminescent layer so as to
inject and transfer electrons and holes into the organic lumi-
nescent layer, thereby utilizing an electroluminescence phe-
nomenon which emits light by bonding energy during com-
bination of the electrons and holes. The electrons and holes,
which are paired with each other in the organic luminescent
layer, emit light while falling from an excited state to a ground
state.

[0007] In detail, the OLED device includes a plurality of
sub-pixels arranged at a pixel region defined by intersection
of a gate line and a data line. Each of the sub-pixels receives
a data signal from the data line when a gate pulse is supplied
to the gate line, thereby generating light corresponding to the
data signal. In this case, each sub-pixel includes a TFT
formed on the substrate and an organic luminescent cell con-
nected to the TFT.

[0008] FIG.1is asectional view illustrating a conventional
OLED device. The following description will be given of a
method for fabricating the conventional OLED device with
reference to FIG. 1.

[0009] As shown in FIG. 1, the conventional OLED device
includes a TFT formed on a substrate 10, and an organic
luminescent cell connected to the TFT while including a first
electrode 18, an organic luminescent layer (not shown), and a
second electrode (not shown) formed on the organic lumines-
cent layer.

[0010] On the substrate 10, a light shield layer 11 is formed
using a first mask and a buffer layer 12 is formed to cover the
light shield layer 11. An oxide semiconductor layer 13 is
formed on the buffer layer 12 using a second mask, and a gate
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insulation film 14 and gate electrode 14a are deposited in turn
on the oxide semiconductor layer 13 using a third mask.
[0011] The oxide semiconductor layer 13 is exposed, at
both edges thereof, by an interlayer insulation film 15 formed
to cover the gate electrode 14a using a fourth mask. Source
electrode 16a and drain electrode 165 are formed to be
respectively connected to both the exposed edges of the oxide
semiconductor layer 13, using a fifth mask. The drain elec-
trode 165 is exposed by a protective film 17 formed on the
interlayer insulation film 15 using a sixth mask.

[0012] The exposed drain electrode 164 is connected to the
first electrode 18 formed on the protective film 17 using a
seventh mask, and a bank insulation film 19 is formed on the
first electrode 18 using an eighth mask so as to define a
luminescent region and non-luminescent region of each sub-
pixel. Although not shown, on the exposed first electrode 18,
the organic luminescent layer is formed and the second elec-
trode is further formed to cover the organic luminescent layer.
[0013] That is, the conventional OLED device as described
above is fabricated using eighth masks up to formation of the
bank insulation film 19, thereby increasing fabrication costs
and process time.

SUMMARY OF THE INVENTION

[0014] Accordingly, the present invention provides an
organic light emitting display device and a method for fabri-
cating the same capable of simultaneously forming an oxide
semiconductor layer and a first electrode and removing a bank
insulation film so as to decrease the number of masks, and
adjusting a work function of the first electrode, thereby
achieving simplification of a fabrication process and a reduc-
tion in fabrication costs.

[0015] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or
may be learned from practice of the invention. The objectives
and other advantages of the invention may be realized and
attained by the structure particularly pointed out in the written
description and claims thereof as well as the appended draw-
ings.

[0016] To achievethese objects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, an organic light emitting dis-
play device includes a light shield layer formed on a substrate,
and a buffer layer formed on an entire surface of the substrate
so as to cover the light shield layer, an oxide semiconductor
layer and first electrode formed on the buffer layer, a gate
insulation film and gate electrode formed on the oxide semi-
conductor layer while being deposited in turn to expose both
edges of the oxide semiconductor layer, an interlayer insula-
tion film formed to expose both the exposed edges of the
oxide semiconductor layer and the first electrode, source and
drain electrodes connected with one edge and the other edge
of the oxide semiconductor layer, which are exposed through
the interlayer insulation film, respectively, the drain electrode
being connected with the exposed first electrode, and a pro-
tective film formed to cover the source and drain electrodes
while exposing a partial region of the first electrode so as to
define a luminescent region and a non-luminescent region.
[0017] The oxide semiconductor layer and the first elec-
trode may be made of a material selected from among indium
tin zinc oxide (ITZO), indium gallium zinc oxide (IGZO),
and indium aluminum zinc oxide (IAZO).
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[0018] The oxide semiconductor layer may overlap with
the light shield layer while interposing the buffer layer ther-
ebetween, and the light shield layer may have a greater width
than the oxide semiconductor layer.

[0019] Both the edges of the oxide semiconductor layer,
which are exposed through the gate insulation film and the
gate electrode, may be made of a conductor.

[0020] The first electrode exposed through the protective
film may have a greater work function than the oxide semi-
conductor layer.

[0021] The organic light emitting display device may fur-
ther include a reflective layer formed between the substrate
and the buffer layer so as to overlap with the first electrode.

[0022] Inanother aspect of the present invention, a method
for fabricating an organic light emitting display device
includes forming a light shield layer on a substrate using a
first mask and forming a buffer layer on an entire surface of
the substrate so as to cover the light shield layer, forming an
oxide semiconductor layer and a first electrode on the buffer
layer using a second mask, forming a gate insulation film and
a gate electrode on the oxide semiconductor layer using a
third mask while being deposited in turn to expose both edges
of the oxide semiconductor layer, forming an interlayer insu-
lation film to expose both the exposed edges of the oxide
semiconductor layer and the first electrode using a fourth
mask, forming source and drain electrodes connected with
one edge and the other edge of the oxide semiconductor layer,
which are exposed through the interlayer insulation film,
respectively, using a fifth mask, the drain electrode being
connected with the exposed first electrode, and forming a
protective film to cover the source and drain electrodes using
a sixth mask while exposing a partial region of the first elec-
trode so as to define a luminescent region and a non-lumines-
cent region.

[0023] A first embodiment of forming the gate insulation
film and the gate electrode may include forming a gate insu-
lation material and a gate electrode material in turn on the
substrate formed with the oxide semiconductor layer and the
first electrode, forming a photoresist pattern having first and
second heights different from each other on the gate electrode
material, patterning the gate electrode material and the gate
insulation material by an etching process using the photore-
sist pattern as a mask so as to form the gate insulation film and
the gate electrode on each of the oxide semiconductor layer
and the first electrode, treating both edges of the oxide semi-
conductor layer, which are exposed by the photoresist pattern,
with at least one plasma of helium (He), hydrogen (H,), and
nitrogen (N.,), ashing the photoresist pattern so that the pho-
toresist pattern having the first height is removed and the
photoresist pattern having the second height is reduced in
height, removing the gate electrode and the gate insulation
film on the first electrode, which are exposed by the removed
photoresist pattern having the first height, so as to expose the
first electrode, and removing the photoresist pattern over the
oxide semiconductor layer.

[0024] A second embodiment of forming the gate insula-
tion film and the gate electrode may include forming a gate
insulation material and a gate electrode material in turn on the
substrate formed with the oxide semiconductor layer and the
first electrode, forming a photoresist pattern on the gate elec-
trode material, patterning the gate electrode material and the
gate insulation material by an etching process using the pho-
toresist pattern as a mask so as to form the gate insulation film
and the gate electrode on the oxide semiconductor layer,
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treating both edges of the oxide semiconductor layer, which
are exposed by the photoresist pattern, with at least one
plasma of He, H,, and N,, and removing the photoresist
pattern over the oxide semiconductor layer.

[0025] After the forming the protective film, the first elec-
trode may have a greater work function than the oxide semi-
conductor layer by annealing of the first electrode for 30
minutes to 2 hours at a temperature of 200° C. to 300° C.
[0026] The oxide semiconductor layer may overlap with
the light shield layer with the buffer layer interposed therebe-
tween, and the light shield layer may have a greater width than
the oxide semiconductor layer.

[0027] The method for fabricating the organic light emit-
ting display device may further include forming a reflective
layer between the substrate and the buffer layer so as to
overlap with the first electrode.

[0028] Itis to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0030] FIG.1is asectional view illustrating a conventional
OLED device;
[0031] FIG. 2 is a sectional view illustrating an OLED

device according to an embodiment of the present invention;
[0032] FIG. 3is asectional view illustrating a case in which
the OLED device of FIG. 2 is a top emission type OLED
device according to an embodiment;

[0033] FIG. 4 is a flowchart illustrating process steps for
fabricating the OLED device according to the illustrated
embodiment of the present invention;

[0034] FIGS. 5A to 5F are sectional views illustrating a
process of fabricating the OLED device according to the
illustrated embodiment of the present invention;

[0035] FIGS. 6A to 6E are sectional views for illustrating a
first embodiment of the plasma treatment process and the
third mask process illustrated in FIG. 5C;

[0036] FIGS.7A to 7D are sectional views for specifically
explaining a second embodiment of the plasma treatment
process and the third mask process illustrated in FIG. 5C;
[0037] FIG. 8 is a table illustrating variation in a work
function according to a surface treatment method of ITZO
according to an embodiment;

[0038] FIG. 9A is a sectional view illustrating an energy
level of the OLED device before annealing according to an
embodiment; and

[0039] FIG. 9B is a sectional view illustrating the energy
level of the OLED device after annealing according to an
embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0040] Reference will now be made in detail to an organic
light emitting display device and a method for fabricating the
same according to an exemplary embodiment of the present
invention, examples of which are illustrated in the accompa-
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nying drawings. Wherever possible, the same reference num-
bers will be used throughout the drawings to refer to the same
or like parts.

[0041] FIG. 2 is a sectional view illustrating an Organic
Light Emitting Display (OLED) device according to an
embodiment of the present invention. FIG. 3 is a sectional
view illustrating a case in which the OLED device of FIG. 2
is a top emission type OLED device according to an embodi-
ment.

[0042] As shown in FIG. 2, a light shield layer 110 is
formed on a substrate 100. The light shield layer 110 serves to
absorb light and to prevent external light from being incident
upon an oxide semiconductor layer to be described later. The
light shield layer 110 is made of a metal material such as
molybdenum (Mo) or made of a black organic material. The
substrate 100 is formed, at an entire surface thereof, with a
buffer layer 120 to cover the light shield layer 110.

[0043] An oxide semiconductor layer 130 and a first elec-
trode 180 are formed on the buffer layer 120, and the oxide
semiconductor layer 130 and the first electrode 180 are made
of an oxide such as indium gallium zinc oxide (IGZO),
indium tin zinc oxide (ITZO), or indium aluminum zinc oxide
(IAZO). In this case, the oxide semiconductor layer 130 is
formed to overlap with the light shield layer 110, and thus
external light may be prevented from being incident upon the
oxide semiconductor layer 130. Furthermore, the light shield
layer 110 may have a greater width than the oxide semicon-
ductor layer 130 so as to completely block incidence of exter-
nal light upon the oxide semiconductor layer 130. The oxide
semiconductor layer 130 includes a source region 130a con-
nected to a source electrode 160a, a drain region 1305 con-
nected to a drain electrode 1605, and a channel region 130¢
overlapping with a gate electrode 140a with a gate insulation
film 140 interposed therebetween.

[0044] In order to expose the source region 130a and the
drain region 1305 which are located at both edges of the oxide
semiconductor layer 130, the gate insulation film 140 and the
gate electrode 140q are formed to be deposited in turn on the
oxide semiconductor layer 130. Particularly, both the
exposed edges of the oxide semiconductor layer 130 are made
of a conductor by plasma treatment. Accordingly, when the
edges of the oxide semiconductor layer 130 are connected to
the respective source and drain electrodes to be described
later, resistance of the oxide semiconductor layer 130 is
decreased to improve contact characteristics.

[0045] An interlayer insulation film 150 is formed to
expose a partial region of the first electrode 180 on the gate
electrode 140a. The interlayer insulation film 150 exposes
both the plasma-treated edges of the oxide semiconductor
layer 130, and both the exposed edges of the oxide semicon-
ductor layer 130 are connected to the source and drain elec-
trodes 160a and 1604, respectively. The drain electrode 1605
also extends onto the exposed first electrode 180, thereby
being directly connected to the first electrode 180.

[0046] As described above, the oxide semiconductor layer
130, the gate insulation film 140, the gate electrode 140a, and
the source and drain electrodes 160a and 1605 are included in
an oxide Thin Film Transistor (TFT) having advantages such
as higher mobility and lower leakage current characteristics,
compared with a silicon TFT. Furthermore, the TFT, using a
crystallization process, such as the silicon TFT has poor uni-
formity during the crystallization process such as becoming a
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large area, thereby being unfavorable to the large area. On the
other hand, the oxide TFT has an advantage to be formed in
the large area.

[0047] A protective film 170 is formed to cover the source
and drain electrodes 160a and 1605. In this case, the protec-
tive film 170 exposes a partial region of the first electrode 180
so as to define a luminescent region and non-luminescent
region of a sub-pixel. Accordingly, since the protective film
170 functions as a bank insulation film, the OLED device
according to the illustrated embodiment of the present inven-
tion may remove a process of forming the bank insulation
film. In addition, a work function is adjusted through anneal-
ing of the exposed first electrode 180.

[0048] The conventional OLED device has a great differ-
ence between a work function of a first electrode and a High-
est Occupied Molecular Orbital (HOMO) level of an organic
luminescent layer when holes are injected from the first elec-
trode to the organic luminescent layer. Consequently, no
holes may be smoothly injected into the organic luminescent
layer. Accordingly, the conventional OLED device should
further form functional layers such as a hole injection layer
and a hole transport layer between the first electrode and the
organic luminescent layer, thereby causing increase of fabri-
cation costs and complicating processes.

[0049] On the other hand, the OLED device according to
the illustrated embodiment of the present invention performs
annealing of the first electrode 180. By annealing the first
electrode 180, the first electrode 180 has a greater work func-
tion than the oxide semiconductor layer 130. That is, the work
function of'the first electrode 180 is increased through anneal -
ing, thereby decreasing the difference between the work func-
tion of the first electrode 180 and a HOMO level of an organic
luminescent layer. Hence, even when the hole injection layer
and hole transport layer are removed, the holes may be
smoothly injected into the organic luminescent layer.

[0050] Although not shown in FIGS. 2 and 3, on the
exposed first electrode 180, an organic luminescent layer is
formed and a second electrode made of a material such as
aluminum (Al) or silver (Ag) is formed to cover the organic
luminescent layer. In particular, when the OLED device
according to the illustrated embodiment of the present inven-
tion is a bottom emission type OLED device, light generated
from the organic luminescent layer is reflected at the second
electrode by adjusting a thickness of the second electrode so
as to progress toward the first electrode 180.

[0051] Meanwhile, when the OLED device according to
the illustrated embodiment of the present invention is a top
emission type OLED device, a reflective layer 110a is further
formed between the substrate 100 and the buffer layer 120 so
as to overlap with the first electrode 180, as shown in FIG. 3.
The reflective layer 110a is made of a material such as alu-
minum neodymium (AINd). Consequently, light, which is
generated from the organic luminescent layer (not shown)
and progresses toward the first electrode 180, is reflected at
the reflective layer 110a so as to progress toward the second
electrode (not shown). Particularly, the top emission type
OLED device may include a second electrode having a thin-
ner thickness than the second electrode of a bottom emission
type OLED device, in order to emit light through the second
electrode to the outside.

[0052] Although shown as being also formed on the light
shield layer 110 overlapping with the TFT in the drawing, the
reflective layer 110a may alternatively be formed to overlap
with only the first electrode 180 or may be formed to overlap
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with the first electrode 180 and the oxide semiconductor layer
130 of the TFT without the light shield layer.

[0053] Hereinafter, the following description will be given
of'a method for fabricating the OLED device according to the
illustrated embodiment of the present invention with refer-
ence to the accompanying drawings in detail.

[0054] FIG. 4 is a flowchart illustrating process steps of
fabricating the OLED device according to the illustrated
embodiment of the present invention. FIGS. 5A to 5F are
sectional views illustrating a process of fabricating the OLED
device according to the illustrated embodiment of the present
invention.

[0055] As shown in FIGS. 4 and 5A, the light shield layer
110 is formed on the substrate 100 using a first mask (S5). The
light shield layer 110 serves to prevent external light from
being incident upon the oxide semiconductor layer 130.
Then, the buffer layer 120 is formed on the surface of the
substrate 100 so as to cover the light shield layer 110.
[0056] Particularly, when the OLED device according to
the illustrated embodiment of the present invention is a top
emission type OLED device as shown in FIG. 3, a light shield
material and a reflective material are deposited in turn on the
substrate 100 and are then simultaneously etched using the
first mask. Accordingly, the light shield layer 110 and the
reflective layer 110a are deposited in turn at regions overlap-
ping with the TFT and the first electrode 180, so that the light
progressing toward the first electrode 180, among light emit-
ted from the organic luminescent layer, is reflected through
the reflective layer 110a and progresses upwards.

[0057] Meanwhile, the light shield layer 110 may be
formed at a region overlapping with the TFT using a half tone
mask as the first mask, and the light shield layer 110 and the
reflective layer 110a having a lamination structure in this
order may also be formed at a region overlapping with the first
electrode 180. In addition, the light shield layer 110 may be
formed on the substrate 100 overlapping with the TFT, and
the reflective layer 110a may also be formed on the substrate
100 overlapping with the first electrode 180. Since this, how-
ever, should form the light shield layer 110 and the reflective
layer 110a using different mask processes, respectively, a
mask process is added.

[0058] Thereafter, the oxide semiconductor layer 130 and
the first electrode 180 are formed on the buffer layer 120 using
a second mask (S10), as shown in FIG. 5B. That is, the oxide
semiconductor layer 130 and the first electrode 180 are simul-
taneously formed, thereby enabling removal of a separate
process for formation of the first electrode 180. In this case,
the oxide semiconductor layer 130 and the first electrode 180
are made of a material such as IGZO, ITZO, or IAZO.
[0059] Subsequently, the gate insulation film 140 and the
gate electrode 140a are formed in turn on the oxide semicon-
ductor layer 130 using a third mask (S15), as shown in FIG.
5C.

[0060] Specifically, a gate insulation material and a gate
electrode material are deposited in turn on an entire surface of
the buffer layer 120, which includes the oxide semiconductor
layer 130. Then, the gate insulation material and the gate
electrode material are patterned so as to form the gate insu-
lation film 140 and the gate electrode 140a for exposing both
edges of the oxide semiconductor layer 130.

[0061] In this case, the exposed both edges of the oxide
semiconductor layer 130 are made of the conductor by
plasma such as helium (He), hydrogen (H,), or nitrogen (N,)
to form the source and drain regions 130a and 1305. Resis-
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tance of the oxide semiconductor layer 130 is decreased when
the source and drain regions 130a and 1305 of the oxide
semiconductor layer 130 are respectively connected to the
source and drain electrodes 160a and 1605, thereby improv-
ing contact characteristics. Specifically, the plasma treatment
process and the third mask process to pattern the gate insula-
tion film 140 and the gate electrode 140a will be described
later with reference to FIGS. 6A to 6E and 7A to 7D.

[0062] Subsequently, the interlayer insulation film 150 is
formed on the gate electrode 140qa using a fourth mask so as
to expose a partial region of the first electrode 180 (S20), as
shown in FIG. 5D. In this case, the interlayer insulation film
150 exposes the plasma-treated edges of the oxide semicon-
ductor layer 130.

[0063] As shown in FIG. 5E, the source electrode 160a is
formed to be connected with one exposed edge of the oxide
semiconductor layer 130 and the drain electrode 16056 is
formed to be connected with another exposed edge thereof,
using a fifth mask (S25). In this case, the drain electrode 16056
extends up to the exposed first electrode 180, thereby being
directly connected to the first electrode 180.

[0064] Subsequently, the protective film 170 is formed to
cover the source and drain electrodes 160a and 1605 using a
sixth mask (S30), as shown in FIG. 5F. In this case, the
protective film 170 exposes a partial region of the first elec-
trode 180 so as to define the luminescent region and the
non-luminescent region, thereby functioning as the bank
insulation film. Accordingly, it may be possible to remove the
process of forming the bank insulation film.

[0065] Inaddition, the firstelectrode 180 has a greater work
function than the oxide semiconductor layer 130 by annealing
ofthe exposed first electrode 180, thereby enabling a decrease
of the difference between the work function of the first elec-
trode 180 and the HOMO level of the organic luminescent
layer. In one embodiment, the annealing is executed for 30
minutes to 2 hours at a temperature of 200 to 300° C.

[0066] Meanwhile, the gate insulation film 140, interlayer
insulation film 150, and protective film 170 formed on the
oxide semiconductor layer 130 may prevent heat from being
transferred to the oxide semiconductor layer 130, during an
annealing process. As a result, it may be possible to prevent
variations of the work function and sheet resistance in the
oxide semiconductor layer 130.

[0067] A conventional OLED device further forms the
functional layers such as the hole injection layer and the hole
transport layer between the first electrode 180 and the organic
luminescent layer so as to smoothly inject holes from the first
electrode 180 which is an anode. The OLED device according
to the illustrated embodiment of the present invention may
increase the work function of the first electrode 180 through
annealing thereof, thereby enabling removal of the functional
layers between the first electrode 180 and the organic lumi-
nescent layer. Accordingly, holes may be smoothly injected
into the organic luminescent layer by formation of the organic
luminescent layer directly on the first electrode 180, thereby
achieving an improvement in luminous efficiency. Thus, it is
possible to accomplish simplification of a fabrication process
and a reduction in fabrication costs by removal of the above-
mentioned functional layers.

[0068] FIGS. 6A to 6E are sectional views for specifically
explaining a first embodiment of the plasma treatment pro-
cess and the third mask process illustrated in FIG. 5C.
[0069] As shown in FIG. 6A, a gate insulation material
220aq and a gate electrode material 2205 are deposited in turn
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on the surface of the substrate 100 formed with the oxide
semiconductor layer 130. Then, a photoresist pattern 230 is
formed on the gate electrode material 2205 through a photo-
lithographic process using a photo mask (not shown) such as
a half tone mask and a slit mask. The photoresist pattern 230
having a first height is formed at a semi-transmission region
P3 of the photo mask, whereas the photoresist pattern 230
having a greater second height than the first height is formed
at a cut-off region P1 of the photo mask. Also, a transmission
region P2 of the photo mask is formed to expose the gate
electrode material 2205.

[0070] Through an etching process using the photoresist
pattern 230 as a mask, the gate insulation and gate electrode
materials 220a and 2205 are etched to form the gate insulation
film 140 and gate electrode 140a having the same pattern, as
shown in FIG. 6B. In this case, the gate insulation film 140
and gate electrode 140a on the oxide semiconductor layer 130
are formed to expose both edges of the oxide semiconductor
layer 130. On the other hand, the gate insulation film 140 and
gate electrode 140qa on the first electrode 180 are formed to
enclose the first electrode 180 in the form of a pattern equal to
or wider than the first electrode 180, thereby protecting the
first electrode 180.

[0071] Thereafter, both the exposed edges of the oxide
semiconductor layer 130 are treated with plasma such as He,
H,, or N,, using the photoresist pattern 230 as a mask, as
shown in FIG. 6C. Accordingly, only both edges of the oxide
semiconductor layer 130 are selectively made of the conduc-
tor so as to form the source and drain regions 130a and 13056
of the oxide semiconductor layer 130 and the channel region
130¢ maintaining a semiconductor state between the source
region 130a and the drain region 1305.

[0072] Then, by an ashing process using oxygen (O,)
plasma, a thickness of the photoresist pattern 230 having the
second height becomes thin, and the photoresist pattern 230
having the first height is removed, as shown in FIG. 6D.
Consequently, the gate insulation film 140 and gate electrode
140a on the first electrode 180 are exposed. The exposed gate
insulation film 140 and gate electrode 1404 on the first elec-
trode 180 are removed through an etching process using the
ashed photoresist pattern 230 as a mask.

[0073] Subsequently, the photoresist pattern 230 remaining
over the channel region 130¢ of the oxide semiconductor
layer is removed through a strip process, as shown in FIG. 6E.
[0074] FIGS. 7A to 7D are sectional views for specifically
explaining a second embodiment of the plasma treatment
process and the third mask process illustrated in FIG. 5C.
[0075] As shown in FIG. 7A, a gate insulation material
220a and a gate electrode material 2205 are deposited in turn
on the entire surface of the substrate 100 formed with the
oxide semiconductor layer 130. Then, a photoresist pattern
230 is formed on the gate electrode material 2205 through a
photolithographic process using a photo mask (not shown).
The photoresist pattern 230 is formed at a cut-oft region P1 of
the photo mask, and a transmission region P2 of the photo
mask is formed to expose the gate electrode material 2205.
[0076] The gate insulation and gate electrode materials
220a and 2205 are etched through an etching process using
the photoresist pattern 230 as a mask, as shown in FIG. 7B.
Consequently, the gate insulation film 140 and gate electrode
140a having the same pattern are formed on the oxide semi-
conductor layer 130, and the gate insulation and gate elec-
trode materials 220a and 2205 on the first electrode 180 are
removed to expose the first electrode 180. In this case, the gate
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insulation film 140 and gate electrode 140a on the oxide
semiconductor layer 130 are formed to expose both edges of
the oxide semiconductor layer 130.

[0077] Thereafter, both the exposed edges of the oxide
semiconductor layer 130 are treated with at least one plasma
of'He, H,, and N, using the photoresist pattern 230 as a mask,
as shown in FIG. 7C. Accordingly, both edges of the oxide
semiconductor layer 130 are made of the conductor so as to
form the source and drain regions 130a and 1305 of the oxide
semiconductor layer and the channel region 130¢ maintaining
a semiconductor state between the source region 130a and the
drainregion 1305. Meanwhile, the exposed first electrode 180
is also treated with plasma during plasma treatment of both
edges of the oxide semiconductor layer 130. In this case, the
plasma-treated first electrode 180 has the desired sheet resis-
tance and work function through the annealing process, as
shown in FIG. 5F.

[0078] Subsequently, the photoresist pattern 230 remaining
over the channel region 130¢ of the oxide semiconductor
layer is removed through a strip process, as shown in FIG. 7D.

[0079] Meanwhile, the source and drain regions 130a and
1305 of the oxide semiconductor layer have been illustrated,
for example, as formed by the plasma treatment using the
photoresist pattern, which is formed through the photolitho-
graphic process using the photo mask, as the mask. However,
the source and drain regions 130a and 13056 may be formed by
ultraviolet (UV) irradiation on only the oxide semiconductor
layer using the gate electrode 140a as a mask without the
photo mask.

[0080] Also, when the gate electrode 140a and the gate
insulation film 140 are patterned by a dry etching process
using plasma, both edges of the oxide semiconductor layer
130 may be made of the conductor by the plasma used during
the dry etching process. Consequently, the source and drain
regions 130a and 1305 may also be formed.

[0081] FIG. 8 is a table illustrating variation in a work
function according to a surface treatment method of ITZO.
FIG. 9A is a sectional view illustrating an energy level of the
OLED device before annealing, wherein only the first elec-
trode, functional layer, and organic luminescent layer are
illustrated. FIG. 9B is a sectional view illustrating the energy
level of the OLED device after annealing, wherein only the
first electrode and organic luminescent layer are illustrated.

[0082] AsshowninFIG. 8, awork function of ITZO may be
adjusted by H, plasma treatment or annealing. First, when no
treatment is performed for ITZO, the ITZO has the work
function of 5.05 eV. In this case, it is difficult for holes to be
smoothly injected into an organic luminescent layer 290 hav-
ingaHOMO level of about 5.9 to 6.0 eV, as shown in FIG. 9A.
Therefore, functional layers 210 such as a hole injection layer
210a and a hole transport layer 2106 should be formed
between a first electrode 280 and the organic luminescent
layer 290. That is, since a difference between the work func-
tion of the first electrode 280 and the HOMO level of the
organic luminescent layer 290 is great, the holes are grada-
tionally injected from the first electrode 280 to the organic
luminescent layer 290 through the functional layers 210.

[0083] In the case of executing annealing of ITZO for one
hour at a temperature of 230° C., the ITZO has the increased
work function of 5.63 eV. That is, even when the functional
layers such as the hole injection layer and the hole transport
layer 2105 are not formed between a first electrode 380 and
the organic luminescent layer 390, the holes are smoothly
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injected from the first electrode 380 to the organic lumines-
cent layer 390, as shown in FIG. 9B.

[0084] Also, when ITZO is H, plasma-treated for 60 sec-
onds under a pressure of 100 mTorr and an electric power of
500 W by injection of H, at 100 sccm, the ITZO has the
decreased work function of 4.71 eV, thereby being made of
the conductor, as opposed to the case of annealing.

[0085] That is, oxides including indium zinc oxide (IZO)
such as indium tin zinc oxide (ITZO), indium gallium zinc
oxide (IGZO), or indium aluminum zinc oxide (IAZO) may
adjust the work function through H, plasma treatment or
annealing. Accordingly, the OLED device, having the oxide
TFT, according to the illustrated embodiment of the present
invention executes annealing of the first electrode 180 made
of the same material as the oxide semiconductor layer 130,
thereby enabling increase of the work function of the first
electrode 180. Hence, it may be possible to achieve simplifi-
cation of a fabrication process and a reduction in fabrication
costs by removal of the functional layers between the first
electrode 180 and the organic luminescent layer.

[0086] Accordingly, in accordance with the organic light
emitting display device and the method for fabricating the
same according to the illustrated embodiment of the present
invention, the oxide semiconductor layer and the first elec-
trode are simultaneously formed, thereby enabling a decrease
of one mask in the number of masks to form the first electrode.
In addition, the protective film 170 formed on the source and
drain electrodes functions as the bank insulation film defining
the luminescent region and the non-luminescent region,
thereby enabling a decrease of one mask in the number of
masks to form the bank insulation film. Thus, the organic light
emitting display device according to the illustrated embodi-
ment of the present invention may decrease a total of two
masks, compared with the conventional device. As a result, it
may be possible to achieve simplification of a fabrication
process and a reduction in fabrication costs.

[0087] As is apparent from the above description, an
organic light emitting display device and a method for fabri-
cating the same according to the present invention has the
following effects.

[0088] First, an oxide semiconductor layer and a first elec-
trode are simultaneously formed, thereby enabling a decrease
of'one mask in the number of masks to form the first electrode.
Particularly, a work function of the first electrode may be
adjusted by annealing the first electrode. Accordingly, even
when functional layers between the first electrode and an
organic luminescent layer are removed, holes are smoothly
injected from the first electrode to the organic luminescent
layer. Consequently, it may be possible to improve luminous
efficiency of the organic light emitting display device and at
the same time to achieve simplification of a fabrication pro-
cess and a reduction in fabrication costs.

[0089] Second, a protective film formed on source and
drain electrodes functions as a bank insulation film defining a
luminescent region and non-luminescent region of a sub-
pixel, thereby enabling a decrease of one mask in the number
of masks to form the bank insulation film.

[0090] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope of
the inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.
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What is claimed is:

1. An organic light emitting display device comprising:

a substrate;

a light shield layer formed on the substrate;

a buffer layer formed on a surface of the substrate so as to
cover the light shield layer;

an oxide semiconductor layer formed on the buffer layer,
the oxide semiconductor layer having a source area, a
drain area, and a channel area between the source area
and the drain area;

a first electrode formed on the buffer layer;

a gate insulation film formed on the channel area of the
oxide semiconductor layer;

a gate electrode formed on the gate insulation film;

an interlayer insulation film covering the gate insulation
film and the gate electrode;

a source electrode connected to the source area of the oxide
semiconductor layer;

a drain electrode connected to the drain area of the oxide
semiconductor layer and further connected to the first
electrode; and

a protective film formed to cover the source electrode and
the drain electrode and exposing a region of the first
electrode.

2. The organic light emitting display device according to
claim 1, wherein the oxide semiconductor layer overlaps with
the light shield layer, and wherein the light shield layer has a
greater width than the oxide semiconductor layer.

3. The organic light emitting display device according to
claim 1, wherein the exposed region of the first electrode has
a greater work function than the oxide semiconductor layer.

4. The organic light emitting display device according to
claim 1, further comprising a reflective layer formed between
the substrate and the buffer layer so as to overlap with the first
electrode.

5. A method for fabricating an organic light emitting dis-
play device, the method comprising:

preparing a substrate;

forming a light shield layer on the substrate;

forming a buffer layer on a surface of the substrate so as to
cover the light shield layer;

forming an oxide semiconductor layer on the buffer layer
so as to have a source area, a drain area, and a channel
area between the source area and the drain area;

forming a first electrode on the buffer layer;

forming a gate insulation film on the channel area of the
oxide semiconductor layer;

forming a gate electrode on the gate insulation film;

forming an interlayer insulation film covering the gate
insulation film and the gate electrode;

forming a source electrode connected to the source area of
the oxide semiconductor layer;

forming a drain electrode connected to the drain area of the
oxide semiconductor layer and further connected to the
first electrode; and

forming a protective film to cover the source electrode and
the drain electrode and expose a region of the first elec-
trode.

6. The method according to claim 5, wherein forming the

gate insulation film and forming the gate electrode comprises:
forming a gate insulation material and a gate electrode
material sequentially on the surface of the substrate;
forming a photoresist pattern including a first photoresist
pattern on the channel area and a second photoresist
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pattern on the first electrode, wherein the first photore-
sist pattern has a greater height than the second photo-
resist pattern;

patterning the gate electrode material and the gate insula-
tion material by an etching process using the photoresist
pattern as a mask so as to form the gate insulation film
and the gate electrode on the channel area and the first
electrode and expose the source area and the drain area;

treating the source area and the drain area with at least one
of helium (He) plasma, hydrogen (H,) plasma, and
nitrogen (N,) plasma;

ashing the photoresist pattern so that the first photoresist
pattern is reduced in height and the second photoresist
pattern is removed;

removing the gate electrode and the gate insulation film on
the first electrode so as to expose the first electrode; and

removing the photoresist pattern on the channel area.

7. The method according to claim 5, wherein forming the

gate insulation film and forming the gate electrode comprises:

forming a gate insulation material and a gate electrode
material sequentially on the surface of the substrate;

forming a photoresist pattern on the channel area;

patterning the gate electrode material and the gate insula-
tion material by an etching process using the photoresist
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pattern as a mask so as to form the gate insulation film
and the gate electrode on the channel area and expose the
source area, the drain area and the first electrode;

treating the source area, the drain area and the first elec-
trode with at least one of He plasma, H, plasma, and N,
plasma; and

removing the photoresist pattern on the channel area.
8. The method according to claim 5, further comprising:

after forming the protective film, annealing the first elec-
trode for a time period between 30 minutes and 2 hours
at a temperature between 200° C. and 300° C., the
annealing causing the first electrode to have a greater
work function than the oxide semiconductor layer.

9. The method according to claim 5, wherein the oxide
semiconductor layer overlaps with the light shield layer with
the buffer layer interposed therebetween, and wherein the
light shield layer has a greater width than the oxide semicon-
ductor layer.

10. The method according to claim 5, further comprising
forming a reflective layer between the substrate and the buffer
layer so as to overlap with the first electrode.
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