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(57) ABSTRACT

A thin film transistor array substrate may include a thin film
transistor including an active layer, a gate electrode, source
and drain electrodes, a first insulation layer arranged between
the active layer and the gate electrode, and a second insulation
layer arranged between the gate electrode and the source and
drain electrodes, a pixel electrode arranged on the first insu-
lation layer and comprising the same material as the gate
electrode, a capacitor comprising a first electrode arranged on
the same layer as the active layer and a second electrode
arranged on the same layer as the gate electrode, a pad elec-
trode arranged on the second insulation layer and comprising
the same material as the source and drain electrodes, a pro-
tection layer formed on the pad electrode, and a third insula-
tion layer formed on the protection layer and exposing the
pixel electrode.
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THIN FILM TRANSISTOR ARRAY
SUBSTRATE, ORGANIC LIGHT EMITTING
DISPLAY DEVICE COMPRISING THE SAME,
AND METHOD OF MANUFACTURING THE
THIN FILM TRANSISTOR ARRAY
SUBSTRATE

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C. §119 from an application earlier filed in the Korean
Intellectual Property Office on the 30 of Nov. 2011 and there
duly assigned Serial No. 10-2011-0127226.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a thin film transistor
array substrate, an organic light emitting display device com-
prising the thin film transistor array substrate, and a method of
manufacturing the thin film transistor array substrate.

[0004] 2. Description of the Related Art

[0005] Flat panel display devices such as organic light
emitting display devices or liquid crystal display devices
include thin film transistors (TFTs), capacitors, wirings con-
necting the above circuit parts, etc. TFTs, capacitors, wirings,
etc. are provided as micro-patterns formed on a substrate used
for manufacturing a flat panel display device. The micro-
patterns of the substrate are formed mainly by a photolithog-
raphy process that transfers a pattern using a mask.

[0006] According to a photolithography process, photore-
sist is uniformly coated on a substrate on which a pattern is to
be formed. The photoresist is exposed by an exposure appa-
ratus such as a stepper. In the case of positive photoresist,
exposed photoresist undergoes a development process. After
the photoresist is developed, the pattern on the substrate is
etched by using the remaining photoresist. After a pattern is
formed, unnecessary photoresist is removed.

[0007] Intheabove process of transferring a pattern using a
mask, a mask having a necessary pattern needs to be prepared
so that costs for preparing a mask rise as the number of
processes using a mask increases. Also, since the above-
described many operations are needed, a manufacturing pro-
cess becomes sophisticated, a manufacturing time is pro-
longed, and manufacturing costs rise.

SUMMARY OF THE INVENTION

[0008] The present invention provides a thin film transistor
array substrate, an organic light emitting display device com-
prising the thin film transistor array substrate, and a method of
manufacturing the thin film transistor array substrate.

[0009] According to an aspect of the present invention, a
thin film transistor array substrate may include a thin film
transistor including an active layer, a gate electrode, source
and drain electrodes, a first insulation layer arranged between
the active layer and the gate electrode, and a second insulation
layer arranged between the gate electrode and the source and
drain electrodes, a pixel electrode arranged on the first insu-
lation layer and comprising the same material as the gate
electrode, a capacitor comprising a first electrode arranged on
the same layer as the active layer and a second electrode
arranged on the same layer as the gate electrode, a pad elec-
trode arranged on the second insulation layer and comprising
the same material as the source and drain electrodes, a pro-
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tection layer formed on the pad electrode, and a third insula-
tion layer formed on the protection layer and exposing the
pixel electrode.

[0010] The active layer may comprise a semiconductor
material doped with ion impurities.

[0011] The pixel electrode may include transparent con-
ductive oxide.
[0012] The transparent conductive oxide may comprise at

least one selected from a group consisting of indium tin oxide
(ITO), indium zinc oxide (I1ZO), zinc oxide (Zn0O), indium
oxide (In,0;), indium galium oxide (IGO), and aluminum
zinc oxide (AZO).

[0013] The first electrode may comprise a semiconductor
material doped with ion impurities.

[0014] A gap may be formed between an end portion of the
pixel electrode and an end portion of the second insulation
layer.

[0015] An end portion of the pixel electrode and An end
portion of the third insulation layer may be overlapped each
other.

[0016] A gap may be formed between an end portion of the
second electrode and an end portion of the second insulation
layer.

[0017] The third insulation layer may directly contact the
first insulation layer in the gap.

[0018] The protection layer may be further formed on the
source electrode and the drain electrode.

[0019] The padelectrode may comprise a plurality of metal
layers having different electron mobility.

[0020] The plurality of metal layers may comprise a layer
including molybdenum (Mo) and a layer including aluminum
(AD).

[0021] The protection layer may comprise metal oxide or

transparent conductive oxide.

[0022] The transparent conductive oxide may comprise at
least one selected from a group consisting of indium tin oxide
(ITO), indium zinc oxide (I1Z0), zinc oxide (Zn0O), indium
oxide (In,0;), indium galium oxide (IGO), and aluminum
zinc oxide (AZO).

[0023] A gap may be formed between an end portion of the
pad electrode and an end portion of the protection layer.
[0024] The third insulation layer may directly contact an
upper surface of the pad electrode in the gap.

[0025] The gateelectrode may comprise a first layer includ-
ing transparent conductive oxide and a second layer including
metal.

[0026] The gate electrode and the source and drain elec-
trodes may comprise the same material.

[0027] According to another aspect of the present inven-
tion, an organic light emitting display device may include a
thin film transistor including an active layer, a gate electrode,
source and drain electrodes, a first insulation layer arranged
between the active layer and the gate electrode, and a second
insulation layer arranged between the gate electrode and the
source and drain electrodes, a pixel electrode arranged on the
first insulation layer and comprising the same material as the
gate electrode, a capacitor comprising a first electrode
arranged on the same layer as the active layer and a second
electrode arranged on the same layer as the gate electrode, a
pad electrode arranged on the second insulation layer and
comprising the same material as the source and drain elec-
trodes, a protection layer formed on the pad electrode, a third
insulation layer formed on the protection layer and exposing
the pixel electrode, an organic light emitting layer arranged
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on the pixel electrode, and an opposed electrode arranged on
the organic light emitting layer.

[0028] The opposed electrode may be a reflection electrode
for reflecting light irradiated from the organic light emitting
layer.

[0029] According to another aspect of the present inven-
tion, a method of manufacturing a thin film transistor array
substrate may include a first mask process of forming a semi-
conductor layer on a substrate and forming an active layer of
a thin film transistor and a first electrode of a capacitor by
patterning the semiconductor layer, a second mask process of
forming a first insulation layer, forming a transparent conduc-
tive oxide layer and a first metal layer on the first insulation
layer, and forming a pixel electrode, a gate electrode of the
thin film transistor, and a second electrode of the capacitor by
patterning the transparent conducive oxide layer and the first
metal layer, a third mask process of forming a second insu-
lation layer and forming openings in the second insulation
layer to allow the second insulation layer to expose the pixel
electrode, source and drain areas of the active layer, and the
first electrode, a fourth mask process of forming a second
metal layer and a protection layer on a resultant of the third
mask process, forming a source electrode and a drain elec-
trode respectively connected to the source area and the drain
area, and a pad electrode, by patterning the second metal layer
and the protection layer, and removing the first metal layer of
the pixel electrode and the first metal layer of the second
electrode, and a fifth mask process of forming a third insula-
tion layer and forming openings in the third insulation layer to
expose the pixel electrode.

[0030] After the second mask process, ion impurities may
be doped into the source and drain areas.

[0031] In the third mask process, an opening of the second
insulation layer may be formed to form a gap between an end
portion of the pixel electrode and an end portion of the second
insulation layer.

[0032] In the third mask process, an opening of the second
insulation layer may be formed to form a gap between an end
portion of the first electrode and an end portion of the second
insulation layer.

[0033] The first metal layer and the second metal layer may
be formed of the same material.

[0034] The second metal layer may comprise a plurality of
metal layers having different electron mobility.

[0035] The protection layer may be formed of metal oxide
or transparent conductive oxide.

[0036] The fourth mask process may comprise a first etch
process for etching the first metal layer, the second metal
layer, and the protection layer; and a second etch process for
etching the protection layer.

[0037] An etchant to which oxalic acid or anti-metal cor-
rosion agent is added may be used in the second etch process.
[0038] Afterthe fourth mask process, ion impurities may be
doped into the first electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] 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 reference
to the following detailed description when considered in con-
junction with the accompanying drawings, in which like ref-
erence symbols indicate the same or similar components,
wherein:
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[0040] FIG. 11is a cross-sectional view schematically illus-
trating an organic light emitting display device according to
an embodiment of the present invention;

[0041] FIG. 2is a cross-sectional view schematically illus-
trating a first mask process of the organic light emitting dis-
play device of FIG. 1;

[0042] FIG. 3 is a cross-sectional view schematically illus-
trating a second mask process of the organic light emitting
display device of FIG. 1;

[0043] FIG. 41is a cross-sectional view schematically illus-
trating a third mask process of the organic light emitting
display device of FIG. 1;

[0044] FIGS. 5 and 6 are cross-sectional views schemati-
cally illustrating a fourth mask process of the organic light
emitting display device of FIG. 1;

[0045] FIG. 7 is a cross-sectional view schematically illus-
trating a fifth mask process of the organic light emitting
display device of FIG. 1;

[0046] FIG. 81is a cross-sectional view schematically illus-
trating a pixel area according to a comparative example of the
present invention;

[0047] FIG. 9is a cross-sectional view schematically illus-
trating a capacitor area according to a comparative example
of the present invention;

[0048] FIG. 10 is a cross-sectional view schematically
illustrating an organic light emitting display device according
to another embodiment of the present invention;

[0049] FIG. 11 is a cross-sectional view schematically
illustrating a first etch process of a fourth mask process of the
organic light emitting display device of FIG. 10;

[0050] FIG. 12 is a cross-sectional view schematically
illustrating a second etch process of the fourth mask process
of the organic light emitting display device of FIG. 10; and

[0051] FIG. 13 is a cross-sectional view schematically
illustrating a second doping process of the fourth mask pro-
cess of the organic light emitting display device of FIG. 10.

DETAILED DESCRIPTION OF THE INVENTION

[0052] The attached drawings for illustrating exemplary
embodiments of the present invention are referred to in order
to gain a sufficient understanding of the present invention, the
merits thereof, and the objectives accomplished by the imple-
mentation of the present invention. Hereinafter, the present
invention will be described in detail by explaining exemplary
embodiments of the invention with reference to the attached
drawings. Like reference numerals in the drawings denote
like elements.

[0053] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding a list of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0054] FIG. 1is a cross-sectional view schematically illus-
trating an organic light emitting display device 1 according to
an embodiment of the present invention. Referring to FIG. 1,
the organic light emitting display device 1 according to the
present embodiment includes a substrate 10 on which a pixel
area PXL 1, a transistor area TRI, a capacitor area CAP1, and
a pad area PAD1 are provided.

[0055] The substrate 10 may be provided as not only a glass
substrate but also a transparent substrate such as a plastic
substrate including polyethylene terephthalate (PET), poly-
ethylene naphthalate (PEN), polyimide, etc.
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[0056] A buffer layer 11 may be provided on the substrate
10. The buffer layer 11 forms a smooth surface on an upper
portion of the substrate 10 so as to prevent intrusion of impure
elements. The buffer layer 11 may be formed of silicon nitride
and/or silicon oxide as a single layer or multiple layers.
[0057] An active layer 212 is provided on the buffer layer
11. The active layer 212 may be formed of semiconductor
including amorphous silicon or crystalline silicon. The active
layer 212 may include a channel area 212¢, and a source area
212a and a drain area 2125 provided outside the channel area
212¢ and doped with ion impurities.

[0058] Gate electrodes 214 and 215 are provided on the
active layer 212 at a position corresponding to the channel
area 212¢ of the active layer 212 with a first insulation layer
13 that is a gate insulation layer and interposed between the
active layer 212 and the gate electrodes 214 and 215. The gate
electrodes 214 and 215 are sequentially provided with a first
layer 214 including transparent conductive oxide and a sec-
ond layer 215 including metal. The first layer 214 may
include at least one selected from a group consisting of
indium tin oxide (ITO), indium zinc oxide (IZO), zinc oxide
(Zn0O), indium oxide (In,O;), indium galium oxide (IGO),
and aluminum zinc oxide (AZO). The second layer 215 may
be formed of at least one metal selected from a group con-
sisting of aluminum (Al), platinum (Pt), palladium (Pd), sil-
ver (Ag), magnesium (Mg), gold (Au), nickel (Ni), neody-
mium (Nd), iridium (Ir), chrome (Cr), lithium (Li), calcium
(Ca), molybdenum (Mo), titanium (Ti), tungsten (W), and
copper (Cu), as a single layer or multiple layers.

[0059] A source electrode 217a and a drain electrode 2175
respectively connected to a source area 212q and a drain area
2126 of the active layer 212 are provided on the gate elec-
trodes 214 and 215 with the second insulation layer 16 that is
an interlayer dielectric interposed therebetween. The source
and drain electrodes 217a and 2176 may include the same
material as the second layer 215 of the gate electrodes 214 and
215. For example, the source and drain electrodes 217a and
217b may be formed of at least one metal selected from a
group consisting of aluminum (Al), platinum (Pt), palladium
(Pd), silver (Ag), magnesium (Mg), gold (Au), nickel (Ni),
neodymium (Nd), iridium (Ir), chrome (Cr), lithium (Li),
calcium (Ca), molybdenum (Mo), titanium (Ti), tungsten
(W), and copper (Cu), as a single layer or multiple layers.
[0060] A protection layer 18 for preventing the source and
drain electrodes 217a and 2175 from being corroded by mois-
ture and oxygen is provided on an upper surface of each of the
source and drain electrodes 2174 and 2175. Although FIG. 1
illustrates that the protection layer 18 is provided only on the
upper surfaces of the source and drain electrodes 217a and
2175, the present invention is not limited thereto. The protec-
tion layer 18 may be formed on an upper surface of a wiring
(not shown) that is formed on the same plane as the source and
drain electrodes 2174 and 2175. The protection layer 18 may
include metal oxide or transparent conductive oxide. The
transparent conductive oxide includes at least one selected
from a group consisting of indium tin oxide (ITO), indium
zine oxide (I1ZO), zinc oxide (Zn0O), indium oxide (In203),
indium galium oxide (IGO), and aluminum zinc oxide
(AZO).

[0061] A third insulation layer 19 is provided on the second
insulation layer 16 to cover the source and drain electrodes
217a and 217b. In the present embodiment, the first and
second insulation layers 13 and 16 are provided as an inor-
ganic insulating layer, whereas the third insulation layer 19
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may be provided as an organic insulating layer. The third
insulation layer 19 may include common commercial poly-
mer such as poly(methyl methacrylate) (PMMA) or polysty-
rene (PS), polymer derivatives having a phenol group, acrylic
based polymer, imide based polymer, aryl ether based poly-
mer, amide based polymer, fluorine based polymer, p-xylene
based polymer, vinyl alcohol based polymer, and blends
thereof.

[0062] A pixel electrode 114 including the same transpar-
ent conductive oxide as the first layer 214 of the gate elec-
trodes 214 and 215 is formed on the substrate 10, the buffer
layer 11, and the first insulation layer 13. The pixel electrode
114 may include at least one material selected from a group
consisting of indium tin oxide (ITO), indium zinc oxide
(I70), zinc oxide (ZnO), indium oxide (In,0;), indium
galium oxide (IGO), and aluminum zinc oxide (AZO).
[0063] The second insulation layer 16 is formed outside the
pixel electrode 114. A first opening C1 for exposing the pixel
electrode 114 is formed in the second insulation layer 16. The
first opening C1 may be formed to be larger than the pixel
electrode 114 such that a first gap G1 can be formed between
anend portion of the pixel electrode 114 and an end portion of
the second insulation layer 16.

[0064] Thethird insulationlayer 19 is formed on the second
insulation layer 16. A fourth opening C4 for exposing the
pixel electrode 114 is formed in the third insulation layer 19.
The end portion of the pixel electrode 114 and the end portion
of'the third insulation layer 19 may overlap each other.
[0065] An organic light emitting layer 120 is formed in the
fourth opening C4. The organic light emitting layer 120 may
be a low molecular organic material or a polymer organic
material. When the organic light emitting layer 120 is a low
molecular organic material, a hole transport layer (HTL), a
hole injection layer (HIL), an electron transport layer (ETL),
and an electron injection layer (EIL) may be stacked with
respect to the organic light emitting layer 120. In addition,
various layers may be stacked as necessary. A usable organic
material may include copper phthalocyanine (CuPc), N'-Di
(naphthalene-1-y1)-N,N'-diphenyl-benzidine (NPB), tris-8-
hydroxyquinoline aluminum (Alq3), etc. When the organic
light emitting layer 120 is a polymer organic material, an HTL
may be included in addition to the organic light emitting layer
120. Poly-(3,4)-ethylene-dihydroxy thiophene (PEDOT),
polyaniline (PANI), etc. may be used as the HTL. A usable
organic material may include a polymer organic material such
as poly-phenylenevinylene (PPV) based materials and poly-
fluorene based materials.

[0066] An opposed electrode 121 is stacked as a common
electrode on the organic light emitting layer 120. The opposed
electrode 121 may be formed as a reflection electrode includ-
ing a reflection material. The opposed electrode 121 may
include at least one material selected from a group consisting
of aluminum (Al), magnesium (Mg), lithium (Li), calcium
(Ca), LiF/Ca, and LiF/Al. As the opposed electrode 121 is
provided as a reflection electrode, light irradiated from the
organic light emitting layer 120 is reflected from the opposed
electrode 121 and passes through the pixel electrode 114
formed of transparent conductive oxide to proceed toward the
substrate 10.

[0067] FIG. 8is a cross-sectional view schematically illus-
trating a pixel area according to a comparative example of the
presentinvention. Referring to FIG. 8, the pixel electrode 114
is provided on the substrate 10 and the first insulation layer
13. The end portion of the pixel electrode 114 overlaps the
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second insulation layer 16 by a predetermined width W1.
Since the third insulation layer 19 covers the end portion of
the pixel electrode 114 at the inner side than the first opening
C1, an effective light emitting area defined by the fourth
opening C4 is reduced.

[0068] However, in the present embodiment, since the first
gap G1 is formed between the end portion of the pixel elec-
trode 114 and the end portion of the second insulation layer
13, the area where the third insulation layer 19 overlaps the
pixel electrode 114 may be reduced. Thus, as an effective
light emitting area increases, an aspect ratio of a display
device may be increased.

[0069] Referring back to FIG. 1, the first electrode 312, a
second electrode 314, and the first insulation layer 13
arranged between the first and second electrodes 312 and 314
are provided in the capacitor area CAP1.

[0070] The first electrode 312 may include semiconductor
doped with ion impurities as the same material as the source
area 212a and the drain area 1225 of the active layer 212 of a
thin film transistor (TFT). When the first electrode 312 is
formed of intrinsic semiconductor that is undoped with ion
impurities, the capacitor has a metal oxide semiconductor
(MOS) CAP structure. However, when the first electrode 312
is formed of semiconductor doped with ion impurities as in
the present embodiment, a metal-insulator-metal (MIM)
CAP structure having a capacitance larger than the MOS CAP
structure so that the capacitance may be increased. Thus, as
the MIM CAP structure realizes, the same capacitance with
an area smaller than the MOS CAP structure, a margin to
reduce an area of a capacitor increases so that the pixel elec-
trode may be formed to be large and thus an aspect ratio may
be increased. Also, as it will be described later, an area where
ion impurities are doped is continuously distributed without a
break in the first electrode 312 so that signal transmission
quality of a capacitor may be improved.

[0071] The first insulation layer 13 functioning as an insu-
lating layer is provided over an upper surface of the first
electrode 312. The second electrode 314 including the same
transparent conductive oxide as the first layer 214 of the gate
electrodes 214 and 215 is provided on the first insulation layer
13.

[0072] Thesecond insulation layer 16 is formed outside the
second electrode 314. A third opening C3 for exposing the
second electrode 314 is formed in the second insulation layer
16. The third opening C3 may be formed larger than the
second electrode 314 such that a second gap G2 may be
formed between the end portion of the second electrode 314
and the end portion of the second insulation layer 16.

[0073] The third insulation layer 19 is provided on the
second electrode 314. The third insulation layer 19 may
directly contact the first insulation layer 13 in the second gap
G2. The third insulation layer 19 may be provided as an
organic insulating layer. As the third insulation layer 19 that is
an organic insulating layer having a low permittivity is pro-
vided between the opposed electrode 121 and the second
electrode 314, parasitic capacitance that may be generated
between the opposed electrode 121 and the second electrode
314 is reduced so that signal interference due to parasitic
capacitance may be prevented.

[0074] FIG.9is a cross-sectional view schematically illus-
trating the capacitor area CAP1 according to a comparative
example of the present invention. Referring to FIG. 9, the first
electrode 312 is provided on the substrate 10. The second
insulation layer 16 is provided on the first electrode 312. The
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end portion of the second electrode 314 overlaps the second
insulation layer 16 by a predetermined width W2. Metal of an
upper layer 315 of the second electrode 314 covered by the
second insulation layer 16 remains without being etched on
the second electrode 314 in an overlapping area. Since the
upper layer 314 functions as a shield mask, a part ND of the
first electrode 312 corresponding to the upper layer 314 is
undoped with ion impurities. Thus, resistance of a capacitor
increases and thus signal transmission quality is deteriorated.

[0075] However, in the present embodiment, the third
opening C3 is formed larger than the second electrode 314
such that the second gap G2 may be formed between the end
portion of the second electrode 314 and the end portion of the
second insulation layer 13. Since in the present embodiment
there is no overlap area between the second insulation layer
16 and the second electrode 314, the upper layer 315 does not
remain on the second electrode 314. Thus, ion impurities are
continuously doped into the first electrode 312 without a
break so that signal transmission quality of a capacitor may be
improved.

[0076] Thepadarea PAD1 where a pad electrode 417 thatis
a connection terminal of an external driver is disposed outside
the organic light emitting display device 1. In the present
embodiment, the pad electrode 417 may be formed of the
same material as the source and drain electrodes 217a and
217b. The pad electrode 417 may include a plurality of metal
layers having different electron mobility. For example, the
pad electrode 417 may be formed of aluminum (Al), platinum
(Pt), palladium (Pd), silver (Ag), magnesium (Mg), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chrome
(Cr), lithium (Li), calcium (Ca), molybdenum (Mo), titanium
(Ti), tungsten (W), and copper (Cu), as a single layer or
multiple layers.

[0077] Also, the pad electrode 417 is arranged on the same
layer as the source and drain electrodes 217a and 2175. That
is, the pad electrode 417 is arranged directly on the second
insulation layer 16. Since the pad electrode 417 is formed
later than the above-described gate electrodes 214 and 215,
the pixel electrode 114, and the first and second electrodes
312 and 314, deterioration of reliability of the pad electrode
417 may be prevented during a process of forming the gate
electrodes 214 and 215, the pixel electrode 114, and the first
and second electrodes 312 and 314 on the pad electrode 417,
or during a process of removing the above elements from the
pad electrode 417.

[0078] The protection layer 18 is provided on an upper
surface of the pad electrode 417. The protection layer 18
prevents the pad electrode 417 from being damaged by mois-
ture and oxygen. The protection layer 18 may include metal
oxide or transparent conductive oxide.

[0079] Although it is not illustrated in FIG. 1, the organic
light emitting display device 1 according to the present
embodiment may further include a sealing member (not
shown) for sealing a display area including the pixel area
PXIL 1, the capacitor area CAP1, and the transistor area TR1.
The sealing member may be formed as a substrate including
a glass material, a metal film, or a sealing thin film in which an
organic insulating layer and an inorganic insulating layer are
alternately arranged.

[0080] A method of manufacturing the organic light emit-
ting display device 1 according to an embodiment of the
present invention is now described below with reference to
FIGS. 2 through 7.
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[0081] FIG. 2 is a cross-sectional view schematically illus-
trating a first mask process of the organic light emitting dis-
play device 1 of FIG. 1. Referring to FIG. 2, the buffer layer
11 is formed on the substrate 10 and a semiconductor layer
(not shown) is formed on the buffer layer 11. The semicon-
ductor layer is patterned so that the active layer 212 of a TFT
and the first electrode 312 of a capacitor are formed.

[0082] Although it is not illustrated in the above drawing,
after photoresist (not shown) is coated on the semiconductor
layer, the semiconductor layer is patterned by a photolithog-
raphy process using a first photomask (not shown). As a result
of'the pattering, the above-described active layer 212 and the
first electrode 312 are formed. The first mask process using
photolithography is performed through a series of processes
of developing, etching, striping, or ashing, etc. after the first
photomask is exposed by an exposure apparatus (not shown).
[0083] The semiconductor layer may be formed of amor-
phous silicon or polysilicon. The polysilicon may be formed
by crystallizing amorphous silicon. A method of crystallizing
amorphous silicon may include various methods such as a
rapid thermal annealing (RTA) method, a solid phase crystal-
lzation (SPC) method, an excimer laser annealing (ELA)
method, a metal induced crystallization (MIC) method, a
metal induced lateral crystallization (MILC) method, and a
sequential lateral solidification (SLS) method.

[0084] FIG. 3 is a cross-sectional view schematically illus-
trating a result of a second mask process of the organic light
emitting display device 1 of FIG. 1. Referring to FIG. 3, the
first insulation layer 13 is formed on a resultant of the first
mask process of FIG. 2. A transparent conductive oxide layer
(not shown) and a first metal layer (not shown) are sequen-
tially stacked on the first insulation layer 13 and then are
patterned. As described above, the first metal layer may be
formed of aluminum (Al), platinum (Pt), palladium (Pd),
silver (Ag), magnesium (Mg), gold (Au), nickel (Ni), neody-
mium (Nd), iridium (Ir), chrome (Cr), lithium (Li), calcium
(Ca), molybdenum (Mo), titanium (Ti), tungsten (W), and
copper (Cu), as a single layer or multiple layers.

[0085] As a result of the pattering, the gate electrodes 214
and 215, the second electrode 314 of a capacitor and the upper
layer 315 of the second electrode 314, and the pixel electrode
114 and an upper layer 115 of the pixel electrode 114 are
formed on the first insulation layer 13. In the present embodi-
ment, the upper layer 315 of the second electrode 314 formed
by patterning the first metal layer includes a first layer 315a
including molybdenum (Mo), a second layer 3154 including
aluminum (Al), and a third layer 315¢ including molybdenum
(Mo).

[0086] Ion impurities are first doped (D1) in the above-
described structure. The ion impurities may be B or P ions and
are doped at a concentration of 1x10*° atoms/cm? or higher in
a target structure of the active layer 212 of a TFT. By doping
the ion impurities in the active layer 212 using the gate elec-
trodes 214 and 215 as a self-align mask, the active layer 212
includes the source area 212a and the drain area 2125 where
the ion impurities are doped, and the channel area 212¢ ther-
ebetween.

[0087] FIG. 4 is a cross-sectional view schematically illus-
trating a result of a third mask process of the organic light
emitting display device 1 of FIG. 1. Referring to FIG. 4, the
second insulation layer 16 is formed on a resultant of the
second mask process of FIG. 3. The first opening C1 for
exposing the pixel electrode 114 and the upper layer 115
thereof, the second opening C2 for exposing the source area
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212a and the drain area 2125 of the active layer 212, and the
third opening C3 for exposing the second electrode 314 and
the upper layer 315 thereof are formed by patterning the
second insulation layer 16. The first opening C1 forms the end
portion of the pixel electrode 114 and the first gap G1,
whereas the third opening C3 forms an end portion of the first
electrode 314 and the second gap G2.

[0088] FIGS. 5 and 6 are cross-sectional views schemati-
cally illustrating a result of a fourth mask process of the
organic light emitting display device 1 of FIG. 1. Referring to
FIG. 5, amask M having light shielding portions M1, M2, and
M3 and a light transmission portion M4 is provided. A second
metal layer 17, the protection layer 18, and photoresist PR are
sequentially formed on aresultant of the third mask process of
FIG. 4.

[0089] Referring to FIG. 6, an area corresponding to the
light transmission portion M4, that is, the upper layer 115, the
second metal layer 17, and the protection layer 18 on the pixel
electrode 114, and the upper layer 315, the second metal layer
17, and the protection layer 18 on the second electrode 314,
are removed. Meanwhile, the second metal layer 17 and the
protection layer 18 in an area corresponding to the light
shielding portions M1, M2, and M3 are patterned so that the
source and drain electrodes 217a and 2175 provided with the
protection layer 18, and the pad electrode 417, are formed.
[0090] The second metal layer 17 may be formed of a
plurality of metal layers having different electron mobility. In
the present embodiment, the pad electrode 417 formed by
patterning the second metal layer 17 includes a first layer
417a including molybdenum (Mo), a second layer 4175
including aluminum (Al), and a third layer 417¢ including
molybdenum (Mo). The protection layer 18 is patterned with
the second metal layer 18 in the same mask process so that the
source and drain electrodes 217a and 2175 and the pad elec-
trode 417 are prevented from being damaged by moisture and
oxygen.

[0091] Afterthe upper layer 115, the second metal layer 17,
and the protection layer 18 on the pixel electrode 114, and the
upper layer 315, the second metal layer 17, and the protection
layer 18 on the second electrode 314, are removed, a second
doping process (D2) is performed on a target of the second
electrode 314. The first electrode 312 that is undoped in the
first doping D1 is doped with ion impurities after the second
doping D2, thereby forming an MIM CAP with the second
electrode 314. Also, the ion impurities are continuously
doped without a break due to the second gap G2 formed
between the end portion of the second electrode 314 and the
end portion of the second insulation layer 16 so that the
deterioration of signal transmission quality of a capacitor
may be prevented.

[0092] Although it is not illustrated in detail in FIG. 6, a
data wiring may be formed together by patterning the second
metal layer 17 and the protection layer 18 in the fourth mask
process.

[0093] FIG. 7 is a cross-sectional view schematically illus-
trating a result of a fifth mask process of the organic light
emitting display device 1 of FIG. 1. Referring to FIG. 7, the
third insulation layer 19 is formed on a resultant of the fourth
mask process of FIG. 6 and then the fourth opening C4 for
exposing an upper surface of the pixel electrode 114 and a
fifth opening C5 for exposing the pad electrode 417 are
formed. As described above, since the first gap G1 is formed
between the end portion of'the pixel electrode 114 and the end
portion of the second insulation layer 13, the area where the
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third insulation layer 19 and the pixel electrode 114 are over-
lapped with each other may be reduced. Thus, as an effective
light emitting area increases, an aspect ratio of the display
device may be increased.

[0094] Theorganic light emitting layer 120 is formed on the
pixel electrode 114 after the fifth mask process. The opposed
electrode 121 of FIG. 1 that is a common electrode is formed
on the organic light emitting layer 120, thereby forming the
organic light emitting display device 1. Also, a sealing mem-
ber (not shown) may be further formed on the opposed elec-
trode 121.

[0095] Anorganic light emitting display device 2 according
to another embodiment of the present invention is now
described below with reference to FIGS. 10 through 13. In the
following description, only a difference from the organic light
emitting display device 1 according to the above-described
embodiment will be mainly discussed.

[0096] FIG. 10 is a cross-sectional view schematically
illustrating an organic light emitting display device 2 accord-
ing to another embodiment of the present invention. Referring
to FIG. 10, a pixel area PX1 .2, a transistor area TR2, a capaci-
tor area CAP2, and a pad area PAD2 are formed on the
substrate 10 of the organic light emitting display device 2 of
the present embodiment. In the present embodiment, the
structures of the pixel area PX1.2 and the capacitor area CAP2
are the same as those of the organic light emitting display
device 1 according to the above-described embodiment.
[0097] A protection layer 18-2 is formed on an upper sur-
face of the pad electrode 417 in the pad area PAD2. A third
gap G3 is formed between an end portion of the pad electrode
417 and an end portion of the protection layer 18-2. That is,
the end portion of the protection layer 18-2 is formed
inwardly compared to the end portion of the pad electrode 417
so that the third insulation layer 19 may directly contact the
upper surface of the pad electrode 417 in the third gap G3.

[0098] The end portion of the protection layer 18 of the
above-described embodiment of FIG. 1 is illustrated to match
the end portion of the pad electrode 417. However, since etch
rates of materials for forming the protection layer 18 and the
pad electrode 417 are different from each other, the end
portion of the protection layer 18 may actually protrude out-
side the pad electrode 417. A protruding part of the protection
layer 18 may be broken into particles during a process so that
a particle defect may be generated.

[0099] Since the end portion of the protection layer 18-2 is
formed inwardly compared to the end portion of the pad
electrode 417, step coverage is improved. Also, since a sur-
face area of the pad electrode 417 directly contacting the third
insulation layer 19 that is an organic insulating layer
increases, an adhesive force between the third insulation layer
19 and the pad electrode 417 is reinforced so that reliability of
the pad electrode 417 may be improved.

[0100] In the transistor area TR2, the protection layer 18-2
is formed on upper surfaces of the source and drain electrodes
217a and 2175, so that particle defect may be prevented as in
the above-described protection layer 18-2 on the pad elec-
trode 417.

[0101] A method of manufacturing the organic light emit-
ting display device 2 of FIG. 10 is described below with
reference to FIGS. 11 through 13.

[0102] FIGS. 11 through 13 mainly illustrate the fourth
mask process of the organic light emitting display device 2.
The first through third mask processes and the fifth mask
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process of the present embodiment that are not illustrated in
the drawings are the same as those of the above-described
embodiment.

[0103] FIG. 11 is a cross-sectional view schematically
illustrating a first etch process of a fourth mask process of the
organic light emitting display device 2 of FIG. 10. FIG. 12 is
a cross-sectional view schematically illustrating a second
etch process of the fourth mask process of the organic light
emitting display device 2 of FIG. 10.

[0104] Referring to FIG. 11, the upper layer 115 (see FIG.
5), the second metal layer 17 (see FIG. 5), and the protection
layer 18 (see FIG. 5) on and above the pixel electrode 114, and
the upper layer 315 (see FIG. 5), the second metal layer 17
(see FIG. 5), and the protection layer 18 (see FIG. 5) on and
above the second electrode 314, are removed by the first etch
process (1 ETCH). In the meantime, photoresist PR1 and
PR2 remain in an area corresponding to the light shielding
portions M1, M2, and M3 (see FIG. 5). The pad electrode 417
and the source and drain electrodes 217a and 2175 are respec-
tively formed under the photoresist PR1 and PR2. The pro-
tection layer 18-2 is formed between the pad electrode 417
and the source and drain electrodes 217a and 21754, and the
photoresist PR1 and PR2.

[0105] Since the etch rates of the protection layer 18-2 and
the source and drain electrodes 217q and 2176 are different
from each other, the end portion of the protection layer 18-2
forms a tip T2 protruding from the end portion of each of the
source and drain electrodes 217a and 2175. Also, since the
etch rates of the protection layer 18-2 and the pad electrode
417 are different from each other, the end portion of the
protection layer 18-2 forms a tip T1 protruding from the end
portion of the pad electrode 417. If the etch process is com-
pleted by one time only as in the above-described embodi-
ment, the tips T1 and T2 of the protection layer 18-2 are left
after the photoresist PR1 and PR2 are removed. The tips T1
and T2 may be broken into particles during a process so that
a particle defect may be generated.

[0106] Referring to FIG. 12, the protection layer 18-2 is
etched again by a second etch process (2" ETCH). In doing
so, an etchant to which oxalic acid or anti-metal corrosion
agent is added may be used. The tip T1 of the protection layer
18-2 forms the third gap G3 with the end portion of the pad
electrode 417 by the second etch process. The tip T2 of the
protection layer 18-2 forms a fourth gap G4 with the end
portion of each of the source and drain electrodes 217a and
217b. After the second etch process, the photoresist PR1 and
PR2 remaining on the protection layer 18-2 are removed.
[0107] FIG. 13 is a cross-sectional view schematically
illustrating a second doping process of the fourth mask pro-
cess of the organic light emitting display device 2 of FIG. 10.
Referring to FIG. 13, the second doping D2 process is per-
formed with a target of the first electrode 312. The first elec-
trode 312 is doped with ion impurities and forms an MIM
CAP with the second electrode 314. If the second doping D2
is performed in a state in which the tips T1 and T2 of the
protection layer 18-2 are not removed by performing the first
etch process only as in the above-described embodiment,
static electricity is accumulated in the tips T1 and T2 so that
discharge may be generated thereby. However, in the present
embodiment, since the tips T1 and T2 of the protection layer
18-2 are removed, a defect due to the static electricity and
discharge may be prevented.

[0108] As described above, the thin film transistor array
substrate according to the present invention, an organic light
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emitting display device comprising the thin film transistor
array substrate, and a method of manufacturing the thin film
transistor array substrate have the following effects.

[0109] First, a protection layer is formed on a pad electrode
so that corrosion of the pad electrode may be prevented.
[0110] Second, a protruding portion of the protection layer
is removed so that contamination due to particles of the pro-
truding portion may be prevented.

[0111] Third, an end portion of the protection layer is
formed inwardly compared to an end portion of the pad elec-
trode so that a defect due to the generation of static electricity
by doping may be prevented.

[0112] Fourth, the end portion of the protection layer is
formed inwardly compared to the end portion of the pad
electrode so that step coverage may be enhanced.

[0113] Fifth, the end portion of the protection layer is
formed inwardly compared to the end portion of the pad
electrode so that an adhesive force between a pixel define
layer and the pad electrode may be reinforced.

[0114] Sixth, a phenomenon that ion impurities are
undoped in a capacitor lower electrode is removed so that
capacitance is increased and signal transfer quality of a
capacitor wiring may be improved.

[0115] Seventh, an aspect ratio may be improved.

[0116] Eighth, a thin film transistor array substrate and an
organic light emitting display device may be manufactured by
the fifth mask process.

[0117] While this invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the invention as
defined by the appended claims.

What is claimed is:

1. A thin film transistor array substrate, comprising:

a thin film transistor comprising an active layer, a gate
electrode, source and drain electrodes, a first insulation
layer arranged between the active layer and the gate
electrode, and a second insulation layer arranged
between the gate electrode and the source and drain
electrodes;

a pixel electrode arranged on the first insulation layer and
comprising the same material as the gate electrode;

a capacitor comprising a first electrode arranged on the
same layer as the active layer and a second electrode
arranged on the same layer as the gate electrode;

apad electrode arranged on the second insulation layer and
comprising the same material as the source and drain
electrodes;

a protection layer formed on the pad electrode; and

a third insulation layer formed on the protection layer and
exposing the pixel electrode.

2. The thin film transistor array substrate of claim 1,
wherein the active layer comprises a semiconductor material
doped with ion impurities.

3. The thin film transistor array substrate of claim 1,
wherein the pixel electrode comprises transparent conductive
oxide.

4. The thin film transistor array substrate of claim 3,
wherein the transparent conductive oxide comprises at least
one selected from a group consisting of indium tin oxide
(ITO), indium zinc oxide (IZO), zinc oxide (ZnO), indium
oxide (In,0;), indium galium oxide (IGO), and aluminum
zinc oxide (AZO).
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5. The thin film transistor array substrate of claim 1,
wherein the first electrode comprises a semiconductor mate-
rial doped with ion impurities.

6. The thin film transistor array substrate of claim 1,
wherein a gap is formed between an end portion of the pixel
electrode and an end portion of the second insulation layer.

7. The thin film transistor array substrate of claim 1,
wherein an end portion of the pixel electrode and an end
portion of the third insulation layer are overlapped each other.

8. The thin film transistor array substrate of claim 1,
wherein a gap is formed between an end portion of the second
electrode and an end portion of the second insulation layer.

9. The thin film transistor array substrate of claim 8,
wherein the third insulation layer directly contacts the first
insulation layer in the gap.

10. The thin film transistor array substrate of claim 1,
wherein the protection layer is further formed on the source
electrode and the drain electrode.

11. The thin film transistor array substrate of claim 1,
wherein the pad electrode comprises a plurality of metal
layers having different electron mobility.

12. The thin film transistor array substrate of claim 11,
wherein the plurality of metal layers comprise a layer includ-
ing molybdenum (Mo) and a layer including aluminum (Al).

13. The thin film transistor array substrate of claim 1,
wherein the protection layer comprises metal oxide or trans-
parent conductive oxide.

14. The thin film transistor array substrate of claim 13,
wherein the transparent conductive oxide comprises at least
one selected from a group consisting of indium tin oxide
(ITO), indium zinc oxide (I1Z0), zinc oxide (Zn0O), indium
oxide (In,0;), indium galium oxide (IGO), and aluminum
zinc oxide (AZO).

15. The thin film transistor array substrate of claim 1,
wherein a gap is formed between an end portion of the pad
electrode and an end portion of the protection layer.

16. The thin film transistor array substrate of claim 15,
wherein the third insulation layer directly contacts an upper
surface of the pad electrode in the gap.

17. The thin film transistor array substrate of claim 1,
wherein the gate electrode comprises a first layer including
transparent conductive oxide and a second layer including
metal.

18. The thin film transistor array substrate of claim 1,
wherein the gate electrode and the source and drain electrodes
comprise the same material.

19. An organic light emitting display device, comprising:

a thin film transistor comprising an active layer, a gate
electrode, source and drain electrodes, a first insulation
layer arranged between the active layer and the gate
electrode, and a second insulation layer arranged
between the gate electrode and the source and drain
electrodes;

a pixel electrode arranged on the first insulation layer and
comprising the same material as the gate electrode;

a capacitor comprising a first electrode arranged on the
same layer as the active layer and a second electrode
arranged on the same layer as the gate electrode;

apad electrode arranged on the second insulation layer and
comprising the same material as the source and drain
electrodes;

a protection layer formed on the pad electrode;

a third insulation layer formed on the protection layer and
exposing the pixel electrode;
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an organic light emitting layer arranged on the pixel elec-
trode; and

an opposed electrode arranged on the organic light emitting
layer.

20. The organic light emitting display device of claim 19,
wherein the opposed electrode is a reflection electrode for
reflecting light irradiated from the organic light emitting
layer.

21. A method of manufacturing a thin film transistor array
substrate, the method comprising:

a first mask process of forming a semiconductor layer on a
substrate and forming an active layer of a thin film tran-
sistor and a first electrode of a capacitor by patterning the
semiconductor layer;

a second mask process of forming a first insulation layer,
forming a transparent conductive oxide layer and a first
metal layer on the first insulation layer, and forming a
pixel electrode, a gate electrode of the thin film transis-
tor, and a second electrode of the capacitor by patterning
the transparent conducive oxide layer and the first metal
layer;

a third mask process of forming a second insulation layer
and forming openings in the second insulation layer to
allow the second insulation layer to expose the pixel
electrode, source and drain areas of the active layer, and
the first electrode;

a fourth mask process of forming a second metal layer and
a protection layer on a resultant of the third mask pro-
cess, forming a source electrode and a drain electrode
respectively connected to the source area and the drain
area, and a pad electrode, by patterning the second metal
layer and the protection layer, and removing the first
metal layer of the pixel electrode and the first metal layer
of the second electrode; and
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a fifth mask process of forming a third insulation layer and
forming openings in the third insulation layer to expose
the pixel electrode.

22. The method of claim 21, wherein, after the second mask
process, ion impurities are doped into the source and drain
areas.

23. The method of claim 21, wherein, in the third mask
process, an opening of the second insulation layer is formed
to form a gap between an end portion of the pixel electrode
and an end portion of the second insulation layer.

24. The method of claim 21, wherein, in the third mask
process, an opening of the second insulation layer is formed
to form a gap between an end portion of the first electrode and
an end portion of the second insulation layer.

25. The method of claim 21, wherein the first metal layer
and the second metal layer are formed of the same material.

26. The method of claim 21, wherein the second metal
layer comprises a plurality of metal layers having different
electron mobility.

27. The method of claim 21, wherein the protection layer is
formed of metal oxide or transparent conductive oxide.

28. The method of claim 21, wherein the fourth mask
process comprises:

a first etch process for etching the first metal layer, the

second metal layer, and the protection layer; and

a second etch process for etching the protection layer.

29. The method of claim 28, wherein an etchant to which
oxalic acid or anti-metal corrosion agent is added is used in
the second etch process.

30. The method of claim 21, wherein, after the fourth mask
process, ion impurities are doped into the first electrode.
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