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(57) ABSTRACT

A thin film transistor (TFT) includes a semiconductor on a
substrate; an ohmic contact overlapping at least a portion of
the semiconductor; a source electrode and a drain electrode
on the ohmic contact; a gate insulating layer covering the
semiconductor; and a gate electrode overlapping the semi-
conductor and between the source electrode and the drain
electrode on the gate insulating layer, wherein the gate elec-
trode is laterally separated from the drain electrode by a first
distance and is laterally separated from the source electrode
by a second distance.
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THIN FILM TRANSISTOR AND ORGANIC
LIGHT EMITTING DIODE DISPLAY
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0029969, filed in the
Korean Intellectual Property Office on Mar. 20, 2013, the
entire content of which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology relates generally to a thin
film transistor and an organic light emitting diode (OLED)
display including the same.

[0004] 2. Description of the Related Art

[0005] Thin film transistors (TFT) are used in various fields
and are particularly used as switching and driving elements in
flat panel displays such as liquid crystal displays (LCD),
organic light emitting diode (OLED) displays, and electro-
phoretic displays.

[0006] A thin film transistor may include a gate electrode
coupled to a gate line for transmitting a scan signal, a source
electrode coupled to a data line for transmitting a signal to be
applied to a pixel electrode, a drain electrode that faces the
source electrode, and a semiconductor electrically coupled to
the source electrode and the drain electrode.

[0007] The semiconductor of the thin film transistor is
formed of amorphous silicon or crystalline silicon. Amor-
phous silicon may be deposited at low temperature to form a
thin film and is widely used fora display device in which glass
having a low melting point is used in a substrate. Crystalline
silicon may have a relatively high electric field effect mobil-
ity, a relatively high frequency operation characteristic, and
an electric characteristic of relatively low leakage current.
[0008] However, due to a relatively low electric field effect
mobility of bottom gate structured amorphous silicon thin
films, it may be difficult to enlarge an area of a display
element. Additionally, a top gate structured thin film transis-
tor using crystalline silicon may have a relatively complicated
crystallizing process.

[0009] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the described technology and therefore it
may contain information that does not form the prior art that
is already known in this country to a person of ordinary skill
in the art.

SUMMARY

[0010] A top gate staggered structured gate electrode may
overlap a source electrode and a drain electrode so that the
gate electrode is positioned on the source electrode and the
drain electrode to generate a current crowding phenomenon.
[0011] Therefore, a technical aspect of the present inven-
tion is to provide a TFT in which a current crowding phenom-
enon is not generated in a top gate staggered structure and an
OLED display including the same.

[0012] A TFT according to an embodiment of the present
invention includes a semiconductor on a substrate; an ohmic
contact overlapping at least a portion of the semiconductor; a
source electrode and a drain electrode on the ohmic contact;
a gate insulating layer covering the semiconductor; and a gate
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electrode overlapping the semiconductor and between the
source electrode and the drain electrode on the gate insulating
layer, wherein the gate electrode is laterally separated from
the drain electrode by a first distance and is laterally separated
from the source electrode by a second distance.

[0013] The first distance and the second distance may be no
less than O um and no more than 10 pm.

[0014] The first distance and the second distance may be no
less than 0 pm and no more than 2 pm.

[0015] The TFT may further include an etch stop layer at
the semiconductor between the source electrode and the drain
electrode.

[0016] The source electrode and the drain electrode may
follow the contours of the ohmic contact.

[0017] The ohmic contact may follow the contours of the
semiconductor excluding a channel between the source elec-
trode and the drain electrode.

[0018] An OLED display according to an embodiment of
the present invention includes a substrate; a TFT on the sub-
strate; a first electrode coupled to the TFT; a light emitting
layer on the first electrode; and a second electrode on the light
emitting layer, wherein a gate electrode of the TF T is laterally
separated from a drain electrode by a first distance and is
laterally separated from a source electrode by a second dis-
tance.

[0019] The TFT may include a semiconductor on the sub-
strate, an ohmic contact overlapping at least a portion of the
semiconductor; the source electrode and the drain electrode
on the ohmic contact; a gate insulating layer covering the
semiconductor; and the gate electrode overlapping the semi-
conductor between the source electrode and the drain elec-
trode on the gate insulating layer.

[0020] The first distance and the second distance may be no
less than O um and no more than 10 pm.

[0021] The first distance and the second distance may be no
less than 0 pm and no more than 2 pm.

[0022] The OLED display may further include an encapsu-
lation member on the second electrode, and wherein the
encapsulation member comprises at least one inorganic layer
and at least one organic layer.

[0023] When the TFT, and the OLED display including the
same, is formed by the method according to embodiments of
the presentinvention, it may be possible to provide the TFT in
which the current crowding phenomenon may not be gener-
ated or the current crowding phenomenon may be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a top plan view of a thin film transistor
according to an embodiment.

[0025] FIG. 2is a cross-sectional view taken along the line
II-1I of FIG. 1.
[0026] FIGS. 3 to 6 are graphs measuring ion characteris-

tics in accordance with offset distances.

[0027] FIGS.7 to FIG. 9 are graphs specifying voltage and
current characteristics in accordance with offset distances.
[0028] FIGS. 10 and 11 are cross-sectional views describ-
ing a method of manufacturing a thin film transistor according
to an embodiment.

[0029] FIGS. 12 and 13 are cross-sectional views describ-
ing a method of manufacturing a thin film transistor according
to another embodiment.

[0030] FIG. 14 is a cross-sectional view of a thin film tran-
sistor according to another embodiment.
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[0031] FIGS. 15 and 16 are cross-sectional views describ-
ing a method of manufacturing a thin film transistor according
to another embodiment.

[0032] FIG. 17 is an equivalent circuit diagram of a pixel of
an organic light emitting diode (OLED) display according to
another embodiment.

[0033] FIG. 18 is a cross-sectional view of a pixel of the
OLED display of FIG. 17.

DETAILED DESCRIPTION

[0034] Embodiments of the present invention will be
described more fully hereinafter with reference to the accom-
panying drawings. As those skilled in the art would realize,
the described embodiments may be modified in various dif-
ferent ways, all without departing from the spirit or scope of
the present invention.

[0035] In the drawings, the thickness of layers, films, pan-
els, regions, etc., may be exaggerated for clarity. Like refer-
ence numerals designate like elements throughout the speci-
fication. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0036] Hereinafter, a thin film transistor (TFT) according to
an embodiment of the present invention will be described
with reference to the following drawings.

[0037] FIG.11s atop plan view of a TFT according to an
embodiment and FIG. 2 is a cross-sectional view taken along
the line II-1I of FIG. 1.

[0038] As shown in FIGS. 1 and 2, the TFT includes a
semiconductor 154 positioned on a substrate 100, an etch stop
layer 132 positioned on the semiconductor 154, an ohmic
contact 165 positioned on the etch stop layer 132, a source
electrode 173 and a drain electrode 175 positioned on the
ohmic contact 165, a gate insulating layer 140 positioned on
the source electrode 173 and the drain electrode 175, and a
gate electrode 124 positioned on the gate insulating layer 140.
[0039] The substrate 100 may be formed of any suitable
substrate material, and may include the materials of which the
TFT may be formed such as glass, metal, and a flexible
polymer material.

[0040] The polymer material may be an insulating organic
material and may be an organic material selected from the
group consisting of polyethersulphone (PES), polyacrylate
(PAR), polyetherimide (PEI), polyethyelenen napthalate
(PEN), polyethyeleneterepthalate (PET), polyphenylene sul-
fide (PPS), polyallylate, polyimide, polycarbonate (PC), cel-
lulose triacetate (TAC), and cellulose acetate propionate
(CAP).

[0041] The semiconductor 154 may be formed of amor-
phous silicon (a-Si). In addition, the semiconductor layer 154
may be formed of polysilicon or an oxide semiconductor. The
oxide semiconductor may include one of an oxide based on
Zn,Ga, Sn, or In, ZnO that is a composite oxide of Zn, Ga, Sn,
and In, InGaZnO,, Zn—In—O0, and Zn—Sn—O0.

[0042] In one embodiment, when the semiconductor layer
154 is formed of crystalline silicon, the semiconductor layer
154 includes a channel region that is not doped with impuri-
ties and a source region and a drain region doped with impu-
rities on both sides of the channel region. Here, the impurities
vary with a kind of the TFT and N-type impurities or P-type
impurities may be used.
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[0043] When the semiconductor layer 154 is formed of the
oxide semiconductor, an additional protective layer may be
added in order to protect the oxide semiconductor from expo-
sure to high temperatures and external environmental condi-
tions or contaminants.

[0044] The etch stop layer 132 for preventing the semicon-
ductor from being damaged during etching may be formed of
any suitable etch stop layer material such as silicon oxide or
silicon nitride.

[0045] The ohmic contacts 163 and 165 may be formed of
any suitable ohmic contact material such as n+ amorphous
silicon hydride highly doped with n-type impurities such as P
or silicide.

[0046] The source electrode 173 and the drain electrode
175 have the same plane pattern as that of the ohmic contacts
163 and 165. That is, the source electrode 173 and the drain
electrode 175 may be formed or positioned over the ohmic
contacts 163 and 165 such that the source electrode 173 and
the drain electrode 175 follow the contours of the ohmic
contacts 163 and 165, respectively. The source electrode 173
and the drain electrode 175 may be a single layer or a plurality
of layers formed of any suitable conductive material or metal
such as copper, aluminum, tungsten, and titanium or an alloy
of the above metals.

[0047] The gate insulating layer 140 covers or extends over
the channel region of the semiconductor 154 and may be an
inorganic layer formed of silicon nitride or silicon oxide.

[0048] The gate electrode 124 may be a single layer or a
plurality of layers formed of the same metal or alloy as that of
the source electrode 173 and the drain electrode 175.

[0049] The gate electrode 124 is positioned on or over the
semiconductor 154, and is positioned laterally between the
source electrode 173 and the drain electrode 175 that face
each other.

[0050] A channel of the TFT is formed in the semiconduc-
tor 154 between the source electrode 173 and the drain elec-
trode 175.

[0051] Offsets are formed between the gate electrode 124
and the source electrode 173 and between the gate electrode
124 and the drain electrode 175. That is, the gate electrode
124 and the drain electrode 175 are laterally separated from
each other by a first distance D1, and the gate electrode 124
and the source electrode 173 are laterally separated from each
other by a second distance D2.

[0052] The first distance D1 and the second distance D2
that form the offsets may be no less than 0 pm and no more
than 10 um and in one embodiment is no less than O um and
no more than 2 pm.

[0053] Inoneembodiment, the first distance and the second
distance D are no less than 0 um, but may have an error of 1
um in accordance with resolution of an exposer during pat-
terning.

[0054] FIGS. 3 to 6 are graphs measuring ion characteris-
tics in accordance with offset distances.

[0055] InFIGS.3to 6, the offset distances D1 and D2 are 1
pm, 2 pm, 3 pm, and -2 pm, respectively (- means that the
drain electrode or the source electrode overlaps the gate elec-
trode).

[0056] As shown in FIGS. 3 to 5, although the offset dis-
tances are increased to 1 pm, 2 pm, and 3 pm, respectively, a
current crowding phenomenon is not generated.
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[0057] However, as shown in FIG. 6, when the offset dis-
tance is —2 um, that is, when the drain electrode (or the source
electrode) overlaps the gate electrode, the current crowding
phenomenon is generated.

[0058] As described above, although the offset distance is
increased, the current crowding phenomenon is not gener-
ated. However, when a size of a channel that is a distance
between the source electrode and the drain electrode is lim-
ited and the gate electrode is formed to have a size of no less
than a uniform size, the offset distance is no more than 10 pm.
[0059] FIGS. 7 to 9 are graphs specifying voltage and cur-
rent characteristics in accordance with offset distances.
[0060] In FIGS. 7 to 9, the drain electrode and the gate
electrode are separated from each other by the first distance
D1, and the source electrode and the gate electrode are sepa-
rated from each other by the second distance D2.

[0061] InFIGS. 7to 9, the second distances are 1.5 um, 0
pm, and -1.5 um, respectively. In each of FIGS. 7 to 9, the
voltage and current characteristics are shown with the first
distance D1 being both 1 um and 2 pm. In order to facilitate
comparison, a reference value of an off current is set as
1x107'° (1.E-10) Amperes (A) and that of an on current is set
as 1x107 (1.E-5) A.

[0062] Referring to FIG. 7, when the second distance D2 is
1.5 pm and the first distances are 1 pm and 2 pm, all of the on
current values are larger than the reference value. Referring to
FIG. 8, when the second distance D2 is O pm, all of the on
current values are larger than the reference value when the
first distance D1 is 1 wm, but the on current values are smaller
than the reference value when the first distance D1 is 2 um.
[0063] It is noted that a current characteristic of the TFT is
improved when the second distance and the first distance have
suitable values.

[0064] On the other hand, referring to FIG. 9, the second
distance is —1.5 um and the first distance D1 is either 1 um or
2 um. As described above, when the source electrode and the
gate electrode overlap each other by 1.5 um, although the
offset by the first distance such as 1 um and 2 pm is formed
between the drain electrode and the gate electrode, a current
value is smaller than the reference value.

[0065] As described above, when the first distance and the
second distance are greater than or equal to 0 um, because it
is possible to minimize or reduce an influence that the source
electrode and the drain electrode have on an electric field
formed in the gate electrode, it is possible to prevent or
substantially prevent the current crowding phenomenon from
being generated.

[0066] The method of manufacturing the TFT will be
described in more detail with reference to FIGS. 10 and 11
and above-described FIG. 2.

[0067] FIGS. 10 and 11 are cross-sectional views describ-
ing a method of manufacturing a TFT according to an
embodiment.

[0068] As shown in FIG. 10, after forming an amorphous
silicon layer by depositing amorphous silicon on the substrate
100, the amorphous silicon layer is patterned to form the
semiconductor 154.

[0069] Then, after forming a silicon nitride layer on the
semiconductor 154, the silicon nitride layer is patterned to
form the etch stop layer 132.

[0070] Next, as shown in FIG. 11, an amorphous silicon
layer and a conductive or metal layer doped with impurities
are formed on the semiconductor 154.
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[0071] Then, the conductive or metal layer and the amor-
phous silicon layer are etched by a photolithography process
to form the source electrode 173 and the drain electrode 175,
and the ohmic contacts 163 and 165, respectively.

[0072] Because the source electrode 173 and the drain elec-
trode 175 and the ohmic contacts 163 and 165 are simulta-
neously or concurrently etched, the source electrode 173 and
the drain electrode 175 and the ohmic contacts 163 and 165
have the same plane pattern. That is, the source electrode 173
and the drain electrode 175 follow the contours of the ohmic
contacts 163 and 165, respectively.

[0073] At this time, because the semiconductor 154 posi-
tioned between the source electrode 173 and the drain elec-
trode 175 is covered with the etch stop layer 132, the semi-
conductor 154 is not exposed to an etching process so that a
surface of the semiconductor is protected during the etching
process.

[0074] Next, as shown in FIG. 2, the gate insulating layer
140 that covers the source electrode 173 and the drain elec-
trode 175 and the etch stop layer 132 is formed.

[0075] After forming a conductive or metal layer on the
gate insulating layer 140, the conductive or metal layer is
patterned to form the gate electrode 124.

[0076] Unlike in the above-described embodiment, the etch
stop layer and the semiconductor may be formed by perform-
ing a patterning process once. That is, as shown in FIGS. 12
and 13, and in one embodiment, the amorphous silicon layer
and a nitride layer as the etch stop layer are laminated to form
the etch stop layer and the semiconductor using a photosen-
sitive layer pattern having different thicknesses.

[0077] FIGS. 12 and 13 are cross-sectional views describ-
ing a method of manufacturing a TFT according to another
embodiment.

[0078] For example, as shown in FIG. 12, the amorphous
silicon layer and the silicon nitride layer are laminated. A
photosensitive layer pattern including a first photosensitive
pattern and a second photosensitive pattern having different
thicknesses is formed. The first photosensitive pattern PR1 is
formed to be thicker than the second photosensitive pattern
PR2.

[0079] Then, the silicon nitride layer and the amorphous
silicon layer are etched using the photosensitive layer pattern
as a mask to form a silicon nitride pattern 32 and the semi-
conductor 154.

[0080] Next, as shown in FIG. 13, after removing the sec-
ond photosensitive pattern, the silicon nitride pattern is
etched using the first photosensitive pattern PR1 as a mask to
form the etch stop layer 132. When the second photosensitive
pattern is removed, the first photosensitive pattern may be
partially removed.

[0081] FIG. 14 is across-sectional view ofa TFT according
to another embodiment.

[0082] Because the TFT of FIG. 14 is substantially the
same as that of FIG. 2, some of the different parts will be
described in detail and descriptions of similar elements will
be omitted.

[0083] As shown in FIG. 14, a TFT according to another
embodiment includes the semiconductor 154 formed on the
substrate 100, the ohmic contacts 163 and 165 formed on the
semiconductor 154, the source electrode 173 and the drain
electrode 175 positioned on the ohmic contacts 163 and 165,
the gate insulating layer 140 positioned on the source elec-
trode 173 and the drain electrode 175, and the gate electrode
124 positioned on the gate insulating layer 140.
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[0084] Unlike the TFT of FIG. 2, that of FIG. 14 does not
include the etch stop layer.

[0085] The ohmic contacts 163 and 165 have the same
plane pattern as that of the semiconductor 154 excluding a
channel between the source electrode 173 and the drain elec-
trode 175.

[0086] Hereinafter, a method of manufacturing the TFT of
FIG. 14 will be described in more detail.

[0087] FIGS. 15 and 16 are cross-sectional views describ-
ing a method of manufacturing a TFT according to another
embodiment.

[0088] As shown in FIG. 15, after laminating a first amor-
phous silicon layer and a second amorphous silicon layer on
the substrate 100, the second amorphous silicon layer and the
first amorphous silicon layer are patterned by a photolithog-
raphy process to form an ohmic contact pattern 65 and the
semiconductor 154.

[0089] The first amorphous silicon layer does not include
impurities, and the second amorphous silicon layer includes
conductive impurity ions.

[0090] Next, as shown in FIG. 16, after forming a conduc-
tive or metal layer on the substrate 100, the conductive or
metal layer is patterned to form the source electrode 173 and
the drain electrode 175.

[0091] Then, the ohmic contact pattern exposed between
the source electrode and the drain electrode is removed using
the source electrode 173 and the drain electrode 175 as amask
to form the ohmic contact 165.

[0092] Because the ohmic contact 165 is formed by pattern-
ing the ohmic contact pattern together with the semiconduc-
tor 154 and then, removing only the exposed ohmic contact
pattern of the channel, the ohmic contact 165 has the same
plane pattern as (i.e., follows the contours of) the semicon-
ductor 154 excluding the channel.

[0093] Then, as shown in FIG. 14, the gate insulating layer
140 and the gate electrode 124 are formed on the source
electrode 173 and the drain electrode 175.

[0094] The above TFT may be used as a TFT of an organic
light emitting diode (OLED) display. Hereinafter, an OLED
display including the TFT of FIGS. 1 and 2 will be described
in more detail.

[0095] FIG.17 is an equivalent circuit diagram of a pixel of
an OLED display according to another embodiment.

[0096] As shown in FIG. 17, the OLED display according
to the present embodiment includes a plurality of signal lines
121, 171, and 172 and a pixel PX coupled to the signal lines
121,171, and 172. The pixel PX may be one of ared pixel (R),
a green pixel (G), and a blue pixel (B).

[0097] Thesignal lines include the scanning signal line 121
for transmitting a gate signal (or a scan signal) 121, the data
line 171 for transmitting a data signal, and the driving voltage
line 172 for transmitting a driving voltage. The scanning
signal lines 121 are parallel with each other in a row direction,
and the data lines 171 are parallel with each other in a column
direction. The driving voltage lines 172 are illustrated to be
formed in a column direction, however, may be formed in a
row or column direction or may be mesh-shaped.

[0098] The pixel PX includes a switching transistor Qs, a
driving transistor Qd, a storage capacitor Cst, and an organic
light emitting element 70.

[0099] The switching transistor Qs includes a control ter-
minal, an input terminal, and an output terminal. The control
terminal is coupled to the scanning signal line 121, the input
terminal is coupled to the data line 171, and the output termi-
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nal is coupled to the driving transistor Qd. The switching
transistor Qs transmits the data signal received from the data
line 171 to the driving transistor Qd in response to the scan
signal received from the scanning signal line 121.

[0100] The driving transistor Qd includes a control termi-
nal, an input terminal, and an output terminal. The control
terminal is coupled to the switching transistor Qs, the input
terminal is coupled to the driving voltage line 172, and the
output terminal is coupled to the organic light emitting ele-
ment 70. The driving transistor Qd flows an output current
ILD whose magnitude varies with a voltage between the
control terminal and the output terminal.

[0101] The capacitor Cst is coupled between the control
terminal and the input terminal of the driving transistor Qd.
The capacitor Cst charges the data signal applied to the con-
trol terminal of the driving transistor Qd and maintains the
data signal after the switching transistor Qd is turned off.
[0102] The organic light emitting element 70 as, for
example, an organic light emitting diode (OLED) includes an
anode coupled to the output terminal of the driving transistor
Qd and a cathode coupled to a common voltage Vss. The
organic light emitting element 70 emits light with intensity
that varies with the output current ILD of the driving transis-
tor Qd to display an image. The organic light emitting element
70 may include an organic material that emits light of one or
atleast one of primary colors such as red, green, and blue. The
OLED display displays a desired image by the spatial sum of
the above colors.

[0103] The switching transistor Qs and the driving transis-
tor Qd are n-channel field effect transistors (FET). However,
at least one of the switching transistor Qs and the driving
transistor Qd may be a p-channel FET. In addition, a connec-
tion relationship among the transistors Qs and Qd, the capaci-
tor Cst, and the organic light emitting element 70 may be
changed.

[0104] FIG. 18 is a cross-sectional view of a pixel of the
OLED display of FIG. 17.

[0105] InFIG.18,alaminationorder of the driving TFT Qd
and the organic light emitting element 70 of FIG. 17 will be
described in detail. Hereinafter, the driving TFT Qd is
referred to as a TFT.

[0106] AsshowninFIG. 18, the semiconductor 154 formed
of amorphous silicon is formed on the substrate 100.

[0107] The etch stop layer 132 is formed on the semicon-
ductor 154. The etch stop layer 132 is formed of'silicon nitride
and overlaps the channel of the semiconductor 154.

[0108] The ohmic contacts 163 and 165 that contact the
semiconductor 154 (and that face each other with the etch
stop layer 132 interposed therebetween) are formed on the
etch stop layer 132.

[0109] The ohmic contacts 163 and 165 may be formed of
amaterial such as n+amorphous silicon hydridehighly doped
with n-type impurities such as P or silicide.

[0110] The source electrode 173 and the drain electrode
175 are formed on the ohmic contacts 163 and 165.

[0111] The source electrode 173 and the drain electrode
175 have the same plane pattern as (i.e., follow the contours
of) the ochmic contacts 163 and 165, respectively, and may be
asingle layer or a plurality of layers formed of a metal such as
copper, aluminum, tungsten, titanium, or an alloy of the above
metals.

[0112] Thegateinsulating layer 140 that covers the channel
is formed on the source electrode 173 and the drain electrode
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175. The gate insulating layer 140 may be formed of an
inorganic layer such as silicon nitride or silicon oxide.
[0113] The gate electrode 124 is formed on the gate insu-
lating layer 140 corresponding to the channel. The gate elec-
trode 124 may be a single layer or a plurality of layers formed
of the same metal or alloy as that of the source electrode 173
and the drain electrode 175.

[0114] The gate electrode 124 is positioned on the semi-
conductor 154 between the source electrode 173 and the drain
electrode 175 that face each other.

[0115] A channel of the TFT is formed in the semiconduc-
tor 154 between the source electrode 173 and the drain elec-
trode 175.

[0116] The gate electrode 124 and the source electrode 173
are laterally separated from each other by a second distance
D2, and the gate electrode 124 and the drain electrode 175 are
laterally separated from each other by a first distance D1 to
form offsets.

[0117] An interlayer insulating layer 160 is formed on the
gate electrode 124, The interlayer insulating layer 160 may be
formed of tetra ethyl ortho silicate (TEOS), silicon nitride, or
silicon oxide like the gate insulating layer 140.

[0118] The interlayer insulating layer 160 and the gate
insulating layer 140 have a contact hole 185 that exposes the
drain electrode 175.

[0119] A first electrode 710 coupled to the drain electrode
175 is formed on the interlayer insulating layer 160. The first
electrode 710 becomes an anode electrode of the organic light
emitting element of FIG. 17.

[0120] A pixel defining layer 190 (see FIG. 18) is formed
on the first electrode 710.

[0121] The pixel defining layer 190 has an opening 195 that
exposes the first electrode 710. The pixel defining layer 190
may be formed of a resin and silica based inorganic material
such as polyacrylates or polyimides.

[0122] An organic light emitting layer 720 is formed in the
opening 195 of the pixel defining layer 190.

[0123] The organic light emitting layer 720 is formed of a
plurality of layers including a light emitting layer and further
including at least one of a hole-injection layer (HIL), a hole-
transporting layer (HTL), an electron-transporting layer
(ETL), and an electron-injection layer (EIL).

[0124] When the organic light emitting layer 720 includes
all of the light emitting layer, the HIL, the HTL, the ETL,, and
the EIL, the HIL may be positioned on the first electrode 710
that is the anode electrode and the HTL, the light emitting
layer, the ETL, and the EIL may be sequentially laminated on
the HIL.

[0125] A second electrode 730 is formed on the pixel defin-
ing layer 190 and the organic light emitting layer 720.
[0126] The second electrode 730 becomes a cathode elec-
trode of the organic light emitting element 70 of FIG. 17.
Therefore, the first electrode 710, the organic light emitting
layer 720, and the second electrode 730 form the organic light
emitting element 70.

[0127] The OLED display may be one of a front surface
display type OLED display, a rear surface display type OLED
display, and both surface display type OLED display in accor-
dance with a direction in which the organic light emitting
element 70 emits light.

[0128] In the front surface display type OLED display, the
first electrode 710 is formed of a reflective layer, and the
second electrode 730 is formed of a semi-transmissive layer.
On the other hand, in the rear surface display type OLED
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display, the first electrode 710 is formed of a semi-transmis-
sive layer, and the second electrode 730 is formed of a reflec-
tive layer. In the both surface display type OLED display, the
first electrode 710 and the second electrode 730 are formed of
a transparent layer or a semi-transmissive layer.

[0129] The reflective layer and the semi-transmissive layer
are formed of at least one metal among Mg, Ag, Au, Ca, Li,
Cr, and Al or an alloy of the above metals. The reflective layer
and the semi-transmissive layer are determined by a thickness
and the semi-transmissive layer may be formed to a thickness
less than or equal to 200 nm. As a thickness is reduced,
transmittance is increased. However, when the thickness is
too small, resistance is increased.

[0130] Thetransparent layer is formed of a material such as
indium tin oxide (ITO), indium zinc oxide (1ZO), ZnO, or
In,O,.

[0131] An encapsulation member 260 may be formed of an
inorganic layer or an organic layer on the second electrode
730, and the inorganic layer and the organic layer may be
alternately laminated. The encapsulation member 260 pro-
tects the pixel against external air.

[0132] At least one organic layer and at least one inorganic
layer may be alternately laminated. The inorganic layer or the
organic layer may be plural.

[0133] The organic layer is formed of polymer and may be
asingle layer or a laminated layer formed of one of polyethye-
leneterepthalate (PET), polyimide, polycarbonate (PC),
epoxy, polyethylene, and polyacrylate (PAR). The organic
layer may be formed of polyacrylate (PC). To be specific, the
organic layer includes a polymerized monomer composition
including diacrylate monomer and triacrylate monomer. The
monomer composition may further include monoacrylate
monomer. In addition, the monomer composition may further
include a suitable photo-initiator such as TPO but is not
limited thereto.

[0134] The inorganic layer may be a single layer or a lami-
nated layer including a metal oxide or a metal nitride. To be
specific, the inorganic layer may include one of SiNx, A1,O;,
Si0,, and TiO,.

[0135] In the encapsulation member 260, the uppermost
layer exposed to the outside may be formed of the inorganic
layer in order to prevent the organic light emitting element
from being moist.

[0136] Theencapsulation member 260 may include at least
one sandwich structure in which at least one organic layer is
inserted between at least two inorganic layers. In addition, the
encapsulation member 260 may include at least one sandwich
structure in which at least one inorganic layer is inserted
between at least two organic layers.

[0137] A halogenated metal layer including LiF may be
further included between the second electrode 730 and the
inorganic layer. The halogenated metal layer may prevent or
protect a display unitincluding the second electrode 730 from
being damaged when the inorganic layer is formed by a
sputtering method or a plasma deposition method.

[0138] The encapsulation member 260 may be replaced by
an encapsulation substrate such as a metal substrate or a glass
substrate instead of forming the organic layer and the inor-
ganic layer.

[0139] While this disclosure has been described in connec-
tion with what is presently considered to be practical embodi-
ments, it is to be understood that the invention is not limited to
the disclosed embodiments, but, on the contrary, is intended
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to cover various modifications and equivalent arrangements
included within the spirit and scope of the appended claims,
and their equivalents.

1. A thin film transistor (TFT), comprising:

a semiconductor on a substrate;

an ohmic contact overlapping at least a portion of the
semiconductor;

a source electrode and a drain electrode on the ohmic
contact;

a gate insulating layer covering the semiconductor;

a gate electrode overlapping the semiconductor and
between the source electrode and the drain electrode on
the gate insulating layer,

wherein the gate electrode is laterally separated from the
drain electrode by a first distance and is laterally sepa-
rated from the source electrode by a second distance;
and

an etch stop layer at the semiconductor between the ohmic
contact and the semiconductor,

wherein the source electrode and the drain electrode follow
a contour of the ohmic contact.

2. The TFT of claim 1, wherein the first distance and the

second distanceare no less than 0 pm and no more than 10 pm.

3. The TFT of claim 2, wherein the first distance and the

second distance are no less than O um and no more than 2 pm.

4. The TFT of claim 1, wherein

the etch stop layer is between the source electrode and the
drain electrode.

5-6. (canceled)

7. An organic light emitting diode (OLED) display, com-

prising:

a substrate;

a TFT on the substrate;
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a first electrode coupled to the TFT;

a light emitting layer on the first electrode; and

a second electrode on the light emitting layer,

wherein a gate electrode of the TFT is laterally separated

from a drain electrode by a first distance and is laterally

separated from a source electrode by a second distance,

wherein the TFT comprises:

a semiconductor on the substrate;

an ohmic contact overlapping at least a portion of the
substrate; and

an etch stop layer at the semiconductor between the
ohmic contact and the semiconductor,

wherein the source electrode and the drain electrode
follow a contour of the ohmic contact.

8. The OLED display of claim 7, wherein the TFT com-
prises:

the source electrode and the drain electrode on the ohmic

contact;

a gate insulating layer covering the semiconductor; and

the gate electrode overlapping the semiconductor between

the source electrode and the drain electrode on the gate
insulating layer.

9. The OLED display of claim 7, wherein the first distance
and the second distance are no less than 0 um and no more
than 10 pm.

10. The OLED display of claim 9, wherein the first distance
and the second distance are no less than 0 um and no more
than 2 pm.

11. The OLED display of claim 7, further comprising:

an encapsulation member on the second electrode, and

wherein the encapsulation member comprises at least one

inorganic layer and at least one organic layer.
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