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DISPLAY DEVICE AND MANUFACTURING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2013-0167293,
filed on Dec. 30, 2013, and entitled, “Display Device and
Manufacturing Method Thereof,” is incorporated by refer-
ence herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Oneormore embodiments described hereinrelate to
a display device and a method of manufacturing a display
device.

[0004] 2. Description of the Related Art

[0005] A display includes a plurality of pixels in an area
defined by a black matrix or a pixel define layer. Examples of
displays include liquid crystal displays, organic light emitting
displays, plasma display panels, and electrophoretic displays.
These displays differ in terms of their methods of light emis-
sion.

[0006] Organic light emitting displays emitlight basedona
combination of electrons and holes in a layer including an
organic material. Displays of this type may be categorized as
passive matrix displays and an active matrix displays. Active
matrix displays include a switching element (e.g., thin film
transistor) in each pixel for controlling light emission.
[0007] In one type of active matrix display, each pixel
includes an organic light emitting diode formed on a sub-
strate. The substrate is patterned for a thin film transistor, a
capacitor, and associated wirings. In order to form a micro
pattern including the thin film transistor on the substrate, the
pattern is transferred to an array substrate using a mask hav-
ing the micro pattern formed thereon. This approach of using
amask along with a patterning process increases the cost and
complexity of manufacturing the display. A display manufac-
tured in this way may also have diminished display quality,
for example, as a result of an increase in leakage current
and/or other effects.

SUMMARY

[0008] In accordance with one embodiment, a display
device includes a substrate; a thin film transistor including a
semiconductor layer on the substrate; and an organic light
emitting element and a capacitor electrically connected to the
thin film transistor, wherein the semiconductor layer is uni-
formly disposed on an entire area of the substrate. The thin
film transistor includes a first insulating layer on the semi-
conductor layer; a gate electrode pattern on the first insulating
layer and including a plurality of gate center portions and a
gate peripheral portion having a closed-loop shape extending
from the gate center portions; a gate guard on a same layer as
and surrounding the gate electrode pattern; a second insulat-
ing layver on the gate electrode pattern and the gate guard; and
a source electrode and a drain electrode passing through the
first insulating layer and the second insulating layer and con-
nected to the semiconductor layer.

[0009] The gate guard may include a same material as the
gate electrode pattern. The source electrode and the drain
electrode may be connected to the semiconductor layer
through empty spaces of the closed loop formed by the gate
center portions and the gate peripheral portions.
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[0010] In accordance with another embodiment, a method
of manufacturing a display device includes uniformly form-
ing a semiconductor layer on an entire area of a substrate
which includes an organic light emitting element, a thin film
transistor, and a capacitor; forming a first insulating layer on
the semiconductor layer; performing a first mask process
which includes patterning a conductive layer on the first insu-
lating layer to form a gate electrode pattern having a plurality
of gate center portions and a gate peripheral portion in a
closed-loop shape extending from the gate center portions, a
gate guard surrounding the gate electrode pattern, and a pixel
electrode of the organic light emitting element and an upper
electrode of the capacitor; performing a second mask process
which includes patterning a second insulating layer to expose
the pixel electrode, the upper electrode, and the semiconduc-
tor layer of the thin film transistor; performing a third mask
process which includes patterning a conductive layer to form
a source electrode and a drain electrode which contact an
exposed portion of the semiconductor layer; and performing
a fourth mask process which includes patterning a pixel-
define-layer forming material layer to expose the pixel elec-
trode.

[0011] The gate guard may be formed on the same layer as
the gate electrode pattern and surrounds the gate electrode
pattern. The gate guard may include a same material as the
gate electrode pattern.

[0012] The method may include doping the semiconductor
layer with impurities using the gate electrode pattern and the
gate guard as masks. The thin film transistor area may expose
the semiconductor layer and may include empty spaces of a
closed loop formed by the gate center portions and the gate
peripheral portion.

[0013] In accordance with another embodiment, a transis-
tor includes a drain electrode; a source electrode; a semicon-
ductor layer; and a multiple gate structure including an insu-
lating material between a first gate area and a second gate
area, wherein the drain and source electrodes are electrically
connected to the semiconductor layer and wherein the semi-
conductor layer overlaps the first gate area and the second
gate area. The transistor may include a gate region adjacent
the first and second gate areas. The gate region may surround
the first and second gate areas, and the drain and source
electrodes may overlap the gate region. The first and second
gate areas may block leakage current in a predetermined
direction.

[0014] The multiple gate structure may include a third gate
area between the first and second gate areas, and wherein the
insulating material extends between the first and third gate
areas and between the second and third gate areas.

[0015] The semiconductor layer may be continuously dis-
posed on a substrate to overlap the transistor and at least one
of additional transistor, a capacitor, or a light emitting layer.
The semiconductor layer may be continuously disposed on a
substrate to overlap the transistor, additional transistor, a
capacitor, and a light emitting layer. The semiconductor layer
may be an unpatterned layer. The transistor may include a
gate guard adjacent the multiple gate structure.

[0016] In accordance with another embodiment, a pixel
includes a capacitor; a light emitting layer; and a transistor
between the capacitor and light emitting layer, and including:
a drain electrode; a source electrode; a semiconductor layer;
and a multiple gate structure including an insulating material
between a first gate area and a second gate area, wherein the
drain and source electrodes are electrically connected to the
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semiconductor layer and wherein the semiconductor layer
overlaps the first gate area and the second gate area. The
semiconductor layer may be continuously disposed on a sub-
strate to overlap the capacitor and light emitting layer. The
pixel may include a gate region which surrounds the first and
second gate areas, wherein the drain and source electrodes
overlap the gate region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Features will become apparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0018] FIG. 1illustrates a pixel in one type of organic light
emitting display device;

[0019] FIG. 2 illustrates an organic light emitting element
EL, thin film transistors TFT1 and TFT2, and a storage
capacitor Cst in FIG. 1;

[0020] FIG. 3 illustrates a thin film transistor in one type of
organic light emitting display device;

[0021] FIG. 4 illustrates an embodiment of a pixel of an
organic light emitting display;

[0022] FIG. 5 illustrates an example of an organic light
emitting element EL, thin film transistors TFT1 and TFT2,
and a storage capacitor Cst in FIG. 4;

[0023] FIG. 6 illustrates an embodiment of a thin film tran-
sistor;

[0024] FIG. 7 illustrates another embodiment of a thin film
transistor;

[0025] FIG. 8A illustrates leakage current for one type of

thin film transistor, and FIG. 8B illustrates an example of
leakage current of a thin film transistor according to one
embodiment;

[0026] FIGS.9 through 16 illustrate operations included in
an embodiment of a method for manufacturing an organic
light emitting display device.

DETAILED DESCRIPTION

[0027] Example embodiments are described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0028] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. Tt will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. Further, it will be understood that when a layer is
referred to as being “under” another layer, it can be directly
under, and one or more intervening layers may also be
present. In addition, it will also be understood that when a
layer is referred to as being “between” two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

[0029] Whenanelement is referred to as being “connected”
to another element, the element is “directly connected” to the
other element, or “electrically connected” to the other ele-
ment with one or more intervening elements interposed ther-
ebetween. It will be further understood that the terms “com-
prises,”

EENT3

comprising,” “includes” and/or “including,” when
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used in this specification, specify the presence of stated fea-
tures, integers, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements,
components, and/or groups thereof.

[0030] FIG. 1illustrates a pixel in one type of organic light
emitting display device which has been proposed. Referring
to FIG. 1, the pixel PE includes an organic light emitting
element EL, two thin film transistors TFT1 and TFT2, and a
storage capacitor Cst. The pixel may therefore be said to have
a 2Tr-1Cap structure. The transistors and capacitor are in a
pixel area PE defined by a gate line GL and a data line DL or
pixel define layers. In this device, the pixel is the smallest unit
that emits light for displaying an image, and the pixel area PE
refers to an area where the pixels are formed.

[0031] One of the two thin film transistors is a switching
transistor TFT1 for transmitting a data signal from the data
line DL in accordance with a switching signal applied from
the gate line GL. The other transistor is a driving transistor
TFT2 for applying a driving voltage to the organic light
emitting element EL.

[0032] Theswitching transistor TEFT1 is used as a switching
element for selecting a pixel area for light emission. When the
switching transistor TFT1 is turned on, charge is stored in the
storage capacitor Cst. The amount of stored charge is propor-
tional to the voltage (also called electric potential difference)
applied from the data line DL.

[0033] When the switching transistor TFT1 is turned off, a
gate potential of the driving transistor TFT?2 is increased in
accordance with the potential energy stored in the storage
capacitor Cst. When the gate potential of the driving transistor
TFT2 is increased above a threshold voltage, the driving
transistor TFT?2 is turned on. In this case, the voltage previ-
ously applied to a power line PL is applied to the organic light
emitting element EL via the driving transistor TFT2. As a
result, the organic light emitting element EL, emits light.

[0034] FIG. 2 illustrates, in cross-section, the organic light
emitting element EL, the thin film transistors TFT1 and
TFT2, and the storage capacitor Cst in FIG. 1. The two thin
film transistors TFT1 and TFT2 have the same laminated
structure.

[0035] The thin film transistors TFT1 and TFT2 include a
substrate 10, a semiconductor layer 20 on the substrate 10, a
first insulating layer 21 on the semiconductor layer 20, a gate
electrode pattern 30 on the first insulating layer 21, a second
insulating layer 80 on the gate electrode pattern 30, and a
source electrode and a drain electrode 50 passing through the
second insulating layer 80 and connected to the semiconduc-
tor layer 20.

[0036] The gate electrode pattern 30 includes a gate periph-
eral portion 32 having a closed-loop shape extending from a
gate center portion 31. The source electrode and the drain
electrode 50 are connected to the semiconductor layer 20
through an empty space at the center of the closed-loop shape.
[0037] The gate electrode pattern 30 may be divided into
lower gate electrodes 31a and 32a and upper gate electrodes
316 and 32b. The lower gate electrodes 31a and 32 may be
formed of a transparent conductive material.

[0038] The semiconductor layer 20 is not only formed in an
area where the thin film transistors TFT1 and TFT?2 are dis-
posed, but also is uniformly formed on an entire area of the
substrate 10, including an area where the organic light emit-
ting element EL and the storage capacitor Cst are disposed.
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[0039] In other words, the semiconductor layer 20 may be
disposed on the entire surface of the substrate 10 without an
additional patterning process. In this case, a mask process of
patterning the semiconductor layer 20 may be omitted, so that
the overall manufacturing process of the organic light emit-
ting display may be simplified.

[0040] In some circumstances, the process of uniformly
forming the semiconductor layer 20 on the entire surface of
the substrate 10, instead of patterning the semiconductor
layer 20, may lead to a short circuit caused by electrical
non-separation between thin film transistors TFT1 and TFT2.
In order to prevent this short-circuit phenomenon, a gate
guard 40 is disposed at an area surrounding the gate electrode
pattern 30. The gate guard 40 plays a role in providing electric
separation between the thin film transistors TFT1 and TFT2.
[0041] The organic light emitting element EL includes a
pixel electrode 61 and a facing electrode 63 that face each
other. An emitting layer 62 is interposed between the pixel
and facing electrodes 61 and 63. The pixel electrode 61 is
made of a transparent conductive material and is connected to
a drain electrode 50 of the driving transistor TFT2. Further,
the pixel electrode 61 and the gate electrode pattern 30 of the
thin film transistors TFT1 and TFT2 are formed simulta-
neously.

[0042] The storage capacitor Cst includes a lower electrode
71 and a upper electrode 72, with the first insulating layer 21
interposed therebetween. The upper electrode 72 of the stor-
age capacitor Cst, the gate electrode pattern 30 of the thin film
transistors TFT1 and TFT2, and the pixel electrode 61 of the
organic light emitting element EL are formed simultaneously.
Further, the upper electrode 72 of the storage capacitor Cst
includes a second upper electrode 725 surrounding a first
upper electrode 72a.

[0043] The lower electrode 71 uses part of an area of the
semiconductor layer 20, instead of forming a separate layer.
In other words, a storage capacitor Cst area of the semicon-
ductor layer 20 is used as a lower electrode 71. In this case,
electrical separation is required between the storage capacitor
Cst and elements adjacent to the storage capacitor Cst. Thus,
the second upper electrode 725 of the upper electrode 72
serves to provide an electrically separate structure.

[0044] FIG. 3 illustrates one type of thin film transistor,
which corresponds to either or both of the thin film transistors
in FIG. 2. Referring to FIGS. 2 and 3, the thin film transistor
includes a substrate 10, a semiconductor layer 20 on the
substrate 10, a first insulating layer 21 on the semiconductor
layer 20, a gate electrode pattern 30 on the first insulating
layer 21, a second insulating layer 80 on the gate electrode
pattern 30, a second insulating layer 80 on the gate electrode
pattern 30, and a source electrode and a drain electrode 50
passing through the second insulating layer 80 and connected
to the semiconductor layer 20.

[0045] The gate electrode pattern 30 includes a gate periph-
eral portion 32 having a closed-loop shape extending from a
gate center portion. The source electrode and the drain elec-
trode 50 are connected to the semiconductor layer 20 through
an empty space at the center of the closed-loop.

[0046] In order to reduce the number of times a mask is
used during manufacture, the thin film transistor is formed by
coating the semiconductor layer on an entire surface of the
substrate, instead of patterning the semiconductor layer.
However, a greater amount of leakage current may be pro-
duced compared to the case where a patterning process is used
for the semiconductor layer. That is, referring to FIG. 3,

Jul. 2,2015

current flowing through the thin film transistor flows not only
in a vertical direction @, but also in a side direction @ As
a result, the total amount of leakage current in this transistor
is large.

[0047] In accordance with one or more embodiments
described herein, a display device and manufacturing method
is provided in which a mask process for patterning a semi-
conductor layer is omitted. This may allow the thin film
transistors to have optimized or predetermined properties.
[0048] FIG. 4 illustrates an embodiment of a pixel of an
organic light emitting display device, and FIG. 5illustrates, in
cross-section, example of an organic light emitting element
EL, thin film transistors TFT1 and TFT2, and a storage
capacitor Cst in FIG. 4.

[0049] Referring to FIGS. 4 and 5, the thin film transistors
TFT1 and TFT2 include a substrate 110, a semiconductor
layer 120 on the substrate 110, a first insulating layer 121 on
the semiconductor layer 120, a gate electrode pattern 130 on
the first insulating layer 121, a second insulating layer 180 on
the gate electrode pattern 130, and a source electrode and a
drain electrode 150 passing through the second insulating
layer 180 and connected to the semiconductor layer 120.
[0050] The gate electrode pattern 130 includes a gate
peripheral portion 132 having a closed-loop shape extending
from a plurality of gate center portions 131. The source elec-
trode and the drain electrode 150 are connected to the semi-
conductor layer 120 through empty spaces at the center of the
closed-loop.

[0051] The gate electrode pattern 130 may be divided into
lower gate electrodes 131a and 1324 and upper gate elec-
trodes 1315 and 1325. The lower electrodes of the gate 131a
and 132a may be formed of a transparent conductive material.
In addition, a gate guard 140 may be disposed at an area
surrounding the gate electrode pattern 130. The gate guard
140 may prevent a short circuit caused by electrical non-
separation between thin film transistors TFT1 and TFT2.
[0052] Thesemiconductor 120is not only formed in an area
where the thin film transistors TFT1 and TFT2 are disposed,
but also is uniformly formed on an entire area of the substrate
110 including an area where the organic light emitting ele-
ment EL and the storage capacitor Cst are disposed. For
example, a semiconductor layer 120 is disposed on the entire
area of the substrate 110 without a separate patterning pro-
cess.

[0053] The organic light emitting element EL includes a
pixel electrode 161 and a facing electrode 163 that face each
other, with a light emitting layer 162 therebetween. The pixel
electrode 161 is made of a transparent conductive material
connected to a drain electrode 150 of the driving transistor
TFT2. Further, the pixel electrode 161 and the gate electrode
pattern 130 of thin film transistors TFT1 and TFT2 may be
formed simultaneously.

[0054] The storage capacitor Cst includes a lower electrode
171 and an upper electrode 172, with the first insulating layer
121 therebetween. The upper electrode 172 of the storage
capacitor Cst, the gate electrode pattern 130 of the thin film
transistors TFT1 and TFT2, and the pixel electrode 161 of the
organic light emitting element EL, may be simultaneously
formed. Further, the upper electrode 172 of the storage
capacitor Cst includes a first upper electrode 172a facing the
lower electrode 171 and a second upper electrode 1725 sur-
rounding the first upper electrode 172a.

[0055] FIG. 6 illustrates an embodiment of a thin film tran-
sistor, which, for example, may correspond to either or both



US 2015/0187853 Al

of the transistors in FIGS. 4 and 5. Referring to FIGS. 5 and
6, the thin film transistor includes a substrate 110, a semicon-
ductor layer 120 on the substrate 110, a first insulating layer
121 on the semiconductor layer 120, a gate electrode pattern
130 on the first insulating layer 121, a second insulating layer
180 on the gate electrode pattern 130, and a source electrode
and a drain electrode 150 passing through the second insulat-
ing layer 180 and connected to the semiconductor layer 120.
[0056] The gate electrode pattern 130 includes two gate
center portions 131, and a gate peripheral portion 132 having
a closed-loop shape extending from the gate center portions
131. The source electrode and the drain electrode 150 are
connected to the semiconductor layer 120 through empty
spaces at the center of the closed-loop.

[0057] Thus, in this embodiment, two gate center portions
are included which perform like gate electrodes, thereby
effectively operating as a kind of double-gate structure. As a
result, the leakage current flowing in the side direction @ in
FIG. 3 can be reduced or prevented in this embodiment.
[0058] FIG. 7 illustrates another embodiment of a thin film
transistor, which, for example, may correspond to either or
both of the transistors in FIGS. 4 and 5. Referring to FIG. 7,
the thin film transistor includes a substrate, a semiconductor
layer on the substrate, a first insulating layer 221 on the
semiconductor layer, a gate electrode pattern 230 on the first
insulating layer 221, a second insulating layer on the gate
electrode pattern 230, and a source electrode and a drain
electrode 250 passing through the second insulating layer 280
and connected to the semiconductor layer.

[0059] The gate electrode pattern 230 includes three gate
center portions 231, and a gate peripheral portion 232 having
a closed-loop shape extending from the gate center portions
231. The source electrode and the drain electrode 250 are
connected to the semiconductor layer through empty spaces
at the center of the closed-loop. In this embodiment, the three
gate center portions perform like gate electrodes, thereby
effectively producing a kind of triple-gate structure. As a
result, leakage current flowing in the side direction may be
reduced or prevented.

[0060] FIG.8A is a graph representing leakage current of a
single-gate thin film transistor (e.g., as shown in FIGS. 2 and
3), and FIG. 8B illustrates a graph representing leakage cur-
rent of a multiple-gate thin film transistor according to one or
more of the aforementioned embodiments. When comparing
FIGS. 8A and 8B, the leakage current of the thin film transis-
tor according to one or more of the aforementioned embodi-
ments is below the leakage current of the thin film transistor
in FIGS. 2 and 3.

[0061] FIGS. 9 through 16 illustrate operations included in
one embodiment of a method for manufacturing an organic
light emitting display device. Referring to FIG. 9, an initial
operation includes forming a bufferlayer 111 on the substrate
110 for planarizing the substrate 110 and preventing impurity
penetration, and forming the semiconductor layer 120 uni-
formly thereon. The substrate 110 may be made, for example,
of transparent glass material. The semiconductor layer 120
may be made, for example, of a polycrystalline silicon mate-
rial.

[0062] Next, as illustrated in FIG. 10, the first insulating
layer 121 is formed on the semiconductor layer 120 without
an additional mask patterning process. Thus, a mask process
for patterning semiconductor layer may be omitted compared
to other methods. However, because the patterning process of
the semiconductor layer is omitted, electrical non-separation
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may result. This will be addressed in subsequent operations.
The first insulating layer 121 may be formed, for example, by
depositing an inorganic insulating layer such as SiNx or SiOx
using, for example, a plasma enhanced chemical vapor depo-
sition (PECVD) method, an atmospheric pressure chemical
vapor deposition (APCVD) method, or alow pressure chemi-
cal vapor deposition (LPCVD) method.

[0063] Next, as illustrated in FIG. 11, the pixel electrode
161 of the organic light emitting element EL, a gate electrode
pattern 130 of the thin film transistors TFT1 and TFT2, and
the upper electrode 172 of the storage capacitor Cst are
formed on the upper portion of the first insulating layer 121.
Thus, two conductive layers are sequentially formed on the
first insulating layer 121, and then a pattern of the pixel
electrode 161, the gate electrode pattern 130, and the upper
electrode 172 are formed by a mask process using a first mask.
[0064] One of the two conductive layers first formed at the
bottom may include at least one transparent material selected,
for example, from a group consisting of ITO, IZO, ZnO, and
In,0;. This transparent material layer later becomes a pixel
electrode 161, lower electrodes of the gate 131a and 1324,
and the first upper electrode 172a of the storage capacitor Cst.
[0065] Further, one of the two conductive layers formed at
the top may include at least one metallic material selected, for
example, from a group consisting of Ag, Mg, Al, Pt, Pd, Au,
Ni, Nd, Ir, Cr, L1, Ca, Mo, T1, W, Mo W, and Al/Cu. This metal
material layeris later patterned and becomes upper electrodes
of the gate 1315 and 1324, and the second upper electrode
1725 of the storage capacitor Cst.

[0066] Further, the gate guard 140 is patterned together
with the same material on the same layer. The gate guard 140
surrounds the gate electrode pattern 130, and plays a role in
causing electrical separation between adjacent elements of
the semiconductor layer 120 in a subsequent doping process.
[0067] FIG. 12 illustrates an example of the gate electrode
pattern 130 and a pattern of the gate guard 140. As illustrated
in FIG. 12, the gate guard 140 surrounds the gate electrode
pattern 130 and provides a space separate from adjacent ele-
ments. Further, as previously indicated, the gate electrode
pattern 130 includes the two gate center portions 131 and the
gate peripheral portion 132. Empty spaces are formed
between the gate center portions 131 and the gate peripheral
portion 132.

[0068] Next, n-type or p-type impurity doping is performed
from the upper portion of the drawing. In this case, impurities
do not pass through a portion covered by the metal material
layer, but passes through a portion not covered by the metal
material layer, to allow the semiconductor layer 120 to be
doped with impurities.

[0069] Accordingly, as illustrated in FIG. 12, an area P
between the gate center portions 131 and areas Q between the
gate center portions 131 and the gate peripheral portion 132
are doped with impurities. In a later process, the source elec-
trode and the drain electrode 150 are connected to the semi-
conductor layer 120 through respective Q areas.

[0070] Further, because the gate guard 140 covered with the
metal material layer is formed at the outer boundary region of
the gate electrode pattern 130, the semiconductor layer 120
below the gate guard 140 may not be doped, and therefore
may be electrically separated from adjacent elements. For
example, impurity doping is performed using the gate elec-
trode pattern 130 and the gate guard 140 as masks.

[0071] Meanwhile, the pixel electrode 161 of the organic
light emitting element EL and the upper electrode 172 of the
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storage capacitor Cst are still covered with the metal material
layer. Thus, the semiconductor layer 120 below the metal
material layer are not doped with impurities.

[0072] Next, as illustrated in F1G. 13, the second insulating
layer 180 is deposited on the entire surface of the substrate
110. Openings having predetermined patterns are formed by
amask process using a second mask. These openings expose
the pixel electrode 161 of the organic light emitting element
EL and the upper electrode 172 of the storage capacitor Cst.
Further, the semiconductor layer 120 is exposed through the
first insulating layer 121 and the second insulating layer 180
in the area Q between the gate center portions 131 and the
peripheral portion 132.

[0073] Thesecond insulating layer 180 may be formed by a
spin coating method using at least one organic insulating
material selected, for example, from a group consisting of
polyimide, polyamide, acryl resin, benzocyclobutene, and
phenol resin.

[0074] Next, as illustrated in FIG. 14, a conductive layer is
deposited on the entire surface of the substrate 110. Then, the
source electrode and the drain electrode 150 are formed by a
mask process using a third mask. In this case, the conductive
layer may be formed as a metal material layer. The conductive
layer may be deposited with a thickness sufficient to fill the
openings, and then may be removed except for the source
electrode and the drain electrode 150 by the mask process.

[0075] Thepixel electrode 161 of the organic light emitting
element EL and the metal material layer at the upper electrode
172 of the storage capacitor Cst are removed by performing
etching. However, side edges of the pixel electrode 161 and
the upper electrode 172 are buried in the second insulating
layer 180, and therefore remain after the etching process. The
residual side edges of the second upper electrode 1725 of the
storage capacitor Cst perform like a mask similar to the gate
guard 140 of the gate electrode pattern 130.

[0076] Forexample, after the source electrode and the drain
electrode 150 are formed, the doping process is performed to
form the lower electrode 171 of the storage capacitor Cst. In
this case, as illustrated in FIG. 13, the residual second upper
electrode 1726 surrounds the first upper electrode 172a.
Thus, the semiconductor layer 120 below the residual second
upper electrode 1725 may not be doped. Accordingly, a part
of the semiconductor layer 120 facing the first upper electrode
172a is doped and the lower electrode 171 is formed. How-
ever, a part of the semiconductor layer 120 below the second
upper electrode 1724 is not doped, such that a boundary line
which electrically separates the semiconductor layer 120
from adjacent elements may be formed.

[0077] Accordingly, although the semiconductor layer 120
1s not patterned using a separate mask, it is possible to provide
both of the semiconductor layer 120 and the lower electrode
171 required for the thin film transistors TFT1 and TFT2 and
the storage capacitor Cst in electrically separated structures.

[0078] Next, as illustrated in FIG. 15, a pixel define layer
(PDL) 190 is formed on the substrate 110. The pixel define
layer 190 may be formed of at least one organic insulating
material selected, for example, from a group consisting of
polyimide, polyamide, acryl resin, benzocyclobutene, and
phenol resin. Openings for exposing a center portion of the
pixel electrode 161 may be formed by a mask process using a
fourth mask. Next, as illustrated in FIG. 16, a light emitting
layer 162 and the facing electrode 163 are formed on the pixel
electrode 161.
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[0079] By way of summation and review, in one type of
active matrix display, each pixel includes an organic light
emitting diode formed on a substrate, which is patterned to
include a thin film transistor, a capacitor, and associated wit-
ings. In order to form a micro pattern including the thin film
transistor on the substrate, the pattern is transferred to an
array substrate using a mask having the micro pattern formed
thereon. The pattern transfer process using the mask may be
performed by a photo-lithograph process.

[0080] Inaphoto-lithography process, a photoresist may be
uniformly coated on a substrate on which the pattern is to be
formed. The photoresist is then exposed using an exposing
device such as a stepper, and then (in a case of a positive
photoresist) the sensitized photoresist is subjected to a devel-
oping process. After the photoresist is developed, the pattern
is etched using the residual photoresist as a mask. Then, an
unnecessary portion of the photoresist is removed.

[0081] Inthe aforementioned process of transferring a pat-
tern using a mask, a mask having a desired pattern is required
to be prepared in advance. Therefore, as the number of pro-
cesses that involve the mask increases, manufacturing costs
may also increase.

[0082] In accordance with one or more embodiments, a
method for manufacturing a display device omits a process of
patterning a semiconductor layer using a mask, to thereby
achieve predetermined or optimized properties of thin film
transistors.

[0083] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
ments unless otherwise indicated. Accordingly, it will be
understood by those of skill in the art that various changes in
form and details may be made without departing from the
spirit and scope of the present invention as set forth in the
following claims.

What is claimed is:

1. A display device, comprising:

a substrate;

a thin film transistor including a semiconductor layer on
the substrate; and

an organic light emitting element and a capacitor electri-
cally connected to the thin film transistor, wherein the
semiconductor layer is uniformly disposed on an entire
area of the substrate, and wherein the thin film transistor
includes:

a first insulating layer on the semiconductor layer;

a gate electrode pattern on the first insulating layer and
including a plurality of gate center portions and a gate
peripheral portion having a closed-loop shape extending
from the gate center portions;

a gate guard on a same layer as and surrounding the gate
electrode pattern;

a second insulating layer on the gate electrode pattern and
the gate guard; and

a source electrode and a drain electrode passing through
the first insulating layer and the second insulating layer
and connected to the semiconductor layer.
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2. The display device as claimed in claim 1, wherein the
gate guard includes a same material as the gate electrode
pattern.

3. The display device as claimed in claim 1, wherein the
source electrode and the drain electrode are connected to the
semiconductor layer through empty spaces of the closed loop
formed by the gate center portions and the gate peripheral
portions.

4. A method of manufacturing a display device, the method
comptrising:

uniformly forming a semiconductor layer on an entire area

of a substrate which includes an organic light emitting
element, a thin film transistor, and a capacitor;

forming a first insulating layer on the semiconductor layer;

performing a first mask process which includes patterning

a conductive layer on the first insulating layer to form a
gate electrode pattern having a plurality of gate center
portions and a gate peripheral portion in a closed-loop
shape extending from the gate center portions, a gate
guard surrounding the gate electrode pattern, and a pixel
electrode of the organic light emitting element and an
upper electrode of the capacitor;

performing a second mask process which includes pattern-

ing a second insulating layer to expose the pixel elec-
trode, the upper electrode, and the semiconductor layer
of the thin film transistor;

performing a third mask process which includes patterning

aconductive layer to form a source electrode and a drain
electrode which contact an exposed portion of the semi-
conductor layer; and

performing a fourth mask process which includes pattern-

ing a pixel-define-layer forming material layer to expose
the pixel electrode.

5. The method as claimed in claim 4, wherein the gate
guard is formed on the same layer as the gate electrode pattern
and surrounds the gate electrode pattern.

6. The method as claimed in claim 5, wherein the gate
guard includes a same material as the gate electrode pattern.

7. The method as claimed in claim 5, the method further
comprising:

doping the semiconductor layer with impurities using the

gate electrode pattern and the gate guard as masks.

8. The method as claimed in claim 5, wherein the thin film
transistor area exposing the semiconductor layer includes
empty spaces of a closed loop formed by the gate center
portions and the gate peripheral portion.

9. A transistor, comprising:

a drain electrode;

a source electrode;

a semiconductor layer; and

a multiple gate structure including an insulating material

between a first gate area and a second gate area, wherein
the drain and source electrodes are electrically con-
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nected to the semiconductor layer and wherein the semi-
conductor layer overlaps the first gate area and the sec-
ond gate area.

10. The transistor as claimed in claim 9, further compris-
ing:

a gate region adjacent the first and second gate areas.

11. The transistor as claimed in claim 10, wherein the gate
region surrounds the first and second gate areas, and wherein
the drain and source electrodes overlap the gate region.

12. The transistor as claimed in claim 9, wherein the first
and second gate areas block leakage current in a predeter-
mined direction.

13. The transistor as claimed in claim 9, wherein the mul-
tiple gate structure includes a third gate area between the first
and second gate areas, and wherein the insulating material
extends between the first and third gate areas and between the
second and third gate areas.

14. The transistor as claimed in claim 9, wherein the semi-
conductor layer is continuously disposed on a substrate to
overlap the transistor and at least one of additional transistor,
a capacitor, or a light emitting layer.

15. The transistor as claimed in claim 14, wherein the
semiconductor layer is continuously disposed on a substrate
to overlap the transistor, additional transistor, a capacitor, and
a light emitting layer.

16. The transistor as claimed in claim 9, wherein the semi-
conductor layer is an unpatterned layer.

17. The transistor as claimed in claim 9, further compris-
ing:

a gate guard adjacent the multiple gate structure.

18. A pixel, comprising:

a capacitor;

a light emitting layer; and

a transistor between the capacitor and light emitting layer,

and including:

a drain electrode;

a source electrode;

a semiconductor layer; and

amultiple gate structure including an insulating material
between a first gate area and a second gate area,
wherein the drain and source electrodes are electri-
cally connected to the semiconductor layer and
wherein the semiconductor layer overlaps the first
gate area and the second gate area.

19. The pixel as claimed in claim 18, wherein the semicon-
ductorlayer is continuously disposed on a substrate to overlap
the capacitor and light emitting layer.

20. The pixel as claimed in claim 18, further comprising:

a gate region which surrounds the first and second gate

areas,

wherein the drain and source electrodes overlap the gate

region.
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