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(57) ABSTRACT

A display device includes a substrate and first, second and
third thin film transistor. The first thin film transistor is dis-
posed over the substrate, and includes a first gate electrode
whichhas afirst transmittance. The second thin film transistor
is disposed over the substrate, and includes a second gate
electrode which has a second transmittance substantially dif-
ferent from the first transmittance. The third thin film transis-
tor is disposed over the substrate, and includes a third gate
electrode which has a third transmittance substantially differ-
ent from the first transmittance.
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DISPLAY PANELS, METHODS OF
MANUFACTURING THE SAME AND
ORGANIC LIGHT EMITTING DISPLAY
DEVICES HAVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority under 35 U.S.C.
§119 to Korean patent Application No. 10-2014-0095611,
filed on Jul. 28, 2014, the disclosure of which is hereby
incorporated by reference herein in its entirety.

BACKGROUND
[0002] 1. Technical Field
[0003] Example embodiments of the invention relate to

display panels, methods of manufacturing display panels and
organic light emitting display devices having display panels.
[0004] 2. Description of the Related Art

[0005] Generally, a display device, for example, an organic
light emitting display device, includes an array of pixels. To
drive or control the operation of each pixel of the display
device, one or more semiconductor devices, for example, thin
film transistors, are provided for each pixel. In an organic
light emitting display device, the semiconductor devices are
provided for controlling electric currents flowing through the
organic light emitting structure based on the data signals.

SUMMARY

[0006] Example embodiments provide a display panel
including a plurality of gate electrodes having different trans-
mittances to improve characteristics such as a light sensing
ability, a reliability, etc.

[0007] Example embodiments provide a method of manu-
facturing the display panel.

[0008] Example embodiments provide an organic light
emitting display device including the display panel.

[0009] According to one aspect of the invention, a display
panel may include a substrate comprising a major surface
having a first region, a second region and a third region when
viewed in a direction perpendicular to the major surface. A
first semiconductor device may be disposed over the first
region of the substrate and comprise a first gate electrode. The
first gate electrode of the first semiconductor device may have
a first transmittance. A second semiconductor device may be
disposed over the second region of the substrate and comprise
a second gate electrode. The second gate electrode of the
second semiconductor device may have a second transmit-
tance substantially different from the first transmittance. A
third semiconductor device may be disposed over the third
region of the substrate and comprise a third gate electrode.
The third gate electrode of the third semiconductor device
may have a third transmittance substantially different from
the first transmittance.

[0010] In example embodiments, the first transmittance
may be substantially greater than the second transmittance
and the third transmittance. For example, the second trans-
mittance may be substantially the same as the third transmit-
tance. Alternatively, the second transmittance may be sub-
stantially different from the third transmittance.

[0011] In example embodiments, the first semiconductor
device may include a first active layer portion, a gate insula-
tion layer covering the first active layer portion, a first gate
electrode disposed over the gate insulation layer, and a first
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source electrode and a first drain electrode contacting the first
active layer portion. The first gate electrode may include a
substantially transparent conductive material. The second
semiconductor device may include a second active layer por-
tion, the gate insulation layer covering the second active layer
portion, a second gate electrode disposed over the gate insu-
lation layer, and a second source electrode and a second drain
electrode contacting the second active layer portion. The sec-
ond gate electrode may include a first gate electrode layer
portion and a second gate electrode layer portion. The first
gate electrode layer portion may include a substantially trans-
parent conductive material, and the second gate electrode
layer portion may include a substantially opaque conductive
material. The third semiconductor device may include a third
active layer portion, the gate insulation layer covering the
third active layer portion, a third gate electrode disposed over
the gate insulation layer, and a third source electrode and a
third drain electrode contacting the third active layer portion.
The third gate electrode may include a third gate electrode
layer portion and a fourth gate electrode layer portion. The
third gate electrode layer portion may include a substantially
transparent conductive material and the fourth gate electrode
layer portion may include a substantially opaque conductive
material. For example, the substantially transparent conduc-
tive material may include indium tin oxide, indium zinc
oxide, zinc oxide, tin oxide, gallium oxide, indium oxide, etc.
Additionally, the substantially opaque conductive material
may include chromium (Cr) based-metal, aluminum (Al)
based-metal, silver (Ag) based-metal, tin (Sn) based-metal,
molybdenum (Mo) based-metal, iron (Fe) based-metal, plati-
num (Pt) based-metal, or mercury (Hg) based-metal, etc.

[0012] In some example embodiments, the second semi-
conductor device may include a second active layer portion,
the gate insulation layer covering the second active layer
portion, a second gate electrode disposed over the gate insu-
lation layer, and a second source electrode and a second drain
electrode contacting the second active layer portion. The sec-
ond gate electrode may include a substantially opaque con-
ductive material.

[0013] Insome example embodiments, the third semicon-
ductor device may include a third active layer portion, the
gate insulation layer covering the third active layer portion, a
third gate electrode disposed over the gate insulation layer,
and a third source electrode and a third drain electrode con-
tacting the third active layer portion. The third gate electrode
may include an substantially opaque conductive material

[0014] According to another aspect of the invention, a
method of manufacturing a display panel is provided. In the
method, a substrate having a first region, a second region, and
a third region may be provided. A first active layer portion
may be formed to overlap the first region. A second active
layer portion may be formed to overlap the second region. A
third active layer portion may be formed to overlap the third
region. A gate insulation layer may be formed over the sub-
strate to cover the first active layer portion, the second active
layer portion and the third active layer portion. A first gate
electrode substantially overlaps the first active layer portion
when viewed in the direction. A second gate electrode sub-
stantially overlaps the second active layer portion when
viewed in the direction. A third gate electrode substantially
overlaps the third active layer portion when viewed in the
direction. A first source electrode and a first drain electrode
may be formed to contact the first active layer portion. A
second source electrode and a second drain electrode may be
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formed to make contact with the second active layer portion.
A third source electrode and a third drain electrode may be
formed to contact the third active layer portion may be
formed.

[0015] In the formation of the first electrode according to
example embodiments, a first electrode material layer may be
formed over the gate insulation layer. A second electrode
material layer may be formed over the first electrode layer.
The first electrode material layer and the second electrode
material layer may be partially etched using a half-ton mask
or a half-ton slit mask formed over the second electrode
material layer to form a first patterned portion comprising a
first electrode material layer portion and a second electrode
layer portion disposed over the first electrode material layer
portion. The second electrode material layer portion of the
first patterned portion, thereby forming the first gate electrode
may be removed.

[0016] In the formations of the second gate electrode and
the third gate electrode according to example embodiments, a
first electrode material layer may be formed over the gate
insulation layer. A second electrode material layer may be
formed over the first electrode material layer. The first elec-
trode material layer and the second electrode material layer
may be etched. For example, the first electrode material layer
and the second electrode layer may be etched using a half-ton
mask or a half-ton slit mask.

[0017] Inthe formation ofthe first gate electrode according
to some example embodiments, a first electrode material
layer may be formed over the gate insulation layer. The first
electrode material layer may be partially etched to form a first
gate electrode over the gate insulation layer over the first
region of the substrate.

[0018] In the formation of the first and second gate elec-
trodes according to some example embodiments, a first elec-
trode material layer may be formed on the gate insulation
layer. The first electrode material layer may be partially
etched to form the first gate electrode over the gate insulation
layer over the first region of the substrate. Subsequently, a
second electrode material layer may be formed over the gate
insulation layer to cover the first gate electrode. The second
electrode material layer may be partially etched to form the
second gate electrode over the gate insulation layer over the
second region of the substrate.

[0019] Inthe formation of the first and third gate electrodes
according to some example embodiments, a first electrode
material layer may be formed over the gate insulation layer.
The first electrode material layer may be partially etched to
form the first gate electrode over the gate insulation layer over
the first region of the substrate. Subsequently, a second elec-
trode material layer may be formed over the gate insulation
layer to cover the first gate electrode layer portion. The sec-
ond electrode material layer may be partially etched to form
the third gate electrode over the gate insulation layer over the
third region of the substrate.

[0020] In example embodiments, the first gate electrode
may have a first transmittance, the second gate electrode has
a second transmittance substantially different from the first
transmittance, and the third gate electrode has a third trans-
mittance substantially different from the first transmittance.

[0021] According to still another aspect of the invention, an
organic light emitting display device may include the forego-
ing display panel, a first electrode disposed over the substrate
and electrically contacting the third semiconductor device, an
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organic light emitting structure disposed over the first elec-
trode, and a second electrode disposed over the organic light
emitting structure.

[0022] A further aspect of the invention provides a display
device including a substrate and first, second and third thin
film transistor. The first thin film transistor is disposed over
the substrate, and includes a first gate electrode which has a
first transmittance. The second thin film transistor is disposed
over the substrate, and includes a second gate electrode which
has a second transmittance substantially different from the
first transmittance. The third thin film transistor is disposed
over the substrate, and includes a third gate electrode which
has a third transmittance substantially different from the first
transmittance.

[0023] According to example embodiments, the display
panel may include the plurality of the gate electrodes (e.g., the
first gate electrode, the second gate electrode, and the third
gate electrode). The display panel may include the first semi-
conductor device having the first transmittance, the second
semiconductor device having the second transmittance, and
the third semiconductor device having the third transmit-
tance. The first gate electrode of the first semiconductor
device may efficiently transmit a light emitted from an
organic light emitting structure, so that the first semiconduc-
tor device may have an improved light sensing ability when
the first semiconductor device serves as a light sensing tran-
sistor of a display device. In addition, each of the second gate
electrode of the second semiconductor device and the third
gate electrode of the third semiconductor device may reflect
the light emitted from the organic light emitting structure,
such that photo currents due to the light emitted from the
organic light emitting structure may be reduced. The second
gate electrode of the second semiconductor device and the
third gate electrode of the third semiconductor device may
have multi-layered structures, threshold voltages of the sec-
ond and the third semiconductor devices may be substantially
uniformly maintained. As a result, each of the second and the
third semiconductor devices may have an enhanced reliabil-

ity.
BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Tllustrative, non-limiting example embodiments
will be more clearly understood from the following detailed
description taken in conjunction containing the accompany-
ing drawings.

[0025] FIG. 1isa cross sectional view illustrating a display
panel in accordance with example embodiments.

[0026] FIGS. 2 to 8 are cross sectional views illustrating a
method of manufacturing a display panel in accordance with
example embodiments.

[0027] FIG. 9isa cross sectional view illustrating a display
panel in accordance with some example embodiments.
[0028] FIGS. 10 to 15 are cross sectional views illustrating
amethod of manufacturing a display panel in accordance with
some example embodiments.

[0029] FIG. 16 is a cross sectional view illustrating an
organic light emitting display device in accordance with
example embodiments.

DETAILED DESCRIPTION OF EMBODIMENTS

[0030] Hereinafter, display panels, methods of manufactur-
ing display panels and organic light emitting display devices
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having display panels in accordance with example embodi-
ments will be explained in detail with reference to the accom-
panying drawings.

[0031] FIG.11isacross-sectional view illustrating a display
device in accordance with example embodiments.

[0032] Referring to FIG. 1, adisplay panel 100 may include
a substrate 105, a first semiconductor device 190, a second
semiconductor device 192, a third semiconductor device 194,
etc. In embodiments, a display device includes an array of
pixels. Each pixel may include a display element, for
example, an organic light emitting element, and the first,
second and third semiconductor devices for controlling the
operation of the display element. Such display elements of the
pixels and other structures may be built on or over the display
panel 100.

[0033] The substrate 105 may include a transparent insula-
tion material. In example embodiments, the substrate 105
may have a first region [, a second region II and a third region
III. As illustrated in FIG. 1, the second region II may be
adjacent to the first region I and the third region III may be
adjacent to the second region II.

[0034] A buffer layer 110 may be disposed on the substrate
105. The buffer layer 110 may improve the surface flatness of
the substrate 105 when the substrate 105 may have relatively
irregular surface.

[0035] The first semiconductor device 190 may include a
firstactive layer portion 115, a gate insulation layer 130, a first
gate electrode 135, an insulating interlayer 170, a first source
electrode 1754, and a first drain electrode 1755. The first
source electrode 1754 and the first drain electrode 1755 may
pass through the gate insulation layer 130 and the insulating
interlayer 170 to make contact with the first active layer
portion 115. Here, the first active layer portion 115, the gate
insulation layer 130, the first gate electrode 135, the insulat-
ing interlayer 170, the first source electrode 1754, and the first
drain electrode 1755 may be sequentially stacked in the first
region I of the substrate 105.

[0036] The second semiconductor device 192 may include
a second active layer portion 120, the gate insulation layer
130, a second gate electrode 160, the insulating interlayer
170, a second source electrode 180a, and a second drain
electrode 1804, The second source and drain electrodes 180a
and 1805 may pass through the gate insulation layer 130 and
the insulating interlayer 170 to make contact with the second
active layer portion 120. In this case, the second active layer
portion 120, the gate insulation layer 130, the second gate
electrode 160, the insulating interlayer 170, the second source
electrode 180q, and the second drain electrode 1805 may be
sequentially stacked in the second region IT of the substrate
105.

[0037] The third semiconductor device 192 may include a
third active layer portion 125, the gate insulation layer 130, a
third gate electrode 165, the insulating interlayer 170, a third
source electrode 1854, and a third drain electrode 1854. The
third source and drain electrodes 185a and 18556 may pass
through the gate insulation layer 130 and the insulating inter-
layer 170 to make contact with the third active layer portion
125. The third active layer portion 125, the gate insulation
layer 130, the third gate electrode 165, the insulating inter-
layer 170, the third source electrode 185a, and the third drain
electrode 185 may be sequentially stacked in the third region
11T of the substrate 105. In example embodiments, the first
gate electrode 135, the second gate electrode 160 and the third
gate electrode 165 may have substantially different transmit-
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tances, respectively. The transmittances of the firstto the third
gate electrodes 135, 160 and 165 will be described below.
[0038] The first active layer portion 115 may be disposed
on the buffer layer 110 positioned on the substrate 105 in the
first region 1. The first active layer portion 115 may include
silicon. Alternatively, the first active layer portion 115 may
include oxide semiconductor.

[0039] The second active layer portion 120 may be dis-
posed on the buffer layer 110 located on the substrate 105 in
the second region II. The second active layer portion 120 may
include a material substantially the same as that of the first
active layer portion 115.

[0040] The third active layer portion 125 may be disposed
on the buffer layer 110 positioned on the substrate 105 in the
third region III. The third active layer portion 125 may include
amaterial substantially the same as that of the first active layer
portion 115 and/or that of the second active layer portion 120.
[0041] The gate insulation layer 130 may be disposed on
the buffer layer 110 to cover the first active layer portion 125,
the second active layer portion 120 and the third active layer
portion 125. The gate insulation layer 130 may include silicon
compound such as silicon oxide, silicon carbon oxide, etc.
[0042] The first gate electrode 135 may be disposed on the
gate insulation layer 130 in the first region [. The first gate
electrode 135 may be positioned on a portion of the gate
insulation layer 130 under which the first active layer portion
115 is located. That is, the first gate electrode 135 may be
substantially overlapped over the first active layer portion 115
by interposing the gate insulation layer 130 therebetween. In
example embodiments, the first gate electrode 135 may
include a transparent conductive material. The first gate elec-
trode 135 may include a material having a relatively high light
transmittance. Examples of the material for the first gate
electrode 135 may include indium tin oxide, indium zinc
oxide, zinc oxide, tin oxide, gallium oxide, indium oxide, etc.
These may be used alone or in a combination thereof.
[0043] In example embodiments, the first gate electrode
135 may have a first transmittance. As described above, since
the first gate electrode 135 may include the material having
the relatively high light transmittance, the first transmittance
of the first gate electrode 135 may be substantially greater
than a second transmittance of the second gate electrode 160
and a third transmittance of the third gate electrode 165. Thus,
the first gate electrode 135 may efficiently transmit a light
emitted from an organic light emitting structure, so that the
first semiconductor device 190 may have an improved light
sensing efficiency.

[0044] A first gate electrode layer portion 140 may be dis-
posedon the gate insulation layer 130 in the second region II.
The first gate electrode layer portion 140 may be substantially
overlapped over the second active layer portion 120 by inter-
posing the gate insulation layer 130 therebetween. In example
embodiments, the first gate electrode layer portion 140 may
include a material substantially the same as that of the first
gate electrode 135. A second gate electrode layer portion 150
may be disposed on the first gate electrode layer portion 140.
Thus, the second gate electrode 160 may have a configuration
in which the first gate electrode layer portion 140 and the
second gate electrode layer portion 150 are sequentially
stacked. In example embodiments, the second gate electrode
layer portion 150 may include a substantially opaque conduc-
tive material. The second gate electrode layer portion 150
may include a material having a light transmittance substan-
tially lower than that of the first gate electrode 135. For
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example, the second gate electrode layer portion 150 may
include metal, alloy, metal nitride, conductive metal oxide,
etc. Examples of the metal for the second gate electrode layer
portion 150 may include chromium (Cr) based-metal, alumi-
num (Al) based-metal, silver (Ag) based-metal, tin (Sn)
based-metal, molybdenum (Mo) based-metal, iron (Fe)
based-metal, platinum (Pt) based-metal, mercury (Hg) based-
metal, etc. These may be used alone or in a combination
thereof. Since the second semiconductor device 192 may
include the second gate electrode 160 having the second gate
electrode layer portion 150 containing the opaque conductive
material, the second semiconductor device 192 may have the
second transmittance substantially lower than the first trans-
mittance of the first semiconductor device 190, and thus may
reflect the light emitted from the organic light emitting struc-
ture.

[0045] A third gate electrode layer portion 145 may be
disposed on the gate insulation layer 130 in the third region
1II. In example embodiments, the third gate electrode layer
portion 145 may be substantially overlapped over the third
active layer portion 145 by interposing the gate insulation
layer 130 therebetween. The third gate electrode layer portion
145 may include a material substantially the same as that of
the first gate electrode layer portion 140. Additionally, a
fourth gate electrode layer portion 155 may be disposed on
the third gate electrode layer portion 145. The fourth gate
electrode layer portion 155 may include a material substan-
tially the same as that of the second gate electrode layer
portion 150. Thus, the third gate electrode 165 may have a
configuration in which the third gate electrode layer portion
145 and the fourth gate electrode layer portion 155 are
sequentially stacked. The third gate electrode 165 may reflect
the light emitted from the organic light emitting structure. As
described above, the third semiconductor 194 may include
the third gate electrode 165 having the fourth gate electrode
layer portion 155 containing the substantially opaque con-
ductive material, so that the third semiconductor device 194
may have the third transmittance substantially lower than the
first transmittance of the first semiconductor device 190.

[0046] As illustrated above, the second gate electrode 160
of the second semiconductor device 192 and the third gate
electrode 165 of the third semiconductor device 194 may
reflect the light emitted from the organic light emitting struc-
ture. Thus, the generation of photo currents due to the light
may be prevented in the second active layer portion 120 and
the third active layer portion 125. In addition, the second gate
electrode 160 of the second semiconductor device 192 and the
third gate electrode 165 of the third semiconductor device 194
may have the multi-layered structures, respectively, so that
threshold voltages of the second and the third semiconductor
devices 192 and 194 may be uniformly maintained. As a
result, the second semiconductor device 192 and the third
semiconductor device 194 may ensure improved reliabilities.

[0047] The insulating interlayer 170 may be disposed on
the gate insulation layer 130 to cover the first gate electrode
135, the first gate electrode layer portion 140, and the third
gate electrode layer portion 145. The insulating interlayer 170
may electrically insulate the first gate electrode 135 from the
first source electrode 175a and the first drain electrode 1755.
Additionally, the insulating interlayer 170 may electrically
insulate the first gate electrode layer portion 140 from the
second source electrode 180a and the second drain electrode
1805. Furthermore, the insulating interlayer 170 may electri-
cally insulate the third gate electrode layer portion 145 from
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the third source electrode 185a and the third drain electrode
1855. For example, the insulating interlayer 170 may include
silicon compound, transparent resin, etc.

[0048] The first source electrode 1754, the first drain elec-
trode 17554, the second source electrode 180a, the second
drain electrode 1805, the third source electrode 1854, and the
third drain electrode 1855 may be disposed on the insulating
interlayer 170. For example, each of the first source and drain
electrodes 175a and 17554, the second source and drain elec-
trodes 180a and 18054, and the third source and drain elec-
trodes 1854 and 1855 may include metal, alloy, metal nitride,
conductive metal oxide, a material having a transmittance. As
the formations of the first source and drain electrodes 1754
and 1756 on the insulating interlayer 170, the first semicon-
ductor device 190 may be provided in the first region I of the
substrate 105. The first semiconductor device 190 may
include the first active layer portion 115, the gate insulation
layer 130, the first gate electrode 135, the insulating interlayer
170, the first source electrode 175¢, and the first drain elec-
trode 175b. For example, the first semiconductor device 190
may serve as a sensing thin film transistor in a display device.
[0049] According to the formations of the second source
and drain electrodes 180a and 1804 on the insulating inter-
layer 170, the second semiconductor device 192 may be pro-
vided in the second region I of the substrate 105. The second
semiconductor device 192 may include the second active
layer portion 120, the gate insulation layer 130, the second
gate electrode 160 having the first gate electrode layer portion
140 and the second gate electrode layer portion 150, the
insulating interlayer 170, the second source electrode 180q,
and the second drain electrode 1804, For example, the second
semiconductor device 192 may function as a switching thin
film transistor in the display device.

[0050] According as the third source electrode 1854 and the
third drain electrode 1855 are formed on the insulating inter-
layer 170, the third semiconductor device 194 may be pro-
vided in the third region III of the substrate 105. The third
semiconductor device 194 may include the third active layer
portion 125, the gate insulation layer 130, the third gate
electrode 165 having the third gate electrode layer portion
145 and the fourth gate electrode layer portion 155, the insu-
lating interlayer 170, the third source electrode 1854, and the
third drain electrode 1855. For example, the third semicon-
ductor device 194 may serve as a driving thin film transistor.
[0051] Another display panel including a plurality of semi-
conductor devices having substantially the same transmit-
tance may be provided as an example. In this example case,
one of the semiconductor devices may sense a light emitted
from an organic light emitting structure, another semiconduc-
tor device may output a data signal from the semiconductor
device sensing the light, and other semiconductor devices
may control a current flowing in the organic light emitting
structure in accordance with the data signal. Each of gate
electrodes of these semiconductor devices may include the
same material with a relatively low transmittance. However,
the semiconductor device sensing the light may have a lower
sensing ability when the gate electrode of such a semicon-
ductor device includes the material having the relatively low
transmittance. Meanwhile, in this example, when the gate
electrodes of the semiconductor devices include a material
having a relatively high transmittance, reliabilities of other
semiconductor devices may be reduced even though the semi-
conductor device sensing the light may have a higher sensing
ability.
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[0052] To differentiate from the display panel of the above
mentioned example, the display panel 100 according to
example embodiments of the invention may include the plu-
rality of semiconductor devices (e.g., the first semiconductor
device 190, the second semiconductor device 192 and the
third semiconductor device 194) with different transmittance.
Here, the first semiconductor device 190 serving as the sens-
ing transistor may locate in the first region I of the substrate
105, and may include the first active layer portion 115, the
gate insulation layer 130, the first gate electrode 135, the
insulating interlayer 170, the first source electrode 1754, and
the first drain electrode 1755. The second semiconductor
device 192 serving as the switching transistor may be dis-
posed in the second region II of the substrate 105, and may
include the second active layer portion 120, the gate insula-
tion layer 130, the second gate electrode 160 having the first
gate electrode layer portion 140 and the second gate electrode
layer portion 150, the insulating interlayer 170, the second
source electrode 1804, and the second drain electrode 1805.
The third semiconductor 194 serving as the driving transistor
may be disposed in the third region III of the substrate 105,
and may include a third active layer portion 125, the gate
insulation layer 130, a third gate electrode 163, the insulating
interlayer 170, a third source electrode 1854, and a third drain
electrode 1855. The first gate electrode 135 including the
transparent conductive material may have the first transmit-
tance. The second gate electrode 160 and the third gate elec-
trode 165 of the third semiconductor device 194 including the
opaque conductive materials may have the second transmit-
tance and the third transmittance, respectively. The second
and the third transmittances may be substantially lower than
the first transmittance. Therefore, the first gate electrode 135
of the first semiconductor device 190 may transmit the light
emitted from the organic light emitting structure, so that the
first semiconductor 190 may efficiently sense the light. Fur-
ther, the second gate electrode 160 of the second semicon-
ductor device 192 and the third gate electrode 165 of the third
semiconductor device 194 may reflect the light, such that the
photo currents generated in the second and the third active
layer portions 120 and 125 may be reduced. Since the second
gate electrode 160 and the third gate electrode 165 may have
the multi-layered structures, the threshold voltages of the
second and the third semiconductor devices 192 and 194 may
be substantially uniformly maintained. As a result, the second
and the third semiconductor devices 192 and 194 may ensure
enhanced reliabilities.

[0053] FIGS. 2 to 8 are cross sectional views illustrating a
method of manufacturing a display panel in accordance with
example embodiments.

[0054] Referring to FIG. 2, a buffer layer 110 may be
formed on a substrate 105. In example embodiments, the
substrate 105 may have a first region I, a second region IT and
a third region I1I. The buffer layer 110 may be formed using
silicon compound, transparent resin, etc.

[0055] A firstactive layer portion 115, a second active layer
portion 120 and a third active layer portion 125 may be
formed on the buffer layer 110. In example embodiments, the
first active layer portion 115, the second active layer portion
120 and the third active layer portion 125 may be formed in
the first region I, in the second region II and in the third region
111, respectively. Each of the first to the third active layer
portions 115, 120 and 125 may be formed using amorphous
silicon, amorphous silicon containing impurities, etc. Alter-
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natively, each of the first to the third active layer portions 115,
120 and 125 may be formed using oxide semiconductor.
[0056] As illustrated in FIG. 2, a gate insulation layer 130
may be formed on the buffer layer to cover the first to the third
active layer portions 115, 120 and 125. That is, the gate
insulation layer 130 may be formed in the first to the third
regions I, II and III. The gate insulation layer 130 may be
formed using silicon compound such as silicon oxide, silicon
carbon oxide, etc.

[0057] Referring to FIG. 3, a first electrode material layer
131 may be formed on the gate insulation layer 130, and then
a second electrode material layer 146 may be formed on the
first electrode material layer 131. In example embodiments,
the first electrode material layer 131 may be formed using a
substantially transparent conductive material. For example,
the first electrode material layer 131 may be formed using
indium tin oxide, indium zinc oxide, zinc oxide, tin oxide,
gallium oxide and/or indium oxide. The first electrode mate-
rial layer 131 may be obtained by a sputtering process, a
chemical vapor deposition process, a pulse laser deposition
process, a vapor deposition process, an atomic layer deposi-
tion process, etc. The second electrode material layer 146
may be formed using an opaque conductive material. For
example, the second electrode material layer 146 may be
formed using chromium (Cr) based-metal, aluminum (Al)
based-metal, silver (Ag) based-metal, tin (Sn) based-metal,
molybdenum (Mo) based-metal, iron (Fe) based-metal, plati-
num (Pt) based-metal, mercury (Hg) based-metal, etc. The
second electrode material layer 146 may be formed by a
sputtering process, a chemical vapor deposition process, a
pulse laser deposition process, a vapor deposition process, an
atomic layer deposition process, etc.

[0058] Referring to FIG. 4, a photoresist layer portions PR
may be formed on the second electrode material layer 146. A
half-ton mask (not illustrated) or a half-ton slit mask (not
illustrated) having a blocking portion, a semi-transmitting
portion and a transmitting portion may be placed over the
second electrode material layer 146.

[0059] Referring to FIG. 5, the second electrode material
layer 146 and the first electrode material layer 131 may be
etched using the half-ton mask or the half-ton slit mask. Thus,
preliminary first gate electrodes 132 and 147, preliminary
second gate electrodes 133 and 148 and preliminary third gate
electrodes 134 and 149 may be formed on the gate insulation
layer 130.

[0060] Referringto FIG. 6, the photoresist layer portion PR
for forming the first gate electrode may be removed and also
an exposed portion of the second electrode material layer 146
(i.e., the preliminary first gate electrode 147) may be
removed, so a first gate electrode 135 may be provided on the
gate insulation layer 130 in the first region I.

[0061] Referring to FIG. 7, the photoresist layer portions
PR for forming the second and third gate electrodes may be
removed, so that a second gate electrode 160 including a first
gate electrode layer portion 140 and a second gate electrode
layer portion 150 may be provided on the gate insulation layer
130 in the second region II. In addition, a third gate electrode
165 including a third gate electrode layer portion 145 and a
fourth gate electrode layer portion 155 may be provided on
the gate insulation layer 130 in the third region III. In example
embodiments, the second and the third gate electrodes 160
and 165 may be formed while forming the first gate electrode,
such that no additional process and no additional mask may
be required. Therefore, a manufacturing cost for the display
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panel may be reduced and a manufacturing process of the
display panel may be simplified.

[0062] Referring to FIG. 8, an insulating interlayer 170
may be formed on the gate insulation layer 130 to cover the
first gate electrode 135, the second gate electrode 160 and the
third gate electrode 165. The insulating interlayer 170 may be
formed using silicon compound, transparent resin, etc.
[0063] The gate insulation layer 130 and the insulating
interlayer 170 may be partially etched to form a plurality of
contact holes. In this case, the contact holes may expose a
source region of the first active layer portion 115, a drain
region of the first active layer portion 115, a source region of
the second active layer portion 120, a drain region of the
second active layer portion 120, a source region of the third
active layer portion 125, and a drain region of the third active
layer portion 125. The contact holes may be filled with a first
source electrode 175a, a first drain electrode 1755, a second
source electrode 180a, a second drain electrode 1805, a third
source electrode 1854, and a third drain electrode 1855,
respectively. Therefore, the first to the third source electrodes
1754, 180¢ and 185a may contact the source regions of the
first to the third active layer portions 115, 120 and 125
through the contact holes, respectively. Further, the firstto the
third drain electrodes 1755, 1805 and 1855 may contact the
drain regions of the first to the third active layer portions 115,
120 and 125 through the contact holes, respectively.

[0064] As illustrated in FIG. 8, as the first source electrode
175 and the first drain electrode 1755 may be formed, a first
semiconductor device 190 may be provided in the first region
1 of the substrate 105. Additionally, a second semiconductor
device 192 may be provided in the second region II of the
substrate 105 according to the formations of the second
source electrode 180a and the second drain electrode 1804,
Furthermore, as the formations of the third source electrode
185a and the third drain electrode 1854, the third semicon-
ductor device 194 may be provided in the third region III of
the substrate 105. For example, the first, the second and the
third semiconductor devices 190, 192 and 194 may serve as a
sensing transistor, a switching transistor and a driving tran-
sistor, respectively.

[0065] FIG.91isa cross sectional view illustrating a display
panel in accordance with some example embodiments. The
display panel 200 illustrated in FIG. 9 may have a configura-
tion substantially the same as or similar to that of the display
panel 100 described with reference to FIG. 1 except a second
gate electrode 240 and a third gate electrode 245.

[0066] Referring to FIG. 9, afirst gate electrode 235 may be
disposed on a gate insulation layer 230. The first gate elec-
trode 235 may be positioned in a first region I of a substrate
205. The first gate electrode 235 may be substantially ovet-
lapped over a first active layer portion 215 by interposing the
gate insulation layer 230 therebetween. For example, the first
gate electrode 235 may include a transparent conductive
material, so that the first gate electrode 235 may have a first
transmittance. In example embodiments, the first transmit-
tance may be substantially greater than a second transmit-
tance of a second gate electrode 240 and a third transmittance
of a third gate electrode 245. The first gate electrode 235 may
efficiently transmit a light generated from an organic light
emitting structure of a display device, and thus a first semi-
conductor device 270 including the first gate electrode 235
may have an improved light sensing efficiency.

[0067] The second gate electrode 240 may be disposed on
the gate insulation layer 230. The second gate electrode 240
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may locate in a second region II of the substrate 205. The
second gate electrode 240 may be substantially overlapped
over a second active layer portion 220 by interposing the gate
insulation layer 230 therebetween. The second gate electrode
240 may include an opaque conductive material, so that the
second gate electrode 240 may have the second transmittance
substantially lower than the first transmittance of the first gate
electrode 235. Thus, the second gate electrode 240 may
reflect the light emitted from the organic light emitting struc-
ture.

[0068] The third gate electrode 245 may be positioned on
the gate insulation layer 230. The third gate electrode 245
may be disposed in a third region I1I of the substrate 205. The
third gate electrode 245 may be substantially overlapped over
a third active layer portion 225 and the gate insulation layer
230 may be interposed between the third active layer portion
225 and the third gate electrode 245. The third gate electrode
245 may include a material substantially the same as that of
the second gate electrode 240. The third gate electrode 245
may have the third transmittance substantially lower than the
first transmittance of the first gate electrode 235. Hence, the
third gate electrode 245 may also reflect the light emitted
from the organic light emitting structure.

[0069] As described above, each of the second and the third
gate electrodes 240 and 245 may have a relatively simple
structure (e.g., a single-layered structure) compared to the
second and the third gate electrodes 160 and 165 illustrated in
FIG. 1.

[0070] FIGS. 10 to 15 are cross sectional views illustrating
amethod of manufacturing a display panel in accordance with
some example embodiments. The method of forming the
display panel illustrated in FIGS. 10 to 15 is substantially the
same as or similar to those with reference to FIGS. 3 to 8.

[0071] Referring to FIG. 10, a buffer layer 210 may be
formed on a substrate 205 having a first region I, a second
region 1T and a third region I11. A first active layer portion 215,
a second active layer portion 220 and a third active layer
portion 225 may be formed on the buffer layer 210. The first
active layer portion 215, the second active layer portion 220
and the third active layer portion 225 may be formed in the
first region I, in the second region I and in the third region I11,
respectively. For example, each of the first to the third active
layer portions 215, 220 and 225 may be formed using amor-
phous silicon, amorphous silicon containing impurities,
oxide semiconductor, etc.

[0072] A gate insulation layer 230 may be formed on the
buffer layer 210 to cover the first to the third active layer
portions 215, 220 and 225. For example, the gate insulation
layer 230 may be formed using silicon compound such as
silicon oxide, silicon carbon oxide, etc.

[0073] Referring to FIG. 11, a first electrode material layer
232 may be formed on the gate insulation layer 230. For
example, the first electrode material layer 232 may be formed
using a transparent conductive material such as indium tin
oxide, indium zinc oxide, zinc oxide, tin oxide, gallium oxide,
indium oxide, etc.

[0074] Referring to FIG. 12, a first gate electrode 235 may
be formed on the gate insulation layer 230 by patterning the
first electrode material layer 232. The first gate electrode 235
may be positioned on a portionof the gate insulation layer 230
under which the first active layer portion 215 is located. In
other words, the first gate electrode 235 may be substantially
overlapped over the first active layer portion 215 while inter-
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posing the gate insulation layer 230 between the first active
layer portion 215 and the first gate electrode 235.

[0075] Referring to FIG. 13, a second electrode material
layer 247 may be formed on the gate insulation layer 230 to
cover the first gate electrode 235. In example embodiments,
the second electrode material layer 247 may be formed using
an opaque conductive material. Examples of the opaque con-
ductive material for the second electrode material layer 247
may include chromium based-metal, aluminum based-metal,
silver based-metal, tin based-metal, molybdenum based-
metal, iron based-metal, platinum based-metal, mercury
based-metal, etc.

[0076] Referring to FIG. 14, a second gate electrode 240
and a third gate electrode 245 may be formed on the gate
insulation layer 230 by patterning the second electrode mate-
riallayer 247. The second gate electrode 240 may be provided
on a portion of the gate insulation layer 230 under which the
second active layer portion 220 is located. In addition, the
third gate electrode 245 may be positioned on a portion of the
gate insulation layer 230 under which the third active layer
portion 225 is formed. As such, the second gate electrode 240
and the third gate electrode 245 may have simplified struc-
tures so that processes of manufacturing the second semicon-
ductor device 272 (see FIG. 9) and the third semiconductor
device 274 (see F1G. 9) may be simplified. Further, manufac-
turing cost for display panel may be reduced.

[0077] Referring to FIG. 15, an insulating interlayer 270
may be formed on the gate insulation layer 230 to cover the
first to the third gate electrodes 235, 240 and 245. A first
source electrode 255a, a first drain electrode 2555, a second
source electrode 260a, a second drain electrode 2605, a third
source electrode 2654, and a third drain electrode 2655 may
be formed on the insulating interlayer 270. The first source
and drain electrodes 255a and 2555 may make contact with
the first active layer portion 215 through the insulating inter-
layer 270 and the gate insulation layer 230. The second source
and drain electrodes 260a and 2605 may contact the second
active layer portion 220 through the insulating interlayer 270
and the gate insulation layer 230. The third source and drain
electrodes 2654 and 2655 may contact the third active layer
portion 225 through the insulating interlayer 270 and the gate
insulation layer 230.

[0078] As illustrated in FIG. 15, the first semiconductor
device 270 (see FIG. 9) may be provided in the first region I
after forming of the first source electrode 255¢ and the first
drain electrode 2555. The second semiconductor device 272
may also be provided in the second region II by forming the
second source electrode 260a and the second drain electrode
2605. Moreover, the third semiconductor device 274 may be
provided in the third region I1I according to the formations of
the third source electrode 2654 and the third drain electrode
265h. For example, the first to the third semiconductor
devices 270, 272 and 274 may serve as a sensing transistor, a
switching transistor and a driving transistor, respectively.

[0079] FIG. 16 is a cross sectional view illustrating an
organic light emitting display device in accordance with
example embodiments. Although the organic light emitting
display device illustrated in FIG. 16 may include a display
panel substantially the same as or similar to the display panel
100 described with reference to FIG. 1, those ordinary skilled
in the art could understand that the organic light emitting
display device in FIG. 16 may include the display panel 200
described with reference to FIG. 9. Descriptions of compo-
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nents and/or structures in FIG. 16 substantially the same as or
similar to those of FIG. 1 will be omitted.
[0080] Referring to FIG. 16, the organic light emitting dis-
play device may include a substrate 305, a first semiconductor
device 390, a second semiconductor device 392, a third semi-
conductor device 394, a first electrode 400, an organic light
emitting structure 410, a second electrode 415, etc.
[0081] An insulation layer 395 may be disposed over the
substrate 305 to cover the first to the third semiconductor
devices 390, 392 and 394. The insulation layer 395 may
include an organic material or an inorganic material.
[0082] The first electrode 400 may be disposed on the insu-
lation layer 395. For example, the first electrode 400 may
include a material having a transmittance. Alternatively, the
first electrode 400 may include a material having a reflectiv-
ity.
[0083] A pixel defining layer 405 may be positioned on the
first electrode 400. The pixel defining layer 405 may include
an opening partially exposing the first electrode 400. The
pixel defining layer 405 may include an organic material or an
inorganic material.
[0084] The organic light emitting structure 410 may be
disposed on the first electrode 400 exposed by the opening of
the pixel defining layer 405. An organic light emitting layer of
the organic light emitting structure 410 may be formed using
alight emitting material for generating several colors of light
in accordance with pixels of the organic light emitting display
device. Alternatively, the organic light emitting layer of the
organic light emitting structure 410 may include a plurality of
stacked light emitting materials generating different colors of
light to thereby emitting a white color of light.
[0085] The second electrode 415 may be located on the
pixel defining layer 405 and the organic light emitting struc-
ture 410. The second electrode 415 may include a material
substantially the same as that of the first electrode 400.
[0086] Example embodiments of the invention may be
employed in any electronic device including a display panel.
For example, the organic light emitting display device
according to example embodiments may be used in a note-
book computer, a laptop computer, a digital camera, a video
camcorder, a cellular phone, a smart phone, a smart pad, a
portable multimedia player (PMP), a personal digital assis-
tant (PDA), a MP3 player, a navigation system, a television, a
computer monitor, a game console, a video phone, etc.
[0087] The foregoing is illustrative of example embodi-
ments and is not to be construed as limiting thereof. Although
a few example embodiments have been described, those
skilled in the art will readily appreciate that many modifica-
tions are possible in the example embodiments without mate-
rially departing from the novel teachings and advantages of
the present inventive concept. Accordingly, all such modifi-
cations are intended to be included within the scope of the
present inventive concept as defined in the claims. Therefore,
it is to be understood that the foregoing is illustrative of
various example embodiments and is not to be construed as
limited to the specific example embodiments disclosed, and
that modifications to the disclosed example embodiments, as
well as other example embodiments, are intended to be
included within the scope of the appended claims.

What is claimed is:

1. A display panel comprising:

a substrate comprising a major surface which comprises a

first region, a second region and a third region when
viewed in a direction perpendicular to the major surface;
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a first semiconductor device disposed over the first region
of the substrate and comprising a first gate electrode, the
first gate electrode of the first semiconductor device
having a first transmittance;

a second semiconductor device disposed over the second
region of the substrate and comprising a second gate
electrode, the second gate electrode of the second semi-
conductor device having a second transmittance sub-
stantially different from the first transmittance; and

athird semiconductor device disposed over the third region
of the substrate and comprising a third gate electrode,
the third gate electrode of the third semiconductor
device having a third transmittance substantially differ-
ent from the first transmittance.

2. The display panel of claim 1, wherein the first transmit-
tance is substantially greater than the second transmittance
and the third transmittance.

3. The display panel of claim 2, wherein the second trans-
mittance is substantially identical to the third transmittance.

4. The display panel of claim 2, wherein the second trans-
mittance is substantially different from the third transmit-
tance.

5. The display panel of claim 1, wherein the first semicon-
ductor device comprises:

a first active layer portion;

a gate insulation layer covering the first active layer por-

tion;

the first gate electrode disposed over the gate insulation
layer, the first gate electrode comprising a substantially
transparent conductive material; and

afirst source electrode and a first drain electrode contacting
the first active layer portion.

6. The display panel of claim 5, wherein the second semi-

conductor device comprises:

a second active layer portion;

the gate insulation layer covering the second active layer
portion;

the second gate electrode disposed over the gate insulation
layer, the second gate electrode comprising a first gate
electrode layer portion comprising a substantially trans-
parent conductive material and a second gate electrode
layer portion comprising a substantially opaque conduc-
tive material disposed over the first gate electrode layer
portion; and

a second source electrode and a second drain electrode
contacting the second active layer portion.

7. The display panel of claim 6, wherein the third semicon-

ductor device comprises:

a third active layer portion;

the gate insulation layer covering the third active layer
portion;

the third gate electrode disposed over the gate insulation
layer, the third gate electrode comprising a third gate
electrode layer portion comprising a substantially trans-
parent conductive material and a fourth gate electrode
layer portion comprising a substantially opaque conduc-
tive material disposed over the third gate electrode layer
portion; and

athird source electrode and a third drain electrode contact-
ing the third active layer portion.

8. The display panel of claim 7, wherein each of the sub-

stantially transparent conductive materials comprises at least
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one selected from the group consisting of indium tin oxide,
indium zinc oxide, zinc oxide, tin oxide, gallium oxide and
indium oxide.

9. The display panel of claim 7, wherein each of the sub-
stantially opaque conductive materials comprises at least one
selected from the group consisting of chromium (Cr) based-
metal, aluminum (Al) based-metal, silver (Ag) based-metal,
tin (Sn) based-metal, molybdenum (Mo) based-metal, iron
(Fe) based-metal, platinum (Pt) based-metal and mercury
(Hg) based-metal.

10. The display panel of claim 5, wherein the second semi-
conductor device comprises:

a second active layer portion,;

the gate insulation layer covering the second active layer
portion;

a second gate electrode disposed over the gate insulation
layer, the second gate electrode comprising a substan-
tially opaque conductive material; and

a second source electrode and a second drain electrode
contacting the second active layer portion.

11. The display panel of claim 10, wherein the third semi-

conductor device comprises:

a third active layer portion;

the gate insulation layer covering the third active layer
portion;

a third gate electrode disposed over the gate insulation
layer, the third gate electrode comprising a substantially
opaque conductive material; and

a third source electrode and a third drain electrode contact-
ing the third active layer portion.

12. A method of manufacturing a display panel compris-

ing:

providing a substrate comprising a major surface which
comprises a first region, a second region and a third
region when viewed in a direction perpendicular to the
major surface;

forming a first active layer portion over the first region of
the substrate;

forming a second active layer portion over the second
region of the substrate;

forming a third active layer portion over the third region of
the substrate;

forming a gate insulation layer over the substrate to cover
the first active layer portion, the second active layer
portion and the third active layer portion;

forming a first gate electrode over the first active layer
portion, the gate insulation layer being interposed
between the first active layer portion and the first gate
electrode;

forming a second gate electrode over the second active
layer portion, the gate insulation layer being interposed
between the second active layer portion and the second
gate electrode;

forming a third gate electrode over the third active layer
portion, the gate insulation layer being interposed
between the third active layer portion and the third gate
electrode;

forming a first source electrode and a first drain electrode
contacting the first active layer portion;

forming a second source electrode and a second drain
electrode contacting the second active layer portion; and

forming a third source electrode and a third drain electrode
contacting the third active layer portion.
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13. The method of claim 12, wherein forming the first gate
electrode comprises:

forming a first electrode material layer over the gate insu-

lation layer;

forming a second electrode material layer over the first

electrode material layer;

partially etching the first electrode material layer and the

second electrode material layer using a half-ton mask or
a half-ton slit mask formed over the second electrode
material layer to form a first patterned portion compris-
ing a first electrode material layer portion and a second
electrode layer portion disposed over the first electrode
material layer portion; and

removing the second electrode material layer portion of the

first patterned portion, thereby forming the first gate
electrode.

14. The method of claim 12, wherein forming the second
gate electrode and forming the third gate electrode comprise:

forming a first electrode material layer over the gate insu-

lation layer;

forming a second electrode material layer over the first

electrode material layer; and

etching the first electrode material layer and the second

electrode material layer to form a second patterned por-
tion and a third patterned portion, thereby forming the
second gate electrode and third gate electrode.

15. The method of claim 14, wherein etching the first
electrode material layer and the second electrode material
layer is performed using a half-ton mask or a half-ton slit
mask.

16. The method of claim 12, wherein forming the first gate
electrode comprises:

forming a first electrode material layer over the gate insu-

lation layer; and

partially etching the first electrode material layer to form

the first gate electrode over the gate insulation layer over
the first region of the substrate.

17. The method of claim 12, wherein forming the first gate
electrode comprises:
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forming a first electrode material layer over the gate insu-

lation layer; and

partially etching the first electrode material layer to form

the first gate electrode over the gate insulation layer over
the first region of the substrate;

wherein forming the second gate electrode comprise:

forming a second electrode material layer covering the first

gate electrode; and

partially etching the second electrode material layer to

form the second gate electrode over the gate insulation
layer over the second region of the substrate.

18. The method of claim 12, wherein forming the first
electrode comprises:

forming a first electrode material layer on the gate insula-

tion layer;

partially etching the first electrode material layer to form

the first gate electrode over the gate insulation layer over
the first region of the substrate;

wherein forming the third electrode comprises:

forming a second electrode material layer covering the first

gate electrode; and

partially etching the second electrode material layer to

form the third gate electrode over the gate insulation
layer over the third region of the substrate.

19. The method of claim 12, wherein the first gate electrode
has a first transmittance, the second gate electrode has a
second transmittance substantially different from the first
transmittance, and the third gate electrode has a third trans-
mittance substantially different from the first transmittance.

20. An organic light emitting display device comprising:

the display panel of claim 1;

a first electrode disposed over the substrate and contacting

to the third semiconductor device;

an organic light emitting structure disposed over the first

electrode; and

asecond electrode disposed over the organic light emitting

structure.
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