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ORGANIC ELECTRO LUMINESCENCE
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This U.S. non-provisional patent application claims
priority under 35 U.S.C. §119 to Korean Patent Application
No. 10-2011-0114093, filed on Nov. 3, 2011, the entirety of
which is incorporated by reference herein.

BACKGROUND

[0002] The described technology generally relates to dis-
play devices and, more particularly, to organic electro lumi-
nescence displays.

[0003] Electrons and holes injected into an organic light
emitting layer through a cathode and an anode are recom-
bined to form excitons. Organic electro luminescence dis-
plays correspond to display devices using the phenomenon
which generate light of predetermined wavelength by energy
of the excitons.

[0004] The organic electro luminescence displays may be
classified into passive driving type-organic electro lumines-
cence displays and active driving type-organic electro lumi-
nescence displays according to driving methods. The active
driving type-organic electro luminescence display includes
two thin film transistors for driving an organic light emitting
diode including the organic light emitting layer. That is, the
active driving type-organic electro luminescence display
includes a driving transistor applying a driving current into
the organic light emitting diode, and a switching transistor to
turn on/off the driving transistor by transmitting a data signal
to the driving transistor. The organic light emitting diode
typically includes a pixel electrode, the organic light emitting
layer, and a common electrode.

[0005] Additionally, the organic electro luminescence dis-
play may further include interconnections electrically con-
nected to the driving transistor and the switching transistor.
Here, a parasitic capacitance may be generated between the
interconnections and the organic light emitting layer that can
decrease a driving speed of the organic light emitting layer
and increase power consumption.

SUMMARY

[0006] One inventive aspect is an organic electro lumines-
cence display with improved driving speed and reduced
power consumption.

[0007] Another aspect is an organic electro luminescence
display which includes: a substrate; an organic light emitting
diode disposed on the substrate and including a pixel elec-
trode, an organic light emitting layer, and a common elec-
trode; a scan interconnection disposed on the substrate and
providing a scan signal to the organic light emitting diode; a
data interconnection disposed on the substrate and providing
a data signal to the organic light emitting diode; and a power
interconnection disposed on the substrate and providing a
power to the organic light emitting diode. The common elec-
trode has an opening overlapped with at least a portion of the
scan interconnection, the data interconnection, and the power
interconnection.

[0008] The scan interconnection may extend in a first direc-
tion and the data interconnection may extend in a second
direction crossing the first direction.
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[0009] The organic light emitting diode may be provided in
plural. Each of the organic light emitting diodes may be
electrically connected to the scan interconnection, the data
interconnection, and the power interconnection.

[0010] The common electrode may be provided in one
plate-like shape and the plurality of the organic light emitting
diodes may share the common electrode.

[0011] The organic electro luminescence display may fur-
ther include: a switching transistor electrically connected to
the scan interconnection, the data interconnection, and the
power interconnection; and a driving transistor electrically
connected to power interconnection and the organic light
emitting diode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a schematic diagram of an organic electro
luminescence display according to one embodiment.

[0013] FIGS. 2A and 2B are plan views illustrating an
organic electro luminescence display according to one
embodiment.

[0014] FIGS.3A and 3B are cross-sectional views illustrat-
ing an organic electro luminescence display according to one
embodiment.

[0015] FIGS. 4A to 12A and 4B to 12B are cross sectional
views illustrating a method of manufacturing an organic elec-
tro luminescence display according to one embodiment.

DETAILED DESCRIPTION

[0016] Embodiments will now be described more fully
hereinafter with reference to the accompanying drawings.
The disclosed embodiments are not limited to the specific
examples provided in the drawings and are exaggerated for
clarity.

[0017] FIG. 1 is a schematic diagram of an organic electro
luminescence display according to one embodiment.

[0018] Referring to FIG. 1, an organic electro lumines-
cence display may include a pixel part 10 displaying an
image, a scan driver 20, and a data driver 30.

[0019] The scan driver 20 may be electrically connected to
the pixel part 10 by a plurality of scan interconnections SL,,
SL,, and SL,,. The scan driver 20 may transmit scan signals to
the pixel part 10 through the scan interconnections SL |, SL,,
and SL,,. The scan interconnections SL,, SL,, and SL,,, may
extend in one direction.

[0020] The data driver 30 may be electrically connected to
the pixel part 10 by a plurality of data interconnections DL,
DL,, and DL,,. The data driver 30 may transmit data signals to
the pixel part 10 through the data interconnections DL, DL,,
and DL,,.

[0021] The data interconnections DL, DL,, and DL,, may
extend to cross the scan interconnections SL,, SL.,, and SL,,.
The data interconnections DL, DL,, and DL,, and the scan
interconnections SL,, SL,, and SL,, may cross each other.
[0022] The organic electro luminescence display may fur-
ther power interconnections VL for applying a power to the
pixel part 10.

[0023] The pixel part 10 may include a plurality of pixels
PX. Each of the pixels PX may be electrically connected to a
corresponding data interconnection of the data interconnec-
tions DL, DL,, and DL,,, a corresponding scan interconnec-
tion of the scan interconnections SL,, SL,, and SL,,, and a
corresponding power interconnection of the power connec-
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tions VL. The pixel PX may include a switching transistor
TRs, a driving transistor TRd, and an organic light emitting
diode OLED.

[0024] A method of driving the organic electro lumines-
cence display will be described briefly. The scan signal from
the scan driver 20 and the data signal from the data driver 30
are transmitted to the pixel PX through the scan interconnec-
tion SL,, SL,, or SL,,, and the data interconnection DL, DL,
or DL, , respectively. The switching transistor TRs of the pixel
PX receiving the scan signal and the data signal may turn the
driving transistor TRd on/off. The driving transistor TRd
applies a driving current according to the data signal to the
organic light emitting diode OLED. The organic light emit-
ting diode OLED receiving the driving current may emit light
having a color corresponding to the driving current. The pixel
part 10 may further a capacitor C. The capacitor C may store
a voltage corresponding to the data signal.

[0025] Even though not shown in more detail in the draw-
ings, the organic electro luminescence display may further
include a plurality of additional thin film transistors and a
plurality of additional capacitors for compensating a thresh-
old voltage of the driving transistor TRd.

[0026] FIG.2A s aplan view illustrating an organic electro
luminescence display according to one embodiment, and
FIG. 2B is an enlarged view illustrating a portion of the
organic electro luminescence display of FIG. 2A. FIG. 3A is
a cross-sectional view taken along a line I-I' of FIG. 2B, and
FIG. 3B is a cross-sectional view taken along a line II-II' of
FIG. 2B.

[0027] Referring to FIGS. 2A, 2B, 3A, and 3B, the organic
luminescence display may include the scan interconnections
SL,, SL,, and SL,,, the data interconnections DL, DL,, and
DL,,, the power interconnections VL, and pixels PX disposed
on a substrate 100.

[0028] The data interconnections DL, DL,, and DL,, may
be arranged by substantially equal intervals to extend in a first
direction D1. The scan interconnections SL,, SL,, and SL,,
may be arranged by substantially equal intervals to extend in
a second direction D2 substantially perpendicular to the first
direction D1.

[0029] In some embodiments, the power interconnections
VL may be arranged by substantially equal intervals to extend
in the first direction D1. That is, the power interconnections
VL may be substantially parallel to the data interconnections
DL,, DL,, and DL,,. In other embodiments, the power inter-
connections VL may be arranged by substantially equal inter-
vals to extend in the second direction D2. That is, the power
interconnections VL may be substantially parallel to the scan
interconnections SL,, SL,, and SL,. However, the above
extending directions of the scan interconnections SL,, SL,,
and SL,,, the data interconnections DL,, DL, and DL,,, and
the power interconnections VL are merely illustrative and are
not intended to be limiting.

[0030] The scan interconnections SL;, SL,, and SL,,, the
data interconnections DL,, DL,, and DL,, and the power
interconnections VL, may cross each other on the substrate
100.

[0031] Each of the pixels PX may include the switching
transistor TRs, the driving transistor TRd, a capacitor (not
shown), and the organic light emitting diode OLED.

[0032] The switching transistor TRs may be a thin film
transistor. In some embodiments, the switching transistor
TRs may include a first gate electrode 106, a first semicon-
ductor pattern 118 spaced apart from the gate electrode 106,
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a first gate insulating layer 112a disposed between the first
gate electrode 106 and the first semiconductor pattern 118, a
first source/drain electrode 128a, and a second source/drain
electrode 128b. The first source/drain electrode 1284 and the
second source/drain electrode 1285 may overlap with at least
portions of the first semiconductor pattern 118, respectively.
The first gate electrode 106 may be electrically connected to
the scan interconnection SL, the first source/drain electrode
128a may be electrically connected to the data interconnec-
tion DL, and the second source/drain electrode 1285 may be
electrically connected to the power interconnection VL.
[0033] The driving transistor TRd may be a thin film tran-
sistor. In some embodiments, the driving transistor TRd may
include a second gate electrode 110, a second semiconductor
pattern 122 spaced apart from the second gate electrode 110,
a second gate insulating layer 1125 disposed between the
second gate electrode 110 and the second semiconductor
pattern 122, a first source/drain electrode 1324, and a second
source/drain electrode 1325. The first source/drain electrode
1324 and the second source/drain electrode 1325 of the driv-
ing transistor TRd may overlap with at least portions of the
second semiconductor pattern 122, respectively. The second
gate electrode 110 may be electrically connected to the power
interconnection VL. Also, the second gate electrode 110 may
be electrically connected to the second source/drain electrode
12854 of the switching transistor TRs. The first source/drain
electrode 1324 may be electrically connected to the organic
light emitting diode OLED. The second source/drain elec-
trode 1325 may be electrically connected to the power inter-
connection VL.

[0034] Theorganic light emitting diode OLED may include
a pixel electrode 140, a common electrode 148 facing the
pixel electrode 140, and an organic light emitting layer 146
disposed between the pixel electrode 140 and the common
electrode 148.

[0035] Thepixel electrode 140 may be formed of indium tin
oxide (ITO) or indium zinc oxide (1ZO) with excellent light
transmittance. The pixel electrode 140 may function as an
anode supplying holes into the organic light emitting layer

[0036] The common electrode 148 may be formed of ITO
or IZO with excellent light transmittance. The common elec-
trode 148 may function as a cathode supplying electrons into
the organic light emitting layer 146. The common electrode
148 will be described in more detail later.

[0037] The organic light emitting layer 146 may be an
organic electro luminescence layer. The organic light emit-
ting layer 146 may be formed of at least one layer generating
light. Even though not shown in more detail in drawings, in
some embodiments, the organic light emitting layer 146 may
include a hole-transport layer, a light emitting layer, an elec-
tron-transport layer, and an insulating layer. The light emit-
ting layer may include a plurality of light emitting layers such
as a blue light emitting layer, a green light emitting layer, and
a red light emitting layer.

[0038] Hereinafter, the common electrode 148 will be
described in more detail.

[0039] The common electrode 148 may have a substan-
tially planar shape which substantially covers the substrate
100. The common electrode 148 may include an opening 150.
In more detail, a plurality of organic light emitting diodes may
includes a plurality of the pixel electrodes 140, a plurality of
the organic light emitting layers 146, and one common elec-
trode 148.
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[0040] The opening 150 of the common electrode 148 may
overlap with at least a portion of the scan interconnection SL,
the data interconnection DL, and the power interconnection
VL. The opening 150 may be provided in plural. The number
of the openings 150 and the shape of the opening 150 are
merely illustrative and are not intended to be limiting.
[0041] In other embodiments, a conductive layer thinner
than the common electrode 148 may remain in the opening
150. In still other embodiments, conductive particles may
remain in the opening 150.

[0042] Since the area of the common electrode 148 corre-
sponding to the scan, data, power interconnections SL, DL,
and VL is minimized, it is possible to minimize a parasitic
capacitance between the common electrode 148 and the scan,
data, and/or power interconnection SL, DL, and/or VL. Since
the parasitic capacitance is minimized, a driving speed of the
organic electro luminescence display may be improved and/
or a power consumption of the organic electro luminescence
display may be reduced.

[0043] FIGS. 4A to 12A and 4B to 12B are cross sectional
views illustrating a method of manufacturing an organic elec-
tro luminescence display according to one embodiment.
FIGS. 4A to 12A are cross sectional views taken along a line
I-I' to illustrate a method of manufacturing an organic electro
luminescence display according to one embodiment, and
FIGS. 4B to 12B are cross sectional views taken along a line
II-IT' to illustrate a method of manufacturing an organic elec-
tro luminescence display according to one embodiment.
[0044] Referring to FIGS. 4A and 4B, a first insulating
layer 102 may be formed on a substrate 100. A first conduc-
tive pattern 104, a second conductive pattern 106, a third
conductive pattern 108, a fourth conductive pattern 110, and
a fifth conductive pattern 111 may be formed on the first
insulating layer 102.

[0045] The first insulating layer 102 may be formed of at
least one of silicon oxide, silicon nitride, and silicon oxyni-
tride. A first conductive layer (not show) may be formed on
the first insulating layer 102. The first conductive layer may
be formed of at least one of aluminum, silver, copper, molyb-
denum, chrome, tantalum, titanium, and any alloy thereof.
[0046] A mask may be formed on the first conductive layer
and then an etching process using the mask may be performed
on the first conductive layer to form the first to fifth conduc-
tive patterns 104,106, 108,110, and 111. The first conductive
pattern 104 may extend in the second direction D2 of FIG. 2B
and function as the scan inter connection SL of FIG. 2B. The
second conductive pattern 106 may function as the first gate
electrode of the switching transistor TRs of FIG. 2B. The
second conductive pattern 106 may be laterally protruded
from the first conductive pattern 104 when viewed from a plan
view.

[0047] The third conductive pattern 108 may be a part
extending from the power interconnection VL of FIG. 2B.
The fourth conductive pattern 110 may function as the second
gate electrode of the driving transistor TRd of FIG. 2B. The
fifth conductive pattern 111 may function as the data line DL,
of FIG. 2B.

[0048] Referring to FIGS. 5A and 5B, a second insulating
layer 112 may be formed on the first insulating layer 102 and
the first to fifth conductive patterns 104, 106, 108, 110, and
111.

[0049] The second insulating layer 112 may function as a
gate insulating layer. The second insulating layer may be
formed of at least one of silicon oxide and silicon nitride.
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[0050] Referring to FIGS. 6A and 6B, a semiconductor
layer 114 and an ohmic layer 116 may be sequentially formed
on the second insulating layer 112.

[0051] The semiconductor layer 114 may be formed of an
amorphous semiconductor or a polycrystalline semiconduc-
tor. The ohmic layer 116 may be formed of silicide.

[0052] Referring to FIGS. 7A and 7B, the ohmic layer 116
and the semiconductor layer 114 may be etched to form a first
semiconductor pattern 118, a second semiconductor pattern
122, a preliminary first ohmic pattern 120 and a preliminary
second ohmic pattern 124.

[0053] The first semiconductor pattern 118 and the prelimi-
nary first ohmic pattern 120 may be formed on the first gate
electrode 106. The second insulating layer 112 disposed
between the first gate electrode 106 and the first semiconduc-
tor pattern 118 is referred to as a first gate insulating layer
112a.

[0054] The second semiconductor pattern 122 and the pre-
liminary second ohmic pattern 124 may be formed on the
second gate electrode 110. The second insulating layer 112
disposed between the second gate electrode 110 and the sec-
ond semiconductor pattern 122 is referred to as a second gate
insulating layer 1124.

[0055] Referring to FIGS. 8A and 8B, a second conductive
layer 126 may be formed on the second insulating layer 112,
and the first and second preliminary ohmic patterns 120 and
124. The second conductive layer 126 may be formed of
metal such as aluminum or aluminum alloy.

[0056] Referring to FIGS. 9A and 9B, the second conduc-
tive layer 126, the preliminary first and second ohmic patterns
120 and 124 may be etched. The second conductive layer 126
may be etched to form a sixth conductive pattern 130, a
seventh conductive pattern 12854, an eighth conductive pat-
tern 134, and a ninth conductive pattern 132a. The prelimi-
nary ohmic patterns 120 and 124 may be etched to form first
ohmic patterns 120a and 1205 and second ohmic patterns
124a and 124b.

[0057] The first ohmic patterns 120a and 1206 may be
formed to expose a center portion of the first semiconductor
pattern 118. The second ohmic patterns 124a and 1245 may
be formed to expose a center portion of the second semicon-
ductor pattern 122.

[0058] The sixth conductive pattern 130 may be connected
to the data interconnection DL of FIG. 2B extending in the
first direction D1 of FIG. 2B. The sixth conductive pattern
130 may extend from the data interconnection DL to cover
one 120a of the first ohmic patterns 120a and 1205. The
portion of the sixth conductive pattern 130 covering the one
120a of the first ohmic patterns may function as the first
source/drain electrode 1284 of the switching transistor TRs.
[0059] The seventh conductive pattern 1285 may be formed
to cover another one 1205 of the first ohmic patterns. The
seventh conductive pattern 1285 may function as the second
source/drain electrode 1285 of the switching transistor TRs.
[0060] The eighth conductive pattern 134 may be electri-
cally connected to the power interconnection VL of FIG. 2B.
The eighth conductive pattern 134 may extend from the
power interconnection VL to cover one 1245 of the second
ohmic patterns. The portion of the eighth conductive pattern
134 covering the one 1245 of the second ohmic patterns may
function as the second source/drain electrode 1324 of the
driving transistor TRd.

[0061] Theninth conductive pattern 132a may be formed to
cover another one 124a of the second ohmic patterns. The



US 2013/0113774 Al

ninth conductive pattern 132a¢ may function as the first
source/drain electrode 132a of the driving transistor TRd.
[0062] Thus, the switching transistor TRs including the first
gate electrode 106, the first gate insulating layer 112a, the first
semiconductor pattern 118, the first ohmic patterns 120a and
1205, the first source/drain electrode 1284, and the second
source/drain electrode 1285 may be formed on the substrate
100.

[0063] Additionally, the driving transistor TRd including
the second gate electrode 110, the second gate insulating
layer 1124, the second semiconductor pattern 122, the second
ohmic patterns 124a and 1245, the first source/drain electrode
1324, and the second source/drain electrode 1326 may be
formed on the substrate 100.

[0064] Even though not shown in more detail in drawings,
the data interconnection DL connected to the first source/
drain electrode 128a of the switching transistor TRs and the
scan interconnection SL connected to the first gate electrode
106 may be formed. Also, the power interconnection VL
connected to the second source/drain electrode 1325 of the
driving transistor TRd may be formed.

[0065] Referring to FIGS. 10A and 10B, a third insulating
layer 136 may be formed to cover the substrate 100 on which
the switching transistor TRs and the driving transistor TRd
are formed. The third insulating layer 136 may have a first
contact hole H1, a second contact hole H2, and a third contact
hole H3.

[0066] The third insulating layer 136 may be formed of
silicon oxide, silicon nitride, or silicon oxynitride. The first
contact hole H1 may partially expose the second source/drain
electrode 1285 of the switching transistor TRs. The second
contact hole H2 may partially expose the third conductive
pattern 108. The third contact hole H3 may partially expose
the first source/drain region 132a of the driving transistor
TRd.

[0067] Subsequently, a fourth conductive layer (not shown)
may be conformally formed on the third insulating layer 136
having the first to third contact holes H1, H2, and H3, and then
the fourth conductive layer may be patterned to formed a
tenth conductive pattern 138 and a pixel electrode 140.
[0068] The tenth conductive pattern 138 extending along
inner surfaces of the first and second contact holes H1 and H2
without a cut to electrically connect the second source/drain
region 1286 of the switching transistor TRs to the third con-
ductive pattern 108. The pixel electrode 140 may be electri-
cally connected to the first source/drain electrode 132a of the
driving transistor TRd.

[0069] Referringto FIGS. 11A and 11B, a fourth insulating
layer 142 may be formed on the substrate 100 on which the
third insulating layer 136, the tenth conductive pattern 138
and the pixel electrode 140 are formed. The fourth insulating
layer 142 may be formed to substantially completely fill the
first to third contact holes H1, H2, and H3 in which the tenth
conductive pattern 138 and the pixel electrode 140 are
formed.

[0070] Referring to FIGS. 12A and 12B, an organic light
emitting layer 146 may be formed to be in contact with the
pixel electrode 140.

[0071] The fourth insulating layer 142 may be etched to
form a recess 144 partially exposing the pixel electrode 140
and then the organic light emitting layer 146 may be formed
to fill the recess 144.

[0072] Referring to FIGS. 3A and 3B again, the common
electrode 148 may be formed to have the opening 150 corre-
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sponding to at least portions of the scan, data, and power
interconnections SL, DL, and VL of FIG. 2B.
[0073] Even though not shown in more detail in the draw-
ings, after a layer for preventing the formation of the common
electrode 148 may be formed on a region corresponding to at
least portions of the scan, data, and power interconnections
SL, DL, and VL, the common electrode 148 may be formed.
The common electrode 148 is not formed on the region cor-
responding to at least portions of the scan, data, and power
interconnections SL, DL by the layer for preventing the for-
mation of the common electrode 148. Alternatively, after a
formation-promotion layer may be formed on a region where
the common electrode 148 will be formed, the common elec-
trode 148 may be formed on the formation-promotion layer.
[0074] Inthe formation ofthe common electrode 148 by the
process described above, a portion of a conductive layer used
as the common electrode 148 may thin remain in the opening
150. Alternatively, conductive particles of the conductive
layer used as the common electrode 148 may remain in the
opening 150.
[0075] Thus, since the area of the common electrode 148
disposed on the scan, data, and power interconnections SL,
DL, and VL is reduced, the parasitic capacitance between the
common electrode 148 and the interconnections SL, DL, and
VL can be reduced.
[0076] According to at least one of the disclosed embodi-
ments, since the common electrode has the opening overlap-
ping with at least a portion of the scan, data, and power
interconnections, the parasitic capacitance between the com-
mon electrode and the scan, data, and power interconnections
can be reduced. Thus, an electrical performance of the
organic electro luminescence display may be improved.
[0077] While the above embodiments have been described
with reference to the accompanying drawings, it will be
apparent to those skilled in the art that various changes and
modifications may be made without departing from the spirit
and scope of the following claims. Therefore, it should be
understood that the above embodiments are not limiting, but
illustrative.
What is claimed is:
1. An organic electro luminescence display comprising:
a substrate;
an organic light emitting diode (OLED) disposed over the
substrate, wherein the OLED comprises a pixel elec-
trode, a common electrode and an organic light emitting
layer interposed between the pixel electrode and the
common electrode;
a scan interconnection disposed over the substrate and
configured to provide a scan signal to the OLED;
a data interconnection disposed over the substrate and con-
figured to provide a data signal to the OLED; and
a power interconnection disposed over the substrate and
configured to provide a power to the OLED,
wherein the common electrode has an opening which over-
laps with at least a portion of the scan interconnection,
the data interconnection and the power interconnection.
2. The organic electro luminescence display of claim 1,
wherein the scan interconnection extends in a first direction,
and
wherein the data interconnection extends in a second direc-
tion crossing the first direction.
3. The organic electro luminescence display of claim 1,
wherein the OLED comprises a plurality of organic light
emitting diodes,
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and wherein each of the organic light emitting diodes is
electrically connected to the scan interconnection, the
data interconnection and the power interconnection.

4. The organic electro luminescence display of claim 3,
wherein the common electrode has a substantially planar
shape and wherein the organic light emitting diodes share the
common electrode.

5. The organic electro luminescence display of claim 1,
further comprising:

a switching transistor electrically connected to the scan
interconnection, the data interconnection and the power
interconnection; and

a driving transistor electrically connected to the power
interconnection and the OLED.
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