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(57) ABSTRACT

An organic light-emitting diode (“OLED”) display includes a
first thin film transistor disposed on a substrate; a first insu-
lating layer disposed on the first thin film transistor; a reflec-
tive electrode disposed on the first insulating layer; acommon
voltage line disposed on the first insulating layer and sepa-
rated from the reflective electrode; a second insulating layer
disposed on the reflective electrode and the common voltage
line; a pixel electrode disposed on the second insulating layer
and electrically connected to the first thin film transistor; an
organic light-emitting member disposed on the pixel elec-
trode; and a common electrode disposed on the organic light-
emitting member, wherein the common voltage line is elec-
trically connected to the common electrode.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY

[0001] This application claims priority to Korean Patent
Application No. 10-2008-0073936, filed on Jul. 29, 2008, and
all the benefits accruing therefrom under 35 U.S.C. §119, the
contents of which in its entirety are herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] (1) Field of the Invention

[0003] This disclosure relates to an organic light-emitting
diode (“OLED”) display.

[0004] (2) Description of the Related Art

[0005] An OLED display includes a plurality of organic
light-emitting elements and a plurality of thin film transistors
(“TFT”s), which control the organic light-emitting elements.
A TFT includes a plurality of thin films and can be disposed
at a lower side of an OLED display, while an organic light-
emitting element can be disposed at an upper side of the
OLED display. An anode of the organic light-emitting ele-
ment can be disposed at the lower side of the OLED display,
and a cathode of the organic light-emitting element can be
disposed at the upper side of the OLED display.

[0006] An OLED display may be classified as a top emis-
sion type, which emits light upward, and a bottom emission
type, which emits light downward. In a bottom emission
OLED display, an area where light is emitted is decreased due
to the TFTs disposed under the organic light-emitting ele-
ments, therefore the top emission type can have a more desir-
able aperture ratio. Also, a bottom emission OLED display
can include a spot due to optical interference, which can occur
when light passes through the thin films. A top emission
OLED display includes very few thin films on the light path,
thus substantially reducing or preventing a spot.

[0007] Identifying a suitable transparent material that sat-
isfies the work function requirements for a cathode in a top
emission OLED display is difficult. Therefore a very thin film
of an opaque metal can be disposed for use as the cathode
while allowing for the passage of light. A resistance of a very
thin film cathode can be large. To address the high resistance
of a thin film cathode, an additional common voltage line for
transmitting a common voltage can be disposed on the sub-
strate and electrically connected to the cathode of the organic
light-emitting element.

[0008] However, manufacturing a common voltage line
separately from the cathode can be difficult, and an aperture
ratio may be reduced due to the area occupied by the common
voltage line.

BRIEF SUMMARY OF THE INVENTION

[0009] The above described and other drawbacks are alle-
viated by an organic light-emitting diode (“OLED”) display
including: a first thin film transistor disposed on a substrate; a
first insulating layer disposed on the first thin film transistor;
a reflective electrode disposed on the first insulating layer; a
common voltage line disposed on the first insulating layer and
separated from the reflective electrode; a second insulating
layer disposed on the reflective electrode and the common
voltage line; a pixel electrode disposed on the second insu-
lating layer and electrically connected to the first thin film
transistor; an organic light-emitting member disposed on the
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pixel electrode; and a common electrode disposed on the
organic light-emitting member, wherein the common voltage
line is electrically connected to the common electrode.
[0010] Also disclosed is an OLED wherein the second insu-
lating layer has a first contact hole which exposes the com-
mon voltage line, and the common electrode is electrically
connected to the common voltage line through the first con-
tact hole.

[0011] Also disclosed is an OLED further including a sec-
ond thin film transistor disposed under the first insulating
layer, and a connection member disposed on the first insulat-
ing layer and electrically connecting the first thin film tran-
sistor and the second thin film transistor.

[0012] Also disclosed is an OLED wherein the pixel elec-
trode overlaps the reflective electrode and the connection
member.

[0013] Alsodisclosedis an OLED display further including
a gate line and a data line disposed under the first insulating
layer, the gate line and the data line electrically connected to
the second thin film transistor, wherein the common voltage
line overlaps the gate line and the data line. In an embodiment,
the common voltage line overlaps the second thin film tran-
sistor.

[0014] Alsodisclosedisan OLED display further including
a contact assistance member disposed on the second insulat-
ing layer, the contact assistance member contacting the com-
mon voltage line and the common electrode.

[0015] Also disclosed is an OLED wherein the common
voltage line includes a net-like shape, and the reflective elec-
trode is disposed in a region defined by the net-like shape.
[0016] Also disclosed is an OLED wherein the common
electrode includes a metal.

[0017] Inyetanother exemplary embodiment, a method for
manufacturing an OLED display includes: forming a thin film
transistor including a control electrode, an input electrode,
and an output electrode on a substrate; depositing a passiva-
tion layer on the thin film transistor; patterning the passiva-
tion layer to form a first contact hole which exposes the output
electrode; forming a reflective electrode electrically con-
nected to the output electrode through the first contact hole;
forming a common voltage line separated from the reflective
electrode and on the passivation layer; depositing an insulat-
ing layer on the reflective electrode and the common voltage
line; patterning the insulating layer to form a second contact
hole, which exposes a portion of the reflective electrode; and
patterning the insulating layer to form a third contact hole,
which exposes a portion of the common voltage line; forming
a pixel electrode electrically connected to the reflective elec-
trode through the second contact hole; forming an organic
light-emitting member on the pixel electrode; and forming a
common electrode electrically connected to the common
voltage line through the third contact hole.

[0018] Also disclosed is a method for manufacturing an
organic light-emitting diode display including: forming a thin
film transistor including a control electrode, an input elec-
trode, and an output electrode on a substrate; depositing a
passivation layer on the thin film transistor; patterning the
passivation layer to form a first contact hole, which exposes
the output electrode, and a second contact hole, which
exposes the input electrode; forming a reflective electrode
electrically connected to the output electrode through the first
contact hole; forming a driving voltage line electrically con-
nected to the input electrode through the second contact hole;
depositing an insulating layer on the reflective electrode and
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the driving voltage line; patterning the insulating layer to
form a third contact hole which exposes a portion of the
reflective electrode; forming a pixel electrode electrically
connected to the reflective electrode through the through the
third contact hole; forming an organic light-emitting member
on the pixel electrode; and forming a common electrode on
the organic light-emitting member and the insulating layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is an equivalent circuit diagram showing an
exemplary embodiment of an organic light-emitting diode
(“OLED”) display;

[0020] FIG.2isaplan view showing an exemplary embodi-
ment of an OLED display;

[0021] FIG.3isaplan view showing an exemplary embodi-
ment of a portion of the OLED display shown in FIG. 2;
[0022] FIG. 4 is a cross-sectional view showing an exem-
plary embodiment of the OLED display shown in FIG. 2
taken along line IV-1V;

[0023] FIG. 5 is a cross-sectional view showing another
exemplary embodiment of the OLED display shown in FIG.
2 taken along line IV-1V;

[0024] FIG. 6 is a plan view showing another exemplary
embodiment of an OLED display;

[0025] FIG. 7 to FIG. 16 are cross-sectional views showing
exemplary embodiments of intermediate steps of a manufac-
turing process of the OLED display shown in FIG. 2 to FIG.
5; and

[0026] FIG. 17 is a cross-sectional view showing another
exemplary embodiment of an OLED display.

DETAILED DESCRIPTION OF THE INVENTION

[0027] The invention will be described more fully herein-
after with reference to the accompanying drawings, in which
exemplary embodiments are shown. As those skilled in the art
would realize, the described embodiments may be modified
in various different ways, all without departing from the spirit
or scope of the invention.

[0028] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0029] It will be understood that, although the terms first,
second, third, etc., may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer, or section
from another region, layer or section. Thus, a first element,
component, region, layer, or section discussed below could be
termed a second element, component, region, layer, or section
without departing from the teachings of the present invention.
[0030] Spatially relative terms, such as “lower,” “under,”
“upper” and the like, may be used herein for ease of descrip-
tion to describe the relationship of one element or feature to
another element(s) or feature(s) as illustrated in the figures. It
will be understood that the spatially relative terms are
intended to encompass different orientations of the device in
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use or operation, in addition to the orientation depicted in the
figures. For example, if the device in the figures is turned over,
elements described as “lower” or “under” relative to other
elements or features would then be oriented “upper” or “over”
relative to the other elements or features. Thus, the exemplary
term “under” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0031] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0032] Embodiments are described herein with reference to
cross-section illustrations that are schematic illustrations of
idealized embodiments (and intermediate structures) of the
invention. As such, variations from the shapes of the illustra-
tions as a result, for example, of manufacturing techniques
and/or tolerances, are to be expected. Thus, embodiments
should not be construed as limited to the particular shapes of
regions illustrated herein but are to include deviations in
shapes that result, for example, from manufacturing.

[0033] For example, an implanted region illustrated as a
rectangle will, typically, have rounded or curved features
and/or a gradient of implant concentration at its edges rather
than a binary change from implanted to non-implanted
region. Likewise, a buried region formed by implantation
may result in some implantation in the region between the
buried region and the surface through which the implantation
takes place. Thus, the regions illustrated in the figures are
schematic in nature and their shapes are not intended to illus-
trate the actual shape of a region of a device and are not
intended to limit the scope of the invention.

[0034] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0035] All methods described herein can be performed in a
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

[0036] The invention will be described more fully herein-
after with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown.

[0037] An organic light-emitting diode (“OLED”) display
according to an exemplary embodiment is described in detail
with reference to FIG. 1.
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[0038] FIG. 1 is an equivalent circuit diagram showing an
exemplary embodiment of an OLED display.

[0039] Referring to FIG. 1, an OLED display includes a
plurality of signal lines 121,171,172, and 332, and a plurality
of pixels PX electrically connected thereto and arranged sub-
stantially in a matrix.

[0040] The signal lines include a plurality of gate lines 121
for transmitting gate signals (or scanning signals), a plurality
of data lines 171 for transmitting data signals, a plurality of
first driving voltage lines 172 for transmitting a driving volt-
age, and a plurality of common voltage lines 332 for trans-
mitting a common voltage. The gate lines 121 extend sub-
stantially in a row direction and are substantially parallel to
each other, and the data lines 171 extend substantially in a
column direction and are substantially parallel to each other.
The first driving voltage lines 172 extend substantially in the
column direction, and the common voltage lines 332 com-
prise a net-like shape, thus can form a network. The net-like
shape can be analogous to that of the gate lines 121 and the
data lines 171 shown in FIG. 1. In an embodiment, the com-
mon voltage lines 332 form a rectilinear network. Alterna-
tively, the common voltage lines 332 may respectively extend
in the row direction or the column direction.

[0041] Each pixel PX includes a switching transistor Qs, a
driving transistor Qd, a storage capacitor Cst, and an organic
light-emitting element LD.

[0042] The switching transistor Qs comprises a control ter-
minal, which is electrically connected to a gate line 121, an
input terminal, which is electrically connected to a data line
171, and an output terminal, which is electrically connected
to the driving transistor Qd. The switching transistor Qs trans-
mits a data signal applied from the data line 171 to the driving
transistor Qd in response to a gate signal applied from the gate
line 121.

[0043] The driving transistor Qd has a control terminal
electrically connected to the switching transistor Qs, an input
terminal electrically connected to the first driving voltage line
172, and an output terminal electrically connected to the
organic light-emitting element. The driving transistor Qd
drives an output current I, ,,, which has a magnitude which
depends on the voltage between the control terminal and the
output terminal.

[0044] The storage capacitor Cst is electrically connected
between the control terminal and the input terminal of the
driving transistor Qd. The storage capacitor Cst stores a data
voltage, which is also applied to the control terminal of the
driving transistor Qd, and maintains the data voltage even
after the switching transistor Qs turns off.

[0045] The organic light-emitting element LD, which can
be an OLED, comprises an anode electrically connected to
the output terminal of the driving transistor Qd, and a cathode
electrically connected to the common voltage line 332. The
organic light-emitting element LD emits light having an
intensity which depends on an output current I, , of the driv-
ing transistor Qd, thereby displaying an image.

[0046] The switching transistor Qs and the driving transis-
tor Qd can be an n-channel field effect transistor (“FET”), and
may comprise the structure shown schematically in FIG. 1.
However, a switching transistor Qs and the driving transistor
Qd may also be a p-channel FET. In addition, the connections
among the transistors Qs and Qd, the capacitor Cst, and the
organic light-emitting element LD, may be different.

[0047] Inanother exemplary embodiment, other transistors
for compensating the threshold voltage of the driving transis-
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tor Qd may be further included in addition to the switching
transistor Qs and the driving transistor Qd.

[0048] An equivalent circuit diagram of an OLED display
is shown in FIG. 1. The OLED display is further described
with reference to FIG. 2 to FIG. 5, as well as FIG. 1.

[0049] FIG.2isaplanview showing an exemplary embodi-
ment of an OLED display, FIG. 3 is a plan view showing an
exemplary embodiment of the portion of the OLED display
shown in FIG. 2, FIG. 4 is a cross-sectional view showing an
exemplary embodiment of the OLED display shown in FIG.
2 taken along line IV-1V, and FIG. 5 is a cross-sectional view
showing an exemplary embodiment of the OLED display
shown in FIG. 2 taken along line IV-IV.

[0050] A gate line 121, including a first control electrode
1244 and a second control electrode 1245, is disposed on an
insulating substrate 110. The insulating substrate 110 can
comprise transparent glass, plastic, or the like, or a combina-
tion comprising at least one of the foregoing materials.

[0051] The gate line 121 can extend substantially in a trans-
verse direction, and the first control electrode 124a can
extend in an upward direction. The gate line 121 may include
an end portion (not shown) and a large area for contact with
another layer or an external driving circuit.

[0052] The second control electrode 1245 can be separated
from the gate line 121 and include a storage electrode 127,
which can extend in a longitudinal direction.

[0053] A gate insulating layer 140 may comprise silicon
oxide, silicon nitride, or the like, or a combination comprising
at least one of the foregoing compounds, and can be disposed
on the gate line and the second control electrode 1245.

[0054] A firstand a second semiconductor islands 154a and
1545 may comprise hydrogenated amorphous silicon, or the
like, and are disposed on the gate insulating layer 140. The
first semiconductor island 154a is disposed on the first control
electrode 124, and the second semiconductor island 1545 is
disposed on the second control electrode 12464.

[0055] A first pair of ohmic contacts 163a and 165a are
disposed on the first semiconductor island 154a, and a second
pair of ohmic contacts 1635 and 1655 are disposed on the
second semiconductor island 154b. The ohmic contacts 163a,
163b, 165a, and 1655 can have an island shape and may
comprise n+ hydrogenated amorphous silicon, or the like,
which is heavily doped with an n-type impurity such as phos-
phorus, or the like.

[0056] A data line 171, a first driving voltage line 172, a
common voltage line 332, and a first and a second output
electrodes 175a and 1755 are disposed on the ohmic contacts
163a, 1635, 1654, and 1655, and on the gate insulating layer
140.

[0057] The data line 171 and the first driving voltage line
172 can extend in a longitudinal direction and be substantially
perpendicular to the gate line 121. The data line 171 includes
a first input electrode 1734, which can extend in a direction
towards the first control electrode 124a, and the first driving
voltage line 172 can include a second input electrode 1735,
which can extend in a direction towards the second control
electrode 1244.

[0058] The first and the second output electrodes 1754 and
175b are separated from each other, as are the data line 171
and the first driving voltage line 172. The first input electrode
173a and the first output electrode 175a oppose each other
with respect to the first control electrode 124q, and the second



US 2010/0025664 Al

input electrode 1735 and the second output electrode 1755
oppose each other with respect to the second control electrode
124b.

[0059] The ohmic contacts 163a, 1635, 165a, and 16556 are
disposed between the first and the second semiconductor
islands 154a and 1545, which are under the ohmic contacts,
and the overlying data line 171, the first driving voltage line
172, and the output electrodes 175a and 1755. The first and
the second semiconductor islands 154a and 1545 include a
portion exposed by the data line 171 and the output electrodes
175a and 1755, including a portion between the input elec-
trodes 173a and 1735 and the output electrodes 175a and
175b.

[0060] A switching thin film transistor (“TFT”) Qs com-
prises the first control electrode 124a, the first input electrode
173a, the first output electrode 1754, and the first semicon-
ductor island 154a, and a driving thin film transistor Qd
comprises the second control electrode 1245, the second
input electrode 1735, the second output electrode 1755, and
the second semiconductor island 1545.

[0061] The structures of the above described switching thin
film transistors Qs, driving thin film transistors Qd, gate line
121, data line 171, and first driving voltage line 172 are
exemplary, and various other configurations are possible.
[0062] A passivation layer 180 is disposed on the data line
171, the first driving voltage line 172, the output electrodes
175a and 1755, and the exposed first and second semicon-
ductor islands 154a and 154b. The passivation layer 180
includes a lower layer (not shown) that may comprise an
inorganic insulator such as silicon nitride, silicon oxide, or the
like, or a combination comprising at least one of the foregoing
inorganic insulators, and an upper layer (not shown) that may
comprise an organic insulator. The organic insulator may
have a dielectric constant of less than or equal to about 6,
specifically less than or equal to about 4, more specifically
less than or equal to about 3, and it may be photosensitive and
comprise a flat surface. The passivation layer 180 may com-
prise a single-layered structure, which comprises an inor-
ganic insulator or an organic insulator.

[0063] A surface of an upper layer 180¢ of the passivation
layer 180 may be flat, as shown in FIG. 4, or a portion of the
surface may comprise at least one of a protrusion and a
depression, as shown in FIG. 5.

[0064] The passivation layer 180 comprises a plurality of
contact holes 1854 and 1855, which expose the output elec-
trodes 175a and 1755, and the passivation layer 180 and the
gate insulating layer 140 define a first contact hole 184, which
exposes the second control electrode 1244.

[0065] A reflective electrode 331, a common voltage line
332, and a connection member 335 are disposed on the pas-
sivation layer 180. They may comprise a reflective metal
including aluminum, silver, chromium, alloys thereof, or the
like, or a combination comprising at least one of the foregoing
reflective materials.

[0066] The reflective electrode 331 is electrically con-
nected to the second output electrode 1755 through the con-
tact hole 1855, and the connection member 335 is electrically
connected to the second control electrode 1245 and the first
output electrode 175a through the first and the second contact
holes 184 and 185a4. As shown in FIG. 5, in an embodiment,
a surface of the reflective electrode 331 may comprise at least
one of a first protrusion and a first depression, which can have
awave shape, wherein the shape of'the first protrusion and the
first depression correspond respectively to a second protru-

Feb. 4,2010

sion and a second depression on a surface of the underlying
passivation layer 180, if present. The first protrusion and the
first depression disposed on the reflective electrode 331 can
diffusively reflect light incident on the reflective electrode
331 so that an image of an external object is substantially not
observable.

[0067] Referring to FIG. 3, the common voltage line 332
comprises a net-like shape, which corresponds to the gate line
121 and the data line 171, and covers the switching thin film
transistor Qs. The reflective electrode 331 can occupy sub-
stantially all of a region defined by the common voltage line
332, and the connection member 335 can occupy an area
covering the first and the third contact holes 184 and 1855.
The shape of these elements may have other configurations.
[0068] A planarization layer 340 is disposed on the reflec-
tive electrode 331, common voltage line 332, the connection
member 335, and the passivation layer 180. The planarization
layer 340 may comprise an organic material, and comprise a
fourth contact hole 345, which exposes the reflective elec-
trode 331, and a fifth contact hole 346, which exposes the
common voltage line 332. In FIG. 5, a surface of the reflective
electrode 331 includes at least one of the first protrusion and
the first depression, but the first protrusion and the depression
are covered by the planarization layer 340 thereon such that a
flatness of a layer disposed on the planarization layer 340 is
not influenced by the protrusion or the depression.

[0069] A pixel electrode 191 and a contact assistance mem-
ber 356 are disposed on the planarization layer 340. The pixel
electrode and the contact assistance member may comprise a
transparent material, such as indium tin oxide (“ITO”),
indium zinc oxide (“IZ0O”), or the like, or a combination
comprising at least one of the foregoing transparent materials.
Thus the pixel electrode can be transparent or transflective.
[0070] The pixel electrode 191 is electrically connected to
the reflective electrode 331 through the fourth contact hole
345, and the contact assistance member 356 is connected to
the common voltage line 332 through the sixth contact hole
346.

[0071] Referringto FIG. 3, the pixel electrode 191 occupies
a substantial portion of the region enclosed by the common
voltage line 332 such that the connection member 335 and the
reflective electrode 331 are disposed under the pixel electrode
191. Therefore, the area of the pixel electrode 191 is increased
relative to a configuration where the pixel electrode 191 is
disposed on the same layer as the reflective electrode 331.
[0072] A partition 361 is disposed on the planarization
layer 340. The partition 361 defines a plurality of openings
365, which enclose an edge of the pixel electrode 191,
wherein the edge of the pixel electrode 191 is inclined at a
non-perpendicular angle relative to a top surface of the pixel
electrode, and the partition 361 includes a seventh contact
hole 366, which exposes the contact assistance member 356.
The partition 361 may comprise an organic insulator or an
inorganic insulator. In an embodiment, the partition 161 may
comprise a photosensitive material which includes a black
pigment, wherein the partition 361 functions as a light-block-
ing member. Accordingly, a process for manufacturing the
OLED, or an OLED display, may be simplified.

[0073] An organic light-emitting member 370 is disposed
in the opening 365 defined by the partition 361 on the pixel
electrode 190. The organic light-emitting member 370 may
comprise an organic material which emits light of one of three
primary colors, such as the three primary colors red, green,
and blue. The OLED display may display an image by spa-
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tially synthesizing light of the primary colors emitted by the
organic light-emitting members 370. However, the organic
light-emitting member 370 may emit white light and may
comprise a structure which includes a plurality of organic
material layers for emitting different colors of light among the
primary colors. Alternatively, a plurality of color filters (not
shown) may be provided on or under the organic light-emit-
ting members 370.

[0074] As shown in FIG. 5, wherein a surface of the reflec-
tive electrode 331 includes a first protrusion and a first depres-
sions, the bottom of the organic light-emitting members 370
is flat, thus deterioration of an optical characteristic does not
substantially occur or is prevented.

[0075] A common electrode 270 is disposed on the organic
light-emitting member 370. The common electrode 270 sub-
stantially covers an entire surface of the substrate 110 and is
electrically connected to the contact assistance member 356
through the seventh contact hole 366. The common electrode
270 may comprise a metal including calcium (Ca), barium
(Ba), magnesium (Mg), aluminum (Al), silver (Ag), or the
like, or a combination comprising at least one of the foregoing
metals.

[0076] In an OLED display, an organic light-emitting ele-
ment LD comprises a pixel electrode 190, an organic light-
emitting member 370, a common electrode 270, a pixel elec-
trode 190 as an anode, and a common electrode 270 as a
cathode.

[0077] In the OLED display, the light is emitted upward
away from the substrate 110 to display an image, while light
emitted from the organic light-emitting members 370 toward
the substrate 110 is reflected by the reflective electrode 331
and the connection member 335, and thus is reflected upward.

[0078] By configuring the pixel electrode 191 to be sepa-
rated from the reflective electrode 331 via the planarization
layer 340, problems related to an etching ratio or adhesion
may be decreased. The reflective electrode 331 may comprise
other materials, and various elements such as a thickness, a
process margin, and a reflectance may be selected to be dif-
ferent from where a pixel electrode 191 and a reflective elec-
trode 331 contact each other over a larger area.

[0079] When the reflective electrode 331, the common
voltage line 332, and the connection member 335 are dis-
posed under the pixel electrode 191, the pixel electrode 191
may cover the connection member 335 as well as the reflec-
tive electrode 331 such that an aperture ratio is improved.

[0080] When the common voltage line 332 is disposed on
the same layer as the reflective electrode 331 and the connec-
tion member 335, wherein the layer of the reflective electrode
331 is different than the layer of the gate line 121 or the data
line 171, the area the common voltage line 332 occupies can
be increased such that the common voltage line 332 may be
disposed in a desired shape, such as a net-like shape. In an
embodiment, the common voltage line 332 can form a recti-
linear network.

[0081] If the common voltage line 332 is disposed on the
same layer as the gate line 121 or the data line 171, the
common voltage line 332 must be substantially parallel to the
gate line 121 or the data line 171. Further, if the common
voltage line 332 is disposed on the same layer as the gate line
121 or the data line 171, and if the common voltage line 332
is to comprise a net-like shape, an additional connection
structure for electrically connecting common voltage lines
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disposed between the gate lines or the data lines would be
required, and as a result, the structure becomes complex and
difficult to manufacture.

[0082] In an exemplary embodiment, the opaque common
voltage line 332 does not occupy a separate area, but overlaps
the gate line 121 and the data line 171, thereby increasing the
aperture ratio. Also, since the common voltage line 332 cov-
ers the gate line 121, the data line 171, and the switching thin
film transistor Qs, any variation in a voltage of the reflective
electrode 331 is substantially reduced or prevented.

[0083] Alternatively, one mesh in the net of the common
voltage line 332 may correspond to several pixels. For
example, as shown in FIG. 6, a set pixels comprising a red
pixel RP, a green pixel GP, and a blue pixel BP, which are
adjacent to each other, may correspond to one mesh. In an
embodiment, a single electrical connection between the com-
mon electrode 270 and the common voltage line 332 may be
disposed for each set of pixels.

[0084] A manufacturing method of the OLED display
shown in FIG. 2 to FIG. 6 is further described with reference
to FIG. 7 to FIG. 16.

[0085] FIG. 7 to FIG. 16 are cross-sectional views showing
intermediate steps of an exemplary embodiment of a manu-
facturing process of the OLED display shown in FIG. 2 to
FIG. 5.

[0086] Referring to FIG. 7, a gate line 121, which includes
a first control electrode 1244, and a sustain electrode 127,
which includes a second control electrode 1245, are formed
on a substrate 110.

[0087] Referring to FIG. 8, a gate insulating layer 140, an
intrinsic amorphous silicon layer, and an impurity-doped
amorphous silicon layer are sequentially deposited. Then, the
impurity-doped silicon layer and the intrinsic amorphous sili-
con layer are patterned by photolithography, for example, to
form a first and a second impurity-doped semiconductor
islands 164a and 1645 and a first and a second semiconductor
islands 154a and 15464.

[0088] Referring to FIG. 9, a metal layer is deposited and
patterned by photolithography, for example, to form a data
line 171, which includes first input electrodes 173a, a first
driving voltage line 172, which includes a second input elec-
trode 1735, and a first and a second output electrodes 175a
and 175b. Next, the exposed portions of the first and the
second impurity-doped semiconductors 164a and 1645,
which are not covered by the data line 171, the first driving
voltage line 172, and the first and the second output electrodes
175a and 1755, are removed to form ohmic contact members
1634, 1635, 1654, and 1655, and expose the first and the
second semiconductor islands 154a and 1545 thereunder.

[0089] Referringto FIG.10 and FIG. 11, a lower layer 180p
of a passivation layer 180 is deposited, and an upper layer
180¢, which comprises a photosensitive organic material, is
deposited. Then, the upper layer 180¢ is exposed, hardened,
and developed to form the first, the second, and the third
contact holes 184, 1854, and 1855. As shown in FIG. 5, when
a surface of the upper layer 180¢ comprises a protrusion and
a depression, a slit mask can be used to form a protrusion and
a depression on the desired portion of the upper layer 180¢, as
is shown in FIG. 11.

[0090] Referring to FIG. 12, the exposed portion of the
lower portion 180¢ is removed using a method such as dry-
etching, or the like, to complete formation of the first, the
second, and the third contact holes 184, 1854, and 1855.
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[0091] Referring to FIG. 13, a reflective metal, such as
aluminum, silver, or the like, or a combination comprising at
least one of the foregoing reflective materials, is deposited on
the passivation layer 180, and patterned by photolithography,
for example, to form a reflective electrode 331, a common
voltage line 332, and a connection member 335.

[0092] Referring to FIG. 14, an organic layer is formed,
which can include depositing, exposing, and developing the
organic layer, to form a planarization layer 340 comprising a
fourth and a fifth contact holes 345 and 346.

[0093] Referring to FIG. 15, atransparent conductive mate-
rial is deposited and patterned by photolithography, for
example, to form a pixel electrode 191 and a contact assis-
tance member 356. In this step, the pixel electrode 191 is
electrically connected with the reflective electrode 331 only
through the fourth contact hole 345 and substantially or com-
pletely covers the reflective electrode 331, such that damage
to the reflective electrode from etching the pixel electrode 191
is substantially reduced or prevented. Also, the contact area of
the pixel electrode 191 and the reflective electrode 331 is
small such that problems relating to cohesion between the
pixel electrode 191 and the reflective electrode 331 are
reduced.

[0094] Referring to FIG. 16, an organic material is coated,
exposed, and developed to form a partition 361, including
opening 365 and seventh contact hole 366.

[0095] Next, referring to FIG. 4 and FIG. 5, organic light-
emitting member 370 and a common electrode 270 are
formed.

[0096] An OLED display according to another exemplary
embodiment is described with reference to FIG. 17.

[0097] FIG. 17 is a cross-sectional view showing another
exemplary embodiment of an OLED display.

[0098] The OLED display shown in FIG. 17 has substan-
tially the same layered structure as the embodiment of FIG. 4.
Specifically a gate line 121, which includes a first control
electrode 1244, and a second control electrode 1245, includes
a sustain electrode 127, are disposed on a substrate 110, and
a gate insulating layer 140 is disposed thereon. The first and
the second semiconductor islands 154a and 1545, and the first
and the second ohmic contact members 163a, 1635, 1654,
and 1655 are disposed on the gate insulating layer 140, and
data lines 171, including a first input electrode 1734, a second
input electrode 1735, and a first and a second output elec-
trodes 175a and 1755 are disposed thereon. A passivation
layer 180, including a lower layer 180p and an upper layer
180g, are disposed, the passivation layer 180 comprising a
contact hole 1854, and the passivation layer 180 and the gate
insulating layer 140 comprising a first contact hole 184. A
reflective electrode 331 and a connection member 335 are
disposed on the passivation layer 180, and a planarization
layer 340 including a fourth contact hole 345 is disposed
thereon. Pixel electrode 191 is disposed on the planarization
layer 340, a partition 361, comprising an opening 365, and an
organic light-emitting member 370 are disposed thereon, and
a common electrode 370 substantially covers pixel electrode
191, partition 361, and organic light-emitting member 370.
[0099] Inanembodiment different from that shown in FIG.
4, where the second driving voltage line 333 can be disposed
on the same layer as the data line 171, in the OLED display
shown in FIG. 17, the second driving voltage line 333 is
disposed on the same layer as the reflective electrode 331, and
may be simultaneously manufactured with the reflective elec-
trode 331. The second driving voltage line 333 is electrically
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connected to the second input electrode 17356 through the
contact hole 186 of the gate insulating layer 140 and the
passivation layer 180. However, a connection structure, such
as a contact assistance member or a contact hole, as are
described in other embodiments for electrically connecting a
common voltage line and the common electrode 270, as well
as a common voltage lines, are not included.

[0100] Thecontact hole 186 is disposed along with the first,
the second, and the third contact holes 184, 1854, and 1855 of
the passivation layer 180.

[0101] According to another embodiment, an additional
signal line or voltage line may be disposed on the same layer
as the reflective electrode 331, and the exemplary embodi-
ment shown in FIG. 17 can include a second protrusion and a
second depression on a surface of the passivation layer 180,
and a first protrusion and a first depression on a surface of the
reflective electrode 331, as in the exemplary embodiment
shown in FIG. 5.

[0102] By configuring the pixel electrode 191 to be sepa-
rated from the reflective electrode 331 via the planarization
layer 340, problems related to an etching ratio or adhesion are
decreased or substantially eliminated, and the reflective elec-
trode 331 can comprise a larger number of candidate materi-
als, and various elements such as a thickness, a process mar-
gin, and a reflectance may be selected to be different from an
embodiment where the pixel electrode 191 and the reflective
electrode 331 contact each other over a larger area.

[0103] Also, the common voltage line is configured in a
net-like shape, therefore an electrical resistance may be
reduced, and an aperture ratio may be increased.

[0104] The invention may also be applied to an OLED
display having various other structures.

[0105] While this invention has been described in connec-
tion with exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed embodiments, but,
on the contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What is claimed is:

1. An organic light-emitting diode display, comprising:

a first thin film transistor disposed on a substrate;

a first insulating layer disposed on the first thin film tran-
sistor;

a reflective electrode disposed on the first insulating layer;

acommon voltage line disposed on the first insulating layer
and separated from the reflective electrode;

a second insulating layer disposed on the reflective elec-
trode and the common voltage line;

a pixel electrode disposed on the second insulating layer
and electrically connected to the first thin film transistor;

an organic light-emitting member disposed on the pixel
electrode; and

acommon electrode disposed on the organic light-emitting
member,

wherein the common voltage line is electrically connected
to the common electrode.

2. The organic light-emitting diode display of claim 1,

wherein:

the second insulating layer has a first contact hole exposing
the common voltage line, and

the common electrode is electrically connected to the com-
mon voltage line through the first contact hole.
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3. The organic light-emitting diode display of claim 2,
further comprising:

a second thin film transistor disposed under the first insu-

lating layer, and

a connection member disposed on the first insulating layer
and electrically connecting the first thin film transistor
and the second thin film transistor.

4. The organic light-emitting diode display of claim 3,

wherein:

the pixel electrode overlaps the reflective electrode and the
connection member.

5. The organic light-emitting diode display of claim 4,

further comprising:

agate line and a data line disposed under the first insulating
layer, the gate line and the data line electrically con-
nected to the second thin film transistor, wherein the
common voltage line overlaps the gate line and the data
line.

6. The organic light-emitting diode display of claim 5,
wherein the common voltage line overlaps the second thin
film transistor.

7. The organic light-emitting diode display of claim 5,
further comprising:

a contact assistance member disposed on the second insu-
lating layer, the contact assistance member contacting
the common voltage line and the common electrode.

8. The organic light-emitting diode display of claim 2,

further comprising:

a second thin film transistor disposed under the first insu-
lating layer;

a gate line disposed under the first insulating layer; and

adata line disposed under the first insulating layer, wherein
the gate line and the data line are electrically connected
to the second thin film transistor, and

wherein the common voltage line overlaps at least one of
the gate line and the data line.

9. The organic light-emitting diode display of claim 8,

wherein:

the common voltage line overlaps both the gate line and the
data line.

10. The organic light-emitting diode display of claim 9,

wherein:

the common voltage line overlaps the second thin film
transistor.

11. The organic light-emitting diode display of claim 2,

wherein:

the common voltage line comprises a net-like shape, and
the reflective electrode is disposed in a region defined by
the net-like shape.

12. The organic light-emitting diode display of claim 2,

wherein:

the common electrode comprises a metal.

13. The organic light-emitting diode display of claim 1,
wherein:

a surface of the reflective electrode comprises at least one

of a first protrusion and a first depression.

14. The organic light-emitting diode display of claim 13,
wherein:

a surface of the second insulating layer comprises at least

one of a second protrusion and a second depression.

15. An organic light-emitting diode display, comprising:

a first thin film transistor disposed on a substrate;

a first insulating layer disposed on the first thin film tran-
sistor;
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a reflective electrode disposed on the first insulating layer;
a common voltage line disposed on the first insulating layer
and separated from the reflective electrode;
a second insulating layer disposed on the reflective elec-
trode and the common voltage line;
a pixel electrode disposed on the second insulating layer
and electrically connected to the first thin film transistor;
an organic light-emitting member disposed on the pixel
electrode; and
acommon electrode disposed on the organic light-emitting
member,
wherein the common voltage line is electrically connected
to the first thin film transistor.
16. The organic light-emitting diode display of claim 15,
wherein:
the first insulating layer comprises a contact hole which
exposes the first thin film transistor, and
the common voltage line is electrically connected to the
first thin film transistor through the contact hole.
17. A method for manufacturing an organic light-emitting
diode display comprising:
forming a thin film transistor including a control electrode,
an input electrode, and an output electrode on a sub-
strate;
depositing a passivation layer on the thin film transistor;
patterning the passivation layer to form a first contact hole
which exposes the output electrode;
forming a reflective electrode electrically connected to the
output electrode through the first contact hole;
forming a common voltage line separated from the reflec-
tive electrode and on the passivation layer;
depositing an insulating layer on the reflective electrode
and the common voltage line;
patterning the insulating layer to form a second contact
hole, which exposes a portion of the reflective electrode;
and
patterning the insulating layer to form a third contact hole,
which exposes a portion of the common voltage line;
forming a pixel electrode electrically connected to the
reflective electrode through the second contact hole;
forming an organic light-emitting member on the pixel
electrode; and
forming a common electrode electrically connected to the
common voltage line through the third contact hole.
18. The method of claim 17, further comprising:
forming a contact assistance member electrically con-
nected to the common voltage line through the third
contact hole; and
forming a partition on the pixel electrode, the contact assis-
tance member, and the insulating layer,
wherein the partition includes a fourth contact hole which
exposes the contact assistance member, and
the common electrode is electrically connected to the con-
tact assistance member through the fourth contact hole.
19. The method of claim 17, further comprising:
forming at least one of a second protrusion and a second
depression on a surface of the passivation layer,
wherein the reflective electrode comprises at least one of a
first protrusion and a first depression which correspond
to the second protrusion and the second depression,
respectively, if present.
20. A method for manufacturing an organic light-emitting
diode display comprising:
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forming a thin film transistor including a control electrode,
an input electrode, and an output electrode on a sub-
strate;

depositing a passivation layer on the thin film transistor;

patterning the passivation layer to form a first contact hole,
which exposes the output electrode, and a second con-
tact hole, which exposes the input electrode;

forming a reflective electrode electrically connected to the
output electrode through the first contact hole;

forming a driving voltage line electrically connected to the
input electrode through the second contact hole;

depositing an insulating layer on the reflective electrode
and the driving voltage line;

patterning the insulating layer to form a third contact hole
which exposes a portion of the reflective electrode;
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forming a pixel electrode electrically connected to the
reflective electrode through the through the third contact
hole;

forming an organic light-emitting member on the pixel
electrode; and

forming a common electrode on the organic light-emitting
member and the insulating layer.

21. The method of claim 20, further comprising:

forming at least one of a second protrusion and a second
depression on a surface of the passivation layer,

wherein the reflective electrode comprises a first protrusion
and a first depression which correspond to the second
protrusion and the second depression, if present.

* * * #* ok
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