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(57) ABSTRACT

An organic light emitting display device having a structure
for trapping a foreign substance and a method of fabricating
the same. The organic light emitting display device includes
a substrate and a pixel electrode disposed on the substrate.
A pixel defining layer has an opening for exposing a portion
of the pixel electrode, and a trap disposed on at least one side
of a periphery of the pixel electrode. An organic functional
layer is disposed on the exposed portion of the pixel elec-
trode and includes at least an emission layer. A counter
electrode is disposed on the organic functional layer.
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FIG. 3A
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FIG. 4
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FIG. 6
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ORGANIC LIGHT EMITTING DISPLAY DEVICE
WITH TRAP FOR FOREIGN SUBSTANCE AND
METHOD OF FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2005-0109865, filed
on Nov. 16, 2003, in the Korean Intellectual Property Office,
the entire content of which is incorporated by reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a flat panel display
device, and more particularly, to an organic light emitting
display device.

[0004] 2. Description of the Related Art

[0005] In general, an organic light emitting display device
is a light emitting display device having characteristics such
as a wide viewing angle, high contrast, and/or a rapid
response speed. Therefore, it is drawing attention as a
next-generation display device.

[0006] A conventional organic light emitting display
device includes an anode, an organic emission layer dis-
posed on the anode, and a cathode disposed on the organic
emission layer. When a voltage is applied between the anode
and the cathode, holes are injected from the anode into the
organic emission layer, and electrons are injected from the
cathode into the organic emission layer. The holes and the
electrons injected into the organic emission layer combine
with each other to generate excitons, and the excitons are
transitioned from an excited state to a ground state to emit
light.

[0007] FIG. 1 is a plan view of a unit pixel of a conven-
tional organic light emitting display device, and FI1G. 2 is a
cross-sectional view taken along line I-I' of FIG. 1.

[0008] Referring to FIGS. 1 and 2, an anode 12 is formed
on a substrate 10. A pixel defining layer 15 is formed on the
anode 12. An opening 15a for exposing a portion of the
anode 12 is formed in the pixel defining layer 15. Then, the
substrate and the exposed portion of the anode 12 are
cleaned. The cleaning is performed to remove from the
anode 12 a foreign substance 17 that may be present.
However, the foreign substance 17 may not be substantially
removed during the cleaning. As shown in FIG. 2, the
foreign substance 17 may merely be pushed to (or moved
towards) a boundary of the opening 15« (i.e., an interface
between the pixel defining layer 15 and the anode 12) and
may become lodged at (or attached to) the interface.

[0009] Then, an organic emission layer 20 and a cathode
25 are sequentially disposed on the exposed portion of the
anode 12. When the organic emission layer 20 is disposed,
portions of the organic emission layer 20 may be broken
and/or caused to have a very small thickness in a vicinity of
the foreign substance 17. Here, the anode 12 and the cathode
25 may become short-circuited at the broken portion and/or
the very thin portion of the organic emission layer 20 (see,
for example, area E in FIG. 2), thereby causing a dark pixel
to form on the organic light emitting display device.

1. Field of the Invention
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[0010] FIG. 3A shows a photograph of a foreign substance
lodged at a boundary of an opening, and FIG. 3B shows a
photograph of a cross-section of a substrate that is cut about
the foreign substance. Like (or same) reference numerals
shown in FIG. 3B designate like (or same) elements shown
in FIG. 2.

[0011] Referring to FIGS. 3A and 3B, the foreign sub-
stance 17 is lodged at (or attached to) the boundary of the
opening 15a that is for exposing a portion of the anode 12,
and therefore, the emission layer 20 is opened by the foreign
substance 17. As a result, the cathode 25 formed on the
emission layer 20 may become short-circuited to the anode
12 at the opening of the emission layer 20 (see, for example,
area E in FIG. 2). Here, a dark pixel is thereby formed due
to the short-circuit at area E.

SUMMARY OF THE INVENTION

[0012] Aspects of the present invention provide an organic
light emitting display device and a method of fabricating the
same, wherein a likelihood that an anode and a cathode will
be short-circuited and that a dark pixel will thereby be
formed is reduced.

[0013] Inanexemplary embodiment of the present inven-
tion, an organic light emitting display device includes a
substrate and a pixel electrode disposed on the substrate. A
pixel defining layer has an opening for exposing a portion of
the pixel electrode, and a trap disposed on at least one side
of a periphery of the pixel electrode. An organic functional
layer is disposed on the exposed portion of the pixel elec-
trode and includes at least an emission layer. A counter
electrode is disposed on the organic functional layer.

[0014] In another exemplary embodiment according to the
present invention, a method of fabricating an organic light
emitting display device includes forming a pixel electrode
on a substrate, forming a pixel defining layer on the pixel
electrode, the pixel defining layer having an opening for
exposing a portion of the pixel electrode and a trap disposed
on at least one side of a periphery of the pixel electrode,
forming an organic functional layer including at least an
emission layer on the exposed portion of the pixel electrode,
and forming a counter electrode on the organic functional
layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, together with the
specification, illustrate exemplary embodiments of the
present invention, and, together with the description, serve
to explain the principles of the present invention.

[0016] FIG. 1 is a plan view of a unit pixel of a conven-
tional organic light emitting display device.

[0017] FIG. 2is a cross-sectional view taken along line I-I'
of FIG. 1.
[0018] FIGS. 3A and 3B are photographs showing a short

circuit between an anode and a cathode of an organic light
emitting display device.

[0019] FIG. 4 is a plan view of a portion of a unit pixel
array of an organic light emitting display device in accor-
dance with an exemplary embodiment of the present inven-
tion.
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[0020] FIGS. 5A and 5B are cross-sectional views show-
ing a method of fabricating the organic light emitting display
device in accordance with an exemplary embodiment of the
present invention, in which the cross-sectional views are
taken along line II-IT' of FIG. 4.

[0021] FIG. 6 is a plan view of a portion of a unit pixel
array of an organic light emitting display device in accor-
dance with another exemplary embodiment of the present
invention.

[0022] FIG. 7 is a cross-sectional view taken along line
III-IIT' of FIG. 6.

DETAILED DESCRIPTION

[0023] Inthe following detailed description, certain exem-
plary embodiments of the present invention are shown and
described, by way of illustration. As those skilled in the art
would recognize, the described exemplary embodiments
may be modified in various ways, all without departing from
the spirit or scope of the present invention. Accordingly, the
drawings and description are to be regarded as illustrative in
nature, rather than restrictive.

[0024] FIG. 4 is a plan view of a portion of a unit pixel
array of an organic light emitting display device in accor-
dance with an exemplary embodiment of the present inven-
tion, and FIG. 5B is a cross-sectional view showing a
method of fabricating the organic light emitting display
device in accordance with an exeniplary embodiment of the
present invention, in which the cross-sectional view is taken
along line II-IT' of FIG. 4.

[0025] Referring to FIGS. 4 and 5B, a substrate 100, at
which a plurality of unit pixel regions A are located, is
provided. A pixel electrode 141 is disposed on (or at) one of
the unit pixel regions A.

[0026] A thin film transistor (TFT) electrically connected
to the pixel electrode 141 is disposed on the one of the unit
pixel regions A. The thin film transistor includes a semi-
conductor laver 112, a gate electrode 122, and source and
drain electrodes 131 and 133. The source electrode 131 or
the drain electrode 133 is connected to the pixel electrode
141. By way of example, the drain electrode 133 is con-
nected to the pixel electrode 141. In more detail, an insu-
lating layer 135 is disposed on the thin film transistor, and
the insulating layer 135 has a via-hole 135a for exposing at
least a portion of the drain electrode 133. The pixel electrode
141 is connected to the drain electrode 133 through the
via-hole 135a.

[0027] A pixel defining layer 145 is disposed on the pixel
electrode 141 and a periphery of the pixel electrode 141. The
pixel defining layer 145 has an opening 145a for exposing
a portion of the pixel electrode 141, and a trap T disposed on
(or at) at least one side of the periphery of the pixel electrode
141. As a result, a foreign substance F, which may become
lodged on the pixel electrode 141 during manufacturing of
the organic light emitting display device, can become
trapped in the trap T. Since the trap T is located at the
periphery of the pixel electrode 141, the pixel electrode 141
itself is not exposed by the trap T. Therefore, even when the
foreign substance F becomes trapped in the trap T, the pixel
electrode 141 does not become short-circuited with a
counter electrode, which will be described in more detail
later, due to the foreign substance F.
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[0028] In the described embodiment of the organic light
emitting display device, a size (or diameter) of the foreign
substance, sufficiently large to cause manufacturing defects,
is in a range from 500 to 10,000 A. Therefore, in one
embodiment, in order to effectively trap the foreign sub-
stance F, the trap T has a width Wt from 500 to 10,000 A.
In one embodiment, the trap T has a length of 500 or more

A.

[0029] 1In one embodiment, the trap T may be disposed on
(or at) various (or all) positions around the pixel electrode
141, i.e., upper, lower, right and left sides of the periphery
of the pixel electrode 141, to maximize (or increase) a total
area of the trap T, thereby increasing a likelihood of trapping
the foreign substance F.

[0030] The pixel defining layer 145 also has an interme-
diate portion 145_ i disposed, between the opening 145a and
the trap T, and a peripheral portion 145_ p separated from
the intermediate portion 145 i. In one embodiment, the
peripheral portion 145 p is any portion of the pixel defining
layer 145 except the intermediate portion 145_ 7. The inter-
mediate portion 145 i may cover at least an edge of the
pixel electrode 141 to inhibit or prevent a short circuit
between the pixel electrode 141 and the counter electrode. In
addition, the intermediate portion 145_{ may have a height
B1 smaller than a height B2 of the peripheral portion 145_ p,
such that the foreign substance F can be trapped more
effectively in the trap T.

[0031] As shown in FIG. 5B, an organic functional layer
155 including an emission layer is disposed on the portion
of the pixel electrode 141 exposed by the opening 145a. The
organic functional layer 155 may further include a charge
injection layer and/or a charge transport layer located on or
under the emission layer. A counter electrode 160 is disposed
on the organic functional layer 155.

[0032] FIGS. 5A and 5B are cross-sectional views show-
ing a method of fabricating the organic light emitting display
device in accordance with an exemplary embodiment of the
present invention.

[0033] Referring to FIG. 5A, a buffer layer 105 is formed
on the substrate 100. The substrate 100 may be a transparent
or a non-transparent substrate. In addition, the substrate 100
may include glass, plastic, quartz, silicon, and/or metal. The
buffer layer 105 may include a silicon oxide layer, a silicon
nitride layer, a silicon oxynitride layer, or a multi-layer
thereof.

[0034] The semiconductor layer 112 is formed on a por-
tion of the buffer layer 105. The semiconductor layer 112
may be an amorphous silicon layer and/or a polysilicon layer
(e.g., an amorphous silicon layer that is crystallized). In one
embodiment, the semiconductor layer 112 is a polysilicon
layer having high mobility. A gate insulating layer 117 is
formed on the semiconductor layer 112. The gate insulating
layer 117 may include a silicon oxide layer, a silicon nitride
layer, a silicon oxynitride layer, or a multi-layer thereof.

[0035] The gate electrode 122 overlaps at least a portion of
the semiconductor layer 112 and is formed on the gate
insulating layer 117. Then, conductive impurities are
injected into the semiconductor layer 112 using the gate
electrode 122 as a mask to form source and drain regions in
the semiconductor layer 112. Here, a channel region is
located between the source region and the drain region. A
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first interlayer insulating layer 125 is formed on the gate
electrode 122 and the semiconductor layer 112. Contact
holes are formed in the first interlayer insulating layer 125
to expose the source and drain regions, respectively. A
conductive layer is disposed on the first interlayer insulating
layer 125, in which the contact holes are formed, and then
patterned to form source and drain electrodes 131 and 133
for contacting the source and drain regions of the semicon-
ductor layer 112, respectively. The semiconductor layer 112,
the gate electrode 122, and the source and drain electrodes
131 and 133 constitute a thin film transistor (TFT).

[0036] A second interlayer insulating layer 135 is formed
on the source and drain electrodes 131 and 133. The second
interlayer insulating layer 135 may include a passivation
layer, a planarization layer, or a multi-layer thereof (e.g., a
planarization layer disposed on a passivation layer). The
passivation layer may include a silicon oxide layer, a silicon
nitride layer, or a multi-layer thereof. In one embodiment,
the passivation layer is a silicon nitride layer capable of
effectively blocking gas and moisture to protect the thin film
transistor thereunder, and/or containing a sufficient amount
of hydrogen to passivate defective bonding(s) existing in a
grain boundary of the polysilicon layer. In one embodiment,
the planarization layer may include an organic layer such as
a benzocyclobutene (BCB) layer, a polyimide layer, or a
polyacryl layer to reduce a step of lower portion.

[0037] Inoneembodiment, the via-hole 1354 for exposing
the drain electrode 133 is formed in the second interlayer
insulating layer 135. The pixel electrode 141 is formed on
the second interlayer insulating layer 135 and the via-hole
135a. As a result, the pixel electrode 141 is connected to the
drain electrode 133 at the via-hole 135a.

[0038] The pixel defining layer 145 is formed on the pixel
electrode 141. The pixel defining layer 145 may include
benzocyclobutene (BCB), acryl-based photoresist, phenol-
based photoresist, and/or imide-based photoresist. Then, the
opening 145¢ and the trap T are formed in the pixel defining
layer 145. The opening 1454 exposes at least a portion of the
pixel electrode 141, and the trap T is disposed on (or at) at
least one side of the periphery of the pixel electrode 141. The
pixel defining layer 145 has the intermediate portion 145 i
disposed between the opening 145a and the trap T, and the
peripheral portion 145 p which is separated from the inter-
mediate portion 145_i. In one embodiment, the peripheral
portion 145_ p is any portion of the pixel defining layer 145
except the intermediate portion 145_ ;. The height B1 of the
intermediate portion 145_ i may be smaller than the height
B2 of the peripheral portion 145 p. To form the pixel
defining layer 145, in one embodiment, the intermediate
portion 145 i and the peripheral portion 145 _p are con-
currently or simultaneously formed using a half-tone mask.

[0039] In one embodiment, the intermediate portion
145 i is formed to cover at least an edge of the pixel
electrode 141 to inhibit or prevent a short circuit between the
edge of the pixel electrode 141 and the counter electrode
160.

[0040] Then, the substrate 100 and the portion of the pixel
electrode 141 exposed by the opening 145a are cleaned. The
cleaning is performed to remove a foreign substance F that
may be present on the pixel electrode 141. However, since
the substrate is cleaned by using a cleaning agent and/or a
cleaning gas flowing along a certain direction, the foreign
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substance F disposed on the pixel electrode 141 may merely
be moved (or pushed out) to the periphery of the pixel
electrode 141. The foreign substance F may be trapped in the
trap T disposed on at least one side of the pixel electrode
141. Here, in order to increase a likelihood of trapping the
foreign substance F in the trap T, the height B1 of the
intermediate portion 145 i may be small relative to the
height B2. However, when the height B1 of the intermediate
portion 145_; is too small, a short circuit may still be
created between the pixel electrode 141 and the counter
electrode 160 at the edge of the pixel electrode 141. There-
fore, in one embodiment, the height B1 of the intermediate
portion 145_i is larger than a thickness of the pixel elec-
trode 141.

[0041] Since the trap T is formed around the pixel elec-
trode 141, the pixel electrode 141 itself is not exposed by the
trap T. Therefore, even when the foreign substance F is
trapped in the trap T, a short circuit between the pixel
electrode 141 and the counter electrode 160 will not be
created due to the foreign substance F. As such, the likeli-
hood that dark pixels are caused to be formed due to the
foreign substance F is thereby reduced.

[0042] In the organic light emitting display device in an
embodiment of the present invention, the foreign substance
F, the presence of which may cause manufacturing defects,
has a size in a range from 500 to 10,000 A. When the foreign
substance F has a size larger than 10,000 A, the foreign
substance F may be substantially removed from the substrate
during the cleaning, and when the foreign substance F has a
size smaller than 500 A, even though the foreign substance
F may remain on the substrate, the foreign substance F may
not be sufficiently large to cause a short circuit to occur
between the pixel electrode 141 and the counter electrode
160. Therefore, in one embodiment, in order to effectively
trap the foreign substance F, the trap T has a width Wt in a
range from 500 to 10,000 A, and/or a length Lt of 500 or
more A.

[0043] Referring to FIG. 5B, the organic functional layer
155 including the emission layer is formed on the portion of
the pixel electrode 141 exposed by the opening 1454. The
organic functional layer 155 may further include a charge
transport layer and/or a charge injection layer located on
and/or under the emission layer. Then, the counter electrode
160 is formed on the organic functional layer 155.

[0044] FIG. 6 is a plan view of a portion of a unit pixel
array of an organic light emitting display device in accor-
dance with another exemplary embodiment of the present
invention, and FIG. 7 is a cross-sectional view taken along
line III-IIT' of FIG. 6. Referring to FIGS. 6 and 7, the organic
light emitting display device includes a pixel electrode 141'
disposed on the substrate 100. A pixel defining layer 145' is
disposed on the pixel electrode 141' and a periphery of the
pixel electrode 141'. The pixel defining layer 145' has an
opening 1454' for exposing a portion of the pixel electrode
141', and a trap T" disposed on (or at) at least one side of the
periphery of the pixel electrode 141'. The insulating layer
135 has a via-hole 1354' for exposing at least a portion of the
drain electrode 133. The pixel electrode 141" is connected to
the drain electrode 133 through the via-hole 1354'. The pixel
defining layer 145" also has an intermediate portion 145 /'
disposed between the opening 145" and the trap T', and a
peripheral portion 145_ p' separated from the intermediate
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portion 145_{'. In one embodiment, the peripheral portion
145 p'is any portion of the pixel defining layer 145' except
the intermediate portion 145 '. An organic functional layer
155 including an emission layer is disposed on the portion
of the pixel electrode 141" exposed by the opening 1454". A
counter electrode 160" is disposed on the organic functional
layer 155'.

[0045] The organic light emitting display device shown in
FIGS. 6 and 7 is substantially similar to the organic light
emitting display device described with reference to FIGS. 4,
5A and 5B, with the following exceptions.

[0046] Referring to FIGS. 6 and 7, the trap T' may be
located at both left and right sides of the pixel electrode 141'.
Alternatively, the trap T' may be located at both upper and
lower sides of the pixel electrode 141'. Alternatively. the trap
T' may located at both the left and right sides and the upper
and lower sides of the pixel electrode 141'. Alternatively, the
trap T" may be formed at one of the left side or the right side,
and/or one of the upper side or the lower side of the pixel
electrode 141'. As described with reference to FIGS. 5A and
5B, a cleaning agent and/or a cleaning gas may be supplied
to flow along a vertical and/or a horizontal direction of the
substrate during the cleaning of the portion of the pixel
electrode 141' exposed by the pixel defining layer 145'.
Because the trap T' may be disposed on both opposite sides
or one or more sides of the pixel electrode 141", it is possible
to effectively trap the foreign substance F in the trap T'.

[0047] As can be seen from the foregoing, it is possible to
reduce dark pixels in an organic light emitting display device
by forming a pixel defining layer having a trap disposed on
at least one side of a pixel electrode to trap foreign sub-
stances that are not substantially removed from a substrate.

[0048] While the invention has been described in connec-
tion with certain exemplary embodiments, it is to be under-
stood by those skilled in the art that the invention is not
limited to the disclosed embodiments, but, on the contrary,
is intended to cover various modifications included within
the spirit and scope of the appended claims and equivalents
thereof.

What is claimed is:
1. An organic light emitting display device comprising:

a substrate;
a pixel electrode disposed on the substrate;

a pixel defining layer having an opening for exposing a
portion of the pixel electrode, and a trap disposed on at
least one side of a periphery of the pixel electrode;

an organic functional layer disposed on the exposed
portion of the pixel electrode and including at least an
emission layer; and

a counter electrode disposed on the organic functional

layer.

2. The organic light emitting display device according to
claim 1, wherein the pixel defining layer further has an
intermediate portion disposed between the opening and the
trap, and wherein the intermediate portion covers at least an
edge of the pixel electrode.

3. The organic light emitting display device according to
claim 1, wherein the pixel defining layer further has an
intermediate portion disposed between the opening and the

May 17, 2007

trap and a peripheral portion, and wherein the intermediate
portion has a height smaller than a height of the peripheral
portion.

4. The organic light emitting display device according to
claim 1, wherein the trap has a width in a range from about
500 to about 10,000 A.

5. The organic light emitting display device according to
claim 1, wherein the trap is disposed on upper and lower
sides and/or left and right sides of the pixel electrode.

6. The organic light emitting display device according to
claim 5, wherein the trap is disposed on the upper and lower
sides and the left and right sides of the pixel electrode.

7. The organic light emitting display device according to
claim 1, wherein the trap is disposed on one of an upper side
or a lower side of the pixel electrode and/or one of a left side
or a right side of the pixel electrode.

8. The organic light emitting display device according to
claim 7, wherein the trap is disposed on the one of the upper
side or the lower side of the pixel electrode and the one of
the left side or the right side of the pixel electrode.

9. The organic light emitting display device according to
claim 1, wherein the pixel defining layer includes a material
selected from the group consisting of benzocyclobutene
(BCB), acryl-based photoresist, phenol-based photoresist,
imide-based photoresist, and combinations thereof.

10. The organic light emitting display device according to
claim 1, wherein the organic functional layer further
includes at least one of a charge transport layer or a charge
injection layer.

11. A method of fabricating an organic light emitting
display device, the method comprising:

forming a pixel electrode on a substrate;

forming a pixel defining layer on the pixel electrode, the
pixel defining layer having an opening for exposing a
portion of the pixel electrode and a trap disposed on at
least one side of a periphery of the pixel electrode;

forming an organic functional layer having at least an
emission layer on the exposed portion of the pixel
electrode; and

forming a counter electrode on the organic functional

layer.

12. The method according to claim 11, wherein the pixel
defining layer further has an intermediate portion disposed
between the opening and the trap, and wherein the interme-
diate portion covers at least an edge of the pixel electrode.

13. The method according to claim 11, wherein the pixel
defining layer further has an intermediate portion disposed
between the opening and the trap and a peripheral portion,
and wherein the intermediate portion has a height smaller
than a height of the peripheral portion.

14. The method according to claim 13, wherein the
intermediate portion and the peripheral portion are concur-
rently formed using a half-tone mask.

15. The method according to claim 11, wherein the trap
has a width in a range from about 500 to about 10,000 A.

16. The method according to claim 11, wherein the trap is
disposed on upper and lower sides and/or left and right sides
of the pixel electrode.

17. The method according to claim 16, wherein the trap is
disposed on the upper and lower sides and the left and right
sides of the pixel electrode.
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18. The method according to claim 11, wherein the trap is
disposed on one of an upper side or a lower side of the pixel
electrode and/or one of a left side or a right side of the pixel
electrode.

19. The method according to claim 18, wherein the trap is
disposed on the one of the upper side or the lower side of the
pixel electrode and the one of the left side or the right side
of the pixel electrode.
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20. The method according to claim 11, wherein the pixel
defining layer includes a material selected from the group
consisting of benzocyclobutene (BCB), acryl-based photo-
resist, phenol-based photoresist, imide-based photoresist,
and combinations thereof.
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