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7) ABSTRACT

An organic electro-luminescent display and a method for
manufacturing the same are disclosed. The organic electro-
luminescent display includes a first transparent substrate and
a second transparent substrate which are arranged to face
each other while being spaced apart from each other by a

21) Appl. No.: 11/148,253
(21) - Appl. No /148, predetermined distance, a transistor formed on the first
(22) Filed: Jun. 9, 2005 transparent substrate, an anode formed on the second trans-
parent substrate, and electrically connected to the transistor,
(30) Foreign Application Priority Data an organic electro-luminescent layer formed on the anode,
and a cathode formed on the organic electro-luminescent
Jun. 10, 2004 (KR) .oceeveerrercirrriencens 10-2004-0042635 layer.
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ORGANIC ELECTRO-LUMINESCENT DISPLAY
AND METHOD FOR MANUFACTURING THE
SAME

[0001] This application claims the benefit of Korean
Patent Application No. 10-2004-0042635, filed on Jun. 10,
2004, which is hereby incorporated by reference as if fully
set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic electro-
luminescent (EL) display, and more particularly, to a dual-
panel type organic EL display and a method for manufac-
turing the same.

[0004] 2. Discussion of the Related Art

[0005] Generally, dual-panel type organic EL displays
include a lower substrate, on which pixel switching elements
and pixel driving elements are formed, and an upper sub-
strate, on which an organic material is laminated. The upper
and lower substrates are bonded to be electrically connected,
for implementation of a display.

[0006] Hereinafter, a conventional method for manufac-
turing such a dual-panel type organic EL display will be
described.

[0007] The lower substrate of a dual-panel type organic
EL display mainly includes, for each pixel region thereof, a
switching thin film transistor (typically, a polysilicon thin
film transistor) for switching of a pixel corresponding to the
pixel region, a driving thin film transistor for driving of the
pixel, a storage capacitor, and a pixel electrode.

[0008] FIG. 1A is a sectional view illustrating a conven-
tional process for manufacturing a lower substrate of a
dual-panel type organic EL display. The following descrip-
tion will be given only in conjunction with one thin film
transistor included in one pixel of the dual-panel type
organic EL display.

[0009] In accordance with the conventional process, first,
a semiconductor layer 2 made of, for example, polysilicon,
is formed over a transparent substrate 1, as shown in FIG.
1A. The semiconductor 2 is then patterned such that the
semiconductor 2 remains only in a region where a thin film
transistor is to be formed.

[0010] Thereafter, a gate insulating film 3 and a conduc-
tive film for formation of a gate electrode are sequentially
formed over the entire surface of the resulting structure. The
conductive film is then patterned to form a gate electrode 4.

[0011] Using the gate electrode 4 as a mask, impurity ions
such as phosphorous (P) ions are then implanted into the
semiconductor layer 2 which is, in turn, annealed to form
source and drain regions 2a and 2¢ of the thin film transistor.
Thus, an NMOS thin film transistor is completely formed.

[0012] The portion of the semiconductor layer 2, into
which the impurity ions are not implanted, forms a channel
region 2b of the NMOS thin film transistor.

[0013] Next, an interlayer insulating film 5 is formed over
the entire surface of the resulting structure. Subsequently,
the interlayer insulating film 5 and gate insulating film 3 are
selectively removed such that the source and drain regions
24 and 2¢ of the NMOS thin film transistor are exposed.
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[0014] An electrode line 6 and a pixel electrode 6' are then
formed on the exposed source and drain regions 2a and 2c¢
such that the electrode line 6 and pixel electrode 6' are
electrically connected to the source and drain regions 2a and
2¢, respectively. Thus, the lower substrate is completely
formed.

[0015] FIG.2is a plan view illustrating an upper substrate
of the dual-panel type organic EL display manufactured in
accordance with a conventional process. FIG. 1B is a
cross-sectional view taken along the line I-I of FIG. 2.

[0016] In accordance with the conventional process, as
shown in FIGS. 1B and 2, an anode 8 is formed on a
transparent substrate 7. The anode 8 is made of a transparent
conductive material having a high work function, such as
indium tin oxide (ITO) or indium zinc oxide (IZO).

[0017] Thereafter, an insulating film 9 is formed on a
portion of the anode 8, using an insulating material such as
polyimide. A barrier 10 is then formed on the insulating film
9.

[0018] Next, an island-shaped spacer 11 is formed on the
anode 8 at a pixel region, using another insulating material.

[0019] Subsequently, organic materials for a hole injection
layer 12, a hole transfer layer 13, a light-emitting layer 14,
an electron transfer layer 15, and an electron injection layer
16 are sequentially deposited over the entire surface of the
resulting structure including the spacer 11.

[0020] A cathode 17, which is made of a conductive
material having a low work function, such as aluminum, is
then deposited over the electron injection layer 16. Thus, the
upper substrate is completely formed.

[0021] FIG. 1C is a sectional view illustrating a process
for bonding the lower substrate of FIG. 1A and the upper
substrate of FIG. 1B.

[0022] As shown in FIG. 1C, the lower substrate of FIG.
1A and the upper substrate of FIG. 1B are bonded such that
the cathode 17 formed on the spacer 11 in the upper substrate
comes into contact with the pixel electrode 6' to be electri-
cally connected.

[0023] FIG. 1D is a sectional view illustrating a process
for sealing the organic EL display in which the upper and
lower substrates are bonded. As shown in FIG. 1D, vacuum
is formed in a space defined between the bonded upper and
lower substrates. Thereafter, the space between the upper
and lower substrates is sealed, using a sealant 18.

[0024] In the conventional organic EL display manufac-
tured in the above-mentioned manner, NMOS thin film
transistors must be used because each cathode in the upper
substrate and the drain region of the corresponding driving
thin film transistor in the lower substrate are electrically
connected.

[0025] However, the above-mentioned conventional EL
display has a problem in that it is difficult to use a low-
temperature polysilicon thin film transistor manufacturing
process using a laser annealing method. This is because the
low-temperature polysilicon thin film transistor is of a
PMOS type.
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[0026] For this reason, the conventional organic EL dis-
play cannot use PMOS thin film transistors which are more
stable than NMOS thin film transistors.

SUMMARY OF THE INVENTION

[0027] Accordingly, the present invention is directed to an
organic EL display and a method for manufacturing the
same that substantially obviate one or more problems due to
limitations and disadvantages of the related art.

[0028] An object of the present invention is to provide an
organic EL display which can use PMOS thin film transis-
tors, and a method for manufacturing the organic EL display.

[0029] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the invention. The
objectives and other advantages of the invention may be
realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the
appended drawings.

[0030] To achieve these objects and other advantages and
in accordance with the purpose of the invention, as embod-
ied and broadly described herein, an organic electro-lumi-
nescent display comprises: a first transparent substrate and a
second transparent substrate which are arranged to face each
other while being spaced apart from each other by a prede-
termined distance; a transistor formed on the first transparent
substrate; an anode formed on the second transparent sub-
strate, and electrically connected to the transistor; an organic
electro-luminescent layer formed on the anode; and a cath-
ode formed on the organic electro-luminescent layer.

[0031] The transistor may be a PMOS thin film transistor.
The organic electro-luminescent display may further com-
prise a spacer formed around a light emitting region on the
second transparent substrate, and a barrier formed around
the spacer.

[0032] The barrier may surround the spacer. Alternatively,
the barrier may comprise stripe-shaped barriers respectively
formed at opposite sides of the spacer such that the spacer
is interposed between the stripe-shaped barriers.

[0033] The spacer may be protruded to a level higher than
the barrier.

[0034] In another aspect of the present invention, an
organic electro-luminescent display comprises: a first trans-
parent substrate and a second transparent substrate which are
arranged to face each other while being spaced apart from
each other by a predetermined distance; a transistor formed
on the first transparent substrate; a spacer formed around a
light emitting region on the second transparent substrate; an
anode formed on the light emitting region of the second
transparent substrate and the spacer such that the anode has
a portion formed on the light emitting region, and a portion
formed on the spacer, the anode portion formed on the
spacer being electrically connected to the transistor; a barrier
formed around the spacer; an organic electro-luminescent
layer formed on the anode portion formed on the light
emitting region of the second transparent substrate, except
for the spacer; and a cathode formed on the organic electro-
luminescent layer.
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[0035] The barrier may comprise a first barrier formed in
a stripe on the anode at one side of the spacer, and a second
barrier formed in a stripe on the second transparent substrate
at the other side of the spacer.

[0036] In another aspect of the present invention, a
method for manufacturing an organic electro-luminescent
display comprises the steps of: manufacturing a lower
substrate of the organic electro-luminescent display, the
lower substrate manufacturing step comprising the steps of
preparing a first transparent substrate, and forming a tran-
sistor on the first transparent substrate; manufacturing an
upper substrate of the organic electro-luminescent display,
the upper substrate manufacturing step comprising the steps
of preparing a second transparent substrate, forming a spacer
around a light emitting region on the second transparent
substrate, forming an anode on the light emitting region of
the second transparent substrate and the spacer, forming a
barrier around the spacer, forming an organic electro-lumi-
nescent layer on a portion of the anode formed on the light
emitting region of the second transparent substrate, except
for the spacer, and forming a cathode on the organic electro-
luminescent layer; and bonding the upper and lower plates
of the organic electro-luminescent display such that a por-
tion of the anode formed on the spacer in the upper substrate
is electrically connected with an electrode of the transistor in
the lower substrate.

[0037] The step of forming the barrier around the spacer
may comprise the steps of: forming an insulating film over
an entire surface of the second transparent substrate includ-
ing the anode, and patterning the insulating film such that the
insulating film remains only around the spacer to surround
the spacer; and forming a barrier on the remaining insulating
film.

[0038] The step of forming the barrier around the spacer
may comprise the steps of: forming an insulating film over
an entire surface of the second transparent substrate includ-
ing the anode, and patterning the insulating film such that the
insulating film remains to have stripe-shaped portions
respectively arranged in parallel at opposite sides of the
spacer to cause the spacer to be interposed between the
stripe-shaped portions; and forming barriers on the remain-
ing stripe-shaped insulating film portions.

[0039] It is to be understood that both the foregoing
general description and the following detailed description of
the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0041] FIGS. 1A to 1D are scctional views illustrating a
conventional method for manufacturing an organic EL dis-
play having a conventional structure;

[0042] FIG. 2 is a plan view illustrating an upper substrate
of the convention organic EL display.
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[0043] FIGS. 3A to 3D are scctional views illustrating a
method for manufacturing a dual-panel type organic EL
display in accordance with the present invention; and

[0044] FIGS. 4A and 4B are plan views illustrating upper
substrates having different structures, which are used in the
organic EL display according to the present invention,
respectively.

DETAILED DESCRIPTION OF THE
INVENTION

[0045] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.

[0046] The present invention proposes a dual-panel type
organic EL display having a structure capable of using
PMOS thin film transistors, and a method for manufacturing
the same.

[0047] That is, in accordance with the present invention, a
PMOS thin film transistor is formed on one substrate of the
dual-panel type organic EL display, as a device for driving
of a pixel. Also, an organic EL element is formed on the
other substrate. The substrates are then bonded such that an
anode of the organic EL element and a pixel electrode of the
PMOS thin film transistor are electrically connected.

[0048] FIGS. 3A to 3E are sectional views illustrating
sequential processing steps of a method for manufacturing a
dual-panel type EL display in accordance with the present
invention. The following description will be given only in
conjunction with one thin film transistor included in one
pixel of the organic EL display.

[0049] FIG. 3A is a sectional view illustrating a process
for manufacturing a lower substrate of the dual-panel type
EL display. This process may be carried out in a conven-
tional manner. In accordance with this process, first, a
semiconductor layer 22 made of, for example, polysilicon, is
formed over a first transparent substrate 21, as shown in
FIG. 3A. The semiconductor layer 22 is then patterned to
remain only in a region where a thin film transistor is to be
formed.

[0050] Thereafter, a gate insulating film 23 and a conduc-
tive film for formation of a gate electrode are sequentially
formed over the entire surface of the resulting structure. The
conductive film is then patterned to form a gate electrode 24.

[0051] Using the gate electrode 24 as a mask, impurity
ions such as boron (B) ions are then implanted into the
semiconductor layer 22 which is, in turn, annealed to form
source and drain regions 22a and 22¢ of the thin film
transistor. Thus, a PMOS thin film transistor is completely
formed.

[0052] The portion of the semiconductor layer 22, into
which the impurity ions are not implanted, forms a channel
region 22b of the PMOS thin film transistor.

[0053] Next, an interlayer insulating film 25 is formed
over the entire surface of the resulting structure. The inter-
layer insulating film 25 and gate insulating film 23 are then
selectively removed to expose the source and drain regions
22¢ and 22c¢ of the PMOS thin film transistor.
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[0054] Thereafter, an electrode line 26 and a pixel elec-
trode 26' are formed on the resulting structure such that the
electrode line 26 and pixel electrode 26' are electrically
connected to the source and drain regions 22a and 22c,
respectively. Thus, a lower substrate is completely formed.

[0055] FIGS. 4A and 4B are plan views illustrating an
upper substrate of the dual-panel type organic EL display
manufactured in accordance with the present invention.
FIG. 3B is a cross-sectional view taken along the line II-II
of FIG. 4A and the line III-III of FIG. 4B, illustrating an
upper substrate manufacturing process according to the
present invention.

[0056] In accordance with the upper substrate manufac-
turing process, an island-shaped spacer 28 is first formed on
a second transparent substrate 27, using an insulating mate-
rial, as shown in FIG. 3B.

[0057] The spacer 28 is arranged around a light emitting
region. The spacer 28 is also shaped such that the lower
portion of the spacer 28 is wider than the upper portion of
the spacer 28.

[0058] Thereafter, an anode 29 is formed on the second
transparent substrate 27 including the spacer 28. The anode
29 is made of a transparent conductive material having a
high work function, such as indium tin oxide (ITO) or
indium zinc oxide (IZO).

[0059] The anode 29 is formed only on the spacer 28 and
the light emitting region of the second transparent substrate
27.

[0060] Subsequently, an insulating film 30 is formed on a
peripheral portion of the anode 29 and a region around the
spacer 28, using an insulating material such as polyimide. A
barrier 31 is then formed on the insulating film 30.

[0061] The insulating film 30 and barrier 31 may be
formed using one of two methods.

[0062] In accordance with the first method, the insulating
film 30 is first formed over the entire surface of the structure
including the anode 29, is then patterned such that the
insulating film 30 remains only around the spacer 28 to
surround the spacer 28. The barrier 31 is then formed on the
remaining insulating film 30 such that the barrier 31 sur-
rounds the spacer 28.

[0063] In accordance with the second method, the insu-
lating film 30 is first formed over the entire surface of the
structure including the anode 29, is then patterned such that
the insulating film 30 remains to have stripe-shaped portions
respectively arranged in parallel at opposite sides of the
spacer 28. The barrier 31 is then formed on the remaining
insulating film 30.

[0064] In the latter case, the barrier 31 includes a first
barrier formed in a stripe at one side of the spacer 28, and
a second barrier formed in a stripe at the other side of the
spacer 28. The first and second barriers are arranged in
parallel in the form of parallel stripes at the opposite sides
of the spacer 28, respectively, such that the spacer 28 is
interposed between the first and second barriers.
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[0065] Thereafter, organic materials for a hole injection
layer 32, a hole transfer layer 33, a light-emitting layer 34,
an electron transfer layer 33, and an electron injection layer
36 are sequentially deposited over a portion of the anode 29
corresponding to the light emitting region of the second
transparent substrate 27, except for the spacer 28. Thus, an
organic EL layer is formed.

[0066] In the organic EL layer forming process, a shadow
mask is used in order to prevent the organic EL layer from
being formed on the spacer 28.

[0067] A cathode 37, which is made of a conductive
material having a low work function, such as aluminum, is
then deposited over the electron injection layer 36. Thus, an
upper substrate is completely formed.

[0068] Where the barrier 31 has the structure of FIG. 4A,
the cathode 37 can be formed without using a shadow mask.
However, where the barrier 31 has the structure of FIG. 4B,
a shadow mask is used in the process of forming the cathode
37, so as to prevent the cathode 37 from being formed on a
region where no organic EL layer is formed between the
stripe-shaped barriers.

[0069] That is, in the latter case, it is necessary to expose
the anode 29 formed on the spacer 28, so as to enable the
anode 29 to come into electrical contact with the pixel
electrode 26' of the first transparent substrate 21.

[0070] FIG. 3C is a sectional view illustrating a process
for bonding the lower substrate of FIG. 3A and the upper
substrate of FIG. 3B.

[0071] As shown in FIG. 3C, the lower substrate of FIG.
3A and the upper substrate of FIG. 3B are bonded such that
the anode 29 formed on the spacer 28 in the upper substrate
comes into contact with the pixel electrode 26' of the lower
substrate to be electrically connected.

[0072] FIG. 3D is a sectional view illustrating a process
for sealing the organic EL display in which the upper and
lower substrates are bonded. As shown in FIG. 3D, a
vacuum is formed in a space defined between the bonded
upper and lower substrates. Thereafter, the space between
the upper and lower substrates is sealed, using a sealant 38.

[0073] As apparent from the above description, the
organic EL display of the present invention can use PMOS
thin film transistors because the drain region of each driving
thin film transistor formed on the lower substrate is electri-
cally connected with the corresponding anode formed on the
upper substrate.

[0074] That is, in accordance with the present invention, it
is possible to manufacture a dual-panel type organic EL
display having an enhanced reliability and a prolonged life,
by virtue of use of PMOS thin film transistors which are
more stable than NMOS thin film transistors.

[0075] 1t will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the inventions. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

Dec. 15, 2005

What is claimed is:
1. An organic electro-luminescent display comprising:

a first transparent substrate and a second transparent
substrate which are arranged to face each other while
being spaced apart from each other by a predetermined
distance;

a transistor formed on the first transparent substrate;

an anode formed on the second transparent substrate, and
electrically connected to the transistor;

an organic electro-luminescent layer formed on the anode;
and

a cathode formed on the organic electro-luminescent

layer.

2. The organic electro-luminescent display according to
claim 1, wherein the transistor is a PMOS thin film transis-
tor.

3. The organic electro-luminescent display according to
claim 1, further comprising:

a spacer formed around a light emitting region on the
second transparent substrate; and

a barrier formed around the spacer.

4. The organic electro-luminescent display according to
claim 3, wherein the barrier surrounds the spacer.

5. The organic electro-luminescent display according to
claim 3, wherein the barrier comprises stripe-shaped barriers
respectively formed at opposite sides of the spacer such that
the spacer is interposed between the stripe-shaped barriers.

6. The organic electro-luminescent display according to
claim 3, wherein the spacer is protruded to a level higher
than the barrier.

7. An organic electro-luminescent display comprising:

a first transparent substrate and a second transparent
substrate which are arranged to face each other while
being spaced apart from each other by a predetermined
distance;

a transistor formed on the first transparent substrate;

a spacer formed around a light emitting region on the
second transparent substrate;

an anode formed on the light emitting region of the second
transparent substrate and the spacer such that the anode
has a portion formed on the light emitting region, and
a portion formed on the spacer, the anode portion
formed on the spacer being electrically connected to the
transistor;

a barrier formed around the spacer;

an organic electro-luminescent layer formed on the anode
portion formed on the light emitting region of the
second transparent substrate, except for the spacer; and

a cathode formed on the organic electro-luminescent

layer.

8. The organic electro-luminescent display according to
claim 7, wherein the transistor is a PMOS thin film transis-
tor.

9. The organic electro-luminescent display according to
claim 7, wherein the barrier surrounds the spacer.
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10. The organic electro-luminescent display according to
claim 7, wherein the barrier comprises:

a first barrier formed in a stripe on the anode at one side
of the spacer; and

a second barrier formed in a stripe on the second trans-
parent substrate at the other side of the spacer.
11. The organic electro-luminescent display according to
claim 10, further comprising:

an insulating film formed beneath the first and second

barriers.

12. The organic electro-luminescent display according to
claim 10, wherein the first and second barriers are arranged
in parallel at the opposite sides of the spacer such that the
spacer is interposed between the first and second barriers.

13. The organic electro-luminescent display according to
claim 7, wherein the spacer is protruded to a level higher
than the barrier.

14. A method for manufacturing an organic electro-
luminescent display, comprising the steps of:

manufacturing a lower substrate of the organic electro-
luminescent display, the lower substrate manufacturing
step comprising the steps of preparing a first transpar-
ent substrate, and forming a transistor on the first
transparent substrate;

manufacturing an upper substrate of the organic electro-
luminescent display, the upper substrate manufacturing
step comprising the steps of preparing a second trans-
parent substrate, forming a spacer around a light emit-
ting region on the second transparent substrate, forming
an anode on the light emitting region of the second
transparent substrate and the spacer, forming a barrier
around the spacer, forming an organic electro-lumines-
cent layer on a portion of the anode formed on the light
emitting region of the second transparent substrate,
except for the spacer, and forming a cathode on the
organic electro-luminescent layer; and

Dec. 15, 2005

bonding the upper and lower plates of the organic electro-
luminescent display such that a portion of the anode
formed on the spacer in the upper substrate is electri-
cally connected with an electrode of the transistor in the
lower substrate.
15. The method according to claim 14, wherein the step
of forming the barrier around the spacer comprises the steps
of:

forming an insulating film over an entire surface of the
second transparent substrate including the anode, and
patterning the insulating film such that the insulating
film remains only around the spacer to surround the
spacer; and

forming a barrier on the remaining insulating film.
16. The method according to claim 14, wherein the step

of forming the barrier around the spacer comprises the steps
of:

forming an insulating film over an entire surface of the
second transparent substrate including the anode, and
patterning the insulating film such that the insulating
film remains to have stripe-shaped portions respec-
tively arranged in parallel at opposite sides of the
spacer to cause the spacer to be interposed between the
stripe-shaped portions; and

forming barriers on the remaining stripe-shaped insulat-

ing film portions.

17. The method according to claim 16, wherein the step
of forming the cathode is executed using a shadow mask to
prevent the cathode from being formed between the barriers.

18. The method according to claim 14, wherein the step
of forming the organic electro-luminescent layer is executed
using a shadow mask to prevent the organic electro-lumi-
nescent layer from being formed on the spacer.
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