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A dual panel type organic electroluminescent device
includes first and second substrates bonded together by a
seal pattern, the first and second substrates including a
plurality of sub-pixel regions, a plurality of array elements
including a plurality of thin film transistors on the first
substrate, a plurality of organic electroluminescent diodes
on the second substrate, each of the organic electrolumines-
cent diodes having a first electrode on a rear surface of the
second substrate, an organic electroluminescent layer on a
rear surface of the first electrode, a second electrode on a
rear surface of the organic electroluminescent layer that
corresponds to respective ones of the sub-pixel regions, a
plurality of connecting electrodes connected to the thin film
transistors over the first substrate, a plurality of electrical
connecting patterns formed on each of the connecting
electrodes, each of the electrical connecting patterns elec-
trically interconnecting each of the thin film transistors to
one of the organic electroluminescent diodes, and a plurality
of hygroscopic patterns formed on portions of the connect-
ing electrodes.

ABSTRACT

fe—Sub-p i xe | —-

5,051,654 A * 9/1991 Nativi et al. ....c........... 313/506 30 Claims, 7 Drawing Sheets
160
e
170 1 [5,4 194 4 0 1f/sz 1560 158 1563 1560 fs6c
/ | / [ R
— I ' 1
\ \\ \ \\ \ k \ \\ K i\"\ 150
) T } ! } b - \J ;\ - | ]
- RS 7] T = LT S 1o I
?P - -] T ] — ] N
rﬂjfr T T VT ZZIT T PRORR N T2 P77 P ] R
S e N e b \\,_144 N T AN A N\ il
116 114 L o - - > R\ p—
e { v""‘/")"‘/"‘ ot f",:' R i P e s o ’f"/"l =
{ f }‘(_
: A Nirde/ 146 N A At 146 /146 }”0
S
v/ 1 {
: : 1é0 142 \J/\HO
| L2
I



U.S. Patent Mar. 22,2005  Sheet 1 of 7 US 6,870,197 B2

FIG. 1
RELATED ART
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FIG. 4
RELATED ART

Formation of Array Elements on First Substrate [_-—St1

Formation of First Electrode

|__—st2
Formation of Organic Electroluminescent Layer | _— st3
Foarmation of Second Electrode | _—st4

Encapsulation of First and Second Substrates | — st5
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DUAL PANEL TYPE ORGANIC
ELECTROLUMINESCENT DISPLAY DEVICE
AND METHOD OF FABRICATING THE
SAME

The present invention claims the benefit of Korean Patent
Application No. 2002-048103 filed in Korea on Aug. 14,
2002, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a display device and a
method of fabricating a display device, and more
particularly, to an organic electroluminescent display device
and method of fabricating an organic electroluminescent
display device.

2. Discussion of the Related Art

Flat panel display devices, which are characterized as
having a thin profile, light weight, and energy efficient, can
be classified into one of two types depending on whether it
emits or receives light. A first type is a light-emitting type
that emits light to display images, and a second type is a
light-receiving type that uses an external light source to
display images. Plasma display panels, field emission dis-
play devices, and electroluminescence display devices are
examples of the light-emitting type display devices, whereas
liquid crystal displays are examples of the light-receiving
type display devices.

Among the different types of flat panel display devices,
liquid crystal display (LCD) devices are commonly used for
laptop computers and desktop monitors because of their high
image resolution, good color production, and superior image
quality. However, the LCD devices have some
disadvantages, such as poor contrast ratios, narrow viewing
angles, and limited sizes. Accordingly, new types of flat
panel displays are required to overcome these
disadvantages, but yet still maintain a thin profile, light
weight and have low power consumption.

Organic electroluminescent display (OELD) devices have
been developed because of their wide viewing angles and
good contrast ratios, as compared to the LCD devices. The
OELD devices are light-emitting type display devices that
do not require a backlight device, and are light weight and
have a thin profile. In addition, the OELD devices have low
power consumption, wherein a low voltage direct current
can be used to drive the OELD devices while obtaining rapid
response speeds. Since the OELD devices are solid state
devices, unlike the LCD devices, they are sufficiently strong
to withstand external impact, have relatively larger opera-
tional temperature ranges, and can be manufactured at lower
costs than LCD devices. Moreover, since only deposition
and encapsulation apparatus are necessary and injection of
liquid crystal materials is unnecessary, process management
is simpler than the manufacturing of LCD devices.

One method for operating an OELD device is a passive
matrix operating method that does not utilize thin film
transistors, wherein scanning lines and signal lines are
arranged in a matrix configuration to perpendicularly cross
each other and a scanning voltage is sequentially supplied to
the scanning lines to operate each pixel. In order to obtain
a required average luminance, the instantaneous luminances
of each pixel during a selected period is intensified by
increasing the number of scans during the period.

Another method of operating an OELD device is an active
matrix operating method, wherein thin film transistor pairs,
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which create a voltage storing capability for each of the
pixels, include a selection transistor and a drive transistor.
The source/drain of the selection transistor is connected to a
signal line for supplying a data signal when a scanning
signal is supplied to the gate scanning line, and the gate of
the drive transistor is connected to the source/drain of the
selection transistor and a constant voltage line is connected
to the source/drain of the drive transistor. In the active
matrix type OELD device, a voltage supplied to the pixels
is stored in storage capacitors, thereby maintaining the
signals until a next period for supplying a signal voltage
begins. As a result, a substantially constant current flows
through the pixels, and the OELD device emits light at a
substantially constant luminance during one frame period.
Since a very low current is supplied to each pixel of an active
matrix type OELD device, it is possible to enlarge the
display device to form finer and/or larger image patterns
having low power consumption.

FIG. 1 is a schematic circuit diagram of a pixel region in
an active matrix type OELD device according to the related
art. In FIG. 1, scanning lines are arranged along a transverse
direction, and signal lines are arranged along a longitudinal
direction perpendicular to the scanning lines. A power
supply line is connected to a power supply to provide a
voltage to drive transistors and is disposed along the longi-
tudinal direction, wherein a pixel region is defined between
a pair of signal lines and a pair of scanning lines. Each
selection transistor, which is commonly known as a switch-
ing thin film transistor (TFT), is disposed in the pixel region
near the crossing of the scanning line and the signal line and
functions as an addressing element to control the voltage of
a pixel electrode. A storage capacitor Cq4is connected to the
power supply line and the drain/source of the switching TFT.
Accordingly, each drive transistor, which is commonly
known as a driving TFT, has a gate electrode connected to
the storage capacitor C,and a source/drain connected to the
power supply line and functions as a current source element
for the pixel electrode.

In FIG. 1, an organic electroluminescent diode is con-
nected to the drain/source of drive transistor, and includes a
multi-layer structure having organic thin films provided
between an anode electrode and a cathode electrode. When
a forward current is supplied to the organic electrolumines-
cent diode, electron-hole pairs combine in an organic elec-
troluminescent layer as a result of formation of a P-N
junction between the anode electrode, which provides holes,
and the cathode electrode, which provides electrons. The
electron-hole pairs have a larger energy together when
combined than when they were separated. The energy gap
between combined and separated electron-hole pairs is con-
verted into light by an organic electroluminescent element.
That is, the organic electroluminescent layer emits the
energy generated due to the recombination of electrons and
holes when a current flows.

Organic electroluminescent devices are classified into top
emission type and bottom emission type in accordance with
a progressive direction of light emitted from the organic
electroluminescent diode. In the bottom emission type
device, light is emitted along a direction toward the substrate
where the various lines and TFTs are disposed. However, in
the top emission type device, light is emitted along a
direction opposite to the substrate where the lines and TFTs
are disposed.

FIG. 2 is a partial cross sectional view of a bottom
emission type OELD device including one pixel region
having red (R), green (G), and blue (B) sub-pixel regions
according to the related art. In FIG. 2, first and second
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substrates 10 and 30 are bonded to each other using a seal
pattern 40, wherein thin film transistors T and first electrodes
12 are formed on the first substrate 10, which is transparent.
The pixel of the organic electroluminescent device generally
includes three sub-pixel regions with the thin film transistor
T and one of the first electrodes 12 disposed within each
sub-pixel region. An organic electroluminescent layer 14 is
formed over the thin film transistors T and over the first
electrodes 12 and includes luminous materials that produce
red (R), green (G), and blue (B) colors each corresponding
to each thin film transistor T within each sub-pixel region. A
second electrode 16 is formed on the organic electrolumi-
nescent layer 14, wherein the first and second electrodes 12
and 16 supply the electric charges to the organic electrolu-
minescent layer 14.

The seal pattern 40 bonds the first and second substrates
10 and 30 together to maintain a cell gap therebetween.
Furthermore, a hygroscopic material or a moisture absorbent
material 22 is formed on an inner surface of the second
substrate 30 in order to absorb any moisture within the cell
gap between the first and second substrates 10 and 30 to
protect the cell gap from moisture. In addition, a translucent
tape 25 is formed on the second substrate 30 and the
hygroscopic material 22 is tightly adhered to the second
substrate 30.

In FIG. 2, if the first electrode 12 is an anode and the
second electrode 16 is a cathode, the first electrode 12 is
formed of a transparent conductive material and the second
electrode 16 is formed of a metal having a small work
function. Furthermore, the organic electroluminescent layer
14 includes a hole injection layer 144, a hole transporting
layer 14b, an emission layer 14c, and an electron transport-
ing layer 14d in a sequential order from the first electrode 12.
Accordingly, the emission layer 14¢ includes luminous
materials that emit red (R), green (G), and blue (B) colors in
an alternate order in the corresponding sub-pixel regions.

FIG. 3 is an enlarged cross sectional view of one pixel of
the bottom emission type OELD device of FIG. 2 according
to the related art. In FIG. 3, an organic electroluminescent
display device includes a thin film transistor (TFT) T and an
organic electroluminescent diode E in a luminous emitting
area L. In addition, a buffer layer 32 is formed on the
transparent substrate 10, wherein the TFT T includes a
semiconductor layer 62 on the buffer layer 32, a gate
electrode 68, a source electrode 80, and a drain electrode 82.
A power electrode 72 extends from the power supply line to
be connected to the source electrode 80, and the organic
electroluminescent diode E is connected to the drain elec-
trode 82. A capacitor electrode 64 made of the same material
as the semiconductor layer 62 is disposed below the power
electrode 72. The power electrode 72 corresponds to the
capacitor electrode 64, and an insulator is interposed
therebetween, thereby forming a storage capacitor Cg.

The organic electroluminescent diode E includes the first
electrode 12, the second electrode 16, and the organic
electroluminescent layer 14 interposed between the first
electrode 12 and the second electrode 16. The OELD device
shown in FIG. 3 includes the luminous area L where the
organic electroluminescent diode E emits light produced
therein. Furthermore, the organic electroluminescent display
device has array elements A that include the TFT T, the
storage capacitor Cg, and various lines and insulators upon
which the organic electroluminescent diode E is disposed.
Accordingly, the organic electroluminescent diode E and the
array elements A are formed on the same substrate.

FIG. 4 is a flow chart showing a fabrication process of the
OELD device of FIG. 3 according to the related art. In FIG.
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4, step st includes a process for forming the array elements
on a first transparent substrate. For example, the scanning
lines, the signal lines, and the switching and driving thin film
transistors are formed on and over the first substrate,
wherein the signal lines are formed perpendicularly to cross
the scanning lines. Each of the switching thin film transistors
is disposed near a crossing of the scanning and signal lines.
In addition, formation of the array elements also includes
forming the storage capacitors and the power supply lines,
wherein each of the driving thin film transistors is disposed
near a crossing of the scanning and power supply lines.

A step st2, includes formation of the first electrodes of the
organic electroluminescent diode, wherein the first electrode
is provided within each of sub-pixel regions. Each of the first
electrodes are also connected to the drain/source of the
driving thin film transistor within each of the sub-pixel
regions.

A step st3 includes formation of an organic electrolumi-
nescent layer on the first electrodes. If the first electrodes are
the anode, then the organic electroluminescent layer is
formed to have a sequential multiple structure of a hole
injection layer, a hole transporting layer, an emission layer,
and an electron transporting layer on the first electrode.
Conversely, if the first electrodes are the cathode, the
sequence is reversed.

A step st4 includes forming the second electrode of the
organic electroluminescent diode on the organic electrolu-
minescent layer to cover an entire surface of the first
substrate, wherein the second electrode functions as a com-
mon electrode.

A step stS includes encapsulation of the first and second
substrates, wherein a second substrate is bonded to the first
substrate having the array elements and the organic elec-
troluminescent diode. The second substrate protects the
organic electroluminescent diode of the first substrate from
external impact. Accordingly, since the first substrate is
encapsulated with the second substrate, the organic elec-
troluminescent diode is protected from an ambient atmo-
sphere exterior to the device. As previously described, the
second substrate includes the hygroscopic material on the
inner surface thereof.

A vyield of an OELD device is determined by both the
yield of array elements and the yield of the organic elec-
troluminescent layer, wherein the fabrication yield of the
organic electroluminescent layer determines and controls the
total fabrication yield of the OELD device. For example,
although the thin film transistors are formed without any
defects on the first substrate, the first substrate having both
the array elements and the organic electroluminescent layer
can be determined to be inferior if defects are generated
during later processes for forming the organic electrolumi-
nescent layer. Thus, it is a waste of time and cost to fabricate
the array elements on the first substrate when defects later
occur in the organic electroluminescent layer during the
fabrication.

Moreover, in the bottom emission type device, light is
emitted along the direction toward the substrate where the
lines and TFTs are disposed. Therefore, the display area
decreases because the emitted light is blocked by these lines
and TFTs. In the top emission type device, since light is
emitted along the direction opposite to the substrate where
the lines and TFTs are disposed, the display area can
increase and thereby simplifying design the TFTs. However,
since the top emission type OELD device has the cathode
electrode on the organic electroluminescent layer, the cath-
ode electrode is commonly formed of a transparent or
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translucent material that may block some of the light emitted
from the organic electroluminescent layer that decreases
light efficiency. Furthermore, there are some limitations in
selecting the transparent or translucent material for the
cathode second electrode.

To prevent a reduction of light permeability, a thin film
passivation layer may be formed over an entire surface of the
substrate. However, infiltration of ambient atmosphere from
an exterior of the device is not prevented and affects the
organic electroluminescent diode.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to an OELD
device and a method of fabricating an OELD device that
substantially obviates one or more of the problems due to
limitations and disadvantages of the related art.

An object of the present invention is to provide an active
matrix OELD device having improved fabrication yield.

Another object of the present invention is to provide
OELD device having improved image resolution and high
aperture ratio.

Additional features and advantages of the invention will
be set forth in the description which follows, and in part will
be apparent from the description, or may be learned by
practice of the invention. The objectives and other advan-
tages of the invention will be realized and attained by the
structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described, a dual type organic electroluminescent
device includes first and second substrates bonded together
by a seal pattern, the first and second substrates including a
plurality of sub-pixel regions, a plurality of array elements
including a plurality of thin film transistors on the first
substrate, a plurality of organic electroluminescent diodes
on the second substrate, each of the organic electrolumines-
cent diodes having a first electrode on a rear surface of the
second substrate, an organic electroluminescent layer on a
rear surface of the first electrode, second electrode on a rear
surface of the organic electroluminescent layer that corre-
spond to respective ones of the sub-pixel regions, a plurality
of connecting electrodes connected to the thin film transis-
tors over the first substrate, a plurality of electrical connect-
ing patterns formed on each of the connecting electrodes,
each of the electrical connecting patterns electrically inter-
connecting each of the thin film transistors to one of the
organic electroluminescent diodes, and a plurality of hygro-
scopic patterns formed on portions of the connecting elec-
trodes.

In another aspect, a method of fabricating a dual type
organic electroluminescent device includes forming a plu-
rality of array elements including a plurality of thin film
transistors on a first substrate, forming a plurality of organic
electroluminescent diodes on a second substrate, each of the
organic electroluminescent diodes having a first electrode on
a rear surface of the second substrate, an organic electrolu-
minescent layer on a rear surface of the first electrode,
second electrode on a rear surface of the organic electrolu-
minescent layer that correspond to one of a plurality sub-
pixel regions, forming a plurality of connecting electrodes
connected to the thin film transistors over the first substrate,
forming a plurality of electrical connecting patterns on each
of the connecting electrodes, each of the electrical connect-
ing patterns electrically interconnecting each of the thin film
transistors to one of the organic electroluminescent diodes,
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forming a plurality of hygroscopic patterns on portions of
the connecting electrodes, and bonding the first and second
substrates bonded together with a seal pattern.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 1 is a schematic circuit diagram of a pixel region in
a active matrix type OELD device according to the related
art;

FIG. 2 is a partial cross sectional view of a bottom
emission type OELD device including one pixel region
having red (R), green (G), and blue (B) sub-pixel regions
according to the related art;

FIG. 3 is an enlarged cross sectional view of one pixel of
the bottom emission type OELD device of FIG. 2 according
to the related art;

FIG. 4 is a flow chart showing a fabrication process of the
OELD device of FIG. 3 according to the related art;

FIG. 5 is a partial cross sectional view of an exemplary
OELD device according to the present invention;

FIG. 6 is an enlarged plan view of an exemplary portion
P of FIG. 5 showing electrical and hygroscopic patterns
according to the present invention; and

FIG. 7 is an enlarged plan view of another exemplary
portion P of FIG. 5 showing electrical and hygroscopic
patterns according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings.

FIG. 5 is a partial cross sectional view of an exemplary
OELD device according to the present invention. In FIG. 5,
first and second substrates 110 and 150 may be bonded
together using a sealant material 170, wherein array ele-
ments 140 including a plurality of thin film transistors T may
be formed over a front surface of the first substrate 110 and
each of the thin film transistors T may be disposed within
each one of a plurality of sub-pixel regions. In addition, a
plurality of connecting electrodes 142 may be formed over
the array elements 140, wherein each of the connecting
electrodes 142 may be connected to each of the thin film
transistors T. A plurality of electrical connecting patterns
144 may be disposed between the first and second substrates
110 and 150 such that each of the electrical connecting
patterns 144 may be electrically connected to each of the
connecting electrodes 142, and each of the electrical con-
necting patterns 144 may have a pillar shape. Furthermore,
a plurality of hygroscopic patterns 146 may be formed
between the first and second substrates 110 and 150 such that
each of the hygroscopic patterns 146 may be provide on each
of the connecting electrodes 142. Alternatively, the hygro-
scopic patterns 146 may cover an entire surface of each of
the connecting electrodes 142 except for portions of the
electrical connecting patterns 144. Accordingly, each of the
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sub-pixel regions may include the thin film transistor T, one
of the connecting electrodes 142, one of the electrical
connecting patterns 144, and one of the hygroscopic patterns
146.

According to the present invention, the connecting elec-
trodes 142 and the electrical connecting patterns 144 are
formed of conductive material(s). Additionally, although
FIG. 5 shows that each of the electrical connecting patterns
144 have a single-layered structure, the electrical connecting
patterns 144 may have a multi-layered structure with an
insulator therein. Moreover, the connecting patterns 142
may be omitted such that the electrical connecting patterns
144 may directly contact each of the thin film transistors T.

Each of the thin film transistors T may include a semi-
conductor layer 112, a gate electrode 114, a source electrode
116, and a drain electrode 118. Each of the connecting
electrodes 142 may contact one of the drain electrodes 118
of the thin film transistors T so that a corresponding one of
the electrical connecting patterns 142 electrically commu-
nicates with one of the drain electrodes 118 of the thin film
transistors T.

In FIG. 5, a plurality of organic electroluminescent diodes
E may be disposed on a rear surface of the second substrate
150. Each of the organic electroluminescent diodes E may
include a first electrode 152, an organic electroluminescent
layer 160, and a second electrode 162, wherein the first
electrode 152 may be disposed on an entire surface of the
second substrate 150 to function as a common electrode. The
organic electroluminescent layer 160 may include a first
carrier transporting layer 154, a luminous layer 156, and a
second carrier transporting layer 158 in series. Accordingly,
the first carrier transporting layer 154 may be interposed
between the first electrode 152 and the luminous layer 156,
and the second carrier transporting layer 158 may be inter-
posed between the luminous layer 156 and the second
electrode 162. The first and second carrier transporting
layers 154 and 158 may inject and transport electrons or
holes into the luminous layer 156. The luminous layer 156
may include red, green, and blue luminous layers 1564,
156b, and 156c¢ that are disposed in an alternate order
corresponding to the sub-pixels regions. In addition, the
second electrode 162 may be divided into a plurality of
second electrodes 162 each corresponding to one of the
sub-pixel regions similar to the luminous layer 156.

The multiple structure of the organic electroluminescent
layer 160 may be determined depending on whether the first
electrode 152 functions as an anode or a cathode. For
example, if the first electrode 152 is an anode and the second
electrode 158 is a cathode, then the first carrier transporting
layer 154 may include a hole injection layer and a hole
transporting layer in series from the first electrode 152, and
the second carrier transporting layer 158 may include an
electron injection layer and an electrode transporting layer in
series from the second electrode 152.

In FIG. 5, top portions of each of the electrical connecting
patterns 144 may contact a rear surface of each of the second
electrodes 162 so that each of the electrical connecting
patterns 144 electrically connect a corresponding one of the
connecting electrodes 142 to one of the second electrodes
162 of the organic electroluminescent diode E. Accordingly,
an electric current flowing into one of the thin film transis-
tors T may be transferred to a corresponding one of the
second electrodes 162 of the organic electroluminescent
diode E through one of the connecting electrodes 142 and
one of the electrical connecting patterns 144.

Although the thin film transistors T shown in FIG. 5§ may
be the driving thin film transistors that are connected to and
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operate the organic electroluminescent diodes E, at least one
of the switching thin film transistors should be disposed
within each of the sub-pixel regions. For example, each of
the thin film transistors T may include at least one thin film
transistor and at least one switching thin film transistor.

In FIG. 5, the hygroscopic patterns 146 may be formed
within each of the sub-pixel regions. However, it may be
possible to form the hygroscopic patterns 146 over an entire
surface of the first substrate 110 to cover the connecting
electrodes 142 and the thin film transistors T. When pattern-
ing the hygroscopic material into each of the sub-pixel
regions, a shadow mask method, or a method of dispensing
a gel-type hygroscopic material or a moisture absorbent
material may be selectively used. To ensure good adhesion
between the connecting electrodes 142 and the electrical
connecting patterns 144, the electrical connecting patterns
144 may be formed on the connecting electrodes 142 before
formation of the hygroscopic patterns 146.

FIG. 6 is an enlarged plan view of an exemplary portion
P of FIG. 5 showing electrical and hygroscopic patterns
according to the present invention. In FIG. 6, a first line 210
may be formed along a first direction to receive a signal from
a switching thin film transistor. In addition, a second line 212
may be formed along a second direction to receive a signal
from a power line. The thin film transistor T, which may be
a driving thin film transistor, maybe disposed at a crossing
of the first and second lines 210 and 212. The connecting
electrode 142 may be formed over the thin film transistor T
and may contact the thin film transistor T though a contact
hole 219.

The thin film transistor T may include the active layer 112,
the gate electrode 114, the source electrode 116, and the
drain electrode 118, wherein the gate electrode 114 may
extend from the first line 210 to receive the signal from the
switching thin film transistor. The source electrode 116 may
extend from the second line 212 to receive the signal from
the power line, and the drain electrode 118 may be disposed
opposite to the source electrode 116 across the gate electrode
114. The active layer 112 may be disposed beneath the gate
electrode 114, the source electrode 116, and the drain
electrode 118, wherein the source and drain electrodes 116
and 118 may contact the active layer 112 through first and
second contact holes 216 and 218, respectively. When the
connecting electrode 142 contacts the thin film transistor T,
the connecting electrode 142 contacts the drain electrode
118 through a third contact hole 219.

In FIG. 6, the electrical connecting pattern 144 may be
disposed on a central portion of the connecting electrode 142
Although the electrical connecting pattern 144 has a qua-
drangular shape in FIG. 6, it may have other geometrical
shapes, such as circular, triangular, square, oval, and hex-
agonal shapes. The hygroscopic pattern 146 may be formed
on the connecting electrode 142 to cover almost an entire
surface of the connecting electrode 142 to surround the
electrical connecting pattern 144. Alternatively, the hygro-
scopic pattern 146 may be spaced apart from the electrical
connecting pattern 144 by a desired distance.

FIG. 7 is an enlarged plan view of another exemplary
portion P of FIG. 5 showing electrical and hygroscopic
patterns according to the present invention. The exemplary
portion P in FIG. 7 may be similar to the exemplary portion
P shown in FIG. 6. Accordingly, some detailed explanations
have been omitted for simplicity. In FIG. 7, first and second
lines 310 and 312 may be disposed to supply signals to the
thin film transistor T. In addition, a connecting electrode 314
may be provided to be connected with the thin film transistor
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T through a contact hole, similar to that shown in FIG. 6.
However, in FIG. 7, an electrical connecting pattern 316
may be disposed near the thin film transistor T on a lower
part of the connecting electrode 314, and a hygroscopic
pattern 318 may be disposed on the upper part of the
connecting electrode 314 to be spaced apart from the elec-
trical connecting pattern 316. Alternatively, a position of the
electrical connecting pattern 316 may be switched with a
position of the hygroscopic pattern 318.

In FIGS. 6 and 7, the thin film transistor T may be the
driving thin film transistors that supply the electric current to
the organic electroluminescent diode. Furthermore, the sec-
ond lines 212 and 312 may be the power lines that substan-
tially supply the electric current to the organic electrolumi-
nescent diode through the thin film transistors T.

Accordingly, the hygroscopic patterns may be disposed
on almost all of a portion of the connecting electrode except
at a portion corresponding to the electrical connecting
pattern. Thus, the hygroscopic pattern does not interrupt the
electrical connection between the connecting electrode and
the electrical connecting pattern. Although FIGS. 6 and 7
disclose two dispositions of the connecting electrode and the
electrical connecting pattern, other arrangements and dispo-
sitions are possible. Moreover, the hygroscopic material
may be formed to cover an entire surface of the substrate
instead of being patterned within the sub-pixel region.

Accordingly, the present invention provides array ele-
ments on a first substrate and an organic electroluminescent
device on a second substrate. The first substrate having the
array elements and the second substrate having the organic
electroluminescent device are fabricated separately and then
the substrates are bonded together after an inspection deter-
mines whether the array elements on the first substrate or the
organic electroluminescent device on the second substrate
have any defects. If the first substrate having the array
elements or the second substrate having the organic elec-
troluminescent device is found to have any defects, each
substrate can be easily replaced by another defect-free
substrate. Therefore, a satisfactory and reliable organic
electroluminescent display device can be obtained according
to the present invention in a fabrication process having high
productivity. Further, since the organic electroluminescent
display device in accordance with the present invention is a
top emission type where the emitted light is toward opposite
to the substrate having the thin film transistors, the aperture
ratio can be improved and it is easy to manufacture a thin
film transistor having a designated shape. An improved
resolution can also be obtained. Since the present invention
includes a hygroscopic material over the entire of the first
substrate except the portions for the electrical connecting
pattern that connects the array elements of the first substrate
to the organic electroluminescent diodes of the second
substrate, the moisture does not affect and degrade the
organic electroluminescent diodes.

Accordingly, the present invention has the following
advantages. Since the array elements and the organic elec-
troluminescent diodes are formed in the separate substrates,
the superior productivity and the effective production man-
agement may be easily obtained. Since the present invention
provides for the top-emission type OELD device, there are
no limitations in designing the thin film transistors and the
high aperture ratio and superior image resolution may be
achieved. Moreover, since the hygroscopic material is dis-
posed over the first substrate after forming the electrical
connecting pattern, the OELD device can have a long life
span and other hygroscopic pattern or moisture absorbent
material does not have to be formed additionally in the
second substrate, thereby increasing the process effective-
ness.
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It will be apparent to those skilled in the art that various
modifications and variation can be made in the organic
electroluminescent display device and method of fabricating
an organic electroluminescent display device of the present
invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:

1. A dual panel type organic electroluminescent display
device, comprising:

first and second substrates bonded together by a seal
pattern, the first and second substrates including a
plurality of sub-pixel regions;

a plurality of array elements including a plurality of thin
film transistors on the first substrate;

a plurality of organic electroluminescent diodes on the
second substrate, each of the organic electrolumines-
cent diodes having a first electrode on a rear surface of
the second substrate, an organic electroluminescent
layer on a rear surface of the first electrode, a second
electrode on a rear surface of the organic electrolumi-
nescent layer that corresponds to respective ones of the
sub-pixel regions;

a plurality of connecting electrodes connected to the thin
film transistors over the first substrate;

a plurality of electrical connecting patterns formed on
each of the connecting electrodes, each of the electrical
connecting patterns electrically interconnecting each of
the thin film transistors to one of the organic electrolu-
minescent diodes; and

a plurality of hygroscopic patterns formed on portions of
the connecting electrodes.

2. The device according to claim 1, wherein the hygro-
scopic patterns are disposed over an entire surface of the first
substrate except for portions corresponding to the electrical
connecting patterns.

3. The device according to claim 1, wherein the hygro-
scopic patterns are disposed corresponding to the connecting
electrodes within the sub-pixel regions.

4. The device according to claim 3, wherein each of the
hygroscopic patterns are disposed to surround each of the
electrical connecting patterns.

5. The device according to claim 3, wherein the hygro-
scopic patterns are disposed on a lower portion of each of the
connecting electrodes and the electrical connecting patterns
are disposed on an upper portion of each of the connecting
electrodes.

6. The device according to claim 3, wherein the hygro-
scopic patterns are disposed along a side portion of each of
the connecting electrodes and the electrical connecting pat-
terns are disposed along another side portion of each of the
connecting electrodes.

7. The device according to claim 1, wherein the connect-
ing electrodes include drain electrodes of the thin film
transistors.

8. The device according to claim 1, wherein the hygro-
scopic patterns are formed over the first substrate using a
shadow mask process.

9. The device according to claim 1, wherein the hygro-
scopic patterns are formed of a dispensed gel-type hygro-
scopic material over the first substrate.

10. The device according to claim 1, wherein each of the
electrical connecting patterns have a pillar shape.

11. The device according to claim 1, wherein the thin film
transistors include switching thin film transistors and driving
thin film transistors.
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12. The device according to claim 11, wherein the thin
film transistors connected to the organic electroluminescent
diodes by the electrical connecting patterns are the driving
thin film transistors.

13. The device according to claim 12, wherein each of the
driving thin film transistors include a gate electrode, a
semiconductor layer, a drain electrode, and a source elec-
trode.

14. The device according to claim 13, wherein one of the
drain and source electrodes is one of the connecting elec-
trodes electrically connected to the second electrodes of the
organic electroluminescent diodes through the electrical
connecting patterns.

15. The device according to claim 1, wherein the hygro-
scopic patterns are formed after forming the electrical con-
necting patterns on the connecting electrodes.

16. A method of fabricating a dual panel type organic
electroluminescent display device, comprising:

forming a plurality of array elements including a plurality
of thin film transistors on a first substrate;

forming a plurality of organic electroluminescent diodes
on a second substrate, each of the organic electrolumi-
nescent diodes having a first electrode on a rear surface
of the second substrate, an organic electroluminescent
layer on a rear surface of the first electrode, a second
electrode on a rear surface of the organic electrolumi-
nescent layer that corresponds to one of a plurality
sub-pixel regions;

forming a plurality of connecting electrodes connected to
the thin film transistors over the first substrate;

forming a plurality of electrical connecting patterns on
each of the connecting electrodes, each of the electrical
connecting patterns electrically interconnecting each of
the thin film transistors to one of the organic electrolu-
minescent diodes;

forming a plurality of hygroscopic patterns on portions of
the connecting electrodes; and

bonding the first and second substrates bonded together

with a seal pattern.

17. The method according to claim 16, wherein the
hygroscopic patterns are disposed over an entire surface of
the first substrate except for portions corresponding to the
electrical connecting patterns.

18. The method according to claim 16, wherein the
hygroscopic patterns are disposed corresponding to the
connecting electrodes within the sub-pixel regions.
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19. The method according to claim 18, wherein each of
the hygroscopic patterns are disposed to surround each of
the electrical connecting patterns.

20. The method according to claim 18, wherein the
hygroscopic patterns are disposed on a lower portion of each
of the connecting electrodes and the electrical connecting
patterns are disposed on an upper portion of each of the
connecting electrodes.

21. The method according to claim 18, wherein the
hygroscopic patterns are disposed along a side portion of
each of the connecting electrodes and the electrical connect-
ing patterns are disposed along another side portion of each
of the connecting electrodes.

22. The method according to claim 16, wherein the
connecting electrodes include drain electrodes of the thin
film transistors.

23. The method according to claim 16, wherein the
hygroscopic patterns are formed over the first substrate
using a shadow mask process.

24. The method according to claim 16, wherein the
hygroscopic patterns are formed of a dispensed gel-type
hygroscopic material over the first substrate.

25. The method according to claim 16, wherein each of
the electrical connecting patterns have a pillar shape.

26. The method according to claim 16, wherein the thin
film transistors include switching thin film transistors and
driving thin film transistors.

27. The method according to claim 26, wherein the thin
film transistors connected to the organic electroluminescent
diodes by the electrical connecting patterns are the driving
thin film transistors.

28. The method according to claim 27, wherein each of
the driving thin film transistors include a gate electrode, a
semiconductor layer, a drain electrode, and a source elec-
trode.

29. The method according to claim 28, wherein one of the
drain and source electrodes is one of the connecting elec-
trodes electrically connected to the second electrodes of the
organic electroluminescent diodes through the electrical
connecting patterns.

30. The method according to claim 16, wherein the
hygroscopic patterns are formed after forming the electrical
connecting patterns on the connecting electrodes.



FRBHORF) NERBEEVNEREAEREEREFIERE
DN (E)S US6870197 N (E)H 2005-03-22
HiES US10/608471 HiEH 2003-06-30

FRIEFB(ERPA(R) FTEERERLTF
i (E R AGR) LG.PHILIPS LCD CO. , LTD.
LFERE(ERD)AGE) LG DISPLAY CO., LTD.

[FRIRBAA PARK JAE YONG
YOO CHOONG KEUN
KIM OCK HEE
LEE NAM YANG
KIM KWAN SOO

REBAA PARK, JAE-YONG
YOO, CHOONG-KEUN
KIM, OCK-HEE
LEE, NAM-YANG
KIM, KWAN-SOO

IPCH =S HO01L27/32 HO1L51/52 HO1L27/28 HO1L51/50 HO5B33/00 HO1L33/00
CPCH %S HO01L51/5237 HO1L27/3251 HO1L27/3211 HO1L2251/5315 HO1L51/5259
REAI(E) BEIRES 5 B 2 D 55

R 54 1020020048103 2002-08-14 KR

H 20 FF 30k US20040031959A1

SAEBEE Espacenet USPTO

W) A7
BEREENSRE KBS AEEENERLaE—RpE-nE= DT @

ERENSNERBGE  EE-ERLVSIEVNBIERL-RE

patsnap

L

iR, F-NFE_ERIFES N FREXE , ST SEEE— \ '\ C
L
AL

BIAVBBEAA-REEF_ERNEREALEETE -8R, €5 -

T‘H T

BRNEERALEEENEHEALE  ERRELERAFE _BRNNT
ENFEBEXENBNERRAE , SMERENERIFE -ERLH
BREAE SN BEREARTERESMNEZBR L , SN ERBRF

3=

BRESNFEERE e ERRRBERSNERBEEF —NENE

g T T T AL Y
i} é i 16 gfns ’{2 §§ Ay W ;
H‘ " I 4 = Pl o d o N ersaara 5
ol | 1] \ N ¥
Pl L L e LI L
|

BEX-RENS N REERTRIEEZBRNE T £



https://share-analytics.zhihuiya.com/view/b53ca6fa-d7c6-4e70-8fbe-9951b1e87a31
https://worldwide.espacenet.com/patent/search/family/031713136/publication/US6870197B2?q=US6870197B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=6870197.PN.&OS=PN/6870197&RS=PN/6870197

