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ORGANIC ELECTROLUMINESCENT DISPLAY
DEVICE

[0001] The present application claims the benefit of
Korean Patent Application No. 2002-22812 filed in Korea
on Apr. 25, 2002, which is hereby incorporated by reference
in its entirety.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to organic electrolu-
minescent devices, and more particularly, to a top emission
type active matrix organic electroluminescent device.

[0004] 2. Discussion of the Related Art

[0005] Flat panel display devices—which are character-
ized as being thin, light weight and energy efficient—are in
high demand in the display field as the information age
rapidly evolves. A flat panel display device can be classified
into one of two types depending on whether it emits or
receives light. One type is a light-emitting type display
device that emits light to display images, and the other type
is a light-receiving type display device that uses an external
light source to display images. Plasma display panels, field
emission display devices, and electroluminescence display
devices are examples of the light-emitting type display
devices. Liquid crystal displays are examples of the light-
receiving type display device.

[0006] Among the flat panel display devices, liquid crystal
display (LCD) devices are widely used for laptop computers
and desktop monitors because of their high resolution, good
color rendering and superior image quality. However, the
LCD device has some disadvantages, such as poor contrast
ratio, narrow viewing angle, and difficulty in enlarging it to
a very large size having millions of pixels. Therefore, new
types of flat panel displays are needed to overcome the
aforementioned disadvantages, but yet are still thin, light
weight and have low power consumption.

[0007] Recently, organic electroluminescent display
(OED) devices have been of the most interest in research and
development because they are light-emitting type display
devices having a wide viewing angle and a good contrast
ratio as compared to the LCD device. The organic electrolu-
minescent display device is a light-emitting type display
device that does not require a backlight device, and can be
light weight and thin. Further, the organic electrolumines-
cent display device has low power consumption. A low
voltage direct current can be used to drive the organic
electroluminescent display device while obtaining a rapid
response speed. As widely known, since the organic elec-
troluminescent display device is totally in solid phase,
unlike the LCD device, an OED device is sufficiently strong
to withstand external impacts and has a greater operational
temperature range. In addition, the organic electrolumines-
cent display device can be manufactured at a lower cost than
a LCD device. Moreover, since only the deposition and
encapsulation apparatuses are necessary without having to
inject liquid crystal in a process of manufacturing the
organic electroluminescent display device, process manage-
ment is simpler than in the manufacture of LCD devices.

[0008] One operating method for the organic electrolumi-
nescent display device is a passive matrix operating method

1. Field of the Invention
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that does not utilize thin film transistors. In this type of
organic electroluminescent display device, scanning lines
and signal lines, which are arranged in a matrix pattern,
perpendicularly cross each other. A scanning voltage is
sequentially applied to the scanning lines to operate each
pixel. To obtain a required average luminance, the instan-
taneous luminances of each pixel during a selected period is
intensified by increasing the number of scans during the
period.

[0009] Another method of operating an organic electrolu-
minescent display device is an active matrix operating
method. The active matrix type organic electroluminescent
display device usually includes thin film transistor pairs,
which create a voltage storing capability for each of the
pixels. The pair of thin film transistors includes a selection
transistor and a drive transistor. The source/drain of the
selection transistor is connected to a signal line for supply-
ing a data signal when a scanning signal is applied to the gate
scanning line. The gate of the drive transistor is connected
to the drain/source of the selection transistor. A constant
voltage line is connected to the source/drain of the drive
transistor. In the structure of an active matrix type organic
electroluminescent display device, a voltage applied to the
pixels is stored in storage capacitors, thereby maintaining
the signals until the next period for applying a signal
voltage. As a result, a substantially constant current flows
through the pixels, and the organic electroluminescent dis-
play device emits light at a substantially constant luminance
during one frame period. Because a very low current is
applied to each pixel of an active matrix type organic
electroluminescent display, it is possible to enlarge the
display device, thereby forming much finer and/or larger
patterns having low power consumption.

[0010] The driving principle for a display apparatus
according to the related art will now be described in FIG. 1
that shows an equivalent circuit diagram of pixels in the
active matrix type organic electroluminescent display device
in the related art. As shown in FIG. 1, scanning lines are
arranged in a transverse direction, and signal lines are
arranged in a longitudinal direction perpendicular to the
scanning lines. A power supply line that is connected to a
power supply provides a voltage to drive transistors and is
also disposed in the longitudinal direction. A pixel is defined
between a pair of signal lines and a pair of scanning lines.
Each selection transistor, otherwise known as a switching
thin film transistor (TFT), is disposed in the pixel near the
crossing of the scanning line and signal line and acts as an
addressing element that controls the voltage of a pixel. A
storage capacitor CST is connected to the power supply line
and the drain/source of the switching TFT. Each drive
transistor, otherwise known as a driving TFT has a gate
electrode connected to the storage capacitor CST and a
source/drain connected to the power supply line and acts as
a current source element for the pixel. An organic electrolu-
minescent diode is connected to the drain/source of drive
transistor.

[0011] The organic electroluminescent diode has a multi-
layer structure of organic thin films between an anode
electrode and a cathode electrode. When forward current is
applied to the organic electroluminescent diode, electron-
hole pairs combine in an organic electroluminescent layer as
a result of a P—N junction between the anode electrode,
which provides holes, and the cathode electrode, which
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provides electrons. The electron-hole pairs have a lower
energy together when combined than when they were sepa-
rated. The energy gap between combined and separated
electron-hole pairs is converted into light by an organic
electroluminescent element. That is, the organic electrolu-
minescent layer emits the energy generated due to the
recombination of electrons and holes when a current flows.

[0012] Organic electroluminescent devices are classified
into a top emission type and a 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 in a direction toward
the substrate where the various lines and TFTs are disposed.
However, in the top emission type device, light is emitted in
a direction opposite to the substrate where the lines and
TFTs are disposed.

[0013] FIG.2 is a partial cross-sectional view of a bottom
emission type organic electroluminescent device showing
one pixel having red (R), green (G) and blue (B) sub-pixels
regions according to the related art. As shown in FIG. 2, first
and second substrates 10 and 30 are spaced apart from each
other. The first and second substrates 10 and 30 are attached
to each other and sealed by a seal pattern 40. 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 the first electrode
12 disposed in each sub-pixel region. An organic electrolu-
minescent layer 14 is formed over the thin film transistors T
and over the first electrodes 12. The organic electrolumi-
nescent layer 14 includes luminous materials that produce
red (R), green (G) and blue (B) colors each corresponding to
each thin film transistor T in each sub-pixel region. A second
electrode 16 is formed on the organic electroluminescent
layer 14. The first and second electrodes 12 and 16 supply
the electric charges to the organic electroluminescent layer
14.

[0014] The seal pattern 40 attaches the first and second
substrates 10 and 30 and maintains a cell gap between the
first and second substrates 10 and 30. Furthermore, although
not shown in FIG. 2, a hydroscopic material or a moisture
absorbent material can be formed on an inner surface of the
second substrate 30 in order to absorb the 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 may be interposed between the second
substrate 30 and the hydroscopic material to tightly adhere
the hydroscopic material to the second substrate 30.

[0015] In the related art shown in FIG. 2, if the first
electrode 12 is anode and the second electrode 16 is 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. The organic electrolumines-
cent layer 14 includes a hole injection layer 144, a hole
transporting layer 14b, an emission layer 14¢ and an electron
transporting layer 14d in sequential order from the first
electrode 12. As mentioned before, the emission layer 14¢
includes luminous materials that emit red (R), green (G) and
blue (B) colors in the corresponding sub-pixel regions.

[0016] FIG. 3 is an enlarged cross-sectional view of one
pixel region of the bottom emission type organic electrolu-
minescent display device shown in FIG. 2. In FIG. 3, an
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organic electroluminescent display device generally
includes a thin film transistor (TFT) T and an organic
electroluminescent diode E in a luminous emitting area L. A
buffer layer 30 is formed on a transparent substrate 1. The
TFT T includes a semiconductor layer 62 on the buffer layer
30, a gate electrode 68, a source electrode 82 and a drain
electrode 80. A power electrode 72 extending from the
power supply line is connected to the source electrode 80,
and the organic electroluminescent diode E is connected to
the drain electrode 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 capaci-
tor CST.

[0017] 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 organic
¢lectroluminescent device shown in FIG. 3 has a luminous
area L where the organic electroluminescent diode E emits
light produced therein. Furthermore, the organic electrolu-
minescent display device has array elements A that include
the TFT T, the storage capacitor CST, the various lines and
the various insulators, and on which the organic electrolu-
minescent diode E is disposed. In the related art shown in
FIG. 3, the organic electroluminescent diode E and the array
¢lements A are formed on the same substrate.

[0018] FIG. 4 is a flow chart illustrating a fabrication
process of an organic electroluminescent device of FIG. 3
according to the related art. Step stl denotes a process of
forming the array elements on the first substrate in which the
first substrate is a 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 sub-
strate. The signal lines are formed perpendicularly across the
scanning lines. Each of the switching thin film transistors is
disposed near a crossing of the scanning and signal lines.
The formation of the array elements also includes forming
the storage capacitors and the power supply lines.

[0019] In step st2 of FIG. 4, the first electrode of the
organic electroluminescent diode is formed. The first elec-
trode is in each sub-pixel region. The first electrode is also
connected to the drain/source of the driving thin film tran-
sistor in each sub-pixel region.

[0020] In step st3 of FIG. 4, the organic electrolumines-
cent layer is formed on the first electrode. If the first
electrode is the anode, 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 laver on the first electrode. If
the first electrode is the cathode, the sequence is reversed

[0021] 1In step st4 of FIG. 4, the second electrode of the
organic electroluminescent diode is formed on the organic
electroluminescent layer. The second electrode covers the
entire surface of the first substrate. The second electrode also
acts as a common electrode.

[0022] Step st5 of FIG. 5 is a process step for encapsu-
lating the first and second substrates. In this step st§, a
second substrate is attached to the first substrate having the
array elements and the organic electroluminescent diode.
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The second substrate protects the organic electroluminescent
diode of the first substrate from external impacts. Because
the first substrate is encapsulated with the second substrate,
the organic electroluminescent diode is protected from the
outer atmosphere. As mentioned before, the second substrate
can have the hydroscopic material on the inner surface
thereof.

[0023] The yield of array elements depends on the yield of
organic electroluminescent layer. The fabrication yield of
organic electroluminescent layer determines and controls the
total fabrication yield of organic electroluminescent layer.
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 electrolumi-
nescent layer is decided to be an inferior product if some
defects occur in later processes for forming the organic
electroluminescent layer. Thus, it is a waste of time and cost
to fabricate the array substrate on the first substrate when
defects later occur in the organic electroluminescent layer
during the fabrication.

[0024] Moreover, in the bottom emission type device,
light is emitted in a 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 in a direction opposite to the substrate where the
lines and TFTs are disposed, the display area can increase as
much as it can, and it is easy to design the TFT into a
designated shape. However, since the top emission type
organic electroluminescent display device of the conven-
tional related art has the cathode electrode on the organic
electroluminescent layer, the cathode electrode is generally
formed of a transparent or translucent material that may
block some of the light emitted from the organic electrolu-
minescent layer that decreases light efficiency.

[0025] To prevent the decrease of the light permeability, a
thin film passivation layer may be formed over the entire
surface of the substrate. However, in this case of forming the
thin film passivation layer, the outer atmosphere is not
prevented sufficiently and may affect the organic electrolu-
minescent diode.

SUMMARY OF THE INVENTION

[0026] Accordingly, the present invention is directed to an
organic electroluminescent device that substantially obvi-
ates one or more of the problems due to limitations and
disadvantages of the related art.

[0027] An object of the present invention is to provide a
method of an active matrix organic electroluminescent dis-
play device which improves fabrication yield.

[0028] Another object is to produce an active matrix
organic electroluminescent display device having an
improved resolution and a high aperture ratio.

[0029] Additional features and advantages of the inven-
tion 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 advantages 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.
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[0030] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, an organic electrolumi-
nescent device includes first and second substrates attached
by a seal pattern, array elements including a plurality of thin
film transistors formed on the first substrate, a first electrode
formed on a rear surface of the second substrate, a plurality
of electrode separators formed on the rear surface of the first
electrode, wherein the plurality of electrode separators is
made of an insulating material defining sub-pixel regions
that correspond to each thin film transistor, an organic
electroluminescent layer formed on a rear surface of the first
electrode in each of the sub-pixel regions, a second electrode
formed on a rear surface of the organic electroluminescent
layer in each of sub-pixel regions, a conductive connector
formed between the first and second substrates in each
sub-pixel region for connecting to the second electrode of a
sub-pixel region.

[0031] In another aspect, an organic electroluminescent
device includes first and second substrates attached by a seal
pattern, array elements including a plurality of thin film
transistors formed on the first substrate, a color changing
medium formed on a rear surface of the second substrate,
wherein the color changing medium has a black matrix that
defines sub-pixel regions having red, green and blue color
changing layers respectively corresponding to each sub-
pixel region of a pixel, a first electrode formed on a rear
surface of the color changing medium, an organic electrolu-
minescent layer formed on a rear surface of the first elec-
trode, wherein the organic electroluminescent layer emits
blue light, a second electrode formed on a rear surface of the
organic electroluminescent layer, the second electrode cor-
responding to the sub-pixel region, a plurality of electrode
separators on the rear surface of the first electrode corre-
sponding in position to the black matrix in defining the
sub-pixel regions; and a plurality of conductive connectors
formed between the first and second substrates, each con-
ductive connector electrically connecting an array element
to the second electrode in each sub-pixel region.

[0032] In another aspect, an organic electroluminescent
device includes first and second substrates attached by a seal
pattern, array elements including a plurality of thin film
transistors, each thin film transistor being formed on the first
substrate and disposed corresponding to each sub-pixel
regions, a first electrode formed on a rear surface of the
second substrate, an organic electroluminescent layer
formed on a rear surface of the first electrode, the organic
electroluminescent layer including red, green and blue lumi-
nous layers each corresponding to a separate sub-pixel
region, a second electrode on a rear surface of the organic
electroluminescent layer in each of the sub-pixel regions, a
buffer electrode on a rear surface of the second electrode in
each of the sub-pixel regions, and a plurality of conductive
connectors formed between the first and second substrates,
each conductive connector electrically connecting an array
element to the buffer electrode in each sub-pixel region.

[0033] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory, and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The accompanying drawings, which are included
to provide a further understanding of the invention and are
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incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0035] FIG. 1 shows an equivalent circuit diagram of
pixels in the active matrix type organic electroluminescent
display device according to the related art.

[0036] FIG.2 is a partial cross-sectional view of a bottom
emission type organic electroluminescent device showing
one pixel having red (R), green (G) and blue (B) sub-pixel
regions according to the related art.

[0037] FIG. 3 is an enlarged cross-sectional view of one
pixel of the bottom emission type organic electrolumines-
cent display device shown in FIG. 2.

[0038] FIG. 4 is a flow chart illustrating a fabrication
process of the organic electroluminescent device shown in
FIG. 3 according to the related art.

[0039] FIG. 5 is a cross-sectional view of a top emission
type organic electroluminescent display device showing one
pixel according to a first embodiment of the present inven-
tion.

[0040] FIG. 6 is a plan view of one pixel and illustrates a
connection of a second electrode and conductive connectors
according to the first embodiment of the present invention.

[0041] FIG. 7 is a cross-sectional view of a top emission
type organic electroluminescent display device showing one
pixel according to a second embodiment of the present
invention.

[0042] FIG. 8 is a plan view showing one pixel and
conductive connectors according to a second embodiment of
the present invention.

[0043] FIG. 9 is a cross-sectional view of a top emission
type organic electroluminescent-display device showing one
pixel according to a third embodiment of the present inven-
tion.

[0044] FIG. 10 is an enlarged cross-sectional view illus-
trating a thin film transistor and conductive connector
according to a fourth embodiment of the present invention.

[0045] FIG. 11 is a cross-sectional view of a top emission
type organic electroluminescent display device showing one
pixel according to a fifth embodiment of the present inven-
tion.

[0046] FIG. 12 s a cross-sectional view of a top emission
type organic electroluminescent display device showing one
pixel according to a sixth embodiment of the present inven-
tion.

[0047] FIG. 13 is a cross-sectional view of a top emission
type organic electroluminescent display device showing one
pixel according to a seventh embodiment of the present
invention.

[0048] FIG. 14 is a cross-sectional view of a top emission
type organic electroluminescent display device showing one
pixel according to an eighth embodiment of the present
invention.

[0049] FIG. 151is a cross-sectional view of a top emission
type organic electroluminescent display device showing one
pixel according to a ninth embodiment of the present inven-
tion.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0050] 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, similar reference numbers will be used
throughout the drawings to refer to the same or like parts.

[0051] The present invention provides an active matrix
organic electroluminescent display device that has an
improved fabrication yield, an improved resolution and a
high aperture ratio. In the present invention, array elements,
such as thin film transistors and organic electroluminescent
diodes, are formed on separate substrates, respectively. And
then, the array elements of the first substrate are electrically
connected to the organic electroluminescent diodes of the
second substrate by conductive connectors. The shape and
structure of the conductive connectors can be varied to
protect the organic electroluminescent diode from damage
caused by pressure from the conductive connector when the
first and second substrates are attached.

[0052] FIG. 5 is a cross-sectional view of a top emission
type organic electroluminescent display device showing one
pixel according to a first embodiment of the present inven-
tion. As shown in FIG. 5, first and second substrates 110 and
130 are spaced apart from each other. The first and second
substrates 110 and 130 are attached to each other by a seal
pattern 140. On a front surface of the first substrate 110,
array elements 120 are formed. On a rear surface of the
second substrate 130, organic electroluminescent diodes E
are disposed. Each of the organic electroluminescent diodes
E includes a first electrode 132, electrode separator 134, an
organic electroluminescent layer 136 and a second electrode
138. The first electrode 132 is disposed on the whole surface
of the second substrate 130 and acts as a common electrode.
The electrode separators 134 are formed of an insulating
material. Electrode separators 134 are disposed inboard of a
pixel such that the electrode separators 134 divide a pixel
into three sub-pixel regions. In intervals between the elec-
trode separators 134, each of which is called a sub-pixel
region, the electroluminescent layer 136 and the second
electrode 138 are sequentially formed on the first electrode.
Thus, a sub-pixel region includes the electroluminescent
layer 136 and the second electrode 138 that are separated
from the neighboring sub-pixel region by the electrode
separator 134.

[0053] The organic ¢lectroluminescent layer 136 includes
a first carrier transporting layer 1364, a luminous layer 1365
and a second carrier transporting layer 136¢ in series. The
first and second carrier transporting layers 1364 and 136¢
inject and transport electrons or holes into the luminous
layer 136b. The multiple structure of the organic electrolu-
minescent layer 136 is determined depending on whether the
first electrode 132 is anode or cathode. For example, if the
first electrode 132 is an anode and the second electrode 138
is a cathode, the first carrier transporting layer 136« includes
a hole injection layer and a hole transporting layer in series
from the first electrode 132, and the second carrier trans-
porting layer 136¢ includes a electrode injection layer and an
electrode transporting layer in series from the second elec-
trode 138. Furthermore, the luminous layer 136 is formed
with a molecular substance that determines color of light
emission.
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[0054] Still referring to FIG. 5, the array elements 120
formed on the first substrate 110 include thin film transistors
T and layers, such as storage capacitors and various lines. In
each sub-pixel region, the thin film transistor T is connected
to a conductive connector 114 in order to supply electrical
current to the organic electroluminescent diode E. The
conductive connector 114 has a pillar shape and electrically
connects the thin film transistor T to the organic electrolu-
minescent diode E. In the array elements 120, a passivation
layer 124 covers the thin film transistors T. Drain electrodes
112 of the thin film transistors T are exposed by contact
holes 122. Since the pillar-shaped conductive connectors
114 contact the drain electrodes 112 of the thin film tran-
sistors T through the contact holes 122 and the second
electrodes 138 of the organic electroluminescent diodes E
contact the pillar-shaped conductive connector 114, the
pillar-shaped conductive connectors 114 can electrically
connect the thin film transistors T of the first substrate 110
to the organic electroluminescent diodes E of the second
substrate 130.

[0055] Although the drain electrodes 112 are exposed and
connected to the conductive connectors 114 in FIG. 5,
source electrodes of the thin film transistors T or other
additional metal patterns can make contact to conductive
connectors 114, which are connected to array elements other
than the organic electroluminescent diodes E. The thin film
transistor T shown in FIG. 5, which is electrically connected
to the organic electroluminescent diode E, drives the organic
electroluminescent diodes E in the sub-pixel regions. The
conductive connectors 114 are formed of a conductive
material having a high ductility and a low specific resistance.
The conductive connectors 114 are first formed on the array
elements 120 and are then connected to the second elec-
trodes 138 of the organic electroluminescent diodes E when
the first substrate 110 having the array elements 120 thereon
is attached to the second substrate 130 having the electrolu-
minescent diodes E thereon.

[0056] Further, the organic electroluminescent display
device shown in FIG. 5 is a top emission type OED device
in which light is emitted through the second substrate 130 in
a direction away from the substrate having the thin film
transistors T. Therefore, the first electrode 132 of the organic
electroluminescent diode E is made of a transparent or
translucent conductive material, while the second electrode
138 is made of an opaque metallic material. When the first
and second substrates 110 and 130 are attached to each other
by the seal pattern 140, a cell gap 1 is produced between the
first and second substrates 110 and 130. To protect the
structural elements of the organic electroluminescent display
device, the cell gap I can be filled up with an inert gases.
Although not shown in FIG. §, the array elements 120
further include scanning lines, signal line, power supply
lines and storage capacitors.

[0057] 1In the shown in FIG. 5, the array elements on the
first substrate are formed separately from the organic elec-
troluminescent diodes on the second substrate. For example,
the first substrate having the array elements is formed and
then the second substrate having the organic electrolumi-
nescent diode is fabricated. Subsequently, these substrates
are encapsulated after an examination that determines
whether the array elements or the organic electrolumines-
cent diode have any defects, respectively. If the first sub-
strate having the array elements or the second substrate
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having the organic electroluminescent layer are found to
have any defects, the substrate having a defect can be easily
replaced by another defect-free substrate. Therefore, satis-
factory and reliable organic electroluminescent display
devices can be obtained in accordance with the present
invention such that yield and/or productivity can be
increase. Furthermore, since the organic electroluminescent
display device of the present invention is the top emission
type where light is emitted opposite from the substrate
having the thin film transistors, the aperture ratio can be
improved and it is easy to manufacture the thin film tran-
sistor having a designated shape or being of a designated
type. For example, the thin film transistor according to the
present invention can not only be the coplanar type shown
in FIG. 5 but also can be a stagger or inverted stagger type.

[0058] FIG. 6 is a schematic plan view of one pixel and
illustrates a connection of a second electrode and conductive
connectors according to the first embodiment of the present
invention. As shown in FIG. 6, the electrode separator 134
is disposed between the sub-pixel regions such that the
electrode separator 134 defines the sub-pixel regions. In
each sub-pixel region, a second electrode 138 is disposed. A
conductive connector 114 is disposed in each sub-pixel
region and contacts the second electrode 138 in each sub-
pixel region. The contact of the second electrode 138 and the
conductive connector 114 occurs at a contact area P1. The
contact area P1 is a contact point having a circular shape as
a result of having a planar circular plateau at the top portion
of the conductive connector 114 that contacts to a second
electrode 138. Of course, the contact areas P1 can each be
contact points that are other geometric shapes. Moreover, as
shown in FIG. 6, the contact areas P1 are disposed in
periphery of each of the sub-pixel regions to prevent the
pressure from the conductive connectors that occurs while
attaching the substrate from causing damage to the main
aperture area in the sub-pixel regions.

[0059] FIG. 7 is a cross-sectional view of a top emission
type organic electroluminescent display device showing one
pixel according to a second embodiment of the present
invention. The organic electroluminescent display device
shown in FIG. 7 is similar to that of the first embodiment,
but the conductive connectors have an unevenness or irregu-
lar shape at their top portions where the conductive connec-
tors contact to the second electrodes of the organic elec-
troluminescent diodes E. Repetitive explanations are
omitted for features in the second embodiment that are the
same as features in the first embodiment.

[0060] As shown in FIG. 7, a first substrate 210 having
array elements 220 thereon is attached to a second substrate
230 having organic electroluminescent diodes E. The
organic electroluminescent diodes E are formed on the rear
surface of the second substrate 230. Each of the organic
electroluminescent diodes E include a first electrode 232, an
organic electroluminescent layer 236 and a second electrode
238 in series from the second substrate 230. A plurality of
electrode separators 234 defines sub-pixel regions of a pixel.
As mentioned before, the array elements 220 including the
plurality of thin film transistors T are formed on the first
substrate 210. A thin film transistor T is disposed in each
sub-pixel region. A plurality of conductive connectors 214 is
disposed between the array elements 220 of the first sub-
strate 210 and the organic electroluminescent diodes E on
the second substrate 230. Thus, as in the first embodiment,
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the conductive connectors 214 electrically connect the thin
film transistors T to the organic electroluminescent diodes E.
The conductive connectors 214 have an uneven shape or
irregular surface 214a at their top portions where the con-
ductive connectors 214 contact the second electrode 238 of
the organic electroluminescent diodes E.

[0061] The organic electroluminescent diode E needs to
receive the current from the thin film transistor T such that
the contact resistance of a contact point is minimized. If the
contact resistance of a contact point becomes large, a
resistance heating occurs in the contact area such that the
organic electroluminescent diode E is thermally damaged.
To prevent this current concentration phenomenon, the con-
ductive connector 214 should avoid having only a single
small contact point with the second electrode 238.

[0062] The uneven top portion 214a at the top portion of
the conductive connector 214 creates many contact points
with the second electrode 238 of the organic electrolumi-
nescent diode E. Therefore, when the first and second
substrates 210 and 230 are attached to each other by the
applying pressure, the pressure forces that the conductive
connectors 214 apply to the second electrode 238 of the
organic electroluminescent diode E can be distributed. The
uneven shape or irregular surface 214a at the top portion can
be formed by a photolithography process. Another method
of forming the uneven shape or irregular surface 214a in the
top portion is to use a coating layer and a plurality of seeds
having uneven patterns.

[0063] FIG. 8 is a plan view of a pixel illustrating the
contact of conductive connectors according to the second
embodiment of the present invention. In FIG. 8, the elec-
trode separator 234 is disposed to define sub-pixel regions in
the pixel. A second electrode 238 is disposed in each
sub-pixel region. A connecting connector 214 is also dis-
posed in each sub-pixel region and contacts a second elec-
trode 238. The contact of the second electrodes 238 and the
conductive connectors 214 is at contact areas P2. Since the
top portions of the conductive connectors 214 have an
uneven shape or irregular surface 2144, each contact area P2
has a plurality of point contacts 240. The uneven shape or
irregular surface 2144 at the top portion of the conductive
connectors 214 of the second embodiment can distribute
forces that occur between the conductive connector 214 and
the second electrode 238. In addition, each of the point
contacts 240 of the contact areas P2 provides stable and
reliable attachment between the conductive connectors 214
and the second electrode 238 of the organic electrolumines-
cent diode, thereby minimizing the damage to the organic
electroluminescent diode.

[0064] FIG. 9 is a cross-sectional view of a top emission
type organic electroluminescent display device showing one
pixel according to a third embodiment of the present inven-
tion. The organic electroluminescent display device shown
in FIG. 9 is similar to that of the first and second embodi-
ments, but has a different shape at the top portion of the
conductive connectors 314. Repetitive explanations are
omitted for features in the third embodiment that are the
same as features in the first embodiment.

[0065] As shown in FIG. 9, a first substrate 310 having
array elements 320 thereon is attached to a second substrate
330 having organic electroluminescent diodes E. The
organic electroluminescent diodes E are formed on the rear
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surface of the second substrate 330. Each of the organic
electroluminescent diodes E include a first electrode 332, an
organic electroluminescent layer 336 and a second electrode
338 in series from the second substrate 330. A plurality of
electrode separators 334 divides the pixel into sub-pixel
regions. As mentioned before, the array elements 320
including a plurality of thin film transistors T are formed on
the first substrate 310. Each thin film transistor T is disposed
in a sub-pixel region. A plurality of conductive connectors
314 is disposed between the array elements 320 of the first
substrate 310 and the organic electroluminescent diodes E
on the second substrate 330. The conductive connectors 314
electrically connect the thin film transistors T to the organic
electroluminescent diodes E. The conductive connectors 314
have a convex surfaces 314a at their top portions where the
conductive connectors 314 contact the second electrode 338
of the organic electroluminescent diode E.

[0066] Due to the convex surfaces 314a at the top por-
tions, the conductive connectors 314 may have point con-
tacts with the second electrodes 338 of the organic elec-
troluminescent diodes E. The convex top portion 314a
decreases the pressure of forces applied to the second
electrode 338 of the organic electroluminescent diode E.
More particularly, the conductive conductor is formed of a
highly ductile material and the convex surface allow a
conductive conductor to more readily absorb force while
maintaining contact to the second electrode 338.

[0067] FIG. 10 is an enlarged cross-sectional view illus-
trating a thin film transistor and conductive connector
according to a fourth embodiment of the present invention.
As shown, a semiconductor layer 350 of polycrystalline
silicon and a capacitor electrode 352 are formed on the first
substrate 310. On the central part of the semiconductor layer
350, a gate insulation layer 354 and the gate electrode 356
are sequentially formed. An interlayer insulator 358 is
formed on the first substrate 310 to cover the semiconductor
layer 350, the capacitor electrode 352 and the gate electrode
356. The interlayer insulator 358 has first and second contact
holes 360 and 362 that expose portions of the semiconductor
layer 350, respectively, on both sides of the gate electrode
356. Source and drain electrodes 364 and 366 are formed on
the interlayer insulator 358, and contact the semiconductor
layer 350 through the first contact hole 360 and through the
second contact hole 362, respectively. A power electrode
368 is formed on the interlayer insulator 358 and corre-
sponds to the capacitor electrode 352. The power electrode
368 and the capacitor electrode 352 constitute a storage
capacitor with the interlayer insulator 358 as a dielectric
layer.

[0068] 1In the fourth embodiment of the present invention,
the conductive connector 314 has a double-layered structure
of first and second layers 372 and 376. The first layer 372 is
generally formed of an insulating material, and covers the
source and drain electrodes 364 and 366 and the power
electrode 368. The first layer 372 of the conductive connec-
tor 314 has a third contact hole 370 that exposes a portion
of the drain electrode 366. Furthermore, the first layer 372
has a convex surface V on its top. The second layer 376 of
the conductive connector 314 formed on the first layer 372
is a conductive material. Since the top portion of the first
layer 372 has a convex shaped surface V, the second layer
376 formed on the first layer 372 also has a convex shaped
surface V. The second layer 376 of the conductive connector
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314 contacts the drain electrode 366 through the third
contact hole 370. The first and second layers 372 and 376
form the conductive connector 314 having the convex
shaped surface V on the top portion. Since the second layer
376 is formed of the conductive material and contacts the
drain electrode 366, it electrically connects the thin film
transistor to the organic electroluminescent diode E.

[0069] Still referring to FIG. 10, the first electrode 332,
the organic electroluminescent layer 336 and the second
electrode 338 are formed on the rear surface of the second
substrate 330 in series so as to constitute the organic
electroluminescent diode. As described with reference to
FIG. 9, the second electrode 338 contacts the convex shape
V of the conductive connector 314. Further, the conductive
connector 314 can have a multi-layered structure of more
than two layers. The second layer 376 of the conductive
connector 314 can be comprised of more than two conduc-
tive layers considering the contact property with the second
electrode 338 of the organic electroluminescent diode.
Although not shown in FIG. 10, the source electrode is
electrically connected to a signal line, and the power elec-
trode 368 is electrically connected to the power supply line.
The first layer 372 is beneficially formed of a photoconduc-
tive material, such as polyactylate or polyimide.

[0070] FIG. 11 is a cross-sectional view of a top emission
type organic electroluminescent display device showing one
pixel according to a fifth embodiment of the present inven-
tion. The organic electroluminescent display device shown
in FIG. 11 is similar to that of the previously mentioned
embodiments, but has an additional layer on a rear surface
of the organic electroluminescent diode. Repetitive expla-
nations are omitted for features in the fifth embodiment that
are the same as features in the first embodiment.

[0071] In FIG. 11, a first substrate 410 having array
elements 420 thereon is spaced apart from a second substrate
430 having an organic electroluminescent diodes E. The first
and second substrates 410 and 430 are attached to each other
by a seal pattern 460. Each of the organic electroluminescent
diodes includes a first electrode 432, an organic electrolu-
minescent layer 436 and a second electrode 438 formed in
series from the second substrate 430. A plurality of electrode
separators 434 divides the pixel into sub-pixel regions. As
mentioned before, the array elements 420 including the
plurality of thin film transistors T are formed on the first
substrate 410. A thin film transistor T is disposed in each
sub-pixel region.

[0072] In the fifth embodiment of the present invention, a
buffer electrode 440 is formed on the rear surface of each of
the organic electroluminescent diodes E. Thus, a plurality of
conductive connectors 414 is disposed between the array
clements 420 of the first substrate 410 and the buffer
electrode 440. More specifically, each of the organic elec-
troluminescent diodes E further includes a buffer electrode
440 on the rear surface of the second electrode 438. Since
the buffer electrode 440 is formed of a conductive material,
the conductive connectors 414 electrically connect the thin
film transistors T to the organic electroluminescent diode E.

[0073] The first and second electrodes 432 and 438 of the
organic electroluminescent diode E are generally formed in
an evaporator. However, the metal thin films of the first and
second electrodes 432 and 438, which are formed in an
evaporator, are easily damaged and separate easily from the
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organic electroluminescent diode E. The buffer electrode
440 formed on the second electrode 438 prevents the dam-
age and separation of the second electrode 438 from the
organic electroluminescent diode E. In this embodiment, the
buffer electrode 440 is formed by a sputtering device using
a metallic material including aluminum (Al). For example,
the buffer electrode 440 can be made of aluminum neody-
mium (AINd).

[0074] FIG. 12 is a cross-sectional view of a top emission
type organic electroluminescent display device showing one
pixel according to a sixth embodiment of the present inven-
tion. The organic electroluminescent display device shown
in FIG. 12 is similar to that of the previously mentioned
embodiments, but has a double-layered structure in the
conductive connector. Repetitive explanations are omitted
for features in the sixth embodiment that are the same as
features in the first embodiment.

[0075] In FIG. 12, a first substrate 510 having array
elements 520 thereon is spaced apart from a second substrate
530 having organic electroluminescent diodes E. The first
and second substrates 510 and 530 are attached to each other
by a seal pattern 560. Each of the organic electroluminescent
diodes E is formed on the rear surface of the second
substrate 530, and includes a first electrode 532, an organic
electroluminescent layer 536 and a second electrode 538 in
series from the second substrate 530. An electrode separator
534 divides the pixel into sub-pixel regions. As mentioned
before, the array elements 520 including the plurality of thin
film transistors T are formed on the first substrate 510. Each
thin film transistor T is disposed in a sub-pixel region.

[0076] In the sixth embodiment of the present invention,
each conductive connector 514 is a double-layered structure
having a first metal layer 5144 and a second metal layer
514b. The first metal layer 514a is a metallic material having
specific resistance lower than the specific resistance of the
second metal layer 514b. The second metal layer 514b
formed on the first metal layer 514a is also a metallic
material but has a larger ductility than the ductility of the
first metal layer 514a. Thus, the first metal layer 514a, which
contacts the thin film transistor T, is made of the metallic
material having a low specific resistance. Further, the second
metal layer 514b, which substantially contacts the organic
electroluminescent diode E, is made of the metallic material
having a higher ductility. Due to the high ductility of the
second metal layer 514b in the conductive connector 514,
possible damage caused to the organic electroluminescent
diode E is minimized when the first and second substrates
510 and 530 are aligned and attached. Due to the low
specific resistance of the first metal layer 514a of the
conductive connector 514, the electric resistance of the
conductive connector 514 can be minimized.

[0077] FIG. 13 is a cross-scctional view of a top emission
type organic electroluminescent display device showing one
pixel according to a seventh embodiment of the present
invention. The organic electroluminescent display device
shown in FIG. 13 is similar to that of the sixth embodiment,
but has an additional conductive layer on a rear surface of
the organic electroluminescent diode. Repetitive explana-
tions are omitted for features in the seventh embodiment that
are the same as features in the first embodiment.

[0078] In FIG. 13, a first substrate 610 having array
elements 620 disposed thereon is spaced apart from a second
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substrate 630 having an organic electroluminescent diode E.
The first and second substrates 610 and 630 are aligned and
attached to each other by a seal pattern 660. The organic
electroluminescent diode E is formed on the rear surface of
the second substrate 630, and includes a first electrode 632,
an organic electroluminescent layer 636 and a second elec-
trode 638 in series from the second substrate 630. A plurality
of electrode separators 634 divides both the organic elec-
troluminescent layer 636 and the second electrode 638 into
the sub-pixel regions. As mentioned before, the array ele-
ments 620 including the plurality of thin film transistors T
are formed on the first substrate 610. Each thin film tran-
sistor T is disposed in each sub-pixel region.

[0079] In the seventh embodiment of the present inven-
tion, a buffer electrode 640 is formed on the rear surface of
the organic electroluminescent diode E. Thus, a plurality of
conductive connectors 614 is disposed between the array
elements 620 of the first substrate 610 and the buffer
electrode 640. Namely, the organic electroluminescent diode
E further includes the buffer electrode 640 on the rear
surface of the second electrode 638. Since the buffer elec-
trode 640 is formed of the conductive material, the conduc-
tive connectors 614 electrically connect the thin film tran-
sistors T to the organic electroluminescent diode E.
Although FIG. 13 shows a one-layered buffer electrode 6440,
it can be a multi-layered structure.

[0080] Moreover in the seventh embodiment of the present
invention, each conductive connector 614 is a double-
layered structure having a first metal layer 614a and a
second metal layer 614b. The first metal layer 614a is a
metallic material having specific resistance that is lower than
the second metal layer 614b. The second metal layer 614b
formed on the first metal layer 614a is also a metallic
material and has a higher ductility than the first metal layer
614a. As described in the sixth embodiment, due to the high
ductility of the second metal layer 6145 of the conductive
connector 614, possible damage caused to the organic elec-
troluminescent diode E is minimized when the first and
second substrates 610 and 630 are aligned and attached.
Further, because of the buffer electrode 640, the organic
electroluminescent diode E can have a much more stable
structure.

[0081] FIG. 14 s a cross-sectional view of a top emission
type organic electroluminescent display device showing one
pixel according to an eighth embodiment of the present
invention. The eighth embodiment is different from the
previously mentioned embodiment because a color changing
medium (CCM) is utilized to display the primary colors (red,
green and blue). In FIG. 14, first and second substrates 710
and 730 are spaced apart from each other. On a front surface
of the first substrate 710, array elements 720 are formed. A
color change medium 732 having a black matrix 732b and
red (R), green (G) and blue (B) color changing layers 732a
is formed on a rear surface of the second substrate 730. Each
red (R), green (G) or blue (B) color changing layer 732a
corresponds to each sub-pixel region. The black matrix 732b
is formed on the second substrate 730 among the red (R),
green (G) and blue color changing layers 7324 in order to
prevent a light leakage and a cross color that is caused by a
color interference. The red (R), green (G) and blue (B) color
changing layers 7324 and the black matrix 732b constitute
the color changing medium (CCM) 732 in the present
embodiment. A planarizing layer 733 is formed on the rear
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surface of the color changing medium 732. A first electrode
735 of an organic electroluminescent diode E is disposed on
the rear surface of the planarizing layer 733. The first
electrode 735 is a transparent conductive material. A plu-
rality of electrode separators 734 of insulating material are
formed on the rear surface of the first electrode 735. Each of
the electrode separators 734 divides a pixel into the sub-
pixel region and corresponds to the black matrix 732b. The
electrode separators 734 have a trapezoid shape like a taper.
In intervals among the plurality of taper-shaped electrode
separators 734, each of which is called a sub-pixel region, an
electroluminescent layer 736, a second electrode 738 and a
buffer electrode 740 are sequentially formed. Thus, the
sub-pixel region includes the electroluminescent layer 736,
the second electrode 738 and the buffer electrode 740 which
are separated from those of the next sub-pixel region by the
electrode separator 734.

[0082] Still referring to FIG. 14, the electrode separators
734 are structural elements that make the second electrode
738 and buffer electrode 740 be patterned in each sub-pixel
region, and thus the electrode separators 743 is required to
have a trapezoid shape such that the bottom is wider than the
top.

[0083] In the peripheries of the first and second substrates
710 and 730, a seal pattern 760 is formed to attach the first
and second substrates 710 and 730 and make a cell gap
between the first and second substrates 710 and 730. The
array elements 720 formed on the first substrate 710 include
thin film transistors T. Furthermore, conductive connectors
714 are formed on the array elements, each in the sub-pixel
region, in order to electrically connect the thin film transistor
T of the first substrate 710 to the buffer electrode 740 of the
second substrate 730.

[0084] In the eighth embodiment, the buffer electrode 740
is formed on the rear surface of the organic electrolumines-
cent diode E. Thus, a plurality of conductive connectors 714
is disposed between the array elements 720 of the first
substrate 710 and the buffer electrode 740. Namely, the
organic electroluminescent diode E further includes the
buffer electrode 740 on the rear surface of the second
electrode 738. Since the buffer electrode 740 is formed of
the conductive material, the conductive connectors 714
electrically connect the thin film transistors T to the organic
electroluminescent diode E.

[0085] In the eighth embodiment of FIG. 14, the organic
electroluminescent layer 736 emits blue light that has a
rather higher energy among the primary red, green and blue
light. The organic electroluminescent layer 736 is a multiple
structure of layer which is determined depending on whether
the first electrode 740 is anode or cathode. For example, if
the first electrode 735 is an anode and the second electrode
738 is a catode, the organic electroluminescent layer 736
includes a hole injection layer, a hole transporting layer, an
emission layer, an electron transporting layer and a electron
transporting layer in series from the second electrode 738.

[0086] In the eighth embodiment, the organic electrolu-
minescent layer 736 provides the blue light to the red, green
and blue color changing layers 732a so that the red, green
and blue color changing layers 732a convert the provided
blue light into three primary colors of red, green and blue.
Moreover in the eighth embodiment of the present inven-
tion, each conductive connector 714 is a double-layered



US 2003/0201445 Al

structure having a first metal layer 7144 and a second metal
layer 714b. The first metal layer 7144 is a metallic material
having low specific resistance and is formed on the array
elements 720 of the first substrate 710. The second metal
layer 714b formed on the first metal layer 714a is also a
metallic material but has a higher ductility than the first
metal layer 714a. Due to the high ductility of the second
metal layer 714b of the conductive connector 714, possible
damage caused to the organic electroluminescent diode E is
minimized when the first and second substrates 710 and 730
are aligned and attached. Further, because of the buffer
electrode 740, the organic electroluminescent diode E can
have much more reliable and stable contact structure.

[0087] FIG. 15 s a cross-sectional view of a top emission
type organic electroluminescent display device showing one
pixel according to a ninth embodiment of the present inven-
tion. The organic electroluminescent display device shown
in FIG. 15 is similar to that of the seventh embodiment, but
has a different structure in separating the second and buffer
electrodes. Repetitive explanations are omitted for features
in the ninth embodiment that are the same as features in the
first embodiment.

[0088] In FIG. 15, a first substrate 810 having array
elements 820 thereon is spaced apart from a second substrate
830 having an organic electroluminescent diode E. The first
and second substrates 810 and 830 are aligned and attached
to each other by a seal pattern 860. A plurality of organic
electroluminescent diodes E is formed on the rear surface of
the second substrate 830. Each of the organic electrolumi-
nescent diodes E includes a first electrode 832, an organic
electroluminescent layer 834 and a second electrode 836 in
series from the second substrate 830. Each organic elec-
troluminescent diode E further includes a buffer electrode
838 on a rear surface of the second electrode 836.

[0089] The organic electroluminescent layer 834 of the
organic electroluminescent diode E includes a first carrier
transporting layer 834a, a red (R), green (G) and blue (B)
luminous layer 834b and a second carrier transporting layer
834c in series. The first and second carrier transporting
layers 834 and 834c inject and transport electrons or holes
into the red (R), green (G) and blue (B) luminous layer 834b.
Each of the red (R), green (G) and blue (B) corresponds to
a sub-pixel region of a pixel.

[0090] In the ninth embodiment of the present invention,
the electrode separators are not used. Further, the red (R),
green (G) and blue (B) luminous layer 834b, the second
electrode 836 and the buffer electrode 838 are formed
through a shadow mask process such that the number of the
fabrication process can be minimized.

[0091] As mentioned before, the array elements 820
including a plurality of thin film transistors T are formed on
the first substrate 810. Each thin film transistor T is disposed
in a sub-pixel region. Moreover in the ninth embodiment of
the present invention shown in FIG. 15, each conductive
connector 814 is a double-layered structure having a first
metal layer 8144 and a second metal layer 814b. The first
metal layer 814a is a metallic material having low specific
resistance and is formed on the array elements 820 of the
first substrate §10. The second metal layer 8145 formed on
the first metal layer 814q is also a metallic material but has
a higher ductility than the first metal layer. As described in
the hereinbefore, due to the high ductility of the second
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metal layer 814b in the conductive connector 814, the
possible damage caused to the organic electroluminescent
diode E is minimized when aligning and attaching the first
and second substrates 810 and 830. Further, because of the
buffer electrode 838, the organic electroluminescent diode E
can have much more stable and reliable contact structure.

[0092] According to the present invention, as described
hereinbefore, the present invention provides array elements
on the first substrate and an organic electroluminescent layer
on the second substrate. The first substrate,having the array
elements is formed separately from the second substrate
having the organic electroluminescent layer. These sub-
strates are encapsulated after an inspection that determines
whether the array elements and the organic electrolumines-
cent diode have any defects, respectively. If the first sub-
strate having the array elements or the second substrate
having the organic electroluminescent layer is found to have
any defects, each substrate can be easily replaced by another
defect-free substrate. Accordingly, a satisfactory and reliable
organic electroluminescent display device can be obtained
according to the present invention, and the productivity can
increase. Further, since the organic electroluminescent dis-
play device of the present invention is a top emission type
where the light is emitted through the substrate opposite to
the substrate having the thin film transistors, the aperture
ratio can be improved and it is easy to fabricate a thin film
transistor into a designated shape. An improved resolution
and long-time life span of the organic electroluminescent
display device can also be obtained according to the present
invention. Since the present invention provides the organic
electroluminescent display device having a dual panel type,
the outer atmosphere cannot come into the organic elec-
troluminescent display device. Due to the encapsulation of
the first and second substrates, the outside atmosphere
cannot easily affect the organic electroluminescent diode.
Further, because the conductive connectors can have various
shapes and/or a multi-layered structure, the contacting char-
acteristics between the conductive connectors and an elec-
trode of the organic electroluminescent diode can be
improved.

[0093] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
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. An organic electroluminescent device, comprising:

first and second substrates attached by a seal pattern;

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

a first electrode formed on a rear surface of the second
substrate;

a plurality of electrode separators formed on the rear
surface of the first electrode, wherein the plurality of
electrode separators is made of an insulating material
defining sub-pixel regions that correspond to each thin
film transistor,
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an organic electroluminescent layer formed on a rear
surface of the first electrode in each of the sub-pixel
regions;

a second electrode formed on a rear surface of the organic
electroluminescent layer in each of sub-pixel regions;

a conductive connector formed between the first and
second substrates in each sub-pixel region for connect-
ing to the second electrode of a sub-pixel region.

2. The device according to claim 1, wherein the conduc-
tive connector contacts each thin film transistor and has a
planar top surface that contacts the second electrode.

3. The device according to claim 1, wherein the conduc-
tive connector contacts each thin film transistor and has an
uneven top surface that contacts the second electrode.

4. The device according to claim 3, wherein the uneven
top surface of the conductive connector is on the uneven top
surface of a passivation layer that is over a thin film
transistor.

5. The device according to claim 3, wherein each contact
has a circular shape.

6. The device according to claim 1, wherein the conduc-
tive connector contacts each thin film transistor and has a
convex top surface that contacts the second electrode.

7. The device according to claim 1, wherein each thin film
transistor comprises:

a semiconductor layer;
a gate insulation layer on the semiconductor layer;

a gate electrode on the gate insulation layer, wherein gate
electrode is disposed above a central part of the semi-
conductor layer;

a passivation layer covering both the semiconductor layer
and the gate electrode, and having first and second
contact holes that expose the semiconductor layer on
both sides of the gate electrode;

a source electrode on the passivation layer that contacts
the semiconductor layer through the first contact hole;

a drain electrode on the passivation layer that contacts the

semiconductor layer through the second contact hole;

8. The device according to claim 1, wherein the first
clectrode is anode, the second electrode is cathode, and the
organic electroluminescent layer includes a hole injection
layer, a hole transporting layer, a luminous layer, an electron
transporting layer and an electron injection layer in series
from the first electrode.

9. The device according to claim 1, further comprising a
buffer electrode between the plurality of conductive con-
nectors and the second electrode.

10. The device according to claim 9, wherein the buffer
electrode is made of metallic material including aluminum.

11. The device according to claim 1, wherein the each
conductive connector is a double-layered structure having a
first metal layer and a second metal layer.

12. The device according to claim 11, wherein the first
metal layer is a metallic material having a lower specific
resistance than the second metal layer.

13. The device according to claim 12, wherein the second
metal layer is metallic material having a larger ductility than
the first metal layer.
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14. The device according to claim 12, further comprising
a buffer electrode between each conductive connector and
the second electrode.

15. The device according to claim 14, wherein the buffer
electrode is made of metallic material including aluminum.

16. The device according to claim 1, wherein the each
conductive connector is a multi-layered structure having a
plurality of metal layers.

17. The device according to claim 1, wherein the first
electrode, the organic electroluminescent layer and the sec-
ond electrode constitute an organic electroluminescent diode
that emits light in a direction toward the second substrate.

18. The device according to claim 1, wherein a cell gap
between the first and second substrates containing an inert
gas.

19. The device according to claim 1, wherein each con-
ductive connector has a trapezoidal like shaped taper.

20. The device according to claim 1, wherein the first
electrode is made of a transparent conductive material and
the second electrode is made of an opaque metallic material.

21. An organic electroluminescent device, comprising:

first and second substrates attached by a seal pattern;

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

a color changing medium formed on a rear surface of the
second substrate, wherein the color changing medium
has a black matrix that defines sub-pixel regions having
red, green and blue color changing layers respectively
corresponding to each sub-pixel region of a pixel;

a first electrode formed on a rear surface of the color
changing medium;

an organic electroluminescent layer formed on a rear
surface of the first electrode, wherein the organic
¢lectroluminescent layer emits blue light;

a second electrode formed on a rear surface of the organic
electroluminescent layer, the second electrode corre-
sponding to the sub-pixel region,

a plurality of electrode separators on the rear surface of
the first electrode corresponding in position to the black
matrix in defining the sub-pixel regions; and

a plurality of conductive connectors formed between the
first and second substrates, each conductive connector
electrically connecting an array element to the second
electrode in each sub-pixel region.

22. The device according to claim 21, wherein the first
electrode is anode, the second electrode is cathode, and the
organic electroluminescent layer includes a hole injection
layer, a hole transporting layer, a luminous layer, an electron
transporting layer and an electron injection layer in series
from the first electrode.

23. The device according to claim 21, wherein the con-
ductive connector is a double-layered structure having a first
metal layer and a second metal layer.

24. The device according to claim 23, wherein the first
metal layer is a metallic material having a lower specific
resistance than the second metal layer.

25. The device according to claim 24, wherein the second
metal layer is metallic material having a higher ductility than
the first metal layer.
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26. The device according to claim 25, further comprising
a buffer electrode between each conductive connector and
the second electrode.

27. The device according to claim 26, wherein the buffer
electrode is made of metallic material including aluminum.

28. The device according to claim 21, wherein the con-
ductive connector is a multi-layered structure having a
plurality of metal layers.

29. The device according to claim 21, wherein the first
electrode, the organic electroluminescent layer and the sec-
ond electrode constitute an organic electroluminescent diode
that emits light in a direction toward the second substrate.

30. The device according to claim 21, wherein a cell gap
between the first and second substrates contains an inert gas.

31. The device according to claim 21, wherein each
conductive connector has a trapezoidal like shaped taper.

32. The device according to claim 21, wherein the first
electrode is made of a transparent conductive material and
the second electrode is made of an opaque metallic material.

34. An organic electroluminescent device, comprising:

first and second substrates attached by a seal pattern;

array elements including a plurality of thin film transis-
tors, each thin film transistor being formed on the first
substrate and disposed corresponding to each sub-pixel
regions;

a first electrode formed on a rear surface of the second
substrate;

an organic electroluminescent layer formed on a rear
surface of the first electrode, the organic electrolumi-
nescent layer including red, green and blue luminous
layers each corresponding to a separate sub-pixel
region;

a second electrode on a rear surface of the organic
electroluminescent layer in each of the sub-pixel
regions;
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a buffer electrode on a rear surface of the second electrode
in each of the sub-pixel regions; and

a plurality of conductive connectors formed between the
first and second substrates, each conductive connector
electrically connecting an array element to the buffer
electrode in each sub-pixel region.

35. The device according to claim 34, wherein the organic
electroluminescent layer includes a first carrier transporting
layer and a second carrier transporting layer on both top and
bottom surfaces of the red, green and blue luminous layers.

36. The device according to claim 35, wherein the first
and second carrier transporting layers inject and transport
electrons and holes into the red (R), green (G) and blue (B)
luminous layers.

37. The device according to claim 34, wherein each
conductive connector is a double-layered structure having a
first metal layer and a second metal layer.

38. The device according to claim 37, wherein the first
metal layer is a metallic material having a lower specific
resistance than the second metal layer.

39. The device according to claim 38, wherein the second
metal layer is metallic material having a higher ductility than
the first metal layer.

40. The device according to claim 34, wherein the first
electrode, the organic electroluminescent layer and the sec-
ond electrode constitute an organic electroluminescent diode
that emits light in a direction toward the second substrate.

41. The device according to claim 34, wherein a cell gap
between the first and second substrates contains an inert gas.

42 The device according to claim 34, wherein the first
electrode is made of a transparent conductive material and
the second electrode is made of an opaque metallic material.
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