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7) ABSTRACT

A dual panel-type organic electroluminescent display device
includes a first substrate on which gate and data lines cross
each other to define sub-pixels. Array elements are disposed
at the sub-pixels on the first substrate. A first electrode is
disposed on substantially the entire surface of a second
substrate opposing the first substrate. An insulating pattern
is disposed on the first electrode, an organic electrolumi-
nescent layer is disposed on the first electrode, and a second
electrode is disposed on the organic electroluminescent layer
at each sub-pixel. A connection pattern connects the array
element and the second electrode at each sub-pixel. The
connection pattern contacts the second electrode under the
insulating pattern.
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DUAL PANEL-TYPE ORGANIC
ELECTROLUMINESCENT DISPLAY DEVICE AND
METHOD FOR MANUFACTURING THE SAME

[0001] The present invention claims the benefit of Korean
Patent Application No. P2004-0074393 filed in Korea on
Sep. 17, 2004, which is hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to an organic elec-
troluminescent display device, and more particularly, to a
dual panel-type organic electroluminescent display device
and a method for manufacturing the same.

DISCUSSION OF THE RELATED ART

[0003] Among flat panel displays, liquid crystal display
(LCD) devices have been commonly used due to their thin
profile, light weight, and low power consumption. However,
the LCD devices are not self-luminescent and suffer from
low brightness, low contrast ratios, narrow viewing angles,
and large overall sizes.

[0004] Organic electroluminescent display (OELD)
devices have wide viewing angles and excellent contrast
ratios because of their self-luminescence. In addition, since
the OELD devices do not require additional light sources,
such as a backlight, the OELD devices have relatively small
sizes, are light weight, and have low power consumption, as
compared the LCD devices. Furthermore, the OELD devices
can be driven by low voltage direct current (DC) and have
short microsecond response times. Since the OELD devices
are solid state devices, the OELD devices sufficiently with-
stand external impact and have greater operational tempera-
ture ranges. In addition, the OELD devices may be manu-
factured at low cost since only deposition and encapsulation
apparatus are necessary for manufacturing the OELD
devices, thereby simplifying manufacturing processes.

[0005] The OELD devices are commonly categorized as
top emission-type and bottom emission-type according to a
direction of the emitted light. Furthermore, the OELD
devices may be categorized as passive matrix-type OELD
devices or active matrix-type OELD devices depending
upon methods of driving the devices. The passive matrix-
type OELD devices are commonly used because of their
simplicity and ease of fabrication. However, the passive
matrix-type OELD devices have scanning lines and signal
lines that perpendicularly cross each other in a matrix
configuration. Since a scanning voltage is sequentially sup-
plied to the scanning lines to operate each pixel, an instan-
taneous brightness of each pixel during a selection period
should reach a value resulting from multiplying an average
brightness by the number of the scanning lines to obtain a
required average brightness. Accordingly, as the number of
the scanning lines increases, the applied voltage and current
also increase. Thus, the passive matrix-type OELD devices
are not adequate for high resolution display and large-sized
displays since the devices easily deteriorate during use, and
power consumption is high.

[0006] Since the passive matrix-type OELD devices have
many disadvantages with regard to image resolution, power
consumption, and operational lifetime, active matrix-type
OELD devices have been developed to produce high image
resolution in large area displays. In the active matrix-type
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OELD devices, thin film transistors (TFTs) are disposed at
each sub-pixel to function as a switching element to turn
each sub-pixel ON and OFF. Accordingly, a first electrode
connected to the TFT is turned ON/OFF by the sub-pixel,
and a second electrode facing the first electrode functions as
a common electrode. In addition, a voltage supplied to the
pixel is stored in a storage capacitor, thereby maintaining the
voltage and driving the device until a voltage of next frame
is supplied, regardless of the number of the scanning lines.
As a result, since an equivalent brightness is obtained with
a low applied current, an active matrix-type OELD device
has low power consumption and high image resolution over
a large area.

[0007] FIG. 1 is a schematic circuit diagram of a pixel
structure for an active matrix-type OELD device according
to the related art. In FIG. 1, a gate line GL is arranged along
a first direction, and a data line DL and a power supply line
CSL that are spaced apart from each other are arranged along
a second direction perpendicular to the first direction. The
data line DL and the power supply line CSL cross the gate
line GL, thereby defining a sub-pixel area SP. A switching
thin film transistor (TFT) SwT, i.c., an addressing element,
is formed at a crossing of the gate line GL and the data line
DL, and a storage capacitor CST is connected to the switch-
ing TFT SwT and the power supply line CSL. A driving thin
film transistor (TFT) DrT, ie., a current source element, is
connected to the storage capacitor Cq and the power supply
line CSL, and an organic electroluminescent (EL) diode E is
connected to the driving TFT DrT.

[0008] When a forward current is supplied to the organic
EL diode E, an electron and a hole are recombined to
generate an electron-hole pair through the P(positive)-N(ne-
gative) junction between an anode, which provides the hole,
and a cathode, which provides the electron. Since the
electron-hole pair has an energy that is lower than the
separated electron and hole, an energy difference exists
between the recombination and the separated electron-hole
pair, whereby light is emitted due to the energy difference.

[0009] FIG. 2 is a cross sectional view of a bottom
emission-type organic electro-luminescent display (OELD)
device according to the related art. In FIG. 2, first and
second substrates 10 and 30 are spaced apart and are bonded
together by a seal pattern 40. Each pixel P includes red,
green, and blue sub-pixels SbP. A driving thin film transistor
(TFT) DrT is formed at each sub-pixel SbP on an inner
surface of the first substrate 10, and a first electrode 12
constituting an organic electroluminescent diode is con-
nected to the TFT T. An organic electroluminescent layer 14
includes luminescent materials of red, green, and blue and is
formed on the driving TFT DrT. In addition, a second
electrode 16 is formed on the organic electroluminescent
layer 14, whereby the first and second electrodes 12 and 16
induce an electric field to the organic electroluminescent
layer 14.

[0010] A desiccant (not shown) is formed in an inner
surface of the second substrate 30 to shield an internal
portion of the OELD device from external moisture. The
desiccant is attached to the second substrate 30 by an
adhesive (not shown), such as semi-transparent tape.

[0011] In the bottom emission-type OELD device, for
example, the first electrode 12 functions as an anode and is
made of a transparent conductive material, and the second
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electrode 16 functions as a cathode and is made of a metallic
material of low work function. Accordingly, the organic
electroluminescent layer 14 is composed of a hole injection
layer 14a, a hole transporting layer 14b, an emission layer
14c, and an electron transporting layer 14d formed over the
first electrode 12. The emission layer 14c¢ has a structure
where emissive materials of red, green, and blue are alter-
nately disposed at respective sub-pixels SbP.

[0012] FIG. 3 is a cross sectional view of a sub-pixel
region of a bottom emission-type organic electrolumines-
cent display device according to the related art. In FIG. 3,
a thin film transistor area TrA, an emission area EmA and a
storage capacitor area StgA are defined on a substrate 10. In
the thin film transistor area TrA, a semiconductor layer 62,
a gate insulating layer 63, a gate electrode 68, and source
and drain electrodes 80 and 82 are sequentially formed. A
storage capacitor and an organic electroluminescent (EL)
diode E are connected to the source and drain electrodes 80
and 82, respectively. The storage capacitor is disposed in the
storage capacitor area StgA, and the organic EL diode E is
disposed in the emission area EmA. The storage capacitor
includes a power electrode 72 and a capacitor electrode 64
that face each other with an insulating layer interposed
between the power electrode 72 and the capacitor electrode
64. The capacitor electrode 64 is made of the same material
as the semiconductor layer 62. The power electrode 72
extends from a power supply line (not shown). The thin film
transistor and the storage capacitor are commonly referred to
as array elements A. The organic EL diode E includes first
and second electrodes 12 and 16 that face each other with an
organic EL layer 14 interposed therebetween. The source
electrode 80 of the thin film transistor is connected to the
power electrode 72 of the storage capacitor, and the drain
electrode 82 of the thin film transistor is connected to the
first electrode 12 of the organic EL diode E. In addition, the
array elements A and the organic EL diode E are formed on
the same substrate 10.

[0013] The OELD device is fabricated through encapsu-
lating the first substrate 10 including the array elements A
and the organic EL diode E with the second substrate 30. In
addition, a yield of the active matrix OELD device depends
on individual yields of the thin film transistor and the
organic EL diode E. Although the thin film transistor may
adequately function, the yield of the active matrix OELD
device varies due to the incorporation of impurities during
the process of forming the organic layer. Accordingly, the
yield of the active matrix OELD is reduced because of the
impurities, and results in a loss of manufacturing costs and
source materials.

[0014] In addition, the active matrix OELD device is a
bottom emission-type device having high stability and vari-
able degrees of freedom during the fabrication process, but
has a reduced aperture ratio. Thus, the bottom emission-type
active matrix OELD device is problematic in implementa-
tion as a high aperture device.

[0015] To overcome theses problems, a top emission-type
active matrix OELD device, in which the array elements and
the organic EL diode are formed on different substrates, has
been suggested and developed.

[0016] FIG. 4 is a cross sectional view of a top emission-
type active matrix OELD device of the related art, and FIG.
5 is an enlarged view of the region L of FIG. 4.
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[0017] In FIGS. 4 and 5, first and second substrates 110
and 130 are spaced apart from each other and are bonded
together by a seal pattern 140. Each pixel P includes three
sub-pixels SbP. An array element 120 is formed at each
sub-pixel SbP on the first substrate 110. The array element
120 formed at each sub-pixel sbP includes a driving thin film
transistor (TFT) DrT and a connection electrode 112 con-
nected to the driving TFT DrT. An organic EL diode E is
formed on an inner surface of the second substrate 130 to
correspond to each sub-pixel SbP. The organic EL diode E
includes a first electrode 132 functioning as a common
electrode, an organic EL layer 134 on the first electrode 132,
and a second electrode 136 independently formed at each
sub-pixel SbP. Additionally, a connection pattern 114 is
formed between the second electrode 136 on the second
substrate 130 and the connection electrode 112 on the first
substrate 110 to electrically connect the second electrode
136 with the array element 120.

[0018] In the top emission-type OELD device where the
organic EL. diode E and the array element 120 are formed on
different substrates, a process for attaching the first and
second substrates 110 and 130 is performed under vacuum
of about 1072 Torr to about 107> Torr. The connection pattern
114 holds up the connection electrode 112 on the first
substrate 110 and the second electrode 136 on the second
substrate 130 under the above-mentioned vacuum condition.
The connection patiern 114 has a contact area of about 10
um to about 20 um®. At this time, the inner pressure is
concentrated on a local portion contacting the connection
pattern 114, and the inner pressure is transmitted to the
organic EL layer 134 through the second electrode 136.

[0019] Meanwhile, the second electrode 136 1s commonly
formed by a thermal evaporation method, and the second
electrode 136 may have a very rough surface and a low film
density. Thus, the second electrode 136 may be deformed or
damaged due to the connection pattern 114 contacting the
surface of the second electrode 136, more particularly, the
pressure from the connection pattern 114.

[0020] Moreover, the deformation of the second electrode
136 causes transformation of the organic EL layer 134. The
physical transformation of the organic EL layer 134 brings
about stress on a surface of the organic EL layer 134 and
changes in molecular structures. Therefore, the organic EL
layer 134 may be degraded and characteristics of the organic
EL layer 134 may be lowered.

SUMMARY OF THE INVENTION

[0021] By way of introduction only, in one embodiment, a
dual panel-type organic electroluminescent display device
comprises a first substrate having gate and data lines cross-
ing each other thereon to define sub-pixels. An array element
is disposed on the first substrate at at least one of the
sub-pixels. A second substrate opposes the first substrate. A
first electrode is disposed on substantially an entire surface
of the second substrate. An insulating pattern is disposed on
the first electrode at the at least one of the sub-pixels. An
organic electroluminescent layer is disposed on the first
electrode within the at least one of the sub-pixels. A second
electrode is disposed on the organic electroluminescent layer
at the at least one of the sub-pixels. A connection pattern
electrically connects the array element and the second
electrode. The connection pattern has a contact area con-
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tacting the second electrode. The insulating pattern is
between the first and second electrodes at the contact area.

[0022] In another embodiment, a method for manufactur-
ing a dual panel-type organic electroluminescent display
device comprises: forming gate and data lines crossing each
other on a first substrate to define sub-pixels, forming an
array element at at least one of the sub-pixels on the first
substrate, the array element including a switching thin film
transistor and a driving thin film transistor; forming a first
electrode on substantially an entire surface of a second
substrate; forming an insulating pattern on the first electrode
at the at least one of the sub-pixels; forming organic elec-
troluminescent layers on the first electrode within the at least
one of the sub-pixels; forming a second electrode on the
organic electroluminescent layer at the at least one of the
sub-pixels; forming a connection patiern connected to the
driving thin film transistor at the at least one of the sub-
pixels; and attaching the first and second substrates such that
the connection pattern contacts the second electrode on the
insulating pattern.

[0023] In another embodiment, a top emitting organic
electroluminescent display device comprises a first substrate
having gate and data lines crossing each other thereon to
define sub-pixels. An array element is disposed on the first
substrate. A second substrate opposes the first substrate. A
first electrode is disposed on the second substrate. An
organic electroluminescent layer is disposed on the first
electrode. A second electrode is disposed on the organic
electroluminescent layer. A connection pattern electrically
connects the array element and the second electrode. The
connection pattern contacts the second electrode at a posi-
tion in a sub-pixel outside of a display region.

[0024] 1t 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

[0025] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiments of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0026] FIG. 1 is a schematic circuit diagram of a pixel
structure for an active matrix-type OELD device according
to the related art;

[0027] FIG. 2 is a cross sectional view of a bottom
emission-type OELD device according to the related art;

[0028] FIG. 3 is a cross sectional view of a sub-pixel
region of a bottom emission-type OELD device according to
the related art;

[0029] FIG. 4 is a cross sectional view of a top emission-
type active matrix OELD device of the related art;

[0030]
4;

[0031] FIG. 6A is a cross sectional view of a dual panel-
type OELD device according to the present invention;

FIG. 5 is an enlarged view of the region L of FIG.
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[0032] FIG. 6B is a cross sectional view of a sub-pixel for
the dual panel-type OELD device;

[0033] FIG. 7 is an enlarged view of the region “M” of
FIG. 6A;
[0034] FIG. 8 is a flow chart illustrating a method for

manufacturing an OELD device according to the present
invention;

[0035] FIG.9 is across sectional view of an array element
on a first substrate for an OELD device according to the
present invention.

[0036] FIG. 10 is a schematic cross sectional view of an
OELD device according to the present invention; and

[0037] FIG. 11 is a schematic cross sectional view of
another embodiment of an OELD device.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0038] Reference will now be made in detail to the illus-
trated embodiments of the present invention, an example of
which is illustrated in the accompanying drawings.

[0039] FIG. 6A is a cross sectional view of a dual panel-
type organic electroluminescent display device according to
the present invention, and FIG. 6B is a cross sectional view
of a sub-pixel for the dual panel-type organic electrolumi-
nescent display device. FIG. 7 is an enlarged view of the
region “M” of FIG. 6A.

[0040] As shown in the figures, a first substrate 210 and a
second substrate 230 is spaced apart and bonded to each
other by a seal pattern 240. Although not shown in the
figures, gate and data lines are formed on an inner surface of
the first substrate 210 to define sub-pixels SbP. In each
sub-pixel SbP, an array element 220 is formed. The array
element 220 includes at least one switching thin film tran-
sistor (TFT) (not shown) functioning as a switching element,
at least one driving TFT DrT controlling an organic elec-
troluminescent (EL) diode, and a connection electrode 212
connected to the driving TFT DrT. The connection electrode
212 may extend from a drain electrode (not shown) of the
driving TFT DrT or may be a separate pattern, which is
formed to be connected to the drain electrode of the driving
TFT DrT.

[0041] An organic EL diode E is formed in each sub-pixel
SbP on an inner surface of the second substrate 230. The
organic EL diode E includes a red, green or blue organic EL
layer 234a, 234b and 234c¢, which are sequentially arranged.
The organic EL diode further includes a first electrode 232
and a second electrode 236. The first electrode 232 is formed
on substantially an entire surface of the second substrate
230, cach organic EL layer 234a, 234b and 234c is formed
on the first electrode 232 in each sub-pixel SbP, and the
second electrode 236 is formed on each organic EL layer
234a, 234b and 234c. The organic EL layer 234a, 234b and
234c¢ and the second electrode 236 are separately formed in
each sub-pixel SbP. An insulating pattern 235 is formed
between adjacent organic EL layers 234a, 234b and 234¢
and between the first and second electrodes 232 and 236, and
thus the second electrode 236 has a larger area than each
organic EL layer 234a, 234b and 234c. The first electrode
232 may function as a common eclectrode. Thus, a display
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region is disposed between adjacent insulating patterns 235.
An image that a user can view is disposed in the display
region.

[0042] The organic EL diode E will be explained in more
detail with reference to FIG. 6B. In FIG. 6B, the organic EL
layer 234b is composed of an emission layer 254, a first
organic layer 255 and a second organic layer 256. The
emission layer 254 emits red, blue or green light and is
disposed between the first organic layer 255 and the second
organic layer 256. Materials for the first and second organic
layers 255 and 256 are determined depending on arrange-
ments of anode and cathode electrodes. For example, when
the first electrode 232 functions as a cathode electrode and
the second electrode 236 functions as an anode electrode, the
first organic layer 255 includes an electron injection layer
and an electron transporting layer, and the second organic
layer 256 includes a hole injection layer and a hole trans-
porting layer. On the other hand, when the first electrode 232
and the second electrode 236 function as an anode ¢lectrode
and a cathode electrode, respectively, the first organic layer
255 includes a hole injection layer and a hole transporting
layer, and the second organic layer 256 includes an electron
injection layer and an electron transporting layer.

[0043] A connection pattern 214 is formed between the
connection electrode 212 of the first substrate 210 and the
second electrode 236 of the second substrate 230 to connect
the second electrode 236 with the driving TFT DrT. The
connection pattern 214 has a columnar shape. The connec-
tion pattern 214 is formed of a conductive material having
ductility and a relatively low resistivity. Alternatively, the
connection pattern 214 is formed of an organic material and
a conductive material covering the organic material.

[0044] As stated above, the insulating pattern 235 is
formed between adjacent organic EL layers 2344, 234b and
234c¢ and between the first and second electrodes 232 and
236. The insulating pattern 235 corresponds to the connec-
tion pattern 214. That is, the organic EL layers 234a, 234b
and 234c¢ do not correspond to the connection pattern 214.
Accordingly, although a contact pressure due to the connec-
tion pattern 214 is applied to the second electrode 236, the
contact pressure has an influence on the insulating layer 235
not on the organic EL layers 234a, 234b and 234c. The
organic EL layers 2344, 234b and 234c¢ is prevented from
being transformed and from being degraded, and thus a
lifespan of the organic EL diode E may be increased.

[0045] Beneficially, the OELD device is a top emission-
type OELD, where light from the organic EL layers 234q,
234b and 234c is emitted through the second substrate 230.
Accordingly, the first electrode 232 is formed of a transpar-
ent conductive material. For example, when the first elec-
trode 232 functions as an anode electrode, the first electrode
232 is formed of indium tin oxide (ITO) having a relatively
high work function or a metal that is a few tens of angstroms
(A) thick.

[0046] When the second electrode 236 functions as a
cathode electrode, the second electrode 236 may be formed
of an opaque metal material having a relatively low work
function, for example, aluminum (Al) or an aluminum alloy,
1o prevent constructive interference due to reflection of light
emitted from the organic EL layers 234a, 234b and 234c.

[0047] A space I between the first and second substrates
210 and 230 is under vacuum as attachment of the first and
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second substrates 210 and 230 is performed under a vacuum
of about 1072 Torr to about 107> Torr. Although not shown
in the figures, the array element 220 further includes gate
and data lines crossing each other, a power supply line
crossing the gate line and parallel to the data line, a
switching TFT at the crossing of the gate and data lines, and
a storage capacitor.

[0048] In the related art, the organic EL layer has substan-
tially the same size as the second electrode and corresponds
to the connection pattern, and the organic EL layer is
influenced by a contact pressure of the connection pattern.
Thus, the organic EL layer is deformed or a lifespan of the
organic EL layer is decreased. Additionally, a display quality
of the device may be lowered. On the other hand, in the
present invention, the organic EL layer does not overlap the
connection pattern, and the insulating pattern corresponds to
the connection pattern. Therefore, because the organic EL
layer is not influenced by the contact pressure of the con-
nection pattern, the organic EL layer is not transformed, and
the lifespan of the organic EL layer and the display quality
of the device are improved.

[0049] Moreover, in the present invention, since the
organic EL diode and the thin film transistor are formed on
different substrates and the OELD device has a top emission-
type, productivity is increased.

[0050] A method for manufacturing an organic electrolu-
minescent display device having the above-mentioned struc-
ture will be described with reference to attached drawings.

[0051] FIG. 8 is a flow chart illustrating a method for
manufacturing an organic electroluminescent display
(OELD) device according to the present invention. FIG. 9 is
a cross sectional view of an array element on a first substrate
for an OELD device according to the present invention.
FIG. 10 is a schematic cross sectional view of an OELD
device according to the present invention.

[0052] At step ST1, an array element is formed on a first
substrate. More particularly, as shown in FIG. 9, a buffer
layer 270 is formed on the first substrate 210, and a
semiconductor layer 272 is formed on the buffer layer 270.
A capacitor electrode (not shown) is formed on the buffer
layer 270 simultaneously with the semiconductor layer 272.
A gate insulating layer 274 is formed on the semiconductor
layer 272, and a gate electrode 276 is formed on the gate
insulating layer 274 over the semiconductor layer 272. Next,
an inter insulating layer 278 is formed on the gate electrode
276, and source and drain electrodes 280 and 282 are formed
on the inter insulating layer 278. The source and drain
electrodes 280 and 282 are connected to both sides of the
semiconductor layer 272, which are doped with impurities.
A passivation layer 284 is formed on the source and drain
clectrodes 280 and 282, and a connection electrode 212 is
formed on the passivation layer 284. The connection elec-
trode 212 is connected to the drain electrode 212 through a
contact hole formed in the passivation layer 284. The
semiconductor layer 272, the gate electrode 276, and the
source and drain electrodes 280 and 282 constitute a driving
thin film transistor (TFT) DrT of an OELD device. A
switching TFT (not shown) having the same structure as the
driving TFT DrT of FIG. 9 is also formed on the first
substrate 210. Additionally, a power electrode (not shown),
which is connected to an electrode of the driving TFT DrT,
i.e., the source electrode 280, is formed on the first substrate
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210. The power electrode overlaps the capacitor electrode
with an insulating layer therebetween to thereby form a
storage capacitor.

[0053] In present invention, the driving TFT DrT and the
switching TFT have a top gate structure in which the
semiconductor layer 272 is formed of polycrystalline sili-
con. However, the driving TFT DrT and the switching TFT
may have a bottom gate structure in which the gate electrode
is formed directly on the substrate. In this case, the semi-
conductor layer may be formed of amorphous silicon or
polycrystalline silicon.

[0054] At step ST2, a first electrode 232 is formed on
substantially an entire surface of a second substrate 230.
Therefore, it is possible to choose various materials for the
first electrode 232, and it is simple to perform the processes.
The first electrode 232 is beneficially formed of a transpar-
ent conductive material having a relatively high work func-
tion.

[0055] At step ST3, an insulating pattern 235 is formed on
the first electrode 232. The insulating pattern 235 corre-
sponds to a region where a connection pattern 214 is formed.
The connection pattern 214 connects the connection elec-
trode 212 of the first substrate 210 with a second electrode
of the second substrate 230 to be formed later. The connec-
tion pattern 214 has the same area as or a larger area than the
region where the connection pattern 214 is formed by
considering an attaching margin.

[0056] Meanwhile, a partition wall 239 may be formed on
the insulating pattern 235. In this case, the partition wall 239
may be formed along peripheral portions of the sub-pixel.
The insulating pattern 233 has the same shape as and a larger
size than the partition wall 239. The insulating pattern 235
may be formed in a portion corresponding to either a vertical
part or a horizontal part of the partition wall 239 or may be
formed only in a portion corresponding to the connection
pattern 214. The insulating pattern 235 may be formed of an
inorganic material and may be formed in an expected region
by using a shadow mask.

[0057] Additionally, at step ST3, the partition wall 239 is
formed on the insulating pattern 235. The partition wall 239
may have a matrix form surrounding the sub-pixel or may
have a line shape disposed between vertically adjacent
sub-pixels or between horizontally adjacent sub-pixels. As
stated above, the partition wall 239 has a smaller size than
the insulating pattern 235.

[0058] At step ST4, organic EL layers 234a, 234b and
234c of red, green and blue are sequentially formed on the
first electrode 232. The organic EL layers 234a, 2345 and
234¢ may be formed by an inkjet method, a nozzle coating
method or a deposition method using a shadow mask. The
organic EL layers 234a, 234b and 234c may be separate
patterns corresponding respective sub-pixels or may be a
line shape connecting layers in adjacent same color sub-
pixels. The organic EL layers 234a, 234b and 234c are not
formed in a region where the insulating pattern 235 is
formed. Therefore, the insulating layer 235 is disposed
between adjacent organic EL layers 234a, 234b and 234c.

[0059] Each organic EL layer 234a, 234b and 234c may
include an emission layer, a hole injection layer, a hole
transporting layer, an electron injection layer, and an elec-
tron transporting layer.
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[0060] At step ST5, a second electrode 236 is formed on
each organic EL layer 234a, 234b and 234c¢. The second
electrode 236 may be separately formed at each sub-pixel by
using a shadow mask such that the second electrode 236
covers one of the organic EL layer 234a, 234b and 234b and
the insulating pattern 235. On the other hand, when the
partition wall 239 is formed in a matrix form, the second
electrode 236 may be separately formed due to the partition
wall 239 by depositing on a substantially entire surface of
the second substrate 230. The second electrode 236 may be
formed of an opaque metal material having a relatively low
work function.

[0061] Atstep ST 6, the connection pattern 214 is formed
to electrically connect the first and second substrates 210
and 230, more particularly, the driving TFT DrT and the
second electrode 236. The connection pattern 214 may be
formed on one of the first and second substrates 210 and 230.
That is, the connection pattern 214 may be formed on the
connection electrode 212 of the first substrate 210 or may be
formed on the second electrode 236 of the second substrate
230 such that the connection pattern 214 corresponds to the
insulating pattern 233.

[0062] In one embodiment, to prevent damage of the
organic EL layer 234a, 234b and 234c, the connection
pattern 214 is formed on the first substrate 210. Explanation
for a case that the connection pattern 214 is formed on the
first substrate 210 follows.

[0063] The connection pattern 214 is formed on the con-
nection electrode 212, which is connected to the drain
electrode (not shown) of the driving TFT DrT, and contacts
the connection electrode 212. The connection pattern 214
has a predetermined thickness such that a gap between the
first and second substrates 210 and 230 is kept uniform.
Thus, the connection pattern 214 may be formed by depos-
iting a metal material to have a certain thickness on an entire
surface of the first substrate 210 and then patterning the
metal material through a mask process, which includes
coating photoresist, exposing the photoresist using a mask,
developing the exposed photoresist, and etching the metal
material. The connection pattern 214 of one embodiment has
a contact area of about 10 um* to about 20 um®. If the
connection pattern 214 has a larger contact area, the aperture
ratio of the sub-pixel is further decreased.

[0064] At step ST7, the first and second substrates 210 and
230 are attached. First, a seal pattern (not shown) is formed
on one of peripheral portions of the first and second sub-
strates 210 and 230. Next, the first and second substrates 210
and 230 are arranged to face each other under a vacuum of
about 1072 Torr to about 107> Torr such that the connection
pattern 214 contacting the connection electrode 212 corre-
sponds to the second electrode 236 on the insulating layer
235. The first and second substrates 210 and 230 are attached
by using the seal pattern on the peripheral portions of the
first and second substrates 210 and 230 to complete an
organic electroluminescent display (OELD) device. The
connection pattern 214 overlaps the insulating pattern 235.
In addition, at the step ST7, a desiccant is formed inside the
OELD device to prevent moisture from permeating into the
OELD device.

[0065] FIG. 11 shows yet another embodiment of the
OELD device. Similar to the other embodiments, a first
substrate 210 and a second substrate 230 are spaced apart
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and bonded to each other by a seal pattern (240 of FIG. 6A).
Gate and data lines are formed on an inner surface of the first
substrate 210 to define sub-pixels SbP. In each sub-pixel
SbP, an array element 220 is formed. The array element 220
includes at least one switching thin film transistor (TFT) (not
shown) functioning as a switching element, at least one
driving TFT DrT controlling an organic electroluminescent
(EL) diode, and a connection electrode 212 connected to the
driving TFT DrT. The connection electrode 212 may extend
from a drain electrode (not shown) of the driving TFT DrT
or may be a separate pattern, which is formed to be con-
nected to the drain electrode of the driving TFT DrT.

[0066] An organic EL diode E is formed in each sub-pixel
SbP on an inner surface of the second substrate 230. The
organic EL diode E includes a red, green or blue organic EL
layer 234a, 234b and 234c¢, which are sequentially arranged.
The organic EL diode further includes a first electrode 232
and a second electrode 236. The first electrode 232 is formed
on substantially an entire surface of the second substrate
230, each organic EL layer 234a, 234b and 234c is formed
on the first electrode 232 in each sub-pixel SbP, and the
second electrode 236 is formed on each organic EL layer
2344, 234b and 234c. The first electrode 232 may function
as a common electrode. The organic EL layer 234a, 234b
and 234c¢ and the second electrode 236 are separately formed
in each sub-pixel SbP. An insulating pattern 235 and a
partition wall 239 formed on the insulating pattern 235 are
formed in each sub-pixel SbP.

[0067] As shown, the partition wall 239 is formed along
peripheral portions of the sub-pixel. As shown in FIG. 11,
the partition wall 239 is disposed adjacent to, but not over
the insulating pattern 235, although in other embodiments
similar to FIG. 10, the partition wall 239 may be disposed
over the insulating pattern 235. The partition wall 239
separates both adjacent second electrodes 236 and adjacent
organic EL layers 234a, 234b and 234c. That is, unlike the
embodiment shown in FIG. 10, the organic EL layer 2344,
234b and 234c¢ does not terminate at the insulating pattern
235. Instead, the organic EL layer 234a, 234b and 234c
extends over the insulating pattern 235 into the area in which
the connection pattern 214 contacts the second electrode
236. Although the organic EL layer 2344, 234b and 234¢
extends into the point of the contact, the insulating pattern
235 therebelow functions as a buffer layer and thus may
effectively decrease stress on the organic EL layer 234q,
234b and 234c. Moreover, although this may adversely
affect the characteristics of the organic EL layer 2344, 234b
and 234c¢ lying between the point of contact and the insu-
lating pattern 235, as the insulating pattern 235 may be
opaque, the area in which the organic EL layer 234a, 234b
and 234c is affected lies in a non-display region of the
sub-pixel, i.e. a region outside of the display region of the
sub-pixel in which the user can view the image. Moreover,
since the organic EL layer 234a, 234b and 234c has a step
due to the insulating pattern 235, stress and adversely
affecting thereon may effectively be decrease.

[0068] As in the embodiment of FIG. 10, the insulating
pattern 235 has the same shape as and a larger size than the
partition wall 239. The insulating pattern 235 may be formed
in a portion corresponding to either a vertical part or a
horizontal part of the partition wall 239 or may be formed
only in a portion corresponding to the connection pattern
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214. The insulating pattern 235 may be formed of an
inorganic material and may be formed in an expected region
by using a shadow mask.

[0069] Similarly, the connection pattern 214 is formed of
a conductive material having ductility and a relatively low
resistivity. Alternatively, the connection pattern 214 is
formed of an organic material and a conductive material
covering the organic material. When the second electrode
236 functions as a cathode electrode, the second electrode
236 may be formed of an opaque metal material having a
relatively low work function, for example, aluminum (Al) or
an aluminum alloy, to prevent constructive interference due
to reflection of light emitted from the organic EL layers
2344, 234D and 234c.

[0070] According to the present invention, since the
organic EL diode and the thin film transistors are formed on
different substrates, productivity and production control
efficiency of the device may be improved. In addition, the
organic EL layer does not overlap the connection pattern
connecting the organic EL diode and the thin film transistor,
and thus the organic EL layer is prevented from being
damaged due to contact pressure of the connection pattern.
Accordingly, a lifetime of the organic EL diode may be
increased. Moreover, since the OELD device is a top emis-
sion-type, the thin film transistor may be easily designed,
and a high aperture ratio and a high image resolution may be
achieved.

[0071] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
organic electroluminescent display device and the method of
fabricating the organic electroluminescent display device of
the present invention without departing from the spirit or
scope of the inventions. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:
1. A dual panel-type organic electroluminescent display
device, comprising:

a first substrate having gate and data lines crossing each
other thereon to define sub-pixels;

an array element disposed on the first substrate at at least
one of the sub-pixels;

a second substrate opposing the first substrate;

a first electrode disposed on substantially an entire surface
of the second substrate;

an insulating pattern disposed on the first electrode at the
at least one of the sub-pixels;

an organic electroluminescent layer disposed on the first
electrode within the at least one of the sub-pixels;

a second electrode disposed on the organic electrolumi-
nescent layer at the at least one of the sub-pixels; and

a connection pattern electrically connecting the array
element and the second electrode and having a contact
area contacting the second electrode, the insulating
pattern between the first and second electrodes at the
contact arca.
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2. The device according to claim 1, wherein the array
element includes a connection electrode contacting the con-
nection pattern.

3. The device according to claim 2, wherein the array
element includes a switching thin film transistor and a
driving thin film transistor.

4. The device according to claim 3, wherein the connec-
tion electrode is connected to a drain electrode of the driving
thin film transistor.

5. The device according to claim 3, wherein the connec-
tion electrode extends from a drain electrode of the driving
thin film transistor.

6. The device according to claim 1, wherein the insulating
pattern has a first width and has a matrix form.

7. The device according to claim 6, further comprising a
partition wall on the insulating pattern, the partition wall
having a second width narrower than the first width of the
insulating pattern to expose a portion of the insulating
pattern inside the sub-pixel.

8. The device according to claim 7, wherein the second
electrode covers the portion of the insulating pattern inside
the sub-pixel.

9. The device according to claim 8, wherein the portion of
the insulating pattern inside the sub-pixel is wider than the
contact area of the connection pattern.

10. The device according to claim 1, wherein the insu-
lating pattern has a larger size than the contact area of the
connection pattern.

11. The device according to claim 1, wherein the contact
area of the connection pattern is within a range of about 10
um® to about 20 yum>.

12. The device according to claim 1, wherein the connec-
tion pattern is formed of a ductile conductive material.

13. The device according to claim 1, wherein the connec-
tion pattern is formed of an organic material and a conduc-
tive material covering the organic material.

14. The device according to claim 1, wherein the first
electrode has a work function higher than the second elec-
trode and is formed of a transparent conductive material.

15. The device according to claim 1, wherein the second
electrode has a work function smaller than the first electrode
and is formed of an opaque conductive material.

16. The device according to claim 1, wherein an organic
electroluminescent layer is disposed within each sub-pixel,
each organic electroluminescent layer includes a hole injec-
tion layer, a hole transporting layer, an electron injection
layer, an electron transporting layer, and a red, green or blue
emission layer.

17. The device according to claim 1, further comprising a
seal pattern on a peripheral portion of the first and second
substrates.

18. The device according to claim 1, wherein the organic
electroluminescent layer is disposed between the insulating
pattern and the connection pattern.

19. Amethod for manufacturing a dual panel-type organic
electroluminescent display device, the method comprising;

forming gate and data lines crossing each other on a first
substrate to define sub-pixels;

forming an array element at at least one of the sub-pixels
on the first substrate, the array element including a
switching thin film transistor and a driving thin film
transistor;
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forming a first electrode on substantially an entire surface
of a second substrate;

forming an insulating pattern on the first electrode at the
at least one of the sub-pixels;

forming organic electroluminescent layers on the first
electrode within the at least one of the sub-pixels;

forming a second electrode on the organic electrolumi-
nescent layer at the at least one of the sub-pixels;

forming a connection pattern connected to the driving thin
film transistor at the at least one of the sub-pixels; and

attaching the first and second substrates such that the
connection pattern contacts the second electrode on the
insulating pattern.

20. The method according to claim 19, further comprising
forming a connection electrode connected to the driving thin
film transistor and the connection pattern.

21. The method according to claim 20, wherein the
connection electrode is electrically connected to a drain
electrode of the driving thin film transistor.

22. The method according to claim 19, wherein the
insulating pattern has a first width and has a matrix form.

23. The method according to claim 22, further comprising
forming a partition wall on the insulating pattern, the par-
tition wall having a second width narrower than the first
width of the insulating pattern to expose a portion of the
insulating pattern inside the sub-pixel.

24. The method according to claim 23, wherein the second
electrode covers the portion of the insulating pattern inside
the sub-pixel.

25. The method according to claim 19, wherein the
organic electroluminescent layer is formed by a deposition
method using a shadow mask such that the organic elec-
troluminescent layer does not overlap the insulating pattern.

26. The method according to claim 19, wherein the second
electrode is larger than the organic electroluminescent layer
at the at least one of the sub-pixels.

27. The method according to claim 19, further comprising
forming a seal pattern on a peripheral portion of the first and
second substrates.

28. The method according to claim 19, wherein the
organic electroluminescent layer is disposed between the
insulating pattern and the connection pattern.

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

a first substrate having gate and data lines crossing each
other thereon to define sub-pixels;

an array element disposed on the first substrate;
a second substrate opposing the first substrate;
a first electrode disposed on the second substrate;

an organic electroluminescent layer disposed on the first
electrode;

a second electrode disposed on the organic electrolumi-
nescent layer; and

a connection pattern electrically connecting the array
element and the second electrode, the connection pat-
tern contacting the second electrode at a position in a
sub-pixel outside of a display region.
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30. The device according to claim 29, wherein an array
element, a first electrode, an organic electroluminescent
layer, a second electrode, and a connection pattern are
disposed at each sub-pixel.

31. The device according to claim 30, wherein adjacent
second electrodes are separated by a vacuum.

32. The device according to claim 30, further comprising
an insulating partition wall separating adjacent second elec-
trodes.

33. The device according to claim 32, wherein the con-
nection pattern is adjacent to the insulating partition wall.

34. The device according to claim 30, wherein adjacent
array elements are separated by a vacuum.

35. The device according to claim 29, wherein the array
element includes a switching thin film transistor and a
driving thin film transistor, and the connection electrode is
connected to a drain electrode of the driving thin film
transistor.

36. The device according to claim 29, wherein the con-
nection pattern is formed of a ductile conductive material.
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37. The device according to claim 29, wherein the con-
nection pattern is formed of an organic material and a
conductive material covering the organic material.

38. The device according to claim 29, wherein the first
electrode has a work function higher than the second elec-
trode and is formed of a transparent conductive material.

39. The device according to claim 29, further comprising
a seal pattern on a peripheral portion of the first and second
substrates.

40. The device according to claim 29, wherein the organic
electroluminescent layer is not disposed between the first
and second electrodes at the position where the connection
pattern contacts the second electrode.

41. The device according to claim 29, wherein the second
electrode has a work function smaller than the first electrode
and is formed of an opaque conductive material.

42. The device according to claim 29, wherein the organic
electroluminescent layer is disposed between the insulating
pattern and the connection pattern.
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