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(57) ABSTRACT

An organic electroluminescent device includes: a switching
element and a driving element connected to each other on a
substrate including a pixel region; a planarization layer on the
switching element and the driving element, the planarization
layer having a substantially flat top surface; a cathode on the
planarization layer, the cathode connected to the driving ele-
ment; an emitting layer on the cathode; and an anode on the
emitting layer.
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DUAL PANEL TYPE ORGANIC
ELECTROLUMINESCENT DISPLAY DEVICE
AND METHOD OF FABRICATING THE SAME

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 11/6639,301 filed Dec. 15, 2006, which
claims priority to Korean Patent Application No. 10-2006-
059350, filed on Jun. 29, 2006, which are hereby incorporated
by reference for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic elec-
troluminescent device (OELD), and more particularly to atop
emission type OELD.

[0004] 2. Discussion of the Related Art

[0005] In general, an OELD emits light by injecting elec-
trons from a cathode and holes from an anode into an emis-
sion layer, combining the electrons with the holes, generating
an exciton, and transitioning the exciton from an excited state
to a ground state. In comparison to a liquid crystal display
(LCD) device, an additional light source is not necessary for
the OELD to emit light, because the transition of the exciton
between the two states causes light to be emitted. Accord-
ingly, the size and weight of the OELD are less than the LCD
device.

[0006] The OELD has other excellent characteristics, such
as a low power consumption, superior brightness, and a fast
response time. Thus, the OELD is seen as the preferred dis-
play for the next-generation of consumer electronic applica-
tions such as cellular phones, car navigation systems (CNSs),
personal digital assistants (PDAs), camcorders, palmtop
computers, etc. Moreover, because fabricating the organic
ELD is performed with fewer processing steps, the OELD is
less expensive to produce than the LCD device.

[0007] In addition, the two types of OELDs are a passive
matrix OELD and an active matrix OELD. While both of the
passive and active matrix OELDs have a simple structure and
are formed by a simple fabricating process, the passive matrix
OELD requires a relatively large amount of power to operate.
In addition, the display size of the passive matrix OELD is
limited by the width and thickness of conductive lines used in
the structure. Further, as the number of conductive lines
increases, the aperture ratio of the passive matrix OELD
decreases. In contrast, the active matrix OELDs are highly
efficient and may produce a high-quality image on a large
display with a relatively low power.

[0008] Turning now to FIG. 1, which is a schematic cross-
sectional view of an OELD 1 according to the related art. As
shown, the OFLD 1 includes first and second substrates 12
and 28 facing and being spaced apart from each other. Also
included is an array element layer 14 formed on the first
substrate 12. As shown, the array element layer 14 includes a
thin film transistor “T.” Although not shown, the array ele-
ment layer 14 further includes a gate line, a data line crossing
the gate line to define a pixel region “P,” and a power line
crossing one of the gate and data lines. In addition, the OELD
1 also includes a first electrode 16 on the array element layer
14, an organic electroluminescent (EL) layer 18 on the first
electrode 16, and a second electrode 20 on the organic EL
layer 18. In addition, the first electrode 16 is connected to the
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thin film transistor “T.” Here, the organic EL layer 18 includes
red (R), green (G) and blue (B) sub-organic EL layers in the
pixel regions “P.”

[0009] In addition, the second substrate 28 functions as an
encapsulating panel having a receded portion 21. A desiccant
22 is packaged in the receded portion 21 to protect the OELD
1 from moisture. Further, a seal pattern 26 is formed between
the first and second substrates 12 and 28 ata periphery thereof
so as to attach the first and second substrates 12 and 28 to each
other.

[0010] Next, FIG. 2 is an equivalent circuit diagram of the
related art ELD shown in FIG. 1. As shown in FIG. 2, a pixel
region “P” is defined by a gate line 42 and a data line 44
crossing the gate line 42 formed on a substrate 32. Also
included is a power line 55 spaced parallel from the gate line
42 and crossing the data line 44.

[0011] In addition, a switching element “T” is connected
to the gate and data lines 42 and 44 in an area adjacent to
where the gate and data lines 42 and 44 cross, and a driving
element “T,” is connected to the switching element “T.” For
example, the driving element “T ,” in FIG. 2 is a positive type
thin film transistor. Further, a storage capacitor “Cg,” is
formed between the switching element “T” and the driving
element “T,.” Also, a drain electrode 63 of the driving ele-
ment “T,,” is connected to a first electrode (not shown) of an
organic EL diode “E.” In addition, a source electrode 66 of the
driving element “T,,” is connected to the power line 55 and a
gate electrode 68 is connected to the capacitor C_, and switch-
ing element Ts.

[0012] Hereinafter, operation of the OELD will be
explained in detail. When a gate signal is applied to the gate
electrode 46 of the switching element “T,” a current signal
applied to the data line 44 is changed into a voltage signal
through the switching element “T” and is applied to the gate
electrode 68 of the driving element “T,,”

[0013] Therefore, the driving element “T,” is driven and
the level of the current applied to the organic EL diode “E” is
determined such that the organic EL diode “E” may display a
gray scale. Further, because the signal in the storage capacitor
“C,,.” functions to maintain the signal of the gate electrode 68
of the driving element “T,,” the current applied to the EL
diode is maintained until the next signal is applied even if the
switching element “T” is in an OFF state.

[0014] Next, FIG. 3 is a schematic plan view of a related art
OELD with respect to one pixel. As shown, the switching
element “T,” the driving element “T,,” connected to the
switching element “T,” and the storage capacitor “C,,” are
formed on the substrate 32 in the pixel region “P.” Alterna-
tively, the switching element “T¢” and the driving element
“T,” may be formed in multiple in the pixel region “P” in
accordance with an operation characteristic thereof

[0015] In addition, the substrate 32 includes a transparent
insulating substrate such as glass or a plastic substrate. The
gate line 42 is formed on the substrate 32 and the data line 44
crosses the gate line 42 to define the pixel region “P” In
addition, in this example, a power line 55 is parallel to the data
line 44.

[0016] Further, the switching element “Tg” includes the
gate electrode 46 connected to a first gate line 42, a first
semiconductor layer 50 over the first gate electrode 46, a first
source electrode 56 connected to the data line 44, and a first
drain electrode 60 spaced apart from the first source electrode
56. The driving element “T,,” includes the second gate elec-
trode 68 connected to the drain electrode 60, a second semi-
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conductor layer 62 over the second gate electrode 68, the
second source electrode 66 connected to the power line 55,
and the second drain electrode 63. Specifically, the first drain
electrode 60 and the gate electrode 68 are connected to each
other via a contact hole 64 of an insulating material layer (not
shown).

[0017] Further, a first electrode 36 is connected to the first
drain electrode 63 in the pixel region “P” Although not
shown, the storage capacitor “C,,” includes a first storage
electrode of doped silicon, a second storage electrode occu-
pying a portion of the power line 55, and an insulating mate-
rial layer (not shown) between the first and second storage
electrodes.

[0018] FIG. 4 is a schematic cross-sectional view of the
related art OELD taken along the line “TV-IV” in FIG. 3. In
FIG. 4, the second semiconductor layer 62 is formed on the
substrate 32, a gate insulating layer “GI” is formed on the
second semiconductor layer 62, the gate electrode 68 is
formed on the gate insulating layer “GI” over the second
semiconductor layer 62, and an interlayer insulating layer
“IL” 1s formed on the gate electrode 68 and includes first and
second contact holes “C1” and “C2” that expose both end
portions of the second semiconductor layer 62. The source
and drain electrodes 66 and 63 are formed on the interlayer
insulating layer “IL.” and are connected to the second semi-
conductor layer 62 via the first and second contact holes “C1”
and “C2”

[0019] A passivation layer 67 is also formed on the second
source and drain electrodes 66 and 63 and includes a drain
contact hole “C3” that exposes a portion of the drain electrode
63. The first electrode 36 is connected to the drain electrode
63 via the drain contact hole “C3,” the organic EL layer 38 is
formed on the first electrode 36, and a second electrode 80 is
formed on the organic EL layer 38. The first electrode 36, the
organic EL layer 38, and the second electrode 80 constitute
the organic EL diode “E.” Further, the driving element “T,”
is a negative type TFT, and the first electrode 36 and the
second electrode 80 are a cathode and an anode, respectively.
Alternatively, the driving element “T ,” is apositive type TF T,
and the first electrode 36 and the second electrode 80 are an
anode and a cathode, respectively.

[0020] Inaddition, the storage capacitor “C,,” and the driv-
ing element “T,,” are disposed in a row. Here, the source
electrode 66 is connected to the second storage electrode, and
the first storage electrode 35 is disposed under the second
storage electrode 34.

[0021] FIG. 5 is a schematic cross-sectional view of an
emission region of the related art. In FIG. 5, the emission
region of the OELD 1 includes the anode 36 on the substrate
32, ahole injection layer 384 on the anode 36, a hole transport
layer 38b on the hole injection layer 384, an emitting layer
38conthehole transport layer 385, an electron transport layer
384 on the emitting layer 38¢, an electron injection layer 38¢
on the electron transport layer 384, and the cathode 80 on the
electron injection layer 38e. These layers are sequentially
layered on the anode 36.

[0022] In addition, the hole transport layer 385 and the
electron transport layer 384 function to transport a hole and
electron to the emitting layer 38¢ to improve an emitting
efficiency. Further, the hole injection layer 38¢ between the
anode 36 and the hole transport layer 385 function to reduce
a hole injecting energy, and the electron injection layer 38¢
between the cathode 80 and the electron transport layer 384
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function to reduce an electron injecting energy, thereby
increasing the emitting efficiency and reducing the driving
voltage of the OELD.

[0023] Further, the cathode 80 is formed of a material
including calcium (Ca), aluminum (Al), aluminum alloy,
magnesium (Mg), silver (Ag) and lithium (Li). In addition,
the anode 36 includes a transparent conductive material such
as indium tin oxide (ITO). Thus, because the anode 36 formed
with a transparent conductive material such as ITO is depos-
ited by sputtering, layers under the anode 36 may be dam-
aged. Therefore, to prevent damaging the emitting layer 38,
the anode 36 is not formed on the emitting layer 38.

[0024] Accordingly, when light from the emitting layer 38
is emitted toward the anode 36 formed under the emitting
layer 38, the substantial aperture region is limited due to the
array element (not shown) under the anode 36. Consequently,
because the OELD related art is a bottom emission type
OELD, the brightness deteriorates due to the array element.
Further, to minimize the aperture region, the design of the
array element is limited. Also, the driving element is selected
from a positive type poly-silicon type in connection with the
structure of the organic EL diode, the array process is com-
plicated and the product yield is reduced.

SUMMARY OF THE INVENTION

[0025] Accordingly, the present invention is directed to a
duel panel type organic electroluminescent display device
and method of fabricating the same that substantially obviates
one or more of the problems due to limitations and disadvan-
tages of the related art.

[0026] An advantage of the present invention is to address
the above-noted and other problems.

[0027] Another advantage of the present invention is to
provide an OELD and a method of fabricating the same that
may be driven as a top emission type OELD with an improved
brightness.

[0028] Another advantage of the present invention is to
provide an OELD and a method of fabricating the same that
includes an array element formed through a simple process
that reduces the product cost.

[0029] Another advantage of the present invention is to
provide an OELD and a method of fabricating the same that
may prevent a division between an emitting layer due to a step
difference on the array element.

[0030] Another advantage of the present invention is to
provide an OELD and a method of fabricating the same that
may prevent shorting of an anode and a cathode by a damage
of the emitting layer.

[0031] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. The objectives and other 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.

[0032] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, an organic electroluminescent device
includes: a switching element and a driving element con-
nected to each other on a substrate including a pixel region; a
planarization layer on the switching element and the driving
element, the planarization layer having a substantially flattop
surface; a cathode on the planarization layer, the cathode
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connected to the driving element; an emitting layer on the
cathode; and an anode on the emitting layer.

[0033] Inanother aspect of the present invention, a method
of fabricating an organic electroluminescent device includes:
forming a switching element and a driving element connected
to each other on a substrate including a pixel region; forming
aplanarization layer on the switching element and the driving
element, the planarization layer having a substantially flat top
surface; forming a cathode on the planarization layer, the
cathode connected to the driving element; forming an emit-
ting layer on the cathode; and forming an anode on the emit-
ting layer.

[0034] Inanother aspect of the present invention, a method
of fabricating an organic electroluminescent device includes:
forming a gate line and a power line spaced apart from each
other on a substrate; forming a gate insulating layer on the
gate line and the power line; forming a data line on the gate
insulating layer, the data line crossing the gate line; forming
a switching element connected to the gate and data line, and
a driving element connected to the switching element, the
switching element including a first gate electrode, a first
semiconductor layer, a first source electrode, and a first drain
electrode, the driving element including a second gate elec-
trode, a second semiconductor layer, a second source elec-
trode, and a second drain electrode; forming a planarization
layer on the switching element and the driving element; etch-
ing the planarization layer to form a drain contact hole that
exposes a portion of the second drain electrode; forming a
cathode on the planarization layer, the cathode connected to
the second drain electrode via the drain contact hole; forming
an emitting layer on the cathode; and forming an anode on the
emitting layer.

[0035] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The accompanying drawings, which are included to
provide a further understanding of the invention and are
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 invention.
[0037] In the drawings:

[0038] FIG. 1 is a schematic cross-sectional view of a
related art OELD;

[0039] FIG.2isanequivalent circuit diagram of the related
art OELD;
[0040] FIG. 3 is a schematic plan view of the related art

OELD with a respect to one pixel region;

[0041] FIG. 4 is a schematic cross-sectional view of the
related art OELD taken along the line “IV-IV” in FIG. 3;
[0042] FIG. 5 is a schematic cross-sectional view of an
emission region of the related art OELD;

[0043] FIG. 6 is a schematic cross-sectional view of an
OELD according to an embodiment of the present invention;
[0044] FIG.7isa schematic plan view of an array substrate
of an OELD “EL” according to an embodiment of the present
invention;

[0045] FIGS. 8A to 8D are schematic cross-sectional views
of an organic ELD taken along lines “VIIla-VIlIa,” “VIIIb-
VIIIb,” “VIIIe-V1IIc,” and “VIIId-VIIId” of FIG. 7 according
to an embodiment of the present invention; and
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[0046] FIGS.9At09E,10At010E,11Ato11Eand 12A to
12E, which are schematic cross-sectional views in accor-
dance with a fabricating process of an OFELD taken along
lines “VIIa-VIIla”, “VIIb-VIIIb”?, “VIIc-VIIc” and
“VIId-VIIId” in FIG. 7 according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0047] Reference will now be made in detail to an embodi-
ment, examples of which are illustrated in the accompanying
drawings.

[0048] FIG. 6 is a schematic cross-sectional view of an
OELD according to an embodiment of the present invention.
As shown in FIG. 6, the OELD “EL” includes an array ele-
ment (not shown) on a substrate 100, a cathode 200 on the
array element, an electron injection layer 202 on the cathode
200, an electron transport layer 204 on the electron injection
layer 202, an emitting layer 206 on the electron transport
layer 204, a hole transport layer 208 on the emitting layer 206,
ahole injection layer 210 on the hole transport layer 208, and
an anode 214 over the hole injection layer 210.

[0049] Further, a bufferlayer 212 may be disposed between
the hole injection layer 210 and the anode 214 to prevent
damage to the hole injection layer 210 during a deposition
process by sputtering of the anode 214 of ITO or IZO. For
example, the buffer layer 212 may include an organic molecu-
lar material for the hole injection layer. Specifically, the
buffer layer 212 may be selected from one of an organic
monomolecular material having a crystallinity and an oxide
including vanadium pentoxide (V,05). Also, the organic
monomolecular material includes copper phthalocyanine
(CuPc). Specifically. CuPe can be formed with a thin thick-
ness and have a low threshold voltage and a high mobility.
[0050] In addition, the anode 214 includes a transparent
conductive material such as ITO or IZO, and the cathode 200
includes molybdenum (Mo). Generally, although the cathode
200 is selected from a metallic material having a low work
function such as calcium (Ca), aluminum (Al), aluminum
alloy, magnesium (Mg), silver (Ag), or lithium (Li), the
metallic material having a low work function is easily oxi-
dized by being exposed to moisture and air during the mask
process. Accordingly, the cathode 200 includes Mo having a
non-oxidation characteristic or may further include a buffer
layer between the cathode 200 and the electron injection layer
202. Specifically, the buffer layer may be etched when pat-
terning a passivation layer (not shown) on the buffer layer to
connect the cathode 200 and a drain electrode of the driving
element “T,.”

[0051] As explained above, because the anode 214 is
formed on top of the OFLD, the OELD is a top emission type,
thereby improving an aperture ratio. Also, although not
shown, the cathode 200 is connected to a drain electrode ofa
driving element that is a negative type TFT, thereby reducing
the number of manufacturing processing steps and thus the
product cost. Furthermore, because the oxidation of the cath-
ode 200 is prevented, process defects are prevented.

[0052] It is noted that a planarization layer (not shown) is
disposed under the cathode 200 to planarizing a step differ-
ence on a surface of the array element.

[0053] Next, FIG. 7 is a schematic plan view of an array
substrate of an OELD “EL” according to an embodiment of
the present invention. In FIG. 7, the switching element “T”
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and the driving element “T,,” connected the switching ele-
ment “T¢” are formed on the substrate 100 in a pixel region
“p

[0054] The switching element “T” may be a negative thin
film transistor including a first gate electrode 102, a first
semiconductor layer 118, a first source electrode 1224, and a
first drain electrode 1224. In addition, the driving element
“Tp" 1s a negative thin film transistor including a second gate
electrode 104, a second semiconductor layer 120, a second
source electrode 124a and a second drain electrode 12464.
Specifically, the driving element “T,,” is connected to the
switching element “T” by connecting the second gate elec-
trode 104 to the first drain electrode 1224.

[0055] The first semiconductor and second semiconductor
layers 118 and 120 include amorphous silicon, and the
switching element “T¢” and the driving element “T,” are
formed in a structure to improve an operation characteristic of
the OELD. For example, the first source electrode 122¢ has a
“U” shape and the first drain electrode 1225 has a bar shape
extending into the first source electrode 122a and being
spaced apart from the electrode 1224. Also, the second source
electrode 124a has a ring shape and the second drain electrode
1245 has a circular shape contained within and separated
from the second source electrode 124a.

[0056] By the channel structures of the switching element
“Tg” and the driving element “T},” the channel length (not
shown) is reduced and the channel width (not shown) is
increased, thereby maximizing the channel width and mini-
mizing the thermallization of the OELD.

[0057] Inaddition, a gateline 1061s formed on the substrate
100 along a first direction and is connected to the first gate
electrode 102 to apply a scanning signal to the first gate
electrode 102. A data line 126 crosses the gate line 106 to
define the pixel region “P” and is connected to the first source
electrode 122a to apply a data signal to the first source elec-
trode 122a. In addition, a power line 110 is parallel to and is
spaced apart from the gate line 106.

[0058] Further, a gate pad 108, a data pad 128 and a power
pad 114 are formed at end portions of the gate line 106, the
data line 126 and the power line 110, respectively. Further-
more, a gate pad terminal 136, a data pad terminal 140 and a
power pad terminal 138 are connected to the gate pad 108, the
data pad 128 and the power pad 114, respectively. For
example, the gate pad terminal 136, the data pad terminal 140
and the power pad terminal 138 include a transparent conduc-
tive material such as indium tin oxide (ITO) or indium zinc
oxide (1ZO).

[0059] Meanwhile, although not shown, a storage capacitor
“C,,” includes afirst storage electrode extending from the first
drain electrode 1225, a second storage electrode extending
from the power line 110, and an insulating layer between the
first storage electrode and the second storage electrode. In
other words, the first storage electrode, the insulating layer
and the second storage electrode are sequentially layered.
[0060] In addition, a cathode 134 as a first electrode is
connected to the second drain electrode 1245. Although not
shown, an emitting layer (not shown) is formed on the cath-
ode 134 and an anode (not shown) is formed as a second
electrode on the emitting layer.

[0061] Here, the first semiconductor and second semicon-
ductor layers 118 and 120 include amorphous silicon, and the
switching element “T¢” and the driving element “T,” are
formed in a structure to improve an operation characteristic of
the OELD. For example, the first source electrode 122¢ has a
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“U” shape and the first drain electrode 1224 has a bar shape
extending into the first source electrode 122a spaced apart
from the electrode 1224. Also, the second source electrode
124 has a ring shape and the second drain electrode 124b has
a circular shape contained within and separated from the
second source electrode 124a.

[0062] By the channel structures of the switching element
“Tg” and the driving element “Tj,” the channel length (not
shown) is reduced and the channel width (not shown) is
increased, thereby maximizing the channel width and mini-
mizing the thermallization of the OELD.

[0063] Next, FIGS. 8A, 8B, 8C and 8D are schematic cross-
sectional views of an organic ELD taken along lines “VIIIa-
VIla,” “VIIIb-VIIIb,” “VIIe-VIlle,” and “VIIId-VIIId” of
FIG. 7 according to an embodiment of the present invention.
In more detail, FIG. 8A illustrates a switching region “S,” a
driving region “D” and a storage region “C” defined on the
substrate 100. FIGS. 8B, 8C and 8D illustrate a gate region
“GA,’ apower region “VA” parallel to the gate region “GA,”
and a data region “DA” perpendicular to the gate region “GA”
and the power region “VA,” respectively.

[0064] As shown in FIG. 8A, the switching element “T”
and the driving element “T,” connected to the switching
element “T;” are formed in the switching region “S” and the
driving region “D,” respectively. Further, as discussed above
with respect to FIG. 7 and as shown in FIG. 8A, the switching
element “T” includes the first gate electrode 102, the first
semiconductor layer 118, the first source electrode 122a, and
the first drain electrode 122b. Further, the driving element
“T,” includes the second gate electrode 104, the second
semiconductor layer 120, the second source electrode 1244,
and the second drain electrode 1245. As shown in FIG. 7, the
gate line 106 is formed along a first direction on the substrate
100, the power line 110 is parallel to and is spaced apart from
the gate line 106, and the data line 126 crosses the gate line
106 to define the pixel region “P”

[0065] Inthe storage region “C” (not shown), a first storage
electrode extends from the first drain electrode 12256, and a
second storage electrode extends from the power line 110.
Further, a gate insulating layer 116 is disposed on the first
storage electrode. In addition, as shown in F1G. 8A, the cath-
ode 134 is connected to the second drain electrode 1245, an
emitting layer 144 is formed on the cathode 134, and an anode
148 is formed on the emitting layer 144. In addition, the
cathode 134 includes an opaque metallic material and the
anode 148 includes a transparent conductive material. That is,
the OELD “EL” is driven as a top emission type device such
thatlight from the emitting layer 144 is transmitted toward the
anode 148.

[0066] Also, the second gate electrode 104 is connected to
the first drain electrode 1225 via a contact hole of the gate
insulating layer 116, and the second source electrode 124a is
connected to the power line 110 (shown in FIG. 7). Further-
more, a first passivation layer 142 is formed on the cathode
134 at a boundary between the pixel regions “P,” so the
emitting layer 144 in each pixel region “P” is prevented from
contacting each other.

[0067] Further, as shown in FIG. 7, the gate pad 108, the
data pad 128 and the power pad 114 are formed at the end of
the gate line 106, the data line 126 and the power line 110,
respectively. In addition, the gate pad terminal 136, the data
pad terminal 140 and the power pad terminal 138 are con-
nected to the gate pad 108, the data pad 128 and the power pad
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114, respectively. FIGS. 8B, 8C and 8D illustrate in cross-
sectional views the gate pad 108, the power pad 114, and the
data pad 128, respectively.

[0068] Further, a second passivation layer 130 is formed on
the switching element “T,” the driving element “T,,” and the
storage capacitor “C,;.” For example, the second passivation
layer 130 includes an insulating inorganic material such as
silicon oxide (SiOx) or silicon nitride (SiNx).

[0069] It is noted that a planarization layer 132 is formed
between the second passivation layer 130 and the cathode 134
to prevent the problem where the emitting layer 144 has a gap
at the step difference on the array element, shorting of elec-
trodes occurs, or dark spot occurs due to thermallization of
the emitting layer 144.

[0070] FIGS.9Ato9E,10Ato10E,11Ato11Eand 12A to
12E, which are schematic cross-sectional views in accor-
dance with a fabricating process of an OELD taken along
lines “VIla-VIIla”, “VIIb-VIIb”, “VIc-VIIc” and
“VIIId-VIIId” in FIG. 7 according to an embodiment of the
present invention. FIG. 7 will also be referred to in this
description.

[0071] As shown in FIGS. 7 and 9A, the pixel region “P,”
the switching region “S,” the driving region “D,” and the
storage region “C” are formed on the substrate 100. FIGS.
10A,11A, and 12A illustrate the gate region “GA,,” the power
region “VA,” and the data region “DA,” respectively. The data
region “DA” and the gate region “GA” define the pixel region
“P”, and the power region “VA” is disposed at a region par-
allel to the gate region “GA.” Further, as shown in FIG. 9A,
the first and second gate electrodes 102 and 104 are formed by
depositing and patterning a material including aluminum
(Al), aluminum alloy such as aluminum neodymium (AINd),
chromium (Cr), Mo, copper (Cu), and titanium (T1) in the
switching region “S” and the driving region “D,” respectively.
In the gate region “GA,” as shown in FIG. 7, the gate line 106
is connected to the first gate electrode 102 and is formed on
the substrate 100, and the gate pad 108 is formed at end
portion of the gate line 106. Further, the power line 110 is
formed in the power region “VA,” and the power pad 114 is
formed at an end portion of the power line 110. The first
storage electrode 112 extending from the power line 110 is
formed in the storage region “C.”

[0072] Next, as shownin FIGS. 9A,10A, 11A and 12A, the
gateinsulating layer 116 is formed by depositing an inorganic
insulating material such as silicon nitride (SiNx) or silicon
oxide (SiOx) on the first gate electrode 102, the second gate
electrode 104 and the second storage electrode 112. See also
FIGS. 10B, 11B and 11C.

[0073] Next, first active and second active layers 1184 and
120q are formed by depositing an intrinsic amorphous silicon
on the gate insulating layer 116 in the switching region “S”
and the driving region “D,” respectively. Sequentially, first
and second ohmic contact layers 1185 and 1205 are formed
by depositing doped amorphous silicon on the first active and
second active layers 118a and 120a, respectively. Here, the
first active layer 1184 and the first ohmic contact layer 1185
constitute a first semiconductor layer 118, and the second
active layer 120a and the second ohmic contact layer 1205
constitute a second semiconductor layer 120.

[0074] Next, as shown in FIG. 9A, first and second contact
holes “CH1” “CH2” are formed by etching the gate insulating
layer 116 to expose a portion of the second gate electrode 104
and a portion of the first storage electrode 112. As shown in
FIG. 9B, the first source and first drain electrodes 122q and
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1225, the second source and second drain electrodes 124a and
1245, and the data line 126 (of FIG. 7) are formed by depos-
iting a conductive metallic material such as the same material
as the gate line 106 in the switching region “S,” the driving
region “D” and the storage region “C,” respectively. Further,
the second storage electrode 122¢ extends from the first drain
electrode 1225, the second gate electrode 104 is connected to
the first drain electrode 1225 via the first contact hole “CH1,”
and the second drain electrode 1244 is connected to the sec-
ond storage electrode 122¢ via the second contact hole
“CH2”

[0075] Next, a portion of the first ohmic contact layer 1185
between the first source electrode 122a and the first drain
electrode 1224 is removed to expose a portion of the first
active layer 118a corresponding to the portion of the first
ohmic contact layer 1185. Further, a portion of the second
ohmic contact layer 1205 between the second source elec-
trode 1244 and the second drain electrode 1245 is removed to
expose a portion of the second active layer 1204 correspond-
ing to the portion of the second ohmic contact layer 1205.
Here, the exposed first active and second active layers 118a
and 120¢ function as an active channel (not shown). In addi-
tion, as shown in FIG. 7, to reduce a channel length and to
increase a channel width, the first source electrode 122a may
have “U” shape and the first drain electrode 1225 may be abar
shape. Alternatively, the second source electrode 124a may
have a ring shape and the second drain electrode 1245 may
have a circular shape.

[0076] In addition, the first gate electrode 102, the first
semiconductor layer 118, the first source electrode 1224, and
the first drain electrode 1225 constitute the switching element
“T¢.” Also, the second gate electrode 104, the second semi-
conductor layer 120, the second source electrode 124a, and
the second drain electrode 1245 constitute the driving ele-
ment “T,,”

[0077] Next in FIG. 9C, the first passivation layer 130 is
formed by depositing an inorganic insulating material on the
switching element “T” and the driving element “T ,,.”” Next,
a planarization layer 132 is formed by coating an insulating
organic material such as benzocyclobutene (BCB) or acrylic
resin on the first passivation layer 130.

[0078] Inthis step, a third contact hole “CH3” is formed by
etching the first passivation layer 130 and the planarization
layer 132 to expose a portion of the second drain electrode
1245.

[0079] Simultaneously, fourth, fifth and sixth contact holes
“CH4,” “CHS,” and “CH6” are formed by etching the first
passivation layer 130 and the planarization layer 132 to
expose portions of the gate pad 108, the power pad 114, and
the data pad 128, respectively (see also FIGS. 10C, 11C and
12C).

[0080] InFIG. 9D, the cathode 134 is formed by depositing
one of calcium (Ca), aluminum (Al), aluminum alloy, mag-
nesium (Mg), silver (Ag), and lithium (Li) on the driving
element “T,,” Specifically, the cathode 134 is connected to
the second drain electrode 1245 via the third contact
hole*“CH3.” In this step, the gate pad terminal 136, the power
pad terminal 138, and the data pad terminal 140 are formed
using the same material as that of the cathode 134.

[0081] Inthis step, the gate pad terminal 136, the power pad
terminal 138, and the data pad terminal 140 are connected to
the gate pad 108, the power pad 114 and the data pad 128 via
the fourth contact hole “CH4,” the fifth contact hole “CH5”
and the sixth contact hole “CHS,” respectively.
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[0082] Next, the second passivation layer 142 is formed on
the cathode 134, the gate pad terminal 136, the power pad
terminal 138, and the data pad terminal 140. The second
passivation layer 142 is etched to expose the cathode 134, the
gate pad terminal 136, the power pad terminal 138, and the
data pad terminal 140. In other words, the second passivation
layer 142 remains at the peripheries of the cathode 132, the
gate pad terminal 136, the power pad terminal 138, and the
data pad terminal 140.

[0083] Next, in FIGS. 9E, 10E, 11E and 12FE, the emitting
layer 144 is formed over the cathode 132. Further, as shown in
FIG. 9E, the OELD includes the electron injection layer
“EIL” on the cathode 134, the electron transport layer “ETL”
on the electron injection layer “EIL,” the hole transport layer
“HTL” on the emitting layer 144, the hole injection layer
“HIL” on the hole transport layer “HTL,” and the buffer layer
146 on the hole the injection layer “HIL. In addition, the
emitting layer 144 includes red (R), green (G), and blue (B)
sub-emitting layers. In each example, the emitting layer 144
1s disposed in each pixel region

[0084] P~

[0085] For example, the buffer layer 146 is selected from
one of an organic monomolecular material and an oxide,
wherein the organic monomolecular material has a crystal-
linity and the oxide includes vanadium pentoxide (V,Os).
The organic monomolecular material includes copper phtha-
locyanine (CuPc).

[0086] Next, the anode 148 is formed by depositing and
patterning a transparent conductive material such as indium
tin oxide (ITO) or indium zinc oxide (IZO) on the buffer layer
146. Thus, through the above-noted processes, the top emis-
sion type organic ELD is manufactured.

[0087] In addition, the OELD according to the present
invention is an inverted structure such that a cathode of an
opaque material is disposed as a lower electrode and an anode
of a transparent conductive material is disposed as an upper
electrode to form a top emission type OELD, thereby obtain-
ing an improved aperture ratio without affecting the design of
the array element. Further, the switching and driving ele-
ments are negative types, thereby reducing a number of pro-
cesses, product cost, and increasing the stability of the circuit.
More particularly, a defect where the emitting layer is exces-
sively thinly deposited or is not deposited in a step difference
onthearray element can be prevented. Therefore, the effect of
thermallization of the emitting layer and shorting between
electrodes may be prevented by forming the planarization
layer between the first passivation layer and the cathode.
[0088] As thepresent invention may be embodied in several
forms without departing from the spirit or essential charac-
teristics thereof, it should also be understood that the above-
described embodiments are not limited by any ofthe details of
the foregoing description, unless otherwise specified, but
rather should be construed broadly within its spirit and scope
as defined in the appended claims, and therefore all changes
and modifications that fall within the metes and bounds of the
claims, or equivalence of such metes and bounds are therefore
intended to be embraced by the appended claims.

[0089] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
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the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A method of fabricating an organic electroluminescent
device, comprising:

forming a switching element and a driving element con-

nected to each other on a substrate including a pixel
region;

forming a planarization layer on the switching element and

the driving element, the planarization layer having a
substantially flat top surface;

forming a cathode on the planarization layer, the cathode

connected to the driving element,;

forming an emitting layer on the cathode; and

forming an anode on the emitting layer.

2. The method according to claim 1, further comprising
forming an electron injection layer on the cathode, forming an
electron transport layer on the electron injection layer, form-
ing a hole transport layer on the emitting layer, forming a hole
injection layer on the hole transport layer, and forming a
buffer layer on the hole injection layer.

3. The method according to claim 1, wherein forming the
driving element includes forming a negative type thin film
transistor including forming a first gate electrode, forming a
first semiconductor layer corresponding to the first gate elec-
trode, forming a first source electrode, and forming a first
drain electrode spaced apart from the first source electrode,
the first source and first drain electrodes connected to end
portions of the first semiconductor layer.

4. The method according to claim 1, further comprising
forming gate and data lines connected to the switching ele-
ment and crossing each other to define the pixel region, and
forming a power line crossing one of the gate line and the data
line.

5. The method according to claim 4, wherein forming the
gate line, the data line and the power line include forming a
gate pad, a data pad and a power pad at the ends thereof,
respectively.

6. The method according to claim 4, wherein forming the
switching element includes forming a second gate electrode
connected to the gate line, forming a second semiconductor
layer corresponding to the second gate electrode, forming a
second source electrode connected to the data line, and form-
ing a second drain electrode spaced apart from the second
source electrode, the second source and second drain elec-
trodes connected to end portions of the second semiconductor
layer.

7. The method according to claim 6, further comprising
forming a storage capacitor including a first storage electrode
connected to the power line, a second storage electrode con-
nected to the second drain electrode, and an insulating layer
between the first and second storage electrodes.

8. The method according to claim 1, further comprising
forming a passivation layer of an inorganic insulating mate-
rial between the planarization layer and the switching ele-
ment and between the planarization layer and the driving
element.



patsnap

TREMOF) PNEREENEREAXEREERAEHIES
[F(RE)E US20110014735A1 K (aH)A 2011-01-20
BRiES US12/883772 % A 2010-09-16

BRI B(ERB)AGR) FMER
ANEEMIN
LEE JONG SEOK

BB (TR AGE) N\ Ejae-hee
PARK KYUNG-MIN
ZWMJONG

YHTEE (TR A(E) LG DISPLAY CO., LTD.

[FRIKBAA PARK JAE HEE
PARK KYUNG MIN
LEE SEOK JONG

KA PARK, JAE-HEE
PARK, KYUNG-MIN
LEE, SEOK-JONG

IPCH%ES HO1L51/56

CPCH#£E HO1L27/3244 H01L27/3248 H01L2251/5315 H01L51/50
L HE 1020060059350 2006-06-29 KR

H AN FF SRR US8048699

SNEBEEE Espacenet USPTO

MWE(F)

—RENBIRENRES , B8 FXRT4ANEITH , ESREEEXE
MEMR ERILEE T R T4 ME T4 ERNFELE | FELLER
EARVENIARE, FELE LR | BAIREEIIRE T4 AR LN A
KR MEKE EHIFRIR,

: gL
WY
Py

118 - 14
o eI L
| e | 1 [0

| |

VIl VI


https://share-analytics.zhihuiya.com/view/32f55c85-64cd-4d57-a273-a93130789522
https://worldwide.espacenet.com/patent/search/family/038948591/publication/US2011014735A1?q=US2011014735A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220110014735%22.PGNR.&OS=DN/20110014735&RS=DN/20110014735

