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(57) ABSTRACT

An organic electroluminescent display (OELD) device
includes first and second substrates facing each other, a plu-
rality of gate lines, a plurality of data lines and a plurality of
power lines on the first substrate, the gate and data lines
crossing each other to define a plurality of pixel regions, a
switching element and a driving element connected to each
other in each pixel region, a first electrode connected to the
driving element, an organic luminescent layer on the first
electrode, and a second electrode on the organic luminescent
layer. The organic luminescent layer includes a hole injection
layer, ahole transporting layer, an emission material layer, an
electron transporting layer, and an electron injection layer in
order. Further, the hole injection layer includes a crystalliz-
able hole injection material and a hole transporting material,
and the hole transporting layer includes the hole transporting
material.
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ORGANIC ELECTROLUMINESCENT
DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

[0001] Thepresent application claims the benefit of Korean
Patent Application No. 2006-0118600 filed in Korea on Nov.
28, 2006, which is 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 display (OELD) device, and more particu-
larly, to an OELD device including a hole injection layer
having an improved properties and method for fabricating the
same.

[0004] 2. Discussion of the Related Art

[0005] In general, organic electroluminescent display
(OELD) devices emit light by injecting electrons from a
cathode and holes from an anode into an emission material
layer, combining the electrons with the holes, generating
excitons, and transforming the excitons of an excited state to
a ground state. Unlike liquid crystal display (LCD) devices,
OELD devices do not require an additional light source and
therefore have the advantages of slimness and lightweight.
[0006] Because OELD devices have excellent characteris-
tics, such as low power consumption, high luminance, fast
response time, lightweight and so on, OELD devices can be
applied to various electronic products, such as mobile phones,
car navigation system (CNS), PDAs, camcorders, palm PCs,
and so on. Moreover, due to their simple fabricating process,
the fabrication costs of OELD devices are low when com-
pared with those of LCD devices.

[0007] The OELD devices are divided into a passive matrix
type and an active matrix type according to the driving
method thereof. The passive matrix type OELD devices have
asimple structure and a simple fabricating process. However,
the passive matrix type OELD devices have disadvantages of
high power consumption and low quality images. Moreover,
the more lines are disposed, the less aperture ratio does the
passive matrix type OELD device have. On the other hand, the
active matrix type OELD devices have advantages of high
emission efficiency and high quality images.

[0008] FIG.1isacross-sectional view illustrating an active
matrix type OELD device according to the related art.
[0009] Referring to FIG. 1, the OELD device 10 includes
first and second substrates 12 and 28 facing each other. The
first substrate 12 is transparent and flexible. The first substrate
12 has an array element 14 including a plurality of thin film
transistors (TFTs) T and an organic electroluminescent diode
E including a first electrode 16, an organic luminescent layer
18 and a second electrode 20. The organic luminescent layer
18 in each pixel region P includes one of red, green and blue
color materials.

[0010] The second substrate 28 includes a moisture absor-
bent 22 of a powder type. The moisture absorbent 22 removes
moisture inside the OELD device 10. The moisture absorbent
22 is in a concave portion of the second substrate 28 and is
sealed by a taping 25. The first and second substrates 12 and
28 are attached to each other with a seal pattern 26.

[0011] In the OELD device 10, because the first electrode
16 is formed of a transparent material, the light emitted from
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the organic luminescent layer 18 travels toward the first sub-
strate 12. Accordingly, it is referred to as a bottom emission
type OELD device.

[0012] FIG. 2 is a circuit diagram of an OELD device
according to the related art.

[0013] Referring to FIG. 2, gate and data lines 40 and 50 are
formed on a substrate 32. The gate and data lines 40 and 50
cross each other and a switching element Ts is formed near
the crossing portion of the gate and data lines 40 and 50. The
switching element Ts includes a gate electrode 42, a source
electrode 52 and a drain electrode 56. The gate electrode 42 is
connected to the gate line 40. The source electrode 52 sepa-
rated from the drain electrode 56 is connected to the data line
50.

[0014] A driving element Td s electrically connected to the
switching element Ts. The driving element Td of a p-type
TFT includes a gate electrode 44, a source electrode 62 and a
drain electrode 66. The gate electrode 44 of the driving ele-
ment Td is connected to the switching element Ts. A storage
capacitor Cst is formed between the source and gate elec-
trodes 62 and 44 of the driving element Td. The drain elec-
trode 66 of the driving element Td is connected to the first
electrode 16 (of FIG. 1) of the organic electroluminescent
diode E. The source electrode 62 of the driving element Td is
connected to a power line 47.

[0015] When a gate signal from the gate line 40 is supplied
to the gate electrode 42 of the switching element Ts, a data
signal from the data line 50 is supplied to the gate electrode 44
of the driving element Td through the switching element Ts.
Then, the organic electroluminescent diode E is driven by the
driving element Td such that the organic electroluminescent
diode E emits light. Because the storage capacitor Cst main-
tains a voltage level of the gate electrode 44 of the driving
element Td, even if the switching element Ts is turned off, the
organic electroluminescent diode E can continuously emit
light for a predetermined period of time.

[0016] FIG. 3isa plan view illustrating a pixel region in an
array substrate of an active matrix type OELD device accord-
ing to therelated art and FIG. 4 is a cross-sectional view taken
along the line TV-IV of FIG. 3.

[0017] Referring to FIGS. 3 and 4, the active matrix type
OELD device includes a switching element Ts, a driving
element Td and a storage capacitor Cst on a substrate 32. Each
pixel P of the OELD device may include more than one pair
of the switching element Ts and the driving element Td. The
substrate 32 is formed of a transparent and insulating mate-
rial, such as glass and plastic.

[0018] A gate line 40 and a data line 50 are formed on the
substrate 32 with an insulating layer interposed therebe-
tween. A power line 47 is formed along the data line 50. A
pixel region P is defined by the crossing between the gate and
data lines 40 and 50.

[0019] The switching element Ts may be a thin film tran-
sistor including a first active layer 34, a gate insulating layer
39, a gate electrode 42, a first interlayer insulating layer 41, a
second interlayer insulating layer 48, source and drain elec-
trodes 52 and 56. The gate electrode 42 of the switching
element Ts corresponds to the first active layer 34 and is
connected to the gate line 40. The first interlayer insulating
layer 41 is formed on the gate electrode 42 and has a first
contact hole 51 and a second contact hole 54. The source
electrode 52 of the switching element Ts is connected to the
data line 50 and is spaced apart from the drain electrode 56 of
the switching element Ts. The source and drain electrodes 52
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and 56 are insulated from each other due to the second inter-
layer insulating layer 48. The drain electrode 56 of the switch-
ing element Ts is connected to a gate electrode 44 of the
driving element Td through a third contact hole 55.

[0020] The driving element Td may be also a thin film
transistor including a second active layer 36, a gate insulating
layer 39, a gate electrode 44, a first interlayer insulating layer
41, a second interlayer insulating layer 48, source and drain
electrodes 62 and 66. The gate electrode 44 of the driving
element Td corresponds to the second active layer 36 and is
connected to the drain electrode 56 of the switching element
Ts through the third contact hole 55. The first interlayer
insulating layer 41 is also formed on the gate electrode 44 of
the switching element Td and has a fourth contact hole 61 and
a fifth contact hole 65. The source electrode 62 of the driving
element Td is connected to the power line 47 through a sixth
contact hole 49 and is spaced apart from the drain electrode 66
of the driving element Td. The source and drain electrodes 62
and 66 of the driving element Td are insulated from each other
due to the second interlayer insulating layer 48.

[0021] A first passivation layer 68 is formed on the switch-
ing and driving elements Ts and Td and exposes a portion of
the driving electrode 66 of the driving element Td. An organic
electroluminescent diode E having a first electrode 70, an
organic luminescent layer 74 and a second electrode 76 is
formed over the substrate including the switching and driving
elements Ts and Td. The first electrode 70 is connected to the
drain electrode 66 of the driving element Td, and the organic
luminescent layer 74 is interposed between the first and sec-
ond electrodes 70 and 76. In addition, a second passivation
layer 72 is formed on the first electrode 70 to insulate from the
second electrode 76.

[0022] Moreover, an impurity-doped silicon layer 38 is
formed on the substrate 32 and under the power line 47. The
impurity-doped silicon layer 38 and the power line 47 respec-
tively function as first and second capacitor electrodes, and
the first interlayer insulating layer 41 therebetween functions
as a dielectric material. The first capacitor electrode, the
second capacitor electrode, and the dielectric material con-
stitute a storage capacitor Cst.

[0023] FIG. 5 is a schematic cross-sectional view of an
organic electroluminescent diode of a conventional OELD
device.

[0024] Referring to FIG. 5, the OELD device includes the
organic electroluminescent diode E over the substrate 32. The
organic electroluminescent diode E includes the first elec-
trode 70, the organic luminescent layer 74 and the second
electrode 76. The first and second electrodes 70 and 76 may
be referred to as an anode and a cathode, respectively. When
voltages are applied to the first and second electrodes 70 and
76, the first and second electrodes 70 and 76 respectively
output holes and electrons. The organic luminescent layer 74
includes a hole injection layer (HIL) 74a, a hole transporting
layer (HTL) 745, an emission material layer 74¢ including a
red emission material layer EML(R), a green emission mate-
rial layer EML(G) and a blue emission material layer EML
(B), an electron transporting layer (ETL) 74d and an electron
injection layer (EIL) 74e. Because an organic material has
very different mobilities with respect to the hole and the
electron, the organic electroluminescent diode E includes the
hole transporting layer 74a and the electron transporting layer
74d to effectively transport the holes and electron from the
first and second electrodes 70 and 76 into the emission mate-
rial layer 74c. It is possible to obtain a balance between the

May 29, 2008

holes and the electrons such that emission efficiency is
improved. The organic electroluminescent diode E includes
the hole injection layer 74a between the first electrode 70 and
the hole transporting layer 745 and the electron injection
layer 7de between the second electrode 76 and the electron
transporting layer 74d. The hole injection layer 74a decreases
abarrier energy for injecting the hole into the emission mate-
rial layer 74¢, and the electron injection layer 74e decreases a
barrier energy for injecting the electron into the emission
material layer 74c. As a result, there are advantages that
emission efficiency is improved and driving voltage is
reduced. In generally, when the hole injection layer 74a is
formed of a crystallizable material such as perylene, tri-phe-
nylene, it is much effective to reduce the driving voltage.
However, the crystallizable material has an un-uniform
arrangement of grains. It causes deterioration in the organic
electroluminescent diode E and decrease of lifetime of the
OELD device.

[0025] FIG. 6 shows an arrangement of grains in a hole
injection layer according to the related art, FIG. 7 is a picture
showing a surface of hole injection layer according to the
related art, and FIG. 8 is a picture showing an emission state
of an organic electroluminescent diode according to the
related art.

[0026] As shown in FIG. 6, a first electrode 70 of a trans-
parent conductive material, such as indium-tin-oxide (ITO),
and a hole injection layer 74a of a crystallizable material are
laminated over a substrate 32. The transparent conductive
material of the first electrode 70 may have one of amorphous
phase and crystallized phase. The amorphous phase is
changed into the crystallized phase by heating. FIG. 6 shows
the first electrode 70 of the crystallized phase. Because the
ITO material having the crystallized phase has a uniformly
arranged grains A, the first electrode 70 has an even surface to
have an excellent interface with the hole injection layer 74a.
However, grains B of the hole injection layer 74a of the
crystallizable material are un-uniformly arranged. Some
grains protrude from the upper surface of the hole injection
layer 74a. Accordingly, the hole injection layer has a uneven
upper surface.

[0027] Referring to FIG. 7, the grains B has different sizes.
Because light emitted from the organic luminescent layer 74¢
passes through the hole injection layer 74a. the protruding
grains from the upper surface of the hole injection layer 74a
cause defect sites D. When the OELD device having the
above mentioned hole injection layer 74q is driven, currents
are concentrated into the defect sites D to have brightness
much than other sites. Namely, the defect site D becomes a
bright site. Moreover, as the concentration of the currents is
progressed, the defect sites D have brightness less than the
other sites. Namely, the defect site D becomes a dark site, It
causes a deterioration problem in the emission material layer
74c (of FIG. 6).

[0028] Referring to FIG. 8, the OELD device can not pro-
duce a uniform brightness due to the defect sites D (of FIG. 7)
of the hole injection layer 74a (of FIG. 6). Accordingly, the
OELD device does not display high quality images. More-
over, lifetime of the OELD device decreases because of the
deterioration problem in the emission material layer 74¢ (of
FIG. 6).

SUMMARY OF THE INVENTION

[0029] Accordingly, the present invention is directed to an
organic electroluminescent display (OELD) device and
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method for fabricating the same that substantially obviate one
or more of the problems due to limitations and disadvantages
of the related art.

[0030] An advantage of the present invention is to provide
an OFLD device with a uniform luminance and prevent
decreasing of lifetime of the OELD device.

[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. These and other advantages of the
invention will be realized and attained by the structure par-
ticularly 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 herein, an organic electroluminescent
display (OELD) device includes first and second substrates
facing each other; a plurality of gate lines, a plurality of data
lines and a plurality of power lines on the first substrate, the
gate and data lines crossing each other to define a plurality of
pixel regions, a switching element and a driving element
connected to each other in each pixel region, a first electrode
connected to the driving element, an organic luminescent
layer on the first electrode, and a second electrode on the
organic luminescent layer. The organic luminescent layer
includes a hole injection layer, a hole transporting layer, an
emission material layer, an electron transporting layer, and an
electron injection layer in order. Further, the hole injection
layer includes a crystallizable hole injection material and a
hole transporting material, and the hole transporting layer
includes the hole transporting material.

[0033] Inanother aspect of the present invention, a method
of fabricating an organic electroluminescent diode for an
organic electroluminescent display (OELD) device includes
forming a first electrode having a first work function, forming
a hole injection layer on the first electrode, the hole injection
layer including a crystallizable hole injection material and a
hole transporting material, forming a hole transporting layer
on the hole injection layer, the hole transporting layer includ-
ing the hole transporting material, forming an emission mate-
rial layer on the hole transporting layer, forming an electron
transporting layer on the emission material layer, forming an
electroninjection layer on the electron transporting layer; and
forming a second electrode on the electron injection layer, the
second electrode having a second work function smaller than
the first work function.

[0034] Inanother aspect of the present invention, a method
of fabricating an organic electroluminescent diode for an
organic electroluminescent display (OELD) device includes
forming a first electrode having a first work function, forming
an electron injection layer on the first electrode, forming an
electron transporting layer on the electron injection layer,
forming an emission material layer on the electron transport-
ing layer, forming a hole transporting layer on the emission
material layer, the hole transporting layer including a hole
transporting material, forming a hole injection layer on the
hole transporting layer, the hole injection layer including a
crystallizable hole injection material and the hole transport-
ing material, and forming a second electrode on the hole
injection layer, the second electrode having a second work
function larger than the first work function.

[0035] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
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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. 1isacross-sectional view illustrating an active
matrix type OELD device according to the related art;
[0039] FIG. 2 is a circuit diagram of an OELD device
according to the related art;

[0040] FIG. 3isa plan view illustrating a pixel region in an
array substrate of an active matrix type OELD device accord-
ing to the related art;

[0041] FIG. 41s a cross-sectional view taken along the line
IV-IV of FIG. 3;

[0042] FIG. 5 is a schematic cross-sectional view of an
organic electroluminescent diode of a conventional OELD
device;

[0043] FIG. 6 shows an arrangement of grains in a hole
injection layer according to the related art;

[0044] FIG. 7 is a picture showing a surface of hole injec-
tion layer according to the related art;

[0045] FIG. 8is a picture showing an emission state of an
organic electroluminescent diode according to the related art;
[0046] FIG. 9 is a schematic cross-sectional view of an
organic electroluminescent diode of an OELD device accord-
ing to the present invention;

[0047] FIGS. 10A and 10B are pictures respectively show-
ing a surface of a hole injection layer having different com-
position of an OELD device accord 11g to the present inven-
tion;

[0048] FIG. 11 is a picture showing an emission state of an
organic electroluminescent diode of an OELD device accord-
ing to the present invention;

[0049] FIGS. 12A to 12C are graphs respectively showing
properties between luminance and voltage, between current
and voltage, and between Iuminance and lifetime in a hole
injection layer of an OELD device according to the present
invention;

[0050] FIG. 13 is a plan view illustrating a pixel region in an
array substrate of an active matrix type OELD device accord-
ing to the present invention;

[0051] FIGS. 14A to 14F are cross-sectional views show-
ing a process of fabricating a portion taken along the lines
XIVa-X1Va and XIVb-XIVD of FIG. 13; and

[0052] FIG. 15 is a cross-sectional view showing a dual-
panel type OELD device having a hole injection layer accord-
ing to the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0053] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings. The same reference
numbers may be used throughout the drawings to refer to the
same or like parts.

[0054] Asthe present 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-
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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.

[0055] Inan OELD device of the present invention, a hole
injection layer includes a first material forming the hole injec-
tion layer in a conventional OELD device and a second mate-
rial forming the hole transporting layer in a conventional
OELD device to improve properties of the hole injection
layer.

[0056] FIG. 9 is a schematic cross-sectional view of an
organic electroluminescent diode of an OELD device accord-
ing to the present invention. Referring to FIG. 9, an OELD
device according to the present invention includes an organic
electroluminescent diode E over a substrate 101. The organic
luminescent diode E includes a first electrode 144, a second
electrode 148 and an organic luminescent layer 146 inter-
posedtherebetween. The first electrode 144 may be formed of
a transparent conductive material, such as indium-tin-oxide
(ITO) and indium-zinc-oxide (IZ0) and function as an anode.
The second electrode 148 may be formed of an opaque con-
ductive material and function as a cathode. The second elec-
trode 148 has either a single layer including one of calcium
(Ca), aluminum (Al), magnesium (Mg), silver (Ag) and
lithium (Li) or a double layer including fluorolithium and
aluminum (LiF/Al).

[0057] The organic luminescent layer 146 has laminated
layers ofa hole injection layer (HIL) 1464, a hole transporting
layer (HTL) 1465, an emission material layer 146¢ including
a red emission material layer EML(R), a green emission
material layer EML(G) and a blue emission material layer
EML(B), an electron transporting layer 1464 and an electron
injection layer 146¢. The hole injection layer 1464 and the
electron injection layer 146e respectively facing the first and
second electrodes 144 and 148. The hole injection layer 1464
includes a crystallizable hole injection material and a hole
transporting material. A volumetric ratio of the crystallizable
hole injection material and the hole transporting material in
the hole injection layer 146a ranges from approximately
about 5:1 to about 30:1. The crystallizable hole injection
material and the hole transporting material are deposited on
the first electrode 144 at the same time to form the hole
injection layer 146a. The hole transporting material prevents
over-crystallizing of the crystallizable hole injection layer
such that the hole injection layer 146a has more even surface
than the hole injection layer according to the related art which
does not have the hole transporting material. The crystalliz-
able hole injection material includes one of triphenylene,
triphenlyamine derivatives, perylene, pyrene, tetracene and
anthracene, and the hole transporting material includes an
amine group material such as triphenlyamine and triphen-
lyamine derivatives.

[0058] Thetwo materials in different crucibles are heated to
be evaporated and deposited on the first electrode 144. The
ratio of the crystallizable hole injection material and the hole
transporting material in the hole injection layer 1464 is con-
trolled by differing heating temperatures. For example, the
ratio of the crystallizable hole injection material and the hole
transporting material in the hole injection layer 146a is
desired to be 10:1, the heating temperatures are set to have
deposition rates of the crystallizable hole injection material
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and the hole transporting material may be 3 angstrom per
second and 0.3 angstrom per second, respectively.

[0059] FIGS. 10A and 10B are pictures respectively show-
ing a surface of a hole injection layer having different com-
position of an OELD device according to the present inven-
tion. Surfaces of the hole injection layer respectively having
avolumetric ratio of the crystallizable hole injection material
and the hole transporting material in 7:1 and 10:1 are shown
in FIGS. 10A and 10B. The hole injection layer in FIG. 10B
has a more uniform surface than the hole injection layer in
FIG. 10A. Namely, the less hole transporting material the
hole injection layer includes, the more uniform the surface of
the hole injection layer is. In this instance, when the hole
injection layer includes the hole transporting material less
than the ratio of 30:1, the hole transporting material does not
have a desired function such that the problems discussed in
the related art are not resolved. On the other hand, when the
hole injection layer includes the hole transporting material
such that the ratio is greater than 5:1, the hole injection layer
does not have a desired hole injecting function.

[0060] When the OELD device including the above men-
tioned organic electroluminescent diode is driven, the OELD
device has a uniform brightness as shown in FIG. 11.

[0061] FIGS. 12A to 12C are graphs respectively showing
properties between luminance and voltage, between current
and voltage, and between luminance and lifetime in a hole
injection layer of an OELD device according to the present
invention. In FIGS. 12A to 12C, dotted line J1 illustrates
properties of the hole injection layer including the crystalli-
zable hole injection material without the hole transporting
material, while solid line J2 illustrates properties of the hole
injection layer including the crystallizable hole injection
material as well as the hole transporting material according to
the present invention. Namely, the dotted line J1 shows the
properties of the hole injection layer where a volumetric ratio
of the crystallizable hole injection material to the hole trans-
porting material is 1:0, and the solid line J2 shows the prop-
erties of the hole injection layer where a volumetric ratio of
the crystallizable hole injection material to the hole transport-
ing material is 10:1.

[0062] In FIG. 12A, when the same voltage is supplied to
the first and second electrodes of the organic luminescent
diode, the solid line J2 has luminescence greater than the
dotted line J1. Thus, the OELD device according to the
present invention has luminescence greater than the conven-
tional OELD device. The solid line J2 has luminescence 1000
nit as much as the dotted line J1 in maximum at the same
voltage. That is, a difference in luminescence between the
solid line J2 and the dotted line J3 may be about 1000 nits at
6V, for example. Similarly, as shown in FIG. 12B, the solid
line J2 has current density greater than the dotted line J1 at the
same voltage.

[0063] On the other hand, as shown in FIG. 12C, the solid
line J2 illustrates that the luminescence decreases at a lower
rate than the dotted line J1 as the lifetime increases. This is
because the hole transporting material in the hole injection
layer prevents the grains of the hole injection material from
protruding from the surface of the hole injection layer 146a.
As mentioned above, the protruding grains cause the deterio-
ration problems. Accordingly, the OELD device according to
the present invention has an improved lifetime.

[0064] FIG. 13 is aplan view illustrating a pixel region in an
array substrate of an active matrix type OELD device accord-
ing to the present invention, and FIGS. 14A to 14E are cross-
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sectional views showing a process of fabricating a portion
taken along the lines X1Va-XIVa and XIVb-XIVb of FIG. 13.
Referring to FIG. 13, the active matrix type OELD device
includes a switching element Ts, a driving element Td and a
storage capacitor Cst on a substrate 101. Each pixel P of the
OELD device may include more than one pair of the switch-
ing element Ts and the driving element Td. The substrate 101
is formed of a transparent and insulating material, such as
glass or plastic. Further, a gate line 110 and a data line 130 are
formed on the substrate 101 with an insulating layer inter-
posed therebetween. A power line 116 is formed along the
data line 130. A pixel region P is defined by the crossing
between the gate and data lines 110 and 130.

[0065] The switching element Ts may be a thin film tran-
sistor including a first active layer 104, a gate insulating layer
(not shown), a first gate electrode 112, a first source electrode
132 and a firstdrain electrode 134. The first gate electrode 112
of the switching element Ts corresponds to the first active
layer 104 and is connected to the gate line 110. The first
source electrode 132 and the first drain electrode 134 of the
switching element Ts are respectively connected to the first
active layer 104 through first and second contact holes 122a
and 122b. The first source electrode 132 of the switching
element Ts is connected to the data line 130 and is spaced
apart from the first drain electrode 134 of the switching ele-
ment Ts.

[0066] The driving element Td may be also a thin film
transistor including a second active layer 106, a gate insulat-
ing layer (not shown), a second gate electrode 114, a second
source electrode 136 and a second drain electrode 138. The
second gate electrode 114 of the driving element Td corre-
sponds to the second active layer 106 and is connected to the
first drain electrode 134 of the switching element Ts through
athird contact hole 124. The second source electrode and the
second drain electrode 138 of the driving element Td are
respectively connected to the second active layer 106 through
fourth and fifth contact holes 1264 and 1265. The second
source electrode 136 ofthe driving element Td is connected to
the power line 116 through a sixth contact hole 128 and is
spaced apart from the second drain electrode 138 of the driv-
ing element Td. The second drain electrode 138 of the driving
element Td is connected to a first electrode 144 of an organic
electroluminescent diode (not shown). In FIG. 13, because
the power line 116 is formed of the same layer as the gate line
110, the power line 116 is disconnected at crossing porting
with the gate line 110 to avoid electrical short. A power line
connection pattern 140, which may be formed of the same
layer as the data line 130, connects the disconnected portion
of the power line 116 through the seventh and eighth contact
holes 1294 and 1294.

[0067] Moreover, an impurity-doped silicon layer 108 is
formed on the substrate 101 and under the power line 116.
The impurity-doped silicon layer 108 and the power line 116
respectively function as first and second capacitor electrodes,
and the gate insulating layer (not shown) therebetween func-
tions as a dielectric material. The first capacitor electrode, the
second capacitor electrode, and the dielectric material con-
stitute a storage capacitor Cst.

[0068] Although not shown, an emission material layer and
a second electrode of the organic electroluminescent diode
are laminated on the first electrode. As mentioned above, the
emission material layer includes a hole injection layer formed
of a crystallizable hole injection material and a hole trans-
porting material.
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[0069] Referring to FIGS. 14A to 14F, methods of fabricat-
ing an organic electroluminescent diode and an OELD device
having the same according to the present invention are
explained. In FIG. 14A, a buffer layer 102 is formed on the
substrate 101 where a pixel region P, a switching region S, a
driving region D and a capacitor region C are defined. The
pixel region P is defined by crossing between the gate and data
lines 110 and 130. The switching and driving elements T's and
Td are respectively formed in the switching and driving
regions S and D, and the storage capacitor Cst is formed in the
capacitor region C. The buffer layer 102 functions as a block-
ing layer for preventing an alkali ion from diffusing into the
first and second active layers 104 and 106. The alkali ion
causes damages on properties of the first and second active
layers 104 and 106. However, if not necessary, the buffer layer
102 can be omitted.

[0070] Next, a polycrystalline silicon layer (not shown) is
formed on the substrate 101 by depositing, dehydrating and
crystallizing intrinsic amorphous silicon (a-Si:H). The poly-
crystalline silicon layer (not shown) is patterned to form a first
polycrystalline silicon pattern 104 in the switching region S,
a second polycrystalline silicon pattern 106 in the driving
region D, and a third polycrystalline silicon pattern 108 in the
capacitor region C. Ions are doped onto the third polycrystal-
line silicon pattern 108 to form the impurity-doped amor-
phous silicon layer 108. As mentioned above, it functions as
the first capacitor electrode of the storage capacitor Cst.

[0071] Next, the gate insulating layer 109 is formed on the
first and second polycrystalline silicon patterns 104 and 106,
and the first capacitor electrode 108. A first metal layer (not
shown) is formed on the gate insulating layer 109 and pat-
terned to form a first gate electrode 112 in the switching
region S, a second gate electrode 114 in the driving region D,
and the power line 116 in the capacitor region C. Namely, the
first gate electrode 112, the second gate electrode 114 and the
power line 116 correspond to a center portion of the first
polycrystalline silicon pattern 104, a center portion of the
second polycrystalline silicon pattern 106 and the first capaci-
tor electrode 108, respectively. The center portions of the first
polycrystalline silicon pattern 104 and the second polycrys-
talline silicon pattern 106 are defined as a first active region
A1, and both side portions of the first polycrystalline silicon
pattern 104 and both side portions of the first polycrystalline
silicon pattern 106 are defined as a second active region A2.
The power line 116 overlaps the first capacitor electrode 108
to function as a second capacitor electrode. The first capacitor
electrode 108, the second storage capacitor electrode 116 and
the gate insulating layer 109 therebetween constitute the stor-
age capacitor Cst. Because the power line 116 crosses and is
formed of the same material as the gate line, the power line
116 is disconnected at crossing portion with the gate line to
avoid electrical short. At the same time, the gate line (not
shown) is formed along widthwise direction. The first gate
electrode 112 of the switching element Ts is connected to the
gate line (not shown).

[0072] In FIG. 14B, an interlayer insulating layer 129 is
formed on the first and second gate electrodes 112 and 114,
the power line 116 and the gate line (not shown) and patterned
to form the first to sixth contact holes 1224, 1225, 124, 1264,
1265 and 128. The first and second contact holes 122a and
1225 respectively expose the second active regions A2 of the
first active layer 104, and the third contact hole 124 exposes a
portion of the second gate electrode 114. The fourth and fifth
contact holes 1264 and 1265 respectively expose the second
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active regions A2 of the first active layer 106, and the sixth
contact hole 128 exposes a portion of the power line 116.
Although not shown, the seventh and eighth contact holes
129a and 1294 are formed to respectively expose discon-
nected portions of the power line 116. Further, impurities are
doped onto the second active regions A2 of the first and
second active layers 104 and 106 through the first, second,
fourth and fifth contact holes 1224, 1225, 1264 and 1264.

[0073] In FIG. 14C, a second metal layer (not shown) is
formed on the interlayer insulating layer 129 and patterned to
form the data line 130, the first source electrode 132, the first
drain electrode 134, the second source electrode 136 and the
second drain electrode 138. The data line 130 crosses the gate
line 110 to define the pixel region P and is connected to the
first source electrode 132 of the switching element Ts. The
first source electrode 132 and the first drain electrode 134 are
respectively connected to the second active regions A2 of the
first active layer 104 through the first and second contact
holes 1224 and 1225 (of FIG. 14B), and the second source
electrode 136 and the second drain electrode 138 are respec-
tively connected to the second active regions A2 of the second
active layer 106 through the fourth and fifth contact holes
1264 and 1265 (of FIG. 14B). Moreover, the first drain elec-
trode 134 is connected to the second gate electrode 114 of the
driving element Td through the third contact hole 124 (of FIG.
14B), and the second source electrode 136 is connected to the
power line 116 through the sixth contact hole 128. Although
not shown, the power line connection pattern is formed at the
disconnected portion of the power line 116. The power line
connection pattern is connected to the power line 116 through
the seventh and eighth contact holes 1294 and 1295.

[0074] Next,in FIG. 14D, a passivation layer 142 is formed
on the first and second source electrodes 132 and 136, the first
and second drain electrodes 134 and 138, and the data line
130 and patterned to form a ninth contact hole 143 exposing
the second drain electrode 138 of the driving element Td.

[0075] InFIG. 14E, a transparent conductive material layer
(not shown) including one of indium-tin-oxide (ITO) and
indium-zinc-oxide (IZO) is formed on the passivation layer
142 and patterned to form the first electrode 144. The first
electrode 144 is connected to the second drain electrode 138
of the driving element Td through the ninth contact hole 143.
And then, the organic luminescent layer 146 including a hole
injection layer 146a, a hole transporting layer 1465, an emis-
sion material layer 146¢, an electron transporting layer 1464
and an electron injection layer 146e is formed on the first
electrode 144. The hole injection layer 146a is formed by
evaporating and depositing a crystallizable hole injection
material and a hole transporting material at the same time. A
volumetric ratio of the crystallizable hole injection material
to the hole transporting material ranges from approximately
5:1t0 30:1. The crystallizable hole injection material and the
hole transporting material are evaporated under different tem-
perature to control the ratio. The hole injection layer 146a has
a uniform surface due to the hole transporting material. The
crystallizable hole injection material includes one of triph-
enylene, triphenlyamine derivatives, perylene, pyrene, tet-
racene and anthracene, and the hole transporting material
includes an amine group material such as triphenlyamine and
triphenlyamine derivatives.

[0076] Next, in FIG. 14F, the second electrode 148 is
formed on the organic luminescent layer 146. The second
electrode 148 may be either a single layer including one of
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calcium (Ca), aluminum (Al), magnesium (Mg), silver (Ag)
and lithium (Li) or a double layer including fluorolithium and
aluminum (LiF/Al).

[0077] Thefirstelectrode 144, the second electrode 148 and
the organic luminescent layer 146 therebetween constitute
the organic electroluminescent diode E. The first electrode
144 functions as an anode to emit holes, and the second
electrode 148 functions as a cathode to emit electrons. Light
emitted from the organic luminescent layer 146 passes
through the first electrode 144.

[0078] A lower substrate of the OELD device is fabricated
by the above processes. Although not shown, the OELD
device is fabricated by attaching an upper substrate including
a moisture absorbent to the lower substrate.

[0079] Even though a bottom emission type OELD is
explained, in which the first electrode is formed of ITO, the
first embodiment could be applied to a top emission type
OELD in which the second electrode is formed of ITO. In the
top emission type OELD, the order of the hole injection layer,
the hole transporting layer, the emission material layer, the
electron transporting layer and the electron injection layer
should be reversed in comparison with the bottom emission
type OELD.

[0080] FIG. 15 is a cross-sectional view showing a dual-
panel type OELD device having a hole injection layer accord-
ing to the present invention. In FIG. 15, the dual-panel type
OELD device includes first and second substrates 201 and
241 facing each other. A gate line (not shown) and a data line
(not shown) are formed on the first substrate 201 and cross
each other to define a pixel region P. Moreover. a power line
to supply a voltage to an organic electroluminescent diode E
is formed on the first substrate 201. A switching element (not
shown) and a driving element Td are formed in each pixel
region P. The driving element Td includes a gate electrode 212
on the first substrate 201, a gate insulating layer 214 on the
gate electrode 212, a semiconductor layer 216 including an
active layer 216a and an ohmic contact layer 2165, a source
electrode 218 and a drain electrode 220. The gate electrode
212 is connected to a drain electrode of the switching element
(not shown). When the switching element (not shown) is
opened, a signal voltage is supplied to the gate electrode 212
of the driving element Td through the switching element (not
shown).

[0081] A passivation layer 230 having a contact hole 232,
which exposes a portion of the drain electrode 220 of the
driving element Td, is formed on the driving element Td.
Although not shown, the source electrode 218 of the driving
element Td is connected to the power line (not shown). A
connection electrode 234 is formed on the passivation layer
230 to be connected to the drain electrode 220 of the driving
element Td through the contact hole 232.

[0082] On the other hand, an organic electroluminescent
diode E is formed on an inner surface of the second substrate
241, which faces the first substrate 201. The organic elec-
troluminescent diode E includes a first electrode 244, an
organic luminescent layer 246 and a second electrode 248.
The second electrode 248 is formed on an entire surface of the
second substrate 241. The second electrode 248 is formed of
a transparent conductive material, such as indium-tin-oxide
(ITO) and indium-zinc-oxide (IZO). An organic luminescent
layer 246 including a hole injection layer 2464, a hole trans-
porting layer 2465, an emission material layer 246¢, an elec-
tron transporting layer 2464 and an electron injection layer
246¢ is formed on the second electrode 248 in each pixel
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region P. The hole injection layer 246a is formed by evapo-
rating and depositing a crystallizable hole injection material
and a hole transporting material at the same time. A volumet-
ric ratio of the crystallizable hole injection material to the hole
transporting material ranges from approximately 5:1 to 30:1.
The crystallizable hole injection material and the hole trans-
porting material are evaporated under different temperature
to control the ratio. The hole injection layer 2464 has a uni-
form surface due to the hole transporting material. The crys-
tallizable hole injection material includes one of triph-
enylene, triphenlyamine derivatives, perylene, pyrene,
tetracene and anthracene, and the hole transporting material
includes an amine group material such as triphenlyamine and
triphenlyamine derivatives. The first electrode 244 is formed
on the organic luminescent layer 246 at each pixel region P.
The first electrode 244 may be either a single layer including
one of calcium (Ca), aluminum (Al), magnesium (Mg), silver
(Ag) and lithium (Li) or a double layer including fluoroli-
thium and aluminum (LiF/Al). The first electrode 244 func-
tions as a cathode to emit electrons, and the second electrode
248 functions as an anode to emit holes. Light emitted from
the organic luminescent layer 246 passes through the second
electrode 248 and the second substrate 241.

[0083] A connection pattern 236 to electrically connect the
connection electrode 234 ofthe first substrate 201 and the first
electrode 244 of the second substrate 241 is formed on one of
the connection electrode 234 of the first substrate 201 and the
first electrode 244 of the second substrate 241. When the
driving element Td is opened, a voltage of the power line (not
shown) is supplied to the first electrode 244 through the
driving element Td, the connection electrode 234 and the
connection pattern 236 to drive the OELD device.

[0084] Inthe OELD device according to the present inven-
tion, a hole injection layer includes not only a crystallizable
hole injection material but also a hole transporting material to
have a uniform surface. Because light emitted from an
organic luminescent layer passes through the hole injection
layer having a uniform surface, the OELD device has a uni-
form brightness. Moreover, because there is no deterioration
problem resulted from protruding grains of the conventional
hole injection layer, the OELD device according to the
present invention has an improved lifetime.

[0085] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. An organic electroluminescent display device, compris-

ing:

first and second substrates facing each other;

a plurality of gate lines, a plurality of data lines and a
plurality of power lines on the first substrate, the gate and
data lines crossing each other to define a plurality of
pixel regions;

a switching element and a driving element connected to
each other in each pixel region;

a first electrode connected to the driving element;

an organic luminescent layer on the first electrode, the
organic luminescent layer including,

a hole injection layer,
a hole transporting layer,
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an emission material layer,
an electron transporting layer, and
an electron injection layer in order,

wherein the hole injection layer includes a crystallizable

hole injection material and a hole transporting material,
and the hole transporting layer includes the hole trans-
porting material; and

a second electrode on the organic luminescent layer.

2. The device according to claim 1, wherein a volumetric
ratio of the crystallizable hole injection material to the hole
transporting material in the hole injection layer ranges from
5:1to030:1.

3. The device according to claim 1, wherein the crystalli-
zable hole injection material includes one of triphenylene,
triphenlyamine derivatives, perylene, pyrene, tetracene and
anthracene.

4. The device according to claim 1, wherein the hole trans-
porting material includes triphenlyamine and tiphenlyamine
derivatives.

5. The device according to claim 1, wherein the hole injec-
tion layer contacts the first electrode.

6. The device according to claim 5, wherein the first elec-
trode includes one of indium-tin-oxide and indium-zinc-ox-
ide.

7. The device according to claim 5, wherein the second
electrode is an opaque single layer including either one of
calcium, aluminum, magnesium, silver and lithium or an
opaque double layer having fluorolithium and aluminum.

8. The device according to claim 5, further comprising a
moisture absorbent on the second substrate.

9. The device according to claim 1, wherein the electron
injection layer contacts the first electrode.

10. The device according to claim 9, wherein the second
electrode includes one of indium-tin-oxide and indium-zinc-
oxide.

11. The device according to claim 9, wherein the first
electrode is an opaque single layer including either one of
calcium, aluminum, magnesium, silver and lithium or an
opaque double layer having fluorolithium and aluminum.

12. The device according to claim 9, further comprising a
connecting pattern between the driving element and the first
electrode, wherein the first electrode is connected to the driv-
ing element through the connecting pattern.

13. A method of fabricating an organic electroluminescent
diode for an organic electroluminescent display device, com-
prising;

forming a first electrode having a first work function;

forming a hole injection layer on the first electrode, the

hole injection layer including a crystallizable hole injec-
tion material and a hole transporting material,

forming a hole transporting layer on the hole injection

layer, the hole transporting layer including transporting
material;

forming an emission material layer on the hole transporting

layer;

forming an electron transporting layer on the emission

material layer;

forming an electron injection layer on the electron trans-

porting layer; and

forming a second electrode on the electron injection layer,

the second electrode having a second work function
smaller than the first work function.
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14. The method according to claim 13, wherein a volumet-
ric ratio of the crystallizable hole injection material to the hole
transporting material in the hole injection layer ranges from
5:1 to 30:1.

15. The method according to claim 13, wherein the step of
forming the hole injection layer includes depositing the crys-
tallizable hole injection material by heating a crystallizable
hole injection material source at a first temperature and
depositing the hole transporting material by heating a hole
transporting material source at a second temperature.

16. The method according to claim 15, wherein the first
temperature is greater than the second temperature.

17. The method according to claim 15, wherein a volumet-
ric ratio of the crystallizable hole injection material to the hole
transporting material in the hole injection layer is controlled
by difference between the first and second temperatures.

18. A method of fabricating an organic electroluminescent
diode for an organic electroluminescent display device, com-
prising;

forming a first electrode having a first work function;

forming an electron injection layer on the first electrode;

forming an electron transporting layer on the electron
injection layer;
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forming an emission material layer on the electron trans-

porting layer;

forming a hole transporting layer on the emission material

layer, the hole transporting layer including a hole trans-
porting material;

forming a hole injection layer on the hole transporting

layer, the hole injection layer including a crystallizable
hole injection material and the hole transporting mate-
rial; and

forming a second electrode on the hole injection layer, the

second electrode having a second work function larger
than the first work function.

19. The method according to claim 18, wherein a volumet-
ric ratio of the crystallizable hole injection material to the hole
transporting material in the hole injection layer ranges from
5:1to0 30:1.

20. The method according to claim 18, wherein the step of
Forming the hole injection layer includes depositing the crys-
tallizable hole injection material by heating a crystallizable
hole injection material source at a first temperature and
depositing the hole transporting material by heating a hole
transporting material source at a second temperature, wherein
the first temperature is greater than the second temperature.

LI I T
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