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ORGANIC LIGHT-EMITTING DEVICE AND
ORGANIC LIGHT-EMITTING DISPLAY
USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims the priority of Korean Application
No. 10-2016-0097551, filed on Jul. 29, 2016, the entirety of
which is hereby incorporated by reference.

BACKGROUND
1. Technical Field

The present disclosure relates to an organic light-emitting
device, and more particularly, to an organic light-emitting
device with improved hole injection at the anode, and an
organic-light-emitting display using the same.

2. Discussion of the Related Art

In the information age, the field of displays visually
expressing signals related to electrical information has rap-
idly developed. To satisfy such a trend, various flat display
devices having excellent performance, such as thinness,
light weight, and low power consumption, have been
researched as a substitute for a conventional cathode ray
tube (CRT) display device. Examples of flat display devices
include liquid crystal displays (LCDs), plasma display pan-
els (PDPs), field emission displays (FEDs), organic light-
emitting diode (OLED) displays, etc. The OLED display
requires no separate light source, and has been considered to
be competitive in achieving compactness and good color
reproduction.

The OLED display includes self-emissive elements, such
as organic light-emitting devices, in sub-pixels. Each sub-
pixel displays a portion of an image by operation of the
organic light-emitting device. Further, organic light-emitting
devices may be used as self-emissive elements in a lighting
apparatus, as well as a display. Thus, development of organic
light-emitting devices has recently been spotlighted in the
field of lighting. Moreover, organic light-emitting devices do
not require a separate light source unit, and may be easily
used in a flexible display device or a transparent display
device.

The organic light-emitting device includes an organic
light-emitting layer between an anode and a cathode. Holes
and electrons from the anode and cathode are injected into
the organic light-emitting layer, and are combined with each
other in the organic light-emitting layer, thus generating
excitons. When the generated excitons are changed from an
excited state to a ground state, the organic light-emitting
device emits light.

However, in a related art organic light-emitting device,
holes from the anode are not sufficiently injected into a
neighboring hole transport layer. Thus, driving voltage of
the organic light-emitting device may be high or efliciency
of the organic light-emitting device may be lowered, and
holes remaining at interface between the anode and the
neighboring hole transport layer in the organic light-emitting
device cause deterioration of the hole transport layer. This
may reduce the lifespan of the organic light-emitting device.

SUMMARY

Accordingly, the present disclosure is directed to an
organic light-emitting device and an organic light-emitting
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display using the same that substantially obviate one or more
of the issues due to limitations and disadvantages of the
related art.

An aspect of the present disclosure is to provide an
organic light-emitting device with improved anode hole
injection efficiency and increase lifespan, and an organic
light-emitting display using the same.

Additional features and aspects will be set forth in the
description that follows, and in part will be apparent from
the description, or may be learned by practice of the inven-
tive concepts provided herein. Other features and aspects of
the inventive concepts may be realized and attained by the
structure particularly pointed out in the written description,
or derivable therefrom, and the claims hereof as well as the
appended drawings.

To achieve these and other aspects of the inventive
concepts as embodied and broadly described, there is pro-
vided an organic light-emitting device, including: an anode
and a cathode opposite each other, an organic light-emitting
layer between the anode and the cathode, and a hole trans-
port unit between the anode and the organic light-emitting
layer and including two or more pairs of hole injection layers
and hole transport layers, each hole injection layer including
a same hole injection material, each hole transport layer
including a same hole transport material, respective ones of
the hole injection layers and the hole transport layers being
alternately disposed.

In another aspect, there is provided an organic light-
emitting device, including: an anode and a cathode opposite
each other, a charge generation layer between the anode and
the cathode to divide two or more stacks between the anode
and the cathode, a plurality of organic light-emitting layers
respectively on each of the two or more stacks, and a hole
transport unit on any one of the two or more stacks, the hole
transport unit contacting the anode or the charge generation
layer and including two or more pairs of hole injection layers
and hole transport layers, each hole injection layer including
a same hole injection material, each hole transport layer
including a same hole transport material, respective ones of
the hole injection layers and the hole transport layers being
alternately disposed.

Other systems, methods, features and advantages will be,
or will become, apparent to one with skill in the art upon
examination of the following figures and detailed descrip-
tion. Tt is intended that all such additional systems, methods,
features and advantages be included within this description,
be within the scope of the present disclosure, and be
protected by the following claims. Nothing in this section
should be taken as a limitation on those claims. Further
aspects and advantages are discussed below in conjunction
with the embodiments of the disclosure. It is to be under-
stood that both the foregoing general description and the
following detailed description of the present disclosure are
examples and explanatory, and are intended to provide
further explanation of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the disclosure and together with
the description serve to explain various principles of the
disclosure.

FIG. 1 is a cross-sectional view illustrating an organic
light-emitting device in accordance with an embodiment of
the present disclosure.
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FIG. 2 is a cross-sectional view illustrating a hole trans-
port unit on an anode in accordance with an embodiment of
the present disclosure.

FIG. 3 is a cross-sectional view illustrating a hole trans-
port unit on an anode in accordance with another embodi-
ment of the present disclosure.

FIG. 4 is a band diagram of a hole injection layer and a
hole transport layer of a hole transport unit in accordance
with an embodiment of the present disclosure.

FIG. 5 is a cross-sectional view illustrating an organic
light-emitting device in accordance with another embodi-
ment of the present disclosure.

FIG. 6 is a graph comparatively showing lifespans of an
organic light-emitting device of Comparative Example 1, in
which a hole transport unit includes a layer formed of a hole
transport material and a hole injection material mixed with
each other, and an organic light-emitting device of Com-
parative Example 2, in which a hole transport unit includes
a pair of a hole injection layer formed of a single, same
material and a hole transport layer formed of a single, same
material;

FIG. 7 is a graph comparatively showing lifespans of the
organic light-emitting device of Comparative Example 2
with organic light-emitting devices in accordance with the
embodiments of the present disclosure.

FIG. 8 is a graph comparatively showing lifespans of
organic light-emitting devices of experimental examples, in
which the same hole injection material and different hole
transport materials are used,

FIG. 9 is a view illustrating a method of fabricating a hole
transport unit of an organic light-emitting device in accor-
dance with an embodiment of the present disclosure.

FIG. 10 is a cross-sectional view illustrating an organic
light-emitting display in accordance with an embodiment of
the present disclosure.

Throughout the drawings and the detailed description,
unless otherwise described, the same drawing reference
numerals should be understood to refer to the same ele-
ments, features, and structures. The relative size and depic-
tion of these elements may be exaggerated for clarity,
illustration, and convenience.

DETAILED DESCRIPTION

Reference will now be made in detail to some embodi-
ments of the present disclosure, examples of which are
illustrated in the accompanying drawings. In the following
description, when a detailed description of well-known
functions or configurations related to this document is
determined to unnecessarily cloud a gist of the inventive
concept, the detailed description thereof will be omitted. The
progression of processing steps and/or operations described
is an example; however, the sequence of steps and/or opera-
tions is not limited to that set forth herein and may be
changed as is known in the art, with the exception of steps
and/or operations necessarily occurring in a particular order.
Like reference numerals designate like elements throughout.
Names of the respective elements used in the following
explanations are selected only for convenience of writing the
specification and may be thus different from those used in
actual products.

In the description of embodiments, when a structure is
described as being positioned “on or above” or “under or
below” another structure, this description should be con-
strued as including a case in which the structures contact
each other as well as a case in which a third structure is
disposed therebetween.
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In the following description, the Lowest Unoccupied
Molecular Orbital (LUMO) level and the Highest Unoccu-
pied Molecular Orbital (HUMO) level of a layer refer to the
LUMO level and the HUMO level of a material constituting
a major weight ratio of the corresponding layer, unless they
refer to the LUMO level and the HUMO level of a dopant
material doping the corresponding layer.

In the following description, a HOMO level may be an
energy level measured through cyclic voltammetry (CV), in
which an energy level is determined from a relative potential
value to a reference electrode having a known potential
value. For example, the HOMO level of a material may be
measured using ferrocene having known oxidation potential
value and reduction potential value.

In the following description, the term “doped” means that
a material having different properties from a material occu-
pying a major weight ratio of a layer (for example, materials
having different properties being N-type and P-type mate-
rials or an organic material and an inorganic material) is
added thereto at a weight ratio of less than 10%. In other
words, a “doped” layer is a layer in which a host material
and a dopant material may be discriminated in consideration
of weight ratios thereof. In addition, the term “undoped”
means all cases except for the case corresponding to the term
“doped.” For example, if a layer is formed of a single, same
material or is formed of a mixture of materials having
similar properties, the layer may be an undoped layer. For
example, if at least one material forming a layer is P-type
and all of the materials forming the layer are not N-type, the
layer is an undoped layer. As another example, if at least one
material forming a layer is an organic material and all of the
materials forming the layer are not inorganic materials, the
layer is an undoped layer. In another example, if all of the
materials forming a layer are organic materials, at least one
of the materials forming the layer is N-type, and at least
another of the other materials is P-type, then, when the
N-type material has a weight ratio of less than 10% or the
P-type material has a weight ratio of less than 10%, the layer
is a doped layer.

In the following description, an electroluminescence (EL)
spectrum is calculated by multiplying (1) a photolumines-
cence (PL) spectrum, in which intrinsic properties of a
light-emitting material, such as a dopant material or a host
material included in an organic light-emitting layer, are
reflected, by (2) an out-coupling emittance spectrum curve
which is determined by the structure and optical properties
of an organic light-emitting device including the thickness
of organic layers, such as an electron transport layer.

In the following description, the term “stack” refers to a
unit structure including a hole transport layer, or an organic
layer having the hole transport layer, and an organic light-
emitting layer disposed between the hole transport layer and
an electron transport layer. The organic layer may further
include a hole injection layer, an electron blocking layer, a
hole blocking layer, an electron injection layer, etc., and the
stack may further include other organic layers according to
the structure and design of an organic light-emitting device.

FIG. 1 is a cross-sectional view illustrating an organic
light-emitting device in accordance with an embodiment of
the present disclosure.

As shown in the FIG. 1 example, the organic light-
emitting device in accordance with an embodiment of the
present disclosure may include an anode 10 and a cathode 60
disposed opposite each other, an organic light-emitting layer
30 provided between the anode 10 and the cathode 60, and
a hole transport unit 200 provided between the anode 10 and
the organic light-emitting layer 30 and including two or



US 10,566,562 B2

5

more pairs of hole injection layers 210a, 2105, . . . formed
of a single hole injection material and hole transport layers
220a, 2205, . . . formed of a single hole transport material,
which are alternately disposed. In other words, in the hole
transport unit 200, the hole injection layer 210a may be
followed by the hole transport layer 220a, which may be
followed by the hole injection layer 2105, which may be
followed by the hole transport layer 2205, etc.

Further, as shown in the example of FIG. 1, an electron
transport layer 40 and an electron injection layer 50 may be
further provided between the organic light-emitting layer 30
and the cathode 60. However, embodiments are not limited
thereto. For example, the electron transport layer 40 and the
electron injection layer 50 may be provided as one layer, or
the organic light-emitting layer 30 may include an electron
transport material. Thus, the organic light-emitting layer 30
and the electron transport layer 40 may be provided as one
layer without an interface (e.g., the electron injection layer
50) therebetween.

In the hole transport unit 200, the hole injection material
has excellent electron affinity, and thus reduces barriers at
the interface between the anode 10 and the hole injection
layer 210 adjacent to the anode 10 to facilitate injection of
holes. For example, the hole injection material may be any
one of: 7,7.8,8-tetracyano-2,3,3,6-tetrafluoroquinodimeth-
ane (F4TCNQ), fluorine-substituted 3,4,9,10-perylentetrac-
arboxilic dianhydride (PTCDA), cyano-substituted PTCDA,
1,4,5,8-naphthalene-tetracarboxilic dianhydride (NTCDA),
hexanitrile hexaazatriphenylene (HAT) and hexaazatriph-
enylene-hexacarbonitrile (HAT-CN), or a derivative thereof.

Further, the hole transport material may be a material that
has excellent hole transportability in the organic layer and
thus has high hole mobility. For example, the hole transport
material may be any one of: N,N'-bis-(1-naphthalenyl)-N,
N'-bis-phenyl-(1,1'biphenyl)-4,4'-diamine ~ (NPB, also
referred to as N,N'-bis(naphthalene-1-y1)-N,N'-bis(phenyl)
benzidine (NPD)), N,N'-bis(3-methylphenyl)-N,N'-diphe-
nylbenzidine (TPD), s-TAD and 4,4',4"-tris(N-3-methylphe-
nyl-N-phenyl-amino)-triphenylamine (MTDATA), or a
derivative thereof.

FIG. 2 is a cross-sectional view illustrating a hole trans-
port unit on an anode in accordance with an embodiment of
the present disclosure. FIG. 3 is a cross-sectional view
illustrating a hole transport unit on an anode in accordance
with another embodiment of the present disclosure. FIG. 4
is a band diagram of a hole injection layer and a hole
transport layer of a hole transport unit in accordance with an
embodiment of the present disclosure.

In an organic light-emitting device in accordance with an
embodiment of the present disclosure, the hole transport unit
200 includes the hole injection layers 210a, 2105, . . .
respectively formed of a single hole injection material and
the hole transport layers 220a, 2205, . . . respectively formed
of a single hole transport material, as shown in the examples
of FIGS. 2 and 3, because it has been confirmed through
experiments that performance of the hole transport unit 200
is lowered when a hole transport layer is doped with a hole
injection material as a dopant material. That is, an organic
light-emitting device in accordance with an embodiment of
the present disclosure includes the hole transport unit 200
including a plurality of layers formed by depositing different
kinds of materials having different energy band gaps as
different layers. This may reduce lowering of performance
due to mixing of different materials.

For example, if a process in which a hole injection
material is mixed with a known hole transport layer is used,
the hole injection material is combined with a material in the
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hole transport layer, changes overall physical properties of
the hole transport layer or obstructs transport of holes of the
hole transport layer, and thus, serves as a barrier in move-
ment of the holes to the organic light-emitting layer. Here,
it is estimated that performance degradation is observed.
Such experimental details will be described later with ref-
erence to the accompanying drawings.

In an organic light-emitting device according to an
embodiment of the present disclosure, the lowermost part of
the hole transport unit 200 may contact the anode 10, and the
uppermost part of the hole transport unit 200 may contact the
organic light-emitting layer 30, as shown in the FIG. 1
example. In some cases, an electron blocking layer or a hole
control layer, which may control the transport speed of holes
transmitted to the organic light-emitting layer 30, may be
further provided between the upper part of the hole transport
unit 200 and the organic light-emitting layer 30.

Further, in an organic light-emitting device according to
an embodiment of the present disclosure, disposition of two
or more pairs of the hole injection layers 210a, 2105,
respectively formed of a single hole injection material and
the hole transport layers 220a, 2205, . . . respectively formed
of a single hole transport material, which are alternately
deposited, means that the hole transport unit 200 includes at
least four layers, e.g., a hole injection layer 210a, a hole
transport layer 220q, a hole injection layer 2105, and a hole
transport layer 2205, which are sequentially deposited on the
anode 10, as shown in the FIG. 2 example, and may further
include another hole injection layer 210¢ and another hole
transport layer 220¢ on the hole transport layer 2205, as
exemplarily shown in the FIG. 3 example. Each of the hole
injection layers 210a, 2105, . . . and the hole transport layers
220a, 2205, . . . of the hole transport unit 200 may be formed
by depositing a single, same material. An interface may be
formed between adjacent layers.

In an organic light-emitting device according to an
embodiment of the present disclosure, the thicknesses of the
hole injection layers 210a, 2105, . . . may be smaller than the
thicknesses of the hole transport layers 220a, 2205, . . . .
Among the hole injection layers 210a, 2105, . . . , the first
hole injection layer 210a contacting the anode 10 may have
the greatest thickness because the first hole injection layer
210a contacting the anode 10 may have the greatest inter-
facial barrier of the anode 10 with the organic layer. The hole
injection layer 210a may have a designated thickness, such
that holes may enter the hole transport unit 200 via the
barrier. The hole injection layers 210a, 2105, . . . have
thicknesses of about 10 A to 40 A. Thereamong, the first
hole injection layer 210a may have a thickness of about 20
Ato40A

Although the hole transport unit 200 includes plural pairs
of the hole injection layers 210a, 2105, . . . and the hole
transport layers 220a, 2205, . . ., the hole transport unit 200
may not be deposited infinitely. That is, the hole transport
unit 200 may set the position of the organic light-emitting
layer 30 formed thereon. Thus, the total thickness of the hole
transport unit 200 may be within the range of 150 A to 2500
A. If organic light-emitting devices respectively disposed in
sub-pixels of an organic light-emitting display emit different
colors of light, hole transport units 200 of the organic
light-emitting devices in the respective sub-pixels may have
different thicknesses. That is, the thickness of the hole
transport unit 200 may be determined such that the intensity
of light emitted from the organic light-emitting layer 30 is
the greatest according to the resonant period of a wavelength
corresponding to the light.



US 10,566,562 B2

7

Further, the hole transport unit 200 has a positive function
of transmitting holes to the organic light-emitting layer 30 so
that the holes are combined with electrons transmitted from
the cathode 60 to generate excitons and then to emit light.
For this purpose, the hole transport layers 220a, 2205, . . .
may occupy a majority of the total thickness of the hole
transport unit 200, e.g., about 70% to 99% of the total
thickness of the hole transport unit 200. That is, in the hole
transport unit 200, the hole transport layers 220q,
2205, . . . may be thicker than the hole injection layers 210a,
2105, . . ..

In one embodiment, as shown in the FIG. 4 example, the
Lowest Unoccupied Molecular Orbital (LUMO) level of a
hole injection layer 210 of the hole transport unit 200 may
be less than or equal to the Highest Occupied Molecular
Orbital (HOMO) level of a hole transport layer 220. For
example, a HOMO-LUMO band gap of the hole injection
layer 210 may be spaced apart from a HOMO-LUMO band
gap of the hole transport layer 220, even by a small distance.
The LUMO level of the hole injection layer 210 may be
lower than the HOMO level of the hole transport layer 220
by, e.g., 0.01 eV to 1.00 eV.

There may be a great difference in energy band gaps
between the hole injection layer 210 and the hole transport
layer 220 of the hole transport unit 200 to cause the hole
injection layer 210 having a lower LUMO level to induce a
function of generating charges. That is, electrons in the hole
transport layer 220 having a relatively high HOMO level
jump to the adjacent hole injection layer 210 having a low
LUMO level, locations within the hole transport layer 220,
from which the electrons are removed, may be filled with
holes. Thus, the hole transport unit 200 has hole transport
characteristics. For example, the LUMO level of the hole
injection layer 210 may be lower than the HOMO level of
the adjacent hole transport layer 220. As such, electrons may
easily enter the hole injection layer 210, and the electrons
may be trapped within the hole injection layer 210 having a
lower LUMO level.

The HOMO level and the LUMO level may have negative
values, and if the LUMO level of the hole injection layers
210a, 2105, . . . is lower than the HOMO level of the hole
transport layers 220a, 2205, . . . then the absolute value of
the LUMO level of the hole injection layers 210a,
2104, . . . may be greater than the absolute value of the
HOMO level of the hole transport layers 220a, 2205, and the
energy band gaps of the hole transport layer 220 and the hole
injection layer 210 may not overlap and may be separated
from each other, as shown in the example of FIG. 4. For
example, a separation difference may not exceed 1 eV. A
reason for this is that each of all organic materials has a
lower HOMO level than a LUMO level. Thus, it may be
difficult to synthesize a material for the hole injection layer
210 having a lower LUMO level than the HOMO level of
the hole transport layer 220 by more than 1 eV. Also, it may
be difficult to secure material stability. The above-described
hole transport unit 200 may be applied to the above-
described organic light-emitting device having a unit struc-
ture and contact an anode. In other embodiments, the
above-described hole transport unit 200 may also be applied
to an organic light emitting device of a structure having a
plurality of stacks and may contact an anode or a charge
generation layer of the structure having the plurality of
stacks.

FIG. 5 is a cross-sectional view illustrating an organic
light-emitting device in accordance with another embodi-
ment of the present disclosure.

That is, as shown in the FIG. 5 example, a organic
light-emitting device in accordance with this embodiment of
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the present disclosure may have a structure including a
plurality of stacks. For example, the organic light-emitting
device may include at least one charge generation layer 300,
provided between an anode 10 and a cathode 60, and stacks
400 and 500, provided between the anode and cathode 10
and 60 and the charge generation layer 300.

If a plurality of charge generation layers 300 is provided,
another stack may be further provided between the charge
generation layers 300. Further, the respective stacks 400 and
500 may include hole transport units 200, organic light-
emitting layers 410 and 510, and electron transport layers
420 and 520. The hole transport units 200 may have the
same configuration and physical properties as the above-
described hole transport unit 200 in accordance with the
examples of FIGS. 1-3.

The charge generation layer 300 may contact the electron
transport layer 420 of the lower stack 400. For example, if
the charge generation layer 300 is formed by stacking n-type
and p-type charge generation layers, the n-type charge
generation layer may directly contact the electron transport
layer 420, and the p-type charge generation layer may
contact the hole transport unit 200 of the upper stack 500. As
desired by circumstances, the charge generation layer 300
may be a single n-type charge generation layer. In this case,
the hole transport unit 200 may have a function of a p-type
charge generation layer.

FIG. 6 is a graph comparatively showing lifespans an
organic light-emitting device of Comparative Example 1, in
which a hole transport unit includes a layer formed of a hole
transport material and a hole injection material mixed with
each other, and an organic light-emitting device of Com-
parative Example 2, in which a hole transport unit includes
a pair of a hole injection layer formed of a single, same
material and a hole transport layer formed of a single, same
material. FIG. 7 is a graph comparatively showing lifespans
of the organic light-emitting device of Comparative
Example 2 and the organic light-emitting devices in accor-
dance with the embodiments of the present disclosure.

With reference to FIGS. 6 and 7 and Tables 1 and 2 below,
in Comparative Example 1 (row @), 3 wt % of a hole
injection material is mixed with a hole transparent material,
compared to the hole transport unit 200 in accordance with
an embodiment of the present disclosure. In Comparative
Example 2 (row @) a pair of layers, including a hole
injection layer and a hole transport layer, is provided through
deposition.

Further, Experimental Example 1 (row @) and Experi-
mental Example 2 (row @) relate to the embodiment of the
present disclosure shown in the FIG. 2 example, in which
two pairs of hole injection layers formed of a single, same
material and hole transport layers formed of a single, same
material are alternately disposed through deposition. On the
presumption that the total thickness of a pair of the hole
injection layer and the hole transport layer is 220 A, the hole
injection layers may have a thickness of 20 A and the hole
transport layers may have a thickness of 200 A in Experi-
mental Example 1, and the hole injection layers may have a
thickness of 35 A and the hole transport layers may have a
thickness of 185 A in Experimental Example 2.

Further, Experimental Example 3 (row (5)) relates to the
embodiment of the present disclosure shown in the FIG. 3
example, in which three pairs of hole injection layers formed
of a single, same material and hole transport layers formed
of a single, same material are alternately disposed through
deposition. In this case, the hole injection layers may have
a thickness of 20 A, and the hole transport layers may have
a thickness of 135 A.
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In the comparative examples and experimental examples,
experiments were carried out in a state in which the total
thickness of the hole transport layers or the hole transport
unit is within the range of 400 A to 470 A. Such a state
satisfies the resonant condition of the organic light-emitting
layer on which the hole transport layers or the hole transport
unit is located.

TABLE 1
HIL1 HTL1 HIL2 HTL2 HIL3 HTL3 NOTE
@ Hole transport material + 3 wt % of hole Doping-type
injection material
() 70A 400A — Layered-type
(3) 20A 200A 20A 200A —
(4) 35A 185A 35A 185A —
(5) 20A 135A 20A 135A 204 135A
TABLE 2
Driving voltage (V) Efficiency (%) CIEx  CIEy
) 9.0 40 0131  0.080
) 7.3 100 0.131 0.075
9 79 118 0.131 0.076
e 7.5 110 0.133 0.072
o 79 111 0.127 0.092

Table 1 represents thickness conditions of the respective
comparative examples and experimental examples. Table 2
and FIGS. 6 and 7 represent experimental results thereof.

As shown in Table 2, if the hole transport layer is doped
with the hole injection material in Comparative Example 1,
driving voltage is raised to 9.0 V by 15% to 25% of driving
voltages of Experimental Examples 1 to 3 (the embodiments
shown in FIGS. 2 and 3 referred to as first and second
embodiments respectively hereafter) and Comparative
Example 2. Therefore, it may be confirmed that driving
voltage of the doped structure is raised, compared to the
layered structures.

Further, on the presumption that efficiency of Compara-
tive Example 2 is 100%, efficiencies of Comparative
Example 1 and Experimental Examples 1, 2, and 3 are
acquired by comparing measured data of luminance char-
acteristics to current Cd/A thereof with data of example 2. If
the efficiency of Comparative Example 2 having a layered
structure including a pair of the hole injection layer and the
hole transport layer is 100%, efficiencies of the first and
second embodiments of the present disclosure are raised to
110% or more of the Comparative Example 2 efficiency.
Thus, it may be confirmed that, when two or more pairs of
hole injection layers and hole transport layers are alternately
stacked, efficiency is increased. That is, under the same
current conditions, the first and second embodiments of the
present disclosure have luminance values enhanced by 10%
or more, compared to the luminance value of Comparative
Example 2. Thus, it may be confirmed that alternate depo-
sition of two or more pairs of hole injection layers formed
of a single hole injection material and hole transport layers
formed of a single hole transport material is effective.

Further, in Table 2, it may be confirmed that CIEx and
CIEy values of comparative examples 1 and 2 and the first
and second embodiments of the present disclosure are
substantially equal or similar. This means that, if the same
light-emitting layer is applied to comparative examples 1
and 2 and the first and second embodiments of the present
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disclosure, approximately equivalent color expression is
possible under the respective conditions.

Table 2 represents that the organic light-emitting devices
of the present disclosure have remarkably low driving
voltage, compared to Comparative Example 1, and have
improved efficiency, compared to comparative examples 1
and 2. Further, through comparison between Comparative
Example 2 and the first and second embodiments of the
present disclosure, driving voltage of Comparative Example
2 is decreased more than driving voltages of the first and
second embodiments of the present disclosure, but the
efficiency of Comparative Example 2 is lower than efficien-
cies of the first and second embodiments of the present
disclosure by 10% or more. Thus, if the same efficiency
(e.g., 100%) is implemented, driving voltage of Compara-
tive Example 2 is substantially higher than driving voltages
of the first and second embodiments of the present disclo-
sure. In other words, the first and second embodiments can
be driven at a lower driving voltage to achieve the same
100% efficiency of the Comparative Example 2. Further,
with reference to FIGS. 6 and 7, when the embodiments of
the present disclosure are applied, the organic light-emitting
devices of the present disclosure may have excellent lifespan
in comparison with the comparative examples.

In FIGS. 6 and 7, lifespans of the organic light-emitting
devices are measured until luminance is decreased from
100%, at an initial stage, to 97% at a later time, e.g., a
decrease of about 3%.

As shown in the FIG. 6 example, it may be confirmed that
the lifespan of the organic light-emitting device of Com-
parative Example 2, including a pair of the hole injection
layer and hole transport layer, is extended by 10 or more
times the lifespan of the organic light-emitting device of
Comparative Example 1, including the doped hole transport
layer. Therefore, as shown in the FIG. 7 example, it may be
confirmed that the lifespans of the organic light-emitting
devices of the first and second embodiments of the present
disclosure are extended by 1.4 to 1.9 times the lifespan of the
organic light-emitting device of Comparative Example 2.

Through the experiment of FIG. 6, it was confirmed that
the lifespan of the organic light-emitting device including
the hole transport layer doped with the dopant material is
remarkably shortened, compared to the organic light-emit-
ting device including the hole injection layer formed of the
hole injection material and the hole transport layer formed of
the hole transport material, which are alternately stacked.

The present inventors have considered the cause of short-
ening lifespan of the doped structure (e.g., Comparative
Example 1). A dopant material was added to assist genera-
tion of charges in a hole transport layer. However, the dopant
material in the hole transport layer decreases chemical
stability of the hole transport layer, directly reacts with a
hole transport material, does not fulfill a charge generation
function, and causes malfunction of the hole transport mate-
rial.

Embodiments of the present disclosure may, from the
viewpoint of such lifespan difference, determine effects of a
layered structure of a single hole injection material and a
single hole transport material, and may deduce a structure in
which two or more pairs of hole injection layers formed of
a single, same material and hole transport layers formed of
a single, same material are stacked to have improved lifes-
pan, compared to Comparative Example 2. That is, if a
layered structure including layers, each of which is formed
of a single, same material, is applied, materials of adjacent
layers do not influence the opposite layers except at the
interface therebetween. Thus, internal chemical stability of
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the layers may be acquired, and chemical stability of the
respective layers may be maintained. Thus, the structure
may be driven for a long time.

In Tables 1 and 2 and FIG. 7, effect differences among
Experimental Examples 1 to 3 are caused by thickness
differences between a single hole injection material and a
single hole transport material, which are stacked in a plural
pairs.

In terms of lifespan, when two pairs of hole injection
layers formed of a single, same material and hole transport
layers formed of a single, same material are alternately
stacked, the longest lifespan may be acquired. For example,
the hole injection layers may have a thickness of 35 A and
the hole transport layers may have a thickness of 185 A. It
has been confirmed that the lifespans of the organic light-
emitting devices decrease in order of Experimental Example
4, Experimental Example 3, and Experimental Example 5.
In general, in a structure in which a hole transport layer is
doped with a hole injection material as a dopant material, a
small amount of the hole injection material, e.g., 5 wt % or
less of the hole injection material is injected into the hole
transport layer, an injection depth of the hole injection
material is limited to 10 A or less and, thus, a thickness
occupied by the hole injection material is very small com-
pared to the total thickness of the hole transport layer.
However, the above experiment indicates that, in each pair
of the hole injection layer and the hole transport layer of the
hole transport unit of the organic light-emitting device of the
present disclosure, the hole transport layer should assure a
designated thickness of 10 A to 40 A to achieve normal
operation. That is, if one hole injection layer and one hole
transport layer are provided in a pair, a ratio of the hole
injection layer to the hole transport layer may be in a range
of, e.g., 1:10 to 1:5. Thus, the ratio of the hole injection
layers to the overall hole transport unit of the present
disclosure may be increased, compared to Comparative
Example 1, to achieve normal operation of the respective
hole injection layers.

Further, thickness arrangement of the hole injection layers
and the hole transport layers of the hole transport unit may
influence a hole transport speed, thereby controlling the
width of an emission zone. That is, if two or more pairs of
hole injection layers formed of a single, same material and
hole transport layers formed of a single, same material are
provided, both efficiency and lifespan of the organic light-
emitting device may be remarkably increased, compared to
Comparative Example 2.

FIG. 8 is a graph comparatively showing lifespans of
organic light-emitting devices of experimental examples, in
which the same hole injection material is used for all
examples, but different hole transport materials are used for
each example.

In the experimental examples of FIG. 8, lifespans of
organic light-emitting devices shown in FIG. 1, which
include hole transport layers formed of hole transport mate-
rials A to E having different HOMO levels, are measured, as
shown in Table 3 below. In this case, hole injection layers
contacting the hole transport layers are formed of the same
material having a LUMO level of -5.46 ¢V and a HOMO
level of -9 eV.

TABLE 3

Hole transport material Driving voltage (V) HOMO (eV) LUMO (eV)

A 7.2
B 7.3

-5.23
-5.36

-2.17
-2.26
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TABLE 3-continued

Hole transport material Driving voltage (V) HOMO (eV) LUMO (eV)

C 7.2 -5.4 -24
D 7.8 -5.52 -252
E 8.0 -5.61 -251

With reference to FIG. 8, it may be confirmed that, if the
HOMO level of the hole transport material, such as the hole
transport material D or E, is lower than the LUMO level
(-5.46 eV) of the hole injection material (in this case, there
is an overlapping section of energy band gaps between a
hole injection layer and a hole transport layer), the lifespan
of the organic light-emitting device is remarkably shortened,
compared to OLED configurations in which the HOMO
level of the hole transport material, such as the hole transport
material A, B or C, is higher than the LUMO level (-5.46
eV) of the hole injection material (in this case, energy band
gaps of a hole injection layer and a hole transport layer are
spaced apart from each other).

Further, it may be confirmed through Table 3 that, if the
HOMO level of the hole transport material, such as the hole
transport material D or E, is lower than the LUMO level
(-5.46 eV) of the hole injection material (in this case, there
is an overlapping section of energy band gaps between a
hole injection layer and a hole transport layer), driving
voltage (7.8 V or 8.0 V) of the organic light-emitting device
is higher than driving voltage if the HOMO level of the hole
transport material, such as the hole transport material A, B,
or C, is higher than the LUMO level (=5.46 eV) of the hole
injection material (in this case, energy band gaps of a hole
injection layer and a hole transport layer are spaced apart
from each other) by 10% or more. That is, the hole transport
unit of the organic light-emitting device of the present
disclosure, in which two or more pairs of hole injection
layers formed of a single, same material and hole transport
layers formed of a single, same material are stacked and
energy band gaps of the hole injection layers and the hole
transport layers are spaced apart from each other, has driving
voltage reduction effects, compared to a structure in which
energy band gaps of hole injection layers and hole transport
layers overlap each other.

That is, as the organic light-emitting device according to
an embodiment of the present disclosure, if two or more
pairs of hole injection layers formed of a single, same
material and hole transport layers formed of a single, same
material are stacked, and energy band gaps of the hole
injection layers and the hole transport layers are spaced apart
from each other, reduction in driving voltage, improvement
in efficiency, and remarkable enhancement in lifespan may
be expected. In the FIG. 8 example, a gradation of a
horizontal axis represents 100 hours, and use of the hole
transport materials A to C to form the hole transport layers
causes lifespan extension effects of about 2 times or more,
compared to use of the hole transport materials D and E to
form the hole transport layers.

The HOMO levels of the hole transport layers and the
LUMO levels of the hole injection layers of the above-
described experimental examples not limited to Table 3.
Further, if the LUMO level of the hole injection layer 210 is
equal to or lower than the HOMO level of the hole transport
layer 220, reduction in driving voltage, improvement in
efficiency and remarkable enhancement in lifespan are
expected, as described above.
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FIG. 9 is a view illustrating a method of fabricating a hole
transport unit of an organic light-emitting device in accot-
dance with an embodiment of the present disclosure.

First, a method of fabricating the hole transport unit in
accordance with an embodiment of the present disclosure
may be carried out. A substrate 700 including anodes 10 of
respective sub-pixels may be prepared and then disposed
such that the anodes 10 face a hole transport unit supply
chamber 600. In one example, the hole transport unit supply
chamber 600 may be provided with a hole injection material
supply source 610 and a hole transport material supply
source 620.

Thereafter, the hole injection material supply source 610
and the hole transport material supply source 620 may
sequentially supply corresponding materials to the substrate
700, thereby forming a hole injection layer 210 and a hole
transport layer 220. Through repetition of such a process,
two or more pairs of hole injection layers 210 and hole
transport layers 220 may be formed, and thereby, a hole
transport unit 200 may be fabricated. In such a process of
fabricating the hole transport unit 200, the hole transport
material supply source 620 may be repetitively used while
varying the scan direction of the substrate 700.

The substrate 700 may be used in an organic light-
emitting display. In one example, the substrate 700 may
include a thin film transistor connected to the lower surface
of a first electrode 10 of each of the sub-pixels. The
formation method of the thin film transistor is not restricted,
the thin film transistor may include a gate electrode, an
active layer, a source electrode and a drain electrode, and the
source electrode or the drain electrode may be connected to
the first electrode. Further, the active layer may include an
amorphous silicon layer, a polysilicon layer, a double layer
including the same, a plurality of layers including the same
or an oxide film semiconductor, or may be changed to
various types. Embodiments are not limited to these
examples.

In a related art structure in which a hole transport layer is
doped with a hole injection material as a dopant material, it
is difficult to properly disperse a small amount of the dopant
material and to quantify dispersion of the dopant material in
the process. Thus, it is difficult to achieve uniform perfor-
mance of the hole transport layer due to non-uniform
distribution of the dopant material within the hole transport
layer in the related art. However, as described above, the
hole transport unit of the organic light-emitting device in
accordance with an embodiment of the present disclosure
has a layered structure of hole transport layers formed of a
single, same material and hole injection layers formed of a
single, same material, and may thus solve the above problem
caused by difficulty in quantification of the dopant material.
The organic light-emitting device in accordance with an
embodiment of the present disclosure may be applied to
each sub-pixel, and thus, may be applied to an organic
light-emitting display.

FIG. 10 is a cross-sectional view illustrating an organic
light-emitting display in accordance with an embodiment of
the present disclosure.

As shown in the FIG. 10 example, the organic light-
emitting display in accordance with an embodiment of the
present disclosure may include a substrate 100 including a
plurality of sub-pixels, thin film transistors (TFTs) of the
respective sub-pixels being provided on the substrate 100,
and organic light-emitting devices (OLED) including
anodes 10 and cathodes 60. In one example, the anode 10 or
the cathode 60 of each organic light-emitting device may be
connected to each TFT. Although the example of FIG. 10
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illustrates one sub-pixel, sub-pixels having the same shape
may be substantially arranged in a matrix on the substrate
100.

In one example, the thin film transistor may includes a
gate electrode 101 provided in a designated region on the
substrate 100, a gate insulating film 102 formed on the
substrate 100 to cover the gate electrode 101, a semicon-
ductor layer 103 formed on the gate insulating film 102 to
correspond to the gate electrode 101, and a source electrode
1044 and a drain electrode 1045 formed at both sides of the
semiconductor layer 103. Further, an inorganic protective
film 105 and an organic protective film 106 may be sequen-
tially provided to cover the source electrode 104a and the
drain electrode 104b. The anode 10 or the cathode 60 may
be connected to the drain electrode 1045 via a contact hole
1060 formed through the organic protective film 106 and the
inorganic protective film 105 to expose a part of the drain
electrode 1045.

For example, if the anode 10 is connected to the drain
electrode 1045, an organic stack, in which a hole transport
unit 200, an organic light-emitting layer 30, an electron
transport layer 40, and an electron injection layer 50 are
sequentially deposited, may be formed on the anode 10, and
the cathode 60 may be provided on the organic stack. The
organic stack may be replaced with the stack structure
shown in the FIG. 5 example.

On the other hand, if the cathode 60 is connected to the
drain electrode 1045, an organic stack, in which the above-
described elements are provided in reverse order, may be
provided. That is, an electron injection layer 50, an electron
transport layer 40, an organic light-emitting layer 30, and a
hole transport unit 20 may be sequentially deposited.

In some cases, a hole injection layer may be further
provided between the anode 10 and a hole transport layer of
the hole transport unit 200, and an electron injection layer
may be further provided between the electron transport layer
and the cathode 60. Further, although the FIG. 10 example
illustrates a bank 107 provided to define an emission zone,
the bank 107 may be omitted, and the emission zone may be
defined by other structures. The organic stack and the
cathode 60 may be provided in common to all sub-pixels.
Colors of the sub-pixels may be discriminated by color
filters.

Moreover, although FIG. 10 illustrates the organic light-
emitting device in accordance with the embodiment shown
in FIG. 1, the disclosure is not limited thereto. For example,
the organic light-emitting device in accordance with the
embodiment shown in FIG. 5, in which a plurality of stacks
is provided between an anode and a cathode, may be
provided.

The above-described organic light-emitting display may
achieve color expression by emitting different colors of light
through the organic light-emitting layers of the respective
sub-pixels, or may achieve color expression by adding a
color filter layer to a light-emitting portion of a common
organic light-emitting layer.

Such an organic light-emitting display including the
above-described organic light-emitting device may have the
same effects as the above-described organic light-emitting
device. As apparent from the above description, an organic
light-emitting device and an organic light-emitting display
using the same in accordance with an embodiment of the
present disclosure may have effects described below.

First, hole injection layers may be formed of a single,
same material and hole transport layers may be formed of a
single, same material, and plural pairs of the hole injection
layers and the hole transport layers may be alternately
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deposited to form a hole transport unit, thereby achieving
reduction in driving voltage and improvement in efficiency
and lifespan.

Second, in a related art structure in which a hole transport
layer is doped with a hole injection material as a dopant
material, it is difficult to properly disperse a small amount of
the dopant material and to quantify dispersion of the dopant
material in the process. Thus, it is difficult to achieve
uniform performance of the hole transport layer due to
non-uniform distribution of the dopant material in the hole
transport layer in the related art. However, the hole transport
unit of the organic light-emitting device in accordance with
an embodiment of the present disclosure has a layered
structure of the hole transport layers formed of a single,
same material and the hole injection layers formed of a
single, same material, and may thus solve such a problem.

It will be apparent to those skilled in the art that various
modifications and variations may be made in the present
disclosure without departing from the technical idea or
scope of the disclosure. Thus, it is intended that embodi-
ments of the present disclosure cover the modifications and
variations of the disclosure provided they come within the
scope of the appended claims and their equivalents.

What is claimed is:

1. An organic light-emitting device, comprising:

an anode and a cathode opposite each other;

an organic light-emitting layer between the anode and the

cathode; and
a hole transport unit between the anode and the organic
light-emitting layer and including two or more pairs of
hole injection layers formed of a single hole injection
material and hole transport layers formed of a single
hole transport material, the hole injection layers and the
hole transport layers being alternately disposed,

wherein a LUMO level of the hole injection layers is less
than or equal to a HOMO level of the hole transport
layers.

2. The organic light-emitting device of claim 1, wherein
the LUMO level of the hole injection layers is less than the
HOMO level of the hole transport layers by 0.01 eV to 1.00
eVv.

3. The organic light-emitting device of claim 1, wherein
the hole injection material comprises any one of: 7,7,8,8-
tetracyano-2,3,5,6-tetrafluoroquinodimethane  (F4TCNQ),
fluorine-substituted 3,4,9,10-perylentetracarboxilic dianhy-
dride (PTCDA), cyano-substituted PTCDA, 1,4,5,8-naph-
thalene-tetracarboxilic dianhydride (NTCDA), hexanitrile
hexaazatriphenylene (HAT) and hexaazatriphenylene-
hexacarbonitrile (HAT-CN), or a derivative thereof.

4. The organic light-emitting device of claim 1, wherein
the hole transport material comprises any one of: N,N'-bis-
(1-naphthalenyl)-N,N'-bis-phenyl-(1,1'biphenyl)-4,4'-di-
amine (NPB, also referred to as N,N'-bis(naphthalene-1-yl)-
N,N'-bis(phenyl)benzidine (NPD)), N,N'-bis(3-
methylphenyl)-N,N'-diphenylbenzidine (TPD), s-TAD and
4 4' 4"-tris(N-3-methylphenyl-N-phenyl-amino)-triph-
enylamine (MTDATA), or a derivative thereof.
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5. The organic light-emitting device of claim 1, wherein:

the thickness of the hole injection layers is less than the
thickness of the hole transport layers;

the thickness of the hole transport layers is 10 A to 40 A;
and

the total thickness of the hole transport unit is 150 A to
2500 A.

6. The organic light-emitting device of claim 1, wherein
each hole injection layer comprises a same hole injection
material and each hole transport layer comprises a same hole
transport material.

7. An organic light-emitting device, comprising:

an anode and a cathode opposite each other;

a charge generation layer between the anode and the
cathode to divide two or more stacks between the anode
and the cathode;

a plurality of organic light-emitting layers respectively on
each of the two or more stacks; and

a hole transport unit on any one of the two or more stacks,
the hole transport unit contacting the anode or the
charge generation layer and comprising two or more
pairs of hole injection layers formed of a single hole
injection material and hole transport layers formed of a
single hole transport material, the hole injection layers
and the hole transport layers being alternately disposed,

wherein a LUMO level of the hole injection layers is less
than or equal to a HOMO level of the hole transport
layers.

8. An organic light-emitting display, comprising:

a substrate comprising a plurality of sub-pixels;

a plurality of thin film transistors respectively in the each
of the plurality of sub-pixels; and

a plurality of the organic light-emitting devices compris-
ing an anode and a cathode opposite each other, an
organic light emitting layer between the anode and the
cathode and a hole transport unit between the anode
and the organic light emitting layer and including two
or more pairs of hole injection layers formed of a single
hole injection material and hole transport layers formed
of a single hole transport material, the hole injection
layers and the hole transport layers being alternately
disposed,

wherein one of the anode or the cathode of each organic
light-emitting device is connected to one of the thin
film transistors, and

wherein a LUMO level of the hole injection layers is less
than or equal to a HOMO level of the hole transport
layers.

9. The organic light emitting display of claim 8, wherein
the LUMO level of the hole injection layers is less than the
HOMO level of the hole transport layers by 0.01 eV to 1.00
eV.

10. The organic light-emitting device of claim 7, wherein:

the charge generation includes at least an n-type layer and
a p-type layer; and

the p-type layer directly contacts a corresponding hole
transport unit.
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