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(7) ABSTRACT

An organic light emitting device includes a pixel electrode, a
hole auxiliary layer formed on the pixel electrode, an organic
emission layer formed on the hole auxiliary layer, an electron
auxiliary layer formed on the organic emission layer, and a
common electrode layer formed on the electron auxiliary
layer. An electric field dependency of electron mobility is
increased by increasing an energetic disorder or decreasing a
positional disorder for the organic emission layer.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY

CLAIM OF PRIORITY

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0023588 filed in the
Korean Intellectual Property Office on Feb. 27, 2014, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The described technology relates generally to an
organic light emitting device that improves a low gray color
representation capability.

[0004] 2. Description of the Related Art

[0005] An organic light emitting diode display includes
two electrodes and an organic emission layer interposed ther-
ebetween, wherein electrons injected from a cathode that is
one electrode and holes injected from an anode that is another
electrode are bonded to each other in the organic emission
layer to form excitons, and light is emitted while the excitons
discharge energy.

[0006] In a contemporary high efficiency organic light
emitting device, when element performance is improved such
that a driving current value of the organic light emitting
device is more than an initial threshold value, emission effi-
ciency of the element is suddenly increased in a low current
application region such that unstable color expression of the
low gray region is generated.

[0007] When controlling a low brightness region of the
organic light emitting device by the current, the current effi-
ciency is suddenly better such that a deviation of the driving
current of the thin film transistor (TFT) appears as a bright-
ness deviation. Particularly, color non-uniformity in the low
brightness region is generated in the high efficiency organic
light emitting device and is frequently generated in the green
organic light emitting element.

[0008] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the described technology and therefore it
may contain information that does not form the prior art that
is already known in this country to a person of ordinary skill
in the art.

SUMMARY OF THE INVENTION

[0009] To solve this problem, the present invention pro-
vides an organic light emitting device in which an emission
layer uniformly realizes low brightness with low current
mobility in a low current for electron mobility of the emission
layer to be sensitively changed to an electric field by increas-
ing an energy disorder or a positional disorder through control
of a doping ratio or a defect density of the emission layer, to
realize stable color expression of the low gray region in the
high efficiency organic light emitting device.

[0010] An organic light emitting device according to an
exemplary embodiment includes: a pixel electrode; a hole
auxiliary layer formed on the pixel electrode; an organic
emission layer formed on the hole auxiliary layer; an electron
auxiliary layer formed on the organic emission layer; and a
common electrode layer formed on the electron auxiliary
layer. An electric field dependency of electron mobility is
increased by increasing an energetic disorder or decreasing a
positional disorder for the organic emission layer.
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[0011] The energetic disorder may be increased by adding
a dopant to the organic emission layer.

[0012] An amount of the dopant in the organic emission
layer may be increased by 3% to 15% compared with an
optimized dopant.

[0013] Theenergetic disorder may be increased by increas-
ing a thickness of the organic emission layer.

[0014] The thickness of the organic emission layer may be
in a range from 10 nanometers (nm) to 60 nanometers (nm).
[0015] Theenergetic disorder may be increased by forming
a trap in a band to the organic emission layer.

[0016] The positional disorder may be decreased by regu-
larly or densely forming a molecular structure by decreasing
a thin film deposition ratio of the organic emission layer.
[0017] By theorganic light emitting device according to the
present invention, the color expression of the low gray region
may be stably realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by reference
to the following detailed description when considered in con-
junction with the accompanying drawings, in which like ref-
erence symbols indicate the same or similar components,
wherein:

[0019] FIG. 1isagraphofachange of current efficiency for
an emission region of an organic light emitting device accord-
ing to the present invention;

[0020] FIG. 2 is a graph showing electron mobility for an
electric field applied to an organic light emitting device
according to the present invention;

[0021] FIG. 3A is a graph showing an effect of an energetic
disorder according to an increase in a doping amount of an
organic light emitting device in an emission layer according
to the present invention;

[0022] FIG. 3B is a graph showing electron mobility for an
electric field in cases in which an energetic disorder of an
organic light emitting device according to the present inven-
tion that is increased and decreased;

[0023] FIG. 4A is a graph showing cases of a positional
disorder of an organic light emitting device according to the
present invention that is increased and decreased,

[0024] FIG. 4B is a graph showing electron mobility for an
electric field in cases that a positional disorder of an organic
light emitting device according to the present invention is
increased and decreased; and

[0025] FIG. 5 is a schematic view showing an example in
which a dopant is increased to an organic emission layer of an
organic light emitting device according to the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

[0026] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the present
invention.

[0027] The drawings are schematic, and are not illustrated
in accordance with a scale. Relative dimensions and ratios of
portions in the drawings are illustrated to be exaggerated or
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reduced in size for clarity and convenience, and the dimen-
sions are just exemplified and are not limiting. In addition,
like structures, elements, or components illustrated in two or
more drawings use like reference numerals for showing simi-
lar features. It will be understood that when an element such
as alayer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present.

[0028] The exemplary embodiment shows an exemplary
embodiment in detail. As a result, various modifications of the
drawings will be expected. Therefore, the exemplary embodi-
ment is not limited to a specific aspect of the illustrated
region, and for example, includes modifications of an aspect
by manufacturing.

[0029] Hereinafter, an organic light emitting device accord-
ing to the present invention will be described with reference to
FIG.1to FIG. 5.

[0030] FIG.11is a graph of a change of a current efficiency
for an emission region of an organic light emitting device
according to the present invention. As shown in FIG. 1, cur-
rent efficiency of a contemporary organic light emitting
device is changed according to an emission region, and cur-
rent efficiency is sharply increased in a low emission (bright-
ness) region, that is, a low gray region. In the low emission
region, when the organic light emitting device is controlled by
the current, due to the current efficiency that is sharply
increased, a deviation of a driving current of a thin film
transistor is reflected by a brightness deviation. For example,
in a low emission region R, the current efficiency of the
contemporary organic light emitting device is sharply
increased. By the brightness deviation that is sensitively
changed according to the current, color brightness is not
stable in the low gray region of the organic light emitting
device such that it is non-uniform.

[0031] Inthe organic light emitting device according to the
present invention, as shown in FIG. 1, so as to not increase the
current efficiency in the low gray region sharply, but to
smoothly increase it, electron mobility of the organic emis-
sion layer is formed to be dependent on an electric field. An
expected curve after expression improvement of the low gray
region is shown as a lower curve of FIG. 1. In the low emis-
sion region R, the current efficiency of the improved organic
light emitting device is expected to smoothly increase.

[0032] The organic light emitting device according to the
present invention includes a pixel electrode, a hole auxiliary
layer formed on the pixel electrode, an organic emission layer
formed on the hole auxiliary layer, an electron auxiliary layer
formed on the organic emission layer, and a common elec-
trode formed on the electron auxiliary layer. The organic
emission layer may be increased with electric field depen-
dency of the electron mobility. On the other hand, the hole
auxiliary layer may include a hole injection layer and a hole
transferring layer, and the electron auxiliary layer may
include an electron injection layer and an electron transfer-
ring layer.

[0033] An increase of the electric field dependency of the
electron mobility may be realized by increasing energetic
disorder of the organic emission layer or decreasing a posi-
tional disorder.

[0034] A Gaussian disorder model (GDM) is used to for-
mulate an electron movement phenomenon of an amorphous
organic thin film, and a slope of the electron mobility (i,
mobility) is determined by a constant p in a log scale electron
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mobility graph according to the electric field. The constant f3
is determined by the energetic disorder (o) and the positional
disorder ().

[0035] The electron mobility (i) may be represented by
equations below.

Equation 1

2 2
WiF, T) = pmexp[—(%] }eXp[ﬁVF ]

p=dl -]

Equation 2

[0036] Here, p is electric field dependency, p is electron
mobility, F is the electric field, T is temperature, -, is the
electron mobility in the limit T—o0, 0 is energetic disorder, C
is a constant, and Zis the positional disorder.

[0037] That is, as shown in Equation 2, the constant f is
large when the energetic disorder (o) is large, and the constant
[ is large when the positional disorder (2) is small. As shown
in Equation 1, when the constant f§ is large, the electron
mobility (u) is large, and as a result, to efficiently increase the
electron mobility (i), the energetic disorder (o) may be
increased, and/or the positional disorder (£) may be
decreased.

[0038] As shown in FIG. 2, it may be confirmed that as the
electron mobility () is increased as the electric field depen-
dency (P)is increased. For example, electric field dependency
is increased from (1 to p3, the electron mobility (i) increased
correspondingly with the same electric field F.

[0039] Inthe organic light emitting device according to the
present invention, the energetic disorder (0) may be increased
by adding a dopant to the organic emission layer. That is, by
increasing the doping amount (doping ratio) to the organic
emission layer, the energetic disorder (o) may be increased.
As shownin FIG. 3A, as the amount of the dopant is increased
in the organic emission layer, the energetic disorder (o) is
increased, and as shown in FIG. 3B in which the coordinate
systems have the same scale, when increasing the energetic
disorder (0), the electron mobility according to the electric
field is increased. It may be confirmed that the added amount
of the dopant in the organic emission layer is increased by 3%
to 15% compared with an amount of the optimized dopant for
a contemporary device.

[0040] FIG. 5 is a schematic view showing an example in
which a dopant (D) is increased to an organic emission layer
(EML) of an organic light emitting device according to the
present invention. As described above, the organic light emit-
ting device according to the present invention includes the
hole auxiliary layer, the organic emission layer EML formed
onthe holeauxiliary layer, the electron auxiliary layer formed
on the organic emission layer EML. The hole auxiliary layer
may include the hole injection layer 10 and the hole transfer-
ring layer 20, and the electron auxiliary layer may include the
electron injection layer 40 and the electron transferring layer
30. FIG. 5 schematically shows an example in which the
amount of the dopant (D) is increased in the organic emission
layer EML.

[0041] On the other hand, in the organic light emitting
device according to the present invention, the energetic dis-
order (0) may be increased by increasing a thickness of the
organic emission layer. Since the amount of the dopant added
for a unit thickness is constant, by increasing the thickness of
the organic emission layer, it may be confirmed that the
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doping amount added to the entire organic emission layer is
increased. The thickness ofthe organic emission layer may be
in a range from 10 nanometers (nm) to 60 nanometers (nm).
[0042] Moreover, in the organic light emitting device
according to the present invention, the energetic disorder (o)
may be increased by forming a trap in a band of the organic
emission layer.

[0043] Further, in the organic light emitting device accord-
ing to the present invention, the positional disorder may be
decreased by regularly and densely forming a molecular
structure of the organic thin film by decreasing a thin film
deposition ratio of the organic emission layer. As shown in
FIG. 4A, the molecular structure of the organic thin film is
regular and dense (]) and as shown in FIG. 4B in which the
coordinate systems have the same scale, the electric field
dependency of the electron mobility is further increased (1),
and as shown in FIG. 4A, when the molecular structure of the
organic thin film is not regular and dense (|), the electric field
dependency of the electron mobility is relatively low (|).
[0044] As described above, by the organic light emitting
device according to the present invention, by increasing the
energetic disorder of the organic emission layer or decreasing
the positional disorder, the electric field dependency of the
electron mobility is increased, thereby realizing uniform
brightness in the low gray region. On the other hand, in the
described exemplary embodiment, the doping ratio is
increased to the organic emission layer or the molecular struc-
ture is configured to be regular or dense, however the
described configurations may be applied to the hole auxiliary
layer or the electron auxiliary layer as well as the organic
emission layer, thereby obtaining the same effects.

[0045] While this disclosure has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.
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What is claimed is:

1. An organic light emitting device, comprising:

a pixel electrode;

a hole auxiliary layer formed on the pixel electrode;

an organic emission layer formed on the hole auxiliary
layer;

an electron auxiliary layer formed on the organic emission
layer; and

acommon electrode layer formed on the electron auxiliary
layer,

an electric field dependency of electron mobility being
increased by increasing an energetic disorder or by
decreasing a positional disorder for the organic emission
layer.

2. The organic light emitting device of claim 1, wherein the
energetic disorder is increased by adding a dopant to the
organic emission layer.

3. The organic light emitting device of claim 2, wherein an
amount of the dopant in the organic emission layer is
increased by 3% to 15% compared with an optimized dopant
amount.

4. The organic light emitting device of claim 1, wherein the
energetic disorder is increased by increasing a thickness of
the organic emission layer.

5. The organic light emitting device of claim 4, wherein the
thickness of the organic emission layer is in a range from 10
nanometers (nm) to 60 nanometers (nm).

6. The organic light emitting device of claim 1, wherein the
energetic disorder is increased by forming a trap in a band to
the organic emission layer.

7. The organic light emitting device of claim 1, wherein the
positional disorder is decreased by regularly or densely form-
ing a molecular structure by decreasing a thin film deposition
ratio of the organic emission layer.
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