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(57) ABSTRACT

An organic light emitting element according to an example
embodiment of the present disclosure includes: a first elec-
trode and a second electrode facing each other; an emission
layer between the first electrode and the second electrode; an
electron transport layer between the emission layer and the
second electrode; and a buffer layer between the emission
layer and the electron transport layer, wherein the buffer

HOIL 27/32 (2006.01) layer includes a first material having a higher LUMO level
HOIL 51/50 (2006.01) than that of the electron transport layer.
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ORGANIC LIGHT EMITTING DIODE AND
ORGANIC LIGHT EMITTING DIODE
DISPLAY INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2015-0106420 filed in
the Korean Intellectual Property Office on Jul. 28, 2015, the
entire content of which is incorporated herein by reference.

BACKGROUND

[0002] 1. Field

[0003] One or more aspects of embodiments of the present
disclosure relate to an organic light emitting element and an
organic light emitting diode display including the same.
[0004] 2. Description of the Related Art

[0005] Recently, because a decrease in weight and thick-
ness of monitors, television sets, and so on has been
requested, a cathode ray tube (CRT) technology has been
replaced with a liquid crystal display (LCD). However,
because the LCD is a passive light emitting device, it
requires an additional backlight. Also, the LCD technology
has problems in terms of response speed and viewing angle.
[0006] As a display device capable of overcoming at least
some of the aforementioned limitations, an organic light
emitting device has attracted a lot of attention. The organic
light emitting device is a self-emitting display element
having advantages such as a wide viewing angle, excellent
contrast, and a fast response time.

[0007] The organic light emitting device includes an
organic light emitting element for light emission, and the
organic light emitting element forms excitons by combining
electrons injected from one electrode and holes injected
from another electrode in an emission layer, and the excitons
emit energy such that light is emitted. In an example high
efficiency organic light emitting device, when element pet-
formance is improved such that a driving current value of the
organic light emitting device is more than an initial threshold
value, emission efficiency of the element in a low current
application region is also increased, which may in turn lead
to generation of unstable color expression in a low gray
region.

[0008] When a low brightness region of the organic light
emitting device is controlled by the current, the current
efficiency is improved such that a deviation in the driving
current of the thin film transistor (TFT) appears as a bright-
ness deviation. For example, color non-uniformity in the low
brightness region may be generated in a high efliciency
organic light emitting device. For example, such color
non-uniformity may frequently be generated in the green
organic light emitting element.

[0009] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the disclosure 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

[0010] One or more aspects of embodiments of the present
disclosure are directed towards an organic light emitting
element capable of effectively (or suitably) reducing effi-
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ciency in a low gray region, while maintaining efficiency
and a lifespan in a high gray region, and an organic light
emitting diode display including the same.

[0011] An organic light emitting element according to an
example embodiment of the present disclosure includes: a
first electrode and a second electrode facing each other;

[0012] an emission layer positioned between the first
electrode and the second electrode; an electron transport
layer positioned between the emission layer and the second
electrode; and a buffer layer positioned between the emis-
sion layer and the electron transport layer, wherein the buffer
layer includes a first material having a lowest unoccupied
molecular orbital (LUMO) level that is higher than that of
the electron transport layer.

[0013] The difference between the LUMO level of the
buffer layer and the LUMO level of the electron transport
layer may be 0.3 eV or greater.

[0014] The first material may be one selected from com-
pounds represented by Chemical Formulae 1 4, and the
buffer layer may include at least one selected from the
compounds represented by Chemical Formulae 1 4:

Chemical Formula 1

Chemical Formula 2

Chemical Formula 3
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-continued and in Chemical Formula 4, B may be selected from:

Chemical Formula 4

ey -0--00

[0017] The buffer layer may further include a second
A . material having faster electron mobility than the first mate-
rial.

The second material may be one selected from compounds
represented by Chemical Formulae 5 to 8, and the buffer
layer may include at least one selected from the compounds
represented by Chemical Formulae 5 to 8:

Chemical Formula 5
s , and
. Q ’ Chemical Formula 6

and in Chemical Formula 2, 7 may be selected from:

O O Chemical Formula 7
N—N
O o
[0016] InChemical Formula 3 and Chemical Formula 4, A

may be selected from:

[0015] InChemical Formula 1 and Chemical Formula 2, X
and Y may be each independently selected from:

Chemical Formula 8

O- 00~ 5@
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[0018] A mixture ratio of the first material and the second
material may be 1:9 to 9:1.

[0019] The thickness of the buffer layer may be 1 nm to 10
nm.
[0020] The organic light emitting element according to an

example embodiment of the present disclosure may further
include an electron injection layer positioned between the
electron transport layer and the second electrode, and a hole
transport layer positioned between the first electrode and the
emission layer.

[0021] The electron mobility of the first material may be
slower than the electron mobility of a material included in
the electron transport layer.

[0022] An organic light emitting diode display according
to an example embodiment of the present disclosure
includes: a substrate; a thin film transistor positioned on the
substrate; and an organic light emitting element coupled to
the thin film transistor. The organic light emitting element
includes: a first electrode and a second electrode facing each
other; an emission layer positioned between the first elec-
trode and the second electrode; an electron transport layer
positioned between the emission layer and the second elec-
trode; and a buffer layer positioned between the emission
layer and the electron transport layer, and the buffer layer
includes a first material having a lowest unoccupied molecu-
lar orbital (LUMO) level that is higher than that of the
electron transport layer.

[0023] The difference between the LUMO level of the
buffer layer and the LUMO level of the electron transport
layer may be 0.3 eV or greater.

The first material may be one selected from compounds
represented by Chemical Formulae 1 to 4, and the buffer
layer may include at least one selected from the compounds
represented by Chemical Formulae 1 to 4:

(i)
a08 %

Ysol

Chemical Formula 1

Feb. 2, 2017

-continued

Chermical Formula 3

Chemical Formula 4

[0024] In Chemical Formula 1 and Chemical Formula 2, X
and Y may be each independently selected from:

Chemical Formula 2

Chemical Formula 3

R0 ~
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-continued

Chermical Formula 4

and in Chemical Formula 2, 7 may be selected from:

O

[0025] InChemical Formula 3 and Chemical Formula 4, A
may be selected from:

O - OO

and in Chemical Formula 4, B may be selected from:

o

[0026] The buffer layer may further include a second
material having faster electron mobility than the first mate-
rial.

[0027] The second material may be one selected from
compounds represented by Chemical Formulae 5 to 8, and
the buffer layer may include at least one selected from the
compounds represented by Chemical Formulae S to 8:
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Chermical Formula 5

Chemical Formula 6

W

Chemical Formula 8

[0028] A mixture ratio of the first material and the second
material may be 1:9 to 9:1.

[0029] The thickness of the buffer layer may be 1 nm to 10
nm.
[0030] The organic light emitting diode display according

to an example embodiment of the present disclosure may
further include an electron injection layer positioned
between the electron transport layer and the second elec-
trode, and a hole transport layer positioned between the first
electrode and the emission layer.

[0031] According to an example embodiment of the pres-
ent disclosure, an organic light emitting diode display may
include high efficiency organic light emitting element
capable of maintaining the efficiency and the lifespan in the
high gray region, while effectively (or suitably) reducing the
efficiency in the low gray region, without generating color
non-uniformity in the low gray region.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG.11isa cross-sectional view showing an organic
light emitting diode display according to an example
embodiment of the present disclosure.

[0033] FIG. 2 is an enlarged cross-sectional view of the
organic light emitting element of FIG. 1.

[0034] FIG. 3 is a schematic view showing relative energy
levels of some of the layers of an organic light emitting
element according to an example embodiment of the present
disclosure.

[0035] FIG. 4 is a cross-sectional view of a modified
example embodiment of the organic light emitting element
of FIG. 2.

[0036] FIG. 5 is a graph showing emission efficiency
relative to a gray scale of organic light emitting elements
according to Comparative Example 1 and Example Embodi-
ments 1 and 2 of the present disclosure.

[0037] FIG. 6 is a graph showing a lifespan of organic
light emitting elements according to Comparative Example
1 and Example Embodiments 1 and 2 of the present disclo-
sure.

[0038] FIG. 7 is a graph showing emission efficiency
relative to a gray scale of organic light emitting elements
according to Comparative Example 1 and Example Embodi-
ments 3, 4, and 5 of the present disclosure.

DETAILED DESCRIPTION

[0039] The present disclosure will be described more fully
hereinafter with reference to the accompanying drawings, in
which example embodiments of the disclosure 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
disclosure.

[0040] In the drawings, the thickness of layers, films,
panels, regions, etc., may be exaggerated for clarity. Like
reference numerals designate like elements throughout the
specification. It will be understood that when an element
such as a layer, 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. In
contrast, when an element is referred to as being “directly
on” another element, there are no intervening elements
present.

[0041] FIG.1isa cross-sectional view showing an organic
light emitting diode display according to an example
embodiment of the present disclosure. FIG. 2 is an enlarged
cross-sectional view of the organic light emitting element of
FIG. 1.

[0042] Referring to FIG. 1, a substrate 123 may be made
of, for example, an inorganic material such as glass; an
organic material such as a polycarbonate, polymethylmeth-
acrylate, polyethylene terephthalate, polyethylene naphtha-
late, a polyamide, polyether sulfone, or a combination
thereof; and/or of a silicon wafer.

[0043] In addition, a substrate buffer layer 126 may be
provided (e.g., positioned) on the substrate 123. The sub-
strate buffer layer 126 serves to prevent or reduce the
penetration of impure elements and to planarize the surface
of the substrate 123.

[0044] The substrate buffer layer 126 may be made of one
or more suitable materials capable of performing the afore-
mentioned functions. For example, the substrate buffer layer
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126 may include a silicon nitride (SiNy) layer, a silicon
oxide (SiOx) layer, and/or a silicon oxynitride (SiOxNy)
layer. However, in some embodiments, the substrate buffer
layer 126 may be omitted, depending on a kind of the
substrate 123 and its manufacturing process.

[0045] In some embodiments, a driving semiconductor
layer 137 is formed on the substrate buffer layer 126. The
driving semiconductor layer 137 may be formed of a mate-
rial including polysilicon. The driving semiconductor layer
137 may include a channel region 135 (in which impurities
are not doped), and a source region 134 and a drain region
136 (in which impurities are doped) at respective sides of the
channel region 135. In this case, doped ion materials (e.g,,
doped impurities) may be P-type impurities such as boron
(B) and/or B2H6. However, the impurities are not limited
thereto and may vary according to a kind of thin film
transistor.

[0046] A gate insulating layer 127, made of a silicon
nitride (SiNy) and/or a silicon oxide (SiOx), may be formed
on the driving semiconductor layer 137. A gate wire includ-
ing a driving gate electrode 133 may be formed on the gate
insulating layer 127. In some embodiments, the driving gate
electrode 133 is formed to overlap at least a part of the
driving semiconductor layer 137, for example, the channel
region 135.

[0047] An interlayer insulating layer 128 covering the
driving gate electrode 133 may be formed on the gate
insulating layer 127. A first contact hole 122a and a second
contact hole 1225, respectively exposing the source region
134 and the drain region 136 of the driving semiconductor
137, may be formed in the gate insulating layer 127 and the
interlayer insulating layer 128. Like the gate insulating layer
127, the interlayer insulating layer 128 may be made of a
material such as a silicon nitride (SiNy) and/or a silicon
oxide (SiOx).

[0048] A data wire including a driving source electrode
131 and a driving drain electrode 132 may be provided on
the interlayer insulating layer 128. The driving source elec-
trode 131 and the driving drain electrode 132 may be
respectively connected (e.g., coupled) with the source region
134 and the drain region 136 of the driving semiconductor
layer 137 through the first contact hole 1224 and the second
contact hole 1225 respectively formed in the interlayer
insulating layer 128 and the gate insulating layer 127.

[0049] According to embodiments of the present disclo-
sure, a driving thin film transistor 130 may include the
driving semiconductor layer 137, the driving gate electrode
133, the driving source electrode 131, and the driving drain
electrode 132. The driving thin film transistor 130, however,
is not limited to the aforementioned example, and may be
variously modified to fit any suitable configuration.

[0050] In some embodiments, a planarization layer 124
covering the data wire is formed on the interlayer insulating
layer 128. The planarization layer 124 may serve to remove
or reduce a step and planarize the surface on which an
organic light emitting element is to be formed, in order to
increase emission efficiency of the organic light emitting
element. In some embodiments, the planarization layer 124
has a third contact hole 122¢ exposing a part of the drain
electrode 132.

[0051] The planarization layer 124 may be made of one or
more materials selected from a polyacrylate resin, an epoxy
resin, a phenolic resin, a polyamide resin, a polyimide resin,
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an unsaturated polyester resin, a polyphenylene ether resin,
apolyphenylene sulfide resin, and benzocyclobutene (BCB).
[0052] An example embodiment according to the present
disclosure is not limited to the aforementioned structure, and
in some embodiments, one of the planarization layer 124 and
the interlayer insulating layer 128 may be omitted.

[0053] A first electrode of the organic light emitting ele-
ment, for example, a pixel electrode 160, may be formed on
the planarization layer 124. In some embodiments, the
organic light emitting diode device includes a plurality of
pixel electrodes 160 which are disposed (e.g., positioned)
for every plurality of pixels, respectively. In this case, the
plurality of pixel electrodes 160 may be spaced apart from
each other. The pixel electrode 160 may be connected to the
drain electrode 132 through the third contact hole 122¢ of
the planarization layer 124.

[0054] A pixel defining layer 125 may be formed on the
planarization layer 124 and may have an opening exposing
the pixel electrode 160. In some embodiments, the pixel
defining layer 125 has a plurality of openings formed for
each pixel. In this case, a light-emitting element layer 170
may be formed for each opening formed by the pixel
defining layer 125. Accordingly, a pixel area, in which each
light-emitting element layer 170 is formed by the pixel
defining layer 125, may be defined.

[0055] In the above-described example embodiment, the
pixel electrode 160 is disposed (e.g., positioned) to corre-
spond to the opening of the pixel defining layer 125.
However, the pixel electrode 160 is not necessarily disposed
only in the opening of the pixel defining layer 125, but may
be disposed below the pixel defining layer 125, such that a
part of the pixel electrode 160 overlaps with the pixel
defining layer 125.

[0056] The pixel defining layer 125 may be made of a
resin such as a polyacrylate resin and/or a polyimide, a
silica-based inorganic material, and/or the like.

[0057] In some embodiments, the light-emitting element
layer 170 is formed on the pixel electrode 160. A structure
of the light-emitting element layer 170 will be described in
more detail hereinafter.

[0058] A second electrode (also referred to as the common
electrode 180), may be formed on the light-emitting element
layer 170. According to embodiments of the present disclo-
sure, an organic light emitting element LD may include the
pixel electrode 160, the light-emitting element layer 170,
and the common electrode 180.

[0059] The pixel electrode 160 and the common electrode
180 may be each independently made of a transparent
conductive material, or of a transflective or reflective con-
ductive material. Depending on the materials for forming the
pixel electrode 160 and the common electrode 180, the
organic light emitting diode device may be a top emission
type (e.g., a top emission organic light emitting diode
device), a bottom emission type (e.g., a bottom emission
organic light emitting diode device), or a double-sided
emission type (e.g., a double-sided emission organic light
emitting diode device).

[0060] An overcoat 190, covering and protecting the com-
mon electrode 180, may be formed as an organic layer on the
common electrode 180.

[0061] In some embodiments, a thin film encapsulation
layer 121 is formed on the overcoat 190. The thin film
encapsulation layer 121 may serve to encapsulate and pro-
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tect the organic light emitting element LD and a driving
circuit part formed on the substrate 123 from the external
environment.

[0062] In some embodiments, the thin film encapsulation
layer 121 includes organic encapsulation layers 121a and
121¢, and inorganic encapsulation layers 1215 and 1214,
which are alternately laminated. FIG. 1, for example, illus-
trates the thin film encapsulation layer 121 including two
organic encapsulation layers 121a and 121¢ and two inor-
ganic encapsulation layers 1215 and 121d that are alter-
nately laminated, but the thin film encapsulation layer 121 is
not limited thereto.

[0063] Hereinafter, an organic light emitting element
according to an example embodiment of the present disclo-
sure will be described with reference to FIG. 2.

[0064] FIG. 2 is an enlarged view of a portion of the
organic light emitting element of FIG. 1 denoted as “X.”
Referring to FIG. 2, the organic light emitting element
according to an example embodiment of the present disclo-
sure includes a structure in which a first electrode (e.g., the
pixel electrode 160), a hole transport layer 174, an emission
layer 175, a buffer layer 176, an electron transport layer 177,
and the second electrode 180 are sequentially layered.
[0065] When the first electrode 160 according to an
example embodiment of the present disclosure is an anode,
amaterial for forming the first electrode 160 may be selected
from materials having a high work function, so as to
facilitate hole injection. The first electrode 160 may be a
transparent electrode or an opaque electrode. When the first
electrode 160 is a transparent electrode, it may be formed of
indium-tin oxide (ITO), indium-zinc oxide (IZ0), tin oxide
(Sn02), zinc oxide (ZnO), a conductive oxide, or combina-
tions thereof, or of a metal such as aluminum, silver, and/or
magnesium, to a relatively small thickness. When the first
electrode 160 is an opaque electrode, it may be formed of a
metal such as aluminum, silver, and/or magnesium.

[0066] The first electrode 160 may be formed as a multi-
layer structure (e.g., having two or more layers) including
different materials (e.g., different kinds of materials). For
example, the first electrode 160 may be formed to have a
structure of ITO/Ag/ITO, in which indium-tin oxide (ITO),
silver (Ag), and indium-tin oxide (ITO) are sequentially
stacked.

[0067] The first electrode 160 may be formed, for
example, by sputtering or vacuum deposition.

[0068] A hole transport region may be positioned on the
first electrode 160. The hole transport region may serve to
facilitate the transport of holes transmitted from the first
electrode 160 into the emission layer 175 that will be
described in more detail later. The hole transport region may
include a hole transport layer 174. The hole transport layer
174 may include an organic material. For example, the hole
transport layer 174 may include NPD (N,N-dinaphthyl-N,
N'-diphenyl benzidine), TPD (N,N'-bis-(3-methylphenyl)-
N,N'-bis-(phenyl)-benzidine), s-TAD, MTDATA (4,4'4"-tris
(N-3-methylphenyl-N-phenyl-amino )-triphenylamine), and/
or the like, but is not limited thereto.

[0069] The thickness of the hole transport layer 174 may
be 10 nm to 150 nm. For example, the thickness of the hole
transport layer 174 may be 50 nm to 100 nm. The emission
layer 175 includes a host and a dopant. The emission layer
175 may include a material that emits red light, green light,
blue light, and/or white light, and may be formed using a
phosphorescent and/or fluorescent material.
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[0070] When the emission layer 175 emits red light, the
emission layer 175 may include a host material that includes
CBP (carbazole biphenyl) and/or mCP (1,3-bis(carbazol-9-
yl)), and may be formed of a phosphorescent material
including at least one selected from PIQIr(acac) (bis(1-
phenylisoquinoline)acetylacetonate iridium), PQOr(acac)
(bis(1-phenylquinoline)acetylacetonate iridium), PQIr (tris
(1-phenylquinoline)iridium), and PtOEP (platinum octaeth-
vlporphyrin), or a fluorescent material including PBD:Eu
(DBM)3(Phen) and/or perylene, without limitation.

[0071] When the emission layer 175 emits green light, the
emission layer 175 may include a host material including
CBP and/or mCP, and may be made of a phosphorescent
material including a dopant material including Ir(ppy)3
(fac-tris(2-phenylpyridine)iridium), and/or a fluorescent
material including Alq3 (tris(8-hydroxyquinolino)alumi-
num), without limitation.

[0072] When the emission layer 175 emits blue light, the
emission layer 175 may include a host material including
CBP and/or mCP, and may be made of a phosphorescent
material including a dopant that includes (4,6-F2ppy)21rpic,
without limitation. In some embodiments, the emission layer
175 may be made of a fluorescent material including at least
one selected from spiro-DPVBI, spiro-6P, distyrylbenzene
(DSB), distyrylarylene (DSA), a PFO-based polymer, and a
PPV-based polymer, but is not limited thereto.

[0073] A buffer layer 176 may be positioned on the
emission layer 175. The buffer layer 176 may include a first
material, such that a lowest unoccupied molecular orbital
(LUMO) level of the buffer layer 176 according to an
example embodiment of the present disclosure is higher than
the LUMO level of the electron transport layer 177. Accord-
ingly, the injection degree of the electrons injected from the
electron transport layer 177 into the emission layer 175 may
be controlled.

[0074] For example, the LUMO level of the first material
of the buffer layer 176 may be higher than the LUMO level
of the electron transport layer 177 by 0.3 eV or greater.

[0075] FIG. 3 is a schematic view showing a relationship
between energy levels of the layers of an organic light
emitting element according to an example embodiment of
the present disclosure. In more detail, FIG. 3 shows relative
energy levels of the emission layer 175, the buffer layer 176,
and the electron transport layer 177. Referring to FIG. 3, the
LUMO level of the buffer layer 176 is higher than the
LUMO level of the emission layer 175 and the LUMO level
of the electron transport layer 177. Accordingly. while the
electron injection from the electron transport layer 177 into
the emission layer 175 may be restricted, the electron
injection from the buffer layer 176 into the emission layer
175 may be relatively easy.

[0076] Also, electron mobility of the first material
included in the buffer layer 176 may be slower than electron
mobility of the material included in the electron transport
layer 177.
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[0077] The first material included in the buffer layer 176
according to an example embodiment of the present disclo-
sure may be a spiro fluorene material (e.g., the first material
may include a spiro fluorene moiety). In some embodiments,
the first material may be a compound represented by at least
one selected from Chemical Formula 1 to Chemical Formula

(i) g
8000

Chemical Formula 1

Chemical Formula 2

Yso

Y

Chemical Formula 3

9,
:ﬁ

Chemical Formula 4

Ye®
0

B_<\N_ )

A
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[0078] InChemical Formula 1 and Chemical Formula 2, X [0081] For example, the first material represented by
and Y may be each independently selected from: Chemical Formula 1 may include the compound represented

by at least one selected from Chemical Formula 1-1 to

Chemical Formula 1-3, the first material represented by

—@—, , and Chemical Formula 2 may include the compound represented
by at least one selected from Chemical Formula 2-1 to

Chemical Formula 2-4, the first material represented by

Chemical Formula 3 may include the compound represented

‘ by at least one selected from Chemical Formula 3-1 and

Chemical Formula 3-2, and the first material represented by
Q. Chemical Formula 4 may include the compound represented
Q ’ by at least one selected from Chemical Formula 4-1 to

Chemical Formula 4-4.

and in Chemical Formula 2, 7 may be selected from:

0 -0y

[0079] InChemical Formula 3 and Chemical Formula 4, A
may be selected from:

OO0
and in Chemical Formula 4, B may be selected from: C@O

o T

[0080] The first material represented by at least one

Chemical Formula 1-1

selected from Chemical Formula 1 to Chemical Formula 4
may include a compound represented by at least one selected
from Chemical Formula 1-1 to Chemical Formula 1-3,
Chemical Formula 2-1 to Chemical Formula 2-4, Chemical
Formula 3-1, Chemical Formula 3-2, and Chemical Formula
4-1 to Chemical Formula 4-4, but is not limited thereto.
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Chemical Formula 4-3
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[0082] The buffer layer 176 according to an example
embodiment of the present disclosure may further include a
second material having faster (e.g., higher) electron mobility
than the first material. For example, the electron mobility of
the second material may be the same (or substantially the
same) as the electron mobility of the material included in the
electron transport layer 177. By further including the second
material, a reduction width of the emission efficiency (e.g.,
the degree to which the emission efficiency may be reduced)
may be controlled in the low gray region of the organic light
emitting element according to an example embodiment.

[0083] The second material included in the buffer layer
176 according to an example embodiment of the present
disclosure may be a material having faster (e.g., higher)
electron mobility than that of the first material, and may be
selected from suitable electron transport materials having
fast electron mobility. In some embodiments, the second
material may also be an emission layer host material having
this characteristic.

[0084] For example, the second material of an example
embodiment may be selected from compounds represented
by Chemical Formula 5 to Chemical Formula 8, and the
buffer layer 176 may include at least one selected from the
compounds represented by Chemical Formula 5 to Chemical
Formula 8:
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Chermical Formula 5

Chemical Formula 6

Chemical Formula 7

N—N

OOy

Chemical Formula 8

7;(

[0085] In an example embodiment, a mixture ratio of the
first material and the second material included in the buffer
layer 176 may be 1:9 to 9:1. For example, the mixture ratio
may be 3:7 to 7:3, however the mixture ratio of the first
material and the second material is not limited thereto, and
the ratio may be controlled depending on the element
efficiency control width (e.g., suitable degree to which the
emission efficiency may be reduced) in the low gray region.
As used herein, the term “high gray region” may refer to a
high brightness gray region on a gray scale, and the term
“low gray region” may refer to a low brightness gray region
on a gray scale.

[0086] The LUMO level and the electron mobility of the
buffer layer 176 according to an example embodiment may
be controlled by the thickness of the buffer layer 176. For
example, the thickness of the buffer layer 176 according to
an example embodiment of the present disclosure may be 1

11
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nm to 10 nm. In some embodiments, the thickness of the
buffer layer 176 may be 3 nm to 8 nm.

[0087] When the thickness of the buffer layer 176 is over
10 nm, the electron injection from the electron transport
layer 177 into the emission layer 175 may be excessively
limited, and when the thickness is below 1 nm, the effect of
the buffer layer 176 of an example embodiment may be
slight (e.g., unsuitably low).

[0088] Again referring to FIG. 2, the electron transport
layer 177 may be positioned on the buffer layer 176. The
electron transport layer 177 may transmit electrons from the
second electrode 180 to the emission layer 175. In some
embodiments, the electron transport layer 177 may prevent
or reduce the diffusion of holes injected from the first
electrode 160 into the second electrode 180, through the
emission layer 175. That is, the electron transport layer 177
may serve as a hole blocking layer, thereby facilitating the
combination of the holes and electrons in the emission layer
175. Referring to FIG. 3, since the buffer layer 176 has a
higher highest occupied molecular orbital (HOMO) level
than that of the electron transport layer 177, the injection of
the holes from the emission layer 175 into the electron
transport layer 177 may be prevented or reduced.

[0089] In some embodiments, the electron transport layer
177 may include an organic material. For example, the
electron transport layer 177 may be formed of at least one
selected from Alq3 (tris (8-hydroxyquinolino)aluminum),
PBD, TAZ, spiro-PBD, BAlgq, and SAlq, however, the
electron transport layer 177 is not limited thereto.

[0090] The second electrode 180 may be positioned on the
electron transport layer 177.

[0091] When the second electrode 180 is a cathode, the
second electrode 180 may include a material having a low
work function, so as to facilitate electron injection. For
example, the material for forming the second electrode 180
may be selected from metals such as magnesium, calcium,
sodium, potassium, titanium, indium, yttrium, lithium, gado-
linium, and/or aluminum; tin, lead, cesium, barium, or alloys
thereof; or the second electrode 180 may have a multi-
layered structure such as LiF/Al, LiO2/Al, LiF/Ca, LiF/Al,
and/or BaF2/Ca, but the structure and materials of the
second electrode 180 are not limited thereto.

[0092] When the second electrode 180 is formed of an
alloy, an alloy ratio may be controlled by controlling the
temperature of a deposition source, atmosphere, and vacuum
level, to select an appropriate (or suitable) ratio.

[0093] The second electrode 180 may be formed to have
two or more layers.

[0094] FIG. 4 is a cross-sectional view of a modified
organic light emitting element of FIG. 2, according to
another example embodiment of the present disclosure.
[0095] Referring to FIG. 4, the organic light emitting
element LD according to an example embodiment of FIG. 2
may further include a hole injection layer 172 in the hole
transport region, and an electron injection layer 179 posi-
tioned between the electron transport layer 177 and the
second electrode 180. In the present example embodiment,
the hole injection layer 172 is positioned between the hole
transport layer 174 and the first electrode 160. The hole
injection layer 172 may serve to facilitate the injection of the
holes from the first electrode 160 into the hole transport
layer 174. In the present example embodiment, the hole
injection layer 172 may include a dipole material in which
ametal or a non-metal having a work function of at least 4.3
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eV is combined with a halogen. However, the hole injection
layer 172 is not limited thereto, and may include other
inorganic or organic materials.

[0096] The metal or the non-metal having a work function
of at least 4.3 eV may be at least one selected from Ag, Au,
B, Be. C, Co, Cr, Cu, Fe, Hg, Ir, Mo, Nb, Ni, Os, Pd, Pt, Re,
Rh, Ru, Sb, Se, Si, Sn, Ta, Te, Ti, V, W, and Zn.

[0097] The electron injection layer 179 may serve to
improve the injection of electrons from the second electrode
180 into the electron transport layer 177.

[0098] The thickness of the electron injection layer 179
may be 1 nm to 50 nm.

[0099] The electron injection layer 179 according to one
embodiment of the present disclosure may include a metal-
based halogen dipole material (e.g., a dipole material includ-
ing a combination of a metal and a halogen). For example,
the electron injection layer 179 may include a Group 1
metal, a Group 2 metal, and/or a lanthanide metal selected
from Li, Na, K, Rb, Cs, Fr, Be, Mg, Ca, Sr, Ba, Ra, La, Yb,
Lu, Tm, Ce, Pr, and Nd, and a halogen element selected from
F, Cl, Br, and 1.

[0100] The electron injection layer 179 may be positioned
between the electron transport layer 177 and the second
electrode 180.

[0101] The electron injection layer 179 may be formed of
the single layer including a metal or a metal-based halogen
dipole material, or the electron injection layer 179 may be a
two-layered structure including the metal and the metal-
based halogen dipole material.

[0102] The electron injection layer 179 may be formed by
using a sputtering method.

[0103] The organic light emitting element of the embodi-
ment of FIG. 4 may be substantially similar to the organic
light emitting element described in connection with FIG. 2,
except for including the above-described additional layers.

[0104] Next, the emission efficiency in connection with
the gray region (e.g., gray scale) of the organic light emitting
element according to an example embodiment of the present
disclosure will be described.

[0105] In the organic light emitting element according to
an example embodiment of the present disclosure, the emis-
sion efficiency may be reduced in the low gray region by the
buffer layer 176 formed between the emission layer 175 and
the electron transport layer 177. This will be described in
more detail with reference to Table 1. Table 1 shows the
emission efficiency of the organic light emitting element at
luminance of 87G and 255G, when the buffer layer 176 is
formed on the emission layer 175, according to an example
embodiment of the present disclosure.

[0106] In this case, in the organic light emitting elements
of Example Embodiment 1 and Example Embodiment 2, the
buffer layer 176, respectively having the thickness of 5 nm
and 10 nm, is provided between the emission layer 175 and
the electron transport layer 177. The buffer layer 176 of
Example Embodiment 1 and Example Embodiment 2
includes the first material having slower electron mobility
than the material of the electron transport layer 177.

[0107] In contrast, in the organic light emitting element of
Comparative Example 1, the buffer layer 176 is not formed.

Feb. 2, 2017

TABLE 1
Emission efficiency Emission efficiency
(cd/A) (cd/A)
(For 87G) (For 255G)

Comparative 118 107
Example 1
Example 109 103
Embodiment 1
Example 107 104

Embodiment 2

[0108] In Table 1, 87G and 255G represent points on the
gray gradient scale, where 87G is a point at which a stain is
recognized from an initial low gray region and 255G is the
required luminance (e.g., brightness) of the brightest gray,
and the emission efliciencies of the organic light emitting
elements of Examples Embodiments 1 and 2 and Compara-
tive Example 1 at these points are shown.

[0109] FIG. 5 is a graph showing emission efficiency
depending on a brightness of gray of an organic light
emitting element according to Comparative Example 1 and
Example Embodiments 1 and 2 of the present disclosure.

[0110] Referring to FIG. 5 along with Table 1, in Example
Embodiment 1 and Example Embodiment 2, the emission
efficiency from the initial gray to 87G (e.g., in the region
between 0 and 87G in FIG. 5) may be effectively reduced,
as compared with Comparative Example 1 (e.g., may be
lower than the emission efficiency of Comparative Example
1 in the same region). However, although the initial emission
efficiency of Example Embodiments is lower than that of the
Comparative Example, the emission efficiency of Example
Embodiments after 87G (e.g., in the region to the right of
87G in FIG. 5) is substantially the same as that of the
Comparative Example 1. That is, according to an example
embodiment of the present disclosure, the organic light
emitting element may have low efficiency in the low lumi-
nance region, such that the stain may not be recognized, and
may have high efficiency in the high luminance region.

[0111] While the present disclosure is not limited by any
particular mechanism or theory, it is believed that the
above-described effect is at least in part due to the fact that
the amount of self-generated excitons may be controlled by
providing the buffer layer 176 to restrict or reduce the
electron injection from the electron transport layer 177 into
the emission layer 175. Accordingly, as the flow of the
charge (e.g., flow of electrons) for each driving region of the
organic light emitting element may be controlled, the stain
may be controlled in the initial low gray region, and a high
device efficiency in the high gray region may be maintained.

[0112] When comparing Example Embodiment 1 and
Bxample Embodiment 2, since the thickness of the buffer
layer 176 in Example Embodiment 2 is thicker than in
Example Embodiment 1, the emission efficiency in the low
luminance region of Example Embodiment 2 may be further
reduced (e.g., may be lower), as compared with Example
Embodiment 1.

[0113] FIG. 6 is a graph showing a lifespan of an organic
light emitting element according to Comparative Example 1
and Example Embodiments 1 and 2 of the present disclo-
sure. In Example Embodiment 1 and Example Embodiment
2, the lifespan of the organic light emitting element appears
to be the same (or substantially the same) as that of the
organic light emitting element of Comparative Example 1,
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although the emission efficiency in the initial low gray
region of the Example Embodiments is lower than that of the
Comparative Example.

[0114] The buffer layer 176 of the organic light emitting
element according to an example embodiment of the present
disclosure may further include a second material having
faster (e.g., higher) electron mobility than the first material,
in addition to the first material. In the present example
embodiment, the emission efficiency width (e.g., the degree
to which the emission efliciency can be reduced) in the low
gray region may be appropriately (or suitably) controlled,
depending on the electron mobility degree of the second
material included in the buffer layer 176 and the mixture
ratio of the first material and the second material in the
buffer layer 176.

[0115] FIG. 7 is a graph showing emission efficiency of an
organic light emitting element relative to a gray scale,
according to Comparative Example 1 and Example Embodi-
ments 3, 4, and 5 of the present disclosure. Organic light
emitting elements of Example Embodiments 3, 4, and 5 are
substantially the same as the organic light emitting element
of Example Embodiment 1, except that the buffer layer
further includes a second material, as described below.
[0116] InFIG. 7, in Example Embodiment 3, the mixture
ratio of the first material and the second material in the
buffer layer 176 is 1:1, in Example Embodiment 4, the
mixture ratio of the first material is larger than the ratio of
the second material, and in Example Embodiment 5, the
ratio of the first material is smaller than the ratio of the
second material.

[0117] Referring to FIG. 7, compared with Comparative
Example 1, in Example Embodiments 3 to 5, the emission
efficiency from the initial low gray to 87G, at which the stain
is initially recognized (e.g., in the region between 0 and 87G
in FIG. 7), is reduced (e.g., is lower), compared to that of the
Comparative Example 1.

[0118] For example, in Example Embodiment 3, the emis-
sion efficiency may be effectively (or suitably) reduced in
the initial gray region (e.g., in the region between 0 and 87G
in FIG. 7), as compared to Comparative Example 1, and the
efficiency from 87G to 255G (e.g., in the region between
87G and 255G in FIG. 7) may be maintained at the same (or
substantially the same) level as that in Comparative
Example 1. In Example Embodiment 4, in which the first
material is included in a larger amount than the second
material, the emission efficiency in the initial gray region is
largely reduced (e.g., is substantially lower than that of
Example Embodiment 3). In Example Embodiment 5, in
which the second material is included in a larger amount
than the first material, the reduction width of the emission
efficiency (e.g., the degree to which the emission efficiency
is reduced) is smallest in the low gray region, as compared
with Example Embodiment 3 and Example Embodiment 4.
[0119] According to example embodiments of the present
disclosure, in order to effectively (or suitably) control the
emission efficiency in the low gray region, the mixture ratio
of the first material and the second material in the buffer
layer 176 may be 1:9 to 9:1. For example, the mixture ratio
of the first material and the second material may be 3:7 to
7:3. However, the mixture ratio of the first material and the
second material it is not limited thereto, and may be any
suitable ratio capable of controlling the width of the effi-
ciency (e.g., the degree to which the emission efficiency is
reduced) in the low gray region.
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[0120] As used herein, expressions such as “at least one
of,” “one of,” “at least one selected from,” and “one selected
from,” when preceding a list of elements, modify the entire
list of elements and do not modify the individual elements
of the list. Further, the use of “may” when describing
embodiments of the present invention refers to “one or more
embodiments of the present invention.”

[0121] In addition, as used herein, the terms ‘“use,”
“using,” and “used” may be considered synonymous with
the terms “utilize,” “utilizing,” and “utilized,” respectively.

[0122] As used herein, the terms “substantially,” “about,”
and similar terms are used as terms of approximation and not
as terms of degree, and are intended to account for the
inherent deviations in measured or calculated values that
would be recognized by those of ordinary skill in the art.

[0123] Also, any numerical range recited herein is
intended to include all sub-ranges of the same numerical
precision subsumed within the recited range. For example, a
range of “1.0 to 10.0” is intended to include all subranges
between (and including) the recited minimum value of 1.0
and the recited maximum value of 10.0, that is, having a
minimum value equal to or greater than 1.0 and a maximum
value equal to or less than 10.0, such as, for example, 2.4 to
7.6. Any maximum numerical limitation recited herein is
intended to include all lower numerical limitations sub-
sumed therein and any minimum numerical limitation
recited in this specification is intended to include all higher
numerical limitations subsumed therein. Accordingly, Appli-
cant reserves the right to amend this specification, including
the claims, to expressly recite any sub-range subsumed
within the ranges expressly recited herein.

[0124] While this disclosure has been described in con-
nection with what is presently considered to be practical
example embodiments, it is to be understood that the dis-
closure is not limited to the disclosed embodiments, but, on
the contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims and equivalents thereof.
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What is claimed is:
1. An organic light emitting element comprising:
a first electrode and a second electrode facing each other;

an emission layer between the first electrode and the
second electrode;

an electron transport layer between the emission layer and
the second electrode; and

a buffer layer between the emission layer and the electron
transport layer,

wherein the buffer layer comprises a first material having
a lowest unoccupied molecular orbital (LUMO) level
that is higher than that of the electron transport layer.

2. The organic light emitting element of claim 1, wherein

the difference between the LUMO level of the buffer layer
and the LUMO level of the electron transport layer is
0.3 eV or greater.
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3. The organic light emitting element of claim 2, wherein

the first material is selected from compounds represented
by Chemical Formulae 1 to 4:

Chemical Formula 1

Chemical Formula 2

Chemical Formula 3

9,
:ﬁ

Chemical Formula 4

wherein in Chemical Formula 1 and Chemical Formula
2, X and Y are each independently selected from:

: : , Q Q , aHd
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-continued

Ys®
¢os8

7 in Chemical Formula 2 is selected from:
, and ;

in Chemical Formula 3 and Chemical Formula 4, A is
selected from:

and

B in Chemical Formula 4 is selected from:

o0&

4. The organic light emitting element of claim 1, wherein

the buffer layer further includes a second material having
faster electron mobility than the first material.
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5. The organic light emitting element of claim 4, wherein

the second material is selected from compounds repre-
sented by Chemical Formulae 5 to &:

Chemical Formula 5

Chemical Formula 6

Chemical Formula 7

=2

|

Chemical Formula 8

6. The organic light emitting element of claim 5, wherein

amixture ratio of the first material and the second material
is 1:9 to 9:1.

7. The organic light emitting element of claim 1, wherein
the thickness of the buffer layer is 1 nm to 10 nm.

8. The organic light emitting element of claim 1, further
comptrising:
an electron injection layer between the electron transport
layer and the second electrode; and

a hole transport layer between the first electrode and the
emission layer.

15
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9. The organic light emitting element of claim 1, wherein
the electron mobility of the first material is slower than the
electron mobility of a material included in the electron
transport layer.
10. An organic light emitting diode display comprising;
a substrate;
a thin film transistor on the substrate; and
an organic light emitting element coupled to the thin film
transistor,
wherein the organic light emitting element comprises:
a first electrode and a second electrode facing each
other;
an emission layer between the first electrode and the
second electrode;
an electron transport layer between the emission layer
and the second electrode; and
a buffer layer between the emission layer and the
electron transport layer, and
wherein the buffer layer comprises a first material having
a lowest unoccupied molecular orbital (LUMO) level
that is higher than that of the electron transport layer.
11. The organic light emitting diode display of claim 10,
wherein
the difference between the LUMO level of the buffer layer
and the LUMO level of the electron transport layer is
0.3 eV or greater.
12. The organic light emitting diode display of claim 11,
wherein
the first material is selected from compounds represented
by Chemical Formulae 1 to 4:

Chemical Formula 1

Chemical Formula 2

Chemical Formula 3
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-continued and

. B in Chemical Formula 4 is selected from:
Chemical Formula 4

:’O «ﬁ ~. *

13. The organic light emitting diode display of claim 10,
wherein:

the buffer layer further comprises a second material

having faster electron mobility than the first material.

wherein in Chemical Formula 1 and Chemical Formula 14. The organic light emitting diode display of claim 13,
2, X and Y are each independently selected from: wherein

the second material is selected from compounds repre-

sented by Chemical Formulae 5 to 8:

R , and
Chemical Formula 5

Chemical Formula 6

7 in Chemical Formula 2 is selected from:

AN\?/N\
‘* & O
O O Chemical Formula 7

in Chemical Formula 3 and Chemical Formula 4, A is
selected from:

0-0-0- 5@

Chermical Formula 8
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15. The organic light emitting diode display of claim 14,
wherein
amixture ratio of the first material and the second material
is 1:9 to 9:1.
16. The organic light emitting diode display of claim 10,
wherein
the thickness of the buffer layer is 1 nm to 10 nm.
17. The organic light emitting diode display of claim 16,
further comprising:
an electron injection layer between the electron transport
layer and the second electrode; and
a hole transport layer between the first electrode and the
emission layer.
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