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(57) ABSTRACT

An organic light-emitting device including a first electrode, a
second electrode opposite to the first electrode, a phospho-
rescent layer disposed between the first electrode and the
second electrode, an electron transport layer disposed
between the phosphorescent emission layer and the second
electrode, and an electron control layer disposed between the
phosphorescent emission layer and the electron transport
layer. An organic light-emitting display apparatus including
the OLED.
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ORGANIC LIGHT-EMITTING DEVICE
HAVING IMPROVED EFFICIENCY
CHARACTERISTICS AND ORGANIC
LIGHT-EMITTING DISPLAY APPARATUS
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2012-0014825, filed on Feb. 14,2012, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND
[0002] 1.TField

[0003] The present embodiments relate to an organic light-
emitting device (OLED) having improved efficiency charac-
teristics, and more particularly, to an OLED of which lumi-
nous efficiency characteristics are improved according to
luminance. Also, the present embodiments relate to an OLED
apparatus including the OLED of which luminous efficiency
characteristics are improved in a black state.

[0004]

[0005] Organic light-emitting devices (OLEDs) are self-
emission devices, have a wide viewing angle, a high contrast
ratio, a short response time, and excellent luminance, driving
voltage, and response speed characteristics, and enable gen-
eration of multi-color images.

[0006] In a typical OLED, an anode is formed on a sub-
strate, and a hole transport layer, an emission layer, an elec-
tron transport layer, and a cathode are sequentially formed in
this stated order on the anode. In this regard, the hole transport
layer, the emission layer, and the electron transport layer are
organic film layers including organic compounds. When a
voltage is applied between the anode and the cathode, holes
injected from the anode pass the hole transport layer and
migrate toward the emission layer, and electrons injected
from the cathode pass the electron transport layer and migrate
toward the emission layer. Carriers such as the holes and
electrons are recombined in the emission layer to generate
excitons, and then the excitons change from an excited state to
a ground state, thereby generating light.

[0007] The most important factor to determine luminous
efficiency in an OLED is light emitting material. Though
fluorescent materials have been widely used up to the present
as the light emitting material, development of a phosphores-
cent material, from the aspect of the mechanism of electrolu-
minescence, is one of the best ways to improve the luminous
efficiency up to 4-fold, theoretically.

[0008] TheOLED using aphosphorescent material shows a
very high efficiency compared to the OLED using a fluores-
cent material at a low luminance region. Particularly, since the
OLED using a phosphorescent material has a high luminous
efficiency at a region where low current flows, a phenomenon
of an organic light-emitting display apparatus emitting weak
green or red light due to leakage current when the apparatus
needs to display a black state may occur. In order to overcome
such problem, a method of inserting a layer which slows
down hole transportation between a hole transport layer and
an emission layer or a method of applying pure metal to an
electron injection layer have been used.

2. Description of the Related Technology

Aug. 15,2013

[0009] However, even with the above methods, low lumi-
nance state efficiency characteristics of the OLED using a
phosphorescent material has not achieved a satisfactory level,
thereby can be improved.

SUMMARY

[0010] The present embodiments provide an organic light-
emitting device (OLED) which has an excellent luminous
efficiency at a high luminance region and a low luminous
efficiency at a low luminance region.

[0011] The present embodiments also provide an organic
light-emitting display apparatus including the OLED and
thus suppressing emission of red and green light in a black
state.

[0012] According to an aspect of the present embodiments,
there is provided an organic light-emitting device (OLED)
including a first electrode; a second electrode opposite to the
first electrode; a phosphorescent layer disposed between the
first electrode and the second electrode; an electron transport
layer disposed between the phosphorescent emission layer
and the second electrode; and an electron control layer dis-
posed between the phosphorescent emission layer and the
electron transport layer, wherein the phosphorescent emis-
sion layer includes a host material and a dopant material, and
the electron control layer includes an electron control mate-
rial, wherein a highest occupied molecular orbital (HOMO)
energy level of the host material (EH,), a lowest unoccupied
molecular orbital (LUMO) energy level of the host material
(EL,), a HOMO energy level of the electron control material
(EH¢), and a LUMO energy level of the electron control
material (EL ) satisfy both relationships of IEH,,~EH .I=0.3
eV and |IEL,,~ELI=0.5 eV, wherein a thickness of the elec-
tron control layer is from about 50 A to about 450 A.

[0013] EH,, EL,, EH_, and EL ~may satisfy both relation-
ships of 0=EH,~EH_ =0.3 eV and 0=EL ,-EL.=0.5 eV.
[0014] An electron mobility of the electron control material
may be greater than or same as a hole mobility.

[0015] EH. may be in a range from -5.2 eV to -6.1 eV.
[0016] EL_.may be in a range from -2.5 eV to -3.2 eV.
[0017] A content of the electron control material may be in

a range from about 30 weight % (wt %) to about 100 wt %
based on a total weight of the electron control layer.

[0018] A thickness ratio of the electron transport layer and
the electron control layer may be in a range from 5:1 to 5:10.
[0019] According to another aspect of the present embodi-
ments, there is provided an OLED including a first electrode;
a second electrode opposite to the first electrode; a phospho-
rescent layer disposed between the first electrode and the
second electrode; an electron transport layer disposed
between the phosphorescent emission layer and the second
electrode; an electron control layer disposed between the
phosphorescent emission layer and the electron transport
layer; and an electron blocking layer disposed between the
phosphorescent emission layer and the first electrode,
wherein the phosphorescent emission layer includes a host
material and a dopant material, the electron control layer
includes an electron control material, and the electron block-
ing layer includes an electron blocking material, wherein
EH,, EL,, EH_, EL . and a LUMO energy level of the elec-
tron blocking material EL satisfy relationships of |IEH,~
EH=03eV, [EL,-EL I=0.5¢eV, and EL;>EL ,, wherein a
thickness of the electron control layer is from about 50 A to
about 450 A.



US 2013/0207082 Al

[0020] The electron blocking material may include at least
one of atriphenylamine derivative, a carbazole derivative, and
a spirobifluorene derivative.

[0021] A thickness of the electron blocking layer may be
from about 10 A to about 1000 A.

[0022] EH,, EL,, EH_, and EL . may satisty relationships
of 0=EH,-EH.=0.3 eV and 0=EL,~EL =0.5 eV.

[0023] An electron mobility of the electron control material
may be greater than or same as a hole mobility.

[0024] EH_. may be in a range from -5.2 eV to -6.1 eV.
[0025] EL. may be in a range from -2.5 eV to -3.2 eV.
[0026] A content of the electron control material may be in
arange from about 30 wt % to about 100 wt % based on a total
weight of the electron control layer.

[0027] A thickness ratio of the electron transport layer and
the electron control layer may be in a range from 5:1 to 5:10.
[0028] The electron control material may include a com-
pound represented by Formula 1 below:

Formula 1
Ary

Ry (L1)a Ry
Arz

-
Ry l l L3)e
Ry Re

R4 L2y  Rs

[0029] InFormulal,R;toR,,Ar,toAr;, L, toL;,a,b,and
¢ have been described in detail in the Detailed Description.
[0030] The host material may include a bipolar compound
having both of a hole transport unit and an electron transport
unit.

[0031] Thehostmaterial may include a mixture ofa bipolar
compound having both of a hole transport unit and an electron
transport unit and a compound having at least a hole transport
unit.

[0032] The phosphorescent emission layer may emit red or
green light.

[0033] The electron transport layer may include a com-
pound represented by Formula 4 below:

Formula 4
Ry Rao
Ar
| 11 N Rao
R3; (Liy Ry /
Rz (Ly3)r I\( Rsg
Raz
Rs3 R3¢
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[0034] InFormula4,R;, toR,,, Ar,;toAr,,, L;;t0L,5,p,
g, and r have been described in detail in the Detailed Descrip-
tion.

[0035] The electron transport layer may further include at
least one selected from a lithium quinolate (LiQ) and Com-
pound 101 below:

101

[0036] The electron transport layer may further include at
least one selected from 1,4,5,8,9,12-hexaazatriphenylene
hexacarbonitrile, tetracyanoquinodimethane, anthraquinone,
perylenebisimide, and tetracyanoanthraquinodimethane.

[0037] The electron transport layer may further include at
least one selected from at least one metal selected from Li, Cs,
Na, K, Ca, Mg, Ba, and Ra; metal carbonate; metal acetate;
metal benzoate; metal acetoacetate; metal acetylacetonate;
and metal stearate.

[0038] The OLED may further include a hole transport
layer disposed between the phosphorescent emission layer
and the first electrode, wherein the hole transport layer
includes a compound represented by Formula 5 below:

Formula 5

[0039]
described in detail in the Detailed Description.

In Formula 5, R, to Rge, Ly, and k have been

[0040] The OLED may further include a hole injection
layer disposed between the hole transport layer and the first
electrode, wherein the hole injection layer includes a com-
pound represented by Formula 6 below:
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Formula 6

Ry Rn

[0041] In Formula 6, Ar,,, Ar,,, R, and R,, have been
described in detail in the Detailed Description.

[0042] According to another aspect of the present embodi-
ments, there is provided an organic light-emitting display
apparatus including a transistor including source, drain, gate,
and an active layer, and the OLED, wherein a first electrode of
the OLED is electrically connected to the source or the drain.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] The above and other features and advantages of the
present embodiments will become more apparent by describ-
ing in detail example embodiments thereof with reference to
the attached drawings in which:

[0044] FIG.1is aschematic cross-sectional view of a struc-
ture of an organic light-emitting diode (OLED) according to
an embodiment;

[0045] FIG. 2 is a schematic cross-sectional view of a struc-
ture of an OLED according to another embodiment;

[0046] FIG. 3 is a schematic cross-sectional view of an
OLED having a structure of a substrate/a first electrode/a hole
injection layer/a hole transport layer/an emission layer/an
electron control layer/an electron transport layer/an electron
injection layer/a second electrode according to an embodi-
ment;

[0047] FIG. 4 is a schematic cross-sectional view of an
OLED having a structure of a substrate/a first electrode/a hole
injection layer/a hole transport layer/an electron blocking
layer/an emission layer/an electron control layer/an electron
transport layer/an electron injection layer/a second electrode
according to an embodiment;

[0048] FIG. 5 schematically illustrates HOMO energy level
and LUMO energy level of each layer in the OLED shown in
FIG. 3,

[0049] FIG. 6 schematically illustrates HOMO energy level
and LUMO energy level of each layer in the OLED shown in
FIG. 4;

[0050] FIG. 7 is a graph illustrating efficiencies of the
OLEDs manufactured in Examples 1 to 6 and Comparative
Examples 1 to 4 according to luminance;

[0051] FIG. 8is anormalized graph illustrating efficiencies
of the OLEDs manufactured in Examples 1 to 6 and Com-
parative Examples 1 to 4 according to luminance;

[0052] FIG. 9 is a graph illustrating efficiencies of the
OLEDs manufactured in Examples 7 to 10 and Comparative
Examples 5 to 7 according to luminance;

[0053] FIG. 10 is a normalized graph illustrating efficien-
cies of the OLEDs manufactured in Examples 7 to 10 and
Comparative Examples 5 to 7 according to luminance;
[0054] FIG. 11 is a graph illustrating efficiencies of the
OLEDs manufactured in Examples 11 to 14 and Comparative
Examples 8 to 10 according to luminance; and
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[0055] FIG. 12 is a normalized graph illustrating efficien-
cies of the OLEDs manufactured in Examples 11 to 14 and
Comparative Examples 8 to 10 according to luminance.

DETAILED DESCRIPTION

[0056] The present embodiments will now be described
more fully with reference to the accompanying drawings.
Expressions such as “at least one of,” when preceding a list of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0057] FIG.1is aschematic cross-sectional view of a struc-
ture of an organic light-emitting diode (OLED) 100 according
to an embodiment.

[0058] Referring to FIG. 1, the OLED 100 includes a sub-
strate 110, a first electrode 130 formed on the substrate 110, a
second electrode 190 opposite to the first electrode 130, and
an organic layer 150 disposed between the first electrode 130
and the second electrode 190.

[0059] The organic layer 150 includes an emission layer
160 in which holes and electrons are recombined to generate
excitons and thereby light is emitted while the excitons
change from an excited state to a ground state, an electron
transport layer 173 disposed between the emission layer 160
and the second electrode 190, and an electron control layer
171 disposed between the emission layer 160 and the electron
transport layer 173.

[0060] The emission layer 160 is a phosphorescent emis-
sion layer including a phosphorescent host material and a
dopant material. The electron control layer 173 includes an
electron control material.

[0061] Since a phosphorescent host material and a dopant
material implement a light-emitting mechanism of which
light, not heat, is emitted from a triplet excited state, an OLED
using a phosphorescent host material and a dopant material in
an emission layer may have a luminous efficiency that is
theoretically improved up to 4 times than when a fluorescent
material of which light is emitted from a singlet excited state
is used.

[0062] In some embodiments, the highest occupied
molecular orbital (HOMO) energy level of the host material
(EH), the lowest unoccupied molecular orbital (LUMO)
energy level of the host material (EL,,), the HOMO energy
level of the electron control material (EH.), and the LUMO
energy level of the electron control material (EL_) satisfy
both relationships below:

IEHz-EH1=0.3 eV and
IELi~EL-=0.5eV

[0063] Insomeembodiments, EHhas a similar value with
EH,, and the difference between absolute values of EH_ and
EH,;is 0.3 eV or less.

[0064] When the difference between the absolute values of
EH_ and EH,, is 0.3 eV or less, a hole blocking mechanism
from an emission layer to an electron control layer at a low
luminance region may be suppressed.

[0065] Insomeembodiments, the difference between abso-
lute values of EL and EL, is 0.5 eV or less.

[0066] When the difference between absolute values of
ELand EL,is 0.5 eV or less, an electron transport capacity
may be appropriate, and driving voltage may not be exces-
sively raised.
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[0067] Insome embodiments, the thickness of the electron
control layer 171 including the electron control material is
from about 50 A to about 450 A.

[0068] In some embodiments, the electron control layer
171 serves to control electron injection to the emission layer
160. When the thickness of the electron control layer 171 is 50
A or greater, a luminous efficiency lowering effect occurs
appropriately at a low luminance, and when the thickness is
450 A or less, an excessive raise of driving voltage is sup-
pressed.

[0069] The OLED 100 having such structure includes the
emission layer 160, which is a phosphorescent emission
layer, thereby a luminous efficiency is significantly improved,
and since injection and transportation of holes and electrons
at a high luminance region are smooth, the OLED 100 has an
excellent luminous efficiency. However, a hole blocking
mechanism is suppressed at a low luminance region due to
presence of the electron control layer 171 in the OLED 100,
and injection and transportation of electrons in a direction
from the electron transport layer 173 to the emission layer 160
are slowed down. As a result, electrons and holes for gener-
ating exitons in the emission layer 160 at a low luminance
region are unbalanced, thereby a luminous efficiency of the
device is reduced.

[0070] In some embodiments, EH,,, EL,, EH_, and EL.
may satisfy both relationships below:

0=EH,~EH-=0.3 ¢V and

0=EL;~EL =05 eV

[0071] In some embodiments, EH_ has a lower value than
EH,, and adifference between EH . and EH,,is 0.3 eV or less.
[0072] Since EH_ is lower than EH,,, a luminous efficiency
may be raised due to a hole blocking mechanism at a high
luminance. However, since the difference is 0.3 eV or less, the
luminous efficiency may be reduced as the hole blocking
mechanism is suppressed at a low luminance.

[0073] Also,since ELislower than EL,,, electrons may be
transported smoothly. However, excessive raise of driving
voltage may be suppressed since a difference between EL .
and EL,, 15 0.5 eV or less.

[0074] In some embodiments, the electron mobility of the
electron control material may be greater than or same as a
hole mobility. In this regard, a flow or electrons in the electron
control layer 171 where the electron control material is
included may be slowed down. That is, the flow of electrons
moving fast in the electron transport layer 173 is slowed down
in a certain degree while passing through the electron control
layer 171, thereby a luminous efficiency of the device at a low
luminance region may be reduced.

[0075] Insomeembodiments, EH.may be from-5.2 eV to
-6.1 eV, and EL . may be from -2.5 eV to -3.2 eV.

[0076] When EH. and EL satisfy the ranges above, a
luminous efficiency may be raised due to a hole blocking
mechanism at a high luminance, and a luminous efficiency
may be reduced as a hole blocking mechanism is suppressed
at a low luminance.

[0077] In some embodiments, the content of the electron
control material may be in a range from about 30 weight %
(wt %) to about 100 wt % based on a total weight of the
electron control layer 171.

[0078] The electron control layer 171 may be composed of
the electron control material only or may include other mate-
rials than the electron control material. However, in order to
have an improved effect of luminous efficiency characteris-

Aug. 15,2013

tics according to luminance due to an electron control mate-
rial, a content of the electron control material needs to be
sufficient and thus may be 30 wt % or more based on the total
weight of the electron control layer 171.

[0079] In some embodiments, the thickness ratio of the
electron transport layer 173 and the electron control layer 171
may be in a range from about 5:1 to about 5:10.

[0080] The thickness ratio of the electron transport layer
173 and the electron control layer 171 is related to a weight
ratio of a material for forming an electron transport layer
included in the electron transport layer 173 and an electron
control material included in the electron control layer 171 or
the like, and the thickness ratio is related to an amount
affected by the electron control material as well. When a
thickness of the electron control layer 171 satisfies the rela-
tionship with regard to a thickness of electron transport layer
173, a luminous efficiency control effect according to lumi-
nance due to an electron control material may properly
appear.

[0081] FIG. 2is aschematic cross-sectional view of a struc-
ture of an OLED 200 according to another embodiment.
[0082] Referring to FIG. 2, the OLED 200 according to
another embodiment includes a substrate 210, a first electrode
230 formed on the substrate 210, a second electrode 290
opposite to the first electrode 230, and an organic layer 250
disposed between the first electrode 230 and the second elec-
trode 290.

[0083] The organic layer 250 includes an emission layer
260 in which holes and electrons are recombined to generate
excitons and thereby light is emitted while the excitons
change from an excited state to a ground state, an electron
transport layer 273 disposed between the emission layer 260
and the second electrode 290, an electron control layer 271
disposed between the emission layer 260 and the electron
transport layer 273, and an electron blocking layer 281 dis-
posed between the emission layer 260 and the first electrode
230.

[0084] The emission layer 260 includes a phosphorescent
host material and a dopant material, the electron control layer
173 includes an electron control material, and the electron
blocking layer 281 includes an electron blocking material.
[0085] Insomeembodiments, EH,,, EL,,, EH_, EL_, anda
LUMO energy level of the electron blocking material ELg
satisfy all three relationships below:

|EH~EH 0.3 eV
|EL;~EL{1=0.5 eV and

ELp>ELy

[0086] Insomeembodiments, EHhas a similar value with
EH,,, and a difference between absolute values of EH_ and
EH,;is 0.3 eV or less.

[0087] When the difference between the absolute values of
EH_ and EH,, is 0.3 eV or less, a hole blocking mechanism
from an emission layer to an electron control layer at a low
luminance region may be suppressed.

[0088] Insomeembodiments, the difference between abso-
lute values of EL . and EL,,is 0.5 eV or less.

[0089] When the difference between the absolute values of
ELand EL,;is 0.5 eV or less, an electron transport capacity
may be appropriate, and driving voltage may not be exces-
sively raised.

[0090] ELj is higher than EL,.



US 2013/0207082 Al

[0091] When EL; is higher than EL,, a mobility of elec-
trons flowing in a direction from the emission layer 260 to the
first electrode 230 may be suppressed.

[0092] In some embodiments, the thickness of the electron
control layer 271 including the electron control material is
from 50 A to 450 A.

[0093] When the thickness of the electron control layer 271
is 50 A or greater, a luminous efficiency lowering effect
occurs appropriately at a low luminance, and when the thick-
ness is 450 A or less, an excessive raise of driving voltage is
suppressed.

[0094] In the OLED 200 having such structure, injection
and transportation of holes and electrons at a high luminance
region are smooth, and particularly a device luminous effi-
ciency is excellent since the electron blocking layer 281 sup-
presses the electrons from transferring in a direction to the
first electrode 230 over the emission layer 260.

[0095] However, in the OLED 200, a hole blocking mecha-
nism is suppressed at a low luminance region due to a pres-
ence of the electron control layer 271, and thereby injection
and transportation of electrons in a direction from the electron
transport layer 273 to the emission layer 260 are slowed
down. As a result, electrons and holes for generating exitons
in the emission layer 260 at a low luminance region are
unbalanced, thereby a luminous efficiency of the device is
reduced.

[0096] In some embodiments, the electron blocking mate-
rial can be a material with a high LUMO energy level, for
example, including but not limited to a triarylamine-based
triphenylamine derivative, a carbazole derivative, or a spiro-
bifluorene derivative. As the electron blocking material, for
example, TCTA, spiro-TAD(2,2',7,7'-tetrakis(N,N-dipheny-
lamino)-9,9'-spirobifluorene) or a material such as Com-
pound 701 below may be used, or a metal complex such as
Irppz or ppz2Ir(dpm) may be used:

Oy

701

[0097] In some embodiments, the thickness of the electron
blocking layer 281 may be from about 10 A to about 100 A.
When the thickness of the electron blocking layer 281 is 100
A or greater, an excellent electron blocking ability of the
electron blocking layer 281 may be obtained, and when the
thickness is 1000 A or less, an excessive raise of driving
voltage is suppressed. For example, the thickness of the elec-
tron blocking layer 281 may be in a range of 50 A to 800 A.
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[0098]
below:

EH,,, EL,, EH, and EL . may satisfy relationships

0=EH,~EH =03 ¢V and

O=EL;~EL-=0.5¢eV

[0099] EH is lower than EH,,, and a difference between
EH_and EH,,is 0.3 eV or less.

[0100] Since EHC is lower than EHH, a luminous effi-
ciency may be raised due to a hole blocking mechanism at a
high luminance. However, since the difference is 0.3 eV or
less, the luminous efficiency may be reduced as the hole
blocking mechanism is suppressed at a low luminance.
[0101] Also,since EL.is lower than EL ., electrons may be
transported smoothly. However, excessive raise of driving
voltage may be suppressed since a difference between EL ..
and EL,, 1s 0.5 eV or less.

[0102] In some embodiments, the electron mobility of the
electron control material may be greater than or same as a
hole mobility. In this regard, a flow or electrons in the electron
control layer 271 where the electron control material is
included may be slowed down. The flow of electrons moving
fast in the electron transport layer 273 is slowed down in a
certain degree while passing through the electron control
layer 271, thereby a luminous efficiency of the device at a low
luminance region may be reduced.

[0103] EH_. may be in a range, for example, from -5.2 eV
to —6.1 eV, and EL - may be in a range, for example, from -2.5
eVio-32eV.

[0104] When EH_ and EL_ satisfy the ranges above, a
luminous efficiency may be raised due to a hole blocking
mechanism at a high luminance, and a luminous efficiency
may be reduced as a hole blocking mechanism is suppressed
at a low luminance.

[0105] In some embodiments, the content of the electron
control material may be in a range from about 30 weight %
(wt %) to 100 wt % based on a total weight of the electron
control layer 271.

[0106] The electron control layer 271 may be composed of
the electron control material only or may include other mate-
rials than the electron control material. However, in order to
have an improved effect of luminous efficiency characteris-
tics according to luminance due to an electron control mate-
rial, a content of the electron control material needs to be
sufficient and thus may be about 30 wt % or more based on the
total weight of the electron control layer 271.

[0107] In some embodiments, the thickness ratio of the
electron transport layer 273 and the electron control layer 271
may be from about 5:1 to about 5:10.

[0108] When the thickness of the electron control layer 271
satisfies the relationship with regard to a thickness of electron
transport layer 273, a luminous efficiency control effect
depending on luminance due to an electron control material
may properly appear.

[0109] The electron control material is included in the elec-
tron control layer 171 or 271 with a content in a range from
about 30 wt % to 100 wt % based on a total weight of the
electron control layer 171 or 271. The electron control mate-
rial is a material that controls a HOMO energy level relation-
ship between the electron control layer 171 or 271 and the
emission layer 160 or 260 and thus serves to increase rates of
injection and transportation of electrons at a high luminance
region and to decrease rates of injection and transportation of
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electrons at a low luminance region. Such electron control
material may include a compound represented by Formula 1
below:

Formula 1
Ary
Ry P Ry N
R, @
Ry Re
R4 L)y Rs
ILI 12

[0110] InFormulal,R,toR,areeachindependently oneof
ahydrogen, a deuterium, a halogen, a hydroxy group, a cyano
group, a nitro group, an amino group, a carboxyl group, a
substituted or unsubstituted C, -C,, alkyl group, a substituted
orunsubstituted C,-C,, alkenyl group, a substituted orunsub-
stituted C,-C;, alkynyl group, a substituted or unsubstituted
C,-C,, alkoxy group, a substituted or unsubstituted C,-C,,
cycloalkyl group, a substituted or unsubstituted C;-Cs,
cycloalkenyl group, and a substituted or unsubstituted C4-C5,
aryl group, Ar,, Ar,, and Ar, are each independently one of a
substituted or unsubstituted C4-C5, aryl group, a substituted
or unsubstituted C4-C,, aryloxy group, a substituted or
unsubstituted C4-C,, arylthio group, a substituted or unsub-
stituted C,-C;,, heteroaryl group, and a group represented by
—N(Q,)(Q,), L;, L,, and L, are each independently one of a
substituted or unsubstituted C4-C,, arylene group, and a sub-
stituted or unsubstituted C,-C;, heteroarylene group, and a,
b, and ¢ are each independently one of integers of 0 to 3. In
Formula 1, at least one of Ar,, Ar,, and Ar, is a substituted or
unsubstituted C,-C;,, heteroaryl group.

[0111] In the group represented by —N(Q,)(Q,), Q, and
Q, are each independently one of a hydrogen, a deuterium, a
halogen, a hydroxy group, a cyano group, an amino group, a
nitro group, a carboxyl group, a substituted or unsubstituted
C,-C;, alkyl group, a substituted or unsubstituted C,-C;,,
alkenyl group, a substituted or unsubstituted C,-C,, alkynyl
group, a substituted or unsubstituted C,-C;, alkoxy group, a
substituted or unsubstituted C5-C;,, cycloalkyl group, a sub-
stituted or unsubstituted C;-C,, cycloalkenyl group, a substi-
tuted or unsubstituted C4-C,,, aryl group, a substituted or
unsubstituted C4-C,, aryloxy group, a substituted or unsub-
stituted C4-C;, arylthio group, and a substituted or unsubsti-
tuted C,-C;, heteroaryl group.

[0112] InFormula 1, whenais O, -(L,),- indicates a single
bond, and when a is 2 or greater, a plurality of L, may be
identical to or different from each other. Likewise, when b is
0, -(L,),- indicates a single bond, and when b is 2 or greater,
a plurality of L, may be identical to or different from each
other. When ¢ is 0, -(L;),- indicates a single bond, and when
¢ is 2 or greater, a plurality of L; may be identical to or
different from each other.

[0113] The compound represented by Formula 1 has a
HOMO energy level in a range from -5.2 eV to 6.1 eV and
a LUMO energy level in a range from 2.5 eV to -3.2 eV and
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includes at least one C,-C;,, heteroaryl group in a molecular
structure of the compound an thus has a relatively excellent
electron mobility.

[0114] The compound represented by Formula 1 is
included in the electron control layer 171 or 271 and serves to
fasten injection and transportation of electrons at a high lumi-
nance region and slow down injection and transportation of
electrons at a low luminance region.

[0115] The electron control material may include at least
one of the compounds represented by Formulae 2 and 3
below:

Formula 2
Ry Rio
Ary
| N R
R Ly R /L
R, ((59% N\ Rg
Rp2
Ry Rs
R4 L2y Rs
|
Ary
Formula 3
Ry
Raz Ry
AN
N
>
Rog
Ry (L Ry Arz
Ry L3)e
R; R¢

Rys
Z Sy
AN
Ry6 Ros
Ry7

[0116] In Formulae 2 and 3, R; to R, and R, to R, are
each independently one of a hydrogen, a deuterium, a substi-
tuted or unsubstituted methyl group, a substituted or unsub-
stituted ethyl group, a substituted or unsubstituted propyl
group, a substituted or unsubstituted butyl group, a substi-
tuted or unsubstituted phenyl group, a substituted or unsub-
stituted biphenyl group, a substituted or unsubstituted naph-
thyl group, a substituted or unsubstituted anthryl, a
substituted or unsubstituted phenanthrenyl, a substituted or
unsubstituted pyrenyl group, Ar,, Ar,, and Ar; are each inde-
pendently one of a substituted or unsubstituted phenyl group,
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a substituted or unsubstituted pentalenyl group, a substituted
or unsubstituted indenyl group, a substituted or unsubstituted
naphtyl group, a substituted or unsubstituted azulenyl group,
a substituted or unsubstituted heptalenyl group, a substituted
or unsubstituted indacenyl group, a substituted or unsubsti-
tuted acenaphtyl group, a substituted or unsubstituted fluore-
nyl group, a substituted or unsubstituted spirofluorenyl
group, a substituted or unsubstituted phenalenyl group, a
substituted or unsubstituted phenanthrenyl group, a substi-
tuted or unsubstituted anthryl group, a substituted or unsub-
stituted fluoranthenyl group, a substituted or unsubstituted
triphenylenyl group, a substituted or unsubstituted pyrenyl
group, a substituted or unsubstituted chrysenyl group, a sub-
stituted or unsubstituted naphthacenyl group, a substituted or
unsubstituted picenyl group, a substituted or unsubstituted
perylenyl group, a substituted or unsubstituted pentaphenyl
group, a substituted or unsubstituted hexacenyl group, a sub-
stituted or unsubstituted pyrrolyl group, a substituted or
unsubstituted imidazolyl group, a substituted or unsubsti-
tuted pyrazolyl group, a substituted or unsubstituted pyridinyl
group, a substituted or unsubstituted bipyridinyl group, a
substituted or unsubstituted pyrazinyl group, a substituted or
unsubstituted pyrimidinyl group, a substituted or unsubsti-
tuted pyridazinyl group, a substituted or unsubstituted isoin-
dolyl group, a substituted or unsubstituted indolyl group, a
substituted or unsubstituted indazolyl group, a substituted or
unsubstituted purinyl group, a substituted or unsubstituted
quinolinyl group, a substituted or unsubstituted benzoquino-
linyl group, a substituted or unsubstituted phthalazinyl group,
a substituted or unsubstituted naphthyridinyl group, a substi-
tuted or unsubstituted quinoxalinyl group, a substituted or
unsubstituted quinazolinyl group, a substituted or unsubsti-
tuted cinnolinyl group, a substituted or unsubstituted carba-
zolyl group, a substituted or unsubstituted phenanthridinyl
group, a substituted or unsubstituted acridinyl group, a sub-
stituted or unsubstituted phenanthrolinyl group, a substituted
or unsubstituted phenazinyl group, a substituted or unsubsti-
tuted benzooxazolyl group, a substituted or unsubstituted
benzoimidazolyl group, a substituted or unsubstituted furanyl
group, a substituted or unsubstituted benzofuranyl group, a
substituted or unsubstituted thiophenyl group, a substituted
or unsubstituted benzothiophenyl group, a substituted or
unsubstituted thiazolyl group, a substituted or unsubstituted
isothiazolyl group, a substituted or unsubstituted benzothia-
zolyl group, a substituted or unsubstituted isoxazolyl group, a
substituted or unsubstituted oxazolyl group, a substituted or
unsubstituted triazolyl group, a substituted or unsubstituted
tetrazolyl group, a substituted or unsubstituted oxadiazolyl
group, a substituted or unsubstituted triazinyl group, a sub-
stituted or unsubstituted benzooxazolyl group, a substituted
or unsubstituted dibenzopuranyl group, a substituted or
unsubstituted dibenzothiophenyl group, and a substituted or
unsubstituted bezocarbazolyl group, L, L,, and L, are each
independently one of a substituted or unsubstituted phe-
nylene group, a substituted or unsubstituted pentalenylene
group, a substituted or unsubstituted indenylene group, a
substituted or unsubstituted naphthylene group, a substituted
or unsubstituted azulenylene group, a substituted or unsub-
stituted heptalenylene group, a substituted or unsubstituted
indacenylene group, a substituted or unsubstituted acenaph-
thylene group, a substituted or unsubstituted fluorenylene
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group, a substituted or unsubstituted phenalenylene group, a
substituted or unsubstituted phenanthrenylene group, a sub-
stituted or unsubstituted anthrylene group, a substituted or
unsubstituted fluoranthenylene group, a substituted or unsub-
stituted triphenylenylene group, a substituted or unsubsti-
tuted pyrenylene group, a substituted or unsubstituted chry-
senylene group, a substituted or unsubstituted
naphthacenylene group, a substituted or unsubstituted picen-
ylene group, a substituted or unsubstituted perylenylene
group, a substituted or unsubstituted pentaphenylene group, a
substituted or unsubstituted hexacenylene group, a substi-
tuted or unsubstituted pyrrolylene group, a substituted or
unsubstituted pyrazolylene group, a substituted or unsubsti-
tuted imidazolylene group, a substituted or unsubstituted imi-
dazolinylene group, a substituted or unsubstituted imida-
zopyridinylene group, a substituted or unsubstituted
imidazopyrimidinylene group, a substituted or unsubstituted
pyridinylene group, a substituted or unsubstituted pyrazi-
nylene group, a substituted or unsubstituted pyrimidinylene
group, a substituted or unsubstituted indolylene group, a sub-
stituted or unsubstituted purinylene group, a substituted or
unsubstituted quinolinylene group, a substituted or unsubsti-
tuted phthalazinylene group, a substituted or unsubstituted
indolizinylene group, a substituted or unsubstituted naphthy-
ridinylene group, a substituted or unsubstituted quinazoli-
nylene group, a substituted or unsubstituted cinnolinylene
group, a substituted or unsubstituted indazolylene group, a
substituted or unsubstituted carbazolylene group, a substi-
tuted or unsubstituted phenazinylene group, a substituted or
unsubstituted phenanthridinylene group, a substituted or
unsubstituted pyranylene group, a substituted or unsubsti-
tuted chromenylene group, a substituted or unsubstituted
furanylene group, a substituted or unsubstituted benzofura-
nylene group, a substituted or unsubstituted thiophenylene
group, a substituted or unsubstituted benzothiophenylene
group, a substituted or unsubstituted isothiazolylene group, a
substituted or unsubstituted benzoimidazolylene group, a
substituted or unsubstituted isoxazolylene group, a substi-
tuted or unsubstituted dibenzothiophenylene group, a substi-
tuted or unsubstituted dibenzopuranylene group, a substi-
tuted or unsubstituted triazinylene group, and a substituted or
unsubstituted oxadiazolylene group, and a, b, and ¢ are each
independently an integers of O to 1.

[0117] InFormulae2 and 3, when ais 0, -(L,),- indicates a
single bond, when b is 0, -(L,),- indicates a single bond, and
when ¢ is 0, -(L;),.- indicates a single bond.

[0118] The compounds represented by Formulae 2 and 3
have a HOMO energy level ina range from -5.2 eV to -6.1 eV
and a LUMO energy level in a range from -2.5 eV to -3.2 eV.
A compound represented by Formula 2 includes a benzimi-
dazole group in a molecular structure of the compound, and a
compound represented by Formula 3 includes a pyridyl group
in a molecular structure of the compound, and thus the com-
pounds have a relatively excellent electron mobility.

[0119] Inthe electron control layer 171 or 271 including at
least one of the compounds represented by Formulae 2 and 3,
injection and transportation of electrons may be fastened at a
high luminance region, and injection and transportation of
electrons may be slowed down at a low luminance region.
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[0120] For example, the electron control material may
include at least one of Compounds 1 and 2 below:

[0121] In this regard, the electron control layer 171 or 271
may include Compound 1, Compound 2, or a mixture of
Compounds 1 and 2 with a content of about 30 wt % to 100 wt
% based on a total weight of the electron control layer 171 or
271.

[0122] FIG. 3 is a schematic cross-sectional view of an
OLED 300 having a structure of a substrate 310/a first elec-
trode 330/a hole injection layer 383/a hole transport layer
385/an emission layer 360/an electron control layer 371/an
electron transport layer 373/an electron injection layer 375/a
second electrode 390 according to an embodiment. Herein-
after, according to an embodiment, a structure of the OLED
300 and a method of manufacturing the OLED 300 will be
described in detail.

[0123] The substrate 310, which may be any substrate that
is used in a conventional OLED, may be a glass substrate or a
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transparent plastic substrate with excellent mechanical
strength, thermal stability, transparency, surface smoothness,
ease of handling, and waterproofness.

[0124] Thefirst electrode 330 may be formed by depositing
or sputtering a material that is used to form the first electrode
330 on the substrate 310. If the first electrode 330 is an anode,
a material used for forming a first electrode may be a high
work-function material so as to facilitate hole injection. The
first electrode 330 may be a reflective electrode or a transmis-
sion electrode. As the material for forming a first electrode,
transparent and conductive materials such as ITO, IZO, SnO,,
and ZnO may be used. The first electrode 330 may be formed
as a reflective electrode using Mg, Al, Al—Li, Ca, Ag-ITO,
Mg—In, Mg—Ag, or the like. The first electrode 330 may
have a structure of a single layer or multiple layers of 2 or
more layers. For example, the first electrode 330 may have a
3-layered structure of ITO/Ag/ITO, but is not limited thereto.
[0125] An organic layer 350 is formed on the first electrode
330. The organic layer 350 may include the hole injection
layer 383, the hole transport layer 385, a buffer layer (not
shown), the emission layer 360, the electron control layer
371, the electron transport layer 373, and the electron injec-
tion layer 375.

[0126] The hole injection layer 383 may be formed on the
first electrode 330 by using a vacuum deposition, a spin
coating, a casting, a Langmuir-Blodgett (LB) method, or the
like. When the hole injection layer 383 is formed by using a
vacuum deposition, the deposition conditions may vary
according to acompound that is used as a material for forming
ahole injection layer, and the structure and thermal properties
of the hole injection layer 383 to be formed. In general,
however, conditions for the vacuum deposition may be
include a deposition temperature in a range of about 100 to
about 500° C., a pressure in a range of about 1072 to about
1072 torr, and a deposition rate in a range of about 0.01 to
about 100 A/sec. When the hole injection layer 383 is formed
by using a spin coating, the coating conditions may vary
according to acompound that is used as a material for forming
ahole injection layer, and the structure and thermal properties
of the hole injection layer 383 to be formed. In general,
however, the coating rate may be from about 2000 to about
5000 rpm, and a temperature for heat treatment which is
performed to remove a solvent after coating may be from
about 80 to 200° C.

[0127] As the material for forming a hole injection layer, a
compound represented by Formula 6 below may be used, but
is not limited thereto:

Formula 6

Ry R\72

[0128] InFormula 6, Ar,, and Ar,, are each independently
one of a substituted or unsubstituted C4-C,, arylene group
and a substituted or unsubstituted C,-C;, heteroarylene
group, R, and R, are each independently one of a hydrogen,
a deuterium, a halogen, a hydroxy group, a cyano group, a
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nitro group, an amino group, an amidino group, a hydrazine,
ahydrazone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a substituted or unsubstituted C,-C;, alkyl group, a
substituted or unsubstituted C,-C,, alkenyl group, a substi-
tuted or unsubstituted C,-C,,, alkynyl group, a substituted or
unsubstituted C, -C;, alkoxy group, a substituted or unsubsti-
tuted C5-C,, cycloalkyl group, a substituted or unsubstituted
C4-C5, aryl group, a substituted or unsubstituted C4-C;, ary-
loxy group, and a substituted or unsubstituted C4-Cs, arylthio
group.

[0129] As the material for forming a hole injection layer,
for example, the compound represented by Formula 6 above
oramixture of the compound represented by Formula 6 above
and a commonly known material for forming a hole injection
layer may be used.

[0130] The compound represented by Formula 6 above
may be one of Compounds 301 to 308 below, but is not limited
thereto.
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[0131] An example of the commonly known material for
forming a hole injection layer may be N,N'-diphenyl-N,N'-
bis-[4-(phenyl-m-tolyl-amino)-phenyl]-biphenyl-4,4'-di-
amine (DNTPD), a phthalocyanine compound such as cop-
perphthalocyanine, 4,4' 4" tris
(3-methylphenylphenylamino)triphenylamine (m-MT-
DATA), N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine
(NPB), TDATA, 2-TNATA, Polyaniline/Dodecylbenzene-
sulfonic acid (Pani/DBSA), Poly(3,4-ethylenediox-
ythiophene)/Poly(4-styrenesulfonate (PEDOT/PSS), Polya-
niline/Camphor sulfonicacid (Pani/CSA), or Polyaniline)/
Poly(4-styrenesulfonate) (PANI/PSS), but is not limited
thereto.

[0132] A thickness ofthe hole injection layer 383 may be in
a range of about 100 A to about 10000 A, for example, about
100 A to about 1000 A. If the thickness of the hole injection
layer 383 is within the range described above, an excellent
hole injecting ability may be obtained without a substantial
increase of driving voltage.

[0133] Next, the hole transport layer 385 may be formed on
the hole injection layer 383 by using a vacuum deposition, a
spin coating, a casting, a LB method, or the like. When the
hole transport layer 385 is formed by a vacuum deposition or
a spin coating, although the conditions for the deposition and
coating may vary according to the material that is used for
forming a hole transport layer, generally the conditions for
deposition and coating may be similar to those for the forma-
tion of the hole injection layer 383.

[0134] For a material for forming a hole transport layer, a
compound represented by Formula 6 below may be used, but
is not limited thereto:

Formula 5

Rss

Rse
\
Rs; N

Rs

Rs
Rsy

10
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[0135] InFormula 5, R, is one of a substituted or unsub-
stituted phenyl group, a substituted or unsubstituted naphthyl
group, a substituted or unsubstituted anthryl group, a substi-
tuted or unsubstituted biphenyl group, and a substituted or
unsubstituted pyridyl group; L,; is one of a substituted or
unsubstituted C, -C,, alkylene group, a substituted or unsub-
stituted C,-C;, alkenylene group, a substituted or unsubsti-
tuted C4-C;, arylene group, and a substituted or unsubstituted
C,-C,, heteroarylene group; Ry, to Ry, are each indepen-
dently one of a hydrogen, a deuterium, a halogen, a hydroxy
group, a cyano group, a nitro group, a carboxyl group, a
substituted or unsubstituted C,-C;, alkyl group, a substituted
orunsubstituted C,-C,, alkenyl group, a substituted or unsub-
stituted C,-C,, alkynyl group, a substituted or unsubstituted
C,-C;, alkoxy group, a substituted or unsubstituted C,-C;,
alkylthiol group, a substituted or unsubstituted C;-C,,
cycloalkyl group, a substituted or unsubstituted C;-C,q
cycloalkenyl group, a substituted orunsubstituted C4-C,, aryl
group, a substituted or unsubstituted C4-C;, aryloxy group, a
substituted or unsubstituted C4-Cs,, arylthio group, a substi-
tuted or unsubstituted C,-C;, heteroaryl group, and a group
represented by —N(Q,,)(Q,,); and k is one of integers of O to
3.

[0136] In —N(Q;,)(Q;,), Q,; and Q,, are each indepen-
dently one of a hydrogen, a deuterium, a halogen, a hydroxy
group, a cyano group, an amino group, a nitro group, a car-
boxyl group, a C,-C;, alkyl group, a C,-C;, alkenyl group, a
C,-C,, alkynyl group, a C,-C,, alkoxy group, a C, -C,, alky-
Ithiol group, a C;-C,, cycloalkyl group, a C,-C,, cycloalk-
enyl group, a C4-C,, aryl group, a C4-C,, aryloxy group, a
Cy-C5q arylthio group, and a C,-C;, heteroaryl group.
[0137] In Formula 5, when k is 0, -(L,,),— indicates a
single bond, and when k is 2 or greater, a plurality of L,, may
be identical to or different from each other.

[0138] As the material for forming a hole transport layer,
for example, the compound represented by Formula 5 above
oramixture of the compound represented by Formula 6 above
and a commonly known material for forming a hole transport
layer may be used.

[0139] The compound represented by Formula 5 above
may be one of Compounds 309 to 320 below, but is not limited
thereto:

309

R g
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[0140] An example of the commonly known material for
forming a hole transport layer may be a carbazole derivative
such as N-phenylcarbazole, polyvinylcarbazole, or the like,
N,N'-bis(3-methylphenyl)-N,N-diphenyl-[1,1-biphenyl]-4,
4'-diamine (TPD), 4,4',4"-tris(N-carbazolyl)triphenylamine
(TCTA), N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine
(NPB), or the like, but is not limited thereto. A thickness of the
hole transport layer 385 may be in a range from about 50 A to
about 2000 A, for example, from about 100 A to about 1500
A Ifthe thickness of the hole transport layer 385 is within the
range described above, an excellent hole transportation abil-
ity may be obtained without a substantial increase of driving
voltage.

[0141] On the first electrode 330, one of the hole injection
layer 383 and the hole transport layer 385 may be formed and
the other may be omitted, or at least one of the hole injection
layer 383 and the hole transport layer 385 may be formed in
a form of multiple layers. Alternatively, a functional layer
(not shown) having hole injection and transport ability may
be disposed on the first electrode 330 instead of a hole injec-
tion layer and a hole transport layer. The functional layer
having hole injection and transport ability may be formed
with at least one of the compound represented by Formula 5,
a mixture of the compound represented by Formula 5 and the
material for forming a hole transport layer, the compound
represented by Formula 6, and a mixture of the compound
represented by Formula 6 and the material for forming a hole
injection layer. Also, a thickness of the functional layer may
bein arange from about 500 A to about 10000 A, for example,
from about 100 A to about 1000 A. If the thickness of the
functional layer is within the range described above, an excel-
lent hole injection and transportation ability may be obtained
without a substantial increase of driving voltage.

[0142] The emission layer 360 may be formed on the hole
transport layer 385 or the functional layer (not shown) having
hole injection and transport ability by using a vacuum depo-
sition, a spin coating, a casting, a LB method, or the like.
When the emission layer 360 is formed by using a vacuum
deposition and a spin coating, although the conditions for the
deposition and coating may vary according to the compound
that is used for forming the emission layer 360, generally the
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conditions for deposition and coating may be similar to those -continued
for the formation of the hole injection layer 383. 503

[0143] As a host material of the emission layer 360, a
bipolar compound having both of a hole transport unit and an
electron transport unit. The hole transport unit refers to a unit
including a functional group with an excellent hole transport- J \

ing ability which may be, for example, a unit including a N

fluorine derivative, a unit including a carbazole derivative, a N\(

unit including a dibenzothiophene derivative, or a unit includ-

ing a dibenzofuran derivative. The electron transport unit N N
refers to a unit including a functional group with an excellent

electron transporting ability which may be, for example, a

unit including a pyridine derivative, a unit including a pyri-

midine derivative, or a unit including a triazine derivative. If

the bipolar compound having both of the hole transport unit O
and the electron transport unit is used as the host material, a

reduction of a luminous efficiency may well occur as elec-

trons and holes in the host material at a low luminance region

are unbalanced due to the electron control layer 371.

[0144] Alternatively, as the host material of the emission
layer 360, a mixture of a bipolar compound having both of a
hole transport unit and an electron transport unit and a com-
pound having at least a hole transport unit. If the compound
having at least a hole transport unit is further added to the
bipolar compound as the host material, a reduction of a lumi-
nous efficiency may further well occur as electrons and holes
in the host material at a low luminance region are further
unbalanced since hole characteristics of the host material is
further increased. A mixture ratio of the bipolar compound
and the compound having at least a hole transport unit may be
from about 1:1 to about 1:9. If the mixture ratio of the bipolar
compound and the compound having at least a hole transport
unit is in the range above, imbalance of electrons and holes in
the host material may be further increased.

504

[0145] For example, the host material may be one of Com-
pounds 501 to 509 below:

)
®

502

501
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-continued -continued
506

507

[0146] The emission layer 360 may be patterned to a red
emission layer, a green emission layer, or a blue emission
layer. At least one of a red emission layer, a green emission
layer, and a blue emission layer may include a dopant below
(ppy=phenylpyridine).

[0147] For example, compounds below may be used as a
blue dopant, but is not limited thereto:

H;CO F

(F2ppy),Ir(tmd)
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[0148] For example, compounds below may be used as a -continued

red dopant, but the disclosure is not limited thereto:

Ir(piq);
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-continued -continued

2

Ir(pq)2(acac)

DCM

t-Bu

DCHTB

[0149] For example, compounds below may be used as a
green dopant, but the disclosure is not limited thereto:

2

Ir(flg),(acac)
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[0150] For example, a dopant that may be included in the
emission layer 360 may be Pt-complexes below, but is not
limited thereto: Dé

D1
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[0151] Also, a dopant that may be included in the emission
layer 360 may be one of Os-complexes below, but is not
limited thereto:

Os(fppz)>(CO)2

Aug. 15,2013

-continued

/ 1|> \N N
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Os(bppz),(PPhs),
CF;
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C;F,.
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[0152] If the emission layer 360 includes a host material
and a dopant material, a content of the dopant material may be
selected in a range from about 0.01 to about 25 parts by
weight based on about 100 parts by weight of the host mate-
rial, but is not limited thereto.

[0153] A thickness of the emission layer may be in a range
from about 100 A to about 1000 A, for example, from about
200 A to about 600 A. For example, if the thickness of the
emission layer 360 is in the range above, an excellent light-
emitting ability may be obtained without a substantial
increase of driving voltage.

[0154] Next, the electron control layer 371 may be formed
on the emission layer 360 by using a vacuum deposition, a
spin coating, a casting, or the like. When the electron control
layer 371 is formed by using a vacuum deposition and a spin
coating, although the conditions for the deposition and coat-
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ing may vary according to the compound that is used for
forming the electron control layer 371, generally the condi-
tions for deposition and coating may be similar to those for
the formation of the hole injection layer 383. As a material for
forming the electron control layer 371, the electron control
material satisfying the molecular orbital energy level
described above may be used. A thickness of the electron
control layer 371 may be in a range from 50 A to 450 A, and
a thickness ratio of the electron transport layer 373 and the
electron control layer 371 may be selected in a range from 5:1
to 5:10.

[0155] The electron transport layer 373 is formed on the
electron control layer 371 by using a vacuum deposition, a
spin coating, a casting, or the like. When the electron trans-
port layer 373 is formed by using a vacuum deposition and a
spin coating, although conditions for the deposition and coat-
ing may vary according to the compound that is used for
forming the electron transport layer 373, generally the con-
ditions for deposition and coating may be similar to those for
the formation of the hole injection layer 383. As a material for
forming an electron transport layer, a compound represented
by Formula 4 below which serves to stably transport the
electrons injected from an electron injection electrode (cath-
ode) may be used, but is not limited thereto:

Formula 4
R4y Ryo
1|\r 1 N Ry
Ry (L1, Ry I
R3 (L13)r I\{ Ras
R4z
Rs; Rsg
R4 (Li2)y  Rss
ll\r 12

[0156] InFormula4,R;, toR,, areeachindependently one
of a hydrogen, a deuterium, a substituted or unsubstituted
methyl group, a substituted or unsubstituted ethyl group, a
substituted or unsubstituted propyl group, a substituted or
unsubstituted butyl group, a substituted or unsubstituted phe-
nyl group, a substituted or unsubstituted biphenyl group, a
substituted or unsubstituted naphthyl group, a substituted or
unsubstituted anthryl, a substituted or unsubstituted phenan-
threnyl, a substituted or unsubstituted pyrenyl group, Ar,,
and Ar,, are each independently one of a substituted or
unsubstituted phenyl group, a substituted or unsubstituted
pentalenyl group, a substituted or unsubstituted indenyl
group, a substituted or unsubstituted naphtyl group, a substi-
tuted or unsubstituted azulenyl group, a substituted or unsub-
stituted heptalenyl group, a substituted or unsubstituted
indacenyl group, a substituted or unsubstituted acenaphtyl
group, a substituted or unsubstituted fluorenyl group, a sub-
stituted or unsubstituted spirofluorenyl group, a substituted or
unsubstituted phenalenyl group, a substituted or unsubsti-
tuted phenanthrenyl group, a substituted or unsubstituted
anthryl group, a substituted or unsubstituted fluoranthenyl
group, a substituted or unsubstituted triphenylenyl group, a
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substituted or unsubstituted pyrenyl group, a substituted or
unsubstituted chrysenyl group, a substituted or unsubstituted
naphthacenyl group, a substituted or unsubstituted picenyl
group, a substituted or unsubstituted perylenyl group, a sub-
stituted or unsubstituted pentaphenyl group, a substituted or
unsubstituted hexacenyl group, a substituted or unsubstituted
pyrrolyl group, a substituted or unsubstituted imidazolyl
group, a substituted or unsubstituted pyrazolyl group, a sub-
stituted or unsubstituted pyridinyl group, a substituted or
unsubstituted bipyridinyl group, a substituted or unsubsti-
tuted pyrazinyl group, a substituted or unsubstituted pyrim-
idinyl group, a substituted or unsubstituted pyridazinyl
group, a substituted or unsubstituted isoindolyl group, a sub-
stituted or unsubstituted indolyl group, a substituted or
unsubstituted indazolyl group, a substituted or unsubstituted
purinyl group, a substituted or unsubstituted quinolinyl
group, a substituted or unsubstituted benzoquinolinyl group,
a substituted or unsubstituted phthalazinyl group, a substi-
tuted or unsubstituted naphthyridinyl group, a substituted or
unsubstituted quinoxalinyl group, a substituted or unsubsti-
tuted quinazolinyl group, a substituted or unsubstituted cin-
nolinyl group, a substituted or unsubstituted carbazolyl
group, a substituted or unsubstituted phenanthridinyl group, a
substituted or unsubstituted acridinyl group, a substituted or
unsubstituted phenanthrolinyl group, a substituted or unsub-
stituted phenazinyl group, a substituted or unsubstituted ben-
zooxazolyl group, a substituted or unsubstituted benzoimida-
zolyl group, a substituted or unsubstituted furanyl group, a
substituted or unsubstituted benzofuranyl group, a substi-
tuted or unsubstituted thiophenyl group, a substituted or
unsubstituted benzothiophenyl group, a substituted or unsub-
stituted thiazolyl group, a substituted or unsubstituted
isothiazolyl group, a substituted or unsubstituted benzothia-
zolyl group, a substituted or unsubstituted isoxazolyl group, a
substituted or unsubstituted oxazolyl group, a substituted or
unsubstituted triazolyl group, a substituted or unsubstituted
tetrazolyl group, a substituted or unsubstituted oxadiazolyl
group, a substituted or unsubstituted triazinyl group, a sub-
stituted or unsubstituted benzooxazolyl group, a substituted
or unsubstituted dibenzopuranyl group, a substituted or
unsubstituted dibenzothiophenyl group, and a substituted or
unsubstituted bezocarbazolyl group, L,,, L,, and L5 are
each independently one of a substituted or unsubstituted phe-
nylene group, a substituted or unsubstituted pentalenylene
group, a substituted or unsubstituted indenylene group, a
substituted or unsubstituted naphthylene group, a substituted
or unsubstituted azulenylene group, a substituted or unsub-
stituted heptalenylene group, a substituted or unsubstituted
indacenylene group, a substituted or unsubstituted acenaph-
thylene group, a substituted or unsubstituted fluorenylene
group, a substituted or unsubstituted phenalenylene group, a
substituted or unsubstituted phenanthrenylene group, a sub-
stituted or unsubstituted anthrylene group, a substituted or
unsubstituted fluoranthenylene group, a substituted or unsub-
stituted triphenylenylene group, a substituted or unsubsti-
tuted pyrenylene group, a substituted or unsubstituted chry-
senylene group, a substituted or unsubstituted
naphthacenylene group, a substituted or unsubstituted picen-
ylene group, a substituted or unsubstituted perylenylene
group, a substituted or unsubstituted pentaphenylene group, a
substituted or unsubstituted hexacenylene group, a substi-
tuted or unsubstituted pyrrolylene group, a substituted or
unsubstituted pyrazolylene group, a substituted or unsubsti-
tuted imidazolylene group, a substituted or unsubstituted imi-
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dazolinylene group, a substituted or unsubstituted imida-
zopyridinylene group, a substituted or unsubstituted
imidazopyrimidinylene group, a substituted or unsubstituted
pyridinylene group, a substituted or unsubstituted pyrazi-
nylene group, a substituted or unsubstituted pyrimidinylene
group, a substituted or unsubstituted indolylene group, a sub-
stituted or unsubstituted purinylene group, a substituted or
unsubstituted quinolinylene group, a substituted or unsubsti-
tuted phthalazinylene group, a substituted or unsubstituted
indolizinylene group, a substituted or unsubstituted naphthy-
ridinylene group, a substituted or unsubstituted quinazoli-
nylene group, a substituted or unsubstituted cinnolinylene
group, a substituted or unsubstituted indazolylene group, a
substituted or unsubstituted carbazolylene group, a substi-
tuted or unsubstituted phenazinylene group, a substituted or
unsubstituted phenanthridinylene group, a substituted or
unsubstituted pyranylene group, a substituted or unsubsti-
tuted chromenylene group, a substituted or unsubstituted
furanylene group, a substituted or unsubstituted benzofura-
nylene group, a substituted or unsubstituted thiophenylene
group, a substituted or unsubstituted benzothiophenylene
group, a substituted or unsubstituted isothiazolylene group, a
substituted or unsubstituted benzoimidazolylene group, a
substituted or unsubstituted isoxazolylene group, a substi-
tuted or unsubstituted dibenzothiophenylene group, a substi-
tuted or unsubstituted dibenzopuranylene group, a substi-
tuted or unsubstituted triazinylene group, and a substituted or
unsubstituted oxadiazolylene group, and p, q, and r are each
independently one of integers of 0 to 1.

[0157] In Formula 4, when p, q, and r are each indepen-
dently 0, «(L,,),— ~(L;5),— and -(L,5),- each indepen-
dently represents a single bond.

[0158] Forexample, as the material for forming an electron
transport layer, the compound represented by Formula 4
above or a mixture of the compound represented by Formula
4 above and a commonly known material for forming an
electron transport layer may be used.

[0159] The compound represented by Formula 4 above
may be Compound 201 below, but is not limited thereto:

[0160] Anexample of the commonly known material for an
electron transport layer may be a material such as a quinoline
derivative,  particularly  tris(8-quinolinolato)aluminum
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(Alg3), TAZ, Balq, beryllium bis(benzoquinolin-10-olate
(Bebq,), or ADN, but is not limited thereto.

TAZ

BCP

[0161] Insome embodiments, the thickness of the electron
transport layer 373 may be in a range from about 50 A to about
1000 A, for example, from about 100 A to about 500 A. If the
thickness of the electron transport layer 373 is within the
range above, an excellent electron transporting ability may be
obtained without a substantial increase of driving voltage.
[0162] Theelectron transport layer 373 may further include
ametal-contained compound as well as the compound repre-
sented by Formula 4 above.

[0163] The metal-contained compound may be a Li-com-
plex. The Li-complex may be, for example, a lithium quino-
late (LiQ), Compound 101 below, or the like:

101
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[0164] Theelectron transportlayer 373 may further include
at least one selected from 1,4,5,8,9,12-hexaazatriphenylene
hexacarbonitrile, tetracyanoquinodimethane, anthraquinone,
perylenebisimide, and tetracyanoanthraquinodimethane as
well as the compound represented by Formula 4.

[0165] Theelectron transport layer 373 may further include
at least one selected from at least one metal selected from Li,
Cs, Na, K, Ca, Mg, Ba, and Ra; metal carbonate; metal
acetate; metal benzoate; metal acetoacetate; metal acetylac-
etonate; and metal stearate as well as the compound repre-
sented by Formula 4.

[0166] Ifthe electron transport layer 373 includes the mate-
rials described above as well as the compound represented by
Formula 4, electron injection and transportation ability may
be improved.

[0167] The electron injection layer 375 which serves to
fasten injection of electrons from the cathode may be dis-
posed on the electron transport layer 373, and a material for
the electron injection layer 375 is not particularly limited.
[0168] Asamaterial for forming an electron injection layer
may be a commonly known material such as LiF, NaCl, CsF,
Li,0, BaO, or the like. Although conditions for deposition
and coating may vary according to the compound that is used
for forming the electron injection layer 375, generally the
conditions for deposition and coating may be similar to those
for the formation of the hole injection layer 383.

[0169] A thickness of the electron injection layer 375 may
be in a range from about 1 A to about 100 A, for example,
from about 3 A to about 90 A. If the thickness of the electron
injection layer 375 is within the range above, an excellent
electron injecting ability may be obtained without a substan-
tial increase of driving voltage.

[0170] Thesecond electrode 390 is disposed on the organic
layer 350. The second electrode 390 may be the cathode
which is an electron injecting electrode, and a material used
for forming a second electrode may be a metal, an alloy, a
conductive compound, or a mixture thereof which has a low
work-function. For detailed example, a Li, Mg, Al, Al—Li,
Ca, Mg—In, or Mg—Ag are formed as a thin film to obtain a
transparent electrode. Meanwhile, various modifications
such as forming a transmissive electrode using ITO or IZO in
order to obtain a top-emission device are possible.

[0171] The OLED 300 having such construction may have
an excellent luminous efficiency at a high luminance region
and a low luminous efficiency at a low luminance region since
a flow of electrons injected from the electron transport layer
373 to the emission layer 360 is controlled due to an effect of
the electron control layer 371.

[0172] FIG. 4 is a schematic cross-sectional view of an
OLED 400 having a structure of a substrate 410/a first elec-
trode 430/a hole injection layer 483/a hole transport layer
485/an electron blocking layer 481/an emission layer 460/an
electron control layer 471/an electron transport layer 473/an
electron injection layer 475/a second electrode 490 according
to an embodiment.

[0173] The detailed description of the substrate 410, the
first electrode 430, the hole injection layer 483, the hole
transport layer 485, the emission layer 460, the electron con-
trol layer 471, the electron transport layer 473, the electron
injection layer 475, and the second electrode 490 may be
referred to the description of FIG. 3.

[0174] The electron blocking layer 481 may be disposed
between at least one of the hole injection layer 483, the hole
transport layer 485, and a functional layer (not shown) having
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hole injection and transport ability, and the emission layer
460. The electron blocking layer 481 may serve to prevent
electrons that are not combined with holes in the emission
layer 460 from moving in a direction to the first electrode 430.
The electron blocking layer 481 may be formed using the
electron blocking material, and the electron blocking material
may be, for example, at least one of a triphenylamine deriva-
tive, a carbazole derivative, or a spirobifluorene derivative.
[0175] Insome embodiments, the thickness of the electron
blocking layer 481 may be in a range from about 10 A to about
1000 A, for example, from about 50 A to about 800 A. If the
thickness of the electron blocking layer 481 is within the
range above, an excellent electron blocking ability may be
obtained without a substantial increase of driving voltage.
[0176] The OLED 400 having such construction may have
an excellent luminous efficiency at a high luminance region
and a low luminous efficiency at a low luminance region since
a flow of electrons injected from the electron transport layer
473 to the emission layer 460 is controlled due to an effect of
the electron control layer 471 and the electron blocking layer
481.

[0177] FIG. 5schematically illustrates HOMO energy level
and LUMO energy level of each layer in the OLED 300
shown in FIG. 3.

[0178] HOMO energy level of the electron control layer
371 including the electron control material is lower than
HOMO energy level of the emission layer 360 including the
host material, and a difference therebetween is about 0.3 eV
or less. Also, LUMO energy level of the emission layer 360 is
lower than the HOMO energy level of the emission layer 360,
and a difference therebetween is about 0.5 eV or less.
[0179] Due to such relationships, luminance of a device is
improved by the electron control layer 371 blocking holes
that are to transpass the electron control layer 371 from the
emission layer 360 at a high luminance region, and luminance
of'a device is lowered by the electron control layer 371 facili-
tating holes from the emission layer 360 to move to the
electron transport layer 371 through transpassing the electron
control layer 371 at a low luminance region.

[0180] FIG. 6 schematically illustrates HOMO energy level
and LUMO energy level of each layer in the OLED 400
shown in FIG. 4.

[0181] HOMO energy level of the electron control layer
471 including the electron control material is lower than
HOMO energy level of the emission layer 460 including the
host material, and a difference therebetween is about 0.3 eV
or less. Also, LUMO energy level of the emission layer 460 is
lower than the HOMO energy level of the emission layer 460,
and a difference therebetween is about 0.5 eV or less.
[0182] In some embodiments, the electron blocking layer
481 including the electron blocking material is disposed
between the emission layer 460 and the first electrode 430
and, in this case, is close to the emission layer 460. LUMO
energy level of the electron blocking layer 481 is higher than
the LUMO energy of the emission layer 460.

[0183] Due to such relationships, luminance of a device is
improved by the electron control layer 471 blocking holes
that are to transpass the electron control layer 471 from the
emission layer 460 and the electron blocking layer 481 block-
ing electrons that are not combined with holes in the emission
layer 460 from moving in a direction to the first electrode 430
at a high luminance region and luminance of a device is
lowered by the electron transport layer 471 facilitating elec-
trons to move from the emission layer 460 to the electron



US 2013/0207082 Al

control layer 471 through transpassing the electron control
layer 471 at a low luminance region.

[0184] An organic light-emitting display apparatus accord-
ing to another embodiment includes a transistor including
source, drain, gate, and an active layer, and an OLED
described above, and a first electrode of the OLED is electri-
cally connected to the source or the drain.

[0185] The active layer of the transistor may be an amor-
phous silicon layer, a crystalline silicon layer, an organic
semiconductor layer, or an oxide semiconductor layer.
[0186] Such OLED may have improved luminous effi-
ciency characteristics according to luminance as emitting red
and green light is suppressed in a black state.

[0187] As used herein, an example of “an unsubstituted
C,-C;, alkyl group” (or “a C,-C;, alkyl group”) may be a
linear or branched alkyl group with 1 to 30 carbon atoms such
as methyl, ethyl, propyl, isobutyl, sec-butyl, pentyl, iso-amyl,
or hexyl, and a substituted C,-C;, alkyl group refers to the
unsubstituted C, -C,, alkyl group in which at least one hydro-
gen is substituted with a deuterium, a halogen, a hydroxyl
group, a nitro group, a Cyano group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxylic group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C;, alkyl group,
a C,-C,palkenyl group, a C,-C,, alkynyl group, a C4-C, aryl
group, a C,-C,, heteroaryl group, —N(Q,0,)(Q,02) oF
S81(Q103)(Q104)(Q105)(Qio6)- (here, Qo to Qo6 are each

independently selected from the group consisting of a hydro-
gen, a C,-C;, alkyl group, a C,-C;,, alkenyl group, a C,-C5,
alkynyl group, a C4-C;, aryl group, and a C,-C;, heteroaryl
group).

[0188] As used herein, an unsubstituted C,-C;, alkoxy
group (or a C,-C;, alkoxy group) has a formula represented
by —OA, where A is the unsubstituted C,-C, alkyl group as
defined above. An example of the unsubstituted C,-C;,
alkoxy group may be methoxy, ethoxy, or isopropyloxy. The
substituted C,-C,, alkoxy group refers to a C,-C;, alkoxy
group in which at least one hydrogen is substituted with any
one of the substituents presented in the case of the substituted
C,-C;, alkyl group, which is described above.

[0189] As used herein, an unsubstituted C,-C;, alkenyl
group (or a C,-C;, alkenyl group) refers to the unsubstituted
C,-C;, alkenyl group having one or more carbon-carbon
double bonds at the center or at a terminal of the unsubstituted
C,-C;, alkyl group. An example of the unsubstituted C,-Cs,
alkenyl group may be an ethenyl group, a propenyl group, or
a butenyl group. The substituted C,-C,, alkenyl group refers
to a C,-C;, alkenyl group in which at least one hydrogen is
substituted with any one of the substituents presented in the
case of the substituted C, -C,, alkyl group, which is described
above.

[0190] As used herein, an unsubstituted C,-C;, alkynyl
group (or a C,-C;, alkynyl group) refers to the unsubstituted
C,-C5, alkynyl group having at least one carbon-carbon triple
bond at the center or at a terminal of the substituted and
unsubstituted C,-C,, alkyl group. The substituted C,-C;,
alkynyl group refers to a C,-C;, alkynyl group in which at
least one hydrogen is substituted with any one of the substitu-
ents presented in the case of the substituted C,-C,, alkyl
group, which is described above.

[0191] As used herein, the unsubstituted C4-C,, aryl group
refers to a monovalent group having a carbocyclic aromatic
system in which the number of carbon atoms is 5 to 30, and
the unsubstituted C4-C;,, arylene group refers to a divalent
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group having a carbocyclic aromatic system in which the
number of carbon atoms is 5 to 30. If the unsubstituted C4-C5,,
aryl group and the unsubstituted C4-C,, arylene group
include two or more rings, the rings may be fused to one
another. The substituted C4-C;, aryl group refers to a C4-C;
aryl group in which at least one hydrogen is substituted with
any one of the substituents presented in the case of the sub-
stituted C, -C5 alkyl group, which is described above, and the
substituted C4-C,,, arylene group refers to a C4-C;, arylene
group in which at least one hydrogen is substituted with any
one of the substituents presented in the case of the substituted
C,-C;, alkyl group, which is described above.

[0192] Asused herein, the unsubstituted C,-C,, heteroaryl
group refers to a monovalent group having a carbocyclic
aromatic system with at least one ring having one or more
heteroatoms selected from the group consisting of nitrogen
(N), oxygen (O), phosphorous (P), and sulfur (S), and the rest
ring atoms are C. The unsubstituted C,-C;,, heteroarylene
group refers to a divalent group having a carbocyclic aromatic
system with at least one ring having one or more heteroatoms
selected from the group consisting of N, O, P, and S, and the
rest ring atoms are C. Here, if the unsubstituted C,-C,, het-
eroaryl group and the unsubstituted C,-C;, heteroarylene
group include two or more rings, the rings may be fused to one
another. The substituted C,-C;, heteroaryl group refers to a
C,-C;, heteroaryl group in which at least one hydrogen is
substituted with any one of the substituents presented in the
case of the substituted C, -C;,, alkyl group, which is described
above, and the substituted C,-C;,, heteroarylene group refers
to a C,-C;, heteroarylene group in which at least one hydro-
gen is substituted with any one of the substituents presented in
the case of the substituted C,-C,, alkyl group, which is
described above.

[0193] As used herein, an unsubstituted C4-C,,, aryloxy
group refers to —OA, (here, A, is a substituted or unsubsti-
tuted C4-C aryl group), and the substituted C4-C, aryloxy
group refers to a C;-C;, aryloxy group in which at least one
hydrogen is substituted with any one of the substituents pre-
sented in the case of the substituted C,-C,, alkyl group, which
is described above.

[0194] As used herein, an unsubstituted C4-C,, arylthio
group refers to —SA; (here, A, is a substituted or unsubsti-
tuted C5-C;, aryl group), and the substituted C4-C,, arylthio
group refers to a C4-C;, arylthio group in which at least one
hydrogen is substituted with any one of the substituents pre-
sented in the case of the substituted C,-C;, alkyl group, which
is described above.

[0195] Hereinafter, an OLED according to an embodiment
will be described in detail with reference to Examples. How-
ever, the present embodiments are not limited to Examples
below.

Example 1

[0196] As an anode, an ITO(7 nm)/Ag(100 nm)/ITO(7 nm)
substrate of Samsung Mobile Display (SMD) using glass
manufactured by Corning Co., Ltd was cut to a size of 50
mmx50 mmx0.7 mm, sonicated with pure water and isopro-
py! alcohol each for 30 minutes, exposed to a ultraviolet ray
and ozone for 10 minutes, and then the resultant was installed
in a vacuum deposition device.

[0197] Compound 301 was vacuum deposited on the glass
substrate to form a hole injection layer having a thickness of
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750 A, and then Compound 311 was vacuum deposited on the -continued
hole injection layer to form a hole transport layer having a 507
thickness of 1300 A.

[0198] Compound 507 as a host and Compound 401 as a
phosphorescent dopant were co-deposited on the hole trans-
port layer at a weight ratio 0f 98:2 to form a red emission layer
having a thickness of 400 A.

[0199] Subsequently, Compound 1 was vacuum deposited

on the emission layer to form an electron control layer having N

a thickness of 50 A. N N\
[0200] Compound 201 (same as Compound 1) and LiQ \(
were vacuum co-deposited on the electron control layer at a N

weight ratio of 1:1 to form an electron transport layer having
a thickness of 100 A.

[0201] LiQ was vacuum deposited on the electron transport
layer to form an electron injection layer having a thickness of
5 A, and then Mg and Ag were vacuum deposited on the
electron injection layer at a weight ratio of 10:1 to form a
cathode having a thickness of 130 A, thereby an OLED was
manufactured.

An OLED was manufactured in the same manner as
in Example 1, except that an electron control layer was

O .O Example 2
N O [0202]

formed to have a thickness of 100 A instead of 50 A.

Example 3

in Example 1, except that an electron control layer was
formed to have a thickness of 200 A instead of 50 A.

[0203] An OLED was manufactured in the same manner as

Example 4

[0204] An OLED was manufactured in the same manner as
in Example 1, except that an electron control layer was
formed to have a thickness of 450 A instead of 50 A.
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Example 5

[0205] An OLED was manufactured in the same manner as
in Example 1, except that Compound 701 below was vacuum
deposited between a hole transport layer and an emission
layer to form an electron blocking layer having a thickness of
300 A, and an electron control layer was formed to have a
thickness of 100 A instead of 50 A.

701

4 “

Example 6

[0206] An OLED was manufactured in the same manner as
in Example 1, except that Compound 701 was vacuum depos-
ited between a hole transport layer and an emission layer to
form an electron blocking layer having a thickness of 300 A,
and an electron control layer was formed to have a thickness
of 200 A instead of 50 A.

Comparative Example 1

[0207] An OLED was manufactured in the same manner as
in Example 1, except that an electron control layer was not
formed.

Comparative Example 2

[0208] An OLED was manufactured in the same manner as
in Example 5, except that an electron control layer was not
formed.

Comparative Example 3

[0209] An OLED was manufactured in the same manner as
in Example 3, except that Compound 601 below was used to
form a layer having a thickness of 200 A instead of vacuum
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depositing Compound 1 to form an electron control layer
having a thickness of 200 A.

@i
0L

Comparative Example 4

601

[0210] An OLED was manufactured in the same manner as
in Example 4, except that Compound 601 was used to form a
layer having a thickness of 450 A instead of vacuum depos-
iting Compound 1 to form an electron control layer having a
thickness of 450 A.

Example 7

[0211] As an anode, an ITO(7 nm)/Ag(100 nm)/ITO(7 nm)
substrate of Samsung Mobile Display (SMD) using glass
manufactured by Corning Co., Ltd was cut to a size of 50
mmx50 mmx0.7 mm, sonicated with pure water and isopro-
py! alcohol each for 30 minutes, exposed to a ultraviolet ray
and ozone for 10 minutes, and then the resultant was installed
in a vacuum deposition device.

[0212] Compound 301 was vacuum deposited on the glass
substrate to form a hole injection layer having a thickness of
750 A, and then Compound 311 was vacuum deposited on the
hole injection layer to form a hole transport layer having a
thickness of 1300 A.

[0213] Compound 701 was vacuum deposited on the hole
transport layer to form an electron blocking layer having a
thickness of 300 A.

[0214] Compound 508 as a host and Compound 402 as a
phosphorescent dopant were co-deposited on the electron
blocking layer at a weight ratio of 95:5 to form a green
emission layer having a thickness of 400 A.

[0215] Subsequently, Compound 1 was vacuum deposited
on the emission layer to form an electron control layer having
a thickness of 50 A.

[0216] Compound 201 (same as Compound 1) and LiQ
were vacuum co-deposited on the electron control layer at a
weight ratio of 1:1 to form an electron transport layer having
a thickness of 100 A.

[0217] LiQ was vacuum deposited on the electron transport
layer to form an electron injection layer having a thickness of
5 A, and then Mg and Ag were vacuum deposited on the
electron injection layer at a weight ratio of 10:1 to form a
cathode having a thickness of 130 A, thereby an OLED was
manufactured.
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508

402

Example 8

[0218] An OLED was manufactured in the same manner as
in Example 7, except that an electron control layer was
formed to have a thickness of 100 A instead of 50 A.

Example 9

[0219] An OLED was manufactured in the same manner as
in Example 7, except that an electron control layer was
formed to have a thickness of 200 A instead of 50 A.

Example 10

[0220] An OLED was manufactured in the same manner as
in Example 7, except that an electron blocking layer was not
formed and an electron control layer was formed to have a
thickness of 200 A instead of 50 A.

Comparative Example 5

[0221] An OLED was manufactured in the same manner as
in Example 10, except that an electron blocking layer was not
formed.

Comparative Example 6

[0222] An OLED was manufactured in the same manner as
in Example 7, except that an electron blocking layer was not
formed.
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Comparative Example 7

[0223] An OLED was manufactured in the same manner as
in Example 9, except that Compound 601 was used to form a
layer having a thickness of 200 A instead of vacuum depos-
iting Compound 1 to form an electron control layer having a
thickness of 200 A.

Example 11

[0224] As an anode, an ITO(7 nm)/Ag(100 nm)/ITO(7 nm)
substrate of Samsung Mobile Display (SMD) using glass
manufactured by Corning Co., Ltd was cut to a size of 50
mmx50 mmx0.7 mm, sonicated with pure water and isopro-
py! alcohol each for 30 minutes, exposed to a ultraviolet ray
and ozone for 10 minutes, and then the resultant was installed
in a vacuum deposition device.

[0225] Compound 301 was vacuum deposited on the glass
substrate to form a hole injection layer having a thickness of
750 A, and then Compound 311 was vacuum deposited on the
hole injection layer to form a hole transport layer having a
thickness of 1300 A.

[0226] A mixture of Compound 504 and Compound 509 at
a weight ratio of 2:8 as a host and Compound 402 as a
phosphorescent dopant were co-deposited on the hole trans-
port layer at a weight ratio of 85:15 to form a green emission
layer having a thickness of 400 A.

[0227] Subsequently, Compound 1 was vacuum deposited
on the emission layer to form an electron control layer having
a thickness of 50 A.

[0228] Compound 201 (same as Compound 1) and LiQ
were vacuum co-deposited on the electron control layer at a
weight ratio of 1:1 to form an electron transport layer having
a thickness of 100 A.

[0229] LiQ was vacuum deposited on the electron transport
layer to form an electron injection layer having a thickness of
5 A, and then Mg and Ag were vacuum deposited on the
electron injection layer at a weight ratio of 10:1 to form a
cathode having a thickness of 130 A, thereby an OLED was
manufactured.

504
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Example 12

[0230] An OLED was manufactured in the same manner as
in Example 11, except that an electron control layer was
formed to have a thickness of 100 A instead of 50 A.
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Example 13

[0231] An OLED was manufactured in the same manner as
in Example 11, except that an electron control layer was
formed to have a thickness of 200 A instead of 50 A.

Example 14

[0232] An OLED was manufactured in the same manner as
in Example 11, except that Compound 701 was vacuum
deposited between a hole transport layer and an emission
layer to form an electron blocking layer having a thickness of
300 A, and an electron control layer was formed to have a
thickness of 100 A instead of 50 A.

Comparative Example 8

[0233] An OLED was manufactured in the same manner as
in Example 11, except that an electron control layer was not
formed.

Comparative Example 9

[0234] An OLED was manufactured in the same manner as
in Example 14, except that an electron control layer was not
formed.

Comparative Example 10

[0235] An OLED was manufactured in the same manner as
in Example 13, except that Compound 601 was used to form
a layer having a thickness of 200 A instead of vacuum depos-
iting Compound 1 to form an electron control layer having a
thickness of 200 A.

[0236] Experimental conditions above were summarized
and shown in Table 1 below.

TABLE 1
Electron blocking
Electron control layer layer
Electron Thick- Emission layer Electron
control HOMO LUMO  ness HOMO LUMO blocking LUMO
Classification material (eV) (eV) A Host Material (eV) (eV) material (eV)
Example 1 Compound -5.6 -2.8 50  Compound 507 -5.6 -2.8 — —
1
Example 2 Compound -5.6 -2.8 100 Compound 507  -5.6 -2.8 — —
1
Example 3 Compound -5.6 -2.8 200  Compound 507 -5.6 -2.8 — —
1
Example 4 Compound -5.6 -2.8 450  Compound 507  -5.6 -2.8 — —
1
Example 5 Compound -5.6 -2.8 100 Compound 507 -5.6 -2.8  Compound -2.1
1 701
Example 6 Compound -5.6 -2.8 200  Compound 507 -5.6 -2.8 Compound -2.1
1 701
Comparative — — — — Compound 507  -5.6 -2.8 — —
Example 1
Comparative — — — — Compound 507  -5.6 -2.8 Compound -2.1
Example 2 701
Comparative Compound -6.3 -3.1 200  Compound 507  -5.6 -2.8 — —
Example 3 601
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Electron control layer

Electron blocking
layer

Electron Thick- Emission layer Electron
control HOMO LUMO  ness HOMO LUMO blocking LUMO
Classification material V) (eV) (A) Host Material (eV) (eV) material (eV)
Comparative Compound -6.3 -3.1 450  Compound 507 -5.6 -2.8 — —
Example 4 601
Example 7 Compound -5.6 -2.8 50  Compound 508 -5.7 -2.6  Compound -2.1
1 701
Example 8 Compound -5.6 -2.8 100 Compound 508 -5.7 -2.6  Compound -2.1
1 701
Example 9 Compound -5.6 -2.8 200  Compound 508  -5.7 -2.6  Compound -2.1
1 701
Example 10 Compound -5.6 -2.8 200  Compound 508  -5.7 -2.6 — —
1
Comparative — — — — Compound 508  -5.7 -2.6 — —
Example 5
Comparative — — — — Compound 508  -5.7 -2.6 Compound -2.1
Example 6 701
Comparative Compound -6.3 -3.1 200 Compound 508  -5.7 -2.6 Compound -2.1
Example 7 601 701
Example 11 Compound -5.6 -2.8 50 Compounds -5.9 -29 — —
1 504 and 509 -5.8 -21
Example 12 Compound -5.6 -2.8 100 Compounds -5.9 -2.9 — —
1 504 and 509 -5.8 -2.1
Example 13 Compound -5.6 -2.8 200 Compounds -5.9 -2.9 — —
1 504 and 509 -5.8 -2.1
Example 14 Compound -5.6 -2.8 100 Compounds -5.9 -2.9 Compound -2.1
1 504 and 509 -5.8 -2.1 701
Comparative — — — — Compounds -5.9 -2.9 — —
Example 8 504 and 509 -5.8 -2.1
Comparative — — — — Compounds -5.9 -2.9 Compound -2.1
Example 9 504 and 509 -5.8 -2.1 701
Comparative Compound -6.3 -3.1 200 Compounds -5.9 -29 — —
Example 10 601 504 and 509 -5.8 -21
Evaluation Example 6 showed similar level of light-emitting efficiencies with the
. o o OLEDs manufactured in Comparative Examples 1 to 4 at a
[0237] Red light-emitting efficiencies of the OLEDs manu- high luminance region of about 100 cd/m? or higher. How-

factured according to Examples 1 to 6 and Comparative
Examples 1 to 4 were measured while changing a luminance
in a range from 0.1 cd/m? to 10,000 cd/m?. The results were
shown in FIG. 7, and the normalized results were shown in
FIG. 8.

[0238] Referring to FIG. 7, the OLEDs manufactured in
Examples 1 to 6 generally showed lower light-emitting effi-
ciencies than the OLEDs manufactured in Comparative
Example 1 to 4 at a low luminance.

[0239] Referring to FIG. 8 which is a normalized graph of
a graph in FIG. 7, the OLEDs manufactured in Examples 1 to

ever, the OLEDs manufactured in Examples 1 to 6 showed
very low level of light-emitting efficiencies compared to the
OLEDs manufactured in Comparative Examples 1 to 4 at a
low luminance region of around about 1 ¢d/m?. An arrow on
the graph is to indicate reduction of light-emitting efficien-
cies.

[0240] S-ratios were calculated, and the results were shown
in Table 2 in order to confirm a degree of improvement of
luminous efficiency characteristics of the OLEDs manufac-
tured in Examples 1 to 6 and Comparative Examples 1 to 4
according to luminance.

TABLE 2

Comparative Comparative Comparative Comparative

Example Example Example Example Example Example Example Example Example Example
1 2 3 4 5 6 1 2 3 4
Efficiency @ 32.2 21.8 18.6 13.6 19.8 17.5 38.7 42.8 34.4 25.9
1 cd/m?
Efficiency @ 32.8 33.0 31.7 22.0 35.5 33.1 33.1 38.9 34.4 23.7
1,000 cd/m?
S-ratio 1.02 1.51 1.70 1.62 1.79 1.90 0.85 0.91 1.00 0.91
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[0241] An S-ratio is defined as a ratio of a current efficiency
value at 1,000 cd/m? divided by a current efficiency value at 1
cd/m?. As the S-ratio is increased, a shape of a luminance vs.
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luminous efficiency characteristics of the OLEDs manufac-
tured in Examples 7 to 10 and Comparative Examples 5 to 7
according to luminance.

TABLE 3

Example Example Example Example Comparative Comparative Comparative

8 9 10 Example 5  Example 6  Example 7
Efficiency @ 712 457 381 97.3 103.1 75.3
1 cd/m?
Efficiency @ 1023 928 807  56.6 80.1 1113 74.5
1,000 cd/m?
S-ratio .04 130 176 149 0.82 1.08 0.99
efficiency graph is closer to S which indicates that the OLEDs [0248] Referring to Table 3, unlike the S-ratios of the

have a great tendency to have a high luminous efficiency at a
high luminance region and a low luminous efficiency at a low
luminance region.

[0242] Referring to Table 2, unlike the S-ratios of the
OLEDs manufactured in Examples 1 to 6 were all greater than
1 and reached almost 2 in the case of Example 6, the S-ratios
of'the OLEDs manufactured in Comparative Examples 1 to 4
were 1 or lower. That is, a shape of the luminance vs. effi-
ciency graph of the OLEDs manufactured in Examples 1 to 6
is closer to S than that of the OLEDs manufactured in Com-
parative Examples 1 to 4.

[0243] In the regard, it may be confirmed that the OLEDs
manufactured in Examples 1 to 6 have improved luminous
efficiency characteristics according to luminance as the
OLEDs show high red light-emitting efficiencies at a high
luminance region and very low red light-emitting efficiencies
at a low luminance region.

[0244] Green light-emitting efficiencies of the OLEDs
manufactured according to Examples 7 to 10 and Compara-
tive Examples 5 to 7 were measured while changing a lumi-
nance in a range from 0.1 cd/m? to 10,000 cd/m?. The results
were shown in FIG. 9, and the normalized results were shown
in FIG. 10.

[0245] Referring to FIG. 9, the OLEDs manufactured in
Examples 8 to 10 generally showed lower light-emitting effi-
ciencies than the OLEDs manufactured in Comparative
Example 5 to 7 at a low luminance. The OLED manufactured
in Example 7 showed a similar level of luminous efficiency
with the OLEDs manufactured in Comparative Examples 5 to
7

[0246] Referring to FIG. 10 which is a normalized graph of
a graph in FIG. 9, the OLEDs manufactured in Examples 8 to
10 showed similar levels of light-emitting efficiencies with
the OLEDs manufactured in Comparative Examples 5 to 7 at
a high luminance region of about 100 cd/m? or higher. How-
ever, the OLEDs manufactured in Examples 8 to 10 showed
low level of light-emitting efficiencies compared to the
OLEDs manufactured in Comparative Examples 5 to 7 at a
low luminance region of around about 1 cd/m>. An arrow on
the graph is to indicate reduction of light-emitting efficien-
cies.

[0247] S-ratios were calculated, and the results were shown
in Table 3 in order to confirm a degree of improvement of

OLEDs manufactured in Examples 7 to 10 were all greater
than 1 and 1.7 or greater in the case of Example 9, the S-ratios
of'the OLEDs manufactured in Comparative Examples 5 to 7
were around 1 or lower. That is, a shape of the luminance vs.
efficiency graph of the OLEDs manufactured in Examples 7
to 10 is closer to S than that of the OLEDs manufactured in
Comparative Examples 5 to 7.

[0249] In the regard, it may be confirmed that the OLEDs
manufactured in Examples 7 to 10 have improved luminous
efficiency characteristics according to luminance as the
OLEDs show high green light-emitting efficiencies at a high
luminance region and very low green light-emitting efficien-
cies at a low luminance region.

[0250] Green light-emitting efficiencies of the OLEDs
manufactured according to Examples 11 to 14 and Compara-
tive Examples 8 to 10 were measured while changing a lumi-
nance in a range from 0.1 cd/m? to 10,000 cd/m?. The results
were shown in FIG. 11, and the normalized results were
shown in FIG. 12.

[0251] Referring to FIG. 11, the OLEDs manufactured in
Examples 11 to 14 generally showed lower light-emitting
efficiencies than the OLEDs manufactured in Comparative
Example 8 to 10 at a low luminance.

[0252] Referring to FIG. 12 which is a normalized graph of
a graph in FIG. 11, the OLEDs manufactured in Examples 11
to 14 showed similar levels of light-emitting efficiencies with
the OLEDs manufactured in Comparative Examples 8 to 10 at
a high luminance region of about 100 cd/m? or higher. How-
ever, the OLEDs manufactured in Examples 11 to 14 showed
very low level of light-emitting efficiencies compared to the
OLEDs manufactured in Comparative Examples 8 to 10 at a
low luminance region of around about 1 cd/m?. An arrow on
the graph is to indicate reduction of light-emitting efficien-
cies.

[0253] S-ratios were calculated, and the results were shown
in Table 4 in order to confirm a degree of improvement of
luminous efficiency characteristics of the OLEDs manufac-
tured in Examples 11 to 14 and Comparative Examples 8 to 10
according to luminance.
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TABLE 4
Example Example Example Example Comparative Comparative Comparative
11 12 13 14 Example 8  Example 9  Example 10

Efficiency @  49.5 28.5 23.0 17.00 91.54 104.13 75.30
1 ed/m?
Efficiency @  92.8 88.2 82.1 90.06 91.02 102.20 74.51
1,000 cd/m?
S-ratio 1.88 3.1 3.57 5.30 0.99 0.98 0.99
[0254] Referring to Table 4, the S-ratios of the OLEDs What is claimed is:

manufactured in Examples 11 to 14 were all greater than 1, 3
or greater in the case of Examples 12 and 13, and particularly,
5 or greater in the case of Example 14. However, the S-ratios
of the OLEDs manufactured in Comparative Examples 8 to
10 were 1 or lower. That is, a shape of the luminance vs.
efficiency graph of the OLEDs manufactured in Examples 11
to 14 is closer to S than that of the OLEDs manufactured in
Comparative Examples 8 to 10.

[0255] Inthe caseofthe OLEDs manufactured in Examples
11 to 14 had significantly greater values of the S-ratios than
other cases. This is considered as caused due to using a
mixture of Compound 504, which is a bipolar compound
having both a hole transport unit and an electron transport
unit, and Compound 509 which is a compound having a hole
transport unit as a host material.

[0256] In this regard, it may be confirmed that the OLEDs
manufactured in Examples 11 to 14 have improved luminous
efficiency characteristics according to luminance as the
OLEDs show high red light-emitting efficiencies at a high
luminance region and very low red light-emitting efficiencies
at a low luminance region. A full color organic light-emitting
display apparatus including red light-emitting devices, green
light-emitting devices, and blue light-emitting devices has a
high light-emitting efficiencies at a high luminance region
and has an excellent luminous efficiency characteristics as
emitting red and green light is suppressed in a black state.

[0257] As described above, an OLED according to an
embodiment has improved luminous efficiency characteris-
tics according to luminance by having an excellent luminous
efficiency at a high luminance region and a low luminous
efficiency at a low luminance region as the OLED includes an
electron control layer and controls a flow of electrons that are
injected to an emission layer.

[0258] An OLED according to another embodiment has
improved luminous efficiency characteristics according to
luminance by having an excellent luminous efficiency at a
high luminance region and a low luminous efficiency at a low
luminance region as the OLED includes an electron control
layer and an electron blocking layer, and controls a flow of
electrons that are injected to an emission layer.

[0259] An organic light-emitting display apparatus accord-
ing to another embodiment has improved luminous efficiency
characteristics according to luminance by including the
OLED and suppressing emission of red and green light in the
black state.

[0260] While the present embodiments have been particu-
larly shown and described with reference to example embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present embodiments as defined by the following claims.

1. An organic light-emitting device (OLED) comprising:

a first electrode;

a second electrode opposite to the first electrode;

aphosphorescent layer disposed between the first electrode

and the second electrode;

an electron transport layer disposed between the phospho-

rescent emission layer and the second electrode; and
an electron control layer disposed between the phospho-
rescent emission layer and the electron transport layer,

wherein the phosphorescent emission layer comprises a

host material and a dopant material, and the electron
control layer comprises an electron control material,
wherein a highest occupied molecular orbital (HOMO)
energy level of the host material (EH,,), a lowest unoc-
cupied molecular orbital (LUMO) energy level of the
host material (EL;), a HOMO energy level of the elec-
tron control material (EH.), and a LUMO energy level
of the electron control material (EL ) satisfy both rela-
tionships of IEH,~EHI=0.3 eV and IEL,~EL/I=0.5
eV, wherein a thickness of the electron control layer is
from about 50 A to about 450 A.

2. The OLED of claim 1, wherein EH,,, EL,,, EH_, and
EL satisfy both relationships of 0=EH,~-EH_=0.3 ¢V and
0=EL,-EL =05 eV.

3. The OLED of claim 1, wherein an electron mobility of
the electron control material is greater than or equal to the
hole mobility of the electron control material.

4. The OLED of claim 1, wherein EH . is from about -5.2
eV to about -6.1 eV.

5. The OLED of claim 1, wherein EL. is from about -2.5
eV to about -3.2 eV.

6. The OLED of claim 1, wherein the content of the elec-
tron control material is from about 30 weight % (wt %) to
about 100 wt % based on a total weight of the electron control
layer.

7. The OLED of claim 1, wherein the thickness ratio of the
electron transport layer and the electron control layer is from
about 5:1 to about 5:10.

8. An OLED comprising:

a first electrode;

a second electrode opposite to the first electrode;

aphosphorescent layer disposed between the first electrode

and the second electrode;

an electron transport layer disposed between the phospho-

rescent emission layer and the second electrode;

an electron control layer disposed between the phospho-

rescent emission layer and the electron transport layer;
and

an electron blocking layer disposed between the phospho-

rescent emission layer and the first electrode,

wherein the phosphorescent emission layer comprises a

host material and a dopant material, the electron control
layer comprises an electron control material, and the
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electron blocking layer comprises an electron blocking
material, wherein EH,, EL, EH, EL. and a LUMO
energy level of the electron blocking material EL 5 sat-
isfy relationships of |EH,-EH =03 eV, [EL,-
EL/I=0.5 eV, and EL ;>FL,, wherein the thickness of
the electron control layer is from about 50 A to about 450
A

9. The OLED of claim 8, wherein the electron blocking
material comprises at least one of a triphenylamine derivative,
a carbazole derivative, and a spirobifluorene derivative.

10. The OLED of claim 8, wherein a thickness of the
electron blocking layer is from about 10 A to about 1000 A.

11. The OLED of claim 8, wherein EH,,, EL,, EH, and
EL. satisfy relationships of 0=EH,-EH.=0.3 eV and
0=EL,-EL,=0.5¢eV.

12. The OLED of claim 8, wherein the electron mobility of
the electron control material is greater than or equal to the
hole mobility of the electron control material.

13. The OLED of claim 8, wherein EH . is in a range from
-5.2eVito-6.1eV.

14. The OLED of claim 8, wherein EL - is in a range from
-2.5eVito-3.2¢eV.

15. The OLED of claim 8, wherein the content of the
electron control material is from about 30 wt % to about 100
wt % based on a total weight of the electron control layer.

16. The OLED of claim 8, wherein the thickness ratio of the
electron transport layer and the electron control layer is in a
range from about 5:1 to about 5:10.

17. The OLED of claim 1, wherein the electron control
material comprises a compound represented by Formula 1
below:

Formula 1
Ar)
R, (L)a Ry -
Ry .
Rs R
R4 L2y  Rs
ll\r[z

wherein R, to R, are each independently one of a hydrogen,
a deuterium, a halogen, a hydroxy group, a cyano group,
a nitro group, an amino group, a carboxyl group, a sub-
stituted or unsubstituted C,-C;, alkyl group, a substi-
tuted or unsubstituted C,-C;, alkenyl group, a substi-
tuted or unsubstituted C,-C;, alkynyl group, a
substituted or unsubstituted C, -C,, alkoxy group, a sub-
stituted or unsubstituted C;-C;, cycloalkyl group, a sub-
stituted orunsubstituted C,-C,, cycloalkenyl group, and
a substituted or unsubstituted C4-Cs,, aryl group,

Ar,, Ar,, and Ar; are each independently one of a substi-
tuted or unsubstituted C4-C,, aryl group, a substituted or
unsubstituted C4-C, aryloxy group, a substituted or
unsubstituted C;-C,, arylthio group, a substituted or
unsubstituted C,-C;, heteroaryl group, and a group rep-
resented by —N(Q,)(Q,), wherein at least one of Ar,,
Ar,, and Ar; is a substituted or unsubstituted C,-Cj,,
heteroaryl group, wherein Q, and Q, are each indepen-

36

Aug. 15,2013

dently one of a hydrogen, a deuterium, a halogen, a
hydroxy group, a cyano group, an amino group, a nitro
group, a carboxyl group, a substituted or unsubstituted
C,-C;, alkyl group, a substituted or unsubstituted
C,-C,, alkenyl group, a substituted or unsubstituted
C,-C,, alkynyl group, a substituted or unsubstituted
C,-C;, alkoxy group, a substituted or unsubstituted
C;-C5, cycloalkyl group, a substituted or unsubstituted
C;-C,, cycloalkenyl group, a substituted or unsubsti-
tuted C4-Cs, aryl group, a substituted or unsubstituted
C4-C5, aryloxy group, a substituted or unsubstituted
C4-C5, arylthio group, and a substituted or unsubstituted
C,-C5, heteroaryl group,

L,, L,, and L; are each independently one of a substituted
or unsubstituted C4-C;, arylene group, and a substituted
or unsubstituted C,-C;, heteroarylene group, and

a, b, and ¢ are each independently one of integers of 0 to 3.

18. The OLED of claim 1, wherein the electron control

material comprises at least one compound represented by
Formulae 2 and 3 below:

Formula 2
Ry Rio
Ary Ry
R, (Lo Rs l
R, (La)e I\{ Rg
Rpp
R; R¢
Ry (La)s Rs
|
Arpp
Formula 3
Ry
Ry Ry
X
N
P
Rog
Ry L Ry
Ars
-~
R, (L3)c
Ry Re
Ry L2y Rs

Ros

Z N

x
Rag Ros

Ry7

wherein In Formulae 2 and 3, R, toR,, and R,, to R,5 are
each independently one of a hydrogen, a deuterium, a
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substituted or unsubstituted methyl group, a substituted
or unsubstituted ethyl group, a substituted or unsubsti-
tuted propyl group, a substituted or unsubstituted butyl
group, a substituted or unsubstituted phenyl group, a
substituted or unsubstituted biphenyl group, a substi-
tuted or unsubstituted naphthyl group, a substituted or
unsubstituted anthryl, a substituted or unsubstituted
phenanthrenyl, a substituted or unsubstituted pyrenyl
group,

Ar,, Ar,, and Ar, are each independently one of a substi-

tuted or unsubstituted phenyl group, a substituted or
unsubstituted pentalenyl group, a substituted or unsub-
stituted indenyl group, a substituted or unsubstituted
naphtyl group, a substituted or unsubstituted azulenyl
group, a substituted or unsubstituted heptalenyl group, a
substituted or unsubstituted indacenyl group, a substi-
tuted or unsubstituted acenaphtyl group, a substituted or
unsubstituted fluorenyl group, a substituted or unsubsti-
tuted spirofluorenyl group, a substituted or unsubsti-
tuted phenalenyl group, a substituted or unsubstituted
phenanthrenyl group, a substituted or unsubstituted
anthryl group, a substituted or unsubstituted fluoranthe-
nyl group, a substituted or unsubstituted triphenylenyl
group, a substituted or unsubstituted pyrenyl group, a
substituted or unsubstituted chrysenyl group, a substi-
tuted or unsubstituted naphthacenyl group, a substituted
or unsubstituted picenyl group, a substituted or unsub-
stituted perylenyl group, a substituted or unsubstituted
pentaphenyl group, a substituted or unsubstituted
hexacenyl group, a substituted or unsubstituted pyrrolyl
group, a substituted or unsubstituted imidazolyl group, a
substituted or unsubstituted pyrazolyl group, a substi-
tuted or unsubstituted pyridinyl group, a substituted or
unsubstituted bipyridinyl group, a substituted or unsub-
stituted pyrazinyl group, a substituted or unsubstituted
pyrimidinyl group, a substituted or unsubstituted
pyridazinyl group, a substituted or unsubstituted isoin-
dolyl group, a substituted or unsubstituted indolyl
group, a substituted or unsubstituted indazolyl group,
substituted or unsubstituted purinyl group, a substituted
or unsubstituted quinolinyl group, a substituted or
unsubstituted benzoquinolinyl group, a substituted or
unsubstituted phthalazinyl group, a substituted or
unsubstituted naphthyridinyl group, a substituted or
unsubstituted quinoxalinyl group, a substituted or
unsubstituted quinazolinyl group, a substituted or
unsubstituted cinnolinyl group, a substituted or unsub-
stituted carbazolyl group, a substituted or unsubstituted
phenanthridinyl group, a substituted or unsubstituted
acridinyl group, a substituted or unsubstituted phenan-
throlinyl group, a substituted or unsubstituted phenazi-
nyl group, a substituted or unsubstituted benzooxazolyl
group, a substituted or unsubstituted benzoimidazolyl
group, a substituted or unsubstituted furanyl group, a
substituted or unsubstituted benzofuranyl group, a sub-
stituted or unsubstituted thiophenyl group, a substituted
orunsubstituted benzothiophenyl group, a substituted or
unsubstituted thiazolyl group, a substituted or unsubsti-
tuted isothiazolyl group, a substituted or unsubstituted
benzothiazolyl group, a substituted or unsubstituted
isoxazolyl group, a substituted or unsubstituted oxazolyl
group, a substituted or unsubstituted triazolyl group, a
substituted or unsubstituted tetrazolyl group, a substi-
tuted or unsubstituted oxadiazolyl group, a substituted
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or unsubstituted triazinyl group, a substituted or unsub-
stituted benzooxazolyl group, a substituted or unsubsti-
tuted dibenzopuranyl group, a substituted or unsubsti-
tuted dibenzothiophenyl group, and a substituted or
unsubstituted bezocarbazolyl group,

L,, L,, and I; are each independently one of a substituted

or unsubstituted phenylene group, a substituted or
unsubstituted pentalenylene group, a substituted or
unsubstituted indenylene group, a substituted or unsub-
stituted naphthylene group, a substituted or unsubsti-
tuted azulenylene group, a substituted or unsubstituted
heptalenylene group, a substituted or unsubstituted
indacenylene group, a substituted or unsubstituted
acenaphthylene group, a substituted or unsubstituted
fluorenylene group, a substituted or unsubstituted phe-
nalenylene group, a substituted or unsubstituted phenan-
threnylene group, a substituted or unsubstituted
anthrylene group, a substituted or unsubstituted fluoran-
thenylene group, a substituted or unsubstituted triph-
enylenylene group, a substituted or unsubstituted pyre-
nylene group, a substituted or unsubstituted
chrysenylene group, a substituted or unsubstituted naph-
thacenylene group, a substituted or unsubstituted pice-
nylene group, a substituted or unsubstituted peryle-
nylene group, a substituted or unsubstituted
pentaphenylene group, a substituted or unsubstituted
hexacenylene group, a substituted or unsubstituted pyr-
rolylene group, a substituted or unsubstituted pyra-
zolylene group, a substituted or unsubstituted imida-
zolylene group, a substituted or unsubstituted
imidazolinylene group, a substituted or unsubstituted
imidazopyridinylene group, a substituted or unsubsti-
tuted imidazopyrimidinylene group, a substituted or
unsubstituted pyridinylene group, a substituted or
unsubstituted pyrazinylene group, a substituted or
unsubstituted pyrimidinylene group, a substituted or
unsubstituted indolylene group, a substituted or unsub-
stituted purinylene group, a substituted or unsubstituted
quinolinylene group, a substituted or unsubstituted
phthalazinylene group, a substituted or unsubstituted
indolizinylene group, a substituted or unsubstituted
naphthyridinylene group, a substituted or unsubstituted
quinazolinylene group, a substituted or unsubstituted
cinnolinylene group, a substituted or unsubstituted inda-
zolylene group, a substituted or unsubstituted carba-
zolylene group, a substituted or unsubstituted phenazi-
nylene group, a substituted or unsubstituted
phenanthridinylene group, a substituted or unsubstituted
pyranylene group, a substituted or unsubstituted
chromenylene group, a substituted or unsubstituted
furanylene group, a substituted or unsubstituted benzo-
furanylene group, a substituted or unsubstituted
thiophenylene group, a substituted or unsubstituted ben-
zothiophenylene group, a substituted or unsubstituted
isothiazolylene group, a substituted or unsubstituted
benzoimidazolylene group, a substituted or unsubsti-
tuted isoxazolylene group, a substituted or unsubstituted
dibenzothiophenylene group, a substituted or unsubsti-
tuted dibenzopuranylene group, a substituted or unsub-
stituted triazinylene group, and a substituted or unsub-
stituted oxadiazolylene group, and

a, b, and ¢ are each independently one of integers of O to 1.
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19. The OLED of claim 1, wherein the electron control
material comprises at least one of Compounds 1 and 2 below:

==z

20. The OLED of claim 1, wherein the host material com-
prises a bipolar compound having both of'a hole transport unit
and an electron transport unit.

21. The OLED of claim 1, wherein the host material com-
prises a mixture of a bipolar compound having both of a hole
transport unit and an electron transport unit and a compound
having at least a hole transport unit.

22. The OLED of claim 1, wherein the phosphorescent
emission layer emits red or green light.

23. The OLED of claim 1, wherein the electron transport
layer comprises a compound represented by Formula 4
below:

Aug. 15,2013

Formula 4
R4y Rao
Ar
11 N Ry
Rsy (L1, Rgy I

T, N Rsg
\
Ras

Rse
Ri4 L)y Rss

Arpp

wherein R;; to R, are each independently one of a hydro-

gen, a deuterium, a substituted or unsubstituted methyl
group, a substituted or unsubstituted ethyl group, a sub-
stituted or unsubstituted propyl group, a substituted or
unsubstituted butyl group, a substituted or unsubstituted
phenyl group, a substituted or unsubstituted biphenyl
group, a substituted or unsubstituted naphthyl group, a
substituted or unsubstituted anthryl, a substituted or
unsubstituted phenanthrenyl, a substituted or unsubsti-
tuted pyrenyl group,

Ar,, and Ar,, are each independently one of a substituted

or unsubstituted phenyl group, a substituted or unsub-
stituted pentalenyl group, a substituted or unsubstituted
indenyl group, a substituted or unsubstituted naphtyl
group, a substituted or unsubstituted azulenyl group, a
substituted or unsubstituted heptalenyl group, a substi-
tuted or unsubstituted indacenyl group, a substituted or
unsubstituted acenaphtyl group, a substituted or unsub-
stituted fluorenyl group, a substituted or unsubstituted
spirofluorenyl group, a substituted or unsubstituted phe-
nalenyl group, a substituted or unsubstituted phenan-
threnyl group, a substituted or unsubstituted anthryl
group, a substituted or unsubstituted fluoranthenyl
group, a substituted or unsubstituted triphenylenyl
group, a substituted or unsubstituted pyrenyl group, a
substituted or unsubstituted chrysenyl group, a substi-
tuted or unsubstituted naphthacenyl group, a substituted
or unsubstituted picenyl group, a substituted or unsub-
stituted perylenyl group, a substituted or unsubstituted
pentaphenyl group, a substituted or unsubstituted
hexacenyl group, a substituted or unsubstituted pyrrolyl
group, a substituted or unsubstituted imidazolyl group, a
substituted or unsubstituted pyrazolyl group, a substi-
tuted or unsubstituted pyridinyl group, a substituted or
unsubstituted bipyridinyl group, a substituted or unsub-
stituted pyrazinyl group, a substituted or unsubstituted
pyrimidinyl group, a substituted or unsubstituted
pyridazinyl group, a substituted or unsubstituted isoin-
dolyl group, a substituted or unsubstituted indolyl
group, a substituted or unsubstituted indazolyl group, a
substituted or unsubstituted purinyl group, a substituted
or unsubstituted quinolinyl group, a substituted or
unsubstituted benzoquinolinyl group, a substituted or
unsubstituted phthalazinyl group, a substituted or
unsubstituted naphthyridinyl group, a substituted or
unsubstituted quinoxalinyl group, a substituted or
unsubstituted quinazolinyl group, a substituted or
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unsubstituted cinnolinyl group, a substituted or unsub-
stituted carbazolyl group, a substituted or unsubstituted
phenanthridinyl group, a substituted or unsubstituted
acridinyl group, a substituted or unsubstituted phenan-
throlinyl group, a substituted or unsubstituted phenazi-
nyl group, a substituted or unsubstituted benzooxazolyl
group, a substituted or unsubstituted benzoimidazolyl
group, a substituted or unsubstituted furanyl group, a
substituted or unsubstituted benzofuranyl group, a sub-
stituted or unsubstituted thiophenyl group, a substituted
orunsubstituted benzothiophenyl group, a substituted or
unsubstituted thiazolyl group, a substituted or unsubsti-
tuted isothiazolyl group, a substituted or unsubstituted
benzothiazolyl group, a substituted or unsubstituted
isoxazolyl group, a substituted or unsubstituted oxazolyl
group, a substituted or unsubstituted triazolyl group, a
substituted or unsubstituted tetrazolyl group, a substi-
tuted or unsubstituted oxadiazolyl group, a substituted
or unsubstituted triazinyl group, a substituted or unsub-
stituted benzooxazolyl group, a substituted or unsubsti-
tuted dibenzopuranyl group, a substituted or unsubsti-
tuted dibenzothiophenyl group, and a substituted or
unsubstituted bezocarbazolyl group,

L,;, Ly, and L, 5 are each independently one of a substi-
tuted or unsubstituted phenylene group, a substituted or
unsubstituted pentalenylene group, a substituted or
unsubstituted indenylene group, a substituted or unsub-
stituted naphthylene group, a substituted or unsubsti-
tuted azulenylene group, a substituted or unsubstituted
heptalenylene group, a substituted or unsubstituted
indacenylene group, a substituted or unsubstituted
acenaphthylene group, a substituted or unsubstituted
fluorenylene group, a substituted or unsubstituted phe-
nalenylene group, a substituted or unsubstituted phenan-
threnylene group, a substituted or unsubstituted
anthrylene group, a substituted or unsubstituted fluoran-
thenylene group, a substituted or unsubstituted triph-
enylenylene group, a substituted or unsubstituted pyre-
nylene group, a substituted or unsubstituted
chrysenylene group, a substituted or unsubstituted naph-
thacenylene group, a substituted or unsubstituted pice-
nylene group, a substituted or unsubstituted peryle-
nylene group, a substituted or unsubstituted
pentaphenylene group, a substituted or unsubstituted
hexacenylene group, a substituted or unsubstituted pyr-
rolylene group, a substituted or unsubstituted pyra-
zolylene group, a substituted or unsubstituted imida-
zolylene group, a substituted or unsubstituted
imidazolinylene group, a substituted or unsubstituted
imidazopyridinylene group, a substituted or unsubsti-
tuted imidazopyrimidinylene group, a substituted or
unsubstituted pyridinylene group, a substituted or
unsubstituted pyrazinylene group, a substituted or
unsubstituted pyrimidinylene group, a substituted or
unsubstituted indolylene group, a substituted or unsub-
stituted purinylene group, a substituted or unsubstituted
quinolinylene group, a substituted or unsubstituted
phthalazinylene group, a substituted or unsubstituted
indolizinylene group, a substituted or unsubstituted
naphthyridinylene group, a substituted or unsubstituted
quinazolinylene group, a substituted or unsubstituted
cinnolinylene group, a substituted or unsubstituted inda-
zolylene group, a substituted or unsubstituted carba-
zolylene group, a substituted or unsubstituted phenazi-
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nylene group, a substituted or unsubstituted
phenanthridinylene group, a substituted or unsubstituted
pyranylene group, a substituted or unsubstituted
chromenylene group, a substituted or unsubstituted
furanylene group, a substituted or unsubstituted benzo-
furanylene group, a substituted or unsubstituted
thiophenylene group, a substituted or unsubstituted ben-
zothiophenylene group, a substituted or unsubstituted
isothiazolylene group, a substituted or unsubstituted
benzoimidazolylene group, a substituted or unsubsti-
tuted isoxazolylene group, a substituted or unsubstituted
dibenzothiophenylene group, a substituted or unsubsti-
tuted dibenzopuranylene group, a substituted or unsub-
stituted triazinylene group, and a substituted or unsub-
stituted oxadiazolylene group, and
P, 9, and r are each independently an integer of O to 1.
24. The OLED of claim 23, wherein the electron transport
layer further comprises at least one selected from a lithium
quinolate (LiQ) and Compound 101 below:

101

25. The OLED of claim 23, wherein the electron transport
layer 373 further comprises at least one selected from 1,4,5,
8,9,12-hexaazatriphenylene hexacarbonitrile, tetracyano-
quinodimethane, anthraquinone, perylenebisimide, and tetra-
cyanoanthraquinodimethane.

26. The OLED of claim 23, wherein the electron transport
layer further comprises at least one selected from at least one
metal selected from Li, Cs, Na, K, Ca, Mg, Ba, and Ra; metal
carbonate; metal acetate; metal benzoate; metal acetoacetate;
metal acetylacetonate; and metal stearate.

27. The OLED of claim 1, wherein the OLED further
comprises a hole transport layer disposed between the phos-
phorescent emission layer and the first electrode, wherein the
hole transport layer comprises a compound represented by
Formula 5 below:

Formula 5

Rss

Rse
\
Rs7 N

Rsy

Rs3
Rs
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wherein R, is one of a substituted or unsubstituted phenyl
group, a substituted or unsubstituted naphthyl group, a

transport layer and the first electrode, wherein the hole injec-
tion layer comprises a compound represented by Formula 6

substituted or unsubstituted anthryl group, a substituted below:

or unsubstituted biphenyl group, and a substituted or
unsubstituted pyridyl group;

L,, is one of a substituted or unsubstituted C,-C,, alkylene
group, a substituted or unsubstituted C,-C,,, alkenylene
group, a substituted or unsubstituted C4-C,, arylene
group, and a substituted or unsubstituted C,-C;, het-
eroarylene group;

Rs, to Ry, are each independently one of a hydrogen, a
deuterium, a halogen, a hydroxy group, a cyano group, a
nitro group, a carboxyl group, a substituted or unsubsti-
tuted C,-C;, alkyl group, a substituted or unsubstituted
C,-C,, alkenyl group, a substituted or unsubstituted
C,-C,, alkynyl group, a substituted or unsubstituted
C,-C,, alkoxy group, a substituted or unsubstituted
C,-C5, alkylthiol group, a substituted or unsubstituted
C;-C54, cycloalkyl group, a substituted or unsubstituted
C;-C;, cycloalkenyl group, a substituted or unsubsti-
tuted C4-C,, aryl group, a substituted or unsubstituted
Cy-C5, aryloxy group, a substituted or unsubstituted
Cs-Cs arylthio group, a substituted or unsubstituted
C,-C;, heteroaryl group, and a group represented by
—N(Q;1)(Q15); Q,; and Q, , are each independently one
of a hydrogen, a deuterium, a halogen, a hydroxy group,
acyano group, an amino group, a nitro group, a carboxyl
group, a C,-C,, alkyl group, a C,-C;, alkenyl group, a
C,-C,, alkynyl group, a C,-C,, alkoxy group, a C,-C,,,
alkylthiol group, a C;-C;, cycloalkyl group, a C5-C;,
cycloalkenyl group, a C4-C;, aryl group, a C4-Cs ary-
loxy group, a C4-C,, arylthio group, and a C,-C;, het-

Formula 6

Ry R\72

wherein Ar,, and Ar,, are each independently one of a
substituted or unsubstituted C-C,,, arylene group and a
substituted or unsubstituted C,-C;, heteroarylene
group, R, and R, are each independently one of a
hydrogen, a deuterium, a halogen, a hydroxy group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine, a hydrazone, a carboxyl group or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a substituted or
unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C,-C,, alkenyl group, a substituted or
unsubstituted C,-C,, alkynyl group, a substituted or
unsubstituted C,-C;, alkoxy group, a substituted or
unsubstituted C,-C,,, cycloalkyl group, a substituted or
unsubstituted C4-C,, aryl group, a substituted or unsub-
stituted C4-C;, aryloxy group, and a substituted or
unsubstituted C-C;,, arylthio group.

29. An organic light-emitting display apparatus compris-

eroaryl group; and ing a transistor comprising source, drain, gate, and an active
layer, and the OLED of claim 1, wherein a first electrode of

k is one of integers of O to 3.
the OLED is electrically connected to the source or the drain.

28. The OLED of claim 27, wherein the OLED further
comprises a hole injection layer disposed between the hole * % % % %
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